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Datasheet pressure transmitter 

type DS1 

Kalinsky Sensor Elektronik 
           GmbH & Co. KG 
           Pressure transmitters  

Mittelhäuser Strasse 87 D-99089 Erfurt 
Phone: 0049 361 7451311  
Fax:     0049 361 7917813 
E-Mail: dietrich.kalinsky@t-online.de 
Internet: www.drucksensorik.de 

 

 

description: 
Pressure transmitters series DS1-010 and DS1-420 are for using in air and non aggressive gases.  
They measure difference- and absolute pressure, relative pressure and optionally velocity of flow.  
Analog output signal is 0-10 V, 4-20 mA or frequency 0-10 kHz. Pressure transmitter with 4-20 mA output is 
realised in two wire technic. For measurement of velocity of flow its possible to order square root output. 
Because of the piezoresistive cell DS1 reach a high reliability and precision. Dependence of zero signal 
from mounting position is very small. Resistance against overpressure is higher than by using other 
physical principles. Transmitters are housed in a robust aluminium package. This guarantees good EMC-
properties.  
Optionally DS1 can be completed with electronic signal damping, power supply 24VAC or 230 VAC. 
 
 
 
 
 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

   technical data DS1-010 and DS1-420 (difference pressure): 

pressure 

range 

[mbar] 

pressure 

range 

[kPa] 

max. 

over- 

pressure 

[mbar] 

max.          

linear error 

[±±±± % F.S.] 

max.  

temp.- 

error [±±±± % 

F.S.] 

0-50 °°°°C 

long-term- 

stability         

[±±±± % F.S./ 

year] 

repeat-

precision    

[±±±± % F.S.] 

response 

time  [s] 

with 

damping 

0 – 0.25 0 – 0.025 250 0.5 6 6 4.0 2.5 

0 - 0.5 0 - 0.05 250 0.5 4 4 2.0 2.5 

0 - 1 0 - 0.1 250 0.8 3 2.5 1.0 2.5 

0 - 2.5 0 - 0.25 250 0.8 2 2 0.3 2.5 

0 - 5 0 - 0.5 250 0.8 1 1 0.3 2.5 

        

technical data DS1-010 and DS1-420 (absolute pressure): 

700-1100 70-110 triple ± 0.9 mbar 2.3 mbar 0.1 0.1 2.5 

  
  Delivery without signal damping is possible. Response time is ca. 50 ms in this case. 

  For special-ranges please enquire. 

 

 

 applications:  

● control of airblowers 

● supervsion of airfilters 

● mechanical- and system engineering 
● environmental technology 

● liquid level control  

● pressure control and regulation for instance in 

pressure chambers 

● medical engineering 

  

  order key:  

●  DS1-010 0-10V output 
●  DS1-420 4-20mA output 
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operation temperature range:  -20 bis +50 °C 

 

medium:    air and all non aggressive gases 

 

output signals and power supply: DS 1-010: 0-10 V  RL>=    2 kΩ 24VDC/AC+-10% 

 DS 1-420: 4-20 mA RB<= 400 Ω 15-30 VDC 

 

connections:    electrical:  screw clamps for 0.14 - 1.5 mm
2
 

pneumatical:      2 connections for tube with 4 mm  

or 6 mm diameter inside 

cable gland:        PG 7 

 

connection DS1- 010:               plug:   1 : + 24 VDC 

        2 : output 0 - 10 V 

       3 : GND 

 

connection DS1- 420:               plug:   1 : + 24 VDC * 

        2 : output 4 - 20 mA * 

        

* Because of a additional special circuitry the transmitter can´t be damaged due to a wrong connection.  

  That means: both wires can be changed. Between 2 and GND of the power supply must be    

    connected a resistor RB <= 400 Ω at power supply + 24 VDC. 

Option square root output for measurement velocity of flow is available by using larger enclosure. 

Option signal damping is available on demand. 

 

weight:     ca. 170 g    

 

protection class:   IP65 
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Variable area flowmeter

� Local indicator without auxiliary power

� Optionally available with limit switches or electrical signal output

� Visual product check (e. g. free from bubbles, colour)
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1.1  Variable area flowmeters VA40 & VA45

The variable area flowmeter VA40 is suitable for measuring liquids and gases from 1 to several 
thousand litres per hour. It is used to indicate and monitor flow rates in all types of basic 
applications up to max.10 barg / 145 psig operating pressure and +100°C / +212°F product 
temperature.

The variable area flowmeter VA45 is suitable for measuring gases at low operating pressures of 
max. 1 barg / 14.5 psig.

Highlights  

� Simple flow indication without power supply

� Visual product check (e. g. free from bubbles, colour)

� Can be used for liquids and gases

� Flow control with MIN/MAX limit monitoring

� Analogue measuring signal for recording and control purposes

� ATEX approval for hazardous areas

Industries

Can be used in all industrial sectors

Applications:

� Gas measurement for industrial furnaces

� Gas measurement for thermal process plants

� Gas measurement during inertisation

� Protective gas measurement

� Cooling and heating circuits

� Rinse processes

Other basic applications in plant and mechanical engineering as well as in the process industry.

1  VA45
2  VA40
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1.2  Options and variants

Connection variants

Ring-type limit switch

Limit switch MS14

1 Connection V - screw connection
2 Connection S - tube socket
3 Connection F - Flange version
4 Connection A - Aseptic

Ring-type limit switches are used for DN15 devices for 
small measuring glasses. The NAMUR ring-type 
switches are available with monostable or bistable 
characteristics.

Measuring range water: 0.16 to max. 25 l/h
Measuring range air: 6 to max. 800 l/h

The MS14 limit switch is used for all nominal sizes. 
When using this limit switch, the float is fitted with a 
magnet that triggers the switching operation.
The integrated Reed contact operates potential-free. 
The switching operation is bistable.

Measuring range water: 1.3 to max. 10000 l/h
Measuring range air: 50 to max. 310000 l/h
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Limit switch TG21

Linear position sensor WIM 160  /WIM 200
with electrical output signal

The TG21 limit switch is used for nominal sizes DN25 to 
DN50. When using this limit switch, the float is fitted 
with a magnet that triggers the switching operation.
The limit switch operates with a 2-wire NAMUR 
proximity switch. The switching operation is bistable.

Measuring range water: 23 to max. 10000 l/h
Measuring range air: 700 to max. 310000 l/h

The linear position sensors WIM 160 / WIM 200 are used 
for nominal sizes of DN25 to DN50. The float is fitted 
with a magnet so that the linear position sensor detects 
the position of the float and emits it as a 4...20 mA 
signal. A calibration curve enables the correlation 
between 4...20 mA values and flow values.

Measuring range water: 23 to max. 10000 l/h
Measuring range air: 700 to max. 310000 l/h



1 PRODUCT FEATURES 

6 

VA40 - VA45

www.krohne.com 08/2017 - 4000416903 - TD VA40/45 R03 en

1.3  Functional principle

The flowmeter operates in accordance with the float measuring principle.

The measuring unit consists of a glass cone in which a float can move freely up and down.

The medium flows through the flowmeter from bottom to top.

The float adjusts itself so that the buoyancy force F1 acting on it, the form resistance F2 and its 
weight F3 are in equilibrium: F3 = F1 + F2

The height of the float is read on the scale of the measuring glass and indicates the flow rate.

The top edge of the float of the VA40 marks the reading line for flow values.

For the top edge of the float of the VA45 refer to "Measuring ranges VA45".
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2.1  Technical data

� The following data is provided for general applications. If you require data that is more 
relevant to your specific application, please contact us or your local sales office.

� Additional information (certificates, special tools, software,...) and complete product 
documentation can be downloaded free of charge from the website (Downloadcenter).

Measuring system

Application range of VA40 Flow measurement of liquids and gases

Application range of VA45 Flow measurement of gases

Function / Measuring principle Variable area measuring principle

Measured value

Primary measured value Float position

Secondary measured value Operating volume flow and nominal volume flow

Measurement accuracy

Directive VDI/VDE 3513, sheet 2 (qG = 50%)

VA40 1.0%

VA45 2.5%

Operating conditions

TemperatureTemperatureTemperatureTemperature

Max. operating temperature TS -20..+100°C / -4...+212°F

PressurePressurePressurePressure

Device version Max. permitted operating gauge pressure PS at TS = +100°C / +212°F

VA40 - DN15, DN25 10 barg / 145 psig  1

VA40 - DN40 9 barg / 131 psig  1

VA40 - DN50 7 barg / 102 psig  1

VA45 1 barg / 14.5 psig  1

Max. test pressure PT Pressure equipment directive (refer to nameplate)

Installation conditions

Inlet section ≥ 5 x DN

Outlet run ≥ 3 x DN

1 Other pressures on request
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Materials

TemperaturesTemperaturesTemperaturesTemperatures

Screw connection VA.../R Stainless steel 1.4404 (316 L)

Screw connection VA.../ST Steel, electroplated and chromised

Tube socket Stainless steel 1.4404 (316 L)

Flange connection VA.../R Stainless steel 1.4404 (316 L)

Screw connection / tube socket VA.../PV PVDF

Housing Stainless steel 1.4301 (304) electro-polished

Union nut Aluminium / powder coated
Option: stainless steel

Measuring cone Borosilicate glass

Float VA45 Aluminium

Float VA40 Stainless steel 1.4571 (316 Ti), Hastelloy®, TFM 
(PTFE), aluminium, Polypropylene (PP)

Float stop and insert PVDF (FDA conform)

Gaskets NBR, EPDM (FDA conform), FFKM, FPM

For devices to be used in hazardous areas, special temperature ranges apply. These can be 
found in the Ex supplementary instructions.

Max. product temperature Tm -20...+100°C 1 -4...+212°F 1

Max. ambient temperature Tamb. -20...+100°C -4...+212°F

1 higher temperatures on request
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Limit switches
(only VA40)

Use of limit switches

Type Switching 
function

Connection Shape Note

I7R2010-N
RC10-14-N0

monostable 2-wire NAMUR Ring-type limit switch non Ex

I7R2010-NL
RC10-14-N3

bistable 2-wire NAMUR Ring-type limit switch non Ex

I7R2015-N
RC15-14-N0

monostable 2-wire NAMUR Ring-type limit switch non Ex

I7R2015-NL
RC15-14-N3

bistable 2-wire NAMUR Ring-type limit switch non Ex

RB15-14-E2 bistable 3-wire transistor Ring-type limit switch non Ex

MS 14/A bistable 2-wire, potential-
free

Reed contact Float with magnet 
required

TG 21 bistable 2-wire NAMUR Proximity switch Float with magnet 
required

Size Cone no. Limit switches Size Cone no. Limit switches

DN15 G 13.11 - DN25 N 21.09 MS14/A TG21

G 14.06 - N 21.13 MS14/A TG21

G 14.08 - N 21.18 MS14/A TG21

G 15.07 Ring Ø 10 mm N 21.25 MS14/A TG21

G 15.09 Ring Ø 10 mm DN40 N 41.09 MS14/A TG21

G 15.12 Ring Ø 10 mm N 41.13 MS14/A TG21

G 16.08 Ring Ø 10 mm N 41.19 MS14/A TG21

G 16.12 Ring Ø 10 mm DN50 N 51.10 MS14/A TG21

G 17.08 Ring Ø 10 mm N 51.15 MS14/A TG21

G 17.12 Ring Ø 15 mm N 51.21 MS14/A TG21

N 18.07 MS14/A

N 18.09 MS14/A

N 18.13 MS14/A

N 19.09 MS14/A

N 19.13 MS14/A

N 19.19 MS14/A

N 19.26 MS14/A
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Technical data of limit switches

Limit switches I7R2010-NL I7R2015-NL I7R2010-N I7R2015-N RB15-14-E2

RC10-14-N3 RC15-14-N3 RC10-14-N0 RC15-14-N0 

Ring diameter 10 mm / 0.4" 15 mm / 0.6" 10 mm / 0.4" 15 mm / 0.6" 15 mm / 0.6"

Switching function bistable bistable monostable monostable bistable

NAMUR yes yes yes yes no

Connection technology 2-wire 2-wire 2-wire 2-wire 3-wire

Nominal voltage U0 8 VDC 8 VDC 8 VDC 8 VDC -

Current consumption ≤1 mA passage ↓ ≥3 mA - ball outside limit 
switch

-

Current consumption ≥3 mA passage ↑ ≤1 mA - ball in the limit 
switch

-

Operating voltage Uext. - 10…30 VDC

Operating current - 0…100 mA

No load current - 20 mA

Output Ua - passage ↓ - ≤1 V

Output Ua - passage ↑ - ≥ Ub - 3 VDC

Technical data of MS14

Contact type Normally open or normally closed, can be reconnected

Switching repeatability < 2% of full scale range

Switching capacity 12 VA

Max. turn-on voltage 30 VDC

Max. switching current 0.5 A

Ambient temperature -40...+85°C / -40...+185°F

Ingress protection acc. to EN 60529 / IEC 529 IP65

Technical data of TG21

Rated voltage 8 VDC

Current consumption, active surface open 3 mA

Current consumption, active surface covered 1 mA

Ambient temperature -25...+100°C / -13...+212°F

Ingress protection acc. to EN 60529 / IEC 529 IP67 (NEMA 6)
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Technical data of linear position sensor WIM 200 / WIM 160

Device sizeDevice sizeDevice sizeDevice size Sensor typeSensor typeSensor typeSensor type

VA40 DN15 Not applicable

VA40 DN25 WIM 200

VA40 DN40 WIM 200

VA40 DN50 WIM 160

Electrical dataElectrical dataElectrical dataElectrical data

Operating voltage U 14…30 VDC

Connection brown (+), blue (-)

Output function 2-wire, current output

Current output WIM 160 4…20 mA = 0...160 mm / 0...6.3"

Current output WIM 200 4…20 mA = 0...200 mm / 0...7.9"

Load impedance ≤ [(U-14V)/20mA] kΩ

Cable length of connection 2 m / 6.6 ft

Cable quality 4 mm / 0.16", blue, PVC

Cable cross-section 2 x 0.25 mm2 (blue/brown)

AccuracyAccuracyAccuracyAccuracy

Uncertainty of current output dep. on flow 2.5% acc. to VDI/VDE 3513-2 (qQ = 50%)

Temperature influence ≤ ±0.06 %/K

AmbientAmbientAmbientAmbient

Ambient temperature -25…+65°C / -13...+149°F

Housing material Aluminium, coated

Housing protection class IP67
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2.2  Dimensions and weights

Dimensions of VA40

EN ASME Type V Type S Type F Type A

a b c c c c

Dimensions [mm]

DN15 1/2" 239 26 375 400 425  1 375

DN25 1" 239 36 375 450 425  1 375

DN40 1 1/2" 235 46 375 450 425  1 375

DN50 2" 227 62 375 450 425  1 375

Dimensions ["]

DN15 1/2" 9.41 1.02 14.8 15.8 16.7  2 14.8

DN25 1" 9.41 1.42 14.8 17.7 16.7  2 14.8

DN40 1 1/2" 9.26 1.81 14.8 17.7 16.7  2 14.8

DN50 2" 8.94 2.44 14.8 17.7 16.7  2 14.8

1 Option 500 mm

2 Option 19.7"

VA40/V VA40/S VA40/F VA40/A
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Dimensions of VA45

WeightsWeightsWeightsWeights

Process connectionProcess connectionProcess connectionProcess connection

a b c (Type V) c (Type S) c (Type F)

EN ASME [mm] ["] [mm] ["] [mm] ["] [mm] ["] [mm] ["]

DN15 1/2" 118 4.65 26 1.02 254 10.0 279 11.0 304 12.0

DN25 1" 118 4.65 36 1.42 254 10.0 329 13.0 304 12.0

DN40 1 1/2" 114 4.49 46 1.81 254 10.0 329 13.0 304 12.0

VA45/V VA45/S VA45/F

VA40 type V, S, A VA40 type F VA45 type V, S VA45 type F

Nominal 
size

kg] [lb] kg] [lb] kg] [lb] kg] [lb]

DN15 0.5 1.1 1.8 4.0 0.4 0.88 1.7 3.7

DN25 1.3 2.9 3.8 8.4 1.2 2.6 3.7 8.2

DN40 2.3 5.1 6.8 15.0 2.2 4.9 6.7 14.8

DN50 3.6 7.9 9.2 20.3 - - - -

Type V Type S Type F Type A

Female thread acc. to Flanges acc. to Pipe Clamp

EN ASME ISO 228 ASME 
B1.20

Ø [mm] EN
1092-1

ASME
B16.5

DIN
11851

ISO 2852

DN15 1/2" G3/8...1/2 1/2 NPT 15 DN15 1/2" SC15  1 17.2  1

DN25 1" G3/4...G1 1 NPT 28 DN25 1" SC25  1 25  1

DN40 1 1/2" G1 1/2 1 1/2 NPT 42 DN40 1 1/2" SC40  1 40  1

DN50 1 2"  1 G2  1 2 NPT  1 52  1 DN50  1 2"  1 SC50  1 51  1

1 only VA40
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2.3  Measuring ranges

Measuring ranges VA40

The operating pressure should be at least double the pressure loss for liquids and five times for 
gases. The indicated pressure losses are valid for water and air at maximum flow rate. Other 
flow ranges on request. Conversion of other media or operating data is performed using the 
calculation method in accordance with VDI/VDE directive 3513.

Measuring span: 10 : 1

Flow values: Values = 100% Water: +20°C / +68°F Air: +20°C / +68°F, 1.013 bara / 14.7 psia

Float: 1 Stainless steel or Hastelloy® - 2 PTFE/TFM with insert - 3 PTFE/TFM - 4 Aluminium -
5 Polypropylene (PP)

Materials → 1 2 3 1 3 4 5 1 2 3 4 5

Cone ↓ Water [l/h] Air [Nm3/h] Max. pressure loss [mbar]

G 13.11 1 DN15 0.4 - - 0.016 - 0.007 - 2 - - 1 -

G 14.06 0.63 - - 0.025 - 0.012 - 3 - - 2 -

G 14.08 1 - - 0.04 - 0.02 - 4 - - 3 -

G 15.07 1.6 - - 0.06 - 0.03 - 4 - - 3 -

G 15.09 2.5 - - 0.09 - 0.04 - 5 - - 4 -

G 15.12 4 - - 0.14 - 0.06 - 6 - - 5 -

G 16.08 6.3 - - 0.2 - 0.1 - 6 - - 5 -

G 16.12 10 - - 0.3 - 0.16 - 7 - - 6 -

G 17.08 16 - - 0.5 - 0.25 - 7 - - 6 -

G 17.12 25 - - 0.8 - 0.4 - 8 - - 7 -

N 18.07 40 25 13 1.5 0.6 0.8 0.5 9 6 2 3 1

N 18.09 63 40 22 2.2 0.95 1.2 0.7 9 7 3 3 2

N 18.13 100 63 35 3.5 1.5 2.0 1.2 9 8 3 4 2

N 19.09 160 100 55 5.2 2.2 2.8 1.8 13 9 4 5 2

N 19.13 250 160 85 8 3.3 4.5 2.8 16 11 4 5 2

N 19.19 400 250 140 - - - - 21 14 5 - -

N 19.26 630 400 230 - - - - 27 17 6 - -

N 21.09 DN25 630 400 230 18  2 9 11 7 22 14 6 8 3

N 21.13 1000 630 350 28  2 14 18 12 23 17 6 8 4

N 21.18 1600 1000 600 49  2 - 28  2 17  2 26 25 7 10 6

N 21.25 2500 1600 950 70  2 - 42  2 26  2 33 40 8 12 9

N 41.09 DN40 1600 1000 600 45  2 22 28 18 32 18 9 11 5

N 41.13 2500 1600 900 70  2 36 45  2 28  2 34 20 10 12 5

N 41.19 4000 2500 1500 128  2 - 76  2 46  2 38 24 11 15 8

N 51.10 DN50 4000 2500 1500 120  2 56 70 45 43 25 12 15 7

N 51.15 6300 4000 2400 190  2 90 110  2 70  2 47 30 13 16 7

N 51.21 10000 6300 3500 310  2 - 170  2 118  2 55 42 14 20 10

1 Accuracy 2.5%

2 only possible with guided float
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Measuring ranges VA40

The operating pressure should be at least double the pressure loss for liquids and five times for 
gases. The indicated pressure losses are valid for water and air at maximum flow rate. Other 
flow ranges on request. Conversion of other media or operating data is performed using the 
calculation method in accordance with VDI/VDE directive 3513.

Measuring span: 10 : 1

Flow values: Values = 100% Water: +20°C / +68°F Air: +20°C / +68°F, 1.013 bara / 14.7 psia

Float: 1 Stainless steel or Hastelloy® - 2 PTFE/TFM with insert - 3 PTFE/TFM - 4 Aluminium -
5 Polypropylene (PP)

Materials → 1 2 3 1 3 4 5 1 2 3 4 5

Cone ↓ Water [GPH] Air [SCFM] Max. pressure loss [psi]

G 13.11 1 DN15 0.11 - - 0.01 - 0.004 - 0.03 - - 0.02 -

G 14.06 0.17 - - 0.015 - 0.007 - 0.04 - - 0.03 -

G 14.08 0.26 - - 0.025 - 0.012 - 0.06 - - 0.04 -

G 15.07 0.42 - - 0.037 - 0.018 - 0.06 - - 0.04 -

G 15.09 0.66 - - 0.056 - 0.025 - 0.07 - - 0.06 -

G 15.12 1.06 - - 0.087 - 0.037 - 0.09 - - 0.07 -

G 16.08 1.66 - - 0.12 - 0.062 - 0.09 - - 0.07 -

G 16.12 2.64 - - 0.19 - 0.09 - 0.1 - - 0.09 -

G 17.08 4.23 - - 0.31 - 0.16 - 0.1 - - 0.09 -

G 17.12 6.60 - - 0.5 - 0.25 - 0.1 - - 0.1 -

N 18.07 10.6 6.6 3.43 0.93 0.37 0.5 0.31 0.1 0.1 0.03 0.04 0.02

N 18.09 16.6 10.6 5.81 1.36 0.59 0.74 0.43 0.1 0.1 0.04 0.04 0.03

N 18.13 26.4 16.6 9.25 2.17 0.93 1.24 0.74 0.1 0.1 0.04 0.06 0.03

N 19.09 42.3 26.4 14.5 3.2 1.36 1.7 1.1 0.19 0.13 0.06 0.07 0.03

N 19.13 66.0 42.3 22.5 4.96 2.05 2.8 1.7 0.2 0.16 0.06 0.07 0.03

N 19.19 105 66.0 37 - - - - 0.3 0.2 0.07 - -

N 19.26 166 106 60.8 - - - - 0.4 0.25 0.09 - -

N 21.09 DN25 166 106 60.8 11.2 2 5.58 6.8 4.3 0.3 0.2 0.09 0.1 0.06

N 21.13 264 166 92.5 17.4 2 8.68 11 7.4 0.3 0.25 0.09 0.1 0.06

N 21.18 423 264 158 30.4 2 - 17 2 10.5 2 0.3 0.3 0.1 0.15 0.9

N 21.25 660 423 251 43.4 2 - 26 2 16 2 0.48 0.58 0.1 0.17 0.13

N 41.09 DN40 423 264 158 27.9 2 13.6 17 11 0.48 0.26 0.1 0.16 0.07

N 41.13 660 423 238 43.4 2 22.3 28 2 17.4 2 0.49 0.29 0.15 0.17 0.07

N 41.19 1057 660 396 79.4 2 - 47 2 28.5 2 0.55 0.35 0.16 0.22 0.1

N 51.10 DN50 1057 660 396 74.4 2 34.7 43.4 27.9 0.62 0.36 0.17 0.22 0.1

N 51.15 1664 1057 634 118 2 55.8 68 2 43.4 2 0.68 0.44 0.19 0.23 0.1

N 51.21 2642 1664 925 192 2 - 105 2 73 2 0.8 0.61 0.2 0.29 0.15

1 Accuracy 2.5%

2 only possible with guided float
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Measuring ranges VA45

Float shape and reading line

Reference condition for gas measurements:Reference condition for gas measurements:Reference condition for gas measurements:Reference condition for gas measurements:
Flow measurements for gases are attributed to

Nl/h or Nm3/h: Volume flow at standard (norm.) conditions 0°C / +32°F, 1.013 bara / 14.7 psia 
(DIN 1343)
SCFM or SCFH: Volume flow at standard (std.) conditions +15°C / +59°F, 1.013 bara / 14.7 psia 
(ISO 13443)

Measuring span: 10 : 1

Flow values: Values = 100% Air: +20°C / +68°F, 1.013 bara / 14.7 psia

1 Float shape C
2 Float shape D
3 Reading line

Flow, air Pressure loss

Cone no. Shape [Nl/h] [SCFH] [mbar] [psi]

DN15 N 15.01 C 1500...2300 55.8...85.6 3 0.044

D 2300…4800 85.6...179 3 0.044

N 15.02 C 5500…9000 205...335 3 0.044

D 9000…16000 335...595 3 0.044

DN25 N 25.01 C 3000…5000 112...186 3 0.044

D 5000…7500 186...279 3 0.044

N 25.02 C 7500…16500 279...614 3 0.044

D 16500…25000 614...930 4 0.058

DN40 N 40.01 C 17000…26000 632...967 4 0.058

D 26000…34000 967...1265 4 0.058

N 40.02 C 34000…60000 1265...2232 4 0.058

D 60000…75000 2232...2790 4 0.058

The operating pressure should be at least five times the pressure loss for gases. The indicated 
pressure losses are valid for air at maximum flow rate. Other flow ranges on request. 
Conversion of other media or operating data (pressure, temperature, density, viscosity) is 
performed using the calculation method in accordance with VDI/VDE directive 3513.
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3.1  Intended use

The variable area flowmeter VA40 is suitable for measuring liquids and gases.
The variable area flowmeter VA45 is suitable for measuring gases at low operating pressures.

Intended use:

� The product may not contain any ferromagnetic particles or solids. It may be necessary to 
install magnetic filters or mechanical filters.

� The product must be sufficiently liquid and free of deposits.

� Avoid pressure surges and pulsing flows.

� Open valves slowly. Do not use solenoid valves.

Use suitable measures to eliminate compression vibrations during gas 
measurements:

� Short pipeline lengths to next restriction

� Nominal pipe size not greater than nominal device size

� Increase in operating pressure (while taking into account the resulting change in density and 
thus change in scale)

Responsibility for the use of the measuring devices with regard to suitability, intended use and 
corrosion resistance of the used materials against the measured fluid lies solely with the 
operator.

This device is a Group 1, Class A device as specified within CISPR11:2009. It is intended for use in 
industrial environment. There may be potential difficulties in ensuring electromagnetic 
compatibility in other environments, due to conducted as well as radiated disturbances.

The manufacturer is not liable for any damage resulting from improper use or use for other than 
the intended purpose.

For devices used in hazardous areas, additional safety notes apply; please refer to the Ex 
documentation.

Do not use any abrasive or highly viscous media.
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3.2  Installation conditions

When installing the device in the piping, the following points must be observed:

� The variable area flowmeter must be installed vertically (measuring principle). Flow direction 
from bottom to top. For installation recommendations please refer also to directive 
VDI/VDE 3513, sheet 3.

� Before connecting, blow or flush out the pipes leading to the device.

� The piping for gas flow need to be dried before the device is installed.

� Use connectors suitable for the particular device version.

� Align the piping centrically with the connection bores on the measuring device so they are 
free of stresses.

� If necessary, the piping has to be supported to avoid the vibrations transmitted to the 
measuring device.

� Do not lay signal cables directly next to cables for the power supply.
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4.1  Limit switch VA40

The flowmeters VA40 can be equipped with a maximum of two limit switches.

Bistable function: Stable switching when passing through the switching point
Monostable function: Switching pulse at operating point

For use, selection and function refer to chapter "Technical data".

Figure 4-1: Types of limit switches

1  Ring-type limit switch
2  MS 14/I - potential-free Reed contact
3  TG21 - with integrated switching vane and proximity switch
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4.1.1  Connection of ring-type limit switch

The two connecting cables of the limit switch are guided through the long slot on the back.

The bistable limit switches must be operated with an EMC filter.
The monostable limit switches do not require an EMC filter.

4.1.2  Connection of limit switch MS14

The switching function requires a float with integrated magnet.

Figure 4-2: Connection of ring-type limit switch, 2-wire NAMUR

1  Limit switch 2-wire NAMUR
2  Connecting cable brown +
3  Connecting cable blue -
4  EMC filter
5  Receiver device

Figure 4-3: Connecting diagram of ring-type limit switch, 3-wire transistor

bn - brown plus
bk - black switch
bu - blue minus

Figure 4-4: Connection limit switch type MS14

1  Connection for Reed switch
2  Connection for receiver device
3  Terminal connection (potential free)
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4.1.3  Connection of limit switch TG21

The TG21 is adapted for isolated switching amplifiers with an intrinsically safe circuit acc. to 
EN 60947-5-6 NAMUR.

The TG21 includes an inductive proximity switch with bistable switching characteristics. The 
proximity switch is activated by the immersion of an aluminium vane. The magnet of the 
switching vane is moved by the magnet in the float.
The switching function requires a float with integrated magnet.

4.2  Minimum clearance between two ring-type limit switches

Where two limit switches are used in one device are in close proximity of each other, minimum 
clearances must be maintained in order to avoid mutual influence of the switches.

Figure 4-5: Connection limit switch type TG21

1  Terminal -
2  Terminal +

Minimum 
clearance

2-wire 3-wire

1 16 mm 0.63" 45 mm 1.77"
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4.3  4...20 mA linear position sensor WIM 200 / WIM 160

The flowmeter VA40 with nominal diameter DN25, DN40 and DN50 can be equipped with a linear 
position sensor, which outputs a 4...20 mA current output signal linearly to the position of the 
float. The flow values corresponding to the current values can be assigned using the calibration 
curve supplied.

Connecting the linear positon sensors WIM 200 / WIM 160

The linear position sensors WIM 200 / WIM 160 are designed in 2-wire technology, i.e. the power 
supply as well as the 4...20 mA measuring signal are on the two identical connecting cables.

Figure 4-6: VA40 with linear position sensor WIM

Figure 4-7: Connection diagram for linear position sensor WIM 200 / WIM 160

1  Power supply 14...30 VDC, brown (+), blue (-)
2  External load < [(U-14V)/20mA] kΩ

Further information, especially for use in hazardous areas and connection to certified Ex i 
circuits, can be found in the relevant supplementary instructions.
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Please provide us with the missing information so that we can be of help to you as quickly as 
possible.

Then please fax this page to the appropriate sales associate. We will then contact you as soon as 
possible.

Device data

Design data

Contact data

Connection type: _ VVVV (Screw 
connection)

_ SSSS (Tube 
socket)

_ FFFF (Flange) _ AAAA (Aseptic)

Pressure rating:

Raised face: _ Flange:

Limit switches: _ K1 1
_ K2 2

Signal output: _ WIM (4...20 mA)

Approval: _ None _ ATEX

1 1 limit switch
2 2 limit switches

Medium:

Operating pressure: _ Absolute 
pressure

_ Gauge pressure

Rated pressure:

Operating temperature:

Rated temperature:

Density: _ Standard density _ Operating density

Viscosity:

Flow range:

Comments:

Company:

Contact person:

Telephone number:

Fax number:

E-mail:



KROHNE – Process instrumentation and measurement solutions

� Flow

� Level

� Temperature

� Pressure

� Process Analysis

� Services

Head Office KROHNE Messtechnik GmbH

Ludwig-Krohne-Str. 5

47058 Duisburg (Germany)

Tel.: +49 203 301 0

Fax: +49 203 301 10389

info@krohne.com
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DATASHEET

NI 9226
8 RTD, 0 Ω to 4,000 Ω, 24 Bit, 400 S/s Aggregate, PT1000

• DSUB or push-in spring-
terminal connectivity

• 250 Vrms, CAT II, channel-
to-earth isolation (spring
terminal); 60 VDC, CAT I,
channel-to-earth isolation
(DSUB)

• 50 Hz/60 Hz noise
rejection

The NI 9226 RTD analog input C Series module features eight channels and 24 bits of
resolution for PT1,000 RTD measurements. The NI 9226, compatible with 3- and 4-wire RTD
measurements, automatically detects the type of RTD (3- or 4-wire) connected to the channel
and configures each channel for the appropriate mode. The module provides 0.1 mA of current
excitation per channel and has less than a ±1.1 °C accuracy error over its entire operating
temperature range. NI provides calibration services for the NI 9226.

Kit Contents

Accessories

• NI 9226
• NI 9226 Getting Started Guide 

• NI 9974 Spring-Terminal Block (with Spring-Terminal)





Software

LabVIEW Professional Development System for Windows

 • Use advanced software tools for large project development
• Generate code automatically using DAQ Assistant and Instrument

I/O Assistant
• Use advanced measurement analysis and digital signal processing
• Take advantage of open connectivity with DLLs, ActiveX, and .NET

objects
• Build DLLs, executables, and MSI installers

NI LabVIEW FPGA Module

 • Design FPGA applications for NI RIO hardware
• Program with the same graphical environment used for desktop and

real-time applications
• Execute control algorithms with loop rates up to 300 MHz
• Implement custom timing and triggering logic, digital protocols, and

DSP algorithms
• Incorporate existing HDL code and third-party IP including Xilinx IP

generator functions
• Purchase as part of the LabVIEW Embedded Control and Monitoring

Suite

NI LabVIEW Real-Time Module

 • Design deterministic real-time applications with LabVIEW
graphical programming

• Download to dedicated NI or third-party hardware for reliable
execution and a wide selection of I/O

• Take advantage of built-in PID control, signal processing, and
analysis functions

• Automatically take advantage of multicore CPUs or set
processor affinity manually

• Take advantage of real-time OS, development and debugging
support, and board support

• Purchase individually or as part of a LabVIEW suite

NI 9226 Datasheet | © National Instruments | 3





Table 1. Temperature Accuracy (including noise)1, 4-wire mode

Measured Value Typical (25 °C) Maximum (-40 °C to 70 °C)

   -200 °C to 150 °C ±0.15 °C ±0.5 °C

150 °C to 850 °C ±0.20 °C ±1.1 °C

Table 2. Temperature Accuracy (including noise)1, 3-wire mode2

Measured Value Typical (25 °C) Maximum (-40 °C to 70 °C)

   -200 °C to 150 °C ±0.20 °C ±0.5 °C

150 °C to 850 °C ±0.30 °C ±1.1 °C

Table 3. Resistance measurement accuracy (including noise)3, 4-wire mode

Measurement Conditions Offset Error Gain Error

   Typical (25 °C) ±0.06 Ω ±0.007%

Maximum (-40 °C to 70 °C) ±0.83 Ω ±0.058%

Table 4. Resistance measurement accuracy (including noise)3, 3-wire mode

Measurement Conditions Offset Error Gain Error

   Typical (25 °C) ±0.11 Ω ±0.007%

Maximum (-40 °C to 70 °C) ±1.0 Ω ±0.058%

1 For high-speed mode, add 0.1 °C of error.
2 The 3-wire specification assumes equal wire length connecting RTD+ terminal to RTD sensor and

COM terminal to RTD sensor. If the lengths are unequal or there is a mismatch between the path
resistances, use the following formula to evaluate additional error:
°C error = Rmismatch * 0.342 °C/Ω

3 For high-speed mode, add 0.27 Ω of error.

NI 9226 Datasheet | © National Instruments | 5



Table 5. Stability

Mode Offset Drift Gain Drift

   4-wire ±31 mΩ/°C ±10 ppm/°C

3-wire ±33 mΩ/°C ±10 ppm/°C

Noise

High-resolution mode 0.001 °Crms (3 mΩrms)

High-speed mode 0.02 °Crms (60 mΩrms)

Excitation current 0.1 mA per channel

Noise rejection

Normal mode (50/60 Hz)

High-resolution mode 85 dB

High-speed mode None

Common-mode rejection, channel-to-earth ground (50/60 Hz)

High-resolution mode >170 dB

High-speed mode 119 dB (spring-terminal); 112 dB (DSUB)

Input bandwidth (high-resolution mode) 3.3 Hz

6 | ni.com | NI 9226 Datasheet



Figure 1. High-Resolution Filter Response4, 5
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Overvoltage protection ±30 V, maximum

Power Requirements

Power consumption from chassis, maximum

Active mode 463 mW

Sleep mode 90 µW

Thermal dissipation, maximum

Active mode 1.2 W

Sleep mode 0.76 W

Physical Characteristics
If you need to clean the module, wipe it with a dry towel.

Tip  For two-dimensional drawings and three-dimensional models of the C Series
module and connectors, visit ni.com/dimensions and search by module number.

Push-in spring-terminal wiring

Gauge 0.14 mm2 to 1.5 mm2 (26 AWG to 16 AWG)
copper conductor wire

Wire strip length 10 mm (0.394 in.) of insulation stripped from
the end

4 This image is provided courtesy of Linear Technology Corp.
5 High-speed filter response has the same characteristics as the high-resolution filter response except

that the first notch is at 14 kHz.
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Temperature rating 90 °C minimum

Wires per spring terminal One wire per spring terminal; two wires per
spring terminal using a 2-wire ferrule

Ferrules 0.14 mm2 to 1.5 mm2

Connector securement

Securement type Screw flanges provided

Torque for screw flanges 0.2 N · m (1.80 lb · in.)

Weight

NI 9226 with spring terminal 161 g (5.7 oz)

NI 9226 with DSUB 143 g (5.04 oz)

Safety Voltages
Connect only voltages that are within the following limits:

NI 9226 with Spring Terminal Isolation Voltages

Channel-to-channel None

Channel-to-earth ground

Continuous 250 Vrms, Measurement Category II

Withstand up to 5,000 m 3,000 Vrms, verified by a 5 s
dielectric withstand test

Measurement Category II is for measurements performed on circuits directly connected to the
electrical distribution system. This category refers to local-level electrical distribution, such as
that provided by a standard wall outlet, for example, 115 V for U.S. or 230 V for Europe.

Caution  Do not connect the NI 9226 with spring terminal to signals or use for
measurements within Measurement Categories III or IV.

NI 9226 with DSUB Isolation Voltages

Channel-to-channel None

Channel-to-earth ground

Continuous 60 VDC, Measurement Category I

Withstand

Up to 3,000 m 1,000 Vrms, verified by a 5 s
dielectric withstand test

Up to 5,000 m 860 Vrms, verified by a 5 s
dielectric withstand test

8 | ni.com | NI 9226 Datasheet



Measurement Category I is for measurements performed on circuits not directly connected to
the electrical distribution system referred to as MAINS voltage. MAINS is a hazardous live
electrical supply system that powers equipment. This category is for measurements of voltages
from specially protected secondary circuits. Such voltage measurements include signal levels,
special equipment, limited-energy parts of equipment, circuits powered by regulated low-
voltage sources, and electronics.

Caution  Do not connect the NI 9226 with DSUB to signals or use for
measurements within Measurement Categories II, III, or IV.

Note  Measurement Categories CAT I and CAT O are equivalent. These test and
measurement circuits are not intended for direct connection to the MAINS building
installations of Measurement Categories CAT II, CAT III, or CAT IV.

Hazardous Locations

U.S. (UL) Class I, Division 2, Groups A, B, C, D, T4;
Class I, Zone 2, AEx nA IIC T4

Canada (C-UL) Class I, Division 2, Groups A, B, C, D, T4;
Class I, Zone 2, Ex nA IIC T4

Europe (ATEX) and International (IECEx) Ex nA IIC T4 Gc

Safety and Hazardous Locations Standards
This product is designed to meet the requirements of the following electrical equipment safety
standards for measurement, control, and laboratory use:
• IEC 61010-1, EN 61010-1
• UL 61010-1, CSA 61010-1
• EN 60079-0:2012, EN 60079-15:2010
• IEC 60079-0: Ed 6, IEC 60079-15; Ed 4
• UL 60079-0; Ed 6, UL 60079-15; Ed 4
• CSA 60079-0:2011, CSA 60079-15:2012

Note  For UL and other safety certifications, refer to the product label or the Online
Product Certification section.

Electromagnetic Compatibility
This product meets the requirements of the following EMC standards for electrical equipment
for measurement, control, and laboratory use:
• EN 61326-1 (IEC 61326-1): Class A emissions; Industrial immunity
• EN 55011 (CISPR 11): Group 1, Class A emissions
• EN 55022 (CISPR 22): Class A emissions
• EN 55024 (CISPR 24): Immunity
• AS/NZS CISPR 11: Group 1, Class A emissions

NI 9226 Datasheet | © National Instruments | 9



• AS/NZS CISPR 22: Class A emissions
• FCC 47 CFR Part 15B: Class A emissions
• ICES-001: Class A emissions

Note  In the United States (per FCC 47 CFR), Class A equipment is intended for
use in commercial, light-industrial, and heavy-industrial locations. In Europe,
Canada, Australia and New Zealand (per CISPR 11) Class A equipment is intended
for use only in heavy-industrial locations.

Note  Group 1 equipment (per CISPR 11) is any industrial, scientific, or medical
equipment that does not intentionally generate radio frequency energy for the
treatment of material or inspection/analysis purposes.

Note  For EMC declarations and certifications, and additional information, refer to
the Online Product Certification section.

CE Compliance 
This product meets the essential requirements of applicable European Directives, as follows:
• 2014/35/EU; Low-Voltage Directive (safety)
• 2014/30/EU; Electromagnetic Compatibility Directive (EMC)
• 2014/34/EU; Potentially Explosive Atmospheres (ATEX)

Online Product Certification
Refer to the product Declaration of Conformity (DoC) for additional regulatory compliance
information. To obtain product certifications and the DoC for this product, visit ni.com/
certification, search by model number or product line, and click the appropriate link in the
Certification column.

Shock and Vibration
To meet these specifications, you must panel mount the system.

Operating vibration

Random (IEC 60068-2-64) 5 grms, 10 Hz to 500 Hz

Sinusoidal (IEC 60068-2-6) 5 g, 10 Hz to 500 Hz

Operating shock (IEC 60068-2-27) 30 g, 11 ms half sine; 50 g, 3 ms half sine;
18 shocks at 6 orientations
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Environmental
Refer to the manual for the chassis you are using for more information about meeting these
specifications.

Operating temperature
(IEC 60068-2-1, IEC 60068-2-2)

-40 °C to 70 °C

Storage temperature
(IEC 60068-2-1, IEC 60068-2-2)

-40 °C to 85 °C

Ingress protection IP40

Operating humidity (IEC 60068-2-78) 10% RH to 90% RH, noncondensing

Storage humidity (IEC 60068-2-78) 5% RH to 95% RH, noncondensing

Pollution Degree 2

Maximum altitude 5,000 m

Indoor use only.

Environmental Management
NI is committed to designing and manufacturing products in an environmentally responsible
manner. NI recognizes that eliminating certain hazardous substances from our products is
beneficial to the environment and to NI customers.

For additional environmental information, refer to the Minimize Our Environmental Impact
web page at ni.com/environment. This page contains the environmental regulations and
directives with which NI complies, as well as other environmental information not included in
this document.

Waste Electrical and Electronic Equipment (WEEE)

EU Customers  At the end of the product life cycle, all NI products must be
disposed of according to local laws and regulations. For more information about
how to recycle NI products in your region, visit ni.com/environment/weee.

电子信息产品污染控制管理办法（中国 RoHS）

中国客户  National Instruments 符合中国电子信息产品中限制使用某些有害物

质指令(RoHS)。关于 National Instruments 中国 RoHS 合规性信息，请登录

ni.com/environment/rohs_china。(For information about China RoHS
compliance, go to ni.com/environment/rohs_china.)

NI 9226 Datasheet | © National Instruments | 11



Calibration
You can obtain the calibration certificate and information about calibration services for the
NI 9226 at ni.com/calibration.

Calibration interval 1 year

Refer to the NI Trademarks and Logo Guidelines at ni.com/trademarks for information on NI trademarks. Other product and

company names mentioned herein are trademarks or trade names of their respective companies. For patents covering NI

products/technology, refer to the appropriate location: Help»Patents in your software, the patents.txt file on your media, or the

National Instruments Patent Notice at ni.com/patents. You can find information about end-user license agreements (EULAs)

and third-party legal notices in the readme file for your NI product. Refer to the Export Compliance Information at ni.com/
legal/export-compliance for the NI global trade compliance policy and how to obtain relevant HTS codes, ECCNs, and other

import/export data. NI MAKES NO EXPRESS OR IMPLIED WARRANTIES AS TO THE ACCURACY OF THE INFORMATION

CONTAINED HEREIN AND SHALL NOT BE LIABLE FOR ANY ERRORS. U.S. Government Customers: The data contained in

this manual was developed at private expense and is subject to the applicable limited rights and restricted data rights as set forth

in FAR 52.227-14, DFAR 252.227-7014, and DFAR 252.227-7015.

© 2017 National Instruments. All rights reserved.
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Area of application

• Cost-effective measuring device for different utility gas
applications

• System optimization due to targeted monitoring of
utility gases

• Leakage detection in gas networks
• Suitable for in-house consumption accountancy

Device properties
• Direct mass flow measurement (kg/h, lbs/h, Scf/min,

Nm3, etc.)
• Selection of gases: air, carbon dioxide, nitrogen and

argon
• Nominal diameters: DN 80 to 1500 (3 to 60")
• ¾"- and 1" compression fittings
• Process temperature up to +100 °C (+212 °F)
• Process pressure: 500 mbar a to 20 bar g (7.25 psi a to

290 psi g)
• Calibration accuracy up to 3% o.r. and operable flow

range up to 150:1
• 4-20 mA HART, pulse/frequency/status
• cCSAus Cl. 1 Div. 2, CRN
• IP 66/67

Your benefits

The device enables direct measurement of the mass flow
of utility gases. Minimum maintenance and negligible
pressure loss drive down operating costs.

Sizing - correct product selection
Applicator - the reliable, easy-to-use tool for selecting
measuring devices for every application

Installation - simple and efficient
"Hot tap" mounting tool for installation and removal of
device under operating conditions

Commissioning - reliable and intuitive
• Intuitive configuration and simple operation
• Preconfigured in accordance with individual

requirements

Operation
Multivariable output values measured: mass flow,
corrected volume flow, FAD volume flow and
temperature

Life Cycle Management (W@M) for your plant

Technical Information

Proline t-mass B 150
Thermal Mass Flow Measuring System
For easy and cost-effective measurement of utility gases

TI01020D/06/EN/02.12
71187194
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Document information

Document conventions Electrical symbols

Symbol Meaning

  A0011197

Direct current
A terminal to which DC voltage is applied or through which direct current flows.

  A0011198

Alternating current
A terminal to which alternating voltage (sine-wave) is applied or through which alternating current flows.

)
  A0011200

Ground connection
A grounded terminal which, as far as the operator is concerned, is grounded via a grounding system.

*
  A0011199

Protective ground connection
A terminal which must be connected to ground prior to establishing any other connections.

  A0011201

Equipotential connection
A connection that has to be connected to the plant grounding system: This may be a potential equalization
line or a star grounding system depending on national or company codes of practice.

Tool symbols

Symbol Meaning

  A0013442

Torx screwdriver

  A0011220

Flat blade screwdriver

  A0011219

Phillips head screwdriver

  A0011221

Allen key

  A0011222

Hexagon wrench

Symbols for certain types of information

Symbol Meaning

  A0011182

Allowed
Indicates procedures, processes or actions that are allowed.

  A0011183

Preferred
Indicates procedures, processes or actions that are preferred.

  A0011184

Forbidden
Indicates procedures, processes or actions that are forbidden.

  A0011193

Tip
Indicates additional information.

  A0011194

Reference to documentation
Refers to the corresponding device documentation.

  A0011195

Reference to page
Refers to the corresponding page number.

  A0011196

Reference to graphic
Refers to the corresponding graphic number and page number.
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Symbols in graphics

Symbol Meaning

1, 2, 3,... Item numbers

, …, Series of steps

A, B, C, ... Views

A-A, B-B, C-C, ... Sections

  A0013441

Flow direction

-
  A0011187

Hazardous area
Indicates a hazardous area.

.
  A0011188

Safe area (non-hazardous area)
Indicates a non-hazardous location.

Function and system design

Measuring principle The thermal measuring principle is based on the cooling of a heated resistance thermometer (PT100), from
which heat is extracted by the passing gas. The gas passes two PT100 resistance thermometers in the
measurement section. One of these is used in the conventional way as a temperature probe, while the other
serves as a heating element. The temperature probe monitors and records the effective process temperature
while the heated resistance thermometer is kept at a constant differential temperature (compared to the
measured gas temperature) by controlling the electrical current used by the heating element. The greater the
mass current passing over the heated resistance thermometer, the greater the extent to which cooling takes
place and therefore the stronger the current required to maintain a constant differential temperature. This means
that the heat current measured is an indicator of the mass flow rate of the gas.

  A0016823

Measuring system The device consists of a transmitter and a sensor.

One device version is available: compact version comprising transmitter and sensor.

Transmitter

t-mass 150 Materials:
Aluminum coating AlSi10Mg

Configuration:
• Four-line local display with key operation and guided menu ("Setup") for

applications
• Operating tools (e.g. FieldCare)

Other special features:
May also be ordered without local display

  A0015480
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Sensor

t-mass B • Insertion version
• Nominal diameter range: DN 80 to 1500 (3 to 60")
• Sensor lengths: 235 mm (9.25 in), 335 mm (13.2 in), 435 mm (17.1 in),

608 mm (24.0 in)
• Transducer:

Stainless steel 1.4404/1.4435/316L

  A0015601

Characteristic values

Measured variable Direct measured variables

• Mass flow
• Gas temperature

Calculated measured variables

• Corrected volume flow
• FAD (free air delivery) volume flow

Measuring range The available measuring range depends on the choice of gas and the size of the pipe. The measuring device is
calibrated individually with air (under ambient conditions) and the value is converted in order to adapt it to
the customer's gas if necessary.

To obtain information on other gases and process conditions, please contact your Endress+Hauser sales
office.

To calculate the measuring range, use the Applicator sizing tool (®  ä 28)

The following tables list the ranges available for air.

Measuring range "Calibration flow", option G and H (®  ä 13)

SI units for insertion version

DN [kg/h] [Nm3/h] at 0 °C (1.013 bar a) [Nm3/h at 15 °C (1.013 bar a)

[mm] min. Max. min. Max. min. Max.

80 20 2 030 16 1 570 17 1 660

100 38 3 750 29 2 900 31 3 070

150 75 7 500 58 5 800 61 6 130

200 125 12 500 97 9 700 102 10 200

250 200 20 000 155 15 500 164 16 400

300 280 28 000 217 21 700 229 22 900

400 500 50 000 387 38 700 409 40 900

500 800 80 000 620 62 000 655 65 500

600 1 150 115 000 890 89 000 941 94 100

700 1 590 159 000 1 230 123 000 1 300 130 000

1 000 3 200 320 000 2 480 248 000 2 620 262 000

1 500 7 200 720 000 5 568 556 800 5 886 588 600
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US units for insertion version

DN [lb/h] [Scf/min] at 32 °F (14.7 psi a) [Scf/min] at 59 °F (14.7 psi a)

[in] min. Max. min. Max. min. Max.

3 45 4 476 9 924 10 977

4 83 8 269 17 1 710 18 1 810

6 165 16 540 34 3 420 36 3 610

8 276 27 560 57 5 680 60 6 000

10 441 44 100 91 9 130 97 9 650

12 617 61 740 128 12 800 135 13 500

16 1 103 110 300 228 22 800 241 24 100

20 1 764 176 400 365 36 500 386 38 600

24 2 536 253 600 524 52 400 554 55 400

28 3 506 350 600 724 72 400 765 76 500

40 7 056 705 600 1 460 146 000 1 542 154 200

60 15 876 1 587 600 3 280 328 000 3 465 346 500

Measuring range "Calibration flow" option K (®  ä 13)

SI units for insertion version

DN [kg/h] [Nm3/h] at 0 °C (1.013 bar a) [Nm3/h at 15 °C (1.013 bar a)

[mm] min. Max. min. Max. min. Max.

80 20 3 045 16 2 355 17 2 490

100 38 5 625 29 4 350 31 4 605

150 75 11 250 58 8 700 61 9 195

200 125 18 750 97 14 550 102 15 300

250 200 30 000 155 23 250 164 24 600

300 280 42 000 217 32 550 229 34 350

400 500 75 000 387 58 050 409 61 350

500 800 120 000 620 93 000 655 98 250

600 1 150 172 500 890 133 500 941 141 150

700 1 590 238 500 1 230 184 500 1 300 195 000

1 000 3 200 480 000 2 480 372 000 2 620 393 000

1 500 7 200 1 080 000 5 568 835 200 5 886 882 900

US units for insertion version

DN [lb/h] [Scf/min] at 32 °F (14.7 psi a) [Scf/min] at 59 °F (14.7 psi a)

[in] min. Max. min. Max. min. Max.

3 45 6 714 9 1 386 10 1 466

4 83 12 403.5 17 2 565 18 2 715

6 165 24 807 34 5 130 36 5 415

8 276 41 344.5 57 8 520 60 9 000

10 441 66 150 91 13 695 97 14 475

12 617 92 610 128 19 200 135 20 250

16 1 103 165 375 228 34 200 241 36 150
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DN [lb/h] [Scf/min] at 32 °F (14.7 psi a) [Scf/min] at 59 °F (14.7 psi a)

[in] min. Max. min. Max. min. Max.

20 1 764 264 600 365 54 750 386 57 900

24 2 536 380 362.5 524 78 600 554 81 300

28 3 506 525 892.5 724 108 600 765 114 750

40 7 056 1 058 400 1 460 219 000 1 542 231 300

60 15 876 2 381 400 3 280 492 000 3 465 519 750

Operable flow range Over 100:1 (over 150:1 for calibration option code K).

Even in the extended measuring range (above the calibrated end value), the flow rate is captured and provided
as an output signal. However, the extended range is not subject to the specified measuring uncertainty.

Output

Output signal Current output

Current output 4-20 mA HART, active

Maximum output values • DC 24 V (no flow)
• 22 mA

If the option Defined value is selected in the Failure mode parameter :
22.5 mA

Load 0 to 750 Ω

Resolution 16 Bit or 0.38 µA

Damping Adjustable: 0 to 999 s

Assignable measured
variables

• Mass flow
• Corrected volume flow
• FAD volume flow
• Temperature

Pulse/frequency/switch output

Function Can be set to pulse, frequency or switching output

Version Passive, open collector

Maximum input values • DC 30 V
• 25 mA

Voltage drop For 25 mA: £ DC 2 V

Pulse output

Pulse width Adjustable: 0.5 to 2 000 ms ® pulse rate: 0 to 1 000 Pulse/s

Pulse value Adjustable

Assignable measured
variables

• Mass flow
• Corrected volume flow
• FAD volume flow

Frequency output

Maximum frequency Adjustable: 0 to 1 000 Hz

Damping Adjustable: 0 to 999 s

Pulse/pause ratio 1:1
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Assignable measured
variables

• Mass flow
• Corrected volume flow
• FAD volume flow
• Temperature

Switching output

Switching behavior Binary, conductive or non-conductive

Switching delay Adjustable: 0 to 100 s

Number of switching cycles Unlimited

Assignable functions • Off
• On
• Diagnostic behavior
• Limit value
• Status

Signal on alarm Depending on the interface, failure information is displayed as follows:

Current output

Failure mode Can be selected (as per NAMUR recommendation NE 43)

Minimum alarm 3.6 mA

Maximum alarm 22 mA

Adjustable value 3.59 to 22.5 mA

Pulse/frequency/switch output

Pulse output

Failure mode Choose from:
• Actual value
• No pulses

Frequency output

Failure mode Choose from:
• Actual value
• Defined value: 0 to 1250 Hz
• 0 Hz

Switching output

Failure mode Choose from:
• Current status
• Open
• Closed

Local display

Plain text display With information on cause and corrective action

Status signal as per NAMUR recommendation NE 107

Operating tool

• Via digital communication: HART protocol
• Via service interface

Plain text display With information on cause and corrective action
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Additional information on remote operation(®  ä 25)

Low flow cut off The switch point for low flow cut off is programmable.

Galvanic isolation The following connections are galvanically isolated from each other:
• Outputs
• Voltage supply

Protocol-specific data HART

Manufacturer ID 0x11

Device type ID 0x66

HART protocol revision 6.0

Device description files (DTM,
DD)

Information and files under:
www.endress.com

HART load Min. 250 Ω

Dynamic variables The measured variables can be freely assigned to the dynamic variables.

Measured variables for PV (primary dynamic variable)
• Mass flow
• Corrected volume flow
• FAD volume flow
• Temperature

 

Measured variables for SV, TV, QV (secondary, tertiary and quaternary
dynamic variable)
• Mass flow
• Corrected volume flow
• FAD volume flow
• Temperature
• Totalizer
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Power supply

Terminal assignment Transmitter

Connection version 4-20 mA HART, pulse/frequency/switching output

4

1

2

3

1
2

2
3

2
2

2
4

2
5

2
6

2
7

  A0017178

1 Supply voltage
2 Signal transmission: Pulse/frequency/switching output
3 Signal transmission: 4-20 mA HART
4 Ground terminal for cable shield

Supply voltage

Order characteristic for
"Power supply"

Terminal numbers

1 (L+) 2 (L-)

Option D DC 24 V (18 to 30 V)

Signal transmission

Order characteristic for
"Output"

Terminal numbers

Output 1 Output 2

26 (+) 27 (-) 24 (+) 25 (-)

Option A 4-20 mA HART active -

Option B 4-20 mA HART active Pulse/frequency/switch output

Option K - Pulse/frequency/switch output

Supply voltage

DC 24 V (18 to 30 V)

The power supply circuit must comply with SELV/PELV requirements.

Power consumption Order characteristic for
"Output"

Maximum power consumption

• Option A: 4-20mA HART
• Option B: 4-20mA HART, pulse/frequency/switching

output
• Option K: Pulse/frequency/switching output

3.1 W
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Current consumption Order characteristic for
"Output"

Maximum current
consumption

Maximum switch-on
current

• Option A: 4-20mA HART
• Option B: 4-20mA HART, pulse/frequency/switching

output
• Option K: Pulse/frequency/switching output

185 mA < 2.5 A

Power supply failure • Totalizers stop at the last value measured.
• Configuration is retained in the device memory.
• Error messages (incl. total operated hours) are stored.

Electrical connection Connecting the transmitter

2

1

*

1
2

2
3

2
2

2
4

2
5

2
6

2
7

  A0017179

1 Cable entry for supply voltage
2 Cable entry for signal transmission

Connection examples

4...20 mA

+

–

2

1

3

+

_

  A0016960

å 1 Connection example for current output, 4-20 mA active

1 Control system (e.g. PLC)
2 Analog display unit: observe maximum load (®  ä 7)
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4

4...20 mA

+

–

5

21 3

6

+

_

  A0016800

å 2 Connection example for current output, 4-20 mA HART active

1 Control system (e.g. PLC)
2 Observe cable specification (®  ä 13)
3 Connection for Field Communicator 375/475 or Commubox FXA191/195
4 Resistor for HART communication (³ 250 W): observe maximum load (®  ä 7)
5 Analog display unit: observe maximum load (®  ä 7)

1

+

_

12345

2

+

–

+–

3

  A0016801

å 3 Connection example for pulse/frequency output (passive)

1 Automation system with pulse/frequency input (e.g. PLC)
2 Power supply (®  ä 13)
3 Transmitter: Observe input values (®  ä 7)

1

+_

+

_

2

+

_ 3

  A0016802

å 4 Connection example for switching output (passive)

1 Control system with switch input (e.g. PLC)
2 Power supply (®  ä 13)
3 Transmitter: Observe input values (®  ä 7)

Potential equalization No special measures for potential equalization are required.

Terminals Plug-in screw terminals for specified wire cross-sections

Cable entries • Cable gland: M20 × 1.5 with cable Æ 6 to 12 mm (0.24 to 0.47 in)
• Thread for cable entry:

– NPT ½"
– G ½"
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Cable specification Wire cross-sectional area

0.5 to 1.5 mm2 (21 to 16 AWG)

Permitted temperature range

• –40 °C (–40 °F)...³ 80 °C (176 °F)
• Minimum requirement: cable temperature range ³ ambient temperature + 20 K

Signal cable

Current output

For 4-20 mA HART: Shielded cable recommended. Observe grounding concept of the plant.

Pulse/frequency/switch output

Standard installation cable is sufficient.

Supply voltage cable

Standard installation cable is sufficient.

Performance characteristics

Reference operating
conditions

• Calibration systems traceable to national standards
• Accredited in accordance with ISO/IEC 17025
• Air controlled to 24 °C ± 0.5 °C (75.2 °F ± 0.9 °F) at atmospheric pressure
• Humidity controlled < 40 % RH

Maximum measured error o.r. = of reading; o.f.s. = of full scale value

• The full scale value depends upon the nominal diameter of the measuring device and the max. flow of
the calibration rig.

• Full scale values of the calibrated measuring range.(®  ä 5)
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  A0017329

å 5 Maximum measured error (% mass flow) as % of measured value/full scale value. G, H, K: Order code options
for "Calibration flow", see the following table

Order code option
for "Calibration
flow"

Accuracy Description

K • Q = 100 to 150 %:
from ±3 %to ±6.5 % of the current
measured value increasing linearly as
expressed in the following equation:
±3 ± (Xn -100) × 0.07[% o.r.]
(100 %< Xn £150 %; Xn = current flow
as a % o.f.s. )

• Q = 15 to 100 %:
±3 % of current measured value

• Q = 1 to 15 %
±0.45 % o.f.s.

(all data under reference conditions)

The measuring device is calibrated and adjusted on an
accredited and traceable calibration rig . The accuracy is
certified with a calibration protocol.

H • Q = 20 to 100 %
±4 % of current measured value

• Q = 1 to 20 %
±0.8 % o.f.s.

(all data under reference conditions)

The measuring performance of the device is tested, and a
verification protocol confirms that the device measures
within the specified tolerance.

G Q = 1 to 100 %
±5 % o.f.s.

(under reference conditions)

This version is subject to neither a calibration nor a
verification of measuring performance.

Accuracy of outputs

Current output

Accuracy Max. ±0.05 % o.f.s. or ±10 µA

Repeatability ±0.5 % of value for velocities > 1.0 m/s (3.3 ft/s)

Response time Typically < 3 s for 63 % of a given step change (in both directions)

Influence of medium pressure Air: 0.35 % of value per bar (0.02 % per psi) of process pressure change
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Installation

Mounting location Thermal measuring devices require a fully developed flow profile as a prerequisite for correct flow
measurement. For this reason, please pay attention to the following points and document sections
when installing the device:
• Avoid flow disturbances, as the thermal measuring principle reacts sensitively to them.
• Take measures to avoid condensation (e.g. condensation trap, thermal insulation etc.).
• For mechanical reasons and to protect the pipe, support is recommended for heavy sensors (e.g. when

installing a Hot tap extraction assembly).

Orientation The direction of the arrow on the sensor helps you to install the sensor according to the flow direction (direction
of medium flow through the piping).

Orientation Recommendation

Vertical orientation

  A0017337

 1) 2)

Horizontal orientation, transmitter head up

  A0015589

Horizontal orientation, transmitter head
down

  A0015590

 3)

Inclined mounting position, transmitter head
down a

  A0015773

 4)

1) In the case of saturated or unclean gases, upward flow in a vertical pipe section is preferred to minimize condensation
or contamination.

2) Not recommended in the case of extreme vibrations or unstable installations.
3) Suitable only for clean and dry gases. If buildup or condensate are always present: Mount the sensor in an inclined

position.
4) Select inclined mounting position (a = approx. 135°) if the gas is very wet or saturated with water.

Requirement for pipework The measuring device must be professionally installed, and the following points must be observed:
• Piping must be professionally welded.
• Seals must be sized correctly.
• Flanges and seals must be correctly aligned.
• The internal diameter of the pipe must be known. The maximum permitted deviation from the input value

is:
– 1 mm (0.04 in) at DN < 200 mm (8 in)
– 3 mm (0.12 in) at DN ³ 200 mm (8 in)

• Following installation, the pipe must be free from dirt and particles in order to avoid damage to the sensors.

Further information ® ISO standard 14511

  A0005103

Correctly aligned flanges and seals
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  A0005105   A0005106   A0005104

Incorrectly sized seal Incorrectly aligned flanges and seals Internal diameter of pipe does not correspond to
internal diameter of sensor

Choosing the sensor length The minimum length of the senor can be calculated using the Endress+Hauser calculation program Applicator
(from version 10.00 (®  ä 28)) or using the following calculation.

The minimum length of the sensor is determined by the required insertion depth. The required insertion depth
that is calculated must be within the adjusting range of the selected insertion version.

► Determining the dimensions A, B, C1 and C2

230

220

210

200

190

180

9

8

7

A

B

C
2

C
1

A

B

C
2

C
1

230

220

210

200

190

180

9

8

7

230

220

210

200

190

180

9

8

7

  A0015768

A Internal pipe diameter DN (circular pipe) or internal dimension (rectangular duct)
B Thickness of pipe wall or of duct wall
C1 Length of mounting set
C2 Length of sensor compression fitting

Determining C1 and C2 (Endress+Hauser original parts only)

DK6MB-BXA mounting boss G1A C1 + C2 = 99 mm (3.90 in)

DK6MB-DXA mounting boss G3/4A C1 + C2 = 99 mm (3.90 in)

DK6MB-AXA mounting boss 1" NPT C1 + C2 = 107 mm (4.21 in)

DK6MB-CXA mounting boss 3/4" NPT C1 + C2 = 102 mm (4.02 in)

Determining C1 and C2 (not limited to Endress+Hauser original parts)

C1 Length of pipe connection used

C2 (compression fitting with G1A thread) 39 mm (1.54 in)

C2 (compression fitting with G3/4A thread) 39 mm (1.54 in)

C2 (compression fitting with 1" NPT thread) 47 mm (1.85 in)

C2 (compression fitting with 3/4" NPT thread) 42 mm (1.65 in)

► Calculating insertion depth

(0.3 · A) + B + (C1 + C2)

► Choosing the length of the insertion version
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Using the insertion depth calculated in this way, the length of the insertion version can be selected with the
help of the following table.

The calculated insertion depth must be within the adjusting range of the insertion version!

Length of insertion tube Adjusting range (insertion depth)

GA thread NPT thread

mm in mm in mm in

235 9 120 to 230 4.7 to 9.0 126 to 230 4.96 to 9.0

335 13 120 to 330 4.7 to 13.0 126 to 330 4.96 to 13.0

435 17 120 to 430 4.7 to 17.0 126 to 430 4.96 to 17.0

608 24 120 to 604 4.7 to 23.8 126 to 604 4.96 to 23.8

Mounting conditions for
mounting boss

90°90°

D

  A0011843

D = 31.0 mm ± 0.05 mm (1.22 in ± 0.02 in)

► When installing in rectangular ducts with thin walls:
Ã Use suitable support brackets.

Align the insertion version
with the direction of flow.

90° (±3°)

90°(±7°)

  A0015746

Check and ensure that the sensor on the pipe/duct is aligned at a 90° angle to the direction of flow. Rotate the
sensor so that the arrow marking on the sensor body corresponds to the direction of flow. The line marking on
the body used to adjust the insertion depth must be aligned with the direction of flow.

Inlet and outlet runs The thermal measuring principle is sensitive to disturbed flow conditions.
• As a general rule, the measuring device should always be installed as far away as possible from any flow

disturbances. For further information, please refer to ® ISO 14511.
• If possible, the sensor should be installed upstream from valves, T-pieces, elbows etc. To attain the specified

level of accuracy of the measuring device, the below mentioned inlet and outlet runs must be maintained at
minimum. If there are several flow disturbances present, the longest specified inlet run must be maintained.
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Recommended inlet and outlet runs

20 × DN 5 × DN

5 × DN25 × DN

20 × DN5 × DN 5 × DN

5 × DN40 × DN5 × DN50 × DN

20 × DN

1

4

2

6

3

5

  A0016943

1 reduction
2 expansion
3 90° elbow or T-piece
4 2 × 90° elbow
5 Control valve
6 2 × 90° elbow (3-dimensional)

Outlet run for pressure or temperature transmitter

If a pressure or temperature measuring device is installed downstream of the measuring device, make sure there
is sufficient distance between the two devices.

PT

2…5 × DN

TT

  A0015603

PT Pressure measuring device
TT Temperature measuring device

Environment

Ambient temperature range Measuring device –40 to +60 °C (–40 to +140 °F)

Local display –20 to +60 °C (–4 to +140 °F), the readability of the display may be impaired at
temperatures outside the temperature range.

► If operating outdoors:
Avoid direct sunlight, particularly in warm climatic regions.

Storage temperature –40 to +80 °C (–40 to +176 °F), preferably at +20 °C (+68 °F)

Degree of protection Transmitter
• As standard: IP66/67, type 4X enclosure
• When housing is open: IP20, type 1 enclosure
• Display module: IP20, type 1 enclosure

Sensor
IP66/67, type 4X enclosure

Shock resistance As per IEC/EN 60068-2-31
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Vibration resistance Acceleration up to 2 g, 10 to 150 Hz, as per IEC/EN 60068-2-6

Electromagnetic compatibility
(EMC)

As per IEC/EN 61326 and NAMUR Recommendation 21 (NE 21).

Details are provided in the Declaration of Conformity.

Process

Medium temperature range Sensor
–40 to +100 °C (–40 to +212 °F)

Seals (G thread only)
• HNBR: –40 to +100 °C (–40 to +212 °F)
• EPDM: –35 to +100 °C (–31 to +212 °F)

Clamping ring
PEEK: –40 to +100 °C (–40 to +212 °F)

Flow limit See "Measuring range"(®  ä 5) section

The velocity in the measuring tube should not exceed 70 m/s (230 ft/s).

Pressure loss Negligible.

For a precise calculation, use the Applicator.

System pressure Sensor
Depending on the version, please note the details on the name plate .
Max. 20 bar g (290 psi g)

Thermal insulation If the gas is very humid or saturated with water, the pipe and the sensor housing should be insulated to prevent
water droplets condensing on the transducer.

  A0015763
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Mechanical construction

Design, dimensions Compact version

BA

C

D

G 1 A, G ¾ A

L

1" NPT, ¾" NPT

  A0015743

Dimensions in SI units

L
[mm]

A 1)

[mm]
B

[mm]
C

[mm]
D

[mm]

235 146 133 129 407

335 146 133 129 507

435 146 133 129 597.4

608 146 133 129 770.4

1) For version without local display values - 7 mm

Dimensions in US units

L
[in]

A 1)

[in]
B

[in]
C

[in]
D

[in]

9 5.75 5.24 5.08 16.02

13 5.75 5.24 5.08 19.96

17 5.75 5.24 5.08 23.52

24 5.75 5.24 5.08 30.33

1) For version without local display values - 0.28 in
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Hot tap

Low pressure version (up to 4.5 bar g (65 psi g))

Q

B

C

N

A

P

1" NPT

L

V3
E

G

F

O

36 mm, 42 mm

R
D

L

V1

2

3

1 V2

L

4

5

2

4 5

3

Q

1

G ¾ A, G 1 A,
¾" NPT, 1" NPT

6

6
G 1 A,
1" NPT

  A0014289

1 Sensor connection with safety chain
2 Ball valve
3 Retrofit adapter
4 Process connection weld-in nipple
5 Flange adapter
6 Process connection flange
V1 Version with retrofit adapter
V2 Version with weld-in nipple
V3 Version with flange

A B C D E F G L N O P Q R

mm 42.4 96 620 71 165 88 209 ~249.5 33.4 33.4 123.9 105.5 61

inch 1.67 3.78 24.4 2.80 3.78 2.80 6.50 ~3.46 1.31 1.31 4.88 4.15 2.40
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Medium pressure version (up to 16 bar g (230 psi g)

36 mm / 42 mm

L
1

2

3

1" NPT

1" NPT

Q

B

N

A

P

L
1

V3

E
G

F

O

R

D

V1 1

5

2

4

6

3

1

U

W

V X

H

7

L
2

K

7

L
3

6

5

G ¾ A, G 1 A,
¾" NPT, 1" NPT

G ¾ A, G 1 A,
¾" NPT, 1" NPT

4

L
1

V2

4

  A0014310

1 Sensor connection
2 Ball valve
3 Retrofit adapter
4 Process connection weld-in nipple
5 Flange adapter
6 Process connection flange
7 Extractor assembly
V1 Version with retrofit adapter
V2 Version with weld-in nipple
V3 Version with flange

A B D E F G L1 L2 L3 N O P Q R U V W x

mm 42.4 96 71 165 88 209 ~249.5 133 148 33.4 33.4 123.9 105.5 61 150 165 215 129

inch 1.67 3.78 2.80 3.78 2.80 6.50 ~9.82 5.24 5.83 1.31 1.31 4.88 4.15 2.40 5.91 6.50 8.46 5.08

Weight Weight in SI units

Compact version

Sensor length [mm] 235 335 435 608

Weight [kg]  1) 2.2 2.3 2.4 2.5

1) Weight of entire measuring device

Hot tap

Hot tap versions [kg]

with retrofit adapter (version V1) 1.8

with weld-in nipple (version V2) 2.2

with flange/flange adapter (version V3) 4.3

Extractor assembly 7.8
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Weight in US units

Compact version

Sensor length [in] 9 13 17 24

Weight [lbs] 4.8 5.7 5.3 5.5

Hot tap

Hot tap versions [lbs]

with retrofit adapter (version V1) 4.0

with weld-in nipple (version V2) 4.9

with flange/flange adapter (version V3) 9.5

Extractor assembly 17.5

Materials Transmitter housing

• Order characteristic for "Housing", option A: aluminum coating AlSi10Mg
• Window material: glass

Sensor

Compression fitting:

• Thread: G ¾ A, G 1 A, ¾" NPT, 1" NPT
• Stainless steel 1.4404/1.4571 and 316L/316TI
• Clamping ring: PEEK 450G
• Sealing ring: EPDM/HNBR, 316/316L (outer ring)

Transducer

• Stainless steel 1.4404/1.4435 as per EN 10216-5/ EN 10272-5/ EN 10028-7/ EN 10088-2
• Stainless steel 316L as per ASTM A269/ A479/ A240/ A666

Cable entries

Order characteristic for "Housing", option A: compact, aluminum coating

Electrical connection Type of protection Material

Cable gland M20 × 1.5 For non-hazardous areas Plastic

Thread G ½"
via adapter

For non-Ex and Ex Nickel-plated brass

Thread NPT ½"
via adapter

Accessories

Mounting boss

1.4404 as per EN 10272 and 316/316L as per ASTM A479
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Hot tap

• Process connection:
– Weld-in nipple:

1.4404 as per EN 10272 and 316/316L as per ASTM A479
– Flange/flange Adapter:

1.4404 as per EN 1092-1, 316L as per JIS B 2220, ASME B16.5
• Sensor connection:

1.4404 as per EN 10216-5 and 316/316L as per ASTM A312
• Ball valve:

CF3M and CF8M
Seal:
PTFE

Operability

Operating concept Operator-oriented menu structure for user-specific tasks
• Commissioning
• Operation
• Diagnostics
• Expert level

Quick and safe commissioning
Menu guidance with brief explanations of the individual parameter functions

Reliable operation
• Operation in different languages: (®  ä 26)

– Via local display
– Via operating tools

• Uniform operating philosophy applied to device and operating tools

Efficient diagnostics increase measurement reliability
• Remedial information is integrated in plain text
• Diverse simulation options and optional line recorder functions

Local operation "Display; Operation" Order code option C

Esc 1

  A0017279

1 Display module (pushbutton operation)

Display elements

• 4-line display
• Format for displaying measured variables and status variables can be individually configured
• Permitted ambient temperature for the display: –20 to +60 °C (–4 to +140 °F)

The readability of the display may be impaired at temperatures outside the temperature range.

Operating elements

Local operation with 3 push buttons ( , , E )
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Additional functionality

• Data backup function
The device configuration can be saved in the display module.

• Data comparison function
The device configuration saved in the display module can be compared to the current device configuration.

• Data transfer function
The transmitter configuration can be transmitted to another device using the display module.

Remote operation Via HART protocol

This communication interface is present in the following device version:
• Order characteristic for "Outlet", option A: 4-20 mA HART
• Order characteristic for "Outlet", option B: 4-20 mA HART, pulse/frequency/switching output

1 2 3 5

4 6

7

  A0017373

å 6 Options for remote operation via HART protocol

1 Control system (e.g. PLC)
2 Field Communicator 475
3 Computer with operating tool (e.g. FieldCare, AMS Device Manager, SIMATIC PDM)
4 Commubox FXA195 (USB)
5 Field Xpert SFX100
6 VIATOR Bluetooth modem with connecting cable
7 Transmitter
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Via service interface (CDI)

1 2 3

E
+–

  A0017253

1 Service interface (CDI) of the measuring device
2 Commubox FXA291
3 Computer with "FieldCare" operating tool

Languages Can be operated in the following languages:
• Via local display:

English, German, French, Spanish, Italian, Dutch, Portuguese, Polish, Russian, Turkish, Japanese, Chinese,
Korean, Bahasa (Indonesian), Vietnamese, Czech

• Via operating tools:
English, German, French, Spanish, Italian, Dutch, Portuguese, Polish, Russian, Turkish, Japanese, Chinese,
Korean, Bahasa (Indonesian), Vietnamese, Czech

Certificates and approvals

CE mark The measuring system is in conformity with the statutory requirements of the applicable EC Directives. These
are listed in the corresponding EC Declaration of Conformity along with the standards applied.

Endress+Hauser confirms successful testing of the device by affixing to it the CE mark.

C-Tick symbol The measuring system meets the EMC requirements of the "Australian Communications and Media Authority
(ACMA)".

Ex approval CCSAUS

The following hazardous area versions currently available:

NI
Class 1, Division 2, Groups A, B, C and D T4 or Class I, Zone 2 IIC T4

Other standards and
guidelines

• EN 60529
Degrees of protection provided by enclosures (IP code)

• EN 61010-1
Protection Measures for Electrical Equipment for Measurement, Control, Regulation and Laboratory
Procedures.

• IEC/EN 61326
Emission in accordance with Class A requirements. Electromagnetic compatibility (EMC requirements)

• NAMUR NE 21
Electromagnetic compatibility (EMC) of industrial process and laboratory control equipment.

• NAMUR NE 32
Data retention in the event of a power failure in field and control instruments with microprocessors
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• NAMUR NE 43
Standardization of the signal level for the breakdown information of digital transmitters with analog output
signal.

• NAMUR NE 53
Software of field devices and signal-processing devices with digital electronics

• NAMUR NE 105
Specifications for integrating fieldbus devices in engineering tools for field devices

• NAMUR NE 107
Status classification as per NE107

Ordering information
Your Endress+Hauser sales center can provide detailed ordering information and information on the extended
order code.

Application packages
Package Description

HistoROM extended
function

Comprises extended functions concerning the event log and the activation of the measured
value memory.

Event log:
• Memory volume is extended from 20 message entries (basic version) to up to 100 entries.
• Message entries are visualized via the local display or FieldCare.

Data logging (line recorder):
• Memory capacity for up to 1000 measured values is activated.
• 250 measured values can be output via each of the 4 memory channels. The recording

interval can be defined and configured by the user.
• Data logging is visualized via the local display or FieldCare.

Accessories

Device-specific accessories For the sensor

Accessories Description

Mounting boss Mounting boss for t-mass insertion version.
Order code DK6MB-*

Hot tap If the accessory is ordered as an extended option, only one particular set of standard features
is available.

Low pressure, order characteristic for "Accessories Enclosed", options PG, PH,
PK, PL
Mounting set contains welded socket (process connection), sensor connection with safety
chain and ball valve. To insert/remove the sensor at process pressures up to max. 4.5 barg
(65 psi).

High pressure, order characteristic for "Accessories Enclosed", options PI, PJ, PM,
PN
Mounting set contains welded socket (process connection), sensor connection, ball valve
and extractor assembly. To insert/remove the sensor at process pressures up to max. 16
barg (235 psi).

For details, see Installation Instructions EA00109D

If the accessory is ordered separately, individual combinations can be selected.
Order code DK6HT-*
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Communication-specific
accessories

Accessories Description

Commubox FXA195 HART For intrinsically safe HART communication with FieldCare via the USB interface.

For details, see "Technical Information" TI00404F

HART Loop Converter
HMX50

Is used to evaluate and convert dynamic HART process variables to analog current signals
or limit values.

For details, see "Technical Information" TI00429F and Operating Instructions
BA00371F

Wireless HART adapter
SWA70

Is used for the wireless connection of field devices.
The WirelessHART adapter can be easily integrated into field devices and existing
infrastructures, offers data protection and transmission safety and can be operated in parallel
with other wireless networks with minimum cabling complexity.

For details, see Operating Instructions BA00061S

Fieldgate FXA320 Gateway for the remote monitoring of connected 4-20 mA measuring devices via a Web
browser.

For details, see "Technical Information" TI00025S and Operating Instructions
BA00053S

Fieldgate FXA520 Gateway for the remote diagnostics and remote configuration of connected HART measuring
devices via a Web browser.

For details, see "Technical Information" TI00025S and Operating Instructions
BA00051S

Field Xpert SFX100 Compact, flexible and robust industry handheld terminal for remote configuration and for
obtaining measured values via the HART current output (4-20 mA).

For details, see Operating Instructions BA00060S

Commubox FXA291 Connects Endress+Hauser field devices with a CDI interface (= Endress+Hauser Common
Data Interface) and the USB port of a computer or laptop.

For details, see "Technical Information" TI00405C

Service-specific accessories Accessories Description

Applicator Software for selecting and sizing Endress+Hauser measuring devices:
• Calculation of all the necessary data for identifying the optimum flowmeter: e.g. nominal

diameter, pressure loss, accuracy or process connections.
• Graphic illustration of the calculation results

Administration, documentation and access to all project-related data and parameters over
the entire life cycle of a project.

Applicator is available:
• Via the Internet: https://wapps.endress.com/applicator
• On CD-ROM for local PC installation.

W@M Life cycle management for your plant
W@M supports you with a wide range of software applications over the entire process: from
planning and procurement, to the installation, commissioning and operation of the
measuring devices. All the relevant device information, such as the device status, spare parts
and device-specific documentation, is available for every device over the entire life cycle.
The application already contains the data of your Endress+Hauser device. Endress+Hauser
also takes care of maintaining and updating the data records.

W@M is available:
• Via the Internet: www.endress.com/lifecyclemanagement
• On CD-ROM for local PC installation.
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FieldCare FDT-based plant asset management tool from Endress+Hauser.
It can configure all smart field units in your system and helps you manage them. By using
the status information, it is also a simple but effective way of checking their status and
condition.

For details, see Operating Instructions BA00027S and BA00059S

System components Accessories Description

Memograph M graphic
display recorder

The Memograph M graphic data manager provides information on all the relevant measured
variables. Measured values are recorded correctly, limit values are monitored and measuring
points analyzed. The data are stored in the 256 MB internal memory and also on a SD card
or USB stick.

For details, see "Technical Information" TI00133R and Operating Instructions
BA00247R

Documentation
The following document types are available:
• On the CD-ROM supplied with the device
• In the Download Area of the Endress+Hauser Internet site: www.endress.com ® Download

Standard documentation Device type Communication Document type Documentation code

6BAB**- - - - - Brief Operating Instructions KA01104D

HART Operating Instructions BA01043D

Supplementary device-
dependent documentation

Device type Document type Approval Documentation code

6BAB**- Installation Instructions Specified for each
individual accessory
(®  ä 27)

Registered trademarks
HARTÒ

Registered trademark of the HART Communication Foundation, Austin, USA

ApplicatorÒ, FieldCareÒ, Field XpertTM, HistoROMÒ

Registered or registration-pending trademarks of the Endress+Hauser Group
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Guaranty and Declaration 
 
Copyright 
© 2016 RIGOL TECHNOLOGIES, INC. All Rights Reserved. 
 
Trademark Information 
RIGOL is a registered trademark of RIGOL TECHNOLOGIES, INC. 
 
Publication Number 
UGH05101-1110 
 
Software Version 
00.01.02 
Software upgrade might change or add product features. Please acquire the latest 
version of the manual from RIGOL website or contact RIGOL to upgrade the 
software. 
 
Notices 
 RIGOL products are covered by P.R.C. and foreign patents, issued and pending. 
 RIGOL reserves the right to modify or change parts of or all the specifications 

and pricing policies at the company’s sole decision. 
 Information in this publication replaces all previously released materials. 
 Information in this publication is subject to change without notice. 
 RIGOL shall not be liable for either incidental or consequential losses in 

connection with the furnishing, use, or performance of this manual, as well as 
any information contained. 

 Any part of this document is forbidden to be copied, photocopied, or rearranged 
without prior written approval of RIGOL. 

 
Product Certification 
RIGOL guarantees that this product conforms to the national and industrial 
standards in China as well as the ISO9001:2008 standard and the ISO14001:2004 
standard. Other international standard conformance certifications are in progress. 
 
Contact Us 
If you have any problem or requirement when using our products or this manual, 
please contact RIGOL. 
E-mail: service@rigol.com 
Website: www.rigol.com 
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Safety Requirement 
 

General Safety Summary 
 
Please review the following safety precautions carefully before putting the 
instrument into operation so as to avoid any personal injury or damage to the 
instrument and any product connected to it. To prevent potential hazards, please 
follow the instructions specified in this manual to use the instrument properly. 
 
Use Proper Power Cord. 
Only the exclusive power cord designed for the instrument and authorized for use 
within the local country could be used. 
 
Ground the Instrument. 
The instrument is grounded through the Protective Earth lead of the power cord. To 
avoid electric shock, connect the earth terminal of the power cord to the Protective 
Earth terminal before connecting any input or output terminals. 
 
Connect the Probe Correctly. 
If a probe is used, the probe ground lead must be connected to earth ground. Do not 
connect the ground lead to high voltage. Improper way of connection could result in 
dangerous voltages being present on the connectors, controls or other surfaces of 
the oscilloscope and probes, which will cause potential hazards for operators. 
 
Observe All Terminal Ratings. 
To avoid fire or shock hazard, observe all ratings and markers on the instrument and 
check your manual for more information about ratings before connecting the 
instrument. 
 
Use Proper Overvoltage Protection. 
Ensure that no overvoltage (such as that caused by a bolt of lightning) can reach the 
product. Otherwise, the operator might be exposed to the danger of an electric 
shock. 
 
Do Not Operate Without Covers. 
Do not operate the instrument with covers or panels removed. 
 
Do Not Insert Objects Into the Air Outlet. 
Do not insert objects into the air outlet, as doing so may cause damage to the 
instrument. 
 
Use Proper Fuse. 
Please use the specified fuses. 
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Avoid Circuit or Wire Exposure. 
Do not touch exposed junctions and components when the unit is powered on. 
 
Do Not Operate With Suspected Failures. 
If you suspect that any damage may occur to the instrument, have it inspected by 
RIGOL authorized personnel before further operations. Any maintenance, 
adjustment or replacement especially to circuits or accessories must be performed 
by RIGOL authorized personnel. 
 
Provide Adequate Ventilation. 
Inadequate ventilation may cause an increase of temperature in the instrument, 
which would cause damage to the instrument. So please keep the instrument well 
ventilated and inspect the air outlet and the fan regularly. 
 
Do Not Operate in Wet Conditions. 
To avoid short circuit inside the instrument or electric shock, never operate the 
instrument in a humid environment. 
 
Do Not Operate in an Explosive Atmosphere. 
To avoid personal injuries or damage to the instrument, never operate the 
instrument in an explosive atmosphere. 
 
Keep Product Surfaces Clean and Dry. 
To avoid dust or moisture from affecting the performance of the instrument, keep the 
surfaces of the instrument clean and dry. 
 
Prevent Electrostatic Impact. 
Operate the instrument in an electrostatic discharge protective environment to avoid 
damage induced by static discharges. Always ground both the internal and external 
conductors of cables to release static before making connections. 
 
Use the Battery Properly. 
Do not expose the battery (if available) to high temperature or fire. Keep it out of the 
reach of children. Improper change of a battery (lithium battery) may cause an 
explosion. Use the RIGOL specified battery only. 
 
Handle with Caution. 
Please handle with care during transportation to avoid damage to keys, knobs, 
interfaces, and other parts on the panels. 
 
Do Not Use this Instrument to Provide Power for the Active Load. 
The backflow current may cause the power control loop to be out of control, which 
could further damage the devices that receives the power supply from this 
instrument. Therefore, this instrument is only allowed to provide power for the pure 
load that does not have the current output function. 
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Safety Notices and Symbols 
 
Safety Notices in this Manual: 
 

 

WARNING    
Indicates a potentially hazardous situation or practice which, if not 
avoided, will result in serious injury or death. 

 

 

CAUTION    
Indicates a potentially hazardous situation or practice which, if not 
avoided, could result in damage to the product or loss of important data. 

 
Safety Terms on the Product: 
 
DANGER It calls attention to an operation, if not correctly performed, could 

result in injury or hazard immediately. 
WARNING It calls attention to an operation, if not correctly performed, could 

result in potential injury or hazard. 
CAUTION It calls attention to an operation, if not correctly performed, could 

result in damage to the product or other devices connected to the 
product. 

 
Safety Symbols on the Product: 
 

     

Hazardous 
Voltage 

Safety Warning Protective Earth 
Terminal 

Chassis Ground Test Ground 
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Allgemeine Sicherheits Informationen 
 
Überprüfen Sie diefolgenden Sicherheitshinweise 
sorgfältigumPersonenschädenoderSchäden am Gerätundan damit verbundenen 
weiteren Gerätenzu vermeiden. Zur Vermeidung vonGefahren, nutzen Sie bitte das 
Gerät nur so, wiein diesem Handbuchangegeben. 
 
Um Feuer oder Verletzungen zu vermeiden, verwenden Sie ein 
ordnungsgemäßes Netzkabel. 
Verwenden Sie für dieses Gerät nur das für ihr Land zugelassene und genehmigte 
Netzkabel. 
 
Erden des Gerätes. 
Das Gerät ist durch den Schutzleiter im Netzkabel geerdet. Um Gefahren durch 
elektrischen Schlag zu vermeiden, ist es unerlässlich, die Erdung durchzuführen. Erst 
dann dürfen weitere Ein- oder Ausgänge verbunden werden.  
 
Anschluss einesTastkopfes. 
Die Erdungsklemmen der Sonden sindauf dem gleichen Spannungspegel des 
Instruments geerdet. SchließenSie die Erdungsklemmen an keine hohe Spannung 
an. 
 
Beachten Sie alle Anschlüsse. 
Zur Vermeidung von Feuer oder Stromschlag, beachten Sie alle Bemerkungen und 
Markierungen auf dem Instrument. Befolgen Sie die Bedienungsanleitung für weitere 
Informationen, bevor Sie weitere Anschlüsse an das Instrument legen. 
 
Verwenden Sie einen geeigneten Überspannungsschutz. 
Stellen Sie sicher, daß keinerlei Überspannung (wie z.B. durch Gewitter verursacht) 
das Gerät erreichen kann. Andernfallsbestehtfür den Anwender die 
GefahreinesStromschlages. 
 
Nicht ohne Abdeckung einschalten. 
Betreiben Sie das Gerät nicht mit entfernten Gehäuse-Abdeckungen. 
 
Betreiben Sie das Gerät nicht geöffnet. 
Der Betrieb mit offenen oder entfernten Gehäuseteilen ist nicht zulässig. Nichts in 
entsprechende Öffnungen stecken (Lüfter z.B.) 
 
Passende Sicherung verwenden. 
Setzen Sie nur die spezifikationsgemäßen Sicherungen ein.  
 
Vermeiden Sie ungeschützte Verbindungen. 
Berühren Sie keine unisolierten Verbindungen oder Baugruppen, während das Gerät 
in Betrieb ist.  
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Betreiben Sie das Gerät nicht im Fehlerfall. 
Wenn Sie am Gerät einen Defekt vermuten, sorgen Sie dafür, bevor Sie das Gerät 
wieder betreiben, dass eine Untersuchung durch RIGOL autorisiertem Personal 
durchgeführt wird. Jedwede Wartung, Einstellarbeiten oder Austausch von Teilen am 
Gerät, sowie am Zubehör dürfen nur von RIGOL autorisiertem Personal 
durchgeführt werden. 
 
Belüftung sicherstellen. 
Unzureichende Belüftung kann zu Temperaturanstiegen und somit zu thermischen 
Schäden am Gerät führen. Stellen Sie deswegen die Belüftung sicher und 
kontrollieren regelmäßig Lüfter und Belüftungsöffnungen. 
 
Nicht in feuchter Umgebung betreiben. 
Zur Vermeidung von Kurzschluß im Geräteinneren und Stromschlag betreiben Sie das 
Gerät bitte niemals in feuchter Umgebung. 
 
Nicht in explosiver Atmosphäre betreiben. 
Zur Vermeidung von Personen- und Sachschäden ist es unumgänglich, das Gerät 
ausschließlich fernab jedweder explosiven Atmosphäre zu betreiben. 
 
Geräteoberflächen sauber und trocken halten. 
Um den Einfluß von Staub und Feuchtigkeit aus der Luft auszuschließen, halten Sie 
bitte die Geräteoberflächen sauber und trocken. 
 
Schutz gegen elektrostatische Entladung (ESD). 
Sorgen Sie für eine elektrostatisch geschützte Umgebung, um somit Schäden und 
Funktionsstörungen durch ESD zu vermeiden. Erden Sie vor dem Anschluß immer 
Innen- und Außenleiter der Verbindungsleitung, um statische Aufladung zu entladen. 
 
Die richtige Verwendung desAkku. 
Wenneine Batterieverwendet wird, vermeiden Sie hohe Temperaturen bzw. Feuer 
ausgesetzt werden. Bewahren Sie es außerhalbder Reichweitevon Kindern auf. 
UnsachgemäßeÄnderung derBatterie (Anmerkung: Lithium-Batterie) kann zu einer 
Explosion führen. VerwendenSie nur von RIGOL angegebenenAkkus. 
 
Sicherer Transport. 
Transportieren Sie das Gerät sorgfältig (Verpackung!), um Schäden an 
Bedienelementen, Anschlüssen und anderen Teilen zu vermeiden. 
 
Vermeiden Sie das einprägen von Strom und Spannung an den 
Testklemmen. 
Das DP700 Power Supply kann hierdurch zerstört werden, keine akive Last. Das 
DP800A kann nur Strom und Spannungen leifern. 
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Sicherheits Begriffe und Symbole 
 
Begriffe in diesem Guide: 
 

 

WARNING 
Die Kennzeichnung WARNING beschreibt Gefahrenquellen die leibliche 
Schäden oder den Tod von Personen zur Folge haben können. 

 

 

CAUTION 
Die Kennzeichnung Caution (Vorsicht) beschreibt Gefahrenquellen die 
Schäden am Gerät hervorrufen können. 

 
Begriffe auf dem Produkt: 
 
DANGER weist auf eine Verletzung oder Gefährdung hin, die sofort 

geschehen kann. 
WARNING weist auf eine Verletzung oder Gefährdung hin, die möglicherweise 

nicht sofort geschehen. 
CAUTION weist auf eine Verletzung oder Gefährdung hin und bedeutet, dass 

eine mögliche Beschädigung des Instruments oder anderer 
Gegenstände auftreten kann. 

 
Symbole auf dem Produkt: 
 

  
 

  

Gefährliche 
Spannung 

Sicherheits- 
Hinweis 

Schutz-erde Gehäusemasse Erde 
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Care and Cleaning 
 
Care 
Do not store or leave the instrument where it may be exposed to direct sunlight for 
long periods of time. 
 
Cleaning 
Clean the instrument regularly according to its operating conditions. 
1. Disconnect the instrument from all power sources. 
2. Clean the external surfaces of the instrument with a soft cloth dampened with 

mild detergent or water. When cleaning the LCD, take care to avoid scarifying it. 
 

 

CAUTION    
To avoid damage to the instrument, do not expose it to caustic liquids. 

 

 

WARNING    
To avoid short-circuit resulting from moisture or personal injuries, ensure 
that the instrument is completely dry before connecting it to the power 
supply. 

 
 

Environmental Considerations 
 
The following symbol indicates that this product complies with the WEEE Directive 
2002/96/EC. 
 

 
 
 
Product End-of-Life Handling 
The equipment may contain substances that could be harmful to the environment or 
human health. To avoid the release of such substances into the environment and 
avoid harm to human health, we recommend you to recycle this product 
appropriately to ensure that most materials are reused or recycled properly. Please 
contact your local authorities for disposal or recycling information. 
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DP700 Series Overview 
 
DP700 series power supply is a type of affordable programmable linear DC power 
supply with high performance. With superb performance specifications, pure and 
reliable output, and clear user interface, the DP700 series supports timing output and 
trigger function, and provides a remote communication interface, enabling you to 
meet your diversified test requirements. 
 
Main Features: 
 DP711: single output, 30 V/5 A, total power up to 150 W 
 DP712: single output, 50 V/3 A, total power up to 150 W 
 Low ripple and noise: 

DP711: <500 uVrms/3 mVpp, <2 mArms 
DP712: <500 uVrms/4 mVpp, <2 mArms 

 Excellent load and line regulation rate: <0.01% + 2 mV; <0.01% + 2 mA 
 Transient response time: <50 μs 
 1 mV/1 mA resolution (optional) 
 Sound overvoltage/overcurrent/overtemperature protection, with the response 

time for the overvoltage protection less than 10 ms 
 External trigger function supported, enabling synchronous output for multiple 

devices 
 Timing output supported (10 ms to 99999 s) for up to 2,048 groups 
 3.5-inch TFT-LCD; compact and elegant; easy to use 
 Front panel locking and any specified key locking supported 
 RS232 interface communication supported 
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Document Overview 
 
Chapter 1 Quick Start 
This chapter introduces some basic information that you should know when you use 
the DP700 series power supply for the first time. It contains the following contents: 
out-of-box inspection method, the appearance and dimensions of the instrument, 
descriptions of the front/rear panel, how to connect the instrument to the AC power, 
how to carry out the power-on inspection, how to replace the fuse, a brief 
introduction about the user interface, and how to set the parameters. 
 
Chapter 2 Front Panel Operations 
This chapter introduces what functions can be realized through the front panel 
operations and the operation methods. 
 
Chapter 3 Remote Control 
This chapter introduces how to remotely control the instrument. 
 
Chapter 4 Troubleshooting 
This chapter introduces the possible failures and solutions in using the DP700 series 
power supply. 
 
Chapter 5 Specifications 
This chapter lists the specifications of the DP700 series power supply. 
 
Chapter 6 Appendix 
This chapter provides order information and warranty information of the DP700 
series power supply. 
 
Index 
This chapter provides keyword search information, enabling you to quickly locate the 
desired information. 
 

Tip 
For the latest version of this manual, download it from the official website of 
RIGOL (www.rigol.com). 

 
 
Format Conventions in this Manual 
 
Key 
(1) The key on the front panel is denoted by the format of “Key Name (Bold) + Text 

Box” in the manual. For example, On/Off denotes the "On/Off" key. 

(2) Use the screen shot to indicate the key. For example,  denotes the Power 
key. 
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Content Conventions in this Manual 
 
DP700 series programmable linear DC power supply includes the following models. 
Unless otherwise specified, this manual takes DP711 as an example to illustrate the 
functions and operation methods of the DP700 series. 
 
Model No. of Channels Output Voltage/Current 
DP711 1 30 V/5 A 
DP712 1 50 V/3 A 
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Chapter 1 Quick Start 
 
Contents in this chapter: 
 
 General Inspection 
 Appearance and Dimensions 
 Front Panel 
 Rear Panel 
 User Interface 
 Power-on Inspection 
 Fuse Replacement 
 Built-in Help Information 
 Parameter Setting Method 
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General Inspection 
 
1． Inspect the packaging 

If the packaging has been damaged, do not dispose the damaged packaging or 
cushioning materials until the shipment has been checked for completeness and 
has passed both electrical and mechanical tests. 
 
The consigner or carrier shall be liable for the damage to the instrument 
resulting from shipment. RIGOL would not be responsible for free 
maintenance/rework or replacement of the instrument. 

 
2． Inspect the instrument 

In case of any mechanical damage, missing parts, or failure in passing the 
electrical and mechanical tests, contact your RIGOL sales representative. 
 

3． Check the accessories 
Please check the accessories according to the packing lists. If the accessories 
are damaged or incomplete, please contact your RIGOL sales representative. 
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Appearance and Dimensions 
 
 
 

 
 

Figure 1-1 Front View               Unit: mm 
 
 

 
 
 

Figure 1-2 Side View              Unit: mm 
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current DAC calibration, voltage ADC calibration, 
current ADC calibration, and OVP calibration. 
 

(5) Option configuration 
 View the installation status of the options, such as 

Trigger, Timer, and High Resolution. 
 Install the options. For the installation methods, refer 

to "Option Configuration". 
 

2.2 Storing and recalling operation key 
 
Memory

 

 
(1) Restore the instrument settings to defaults. 

For default settings, refer to Table 2-3. 
 

(2) Clear all saved files. 
Clear all saved state files and timer files. 
 

(3) Store, recall, or delete files. 
The DP700 series can store up to 10 state files and 2 timer 
files. 

 
2.3 Timer key 
 

 

 
(1) Set parameters for timer: the number of output groups, the 

number of cycles, trigger mode, end state, output voltage, 
output current, and duration time. 
Note: When you press Timer to enter the timer interface, 
the channel output is automatically disabled. 
 

(2) Close the timer and return to the main interface. 
During the timing output, press Timer and select "YES" to 
close the timer and return to the main interface. 

 
3. Output On/Off Key 

 

 

 
(1) Enable or disable the channel output. 

In the main interface or other function interfaces (including 
the system utility function interface, store and recall 
interface; excluding the timer interface), the On/Off key is 
used to enable/disable the channel output. 
 

(2) Enable or disable the timing output. 
 In the timer interface, after setting the parameters for 

the timer, press On/Off to enable the timing output. 
 During the timing output, press On/Off to disable the 
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timing output. When you press On/Off again, the 
system will start to make output from the first group of 
parameters. 

 
4. Power Key 

 

 

 
Turn on or off the instrument. 
 

 
5. Output Terminals 

+

30V/5A

 
 
 
 

(1) Channel output terminals: connect with the load, which are used to output 
the voltage and current. 
Note: Connect the positive terminal of the load with the (+) terminal of the 
channel output and connect the negative terminal of the load with the (-) 
terminal of the channel output. 
 

(2) Ground terminal: connects with the instrument chassis and ground lead 
(power cord ground terminal), which is in the grounded state. 

 
Note: The voltage to ground of any channel output terminal (+ or -) cannot 
exceed ±240 Vdc. 
 
 
 
 
 
 
 

(1)                 (2) 
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6.2 Confirmation key 
 

OK  

 

 
(1) Confirm the currently selected item. 

(2) Enable/disable the specified function, such as overvoltage 
protection (OVP) and overcurrent protection (OCP). 

(3) Select the default voltage unit (V) and the default current 
unit (A). 

(4) Control the timing output. 
When the trigger mode of the timer is set to "Single", one 
single press on OK enables a single output based on one 
group of timing parameters, until the instrument has 
completed outputting operation for a specified number of 
times (total number of output groups). 

 
7. Knob 

 

 

 

 
Note: Rotating the knob in different interfaces can 
produce different operation results. Here introduces its 
common usage. As for its other functions and usages, 
refer to the detailed introduction described in later 
sections of the manual. You can also refer to the help 
information at the bottom of the instrument interface. 

 
(1) Switch the parameter focus. 

(2) Modify the value where the cursor stays. 

(3) Switch the parameters or parameter values. 

(4) Enter a negative measurement value. 
During the manual calibration process, you can use 
the knob to enter a negative measurement value. 

(5) Switch the tab. 
Press System to enter the system utility function 
interface, and rotate the knob to select different tabs. 
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8. Num Keys and Return Key 
 

Number

1 2 3

4 5 6

7 8 9

0
 

 

 
8.1 Num keys 

The num keys contain numbers (0-9) and a 
dot. You can use the num keys to enter a 
value. 
 

8.2 Return key 
 
(1) Delete the unwanted characters that   

have been entered. 

(2) Cancel the specified operation. 

(3) Return to the local mode. 
When the instrument is in the 
remote mode, press this key to 
return to the local mode. 

(4) Enter the upgrade interface. 
For the software upgrade, when the 
welcome interface is displayed on 
the screen, press  to enter the 
upgrade interface. 
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Table 1-1 Main Interface Description 
No. Name Description 

1 Actual Output Mode 
Displays the channel output mode in real time: CV 
(constant voltage), CC (constant current), or UR 
(unregulated). 

2 Actual Output Status 

Displays the actual output status of the channel in 
real time, including the actual output voltage (V), 
the actual output current (A), and the actual output 
power (W). 

3 Help Information 
Displays the help information of the current 
interface in real time, including the interface 
description, operation method, etc. 

4 Output Setting 

Sets the channel output parameters, including 
output voltage, output current, the on/off status of 
overvoltage protection, overvoltage protection 
setting value, the on/off status of overcurrent 
protection, and overcurrent protection setting 
value. 

5 System Status Icons 

: indicates that the overtemperature 
protection occurred. 

: indicates that the front panel has been 
locked. 

: indicates that the beeper is off. 

: indicates that the beeper is on. 

: indicates that the instrument is remotely 
controlled. 

 

Tip 
 Press Timer to enter the timer interface. At this time, the Timer key is 

illuminated. Then, pressing Timer again will return to the main interface. 

 Press System to enter the system utility function interface. If the Timer key 
is not illuminated, pressing System again will return to the main interface; if 
the Timer key is illuminated, pressing System again will return to the timer 
interface. 

 Press Memory to enter the store and recall interface. If the Timer key is not 
illuminated, pressing Memory again will return to the main interface; if the 
Timer key is illuminated, pressing Memory again will return to the timer 
interface. 
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Power-on Inspection 
 
The DP700 series power supply supports various specifications of AC input power. 
When the DP700 series is connected with different power sources, the AC selector 
setting on the rear panel of the instrument is different, as shown in the table below. 
 
Table 1-2 AC Input Power Specification and AC Selector Setting 
AC Input Power AC Selector 
100 Vac x (100% ± 10%), 50 Hz to 60 Hz 100 Vac 
120 Vac x (100% ± 10%), 50 Hz to 60 Hz 120 Vac 
220 Vac x (100% ± 10%), 50 Hz to 60 Hz 220 Vac 
240 Vac x (100% ± 10%) (max: 253 Vac), 50 Hz to 60 Hz 240 Vac 

 
Please strictly follow the steps below to connect the instrument to the power supply, 
and perform the power-on inspection and output inspection. 
 
1． Check the input power 

Ensure that the AC power to be connected to the instrument conforms to the AC 
input power requirement specified in Table 1-2. 
 

2． Check the AC selector 
Ensure that the AC selector setting on the rear panel of the instrument matches 
the actual AC input power (refer to Table 1-2). 
 

3． Check the fuse 
When leaving the factory, the instrument has installed a fuse that conforms to 
the standard of the destination country. When the AC Selector is set to 100 Vac 
or 120 Vac, Fuse T5A is used; when the AC Selector is set to 220 Vac or 240 Vac, 
Fuse T2.5A is used. 

 
4． Connect the AC power 

Plug the specified power cord available in the accessories into the AC power 
supply connector of the instrument, and then connect the instrument to the 
properly grounded AC power. 

 

 

WARNING 
To avoid electric shock, ensure that the instrument is correctly 
grounded. 

 
5． Power on the instrument 

Press the Power key , and then the instrument is launched and begins to 
perform the self-inspection. If the instrument passes the self-inspection, the 
welcome interface is displayed; otherwise, self-inspection failure information 
about corresponding items (including the analog board, OVP, OCP, fan, and 
temperature) will be displayed. 
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Parameter Setting Method 
 
Most parameters can be set through the front panel operations. The common setting 
methods are listed below. The setting method for certain parameters is different 
from the methods below, refer to the relevant chapters of this manual for the further 
explanation. 
 
Method 1 (Num Key): 
1. Press the Up/Down arrow key to switch the parameter focus, such as the voltage 

setting value, the number of output groups for timer, etc. 
2. Enter a value by using the num key. 

While entering a value, press  to delete the unwanted character if necessary. 
3. When setting the voltage, press the Up arrow key or OK to set the voltage unit 

to V; press the Down arrow key to set the voltage unit to mV. 
When setting the current, press the Left arrow key to set the current unit to mA; 
press the Right arrow key or OK to set the current unit to A. 
When setting other parameters, press OK to confirm it. 

 
Method 2 (Knob): 
1. Press the Up/Down arrow key to switch the parameter focus, such as the voltage 

setting value, the number of output groups for timer, etc. 
2. Press the Left/Right arrow key to move the cursor to a desired position. 
3. Rotate the knob to modify the value. 
 

 
 
 
 

Tip 
The help information of the currently displayed interface is displayed in real time at 
the bottom of the interface. You can also refer to the help information to set or 
modify the parameters. 
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Chapter 2 Front Panel Operations 
 
Contents in this chapter: 
 
 Constant Voltage Output 
 Constant Current Output 
 Power Supply in Series and Parallel Connection 
 Timer 
 Trigger 
 Store and Recall 
 System Utility Function 
 Remote Locking 
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For setting methods, refer to the descriptions of the help information 
displayed at the bottom of the corresponding interface or refer to the 
descriptions in "Parameter Setting Method". 
 

Set the output current 
(1) In the main interface, press the Up/Down arrow key to switch the 

parameter focus to "Current Setting Value". 
(2) Use the num key or the knob to set a desired value for the output current. 

For setting methods, refer to the descriptions of the help information 
displayed at the bottom of the corresponding interface or refer to the 
descriptions in "Parameter Setting Method". 

 
Set the overvoltage protection 
(1) In the main interface, press the Up/Down arrow key to switch the 

parameter focus to "OVP Setting". 
(2) Press OK to enable/disable the overvoltage protection function. 

When "OVP" is indicated in yellow, it indicates that the overvoltage 
protection function is enabled; when "OVP" is indicated in white, it indicates 
that the overvoltage protection function is disabled. 

(3) Use the num key or the knob to set a desired value for the overvoltage 
protection. For setting methods, refer to the descriptions of the help 
information displayed at the bottom of the corresponding interface or refer 
to the descriptions in "Parameter Setting Method". 
 

Set the overcurrent protection 
(1) In the main interface, press the Up/Down arrow key to switch the 

parameter focus to "OCP Setting". 
(2) Press OK to enable/disable the overcurrent protection function. 

When "OCP" is indicated in yellow, it indicates that the overcurrent 
protection function is enabled; when "OCP" is indicated in white, it indicates 
that the overcurrent protection function is disabled. 

(3) Use the num key or the knob to set a desired value for the overcurrent 
protection. For setting methods, refer to the descriptions of the help 
information displayed at the bottom of the corresponding interface or refer 
to the descriptions in "Parameter Setting Method". 

 
4. Turn on the channel output 

Press On/Off to turn on the channel output. Then, the actual output voltage 
(V), the actual output current (A), and the actual output power (W) are 
highlighted; the actual output mode (CV) is displayed. 
 
If the CC mode is displayed, please increase the current setting value 
appropriately. 
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WARNING 
To avoid electric shock, ensure that the load is connected to the channel 
output terminals properly before you turn on the channel output. 

 

 

CAUTION 
When the fan works abnormally, the channel output is disabled. Then, a 
message is displayed, "Fan abnormality, output disabled." 

 

 

Tip 
In the CV mode, when the current of the load equals to the current setting value, 
the power supply will automatically switch to the CC mode. At this time, the 
output current equals to the current setting value, and the output voltage 
decreases in proportions. 
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displayed at the bottom of the corresponding interface or refer to the 
descriptions in "Parameter Setting Method". 

 
Set the overvoltage protection 
(1) In the main interface, press the Up/Down arrow key to switch the 

parameter focus to "OVP Setting". 
(2) Press OK to enable/disable the overvoltage protection function. 

When "OVP" is indicated in yellow, it indicates that the overvoltage 
protection function is enabled; when "OVP" is indicated in white, it indicates 
that the overvoltage protection function is disabled. 

(3) Use the num key or the knob to set a desired value for the overvoltage 
protection. For setting methods, refer to the descriptions of the help 
information displayed at the bottom of the corresponding interface or refer 
to the descriptions in "Parameter Setting Method". 
 

Set the overcurrent protection 
(1) In the main interface, press the Up/Down arrow key to switch the 

parameter focus to "OCP Setting". 
(2) Press OK to enable/disable the overcurrent protection function. 

When "OCP" is indicated in yellow, it indicates that the overcurrent 
protection function is enabled; when "OCP" is indicated in white, it indicates 
that the overcurrent protection function is disabled. 

(3) Use the num key or the knob to set a desired value for the overcurrent 
protection. For setting methods, refer to the descriptions of the help 
information displayed at the bottom of the corresponding interface or refer 
to the descriptions in "Parameter Setting Method". 

 
4. Turn on the channel output 

Press On/Off to turn on the channel output. Then, the actual output voltage 
(V), the actual output current (A), and the actual output power (W) are 
highlighted; the actual output mode (CC) is displayed. 

 
If the CV mode is displayed, please increase the voltage setting value 
appropriately. 

 

 

WARNING 
To avoid electric shock, ensure that the load is connected to the channel 
output terminals properly before you turn on the channel output. 

 

 

CAUTION 
When the fan works abnormally, the channel output is disabled. Then, a 
message is displayed, "Fan abnormality, output disabled." 
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Tip 
In the CC mode, when the voltage of the load equals to the voltage setting value, 
the power supply will automatically switch to the CV mode. At this time, the output 
voltage equals to the voltage setting value, and the output current decreases in 
proportions. 
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Power Supply in Series and Parallel Connection 
 
The DP700 series power supply supports series and parallel connections. Connecting 
two or multiple power supplies in series/in parallel can provide higher 
voltage/current. 
 
In series and parallel connections, the parameter settings must comply with the 
safety requirements. 
 

Power Supply in Series Connection 
 
The output voltage of the power supplies that are connected in series is the sum of 
the output voltages of all the channels. Take the series connection of two channels as 
an example. The connection method is as shown in the figure below. 
 

Power Supply 
Channel #1

-

+

Power Supply 
Channel #2

-

+

V1

V2

VL RLoad

-

+

VL=V1+V2

 
 
Operation Procedures: 
 
1. Connect the load and the channel output terminals as shown in the figure above. 

Pay attention to the polarity when making connections (the positive and 
negative polarity of each channel is connected in alternating sequence). 
 

2. Turn on the instrument, and then refer to "Constant Voltage Output" to set 
the channel output parameters that comply with the safety requirements. 
(1) Set a proper output voltage for each channel. 

Note: Ensure that all the channels in series connection work in the CV 
mode. 

(2) Set the same output current values for all the channels. 
Note: The current setting values for all the channels must be the same. 

(3) Set the same overcurrent protection values for all the channels and enable 
the overcurrent protection function for each channel. 
Note: The overcurrent protection values for all the channels must be the 
same. 

 
3. Enable the output of each channel. 
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At this time, the voltage of the load is the sum of the output voltages of the two 
channels (VL = V1 + V2). 
 

 
 

Power Supply in Parallel Connection 
 
The output current of the power supplies that are connected in parallel is the sum of 
the output currents of all the channels. Take the parallel connection of two channels 
as an example. The connection method is as shown in the figure below. 
 

Power Supply 
Channel #1

-

+

Power Supply 
Channel #2

-

+

I1

IL RLoad

I2

IL=I1+I2
 

Operation Procedures: 
 
1. Connect the load and the channel output terminals as shown in the figure above. 

Pay attention to the polarity when making connections. (The channels follow the 
"positive-positive" and "negative-negative" connection rule.) 

 
2. Turn on the instrument, and then set proper output parameters for each channel 

by referring to "Constant Voltage Output". 
Note: All channels can work either in the CV or CC mode, which depends on the 
actual situation of the load. 
 

3. Enable the output of each channel. 
At this time, the current of the load is the sum of the output currents of the two 
channels (IL = I1 + I2). 

 

Tip 
1. When connecting the power supply in series, the total voltage in series 

connection cannot exceed 240 V. 
2. You can enable the external trigger function to realize the synchronous output 

for multiple power supplies. For details, refer to "Synchronous Output". 

Tip 
You can enable the external trigger function to realize the synchronous output for 
multiple power supplies. For details, refer to "Synchronous Output". 
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Set Timer Parameters 
 
Operation Procedures: 
 
1. Enter the timer interface 

Press Timer to enter the timer interface (at this time, the Timer key is 
illuminated). 
Note: When you enter the timer interface, the channel output is automatically 
disabled. 
 

2. Set the number of output groups 
"Outp Groups" indicates the number of groups of the preset voltage and current 
values that the instrument outputs in each cycle. Its range is from 1 to 2048. 
(1) Press the Up/Down arrow key to switch the parameter focus to "Outp 

Groups". 
(2) Use the num key or the knob to set a desired value for "Outp Groups". For 

setting methods, refer to the descriptions of the help information displayed 
at the bottom of the interface or refer to the descriptions in "Parameter 
Setting Method". 

 
3. Set the number of cycles 

"Cycles" refers to the number of cycle times that the instrument performs timing 
output according to the preset voltage and current values. Its range is from 1 to 
99999. When the value is 1, you can use the knob to decrease the number 
further, and then it will be switched to the infinite mode. 
(1) Press the Up/Down arrow key to switch the parameter focus to "Cycles". 
(2) Use the num key or the knob to set a desired value for "Cycles". For setting 

methods, refer to the descriptions of the help information displayed at the 
bottom of the interface or refer to the descriptions in "Parameter Setting 
Method". 

 

 
4. Select the trigger mode 

"Trig Mode" refers to the timing output mode of the instrument. 
Auto: when the timing output is enabled, the instrument automatically outputs 
based on the parameter configuration of the timer. 
Single: when the timing output is enabled, one single press on OK enables a 
single output based on a group of timing parameters, until the instrument has 

Tip 
 Total Number of Output Groups For the Timer = Outp Groups x Cycles 
 After the instrument has completed outputting operation for a specified 

number of times (total number of output groups), the timing output will 
be terminated. At this time, the state of the instrument is determined by 
the "end state" that you have set. Note: in the Infinite mode, "End 
State" is invalid. 
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 Press the Up/Down arrow key to switch the parameter focus to the 
"Output Voltage" line. 

 Use the num key or the knob to set a desired value for the output 
voltage (the default unit is V). For setting methods, refer to the 
descriptions of the help information displayed at the bottom of the 
interface or refer to the descriptions in "Parameter Setting 
Method". 
 

Note: when the current parameter focus is on the "Output Voltage" line, 
press the Left or Right arrow key continuously to switch the parameter 
focus to the "Output Voltage" of the neighboring group. 
 

(3) Set the output current 
 Press the Up/Down arrow key to switch the parameter focus to the 

"Output Current" line. 
 Use the num key or the knob to set a desired value for the output 

current (the default unit is A). For the setting method, refer to the 
description of the help information displayed at the bottom of the 
interface or refer to the description in "Parameter Setting Method". 

 
Note: when the current parameter focus is on the "Output Current" line, 
press the Left or Right arrow key continuously to switch the parameter 
focus to the "Output Current" of the neighboring group. 
 

(4) Set the duration time 
 Press the Up/Down arrow key to switch the parameter focus to the 

"Duration Time" line. 
 Use the num key or the knob to set a desired value for the duration 

time (the default unit is s). For setting methods, refer to the 
descriptions of the help information displayed at the bottom of the 
interface or refer to the descriptions in "Parameter Setting 
Method". 

 
Note: when the current parameter focus is on the "Duration Time" line, 
press the Left or Right arrow key continuously to switch the parameter 
focus to the "Duration Time" of the neighboring group. 
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Store and Recall Timer Files 
 
The internal NVM of the DP700 series power supply provides two storage locations 
for timer files (Timer1 and Timer2). You can save the edited timing parameters to 
the internal memory, or recall the stored timer files to set the timing parameters. 
 
1. Store the timer files 

Press Memory to enter the store and recall interface. To save the timer files, 
refer to "Store Files". 
 

2. Recall the timer files 
Press Memory to enter the store and recall interface. To read the timer files, 
refer to "Recall Files". After reading the files, the timing parameters will 
make changes, but you can still edit the timing parameters based on your 
needs. 

 
 

Enable the Timing Output 
 
Enabling the timing output will modify the channel output values. Therefore, before 
enabling the timing output, ensure that the changes of the channel output will not 
affect the devices that are connected to the power supply. 
 
In the timer interface, after setting the parameters for the timer, press On/Off and 
select "YES", then the timing output is executed based on the current setting. 
 The timer interface displays the actual output status of the channel in real time, 

including the actual output voltage, the actual output current, the actual output 
power, and the output mode. 

 In the timing parameter list, the groups that have been output are grayed out; 
the current output group is indicated in yellow; and the groups that have not 
been output are indicated in white. 

 When "Cycles" is a specified value, after the instrument has completed 
outputting operation for a specified number of times (total number of output 
groups), the timing output will be terminated. At this time, the state of the 
instrument is determined by the "end state" that you have set. 
When "Cycles" is set to "Infinite", the instrument makes consecutive outputs 
based on the current timer parameter settings. At this time, the end state is 
invalid. 

 

Tip 
Complete timer parameter settings before enabling the timing output. During the 
timing output, the timer parameters are not allowed to be modified. 
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During the timing output: 
 Press On/Off to disable the timing output. When you press On/Off again, the 

system will start to output from the first group. 
 Press Timer and select "YES" to close the timer and return to the main 

interface. 
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2. Enable the trigger output function of Power Supply 1; enable the trigger input 
and output functions of Power Supply 2; enable the trigger input function of 
Power Supply 3. 
 

3. Press On/Off on Power Supply 1 to turn on its channel output. At this time, 
 As the trigger output function of Power Supply 1 has been enabled, Power 

Supply 1 will output the trigger output signal (a high level signal, ≥2.1 V, 10 
mA) from Pin 7. 

 As the trigger input function of Power Supply 2 has been enabled, after 
Power Supply 2 receives the trigger input signal (i.e. the trigger output 
signal of Power Supply 1), the channel output will be turned on. 

 As the trigger output function of Power Supply 2 has been enabled, when 
the channel output of Power Supply 2 is turned on, Power Supply 2 will 
output the trigger output signal (a high level signal, ≥2.1 V, 10 mA) from Pin 
7. 

 As the trigger input function of Power Supply 3 has been enabled, after 
Power Supply 3 receives the trigger input signal (i.e. the trigger output 
signal of Power Supply 2), the channel output will be turned on. 

 
Similarly, when you press On/Off on Power Supply 1 to turn off its channel 
output, the channel output of Power Supply 2 and 3 will also be turned off. 
 

Now, the operation is complete. You can press On/Off on Power Supply 1 to 
synchronously control the output of Power Supply 1, 2, and 3. 
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Store and Recall 
 
DP700 series power supply allows you to save the instrument status or timer 
parameters to the internal NVM, and recall them if necessary. Besides, you can 
restore the instrument to default settings and clear the saved state files and timer 
files. 
 
Press Memory to enter the store and recall interface, as shown in the figure below. 
 

 
Figure 2-2 Store and Recall Interface 

 
Table 2-2 Store and Recall Interface Description 
No. Name Description 

1 State1 to State10 

Indicates the storage location of the state 
file. The state file is used to store the current 
state information of the instrument, including 
but not limited to parameter and system 
status. 

2 Timer1/Timer2 

Indicates the storage location of the timer 
file. The timer file is used to store timer 
parameters, including the number of output 
groups, the number of cycles, trigger mode, 
end state, output voltage, output current, 
and duration time. 

3 Restore default setting 
Restores the instrument settings to defaults 
(refer to Table 2-3). 

4 Clear all saved files 
Clears all saved state files and timer files in 
the internal NVM. 
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in the "File Name Input Area". While entering a name, press  to delete 
the unwanted character if necessary. 
 

3. Save a file 
After inputting a file name, select "Save" on the virtual keypad and press OK to 
save the file. After the file is saved, a message will be displayed, prompting you 
that you have saved the file. 
 
If there is an existing file in the currently selected location, you can determine 
whether to overwrite the existing file. Press the Left/Right arrow key to select 
"YES" and press OK to overwrite the existing saved file; select "NO" and press 
OK to give up saving the file. 

 

Tip 
If you want to quit the saving operation, select "Exit" on the virtual keypad to give 
up saving the file, and then press OK. 

 
 

Recall Files 
 
You are allowed to recall all saved state files and timer files. After the files have been 
read, the status information of the instrument or the timer parameters will make 
changes accordingly. 
 
Operation Procedures: 
1. Press Memory to enter the store and recall interface, and then press the 

Up/Down/Left/Right arrow key or use the knob to switch the parameter focus to 
the storage location where the file to be recalled can be found. 

2. Press OK and then press the Left/Right arrow key or use the knob to select 
"Read" to read the saved file in the selected storage location. After the file 
reading is complete, a message will be displayed, prompting you that the 
reading process is complete. 
If no saved file is found in the selected storage location, the "Read" key is 
grayed out and disabled. 

 
 
Delete Files 
 
You are allowed to delete the saved state files and timer files. 
 
Operation Procedures: 
1. Press Memory to enter the store and recall interface, and then press the 

Up/Down/Left/Right arrow key or use the knob to switch the parameter focus to 
the storage location where files to be recalled can be found. 
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2. Press OK and then press the Left/Right arrow key or use the knob to select 
"Dele" to delete the saved file in the selected storage location. After deleting the 
file, a message will be displayed, prompting you that the deleting process is 
complete. 
If no saved file is found in the selected storage location, the "Dele" key is grayed 
out and disabled. 
 

Note: The locked files are not allowed to be deleted (You can send the SCPI 
command :MEMory[:STATe]:LOCK to lock the files. For details, refer to DP700 
Programming Guide.) 
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Restore Default Settings 
 
Restore the instrument settings to defaults if necessary, as shown in Table 2-3. 
 
Operation Procedures: 
1. Press Memory to enter the store and recall interface. By default, "Restore 

defaults" is selected. You can also press the Up/Down/Left/Right arrow key or 
use the knob to switch the parameter focus to "Restore defaults". 

2. Press OK and select "YES" to restore the instrument settings to defaults, as 
shown in Table 2-3. 

 
Table 2-3 Default Settings 

Model DP711 DP712 
 

Channel Parameter 
Voltage/Current Setting Value 0 V/5 A 0 V/3 A 
OVP/OCP Value 32 V/5.3 A 53 V/3.2 A 
OVP/OCP On/Off Off/Off Off/Off 
Output On/Off Off Off 

 
System Setting 
Beeper On 
Screen Saver Off 
Trigger Input Off 
Trigger Output Off 

 
RS232 Interface Setting 
Baud Rate 9600 
Stop Bit 1 
Data Bit 8 
Parity None 

 
Timer 
Number of Output Groups 1 
Number of Cycles 1 
Trigger Mode Auto 
End State Output Off 

Timing Parameter 

Group ID: 1 
Output Voltage: 1 V 
Output Current: 1 A 
Duration Time: 1 s 

 

 
 

Tip 
When "power-on setting" is set to "Default", it indicates that the instrument will 
be restored to defaults once the instrument is powered on again. 
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Clear All Saved Files 
 
You are allowed to clear all saved state files and timer files in the internal NVM. 
 
Operation Procedures: 
1. Press Memory to enter the store and recall interface, and then press the 

Up/Down/Left/Right arrow key or use the knob to switch the parameter focus to 
"Clear all saved files". 

2. Press OK and select "YES" to clear all saved state files and timer files. 
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System Setting 
 
Press System to enter the system utility function interface. By default, the "Setting" 
tab is selected. You can also press the Left/Right arrow key or use the knob to select 
the system setting tab. 
 

 
Figure 2-5 System Setting Tab 

 
In the system setting tab, you can select system language, select power-on setting, 
set screen brightness, turn on/off the beeper and the screen saver, and turn on/off 
trigger input or output. 
 
 
Select the System Language 
 
DP700 series power supply provides the help information, prompt message, and 
interface display in both Chinese and English version. 
 
In the system setting tab, press the Up/Down arrow key to switch the parameter 
focus to "Language", and then press the Left/Right arrow key or use the knob to 
select the desired language: Chinese or English. 
 
 
Select Power-on Setting 
 
Select "Default" or "Last" as the power-on setting. 
 Default: restores defaults when the instrument is powered on, refer to Table 2-3. 
 Last: restores its last state when the instrument is powered on. 
 
In the system setting tab, press the Up/Down arrow key to switch the parameter 
focus to "Power-on", and then press the Left/Right arrow key or use the knob to 
select the desired power-on state: Default or Last. 
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Set the Screen Brightness 
 
The settable screen brightness ranges from 1% to 100%. 
 
In the system setting tab, press the Up/Down arrow key to switch the parameter 
focus to "Brightness", and then use the num key or knob to select the desired 
brightness. For setting method, refer to the descriptions of the help information 
displayed at the bottom of the interface or refer to the descriptions in "Parameter 
Setting Method". 
 
 
Turn On/Off the Beeper 
 

When the beeper is turned on, the  icon is displayed in the status bar. In this case, 
the beeper sounds when you perform the following operations. 
 When you press the keys on the front panel; 
 When you rotate the knob; 
 When an error occurs in remote operation. 
 
In the system setting tab, press the Up/Down arrow key to switch the parameter 
focus to "Beeper", and then press the Left/Right arrow key or use the knob to turn on 
or off the beeper. 
 
 
Turn On/Off the Screen Saver 
 
When the screen saver function is enabled, if no operation is performed on the front 
panel for more than 25 minutes, the instrument automatically enters the screen 
saver mode; if it persists for another 12.5 minutes, the screen of the instrument 
stays black. 
 
In the system setting tab, press the Up/Down arrow key to switch the parameter 
focus to "Screen Saver", and then press the Left/Right arrow key or use the knob to 
enable or disable the screen saver function. 
 
 
Enable the Trigger Function 
 
DP700 series power supply provides the trigger function (optional), including trigger 
input and trigger output. For details of the function, refer to the descriptions in 
"Trigger". If you want to use the trigger function, order the option based on the 
Order No. available in "Appendix A: Order Information", and then install the 
option by referring to "Option Configuration". 
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Trigger Input: 
In the system setting tab, press the Up/Down arrow key to switch the parameter 
focus to "Trig In", and then press the Left/Right arrow key or use the knob to enable 
or disable the trigger input function. 
 
Trigger Output: 
In the system setting tab, press the Up/Down arrow key to switch the parameter 
focus to "Trig Out", and then press the Left/Right arrow key or use the knob to 
enable or disable the trigger output function. 
 

Tip 
If the trigger option is not installed, you can enable neither the trigger input nor 
the trigger output function. 
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In the RS232 interface tab, you can set and view the RS232 interface parameters. 
 
1. Baud Rate 

The available baud rates include 7200 bps, 9600 bps, 14400 bps, 19200 bps, 
38400 bps, 57600 bps, and 115200 bps. 
 
Press the Up/Down arrow key to switch the parameter focus to "Baud Rate", and 
then press the Left/Right arrow key or use the knob to select the desired baud 
rate. 
 

2. Stop Bit 
Stop bit is 1 and cannot be modified. 
 

3. Data Bit 
Data bit is 8 and cannot be modified. 
 

4. Parity 
The available parity modes include None, Odd, and Even. Press the Up/Down 
arrow key to switch the parameter focus to "Parity", and then press the 
Left/Right arrow key or use the knob to select the desired parity mode. 
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System Information 
 
Press System to enter the system utility function interface. Press the Left/Right 
arrow key or use the knob to select the "Info." tab. 
 

 
Figure 2-8 System Information Tab 

 
In the system information tab, you can view the system information of the 
instrument, including the device model, serial number, and software version. 
 



Chapter 2 Front Panel Operations RIGOL 

DP700 User’s Guide 2-33 

Test and Calibration 
 
Press System to enter the system utility function interface. Press the Left/Right 
arrow key or use the knob to select the "TestCal" tab. 
 

 
Figure 2-9 Test and Calibration Tab 

 
In the test and calibration tab, you can view the test information and auto calibration 
information, perform manual calibration, and modify the calibration password. 
 
 
View Test&Auto Calibration Information 
 
Test information includes the fan state. The fan state is displayed as Low Speed 
when the actual output current is less than 2 A; the fan state is displayed as High 
Speed when the actual output current is equal to or greater than 2 A. Auto calibration 
information includes the auto calibration status and the last auto calibration time. 
 
 
Perform the Manual Calibration 
 
DP700 series power supply supports multiple manual calibration items, including 
voltage DAC calibration, current DAC calibration, voltage ADC calibration, current 
ADC calibration, and OVP calibration. 
 
If you want to calibrate the instrument, first enter a calibration password. When 
leaving the factory, the instrument has been given a default calibration password 
(123456). In the test and calibration tab, press OK to enter a correct calibration 
password, and then press OK to enter the calibration page. Then, you can calibrate 
the instrument. For the detailed calibration methods, please refer to the calibration 
guide of this product. After completing the calibration, a message will be displayed, 
prompting you that calibration is completed. 
 
If needed, you can also follow the steps below or refer to the help information at the 
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bottom of the instrument interface to modify the password. It is a 6-character 
password, and can contain numbers (0-9) and dots. 
 
Password Modification Procedures: 
1. In the calibration page, press the Up/Down arrow key or use the knob to switch 

the parameter focus to "Passwd". 
2. Press OK to enter a new password. 

3. Press OK to enter the new password for confirmation. 

4. Press OK to complete password modification. 

 

CAUTION 

We recommend you to calibrate the instrument every other year. Before leaving 
the factory, the instrument has been calibrated by RIGOL.  
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Option Configuration 
 
DP700 series power supply provides the following options: 
 Trigger: provides the trigger input and output functions. 
 Timer: outputs based on the preset voltage and current values. 
 High Resolution: improves the resolution of the instrument. 
 
If you need any of these options, order them according to the Order No. available in 
"Appendix A: Order Information", and then install the options according to this 
section. 
 
Press System to enter the system utility function interface. Press the Left/Right 
arrow key or use the knob to select the "Option" tab. 
 

 
Figure 2-10 System Option Tab 

 
In the system option tab, you can view the installation status of all options (Official, 
Trial, Not Installed) and install the options. 
 
To install an option, you need an option license (each instrument has a unique 
license). The option license is a 28-character string, which consists of English letters 
and numbers. After you purchase an option, you will obtain a key (used for obtaining 
the option license). Then, you can install the option according to the following steps. 
 
1. Obtain an option license 

(1) Log in to the RIGOL official website (www.rigol.com), click SERVICE  
Software License Register to enter the "Registered product license 
code" interface. 

(2) In the interface, enter the correct key, serial number (press System, and 
select the "Info." tab to obtain the serial number of the instrument), and 
verification code. Then click Generate to obtain the option license. 
Note: The hyphens in the option license should be omitted. 
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Remote Locking 
 
DP700 series power supply provides the following two remote locking functions to 
avoid any loss caused by misoperation. 
 Front panel locking: locks all keys on the front panel (including the knob, but 

excluding On/Off, , and ). 
 Key locking: locks the specified keys or all keys on the front panel (including the 

knob, but excluding ). 
 
Note: You can lock the front panel or keys by only sending SCPI commands. 
 
 

Front Panel Locking 
 
You can send front panel locking command to the DP700 series power supply to lock 
the front panel. When the front panel is locked, it indicates that all keys (except 

On/Off, , and ) on the front panel are locked.  and  icons will be 
displayed on the status bar. 
 
The syntax and explanation of the commands for locking the front panel are 
displayed below: 
Syntax 
:SYSTem:LOCK {ON|OFF|1|0}         /*Lock or unlock the front panel*/ 
:SYSTem:LOCK?                     /*Query whether the front panel is locked*/ 
 
Explanation 
The parameters {ON|OFF|1|0} indicate locking or unlocking the front panel. When 
the parameter value is ON|1, it indicates locking the front panel; when the parameter 
value is OFF|0, it indicates unlocking the front panel. 
 

Brief Descriptions of Commands 
 Braces { } and vertical bar | are not part of the command, and they are not 

sent with the commands, but taken as delimiters to better describe the 
parameters in the command. The contents enclosed in the braces can 
contain multiple parameter options; and the vertical bar is used to separate 
multiple parameter options. When sending the command, you must select 
one of the parameters. 

 The letters in the commands are case-insensitive. The commands can be 
input in uppercase letters or in lowercase letters. For abbreviations, you 
must enter all the uppercase letters that exist in the command syntax. For 
example, :SYSTem:LOCK ON can be abbreviated as :SYST:LOCK ON. 

 The contents in /*...*/ are explanations for the command. 
 

For details about the SCPI commands, refer to DP700 Programming Guide. 
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The SCPI commands can be sent to the DP700 series power supply by user-defined 
programming or PC software. For details, refer to the descriptions in "Remote 
Control". 
 
 

Key Locking 
 
You can send key locking command to the DP700 series power supply to lock the 
keys. You are allowed to lock the specified keys or all keys on the front panel 

(including the knob, but excluding ). The keys locked cannot be used. 
 
The syntax and explanation of the commands for locking the keys are displayed 
below: 
Syntax 
:SYSTem:KLOCk <key>,{ON|OFF|1|0}    /*Lock or unlock the specified key*/ 
:SYSTem:KLOCk? <key>           /*Query whether the specified key is locked*/ 
 
Explanation 
 The parameter <key> indicates a specified key, and its range is as follows: 

SYSTEM|MEMORY|TIMER| /*Function keys*/ 
OUTPUT| /*Output on/off key*/ 
NUM0|NUM1|NUM2|NUM3|NUM4|NUM5| 
NUM6|NUM7|NUM8|NUM9|DOT| 

/*Num keys*/ 

BACK| /*Return key*/ 
KNOB| /*Knob*/ 
LEFT|RIGHT|UP|DOWN| /*Arrow keys*/ 
OK| /*Confirmation key*/ 
ALL /*All keys on the front panel 

(excluding ) and the 
knob*/ 

 
 The parameters {ON|OFF|1|0} indicate locking or unlocking the keys. When the 

parameter value is ON|1, it indicates locking the keys; when the parameter 
value is OFF|0, it indicates unlocking the keys. 
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The SCPI commands can be sent to the DP700 series power supply by user-defined 
programming or PC software. For details, refer to the descriptions in "Remote 
Control". 
 
 

Brief Descriptions of Commands 
 The angle-bracket < >, brace { }, and vertical bar | are not part of the 

command, and they are not sent with the commands, but taken as 
delimiters to better describe the parameters in the command. When sending 
the command, the parameter enclosed in the angle-bracket must contain an 
effective value. The contents enclosed in the braces can contain multiple 
parameter options; and the vertical bar is used to separate multiple 
parameter options. When sending the command, you must select one of the 
parameters. 

 The letters in the commands are case-insensitive. The commands can be 
input in uppercase letters or in lowercase letters. For abbreviations, you 
must enter all the uppercase letters that exist in the command syntax. For 
example, :SYSTem:KLOCk? MEMORY can be abbreviated as :SYST:KLOC? 
MEMORY. 

 The contents in /*...*/ are explanations for the command. 
 

For details about the SCPI commands, refer to DP700 Programming Guide. 
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Figure (a). 

 
(a) 

 
As shown in Figure (a), in the "RS232 Setting" tab, set Baud Rate, Parity, Data 
Bits, and Stop Bit that match the current parameters of the RS232 interface of 
the instrument (Note: You must select "None" under the "Flow Control" option, 
and select "\n" under the "End Mark" option). After completing the settings, click 
"Test". If the test succeeds, a dialog box, as shown in Figure (b), is displayed. 

 
(b) 

 
Note: If the test fails, check whether the instrument can communicate with the 
PC via the RS232 cable normally, and whether the current RS232 settings in 
Ultra Sigma match those of the instrument. 
 
In the dialog box shown in Figure (b), click "OK". Then the "Add" button in the 
"RS232 Setting" tab in Figure (a) will be enabled. Click "Add", and then the 
currently selected instrument resource will be displayed on the right section of 
the window, as shown in Figure (c). Then, click "OK" to add the instrument 
resource. 

 
(c) 
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The added RS232 instrument resource will be displayed under the "RIGOL 
Online Resource" directory, as shown in the figure below. 
 

 
 
4. Control the instrument remotely 

Right-click the resource name "DP711 (ASRL1::INSTR)", and select "SCPI Panel 
Control" to open the remote command control panel. Then you can send 
commands and read data through the panel. 
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Chapter 4 Troubleshooting 
 

 

 
This chapter lists the potential problems or failure, as well as the solutions in using 
the instrument. If the following problems occur, locate and resolve the problems 
according to the following steps. If the problems still persist, contact RIGOL and 
provide your instrument information to us. (For instrument information, press 
System, and then select the "Info." tab.) 
 
1. The instrument cannot be powered on. 

(1) Check whether the power cord is damaged or correctly connected. 

(2) Check whether you have pressed down the Power key . 
(3) Plug out the power cord, and check whether the AC selector is in the proper 

position, whether the fuse conforms to the fuse rating, and whether the 
fuse is intact. For fuse replacement, refer to "Fuse Replacement". 

(4) If the problem still persists, contact RIGOL. 
 
2. The constant voltage output is abnormal. 

(1) Check whether the max output power meets the load requirement. 
(2) Check whether there is a short across the cable that connects the load and 

the power supply, and check whether the connection is in good condition. 
(3) Check whether there is a problem with the load. 
(4) Check whether the current setting value is proper. If the value is too low, 

increase the value appropriately. 
(5) If the problem still persists, contact RIGOL. 

 
3. The constant current output is abnormal. 

(1) Check whether the max output power meets the load requirement.  
(2) Check whether there is a broken circuit across the cable that connects the 

load and the power supply, and check whether the connection is in good 
condition. 

(3) Check whether there is a problem with the load. 
(4) Check whether the voltage setting value is proper. If the value is too low, 

increase the value appropriately. 

 

WARNING 
Do not disassemble the instrument by yourself. Otherwise, you might be 
exposed to the danger of electric shock. Only RIGOL authorized 
personnel are allowed to repair, make adjustments, or replace the 
components of the instrument. 

 

WARNING 
Only the exclusive power cord designed for the instrument can be used. 
For replacement of the power cord, please contact RIGOL. 
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(5) If the problem still persists, contact RIGOL. 
 
4. The screen display is too dark. 

(1) Press System to enter the system utility function interface. Press the 
Left/Right arrow key or use the knob to select the "Setting" tab. 

(2) In the system setting tab, press the Up/Down arrow key to switch the 
parameter focus to "Brightness", and then use the num key or knob to 
adjust the brightness to a proper state. 

 
5. How do I switch the system language? 

(1) Press System to enter the system utility function interface. Press the 
Left/Right arrow key or use the knob to select the "Setting" tab. 

(2) In the system setting tab, press the Up/Down arrow key to switch the 
parameter focus to "Language", and then press the Left/Right arrow key or 
use the knob to select the desired language. 

 
6. The RS232 interface cannot work normally. 

(1) Check whether the RS232 cable is straight-though and whether it is intact. 
(2) Check whether the current RS232 settings of the software match those of 

the instrument. 
(3) If the problem still persists, contact RIGOL. 
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Chapter 5 Specifications 
 
All the technical specifications are guaranteed when the instrument has been 
working for more than 30 minutes under the specified operating temperature. 
 

DC Output (0°C to 40°C) 
Model Voltage/Current Rating OVP/OCP 
DP711 0 V to 30 V/0 A to 5 A 0.01 V to 33 V/0.01 A to 5.5 A  
DP712 0 V to 50 V/0 A to 3 A 0.01 V to 55 V/0.01 A to 3.3 A 

 
Load Regulation, ±(% of Output + Offset) 

Voltage <0.01% + 2 mV 

Current <0.01% + 2 mA 

 
Line Regulation, ±(% of Output + Offset) 

Voltage <0.01% + 2 mV 

Current <0.01% + 2 mA 

 
Ripple and Noise (20 Hz to 20 MHz) 

Model Normal Mode Voltage Normal Mode Current 

DP711 <500 μVrms/3 mVpp 
<2 mArms 

DP712 <500 μVrms/4 mVpp 

 
Annual Accuracy[1] (25°C ± 5°C), ±(% of Output + Offset) 

Programming 
Voltage 0.05% + 20 mV 

Current 0.2% + 10 mA 

Readback 
Voltage 0.05% + 20 mV 

Current 0.2% + 20 mA 

 
Resolution 

Programming 
Voltage 

Standard: 10 mV 
High resolution option installed: 1 mV 

Current 
Standard: 10 mA 
High resolution option installed: 1 mA 

Readback 
Voltage 

Standard: 10 mV 
High resolution option installed: 1 mV 

Current 
Standard: 10 mA 
High resolution option installed: 1 mA 

Display 
Voltage 

Standard: 10 mV 
High resolution option installed: 1 mV 

Current 
Standard: 10 mA 
High resolution option installed: 1 mA 
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Transient Response Time 

Less than 50 μs for output voltage to recover to within 15 mV following a change in output 
current from full load to half load or from half load to full load. 

 
Command Processing Time[2] 

<100 ms 

 
OVP/OCP 

Accuracy,  
±(% of Output + Offset) 

0.5% + 0.5 V/0.5% + 0.5 A 

OVP Activation Time <10 ms (OVP>1 V) 

 
Voltage Programming Speed[3] (within 1% of the total variation range) 

Up 
Full Load 150 ms 

No Load 100 ms 

Down 
Full Load 30 ms 

No Load 450 ms 

 
Temperature Coefficient[4], ±(% of Output + Offset) 

Voltage 0.01% + 2 mV 

Current 0.02% + 3 mA 

 
Stability[5], ±(% of Output + Offset) 

Voltage 0.02% + 2 mV 

Current 0.1% + 3 mA 

 
Mechanical 

Dimensions 140 mm (W) x 202mm (H) x 332 mm (D) 

Weight Net: 6.9 kg 

 
Power 

AC Input Power 
(50 Hz to 60 Hz) 

100 Vac ± 10%, 120 Vac ± 10%, 220 Vac ± 10%, 
and 240 Vac ± 10% (max: 253 Vac) 

Maximum Input Power 400 VA 

 
Interface 

RS232 1 (Male) 

 
Environment 

Cooling Method Fan Cooled 

Operating Temperature 0°C to 40°C for full rated output 
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Maximum Output Floating 
Voltage to Ground 

±240 Vdc 

Storage Temperature -40°C to 70°C 

Humidity 5% to 80% RH 

Altitude Below 2,000 m 

Note[1]: The accuracy parameters are acquired through calibration under 25°C after 1-hour 
warm-up. 
Note[2]: The maximum time required for the output to begin to change after receiving the APPLy 
and SOURce commands. 
Note[3]: Exclude the command processing time. 
Note[4]: Maximum change in output/readback per °C after a 30-minute warm-up. 
Note[5]: Following a 30-minute warm-up, change in output over 8 hours under constant load, 
line, and ambient temperature. 
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Chapter 6 Appendix 
 

Appendix A: Order Information 
 
 Description Order No. 

Model 

Programmable Linear DC Power Supply (single channel, 
30 V/5 A) 

DP711 

Programmable Linear DC Power Supply (single channel, 
50 V/3 A) 

DP712 

Standard 
Accessories 

Power Cord - 
Either one of the following specified fuses: 
 Fuse 50T-050H 250V 5A (AC Selector: 100 Vac or 

120 Vac) 
 Fuse 50T-025H 250V 2.5A (AC Selector: 220 Vac or 

240 Vac) 

- 

Quick Guide (hard copy) - 

Optional  
Accessories 

High Resolution HIRES-DP700 
Trigger (external synchronous trigger input and output) TRIGGER-DP700 
Timer TIMER-DP700 
9-Pin RS232 Cable (female-to-female, straight) CB-DB9-DB9-F-F-150 
DP700 Series Rack Mount Kit (for a single instrument) RM-1-DP700 
DP700 Series Rack Mount Kit (for two instruments) RM-2-DP700 
DP700 Series Rack Mount Kit (for three instruments) RM-3-DP700 

 
Note: For all the accessories and options, please contact the local office of RIGOL. 
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Appendix B: Warranty 
 
RIGOL TECHNOLOGIES, INC. (hereinafter referred to as RIGOL) warrants that the 
product will be free from defects in materials and workmanship within the warranty 
period. If a product proves defective within the warranty period, RIGOL guarantees 
free replacement or repair for the defective product. 
 
To get repair service, please contact with your nearest RIGOL sales or service office. 
 
There is no other warranty, expressed or implied, except such as is expressly set 
forth herein or other applicable warranty card. There is no implied warranty of 
merchantability or fitness for a particular purpose. Under no circumstances shall 
RIGOL be liable for any consequential, indirect, ensuing, or special damages for any 
breach of warranty in any case. 
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ENGLISH

RS Pro 

• Comprehensive class accuracy

• Cost effective moulded case current transformer

• Various mounting options including wall mounting, cable mounting 

and bus bar mounting

• Accuracy class 1

• Wire sealable terminal covers

RS Pro OMEGA XMER CT’s are square type and encapsulated with

UL94V-0 approved polycarbonate. These metering CT’s feature

sealable terminal covers and a wide range of primary current ratings.

Available in various, Bus bar sizes, case widths, and mounting options.

Specifications:

• Primary current 5A to 7500A

• Secondary current 1A or 5A

• Accuracy class 1

• Over current limiting factor FS5, FS10, FS15

• Rated frequency 50Hz or 60Hz

• Rated continuous thermal current (standard) 1,2 x in

• Rated short time thermal current with 60 x in, 1 s (Max 40kA)

• Rated isolation level 0.72/3 kV or 0.72/4 kV

• Altitude up to 2000 m

• Degree of protection IP20

• Degree of pollution 2

• Ambient temperature -5°C to + 55°C (0-95% relative humidity, 

non condensing!)

• Storage temperature -25°C to + 70°C

• Applied standards IEC 60044-1 / IEC 61869-1 : Performance, 

IEC - 61010 - 2 : Safety.
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LCTM 62/W (62mm wide x 40mm deep)

RS Pro No Ratio VA at Class 1

1718855 5/5A 5VA

1718856 10/5A 5VA

1718857 15/5A 5VA

1718858 20/5A 5VA

1718859 30/5A 5VA

Technical Specifications

Dimensions

LCTM 62/W

LCTM 74/W (74mm wide x 45mm deep)

RS Pro No Ratio VA at Class 1

1718860 40/5A 10VA

Technical Specifications

Dimensions

LCTM 74/W



Issue 1.0
PAGE 2

LCTB 50/30 (30) (50mm wide x 30mm deep

x (30 x 10mm) I.D.)

RS Pro No Ratio VA at Class 1

1718763 80/5A 1.5VA

1718764 100/1A 2.5VA

1718765 100/5A 2.5VA

1718766 125/5A 2.5VA

1718767 150/1A 3.75VA

1718769 150/5A 3.75VA

1718770 200/1A 5VA

1718771 200/5A 5VA

1718772 250/1A 5VA

1718773 250/5A 5VA

1718775 300/5A 5VA

1718776 400/1A 6.25VA

1718777 400/5A 6.25VA

1718778 500/5A 6.25VA

1718779 600/5A 7.5VA

Technical Specifications

Dimensions

LCTB 50/30

LCTR 45/21 (45mm wide x 40mm deep

x (21 x 10mm) I.D.)

RS Pro No Ratio VA at Class 1

1718749 50/1A 1.5VA

1718750 50/5A 1.5VA

1718751 60/5A 1.5VA

1718753 80/5A 2.5VA

1718754 100/1A 3.75VA

1718755 100/5A 3.75VA

1718756 125/5A 3.75VA

1718757 150/1A 3.75VA

1718758 150/5A 3.75VA

1718759 200/1A 5VA

1718760 200/5A 5VA

1718761 250/5A 5VA

1718762 300/5A 5VA

Technical Specifications

Dimensions

LCTR 45/21
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LCTB 62/40 (62mm wide x 40mm deep

x (40 x 11mm) I.D.)

RS Pro No Ratio VA at Class 1

1718785 100/5A 1VA

1718786 150/5A 2.5VA

1718787 200/5A 3.75VA

1718788 250/5A 5VA

1718789 300/5A 5VA

1718790 400/1A 5VA

1718791 400/5A 5VA

1718792 500/5A 7.5VA

1718793 600/1A 10VA

1718794 600/5A 10VA

1718795 750/5A 10VA

1718797 800/1A 10VA

1718798 800/5A 10VA

Technical Specifications

Dimensions

LCTB 62/40

LCTB 62/30 (62mm Wide x 40mm deep

x (30 x 11mm) I.D.)

RS Pro No Ratio VA at Class 1

1718781 100/5A 2.5VA

1718782 125/5A 3.75VA

1718783 150/5A  5VA

1718784 300/5A 10VA

Technical Specifications

Dimensions

LCTB 62/30
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LCTB 86/60 (86mm wide x 45mm deep

x (61 x 51mm) I.D.)

RS Pro No Ratio VA at Class 1

1718805 1000/5A 20VA

1718806 1250/1A 20VA

1718807 1250/5A 20VA

1718808 1500/1A 20VA

1718809 1500/5A 20VA

1718810 1600/5A 20VA

Technical Specifications

Dimensions

LCTB 86/60

LCTB 74/40 (74mm wide x 45mm deep

x (41x41mm) I.D.)

RS Pro No Ratio VA at Class 1

1718799 400/5A 12.5VA

1718800 500/5A 15VA

1718801 600/5A  20VA

1718802 800/5A 20VA

1718804 1000/5A 20VA

Technical Specifications

Dimensions

LCTB 74/40
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LCTB 140/100H (140mm wide x 45mm deep

x (100 x 30mm) I.D.)

RS Pro No Ratio VA at Class 1

1718818 1500/5A 30VA

1718820 1600/5A 45VA

1718821 2000/5A 45VA

1718822 2500/5A 45VA

1718823 3000/5A 60VA

Technical Specifications

Dimensions

LCTB 140/100H

LCTB 104/80 (104mm wide x 45mm deep

x (80 x 12mm) I.D.)

RS Pro No Ratio VA at Class 1

1718811 800/5A 15VA

1718812 1000/5A 20VA

1718813 1200/5A  30VA

1718814 1250/5A 30VA

1718815 1500/5A 30VA

1718816 1600/5A 30VA

1718817 2000/5A 30VA

Technical Specifications

Dimensions

LCTB 104/80
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LCTB 130/100V (140mm wide x 45mm deep

x (101 x 56mm) I.D.)

RS Pro No Ratio VA at Class 1

1718840 1000/5A 15VA

1718841 1250/5A 15VA

1718842 1500/5A 15VA

1718843 1600/5A 15VA

1718844 2000/5A 15VA

1718845 2500/5A 15VA

Technical Specifications

Dimensions

LCTB 130/100V

LCTB 100/130V (140mm wide x 45mm deep

x (38 x 128mm) I.D.)

RS Pro No Ratio VA at Class 1

1718834 1000/5A 15VA

1718835 1250/5A 15VA

1718836 1500/5A 30VA

1718837 1600/5A 30VA

1718838 2000/5A 30VA

1718839 2500/5A 30VA

Technical Specifications

Dimensions

LCTB 100/130V
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3 Phase current transformers 45mm

Busbar Centre

RS Pro No Ratio VA at Class 1

1718830 250/5A 1.5VA

1718831 300/5A 2.5VA

1718832 400/5A 2.5VA

1718833 600/5A 2.5VA

Technical Specifications

Dimensions

3 Phase current transformers

45mm Busbar Centre

3 Phase current transformers 35mm

Busbar Centres

RS Pro No Ratio VA at Class 1

1718824 100/5A 1.5VA

1718825 125/5A 1.5VA

1718826 150/5A  1.5VA

1718827 160/5A 1.5VA

1718828 200/5A 1.5VA

1718829 250/5A 1.5VA

Technical Specifications

Dimensions

3 Phase current transformers

35mm Busbar Centres
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Split Core Current Transformer Aperture:

55 x 43mm

RS Pro No Ratio VA at Class 1

1718852 500/5A 7.5VA

1718854 600/5A 10VA

Technical Specifications

Dimensions

Split Core Current Transformer

Aperture: 55 x 43mm

Split Core Current Transformer Aperture:

33 x 23mm

RS Pro No Ratio VA at Class 1

1718846 100/5A 1.5V/A

1718847 150/5A 1.75VA

1718848 200/5A 2.5VA

1718849 250/5A  3.75VA

1718850 300/5A 5VA

1718851 400/5A 6.25VA

Technical Specifications

Dimensions

Split Core Current Transformer

Aperture: 33 x 23mm

40
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X20(c)AI4632

1 General information

The module is equipped with 4 inputs with 16-bit digital converter resolution. It is possible to select between the
current and voltage signal using different terminals.

• 4 analog inputs
• Either current or voltage signal possible
• 16-bit digital converter resolution
• Simultaneous input conversion
• Very fast conversion time

2 Coated modules

Coated modules are X20 modules with a protective coating for the electronics component. This coating protects
X20c modules from condensation and corrosive gases.
The modules' electronics are fully compatible with the corresponding X20 modules.

For simplification purposes, only images and module IDs of uncoated modules are used in this data
sheet.

The coating has been certified according to the following standards:

• Condensation: BMW GS 95011-4, 2x 1 cycle
• Corrosive gas: EN 60068-2-60, method 4, exposure 21 days

2.1 -40°C starting temperature

The starting temperature describes the minimum permissible ambient temperature when the power is switched
off at the time the coated module is switched on. This is permitted to be as low as -40°C. During operation, the
conditions as specified in the technical data continue to apply.

Information:
It is important to absolutely ensure that there is no forced cooling by air currents in a closed control
cabinet, for example using a fan or ventilation slots.

3 Order data
Model number Short description Figure

Analog inputs
X20AI4632 X20 analog input module, 4 inputs, ±10 V or 0 to 20 mA, 16-bit

converter resolution, configurable input filter, oscilloscope func-
tions

X20cAI4632 X20 analog input module, coated, 4 inputs, ±10 V or 0 to 20 mA,
16-bit converter resolution, configurable input filter, oscilloscope
functions
Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O supply continuous
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal I/O supply continuous
X20cBM11 X20 bus module, coated, 24 VDC keyed, internal I/O supply con-

tinuous
Terminal blocks

X20TB12 X20 terminal block, 12-pin, 24 VDC keyed

Table 1: X20AI4632, X20cAI4632 - Order data
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4 Technical data
Model number X20AI4632 X20cAI4632
Short description
I/O module 4 analog inputs ±10 V or 0 to 20 mA
General information
B&R ID code 0x1BA1 0xE1F0
Status indicators I/O function per channel, operating state, module status
Diagnostics

Module run/error Yes, using status LED and software
Inputs Yes, using status LED and software
Channel type Yes, using software

Power consumption
Bus 0.01 W
Internal I/O 1.5 W 1)

Additional power dissipation caused by actuators
(resistive) [W]

-

Certifications
CE Yes
ATEX Zone 2, II 3G Ex nA nC IIA T5 Gc

IP20, Ta (see X20 user's manual)
FTZÚ 09 ATEX 0083X

UL cULus E115267
Industrial control equipment

HazLoc cCSAus 244665
Process control equipment

for hazardous locations
Class I, Division 2, Groups ABCD, T5

DNV GL Temperature: B (0 - 55°C)
Humidity: B (up to 100%)

Vibration: B (4 g)
EMC: B (bridge and open deck)

LR ENV1
KR Yes
EAC Yes
KC Yes -

Analog inputs
Input ±10 V or 0 to 20 mA, via different terminal connections
Input type Differential input
Digital converter resolution

Voltage ±15-bit
Current 15-bit

Conversion time 50 µs for all inputs
Output format INT
Output format

Voltage INT 0x8001 - 0x7FFF / 1 LSB = 0x0001 = 305.176 µV
Current INT 0x0000 - 0x7FFF / 1 LSB = 0x0001 = 610.352 nA

Input impedance in signal range
Voltage 20 MΩ
Current -

Load
Voltage -
Current <400 Ω

Input protection Protection against wiring with supply voltage
Permissible input signal

Voltage Max. ±30 V
Current Max. ±50 mA

Output of digital value during overload
Undershoot

Voltage 0x8001
Current 0x0000

Overshoot
Voltage 0x7FFF
Current 0x7FFF

Conversion procedure SAR
Input filter Hardware - 3rd-order low pass / cutoff frequency 10 kHz
Max. error

Voltage
Gain 0.08% 2)

Offset 0.01% 3)

Current
Gain 0.08% 2)

Offset 0.02% 4)

Table 2: X20AI4632, X20cAI4632 - Technical data
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Model number X20AI4632 X20cAI4632
Max. gain drift

Voltage 0.01 %/°C 2)

Current 0.01 %/°C 2)

Max. offset drift
Voltage 0.001 %/°C 3)

Current 0.002 %/°C 4)

Common-mode rejection
DC 70 dB
50 Hz 70 dB

Common-mode range ±12 V
Crosstalk between channels <-70 dB
Nonlinearity

Voltage <0.01% 3)

Current <0.015% 4)

Isolation voltage between channel and bus 500 Veff

Electrical properties
Electrical isolation Channel isolated from bus

Channel not isolated from channel
Operating conditions
Mounting orientation

Horizontal Yes
Vertical Yes

Installation elevation above sea level
0 to 2000 m No limitations
>2000 m Reduction of ambient temperature by 0.5°C per 100 m

Degree of protection per EN 60529 IP20
Ambient conditions
Temperature

Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C

Derating See section "Derating"
Storage -40 to 85°C
Transport -40 to 85°C

Relative humidity
Operation 5 to 95%, non-condensing Up to 100%, condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing

Mechanical properties
Note Order 1x X20TB12 terminal block separately

Order 1x X20BM11 bus module separately
Order 1x X20TB12 terminal block separately
Order 1x X20cBM11 bus module separately

Pitch 12.5+0.2 mm

Table 2: X20AI4632, X20cAI4632 - Technical data

1) To reduce power dissipation, B&R recommends bridging unused inputs on the terminals or configuring them as current signals.
2) Based on the current measured value.
3) Based on the 20 V measurement range.
4) Based on the 20 mA measurement range.
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5 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" of the
X20 system user's manual.

Figure LED Color Status Description
Off No power to module
Single flash RESET mode
Double flash BOOT mode (during firmware update)1)

Blinking PREOPERATIONAL mode

r Green

On RUN mode
Off No power to module or everything OK
On Error or reset status

e Red

Double flash System error:
• Violation of the scan time
• Synchronization error

Off Open line2) or sensor is disconnected1 - 4 Green
On Analog/digital converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.
2) Open line detection only possible when measuring voltage.

6 Pinout

AI + 1 I

AI + 1 U

AI - 1 U/I

AI + 2 I

AI + 2 U

AI - 2 U/I

1

X2
0 

AI
 4

63
2

2

AI + 3 I

AI + 3 U

AI - 3 U/I

AI + 4 I

AI + 4 U

AI - 4 U/I

3 4

r e
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7 Connection example

To prevent disturbances, the following modules must be separated by at least one module:

• Bus receiver X20BR9300
• Supply module X20PS3300/X20PS3310
• Supply module X20PS9400/X20PS9402
• Supply module X20PS9500/X20PS9502
• CPU modules

GND
+24 VDC

GND
+24 VDC

AI

+

+

+

+

Voltage
measurement

Current
measurement

8 Input circuit diagram

AI + x I

AI + x U

AI - x U/I

PTC

Shunt

A/D
converter

Current/Voltage switching

Input value

I/O status

LED (green)

9 Derating

There is no derating when operated below 55°C.
During operation over 55°C, the power dissipation of the modules to the left and right of this module is not permitted
to exceed 1.15 W!
For an example of calculating the power dissipation of I/O modules, see section "Mechanical and electrical config-
uration - Power dissipation of I/O modules" in the X20 user's manual.
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10 Register description

10.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" of the X20 system user's
manual.

10.2 Function model 0 - default

Read WriteRegister Name Data type
Cyclic Acyclic Cyclic Acyclic

Configuration - Frame size
- AsynSize -

Configuration
257
289
321
353

ConfigOutput01 (channel configuration)
ConfigOutput06
ConfigOutput11
ConfigOutput16

USINT ●

Sampling time
390 ConfigOutput24 (sampling time) UINT ●

Filtering
259
291
323
355

ConfigOutput26 (order for low-pass filter)
ConfigOutput28
ConfigOutput30
ConfigOutput32

USINT ●

262
294
326
358

ConfigOutput27 (cutoff frequency of low-pass filter)
ConfigOutput29
ConfigOutput31
ConfigOutput33

UINT ●

Scaling
276
308
340
372

ConfigOutput04 (user-defined gain)
ConfigOutput09
ConfigOutput14
ConfigOutput19

DINT ●

284
316
348
380

ConfigOutput05 (user-defined offset)
ConfigOutput10
ConfigOutput15
ConfigOutput20

DINT ●

User-defined limit values
266
298
330
362

ConfigOutput02 (minimum limit value)
ConfigOutput07
ConfigOutput12
ConfigOutput17

UINT ●

270
302
334
366

ConfigOutput03 (maximum limit value)
ConfigOutput08
ConfigOutput13
ConfigOutput18

UINT ●

Communication
0 + (N-1) * 4 AnalogInput0N (index N = 1 to 4) INT ●

650 SampleCycleCounter UINT ●
Error monitoring and counters
Channel status USINT
Channel01OK Bit 0
... ...
Channel04OK Bit 3
SyncStatus Bit 6

641

ConvertionCycle Bit 7

●

654 SampleCycleViolationErrorCounter UINT ●
658 Synchronization error counter UINT ●

Range violation (neg. and pos.) USINT
Channel01underflow Bit 0
...
Channel04underflow Bit 3
Channel01overflow Bit 4
... ...

2097

Channel04overflow Bit 7

●

Working range violation (pos.) USINT
Channel01outofrange Bit 0
... ...

2099

Channel04outofrange Bit 3

●

518 +
(N-1) * 32

Ch0NOutOfRange (index N = 1 to 4) UINT ●

522 +
(N-1) * 32

Ch0NUnderflow (index N = 1 to 4) UINT ●
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Read WriteRegister Name Data type
Cyclic Acyclic Cyclic Acyclic

526 +
(N-1) * 32

Ch0NOverflow (index N = 1 to 4) UINT ●

Additional analysis functions
133 ConfigOutput21 (trigger reaction on falling edge) USINT ●
135 ConfigOutput22 (trigger reaction on rising edge) USINT ●

Analysis control byte USINT
TraceTrigger01 Bit 0
MinMaxStart01 Bit 4
... ...

129

MinMaxStart04 Bit 7

●

Analysis status byte USINT
MinMaxStart01Readback Bit 4
... ...

129

MinMaxStart04Readback Bit 7

●

Limit values
530 +

(N-1) * 32
MinInput0N (index N = 1 to 4) INT ●

534 +
(N-1) * 32

MaxInput0N (index N = 1 to 4) INT ●

538 +
(N-1) * 32

Ch0NMinMaxLatchCounter (index N = 1 to 4) UINT ●

Trace configuration
1026 TraceChannelEnable USINT ●
1030 TraceSampleDepth UINT ●
4157 ConfigOutput25 (trace priority) USINT ●

Starting a recording USINT1037
TraceEnable01 Bit 0

●

Recording status USINT
TraceEnabled Bit 0
TraceWriteActive Bit 2
TraceReadActive Bit 3
ReadyForTrigger Bit 4
TriggerActive Bit 5
TraceOK Bit 6

1089

TraceError Bit 7

●

1094 FreeBufferSize UINT ●
1098 TriggerCount UINT ●
1102 TriggerFailCount UINT ●

Comparator
450 +

(N-1) * 8
cfgComp_LowLimitCh0N (index N = 1 to 4) INT (●) ●

454 +
(N-1) * 8

cfgComp_HighLimitCh0N (index N = 1 to 4) INT (●) ●

662 CompStateCollection UINT ●
490 cfgComp_NominalState UINT ●
482 cfgComp_EnableMask UINT ●
486 cfgComp_ConditionTypeMask UINT ●

Time-offset trace
1042 TraceTriggerStart INT ●
1046 TraceTriggerStop UINT ●
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10.3 Function model 254 - Bus controller

Read WriteRegister Offset1) Name Data type
Cyclic Acyclic Cyclic Acyclic

Configuration - Frame size
- - AsynSize -

Configuration
257
289
321
353

- ConfigOutput01 (channel configuration)
ConfigOutput06
ConfigOutput11
ConfigOutput16

USINT ●

Sampling time
390 - ConfigOutput24 (sampling time) UINT ●

Filtering
259
291
323
355

- ConfigOutput26 (order for low-pass filter)
ConfigOutput28
ConfigOutput30
ConfigOutput32

USINT ●

262
294
326
358

- ConfigOutput27 (cutoff frequency of low-pass
filter)
ConfigOutput29
ConfigOutput31
ConfigOutput33

UINT ●

Scaling
276
308
340
372

- ConfigOutput04 (user-defined gain)
ConfigOutput09
ConfigOutput14
ConfigOutput19

DINT ●

284
316
348
380

- ConfigOutput05 (user-defined offset)
ConfigOutput10
ConfigOutput15
ConfigOutput20

DINT ●

User-defined limit values
266
298
330
362

- ConfigOutput02 (minimum limit value)
ConfigOutput07
ConfigOutput12
ConfigOutput17

UINT ●

270
302
334
366

- ConfigOutput03 (maximum limit value)
ConfigOutput08
ConfigOutput13
ConfigOutput18

UINT ●

Communication
0 + (N-1) * 4 0 + (N-1) * 2 AnalogInput0N (index N = 1 to 4) INT ●

650 - SampleCycleCounter UINT ●
Error monitoring and counters

Channel status USINT
Channel01OK Bit 0
... ...
Channel04OK Bit 3
SyncStatus Bit 6

641 -

ConvertionCycle Bit 7

●

654 - SampleCycleViolationErrorCounter UINT ●
658 - Synchronization error counter UINT ●

Range violation (neg. and pos.) USINT
Channel01underflow Bit 0
...
Channel04underflow Bit 3
Channel01overflow Bit 4
... ...

2097 -

Channel04overflow Bit 7

●

Working range violation (pos.) USINT
Channel01outofrange Bit 0
... ...

2099 -

Channel04outofrange Bit 3

●

522 +
(N-1) * 32

- Ch0NUnderflow (index N = 1 to 4) UINT ●

526 +
(N-1) * 32

- Ch0NOverflow (index N = 1 to 4) UINT ●

518 +
(N-1) * 32

- Ch0NOutOfRange (index N = 1 to 4) UINT ●

Additional analysis functions
133 - Trigger reaction on falling edge USINT ●
135 - Trigger reaction on rising edge USINT ●

Analysis control byte USINT
MinMaxStart01 Bit 4
... ...

129 -

MinMaxStart04 Bit 7

●
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Read WriteRegister Offset1) Name Data type
Cyclic Acyclic Cyclic Acyclic

Analysis status byte USINT
MinMaxStart01Readback Bit 4
... ...

129 -

MinMaxStart04Readback Bit 7

●

Limit values
530 +

(N-1) * 32
- MinInput0N (index N = 1 to 4) INT ●

534 +
(N-1) * 32

- MaxInput0N (index N = 1 to 4) INT ●

538 +
(N-1) * 32

- Ch0NMinMaxLatchCounter (index N = 1 to 4) UINT ●

1) The offset specifies the position of the register within the CAN object.

10.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.
For detailed information, see section "Additional information - Using I/O modules on the bus controller" of the X20
user's manual (version 3.50 or later).

10.3.2 CAN I/O bus controller

The module occupies 1 analog logical slot on CAN I/O.

10.4 Configuration

This module is equipped with analog inputs with connected 16-bit A/D converters. Each of the inputs can be
configured separately from one another either on the voltage or current input for the following areas:

• Permitted voltage: ±10 V
• Permitted current: 0 to 20 mA

10.4.1 Channel configuration

Name:
ConfigOutput01 for channel 1
ConfigOutput06 for channel 2
ConfigOutput11 for channel 3
ConfigOutput16 for channel 4
The individual inputs for processing the current or voltage signal are configured in these registers. This configuration
must be made in addition to using suitable terminals.
Filtering, analysis and error monitoring (bits 4 to 6) can only be used if the channel is enabled (bit 7 = 0).
Data type Values Bus controller default setting
USINT See the bit structure. 0

Bit structure:
Bit Description Value Information

0 Voltage terminal for ±10 VDC (bus controller default setting)0 Terminal selector
1 Current terminal for 0 to 20 mA
0 Voltage ±10 VDC (bus controller default setting)1 Gain selector
1 Current 0 to 20 mA

2 - 3 Reserved -
0 Inactive (bus controller default setting)4 Filtering active
1 Active
0 Inactive (bus controller default setting)5 Minimum/Maximum analysis active
1 Active
0 Inactive (bus controller default setting)6 Error monitoring active
1 Active
0 Channel enabled (bus controller default setting)7 Enables channel
1 Channel disabled
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10.4.2 Sampling and conversion

The analog signal is sampled in 2 steps.

• Conversion task
The A/D converter digitalizes the inputs signals for the enabled inputs once per conversion cycle. Then the
results are available internally in the module. To ensure that this process is executed without delays, the
corresponding task will be handled with very high priority.
The timespan needed for conversion results from the set sampling time.

• Processing task
The converted A/D converter values are further processed according to the user settings (filtering, scaling,
limit values, error statistics, min/max analysis, hysteresis comparison). The task for this process has low
priority. The timespan needed for further processing depends on the configured functions and is the second
portion of the sampling time.

Cycle time violation
In normal operation, further processing is triggered after each conversion. The conversion and sampling tasks run
synchronous to one another. If the predefined sampling time is not sufficient to convert all enabled channels and
complete the configured functions, a cycle time violation occurs.

10.4.2.1 Sampling time

Name:
ConfigOutput24
The sampling time is set to µs in this register. This makes it possible to improve the sampling cycle (resolution =
1 μs). The lowest configurable cycle time is 50 μs.
Data type Value Information
UINT 50 to 10,000 Bus controller default setting: 100

Information:
Values that are too low for the cycle time will result in cycle time violations.
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10.4.3 Filtering (optional)

If filtering is enabled in the "Channel configuration" on page 9 register, the basic data of the A/D converter is filtered
per channel. The following registers are available to specify the filter order and respective cutoff frequency for
configuring the low-pass filter:

• "Filter order" on page 11
• "Filter cutoff frequency" on page 11

10.4.3.1 Filter order

Name:
ConfigOutput26 for channel 1
ConfigOutput28 for channel 2
ConfigOutput30 for channel 3
ConfigOutput32 for channel 4
The filter order is specified in this register. The "Filter cutoff frequency" on page 11 register is used to configure
the respective cutoff frequency of the filter.
Data type Value Information
USINT 1 to 4 Bus controller default setting: 0

Internal filter orders greater than 1 are implemented as cascaded first-order filters.
Calculating the cutoff frequency of an nth-order filter:
Cutoff frequency = Cutoff frequencyN / ((2 ^ (1 / n) - 1) ^ 0.5)

Approximate calculation
yn = a * xn + b * y(n-1)
a = Sampling timeSec / (Sampling timeSec + 1 / (2 Pi * Cutoff frequencyHz))

b = 1 - a

Information:
Since low-pass filtering takes place using an approximation procedure with fixed-point arithmetic,
there are discrepancies to the effective cutoff frequency that depend on the sampling cycle and filter
sequence.

10.4.3.2 Filter cutoff frequency

Name:
ConfigOutput27 for channel 1
ConfigOutput29 for channel 2
ConfigOutput31 for channel 3
ConfigOutput33 for channel 4
The cutoff frequency of the respective filter is configured in these registers.
Data type Value Information
UINT 1 to 65,535 Cutoff frequency in hertz.

Bus controller default setting: 0

Information:
The highest cutoff frequency is limited by the Nyquist Shannon sampling theorem (based on the sam-
pling cycle time). The system does not check for violations of this sampling theorem.
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10.4.4 Scaling (optional)

Scaling A/D converter data is an option for the user. The following registers are available for this:

• "User-defined gain" on page 12 (= ku)
• "User-defined offset" on page 12 (= du)

Scaling calculation:
Scaled value = k * A/C value + d
Gain k = kCalibration * ku

Offset d = dCalibration + du

The value has to be limited since it can exceed the 16-bit constraints. To provide the greatest degree of flexibility,
limiting is possible using the registers "Minimum limit value" on page 13 and "Maximum limit value" on page
13.

10.4.4.1 User-defined gain

Name:
ConfigOutput04 for channel 1
ConfigOutput09 for channel 2
ConfigOutput14 for channel 3
ConfigOutput19 for channel 4
The user-defined gain for the A/D converter data of the respective physical channel can be specified in these
registers.
The value 65,536 (0x10000) corresponds to a gain of 1.
Data type Values Information
DINT -2,147,483,648

to 2,147,483,647
Bus controller default setting: 65,536

10.4.4.2 User-defined offset

Name:
ConfigOutput05 for channel 1
ConfigOutput10 for channel 2
ConfigOutput15 for channel 3
ConfigOutput20 for channel 4
The user-defined offset for the A/D converter data of the respective physical channel can be specified in this register.
The value 65,536 (0x10000) corresponds to an offset of 1.
Data type Values Information
DINT -2,147,483,648

to 2,147,483,647
Bus controller default setting: 0
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10.4.5 Limit values

If the application requires a limitation of the range of values, then the user can define his own limit values. These
values will also be use for the module's error statistics. The following registers are available for this:

• "Minimum limit value" on page 13
• "Maximum limit value" on page 13

Information:
32-bit numbers are used inside the module. A limit value violation can therefore also be determined if
the permitted range of values was defined from -32768 to 32767.

10.4.5.1 Minimum limit value

Name:
ConfigOutput02 for channel 1
ConfigOutput07 for channel 2
ConfigOutput12 for channel 3
ConfigOutput17 for channel 4
The minimum limit value is configured in this register. This limit value is also used for the underflow error statistics
(see register "Ch0xUnderflow" on page 16).
Data type Values Information
INT -32768 to 32767 Bus controller default setting: -32768

10.4.5.2 Maximum limit value

Name:
ConfigOutput03 for channel 1
ConfigOutput08 for channel 2
ConfigOutput13 for channel 3
ConfigOutput18 for channel 4
The maximum limit value is configured in this register. This limit value is also used for the overflow error statistics
(see register "Ch0xOverflow" on page 16).
Data type Values Information
INT -32767 to 32767 Bus controller default setting: 32767

10.5 Communication - General

The module's analog inputs convert current and voltage values with 16-bit resolution. This information can be used
by the application with the help of the registers listed here.

10.5.1 Analog input channels

Name:
AnalogInput01 to AnalogInput04
The analog input value is mapped in this register depending on the configured operating mode.
Data type Value Input signal:

-32,768 to 32,767 Voltage signal ±10 VDCINT
0 to 32,767 Current signal 0 to 20 mA

10.5.2 Sampling cycle counter

Name:
SampleCycleCounter
The number of times the input signal has been sampled is provided in this register.
Data type Values
UINT 0 to 65,535
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10.5.3 Error monitoring and counters

10.5.3.1 Channel status

Name:
Channel01OK to Channel04OK
SyncStatus
ConvertionCycle
This register collects error messages synchronously with the network cycle. Temporary error states that were
registered in a conversion cycle remain active for at least 2 network cycles. In order to receive detailed error
information, the corresponding error counters and X2X network events should also be observed.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Description Value Information

0 OK0 Channel01OK
1 Errors

• Range overshot
• Range undershot
• Working range overshot

... ...
0 OK3 Channel04OK
1 Errors

See description for bit 0.
4 - 5 Reserved -

0 OK6 SyncStatus1)

1 Not synchronized
0 OK7 ConvertionCycle2)

1 Errors

1) Identical to bit 0 of the registers "SynchronizationViolationErrorCounter" on page 14.
2) Identical to bit 0 of the registers "SampleCycleViolationErrorCounter" on page 14.

10.5.3.2 Synchronization error counter

Name:
SynchronizationViolationErrorCounter
This register counts how often the conversion task was triggered more than 5 µs after the next-coming X2X cycle.
In this case, the module is considered being no longer synchronized with X2X Link.
The counters in this register follow the rules of the event error counter, i.e. the count increased each time an error
occurs or is reset. The last bit of the counter indicates the error status:

• Last bit = 1 → Error pending
• Last bit = 0 → No error

Data type Value Information
0 to 65535 Counter valueUINT

0 to 1 Bit 0: Error status

10.5.3.3 Counter for faulty sampling cycles

Name:
SampleCycleViolationErrorCounter
This register is used to indicate the number of cycle time violations that have occurred thus far. A cycle time violation
occurs if the conversion tasks initiates a sampling task before the last sampling cycle has finished. See "Sampling
and conversion" on page 10.
The counters in this register follow the rules of the event error counter, i.e. the count increased each time an error
occurs or is reset. The last bit of the counter indicates the error status:

• Last bit = 1 → Error pending
• Last bit = 0 → No error

Data type Value Information
0 to 65535 Counter valueUINT

0 to 1 Bit 0: Error status
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10.5.3.4 Range violation (neg. and pos.)

Name:
Channel01underflow to Channel04underflow
Channel01overflow to Channel04overflow
This register indicates whether the limit values defined by registers "Minimum limit value" on page 13 and
"Maximum limit value" on page 13 have been overshot or undershot. The individual bits in this register are
identical to the values of the lowest bits of registers "Ch0xUnderflow" on page 16 and "Ch0xOverflow" on page
16.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Description Value Information

0 No error0 Channel01underflow
1 Range exceeded (.neg) on channel 1

... ...
0 No error3 Channel04underflow
1 Range exceeded (.neg) on channel 4
0 No error4 Channel01overflow
1 Range exceeded (.pos) on channel 1

... ...
0 No error7 Channel04overflow
1 Range exceeded (.pos) on channel 4

10.5.3.5 Working range violation (pos.)

Name:
Channel01outofrange to Channel04outofrange
This register indicates whether the input value overshoots the module's maximum measurement range. The indi-
vidual bits in this register are identical to the values of the lowest bits of register "Ch0xOutOfRange" on page 15.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Description Value Information

0 No error0 Channel01outofrange
1 Working range violation (pos.) of channel 1

... ...
0 No error3 Channel04outofrange
1 Working range violation (pos.) of channel 4

4 - 7 Reserved -

10.5.3.6 Counter for work range violations (pos.)

Name:
Ch01OutOfRange to Ch04OutOfRange
Errors outside of the module's maximum possible measurement range are indicated in this register. These errors
lead to full-scale deflection of the A/D converter.
The counters in these registers follow the rules of the event error counter, i.e. the count increased each time an
error occurs or is reset. The last bit of the counter indicates the error status:

• Last bit = 1 → Error pending
• Last bit = 0 → No error

This counter is only active if the static error counter is enabled (see register "Channel configuration" on page 9).
Data type Value Information

0 to 65535 Counter valueUINT
0 to 1 Bit 0: Error status
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10.5.3.7 Counter for range exceeded violations (neg.)

Name:
Ch01Underflow to Ch04Underflow
This register indicates range exceeded violations (neg.) of the value configured in the register "Minimum limit value"
on page 13.
The counters in these registers follow the rules of the event error counter, i.e. the count increased each time an
error occurs or is reset. The last bit of the counter indicates the error status:

• Last bit = 1 → Error pending
• Last bit = 0 → No error

This counter is only active if the static error counter is enabled (see register "Channel configuration" on page 9).
Data type Value Information

0 to 65535 Counter valueUINT
0 to 1 Bit 0: Error status

10.5.3.8 Counter for range exceeded violations (pos.)

Name:
Ch01Overflow to Ch04Overflow
This register indicates range exceeded violations (pos.) of the value configured in the register "Maximum limit
value" on page 13.
The counters in these registers follow the rules of the event error counter, i.e. the count increased each time an
error occurs or is reset. The last bit of the counter indicates the error status:

• Last bit = 1 → Error pending
• Last bit = 0 → No error

This counter is only active if the static error counter is enabled (see register "Channel configuration" on page 9).
Data type Value Information

0 to 65535 Counter valueUINT
0 to 1 Bit 0: Error status
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10.6 Additional analysis functions

In addition to sampling the analog input signal, this module can also be used to perform additional analysis of the
values obtained.

• Limit value analysis
If limit value analysis has been enabled for a channel, the sampled minimum and maximum values are
latched internally in the module. A measurement period can be triggered using the control byte. When the
respective configured edge is generated by the application, the limit values from the previous measurement
period are displayed and the internal latch register is reset.

• Recording sampled values
If recording sampled values has been enabled for a channel, then the sampled values are additionally
recorded in the module's internal FIFO memory. If the configured event occurs, the contents of the FIFO
memory are transmitted to the application.

Information:
It is only possible to use the recording of sampled values if the module is operated on an X2X master
that is an SG4 CPU.

10.6.1 Trigger condition on falling edge

Name:
ConfigOutput21
This register configures whether the falling edge is used to trigger the trace and determination of the input value
in the register "Analysis control byte" on page 18.
Data type Values Bus controller default setting
USINT See the bit structure. 0

Bit structure:
Bit Description Value Information

0 No trigger (bus controller default setting)0 TraceTrigger01
1 Falling edge active as trigger

1 - 3 Reserved -
0 No determination (bus controller default setting)4 MinMaxStart01
1 Falling edge determines input value of channel 1

... ... ...
0 No determination (bus controller default setting)7 MinMaxStart04
1 Falling edge determines input value of channel 4

10.6.2 Trigger condition on rising edge

Name:
ConfigOutput22
This register configures whether the rising edge is used to trigger the trace and determination of the input value
in the register "Analysis control byte" on page 18.
Data type Values Bus controller default setting
USINT See the bit structure. 0

Bit structure:
Bit Description Value Information

0 Trigger not initiated on positive edge (bus controller default set-
ting)

0 TraceTrigger01

1 Rising edge active as trigger
1 - 3 Reserved -

0 No determination (bus controller default setting)4 MinMaxStart01
1 Rising edge determines input value of channel 1

... ... ...
0 No determination (bus controller default setting)7 MinMaxStart04
1 Rising edge determines input value of channel 4
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10.6.3 Analysis control byte

Name:
TraceTrigger01
MinMaxStart01 to MinMaxStart04
The trace function and determination of the minimum/maximum input values can be started in this register.
Whether the rising and/or falling edge is used to trigger the functions can be configured using the registers "Trigger
condition on falling edge" on page 17 and "Trigger condition on rising edge" on page 17.
Data type Values Bus controller default setting
USINT See the bit structure. 0

Bit structure:
Bit Description Value Information

0 Trigger/Trace not triggered (bus controller default setting)0 TraceTrigger01
1 Initiates trigger/trace

1 - 3 Reserved -
0 Determination not triggered (bus controller default setting)4 MinMaxStart01
1 Initiates determination of input value of channel 1

... ... ...
0 Determination not triggered (bus controller default setting)7 MinMaxStart04
1 Initiates determination of input value of channel 4

Information:
To reduce the cyclic data transfer, this register combines the trace and limit value determination func-
tions.

10.6.4 Analysis status byte

Name:
MinMaxStart01Readback to MinMaxStart04Readback
The currently requested module-internal analyses can be checked in this register.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Description Value Information

0 - 3 Reserved -
4 MinMaxStart01Readback 0 or 1 Current state of the trigger bits for determining the limit values

on the channel
... ... ...
7 MinMaxStart04Readback 0 or 1 Current state of the trigger bits for determining the limit values

on the channel
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10.7 Limit values

Limit value analysis must be enabled for the desired channel (see "Channel configuration" on page 9). The sampled
value of the channel is then compared to the minimum and maximum values that are stored internally in the module.
If a new measurement period is initiated with the "Analysis control byte" on page 18 register, then the values
determined from the previous measurement period can be taken from the respective registers intended for this.

10.7.1 Minimum input values

Name:
MinInput01 to MinInput04
The minimum value of the preceding trigger period is saved in this register based on the filtered, scaled and user-
defined limit values. The register value is 0 if the channel is inactive.
Data type Value
INT -32,768 to 32,767

10.7.2 Maximum input values

Name:
MaxInput01 to MaxInput04
The maximum value of the preceding trigger period is saved in this register based on the filtered, scaled and user-
defined limit values. The register value is 0 if the channel is inactive.
Data type Value
INT -32,768 to 32,767

10.7.3 Limit value trigger counter

Name:
Ch01MinMaxLatchCounter to Ch04MinMaxLatchCounter
The number of valid events that trigger a new measurement period for the limit value analysis is counted in this
register.
Data type Value
UINT 0 to 65535
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10.8 Trace

If the module is operated on a SG4 CPU, the digitalized input values are recorded by the module. The module
must be operated in "Supervised" mode in order to use the trace function.
Recording must be enabled for the desired channel. The enable bits can then control the recording at runtime. The
sampled values are recorded in the module's internal FIFO memory.
If the previously defined state occurs on the channel, the contents of the FIFO memory are transmitted to the
application. Whether the FIFO memory continued to be filled depends on how recording is configured.

Information:
The trace mechanism can only be used if the module is connected directly to the CPU, not if it is
operated behind a bus controller.

10.8.1 Enable recording

Name:
TraceChannelEnable
The respective channel is enabled for the trace with this register.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Description Value Information

0 Channel disabled0 Channel 1
1 Channel enabled

... ... ...
0 Channel disabled3 Channel 4
1 Channel enabled

4 - 7 Reserved -

10.8.2 Number of values to be recorded

Name:
TraceSampleDepth
16 kB are available on the module for the trace. The FIFO memory limitation means that a maximum of 8192 analog
values can be recorded. This memory is divided up equally among the enabled channels. The actual number of
maximum possible recordings therefore depends on the number of channels enabled for trace:

1 channel enabled: Up to 8192 recordings
2 channels enabled: Up to 4096 recordings per channel
3 channels enabled: Up to 2730 recordings per channel
4 channels enabled: Up to 2048 recordings per channel
Data type Value
UINT 2 to 8192

10.8.3 Recording priority

Name:
ConfigOutput25
The priority of the trace can be increased with this register.
Data type Value Function

3 StandardUSINT
6 Trace priority higher than X2X Link communication
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10.8.4 Starting a recording

Name:
TraceEnable01
This register starts the recording according to the specifications for edge control or the comparator.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Description Value Information

0 Disables the trace function0 TraceEnable01
1 Enables the trace function

1 - 7 Reserved -

10.8.5 Recording status

Name:
TraceEnabled
TraceWriteActive
TraceReadActive
ReadyForTrigger
TriggerActive
TraceOk
TraceError
The status of the trace is represented in this register.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Name Value Information

0 Trace inactive0 TraceEnabled
1 Trace active

1 Reserved -
0 Data not recorded2 TraceWriteActive
1 Data recorded
0 Data not output/read3 TraceReadActive
1 Data output/read
0 Not ready for triggering4 ReadyForTrigger
1 Ready for triggering
0 No trigger active or already executed5 TriggerActive
1 Trigger active
0 Overflow or inactive6 TraceOk
1 No overflow
0 No error or inactive7 TraceError
1 Trace buffer full

10.8.6 Free trace buffer

Name:
FreeBufferSize
Specifies the available FIFO memory area in bytes for the trace
Data type Values
UINT 0 to 65,535

10.8.7 Counter for trace triggers

Name:
TriggerCount
This register indicates the number of triggers that have occurred since starting the trace.
Data type Values
UINT 0 to 65,535



X20(c)AI4632

22 Data sheet V 3.11

10.8.8 Counter for faulty recording triggers

Name:
TriggerFailCount
Counts the trigger events for which the trace could not be performed.
Data type Values
UINT 0 to 65,535

10.8.9 Comparator for trigger conditions

In order to adapt the trace as closely as possible to the requirements of the application, the trace function can also
be controlled using the comparator. Threshold values (hysteresis) can be defined within the permitted range of
values to do so. 2 status bits are then generated for each enabled channel:

• InRange bit
The InRange status is "1" if the measured value falls within the defined limits.
The InRange status is "0" if the measured value falls outside the defined limits.

• Threshold value bit
The threshold value bit is "1" if the measured value exceeds the upper threshold value.
The threshold value bit is "0" if the measured value falls below the lower threshold value.

The InRange and threshold value bits for all channels are grouped together in the lower-value byte of the "Com-
pStateCollection" on page 23 register. In addition, the states of the previous sampling are stored in the high-
er-value byte.
The 4 status messages of each channel can be linked according to the following logic via a logical connective mask
using AND or OR operators and used as a trace trigger:

delta = (Current_HysteresisStatus ^ NominalValues)// Different between current status and preset
cond = delta & Selected_HysteresisStatusBits// Eliminate irrelevant status messages
ccond = Selected_HysteresisStatusBits (Current_HysteresisStatus ^ NominalValues)
if((0==(cond & ~LogicalOperators)) &&
(0!=(~cond & LogicalOperators))) {=> Generate trigger event}

Corresponds to register:
Selected_HysteresisStatusBits "cfgComp_EnableMask" on page 24
Current_HysteresisStatus "CompStateCollection" on page 23
Nominal values "cfgComp_NominalState" on page 23
Logical operators "cfgComp_ConditionTypeMask" on page 24

10.8.9.1 Lower limit value for hysteresis

Name:
cfgComp_LowLimitCh01 to cfgComp_LowLimitCh04
The lower limit value for hysteresis is configured in this register.
Data type Values
INT -32768 to 32767

10.8.9.2 Upper limit value for hysteresis

Name:
cfgComp_HighLimitCh01 to cfgComp_HighLimitCh04
The upper limit value for hysteresis is configured in this register.
Data type Values
INT -32768 to 32767
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10.8.9.3 Hysteresis status of the channels

Name:
CompStateCollection
The hysteresis status of the input channels for the current and last cycle are represented in this register.
Data type Values
UINT See the bit structure.

Bit structure:
Bit Name Value Information

0 Lower limit value exceeded0 Channel01 hysteresis status in the current cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values1 Channel01 InRange status in the current cycle
1 Value between lower and upper limit values

... ... ...
0 Lower limit value exceeded6 Channel04 hysteresis status in the current cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values7 Channel04 InRange status in the current cycle
1 Value between lower and upper limit values
0 Lower limit value exceeded8 Channel01 hysteresis status in the last cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values9 Channel01 InRange status in the last cycle
1 Value between lower and upper limit values

... ... ...
0 Lower limit value exceeded14 Channel04 hysteresis status in the last cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values15 Channel04 InRange status in the last cycle
1 Value between lower and upper limit values

10.8.9.4 Comparison state of the channels

Name:
cfgComp_NominalState
The desired comparison state for the hysteresis status is indicated in this register.
Data type Values
UINT See the bit structure.

Bit structure:
Bit Name Value Information

0 Lower limit value exceeded0 Channel01 hysteresis status in the current cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values1 Channel01 InRange status in the current cycle
1 Value between lower and upper limit values

... ... ...
0 Lower limit value exceeded6 Channel04 hysteresis status in the current cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values7 Channel04 InRange status in the current cycle
1 Value between lower and upper limit values
0 Lower limit value exceeded8 Channel01 hysteresis status in the last cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values9 Channel01 InRange status in the last cycle
1 Value between lower and upper limit values

... ... ...
0 Lower limit value exceeded14 Channel04 hysteresis status in the last cycle
1 Upper limit value exceeded
0 Value lies outside of range defined by the limit values15 Channel04 InRange status in the last cycle
1 Value between lower and upper limit values

Information:
This is a "whitelist", i.e. the trace starts as soon as the current status message takes on the state
predefined here.
One or more matches will be necessary depending on the selection of the relevant hysteresis status
bits and logical connective operators.
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10.8.9.5 Selecting the relevant hysteresis status bits

Name:
cfgComp_EnableMask
This register selects which status bits of the hysteresis comparison should be used to generate the trigger.
For more information about using this register, see "Comparator for trigger conditions" on page 22.
Data type Values
UINT See the bit structure.

Bit structure:
Bit Name Value Information

0 Do not use0 Channel01 hysteresis status in the current cycle
1 Use for generation
0 Do not use1 Channel01 InRange status in the current cycle
1 Use for generation

... ... ...
0 Do not use6 Channel04 hysteresis status in the current cycle
1 Use for generation
0 Do not use7 Channel04 InRange status in the current cycle
1 Use for generation
0 Do not use8 Channel01 hysteresis status in the last cycle
1 Use for generation
0 Do not use9 Channel01 InRange status in the last cycle
1 Use for generation

... ... ...
0 Do not use14 Channel04 hysteresis status in the last cycle
1 Use for generation
0 Do not use15 Channel04 InRange status in the last cycle
1 Use for generation

10.8.9.6 Logical connective operators for hysteresis status bits

Name:
cfgComp_ConditionTypeMask
The desired state operators with which the respective status bit is linked to others to generate a trigger are selected
in this register.
At least one OR operation must be configured, but it does not necessarily have to be located on a channel config-
ured with "1" in the "cfgComp_EnableMask" on page 24 register.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Name Value Information

0 Use AND operation0 Channel01 hysteresis status in the current cycle
1 Use OR operation
0 Use AND operation1 Channel01 InRange status in the current cycle
1 Use OR operation

... ... ...
0 Use AND operation6 Channel04 hysteresis status in the current cycle
1 Use OR operation
0 Use AND operation7 Channel04 InRange status in the current cycle
1 Use OR operation
0 Use AND operation8 Channel01 hysteresis status in the last cycle
1 Use OR operation
0 Use AND operation9 Channel01 InRange status in the last cycle
1 Use OR operation

... ... ...
0 Use AND operation14 Channel04 hysteresis status in the last cycle
1 Use OR operation
0 Use AND operation15 Channel04 InRange status in the last cycle
1 Use OR operation
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10.8.10 Time-offset trace

Additional conditions for shifting the starting and stopping points can be defined if the trace should be chronolog-
ically offset to the trigger.

10.8.10.1 Starting the trace

Name:
TraceTriggerStart
The starting position is defined relative to the configured trigger condition (rising/falling edge) in this register. Pos-
itive values mean that the trace takes place x samples after the trigger condition. Negative values mean that the
trace takes place x samples before the trigger condition.
The value -32768 performs the trace without regard for the configured trigger condition. If the trace memory is
completely full, then the oldest recorded value is overwritten (FIFO principle).
"Trace start" in the I/O configuration or the registers "Trigger condition on falling edge" on page 17 and "Trigger
condition on rising edge" on page 17 determine whether a positive, negative or any edge must be triggered.
Data type Values
INT -32768 to 32767

10.8.10.2 Stopping the trace

Name:
TraceTriggerStop
The stopping position is defined relative to the configured trigger condition in this register.

• When configuring an early trigger event, this value refers to the trigger event.
• When configuring a delayed trigger event, this value refers to the starting event.

Data type Values
UINT 0 to 65,535

10.9 Acyclic frame size

Name:
AsynSize
When the stream is used, data is exchanged internally between the module and CPU. For this purpose, a defined
amount of acyclic bytes is reserved for this slot.
Increasing the acyclic frame size leads to increased data throughput on this slot.

Information:
This configuration involves a driver setting that cannot be changed during runtime!

Data type Value Information
- 8 to 28 Acyclic frame size in bytes. Default = 24

10.10 Minimum cycle time

The minimum cycle time specifies the time up to which the bus cycle can be reduced without communication
errors occurring. It is important to note that very fast cycles reduce the idle time available for handling monitoring,
diagnostics and acyclic commands.

Minimum cycle time
Standard priority 200 μs
High priority with

trace function
300 μs

10.11 Minimum I/O update time

There is no limitation or dependency on the bus cycle time.
The I/O update time is defined using the "Sampling time" register. The fastest possible sampling time depends on
the number of channels to be converted and the configuration.
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1 General information

Power monitoring
These modules measure active, reactive and apparent power individually for each of the 3 phases as well as all
of them collectively. The power consumption of each phase is also recorded individually and in total. In addition,
the modules provide the RMS values for voltage and current on the 3 phases. When measuring the current, the
value of the current through the neutral conductor can also be detected and monitored. Measurement of the mains
frequency and the phase angle of the 3 phases (current and voltage) complete the power measurement data.
Energy management
The integrated functions on the modules map the immediate power requirements of the machine in detail as well
as record its total power consumption. For the user, all relevant data is prepared and made available in the process
image.
The ability to measure currents and voltages up to the 31st harmonic enables higher precision recording of RMS
values than is generally possible. This allows the modules to easily cope with irregular sine curves and makes them
well-suited to renewable energy applications. In these types of applications, for example, being able to accurately
measure the frequency at a resolution of 0.01 Hz between 45 and 65 Hz is a great advantage. In general, the
modules are suitable for use with 1-phase, 2-phase or 3-phase networks.
Characteristics

• Calculates RMS values from currents and voltages
• Calculates active, reactive and apparent power
• Phasing detection
• Measures individual phases and calculates cumulative values
• Optional measurement of current through the neutral conductor
• Calculates frequency and harmonics with high precision
• NetTime timestamp: Moment when measured value groups are read

NetTime timestamp of readout moments
For many applications, not only the measured value is important, but also the exact moment when a group of
measured values is read out. The module is equipped with a NetTime timestamp function for this that supplies a
timestamp for the recorded position and trigger time with microsecond accuracy.
The timestamp function is based on synchronized timers. If a timestamp event occurs, the module immediately
saves the current NetTime. After the respective data is transferred to the CPU, including this precise moment, the
CPU can then evaluate the data using its own NetTime (or system time), if necessary.

2 Coated modules

Coated modules are X20 modules with a protective coating for the electronics component. This coating protects
X20c modules from condensation and corrosive gases.
The modules' electronics are fully compatible with the corresponding X20 modules.

For simplification purposes, only images and module IDs of uncoated modules are used in this data
sheet.

The coating has been certified according to the following standards:

• Condensation: BMW GS 95011-4, 2x 1 cycle
• Corrosive gas: EN 60068-2-60, method 4, exposure 21 days

Data sheet V 2.61 1
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2.1 Starting temperature

The starting temperature describes the minimum permissible ambient temperature in a voltage-free state at the
time the coated module is switched on. This is permitted to be as low as -40°C. During operation, the conditions
as specified in the technical data continue to apply.

Information:
It is important to absolutely ensure that there is no forced cooling by air currents in the closed control
cabinet, e.g. due to the use of a fan or ventilation slots.

3 Order data
Order number Short description Figure

Analog inputs
X20AP3111 X20 energy metering module, 3 analog inputs, 480 VAC, 50/60

Hz, 4 analog inputs, 20 mA AC, calculates effective, reactive and
apparent power/energy, calculates RMS values, 240 V keyed,
NetTime function

X20AP3121 X20 energy metering module, 3 analog inputs, 480 VAC, 50/60
Hz, 4 analog inputs, 1 A AC, calculates effective, reactive and
apparent power/energy, calculates RMS values, 240 V keyed,
NetTime function

X20AP3131 X20 energy metering module, 3 analog inputs, 480 VAC, 50/60
Hz, 4 analog inputs, 5 A AC, calculates effective, reactive and
apparent power/energy, calculates RMS values, 240 V keyed,
NetTime function

X20AP3161 X20 energy metering module, 3 analog inputs, 480 VAC, 50/60
Hz, 4 analog inputs, 333 mV AC, calculates effective, reac-
tive and apparent power/energy, calculates RMS values, 240 V
keyed, NetTime function

X20AP3171 X20 energy metering module, 3 analog inputs, 480 VAC, 50/60
Hz, 4 analog inputs, Rogowski adjustable (µV/A), max. 52 mV,
calculates effective, reactive and apparent power/energy, calcu-
lates RMS values, 240 V keyed, NetTime function

X20AP3122 X20 energy metering module, 3 analog inputs, 480 VAC, 50/60
Hz, 4 analog inputs, 1 A AC, groundable, calculates effective, re-
active and apparent power/energy, calculates RMS values, 240
V keyed, NetTime function

X20AP3132 X20 energy metering module, 3 analog inputs, 480 VAC, 50/60
Hz, 4 analog inputs, 5 A AC, groundable, calculates effective, re-
active and apparent power/energy, calculates RMS values, 240
V keyed, NetTime function

X20cAP3121 X20 energy metering module, coated, 3 analog inputs, 480 VAC,
50/60 Hz, 4 analog inputs, 1 A AC, calculates effective, reac-
tive and apparent power/energy, calculates RMS values, 240 V
keyed, NetTime function

X20cAP3131 X20 energy metering module, coated, 3 analog inputs, 480 VAC,
50/60 Hz, 4 analog inputs, 5 A AC, calculates effective, reac-
tive and apparent power/energy, calculates RMS values, 240 V
keyed, NetTime function
Required accessories
Bus modules

X20BM32 X20 bus module, for double-width modules, 240 VAC keyed, in-
ternal I/O power supply connected through

X20cBM32 X20 bus module, coated, for double-width modules, 240 VAC
keyed, internal I/O supply continuous
Terminal blocks

X20TB32 X20 terminal block, 12-pin, 240 VAC keyed

Table 1: X20AP3111, X20AP3121, X20AP3131, X20AP3161, X20AP3171,
X20AP3122, X20AP3132, X20cAP3121, X20cAP3131 - Order data

2 Data sheet V 2.61
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4 Technical data

4.1 X20AP3111, X20(c)AP3121 and X20(c)AP3131

Order number X20AP3111 X20AP3121 X20cAP3121 X20AP3131 X20cAP3131
Short description
I/O module 3-phase power and energy metering module for current transformers
General information
B&R ID code 0xC9DA 0xC9DB 0xE214 0xC9DC 0xEB55
Status indicators I/O function per channel, operating state, module status
Diagnostics

Module run/error Yes, using LED status indicator and software
Inputs Yes, using LED status indicator and software

Power consumption
Bus 0.85 W (Rev. <D0)

0.50 W (Rev. =D0)
0.45 W (Rev. >D0)

0.85 W (Rev. <C0)
0.50 W (Rev. =C0)
0.45 W (Rev. >C0)

0.85 W (Rev. <E0)
0.50 W (Rev. =E0)
0.45 W (Rev. >E0)

Internal I/O -
Additional module power dissipation
[W]

40 mW 1) 2 W 1)

Insulation voltages
Inputs - Bus / I/O power supply Tested at 5500 VDC, 1 min
Inputs - Ground Tested at 5500 VDC, 1 min
Bus / I/O power supply - Ground Tested at 510 VAC, 1 min

Certifications
CE Yes
ATEX Zone 2, II 3G Ex nA nC IIA T5 Gc

IP20, Ta (see X20 user's manual)
FTZÚ 09 ATEX 0083X

UL cULus E115267
Industrial control equipment

HazLoc cCSAus 244665
Process control equipment

for hazardous locations
Class I, Division 2, Groups ABCD, T5

- cCSAus 244665
Process control equipment

for hazardous locations
Class I, Division 2, Groups ABCD, T5

DNV GL Temperature: B (0 - 55°C)
Humidity: B (up to 100%)

Vibration: B (4 g)
EMC: B (bridge and open deck)

LR ENV1
KR Yes
ABS Yes
EAC Yes - Yes -

Voltage inputs
Number of phases 3
Input impedance 1.68 MΩ
Nominal voltage UN

Between phases Max. 480 VAC 2)

Phase to N Max. 277 VAC
Max. display value 655 VAC
Resolution 10 mV, with voltage connected directly
Rated frequency 50 and 60 Hz
Measurable frequency

Measurement range 45 to 65 Hz
Resolution 0.01 Hz

Current inputs
Quantity 4 AC inputs
Nominal current IN

Secondary 20 mA 1 A 5 A
Primary 65 A directly configurable, larger values through conversion in the application 3)

Max. overload current 20 x IN for 0.5 s 8 x IN for 0.5 s
Max. measurement current 20 mA 1 A 5 A
Resolution 1 mA, based on the primary current 3)

Load 25 Ω 500 mΩ 20 mΩ
Measurement precision 4)

URMS ±0.65% 5)

IRMS ±0.65% 6) ±0.65% 7) ±1.65% (Rev. <E0)
±0.70% (Rev. ≥E0) 8)

±0.70% 8)

Effective, reactive and apparent power ±0.80% 9) ±0.80% 10) ±1.80% (Rev. <E0)
±0.85% (Rev. ≥E0) 11)

±0.85% 11)

Frequency, power factor and phase
angle

±0.50% 12)

Active energy per phase and total 13) ±0.40% 9) ±0.40% 10) ±1.40% (Rev. <E0)
±0.45% (Rev. ≥E0) 11)

±0.45% 11)

Table 2: X20AP3111, X20AP3121, X20cAP3121, X20AP3131, X20cAP3131 - Technical data
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Order number X20AP3111 X20AP3121 X20cAP3121 X20AP3131 X20cAP3131
Active energy of fundamental frequen-
cy per phase and total 13)

±0.50% 9) ±0.50% 10) ±1.50% (Rev. <E0)
±0.55% (Rev. ≥E0) 11)

±0.55% 11)

Active energy of harmonics per phase
and total 13)

±0.80% 9) ±0.80% 10) ±1.80% (Rev. <E0)
±0.85% (Rev. ≥E0) 11)

±0.85% 11)

Reactive energy per phase and total
14)

±0.50% 9) ±0.50% 10) ±1.50% (Rev. <E0)
±0.55% (Rev. ≥E0) 11)

±0.55% 11)

Apparent energy
Per phase and arithmetic total ±0.50% 9) ±0.50% 10) ±1.50% (Rev. <E0)

±0.55% (Rev. ≥E0) 11)
±0.55% 11)

Vector sum ±0.80% 9) ±0.80% 10) ±1.80% (Rev. <E0)
±0.85% (Rev. ≥E0) 11)

±0.85% 11)

Electrical properties
Electrical isolation Channel isolated from bus

Channel not isolated from channel
Operating conditions
Mounting orientation

Horizontal Yes
Vertical Yes

Installation elevation above sea level
0 to 2000 m No limitation
>2000 m Not permitted

Degree of protection per EN 60529 IP20
Ambient conditions
Temperature

Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C

Derating - See section "Derating".
Storage -40 to 85°C
Transport -40 to 85°C

Relative humidity
Operation 5 to 95%, non-condensing Up to 100%,

condensing
5 to 95%, non-

condensing
Up to 100%,
condensing

Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing

Mechanical properties
Note Order 1x terminal block X20TB32 separately.

Order 1x bus module X20BM32 separately.
Order 1x termi-
nal block X20T-
B32 separately.

Order 1x bus
module X20cB-
M32 separately.

Order 1x termi-
nal block X20T-
B32 separately.

Order 1x bus module
X20BM32 separately.

Order 1x termi-
nal block X20T-
B32 separately.

Order 1x bus
module X20cB-
M32 separately.

Pitch 25 +0.2 mm

Table 2: X20AP3111, X20AP3121, X20cAP3121, X20AP3131, X20cAP3131 - Technical data

1) Power dissipation of current measurement shunts
2) The design of the module allows 480 VAC to be applied to the terminal block.
3) For measuring higher current values, see section "Current transformer - Pinout".
4) Based on the current measured value.

The actual error value percentage may be larger due to the digital display.
5) With drift of 25 ppm/K
6) With drift of 50 ppm/K
7) With drift of 35 ppm/K
8) With drift of 225 ppm/K (Rev. < E0) or 100 ppm/K (Rev. ≥ E0)
9) With drift of 75 ppm/K
10) With drift of 60 ppm/K
11) With drift of 250 ppm/K (Rev. < E0) or 125 ppm/K (Rev. ≥ E0)
12) In power systems with approximately sinusoidal voltage starting at 10 VAC.
13) At power factor cos ϕ = 1, 0.5L and 0.8C
14) At reactive power factor sin ϕ = 1, 0.5L and 0.8C
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4.2 X20AP3122 and X20AP3132

Order number X20AP3122 X20AP3132
Short description
I/O module 3-phase power and energy metering module for current transformers, groundable on one side
General information
B&R ID code 0xE7BF 0xE7C0
Status indicators I/O function per channel, operating state, module status
Diagnostics

Module run/error Yes, using LED status indicator and software
Inputs Yes, using LED status indicator and software

Power consumption
Bus 0.85 W (Rev. <C0)

0.50 W (Rev. =C0)
0.45 W (Rev. >C0)

Internal I/O -
Additional module power dissipation [W] 2 W 1)

Insulation voltages
Voltage inputs - Current inputs Tested at 1300 VAC, 1 min
Inputs - Bus / I/O power supply Tested at 5500 VDC, 1 min
Inputs - Ground Tested at 5500 VDC, 1 min
Bus / I/O power supply - Ground Tested at 510 VAC, 1 min

Certifications
CE Yes
ATEX Zone 2, II 3G Ex nA nC IIA T5 Gc

IP20, Ta (see X20 user's manual)
FTZÚ 09 ATEX 0083X

UL cULus E115267
Industrial control equipment

EAC Yes
Voltage inputs
Number of phases 3
Input impedance 1.68 MΩ
Measurement category CAT II
Nominal voltage UN

Between phases Max. 480 VAC 2)

Phase to N Max. 277 VAC
Max. display value 655 VAC
Resolution 10 mV, with voltage connected directly
Rated frequency 50 and 60 Hz
Measurable frequency

Measurement range 45 to 65 Hz
Resolution 0.01 Hz

Current inputs
Quantity 4 AC inputs
Measurement category CAT II
Nominal current IN

Secondary 1 A 5 A
Primary 65 A directly configurable, larger values through conversion in the application 3)

Max. overload current 8 x IN for 0.5 s
Max. measurement current 1 A 5 A
Resolution 1 mA, based on the primary current 3)

Load 250 mΩ 20 mΩ
Measurement precision 4)

URMS ±0.65% 5)

IRMS ±0.65% 6) ±0.65% 5)

Effective, reactive and apparent power ±0.80% 7) ±0.80% 8)

Frequency, power factor and phase angle ±0.50% 9)

Active energy per phase and total 10) ±0.40% 7) ±0.40% 8)

Active energy of fundamental frequency per phase
and total 10)

±0.50% 7) ±0.50% 8)

Active energy of harmonics per phase and total 10) ±0.80% 11) ±0.80% 8)

Reactive energy per phase and total 12) ±0.50% 7) ±0.50% 8)

Apparent energy
Per phase and arithmetic total ±0.50% 7) ±0.50% 8)

Vector sum ±0.80% 7) ±0.80% 8)

Electrical properties
Electrical isolation Channel isolated from bus

Channel not isolated from channel
Operating conditions
Mounting orientation

Horizontal Yes
Vertical Yes

Table 3: X20AP3122, X20AP3132 - Technical data
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Order number X20AP3122 X20AP3132
Installation elevation above sea level

0 to 2000 m No limitation
>2000 m Not permitted

Degree of protection per EN 60529 IP20
Ambient conditions
Temperature

Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C

Derating -
Storage -40 to 85°C
Transport -40 to 85°C

Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing

Mechanical properties
Note Order 1x terminal block X20TB32 separately.

Order 1x bus module X20BM32 separately.
Pitch 25 +0.2 mm

Table 3: X20AP3122, X20AP3132 - Technical data

1) Power dissipation of current measurement shunts
2) The design of the module allows 480 VAC to be applied to the terminal block.
3) For measuring higher current values, see section "Current transformer - Pinout".
4) Based on the current measured value.

The actual error value percentage may be larger due to the digital display.
5) With drift of 25 ppm/K
6) With drift of 100 ppm/K
7) With drift of 125 ppm/K
8) With drift of 50 ppm/K
9) In power systems with approximately sinusoidal voltage starting at 10 VAC.
10) At power factor cos ϕ = 1, 0.5L and 0.8C
11) With drift of 125 ppm/K (Rev. <D0) or 40 ppm/K (Rev. ≥D0)
12) At reactive power factor sin ϕ = 1, 0.5L and 0.8C
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4.3 X20AP3161 and X20AP3171

Order number X20AP3161 X20AP3171
Short description
I/O module 3-phase power and energy metering

module for current/voltage transformers
3-phase power and energy metering mod-

ule for Rogowski current transformers
General information
B&R ID code 0xE17B 0xE7C1
Status indicators I/O function per channel, operating state, module status
Diagnostics

Module run/error Yes, using LED status indicator and software
Inputs Yes, using LED status indicator and software

Power consumption
Bus 0.85 W (Rev. <D0)

0.50 W (Rev. =D0)
0.45 W (Rev. >D0)

0.85 W (Rev. <C0)
0.50 W (Rev. =C0)
0.45 W (Rev. >C0)

Internal I/O -
Additional module power dissipation [W] - 1)

Insulation voltages
Current inputs / Neutral conductor - Ground - Tested at 2300 VAC, 1 min
Voltage inputs / Neutral conductor - Ground - Tested at 3700 VAC, 1 min
Current inputs / Neutral conductor - Bus / I/O
power supply

- Tested at 2300 VAC, 1 min

Voltage inputs / Neutral conductor - Bus / I/O
power supply

- Tested at 3700 VAC, 1 min

Inputs - Bus / I/O power supply Tested at 5500 VDC, 1 min
Inputs - Ground Tested at 5500 VDC, 1 min
Bus / I/O power supply - Ground Tested at 510 VAC, 1 min

Certifications
CE Yes
ATEX Zone 2, II 3G Ex nA nC IIA T5 Gc

IP20, Ta (see X20 user's manual)
FTZÚ 09 ATEX 0083X

UL cULus E115267
Industrial control equipment

HazLoc cCSAus 244665
Process control equipment

for hazardous locations
Class I, Division 2, Groups ABCD, T5

-

DNV GL Temperature: B (0 - 55°C)
Humidity: B (up to 100%)

Vibration: B (4 g)
EMC: B (bridge and open deck)

-

LR ENV1 -
KR Yes -
ABS Yes -
EAC Yes

Voltage inputs
Number of phases 3
Input impedance 1.68 MΩ
Measurement category - CAT II
Nominal voltage UN

Between phases Max. 480 VAC 2)

Phase to N Max. 277 VAC
Max. display value 655 VAC
Resolution 10 mV, with voltage connected directly
Rated frequency 50 and 60 Hz
Measurable frequency

Measurement range 45 to 65 Hz
Resolution 0.01 Hz

Current inputs
Quantity 4 AC inputs
Measurement category - CAT II
Nominal voltage (secondary) 333 mV Configurable in µV/A
Nominal current (primary) 65 A directly configurable, larger values through conversion in the application 3)

Max. overload current -
Max. measurement voltage 333 mV 52 mV
Resolution 1 mA, based on the primary current 3)

Load -
Measurement precision 4)

URMS ±0.65% 5)

IRMS ±0.65% ±0.85% 6)

Effective, reactive and apparent power ±0.80% 5) ±1.00%
Frequency, power factor and phase angle ±0.50% 7)

Active energy per phase and total 8) ±0.40% 5) ±0.60% 5)

Table 4: X20AP3161, X20AP3171 - Technical data
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Order number X20AP3161 X20AP3171
Active energy of fundamental frequency per phase
and total 8)

±0.50% 5) ±0.70% 5)

Active energy of harmonics per phase and total 8) ±0.80% 5) ±1.00% 5)

Reactive energy per phase and total 9) ±0.50% 5) ±0.70% 5)

Apparent energy
Per phase and arithmetic total ±0.50% 5) ±0.70% 5)

Vector sum ±0.80% 5) ±1.00% 5)

Electrical properties
Electrical isolation Channel isolated from bus

Channel not isolated from channel
Operating conditions
Mounting orientation

Horizontal Yes
Vertical Yes

Installation elevation above sea level
0 to 2000 m No limitation
>2000 m Not permitted

Degree of protection per EN 60529 IP20
Ambient conditions
Temperature

Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C

Derating -
Storage -40 to 85°C
Transport -40 to 85°C

Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing

Mechanical properties
Note Order 1x terminal block X20TB32 separately.

Order 1x bus module X20BM32 separately.
Pitch 25 +0.2 mm

Table 4: X20AP3161, X20AP3171 - Technical data

1) Shunts are external current transformers
2) The design of the module allows 480 VAC to be applied to the terminal block.
3) For measuring higher current values, see section "Current transformer - Pinout".
4) Based on the current measured value.

The actual error value percentage may be larger due to the digital display.
5) With drift of 25 ppm/K
6) At URogowski > 1 mVRMS
7) In power systems with approximately sinusoidal voltage starting at 10 VAC.
8) At power factor cos ϕ = 1, 0.5L and 0.8C
9) At reactive power factor sin ϕ = 1, 0.5L and 0.8C
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5 LED status indicators

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" in the
X20 system user's manual.

Figure LED Color Status Description
Operating state

Off No power to module
Single flash UNLINK mode
Double flash BOOT mode (during firmware update)1)

Blinking quickly SYNC mode
Blinking slowly PREOPERATIONAL mode

r Green

On RUN mode
Module status

Off No power to module or everything OKe Red
On Error or reset status

Analog input voltage
Green/Yellow Off Display disabled or UEff < threshold value "Failure"

Blinking Phase sequence is correct and UEff < threshold value "Warning"Green
On Phase sequence is correct and UEff > threshold value "Warning"
Blinking Phase sequence is incorrect and UEff < threshold value "Warning"

U1 - U3

Yellow
On Phase sequence is incorrect and UEff > threshold value "Warning"

Analog input current
Green/Yellow Off Display disabled or IEff < threshold value "Display"
Green On Active power positive

I1 - I3

Yellow On Active power negative
Analog input neutral current

Off Neutral current < Threshold value
Green On Neutral current > Threshold value "Failure", within the tolerance of the

calculated total current

 
 

IN

Red On Neutral current > Threshold value "Failure", outside the tolerance of the
calculated total current

1) Depending on the configuration, a firmware update can take up to several minutes.
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6.1 Connecting current transformers

In order to be able to properly calculate values, it is important for the current transformer phases to be connected
correctly (i.e. direction of the current flow).

• Output on the transformer (S1) to the respective ILxa input on the module.
• Input on the transformer (S2) to the respective ILxb output on the module.

Lx

I Lxa

I Lxb

S1

S2

7 Safety guidelines

General

Information:
If the maximum voltage value of 655 V is displayed, it is necessary to check whether the input mea-
surement range has been exceeded.

Caution!
The insulation for all current inputs must be double or reinforced.

X20AP31x2

X20AP31x2 modules with current transformers that are groundable meet the requirement from the median voltage
guideline that states that a current transformer connection must always be grounded in systems that exceed a
certain system voltage.

Caution!
Only a connection labeled "ILxb" is permitted to be grounded.

Caution!
The use of modules with current transformers that groundable is only permitted in systems with
grounded median voltage. Operating these modules without connected grounding is not permitted.

Information:
Because these modules do not feature a neutral conductor connection, the ground potential on the
current transformer connections forms the central reference point. (See "Input circuit diagram" on
page 14.)

Danger!
In the event of a fault (e.g. a break in insulation), further insulating measures have to be taken in addition
to the basic insulation between voltage and current inputs on the module.
To avoid electric shocks, the wiring to the module must have adequate insulation. The dielectric
strength of the cable insulation MUST be designed for the level of phase-to-phase nominal voltage.
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8 Current transformers

Since the current inputs are not floating, a current transformer is required for each current channel used. The current
transformer is a transducer that delivers a secondary signal proportional to the primary current. This secondary
signal is measured by the module. The maximum directly configurable primary current is 65 A. Values greater
than 65 A can also be measured by implementing a conversion in the software application (see explanation and
example provided below).
The maximum secondary signal depends on the module:
Module Secondary current/voltage
X20AP3111 20 mA
X20AP3121 1 A
X20AP3122 1 A
X20AP3131 5 A
X20AP3132 5 A
X20AP3161 333 mV
X20AP3171 Configurable, maximum 52 mV

The rated transformation ratio is calculated using the following formula:

X20AP3111 - X20AP3121 - X20AP3131 -
X20AP3122 - X20AP3132 Rated transformation ratio Kn = Secondary nominal current

Primary nominal current

X20AP3161 No transformation; the maximum primary current corresponds to the 333 mV.
X20AP3171 Direct input of µV/A

A smaller transformation ratio should be defined for measuring higher primary currents. The values calculated
by the module must be converted in the application according to the real rated transformation ratio that must be
defined.
Examples

Information:
The same factor must be used for all power ratings and energy values when making the conversion.

All AP modules except for AP3171
Currents of up to 100 A flow on the primary side. A current transformer with a rated transformation ratio of 100
to 1 A or a measurement range of 100 A is used. A rated transformation ratio of 50 to 1 A or a measurement
range of 50 A is defined in the module to match the current transformer. If the primary current calculated by
the module is 40 A, then the actual value will be calculated as follows:

Actual primary current = 40 A * 100 / 50 = 80 A
Actual resolution = 1 mA * 100 / 50 = 2 mA
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X20AP3171
Because the primary current can be up to 300 A, a Rogowski coil with a primary current range of up to 500
A is used. This exhibits a transformation ratio of 100 µV/A.
Since the module can only supply values up to 65000, however, only a maximum of 65 A could be displayed
or measured with it. The transformation ratio of the phases must therefore additionally be set.

The unit of the phase is 0.1 µV/A; the transformation ratio must therefore be converted. For ex-
ample, the value 5000 * 0.1 µV corresponds to 500 µV/A.

Example
The transformation ratio of the Rogowski coil is 100 µV/A.
The transformation ratio of the phase is set to value 5000.
The module returns a value of 8155 mA.

The calculation is made according to this formula:

This results in this value for our example:

Maximum primary current that can be measured by the module:

Caution!
To avoid damage to the module, ensure that the current inputs are floating. A current transformer must
therefore be connected to each current input used.
Any other devices connected to this secondary circuit must be galvanically isolated.
X20AP31x1:
The current inputs on the module are not galvanically isolated, so the secondary circuit between the
transformer and the module is not permitted to be grounded. Grounding or making other conductive
connections between the transformers distorts the measurement and results in current values that
are too low!
X20AP31x2:
Since the "ILxb" connections on the current inputs are all at the same electric potential, the transform-
ers on the "Lxb" side must be grounded for these modules.

9 Voltage transformer

Voltage transformers are not provided in the configuration by default (e.g. by setting the transformation ratio).
However, voltage transformers can be used if higher voltages need to be measured than are specified under
nominal voltages in the technical data.
In addition, as with current value correction, the rated transformation between primary and secondary current must
be calculated and applied (see "Current transformers" on page 12)

Information:
The same factor must be used for all voltage values, power ratings and energy values when making
the transformation.
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10 Input circuit diagram

AC voltage inputs

AP3111, AP3121, AP3131, AP3161
Anti-aliasing filter

A/D
converter

Input value

Protective impedance

Filter

U Lx

U N

AP3122, AP3132
Anti-aliasing filter

A/D
converter

Input value

Protective impedance

U Lx

(U N) Not connected

AP3171
Anti-aliasing filter

A/D
converter

Input value

Protective impedance

Impedance

U Lx

U N
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AC current inputs

AP3111, AP3121, AP3131: (Current measurement)
Anti-aliasing filter

A/D
converter

Input value

Measurement shunts

U N

I xb

I xa
External

current transformer
(current output)

AP31x2: (Current measurement)
Anti-aliasing filter

A/D
converter

Input value

Measurement shunts

(U N)

I xb

I xa
External

current transformer
(current output)

Not connected

AP3161: (Voltage measurement)
Anti-aliasing filter

A/D
converter

Input value

U N

I xb

I xa
External

current transformer
(voltage output)

Overvoltage protection

AP3171: (Voltage measurement)
Anti-aliasing filter

A/D
converter

Input value

Overvoltage protection

U N

I xb

I xa
External current transformer

of type "Rogowski"
(voltage output)

11 Typical connection examples for different network configurations

General information

There are many different network configurations around the world. This section will present a few typical connection
examples.

Notice!
The X20AP31x2 modules may not be used with network configurations B, D and F due to a lack of
grounding.
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Connection example 1 - Network A

This example involves a 3-element, 3-phase, 4-line star measurement with grounded neutral conductor and optional
fault current detection.

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3 N

Optional

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3 N

Optional

X20AP31x1 X20AP31x2

Connection example 2 - Network B

This example involves a 3-element, 3-phase, 3-line star measurement.

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3
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Connection example 3 - Network C

This example involves a 3-element, 3-phase, 3-line star measurement with grounded neutral conductor and optional
fault current detection.

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3

Optional

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3

Optional

X20AP31x1 X20AP31x2

Connection example 4 - Network D

This example involves a 3-element, 3-phase, 4-line star measurement with optional fault current detection.

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3 N

Optional
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Connection example 5 - Network E

This example involves a 2-element, 2-phase, 3-line star measurement with grounded neutral conductor.

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L3 N

Optional

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L3 N

Optional

X20AP31x1 X20AP31x2

Connection example 6 - Network F

This example involves a 3-element, 3-phase, 3-line delta measurement.

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3
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Connection example 7 - Network G

This example involves a 3-element, 3-phase, 4-line, delta measurement with grounded star point.

Information:
Exceeding the maximum voltage value specified in the data sheet is not permitted!

I L1a

U N

U L3

U L2

U L1

I L2a

I L3a

I Na

I L1b

I L2b

I L3b

I Nb

L1 L2 L3 N

Optional

12 Permitted line-to-line nominal voltages (rated voltages)

The following table provides an overview of the maximum permitted line-to-line nominal voltage (rated voltage)
depending on the used mains type and module.

Network
configuration

Network type Modules Permissible rated voltage

1 3 phases
4 lines

Grounded neutral conductor

P3

P2P1

N

All AP modules 480 V

X20AP31x1 480 V2 3 phases
3 lines

Not grounded

P1

P2P3

X20AP31x2 Not permitted

X20AP31x1 480 V3 3 phases
4 lines

Grounded phase

P1

P2P3

X20AP21x2 Not permitted

X20AP31x1 480 V4 1 phase
2 lines

Not grounded

L2

L1
X20AP31x2 Not permitted

5 1 phase divided
3 lines

Grounded neutral conductor

L2

L1

N

All AP modules 480 V

6 3 phases
4 lines

Divided phase and
grounded neutral conductor

L3

L1L2
N

All AP modules 240 V
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13 Derating

X20AP(c)3121, X20AP3131:
At high temperatures, the averaged measurement current is not permitted to exceed the percentage values of the
diagram.
100% corresponds to 3x the nominal current of a channel. Averaging the measurement current is done in a time
period of 10 minutes.
The derating listed below must be applied for the current:

Legend: Horizontal mounting orientation
Vertical mounting orientation

M
ea

su
re

m
en

t c
ur

re
nt

 [A
]

Ambient temperature [°C]

-25
0%

100%

80%

45 5550 60

14 Usage after the X20IF1091-1

If this module is operated after X2X Link module X20IF1091-1, delays may occur during the Flatstream transfer.
For detailed information, see section "Data transfer on the Flatstream" in X20IF1091-1.
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15 UL certificate information

To install the module(s) according to the UL standard, the following rules must be observed.

Information:
• Use copper conductors only. Minimum temperature rating of the cable to be connected to the

field wiring terminals: 76°C, xxx - xxx AWG.
• All models are intended to be used in a final safety enclosure that must conform with require-

ments for protection against the spread of fire and have adequate rigidity per UL 61010-1 and
UL 61010-2-201.

• Repairs can only be made by B&R.

Information:
• For use with listed energy-monitoring current transformers only.
• The current transformers are not permitted to be installed in equipment where they exceed 75

percent of the wiring space of any cross-sectional area within the equipment
• Restrict installation of current transformer in an area where it would block ventilation openings.
• Restrict installation of current transformer in an area of breaker arc venting.
• Not suitable for Class 2 wiring methods.
• Not intended for connection to Class 2 equipment.
• Secure current transformer and route conductors so that they do not directly contact live ter-

minals or bus.
• For use with listed energy-monitoring current transformers.
• Associated leads of the current transformers must be maintained within the same overall en-

closure.
• Unless the current transformers and its leads have been evaluated for REINFORCED INSU-

LATION, a statement to segregate or insulate the leads from different circuits must be provided.
• The current transformers are intended for installation within the same enclosure as the equip-

ment. These are not permitted to be installed within switchgear and panel boards.

Danger!
• To reduce the risk of electric shock, always open or disconnect circuit from the power distri-

bution system (or service) of the building before installing or servicing current-sensing trans-
formers.
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16 Register description

16.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" in the X20 system user's
manual.

16.2 Function model 0 - Standard

Read WriteRegister Name Data type
Cyclic Acyclic Cyclic Acyclic

Status register
StatusInput UINT
CntPulseActive Bit 0
CntPulseApparent Bit 1
CntPulseActiveFund Bit 2
CntPulseActiveHarm Bit 3
ZeroCrossA Bit 4
ZeroCrossB Bit 5
ZeroCrossC Bit 6
RBTrigDFT Bit 8
RBUpdateEnergy Bit 9
RBClearEnergy Bit 10

130

RBForceEnergy Bit 11

●

ControlOutput UINT
TrigDFT Bit 0
EnabEnergy Bit 1
ClearEnergy Bit 2

194

ForceEnergy Bit 3

●

266 SysStatus1 UINT ●
270 SysStatus2 UINT ●
274 SysStatus3 UINT ●
278 SysStatus4 UINT ●

SystemStatusSel01 USINT
SumStatusPhaseLoss Bit 2
SumStatusPhaseWarning Bit 3
ErrOrderPhasecurrent Bit 6

265

ErrOrderPhaseVoltage Bit 7

●

SystemStatusSel02 USINT
SumStatusWarningTHDCurrent Bit 2
SumStatusWarningTHDVoltage Bit 3
ErrIrmsNCalc Bit 6

271

ErrIrmsNMeas Bit 7

●

PhaseStatus UINT
LossPhaseC Bit 0
LossPhaseB Bit 1
LossPhaseA Bit 2
WarningPhaseC Bit 4
WarningPhaseB Bit 5

278

WarningPhaseA Bit 6

●

Analog RMS value registers
290 IrmsN (measured) UINT ●
294 UrmsA UINT ●
298 UrmsB UINT ●
302 UrmsC UINT ●
306 IrmsNcalc (calculated) UINT ●
310 IrmsA UINT ●
314 IrmsB UINT ●
318 IrmsC UINT ●

Analog THD and angle registers
538 Freq UINT ●
542 PAngleA INT ●
546 PAngleB INT ●
550 PAngleC INT ●
554 Temperature INT ●
558 UAngleA INT ●
562 UAngleB INT ●
564 UAngleC INT ●

Analog power registers
778 PmeanT INT ●
782 PmeanA INT ●
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Read WriteRegister Name Data type
Cyclic Acyclic Cyclic Acyclic

786 PmeanB INT ●
790 PmeanC INT ●
794 QmeanT INT ●
798 QmeanA INT ●
802 QmeanB INT ●
806 QmeanC INT ●
810 SmeanT INT ●
814 SmeanA INT ●
818 SmeanB INT ●
822 SmeanC INT ●
826 PFmeanT INT ●
830 PFmeanA INT ●
834 PFmeanB INT ●
838 PFmeanC INT ●

Analog energy registers
4108 APenergyT UDINT ●
4116 APenergyA UDINT ●
4124 APenergyB UDINT ●
4132 APenergyC UDINT ●
4140 ANenergyT UDINT ●
4148 ANenergyA UDINT ●
4156 ANenergyB UDINT ●
4164 ANenergyC UDINT ●
4172 RPenergyT UDINT ●
4180 RPenergyA UDINT ●
4188 RPenergyB UDINT ●
4196 RPenergyC UDINT ●
4204 RNenergyT UDINT ●
4212 RNenergyA UDINT ●
4220 RNenergyB UDINT ●
4228 RNenergyC UDINT ●
4236 SAenergyT UDINT ●
4244 SenergyA UDINT ●
4252 SenergyB UDINT ●
4260 SenergyC UDINT ●
4268 SVenergyT UDINT ●
4404 AEnergyT DINT ●
4412 REnergyT DINT ●

Module configuration
1026 ChanControl UINT ●
1030 IDispTh UINT ●
1034 I_RatioA UINT ●
1038 I_RatioB UINT ●
1042 I_RatioC UINT ●
1046 I_RatioN UINT ●

Update request
1050 CfgUpdate UINT ●
1054 Cs0Update UINT ●
1058 Cs1Update UINT ●
1066 Cs3Update UINT ●
1570 Cs1UpdateFB UINT ●
1578 Cs3UpdateFB UINT ●

A/D converter status configuration
1090 ZXConfig UINT ●
1094 SagTh UINT ●
1098 PhaseLoseTh UINT ●
1102 INWarnTh0 UINT ●
1106 INWarnTh1 UINT ●
1110 THDNUTh UINT ●
1114 THDNITh UINT ●

A/D converter measurement configuration checksum 0
1154 PLconstH UINT ●
1158 PLconstL UINT ●
1162 MeteringMode UINT ●

A/D converter power calibration checksum 1
1246 PhiA_W UINT ●
1254 PhiB_W UINT ●
1262 PhiC_W UINT ●

A/D converter RMS value synchronization checksum 3
1346 UGainA_W UINT ●
1350 IGainA_W UINT ●
1354 UoffsetA_W INT ●
1358 IoffsetA_W INT ●
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Read WriteRegister Name Data type
Cyclic Acyclic Cyclic Acyclic

1362 UGainB_W UINT ●
1366 IGainB_W UINT ●
1370 UoffsetB_W INT ●
1374 IoffsetB_W INT ●
1378 UGainC_W UINT ●
1382 IGainC_W UINT ●
1386 UoffsetC_W INT ●
1390 IoffsetC_W INT ●
1394 IGainN_W UINT ●
1398 IoffsetN_W INT ●

A/D converter power calibration – read
1758 PhiA_R UINT ●
1766 PhiB_R UINT ●
1774 PhiC_R UINT ●

A/D converter RMS value synchronization – read
1858 UGainA_R UINT ●
1862 IGainA_R UINT ●
1866 UoffsetA_R INT ●
1870 IoffsetA_R INT ●
1874 UGainB_R UINT ●
1878 IGainB_R UINT ●
1882 UoffsetB_R INT ●
1886 IoffsetB_R INT ●
1890 UGainC_R UINT ●
1894 IGainC_R UINT ●
1898 UoffsetC_R INT ●
1902 IoffsetC_R INT ●
1906 IGainN_R UINT ●
1910 IoffsetN_R INT ●

Flatstream interface
2049 OutputMTU USINT ●
2051 InputMTU USINT ●
2055 FlatstreamMode USINT ●
2057 Forward USINT ●
2059 ForwardDelay USINT ●
2113 InputSequence USINT ●

2113 + 2*N RxByteN (index N = 1 to 27) USINT ●
2177 OutputSequence USINT ●

2177 + 2*N TxByteN (index N = 1 to 15) USINT ●
Force analog energy registers

2316 Frc_APenergyT UDINT ●
2324 Frc_APenergyA UDINT ●
2332 Frc_APenergyB UDINT ●
2340 Frc_APenergyC UDINT ●
2348 Frc_ANenergyT UDINT ●
2356 Frc_ANenergyA UDINT ●
2364 Frc_ANenergyB UDINT ●
2372 Frc_ANenergyC UDINT ●
2380 Frc_RPenergyT UDINT ●
2388 Frc_RPenergyA UDINT ●
2396 Frc_RPenergyB UDINT ●
2404 Frc_RPenergyC UDINT ●
2412 Frc_RNenergyT UDINT ●
2420 Frc_RNenergyA UDINT ●
2428 Frc_RNenergyB UDINT ●
2436 Frc_RNenergyC UDINT ●
2444 Frc_SAenergyT UDINT ●
2452 Frc_SenergyA UDINT ●
2460 Frc_SenergyB UDINT ●
2468 Frc_SenergyC UDINT ●
2476 Frc_SVenergyT UDINT ●
2484 Frc_APenergyTF UDINT ●
2492 Frc_APenergyAF UDINT ●
2500 Frc_APenergyBF UDINT ●
2508 Frc_APenergyCF UDINT ●
2516 Frc_ANenergyTF UDINT ●
2524 Frc_ANenergyAF UDINT ●
2532 Frc_ANenergyBF UDINT ●
2540 Frc_ANenergyCF UDINT ●
2548 Frc_APenergyTH UDINT ●
2556 Frc_APenergyAH UDINT ●
2564 Frc_APenergyBH UDINT ●
2572 Frc_APenergyCH UDINT ●
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Read WriteRegister Name Data type
Cyclic Acyclic Cyclic Acyclic

2580 Frc_ANenergyTH UDINT ●
2588 Frc_ANenergyAH UDINT ●
2596 Frc_ANenergyBH UDINT ●
2604 Frc_ANenergyCH UDINT ●

Oversampling buffer
6146 +

((16-N)*40)
IactN_SampleN (Index N = 1 to 16) INT ●

6150 +
((16-N)*40)

IactA_SampleN (Index N = 1 to 16) INT ●

6154 +
((16-N)*40)

UactA_SampleN (Index N = 1 to 16) INT ●

6158 +
((16-N)*40)

IactB_SampleN (Index N = 1 to 16) INT ●

6162 +
((16-N)*40)

UactB_SampleN (Index N = 1 to 16) INT ●

6166 +
((16-N)*40)

IactC_SampleN (Index N = 1 to 16) INT ●

6170 +
((16-N)*40)

UactC_SampleN (Index N = 1 to 16) INT ●

6773 SINT
6774

SampleCountN
INT

●

6778 INT
6780

Timestamp
DINT

●

Environment variables
15108 OnTime UDINT ●
15116 UpCounter UDINT ●
15122 MinTemp INT ●
15126 MaxTemp INT ●
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16.3 Function model 254 - Bus controller

Read WriteRegister Offset1) Name Data type
Cyclic Acyclic Cyclic Acyclic

Status register
StatusInput UINT
CntPulseActive Bit 0
CntPulseApparent Bit 1
CntPulseActiveFund Bit 2
CntPulseActiveHarm Bit 3
ZeroCrossA Bit 4
ZeroCrossB Bit 5
ZeroCrossC Bit 6
RBTrigDFT Bit 8
RBUpdateEnergy Bit 9
RBClearEnergy Bit 10

130 0

RBForceEnergy Bit 11

●

ControlOutput UINT
TrigDFT Bit 0
EnabEnergy Bit 1
ClearEnergy Bit 2

194 0

ForceEnergy Bit 3

●

266 - SysStatus1 UINT ●
270 - SysStatus2 UINT ●
274 - SysStatus3 UINT ●
278 - SysStatus4 UINT ●

SystemStatusSel01 USINT
SumStatusPhaseLoss Bit 2
SumStatusPhaseWarning Bit 3
ErrOrderPhasecurrent Bit 6

265 -

ErrOrderPhaseVoltage Bit 7

●

SystemStatusSel02 USINT
SumStatusWarningTHDCurrent Bit 2
SumStatusWarningTHDVoltage Bit 3
ErrIrmsNCalc Bit 6

271 -

ErrIrmsNMeas Bit 7

●

PhaseStatus UINT
LossPhaseC Bit 0
LossPhaseB Bit 1
LossPhaseA Bit 2
WarningPhaseC Bit 4
WarningPhaseB Bit 5

278 -

WarningPhaseA Bit 6

●

Analog RMS value registers
290 - IrmsN (measured) UINT ●
294 - UrmsA UINT ●
298 - UrmsB UINT ●
302 - UrmsC UINT ●
306 - IrmsNcalc (calculated) UINT ●
310 - IrmsA UINT ●
314 - IrmsB UINT ●
318 - IrmsC UINT ●

Analog THD and angle registers
538 - Freq UINT ●
542 - PAngleA INT ●
546 - PAngleB INT ●
550 - PAngleC INT ●
554 - Temperature INT ●
558 - UAngleA INT ●
562 - UAngleB INT ●
564 - UAngleC INT ●

Analog power registers
778 2 PmeanT INT ●
782 - PmeanA INT ●
786 - PmeanB INT ●
790 - PmeanC INT ●
794 4 QmeanT INT ●
798 - QmeanA INT ●
802 - QmeanB INT ●
806 - QmeanC INT ●
810 6 SmeanT INT ●
814 - SmeanA INT ●
818 - SmeanB INT ●
822 - SmeanC INT ●
826 - PFmeanT INT ●
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Read WriteRegister Offset1) Name Data type
Cyclic Acyclic Cyclic Acyclic

830 - PFmeanA INT ●
834 - PFmeanB INT ●
838 - PFmeanC INT ●

Analog energy registers
4108 - APenergyT UDINT ●
4116 - APenergyA UDINT ●
4124 - APenergyB UDINT ●
4132 - APenergyC UDINT ●
4140 - ANenergyT UDINT ●
4148 - ANenergyA UDINT ●
4156 - ANenergyB UDINT ●
4164 - ANenergyC UDINT ●
4172 - RPenergyT UDINT ●
4180 - RPenergyA UDINT ●
4188 - RPenergyB UDINT ●
4196 - RPenergyC UDINT ●
4204 - RNenergyT UDINT ●
4212 - RNenergyA UDINT ●
4220 - RNenergyB UDINT ●
4228 - RNenergyC UDINT ●
4236 - SAenergyT UDINT ●
4244 - SenergyA UDINT ●
4252 - SenergyB UDINT ●
4260 - SenergyC UDINT ●
4268 - SVenergyT UDINT ●
4404 8 AEnergyT DINT ●
4412 12 REnergyT DINT ●

Module configuration
1026 - ChanControl UINT ●
1030 - IDispTh UINT ●
1034 - I_RatioA UINT ●
1038 - I_RatioB UINT ●
1042 - I_RatioC UINT ●
1046 - I_RatioN UINT ●

Update request
1050 - CfgUpdate UINT ●
1054 - Cs0Update UINT ●
1058 - Cs1Update UINT ●
1066 - Cs3Update UINT ●
1570 - Cs1UpdateFB UINT ●
1578 - Cs3UpdateFB UINT ●

A/D converter status configuration
1090 - ZXConfig UINT ●
1094 - SagTh UINT ●
1098 - PhaseLoseTh UINT ●
1102 - INWarnTh0 UINT ●
1106 - INWarnTh1 UINT ●
1110 - THDNUTh UINT ●
1114 - THDNITh UINT ●

A/D converter measurement configuration checksum 0
1154 - PLconstH UINT ●
1158 - PLconstL UINT ●
1162 - MeteringMode UINT ●

A/D converter power calibration checksum 1
1246 - PhiA_W UINT ●
1254 - PhiB_W UINT ●
1262 - PhiC_W UINT ●

A/D converter RMS value synchronization checksum 3
1346 - UGainA_W UINT ●
1350 - IGainA_W UINT ●
1354 - UoffsetA_W INT ●
1358 - IoffsetA_W INT ●
1362 - UGainB_W UINT ●
1366 - IGainB_W UINT ●
1370 - UoffsetB_W INT ●
1374 - IoffsetB_W INT ●
1378 - UGainC_W UINT ●
1382 - IGainC_W UINT ●
1386 - UoffsetC_W INT ●
1390 - IoffsetC_W INT ●
1394 - IGainN_W UINT ●
1398 - IoffsetN_W INT ●
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Read WriteRegister Offset1) Name Data type
Cyclic Acyclic Cyclic Acyclic

A/D converter power calibration – read
1758 - PhiA_R UINT ●
1766 - PhiB_R UINT ●
1774 - PhiC_R UINT ●

A/D converter RMS value synchronization – read
1858 - UGainA_R UINT ●
1862 - IGainA_R UINT ●
1866 - UoffsetA_R INT ●
1870 - IoffsetA_R INT ●
1874 - UGainB_R UINT ●
1878 - IGainB_R UINT ●
1882 - UoffsetB_R INT ●
1886 - IoffsetB_R INT ●
1890 - UGainC_R UINT ●
1894 - IGainC_R UINT ●
1898 - UoffsetC_R INT ●
1902 - IoffsetC_R INT ●
1906 - IGainN_R UINT ●
1910 - IoffsetN_R INT ●

Flatstream interface
2049 - OutputMTU USINT ●
2051 - InputMTU USINT ●
2055 - FlatstreamMode USINT ●
2057 - Forward USINT ●
2059 - ForwardDelay USINT ●
2113 16 InputSequence USINT ●

2113 + 2*N 16 + N RxByteN (index N = 1 to 7) USINT ●
2177 16 OutputSequence USINT ●

2177 + 2*N 16 + N TxByteN (index N = 1 to 7) USINT ●
Force analog energy registers

2316 - Frc_APenergyT UDINT ●
2324 - Frc_APenergyA UDINT ●
2332 - Frc_APenergyB UDINT ●
2340 - Frc_APenergyC UDINT ●
2348 - Frc_ANenergyT UDINT ●
2356 - Frc_ANenergyA UDINT ●
2364 - Frc_ANenergyB UDINT ●
2372 - Frc_ANenergyC UDINT ●
2380 - Frc_RPenergyT UDINT ●
2388 - Frc_RPenergyA UDINT ●
2396 - Frc_RPenergyB UDINT ●
2404 - Frc_RPenergyC UDINT ●
2412 - Frc_RNenergyT UDINT ●
2420 - Frc_RNenergyA UDINT ●
2428 - Frc_RNenergyB UDINT ●
2436 - Frc_RNenergyC UDINT ●
2444 - Frc_SAenergyT UDINT ●
2452 - Frc_SenergyA UDINT ●
2460 - Frc_SenergyB UDINT ●
2468 - Frc_SenergyC UDINT ●
2476 - Frc_SVenergyT UDINT ●
2484 - Frc_APenergyTF UDINT ●
2492 - Frc_APenergyAF UDINT ●
2500 - Frc_APenergyBF UDINT ●
2508 - Frc_APenergyCF UDINT ●
2516 - Frc_ANenergyTF UDINT ●
2524 - Frc_ANenergyAF UDINT ●
2532 - Frc_ANenergyBF UDINT ●
2540 - Frc_ANenergyCF UDINT ●
2548 - Frc_APenergyTH UDINT ●
2556 - Frc_APenergyAH UDINT ●
2564 - Frc_APenergyBH UDINT ●
2572 - Frc_APenergyCH UDINT ●
2580 - Frc_ANenergyTH UDINT ●
2588 - Frc_ANenergyAH UDINT ●
2596 - Frc_ANenergyBH UDINT ●
2604 - Frc_ANenergyCH UDINT ●

Environment variables
15108 - OnTime UDINT ●
15116 - UpCounter UDINT ●
15122 - MinTemp INT ●
15126 - MaxTemp INT ●

1) The offset specifies the position of the register within the CAN object.

28 Data sheet V 2.61



X20(c)AP31xx

16.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use other registers and functions depending on the fieldbus used.
For detailed information, see section "Additional information - Using I/O modules on the bus controller" in the X20
user's manual (version 3.50 or later).

16.3.2 CAN I/O bus controller

The module occupies 3 analog logical slots with CAN I/O.

16.4 General information

The modules are used for power monitoring and for a machine's energy management. Examples of where this
would be used:

• Multi-phase energy measurement for class 0.5S or class 1 for

° 3-phase, 4-line applications with neutral conductor (with/without grounding)
° 3-phase, 3-line applications (with/without grounding)
° 2-phase networks with grounded phase B connection

• Single-phase measurement by disabling inputs that are not needed
• Mains analysis according to harmonic content
• Signal trace by 8 kHz recording of the 3 voltage channels and 4 current channels with FIFO

16.4.1 Measured value preparation

The modules provide the following possibilities for measured value preparation:

• Temperature coefficient of internal reference of 6 ppm/°C
• Energy registers for active, reactive and apparent energy, separated for forward and backward, fundamen-

tal waves and harmonics
• Threshold register for status signal generation and activation of power and energy measurement
• Determining the THD harmonic component
• Discrete Fourier Transformation (DFT) up to 31st harmonic component per phase for voltage and current
• Status signals for voltage dip, loss of voltage, phase sequence, energy flow, neutral current monitor, har-

monic component monitor

16.4.2 Additional information

Information Description
Measurement range limiting Due to the majority of registers consisting of 16-bit values (exception: energy registers, which are interpolated to

32-bit by the firmware), the measurement ranges are subject to limitations, e.g. voltage 650.00 Vrms and current
65,000 Arms (after accounting for the transfer factor of the current transformer).

Extended measurement ranges Extended measurement ranges can be achieved with the software application by upscaling the measured values.
Frozen values Sample time register:

If the group of measured values is read from the power meter, it is assigned a NetTime. Using this NetTime, a
freezing of the values can be determined.

Environment variables The values for duty cycle, boot counter, and minimum / maximum transformer temperature are recorded.
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16.4.3 Measurement function

The values measured for RMS, power, active power factor, phase angle and frequency are mean values over
16 full waves, the update rate is ~3 Hz.

The following represents the measurement time over 16 full waves at the corresponding frequency:
50 Hz → 320 ms
60 Hz → 267 ms

16.4.3.1 Energy measurement

The power measurement (energy measurement) is based on the integration of the measured values with a sampling
rate of 1 MHz.
The gathered energy values are provided according to the set unit (1 Ws, 10 Ws, etc.) in the energy registers.
Automatic reading of the energy meter from the transformer must be enabled because valid values are only avail-
able after the transformer has been configured. It is possible to clear the energy registers or to configure them with
a block of the register written in the software application.

Information:
When 1 Wh and 1 kWh are set, the energy pulses on the register "StatusInput" on page 38 may
not be used.

16.4.3.2 Power measurement

The phase power ratings are calculated by the module and stored in the corresponding registers.
The total power ratings are equal to the sum of the phase power ratings. To prevent the number range from being
exceeded, the value in the registers is equal to a fourth of the actual power. This value must be multiplied by 4
by the application.
The vector-based total apparent power (complex total apparent power) is calculated according to IEEE1459.

16.4.3.3 Power factor

The phase power factor is calculated by dividing the phase active power by the phase apparent power.
The total power factor is calculated by dividing the total active power by the total apparent power.

16.4.3.4 Neutral current

The neutral current can be measured or calculated. Both values are available.
The user can configure which one to use for displaying the status.

16.4.3.5 Phase angle

The phase angle is calculated based on the zero-crossing detection.

16.4.3.6 Frequency

Frequency measurement is based on Phase A. If A fails, then Phase C is used. If both A and C fail, then Phase
B is used.

16.4.3.7 Temperature

The Chip-Junction temperature is measured approximately every 100 ms using the sensor integrated in the trans-
former.

16.4.3.8 THD+N - Sum of interference power of the harmonic (THD) + interference power of the noise (N)

The THD+N measurement is used to monitor the percentage of harmonics in the network.
If this percentage falls below 10%, then an accuracy of 0.01% can no longer be guaranteed.
This is calculated as follows: (SQR (RMS valueTotal^2 - RMS valueFundamentalWave^2)) / RMS valueFundamentalWave
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16.4.3.9 Fourier analysis

The harmonic component from the 2nd to the 31st harmonic is calculated for voltage and current and the THD
(Total Harmonic Distortion) of each phase.
The DFT period (DFT = discrete Fourier Transformation) is 0.5 s. This corresponds to a resolution of 2 Hz. The
input samples are recorded at a sampling rate of 8 kHz and can be optionally multiplied with a "Hann window"
before being evaluated. This is initiated when requested by the application.
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Figure 1: Diagram of Fourier analysis
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16.4.4 Event generation

16.4.4.1 Zero-crossing detection

Zero-crossing detection can be configured for each phase for current or voltage and edge and forms the basis for
frequency and angle measurements and subsequently also for active and reactive power calculations.

U

TZX

TD

ZX
Positive zero crossing

ZX
Negative zero crossing

ZX
All zero crossings

Figure 2: Timing diagram of zero-crossing detection per phase

Symbol Description Minimum Typical Maximum Unit
TZX Length of high signal 5 ms
TD Delay time 0.2 0.5 ms

16.4.4.2 Voltage dip or power failure detection

Event Description
Voltage dip The threshold for the voltage dip is typically set to 78% of the standard voltage (approx. 170 Vrms). The status flag is set if more

than 3 8 kHz samples are below the threshold within 2 consecutive 11 ms windows.
Power failure The threshold for the power failure is typically set to 10% of the standard voltage (approx. 22 Vrms). The status flag is set if more

than 3 8 kHz samples are below the threshold within 2 consecutive 11 ms windows.
If a power failure is detected, zero crossing detection for voltage and current is disabled for this phase.

Voltage

11 ms window

+Threshold

-Threshold
Time

Voltage dip / Power failure
determined

Reason for voltage dip / power failure found
in 2 consecutive windows

IRQ
(if enabled)

Figure 3: Timing diagram for detection of a voltage dip or power failure
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16.4.4.3 Neutral current monitoring

Neutral current monitoring of the measured and the calculated value is done with separate threshold value registers
and status flags.

16.4.4.4 Phase sequence monitoring

3 phase and 2 phase applications are handled differently:
Application Description
3 phases Zero cross-overs of voltage and current must follow the sequence Phase A before Phase B before Phase C
2 phases Zero cross-overs of voltage and current must follow the sequence Phase A at least 180° before Phase C

16.4.5 Configuration registers

The configuration and calibration registers are each composed of blocks and employ a checksum feature to high-
light undesired changes. In order to apply this register to the transformer, the respective transfer register must be
changed after the data is transferred to the module (incrementing, bit toggling, etc.). The start value of the transfer
register is 0 after startup.

16.4.6 Oversampling

The input values are measured with a configurable sampling cycle time and saved in the internal physical data
buffer with timestamp. This data area can now be read out by means of configurable data length in cyclic data
transfer.
The recording and transfer system of logical channels is identical to that of the physical channels. The functions of
the logical channels are also executed in the configured sampling cycle time and saved in the logical data buffer
with timestamp. From here, the values can also be read out via configurable cyclic data points.
With fast cycle times, however, it can happen that the set sampling cycle time is not sufficient for the sum of all
physical and logical functions. If the physical sampling should remain unaffected, logical processing can be slowed
down via a prescaler setting.

Information:
Due to the free configurability of the sampling cycle time on the module, there is no synchronicity to the
X2X Link network, regardless of configuration as standard inputs or with the oversampling function.
If synchronicity is desired or required, then the configured sampling cycle time must be a multiple of
the X2X Link cycle time!
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16.5 Interface for transferring process variable mapping

Due to the amount of potential cyclic input data and the limitation to 30 byte cyclic X2X data, the extended Flat-
stream Interface (DPS = Data Point Stream) has been defined as the mechanism for transferring the process vari-
ables. DPS is based on the Flat Streaming Interface for serial interface modules. The Flat Streaming Interface was
expanded to include the block number as the first byte of the user data frame and implements the termination of
a frame (data image of the channel) with a zero segment.
The data blocks are re-transferred if a read request is triggered after a transfer has been completed. A block number
can be sent via the DPS to set a different block or transfer the entire image (default: block number 0).
It should be possible to adapt the DPS interface to the available buffer size. However, the higher-level fieldbus
must be taken into account when doing so (e.g. CAN 8 byte object, InputMTU size 7). The block number is added
to the front of the actual payload data as a means to differentiate the blocks.

#define ADC_BLK_ALL        0   // struct ADC_REG
#define ADC_BLK_STATUS     1   // long NetTimeReg + struct ADC_REG_STATUS
#define ADC_BLK_RMS        2   // struct ADC_REG_RMS
#define ADC_BLK_POWER      3   // struct ADC_REG_POWER
#define ADC_BLK_THD_ANGLE  4   // struct THD_ANGLE
#define ADC_BLK_ENERGY     5   // long NetTimeEnergy + struct ADC_REG_ENERGY
#define ADC_BLK_DFT        6   // long NetTimeDft + struct ADC_REG_DFT
#define ADC_BLK_CFGACT     7   // struct ADC_REG_CFGACT
#define ADC_BLK_ENVREG     8   // struct ENV_STATUS

Information:
• Consistency of the data is only provided for the individual variables because the data is trans-

ferred from the A/D converter asynchronously to the conversion.
• Make sure that the byte sequence of the register is in accordance with the Little Endian model

(Intel format).

The NetTime timestamps are always updated after the blocks have been generated when a new alternating buffer
is provided.

16.5.1 Data block structures

16.5.1.1 ADC_REG

typedef struct ADC_REG     ADC_REG;
struct ADC_REG
{
 long              NetTimeReg;  // Time of Section copy to Buffer
 ADC_REG_STATUS    Status;      // Status registers
 ADC_REG_RMS       Rms;         // RMS Registers
 ADC_REG_POWER     Power;       // Power Registers
 ADC_REG_THD_ANGLE ThdAngle;    // THD + Angle Registers

// Regular Energy Registers
 long            NetTimeEnergy; // Time of Section copy to Buffer
 ADC_REG_ENERGY  Energy;        // Energy Registers

 long            NetTimeDft;    // Time of Section copy to Buffer
 ADC_REG_DFT     Dft;           // DFT Registers
// Read Back selected CFG Registers
  ADC_REG_CFGACT  CfgAct;       // Config read back
// Read Back Environment Registers
  ENV_STATUS      EnvReg;
};
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16.5.1.2 ADC_REG_STATUS

typedef struct ADC_REG_STATUS  ADC_REG_STATUS;
struct ADC_REG_STATUS
{
  unsigned short SysStatus0;   // SysStatus 0
  unsigned short SysStatus1;   // SysStatus 1
  unsigned short EnStatus0;    // SysStatus 2
  unsigned short EnStatus1;    // SysStatus 3
};

16.5.1.3 ADC_REG_RMS

typedef struct ADC_REG_RMS  ADC_REG_RMS;
struct ADC_REG_RMS
{
  unsigned short IrmsN1;   // N Line Sampled current RMS
  unsigned short UrmsA;    // phase A voltage RMS
  unsigned short UrmsB;    // phase B voltage RMS
  unsigned short UrmsC;    // phase C voltage RMS
  unsigned short IrmsN0;   // N Line calculated current RMS
  unsigned short IrmsA;    // phase A current RMS
  unsigned short IrmsB;    // phase B current RMS
  unsigned short IrmsC;    // phase C current RMS
};

16.5.1.4 ADC_REG_POWER

typedef struct ADC_REG_POWER  ADC_REG_POWER;
struct ADC_REG_POWER
{
  unsigned short SVmeanTLSB;  // LSB of (Vector Sum) Total Apparent Power
  unsigned short SVmeanT;     // (Vector Sum) Total Apparent Power

  // Power and Power Factor Register
  signed short PmeanT;   // Total Active Power
  signed short PmeanA;   // Phase A Active Power
  signed short PmeanB;   // Phase B Active Power
  signed short PmeanC;   // Phase C Active Power
  signed short QmeanT;   // Total Reactive Power
  signed short QmeanA;   // Phase A Reactive Power
  signed short QmeanB;   // Phase B Reactive Power
  signed short QmeanC;   // Phase C Reactive Power
  signed short SmeanT;   // (Arithmetic Sum) Total apparent power
  signed short SmeanA;   // phase A apparent power
  signed short SmeanB;   // phase B apparent power
  signed short SmeanC;   // phase C apparent power
  signed short PFmeanT;  // Total power factor
  signed short PFmeanA;  // phase A power factor
  signed short PFmeanB;  // phase A power factor
  signed short PFmeanC;  // phase A power factor

  // Fundamental/ Harmonic Power and Voltage/ Current RMS Registers
  signed short PmeanTF;  // Total active fundamental power
  signed short PmeanAF;  // phase A active fundamental power
  signed short PmeanBF;  // phase B active fundamental power
  signed short PmeanCF;  // phase C active fundamental power
  signed short PmeanTH;  // Total active harmonic power
  signed short PmeanAH;  // phase A active harmonic power
  signed short PmeanBH;  // phase B active harmonic power
  signed short PmeanCH;  // phase C active harmonic power
};
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16.5.1.5 ADC_REG_THD_ANGLE

typedef struct ADC_REG_THD_ANGLE  ADC_REG_THD_ANGLE;
struct ADC_REG_THD_ANGLE
{
  // THD+N, Frequency, Angle and Temperature Registers
  unsigned short THDNUA;    // phase A voltage THD+N
  unsigned short THDNUB;    // phase B voltage THD+N
  unsigned short THDNUC;    // phase C voltage THD+N
  unsigned short THDNIA;    // phase A current THD+N
  unsigned short THDNIB;    // phase B current THD+N
  unsigned short THDNIC;    // phase C current THD+N
  unsigned short Freq;      // Frequency
  signed short     PAngleA;   // phase A mean phase angle
  signed short     PAngleB;   // phase B mean phase angle
  signed short     PAngleC;   // phase C mean phase angle
  signed short     Temp;      // Measured temperature
  signed short     UangleA;   // phase A voltage phase angle
  signed short     UangleB;   // phase B voltage phase angle
  signed short     UangleC;   // phase C voltage phase angle
};

16.5.1.6 ADC_REG_ENERGY

typedef struct ADC_REG_ENERGY  ADC_REG_ENERGY;
struct ADC_REG_ENERGY
{
  unsigned long APenergyT;   // Total Forward Active Energy
  unsigned long APenergyA;   // Phase A Forward Active Energy
  unsigned long APenergyB;   // Phase B Forward Active Energy
  unsigned long APenergyC;   // Phase C Forward Active Energy
  unsigned long ANenergyT;   // Total Reverse Active Energy
  unsigned long ANenergyA;   // Phase A Reverse Active Energy
  unsigned long ANenergyB;   // Phase B Reverse Active Energy
  unsigned long ANenergyC;   // Phase C Reverse Active Energy
  unsigned long RPenergyT;   // Total Forward Reactive Energy
  unsigned long RPenergyA;   // Phase A Forward Reactive Energy
  unsigned long RPenergyB;   // Phase B Forward Reactive Energy
  unsigned long RPenergyC;   // Phase C Forward Reactive Energy
  unsigned long RNenergyT;   // Total Reverse Reactive Energy
  unsigned long RNenergyA;   // Phase A Reverse Reactive Energy
  unsigned long RNenergyB;   // Phase B Reverse Reactive Energy
  unsigned long RNenergyC;   // Phase C Reverse Reactive Energy
  unsigned long SAenergyT;   // (Arithmetic Sum) Total Apparent Energy
  unsigned long SenergyA;    // Phase A Apparent Energy
  unsigned long SenergyB;    // Phase B Apparent Energy
  unsigned long SenergyC;    // Phase C Apparent Energy
  unsigned long SVenergyT;   // (Vector Sum) Total Apparent Energy

  // Fundamental / Harmonic Energy Register
  unsigned long APenergyTF;  // Total Forward Active Fundamental Energy
  unsigned long APenergyAF;  // Phase A Forward Active Fundamental Energy
  unsigned long APenergyBF;  // Phase B Forward Active Fundamental Energy
  unsigned long APenergyCF;  // Phase C Forward Active Fundamental Energy
  unsigned long ANenergyTF;  // Total Reverse Active Fundamental Energy
  unsigned long ANenergyAF;  // Phase A Reverse Active Fundamental Energy
  unsigned long ANenergyBF;  // Phase B Reverse Active Fundamental Energy
  unsigned long ANenergyCF;  // Phase C Reverse Active Fundamental Energy
  unsigned long APenergyTH;  // Total Forward Active Harmonic Energy
  unsigned long APenergyAH;  // Phase A Forward Active Harmonic Energy
  unsigned long APenergyBH;  // Phase B Forward Active Harmonic Energy
  unsigned long APenergyCH;  // Phase C Forward Active Harmonic Energy
  unsigned long ANenergyTH;  // Total Reverse Active Harmonic Energy
  unsigned long ANenergyAH;  // Phase A Reverse Active Harmonic Energy
  unsigned long ANenergyBH;  // Phase B Reverse Active Harmonic Energy
  unsigned long ANenergyCH;  // Phase C Reverse Active Harmonic Energy

  signed long AEnergyT;   // Total Active Energy
  signed long REnergyT;   // Total Reactive Energy
};
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16.5.1.7 ADC_REG_DFT

typedef struct ADC_REG_DFT  ADC_REG_DFT;
struct ADC_REG_DFT
{
  // Arithmetic ratio, 2 bits integer and 14 bits fractional; 
  // That is: Harmonic Ratio (%) = Register Value / 163.84
  unsigned short DftAI[32]; // phase A, Current, Harmonic Ratio for 2nd to 32nd  
                            // order componentand Total Harmonic DistortionRatio
  unsigned short DftBI[32]; // phase B, Current, Harmonic Ratio for 2nd to 32nd 
                            // order componentand Total Harmonic DistortionRatio
  unsigned short DftCI[32]; // phase C, Current, Harmonic Ratio for 2nd to 32nd 
                            // order componentand Total Harmonic DistortionRatio
  unsigned short DftAV[32]; // phase A, Voltage, Harmonic Ratio for 2nd to 32nd 
                            // order componentand Total Harmonic DistortionRatio
  unsigned short DftBV[32]; // phase B, Voltage, Harmonic Ratio for 2nd to 32nd 
                            // order componentand Total Harmonic DistortionRatio
  unsigned short DftCV[32]; // phase C, Voltage, Harmonic Ratio for 2nd to 32nd 
                            // order componentand Total Harmonic DistortionRatio

  unsigned short DftAI_Fund;
  unsigned short DftAV_Fund;
  unsigned short DftBI_Fund;
  unsigned short DftBV_Fund;
  unsigned short DftCI_Fund;
  unsigned short DftCV_Fund;
};

16.5.1.8 ADC_REG_CFACT

// Except of configuration registers used by APROL, readable only by FS-IF
// and with register numbers of registers with the same names.

typedef struct ADC_REG_CFGACTADC_REG_CFGACT;
struct ADC_REG_CFGACT
{
  unsigned short ChanControl;
  unsigned short IDispTh;
  unsigned short I_RatioA;
  unsigned short I_RatioB;
  unsigned short I_RatioC;
  unsigned short I_RatioN;
  unsigned short ZXConfig;
  unsigned short SagTh;
  unsigned short PhaseLoseTh;
  unsigned short INWarnTh0;
  unsigned short INWarnTh1;
  unsigned short THDNUTh;
  unsigned short THDNITh;
  unsigned short MeteringMode;
  unsigned short PLconstL;
  unsigned short PLconstH;
};

16.5.1.9 ENV_STATUS

// Environment Variables

typedef struct ENV_STATUSENV_STATUS;
struct ENV_STATUS
{
  unsigned long  ulUpTime;
  unsigned long  ulUpCnt;
  signed short   ssMinTemp;
  signed short   ssMaxTemp;
  unsigned long  ulRes[13];      // reserved 
};
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16.6 Status register

16.6.1 Status signals and responses

Name:
StatusInput
The signals are recorded in 200 µs intervals. The energy pulse values in this register are not valid when 1 kWh
and 1 Wh are set.
Data type Value
UINT See bit structure.

Bit structure:
Bit Name Value Information

0 Energy increase too low0 Energy pulse total active energy

1 Energy threshold reached

0 Energy increase too low1 Energy pulse total apparent energy
Default:
Arithmetic or vector sum (see register "MeteringMode" on page
65, bit 6)

1 Energy threshold reached

0 Energy increase too low2 Energy pulse total active energy, fundamental wave
1 Energy threshold reached
0 Energy increase too low3 Energy pulse total active energy, harmonics
1 Energy threshold reached
0 Zero crossing not detected4 ZX1 zero cross signal (ZCS) – Phase A
1 Default:

Pulse at rising edge of the zero cross signal of the voltage input,
can be reconfigured via register "ZXConfig" on page 62

0 Zero crossing not detected5 ZX2 zero cross signal (ZCS) – Phase B
1 Default:

Pulse at rising edge of the zero cross signal of the voltage input,
can be reconfigured via register "ZXConfig" on page 62

0 Zero crossing not detected6 ZX3 zero cross signal (ZCS) – Phase C
1 Default:

Pulse at rising edge of the zero cross signal of the voltage input,
can be reconfigured via register "ZXConfig" on page 62

7 Reserved 0
8 DFT response sent x If the state in the register "ControlOutput" on page 39 corre-

sponds with the response, then the action is complete
0 No update9 Energy value update response sent
1 Update complete

10 Energy value response deleted x If the state in the register "ControlOutput" on page 39 corre-
sponds with the response, then the action is complete

11 Energy value response set x If the state in the register "ControlOutput" on page 39 corre-
sponds with the response, then the action is complete

12 - 15 Reserved 0
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Energy measurement
The length of the energy pulses can vary according to the resulting output rate.

T = 80 msp

T  = 0.5 Tp

T = 5 msp

T 160 ms≥

10 ms T < 160 ms≤

Energy pulses

Energy pulses

Energy pulses

If T < 10 ms,
then T is set to 10 ms

16.6.2 Control signals

Name:
ControlOutput
Control signals are evaluated in a ~5 ms interval.
Data type Value
UINT See bit structure.

Bit structure:
Bit Name Value Information

0 Don't start0 DFT analysis
1 Start1)

0 Do not automatically read1 Automatically read energy values
1 Automatically read
0 Don't delete2 Clear energy values
1 Clear1)

0 Don't start3 Set energy values
1 Start1)

4 - 15 Reserved 0

1) If the state in the register "ControlOutput" on page 39 corresponds with the response, then the action is complete.

16.6.3 Read timestamp for I/O register (+0x0022 = 16-bit)

Name:
SampleTime01_32bit
NetTime timestamp for the readout time of the status, effective value and power registers.
For more information about NetTime and timestamps, see "NetTime Technology" on page 103.
Data type Value Information
DINT -2,147,483,647 to 2,147,483,647 NetTime timestamp in µs
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16.6.4 A/D converter system status 1

Name:
SysStatus1
The register is read by the converter in a ~5 ms interval.
Data type Value
UINT See bit structure.

Bit structure:
Bit Name Value Information

0 - 1 Reserved 0
0 Voltage within permitted range2 SumStatusPhaseLoss

Voltage of one or more phases < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage lower than the failure threshold

0 Voltage within permitted range3 SumStatusPhaseWarning
Voltage of one or more phases < warning threshold in the
register "SagTh" on page 63

1 Voltage lower than the warning threshold

4 - 5 Reserved 0
0 No error6 ErrOrderPhasecurrent

Error in the order of phase currents 1 Errors
0 No error7 ErrOrderPhaseVoltage

Error in the order of phase voltages 1 Errors
0 No error8 CS3Err

Checksum error in configuration block 3 1 Errors
9 Reserved 0

0 No error10 CS2Err
Checksum error in configuration block 2 1 Errors

11 Reserved 0
0 No error12 CS1Err

Checksum error in configuration block 1 1 Errors
13 Reserved 0

0 No error14 CS0Err
Checksum error in configuration block 0 1 Errors

15 Reserved 0
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16.6.5 A/D converter system status 2

Name:
SysStatus2
Data type Value
UINT See bit structure.

Bit structure:
Bit Name Value Information

0 No change of direction0 RevPchgC
Direction of the active energy for phase C has changed 1 Direction has changed

0 No change of direction1 RevPchgB
Direction of the active energy for phase B has changed 1 Direction has changed

0 No change of direction2 RevPchgA
Direction of the active energy for phase A has changed 1 Direction has changed

0 No change of direction3 RevPchgT
Direction of the active energy for the sum has changed 1 Direction has changed

0 No change of direction4 RevQchgC
Direction of the reactive energy for phase C has changed 1 Direction has changed

0 No change of direction5 RevQchgB
Direction of the reactive energy for phase B has changed 1 Direction has changed

0 No change of direction6 RevQchgA
Direction of the reactive energy for phase A has changed 1 Direction has changed

0 No change of direction7 RevQchgT
Direction of the reactive energy for the total has changed 1 Direction has changed

8 Reserved 0
0 DFT analysis not complete9 DFTDone

DFT analysis complete (temporary bit) 1 DFT analysis complete
0 THDIx value within permitted range10 SumStatusWarningTHDCurrent

THDIx value of one or more phases > warning threshold in
register "THDNITh" on page 63

1 THDIx value higher than warning threshold

0 THDUx value within permitted range11 SumStatusWarningTHDVoltage
THDUx value of one or more phases > warning threshold in
register "THDNUTh" on page 63

1 THDUx value higher than warning threshold

12 - 13 Reserved 0
0 Calculated value within permitted range14 ErrIrmsNCalc

Calculated value of the neutral conductor > warning threshold
in register "INWarnTh0" on page 63

1 Calculated value higher than warning threshold

0 Measured value within permitted range15 ErrIrmsNMeas
Measured value of the neutral conductor > warning threshold
in register "INWarnTh1" on page 63

1 Measured value higher than warning threshold

16.6.6 A/D converter system status 3

Name:
SysStatus3
Data type Value
UINT See bit structure.

Bit structure:
Bit Name Value Information

0 Forward1)0 CF1RevFlag
Direction of energy pulses 1 Back2)

0 Forward1)1 CF2RevFlag
Direction of energy pulses 1 Back2)

0 Forward1)2 CF3RevFlag
Direction of energy pulses 1 Back2)

0 Forward1)3 CF4RevFlag
Direction of energy pulses 1 Back2)

4 - 11 Reserved 0
0 Status with load12 TVSNoload

Vector based total apparent power of all phases in "No load"
state

1 State without load

0 Status with load13 TASNoload
Total apparent power of all phases in "No load" state 1 State without load

0 Status with load14 TPNoload
Total active power of all phases in "No load" state 1 State without load

0 Status with load15 TQNoload
Total reactive power of all phases in "No load" state 1 State without load

1) Forward direction of energy pulses (positive sign of corresponding energy register)
2) Reverse direction of energy pulses (negative sign of corresponding energy register)
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16.6.7 A/D converter system status 4

Name:
SysStatus4
Data type Value
UINT See bit structure.

Bit structure:
Bit Name Value Information

0 Voltage within permitted range0 LossPhaseC
Voltage < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage less than the failure threshold

0 Voltage within permitted range1 LossPhaseB
Voltage < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage less than the failure threshold

0 Voltage within permitted range2 LossPhaseA
Voltage < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage less than the failure threshold

3 Reserved 0
0 Voltage within permitted range4 WarningPhaseC

Voltage < Warning threshold in
register "SagTh" on page 63

1 Voltage less than the warning threshold

0 Voltage within permitted range5 WarningPhaseB
Voltage < warning threshold in the
register "SagTh" on page 63

1 Voltage less than the warning threshold

0 Voltage within permitted range6 WarningPhaseA
Voltage < warning threshold in the
register "SagTh" on page 63

1 Voltage less than the warning threshold

7 - 15 Reserved 0

16.6.8 Selection A/D converter system status 1

Name:
SystemStatusSel01
The most important bits of the "SysStatus1" on page 40 register are stored in this register.
Data type Value
USINT See bit structure.

Bit structure:
Bit Name Value Information

0 - 1 Reserved 0
0 Voltage within permitted range2 SumStatusPhaseLoss

Voltage of one or more phases < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage lower than the failure threshold

0 Voltage within permitted range3 SumStatusPhaseWarning
Voltage of one or more phases < warning threshold in the
register "SagTh" on page 63

1 Voltage lower than the warning threshold

4 - 5 Reserved 0
0 No error6 ErrOrderPhasecurrent

Error in the order of phase currents 1 Errors
0 No error7 ErrOrderPhaseVoltage

Error in the order of phase voltages 1 Errors
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16.6.9 Selection A/D converter system status 2

Name:
SystemStatusSel02
The most important bits of the "SysStatus2" on page 41 register are stored in this register.
Data type Value
USINT See bit structure.

Bit structure:
Bit Name Value Information

0 - 1 Reserved 0
0 THDIx value within permitted range2 SumStatusWarningTHDCurrent

THDIx value of one or more phases > warning threshold in
register "THDNITh" on page 63

1 THDIx value higher than warning threshold

0 THDUx value within permitted range3 SumStatusWarningTHDVoltage
THDUx value of one or more phases > warning threshold in
register "THDNUTh" on page 63

1 THDUx value higher than warning threshold

4 - 5 Reserved 0
0 Calculated value within permitted range6 ErrIrmsNCalc

The calculated value of the neutral line > warning threshold in
the register "INWarnTh0" on page 63

1 Calculated value higher than warning threshold

0 Measured value within permitted range7 ErrIrmsNMeas
Measured value of the neutral line > warning threshold in the
register "INWarnTh1" on page 63

1 Measured value higher than warning threshold

16.6.10 Phase status

Name:
PhaseStatus
This register corresponds to the "SysStatus4" on page 42 register. It contains the status of the 3 phases A,
B and C.
Data type Value
UINT See bit structure.

Bit structure:
Bit Name Value Information

0 Voltage within permitted range0 LossPhaseC
Voltage < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage less than the failure threshold

0 Voltage within permitted range1 LossPhaseB
Voltage < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage less than the failure threshold

0 Voltage within permitted range2 LossPhaseA
Voltage < failure threshold in the
register "PhaseLoseTh" on page 63

1 Voltage less than the failure threshold

3 Reserved 0
0 Voltage within permitted range4 WarningPhaseC

Voltage < warning threshold in the
register "SagTh" on page 63

1 Voltage less than the warning threshold

0 Voltage within permitted range5 WarningPhaseB
Voltage < warning threshold in the
register "SagTh" on page 63

1 Voltage less than the warning threshold

0 Voltage within permitted range6 WarningPhaseA
Voltage < warning threshold in the
register "SagTh" on page 63

1 Voltage less than the warning threshold

7 - 15 Reserved 0
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16.7 Analog RMS value registers

16.7.1 Current RMS value neutral line measured

Name:
IrmsN
Measured value of the neutral current between the P and N connections on the current terminal, multiplied with
the transfer factor of the transformer.
Data type Value Information
UINT 0 to 65535 Measured value 0.001 Arms

16.7.2 Voltage RMS value phase A/B/C

Name:
UrmsA
UrmsB
UrmsC
Measured value for N-terminal or virtual zero point.
Data type Value Information
UINT 0 to 65535 Measured value 0.01 Vrms

16.7.3 Current RMS value neutral line calculated

Name:
IrmsNcalc
Calculated value of neutral current derived from the other 3 phases.
Data type Value Information
UINT 0 to 65535 Measured value 0.001 Arms

16.7.4 Current RMS value phase A/B/C

Name:
IrmsA
IrmsB
IrmsC
Measured value of the phase current between the P and N connections on the current terminal, multiplied with
the transfer factor of the transformer.
Data type Value Information
UINT 0 to 65535 Measured value 0.001 Arms
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16.8 Analog total harmonic distortion (THD) and angle registers

16.8.1 THD and N value voltage phase A/B/C

Name:
THDNUA
THDNUB
THDNUC

Harmonic ratio = (SQR(RMS valuetotal^2 - RMS valuefundamental^2))/RMS valuefundamental

Data type Value Information
UINT 0 to 10000 Resolution 0.01%

16.8.2 THD and N value of current phase A/B/C

Name:
THDNIA
THDNIB
THDNIC

Harmonics ratio = (SQR(RMS valuetotal^2 - RMS valuefundamental^2))/RMS valuefundamental

Data type Values Information
UINT 0 to 10000 Resolution 0.01%

16.8.3 Fundamental frequency measured

Name:
Freq
Measured fundamental frequency of phases A, B and C.
Data type Value Information
UINT 0 to 10000 Resolution 0.01 Hz

16.8.4 Phase angle of power on phase A/B/C

Name:
PAngleA
PAngleB
PAngleC
Middle phase angle (power angle) of the current to the voltage based on the zero-crossing detection.
Data type Value Information
INT -1800 to 1800 Resolution 0.1°

16.8.5 Temperature of the converter

Name:
Temperature
This register contains the internal temperature of the transformer component. The temperature is recorded in a
100 ms interval.
Data type Value Information
INT -200 to 200 Resolution 1°C

16.8.6 Phase angle of voltage on phase A/B/C

Name:
UAngleA
UAngleB
UAngleC
The value for phase A is always 0. On the other phases, the angle corresponds with the offset to A. This is based
on the zero-crossing detection.
Data type Value Information
INT -1800 to 1800 Resolution 0.1°
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16.9 Analog power registers

16.9.1 Vector sum of total apparent power decimal places

Name:
SVmeanTLSB
The value in this register corresponds to a quarter of the actual power and can be converted in the application
according to the example below.
Conversion example

Actual vector sum of the total apparent power = ((REAL)SVmeanT * 4) + ((REAL)SVmeanTLSB * 4/256)
Data type Value Information
UINT 0 to 65535 Resolution unit/LSB corresponds to 4/265 VA.

16.9.2 Vector sum of the total apparent power MSW

Name:
SVmeanT
The value in the register equals a fourth of the actual power. The calculation is made in accordance with IEEE 1459.
This value must be multiplied by 4 by the application. Calculation formula for actual power:

Actual vector sum of the total apparent power MSW = register value * 4 (complex sum)
Data type Value Information
UINT 0 to 32767 Resolution 4 VA

16.9.3 Total active power

Name:
PmeanT
The value in the register equals a fourth of the actual power. The calculation can be performed in either absolute
or arithmetic mode (see register "MeteringMode" on page 65 <Bit 3>). Each phase can be separately enabled
for the power calculation (see register "MeteringMode" on page 65 <Bits 0, 1 and 2>).
This value must be multiplied by 4 by the application. Calculation formula for actual power:

Actual total active power = Register value * 4
Data type Value Information
INT -32767 to 32767 Resolution 4 W

16.9.4 Active power on phase A/B/C

Name:
PmeanA
PmeanB
PmeanC
Active power on the phase. Each phase can be separately enabled for the power calculation (see register "Meter-
ingMode" on page 65 <Bits 0, 1 and 2>).
Data type Value Information
INT -32767 to 32767 Resolution 1 W

16.9.5 Total reactive power

Name:
QmeanT
The value in the register equals a fourth of the actual power. The calculation can be performed in either absolute
or arithmetic mode (see register "MeteringMode" on page 65 <Bit 4>). Each phase can be separately enabled
for the power calculation (see register "MeteringMode" on page 65 <Bits 0, 1 and 2>).
This value must be multiplied by 4 by the application. Calculation formula for actual power:

Actual total reactive power = Register value * 4
Data type Value Information
INT -32767 to 32767 Resolution 4 var
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16.9.6 Reactive power on phase A/B/C

Name:
QmeanA
QmeanB
QmeanC
Reactive power on the phase. Each phase can be separately enabled for the power calculation (see register
"MeteringMode" on page 65 <Bits 0, 1 and 2>).
Data type Value Information
INT -32767 to 32767 Resolution 1 var

16.9.7 Total apparent power

Name:
SmeanT
The value in the register equals a fourth of the actual power. The power is calculated in arithmetic mode. Each
phase can be separately enabled for the power calculation (see register "MeteringMode" on page 65 <Bits 0,
1 and 2>).
This value must be multiplied by 4 by the application. Calculation formula for actual power:

Actual total apparent power = Register value * 4
Data type Value Information
INT 0 to 32767 Resolution 4 VA

16.9.8 Apparent power on phase A/B/C

Name:
SmeanA
SmeanB
SmeanC
Apparent power on the phase. Each phase can be separately enabled for the power calculation (see register
"MeteringMode" on page 65 <Bits 0, 1 and 2>).
Data type Value Information
INT 0 to 32767 Resolution 1 VA

16.9.9 Total power factor

Name:
PFmeanT
Data type Value Information
INT -1000 to 1000 Resolution 0.001

16.9.10 Power factor on phase A/B/C

Name:
PFmeanA
PFmeanB
PFmeanC
Data type Value Information
INT -1000 to 1000 Resolution 0.001

16.9.11 Total active power of fundamental wave

Name:
PmeanTF
The value in the register equals a fourth of the actual power.
This value must be multiplied by 4 by the application. Calculation formula for actual power:

Actual total active power of fundamental wave = Register value * 4
Data type Value Information
INT -32767 to 32767 Resolution 4 W
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16.9.12 Fundamental wave active power on phase A/B/C

Name:
PmeanAF
PmeanBF
PmeanCF
Active power of fundamental wave on the phase.
Data type Value Information
INT -32767 to 32767 Resolution 1 W

16.9.13 Total active power of harmonics

Name:
PmeanTH
The value in the register equals a fourth of the actual power.
This value must be multiplied by 4 by the application. Calculation formula for actual power:

Actual total active power of harmonics = Register value * 4
Data type Value Information
INT -32767 to 32767 Resolution 4 W

16.9.14 Harmonics active power on phase A/B/C

Name:
PmeanAH
PmeanBH
PmeanCH
Active power of harmonics on the phase.
Data type Value Information
INT -32767 to 32767 Resolution 1 W
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16.10 Analog energy registers

16.10.1 Read timestamp for energy register (+0x0022 = 16-bit)

Name:
SampleTime02_32bit
NetTime timestamp for the readout time of the energy registers.
For more information about NetTime and timestamps, see "NetTime Technology" on page 103.
Data type Value Information
DINT -2,147,483,647 to 2,147,483,647 NetTime timestamp in µs

16.10.2 Forward total active energy

Name:
APenergyT
Total active energy in forward direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.3 Forward active energy on phase A/B/C

Name:
APenergyA
APenergyB
APenergyC
Active energy in forward direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.4 Reverse total active energy

Name:
ANenergyT
Total active energy in reverse direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64
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16.10.5 Reverse active energy on phase A/B/C

Name:
ANenergyA
ANenergyB
ANenergyC
Active energy in reverse direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.6 Forward total reactive energy

Name:
RPenergyT
Total reactive energy in forward direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.7 Forward reactive energy on phase A/B/C

Name:
RPenergyA
RPenergyB
RPenergyC
Reactive energy in forward direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64
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16.10.8 Reverse total reactive energy

Name:
RNenergyT
Total reactive energy in reverse direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.9 Reverse reactive energy of the phase A/B/C

Name:
RNenergyA
RNenergyB
RNenergyC
Reactive energy in reverse direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.10 Arithmetic total apparent energy

Name:
SAenergyT
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.11 Apparent energy on phase A/B/C

Name:
SenergyA
SenergyB
SenergyC
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64
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16.10.12 Vectorized total apparent energy

Name:
SVenergyT
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.13 Forward fundamental wave total active energy

Name:
APenergyTF
Fundamental wave of total active energy in forward direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.14 Forward fundamental wave active energy on phase A/B/C

Name:
APenergyAF
APenergyBF
APenergyCF
Fundamental wave of active energy in forward direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.15 Reverse fundamental wave total active energy

Name:
ANenergyTF
Fundamental wave of total active energy in reverse direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64
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16.10.16 Reverse fundamental wave active energy on phase A/B/C

Name:
ANenergyAF
ANenergyBF
ANenergyCF
Fundamental wave of active energy in reverse direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.17 Forward harmonics total active energy

Name:
APenergyTH
Harmonics of total active energy in forward direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.18 Forward harmonics active energy on phase A/B/C

Name:
APenergyAH
APenergyBH
APenergyCH
Harmonics of active energy in forward direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64
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16.10.19 Reverse harmonics total active energy

Name:
ANenergyTH
Harmonics of total active energy in forward direction.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.20 Reverse harmonics active energy on phase A/B/C

Name:
ANenergyAH
ANenergyBH
ANenergyCH
Harmonics of active energy in reverse direction of the phase.
Data type Value Information
UDINT 0 to 4294967295 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64

16.10.21 Total active energy combined

Name:
AEnergyT
Total active energy in forward and backward direction.
Internal calculation formula for the total active energy:

AEnergyT = (DINT)(APenergyT - ANenergyT) Calculation overflows are ignored
Data type Value Information
DINT -2,147,483,647 to 2,147,483,647 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64
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16.10.22 Total reactive energy combined

Name:
REnergyT
Total reactive energy in forward and backward direction.
Internal calculation formula for the total reactive energy:
Data type Value Information
DINT -2,147,483,647 to 2,147,483,647 Resolution corresponding to setting in register "Power line constants" on page

64.

Notes:

• The register is updated automatically after being enabled, see register "ControlOutput" on page 39 <bit 1>
• The register is deleted upon request, see register "ControlOutput" on page 39 <bit 2>
• The register is set upon request, see register "ControlOutput" on page 39 <bit 3>
• For information about energy unit; see register "Power line constants" on page 64
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16.11 Analog discrete Fourier transformation register (DFT)

16.11.1 Read timestamp for DFT register (+0x0022 = 16-bit)

Name:
SampleTime03_32bit
NetTime timestamp for the readout time of the DFT registers.
Data type Value Information
DINT -2,147,483,647 to 2,147,483,647 NetTime timestamp in µs

16.11.2 Harmonic distortion register (HD) current I and voltage V for phases A/B/C

Name:
DftAI0 to DftAI30
DftAV0 to DftAV30
DftBI0 to DftBI30
DftBV0 to DftBV30
DftCI0 to DftCI30
DftCV0 to DftCV30
Ratio of 2nd to 32nd order harmonic wave components.

Conversion from % = register value / 163.84
Data type Value Information
UINT 0 to 32767 Ratio of frequency component

16.11.3 THD register current I and voltage V for phases A/B/C

Name:
DftAI31
DftAV31
DftBI31
DftBV31
DftCI31
DftCV31
Ratio of total harmonic distortion.

Conversion from % = register value / 163.84
Data type Value Information
UINT 0 to 32767 Total harmonic distortion
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16.11.4 Fundamental wave current on phase A/B/C

Name:
DftAI_Fund
DftBI_Fund
DftCI_Fund
Calculation of the fundamental wave current
Data type Values Information
UINT 0 to 32767 Fundamental wave current in mA

The fundamental wave current is calculated according to the following formula:
Standard calculation

Inverted calculation

Legend

Register value The value of this register
RatioConfigured Configured rated value divided by 10.

See "Current transformer rating phase A/B/C/N" on page 60.
RatioReal The real rated value depends on the AP module being used:

Module Value
X20AP3111 25000
X20AP3121 500
X20AP3131 100
X20AP3161 500
X20AP3171 Default: 5000

Inverted: 1
All others 1

16.11.5 Fundamental wave voltage on phase A/B/C

Name:
DftAV_Fund
DftBV_Fund
DftCV_Fund
Calculation of the fundamental wave voltage
Data type Values Information
UINT 0 to 32767 Fundamental value voltage in volts

The fundamental wave voltage is calculated according to the following formula:
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16.12 Environment variables

16.12.1 Operating time

Name:
ulUpTime
Total operating time of the module.
Data type Value Information
UDINT 0 to 4,294,967,295 Operating time in seconds

16.12.2 Switch-on and reset counter

Name:
ulUpCount
Switch-on and reset counter of the module.
Data type Value Information
UDINT 0 to 4,294,967,295 Switch-on and reset counter

16.12.3 Minimum operating temperature

Name:
ssMinTemp
Lowest measured module temperature since the last time it was started.
Data type Value Information
INT -200 to 200 Resolution 1°C

16.12.4 Maximum operating temperature

Name:
ssMaxTemp
Highest measured module temperature since the last time it was started.
Data type Value Information
INT -200 to 200 Resolution 1°C
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16.13 Module configuration

16.13.1 Mode register

Name:
ChanControl
Data type Value Bus controller default setting
UINT See bit structure. 15

Bit structure:
Bit Name Value Information

0 Off0 Channel status LED for phase A
1 On (bus controller default setting)
0 Off1 Channel status LED for phase B
1 On (bus controller default setting)
0 Off2 Channel status LED for phase C
1 On (bus controller default setting)

3 Reserved 0
0 Off (bus controller default setting)4 Neutral current monitor and status LED
1 On
0 Derived from the calculated value (bus controller default setting)5 Neutral current status derived from the calculated or measured

value 1 Derived from the measured value
0 Disabled (1 Ws, 10 Ws, 100 Ws, 1 kWs) (bus controller default

setting)
6 Conversion of energy register to Wh and kWh2)

1 Enabled (1 Wh and 1 kWh)
0 Off3) (bus controller default setting)7 Display current values despite power failure3)

1 On
0 Disabled (bus controller default setting)8 - 15 Oversampling with prescaler

1 - 255 Enabled
Sample cycle time as a multiple of 125 µs; only in the "Oversam-
pling" function model

1) When 1 Wh and 1 kWh are set, the energy pulses on the register "Status signals and responses" on page 38 may not be used.
2) When a power failure occurs, all current values are held at 0 by default.
3) According to the power failure status of the individual phases, the following values are held at 0 by default.

• Mains frequency, phase angle, power factor
• Effective voltage and current values
• Active, reactive and apparent power values

16.13.2 Analog minimum current for active current channel LEDs

Name:
IDispTh
The indicator threshold defines the RMS value of the current at which the status LED for the phase current is
illuminated. The default values vary from module to module and should be adjusted to the maximum primary
current.
Suggestion: 1% of maximum value
Data type Value Information
UINT 1 to 65000 RMS indicator threshold in mA.

Bus controller default setting:
Module Indicator threshold
X20AP3111 200 mA
X20AP3121/22 500 mA
X20AP3131/32 500 mA
X20AP3161 500 mA
X20AP3171 500 mA
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16.13.3 Current transformer rating phase A/B/C/N

Name:
I_RatioA
I_RatioB
I_RatioC
I_RatioN
The following current transformer measurements are applied in these registers. The permissible values are mod-
ule-dependent (0.1 resolution).

• X20AP3111, 3121/22 and 3131/32: The measured current is multiplied by the current transformation ratio.
• X20AP3161: The maximum primary current of the transformer is configured.
• X20AP3171: The current transformation ratio of the Rogowski coil is entered. This is the voltage in µV that

the coil provides at 10 A primary current (0.1 µV/A).
Data type Value Information
UINT x Current transformer measurement.

Bus controller default setting:
Module Rating
X20AP3111 Transformation ratio: 10 to 32500.

Bus controller default setting: 25000
X20AP3121/22 Transformation ratio: 10 to 650.

Bus controller default setting: 500
X20AP3131/32 Transformation ratio: 10 to 130.

Bus controller default setting: 100
X20AP3161 Measurement range: 50 to 650.

Bus controller default setting: 500
X20AP3171 Current transformation ratio: 2550 to 8000.

Bus controller default setting: 10000

Information:
The maximum resulting current must not exceed the value of 65000 mA.

16.14 Update requests

16.14.1 User configuration

The following procedure has to be complied with to apply the new values in a configuration change.

1) Writing update register

° CfgUpdate = 0xFFFF
° Cs0Update = 0xFFFF

2) Writing the desired configuration register
3) Writing update register

° CfgUpdate = 0x1
° Cs0Update = 0x1

16.14.2 Update request status configuration register

Name:
CfgUpdate
The registers in section "A/D converter status configuration" on page 62 are only applied after changing this
register. Writing with 0xFFFF only resets this register without applying the values.
Data type Value Information
UINT 0 to 65535 Update request.

Bus controller default setting: 65535
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16.14.3 Update request A/D converter Cs0, Cs1 and Cs3 register

Name:
Cs0Update
Cs1Update
Cs3Update
The register of the respective section is only applied after changing the corresponding CsxUpdate register. These
are:

• Cs0Update: 3 registers in section "A/D converter measurement configuration checksum 0" on page 64
• Cs1Update: 3 registers in "A/D converter power calibration checksum 1" on page 69
• Cs3Update: 14 registers in section "A/D converter RMS value synchronization checksum 3" on page 67

Writing with 0xFFFF only resets this register without applying the value.
Data type Value Information
UINT 0 to 65535 Update request.

Bus controller default setting: 65535

16.14.4 Reading update request A/D converter Cs1 and Cs3 register

Name:
Cs1UpdateFB
Cs3UpdateFB
The A/D converter configuration registers in the sections "A/D converter status configuration" on page 62 and
"A/D converter measurement configuration checksum 0" on page 64 are only transferred to the feedback buffer
after transfer to the A/D converter is complete.
Data type Value Information
UINT 0 to 65535
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16.15 A/D converter status configuration

Changes in the registers in this section are only applied after an update request in register "CfgUpdate" on page
60.

16.15.1 A/D converter hardware signal pinout

Name:
ZXConfig
Data type Value Bus controller default setting
UINT See bit structure. 0x4400

Bit structure:
Bit Name Value Information

0 Enabled (bus controller default setting)0 Zero cross signals
1 Disabled

00 Positive zero crossing (bus controller default setting)
01 Negative zero crossing
10 Both zero cross-overs

1 - 2 ZX20Con
Trigger zero crossing

11 No zero crossing
00 Positive zero crossing (bus controller default setting)
01 Negative zero crossing
10 Both zero cross-overs

3 - 4 ZX1Con
Trigger zero crossing

11 No zero crossing
00 Positive zero crossing (bus controller default setting)
01 Negative zero crossing
10 Both zero cross-overs

5 - 6 ZX2Con
Trigger zero crossing

11 No zero crossing
000 Voltage A (bus controller default setting)
001 Voltage B
010 Voltage C
011 Fix 0
100 Current A
101 Current B
110 Current C

7 - 9 ZX0Src
Signal source for ZX0 hardware signal

111 Fix 0
000 Voltage A
001 Voltage B (bus controller default setting)
010 Voltage C
011 Fix 0
100 Current A
101 Current B
110 Current C

10 - 12 ZX1Src
Signal source for ZX1 hardware signal

111 Fix 0
000 Voltage A
001 Voltage B
010 Voltage C (bus controller default setting)
011 Fix 0
100 Current A
101 Current B
110 Current C

13 - 15 ZX2Src
Signal source for ZX2 hardware signal

111 Fix 0
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16.15.2 Voltage warning threshold

Name:
SagTh
This register defines an RMS voltage value for monitoring the voltage warning signals.
Data type Value Information
UINT 5000 to 50000 Resolution 0.01 V.

Bus controller default setting: 12368

16.15.3 Power failure threshold

Name:
PhaseLoseTh
This register defines an RMS voltage value for monitoring the power failure signals.
Data type Value Information
UINT 1000 to 6000 Resolution 0.01 V.

Bus controller default setting: 2420

16.15.4 Warning threshold for the calculated neutral current

Name:
INWarnTh0
Current value for monitoring the calculated neutral line current.
Data type Value Information
UINT 0 to 65000 Resolution 0.001 A.

Bus controller default setting: 50

16.15.5 Warning threshold for the measured neutral current.

Name:
INWarnTh1
Current value for monitoring the measured neutral line current.
Data type Value Information
UINT 0 to 65000 Resolution 0.001 A.

Bus controller default setting: 50

16.15.6 Warning threshold for exceeding voltage THD

Name:
THDNUTh
Percentage value defining warning threshold for THD ratio.
Data type Value Information
UINT 0 to 10000 Resolution 0.01%.

Bus controller default setting: 1000

16.15.7 Warning threshold for exceeding current THD

Name:
THDNITh
Percentage value defining warning threshold for THD ratio.
Data type Value Information
UINT 0 to 10000 Resolution 0.01%.

Bus controller default setting: 1000
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16.16 A/D converter measurement configuration checksum 0

Changes in the registers in this section are only applied after an update request in register "Cs0Update" on page 61.

16.16.1 Power line constants

Name:
PLconstH
PLconstL
Base value for power line constant.
10 increments in the energy register result in 1 energy pulse. Base value 0x4A81 7C80 = 1,250,000,000 corre-
sponds to 360 energy pulses per kWh or 0.1 energy pulses per kWs. In the energy registers, this results in 1 kWs
per position.
The two registers can be set to the following values. Other values are not allowed
Data type PLConstH PLConstL 1 increment in the energy register corresponds to:

0x0013 0x12D0 1 Ws1)

0x00BE 0xBC20 10 Ws1)

0x0773 0x5940 100 Ws1)

0x4A81 0x7C80 1 kWs1) (bus controller default setting)
0x0010 0x0034 1 Wh2)

UINT

0x417B 0xCE6C 1 kWh2)

1) Register "ChanControl" on page 59, bit 6 = 0
2) Register "ChanControl" on page 59, bit 6 = 1

Information:
When 1 Wh and 1 kWh are set, the energy pulses on the register "StatusInput" on page 38 may not
be used.
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16.16.2 Analog A/D converter measurement setting 1

Name:
MeteringMode
Data type Value Bus controller default setting
UINT See bit structure. 135

Bit structure:
Bit Name Value Information

0 Not released0 Enables phase C for adding the power and energy values to-
gether 1 Enabled (bus controller default setting)

0 Not released1 Enables phase B for adding the power and energy values to-
gether 1 Enabled (bus controller default setting)

0 Not released2 Enables phase A for adding the power and energy values to-
gether 1 Enabled (bus controller default setting)

0 Arithmetic sum (bus controller default setting)3 Calculation method for adding active power and active energy
1 Absolute sum
0 Arithmetic sum (bus controller default setting)4 Calculation method for adding reactive power and reactive en-

ergy 1 Absolute sum
5 Reserved 0

0 Arithmetic sum (bus controller default setting)6 Selects apparent energy for Energypulse2-Source
1 Vector sum
0 Apparent energy7 Energypulse2-Source
1 Reactive energy (bus controller default setting)
0 3P4W (bus controller default setting)8 Measuring configuration
1 3P3W

9 Resolution of energy register 0 Must be 0!
0 Off (bus controller default setting)10 Integrator for DIDT current transformer
1 On
0 On (bus controller default setting)11 High-pass filter
1 Off
0 50 Hz (bus controller default setting)12 Basis frequency
1 60 Hz
0 I1 to phase A and I3 to phase C (bus controller default setting)13 Phase assignment
1 I1 to Phase C and I3 to Phase A

14 - 15 Reserved 0

Comments regarding measurement configurations:
Measuring configuration Note
3P4W Monitors the phasing of voltages and currents: Phase A before phase B before phase C

Measuring configuration: Phase A and phase C, N connection bridges to phase B or open
Measurement: e.g. the 2 phases A and C and the 2 corresponding currents are measured, phase B disabled

3P3W

Monitors the phasing of voltages and currents: Phase difference between A and C >180°
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16.17 User calibration of current and voltage values

Use the following procedure to properly calculate gain and offset:

• Read out the predefined values:
See "A/D converter RMS value synchronization – read" on page 66.

• Calculate and set new values:
See "A/D converter RMS value synchronization checksum 3" on page 67.

• Update predefined values by setting the register "Cs3Update" on page 61. The predefined values have
been updated when the value in the register "Cs3UpdateFB" on page 61 is equal to the value of <Cs3Up-
date>.

16.18 A/D converter RMS value synchronization – read

16.18.1 General information

The values in the registers specified in this section must be read at the beginning of the calibration. This is the only
way to ensure that the gain and offset will be calculated correctly.
The values contained in the registers correspond to the valueold in the calculation formulas for gain and offset (see
"A/D converter RMS value synchronization checksum 3" on page 67).

16.18.2 Voltage RMS value gain phase A/B/C

Name:
UGainA_R
UGainB_R
UGainC_R
Data type Value
UINT 0 to 65535

16.18.3 Current RMS value gain phase A/B/C/N

Name:
IGainA_R
IGainB_R
IGainC_R
IGainN_R
Data type Value
UINT 0 to 65535

16.18.4 Voltage RMS value offset phase A/B/C

Name:
UoffsetA_R
UoffsetB_R
UoffsetC_R
Data type Value
INT -32767 to 32767

16.18.5 Current RMS value offset phase A/B/C/N

Name:
IoffsetA_R
IoffsetB_R
IoffsetC_R
IoffsetN_R
Data type Value
INT -32767 to 32767
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16.19 A/D converter RMS value synchronization checksum 3

Changes in the registers in this section are only applied after an update request in register "Cs3Update" on page 61.

16.19.1 Voltage RMS value gain phase A/B/C

Name:
UGainA_W
UGainB_W
UGainC_W
The resulting gain is calculated using the following formula:

Valuenew = Valueold * correction factor, determined when U = Un

Data type Value Information
UINT 0 to 65535 Voltage RMS value gain, phase-based.

Bus controller default setting: 26400

16.19.2 Current RMS value gain phase A/B/C/N

Name:
IGainA_W
IGainB_W
IGainC_W
IGainN_W
The resulting gain is calculated using the following formula:

Valuenew = Valueold * correction factor, determined when I = In
Data type Value Information
UINT 0 to 65535 Current RMS value gain, phase-based.

Bus controller default setting:
X20AP3111, X20AP312x: 31248

X20AP313x: 38704
X20AP3161: 23339
X20AP3171: 16653

16.19.3 Voltage RMS value offset phase A/B/C

Name:
UoffsetA_W
UoffsetB_W
UoffsetC_W
Corresponds to the negated value of the corresponding RMS value register when U = 0.
Data type Value Information
INT -32767 to 32767 RMS value voltage offset, phase-based.

Bus controller default setting: 0

16.19.4 Current RMS value offset phase A/B/C/N

Name:
IoffsetA_W
IoffsetB_W
IoffsetC_W
IoffsetN_W
Corresponds to the negated value of the corresponding RMS value register when I = 0.
Data type Value Information
INT -32767 to 32767 RMS value current offset, phase-based.

Bus controller default setting: 0
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16.20 User calibration of power values

Use the following procedure to properly calculate the power angle correction:

1) Calculate the values
2) Write the value 0xFFFF to register "Cs1Update" on page 61
3) Read register "Cs1UpdateFB" on page 61 until 0xFFFF is returned
4) Write the calculated values to the registers "PhiA_W, PhiB_W, PhiC_W" on page 69
5) Write the value 0x0001 to register Cs1Update
6) Read register Cs1UpdateFB until 0x0001 is returned

Information:
These registers are NOT nonvolatile, and the process needs to be repeated after every PowerOn and
every rising edge of the ModuleOK bit.

16.20.1 A/D converter power angle correction phase A/B/C

Name:
PhiA_R
PhiB_R
PhiC_R
These registers can be used to read out the configured values at runtime, but are not nonvolatile and have the
value 0 after the system is started.
Data type Values
UINT See the bit structure.

Bit structure:
Bit Name Value Information

0 - 9 Delay time for energy phase angle correction x The clock base is 2.048 MHz. Maximum 0.499 ms
10 - 14 Reserved 0

0 Effect on current channel15 Delay times
1 Effect on voltage channel
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16.20.2 A/D converter power calibration checksum 1

Name:
PhiA_W
PhiB_W
PhiC_W
These registers can be used to correct phase shifts at runtime. This can be necessary if the transformers used
distort the phase shift.
Changes in these registers are only applied after an update request in register "Cs1Update" on page 61.
Data type Values Bus controller default setting
UINT See the bit structure. 0

Bit structure:
Bit Name Value Information

0 - 9 Delay time for energy phase angle correction 0 to 1023 See description for bits 0 to 9.
Bus controller default setting: 0

10 - 14 Reserved 0
15 Delay times 0 or 1 See description for Bit 15

Description - Bits 0 to 9
The maximum correction 0x3FF = 1023 dec. corresponds to 0.49951 ms.
At 50 Hz mains this corresponds to a change of 8.99 degrees
At 60 Hz mains this corresponds to a change of 10.79 degrees

Schematic representation of inductive load: Voltage ahead of current Schematic representation of capacitive load: Current ahead of voltage
Voltage
Current

90° 180° 270° 360°

Voltage
Current

90° 180° 270° 360°

Description - Bit 15
0 Delay affects current channel

Effect with inductive load Reduced angle between I and U, and therefore an increased power factor
Effect with capacitive load Increased angle between U and I, and therefore an reduced power factor

1 Delay affects voltage channel
Effect with inductive load Reduced angle between U and I, and therefore an increased power factor
Effect with capacitive load Increased angle between I and U, and therefore an reduced power factor
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16.21 Force analog energy registers

The registers are described under "Analog energy registers" on page 49. A corresponding comparison attached:
Force registers Read registers
Frc_APenergyT
Frc_APenergyTF
Frc_APenergyTH

"APenergyT"

Frc_APenergyA
Frc_APenergyAF
Frc_APenergyAH

"APenergyA"

Frc_APenergyB
Frc_APenergyBF
Frc_APenergyBH

"APenergyB"

Frc_APenergyC
Frc_APenergyCF
Frc_APenergyCH

"APenergyC"

Frc_ANenergyT
Frc_ANenergyTF
Frc_ANenergyTH

"ANenergyT"

Frc_ANenergyA
Frc_ANenergyAF
Frc_ANenergyAH

"ANenergyA"

Frc_ANenergyB
Frc_ANenergyBF
Frc_ANenergyBH

"ANenergyB"

Frc_ANenergyC
Frc_ANenergyCF
Frc_ANenergyCH

"ANenergyC"

Frc_RPenergyT "RPenergyT"
Frc_RPenergyA "RPenergyA"
Frc_RPenergyB "RPenergyB"
Frc_RPenergyC "RPenergyC"
Frc_RNenergyT "RNenergyT"
Frc_RNenergyA "RNenergyA"
Frc_RNenergyB "RNenergyB"
Frc_RNenergyC "RNenergyC"
Frc_SAenergyT "SAenergyT"
Frc_SenergyA "SenergyA"
Frc_SenergyB "SenergyB"
Frc_SenergyC "SenergyC"
Frc_SVenergyT "SVenergyT"

These registers can be used to set the energy counter to a specific value after a module has been replaced.
Data type Value Information
UDINT 0 to 4294967295 Bus controller default setting: 0

16.21.1 Force forward total active energy

Name:
Frc_APenergyT
The registers are described under "Analog energy registers" on page 49.
These registers can be used to set the energy counter to a specific value after a module has been replaced. The
register is updated to the current values when triggered by register "ControlOutput" on page 39, bit 3.
Data type Value
UDINT 0 to 4294967295
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16.22 Oversampling buffer

16.22.1 General information

A sample line contains the instantaneous values of currents (4 channels) and voltages (3 channels) as well as a
sequential number and the NetTime at the time of transfer from the converter. These values are measured in a
grid of 125 µs * Prescaler.
The user must then normalize the values to the respective physical values:

Voltage: Vrms = (INT32)Vs * 4 / Sqrt(2)
Current: Irms = (INT32)Is * 4 / Sqrt(2)

16.22.2 Sample - Neutral current

Name:
IactN_Sample1 to IactN_Sample16
Current value of the neutral current
The value of these registers must be converted by the application: See "General information" on page 71.
Data type Value Information
INT -32767 to 32767 Resolution 0.001 A

16.22.3 Sample - Current on phase A

Name:
IactA_Sample1 to IactA_Sample16
Present current value on phase A.
The value of these registers must be converted by the application: See "General information" on page 71.
Data type Value Information
INT -32767 to 32767 Resolution 0.001 A

16.22.4 Sample - Voltage on phase A

Name:
UactA_Sample1 to UactA_Sample16
Present voltage value on phase A.
The value of these registers must be converted by the application: See "General information" on page 71.
Data type Value Information
INT -32767 to 32767 Resolution 0.01 V

16.22.5 Sample - Current on phase B

Name:
IactB_Sample1 to IactB_Sample16
Present current value on phase B.
The value of these registers must be converted by the application: See "General information" on page 71.
Data type Value Information
INT -32767 to 32767 Resolution 0.001 A

16.22.6 Sample - Voltage of phase B

Name:
UactB_Sample1 to UactB_Sample16
Current value of the voltage of phase B.
The value of these registers must be converted by the application: See "General information" on page 71.
Data type Values Information
INT -32767 to 32767 Resolution 0.01 V
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16.22.7 Sample - Current on phase C

Name:
IactC_Sample1 to IactC_Sample16
Present current value on phase C.
The value of these registers must be converted by the application: See "General information" on page 71.
Data type Value Information
INT -32767 to 32767 Resolution 0.001 A

16.22.8 Sample - Voltage on phase C

Name:
UactC_Sample1 to UactC_Sample16
Present voltage value on phase C.
The value of these registers must be converted by the application: See "General information" on page 71.
Data type Value Information
INT -32767 to 32767 Resolution 0.01 V

16.22.9 Sample number

Name:
SampleCount1 to Samplecount16
Sample line number, ascending, cyclic.
Number of new sample lines since last readout.
Data type Value
SINT -127 to 127
INT -32767 to 32767

16.22.10 Sample time

Name:
Timestamp
NetTime timestamp of sample line 1.
The older sample lines must be recalculated with 125 µs each.
For more information about NetTime and timestamps, see "NetTime Technology" on page 103.
Data type Value
INT -32767 to 32767
DINT -2,147,483,647 to 2,147,483,647
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16.23 Environment variables

16.23.1 Operating time in seconds

Name:
OnTime
The operating time since startup is saved in seconds in this register.
Data type Value
UDINT 0 to 4294967295

16.23.2 Startup counter

Name:
UpCounter
The number of restarts since startup is saved in this register.
Data type Value
UDINT 0 to 4294967295

16.23.3 Minimum operating temperature

Name:
MinTemp
The lowest transformer temperature [°C] since startup is saved in this register.
Data type Value Information
INT -200 to 200 Resolution 1°C

16.23.4 Maximum operating temperature

Name:
MaxTemp
The highest transformer temperature [°C] since startup is saved in this register.
Data type Value Information
INT -200 to 200 Resolution 1°C
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16.24 Flatstream communication

16.24.1 Introduction

B&R offers an additional communication method for some modules. "Flatstream" was designed for X2X and
POWERLINK networks and allows data transmission to be adapted to individual demands. Although this method
is not 100% real-time capable, it still allows data transfer to be handled more efficiently than with standard cyclic
polling.

X2X

Flatstream

Cyclic
communication

Cyclic
communication

Field-device
language

B&R field device

B&R field device

B&R field device

B&R module

B&R module

B&R modulePLC or
bus controller

PLC or
bus controller

PLC or
bus controller

B&R CPU

B&R CPU

B&R CPU
Device command

X2X-compatible
device command As bridge

Cache values

Cyclic call
of cache values

Acyclic call
of cache values

Cyclic call
using I/O mapping

Acyclic call
using

library functions

Cache values

Figure 4: 3 types of communication

Flatstream extends cyclic and acyclic data queries. With Flatstream communication, the module acts as a bridge.
The module is used to pass CPU queries directly on to the field device.
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16.24.2 Message, segment, sequence, MTU

The physical properties of the bus system limit the amount of data that can be transmitted during one bus cycle.
With Flatstream communication, all messages are viewed as part of a continuous data stream. Long data streams
must be broken down into several fragments that are sent one after the other. To understand how the receiver puts
these fragments back together to get the original information, it is important to understand the difference between
a message, a segment, a sequence and an MTU.
Message
A message refers to information exchanged between 2 communicating partner stations. The length of a message
is not restricted by the Flatstream communication method. Nevertheless, module-specific limitations must be con-
sidered.
Segment (logical division of a message):
A segment has a finite size and can be understood as a section of a message. The number of segments per
message is arbitrary. So that the recipient can correctly reassemble the transferred segments, each segment is
preceded by a byte with additional information. This control byte contains information such as the length of a
segment and whether the approaching segment completes the message. This makes it possible for the receiving
station to interpret the incoming data stream correctly.
Sequence (how a segment must be arranged physically):
The maximum size of a sequence corresponds to the number of enabled Rx or Tx bytes (later: "MTU"). The
transmitting station splits the transmit array into valid sequences. These sequences are then written successively
to the MTU and transferred to the receiving station where they are put back together again. The receiver stores
the incoming sequences in a receive array, obtaining an image of the data stream in the process.
With Flatstream communication, the number of sequences sent are counted. Successfully transferred sequences
must be acknowledged by the receiving station to ensure the integrity of the transfer.
MTU (Maximum Transmission Unit) - Physical transport:
MTU refers to the enabled USINT registers used with Flatstream. These registers can accept at least one sequence
and transfer it to the receiving station. A separate MTU is defined for each direction of communication. OutputMTU
defines the number of Flatstream Tx bytes, and InputMTU specifies the number of Flatstream Rx bytes. The MTUs
are transported cyclically via the X2X Link network, increasing the load with each additional enabled USINT register.
Properties
Flatstream messages are not transferred cyclically or in 100% real time. Many bus cycles may be needed to transfer
a particular message. Although the Rx and Tx registers are exchanged between the transmitter and the receiver
cyclically, they are only processed further if explicitly accepted by register "InputSequence" or "OutputSequence".
Behavior in the event of an error (brief summary)
The protocol for X2X and POWERLINK networks specifies that the last valid values should be retained when
disturbances occur. With conventional communication (cyclic/acyclic data queries), this type of error can generally
be ignored.
In order for communication to also take place without errors using Flatstream, all of the sequences issued by the
receiver must be acknowledged. If Forward functionality is not used, then subsequent communication is delayed
for the length of the disturbance.
If Forward functionality is being used, the receiving station receives a transmission counter that is increment-
ed twice. The receiver stops, i.e. it no longer returns any acknowledgments. The transmitting station uses Se-
quenceAck to determine that the transmission was faulty and that all affected sequences must be repeated.
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16.24.3 The Flatstream principle

Requirement
Before Flatstream can be used, the respective communication direction must be synchronized, i.e. both commu-
nication partners cyclically query the sequence counter on the opposite station. This checks to see if there is new
data that should be accepted.
Communication
If a communication partner wants to transmit a message to its opposite station, it should first create a transmit
array that corresponds to Flatstream conventions. This allows the Flatstream data to be organized very efficiently
without having to block other important resources.

_data_01
_data_02
_data_03
_data_04
_data_05

_data_xx
. . .

TxBytes

Transmit array
Type: USINT

OutputMTU
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PLC / Bus controller

The transmit buffer
of the module is
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to OutputMTU
via X2X
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. . .
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Cycl.
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_data_02
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. . .
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InputMTU
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. . .

*TxBytesCycl.

CPU fills
OutputMTU
with the next
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transmit array

If OutputMTU
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InputSequence counter
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Module fills the internal
transmit buffer with the
next sequence of the
transmit arrayInputMTU must be

added at the end of the
receive array
(increase InputSequenceAck
to end correctly)

If counter
InputSequence
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Module adds the transmit buffer
to the internal array

If successful:
InputSequenceAck is
adapted to the
transmit counter

If counter OutputSequence
is increased:

InputMTU is
adapted cyclically to the
receive buffer
via X2X

Figure 5: Flatstream communication

Procedure
The first thing that happens is that the message is broken into valid segments of up to 63 bytes, and the corre-
sponding control bytes are created. The data is formed into a data stream made up of one control bytes per asso-
ciated segment. This data stream can be written to the transmit array. The maximum size of each array element
matches that of the enabled MTU so that one element corresponds to one sequence.
If the array has been completely created, the transmitter checks whether the MTU is permitted to be refilled. It then
copies the first element of the array or the first sequence to the Tx byte registers. The MTU is transported to the
receiver station via X2X Link and stored in the corresponding Rx byte registers. To signal that the data should be
accepted by the receiver, the transmitter increases its SequenceCounter.
If the communication direction is synchronized, the opposite station detects the incremented SequenceCounter.
The current sequence is appended to the receive array and acknowledged by SequenceAck. This acknowledgment
signals to the transmitter that the MTU can now be refilled.
If the transfer is successful, the data in the receive array will correspond 100% to the data in the transmit array.
During the transfer, the receiving station must detect and evaluate the incoming control bytes. A separate receive
array should be created for each message. This allows the receiver to immediately begin further processing of
messages that are completely transferred.
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16.24.4 Registers for Flatstream mode

5 registers are available for configuring Flatstream. The default configuration can be used to transmit small amounts
of data relatively easily.

Information:
The CPU communicates directly with the field device via registers "OutputSequence" and "InputSe-
quence" as well as the enabled Tx and Rx bytes. For this reason, the user needs to have sufficient
knowledge of the communication protocol being used on the field device.

16.24.4.1 Flatstream configuration

To use Flatstream, the program sequence must first be expanded. The cycle time of the Flatstream routines must
be set to a multiple of the bus cycle. Other program routines should be implemented in Cyclic #1 to ensure data
consistency.
At the absolute minimum, registers "InputMTU" and "OutputMTU" must be set. All other registers are filled in with
default values at the beginning and can be used immediately. These registers are used for additional options, e.g.
to transfer data in a more compact way or to increase the efficiency of the general procedure.
The Forward registers extend the functionality of the Flatstream protocol. This functionality is useful for substan-
tially increasing the Flatstream data rate, but it also requires quite a bit of extra work when creating the program
sequence.

16.24.4.1.1 Number of enabled Tx and Rx bytes

Name:
OutputMTU
InputMTU
These registers define the number of enabled Tx or Rx bytes and thus also the maximum size of a sequence. The
user must consider that the more bytes made available also means a higher load on the bus system.

Information:
In the rest of this description, the names "OutputMTU" and "InputMTU" do not refer to the registers
explained here. Instead, they are used as synonyms for the currently enabled Tx or Rx bytes.

Data type Values
USINT See the module-specific register overview (theoretically: 3 to 27).
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16.24.4.2 Flatstream operation

When using Flatstream, the communication direction is very important. For transmitting data to a module (output
direction), Tx bytes are used. For receiving data from a module (input direction), Rx bytes are used.
Registers "OutputSequence" and "InputSequence" are used to control and ensure that communication is taking
place properly, i.e. the transmitter issues the directive that the data should be accepted and the receiver acknowl-
edges that a sequence has been transferred successfully.

16.24.4.2.1 Format of input and output bytes

Name:
"Format of Flatstream" in Automation Studio
On some modules, this function can be used to set how the Flatstream input and output bytes (Tx or Rx bytes)
are transferred.

• Packed: Data is transferred as an array.
• Byte-by-byte: Data is transferred as individual bytes.

16.24.4.2.2 Transport of payload data and control bytes

Name:
TxByte1 to TxByteN
RxByte1 to RxByteN
(The value the number N is different depending on the bus controller model used.)
The Tx and Rx bytes are cyclic registers used to transport the payload data and the necessary control bytes.
The number of active Tx and Rx bytes is taken from the configuration of registers "OutputMTU" and "InputMTU",
respectively.
In the user program, only the Tx and Rx bytes from the CPU can be used. The corresponding counterparts are
located in the module and are not accessible to the user. For this reason, the names were chosen from the point
of view of the CPU.

• "T" - "Transmit" →CPU transmits data to the module.
• "R" - "Receive" →CPU receives data from the module.

Data type Values
USINT 0 to 255

16.24.4.2.3 Control bytes

In addition to the payload data, the Tx and Rx bytes also transfer the necessary control bytes. These control bytes
contain additional information about the data stream so that the receiver can reconstruct the original message from
the transferred segments.
Bit structure of a control byte

Bit Name Value Information
0 - 5 SegmentLength 0 - 63 Size of the subsequent segment in bytes (default: Max. MTU size - 1)

0 Next control byte at the beginning of the next MTU6 nextCBPos
1 Next control byte directly after the end of the current segment
0 Message continues after the subsequent segment7 MessageEndBit
1 Message ended by the subsequent segment

SegmentLength
The segment length lets the receiver know the length of the coming segment. If the set segment length is insufficient
for a message, then the information must be distributed over several segments. In these cases, the actual end of
the message is detected using bit 7 (control byte).

Information:
The control byte is not included in the calculation to determine the segment length. The segment length
is only derived from the bytes of payload data.

nextCBPos
This bit indicates the position where the next control byte is expected. This information is especially important when
using option "MultiSegmentMTU".
When using Flatstream communication with multi-segment MTUs, the next control byte is no longer expected in
the first Rx byte of the subsequent MTU, but transferred directly after the current segment.
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MessageEndBit
"MessageEndBit" is set if the subsequent segment completes a message. The message has then been completely
transferred and is ready for further processing.

Information:
In the output direction, this bit must also be set if one individual segment is enough to hold the entire
message. The module will only process a message internally if this identifier is detected.
The size of the message being transferred can be calculated by adding all of the message's segment
lengths together.

Flatstream formula for calculating message length:

CB Control byteMessage [bytes] = Segment lengths (all CBs without ME) + Segment length (of the first CB with
ME) ME MessageEndBit

16.24.4.2.4 Communication status of the CPU

Name:
OutputSequence
Register "OutputSequence" contains information about the communication status of the CPU. It is written by the
CPU and read by the module.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Name Value Information

0 - 2 OutputSequenceCounter 0 - 7 Counter for the sequences issued in the output direction
0 Output direction disabled3 OutputSyncBit
1 Output direction enabled

4 - 6 InputSequenceAck 0 - 7 Mirrors InputSequenceCounter
0 Input direction not ready (disabled)7 InputSyncAck
1 Input direction ready (enabled)

OutputSequenceCounter
The OutputSequenceCounter is a continuous counter of sequences that have been issued by the CPU. The CPU
uses OutputSequenceCounter to direct the module to accept a sequence (the output direction must be synchro-
nized when this happens).
OutputSyncBit
The CPU uses OutputSyncBit to attempt to synchronize the output channel.
InputSequenceAck
InputSequenceAck is used for acknowledgment. The value of InputSequenceCounter is mirrored if the CPU has
received a sequence successfully.
InputSyncAck
The InputSyncAck bit acknowledges the synchronization of the input channel for the module. This indicates that
the CPU is ready to receive data.
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16.24.4.2.5 Communication status of the module

Name:
InputSequence
Register "InputSequence" contains information about the communication status of the module. It is written by the
module and should only be read by the CPU.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Name Value Information

0 - 2 InputSequenceCounter 0 - 7 Counter for sequences issued in the input direction
0 Not ready (disabled)3 InputSyncBit
1 Ready (enabled)

4 - 6 OutputSequenceAck 0 - 7 Mirrors OutputSequenceCounter
0 Not ready (disabled)7 OutputSyncAck
1 Ready (enabled)

InputSequenceCounter
The InputSequenceCounter is a continuous counter of sequences that have been issued by the module. The mod-
ule uses InputSequenceCounter to direct the CPU to accept a sequence (the input direction must be synchronized
when this happens).
InputSyncBit
The module uses InputSyncBit to attempt to synchronize the input channel.
OutputSequenceAck
OutputSequenceAck is used for acknowledgment. The value of OutputSequenceCounter is mirrored if the module
has received a sequence successfully.
OutputSyncAck
The OutputSyncAck bit acknowledges the synchronization of the output channel for the CPU. This indicates that
the module is ready to receive data.
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16.24.4.2.6 Relationship between OutputSequence and InputSequence

0 - 2

3

OutputSequenceCounter

OutputSyncBit

4 - 6

7
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InputSyncAck
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InputSequenceCounter
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4 - 6

7
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OutputSyncAck

Output sequence

Communication status of the CPU

Input sequence

Communication status of the module

Intersecting

Handshakes

Figure 6: Relationship between OutputSequence and InputSequence

Registers "OutputSequence" and "InputSequence" are logically composed of 2 half-bytes. The low part signals
to the opposite station whether a channel should be opened or if data should be accepted. The high part is to
acknowledge that the requested action was carried out.
SyncBit and SyncAck
If SyncBit and SyncAck are set in one communication direction, then the channel is considered "synchronized", i.e.
it is possible to send messages in this direction. The status bit of the opposite station must be checked cyclically.
If SyncAck has been reset, then SyncBit on that station must be adjusted. Before new data can be transferred,
the channel must be resynchronized.
SequenceCounter and SequenceAck
The communication partners cyclically check whether the low nibble on the opposite station changes. When one
of the communication partners finishes writing a new sequence to the MTU, it increments its SequenceCounter.
The current sequence is then transmitted to the receiver, which acknowledges its receipt with SequenceAck. In
this way, a "handshake" is initiated.

Information:
If communication is interrupted, segments from the unfinished message are discarded. All messages
that were transferred completely are processed.
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16.24.4.3 Synchronization

During synchronization, a communication channel is opened. It is important to make sure that a module is present
and that the current value of SequenceCounter is stored on the station receiving the message.
Flatstream can handle full-duplex communication. This means that both channels / communication directions can
be handled separately. They must be synchronized independently so that simplex communication can theoretically
be carried out as well.

Synchronization in the output direction (CPU as the transmitter):

The corresponding synchronization bits (OutputSyncBit and OutputSyncAck) are reset. Because of this, Flatstream
cannot be used at this point in time to transfer messages from the CPU to the module.
Algorithm
1) The CPU must write 000 to OutputSequenceCounter and reset OutputSyncBit.
The CPU must cyclically query the high nibble of register "InputSequence" (checks for 000 in OutputSequenceAck and 0 in OutputSyncAck).
The module does not accept the current contents of InputMTU since the channel is not yet synchronized.
The module matches OutputSequenceAck and OutputSyncAck to the values of OutputSequenceCounter and OutputSyncBit.
2) If the CPU registers the expected values in OutputSequenceAck and OutputSyncAck, it is permitted to increment OutputSequenceCounter.
The CPU continues cyclically querying the high nibble of register "OutputSequence" (checks for 001 in OutputSequenceAck and 0 in InputSyncAck).
The module does not accept the current contents of InputMTU since the channel is not yet synchronized.
The module matches OutputSequenceAck and OutputSyncAck to the values of OutputSequenceCounter and OutputSyncBit.
3) If the CPU registers the expected values in OutputSequenceAck and OutputSyncAck, it is permitted to increment OutputSequenceCounter.
The CPU continues cyclically querying the high nibble of register "OutputSequence" (checks for 001 in OutputSequenceAck and 1 in InputSyncAck).

Note:
Theoretically, data can be transferred from this point forward. However, it is still recommended to wait until the output direction is completely synchronized be-
fore transferring data.
The module sets OutputSyncAck.
The output direction is synchronized, and the CPU can transmit data to the module.

Synchronization in the input direction (CPU as the receiver):

The corresponding synchronization bits (InputSyncBit and InputSyncAck) are reset. Because of this, Flatstream
cannot be used at this point in time to transfer messages from the module to the CPU.
Algorithm
The module writes 000 to InputSequenceCounter and resets InputSyncBit.
The module monitors the high nibble of register "OutputSequence" and expects 000 in InputSequenceAck and 0 in InputSyncAck.
1) The CPU is not permitted to accept the current contents of InputMTU since the channel is not yet synchronized.
The CPU has to match InputSequenceAck and InputSyncAck to the values of InputSequenceCounter and InputSyncBit.
If the module registers the expected values in InputSequenceAck and InputSyncAck, it increments InputSequenceCounter.
The module monitors the high nibble of register "OutputSequence" and expects 001 in InputSequenceAck and 0 in InputSyncAck.
2) The CPU is not permitted to accept the current contents of InputMTU since the channel is not yet synchronized.
The CPU has to match InputSequenceAck and InputSyncAck to the values of InputSequenceCounter and InputSyncBit.
If the module registers the expected values in InputSequenceAck and InputSyncAck, it sets InputSyncBit.
The module monitors the high nibble of register "OutputSequence" and expects 1 in InputSyncAck.
3) The CPU is permitted to set InputSyncAck.

Note:
Theoretically, data could already be transferred in this cycle.
If InputSyncBit is set and InputSequenceCounter has been increased by 1, the values in the enabled Rx bytes must be accepted and acknowledged (see also
"Communication in the input direction").
The input direction is synchronized, and the module can transmit data to the CPU.
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16.24.4.4 Transmitting and receiving

If a channel is synchronized, then the opposite station is ready to receive messages from the transmitter. Before
the transmitter can send data, it needs to first create a transmit array in order to meet Flatstream requirements.
The transmitting station must also generate a control byte for each segment created. This control byte contains
information about how the subsequent part of the data being transferred should be processed. The position of the
next control byte in the data stream can vary. For this reason, it must be clearly defined at all times when a new
control byte is being transmitted. The first control byte is always in the first byte of the first sequence. All subsequent
positions are determined recursively.
Flatstream formula for calculating the position of the next control byte:

Position (of the next control byte) = Current position + 1 + Segment length

Example
3 autonomous messages (7 bytes, 2 bytes and 9 bytes) are being transmitted using an MTU with a width of 7
bytes. The rest of the configuration corresponds to the default settings.

Message 1:

A1 A2 A3 A4 A5 A6 A7

B1 B2

D1 D2 D3 D4 D5 D6 D7 D8

No more data to transmit

- - ...-

Message 2:

Message 3:

Sequence for bus cycle 1

Sequence for bus cycle 2

Sequence for bus cycle 3

Sequence for bus cycle 4

Sequence for bus cycle 5

Sequence for bus cycle 6

B1 B2

A2 A3 A4

C2

A1

A7

A5 A6

C3

D1 D2 D3 D4 D5 D6

D7 D8

-

- -

-

C4

-

-

C5

-

C1

- -

- -

-

-

- -C0 -

-

Default

-

D9

D9

Transmit/Receive array

With 7 USINT elements according to
the configurable MTU size

Figure 7: Transmit/Receive array (default)
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First, the messages must be split into segments. In the default configuration, it is important to ensure that each
sequence can hold an entire segment, including the associated control byte. The sequence is limited to the size of
the enable MTU. In other words, a segment must be at least 1 byte smaller than the MTU.
MTU = 7 bytes → Max. segment length = 6 bytes

• Message 1 (7 bytes)

➯ First segment = Control byte + 6 bytes of data
➯ Second segment = Control byte + 1 data byte

• Message 2 (2 bytes)

➯ First segment = Control byte + 2 bytes of data

• Message 3 (9 bytes)

➯ First segment = Control byte + 6 bytes of data
➯ Second segment = Control byte + 3 data bytes

• No more messages

➯ C0 control byte

A unique control byte must be generated for each segment. In addition, the C0 control byte is generated to keep
communication on standby.
C0 (control byte 0) C1 (control byte 1) C2 (control byte 2)
- SegmentLength (0) = 0 - SegmentLength (6) = 6 - SegmentLength (1) = 1
- nextCBPos (0) = 0 - nextCBPos (0) = 0 - nextCBPos (0) = 0
- MessageEndBit (0) = 0 - MessageEndBit (0) = 0 - MessageEndBit (1) = 128
Control byte Σ 0 Control byte Σ 6 Control byte Σ 129

Table 5: Flatstream determination of the control bytes for the default configuration example (part 1)

C3 (control byte 3) C4 (control byte 4) C5 (control byte 5)
- SegmentLength (2) = 2 - SegmentLength (6) = 6 - SegmentLength (3) = 3
- nextCBPos (0) = 0 - nextCBPos (0) = 0 - nextCBPos (0) = 0
- MessageEndBit (1) = 128 - MessageEndBit (0) = 0 - MessageEndBit (1) = 128
Control byte Σ 130 Control byte Σ 6 Control byte Σ 131

Table 6: Flatstream determination of the control bytes for the default configuration example (part 2)
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16.24.4.5 Transmitting data to a module (output)

When transmitting data, the transmit array must be generated in the application program. Sequences are then
transferred one by one using Flatstream and received by the module.

Information:
Although all B&R modules with Flatstream communication always support the most compact trans-
fers in the output direction, it is recommended to use the same design for the transfer arrays in both
communication directions.
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receive array
Type: USINT

Module-internal
receive buffer
Type: USINT

Module

Cycl.

Figure 8: Flatstream communication (output)

Message smaller than OutputMTU
The length of the message is initially smaller than OutputMTU. In this case, one sequence would be sufficient to
transfer the entire message and the necessary control byte.
Algorithm
Cyclic status query:
- The module monitors OutputSequenceCounter.
0) Cyclic checks:
- The CPU must check OutputSyncAck.
→ If OutputSyncAck = 0: Reset OutputSyncBit and resynchronize the channel.
- The CPU must check whether OutputMTU is enabled.
→ If OutputSequenceCounter > InputSequenceAck: MTU is not enabled because the last sequence has not yet been acknowledged.
1) Preparation (create transmit array):
- The CPU must split up the message into valid segments and create the necessary control bytes.
- The CPU must add the segments and control bytes to the transmit array.
2) Transmit:
- The CPU transfers the current element of the transmit array to OutputMTU.
→ OutputMTU is transferred cyclically to the module's transmit buffer but not processed further.
- The CPU must increase OutputSequenceCounter.
Reaction:
- The module accepts the bytes from the internal receive buffer and adds them to the internal receive array.
- The module transmits acknowledgment and writes the value of OutputSequenceCounter to OutputSequenceAck.
3) Completion:
- The CPU must monitor OutputSequenceAck.
→ A sequence is only considered to have been transferred successfully if it has been acknowledged via OutputSequenceAck. In order to detect potential trans-
fer errors in the last sequence as well, it is important to make sure that the length of the Completion phase is run through long enough.

Note:
To monitor communication times exactly, the task cycles that have passed since the last increase of OutputSequenceCounter should be counted. In this way,
the number of previous bus cycles necessary for the transfer can be measured. If the monitoring counter exceeds a predefined threshold, then the sequence
can be considered lost.
(The relationship of bus to task cycle can be influenced by the user so that the threshold value must be determined individually.)
- Subsequent sequences are only permitted to be transmitted in the next bus cycle after the completion check has been carried out successfully.
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Message larger than OutputMTU
The transmit array, which must be created in the program sequence, consists of several elements. The user has
to arrange the control and data bytes correctly and transfer the array elements one after the other. The transfer
algorithm remains the same and is repeated starting at the point Cyclic checks.
General flowchart

SynchronisationSequence handling

No

No

Yes

Yes

Yes

No No

Yes

No

NoYes

Yes

(diff ≤ limit)
AND (OutputSyncAck = 1)
AND (OutputSyncBit = 1) ?

copy next sequence to MTU
increase OutputSequenceCounter

OutputSequenceAck =
OutputSequenceCounter ?

OutputSequenceAck = 0 ?

OutputSequenceCounter  = 1 OutputSyncBit = 1 OutputSequenceCounter  = 0
LastValidAck = 0

LastValidAck =
OutputSequenceAck

LastValidAck =
OutputSequenceCounter ?

More sequences to be sent ?

diff = 0 ?

LastValidAck =
OutputSequenceAck

Start

►

►

diff = (OutputSequenceCounter -
OutputSequenceAck) AND 7
limit = (OutputSequenceCounter -
LastValidAck) AND 7

Figure 9: Flowchart for the output direction
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16.24.4.6 Receiving data from a module (input)

When receiving data, the transmit array is generated by the module, transferred via Flatstream and must then be
reproduced in the receive array. The structure of the incoming data stream can be set with the mode register. The
algorithm for receiving the data remains unchanged in this regard.

_data_01
_data_02
_data_03
_data_04
_data_05

_data_xx
. . .

RxBytes

InputMTU must be
added at the end of the
receive array
(increase InputSequenceAck
to end correctly)

If counter
InputSequence
is increased:

Receive array
Type: USINT

InputMTU
Type: USINT

PLC / Bus controller

InputMTU is
adapted cyclically to the
receive buffer
via X2X

_data_01
_data_02
_data_03
_data_04
_data_05

_data_xx
. . .

*TxBytes

Module-internal
transmit array
Type: USINT

Module-internal
transmit buffer
Type: USINT

Module

Cycl.

Module increases the
InputSequence counter

If permitted:
Module fills the internal
transmit buffer with the
next sequence of the
transmit array

Figure 10: Flatstream communication (input)

Algorithm
0) Cyclic status query:
- The CPU must monitor InputSequenceCounter.
Cyclic checks:
- The module checks InputSyncAck.
- The module checks InputSequenceAck.
Preparation:
- The module forms the segments and control bytes and creates the transmit array.
Action:
- The module transfers the current element of the internal transmit array to the internal transmit buffer.
- The module increases InputSequenceCounter.
1) Receiving (as soon as InputSequenceCounter is increased):
- The CPU must apply data from InputMTU and append it to the end of the receive array.
- The CPU must match InputSequenceAck to InputSequenceCounter of the sequence currently being processed.
Completion:
- The module monitors InputSequenceAck.
→ A sequence is only considered to have been transferred successfully if it has been acknowledged via InputSequenceAck.
- Subsequent sequences are only transmitted in the next bus cycle after the completion check has been carried out successfully.
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General flowchart
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Yes No
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No
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No
InputSyncAck = 1 ? InputSequenceAck > 0 ?

InputSyncAck = 1

(InputSequenceCounter –
InputSequenceAck)

AND 0x07 = 1 ?

MTU_Offset = 0

RemainingSegmentSize = 0 ?

► DataSize = InputMTU_Size – MTU_Offset

RemainingSegmentSize >
(InputMTU_Size – MTU_Offset) ?

► DataSize = RemainingSegmentSize

RemainingSegmentSize = 0 AND
(SegmentFlags AND 0x40) = 0 ?

InputMTU_Size = MTU_Offset ?

RemainingSegmentSize = 0 AND
(SegmentFlags AND 0x80) = 0 ?

► InputSequenceAck =
InputSequenceCounter

► Mark Frame as complete

InputSyncBit = 1 ?

Start

►
►
►

InputSequenceAck = InputSequenceCounter
RemainingSegmentSize = 0
SegmentFlags = 0

►

►

►

RemainingSegmentSize =
MTU_Data[MTU_Offset] AND 0b0011 1111
SegmentFlags =
MTU_Data[MTU_Offset] AND 0b1100 0000
MTU_Offset = MTU_Offset + 1

►
►
►

copy segment data e.g. memcpy(xxx, ADR(MTU_Data[MTU_Offset]), DataSize)
MTU_Offset = MTU_Offset + DataSize
RemainingSegmentSize = RemainingSegmentSize - DataSize

Figure 11: Flowchart for the input direction
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16.24.4.7 Details

It is recommended to store transferred messages in separate receive arrays.
After a set MessageEndBit is transmitted, the subsequent segment should be added to the receive array. The
message is then complete and can be passed on internally for further processing. A new/separate array should
be created for the next message.

Information:
When transferring with MultiSegmentMTUs, it is possible for several small messages to be part of one
sequence. In the program, it is important to make sure that a sufficient number of receive arrays can
be managed. The acknowledge register is only permitted to be adjusted after the entire sequence has
been applied.

If SequenceCounter is incremented by more than one counter, an error is present.

Note: This situation is very unlikely when operating without "Forward" functionality.
In this case, the receiver stops. All additional incoming sequences are ignored until the transmission with the correct
SequenceCounter is retried. This response prevents the transmitter from receiving any more acknowledgments for
transmitted sequences. The transmitter can identify the last successfully transferred sequence from the opposite
station's SequenceAck and continue the transfer from this point.
Acknowledgments must be checked for validity.
If the receiver has successfully accepted a sequence, it must be acknowledged. The receiver takes on the value
of SequenceCounter sent along with the transmission and matches SequenceAck to it. The transmitter reads
SequenceAck and registers the successful transmission. If the transmitter acknowledges a sequence that has not
yet been dispatched, then the transfer must be interrupted and the channel resynchronized. The synchronization
bits are reset and the current/incomplete message is discarded. It must be sent again after the channel has been
resynchronized.
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16.24.4.8 Flatstream mode

Name:
FlatstreamMode
In the input direction, the transmit array is generated automatically. This register offers 2 options to the user that
allow an incoming data stream to have a more compact arrangement. Once enabled, the program code for eval-
uation must be adapted accordingly.

Information:
All B&R modules that offer Flatstream mode support options "Large segments" and "MultiSegmentM-
TUs" in the output direction. Compact transfer must be explicitly allowed only in the input direction.

Bit structure:
Bit Name Value Information

0 Not allowed (default)0 MultiSegmentMTU
1 Permitted
0 Not allowed (default)1 Large segments
1 Permitted

2 - 7 Reserved

Standard
By default, both options relating to compact transfer in the input direction are disabled.

1. The module only forms segments that are at least one byte smaller than the enabled MTU. Each sequence
begins with a control byte so that the data stream is clearly structured and relatively easy to evaluate.

2. Since a Flatstream message is permitted to be any length, the last segment of the message frequently does
not fill up all of the MTU's space. By default, the remaining bytes during this type of transfer cycle are not used.

Bus cycle 1

Control byte with MessageEndBit = 0

Bus cycle 2 Bus cycle 3

- - -
ME1

C
ME1

C

ME0

C

ME1

C Control byte with MessageEndBit = 1

Segment 1 Segment 2 Segment 3

Message 1 Message 2

ME0

C

Figure 12: Message arrangement in the MTU (default)
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MultiSegmentMTUs allowed
With this option, InputMTU is completely filled (if enough data is pending). The previously unfilled Rx bytes transfer
the next control bytes and their segments. This allows the enabled Rx bytes to be used more efficiently.

Bus cycle 1

Control byte with MessageEndBit = 0

Bus cycle 2 Bus cycle 3

- -
ME1

C
ME1

C

ME0

C

ME1

C Control byte with MessageEndBit = 1

Segment 1 Segment 2 Segment 4

Message 1 Message 2

ME0

C
ME0

C

3

Figure 13: Arrangement of messages in the MTU (MultiSegmentMTUs)

Large segments allowed:
When transferring very long messages or when enabling only very few Rx bytes, then a great many segments must
be created by default. The bus system is more stressed than necessary since an additional control byte must be
created and transferred for each segment. With option "Large segments", the segment length is limited to 63 bytes
independently of InputMTU. One segment is permitted to stretch across several sequences, i.e. it is possible for
"pure" sequences to occur without a control byte.

Information:
It is still possible to split up a message into several segments, however. If this option is used and
messages with more than 63 bytes occur, for example, then messages can still be split up among
several segments.

Bus cycle 1

Control byte with MessageEndBit = 0

Bus cycle 2 Bus cycle 3

- - -
ME1

C
ME1

C

ME0

C

ME1

C Control byte with MessageEndBit = 1

Segment 1 Segment 2 Segment 3

Message 1 Message 2

-

Figure 14: Arrangement of messages in the MTU (large segments)
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Using both options
Using both options at the same time is also permitted.

Bus cycle 1

Control byte with MessageEndBit = 0

Bus cycle 2 Bus cycle 3

- --
ME1

C
ME1

C

ME0

C

ME1

C Control byte with MessageEndBit = 1

Segment 1 Segment 2 Segment 3

Message 1 Message 2

-

Figure 15: Arrangement of messages in the MTU (large segments and MultiSegmentMTUs)
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16.24.4.9 Adjusting the Flatstream

If the way messages are structured is changed, then the way data in the transmit/receive array is arranged is also
different. The following changes apply to the example given earlier.
MultiSegmentMTU
If MultiSegmentMTUs are allowed, then "open positions" in an MTU can be used. These "open positions" occur if
the last segment in a message does not fully use the entire MTU. MultiSegmentMTUs allow these bits to be used to
transfer the subsequent control bytes and segments. In the program sequence, the "nextCBPos" bit in the control
byte is set so that the receiver can correctly identify the next control byte.
Example
3 autonomous messages (7 bytes, 2 bytes and 9 bytes) are being transmitted using an MTU with a width of 7 bytes.
The configuration allows the transfer of MultiSegmentMTUs.

Message 1:

A1 A2 A3 A4 A5 A6 A7

B1 B2

D1 D2 D3 D4 D5 D6 D7 D8

No more data to transmit

- - ...-

Message 2:

Message 3:

Sequence for bus cycle 1

Sequence for bus cycle 2

Sequence for bus cycle 3

Sequence for bus cycle 4

Sequence for bus cycle 5

Sequence for bus cycle 6

D9

A2 A3 A4

C2

A1

A7

A5 A6C1

B1 B2C3 C4 D1

D2 D3 D4 D5 D6C5 D7

D8 - -C0

- --- -C0 -

- --- -C0 -

C6

MultiSegmentMTU

-D9

Transmit/Receive array

With 7 USINT elements according to
the configurable MTU size

Figure 16: Transmit/receive array (MultiSegmentMTUs)
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First, the messages must be split into segments. As in the default configuration, it is important for each sequence
to begin with a control byte. The free bits in the MTU at the end of a message are filled with data from the following
message, however. With this option, the "nextCBPos" bit is always set if payload data is transferred after the control
byte.
MTU = 7 bytes → Max. segment length = 6 bytes

• Message 1 (7 bytes)

➯ First segment = Control byte + 6 bytes of data (MTU full)
➯ Second segment = Control byte + 1 byte of data (MTU still has 5 open bytes)

• Message 2 (2 bytes)

➯ First segment = Control byte + 2 bytes of data (MTU still has 2 open bytes)

• Message 3 (9 bytes)

➯ First segment = Control byte + 1 byte of data (MTU full)
➯ Second segment = Control byte + 6 bytes of data (MTU full)
➯ Third segment = Control byte + 2 bytes of data (MTU still has 4 open bytes)

• No more messages

➯ C0 control byte

A unique control byte must be generated for each segment. In addition, the C0 control byte is generated to keep
communication on standby.
C1 (control byte 1) C2 (control byte 2) C3 (control byte 3)
- SegmentLength (6) = 6 - SegmentLength (1) = 1 - SegmentLength (2) = 2
- nextCBPos (1) = 64 - nextCBPos (1) = 64 - nextCBPos (1) = 64
- MessageEndBit (0) = 0 - MessageEndBit (1) = 128 - MessageEndBit (1) = 128
Control byte Σ 70 Control byte Σ 193 Control byte Σ 194

Table 7: Flatstream determination of the control bytes for the MultiSegmentMTU example (part 1)

Warning!
The second sequence is only permitted to be acknowledged via SequenceAck if it has been completely
processed. In this example, there are 3 different segments within the second sequence, i.e. the program
must include enough receive arrays to handle this situation.

C4 (control byte 4) C5 (control byte 5) C6 (control byte 6)
- SegmentLength (1) = 1 - SegmentLength (6) = 6 - SegmentLength (2) = 2
- nextCBPos (6) = 6 - nextCBPos (1) = 64 - nextCBPos (1) = 64
- MessageEndBit (0) = 0 - MessageEndBit (1) = 0 - MessageEndBit (1) = 128
Control byte Σ 7 Control byte Σ 70 Control byte Σ 194

Table 8: Flatstream determination of the control bytes for the MultiSegmentMTU example (part 2)
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Large segments
Segments are limited to a maximum of 63 bytes. This means they can be larger than the active MTU. These large
segments are divided among several sequences when transferred. It is possible for sequences to be completely
filled with payload data and not have a control byte.

Information:
It is still possible to subdivide a message into several segments so that the size of a data packet does
not also have to be limited to 63 bytes.

Example
3 autonomous messages (7 bytes, 2 bytes and 9 bytes) are being transmitted using an MTU with a width of 7 bytes.
The configuration allows the transfer of large segments.

Message 1:

A1 A2 A3 A4 A5 A6 A7

B1 B2

D1 D2 D3 D4 D5 D6 D7 D8

No more data to transmit

- - ...-

Message 2:

Message 3:

Sequence for bus cycle 1

Sequence for bus cycle 2

Sequence for bus cycle 3

Sequence for bus cycle 4

Sequence for bus cycle 5

Sequence for bus cycle 6

D9

A2 A3 A4A1

A7

A5 A6C1

B1 B2C2

C3 D1 D2 D3 D4 D5 D6

D7 D8 - -

-

-

-

- -

-

- --- -C0 -

- - - -

-

Large segments

-

D9

Transmit/Receive array

With 7 USINT elements according to
the configurable MTU size

Figure 17: Transmit/receive array (large segments)

First, the messages must be split into segments. The ability to form large segments means that messages are split
up less frequently, which results in fewer control bytes generated.
Large segments allowed → Max. segment length = 63 bytes

• Message 1 (7 bytes)

➯ First segment = Control byte + 7 bytes of data

• Message 2 (2 bytes)

➯ First segment = Control byte + 2 bytes of data

• Message 3 (9 bytes)

➯ First segment = Control byte + 9 bytes of data

• No more messages

➯ C0 control byte

A unique control byte must be generated for each segment. In addition, the C0 control byte is generated to keep
communication on standby.
C1 (control byte 1) C2 (control byte 2) C3 (control byte 3)
- SegmentLength (7) = 7 - SegmentLength (2) = 2 - SegmentLength (9) = 9
- nextCBPos (0) = 0 - nextCBPos (0) = 0 - nextCBPos (0) = 0
- MessageEndBit (1) = 128 - MessageEndBit (1) = 128 - MessageEndBit (1) = 128
Control byte Σ 135 Control byte Σ 130 Control byte Σ 137

Table 9: Flatstream determination of the control bytes for the large segment example
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Large segments and MultiSegmentMTU
Example
3 autonomous messages (7 bytes, 2 bytes and 9 bytes) are being transmitted using an MTU with a width of 7 bytes.
The configuration allows transfer of large segments as well as MultiSegmentMTUs.

Message 1:

A1 A2 A3 A4 A5 A6 A7

B1 B2

D1 D2 D3 D4 D5 D6 D7 D8

No more data to transmit

- - ...-

Message 2:

Message 3:

Sequence for bus cycle 1

Sequence for bus cycle 2

Sequence for bus cycle 3

Sequence for bus cycle 4

Sequence for bus cycle 5

Sequence for bus cycle 6

D9

A2 A3 A4A1 A5 A6C1

A7 C2 B1 B2 C3 D1 D2

D3 D4 D5 D6 D7 D8

- -C0 - - -

- -C0 - - - -

- -C0 - - - -

Both options

-

D9

Transmit/Receive array
With 7 USINT elements according to

the configurable MTU size

Figure 18: Transmit/receive array (large segments and MultiSegmentMTUs)

First, the messages must be split into segments. If the last segment of a message does not completely fill the MTU,
it is permitted to be used for other data in the data stream. Bit "nextCBPos" must always be set if the control byte
belongs to a segment with payload data.
The ability to form large segments means that messages are split up less frequently, which results in fewer control
bytes generated. Control bytes are generated in the same way as with option "Large segments".
Large segments allowed → Max. segment length = 63 bytes

• Message 1 (7 bytes)

➯ First segment = Control byte + 7 bytes of data

• Message 2 (2 bytes)

➯ First segment = Control byte + 2 bytes of data

• Message 3 (9 bytes)

➯ First segment = Control byte + 9 bytes of data

• No more messages

➯ C0 control byte

A unique control byte must be generated for each segment. In addition, the C0 control byte is generated to keep
communication on standby.
C1 (control byte 1) C2 (control byte 2) C3 (control byte 3)
- SegmentLength (7) = 7 - SegmentLength (2) = 2 - SegmentLength (9) = 9
- nextCBPos (0) = 0 - nextCBPos (0) = 0 - nextCBPos (0) = 0
- MessageEndBit (1) = 128 - MessageEndBit (1) = 128 - MessageEndBit (1) = 128
Control byte Σ 135 Control byte Σ 130 Control byte Σ 137

Table 10: Flatstream determination of the control bytes for the large segment and MultiSegmentMTU example
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16.24.5 Example of function "Forward" with X2X Link

Function "Forward" is a method that can be used to substantially increase the Flatstream data rate. The basic
principle is also used in other technical areas such as "pipelining" for microprocessors.

16.24.5.1 Function principle

X2X Link communication cycles through 5 different steps to transfer a Flatstream sequence. At least 5 bus cycles
are therefore required to successfully transfer the sequence.

Step I Step II Step III Step IV Step V
Actions Transfer sequence from

transmit array,
increase SequenceCounter

Cyclic matching of MTU and
module buffer

Append sequence to re-
ceive array,
adjust SequenceAck

Cyclic synchronization
MTU and module buffer

Check SequenceAck

Resource Transmitter
(task to transmit)

Bus system
(direction 1)

Receiver
(task to receive)

Bus system
(direction 2)

Transmitter
(task for Ack checking)

Sequence 1

Sequence 2

Sequence 3

Step I Step II Step III Step IV Step V

. . .

Step I Step II Step III Step IV Step V

Time

Time

Sequence 1

Sequence 2

Sequence 3

Step I Step II Step III Step IV Step V

Step I Step II Step III Step IV Step V

Step I Step II Step III Step IV Step V

Bus cycle 1 Bus cycle 2 Bus cycle 3 Bus cycle 4 Bus cycle 5 Bus cycle 6 Bus cycle 7 Bus cycle 8 Bus cycle 9 Bus cycle 10

Bus cycle 1 Bus cycle 2 Bus cycle 3 Bus cycle 4 Bus cycle 5 Bus cycle 6 Bus cycle 7 Bus cycle 8 Bus cycle 9 Bus cycle 10

Figure 19: Comparison of transfer without/with Forward

Each of the 5 steps (tasks) requires different resources. If Forward functionality is not used, the sequences are
executed one after the other. Each resource is then only active if it is needed for the current sub-action.
With Forward, a resource that has executed its task can already be used for the next message. The condition for
enabling the MTU is changed to allow for this. Sequences are then passed to the MTU according to the timing. The
transmitting station no longer waits for an acknowledgment from SequenceAck, which means that the available
bandwidth can be used much more efficiently.
In the most ideal situation, all resources are working during each bus cycle. The receiver still has to acknowledge
every sequence received. Only when SequenceAck has been changed and checked by the transmitter is the
sequence considered as having been transferred successfully.
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16.24.5.2 Configuration

The Forward function must only be enabled for the input direction. 2 additional configuration registers are available
for doing so. Flatstream modules have been optimized in such a way that they support this function. In the output
direction, the Forward function can be used as soon as the size of OutputMTU is specified.

16.24.5.2.1 Number of unacknowledged sequences

Name:
Forward
With register "Forward", the user specifies how many unacknowledged sequences the module is permitted to
transmit.

Recommendation:
X2X Link: Max. 5
POWERLINK: Max. 7
Data type Values
USINT 1 to 7

Default: 1

16.24.5.2.2 Delay time

Name:
ForwardDelay
Register "ForwardDelay" is used to specify the delay time in microseconds. This is the amount of time the module
has to wait after sending a sequence until it is permitted to write new data to the MTU in the following bus cycle.
The program routine for receiving sequences from a module can therefore be run in a task class whose cycle time
is slower than the bus cycle.
Data type Values
UINT 0 to 65535 [µs]

Default: 0

Sequence 1

Sequence 2

Sequence 3

Step I Step II Step III Step IV Step V

Time

Time

Sequence 1

Sequence 2

Sequence 3

Step I Step II Step III Step IV Step V

Step I Step II Step III Step IV Step V

Step I Step III Step IV Step V

Step I Step II Step III Step IV Step V

Step I Step II Step III Step IV Step V

Step II

Bus cycle 1 Bus cycle 2 Bus cycle 3 Bus cycle 4 Bus cycle 5 Bus cycle 6 Bus cycle 7 Bus cycle 8 Bus cycle 9 Bus cycle 10

Bus cycle 1 Bus cycle 2 Bus cycle 3 Bus cycle 4 Bus cycle 5 Bus cycle 6 Bus cycle 7 Bus cycle 8 Bus cycle 9 Bus cycle 10

Figure 20: Effect of ForwardDelay when using Flatstream communication with the Forward function

In the program, it is important to make sure that the CPU is processing all of the incoming InputSequences and In-
putMTUs. The ForwardDelay value causes delayed acknowledgment in the output direction and delayed reception
in the input direction. In this way, the CPU has more time to process the incoming InputSequence or InputMTU.
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16.24.5.3 Transmitting and receiving with Forward

The basic algorithm for transmitting and receiving data remains the same. With the Forward function, up to 7
unacknowledged sequences can be transmitted. Sequences can be transmitted without having to wait for the
previous message to be acknowledged. Since the delay between writing and response is eliminated, a considerable
amount of additional data can be transferred in the same time window.
Algorithm for transmitting
Cyclic status query:
- The module monitors OutputSequenceCounter.
0) Cyclic checks:
- The CPU must check OutputSyncAck.
→ If OutputSyncAck = 0: Reset OutputSyncBit and resynchronize the channel.
- The CPU must check whether OutputMTU is enabled.
→ If OutputSequenceCounter > OutputSequenceAck + 7, then it is not enabled because the last sequence has not yet been acknowledged.
1) Preparation (create transmit array):
- The CPU must split up the message into valid segments and create the necessary control bytes.
- The CPU must add the segments and control bytes to the transmit array.
2) Transmit:
- The CPU must transfer the current part of the transmit array to OutputMTU.
- The CPU must increase OutputSequenceCounter for the sequence to be accepted by the module.
- The CPU is then permitted to transmit in the next bus cycle if the MTU has been enabled.
The module responds since OutputSequenceCounter > OutputSequenceAck:
- The module accepts data from the internal receive buffer and appends it to the end of the internal receive array.
- The module is acknowledged and the currently received value of OutputSequenceCounter is transferred to OutputSequenceAck.
- The module queries the status cyclically again.
3) Completion (acknowledgment):
- The CPU must check OutputSequenceAck cyclically.
→ A sequence is only considered to have been transferred successfully if it has been acknowledged via OutputSequenceAck. In order to detect potential trans-
fer errors in the last sequence as well, it is important to make sure that the algorithm is run through long enough.

Note:
To monitor communication times exactly, the task cycles that have passed since the last increase of OutputSequenceCounter should be counted. In this way,
the number of previous bus cycles necessary for the transfer can be measured. If the monitoring counter exceeds a predefined threshold, then the sequence
can be considered lost (the relationship of bus to task cycle can be influenced by the user so that the threshold value must be determined individually).

Algorithm for receiving
0) Cyclic status query:
- The CPU must monitor InputSequenceCounter.
Cyclic checks:
- The module checks InputSyncAck.
- The module checks if InputMTU for enabling.
→ Enabling criteria: InputSequenceCounter > InputSequenceAck + Forward
Preparation:
- The module forms the control bytes / segments and creates the transmit array.
Action:
- The module transfers the current part of the transmit array to the receive buffer.
- The module increases InputSequenceCounter.
- The module waits for a new bus cycle after time from ForwardDelay has expired.
- The module repeats the action if InputMTU is enabled.
1) Receiving (InputSequenceCounter > InputSequenceAck):
- The CPU must apply data from InputMTU and append it to the end of the receive array.
- The CPU must match InputSequenceAck to InputSequenceCounter of the sequence currently being processed.
Completion:
- The module monitors InputSequenceAck.
→ A sequence is only considered to have been transferred successfully if it has been acknowledged via InputSequenceAck.
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Details/Background
1. Illegal SequenceCounter size (counter offset)

Error situation: MTU not enabled
If the difference between SequenceCounter and SequenceAck during transmission is larger than permitted, a
transfer error occurs. In this case, all unacknowledged sequences must be repeated with the old Sequence-
Counter value.

2. Checking an acknowledgment
After an acknowledgment has been received, a check must verify whether the acknowledged sequence has
been transmitted and had not yet been unacknowledged. If a sequence is acknowledged multiple times, a
severe error occurs. The channel must be closed and resynchronized (same behavior as when not using
Forward).

Information:
In exceptional cases, the module can increment OutputSequenceAck by more than 1 when using
Forward.
An error does not occur in this case. The CPU is permitted to consider all sequences up to the
one being acknowledged as having been transferred successfully.

3. Transmit and receive arrays
The Forward function has no effect on the structure of the transmit and receive arrays. They are created and
must be evaluated in the same way.
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16.24.5.4 Errors when using Forward

In industrial environments, it is often the case that many different devices from various manufacturers are being
used side by side. The electrical and/or electromagnetic properties of these technical devices can sometimes cause
them to interfere with one another. These kinds of situations can be reproduced and protected against in laboratory
conditions only to a certain point.
Precautions have been taken for X2X Link transfers if this type of interference occurs. For example, if an invalid
checksum occurs, the I/O system will ignore the data from this bus cycle and the receiver receives the last valid
data once more. With conventional (cyclic) data points, this error can often be ignored. In the following cycle, the
same data point is again retrieved, adjusted and transferred.
Using Forward functionality with Flatstream communication makes this situation more complex. The receiver re-
ceives the old data again in this situation as well, i.e. the previous values for SequenceAck/SequenceCounter and
the old MTU.
Loss of acknowledgment (SequenceAck)
If a SequenceAck value is lost, then the MTU was already transferred properly. For this reason, the receiver is per-
mitted to continue processing with the next sequence. The SequenceAck is aligned with the associated Sequence-
Counter and sent back to the transmitter. Checking the incoming acknowledgments shows that all sequences up
to the last one acknowledged have been transferred successfully (see sequences 1 and 2 in the image).
Loss of transmission (SequenceCounter, MTU):
If a bus cycle drops out and causes the value of SequenceCounter and/or the filled MTU to be lost, then no data
reaches the receiver. At this point, the transmission routine is not yet affected by the error. The time-controlled
MTU is released again and can be rewritten to.
The receiver receives SequenceCounter values that have been incremented several times. For the receive array
to be put together correctly, the receiver is only permitted to process transmissions whose SequenceCounter has
been increased by one. The incoming sequences must be ignored, i.e. the receiver stops and no longer transmits
back any acknowledgments.
If the maximum number of unacknowledged sequences has been sent and no acknowledgments are returned, the
transmitter must repeat the affected SequenceCounter and associated MTUs (see sequence 3 and 4 in the image).

Sequence 1

Sequence 2

Sequence 3

Step I Step II Step III Step IV Step V

Bus cycle 1 Bus cycle 2 Bus cycle 3 Bus cycle 4 Bus cycle 5 Bus cycle 6 Bus cycle 7 Bus cycle 8 Bus cycle 9 Bus cycle 10

Step I Step II Step III Step IV Step V

Time

Bus cycle 1 Bus cycle 2 Bus cycle 3 EMC Bus cycle 5 Bus cycle 6 Bus cycle 7 Bus cycle 8 Bus cycle 9 Bus cycle 10

Time

Sequence 1

Sequence 2

Sequence 3

Step I Step II Step III

Step I Step II Step III Step IV Step V

Step I Step II

Step I Step II Step III Step IV Step V

Sequence 4 Step I Step II Step III Step IV Step V

Step I Step II

Step I Step II Step III

Step I Step IISequence 4

Figure 21: Effect of a lost bus cycle

Loss of acknowledgment
In sequence 1, the acknowledgment is lost due to disturbance. Sequences 1 and 2 are therefore acknowledged
in Step V of sequence 2.
Loss of transmission
In sequence 3, the entire transmission is lost due to disturbance. The receiver stops and no longer sends back
any acknowledgments.
The transmitting station continues transmitting until it has issued the maximum permissible number of unacknowl-
edged transmissions.
5 bus cycles later at the earliest (depending on the configuration), it begins resending the unsuccessfully sent
transmissions.

Data sheet V 2.61 101



X20(c)AP31xx

16.25 Flatstream communication with function blocks

As an additional option for Flatstream communication, communication with the module can be easily carried out
with the "AsFltGen" library.
The library function blocks handle all incoming tasks with Flatstream mode, such as forwarding, sequencing, gen-
eration and evaluation of control bytes.
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16.26 NetTime Technology

NetTime refers to the ability to precisely synchronize and transfer system times between individual components of
the controller or network (CPU, I/O modules, X2X Link, POWERLINK, etc.).
This allows the moment that events occur to be determined system-wide with microsecond precision. Upcoming
events can also be executed precisely at a specified moment.

16.26.1 Time information

Various time information is available in the controller or on the network:

• System time (on the PLC, Automation PC, etc.)
• X2X Link time (for each X2X Link network)
• POWERLINK time (for each POWERLINK network)
• Time data points of I/O modules

The NetTime is based on 32-bit counters, which are increased with microsecond resolution. The sign of the time
information changes after 35 min, 47 s, 483 ms and 648 µs; an overflow occurs after 71 min, 34 s, 967 ms and
296 µs.
The initialization of the times is based on the system time during the startup of the X2X Link, the I/O modules or
the POWERLINK interface.
Current time information in the application can also be determined via library AsIOTime.

16.26.1.1 PLC/Controller data points

The NetTime I/O data points of the PLC or the controller are latched to each system clock and made available.

16.26.1.2 X2X Link reference moment

X2X Link

Full cycle Half cycle

SI AO AISOAIAOSISOAIAO

Full cycle Full cycleHalf cycle

Task class Task class Task class

System time System time System timeX2X Link
time

X2X Link
time

23000 24000 25000 26000 27000

System cycle time = 2 ms
X2X cycle time = 2 ms

The reference moment on the X2X Link network is always calculated at the half cycle of the X2X Link cycle. This
results in a difference between the system time and the X2X Link reference moment when the reference time is
read out.
In the example above, this results in a difference of 1 ms, i.e. if the system time and X2X Link reference moment
are compared at time 25000 in the task, then the system time returns the value 25000 and the X2X Link reference
moment returns the value 24000.

Data sheet V 2.61 103



X20(c)AP31xx

16.26.1.3 POWERLINK reference moment

Full cycle

PReqSoC

Full cycle Full cycle

Task class Task class Task class

System time System time System time

POWERLINK
NetTime SoC

23000 25000 27000

System cycle time = 2 ms
POWERLINK system cycle time = 2 ms

POWERLINK
NetTime SoC

POWERLINK
NetTime SoC

PRes PReq PReqSoC PRes PReq... ...

The reference moment on the POWERLINK network is always calculated at the start of cycle (SoC) of the POW-
ERLINK network. The SoC starts 20 µs after the system tick. This results in the following difference between the
system time and the POWERLINK reference time:
POWERLINK reference time = System time - POWERLINK cycle time + 20 µs.
In the example above, this means a difference of 1980 µs, i.e. if the system time and POWERLINK reference mo-
ment are compared at time 25000 in the task, then the system time returns the value 25000 and the POWERLINK
reference moment returns the value 23020.

16.26.1.4 Synchronization of system time/POWERLINK time and I/O module

Time

X2X Link cycle

(E)

(S)

C
ou

nt
er

 v
al

ue

(1)

(2)
Counter PLC/POWERLINK
Counter I/O module

(E)

(S)

At startup, the internal counters for the PLC/POWERLINK (1) and the I/O module (2) start at different times and
increase the values with microsecond resolution.
At the beginning of each X2X Link cycle, the PLC or the POWERLINK network sends time information to the I/
O module. The I/O module compares this time information with the module's internal time and forms a difference
(green line) between the two times and stores it.
When a NetTime event (E) occurs, the internal module time is read out and corrected with the stored difference
value (brown line). This means that the exact system moment (S) of an event can always be determined, even if
the counters are not absolutely synchronous.
Note
The deviation from the clock signal is strongly exaggerated in the picture as a red line.

104 Data sheet V 2.61



X20(c)AP31xx

16.26.2 Timestamp functions

NetTime-capable modules provide various timestamp functions depending on the scope of functions. If a timestamp
event occurs, the module immediately saves the current NetTime. After the respective data is transferred to the
CPU, including this precise moment, the CPU can then evaluate the data using its own NetTime (or system time),
if necessary.

16.26.2.1 Time-based inputs

NetTime Technology can be used to determine the exact moment of a rising edge at an input. The rising and falling
edges can also be detected and the duration between 2 events can be determined.

Information:
The determined moment always lies in the past.

16.26.2.2 Time-based outputs

NetTime Technology can be used to specify the exact moment of a rising edge on an output. The rising and falling
edges can also be specified and a pulse pattern generated from them.

Information:
The specified time must always be in the future, and the set X2X Link cycle time must be taken into
account for the definition of the moment.

16.26.2.3 Time-based measurements

NetTime Technology can be used to determine the exact moment of a measurement that has taken place. Both
the starting and end moment of the measurement can be transmitted.

16.27 Minimum cycle time

The minimum cycle time specifies how far the bus cycle can be reduced without communication errors occurring.
It is important to note that very fast cycles reduce the idle time available for handling monitoring, diagnostics and
acyclic commands.

Minimum cycle time
200 µs

16.28 Minimum I/O update time

The minimum I/O update time specifies how far the bus cycle can be reduced so that an I/O update is performed
in each cycle.

Minimum I/O update time
Voltage and current sampling rate for calculation of RMS value, power and energy 1 MHz
Derived values: RMS value, power, energy, power factor, phase angle, frequency (mean values over 16 full waves) Approx. 3 Hz
FFT on request (sample rate: 8 kHz) 2 Hz
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X20ATB312

1 General information

The module is equipped with 4 inputs for PT100 4-line resistance temperature measurement.

• 4 inputs for resistance temperature measurement
• PT100 sensor
• Direct resistance measurement as well
• 4-wire measurement
• Filter time can be configured
• NetTime timestamp: Moment of measurement

NetTime timestamp of the measurement
For many applications, not only the measured value is important, but also the exact time of the measurement. The
module is equipped with a NetTime timestamp function for this that supplies a timestamp for the recorded position
and trigger time with microsecond accuracy.
The timestamp function is based on synchronized timers. If a timestamp event occurs, the module immediately
saves the current NetTime. After the respective data is transferred to the CPU, including this precise time, the CPU
can then evaluate the data using its own NetTime (or system time), if necessary.

2 Order data
Model number Short description Figure

Temperature measurement
X20ATB312 X20 temperature input module, 4 inputs for resistance measure-

ment, PT100, resolution 0.01°C, 4-wire connections, NetTime
function
Required accessories
Bus modules

X20BM11 X20 bus module, 24 VDC keyed, internal I/O supply continuous
X20BM15 X20 bus module, with node number switch, 24 VDC keyed, in-

ternal I/O supply continuous
Terminal blocks

X20TB1F X20 terminal block, 16-pin, 24 VDC keyed

Table 1: X20ATB312 - Order data
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3 Technical data
Model number X20ATB312
Short description
I/O module 4 inputs for PT100 resistance temperature measurement
General information
B&R ID code 0xE0EF
Status indicators I/O function per channel, operating state, module status
Diagnostics

Module run/error Yes, using LED status indicator and software
Inputs Yes, using LED status indicator and software

Power consumption
Bus 0.01 W
Internal I/O 0.5 W (Rev. ≥ D0), 0.6 W (Rev. < D0)

Additional power dissipation caused by actuators
(resistive) [W]

-

Certifications
CE Yes
ATEX Zone 2, II 3G Ex nA nC IIA T5 Gc

IP20, Ta (see X20 user's manual)
FTZÚ 09 ATEX 0083X

UL cULus E115267
Industrial control equipment

HazLoc cCSAus 244665
Process control equipment

for hazardous locations
Class I, Division 2, Groups ABCD, T5

EAC Yes
Resistance measurement temperature inputs
Input Resistance measurement with constant current supply for 4-wire connections
Digital converter resolution 24-bit
Filter time Configurable between 1 and 200 ms
Conversion time 1)

1 channel 20 ms with 50 Hz filter
2 channels 40 ms per channel with 50 Hz filter

Conversion procedure Sigma-delta
Output format DINT or UDINT for resistance measurement
Temperature measurement range -200 to 850°C
Resistance measurement range 0.5 to 390 Ω
Temperature sensor resolution 1 LSB = 0.01°C
Resistance measurement resolution 0.001 Ω
Input filter First-order low-pass filter / cutoff frequency 1050 Hz
Sensor standard EN 60751
Isolation voltage between channel and bus 500 Veff

Linearization method Internal
Measurement current 1 mA
Temperature sensor normalization -200.0 to 850.0°C
Reference 1568 Ω ±0.1%
Permissible input signal Short-term max. 28.8 V
Max. error at 25°C 2)

Gain 0.0059% 3)

Offset 0.0015% 4)

Max. gain drift <0.00065 %/°C 3)

Max. offset drift <0.000025 %/°C 4)

Nonlinearity <0.001% 4)

Standardized range of values for resistance mea-
surement

19 to 390 Ω

Temperature measurement monitoring
Range undershoot 0x80000001
Range overshoot 0x7FFFFFFF
Open circuit 0x7FFFFFFF
General fault 0x80000000
Open inputs 0x7FFFFFFF

Resistance measurement monitoring
Range undershoot 0x80000001
Range overshoot 0xFFFFFFFF
Open circuit 0xFFFFFFFF
General fault 0x80000000

Electrical properties
Electrical isolation Channel isolated from bus

Channel not isolated from channel

Table 2: X20ATB312 - Technical data
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Model number X20ATB312
Operating conditions
Mounting orientation

Horizontal Yes
Vertical Yes

Installation elevation above sea level
0 to 2000 m No limitation
>2000 m Reduction of ambient temperature by 0.5°C per 100 m

Degree of protection per EN 60529 IP20
Ambient conditions
Temperature

Operation
Horizontal mounting orientation -25 to 60°C
Vertical mounting orientation -25 to 50°C

Derating -
Storage -40 to 85°C
Transport -40 to 85°C

Relative humidity
Operation 5 to 95%, non-condensing
Storage 5 to 95%, non-condensing
Transport 5 to 95%, non-condensing

Mechanical properties
Note Order 1x terminal block X20TB1F separately.

Order 1x bus module X20BM11 separately.
Spacing 12.5 +0.2 mm

Table 2: X20ATB312 - Technical data

1) The module is equipped with two independent converters (sensors 1 and 2, sensors 3 and 4). The conversion time applies to the number of channels
connected to the respective converter.

2) To guarantee accuracy, modules with a power dissipation < 1.2 W must be connected to the left and right of this module.
3) Based on the current resistance value.
4) Based on the entire resistance measurement range.

4 Status LEDs

For a description of the various operating modes, see section "Additional information - Diagnostic LEDs" of the
X20 system user's manual.

Image LED Color Status Description
Off Module supply not connected
Single flash Reset mode
Double flash Mode BOOT (during firmware update)1)

Blinking PREOPERATIONAL mode

Green

On RUN mode
Off Module supply not connected or everything OK
On Error or reset status

Red

Single flash Parameter or conversion error2)

s

Red on / Green single flash Invalid firmware
Off Input turned off or not supplied
Single flash Parameter error2)

Double flash Conversion error2)

Blinking Overflow, underflow or open line

 
 

1 - 4 Green

On A/D converter running, value OK

1) Depending on the configuration, a firmware update can take up to several minutes.
2) Parameter or converter errors are indicated simultaneously on the red "s" LED and the channel LED of the respective output.
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5 Pinout

Sensor + 1

Sense + 1

Sense - 1

Sensor + 2

Sense + 2

Sense - 2

Sensor - 1

Sensor + 3

Sense + 3

Sensor - 2

Sensor + 4

Sense + 4

Sense - 3 Sense - 4

Sensor - 3 Sensor - 4

1 2

X
20

 A
TB

31
2

s 3 4

6 Connection example

GND
+24 VDC

GND
+24 VDC

AT

Se
ns

or
 1

Se
ns

or
 2

+

_

_

4-wire
Connection

4-wire
Connection

+

+

_

_

+

Se
ns

or
 4

+

_

_

+

Se
ns

or
 3

+

_

_

+

To ensure accuracy, modules with a power consumption <1.2 W must be inserted to the left and right of this
modules.

X20 m
odule **

Pow
er dissipation < 1.2 W

Any X20 m
odule

X20ATx312

X20 m
odule *

Pow
er dissipation < 1.2 W

Any X20 m
odule

* E.g. X20PS2100
** E.g. X20DO6639
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7 Input circuit diagram

Sensor - x

Sense + x

Sense - x

A/D
converter

Input value

I/O status

LED (green)

Sensor + x
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8 Register description

8.1 General data points

In addition to the registers described in the register description, the module has additional general data points.
These are not module-specific but contain general information such as serial number and hardware variant.
General data points are described in section "Additional information - General data points" of the X20 system user's
manual.

8.2 Function model 0 - Standard

Read WriteRegister Name Data type
Cyclic Acyclic Cyclic Acyclic

Configuration
130 InputFilter UINT ●
134 ModeADC UINT ●

Index * 64
+ 450

SensorType0x (Index x = 1 to 4) UINT ●

Index * 64
+ 502

PreparationInterval0x (Index x = 1 to 4) UINT ●

Index * 64
+ 484

ReplaceUpper0x (Index x = 1 to 4) DINT ●

Index * 64
+ 476

ReplaceLower0x (Index x = 1 to 4) DINT ●

Index * 64
+ 468

UpperLimit0x (Index x = 1 to 4) DINT ●

Index * 64
+ 460

LowerLimit0x (Index x = 1 to 4) DINT ●

Index * 64
+ 490

Hysteresis0x (Index x = 1 to 4) UINT ●

Index * 64
+ 494

ErrorDelay0x (Index x = 1 to 4) UINT ●

Index * 64
+ 498

SumErrorDelay0x (Index x = 1 to 4) UINT ●

Communication
Temperature0x (Index x = 1 to 4) DINTIndex * 4 - 4
Resistor0x (Index x = 1 to 4) UDINT

●

Index * 64
+ 196

Measurand0x (Index x = 1 to 4) DINT ●

Index * 64
+ 217

IOCycleCounter0x (Index x = 1 to 4) USINT ●

Index * 64
+ 218

IOCycleCounter0x (Index x = 1 to 4) UINT ●

Index * 64
+ 210

Sampletime0x (Index x = 1 to 4) INT ●

Index * 64
+ 212

Sampletime0x (Index x = 1 to 4) DINT ●

Status0x (Index x = 1 to 4) USINT
Underrun0x Bit 0
Overrun0x Bit 1
OpenLine0x Bit 2
ConverterFault0x Bit 4
SumFault0x Bit 5
ParameterFault0x Bit 6

Index * 64
+ 233

IoSupplyFault0x Bit 7

●
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8.3 Function model 254 - Bus Controller

Read WriteRegister Offset1) Name Data type
Cyclic Acyclic Cyclic Acyclic

Configuration
130 - InputFilter UINT ●
134 - ModeADC UINT ●

Index * 64
+ 450

- SensorType0x (Index x = 1 to 4) UINT ●

Index * 64
+ 502

- PreparationInterval0x (Index x = 1 to 4) UINT ●

Index * 64
+ 484

- ReplaceUpper0x (Index x = 1 to 4) DINT ●

Index * 64
+ 476

- ReplaceLower0x (Index x = 1 to 4) DINT ●

Index * 64
+ 468

- UpperLimit0x (Index x = 1 to 4) DINT ●

Index * 64
+ 460

- LowerLimit0x (Index x = 1 to 4) DINT ●

Index * 64
+ 490

- Hysteresis0x (Index x = 1 to 4) UINT ●

Index * 64
+ 494

- ErrorDelay0x (Index x = 1 to 4) UINT ●

Index * 64
+ 498

- SumErrorDelay0x (Index x = 1 to 4) UINT ●

Communication
Temperature0x (Index x = 1 to 4) DINTIndex * 4 - 4 Index * 4 - 4
Resistor0x (Index x = 1 to 4) UDINT

●

Index * 64
+ 217

- IOCycleCounter0x (Index x = 1 to 4) USINT ●

30 - Status01To04 USINT ●

1) The offset specifies where the register is within the CAN object.

8.3.1 Using the module on the bus controller

Function model 254 "Bus controller" is used by default only by non-configurable bus controllers. All other bus
controllers can use additional registers and functions depending on the fieldbus used.
For detailed information, see section "Additional information - Using I/O modules on the bus controller" of the X20
user's manual (version 3.50 or later).

8.3.2 CAN I/O bus controller

The module occupies the following analog logical slots on CAN I/O.

• Upgrade version <1.1.3.0: 1
• Upgrade version ≥1.1.3.0: 2
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8.4 Configuration of the A/D converter

8.4.1 Setting the conversion rate

Name:
InputFilter
This register helps configure the sampling time of the A/D converter.
Data type Value Filter time in ms Conversion rate in s-1

4 1 1000
9 2 500
48 10 100
80 16.33 60
96 20 (bus controller default setting) 50
160 33.33 30
192 40 25
320 66.7 15
480 100 10

UINT

960 200 5

Information:
The lower the conversion interval is set, the more precisely the value can be converted. However, this
also increases the I/O update time.

8.4.2 Operating mode of the A/D converter

Name:
ModeADC
The operating mode for the A/D converter can be configured in this register.
The individual options allow faster digitalization of the analog values, but this also reduces the precision of the
measured values.
Data type Values Bus controller default setting
UINT See the bit structure. 0

Bit structure:
Bit Description Value Information

0 Alternating gain of the analog value (bus controller default set-
ting)

0 Chopper mode

1 Chopper mode off
0 SINC4 (bus controller default setting)1 Order of the SINC filter
1 SINC3

2 - 15 Reserved - -

The following applies:

ConversionTime(SINC3) = ConversionTime(SINC4) - 1 x ConversionCycle
ConversionTime(without Chop) = 0.5 x ConversionTime(Chop)
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8.5 Configuring the measurement channels

Each temperature measurement channel can be configured independently. All the registers required for this pur-
pose by each channel are arranged separately.

8.5.1 Channel parameters

Name:
SensorType01 to SensorType04
This register defines the basic behavior of the channel.
Data type Values Bus controller default setting
UINT See the bit structure. 129

Bit structure:
Bit Description Value Information

001 PT100 [10 mK/bit] - Temperature measurement (bus controller
default setting)

010 PT100 [1 mΩ/bit] - Resistance measurement

0 - 2 Sensor type with unit and resolution

011 to 111 Reserved
3 - 4 Reserved -

0 Replace statically5 Replacement value strategy
1 Retain last valid value
0 Switch off additional limits6 Monitoring the user-defined limit values
1 Switch on additional limits
0 Switch off the entire channel7 Channel (on/off)
1 Switch on channel (bus controller default setting)

8 - 15 Reserved -

8.6 Configuring the replacement value strategy

If a measured value is detected that is outside the permitted value range, the behavior of the input register must
still remain clearly defined. The module provides the user two different options for this purpose.
Retain last valid value
With this strategy, the determined measured value is stored temporarily for a specific time and written to the input
register after a delay. If an invalid measured value is detected, this value and all values that have been stored
temporarily are discarded. The last valid input register value is retained. To update the value in the input register,
there must be enough valid values stored in the temporary buffer. The number needed is determined by the time
period specified in "PreparationInterval0x".
Replace with static value
With this strategy, the measured value is written to the input register without delay. If an invalid value occurs, it is
replaced by a static value that has been predefined by the user.

8.6.1 Preparation interval

Name:
PreparationInterval01 to PreparationInterval04
This register defines the time interval in which the measured value is checked before being passed on.
Data type Value Information
UINT 0 to 65,535 Unit in 0.1 ms.

Bus controller default setting: 0

Information:
This register must be defined if the replacement value strategy "Retain last valid value" was selected
in register "SensorType0x" on page 9.
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8.6.2 Static replacement value when exceeding the upper limit

Name:
ReplaceUpper01 to ReplaceUpper04
This register is used to defined a replacement value that is output in place of the invalid measured value if the
upper limit is violated.
Data type Values Information
DINT -2,147,483,648

to 2,147,483,647
Bus controller default setting: 2,147,483,647

Information:
This register must be defined if the replacement value strategy "Replace with static value" was selected
in register "SensorType0x" on page 9.

8.6.3 Static replacement value when falling below the lower limit

Name:
ReplaceLower01 to ReplaceLower04
This register is used to defined a replacement value that is output in place of the invalid measured value if the
lower limit is violated.
Data type Values Information
DINT -2,147,483,648

to 2,147,483,647
Bus controller default setting: -2,147,483,647

Information:
This register must be defined if the replacement value strategy "Replace with static value" was selected
in register "SensorType0x" on page 9.

8.7 Configuring the user-defined limit values

This module provides the user the option to specify user-defined limits. If the valid measurement range is reduced
in this way, the behavior of the replacement value strategy is more likely to be applied.
Valid measurement range
The valid range is derived from the properties of the sensor being used or the hardware and firmware of the
respective B&R module. These values cannot be changed by the user.
Valid range of values
The range of values is always within the valid measurement range. The range of values can be adapted to the
requirements of the application by specifying the upper and lower limit value.

8.7.1 Upper limit value

Name:
UpperLimit01 to UpperLimit04
This register specifies the upper limit value. The values entered should be within the valid measurement range.
Data type Values Information
DINT -2,147,483,648

to 2,147,483,647
Bus controller default setting: 2,147,483,647

8.7.2 Lower limit value

Name:
LowerLimit01 to LowerLimit04
This register specifies the lower limit value. The values entered should be within the valid measurement range.
Data type Values Information
DINT -2,147,483,648

to 2,147,483,647
Bus controller default setting: -2,147,483,647
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8.7.3 Hysteresis

Name
Hysteresis01 to Hysteresis04
A hysteresis can be set in order to avoid frequent status changes in the measurement range close to the limit
value. Here, a small section is defined at the edge of the valid range of values where the measured values retain
the status (valid or invalid) of the previous measured value.
Data type Values Information
UINT 0 to 65,535 Bus controller default setting: 16

8.8 Configuring status messages

Errors are detected by the module and sent to the application. When using Function model 0 - Standard, the trigger
behavior of these error messages can be influenced by the "Delay" register.
In Automation Studio, an error message can be read either packed as the entire register or individually as bits.

8.8.1 Delaying error messages

Name:
ErrorDelay01 to ErrorDelay04
In order to avoid false alarms due to short-term measurement variations, the status messages transmitted to the
PLC can be delayed. This register determines the number of A/D conversions in which an error must exist before
an error message is transmitted.
Data type Values Information
UINT 0 to 65,535 AD conversions.

Bus controller default setting: 2

8.8.2 Delaying the sum error message

Name:
SumErrorDelay01 to SumErrorDelay04
This register can be used to set the delay used when sending bit 5 of the "Status0x" on page 13 register to the
PLC independent of the other status messages.
Data type Values Information
UINT 0 to 65,535 Bus controller default setting: 4000

8.9 Communication

The received temperature data is stored with a timestamp and, depending on the configuration, is made available
under various register names and data types.

8.9.1 Measured value – Temperature

Name:
Temperature01 to Temperature04
If the channel is configured for resistance measurement, the current temperature value is made available in this
register.
Data type Values
DINT -2,147,483,648 to 2,147,483,647

8.9.2 Measured value – Resistance

Name:
Resistor01 to Resistor04
If the channel is configured for resistance measurement, the current resistance value is made available in this
register.
Data type Values
UDINT 0 to 4,294,967,295
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8.9.3 Measured value – Unweighted

Name:
Measurand01 to Measurand04
When using the AsIoAcc library, the unweighted measurement can be accessed via this register. This refers to a
measured value that is within the valid measurement range and has not yet been compared with the user-defined
limits.
Data type Values
DINT -2,147,483,648 to 2,147,483,647

Information:
If no user-defined limits are configured, the value of this register does not differ from the temperature
or resistance value.

8.9.4 Cycle counter

Name:
IOCycleCounter01 to IOCycleCounter04
This register is used to provide a continuous counter for the application that is incremented each time a temperature
value is read.
Data type Value Information
USINT 0 to 32,767 AD conversion.
UINT 0 to 65,535 AD conversion.

8.9.5 Sampling time

Name:
Sampletime01 to Sampletime04
This register provides the application with the NetTime at the time of temperature recording.
For more information about NetTime and timestamps, see "NetTime technology" on page 14.
Data type Value Information
INT -32,768 to 32,767 NetTime timestamp in µs
DINT -2,147,483,648

to 2,147,483,647
NetTime timestamp in µs

Information:
The SDC library requires a 16-bit value for the sampling time. It is therefore also prepared as a 16-
bit value.
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8.9.6 Status messages

Name:
Status01 to Status04
The register bits are set if an error has been diagnosed and the error remains longer than the delay configured
in the "ErrorDelay0x" on page 11 register.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Name Value Information

0 No error0 Underrun01 to Underrun04
1 Value below the permitted range
0 No error1 Overrun01 to Overrun04
1 Value above the permitted range
0 No error2 OpenLine01 to OpenLine04
1 Sensor is not connected correctly

3 Reserved -
0 No error4 ConverterFault01 to ConverterFault04
1 Invalid A/D converter output
0 No error5 SumFault01 to SumFault04
1 Composite error
0 No error6 ParameterFault01 to ParameterFault04
1 The "SensorType0x" on page 9 register is faulty
0 No error7 IoSupplyFault01 to IoSupplyFault04
1 The supply voltage (I/O) is faulty

8.9.7 Status messages for function model 254

Name:
Status01To04
The bits in this register are set if an error has been detected.
Data type Values
USINT See the bit structure.

Bit structure:
Bit Name Value Information

0 No error0 Underrun on channel 01
1 Value below the permitted range
0 No error1 Overrun on channel 01
1 Value above the permitted range

... ...
0 No error6 Underrun on channel 04
1 Value below the permitted range
0 No error7 Overrun on channel 04
1 Value above the permitted range

Information:
If an open line is detected on a channel, then both error messages will be displayed at the same time.
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8.10 NetTime technology

NetTime refers to the ability to precisely synchronize and transfer system times between individual components of
the controller or network (CPU, I/O modules, X2X Link, POWERLINK, etc.).
This allows the time that events occur to be determined system-wide with microsecond precision. Upcoming events
can also be executed precisely at a given time.

8.10.1 Time information

Various time information is available in the controller or on the network:

• System time (on the PLC, Automation PC, etc.)
• X2X Link time (for each X2X Link network)
• POWERLINK time (for each POWERLINK network)
• Time data points of I/O modules

The NetTime is based on 32-bit counters, which are increased with µs timing. The sign of the time information
changes after 35 min, 47 s, 483 ms and 648 µs; an overflow occurs after 71 min, 34 s, 967 ms and 296 µs.
The initialization of the times is based on the system time during the startup of the X2X Link, the I/O modules or
the POWERLINK interface.
Current time information in the application can also be determined via library AsIOTime.

8.10.1.1 PLC/Controller data points

The NetTime I/O data points of the PLC or the controller are latched to each system clock and made available.

8.10.1.2 X2X Link reference time

X2X Link

Full cycle Half cycle

SI AO AISOAIAOSISOAIAO

Full cycle Full cycleHalf cycle

Task class Task class Task class

System time System time System timeX2X Link
time

X2X Link
time

23000 24000 25000 26000 27000

System cycle time = 2 ms
X2X cycle time = 2 ms

The reference time on the X2X Link network is always formed at the half cycle of the X2X Link cycle. This results
in a difference between the system time and the X2X Link reference time when the reference time is read out.
In the example above, this results in a difference of 1 ms, i.e. if the system time and X2X Link reference time are
compared at time 25000 in the task, then the system time returns the value 25000 and the X2X Link reference
time returns the value 24000.
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8.10.1.3 POWERLINK reference time

Full cycle

PReqSoC

Full cycle Full cycle

Task class Task class Task class

System time System time System time

POWERLINK
NetTime SoC

23000 25000 27000

System cycle time = 2 ms
POWERLINK system cycle time = 2 ms

POWERLINK
NetTime SoC

POWERLINK
NetTime SoC

PRes PReq PReqSoC PRes PReq... ...

The reference time at POWERLINK is always formed at the SoC (Start of Cycle) of the POWERLINK network.
The SoC starts 20 µs after the system tick. This results in the following difference between the system time and
the POWERLINK reference time:
POWERLINK reference time = System time - POWERLINK cycle time + 20 µs.
In the example above, this means a difference of 1980 µs, i.e. if the system time and POWERLINK reference
time are compared at time 25000 in the task, then the system time returns the value 25000 and the POWERLINK
reference time returns the value 23020.

8.10.1.4 Synchronization of system time/POWERLINK time and I/O module

Time

X2X Link cycle

(E)

(S)

C
ou

nt
er

 v
al

ue

(1)

(2)
Counter PLC/POWERLINK
Counter I/O module

(E)

(S)

At startup, the internal counters for the PLC/POWERLINK (1) and the I/O module (2) start at different times and
increase the values at µs intervals.
At the beginning of each X2X Link cycle, the PLC or the POWERLINK network sends time information to the I/
O module. The I/O module compares this time information with the module's internal time and forms a difference
(green line) between the two times and stores it.
When a NetTime event (E) occurs, the internal module time is read out and corrected with the stored difference
value (brown line). This means that the exact system time (S) of an event can always be determined, even if the
counters are not absolutely synchronous.
Note
The deviation from the clock signal is strongly exaggerated in the picture as a red line.
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8.10.2 Timestamp functions

NetTime-capable modules provide various timestamp functions depending on the scope of functions. If a timestamp
event occurs, the module immediately saves the current NetTime. After the respective data is transferred to the
CPU, including this precise time, the CPU can then evaluate the data using its own NetTime (or system time), if
necessary.

8.10.2.1 Time-based inputs

NetTime Technology can be used to determine the exact time of a rising edge at an input. The rising and falling
edges can also be detected and the duration between 2 events can be determined.

Information:
The determined time always lies in the past.

8.10.2.2 Time-based outputs

NetTime Technology can be used to specify the exact time of a rising edge at an output. The rising and falling
edges can also be specified and a pulse pattern generated from them.

Information:
The specified time must always be in the future and the set X2X Link cycle time must be taken into
account for the definition of the time.

8.10.2.3 Time-based measurements

NetTime Technology can be used to determine the exact time of a measurement that has taken place. Both the
start and the end time of the measurement can be transmitted.

8.11 Minimum cycle time

The minimum cycle time defines how far the bus cycle can be reduced without causing a communication error
or impaired functionality. It should be noted that very fast cycles decrease the idle time available for handling
monitoring, diagnostics and acyclic commands.

Minimum cycle time
200 µs

8.12 Minimum I/O update time

The minimum I/O update time defines how far the bus cycle can be reduced while still allowing an I/O update to
take place in each cycle.

Minimum I/O update time
1 ms
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