
Chains for Powcr 'Ih'ransmission. 

By A. S. HILL 
(MEPBER) . 

TITR Author approaches this subject, before an audience of auto- 
m0l)ile engineers, with considerable diffidcnce, because he recognizes 
only too well the position the chain occupies to-day to the auto- 
mobile designer in conrparison to what it did some few years back. 
Nevertlieless, ahodd the contribution result in the open and f u l l  
discussion so charactcristic of papers read before this Institution, he 
has little doubt the transmission of power by means of chains will 
substantiate its claim for continued recognition. 

The historical aspc>ct of the subject will not be dealt with to any 
axtent, beyond mmtioning that the development of really satia- 
factory chain gearing may probably be attributed, in the first 
instance, to dcmands made by the cycle trade. The roller chain for 
this purpose was introduced in 1880 by Mr. Hans Renold, and from 
this chain miLy be traced the practice, which has resulted in the 
commercial product now in use, and also the larger roller chains 
wklich are so exteu~ivoly applied to general engineering purposes 
and to automobiles. 

Those chaiiis hava influmoed to no sniall ~x ten t ,  especially in 
matters OF construrtion, those which are later referred to under the 
designation ol' '' Inverted Tooth Type." The standard half-inch 
pitch bicycle chain of to-day weighs 3 to 4 oz. per foot, has a break- 
ing strengtlr of 2,000 lb., aid will run up to a speed of 800 ft. per 
minute, and under certain ronrlitions wen more, with satisfactory 
results. 

Some idea o l  thc nccurac>,y required in building up surh a chain 
may be appreciated when it is realised that a standard & in. pitch 
cycle chain of 56 i i ) .  in length contains 560 distinct pieces, has 
112 joints, and that the whole length is guaranteed within a limit 
of 31f i n ,  which onlj permits an average limit of *0003 in. per joint. 
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'This cxample, it  is believed, will amply demonstrate not only the 
(Bare which has bcen mninlained ill the manufacture of this type of 
chain and of all chain gearing generally, but also the proficienc>y 
whitah has been attained by niannfacturers in its production. There 
has, iir fact, probably been as much research and improvement of 
methods, both in rcgnrd to design and construction, in reference to 
the manufacture of driving chains, as in any subject occupying the 
minds of specialists. 

IMorts have not been confind to the design and manufacture 
of the chain alone, for without at least equal study expended on 
the joint components of a drive (namely, the chain wheels), much 
of the work on chain design and construction would have been in 
vain. True it is that this side of the subject was for a long time 
much neglected, and treated by mechanical designers with but 
scanty consideration. However, for the last few years at least, 
thanks in no small measure to the insistency of the chain manu- 
facturers, their particular inil)ortanre has hecn generally recognized. 

Before dealing with the application of chain transmission 
generally, the various types of chains will be considered ; the 
selection of these is, in a great measure, govrrned by the speed factor. 

Fig. 1. Plate XXIII , is the well-known Malleable Link Chain, 
introduced into the United Rtates of America about 1870, which has 
conimanded, and continues to enjoy, a considerable amount of 
siiccew for slow drives, and, in conjunction with a great variety of 
specially constructed appliances, such as buckets, baskets and plates, 
&c., is used exteiisively in connection with conveying devices. 

Thc work generally r e q u i r d  of Rtud Chains (Fig 2 ,  Plate XXIII.) 
is  so slight that the rivets or studs are the only componcnts required 
LO nctudly liardcned , they art' slioirldercd a t  the ends, and take 
their bearing in thc actual link plates. Inasmuch a s  the fixed studs 
m a l r ~  contact with the wheel teeth, it nntumlly follows that this 
t y p  clan only be cxpec+il to prove satisfavtory on w r y  slow drives 
-say, up to 100 ft. per minute-and such chains are generally 
selected for balancing and lifting lmrposeh, 01' for transmitting a 
reciprocating motion. 

The  unit froniwhivlithc Bio(W3hain (Fig. 3, Plate XXIII.) derives 
its nanw can be of any section to suit particular requirements. The 
pitch of dternate rivet holes in thr outside connecting plates repre- 
sents the pitch of the chain. The 1 in. pitch Block Chain which, 
in past years, was so popular on bicycles had respectively centres 
of *4 and *6 in. for the block and links. 
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r i  Llic Hock Vlrain is still largely used, and p r o v ~ s  siLtisfactory up 
to spretl5 o f  5 0 0  or fio0 f t  . pcr minute. All automobile designors 
k n o ~  tltak this ty”e of cliain  as generally used on motor cars in 
the early day,, c~vcntii,~lly bring replaced by a roller (*hain con- 
structed in su rh  a foriii as to fi t  the wheels designed for the block 
type. ltoller cakrains thus inade are generally designated as (.double 
roller.” (Big. 1, l’lafe XXlV 1 Naturally, this type has a much 
fimoothcr action thaii the solitl hlo~lc - due to 11ic rollers revolving 
when in contact with the teeth. 

l’robably the developnient of the well-known Single Roller 
Chain (Fig. 5,I’latoXXIV.j has helped more than any other to  make 
transmission of power by chain as successful as we find it to-day. 

Chain mann€aacturcrs, without exception, have devoted a great 
nmount of c a w  and study to drsign, in order to proportion the 
wniponents l o  give t h  best rwiilts for hard wear and tear. It must 
b c x  :~cknowledpcd that  Ringlcl Itoller Chains have proved of immense 
service in thP past wliere spec& not greatrr t h n  800 ft. per minute 
mere rcquircd for they are particularly cxfficient arid smooth in 
acation, and petniit of a cwniparatively inexpensive drive within 
tlirlir limits of speed. Chains of the Singlo Roller type are made 
i n  a great variclty tri’ pitchcs, varying from Hinm. (5-1Gths of an in&) 
u1) to S inches. 

‘l‘hc c.xtraorc1inai.y M oaring qualities of the Single Roller Chains, 
as evirwed on autonio7rjiles working under anything but favourablc 
caonditions, warrant home reference to the material and methods of 
manufacture of their c~ompoiient parts. 

For many yeais the rivets wIvcrt) iriade of mild steel with shouldered 
cnds, and caso-hard(:nrd, thr permanent fixing into the. outside 
plates being pcsrfornlrd w i t h  the ordinary bammer, thus necessitating 
:L liniit to their degrctt oF Iinrduess. Modern practice of the best 
ni:inufacaturrri is to 11s~ a nickel steel case-hardened rivct, with 
recessed mds, the last featurc. permitting, with tlic aid of’ pneumatxc 
hminiers, a s(wtw fixing of pmctically dead hard ends. 

13ushrs or ~lecvcs imo of mild stcel of a good case-hardening 
,yualit,y, card  ully reairiered in the hole and inachined on the outside 
to rnsurc oonwntricit,y . 

Th- rollors m e  n i d e  of similar material to th(3 hush, and are 
lilrrwise carefi1ll-y case-liardcned to that dogrep which proves best to 
W i t f i s t a n c l  shock and prevent, I in bility t o  fracture when in actual use. 

Tlie side plates arc hlankings from a high quality of steel with a 
tcilsile strengtli of from 70 to 90 tons to the square inch, which 

(Fig. 6 ,  l’lato XXLV.) 

(Fig. 7 ,  Plate XXIV.) 
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has hecn cold rolled, and which is a particularly difficult material 
l o  work. The links are pirrced within a liniit of 0.0005 in. of the 
pitch and are reaniered, the latter process heing necessary i n  order 
to procure a perfectly smooth and parallel hole. 

The rivets and bushes arc R forced fit inlo the reanierrd holes of 
the outer and inner plates rcbspectively. 

Experience having proved the rollei. to k)c the first component to 
give out under hard wPar a n d  tear, the author, believing this to be due 
in no small measure to  the grain of the matcrial being tranverde to 
the diameter, designed the “ Wormo ” Rollcr (Fig. 8, Plate XXV.). 

These are producod from a flat qtrip ol metal coiled into tubes ; 
the fibre of the metal, therefore, follows the circuinference of the 
roller, aiid the chain is Iess liable to  split or  burst when in use., It 
is found that chains fitted with these rollers, on new wheels, are 
somewhat quicter than thow fitted witli rollerfi made from the steel 
h r ,  which is no doubt due to the ptwilinr method of construction. 

With the olij ect of reducing l,hc mniponcmts of siiigle roller chains 
to  the minimum, the intc>gral forin of alternate links (Fig. 9, 
Plato XXV.) is interesting. 

The plate is originally a drop forging, machined all over to shape, 
so that when assenibled thr rollor takes i t s  bearing on the bush, 
or sleeve, whivh has been formed on the niachinod forging. This 
mcthod of construction reduces t h o  coinponents by one-fifth, but the 
process of manufacturo is obviously more uxponsive than in those 
chains previously described, aiid only meets a want where price is 
not the main wn&Ieration; the piill is steady, and tho drive strictly 
in alinement. 

The “ Iiivcrted Tooth ‘Cy1)ii ” of’ Phairi (Fig. 10, Plate XXV.) was 
originally desigiicd for transniissioii of power at higher speeds than are 
suitable for roller chains. The former type has become increasingly 
popular, and nicets the drmands for chain drives developcd by the 
electric motor and by high speed engines. Invented by one Guthrie, 
and manufactured by Messrs. Hans  Ttcnold, Ltd., of Manchester, 
they are now manufacturod in this country by Messrs. Renold, 
The Wastinghonse Brake Go., a i d  “Thc Coventry ” Chain Co. 
(1907), Ltd. It will be noted they are essentially link chains built 
up in series and with anguliir iacos, the outer ones of which take 
a bearing upon the wheel tccth, which arc cut to  a constant 
conforming angle. 

Undoubtedly, their chief feature is the fact that the links talce a 
bearing upon the face of every tooth upon which the chain engages, 
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and as the pitch of thrl chain iiwreases, due to the inevitable wear 
of the rivet and tlic. bush, or other bearing, the chain will ascend 
the angular facos of thc wheel terxth, tlieroby aqsuming autoniati- 
cally an increased pitch cbircle, and thus accommodating itself I o the 
wheel. (Figs. 11, 12 and 13, Platc XXVI.) Apeculiar and distinctive 
feature of this tylJc. is thc facd that power is transrnittcd by and to 
all the teeth in tlic. arc’ of contavt, irrespective of the increasing 
pitch duc to elongation. 

Prom the illusfration (Fig. 11, Plate XXVl.) it will be noted that 
at  no time does this chain take its bearing upon the bottom of the 
teeth, and that the liriks (Fig. 13, I’lateXXVI.) have no sliding action 
on or off the teeth, hut on the contrary lift themselves clear. This 
feature 1-esults in a gear with :tn extremely smooth and noiseless 
ncfiori, and one which can with confidence he recommended €or 
speeds varying from 800 to 1,300 ft. per minute. 

Manufactured in a variety of pitches, from 8 mm. up to 3 in., 
the type, general rilethoti of inaniifactiire, and assembling, permits 
the manu€ac.f,iirer to  v a m  the xvidlli without additional tool expense, 
and also pcrniits of adaptation to transmit loads of hundreds of 
horse-power by a bingle vliain. (See Pigs. 14 and 15, Plate XXVII.) 

The author is infor1nc.d that there is now being constructed a 
rhain of 2: in. pitch k ) y  18 in. wide to transmit 350 h.p. j he is 
of the opinion that if 4ir) had such a proposition to deal with, he 
would probably bv indincd to ronsider iriultiple units with balanced 
spring drive. 

At, the yrcscmt time thwe are three distinct methods practised in 
order to eiisnre that thcse chains shall maintain their position on 
the wheels (Pig. 10, P la t e  XXV.). Originnlly flanged wheels were 
essential, but noa either the  01 erhaiiging side plates, or ceiitral 
gnidc plate? running in grooves, are generally adopted. 

When overall width of chain is not of vital iiiiportance, perhaps 
tho outside gnide plate. principle is to  be preferred, on account of its 
permitting the rriaxiinim~ area of vivaring surface in a given working 
width of tooth. 

Much attention has bcon given by chain rnanufacturcrs to the joint, 
aciion of the bearings. Fig. 16, PlateXXVIII., will serve to describe 
the principle adopted by Messrs. Renold, Ltd., of Manohester 
It will be noted that each liole in iJie plate has a small and a large 
recess; in the former t h  bushing is a fixture, whilst in the latter it 
has a clearance permittiiig the plates to swing on the studs. When 
assembled a fixture recess comes opposite to a clearing recess, thus 

HILL. X 
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l)eriiiittiiig of u n g u h  ino%eLneiit, and itb tho birsllitigs 11111 h 
wholci length of the studs, the wearing surface is continuo1 15. 

‘L’he Westinghouse-Morw Stait(lar(1 I h u l ~ l c  (xiid Ohain (Pig. 17,  
Plate XXVIII.) is 011 tho rookcr princil)lo, with t w o  hardened steel 
surfaces, the flat face of the one bearing on the edge of the other 
when the chain moves on u r  off 11te chain wheel. 

Pig. 18, PlateXXVIII., showstlt(: seat Imon the left and the rocker 
pin on the right. Tho movenieiit taking place belweeii the two is 
that of n liardciied steel knife edge rocking on a hardened steel 
surface. I t  is claimed that sliding friction is eliminated, wear 
reduced, and a continuous bearing surface obtained. 

The author is somewhat diffidont in referring to  the joint bearing 
of (‘ Tho Coventry ” Noischs Chains, and will content himself by 
stating that he  has coiisiRtently preached to his firm the value of 
simplicity in construction, :ts a reference to Fig. 14, Plate XXVII., 
will amply demonstrate. 

IZeferring to chain drives generally, the chief points which will 
c,oiumend themselves to engineers are as follows :- 

A chain drive is positive. 
I ts  offisiency is high. 
Tension is not necessary to make chains grip their wheels, as 

is the case with belts. 
‘I!hore is a minimum of journal friction, and, therefore, a more 

economical use of powcr thaii in any other niecslianical 
means of transmission. 

I n  the ease of “ Inverted Tooth ” Chains, more quietness is 
obtained than with other forins of tooth gearing. 

Whilst most contingencies in power transmissions can be met by 
tlw application of those types of chains already described, extreme 
cases where high chain speeds only are possible, and sometimes 
essrntial, prohibit the use of these. 

Ctm&l consideration led the author to introduce a high speed chain 
(Fig. 19, Plate XXlX.) to meet such exacting requirements, which 
although made at present ill one pitch only, permits of varying widths 
dependent on the power trailsmittd. This chain can be run at speeds 
from 1,400 to 2,200 ft. per minuto without detriment, and is prac- 
tically noiseless at  all speeds by reason of its distinctive tooth 
aL%tion, which, w liilst resembling that of the roller chain, possesses 
the advantages of the “ lnvertctl Tooth Type.” The chain will 
drive on either side, and owing to its extremc3 flexibility and 
elasticity, can be used where crossed drives are required, if the 
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npntres :LIT wasonably far ap:wt, ant1 the smaller widths of chain 
are uscd. 

The formittion of this chain approximates to that 01 the (‘ In. 
vertcd Tooth Type.” dirplcx plates forming a block, held together 
hy a hardened steel bush which takes its bearing on a hardened 
rivet. The plates are of a q’ecial form, pierced with lightening 

nibled chain is intended to be run on flanged 
wheels. 

Chain drives occupy little qlace and overcome difficulties of 
cwmiped or awkward positions They give an efficient service at 
centre distarwes too short for belts and too long for gearing; they 
are climaticnlly satisfactory, L e . ,  under hot or damp conditions. 
They can be used for almost every kind of drive, but several factors 
d($,er.mine the best aim and type of chain to be iised, among 
whirh are :- 

The natnre of the drive. 
Whether the load is steady or intermittent, 
The speed required. 
The power to be transmitted. 

No hard-and-fast lines can be laid down as to speed for any 
particular drive. Speed limits which can be recommended for each 
p:mticular type h a w  already been mentioned, but chains can he run 
at even higliar speeds w h n i  special provision for lubrication is 
made. 

The undoubted efficiency of chain gearing, as at present 
manufac%tured, is mainly due to :- 

(a) The more thorough understanding of the principles involved, 
diie to constant study of drives tinder working conditions. 

(b) The ru:iny improvements in the manufacture of chains and 
wh(ds,  which ensures the necessary precision. 

(P) The niore correct designing of chains and wheels, based on 
experience, and improved mPthods of mounting these 
detitils. 

Given even norni:il conditions, the efficiency of chain drives is 
relatively higher t h n  that of most other forms of transmission. 

TJrider favourable circumstances, careful tests have shown that, 
for the chains only, an efFicicncy as high as 99 per cent. can be 
obtained, whilst for the complete drive, whcn wcll mounted, 
efficiencies o i  96 per cent. and 97 per cent. have been obtained. 

X 2  
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I in. Pitxh Single l%ollor Chair! to 
cqud Wheels of 11 Tcettr . 

1; in. Pitch Single Itoller Chair! to 
(:qii>i,l M'heolr, of 8 Teeth. 

~ 

l s l  7 h l .  
Speed, 890 ft. per niinnte ; power Specd. 890 f t .  per minute ; power 

trauumittcd, 4 i  h.p. ; efficiency, 91 per txansmitted, 45 h.p. ; efficiency, 94 per 
c:ent. cent. 

2nd 7 h t .  
Speed, 880 f t .  per minutc ; power Spec 0 ft .  per minut,e ; power 

7 i  h.p. ; cificiency, 96 per t.ransrnitted, 7:- h .p. ; eficiency, $16 pcr 
I : c ? n t .  

transm 

Speed, 870 ft .  per minute ; power Speed, 870 ft. per minute; power 
transmitted, 10 h.p. ; efficiency, 9Gi per tranflmitted, 10 h.p. ; efficiency, SGi  per 

cent. cent,. 
4th 7%st. 

Specd, 855 f t .  per rniniita; power Speed, $55 f t .  per minute; power 
transmittcd, 14 t  h.p. ; efficiency, 96 per t,rtmxmitted, 1 4 a  h.p. ; cffic:iericy, 97 per 

mnt. cent. 
51h 7kst. 

Speed, 840 ft. per minute ; powei. Speed, 840 ft.  per minute ; power 
transmittcd, 17 h.p. ; efficiency, 95 per 

:It will be iioticed that as the speed of the chain deareases, and RR 

tlie load goes up, so tho efficiency increases. 
I t  will also be notad that the conditioiis were not altogether ideal, 

iiiasmuch as the chain speed is slightly over what I have reaom- 
mended in my Paper, and the iiuinber of teeth in each instance 
was snmll. I t  will be notkd, however, that the efficiency of the 
1.; in. pitch roller chain tLvnrages about 3 per cent. less than that 
of t h o  1 in. pitch roller chain, due ,  110 doubt, to the smaller number 
of the teeth of the whools. 
'<  '1111~ C o v i r ~ ~ n u  NOISICLUSB " ~hai l i ,  

tmntimittcd, 17 h.p. ; efficiency, 98 per 
(!(?St. cent. 

ill. l'itch, working widt,h 1.155, ovcr two 
eqii:i.l whccls of I X  Toet l i .  

ls l  I b t .  
Specd, 1,0!% ft. per minute; piJwcr trnnxmitted, 4; h.p. ; efficiency, 94.5percent. 

%id Test. 
Speed, 1,085 ft. per minute ; power trantimitted, 7$ h.p. ; efficiency, 97 per cent. 

3,d Il%st.  

Sped ,  1,080 ft. per minute ; power transmitted, 10 1i.p. ; efficiency, 97.5 per cent. 
4th Ted. 

Speed, 1,069 ft. per minute; power transmitted, 141 h.p. ; efficiency, 97.5per cent. 
5 t h  I b t  

Speed, 1,053ft.  per minute ; p~)wer transmitted, 17 h.p ; effic:ioncy, 9S..5 percent. 

The drive, The above gives an average of 1,075 ft. per minute. 
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therefore, would be under fairly ideal conditions. I t  will be noted 
that the efficiency riscs with the load, in the same manner as with 
the roller chain, rind appears t(J br about I& per cent. better than 
that of the roller chain. 

CONDITIONS OY TEST. 
Motor, 20 h.p. U.T.H. 2-phase slip ring, connected in circuit to a 

%phase wattmeter to read the power consumed. 

BRAKE. 

Eddy ourrent typo, by Morris & Lister, of Coventry. The 
exciting current for this was supplied by a motor generator at 
11 0 volts continuous current. 

The first step was to determine the efficiency of the motor, which 
was done by coupling the motor direct to the brake. Five readings 
were taken at diflerent loads, the load on the brake having been 
adjusted, the brake balanced carcfully by means of the con- 
trolling rheostat s, and the wattineter reading and speed observed 
at the same time. This gave a curve for the rriotor efficiency at  the 
different loads. 

The brake was then driven by the motor by means of one of the 
chains, and tho brake loads, spved, and wattmeter readings again 
observed with thc same load on the brake as when testing the 
motor. In order to eliminate orrors, due to wind resistance, etc., 
the sprockets used were of equal size, so as to drive the brake at the 
same speed as when coupled to  the motor. The efficiency was thus 
determined from the wattmeter readings, corrected for the loss in the 
motor previously determined, and the h.p. as determined bytho brake. 

While maintained efficiencies of 94 per cent. to 96 per cent. are 
the rule for well-designed drives under average conditions, several 
factors must always be considered to ensure such results, among 
these being :- 

(1) Speed of chain. 
( 2 )  Ratio between wheels. 
(3) Position of drive. 
(4) Eficiency of lubrication. 
(5) Distance oi' centres. 
(6) Proportions of the chain and wheel teeth. 
(7) Nature of load, whether continuous or fluctuating. 
(8) Size of chain relative to power transmitted. 
(9) Design of bearing. 
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Seldom do chains prove too weak for the work required of them, 
for they will usually wear out by olongation, due to wear between 
rivet and bush, before breaking ; therefore, solection should be 
made which postpones such a condition as long as possible. Other 
conditions being norrnal, it naturally follo~7s that the life depends 

on tEic aruo*unt of l'rcssure per square inch of projected rivet area, 
iind tho liardness of wearing surfaces. I t  is found, " in practice, 
that not iitorc tlian 6.50 I'D. prossure to the square inch of such 
projected area should be allowed. 
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As the wear and the strength of well-proportioned chains have a 
relation to the rivet diauieter, it is customary to select them by their 
strength, instead of calculating the bearing surface of the rivet. 

It would be somewhat dangerous to state here definite factors of 
safety for each particular type of chain by simply taking as a 
basis the breaking load arid its ratio to the pull, for, obviously, 
the factors must vary, not only with tlitr speed, but with the general 
conditions prevailing. For instance, with a short drive in a polishing 
or griiiding shop the factor might conceivably be as high as 35 or 40, 
yet exactly siniilar chains might be used under ideal conditions of 
lubrication aud speed, with a factor as low as 8 or even 5. 

As a general condition it might be fair to state that if the lubri- 

FIG. 21. 

cation was as good as is usually provided for the small end of the 
oo~incctiiig rod of an engino which works under similar conditions to 
a chain bearing, equally high pressures per square inch of projected 
itroa might bo adopted. 

As in niany other matters, automobile chains well above their 
work are more economical than those having a low safety factor, 
which accounts €or the use of so large ti factor in severe cases where 
tho conditions of load are irregular. 

For such drives, the chain manufacturers recoiiirnend the use of 
n sliuclc a!Jsorbirlg wheel (Fig. 20), which has springs between the 
rini and the hub. ‘I’hcso absorb the fluctuations of the load and 
prevent iujury to the chain and wheels. 
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The highest ratios of wheels desirable between the driver and 
driven are :- 

Inverted tooth type, 1 : 6. 
Roller and block type, 1 : 74. 

The maximum and minimum numbers of teeth advisable may be 
said to be:- 

Inverted tooth type, 15 and 90. 
Roller type, 8 and 70. 
l~lock type, 6 and 60. 

Wheels of reasonably large diameters are to be preferred for 
quietness of running, and provision should, when possible, be made 
for a ( (  hunting ” tooth on one of the wheels. The position of drive 

F I G .  22. 

is of considerable import:mce-the chains should be run iu a 
vertical plane, that is to say, the two shafts horizontal. If or10 

shaft is higher than the other, the shaft carrying the larger whoel 
should be uppermost in order to distribute the weight of the chain 
over the greater number of teeth. 

Fig. 21 indicates the approximate limit of vertical angularity at 
which a chain should be run without necessitating the introduction 
of a jockey pulley, but this will v u y  slightly with the direction of 
p11. In  ‘the case of vertical drives, however, in order to reduce 
the destractivo element 011  both chain and wheels, by keeping the 
former in proper contact with the lower wheel, it is advisable to 
provide for a jockey pulley on theslaclr side. (Fig. 4-1, I’latv XXXVII. ) 
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Where possible the distance 01' the centres apart should not 
he less than one-and-a-half tiines the diameter of the large 
wheel, or greater than from 10 ft. to 12 ft. for fairly heavy drives. 

8 
W 

I 

Por%elevator and carrier chains, which run on supports, the centre 
distance may be almost any length. 

Although chains have a certain amount of lateral flexibility, and 
give satisfaction where the conditions are far from ideal, the general 
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mounting, or erecting, cannot be too substantial. Shaft bearings 
should bc rigid and wheels liiieabli:. If on light shafts, liable to 
spring under load, the whwls should be mounted near the bearing. 
Exact alineniant is osseiitid for good results, and when the drive 
is fronl an electric motor, tlir miniininn auiount of ond play in the 
armature is perniissible. 

It niay not be out of placc to say that the alinement of chains is 
not of such vital importance a8 with doublc helical cut gears, or 
worm drive. 

Ordinary engineering fsictory drives 1-mining under fair condi- 
tions, should be lubricated once :L week at least, with a lubricant 
free from any tendency to thicken. Where the temperature is niuch 
abovc normal a thick oil of corisiderable body should be used. 
When a more fluid oil is uscd its consistency should be judged by 
the speed of the drive. E’or high speeds use a thin oil in order 
to penotrate the joints, followod up by a thicker oil, which refuses 
to be thrown ofT by a centrifugal force. The lubricant is best ap- 
plied with a brush to the inner side of the chain when stationary. 

The advantages of providing a suitable cover, preferably of 
nietal, will be obvious, and a drip lubricator should be fitted into 
tho  top portion with a tap in the lowest part of the guard, for 
draining away the oil when necessary. 

3brrnule for Calculating the Biamete,. oj Chain Wheels. 

FIQ. 23. 1 Block type 
Single roller type 
Inverted tooth type 

It should be uoted that for wheels suitable for block and twin 
roller chains tho top diameters of the chain wheels are equal to the 
pitch line diameter, plus the diameter of the end of the block or 
the roller, while for single roller chains the top diameter yhould 
never exceed the pitch diameter, plus half the pitch of the chain. 
In the “Inverted ” tooth chain the diameter of the wheel blank is, 
for all intents and purposes, equal to the pitch line. 

It is advisable, but not absolutely necessary, to make provision 
for means of adjustment. It will he apparent that both tight and 
slack chains are evils to be avoided ; as a matter of fact, only a 
small amount of slackness sliould be perceptible when the drivo is 
stationary. Wlicre 110 adjustiuont can be provided the chain 
should be shortened by one pitch as soon as the sag will allow ; for 
this purpose special links are geuerally obtainable. 
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For wheols running at high speeds and with a srriall number of 
teeth, a good qitality oi' mild steel should be used, the teeth being 
case-hardened. 

For thc larger sizes a good quality of cast irou will usually be 
found. suitable, except where the corditions are unusually severe, 
when steel castings may be substituted with advantage. 

To maintain efficiency the continuance of correct tooth form of 
the chain wheels is essential. (Figs. 24, 25 and 26.) 
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Chain drives in connection with aittomobiles were generally 
;iclrnowledgod, by the original designers, to be a ready and 
conveuient means of providing for the transmission of the power 

i X 

to the road, wheels, and to the chain must be credited no siriall 
part in the early development of tho niotor vehicle. 

All of us doubtless recollect some of the early types of chain- 
drivuii cars with driving chain wheels having as few a8 6 teeth, 

THE INCORPORATED INSTIT~J'l?IO~ OF AUTOMOBILE ENOIWEERB. 
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CHAINS FOR POWER TRANSMISSION. 323 

which quickly lost their original form arid bocamc under-out 01 

“ lioolred ” (E’ig. 27), causing constant chain troubles. ‘ AR time went 
on matters somewhat improved, and the makers of motfor vehicles 

were so progressivo as to put 9 teeth in the driving pinions with 
cwtainly bctter hut yet far from satisfactory results. 

It will be conceded that at this time chain manufacturers made 
mhtrkrd advmcement towards perfection of manufacture, especially 
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in the life of tho bearing surfaccs, notwithstanding which, chains 
were rapidly tlcstroyed, and the owners of automobiles bought new 
dinins often without a tholight of the wisdom of renewing the chain 
wheels ; thus the new vhairis were conipellcd to gct out of pitch even 
more quickly than the old ones which theg had replaced. 

Gradually the motor car manufacturers learnt by experience that 
if the wear was distributcd over a greater area, the teeth would 
retain tlieir correct form for  a longer period, until eventually gears 
were being used with pinions having as irixiiy as 20 teeth and made 
of steel castings, or of mild steel, caw-hardened, instead of hronzc 
or malleable iron. 

The above remarks, as far as chain wheels are concerned, have 
been confined to the driving pinions, because in nine cases out of 
ten they were mainly rcsponsible for chain troubles. 

N oisc of transmission was rcduced as the important conditions 
lierc, detailed received attention, and the next improvement was 

E291 

naturally the provision of means for properly encasing all chains 
and giving them a fair chance to prove their efficiency. 

During all this time the fact must not he lost sight of that the 
horse-power of tlie engines of nut ornobiles had rapidly increased, 
as much a8 40-50 h.p. being transmitted through a pair of 
12 in. pitch chains of tho single roller type, whereas previously thc 
same size of chain was being uscd for 6-9 h.p., and yet on the 
inore powerful machines, iindor the improved conditions, the 
chains lasted much longer than on the lower powered vehicles. 
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li8esulfh Ei:ivc\ bccw recorded of 18,000 to 25,000 miles with one 
1i:tir of diaiii+ 1s it too nnrch fo  say that chain3 and chaiii wheolb 
were -probitlily thc most ill-used part of the rnechanism of a car? 
Thoir very position subjected them to streams of mud or dust from 
thc road wlieels, and nothing more could be expected of such x i  

accurately rriadc piece of mechanism working nnder such unfavour- 
able condition‘,. 

No doubt autouiobile designers have many awkward problems to 
solve, and unquestionably one is the dcsigning of a proper chain 
case permitting cleanliness iLnd reasonable lubrication. (Fig. 28, 
l’lnte XXIX.) At last, several automobile manufacturers decided to 
so design their vehicles as t o  admit of suitable chain cases being 
grovidcd, and the aui hor is of the opiniou that chain gearing, under 
these conditions, compares with distinct advantage as regards 
efficiency, and most favourablv as regards silence, with live axle cars. 

It was to be expected that automobile designers would look for 
other mean8 of transmission on their vehicles, in view of the un- 
fortunate expcrionce of many chain users in the early days, and 
thcre was great inducement to manufacturers to spend time and 
money in the ondeavour to perfect the live axle. All me agreed 
that they have succeeded in producing a piece of mechanism which 
does them infinito credit. 

No doubt froubles of no mean order were experienced in the 
development of the livc axle, and who can say that if the same 
amount of time, patience and money had been devoted to the 
further improvement of the chain drive there would be anything 
like the same disproportion in numbers between live axle and chain 
driven cars as now exists ? 

Th(A live axle, no one will deny, forms a clean and well-housed 
piece of niechanism, but d o  not its benefits end here? 

It is not too miich to (hi in  for chains a higher efficiency for 
transmitting powei’ tlriaii high reduction bevels or worm gears. 
l’ositiv(3 in their nrtl ure, thcy have some degree of flexibility, aiid 
(’ven when fitletl in (‘ases t1ic.y tire fairly accessible. 

Chains and cshaiii whoels (wi be quickly renewed without great 
espeiise, aiid an alteration of gcar ratios can be easily effected, to  
sixif, the. particular (tistrict t h o  car is generally required to travel in. 

The flexi1,ility of the chain drive permits of freedom for axle, 
spring, and lramo inovcment, without setting up undesirable 
strains, and enables the road wheel, when required, to be coil- 
veniently splayed. 
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With the live axlc pri~tical1,y the whole o€ the considerable 
weight of the bcvcl drive rests directly on the tyres, that is to say, 
the weight is not spring supl)orted, with the result that the tyres 
on the rear wheels generally wear much more rapidly on a car with 
shaft gear drive than on a car with double chain drive. One 
pound weight added to the axle is harder 011 ;both tyres and axle 
than many pounds added above the spring. 

The application of chain drives to heavy motor lorries and tractors 
simplifies inany of the problems connected with the design and 
running of these particular vehiclcs, and permits of a drive which 
meets the most exacting requirements 

During the period when tho chain trouhles previously alluded to 
were sufficient to make an impression, thore were very few com- 
mercial motor vohicles iit existenw, and by the time commercial 
cars began to conimand general attention, tho chain drive had been 
greatly improved, and desigriors generally realised the importance 
of good chain wheels with correctly formed teeth. I t  will doubtless 
now be conceded by the majority of automobile engineers that the 
chaiu drive for commercial vohicles has demonstrated its superiority 
to the live axle, and thore is little prospect, at present, of its being 
supersodud. 

The torsional strain put on the frames of this class of vehicle is 
very considerable, but this distortion does not injuriously affect the 
chain to any appreciable extent. 

The fitting of chains as a means of transmitting power to the 
driving wheels of such vehicles at once dispenses with the large 
and heavy axle case with split axle, necessary when gear drives are 
employod, and permits of thc use of the only satisfactory axle that 
can be used for carrying heavy loads, namoly, a solid one. While 
thus reducing the total unsprung weight on the driving wheels to a 
niinimum, a relatively stronger axle can coiiveniently be fitted, and 
the removal of the differential gear to the driving end of the chains, 
where it is protected from road shooks and a& strhins, allows of 
a lighter gear being fitted, by re:tson of the increased speed at 
which it transmits the necessary power ; inoidentally also this 
arrangement permits of morc efficient lubrication there. 

Axle clearance with gear drives is very limited, but with chain 
drives to the road wheels it is easy to obtain an axle clearance 
practically dqual to half the diameter of the driving wheels. Tlie 
size of the road wheel, with chain transmission, can be made 
suitable to carry the required load, without being influenced by the 
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ratio of reduction between the goar box and axle, by reason of the 
wide limits of ratios p0SSi~)h wit11 this type of drive. The ratio of 
reduction can at  all tirneh be conveniently altered to suit varying 
conditions of road service, by the changing of spruckets and 
detachrnent or acidition of one or more chain links. 

With the chain drive torque rods are not required, and the absence 
of universal joints provides a transmission with an efficiency higher 
and more easily obtained and retained than is possible with other 
forms of mechaniral drives. 

To autoniobile designers of the present day, in order to get best 
results from chain drives to th(1 wheels, the author would submit 
the following points :- 

The pinion wheel should have from 17 to 80 teeth to suit chains 
of the “Invertcd ” tooth typo for preference, and of a pitch and 
width suitable for the weight of the vehicle and power to be trans- 
mitt ad. 

The ratio of wheels should not be more than 24 to 1. 
The pinion w h e d  should bo of mild steel, case-hardened. 
The larger (ahtiin wheol, or wheels, should be made of steel 

castings, or mild steel, case-hardened, and for preference should be 
in the nature of a simple ring to bolt on to the brake drum. 

The automobile designer should wnsult with the chain 
manufacturer as to corrwt tooth forms and wheel diameters. 
The whole chain gear should I,(+ cased in with a strong case easily 
dot achable (Fig. 28, I’late XXIX.), or easily accessible, and provision 
should bo rnade for ft drip lii‘uricator on the top of the case which 
should only drop oil on the (ahtiin when the car is in motion. 

Such n drive would coiiipare favourably for silence with, and 
would be less severe on the tyres than, the live axle. I t  would be 
ohrapor to instal, would finve longer life and permit easier altera- 
tion of ratios. 

Althoiigh hwted cwntror crsy rcvulted from the application of the 
‘‘ lnvortrd ‘Yooth Type ” of chain to the camshaft drive of petrol 
motorb, tho results ohtaincd h a w  amply justified the expectations 
of both mannfacturer find user 

Coventry ‘ *  Noiseless" chains were fitted to the two “ICnight ’’ 
I)tiinilw engines (Pig. 29, l’lato XXIX.) usedin the now famous test 
carried oat by the R. A .  C., and some dotails regarding the condi- 
tion of these, aftw running constantly at a speed of some 1,000 ft. 
per minute under their rriaxiniuin load, may be interesting and 
instructive I 

HILL. Y 
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The two chains used were of 8 in, pitch, and on completion of the 
test were found to liave elongated ill their total length of 42 and 43 
pitches by Bi in .  and ,I, in. respectively, this djfferonce being due to 
the fact that the former chairi was nsed on the 22 h.p., and the latter 
on the 38  h.p. engine.+ 

The wear on the link facos was such as to still leave the marks of 
macliining viaible, and thc average wear on the bush and rivet 
diameters was 0 000s in. and 0.0006 in. reipoctively. 

An equivalent road mileage under hur11  severe conditions ws the 
above tebt would approximate to 7,000 miles, during which distance 
the chainwould have itself travolled over thewheels some 8,000,000 ft.  

I t  11 ill be noted that tlic ccntres of this drive (Fig. 29, PlateXXIX.) 
are particularly close--no adjustnient is provided, and the conditions 
generally are extremely stringent. Shonld the chain elongate more 
than -& in. in a length of 25 in , its usofulness for this special 
purpose would probably be expended. For this partirular drive 
every chain is required to be within the total limit of 0.02 in. in its 
total length. 

Many firms are now considering the chain drive for the ordinary 
cam shaft, and in each case where tests have been made all the 
success expected of it has been realised. I n  every case it has 
proved, beyond question, to be quieter than spur gearing. 

The chain driven gear box as fitted to the motor omnibus is 
somewhat of an innovation. 

Fig. 30, I’late XXX., sliows a chain gear box fitted to a London 
omnibus. Spur gears having proved noisy, the chain rnanufactrirer 
camo to the rescue, and the sphcme ha8 provccl a great sriccecs; 
although the initial gear bas not run more than 5,000 miler, there 
is cwery indicsatioii that it will prove to havc a considerably longer 
life than the spur gcars which it has displaced. 

The niagneto drives come iiniler the heading of the minor uses to 
which the chain is applied on inotor vehicles. As small a chain as 
8 inm. pitch of  the roller tj7pc can be used with excellent results on 
motor bicycles. It is now corrinion practice to have these chains 
neatly enclosed in a caw, which adds to efficiency and general 
appparance. (Fig. 31, Plate XXX.) 

Both the ordinary bipyclo rollor c h i n  and &-in. pitch ‘‘ Inverted 
Tooth Type ” of chain are heing iised for  magneto driving on the 
ailtonlobile ; the flame types of chains are being used also for pumps, 
fans, and for driving small dynmnos for producing electric light. 

read the.r fipnros were inter( Irangcd. See diqoucsion, p. 342. 
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In conclusion, the author ventures to suggest that there is a 
fnture for a chain-driven motor-bicycle by using B light (‘ Inverted 
Tooth Typc. ” of chain in coniiection with a shock-ahsorhiiig wheel, 
resulting in a more efficicsnt transmission of power than can be 
obtained by the prewnt method of belt drive on grooved pulleys. 

The author desires to express his sincere and grateful thanks to 
Messrs. Ham Renold, T,td., and the Westinghouse Brake Co., for 
their descriptive miitker relative to their own manufactures, and 
for their unfailing vourtesy 80 cheerfully extended, and also to 
Mr. Rearle, of the London General Omnibus Co., for his aid and 
advice. in the designing of the chain-driven gear box. 

To go into all the merits of chain drives applicable for general 
industrial piirposcs is beyond the scope of this Paper ; appended are 
a few illustrations, with a very short description relative to each. 
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THE DISCUSSION. 

Mr. A. CAUTLEY, in opening the discussion, said: I did not 
really come prepared to take part in this discussion, but there 
arc one or two points which occurred to me while listening to 
the paper. 

I n  reference l o  Fig. 3 0 ,  i t  so happcns that the other day my 
firm xeceivcd information about, some chain driven gearboxes 
which have been used i n  France for the past two years; there 
are about 10 sets, and thcy are being run satisfactorily on rnotor 
lorries. The chain drivcs are somewhat heavier than those illus- 
trated in the paper, but this is quite justified by the fact that a 
motor lorry has more first and second speed worlr than a motor 
bus. 

Adjustment.--Mr. Hill did i i ~ t  touch very deeply on the 
question of the provisioii of means of adjustment. He says thc 
usc of a jockey pulley is confined to one or two positions of the 
chain drive, and shows it in Big. 44 applied to tho back o€ ail 

inverted tooth type chain. With the type of chain made by Hans 
Renold, Ltd., aiid by the Wc.;tinghoiise Co., wc cannol put  a 
jockey on the back of tht. chain on account, of the l~cculiar forma- 
tion of the chain joints. Wc find, however, that for horizontal 
drive3 with the slack side of  thc chain at the bottom, the import- 
ance of adjustnient is riot great, as Ihe chain will adjust, itself 
until it is possible to  take out a link, but in aiitomobile work 
it is necessary to  havc adjustmont €or various reasoils; it  is also 
much better to have tho chain encascd, as i k  position exposes 
it to so much dirt, which is not thc case with chains used for 
other puTposes. This is of particular irnportancc with iho in-  
verted tooth typo of chain on account of its desi, 

Huwting tooh.--011 pqgc SL8 of liis paper Mr Hill says pro- 
vision should, when powible, be made for a “ hunting ” tooth on 
one of thc wheels. I think it i\ probaldo that he meanst the same 
thing as we do, but we do not call il, a. “hunt ing” tooth. We 
use an odd nuinbcr of tceth on the pinion in  order to minimise 
the wear o n  the tooth face. If there are nn even number of teeth 
on the pinion tho samc combination of links always comes into 
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action on the same tooth, and if there are an odd number of 
teeth practically the e h c t  of a hunting tooth on a spur gear 
drive is obtained, whether there are an even number of 
liiiks in Ihc ,chain or not. The only case where it is necessary 
to have an odd number of links in the chain is where the number 
of teeth in the srnall pinion can be divided evenly into the number 
of links in the chain, and this does not occur once in 100 drives 
This odd number of links in  the chaiii would provide a hunting 
tooth action on the chain with reference to the number of teeth 
in thc wheel, while the odd number of teeth in the small pinion 
in an ordinary drivc provides for the averaging of the wear on this 
small pinion. 

In  large wheels, huviiig more than 30 teeth, the question of an 
odd number of teeth is of small importance on account of the 
number of teeth in engagement with the chain. 

Slack side on t o p  or bottom o/ chin.-Mr.  Hill does not say 
whether it is best to use the tight or slack side of the chainon 
ihe top in a horiyoiital drive. This is a question for engineering 
experts. There is sonic controversy about the matter, and we 
prefer tho slack side of Lhe chain on the bottom in order to  have 
the force of gra\ity to assist the centrifugal action in bringing 
the chain out of gear with the pinion. 

Factor of slaff>ty.--T think Mr. Hill is somewhat optimistic 
with smgard to the question 01 factor of mfety; structural en- 
gineers in building work are a little shy of going below 10, and 
in bridge work far higher factors are used. Of course, I quite 
agrec with Mr. Hill as to the necessity of low factors in special 
cases. A bearing psisure  of 650 lb. per sq. in. is a good 
average, but we use considerably higher pressures than this with 
entire satisfaction. The Weisltinghouse Co. have no bearing area 
in tho sense we have, and they therefore have a different pro- 
position to deal with in designing thoir chain drives. 

I do not know whether Mr. Hill has been in competition with 
helical gears, but neither the Westinghouse Go. nor Hans Renold, 
Ltd., can claim very much higher efficiency than the best gears 
of this class. This is a question which we as chain makers have 
to meet, and whirh wo cannot get away from, though we are not 
tied down to centro distances as the helical gear inakers are. 

Mr LmcmsT1:rt: How much per cent. is the efficiency? 
Mr. CAUTLEY: The helical gear makers claim 96 per cent. 

This is obtained by a double helical gearing efficiency or more. 
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which takes up its own thrust Ln Engineering * recently there 
was published an article on thc hlclvillu-Macalpino reduction 
gear, iiiade by tlic \Veqtinghuuac Co., ol' L'ittsburg, in which an 
cflicieiicy oi 98 per cent. was clainied I'or this gear when Irans- 
niittiiig 6,000 horse po~vcr I'roiii a turbiiie to  a shaft with a 5 LO I 
roduction. Tliis efficiency was inairitairled for soiiic 30 hours with- 
out any increase of lieat in the gearing. This, of course, was a 
bpocial case. 

1 do not care to go into the questioii of Mr. Hill's high speed 
chain, i.e., the C'ovcntry Noisclew Chain, but 1 may say that we 
ilia& oiic similar to  i t  in 1900 with a single bush forced through 
a p i 1  ol links for the SliiSll pitches of chain where we found 
it ,  iiiipossible to manufaLture the line1 satisfactorily. We are 
iiialting a round bush chain, which has single thick links of the 
biiiiio quality of malerial as tho thin links previously manufac- 
turcd, and we consider this to be a more satisfactory method than 
using two thin links. 

End pZuy.--The question of end play is a vital one on all 
chain drives, and though ii chain may be run out of alinoment 
as is soiiietinics the case with motor car drives, i t  is not wise to  
do bo. In  an electric motor where tho end play is often a very 
railid inovenient, this question becomes a serious one, and has 
to be provided for by cutiing down the end play. 

On high speed cngiiies, with a proper iimd iiywhcel the chaiti 
drive is all riglit, but with inany, both steiiin and petrol engines, 
tlic llywhccl is wholly inadeyuatc from the point of view of the 
chain drive, and borne spccial provi.;iou must be inadc to take up 
the sliocks in the drive. I t  diould be noted that n flywheel oC 
aniplc siLc for a inotor oar would not necessarily be large ciiough 
to reduce the cyclic Jluctrtaiioii iufficiently to make a chain drive 
thoroughly satisfactory. 

Mr. Hill inenlions thc quostion of lhc allowable variatioii on 
a guaranteed length of chain; I shall be glad to linow whaf 
stress such chains are subjected to whcn tested. 

Hill mentions 800 f t .  per minute as a reasonable speed 
for binall roller chains, but for tachometer drives and certain 
other special cases we LLSC speeds very much higher than this. 
We do nol, however, prrtend that for regular work the roller 
chair: can be used for such high speeds as the "silent 

Mr 

* Rflgiweering, December 3, 1909, p. 763. 
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chain.” We are a1 present running “ silent c h i n  ” in 0110 

case ~ O Y  boniewlial special work, driving fro111 an 80 h.p.  iiiotor at 
a chain speed of 1,500 Pt. per iiiinute. In  anoiher case, that of 
a motor car dribo oii tho l’hmnix car, our chains are running at 
speed5 which soiiietxiies attaiii 2,000 Pt. per minute, and I must 
say 1 mil quite surprised at their absolute dence.  I inay add 
that the engine to ccuiitershdt diaiii un the car which I recently 
inspectcd,was certainly less noisy oii its top speed ihan a bevel 
gear could possibly liavo been. ’L’he chain used in this case was 
of 1 iii. pitch, with a width of li in. 

Mr . H. W.  ALL^ GHAN: I have been in charge of the cliaiii shop 
of tho 11 estingliouso Co. for some time; before that I was with the 
Morse Chaiii Co.,  and butore that with Hans Retiold, and have 
tried i marly all tlio silcnt chain makers except the Coventry 
Chain Go. 

1 notice Mr. Hill iiientions the inverted tooth type of chain 
as being suitable for a speed reduction of one to six. We make 
a practice of putting our standard speed reduction at 1 to 10, 
13 teeth to 130 teeth with a single end engageinent chain, of the 
type represented in Big. 18. ‘L’his type oC chain is dilfereni 
froni the one illusirated in Fig.  1 7 ,  it has a diIlerent bearing 
surface on the whecl; it is also completely d ihrent  from that of 
the Coventry ch i l i ;  the augle of the tooth or the portion of the 
tooth cut OUL reniains constant, and it has the advantage that 
you can use 0110 cutt,er for ~ l l  the teeth no matter how many teelh 
tlieie arc in tho wheel, and howwer large the wheel is, the drive 
is still appro~iniatcly a right angIe one. The driving face of 
tho tooth is very nearly at right angles to the tangent to  the 
11 heel periphery, M lierenu with the type of inverted tooth chain 
iuch as we iiiake lor ordinary transmission in which we get a 
larger beariiig suriuce, d acknowledge that the form of tooth on 
the wheel gmdually becorncs morc and more of a “ V ” as the chain 
wheel gets larger; this “ V  ” shape of tooth forins one of the 
reaions why LL largo wheel cannot be uied. With single ended 
chains, ho\\over, uc  have, for example, a chain running from a 
12 tooth ulieel to  one of 154 teeth, a ratio of about 1 to 13, 
utilising LL very high speed motor for running a slow speed 
m$c;hiiie in which I ,i.riablc speeds are necessary. 1x1 all ordinary 
drives wh(m! so grcat a. speed reduction is not required the 
ordinary type 01 chain (the double end engagement chain) is 
ulldoubledl) the most satisfactory drive, and it is only in cases 
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of extreme reduction that the siiigle end engagement type should 
be used. The Weslinghouae Co. were tho first to put chains oil 
oinnibuses, and tho single ond c h i n  was the only type then built 
Tliese chains gave a considerable amount of trouble, but on tho 
intioductioii of the doublo end engagement typo that trouble 
was lialved; we got double Ihe work out of the new type. This 
s l i o ~ b  the advantago of tho double end engagement type now 
universally used on all but exceptional drives. 

I n  regard to the guiding grooves, Mr. Hill inaiutains 
thai a larger beariiig surlace on tlie wheels is obtained by 
1Lie use of outside flanged links. 1 think 1 arn right in 
s a j  iiig that tlie outside Ilnngcd linlcb are as old a method oi 
guiding chains as the iiaiiged wheels, and that the original chain 
built in France by the Sebin Go.,  arid called the Varietur chain, 
a l a ~ y s  had a flanged outside link On actually figuring this out 
i t  uill bo found that the overall width o l  the chain is about the 
baiiie as, i f  no t  greater than, that of the ordinary chain. In  
poinl of actual bearing surl'ace 1 do not 1,hink there is much to 
chooso bctwcen the two methods. 1 think it is more a question 
of cheapness o l  production than anything else, and i t  is quite 
obvious that so far as the sprockets are concerned, the whcel for 
t h e  outside llangod type of chain is cheaper than the grooved 
chaiit wheel which has to  be so much wider. 
I should also like to say something about chain speeds, which 

I c\ ill autheriticatc with m i  acknowledginent of the source from 
which my information coines, naincly, the General Electrical 
Co., of Schericctady Thi5 company was running a chaiii of 2 in. 
width at 4,200 f t .  per minute. Although Mr. Hans Renold 
hirnhelf has never seen a drive of that, sort running, I believe 
Mi*.  Cautlcy has. I'ersoiially, I would not recoininend speedh 
of that kind, nor should 1 care to be near a chaiu that was being 
driyen at that speed, but I understand 1,hat it ran for five hourb 
a d a y .  and that it lrepf, going for four months. Though i t  is n01, 
a comniercial speed, i t  shows what can be done. 

Fig. 43 gives an illustration of a heavy drivo, by means of a 
chain made by the company with which I am connected. We 
have supplied sevcn sets of these, so that we have 3,500 h.p.  
being transinittcd by chains running at a speed of 1,400 fi,. 
per minute, which is a big drive runiling a t  a high speed. 

I must say that I ain not altogether favourable to the use of 
uliaiiis in automobile practice. Besides being in the chain busi- 
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new, 1 arn also a motorist, and interested in pleasure cars, 
haviiig had a number of them (22  to be exact) within the last 
eight years. 1 am a votary of the live axle drive rather than of 
the chain drive. 1 have experimented with our own chains and 
others, and my own impression is that a chain drive on a private 
motor car, which is most indilkrently looked after as a rule, liah 
it lower elliciency than the live axle drive. Ii you can get a chain 
encased, axid adjusted exactly right, and kept clean, and the 
sprockets not allowed to weax too much, and everything else kept 
just right, a chain drive, with the differential bevel drive in- 
cluded, may have almost the same efficiency as a live axle drive, 
but personally, 1 have always felt that the eaciency of the chaiii 
drivc when it is getting towards the end of its life is very low 
indeed. I think the private owner is losing more on the chaiii 
drive than he would on the live axle drive, especially as ho cannot 
be made to look after the chains in the way he should do, and 1 
am not at  all surprised that live axles have very nearly super- 
seded chains for use on pleasure cars. As far as commercial 
vehicles are concerned, I leave men with wider experience thaii 
myself to judge. 

Mr. 3’. C A. CovJwmY: I cannot claim to have had a really 
extensive experience with chain driven cars, or one that com- 
pares with that of other gentlemen in this room who are operating 
commercial vehicles. 1 have had fifteen chain driven cars during 
the past fivo years, but unfonhnntely they have not done quite 
so much mileage as they ought to have owing to reasons not con- 
iiected with the chains. As far as my experience goes, I an1 
not much in favour of chain drives, owing to their high main- 
tenance cost,. The cost of a set o l  chains for a heavy vehicle 
comes to, I think, from S15 to $18, and Mr. Hill says cases have 
been recorded where they have done 18,000 to 25,000 miles. Tho 
ordinary gear and pinion drive costs something like three guineas, 
and cases have been known where they have done as little as 
25,000 miles, that is, where they are properly enclosed. They 
will, of course, do less i f  they are not enclosed, but it is an easy 
matter to do this. I think that chains could very possibly be 
made satisfactory i f  a really good gear case were to  be designed, 
but no one seems to have solved this problem up to the present. 
The case should be made of some non-rattling material such as 
wood or leather, or some kind of paper composition, rubber or 
vulcanite; it should be easily detachable and reasonably cheap. 
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I t  doe*, not seeiii to me impossible to get out such a gear case if 
thc rnatter were gone into, and 1 an1 surprised that the chair1 
nialiers theinselved do not supplj tlieni. 1 do not know whether 
Mr. Hill has ever considered this question. 

Anothor point is that the gear and piiiiori drive gives a higher 
reduction foi  lhe final drive tliaii can be obtained nith chains, 
and this enables all the uliafts to be run  ut high spoed, and so 
(hey call be kept light riglib up to  tho wheels. 
h further point is that lhe c h i n  ins~ltos the wheels very iiiucli 

inore dif1itliOul-l to change. IYitli LL pinioii drive the nut and washer 
can be takcn 011, the wheel coiiieb off and another goes on, but 
with chains i t  is a complicated iiiatter. h'or country road work 
it is impossible to keep oliains up to LL good condition. I f  a 
chain driven car has a ruii of taenty i d e s  out and twenty i d e s  
back, i t  is necessary t o  stop on the road to oil it, cleari it arid 
look after it. 

\\Titli regard to tho uhaiii clriieii gear-Gox, I have had a look at 
tlic deiign of one of those, arid I: d o  riot think very much  of it. I t  
contains a iiuiiiber of chaiiis in addition to all the parts present 
in an ordinary gear-box; these parts are much inore expensive 
to malio, much IieAvier. and necessitate the whole gear- 
bo \  bciiig of greater &e. 1 bake if, that t!iis i b  only being forced 
upon the corupanieb by 1 ho polioc Lor tho sake of  silence 

If chains ,ire to have it futura tor. ooiiiiiieicial work, the vehicle 
I should lilic to see desi d would be oiic of very simple descrip- 
tioii with a single epicyclic g c w ,  and a single chain drive wliicli 
could be properly eiiclosetl ; thi, could be made about as cheaplg 
ab anything that could be designed. 

I a111 afraid I cannot agree with Mr Coventry 
so far as the gear drive i, concorned. He might have found it 
satisfactory in country work, but in Loiidon we have in tlic 
neighbourhood of 400 gear driven buses, that is with a final 
drive of the rack and pinion typo, arid 400 with chain drive, 
and I really think the rhaiii drive11 vehicle has provcd ilsell' 
to  be more econoinical in 11 orki irg thau the rack and piiiion type 

With regard to the chctin driven gear-box, Mr. Coventry is 
practically right. It was clearly forced upon us by thc police. 
They hav'e set up a standard, I was going to say of noise, but I 
will say of silence now, which i, very difElcult to meet. In  thc 
first place, I remember two years ago their test used to be out 
on Wimbledon Cominon up a hill of one in twenty-five with iio 

hlr. Q. SI,ARLI?: 
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load on the bus. To-day they give you a 2 ton 5 cwt. load of 
sand and two pasbengeia to  lalre up a hill of one in seventeen, 
and inalre you stop and Leatail, and you have got to do that with. 
ou!, inabing any noise. I failed LO fulfil these conditions witli i~ 

gear driLcii LOA. I t  \\a> tlieii that wc had the cliaiii proposi- 
tion brought beioie our notico, and we had to adopt somothirig 
U p  to  the prescnt we hare got four vehicles runiiiiig with chain 
driven gear-bcxcs. I t h k  they have aeeuinulated now soinothing 
lilw 10,000 to 18,000 miles between them, and nothing extra- 
ordinary has happened up to the present. 

Although Mr. Hill has spolrcn about noiwlos6 chainb, I rnight 
tell Y O U  that in spite ol: thew having beon installed in the gear- 
box, tho police only on ‘Cuesday last refuded to liceiiso tliree out 
of four buses by reasor1 of the noiae on Jecoiid speed, arid I 
think we shall have to go back to  rope drives. 

Colonel R.  E. CROMI>I~N: I have been an adniirer 01 the chaiii 
drive for road vehicles ever since Avoling introduced them iiito 
his traction engines in tho year 1862. ‘Iveling uded block chains, 
and eventually built locomotives to run on rails using chain 
transmission, tlic enginc being on th0 top of the boiler, arid 
transmitting the power Croin tho crankahaft by one chain passing 
round tho pinion on the cranlrdhaft, and pinions on the tu o axles, 
ihus coupling them togeiher. I n  spitc of the difficulties in cor- 
rectlj manufacturing those early chitiiis, they worked 30 satis- 
I’actorily that 1 never understood why Avcling did not carry thc 
rnattcr furthcr. When 1 returned from service in India many 
ycars latcr, I found that the chain proposition had yracticallj 
droppcd. 1 ncxt encountered i t  in the early days of the bicycle, 
and W A S  one o i  tlie first osew of the in pitch single roller chains 
which werc introduced by Mr. Garrard, a member of our Council 
C was the introducer of very long cranks for bicycles, and 1 was 
found to be a very cfficient tmter of the early roller chains, as 
with iny 9; in. cranks I could put abnormal stresses on to them 
Thc great improvenient of the roller chains of thode early days 
was due Lo the advances rriade by Mr. Garrard himself, 
Mr. Hans Renold, and eventually by Mr. Hill I noticed with 
surprise lion long it took our Prencli neighbours to appreciate 
tho greht advanlago of single roller chains for driving auto- 
mobiles. For a long time they used double roller chains with 
all the difficulties they entailed. Although we must admit that 
to-day is the day of the Live axle, and that chain drives are being 
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gradually abandoned for  pleasure vehicles, I have watched 
this change wilh regret, aiid felt grave doubts as to whether it 
is justified. 1 belicve it to be largely the result of lashion, and 
to be one 01 those so-called improvements which may uot be 
after a11 the best for efficicnt working. 1 agree with Mr. Hill 
1hat nmny users of gear drives do not kiiow how much that drive 
incroases the wear of their pneumatic tyres, and I a m  quite 
certain they do not appreciate hon much the sanie drive increases 
the wear of the roads owing to  the increased unsprung weight 
on the back iLxles. At any rato, for commercial vehicles and for 
largo pleasure vehicles, 1 still bolieve that from thiv point of 
view the chain drive is the bcst. The durability of chains 
properly protected from iiiud is cxtmordinary. On my 6 1i.p. 
White stearn car, 1 personally ran a central chain made for me 
by Hans ltenold for a period of seven years, and I believe the 
mileage i t  covered was 60,000 miles. I returned the chain to 
Mr. Renold as i t  was not then fully worn out. This chain wab 
unprotected, but i t  was centrally placed, and alciiough it naturally 
got soine dust it did not got any mud on to it. L believc that 
many of the single chains on  the original Serpollet cars, although 
they were not quite cenCrally placed, were sufficiently distant 
from the road wheels to cscape part of  the mud bath, and wore 
well. I belicve that the reason the chain got such a bad name 
was that in most caqes it  was neglectctl by privato uscrs, and 
certainly in tho early days of the London omnibuses the chaiiis 
were neglected by those responsible for their upkeep. Thcy 
werc placed so as to receivc a sLroarii ol' wet, gritty rnrrd directed 
on to the interior surfaco, almost as i f  the designer had wilfully 
tried to  wear theiii out by lubricating them with gritty riiaterial. 
I do not think it is necessary to hmve a coinplote gear case 
Chains can be sufficiently protected by a simple dcflecbor to 
prevent gritty matter being thrown on to their inner surfaces. 
1 have done a good deal of designing in the direction of largo 
commercial vehicles, especially tractors, and I still think it is 
far easier to design a satisfactory coinmercial vehicle having 
large wheels by using chain drive I have tried all ideas of 
gearing, extcmal wheels, and internal racks, but I have come 
back to the chain as the only means by which great flexibility 
of frame combined with facility for  controlling what Mr. 
Lanchester calls the side-location of the load can be obtained. 
In  m j  work as an elecbrical engineer where, on account of speed 
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reduction fTom the motor to the shaft to be driven, high efficiency 
is imperative, Mr. Hill’s figures as to  the efficiency he has obtained 
with the inverted tooth chain are supremely interesting, for I 
suppose that i t  is realised that the old idea of a workshop full 
of shafting is rapidly disappearing, and that every day we see 
a larger perccntage of the tools provided with separate motors 
each of which requires speed reduction with as little loss of 
power as possible. The chain drive question may even be of 
supreme iniportancc €or heavy power transmission for marine 
purposes; it is quite possible that there will be a large future 
for the eniploymcnt of chains for reducing the speed of the pro- 
peller shaft from that o€ the turbine shaft, to  improve the 
propcller efficiency. After listening to this paper, I ask all 
mechanical engineers whcther it is not a pleasure to  hear of 
such triumphs of mechanical skill as have been shown in the 
development of chain manufacture, and in the splendid efficien- 
cies that have been brought before us to-night. No one can 
walk round Mr. Hill’s or Mr. Rcnold’s works without feeling 
that he is in the presence of extremely perfect methods of deal- 
ing witb materials, and of producing perfect workmanship at 
extremely low cost. 

Mr. C. 12. GARRARD: In  the first place, I may say that the 
stalcments with regard to the inlroduction of the 4 in. pitch 
roller chain which havv been made are not quite correct. I 
nish to  disclaim the honour or being the inventor of that chain. 
I think i t  was Mr. F. .T Osmond who invented it. 

Mr Rill, in relerriiig to rivets, says that the dead hard ends 
arc rivettrd over, and I should l i h  to ask him how that is done. 
1 should be afraid 01 tapping n. piecc of such brittle material. 
The old practice used to he rather interosting. We took a large 
ingot of stcel about 3 in square with a highly carbonised sur- 
face, and a low carbon interior. This Tvoiild go through a rolling 
process in the wire mills until oiie end was of the right size 
for making rivets Thc resulting rivet when shouldered to the 
proper section then had one part of it deeply hardened, while 
the other part had a very shallow skin, {hat is, it was hard wherc 
the. wearing surf:tce caiiio, which is what we wanted. This may 
be made&?arer by a skrfch (Fig. 45) .  

Mr. Hill has scarcely brought out sufficiently the yirtues of 
thc roller chain. We used to put up with block chains in the 
early dayw; rollers vverc, thought to he a little superfluous. I 
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do not think it ha.; been shown clearly enough where the 
adFantage of the roller chain comes in. The roller generally is 
in the form of  a sleove, which comes into contact with the teeth 
of the chain wheels, and it is really a very small point of 
contact, in soinc conditions in fact, niercly a line contact between 
tho two surfaces. Rut inside the roller there is a length about 
equal to the dianiotcr which gives a much larger area of surface 
contact, besides which the inner cido of the roller has more chance 
of being clcan than the other surface. That was one of the great 
virtues of the roller, which was thought by inariy to be a super- 
RIIOU' thing. 

Regarding chain drive< generally, I should choose this form 
for anything in which ihe drive is constant and positive, but 
in other caws where the drive is intermittent. as for instance in 

Hard. 

v I 

Rivek 

a single cylinder engine, I do not think the chain would behave 
at all well. 

With regard to the Morse chain proposition, with the rocker 
chain, the wear mould talrc place on the slack side, and not on the 
loaded side. Tho spring drive referred to was in use a long 
time ago. You will find it on the Gladiator tricycle, one of the 
first motor tricycles ever made, but we broke a few springs before 
we got, it  right. There is one point which has not been strongly 
enough iinprossed on deiigners, hut which is very important in 
connection with the nulomobile; I: speak from experience. I 
had great difliculfy in getting designers to cut the chain wheels 
greater in pi1,ch lhan thc chains. This should certainly be done, 
and then the chain gradually comes more into pitch as it wears. 
The importance of this needs bringing to the notice of those 
designers who are interested in roller chains. 

T should like l o  mention another point to  which Mr. Hill has 
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iiot, i n  his own inkrest, drawn wufficient attention. 1 have 
secri aiiy number of breakages of chains and chain wheels due 
to thc shape of the teeth. Some chain wheels have their teeth 
shaped in section as a (Fig.  4G), others like b (Fig.  46), and 
lhc hest kind as c (Fig.  46). Wc have here first a bad form, 
then a bettor, and lastly, the best. 

Chains never break undcr drive, but Ollfy when they are slack, 
as when coining down hill, never when going up hill. I would 
impress on owners tlic greai difference between the powcr of 
the foot brake and that of the engine. The foot brake to be 
of rcal use is always five or six times as powerful as the engine. 

Mr AnwIuit C. CLIFFORD: I want to ask Mr. Ilill a question 
on tho aiinorneiit of chains, especially those of the inverted tooth 
fypes with centre guide link. On page 325 of the papcr he 
says that one of the advantages of the chain drive is that the 
wheels may be splayed, but to do that the pinion must of necew 

n n n 
0. b c. 

FIG. 46. 

sity be out of line with the back ring. Is it more beneficial to 
aliiir on the top side or on the under side of the chain? I have 
had some difficulty in respect to alineinent under such circum- 
stances. Mr. Hill also rnaltes a remark that the ratio should 
110i be greater than 24 to 1. We aro getting particularly good 
(and, I believe, record) results with a ratio of 3 9  to 1. I speak 
a5 a user. 

T have 
to consider this mattcr niorc from the commercial point of view 
t lian froni a purely ciigineoring standpoint. With the Coventry 
invcrted tooth chain I see a rather serious commercial dis- 
advmtage by rcason of thc cost oC repinning. In the case of 
the rocker chain, i t  is only necessary to drive in about two pins, 
rivet up and tho job is finishcd, but with the Coventry chain, 
not, only havc the pins and a lot of bushes to be drawn out, but 
new bushes and pins have to be fitted, and it strikes me as rather 
an expensive job. 1 should like to know if Mr. Hill could get 

4nofher question I want l o  raiso is a commercial one. 
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over this " commercial " difficulty satisfactorily. Can he tell me 
also if there is any practical advantage in the pin and bush 
chain over the rocker? Personally, I have a prejudice against 
taking up anything not purely British, but I do not want to 
use the Coventry chain unless there is some advantage in it. It 
i s  important to motor bus people, of whom there are one or two 
here, and they would be glad of information on this subject. 

Mr. J. IdYONS SAMPSON: On page 327 of the paper, chains are 
mentioned as Pctuating the valve gear on the Knight engines 
which were tested by the R. A .  C. under very severe conditions. 
1 am interested, as I superintendod that triai. I t  is stated that 
one of these chains lengthened by 3/64 in., the other by 1/16 in. 
Mr. Hill explains the dif1erence ( 2 5  per cent.) by drawing atten- 
tion to the fact that one was on a 38 h.p. engine, and the other 
on a 22 h.p. engine. The paper, however, stated that the chain 
thaI slretched least was on the larger engine. Mr. Hill might 
slate i f  this is correct. 

Mr. F. W. LANCHESTER: I think i t  would be of great interest 
if' Mr. Ilill could give us some further information as to the 
effect of a jockey pulley upon the durability of the chain, the 
best material for facing such pulleys with, and whether it is 
advisable to use any particular diameter in relation to the chain 
pitch. The question of Pacing the jockey pulley is of some 
irnportanco owing to the extent to which the design may be 
kimpliiied. If it  is permissible to use a hard steel surface, a 
standard ball bearing may be fitted with the chain running 
direct o n  the exterior of the outer race. If a leather facing is 
expedient, such a simple device is of course out of the question. 

Some information as to the actual dimensions of the chain 
driven gear-box to which Mr. Hill alludes would, I think, be of 
value; that is to  say, the type and width of chain; the particulars 
of the gear wheels and of the power transmitted. This type df 
gcar-box is a coinparalively n m  development which may pos- 
sibly have an important place in the future of the heavy vehicle. 

In  view of Mr. Hill's remarks on the importance of accurate 
alinement, i t  would bc interesting to hear sornething from him 
as to the suitability of the chains in question as cross chains 
for aeronautical work; the alinoment in such a cross chain drive 
is necessarily defective. 

I think we should appreciato it if Mr. Hill, in the final printing 
of his paper, would express the efficiencies that he has given US 
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in the form of graphs, so arrangiiig the diagrams that the position 
may be seen a t  a glance. 

Mr. A .  S. HILL, in  replying l o  the discussion, said: I parti- 
cularly wish to say how milch I appreciate the presence of repre- 
sentatives of Messra. Hans Renold, and the Westinghouse Brake 
Co., who took the trouble to como and hear the paper read, and 
entered into the discussion in so broad a spirit Realising 
that I am a younger member of the trade, I fully appreciate 
the cornpliinent they have paid me, and in replying to the dis- 
cussion 1 shall endeavour to do so as fully as possible. 

Mr. Cautley, who represents the Hans Renold Co , told us that 
the chain driven gear-box has been in  use in  France €or two 
years or more. I was unaware of this, but am glad to hear that 
i,hey- have proved so satisfactory I€ rightly designed, and pro- 
portioned, I have every reason to believe that they will stand 
up to the most sevore conditions to be found in commercial vehicle 
drives. 

Whilst agreeing with Mr. Caittley regarding the automatic 
adjustment of chains by their sag,  it  is apparent that this is 
possible only with coinparaiively long drives; under such con- 
ditions, I think it is advimble to have the slack side of the chain 
at  the bottom, as this tends to prevent the inner sides of the 
chain corning in contact when the maximum elongation permis- 
sible through wear has taken place; tihis niaximum is, of course, 
equal to the pitch. 

The (‘ hunting ” tooth mentioned in my paper, and the relation 
between the number of teeth in the wheels, and the number of 
pitches in the chain, as suggested by Mr. Cautley, are virtually 
the same, and ensure an even distribution of wear ov0r the whole 
drive. 

Mr. Cautley thought my factors of safety too light, but that 
is ono of those points upon which experts must agree to differ. 

I was glad to know that he thought that 650Ib per sq. in 
bearing pressure was moderate, and i t  is not too much to assume 
that the relation between the hearing pressure and h e  ultimate 
breaking strain of correctly designed and proport,ioned chains 
is as generous. 

I have not had an opportunity of demonstrating the efficiency 
of chain driven a t  very short centres, but feel sure that, with 
wheels of normal ratios, and with not too small a number of 
teeth, equally high efficiencies can be expected. 

HILL. Z 
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Mr. C‘autley referred to the question of rmlring “ noiseless ’ 
chains from single plates, rather than wi ih  double plalcb of 
comparatively thin section rnechaiiically fixed together. The 
peason why I prefer two plates joined together by a single 
hardened h u h  ii became it i h  possible by this means to obtain it 

liarder iiiateriai, and therelorc one that will have a higher fensilc 
stirength than would bo obti~iiiecl from a single link of actually 
1 hiclcci~ inaterial in one piecc 

It is true that on high speed engines, mid often on low speed 
engines too, flywheels of  insufficieiit capacily are fitted, but while 
such conditions mggesl the advisability 01 d spring drive, do riot 
the chains theinselves provick a flexi bjliby 1101, obtaincd wit,h other 
forms of gear drives? 

In  reply to Mr. Cautley’s qucstiort, thre+cjuarters of the brealr- 
ing load of a chain is the tcst which is put upon cycle chains to 
give the results I gave earlier in my paper. 

I t  is very interesting to h o w  that Mr. Cautley has obtained 
satisiactory results on an automobile drivc with a chain speed 
of 2,000 ft .  per minute. 1 am not surprised, as the particular 
drive he mentions is one where ilic driving chains :me in 
a position where mud is not being s1)lashcd on them, which, as 
Colonel Cronipton has pointed out, doubfless has a great deal 
to do with the good results obtained a t  such high speed in similar 
cases. 

Mr. Allingham spoke of the single end type of “Inverted 
Tooth Chain” by which srnallrr diameter wheels can be used 
wilh success, and in his later reniarlis he expressed the opinion 
that the double ended link, made by olhor chain manufacturers 
also, gave a more cficient (>hain. TliiS i s  distinctly interesting, 
and a comparison of  efficioncies from tests would undoubtedly 
lw instructive. 

I have not claiined that the outside rneinbor €or guiding chains 
is new, but there aru some old ideas which i t  is quite wise to adopt, 
when they have satisfactorily stood the tesl of time. Neither do 
T claim, in n i T i  paper, that the width of chains fittod with the 
outsidc guide plates is decreased, or even maintained, but that, 
for a given available tooth width, {he wearing area of the chain 
joint is increasod when such outside giiitle plates are used. 

I agree with Mr. Allingham that when the overall width n l  
chain is not of particular importance, the outside guide chain 

THE INCORPORATED INSTIT~J'l?IO~ OF AUTOMOBILE ENOIWEERB. 

 at University of Bath - The Library on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


C H A I S S  FOR I’OWER ‘I’RANS&lISRION. 345 

is preferable, i f  only bemuse the wheels for that type of chain 
are somewhat easier 1 o produce. 

Coming to the Anicricari drile at 4,200 ft. per minute, I have 
no doubt lliat such spcods habe beon accomplished, but when in 
operation, I think that diskinre leiid, encha~itnieiil . This exarnplo 
of high speed driving, however, cannot fail to be of interest to 
engineers generally, ‘I ud especially to those who are considering 
the transmission of  i’ower kor aviation purposes While such 
high speed drives cannot last long, they show to what extent 
c.xcessivc chain speedh can be used i f  really necessary. 

It is rather interebling to have Mr. Allingharn telling us he 
prefers live axle cars to thoao with rhain drives, but we have to 
i)ut that against the qtatenicnt inado by Colouel Crompton, who 
said, in effort, that “ n o  vehicle is complete or perfect withoul 
chains.” He was refcming to ihe heavy class of motor vehicles, 
whereas Mr. Allingh:] ni was refert-ing to pleasure vehicles. 

The high efficiency of‘ rlraiti drivci, however, is well maintained 
even in worn wh(-’els, a i d  it is cvitlent that the efEciency of bevel 
wheels of  approximatoly equal size in the gear-box, running a t  
a fair speed, and isolated froiii road shocks, must be higher than 
that of the slow speod and high redudion hovel5 used in live axles. 

In regard to Mr. Coventry’s rem,i  t lcs, T aiii under the impres- 
sion that his cosls for chains and chaiii wheels are certainly on 
the high side. It woulc! be of intere\l to know whether he referred 
to the cost of two chains and wheols, or simply to that of one new 
chain and possibly a new pinion. 

On the queqtion of Mr. Cot ontry’\ experiencc on country roads, 
T personally think th:bt i f  1 were going to use a commercial 
vehicle consistently over such road\. and the chains r ere in a 
bad position, I should carry i~ grcaq:p pot and daub some on the 
inside of the chains a t  every hiiitahle opportunity 

Of course, thc cliain d r  gea r-hou neres4fates a slightly 
large]. box fhen is general s ~ d  o n  present-day vehicles, and, 
on account of this, i s  f i t t d  inorc particularly on commercial 
vehicles and niolor h s w .  11s appli ion to pleasure motor 
vehicles has tho seriqui coiisider:ition of eininenl inolor engineers, 
who desire the minininin or noise a n d  the highest efiriency in 
the qar-box from thc first rriorrmnt of running. 

Mr Coventry said he rather favoured the single chain pro- 
perly enclosed, and I cwtainly think there is a very big future 
for a small car with a single central chain drive properly protected 

x f l  
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from iiiud and dust, iilthough it is, ~5 Coloiiel C7romptoii has 
pointed out, a singular [act that the bingle chain drive keeps 
itself clean without being encased. Tlic short life of the douhlc 
chain drivc is practically due to the fact that a stream of mud 
i b  c:onliiiually directed on to  tho inner faces 01 the chaius. 

Ur. Searle's chief trouble seemed to be rather with the police 
than with tho chain makors. I t  was iiiteresting to note how he 
disagreed with Mr. Cfovctitry in  finding the chain drive cheapcr 
than the live axle, from very extensive experience. 

In Coloiiel Croiiiptori we have admirer of chain drives 
generally. It  wni intero5Cing to hear hi in  say that he wab recog- 
nised as a charnpion bredcor of chains iri the early days 01 the 
4 in. pitch roller. chains oil bicycles, yet he loved them so well 
that he persuaded Hans Renold t o  adopt lhc manufacture of them, 
and Hans Renold, I beliovc, made them partly as the outcome 
of Colonel Crompton's experiments and experience. 

Colonel Crompt,on woni so far as to say that no modern factory 
should have shafting in if -I cannot go so far as that. It depends 
absolutely on the work to be perrorined. With a steady constant 
load, shafting would be pmdcrable. 

Tt is true that Mr. Osrnond  ma.^ lhe first dcsigner of the + in 
pitch chain, 70111, I was under the impression that to Mr. Garrard 
was due the honour of bping ihe first to nianufaoture it. 

Mr. Garrard asked about the rivets wiih dead hard ends. What 
1 said was, that these mere rivctted over by means of cushion 
hammers giving a series of light blows rather than one heavy 
blow. Heavy bloms falling 011 this hardoned material would, of 
coime, break it,  but by rcpeating a wries of comparatively light 
iaps, even a hard inaterial will eventually burr itself over. 

Mr. Crarrxd is no longer in the chain business, or he would 
have known that his old practice had been don0 away with on 
account of the difficulty of obtaining a uniform degree of hard- 
ness throughout the maicrial. Wc found the material hard in 
places and not in others, the hardness running in streaks right 
1 hrough to the centre. 

It is perfodly true that spring drive wheels are old, and if, 
is also true ih:tt trouble was experienccd with the springs in the 
early days of thcir manufacture. Springs of to-day have not 
remained as they were a few years ago, and we are now able to 
dwign  and manufacture springs that 1vill carry practically any 
reyuired load. 
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In  regard to making chain wheels greater in pitch than the 
(hain, that is a matter which the manufacturers of roller chains 
at once brought, to the notice OP actual users, now a number of 
y e t u s  ago; especially have I been an advocate of that prin- 
ciple in its extreme. To-day, I believe, it is generally acknow- 
ledged that a greatel. allowance should be made in the pitch of 
Ihe chain wheel, but I do not think it is advisable to do this to 

tho extent that was originally recorninended by sorne of the chain 
manufacturers. 

In  regard to the form of teeth mentioned by Mr. Garrard, I 
would refer him to Fig. 26,  which shows that I recommend the 
Banlo type of tooth as Mr. Garrard shows in his sketch, Fig. 46, 
as being the best. 

On the question of alinement of chains asked by Mr. Clifford, 
1 would refer him to Fig. 47. 
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Drive it represents the ideal drive, both wheels being strictly 
in line. Wlien splaying is necessary, it i s  essential to have the 
tight side of the chain in alinement, as in  drives 1B and D where 
lhe tight side is respectively at  the bottom and top. In  such 
cabes, however, the drive should always be in  a conskarit direc- 
Lion, and should not be reversed. When both wheels are alter- 
natively driving and driven, the wheels should be relattively as 
shown in drive G. It should be noted that the twisting move- 
iiicnt ot the chaiu is practically thc same in drives B, G and L), 

aiid only clepeiids on  the angle ol splay. With flexible chains, 
such as the “Noiseless ” type, this twisting inovenlent is not o l  
great iriiporhnce, but the entering and leaving angle of the chain 
and teeth should bc cipproaiinatoly of the same magnitude o n  
all roversible drives, such as the road wheel drives of automobiles 
and buses, to overcoine the tendency of the chains to mount the 
sides of the teeth. 

Mr. Cliil’ord spoke of the expense of re-pinning and re-bushing 
worn chains; while this may have been a consideration i n  the 
carly days of chain drives, it is not nearly of such importance 
\villi chains made under pwsent conditions. Especially is this 
so with the “Inverted” tooth type of chain where the wear on 
the link faces is in excess of that on the joint pins. Should i t  
ho necessary, however, to replace a pin in “ the Coventry” 
‘ Noiseless ” chain, i t  can easily be pushed out when one washer 

has bcen removed from its end. 
t am not going to enter into the question of the advantage ol 

thc plain joint chain over that of the rocker, or vice versd. That 
is one o l  the points which should not be explained by a maker 
who adopts the one principle in preference to that adopted by 
other rrialcers. 1 have adopted the plain bearing chain chiefly 
on account of simplicity. 

111 reply to Mr. Lyons Sampson, I a111 obliged to him for 
drawing my attention to an obvious slip which ha.: been corrected 
in the text. 

hi reply to Mr. Lanchssim, I regret that I have not yet been 
able t,o cornpilc thc efficiency curves. 

liegarding the fitting of standard ball journal bearings as 
jockey pulleys, suggested bx Mr. Lanchester, this will be possible 
only under certain conditions. Tf the sag of the chain is slight, 
ihc contact between the chain and jockey pulley is practically 
a succession of points, and the pressure IS biuall The friction 
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between these points, and the outside of a ball journal bearing, 
would be very small, and it is doubtful i f  the outer ring of the 
bearing would revolve at  all. With a greater amount of sag, 
and tliereforc an increase in the arc of contact, ball bearings 
as jockey pulleys should give quite satisfactory results. 

IVhon jockey pulleys are fitted the side motion ol' the chain 
iiiuat either bc limited by guides, independent of the pulley, or 
113' the jockey pulley itself. In  the latter case flanges may be 
fitted to the sides, or the pulley may take the form of a sprocket 
wheel. 

With ilat link chains, iiicluding the " Inverted tooth " type, 
where the centres itre short, and consequently side motion of the 
chain practically non-existent, jockey pulleys may have a flat 
rini covered with leather or soine biiiiilar inaterial. 

Regarding chain driven gear-boxcs used on buses and lorries, 
llio centres of the shafte vary from 6 to 8 inches, and the pitch 
of the chain uscd is generally 2 in To obtain the minimum of 
excess ol' chain on certain ratios ol' wheels, it is sometimes fouttd 
necessary l o  fil the in. pitch in conjunction with the 3 in. pitch 
o n  one of the drives in the box. The widths of chain used are 
adjusted to the various loads and speeds of the several drives. 
As far as cro6s driven chains are concerned, practically any of 
the iiiodern typos of chains I have naiiiod can be crossed, pro- 
\. ided suficicnlly long centres can be obtained. 

Tho link type of chain, however, is more readily reversiblo, 
and at shorter centres than the roller or block type, on account 
ol' the sectional bearing of the links on the rivet, and the revor- 
hil~le chain, Pig.  19, Plate XXIX , which is somewhat inwe 
loohel? asseiiibled than the others, pertnits of being crossed at  
oomparatively close centres. 

The PBI<:STL)ENT. I t  is our busineas now to thank Mr. Hill for 
ltis paper. We have had a paper which has shown itself to he 
interesting by having produced such a very interesting discus- 
sion. We have had facts brought out which are new to some of 
us. 1 a p  not an espert on the subject, and many of the fact9 are 
quite new and interesting to me. 

I did not 
know that efficiencies of anything like 98'5 per cent. had been 
reached. I remember the President of the Tnstitution of 
Mechanical Engineers saying many years ago that he had actually 
measured the efficiency o€ a worm drive combined with a scre\i 

The high efficiencies have certainly surprised me. 
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which was used for a certain purpose, and that he found it to 
bo 3 per cent. That was on a 100 ton testing arrangement, and 
with a raw unfinished worm wheel 97 per cent. was lost in trans- 
mission. To-day we have the case reversed, we have now an 
eniciency of 97 per cent. and a loss of 3 per cent., and as Colonel 
Urompton has said, i t  is owing to the beautiful way in which 
machinery has been adapted to its ieyuirernents. 

Mr. Hill has taken a line so very desirable in a paper of this 
kind, for by reading the paper we could certainly not tell that 
he had anything to do with one type of chain more than any other 
type. The result is that Mr. Hill's rivals have been able to  
lake part in the discussion in a friendly way, and have given us 
niuch interesting inlormation. 

I ask all those present to join with kne in according to M3. 
Hill a very hearty vote of thanks for such a valuable contribu- 
Lion to our proceedings. 
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FIG. 1 .-13agshaw’s Detachable Iron Chain (Ewarts Type). 

FIG. 2.-Coventry Stud Chaiu. 

FIG. 3.---Coventry Block Chain. 
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FIG. 4.-Coventry Twin Roller Chain 

FIG. 5.-Coventry Roller Chain. 

FIG. C;.-Coveiitry Roller C h i n s  (from 8 m/m Pitch to 24" l'.). 

FIG. 7 .  --Pai-ts for Covent,ry Roller Chains. 
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FIG. 8.--Wol.mo Roller for  Coventry Roller Chain. 

FIG. 9.-Coventry Roller Chain. 

FIG. 10.--Three Types of Coventry Noiseless Drive Chains. 
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FIG. 11 .-The Coventry Noiseless Drive Chain. 

FIG. 12 

FIG. 13. 
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( 1 )  Link comprising 
two Elates held to- 
gether by Hardened 
Steel Rushrs. 

(2) Iktrdzncd Steel 
Rivet varies in 
length J i th  combi- 
nation). 

(3) Outside Guid? 
Plate with  Hardened 
btcel Bushes. 

(4) Central Guide 
Plate with Hardened 
Steel Buahts. 

( 5 )  Cranked Link 
with Hardened Steel 
Rushes (only used 
with odd number of 
Links). 

CHAINS FOR POWER TRANSMISSION. Plate XXVII .  

(6 )  Bucrh for Chain 
Link. 

(7) W a s h e r  f o r  
Rivets. 

(@,Bush for Outside 
Guide Platen. 

(9) Bush for Central 
Guide Plate. 

(11’) C o n n e c t i n g  
Rivet. 

FIG. 14.-I’arts of Coventry Noiseless Drive Chain. 

(11) 8 (12) Washer 
and Cotter for Con- 
necting Rivet. 

FIG. 15. 
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FIG. 16.-Renold’s Noiseless Drive Chain. 

FIG. 17.-Westinghouse-Morse Standard Double-End Chain. 

FIG. 18. --Westinghouse-M orse Noiseless Drive Chain Link, 
showing Seat and Rocker Pins. 
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FIG. 19.-The Coventry High-speed Reversible Driving Chain. 

FIG. 28. -Roller Chains as applied to Automobiles, running 
in an Oilbath Gearcase. 

FIG. 29.-Knight-Daimler Petrol Engine. Maimhait connected to 
the Eccentric Shaft operating the Internal Sleeve 
Valves by a Noiselees Drive Chain. 
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FIG. SO.-Gearbox fitted with Noiseless Drive Chains. 

FIG. 31.-MOtOi* Cycle Magneto Drive (Roller Chain). 

FIG. %?.-Shafting to Shafting by Itoller Chain. 
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FIG. 33.-Portable Saw-Bench connected to Motor by 
Noiseless Drive Chain. 

FIG. 34.-Motor conr ected directly to Lathe by 
Noiseless Drive Chain. 
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FIG. 35.-Motor Generating Set connected up with 
Noiseless Drive Chain. 

FIG. 3G.-Shafting to Shafting by Noiseless Drive Chain. 
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FIG. 3 7 .  -&Motor connected to Line Shafting b? 
Noiseless Drive Chain. 

FIG. 3 8 .  --Governor connrcted to 214 1.H.P .  Triple Ex,prtn- 
$ion Engine by Noiselws Drive Chain. Speed 
of Engine, 28 R.P.M. ; Speed of Governor, 
161 R Y.M. 
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F I G .  3Y. - - -T \To iseh~  Drive Chain fitted to Electric Crane. 

FIG. -10. -Mot,or counected to Line Shafting by 
Nuiseless Drive Chain, 
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CHAINS FOR POWER TRANSMISSION Plate XXXVI.  

FIG. 43. - Three 500 H.1’. Westinghouse-Morse Silent Rocker-Joint 
Wheels, 59 teeth ; Diameter, 37.8 in. ; C h i n  Drives. 

Two Chains 2 in .  Pitch, 10 in. wide por Drive. 
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FIG. 44.- 36 in. Duplex Table Type of Vertical Boring 
and Turning iV ill. 

A R’oiselcss Drive Chain is used to transmit the feed motion from 
the lower to the upper portion of the hlill. The rates of Iecd are 
changed hg the lever on the front of tho lower feed box, threo 
rates being obtained by this means. The upper and lower vhsin 
pears are interchangeable, and of such numbers of teeth as will 
give an additional set of three rates when reversed. 

The slack of the chain is taken by an adjustable idler, and the 
whole is enclosed in a substantial guard (removed to show tho  
chain 1. 
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