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in an automobile the ponor is produced at the engine and 
is then taco fitted to the t heels to obtain traction. he 
mechanical system tbioh connects the engine to the driving  
hheels is called theTRANSMISSION Lam. It includes all 
devices chioh aid or regulate the flou of doer. Some of 
the functions of the transmission line are listed belou. 

One should be able to run the engine on no load. That is, 
one should be able to detach the driving Wheels. This makes 
the starting of the engine easier. The CLUTCH and, the GEAR BOX 

serve this function. 

M 

After the engine hass been started one should be able to 
connect it to the driving theela gradually and nithout shock. 
Thin function Is fulfilled  by the 017=. 

To mintain a constant speed the tr.ctivo effort at the 
theols should equal the resistance to notion. Since the resi e-
tanoe varies, say, thile going along a plain road and up a 
gradient, one rust have some mean to change the traoti,vo effort 
too. or a givan boreop nor the torque and hence the tractive 
effort of U1 vary ui th speed. Hence to should be able to change 
the opeod. It is also knouo that for Daxiiu economy or p000r 
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In an automobile the poser is produced at the engine and 
is then transmitted  to the ttheele to obtain traction. The 
mechanical syaten oh ch connects the engine to the dries 
uhoels is called the TRANSMISSIONN LINE. It Includes all 
devices uhich aid. or regulate the floe of potter. Some of 
the functions of the transmission line are listed belon. 

LE 
One should be able to run the engine on no load. That is, 

one should be able to detach the driving tteela. 'This makes 
the starting of the engine easier. The CLUTCH and the GEAR BOX 
serve this function. 

!fir the engine ho been started one should be able to 
connect tt to the driving uheele , du lly and tiithout shook. 
Thin iwetion to fulfilled by the C1. 

To tintoln a ooncta t apoed the tractive effort at t 
tiheele should equal the resistance e to notion. Since the resin 
tame varies, -  say, chile going along a plain road and up a 
gradient, one must have sons mean to change the tractive effort 
too.. For a gin barsepot or the torque and hence the tractive 
effort ai ll vary ai, th speed. Hence ue should be able to change 
the speed. It is also .noun that for maximun economy or povor 



tbe engine has a apeoltle speed. Hence a device is needed thich 
will enable -us to change the wheel speed at i3i ., keeping the 
engine speed constant. This e i e done t3tth a (EA t BOX. 

In general the engine position is such that the sans 
of rotation of the ahsels are perpeu4ioular to the axis of 
rotation of crack-shaft. Hance to turn the drive through 
a. level F T:L OMIt is used. 

When negotiating a curve the outer wheel ni: h . travel a 
greater .stance in the same time than the inner ttheel. The 
diameter dtameter of the tno wheels being eai they nihl. move at differ.i. 
ent speeds ( r.p.m) This is taken sere of by the DIFFRK A 
GEAR. 

The ubeels are tonne cited to the chassis through springs 
so that the road bumps ' are not transmitted directly to the 
chassis. Hence t 	is relative movement bet wen engine and 
the rear nheele. Since the engine is rigidly fixed to the 
chassis. The impeller  shaft should be such as to be able to 
accomodate this change. This is done utth the SLIDING 'O1NT. 

The transmission line' has to be suitably changed to acco-
mmodate the various auxihliarlee like, elr-condi tI oning pump, 
generator ate. 



a deal with the various conditions under uuh ch the 
automobile is likely to be,. used as also for economic conditions, 
v-arious types of transmissions have been d nevi ced . 

(I) Rear uhael Drive 

(a) Chain Drive 
(b) De Dion !rive 
c) Propeller shaft drive. 

(#) Front wheel Drive ( F. W. D. ) 
() Pour wheel Drive 
(3) Six wheel Drive 
(4) Rear engine Drive  
() Under floor Sngines. 

(a) 	: 
It is not used only on special vehicles. it is an 

example of the deadi.axle drive. In this the drive passes from 
engine to clutch through the gear boi and finally to the differ' 
ential. The differential turns the drive through 9O. There 
are sprockets at the end which transmits the poser to the wheel 
through chains. The chains are rather noisy in running and are 
not easy to keep clean and properly lubricated unless a chain 
case is fitted. it gives a good and long service even ui theut a 
chain case. Its chief advantage lies in its simplicity. It 
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also reduces unsprng neiht to a minimum and introduces a 
certain degree of flexibility ihicb saves year and tear. The 
chain drive offers scope for some further reduction and is 
hence useful r;hen very large reductions are required. 

This uses a shaft drive iith the d If ferance that both 
the engine and the final drive ±ha tmgkna casin are fixed to 
the frame. The Wheals are independently suspended. Th allot 
for relative movement between the chassis and wheel axles the 

power is transferred from the final drive through too universal 
Joins and an intermediate abaft. This is not non ao cc *n. but 
a someuhat similar arrengemen t is used in cars having indepen. 
da, Uy spring Wheels. It n a used in the perrari ubich non the 
formula Ii race at urb 	to is 1950. 

This type is the one uhich is most oomon these days. 
The majority of the cars have a propeller shaft to transmit 
poster after the gear box and apto the differential gear. The 
construction is simple. The main advantages are that praetIcally 
no maintenance is required as compared to the chain drive.. The 
main disadvantage is that it toss up some floor space and so 
raises the height and centre of gravity of the car. Various 
devices, like the hypoid bevel gear, are used to loner the prate- 
liar shaft. 
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In this the pounr Is tranani tted to the front heels. 
The ezanpies of this type of transmission are found in Alp era 
Romeo truck, Zundapp, B.S.A., Derby, Citroen, lvis, Jubuin, 
Traata, Stoer, Adler, Morris M. ai 1inor, Austin Seven etc. 
When the rear wheal driven. car has to negotiate corner the front 
,heei turn rh1lat the rear ones are pushed in a direction tendIng  
to tbron the rear of the oar in the opposite. d reotion causing  
it to skid. if the car were ailoned to awing round, freely it 
iould ultl ately take up a position in hioh the driven or rear 
nb+ + e~ a e-ea 	- 	as o rear wheels were actually in front 
and the front wheels behind, this being. the stable condition of 
equilibrium. In the case of the front driven oar both the pones 
and steering are applied at the point of contact ii b the front 
oheels, the rear Thee s merely trailing behind and exerting 
no appreciable effect on the steering. From both points of view 
the F. W. P ear is better to steer round corners and on straight, 
moreover 'it can negotiate corners safely at a much greater speed kn 
than a rear driven, car. Racing oars ihich have hid front vheei. 
drive have been noticed to do better in races %here cornering 

is important. Anotbn r advantage of the . i. U iè that it enab-
les a loner centre of gravity to be obtained for the whole carp 
there being no transmissIon nembers and back axle casings at rear. 

The lower seating position and flat undershield of the front 
drive are other points in its favour. The body can be made of 
smaller over all height thiist still giving the saw headroom than 
in the case of the orthodox rear driven car body. The P. W. 0 



oan be made lighter in r eIght. Also the full ran.eo of steering 
angles can be obtained t ithout difficulty. A advantage Is 
that the front drive till pull the vehicle alone chile the rear 
drive nib . only push it along. The front Wheel drive therefore 
helps in pulling the car out of ruts and obstacles which the 
idling -front thesls of a rear driven car could have difficulty 
in surmounting. 

Perhaps the main didvantage is that when going up till , 
the line of actor, of the height moves nearer to the rear uheela 
and hence the reaction at the front %heel decrease . This redu-
ces the frictional resistance and there may be some slipping of 
the wheels. Also the load on the front axle is seldom more this. 
35 to 45 of the gross iei ht and so the tractive effort is less 
at front heel than, it could be at the rear wheel. The P. 3.D is 
of a more complicated desi , . 

The usual arrangement of the P..0 is to place the gear 
box in front of the engine and to incorporate the final drive 
bevel pivion and crova wheel as well as the differential gear 
inside the gear box casing. Frog the differential gear the drive 
is to on to each road wheel through a short propeller having a 
sliding coupling at the gear box and and an ordinary coupling at 
the other or uheel and. The universal couplings then operate at 
theel speed and not at 4 to 5 ties greater than wheel speed 

depandi on differential gear reduction ). 



The two rear wheel drive furnished in passenger cars 
and light commercial  vehicles does not n furnish enough traction 
to negotiate the steep hills, ditches, streams, trenches and 
-rough muddy or sandy terrain encountered in military service. 
.Shoe ability to obtain traction depends largely upon the load 
imposed upon the driving %heels. With all-wheel drive the 
full . weight of the vehicle is carried on the driving wheels and. 
thus permits maximum traction. Also, the -combined pulling effect 
of the front heels and pushing effect of the rear r bssls aid 
in overcoming obstacles. Conditions often arise in which one set 
of nmh wheels of a four wheel drive vehicle is driven through 
a dll ery place by the other set of wheels which are on ground 
afford lag adequate traction. 

From engine, clut h, end transmission assembly a short 
propeller shaft transmits the power horizontally to a transfer 
Beer box. From lower part of gear box one propeller shaft extends 
bsokuard to the ree*r axle gear in the conventional manner and a 
second propeller shaft projects from one side of the transfer 
gear box forward. to the front axle gear. To allow front wheels 
to 3m f 	nx be turned for steering a special type of tonsta rt 
velocity universal _ joints are,  used to replace steering kuookles 
of conventional vehicles. Because of higher torque in axle shaft 
and large angular steering movements these universal joints must 
be of special design. Rear and front axle gears are either of 
hypoid or spiral-bevel type. 'Provision for dealutoh ng or disen. 



disengaging front *heal drive when it is not necessary is 
usually incorporated in transfer ease. 

The obvious disadvantages are that it increases cost,, 
the design is more complicated, production and assembly takes 
longer and weight is increased. 

This is the same as the Pour wheel Drive except that 
in this case trio rear propeller shafts come out uhicb Be to the 
two rear axles. All the 21 , 4 and 6 ton military trucks have 
six vbeei Drive. 

The ed vante s are that it can carry 1rger loads, has 
increased riding comforts, reduced inpat on loads, freedom from 
skfdding and %heel slip and abilityto cross difficult terrain. 

The disadvantages are additional dead eight which has 
adverse effect on fuel consumption. 'Duplication of wearing 
parts are open to criticism both from point of view of maintenance 
cost and ebeaees of breakdo . 

From the theoretical stand point it is altaya desirable 
to use mechanical power where it is generated and thus avoid 
transmission !oases. That is Thy in certain ears like G. K. WW., 
Trojan, Burney; Tetra 87 Vo1kaiagen etc. the engine is placed 



at the rear. its other advantages are that it gives a lover 
over all height cling to abolition of the propeller shaft, better 
adhesion- of. the driving oheela this to usight of engine, a lover 
centre of gravity, freedom from engine fermoa end noise, batter 
visibility for the driver. The main drati back is the question 
of passenger aaco r odetion. To make way for the engine at rear the 
seats - have to be moved forward . The chassis narrows at the front 
to Five space for the turning wheels and hence the, front vould have 
to be Harmer. The cooling of the engine also presents consider-
able diffioultee. The gear-box and engine controls are more 
complicated. 

some busses have horizontal engines 1tb the cylinders 
placed beneath the floor. This increases the available seating 
space although cooling and accessibility of engine are both more 
difficult than with the usual layout. 
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The main things which in general will be discussed in 
the following pages are 

1. The Clutch 
9. The Universal 'of nt 
3. The Propeller Shaft 
4. The Sliding Joint 
5. The Differential Gear 
6. The Rear Ax .e, 

Clutches are mechanisms sh ch enable the rotary motion 
of one shaft to be transmitted at will to a second shaft, 
whose axis is coincident with that of the first. 0miug to 
the fact that a gasoline engine will not start when carrying 
a load nor develope appreciable poser until it has reached 
a certain minimum operating speed, about 500-600 r.p.m with 
automobile engines, some form of clutch Is absolutely 
essential. When a car is standing and the engine is idling 
at about 500 r.p.m. it would be impossible to have the oar 
speed instantly synohromising with the engine as it would 
mean that the oar has to come to a speed of about 10 m.p.h 
from rest, instantly. The clutch is required to bring the 
car speed in line with the engine speed gradually. Another 
funo,b on of the clutch is to uncouple, temporarily, the 
engine and transmission so that the transmission gears can 



be shifted. Meshing can thus be accomplished without excessive 
clashing of gears. 

The chief types of automobile clutches that are or have 
been employed for cars are • 

1. T CONE CLUTCH 
A. DIRECT CONE  
B. INVERTED CONE  

2. THE PLATE CLUTCH 
A. SINGLE PLATE 
B. MOLTIPL PETE 

. TEE SEMI C . -. IFT'GAL CLUTCH 

4. THE SULLY CENTRIFUGAL CLUTCH 

6. HE EL-9CTRO MAGNETIC FLUID CLUTCH 

6. ThE MAGNETIC CLUTCH 

7. THE HYDRAULIC  CLUTCH 

8. THE PEB4VHEEL CLUTCH 

991: 

In general the following points should be kept in mind 
when designing clutches. 

1. The friction material must have a high co-efficient 



under all vorking conditions. These coefficients must not 

be adversely affected by presence of oil, water or moderate 
temparature. changes. 

2. The clutch member driving the gear box main shaft 
must be made as light as possible to minimise inertia effects 
which otherwise would be detrimental to the operation of gear 
changing. 

3. The clutch spring pressure and the clutch pedal 
lever age should be such that the driver does not have to 
exert undue physical labour to de-clutch. 

13. 

 

The ordinary clutch springs used is the helical 
wire compression type. The disadvantage of this type of spring 
is that declutching requires a greater pressure than that 
holding the plates together. Further, the pressure increases 
with amount of pedal depression. To overcome this difficulty 
the INGERSOLL spring was designed. its main characteristic is 
that the clutch release pressure diminishes as the clutch 
pedal is depressed. When the pressure is first applied the 
resistance to deflection increases substantially with the 
deflection. The resistance achieves a maximum pressure and 
any further deflection of the spring, as when declutching, 
only reduces the pressure. 

4. The friction members should not slip under the 
influence of the grew test engine torques that may be applied 
to them. The members, however:, should be capable of slipping 
on one another without any detrimental effect when the clutch 



pedal is partially depressed. 

5. The friction material should have long life and 
maintain its frictional properties throughout its useful life. 

6. Provision should be made for rapid dissipation, 
of best generated by the friction surfaces. 

7. Clutches for high speed service should be dynami-
cally balanced to avoid vibrations. 

8.. Means for lubricating the bearings must be provided. 

9. Careful des ii should. eliminate sources of seise. 

10. The mean.s of adjustment should be simple. 

11. The parts should be easily accessible. 

12. The type of clutch and the friction material 
should be chosen keeping in view the uses to which it will 
be put. 



This consists of the frustrum of a Cone, so fitted to a 
shaft t by means of a feather key that It can be pushed into 
an opposite engaging surface rigidly attached to the other 
shaft. Such clutches require some forces to put them into 
gear. This force, acting parallel to the shaft, produces an 
undesirable and thrust. Cone clutches may be faced with 

(a) leather 
(b) asbestos fabric 

(c) corkinserts 

(d) wood. 

This type of clutches are not -now being used .n the 
automobile industry. 

The various symbols used are - 

T is torque to be transmitted 
F is axial force applied 
f is coefficient of friction, of surfaces used. 
p is unit normal pressure at contact surface 

N is normal force created by F. 
A Is semi Cone angle 
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Di is inner diameter of cone 

D2 is outer diameter of cone 

D is mean diameter. 

is load factor 

(LP) is power transmitted 
• b is - width of face 

is total frictional force at mean radius 

n 	is rotational speed. 

We have F 	N. 3 in A. 

.. 	- /S n A. 

. • Frictional Force • N. f 

S in A. 
The torque transmitted is - 

T  ~in A 

N©w 	D - X11' 2 
2 

P _ f. F. 	, 	Di " D2 
a fiir. A 4 

Now we also know that  
T "`  



The ice fare we get 

Now 	N 	D. 

U 	i.n A 

•.'. 	( ' 
160480  

On applying the fond f n n or 

1604 

The i,,xla1 forte . reculred is 
i► • D . p , b .in .k. 

The 'Clutch when being er g ged re ruir. a s a force 

1r or th-,n F s it h 4. to over o• the friction when 

one come is being yr* sed into enothera 

This force is/ ,
+a 

P 	; i D, • b c(  3i A + teas A) 

The -ett:n1 fo a '~ uI red to eng-, ge clutch is slightly 
more t "n P due 	friction ,,t joints, 



The inclin^than of the s2,nt side is highly important 
In order to 'void Isti~^kingt on one hnd, Pad too sudden 
seizure on the other. This value usually ranges from 7+ to 
13. The cone + ngle A is 12.6 for clutches h, wing leather, 
r'sbestos or cork inserts. For clutches faced with wood 

the value of A v: ries from 15 to 25, 

The mean di:>meter is taken. from the expression 

D -- 34,2 x I. P.k.rt  
f. p.n 

where q = 

The vplue of r, rnries from 4.6 to 8.0 . For less we: r 

sm'+ller value of r+ should be chosen. 

Usually the men di-ameter vp.riee from 6d to 10d. 
Where 'do$ is sh-f t diameter, 

checks should be c-rried out to see that peripheral 
speed is not a ccc live. For lectber Need clutches maxi•. 
mum peripheral spend should lie between X000 to 6000 

f.p«m. Farr metal to tat4 coat net the limit is only 
300 to 1000 f.p.m. 

Guide to selection of p 'nd f t 

0 



Guide to seleCbion of p And f :- 

MATERIALS 	DRY 	GREASY 	LUBRICATED 	P1 8SURE 

C.I . on C.L 0.2 - 0.15 0.i0-0.08 0.10 - '0 x.05 160-250 
Bronze on C.L. 0.10-0.05 0,.10 • 0.06 80i20  

Steel  on C.L. 0.3 - 0.20 0.12 -0.07 0,10 -0.06 120-200 
Nood on C.L. 0.25 	0.20 0.12-0.08 60•. 90 
Fiber on metal - 0.20-0.10 - 10-30 
Cork on metal 0.26 0.30-0,25 0.26 0,22 - 8.15 
Le the r on metal 0.50» 0.30 0.20-0.15 0.15 - 0.12 10-20 
Wire asbestos 
on n]e bid. Q.50si 0.36 0.30-0. 0225 - 0.20 40 .80 
asbestos 
block on metel 0.4B«.0.40 0.30-0. - 40-160 
abestor 
on me tA1 - 0.26 - 0.20 200- 300 
Me tnl on C.L. - - ` 0.10 - 0.05 200 	3000 



The come clutch was Inter on entirely superseded by 

the single rnd multiple plto type of eutches, the latter 

h'ving speetni advantages in the matter of ofricincy, 

èssO. of maEufecturo •n4 lông life* 

The multiple disc typo of clutch with motel pltos 

rnning in oil WeB the first rival to the cone clutch, for 

lthugh more expensive to mnufeture It was better In action 

and could be mede much smeller in diameter* For some time 

both yore in nsa but ult1mtoly the dry pl.. to multiple 

disc clutch Euporeoded these* 

The chief disdventege or the multiple disc typo Is 

that owing to its thin steel drive pletes it erns unable 

to d1ssipto setisfeetorily the heat developed by friction9 

so t)mt while the and platen could disperse this heat the 

contra plates attained a higher tempereturo end inoro rapid 

wear of friction metertil. occurred, There who also a tono 

dency for the platoo to warp. This, rosulted In clutch dreg. 

The all motl clutch was subeoent31y roplaccd by the singlo 

dry pinto end the cork Insert wet piedelt\tcho 

Tho chief advintge of the singlo dr1' A to clutch ore 

Its simplicity Its nbilit'• to dtasipto friettonel hoot to 

the .tlyzhoel member and-  its long, po -rio,& of sorvlat ith 

minimum mintainonco attention I 	 • 

I. 	- 



D 	_ —CRt,. This typo which is in most common use 

to df7, It was the discovery of the high cootfteiont of 

f I tion m teriei such vis f brIc 2nd asbestos which m do this 

typo of clutch possible. These friction m* ri- s are practii. 

cplly n n abr sIve i retain them frictional proportios 

over the normal range of working tornpsrtures1  pre tic rally 
unchan d.f  nd -1ao have a long life. 

peso e1utcbes ran aubrioeted but the presence of 

oil or water dQOs not seriously rap it heir frictional 

properties. It is however r l yys desirable to keep the plates 

try. 

The single  pl to day clutch is very simple In design and 

is compprIt vely inexpensive to menufecture. It Is usually 
used for light and mod us powered cars e the -mount of 

power Is limited by the m zim 	•lXowablo di motor of to 

friction meter1 1 disc. or more pow r sever*l friction discs 

ad metal plates will hive to be used* 

The single pl'te clutch consists of o single metl 

pl- to faced on either side with a disc of friction me.teriol 
(I.e. there rre two friction surf cos). The friction disc Is 

looted ceratr4].y between two metal surfs coa formed tiffs p-rt 

of the engIne flywheel Wit. The two matei surfaces aid 
the central friction disc ,,nre pressed into contact by means of 

a single compression spring or a series of perip' rnl springs, 

The friction discs are uully counted on oi alumIniun or 

s toe l dal, to which, to tarn, is rivetted to ra bash having  



Introduce a damping action Pgoinst tosionel Vibrations or 
ferin.tions of driving tore e. 

The clutch sliding member which mores along the splints 

of the gear box Prim ry sh ft has a. e ntrrl plate N formed 

integ r lly with the internA splined "boas N. The pressure 

elite C it fitted round the boss but Is riot !ttached to it. 

Mother thin plate 0 on the opposite side of N is fitted 
31Viil - rly but is in;de rigid with the boss. The driving 
c ..~ noection between the central ri id plcte N and the pressure 
pi- to C ith its cmpl1mentr ,t' plite 0 is Obt9in.od by means 
of six inserted compression springs P fitted in slots in all 
three plates. The effect of these springs h twoen the rigid 
plat* ( whib is p:tof the zliding boss on thegesrshaft 
-and the driven pirate of the clutch is to give an o1•'stie 
drive t td torsional f .trr tion thmper betvoeu the fJ3egine 
the gear box. It Is a .wn to provide stop pile; to prevent 

easy over loading or the drmping tprings by limiting the 
degree of comprossion of each of these spins.  

The number of springs used varies awarding to the Sim 

of the clutch from 1 t4 O. E^oh of the spring is mounted,/, 
. 	 1\ 

tEngontially to a eo imon circle so thit ;11 the springs am 

t some rndIpl distance from clutch centre. 

CLUTCH OV R PLATE:.. This should be designod with the ob3oct 

n1thXtm of reducing the weight of the clutch unit to 

a r9.nimum,consistont iitb strength reeui: om nts , the clutch 

cover pls,te is now am-de in the form of , sheet steel pressing* 



CLUTCH COYER PLATE  



To ainimiso Its teight j It Is m1do trienguinr insh,po as 
viewed long the clutch SZIOD 

CLU1CR B BNCE*- It is important to onsuro thct the completo 

clutch Is in ccurate dynamic bed nce and that the driving. and 
driven timber components are siso each in perfect in balance. 
Otherwise vibe tions will act in which en be ozpoci .ly 
b rmful if the critical frequency of vibration lies In the 
engine speed range i.eo upto bar 5000 to 6000 rdp,m« 

Usually the balancing is done on a dynamic pattern 
balancing machine v, the surplus motel being removod by drilling. 

CLUTCH PX 1 s- This Is an Important feature of most clutches 
as it Is the support bearing for the engine side of the 
clutch shaft. This Is usually in the form of a ball bearing 
or'o l 4ess' bush pattern. The lubrication of the spigot bearinG 
j a nn importcnt m tter since any weer In this bo 'ring will 
give rise to clutch 'mobblo° and noisy operation. Lubrication 
is also difficult and so the beoring Is often packed with 
high molting point lnbrie onto on asaonbly ad ro,uires no 
further replenishment. 



The some symbols  are used r  ••a in the cone eiutbh. Th 
f 

poor and speed at thicb the bed Is to be trenamittod is 

given hence the toreue con be found out 

Using stets load feet*,° of 

4 

The total number of friction disc reoiiired is 

pore 

n. X Of 	' paf0D1 

The mean rr dius 	t) is 	given by 

D = 0.707J(D + ) 

Hence we brvo 

I 	 - 
no cp. f,. 0#707 	(D 	1)! }( 	, DR 

n Is tho bosost speed Pt which the clutch is ronuired to 

grip. This spared has to be chosen from n knowledge of ongin  

cborrctorlstic :ind will usually be round about SM r.p,D 

From the engine characteristic curve of t.* TbP, against speed 

ro can f 'n.' out the ratio of horse power to speed at 

various speeds. The maximum vnluo of this is chosen for 



design c 1culptions. 

The md.' erin1 Is then chosen and from its physical 

properties we cñ fine. out the design pressure which 

c n be used es also Its co fficlient of friction under the 

existing work1ngeonitIons. 

Now the ly ur n s f) l e D1 D and i. The ratio of 

outer to Inner die ter usuplly varies from '.3 to ',.€. 

The societyof motor nufacturars end Traders (S.L .T) 

hnve suggested stndnrdIsing the dimensions of dry plate 

clutch rings nd following provision stadrs hRve 

been suggested. 

EXTEBNAL tIA 	l4TBNAL DIA 	THICKNESS 

fln b2al 

6.0 	 4.6 
6.6 	 49876 

700 	 .25 

7.5 	 6.625 

8.0 	 6.00 

8.6 	 6*376 

900 	 6.71 



EXTLBN AL DIA 	 INT BNAL DIA 	TICNESS 

6.0 
6.6 

7.0 
7.5 W 
8.0 

8.5 

9.0 
9.6 

10.0 
.:.0 
'2.0 
33.0 
4.0 

4.6 

4.875 

5.96 

5.626 
6.0 
6.376 
6.76 

• 7.6 

8.26 
9 

9.75 

10.5 

0.188 

'0  
11 

12 

is 

14 

18 

16 

17 

18 

7.6 

8 

9.0 

9.7,E 
.11.5 
11.56 
18.0 

12.76 

13.6 

# i~ 



EXTKJAL DIA 	 INTERNAL DIA 	THICKNESS 

12 goo 0.312 

. 9.75 

14 . 10.5 

15 .2s 

16 12.0 
17 .12,76 
is 13.5 

14 10.6 0.376 
15 11.25  
16 12.0 
17 12.76 

is 13.5 

A convenient stn 	 rd dto eter can be chosen 
qnd the vdue ot"i"deterized from the a 	.tion. The 
nearest 1 rger whole number Is chosen for the design. 

• J 



Selection Considerations 

Clutch requirements can be fulfilled by one or more 
of the commercially available units indicated. In addition,, 
slight modifications are possible in many of the existing design. 
as to adapt them for special Installation and operating con - 
itione. Beyond this, extensive design offer may afford the 
ultimate solution to a clutch problem. There are, hover,' 
many pitfalls and hidden problems likely to be encountered 
in clutch design that can become rather costly, Therefore, , 
the large degree of experience represented In commercial units 
should be weighed carefully before entering Into the design 
of a special clutch. t iahevor the case may be, numerous fac-
tors are to be considered in the seiction or design of a clutch* 

CAPACITY T11WG As mentioned previously, a most 
aerious error is the selection of an undersize clutch., which 
will be a table-make.r from the beginning. Determination of. 
clutch size involves the application of various factors which 
allow for the different conditions of service anticipated. To 
arrive at a final figure, the basic horsepower of the drive 
should bo multiplied in turn by each service factor, resulting 
in an "equivalents' horsepower nominal raging* Service factors 
oncerning clutch rating appear in TAB 4. 

The nominal ratings of similar clutches made by diff 
anent manufacturers are not always based on Identical standardso 
Sonc ratings give the actual torque at which a clutch will slip 
when properly adjusted; others show the torque or horsepower. 
safely transmitted in service, and may allow as much as 100 
per *oat safety factor. 



On line shaft installations the load demand may not 
always be up to the full capacity of the drive; nevertheless, 
It is good policy to base a itnoahaft clutch rating on the full 
drive capacity, and in sono cases to provide for future addi-
tional loads. Conversely, new machines sometimes demand greater 
than normal horsepower during initial running-in periods. This 
condition should be provided ded for,, however temporary it may boa, 

HEAT DI SXMTI0N : If a very fast pick-up is required, 
despite high inertia, this obviouslysuggests a clutch with 
mechanical torque capacity increased proportionally. On the 
other hand s  it might be necessary to provide a. is 	oth,, gradual . 

piek«up lasting ten seconds or more, say for a 	re drawing_ 
machine. An oversize clutch would again be indicated, this 
time to allow for the heat generated during the period of slip; 
In addition., the type clutch selected must be capable of close 
adjustment or possess inherently smooth action and , self-ad3uetment. 

If a clutch is operated once per hour or less, it will 
have adequate time to cool completely before the next engagement. 
most catalog ratings are based en this operating frequency. More 
frequent engagement requires added capacity, often expressed as 
an extra two per cent for every additional engagariant per hour 
up to 30,E If a still higher frequency is anticipated, it Is 
advisable to consult the manufacturer rather than to risk pro 
mature clutch failure. 

A1 tENT 'tE RA' 	; Usually this factor is not takcn 
Into account, but it becomes important in clutches designed 
for continuous slipping  service or operated under unusually high 

or low service temperatures* 



INS'TALLATIOI CONDITIOt S: in addition to basic clutch 

rating and heat control, there are other miscellaneous points 

which should be considered in order to assure satisfactory cm-
tab performance at min .num cost. These items materially affect 
clutch selection and service life. 

ALION1 NT: Th average clutch is not a flexible 
coupling; therefore, to operate properly It must be installed 
In alignment and so maintained. Adequate bearings should be 
provided on each side for both radial and thrust loads. 

VZRTICAL OPERATION met clutches are designed for 
horicontal service. Vertical operation can impose excessive 
wear and result in excessive idling drag and wear unless provl-
aiona for this condition are made to counteract unbalanced 

weight. 

PROLONGED IDLING: Adequate provision must be made 

for prolonged high-speed idling. In this respect it is good 

practice to install a clutch so that the actuating mechanism 
to stationary while the clutch is disengaged. 

DAMPN : In addition to rusting, a friction clutch 
may be subject to friction coefficient variation under damp 
conditions and may either slip or grab, depending on the frlc-

tion material. There ere are, of course, at least two ways of 

combating this condition, powder- metal friction material and 

\ wet operation, as discussed previously. 

DUST AND DIRT: Dust causes friction elements to wear 

rapidly. Dirt and lint can also foul operating mechanisms, 
Adequate coaling will avoid these conditions. 



OIL: The presence of oil, In normally dry clutches 
lowers the coefficient of friction and causes dirt accumulation. 
Effective oil seats will, of course, prevent this. 

FIRE HAZARD; If conditions are eutfictently critical 

to warrant the use of explosionproof electrical apparatus, 
similar  precaution . should be observed in selecting a clutch. 

MAINTENANCE: Convenient access for periodic servicing 
and watntenanco should be provided in all, installations to avoi- 
d unusual demands on clutch durability. 

a 



T of Prime Mover 
11ectrjc fur or steam turbine •..........,. 1.00 
Steam engine or 4-cylinder  gas engine ....... 1.50 
Single.ieylinder gas engine ... , , . 	. # , » 2000 

Type or Load 
Blowers, belt conveyors, generators . # R ..... 1.00  
Hoists heavy-duty lineehafta, rotary kilns .. t50 
Crushers, rolling mills#  reciprocating 
conveyors 	 .a•.!l•,••4i•iM s#Mii ## 2.00 

Load Inertia Condition* 
Low Inertia: low wade, small pullers, etc.. 0.75 to 1.00 
Average inertia ............................. 1.00 to 1.2xO 
High inertia: ball mills, etc. ., w ..,..... R , .. 	1.50 to 2.0( 

Clutch wed (rpm)' 
10 IS •i R'#Mi+ **,0#Y Y pY # A# • R#VIrt M#RAF 0OS0 KY 9 R *0 	10.00 
100 #.w.,. ... S# R.•.,!!.!*0* 	soa,. a.Rs..R «* 	1.00 
200 .tt r ##. MAM#i•fR# ♦Y0#it #• *R rYiRMi. 5#.5 IY5*-0r00 	0.50 

400 ! 	a fy'•■oRi• RNa e....•.# 	•!eM a.s**0R. *MAR 1ri 	0.25 
goo • M 0 i (r ! u► ! 'rii 4,  W * b oa s e a, rl • a* . R w Rt us. ! A !R Rr . • a. 	0.12 

1200 ,► Y Y #. M aR:.l.f * Al * R iR e 0 e * # f • .... s * 1A R "R R . R R # # a # R i! 	0.09 

80 	•. i,R#ts s•ri!• a  +r# My! Ra#a#ii•!###l+R•#M40# 	0.07  

Low values for load»free starting; high values for starting. 
under load. 

Based on data for an $«binds sing a-plate disk clutch. 



Por a 3pdc f is speed arid inortia conditi o , end 
oofletaAt clutch ad juetm mt, heat generated .9  a fric.. 

t10 clufth is proportioial to the frequen of mgogeent. 
each 	 + t o 	rfaee hots limiting tcmeratuxe beyond 

which eficienct la first 	pertrily then pertanontly itfl  
paved, frictional heat rust bo dianipated at a rats utfi•- 

€gin t to keep the t poratare at a cafe lc val. 	oeie 
120$1 also tL r OanUO diOt; rtion. an warpinj of the clutch. 
m c nher9, producing hot spots or accelc2'tin 1i ng failure. 

Asa rule# and c it in pr of o l ,m: ti, the moot 
con an en V e t eg a ageloot c tch overhot2.nr,~ to to opeoi- 

an overire clutch, The` leer rer the ;,etch, the reats3r 
will e t o inlEal ooet . but t o to wor will be the opera- 
tine cost. The g eatar the maw c ab3orb th10 boat of 
onogeent, he le ver will bo the 	pezt xc rise,, Also 
to -renter radiating 	fa a will aped heat doipatton, 
In addition, A ;rester area of frictionhum! t a larger 
me . effective - radius will perm t con :td era l;r )o er ocutaot 
praso urge this reducing linivicar, 	le there may be 
apocial renéoria for holdin c' tch of e to she minim* 
ouch as opace lmitationa ox wriyider t1ova of clutch weight 
or inertia, in general, the :.. efficioDey eh Id not be 
sacrificed. 

To i .luwtr I:c cae a 'fcct of tcro ue load and 
frequency of onnenent on clutch life,* one authority citea 
the following data from 	of r Lion clutch  ate• 



Th,oaue Lam. 	Proqione7. 
rlJMi/IIV1 Yrl YI 	I! IWiiY~YYi 

NQZe flating 	ISO 
 

10 

TU Rating 
	

I 

9"0 Rating 	go 
	

50 t000 

Ext t :ve 3 d . "have rvoje theta UP to tho 
point of detrnction, vzoar is . + cx nenti. . funtion of the 
average rate of heat geraion, 

in doeigninfor naziimu capacity Idttn a ver 
space* the problem off'  ovorhcating to net by two a proacheas 
the uee of eanotruc flone ggt 4g aazwn heat dicipntLon  
and miniaum arpage and the uoo of ricti 	eons that 
are affected by heat an little an po oiblo. Thone friction 
materials must of *outgo poeo adequate chonical strength 
ae well as good thermal proporti ea. 

Deei.tn for heat dioipationInvolves he ttf3a Of 

short, ht. ;hly oonductivo heat tra!,sfer pt the, with friction 
of Xacee exposed liberally for air poling In thin *o 
tion, it iw ante; wring to n to t ,at in one r: ec-tzi tl 
aircraft broke chin the frtction material has bocn reAzoe4 
to a ein le pair of small but tone presetn egatnet opposite 
a des of a steel di s. tZoot of the disk is czpoaod, and a 
a result, It atoyn cool becoe of the exooIont convective 
transfer to the line surroundin nir For the c e roanon 
d oapi to the usually small Frio t on linin4 area and o 

high surface preo,.iuro, the friction buttons aro not cubj oat 
to the heat fading and excessive wear found dam £u 4ine6 
b' kos are applied oontiimounly, It in intar otjx*t to note 



that In tests thin ar o brake faile( when a eoccnd pair 

of buttons was added ex)er 	tall.'' cat a point 6iotri. 

Bally opposite the firat pair — boating then bocaao 
cumulative. 

Other memo for i provin heat di Lion include 
f.inn surfaces f or increnaing hot tranef or arena and air 

'uvbttlenco and roughened exterior n rfuoce for improving 

radiiat on For ezernle, t sand-carat &xrtaoo ha about give 

tt i the heat radiation. cipebilitr of a cc c arabla surface 

with n tine mobined finish* - . o e olu tch o are d c:...i ned 

to ran 'wet* (in oU) to oeei c liquid coolin ., which is 
very tucceeafat provided the oil does not ; oe hot onou, h 

to gum &4 carboitiee 

When heat warp s Ia toad to be a pro l , the 

solution may become involved. A typtoal anccior Las to  nec 

ooancion-reltevin cute or Croovoo In the member oupporting  
the friction raterialst  but th o is no pat naor. Actually 

warpage Ia uauali.y lose of a liaitinp taoto = in clutch loci# 
h t o temperature of the friction ourfaco, 3tadiea of 

thin phase of the probian hctvo proved n fuittul line Of 

nt tat k In increa ini olutcb r: tea. 

rig t OOn f1tor J !. 

Some docadee ego, the princi 	. Friction materials 

available a are leather #  wood maple, elm at 1I 	.tse) o  

cork, or fete opera ling a ainat cot 1. Mhiio the or anico 
era reaaonahly curable and give a satisfactory caa2 ioI .t 
of frict on#  they are .advoroely affected by oituro and by 



by comparatively small tcmporctare riaoa. In not of these. 
atria a, , b1ot3ig Of i,x'L+. .'' tur&. reaine an ohn.rr ng 

become noticeal&lo at 175 P,withre l toat 1oaa of friction 

and rapid wear. Thw erC abr.orption ca aaily of woud,, for 

.nat z e, a ; icii ae 250 1. `t per minute r ztaaxc i ich, 

as 

 

corp a& to 1000 to 200 1 Lt p+arrio b1e :r .th !it ides 

abefAQ4 IU s):.t1S anti 10,000 1 ` ' 	 ribI ..P,tJ1th certain 

a1tial frictionf a-,t i 1e u.n o goad hem i aipating 

Cork and felt ox en he Dpeciuu. D'oPertZT Of 

hti reel•ieacy €w have wox'7c ct very vvolI In riotion  

Ut h Cor I a;ht t ri. ev, rnch ea v .re re46r r t .sx on  

td sewing ma a ..Oi. Thy were U30d Wue:G 0f1 .1y In 

:iii ai._f6' i►4ir ' at e r y .i s 	of A.vL: V a 1. Lii if 4 +, 1 	) i*.af~ R,itR 6 +i'i st Oara now 

zoe':-hsbeatoe h e matRerial , 

' 	T? 

 

The 	t1—o.zneti 6 ' . . o of t a : pi ,4 vap-1 oy ed 

' ttj. lord "fie nrin coi b .mmti.rfln;. frnth as bTOm o on r t001 or C 

±owit iron can eiint Iron, Alto 	ttlt-able for n t{:i :it 

t+ p raturee t'tan the nattra1 ronmeta1licao these 

/ /t/ m6tal , e ; binat i on e l abore UtOr the 4i gadv t joc of a 

or, friction co tfciont* c need far oa efzl lubrjcatlou( 

'fxoopttng Cant iron on cot iron)„ aid a uc oair toward apar 

/ i kint(oxocpt bronze), GaUii pr ieented a .reriouo problec  

/ ' ,ng brox uo. on ate 1. Aceordi ,jly, cthert r,ry ref the baetc 

	

` 	(teta . nombinattomn are ui el c .u'wc h zi Meg. %7 ~ .t,, tnO inertia 

 

y1  j 

r% ', 	iill noc000ari3.y be _;rotor tires for the :non atnl1 o facin, a 

for tin , , aM utility ri.i1I be j itot. t c ctutok friction 

'aatori&? o, the 'back, met 10 are limited in enera1 for low. 
lk; /GPOad ' I torque spp1ttone to 'o . the coat of opecial 



-' tC  .fl! 1J 	t A øt11iPl, 

Tho moderna;abaatoc►b ae and pt or n t 	`rictio 

Maxi . were ievei.anad to wt rr a the various ,Utitation 

of that 	ceøeaaoze. 'hey }remit a eor eider &io reduction 

in abztch Daze for :. i xi loo and thus nar G than off set 

th r. WOO coat, Also they a e for less affect t by adverse 

onviron :aentai conditions, wear lose rapidly, tanc 	. types 

are available for wet or dry oporLion, ThbIO 3; o e to a. 

1te p tu'e of clutch. :riot' on materla ,. . 

o° .!b r 
eb9atOe .fib r i 	V ctrerc lr 	i oadt co p ., 

011e# er other' re s na, n1 . h , hkn1 and hei'iiiy c nprense4 

The» ' . zed. sa:rf!;lko e i ! riom ' t 3n ft ' i iied by Cr"ind nz $ o 

s1 !prtr e i # ... tir 	Th 	1 o re oto3.nobaa zo's 

- iotiou minter al, , it r nttn ind- n beet rna of is 

flexibility nd der bility. Orintrily it is £aitcmd to a 

e1n1 bokin pite with rivets : tho h opeo±ai a meta 

nr nl.eo user. Ccucitin,- liom -Uliz &ion oT ppxox  .t ute3. ' 

per cent is a Untrig 	i..ch otho r i;: ; l0 	etc.by the 

,." riirant metbi,d 4  perraitn ti ai mzt thrcu h Uie Xuul1 thh knoe 

% of lining 3n6 prevents nc r n. 	the oppay, i .,, cturfQOO. C+t 

r :i dating nrd rivet zig cy be clod in cambinrtIon :'.-n heavy– 

sit y appi.i.Oaa oths.. 

!% , Llold ad  Lbe ,C*8• 

j 

	

	 Short sah,a t o t .`,b r bfrjnd i jti i -r i er to 

to these used fc r wave limn areemjjlc r8 for 

//. molded asbestos 1;Line. Brns3 ah pa., iron o ido emery# 



etc, mty")e added to i a: a e t.R ictton or uais wi 
i ns Graphi e or -mi a mej be ad red to redzoc' friction 
for 	with t 	TYL'«t i smore' cepth10to 	 o 	, 

ul cuttt . Arothor i-artation my be a r i o book n , 

actin, flexib11i.ty P 	of :o cc:3en,t* ecaaa

\rastor

'%  

zati:t ity, low cV t t, wid L 	r&#"i eLy kil& a ✓  

hardness, :io1d c d 1inirg is u t ed oxto ; r iy* 

	

eveL o pact 'iT$, thin the lit 	t  

con s° $tc3 of  ot nbe o9, copper 	alaz, r d a yz.-i,~ .otic b n 'n 
ror jn. T s.. lining i tote. sc in hi onn rr w-, ,e, f o /64 in. 
; a 1/6 i. directly oz 4 *a a ztet1 ace or oth ' btic in t,,. 

	

i,~ ~ ~MVd:r l 	kC 	t- h:t t aVG 	Lth 

i s 	oo 	 thero o, : , 	'e 	"' `'3 £r 	iurn  

a p icat .c nv# r zeii ei mul m in to ati  

P a0 x" 1 

	

er- ,a . friction 	tent i el- 3.o v1 
ire.:t mna.. of prW.er •+ t cop~prA 1- -s, zinc, r licon, 

and 	SJ' 	 ! 4:i K~ Ji'~iS.S RF.i 4~tti r i, kf' 	d 	( d C 4 	za7'L+f:. s~a'fil:, Si 	T,vi I.L 	 ea7M4 act; ~W ##. 

000rbi i eq 

 

I14 and P.,k."R3.Fl+xd a. 511% 1 Sir S:At ozA f~4I Wt a i Iow 	=8 

i ht. it in brit tio.. 	iovcr., ucuiUy rcu1rirt a 
GO p 3ar or o t iron b okin;- plate to r s b. it It bonded 

• u:ls1 	pxesaure an i heater l.b e 3 ~ t gw1ndinc, cr It p n 
1  

~ ovid an a typ ,c i Eros .`, za. ,~kn *03 of o. oty ' inWi tccin . 

ALUot ghk-°a n 	-e ult cl' }io 	eio1 



;dvntaree in clutch peroruulco.Ot tat adina on theeo 

are conat r t frietionu3. olta actorsietic within a wide 

operatingtenp2ratu?e rye, ozoellent beat conthiotivity  

high realst nce to Callingand acoring, and Insensitivity 

to tTloiature, 8Oltente, *lie, etc4 

Speotal mention: ie are of the cbmirphite  

Emteria3.Q ouct an a h t 	i' abon, etc.. tThile t? eoe u. 

ter u10 are too brittle and oz oaaive for routine uuoo,. 
they are well w o th conaid erin for severe duty in omal]. 
eutc oc and 	rre much aUppcie is requireO. T be thermal 

conductivity is 	biher higherthan for cast iron, wa the 

materialwill tithe 	very ih proecurca and speedo 
, thcut gal-ling or eiccsoive near, Rate of ti oar in indi**ted 
by the jras uve velocity pxouuet: Pit * , nhn- e A Prco re., 
pd, anc V = vei.cci ty s T . The Maximum value 4 KI s '1 0,000 
for lubricated, and 1,000  .for nm lubricat ► tiurfacoa. The 
rteria1 can ba operated at a Maher value of i on inter-
n4ttont duty*  satisfactory results having boon recorded 
With a K val e aB high as 2,000,QO0. Thu value is u - 
valwit to a 6 in. die ie er clutch ring ru xu dn; at 425 . 
under 300 pat .o ding. 

A word of nation to to order" roe cornea° friction 
ccefficlont3. In clutch decicn practice, the n atna1 eo UL-». 
ci(►t of friction is u u lly t ak as onehalf to three 
gt artery the value ohrscn in Table. Tile pro4.do a oafety 
margin or wear, ovorloadin, dirt*  or other ndvoroo condi-
tbona for contact pressure, the of tie 1ini area should 



be eonsidemed rather than the Cromm benaab Of the vpOal 
rati1, or ar 	aromn cromes often próv 

Wet. v DOperation 	 : 
teriaio ctn be rw tither wt( ofl) or diTo If ran wat 

uning n riprr ( p frz'ec1 ) or t Mallow 61po  the 	 flOw  

e1ctt 6f Xriotlory in wred, but it it umilly pondbk* to 

rise the workinp presoure to oom pezeate . parblolv for te, 

GioovGa In the etz friction face tue 6ertbe., to im- 

prove the cziatt.ond cooling of f ect of the oil # to 
prsvent the formation of a hrrodynarntc part 	, and 
to Improve rbU1ty,  

In genoral, ct wet citivCh ia sawwameir in aetion 

heivr 	rdn1y boftane tt thG 000linr 	the 

0110 BOCA1.1so a wet Clutch in ttat1y 	trotoction 
Irom &rive oubetant-es ie nstmxed en thoe 	itt3.o or 

no lire hazera in the pro 	f  ar fLie vapr. 

Xii contxtt, a irr civet fLt, sxLzpIer and movo comct idles,  
with -vmaidovdbly leen Axev, wid heating, ettd is afnte8 

leoo by ti,e vMblimt,  tpttcs &giin Gv*OvOS  

often are proved Who tt2' 	ottn Taost principally 
to iovrie dirt or wev part-LIC ILer, and to permllo air t'otz 
lotion for cooling  

In CIAI %IOt an4 firy 	it Lvi helpful , 

to recall the txo1abie2 expez1ned with the it clutch in 

reAterre& automobilent getiitthg vmFj t*O7nDGflied by  
of teeth on COIA Morninga bs.mmrglee the viscous 

oil would not roieiae. Then, too, so the it thim-sO out after 



woe a of use, the clutch wool develop a, ten6enøy to grab* 
A eh ge of oil often Xamltoa in clutch eI1p e 

it o oni be noted that v vile Table lieta ost of 
the conventional friction mater all and comb nat onc, it does 
of beLn to exhaust e ponnih li a9. e uxuoia1 *latch 

'm'' uu ' au '.e a : 't i7 to cuion the Scti" « of an 
aircraft en4na starter enpioyQ tr ete6 phoerÀOr bronze 
dt o a inst ete l4 13 u.a L or 	 5h pro: :re required 

norin a +t hat te1'ifg 	•cp z7i oe 1f t i t17 -no a rein 
tf of ." nze to the O1j -:1 6in1ta, even y 	bon + 
w:e tr pi to . fin ttoipt vzc o a to ovarcor the dfi-
iUty with a tart unmber of oil reervotr zs; . oq but hi c 
trn only partta ly eue of l Chromium p1tirg the atoel 
eke was tie n 1 and fouu1 eutiafietory, but to cost  

mo . erect exeeuoayt Tho fial olutiex ivu to ad 

Line abr"aaeiva material. 

a 



In the pie clutches 	hF.VO the springs exerting 
pressure on the friction lining find whenever we want to 
do-clutch we b vo to eeort a force 'n4 compress the springs. 

At lower powers $ the force may not be much but as the power 

* xfo xmx goes on Increasing the fo j.aco t°o fired to 

dociutch is carrospond g g Inc eisod, In the semi «~ 
centrifugal clutch it i so -rraAgod that when we h ►vo 
to do*clutcb (usually at low, spoods) we have to exert 
n force against the springs and• negligible amount of 

ntrifugn1 forcoo We know that .error goes On Increasing 

with speed nad so *irrger pressure on the t'k is on plate 

is re u : rmd. This excess pressure is exerted by centrifugal 

,notion on three unbo.1 aced masses p r e d '2O0 apart. 

Sinco the ntrifug 1. force Increases proportionally to 

the scup of the speed It alwsys incre ses at a 

.f s for re to then the power , and the pressure Is -always 

enough to avoid slipping, 
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(3) no slip under normrl load j  

(4) idling drag completely! elimina red: 2t low speeds 	f; 

r use of shoe restraint spring designed to engage nt sow 
interrnedir4te vtlue. 

.(6) lower cost. 

(6) flexible conpling action 

(7) easy adjustment of tongue by varying member of shows .  

(8)'autOmatic wear Compensation 

(9) no clutch pe4el is necessary. 

( O) automgtic clutch reduces fat a and accidents. 



This is the some as in the Oomi - centrifugal clutch 

except that modification are made for the centrifugal 

device to operate positively from the lowest or Idling s ede. 
The rr ngement is ns shown in figure. In this we have 
light compressithn springs to hold the friction plat and 
pressure plate alp;rt while the engine idles at about 
600 r.p.m. On eroelerating the engine the eentritugl force 
1 ere ses -n.-I spring ection is overcome end the clutch 
r duclly engages. There it ncertin mt of slip 

P-t first but it is so osignod that beyond 1000 r.p.m. 
full engine torcue is tt ensmitted with no slip. 

Most of the centrthagl clutches are of the expanding 
shoo type operated either directly by shoe weight or 

Indirectly by pressure dvo1oped elsouho • Clutches 

e also built by wedging balls or shoes - carried out 

ward by centrifugal force against the restraint  of a Carter 

springs These members in tDn, actuate a disc friction 
Sul tzCO., 

The edvantngos of the moehanicl friction centrifugal 
clutch are S 

(1) easy starting of high i eTtin loads. 

() overlo-,d slip protection . 



(3) no slip under n©r nql load 
I 

(4) idling drag eompletell elimiinute4 at low speeds 

by use of shoe restraint spring designed to engage -at some  
intertnedite with!, 

(6) lower cast. 

(6) texibli eonpiing action 
- 	 y  

(7) easy Pd3ustment of tongue by varying  lug 	ber of shav:- 

• (8) .autonatic wear compensation 

(9) no clutch perto3.. is necascary. 

(SO) automgttc clutch reduces i'attcie end aecldents. 



A new type of clutch developed recently is based upon 

the properties of * fluid consisting of light machine oil 

in which *re suspended very fine pr rtictes of Iran . These 

p rti,eles afire to mignetie surfaces when subjected to 

ui,gnetomottve forces. The fluid exhibits uni ue properties 

and hs been used for clutches, which give 

(a) high efficient 

(b) Smooth forvue erintioá 

C0) long life 

Cd) finer control 

(ea no clutch pedal recuired. 

I 



This is c form of clutch in which the friction 

surfaces are brought Into contact by an electromagnet 

instead of by mechamic l manna. They may be operated at 

higher rotative speeds than mochfinicsl clutches and are 

recocmended for heavy duty. The principle of tho clutch 

is simple. A ingnet coil is asrried by one member of the  

clutch nd this on being energised attracts to Itself the  

armature on the other member of the clutch which is carrion 

by e spring plate so that the a,rinature can be pulled for - 
v rd. Whon the armature is pulled Lo rd the friction 

lining comes Into contact and a eortb pressiwe is exerted 
on It. This tr ns iIts the torcue, 

The design of the friction lining is same as h98 been 
de,it$ In the Case ©f plete clutches. The clutching xrn 
:nnd coo-  clutching is done by gradually onorgising --nd 

do-ouorgizng the oleetrom'gnet. When un.clutchod tea re 

is ^ tiler r nce of i./"S" between the friction ring nd 

friction lining* 

The design of the magnetic coil depends on 

(I) the design pressure of the friction lining* 

(ii.) the stiffness of the spring stool 

(iii) the pozineabllity of the medium 
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(iv) the number of coils 'which can possibly be 

n ccomod'ted. 

(v) the current which can be supplied. 

cL 	piçw$ 

The wain ports ti f the clutch :€re shown. On th clutch 

'tic>d7 with the .imbedded clutch coil, is ehown the slip ring1 

n the brush for conducting current to the coil* Only only  

one brush is need, r a one coil lead is conne c ed to the 

clutch body* 

The m-gnetic flux path Is shown In figure. The flux 

flows try  ?aversely through the 'minat±ins, which ire made 

of steel with red.-tIvely high perine bility. Magnetic flux 

when the coil Is onerg sed ;suss a pull between the body 

nd oiture. The rniline Is forced against the bodyand 

compresses the Inwinintion stock, The torque which the clutch 

can tr usm t Is n.fnction of the 

(1) ntgnetIà pull 

(ii) coefficient of frIction between making surfaces 

lzminctlon stock * 

(111) No. of Making s'acog. 

No externl operating fares is transmitted Ps the shaft 

or bring end thase p' is are this un tect 1-d, by closing 



force to the -clutch, ate m' gnotic iignt1 multiple 

disc clutch is self compensating for lamination wear. 

For ttfie clutch to disengage in reasonable tir e 

I&&in- alone must be forced apart nftor mcgrietie torte is 

ro ovc # For. this :repson, one bta1f of the i-2minrtions are 

vmve formed and act as spring to force the laminations 

op rt. In closing the clutch, mgnetIc 9ul1 must be greeter 

than the spring tension In order to flatten the iaxiinatione 

-nd obtain rnxthum ter cue. 

3efore the clutch coil is energised tai' clutch Is 

operrting t the rreeittir 1 torque. This torc,ue is present 

in all iamin ted clutches. For this clutch resideual 

tOrr;ue is approximately " . When current is applied 

for sue increases to actv.;.-A starting torrue,, which is móx. 

mum tor,-ve the clutch can at rt against. This true is de,ter- 

i.v. d by the dyamic coefficient of friction of dry steel 

surfeces In motion* As speed difference between the lami.► 

n-tion surfaces doerensee s  coefficient of friction increases 

to static vpluo 'Transition between the t,o Coefficient 
of friction is not inform but ti'vee place in P. violent 
oscillating pnttorn until, the iDminations lock together. 

This phenomenon makes the magnetic multiple disc clutch 

brupt in its closing operations. When soft engagement 
IS n revuirew+ent it should not nznz be used or spacial canal- 

deration should be given to control eirei:.it of the clutch* 



On opening the coil the ci,rcit current decays vo 

r-piiiy. Bo ever g trnsmitted tOr' ue i TA nt fined , for 

O. o85 seconds- because the 1pmin tions must be tb reed 

rp-,rt. 

Operation time of the clutch when closing can be r tvived 

Into two p'rtS.. 

(j) first is 'ate closing t1me s Which is the tima from 
the energsing of the clutch c61i until the air gnp is 

c osed 

(U) scud is the clutching time which is the 
time from air g p closing to the time laminations arcs 
locked together. 

Cicing time is onst - nt for any clutch type or rating . 
Clutch time is vrible Pnd depends on the fly : ►el 
effects  a the perts being necelerated and the steady 
stmt¢ 10 d torpie the clutch must trrns it during stating, 

DLr :ng clutching time lorid of the clutch always 
re-ches he m4`xx,imuu. stf}sting torc'ue• If steady state 

tors mo of the clutch is bi h , torf ' I. a available for accelera- 

tion of the misses to be started is small and therefore the 
clutching time is banger If useful torrue trnnsmitted by 
the clutch IS eru; i to or greater than str rting torrue 

the strting time Will be infinite. The time tore~uo role.. 
tior ship Is given by 

t 	C Bar u 
44300 Cs-T) 



where 

t = time in seconds, 

wr = flyvhool effect of Accelerrted parts in The in.2  

n .P (n ► n) 	difference s in. speed before and nftor 
clutching r. pm. 

T.S 0  maxims starting -toroue lbo ft. 

steady state land torrte lb.. `t. 

To this clutching time must be ridded the closing time 
to obtsto the totai engnging time of the clutch, 

Curves ore drawn for i clutch with s rn.tsd starting 
fore of 70 ft. lb. PeRk starting tertue is 70 higher 
i.e. "20 lb.ft. but as this ultlm to value vane from clutch 
to clutch P v'luo of ' 00 lb.ft. h s been used in t 
formulr Ps Ts, giving m-rgin of safety of about 20 to 26 % 

rvos -re drown for speed differentials of `1O00 r.p.m... 
It the steady state 1 o id for ue varies between 0 70 
lb.-tt. and the flywhoeel effect is smaU , total opera 
ting time varies very little. Above a steady state load 
t©rnLe 70 lb.ft. The curve flattens out very rapidly 
cod operating time becomes long.. As most clutches should 

not in general exceed a clutching time of *6 seconds this 

clutch is n' t recommended for use w .th torcues over 
70 lb.ft. 

Thoso c'lculetions show that to clutch can, hpndlo 



as tAr as a complete start is concei ed but does not indi- 

cato how often c start can be m; do, This is actuf3lly 

dotormined by how roll .Bast developed during the start 

is removed from clutch. Maximum operating tempsrrituro 

of the coil is 125 C cud of the clutch lemin tion about 

200 C. Tempe atues above this limit will cause permanent 

dz*mri, o to the clutch, 

The per consumption of those clutches are so small 

tk -> t telephone rolmys onn be used for control. Ts 
does not drsiu too much, current from the battery or 

generator. Also telephone ro3.nys can be obtained 4th 

various kind of contact combin tion and time delays. 

The clutch is designed to operate under oily 

conditions* Oiling of the clutch cmn be done by dips 

spray or running clutch slightly subr argod in oil s  Heat 

dissipn,tion can be m tori-1 y increased If tho clutch 

is lubricated by using a hollow sh,ft and radiating oil 

from hollow centres to ptss,gos distributing oil, to this 

insido of the 1mmintious C From thorn centrifugal 

force will force oil through lrmin tion to outer surfoco. 

The problem of trnnstorring currant from a stationery 



brush to t roving slip 	ring under oily conditions is tho 
main problon thick hasn't drat been sitisfetOrfly solvod. The 

oil is m i st2p- bor raid electric currout c n of pass through 
rud oil film Arcing must in s .. a sso be nvoidod as It loedc 

to rapid deterioration of both brush and slip ring. A solution  
is to two brushes made from ver-. fino t,ovcn m,tallic wire 

mesh #rid thou arrange two brtshoo concentric with each other. 
Both brushes make contpet with tho slip ring and o ch bt'usb. 
Is forced against the slip ring by independent springs. As m ssoo 

of the two brushes are dfforont,#  the to brushes have different 
nturai rtrocnoucy of Osøiilationø nd the poasiLXty of both 

to brush leaving contact is voy remote.it oz the oar 
brtsh acts as an oil scrapoi' and removes the oil film from 

the slip ring so that the centre brush makes ac tallie contact 
under dry sut'fa condItio $. 



a nosy l-'j 	.Pi .Na . 

i 	I 

Units,, also know cs one.wy clutches or over 

clutches,, are used in many types of chi r. Recent ace' r- 

ntsd development of eutomttc trnsmisscns for atoctiva 

vehicles, mad mechanical drives for rotr wing P rcr ft 

-nd c?toil types of milt1engine fixedwin aircrdt hove 

liven a r3or  boost to the dev .oft of this Machine 

element. 

Ups 	. frasshealing clutch Is e `inoi as 4 for of 

fconneeticn between rot t1ng units thk£ t reninite f :l power 

In one titrectin of rot Lion rnd none in the other. Moro 

generUzed, It is a unit iwtic11 transmits greater to sue 

in one direction than n the other. tn the miorLty of 

of designs, the ; rep ter or riving,g, Loren isholci as high 

As passible, while the overrunning or freos eeling Loin a 

is held rs small ns possible. The freeshweeling torous may 

never disappear 	mpletely,.for if it did,. 



the unit would not be reedy to re'.engego iihen the opoed 

of the Input morbor, tends to ezcood the spodd of the driven 

member,* 

In most freewheeling drives the direction of rotation, 

is the snm in ftll opsriting conditions. nd only the ro 

ltive speeds of thtging nd driven members control the 

ovexuiming or driving affect. On Pu euctric.,  genera 

ouDlod to two prim movers by freesbeoling clutches #  one 

prim mover sey be running while the other one is stopped. 

In this eso, onp olitib is driving 	the othe)r is ovor 

running with its iput memberstnding still. Thenauto.-  

mature tor'uo. convter d lye, one nober of tho hydro 

4'nernjc unit be coupled to he sha ft by a freewheeling 

unit 'nd under eeDtin operating conditions, It will then 

idle long with the trocwheeliñ unit over-running, flolieo 

copters contdn froowheeling units which permit the rotors 

to turn under the influence of extorñl erodynrmic forces 

when the endue is throttled nct the shpte fllding in 

a mnner cmprrble to a f1xoding airi\.co 

where the *porting conditions of I ?1YO rocuire 

crotul limititiqa of the stroosos in thc 	 alemantso  

n osoonti -1 ronUlreniont is, to roduco or olontp shock 

loads nnd v.fbrptions. Honce,v  It is of utmo io.rtanco 

to rodno lost motion in the frooshceflng it to minimum* 

In /,he tr-uaition from *verrunnlngto 4r1vi#gp th&'iving 

zsbor speed chould n t be llowod to oxeed the sp4 



of the driven components, Otherwise, stored kinetic energy 

can produce drngerous shoe: lords in the rivo system. Tho 

amount of lost motion In the driving direction of a simplo 

r :tchet type unit 4opends on the tooth spacing0 in the 
spr; g end Roller typo clutch, or in gny other stoploss 

unit, An lmoat i di to for ue buildup t, kes place nd 

the lost motion is governed l: rgeiy by elastic deformrition 

of the lutch prr!s under lo^d, 

Possible designs for producing freewheeling affect 
pro lixost infinite in nzmbr. Hovver1 hs the recuirements 
for p inuo fUnetin ehcrmeteristics -.nd npnufncturing 
pricttcibtltty iro considered, the number of 	sL1tshlo 

designs narrows to fow Only two mn or systems a ► 

currently 08od in n, l., rge number  o f a pplic tions for 

high power ratings r,nd high cpQeds 

Until a few years ego, the most tro uentiy used 
froowb cling lutth w s b1sed on the wedging roller prin plo. 
The inner r aber o frecuently exiled the ct fl in polygon-~ 
aht pod, Its fl-t s1irfr oos provide the t,%pered spocos 
for the rollers. Different. design "ppronched sh'po this 
p•" rt either like 1- a3 a-toothed wheel, Fig-o or dust like  

a symmetric l polygon, but either c-so the effect Is thr, 

c me. If the cm lobes ro symmetrical in contour s a to or 
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or cage for the rollers =st bo provided to limit their 

Imotion in the oven ing position and tokeep 1 them 

Ort ll7 spnoedo In ovcrrunning positions the raters rust. 
~1w ys eont et both inner ,end voter mem ors SO thrt in 

CrSe of torrue revers ii, xell rollers respond a iinultaneoaiy 

by roving Into driving position tovrd the o lior and of 

the tnpored spee, If the clutch pnrts taro completely 

.%stic qnd no sii4ing Potion a isted,# the smallest deviation 

from perfect uniformity of eng-Bement would ,t all tho bead 

on one roller ione, ti over, the F f :t of tie she t 
is reduced by deflections of the i torir 1 Annd the tendency 
of •this clutch to incree the wedging englo with ,ncreasi.ng 

load , 's shown In the following rl'ylys .$. 

In Fig.2 rotetlon of the iffier r cO in the direction  

of the rrotq m^rk d "driving" torids to wodge the oilcr 

bo t*roen the outran race vnd the flat portIon of the ean.,# and 
thereby c us©s trsnsxnittenoo of to r.-:uo. trOD g. 2 

4
, _ CO s -) I  

EuilibrIta conditions for the roller ro r.ediiy caste 

bushed p p rotoiy to roi'tIng Po rind F►. For the sum of 1ho 

troments oiunte to zoro 

~--i 

Similarly, for verttical forces 
-+ 	 o 

) 



For horizontal forces 

During pcs.1tiv driving the torque s  Q on the ntr re is 

QFOfl 

where n number of rollers With p for per it of roller 

length 

- 	 L 	
2 

The limit of the torue c*pcity is govene4 by\the 

s*Zrfnce compressive stress of roller nnd cam. It is dined 

by the Hertz ec?wtion* 

Sc Ift 0.50/ - 
I S \ 

where 	S. * surface compressive stress and E mod1us, of 

elensticity. 

Expressing the allov.mbae tøngentil force 10 is a tuuet 

of Hertz stress, b substitution of eqt.ton 5 In Equation 

40 gives 

By substitution of Rpuntlon 6 into rntion 3 end vith 

3OOOOOO psi, the torre capacity is 

Q 1.9' X 10.7  & 2Bnl -j ttn 4- 	...,..(?) 
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In pactieol design, the limits of these terms must bO 

checked for-all, opo?4ting conditions. Factors 1 and n remain 

COflSt2fltp but 1 p and qchange under the influence of 

e.pplied iOad. Limiting onditlons rzre set by several consi-

cieretions. 

Tbe tengent of the initUl au915 4' /2 must be lose 

than the coofficiant of sliding friction. Otherwise, 

enggeaent will nft teke plr,ce. once the clutch h,os sterted 

to engge 9 tIte engle' 	will increase le to increase Of 

B (eznsióu Of the' outer r-ce) snd due to decre"so of p and 

I( (coinreoss ion of the roller nd em). Pri ction thou ages 

from sliding to sttic, 'raising the limit for tan '/2 to the 

coofficet of tD tic friction, Mso, the high compression 

t the 8u'rf;j)ee)w11I break 'the film of 1ubrtcnt, further 

incressing1 he sttic friction, 

Tho/igidiy of the prtF particularly c= and outer 

racet m'ust' be de,ute 'to prevent/2 'rom incress lug above 

the *tlo'wab1e11rnito In nctucl designs the procedure is to 

cAculato t5 èxIansion of the outer race cind compression 

Inner rc 	nd coTh under bed, and then to recalculate 

/( the no 	t' . 	 By modification of Eutiofl I.t  

/ 	/ J 	• (D - I 	- 	) -~ (+- A -) 7 LU 	 - 

whoro/K,9/F 	idLIR sre the dlonsiani,l chnges under load. 

	

/Jion., 	tiest s'1ved by ri 1 a& 'error 0 since 	6 P 

	

./ pnd . 	 funct ons, of Q and frn-' 



Tho parmissiblo limit for surf 'ce stress dop nds on 
mot^llurgicc i conditions of tho øurfcos end supporting coca 
Lions of the prrts. A high dogrea of surfo co finish Is roruirod 
to i iinimizo so r, Typie4 design values Pro es tolU000 c 

o 8urfPco h rdnoss of outor rnco•p o m ind rolloro 
GO Rockuoll SC,  MInir u~a 

2 Depth of hard s-so for con and outor rsco 8 o,oeo inch 
mine, Boilers should be through hrrdonod 

3o Surt .co finish# 8 res dosirod o ¶0 rms maxi 

.4. 4llO reblo Hertz surfseo comp ss vo stress  GOO0COO 

psi nt ix1urn possiblo ovorlos d; ZOOOO is s desired 
n*ximw for continuous lord  

So Initial ongpgoiaont Angle 	6 dog lnnXi 

Go 'MnAI. ong,gomont *nglo 	(under full loo) $ ' do Cmit2xun  

'7, lon th=to ►d.ir tor ration of rol orc from 2 to 

Sinco dosigns of out r, cc outer r+eos ••nd ono sro governed 

by rigidit r rapuiro nts v analysis for tensile and couproseivo 
8trossos g rospoetivoly Is not ronuirod, nelysis for surfsoo 

conipressivo stress Is sufficient. 

SPRIG cLOThs sc. 

'rho sprog clutch Is oomposod of circular inner end outer 

moos end irrogul r1y sh-opod edging olomonts o or sprsgs. 



Oporstion of the clutch can be ► deduced from Pig03 

As the outor rpce rotnn tes in the driving direction each 

clutch- spreg toads to roteto clock,iso with respoet 

to itsolf* BOnUSQ of the offoot centers o. ' curve turo 

bodging results n d torc~uo is trnnsn1ttod. 

Populrity of sprpg clutches has - groun in recent 7O O 

for soverA ro sonao 

o Since spr'gs t the 'locking oles me t ero eo&nmorciallV 

Pvsil blo is •stindp itoms l tho clutch its oeonomical 

to design and mimufsctUroo 

2a Moro sprpgs con bo omjl rod in P given spoco then 

can rollers; tboreforo # for o capacity tends to be 

greeter for v given size, 

3, kd ius of curs►-,taro of the s prog arm be lr rge : th4n 

of the oeuivrlont roller In the sntm sprco , further 

increasing tore'uo cepscit7o 

Geometry of the sprftg cluteb , datailod in Fig.3 o eon 

bo defined by the following or,ustionso ApplictionOf the 

cosine Inv gives for the triangle having the sides, rip,0 
R. 	- 'D once 6 9 

2(T +i) - (R 10 P) 
In the spr tri nglo 0 with the lei for the tsngont of 

half the difference of two rnglosg 

a trl , H~ 
RBI' 

ton (o c) 	• 0 0 0. (0) 
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Also from Pigo$ 
.' 	Y 	+, (e''+ 	) pgad,ODAq.e,A,qa;bb*,, t.,(i1) 

a 1 . W► 11 10 	*,~ atlipgoo+►qrqASa+~qpoAattqasaa`~ 

or it is knotrn 

sin - ' ( + ~_ sin ~ageqa~qo qi~1 

For es undor o uilibrium conditions cQn be r~lr tod by so r-s 
$11 simple eruptions. Since the roault nt or P" tnd P must 
bo on the line of n etion 

ti T~ 

 

co to 6r#aoffi~el~q#ter.nAogAO@q@Irg4tq.l►iqq1 ~\+b 

Pot Co cot a g 	oo,,o lb pbgb6ll@iltifFbClIFApAA04` 

From ocu tod moments v, 

P 	.i'j 	 A1>@bOtfA1pMiq@Ak#1lll~iMa►bbq+AQiPipSl 

For small ing1aao as characteristic for this eppliention 

sz 	is r!pproxim-holy 4rt rl to ton n Tboroforo 

M P itNgqki .,4*4Yfbtlb08Ap11gq@400eo !tlA@biiM(17) 

rtuo tronsntttod by the clutch is simply 

Q 	1iAAR1A4@Oi0AOp046a4Ab44AAGbl1eAAAAQAAA~ 

trhoro n mabor of oprngso P rots S,untion 149 tho pressure 

poz unit of affective length I is 

-a At~bg0aqQ0Abqi{OtsAAAAOAI~~ 
A 



Sho surffco comprosive stress by the Herts o'ustionfor 

two cylindric l bodies is 

rp 

From Frustions 1 and 2O, 

ELo p) 0x69' 

PinnIly by substitution of Eonttion 21 in 1etu.stion 18. 

Tho _ limits for. the . rt riaus . 	tors in 	tiest.n 

re ns follows 

'  $urfco bgrdness q ease dopth surQico finish and limito 
for surf .ce compressive str-ssfl sots ms for roller 
clutch 

• Xnitin1 cng10 corrospording to '/" . on the roller 
c1ntch to 4 dog mixes 

CoiT*~risons Sovor l significant points cork th fame.' 
tiaispI d:i.tt'oronce in the roller i,d spritg clutches. 

Under extreme overlo d, the roller clutch tends to 
slip. That is thewodging angle becomes grostor than the 
offoetive friction snglo. t son the torte is then rodueod 
the clutch ro"ongr gos tnd nor t 1 operation Is restored . 



Tho opx g clutch I undor. oXtram c►vor o 	may hve 

ono , or moro- sprego turned beyond tho lrrgost OfYo etivo  

dimmotor T'ho tho c . teh will lock-in both driving nd 

ov"Or$ nn ng dBroot ofl9* 

41 	For big.. speed .fretioelthg over extendo4 periods,wOos 

of the roller clutch level the roiiors round g since thoi 

ro free to rot to. Coutn ct of the eim on the rollers 
during overroming occurs On different points on the 
c~,m then when under lsnd 4 The sprTtgs ire not Prue to 

_.rA_ -!' !+J1. a fl.fl. r nod .. i/]I Wee ., 

Since % .sprog clutch is smaller is di:.motor for the 

arm torruo epp'city its surfceo speed in overrunning will 

be lower than thn t of the roller clutch o tending to give 

loco wcgr4 

On the roller clutch the outer re should be 04 the 

overrunning Lido o in ordor to avoid pressure of the milers 

4geinst the outer r^ce bocnueo of centrifugal action during 
overrunning. On the sprog clutch, the inner race should 
overrun, since it is of etw ilor di meter and his the lowoL 

surf co spoodb 

App3.ic ticnsc The field of 1pplic^tiOn of free heel ng 
clutches ho boon oxtondod with the development of morn 
intricate rutomotiro n d ; .rernft propulsion drives, The 

poekord U1trnrattie trc'nemission uses , spr?~g freewheeling 
tin i t in the at-tor mounting of the toruo couvo rte ro Thus 



it provides the eruiv lent of P geprshitt in the for ue 
converter cud provides for high efficiency over a wide rang* 

of Qpersticn. The design principle of the sprvg clutch per* 

mite m- r-pining ccurcy and high surface finish without 
hsmpering mAss production methods. In this *pplicetion 
economy and simplicity of the sprag clutch are decisive. 

Where the power rtings nre high, from several hundred 
rnd up to thoueende -f horsepower, the number of oprrge 
~,eruired would be too greet to insure pderuate distribution 

Par schRpp :..0 MA tbe aUer+ u en.= 

is gener4 3y preferred. 
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M L 0 idc 

iio to uaod on variouo dac.gna fitted tiith atotatio 
trcnt2niooion cotcmo0 It consists of a dries member on the 
c ine ah f and a driton member on the Gear bon main shc$t. 
The O are cop rated by a light oil of auitabto vico oai y. 
Thie fluid greAsmite the drive. 

The driving member r to integral with the outer oaoing 
of the fiool, ci tch is bolted to the engine o Wit,. There 
are a aerioa of cup ohaped pooketa segued by radial iobo 
on tho Inner sarfaoe of both the driving and drivGn member.  
The driven shaft zanc on ball bongo 3ithiX1 the £'feel 
oaaing. There also to an oil retaining ring and opting on the 
inner lido of the bearing to prevent leakage. 

rz'gr 1he the oar to stationery and the engine to otortod 
the rotation of the driving member causes the* oil ito .oi a to 

,o r to ardo their outer port e . It then soao through  
the colic of the driven me abor and conoa back to the cello of 
the dri'or. In thin ticy the oil aterto an a air liatory motion 
boti. eon. the cello of the driving and the driven me bero. In 
paaatng from the v la of the driving member to those of the 
driven the oil been momentum rich to Imparted to the drives 
mombor and co that aloe otarto to rotatoe It both the driver 
and the driven mcmbox'a rotate at came opoed the circulation of 
oil maid stop and hence no more pot or could be tr 	ittod. 
This hor~rovor is impoaoiblo otnco the load on the drieen alc oya a 
It to .log behind the driver* 

At ordinary spear the oil needs but little retardation  
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to develop the roiuired tor4io hones the lag or slip botriocs the 
driving and driven members is .nsignificant. At lov angina 
opeedoo  honover the slip can become 100 percent at fall for uo 
at that speed thug providing the cordition that the engine con 
develop A*1l for a in gear vithout moving the car, ?l ..o aocuro 
at about 600. r,p.mo Prom the curve it oe be abot. that Ohilo 
at Ica speeds the ,slip is üoarl7 '100$ it falls off rapidly as 
the epped increases end at normal speed of a car the clip 
is of tho order of 40 only, 

The po xor it transmitted almost tholly through the lose o2uti  
kinetic  camera' caused by the difference in the linear t*gcn  
t el volooit of the liquid at the outlet D of the .i impeller  
and the lower t goti,a . velocity at the outlet B of the r=er.  w 
The impeller horse power ieuoually greater than that of the 
runner due to tho difference in speed. The torque on,, both 
members are aleye ua1, 

The couplings cxo designed to have the croon«-ooct l al 
area of fluid path con 	t. 

2 VABo 2 rK2D. 
* 4 0  B=D L. 

ZI 

It Q be total volume of liquid circulating in cubic inches. 

Qa a.2ffJ(r.+r 	It 

hero a Is area of liquid circulating  
It is compensation factor for radial 'bled oo, Ucnally 

talc as 0#85, 
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The total weight of circulating  fluid 

W 0 Q,d. 

where d to density fir - ibas per cubic inches.  
Thee ntri fuga3.. force#  `(i) , on the liquid in the impeller  
in The is 

PU ) -► (Maas of fluid) x (radius of rotation) z (angular  
R 2 	 velocity) 

x (r) 

where I is speed of rottion of impeller in 

P ) 
282000  

Similarly  
r) 282000 

where n is speed of  rotation of runner in r. p.m. 
The other formulae used in design are 

P 	PM :M 	P(r) 

T 

Hat f. ( } 
6 

A a 2 x r;, D 	
c, 

 O  z47  

P * 12VZAd 



I E(i) - . P 

KEC r)  

KS = KEW - KE(r) 

7 =2r. 	n. 

there` is net centriizgal force causing vo tex otriniion 
$ jo specificra it7 of liquid about 0.075 average 

is absolute ieOosity of liquid, poison 

L is circuit length, toot 
It is iydraulic head, ft. 
V is 'Vexoc .ty of liquid along path, ft/eec4 
v( i) is linear velocity tangential to shaft rotation  

of liquid at outlet of runner or inlet to impeller 
t/000. 

v 	is linear velocity tangential to shaft rotation 
of liquid at outlet of runner or inlet to 
Impeller, .fit0,/sooe 

A 	is moon average area„ transverse to vortex circuit 
at outlot of Impeller#squ'are inches* 



9 is friction factor 
D ie radial width of vortex path at impeller outlet, inches.. 
B is radial width of vortex path at Impeller Inlet, I.nehaa. 
Z is turbulence .friction factor 
g is acceleration due to gravity 
P in fluid circulating rate# ib/a s.. 
KEW is K.& delivered by impeller, ft.w-lb/eec,. 
XE(r) is K.& received by impeller, ft-lb/sec. 
RP( ) in R. P, delivered by impeller 
HP(r) is E. P. deliveredby runner to output shaft. 

T, 	is torque, l.'#-f .. 



TIlE ADVANTAGESof hydraulic ooupitngo*. 

(1) Prevonto the t ncnniceion of torsion . vibrattans, 
(2) Ac thorn io no 	banica1 coupling bcteen the driving 

and - dr von members 0  the coupUng protecto the engine 
from damngo duo to sudden shook loads. 

(3) Permit+, rapid d ooln' ohing 

(4.) Large clearances between rotating members provide a 
considerable degree of flexibility and make e caely  
accurate attgwuent urmoc oa s y, 

he coupling operates with a fixed uantit7 of oil in 
the working g circui.' and does not roquire en orternal tank  
or pimp, Heist generated te dteipated -bit radiation, 

?fear reduced to Minims. 

SUIrQ1 

R rezlic coupling has been the cause of the outstanding 
improvement in the i oric n extomobilo in the last decade 
or ' 'o*  

o automobtle amine is fundrmentally a high speed  
poor source; at lon epoeds its power out xt . i.e cmatl =d It 
is inpoacibte to couple it directly to a stationary load* 
even the conventional dry plate aunt clip until the sutozobilo.  
has attained a speed such that the corresponding Input opoad 
of the tranamiacion Is sunset as great as the stalll spood of 
the engine; otherwise the engine rI1ll. die. Probably the 
greatest a4vantsgo of the hydraulic coupling is that it 



k 

will allovi the .,amine to operate at idling epeode eves though, 
the oonnootion betwoon load and prier coerce remains unbrooiccn. 

irtber more it will perform in this manner for long periods 
, thout any detrimental off oct to tteelf« 

o property of the hydraulic coupling to cttomatioall 
clutch and deelutOb Itself opens a ft old of driving which La 
enteirly ne to car opo atom, Zn the first placo it ellowa 
the car to be stopped and hold cram, ao at a traffic 

j, without either do lutes or shifting to nxtra1.o 
Then it makea it pooatbol for the engine to acquire t a opeod  
at which 3t can supply its a axtaum torque for the prpoae of 
starting the ear at a time at Bch ahtgk torque is most 
needed# 

Those two pointy are important ai regards oar opera ions 
speQiaUy ainoe there seams to ba tendency to depend more 
uponhigkiipowered enginee rather than upon multplo-cpoed  
tra miaaion for acceleration and performance. Most of the 
driving is don* in high gear$ fipec3ally In America whore 
hydraulic clutches have gain ground moat* 

For all ordLnary stems In a oar equipped Lth a 
hydraulic c pling it La no longer noceasary to bavo an overall 
boa* ration of 10:1 mince the engine in allowed to operate 
at a cpeod very near its peak torque output* Thus at the 
Lnctanl of break uiey the Rio to do1ivrtrg a great anal 
more torque than in the case vith a plate clutches, Because 
of this fact, former . broakaiey performanoos Oan be equaled by 
using an overall ration of about to 1 If now ye uco an 
combination ofroat axle and tranamiasion which has en ztcmatiO 



shift from,lot us say #  an overall ratio of 5 or 6 to 2. to one 
of I or 4 to 1 .  we shall have ano zgh breakaway for , e an 

- --yet mainta4n normal. driving Sear ration oonparablo 
present day ovordtvo. 

This traprimisoion can be butit so that below 3. 	.m,p,h 
the tr smHa on will stay in the top gear or shift into 
the lower or(kick—do ' gear, depending upon throttle 
operation*  Xii other words,, at these low speeds, the driver 
can Uieke the transmission shift to the lower ration either 
by releasing the accelerator entirely or depressing it to 
its extrone poattion. Between these two extreme throttle 
position, the oar continues to operate in topgoer. Between,  
10 m* ph, nd 50mp ph, the shift the lower gear ratio 
can be obtained, only by drproso ng the accelerator as far 

possible, Above 50 rn p0h.. direct drive is maintained. 
at o ll throttle position,, Thic together with a m ua3ly 
operated +xnorgon,cy low gear and reverse gear is the now 
transmission made pOseib3.o by the hydraulic coupling, 'kith 
such an unit ail normal forward driving .con bo done by opGr-
sting only the accelerator and the breaks. 

The advantage of the hydraulic coupling inatallation 
which to most noticeable to the drivel?, is that now he can 
operate tho bako pedal with his left foot since ho door 
not have to operate the clutch pedal. 

The old difficulty of stating, on a hill is gone 
cunc,o he can hold the car with his left foot and with thl 
troncmisoion in gear, operate the accelerator with hie 



I 



right foot; the clutch pedal need not be touched. In this 
iO7 be aloe has definite control of the ear since he nest 
not veleaso the broake until sufficient torque it applied to 
the rear wheels to more the car fora d. This is a distinct 
advantage aleO wha operating the car n close ucrtoro#  .ch 
as p  k: ar g  where a ftha control of speed is quirc& la 
haavy city traffic where the present driving method roçutrea 
that the right toot be moved from brims to accolerator and 
back to brie again. the new loft-foot braking 'at is a 
difinito advantage. Due to iUrnination of this tiring operation 
and einco fatigue is a m .or contributor to trek accidents  
It is felt that the co ling is an important ant oty tmprovcmit, 

The hydraulic coupling oontr buutea further to safety by 
making skidding a rarity 	The slipping obaraterietto of 
the coupling Bch allovs the car wheels to rotate very slowly 
white the engine is coninuali.y applying driving '' or , makes 
it possible to maintain a condition of rolling • friction. 	$b 
*c proeont rigid coupling  the rear wheel must rotate at 
about 40 r. p.m.. even 	 lowest possible gear ratio, Thi 
moans that 	in starting on ice or slippery euraco , very oaro- 

fu]. clue Sfeathering is necessary to prevent the wheels 
from reaching this speed instantly, thereby slipper.  Of course 
once the tires begin dicing instead of rolling, the coefficient 
of friction becomes lower and skidding continues. 
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- 8in o the goer box in the typo considered, Is fixed to 

the frpmo diroctly or indiroctlyg whilst tho roar whools q tho4 
axles *nd s;x10 epaing must be allowed to moved up told down, under 
tIr spring deflection action as tho car proceeds along irregular 
roads* it follows that the connecting member from tho gotrabaz 
to the bA ck - Pxlo must also follow the movomsnt iist at t Ca 
same limo transmitting power. This nocosstttos the use of a 
dovico which is employed for dWir~ing two drafts inclined to one 
another -, t an small angle V and known as UNIVERSAL JOINT,  Tho ro 
are various types of universal joints and it can in general 
be divided into the following groups. 

() PLAIN UNIVERSAL JOINTS 
(2) CONSTANT VELOCITY UNIVERSAL JOINT - 
(3) RUBBER TRUNNIN UNXERSAL JOINT 

PLAIN UNIVERSAL JOItTSa The common cross pin typo of joints 

was originated centuries ago by Cardan and Hooko, and it has boon 

developed Into mryny forms of high mchsnical porfection and 
hnvo boon successfully applied uhoro spood and velocity tiro 
not critical. Inherent In this design, howovoro is the undesirable 
feature of irrogulir netion which cannot ho oliimiinttod without 
abaMoning the bAsic design. Dynamic limitations of those simplo 
joints are boat illustrated by analysis of their me ^honical 
portorm-neo charnctoristico which are substantially 'a1iko 
for all st. ch joints , 



For each compioto revolution of a Noakes Saint 
ours ting at a specified ngle there are two positions 
In which the drivon shift is advaneod in rat*t .on relative 
to tho driving shAft snd two intermediate positions in 
which the driven shaft has lagged a similar amount, 'hose 
rdv-noes ar • l go, ltermting twice for each rotation, 

results in puisnt1n9 variable speed of the driven shaft, 

As the joint nnglo . inereeses, the axnplitudos of 

the pulsations increase at an even more rapid rto until 

they have a destructive effect upon the joint as roll as 

the parts connected to it. The rolation between the 
spoeds of the driver nd driven is given by 

z 	 «. sle 

rho- *e 'J 	is ngul-r sped of driver 
is :Fngulr r speed of driven  

A' 	is anglo of intersection of shstfto, 

l 	Q 	is *nguler position of driven shaft. 
r 

H960 havo 

' 	 $ z0 Coot  o 

r̀ 	Tie maximum yr.luo of 'driven speed is 
. ,7 	 (o) 	W,.  !  

Cos A 



The minimum valuo of driven speed is 

W z (min) t2 i, cos 1 . i  

lionco It t it . be soon the t above a contain vató 'f Of 

.Joint anglo tho ratio of rninirnun to maximum speed / hli 

is given by Cos Ap is so high as to make this 10 nt 
inpracticable. In any event thoso pulsntioi ' are fi b option'« 

i 	e 
able sourco of vibrations noise and rapid/ weer,  05p3 oiaily 

when the inortlo of tho  th onnected masses 'Is copsidorablr 

The porformanco ohiraotoristio of RookG' a Joint. 

v r only slightly depending upon their p rticulsr +onet 

etion, but may be summarized c c given in the figure. Conk• 
t nt speed rotition of the driving shaft through 360 is 

ropresonted by circle with a constant reotor , C, for to  

redi L. Driven shr f t variable «. speed rotations on the  

other hand is roprosontod by the superimposed eoneentrie 

ellipse in which the instantaneous spoe to at any given 

angle of rotation is indicated by the variable length of 

rotor 

'hare are four points at the intersection f the 

oflipso and circle at thioh tho spends of both shaft 
nPO mritohod. The included area bet icon ellipse gad circb -D  

comprise the totni gain or loss of speed of thodrivvon 

over tho driving ohaft in r tupical Hooho's Joint*. Thy 

beingeliko v  but opposed, cancel out. 



Values for speed 'Y', ocaolorit1on $ L end 

displAcomant '41  cnn be determined by the following 

grtphica3. method. As mentioned constant speed is represented 

in s poi.*r vector di.,grern by the circle doscribod 4 th 

the unit of constant polo city C es radius. Applying Saint 

nnglo A, the coo OD and See OE will be the short and 

long axis of the superimposed ellipse with vector ' 'O 

representing the variable speed ttneured in th, s Oslo 

of 'C'.  A tangent constructed n t any point 'X' of the 

ellipse + 1. include nit anglo 'S with A line this ugh point 

'X' prpondieulnr to ray OX. The vnue tan B gives the 

instantaneous -ecelorption or deceleration at 'X 4, The 
v loos range between zero nt the four terminals of the 

jor rind minor axis of the ollipso to - m axlmum at 

the points of intersection. 

&gula r displacom nt of to driven ralntivo to the 

4riv4ng shift is the difference between the engloo of rotation 

of both shifts to Baia instant expressed as .i  

is position of driven shnft and T is position 

of driving sh'i't, The rolstlonship hotwon F,T and A is 

given by 

tan P 
Cc sI 

In fifuro 1. tPnT is shown is length F C 0 and the COS, 

as OD , Division of F0 by OD gives the now lento PR 



a nual to t-rn F 

At 'thIs pnrtIcn1er point of the ellipse the disc 

pl went angle 'd' is Included between rays OG and CL 

In cArtasaln coordinates the Above values of 
vn ria le velocity 'V' acceleration and displaeem u t Id' 
are sly graphically. Anrgul-r shaft 3iaplmcemer grow 

rapidly  with Increased joint angles. Values at various 
joint angles may be roughly calculated as shown below;- 

Total speed variation * O. 	2% of constant speed. 



. ,ON8 VELOCXXO1Ns Tho o woro designed 
primarily to ovorcom certain doficienciog. Sack mocha 
nisms produce trno coast-int velocity much like a sot of 
bevel goArs in. which the teeth are ropl, cc d by an Inter.' 
modiary member zd3ustDbia to a ch nge of bevel angle. 
The chnrccteristio. Fe ,taro of thAs Joint Is their 
symmotrical .lApout with 'respect to a third member such as 
the bail and br1l ego shown is figure. in most cases tho 
value of a novel design con be immediately judged by 
theprocence or lr ck of such a thirdmem'bo r and / or the 
symme try of the adjoining driving and driven imbers 
with respect to the intermediary member. 

,Another group of joint design c ,n be classed as founds.' 
mentclly of the variable *► spend type but, include 
corrective or compensating parts to convert tea vs~riablo 
into constant speed. These joints are how ver complicated 
and often sensitive stoueturo and r ro not very popular* 

Of the first group, the TRACTA, BNtXX a W1 ISS and 
flZEFPA universal joints conform to the mentioned 
forturc7s t namely a driving Pnd a driven member symtuotrica .l3' 
trrcrjcd about n third transmitting nomboroporrttng in a 
plane which r uchbisoct the joint snglc t be perpendicular 
to the pun. of the shafts and loct3tod by th true joint 
contro. 

For the TRACTA joint shown in figure tbe third member 



is a hinge consisting of. & slotted and a spigottod part 

o nod, .: the nnr3ner of an Oldohan coupling p rhich  

can , be deflected to the . ror uirod Joint angle and will 

alho permit a lim .tod : mcut toloscoping reeuirod for pro.. 

;-poor 	tion 	. Two identical forks,, attehed to the 

ropoctivo shafts q, engage this hinge sus shown In figure. 

For the 3 Wt 	and RPPA Joints the third ombor 

/ comTtses n series of bolls (4 or 6) respectively) which 

Pro ' rettned In grooves on the driving  end 4.rivon moms 

bets, Both h J f of tho'BACTA and ENDU joints must 

be held In proper 	ligument by oxtorn3l radial and thrust  

bearings, mounted :io 	t'd in the supports which 	sour round 

the joint., with . plr 	journals 	the 1nw rd thrust is 
fecueritlt t ik n by n ball locatod at the true joint 

• + entc o .t'whilo thrust collars absorb sopz rvtiflg thrust of 
{,ions~dorablo magnitudoe 	 1 

In the cnso of ball and groove joint developed 
by P0 F, Nillor as In figure,, t1a 	contrnl ban . is `hu3 St 
In nny. dir ►dtion and so makes a strong dousing with 

4 shft supporting boa, ings unnoconsary. 8imflnr1y., parts  
of tho PZ PPA joint are intorloekod in a but ,end socket 
f: ohion 	Therefore no rndinl or thrust bo ringe era nordod 
to l000tot/ 	both shpfts with rospoet to oh 	othosrp For 
high nnglr joints 	s In ears with front drive 	the h l ` 
boll grooves of both driver and driven mombrs are so 
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curved th-it the contact condition of the balls In their 

- grooves roin prsctic lly constant. When the groovcc 
nro straight is in the cnso of the l angle BDU joint 
a limited nxil movement of one and erg].:rtivo to the other 
is possible and shaft bep.rings for radii rt d trust loads. 
pro not ranuirod. Since the driving balls also r ct as a 
soft support. 

Balls are rotiued in the groovoe of the B . 
joints without any retainer. The h-alf groovoa are crossed 
more or loss at all perraissiblo shaft anglos so that each 
Individual ball, will be theoretically boctod at the intor-
section of the groove centres without tho help of a spoeial 
ball cage. If a pair of haltbailgroôvoc should becO= 
parallel by incro'sing the joint angle oxCossivciy l. a 
ball under such condition would loco its definite location. 

A similar condition oxisted fbr the original, 
earlier RZBPPA job a which wore fitted with concentric 
inner and outer rice grooves* However no bntl could more 

indopend3nt of the of r boceuco or the common ball cage. 
In ardor to locate the brlis in the proximity of zero 
joint angles q special piloting dovico ias fitted v. consisting 
of a pil©t and c. saucer sh~►pod shorieal segment which 
formed the continuation c the ball cage The ro iuiod action 
of bringing the balls pad ccgd into or2oct relption with  

the shaft angle was obtinod by magna of ^ pin shape lovo' 
having three bearings 4« In tho Inver race outer rice 



and pilot * Boyond on oporating angle of about 11 degrees 
this dovico w s not ne ssory, the cross ng of grooves 
being onough for positive ball end c^go positioning. 

o• day the matching halt bell groOVGs rare longer 
mode from common centre but from two centres synietrieally 
locatod Pnd off sat sn oaual distpnce from the truo joint 
centre so th=,t the h, p grooves actually converge towards 
one side of the joint in a wedge f-shun, compel ng the 
six balls Into the correct position by means of the ball. 
tinge. Sufficient off sot ma~kos self positioning of the 
bails so positive throughout the entire ngnlir 
range of the joint thrt add ttionait piloting pArts are 

nolongor re i.red b crrontiy, however, pilots *re s8ili 
fitted In the lorgost joint sizes with nominal she. tt 
di,ai otors of 2 inches to 3 Inches m-inly for man 'aeturing 

Yj 	reasons axed as a safegu-prd against= mcossivo stresses 

at operating angles from approximately 20 to 36 degrees 

a 	Bl S 	8 	RZEPPA joints are of too types 

(I) DISC " Y 

(2) BELL TYPE 

They comp in nominal sizes corresponding with their 
drive sh'ft d1:ame tern ringing from '5/'6 to 3 inchoo  
DISC rnd Bell joints of the selo nominal size hryvo rotor. 

chrngeriblo intern l parts. The distinguishing difference 
lies in the she of the orator ball rrtee end ti 	haft soclo 
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DISC joints ero turmished with a disc like s short cylindrical 

outer ri co having cix holes for bolting the joint to a 

suitablo cnprtion flange on one lido and to a cover an 
the other side. Tho cover is `i tted with a flexible disr' 

phrnom of o .l-rosistnnt synthotic rubber, through which 

the drivo sho ft extends, providing Freedom to souring '0 
degrees 'gad to slide in or out. 'These joints are x131► 
peciolly s .tod for high speed propeller shaft drive (hero 
vibration is critical 4 The drive shaft rests, sliding 
or looked, In the splined Steer ball race with its weight 
supported within the joint on spherical aurfacea making 
external splined connections unnoeosatry and thereby 
oliminr4tlng misalignment, runout, and coneocuort vibra 
titans. 

Boll typo joints pro prfmrily dosignod as povor 
steering drives for front drive axles or articuinted 
driving nxlo wth independent whollsusponsion. dare tb 
outor driven is ahmpod sphortc Uy. (so0 figure) open 
on one side with the other sidomorging into a driving shank 
which is iinttally p rt of the bill shaped forging. Those 
joints izrz are capabloof ' dogroos deflection, Lubricant 
sails Pro genernily providod as part of tho onlo huts 
housing, but nay be furnished sopnr~toly ao non revolving 
swivel housings surrounding tho joint rind having a 

. ngo for festering to a suitable taco of the wheel 
huts. 



All joints have six driving balls fitted in 

hr {,dened ndground grooves for transmitting torcuo  

simultaneously In oithor diretion of rolation. A closo 

fitting "ball cage holds the h ll in correct tligumtt. 

The Joint ; ssemb11 has on8idorablo end o thrust capacity 

in either direction tad no external supports are roakirod 

to preserve th ni.igument of tt Individual joint parto, 

Only one shaft either nt driven 'or driving and, rocuires 

support. The cotapieto unit can be 1Oand1ed, mounted and 

removed from an essombly without Io to of interval 

alignment or possib ,lity of aeeidont41 disassemblyo 

'DINT CAPACtTZ*' Obv ously ..awry untvorw1 joint has 

limited cep c ty for •lone o  spoed s  eagle v  and the rOubi«' 

notion of those throo 	Load is gonorally governed 

by the permissible pressure in the journ;ils of the eardan's 

joint#  or tho °fiat surfaces of the TRACTA9 in relation 

• to speed 9 jangle , nd life ozpo etsney. 

Per ball Vnd groove joints. loads are determined 

by the sizo and nuzibor of bells and their distance froi tie 

joint exie. In necOrdnneo Ritb ball bel3ring prnetico a, 

the permissible erush'ng load of bolls will vary appoxit r toly 

with the square of the dismotor, Sincotho ball dintsneo 

to t o irie of a Joint is n vulttplo of its. dismotow, 

por aissible load in congruent design is proportionate to 

the c tbo of too r linoar dimonslonne 



—Allowable bell pressures nro oxperimenteill7 

dotormined with due gord. to groove ca rvataro 9  surfoco ._ - 

.nd contsct conditions. With in eactn oint angles 
cant,, ct conditions ronuIro v reduction of pressure In 

order to maintaIn the standard life expàcteno under 
norrni conditions«1 St aid life oxpctency is bnsod on 

r fixed nuiber of cco which tho Saint will onduro wt' s► 

out excessive wear and Is ganertll r expressed in work" 
hours* It is Identical for oil kinds of 3ointo under 
stvind rd condition of loPd,D  spool anc angle. For s 

working condition different from standard the expected 
life cnn be predicted by the formula 

p 

	

where n 	is speed r.p.n 

	

0 	is normal rated fond 

cap8cit r, 3,p por 100 r.p.ie  

	

p 	is bed hop 

	

0 	is Angle factor 

	

it 	is speed rector 

Centrifugal forces exerted by balls on the groove 

surfneo rt speeds far ebovo normal will sow what roduco 
load ritings (factor K) 



overheating due to inters l friction or 

,vibration coL`usec b ► .nedcguate supports limits th 
speed or anglo ,t which s joint r-ay` bo sa.foli run* As 

rule 0 the product of speed in r.pomo and angle in 
degrees Should not exceed a constant limb ng figure 

sot approxis1toly it l6 Dt 3d 

E ':i 	Universal joint efficiency Is high; losses arc 

chiefly dt to to 	. friction. . d for. some. types are 

to slight thr t they :ire not easily measured. Load 
tests with ball typo  Joints operating t angles lnrgor 
than 26 degrees at full load and low speeds have shorn 
losses of r,bout 2, diminishing with the r g .e* Thorn 

may be ndditicu4 . losses for (AEDAN Joints operating 
under critical editions where Atha v triable speed. 
will produce inortin offocts detrimentral to efficient 
power transmission. For Inst'nco, such variable speods 
neeossArily resulting in 1ariable torciaoe, 1niy produce 
stalling effects under Critical conditions as may 
encountered in front drive vehicles negotiating 
stoop,$ sh p turns rouring full steering lock, Strictly 
speaking, theso cannot be called mchnnical losses but hove 
some affect.. Nearly all losses are convortod Into heat 
and hones sufficient cooling must be provided to prevent 
seizure of parts. At low spoeds this condition is installed 



of critical. and jointa may be installed In closed houoi go 

catch also serve as reservoir for lubrtc tos At high opood 

however cth housings wivally hinder cool ng of the joint, 
them' reduoin its capacity unless proper vontilattcn is 

provided;; t high speeds closed housings are a Ql r not prof. 

Orrod. 

ITOD _ ZIM ; 	R+ c t inova tons In uttr&.high speed 
engines transnseione and at have brought newly d ovolopod 
typos of universal joints capable of transmitting loads at sni .. 

angles and higher speeds than was hereto foro cLaiderod 

safe* A very ucooaaful joint of this type is ahoy. in 

f gurefi this roHn'an xol#oi'g joint ban a am .caber of 

balls placed instraight half grooves o. the inner and 

outer race. Both races are interlocked by a spherical 
ing whtoh absorbs both radial and thrust loads, Hero aaain  
the poinciplo prevails that the driving balls must be located  

on the plane biaoctin the shaft'angles. Me ozeet 1c ati 

is controlled by trice conical pilot rings seated a ,orically 

on the Inner raco chz shaft and qutded by end enclosures of the 

joint. With the shafts at an allot  both pilots are displaoed  

in opposite direction anti locate the balls occurat ly bot o 
the conical. surfaces.. 

Due to reduced internal friction and -+ertect balance. 
t; eao joints can safely operate at speeds much hi or then 

permissible foxy the earlier typoo. Since tuostly the andleG 

roqutrod are small, the joint is designed for a shat olorauoo 

male of 7 to 9 do, reea. Vi.r lax'tjor angles arc re ,irt at 



lessor opeeds, the clearance can be incroaee1 to 

approximately 12 dgreos by certain mcations of the 

In the combination of joint angle and speed the limits 

a210 set by flbz'attona, heating and sealing of iubrioento 

but arc much higher at then 'the limits previously 

Vven4 

Regardless of the mthod of suspension, the Whoblo 

of articulated driving axles are 	araU connected 

by jointed shafts to a di ffertial bouning centrally 
me=ted on the sprini,,Y supported frame or body of the 

reicle. XU order to avoiloxoeseivo angles at A*ll 
spring deflections it is =O=vxn1xft important to 

provide • for the reatest lngtb of conneotiri.'. hafts This 

is particularly important for steering joints because 

thus Up or down movement lue to spring defection will 

deduct a certain amount of airailtblo eteerin anzle. The 

compounA angle may be roughly calculated aa the square 
root of the suffi of the suqea of the componentant;jw;,4  

A solution for gaining maximum length for half 

axles is shown in 4.igure, In this desiQx the inboard 

universals are developed as part of the .diffe,rontial 

sido rears oortained in. the differtiel housing  
to form a very compact unit. $'or no4oteering Xea' a3clec 

*ioOl joints may be mounted on the outside of the 

wheel hub, giving additional shaft length and easy 
soc essibil ty. 
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BJERTRUNKJJJNXVER8ALO * . Another typo of universal 

couplings tho loyrub one, provides for all ro l " t ive movem3nt 

at tho two ends of tho propeller shnftp by me ns of 

romprosssd rubber trunion units mounted In the and ' couplings 

The dv,ntrges of this coupling Are that it hos no weRr'ing 

metni iembozs s  it Is . silent In action; rocmuirss no lubrication 

ttontiou -nd if properly fitted h-s -n exceedingly long 

useful lifo Moreover it provi os an olr stic dempor form of 

drive * Insulting the ongino ^nd gonr bor. ngs.inst transmitted 

driving shocks vik, the rood rhools 

The principle of the coupling trunnion block Is 

shown in figure. The bore of the block is roinforcc. d by 

liners of high tensile wire cloth, formed by win+ irg it 

tigsrtly on °- m-ndrol -nd securing by cold soldoring*The 

screen to then inserted into A mould end the rubber cylindrical 

member vulcen1sod to 3t. Par stt ohment of the blocks to 

the driving fl'nges, shouldered alcoves with spigots for 

fitting into reeossr s on the flrngos -ro pressed. mno the 

screens j  the whr'lo being clomped together with a nut rnd 

bolt. ' ho bolts ne sublocted to tensile stross only 

the she • ing stress duo to the drive being t ken of the l^rgo4. 

dipmstor spigots form3d on the sleeves. 

T3su-lly the resist^nce deflection in the oxisll direction 

Is -?gout 	to 	of that Pcross the axis of the rubber 

block, so th't thoro is ample exIi dispincoment to avoid 

fitting of the usu-1 splinod sliding joint* The four rubber 
,'I 
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biodc, so that there IS rmpie etai aispicement to 

ro1d fitting of the usual spline 	sliding Soiatw The 

four rubber block unit is cowenly employed on motor 

cDs nnd :li but the .'largest cbmmercini vehi1s; six 

block units gre fitted In the ittter case. 
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2. Design 



AI( in engul-,r velocity bet en two universally 

jointod sh-fts, thot is providing the joints .re of the 

Hoke tub :end not constrnt- rs,tio joints, depends upon 

,nngulprity between driverr cr driven members. Ench of the 

3oints h n s two roc sing Pxes, each of which must m- intn In :4nglo 

of 900  one to the other nt ^11 times. Incor rect sngulpr 

rc1ntion between be -driving inddrivon to ks is the origin 

of mint' tr-nsmissien streds cis and vibr: ticns. It Is therefore 

of primary importance the t e ch fork or p At on end. 

should be mounted in the same pin na its corresponding 

member -- t the other end; avon the: j  if there is any 

;ngul r ty in the sh- ft, uniform revolution will st ll 

not be possible, es the f1uetu&ttion In speed vartos proport- 

nSU lonsliy with the shift angle. 

When 3oint of the type in Fig I is In motion the pins 

descrjbo wh• t is termed two  "grert cicles" hnving -common 

di~metors,since they represent the boundrrios of t 

sections formed by the two paths. As the distance between A 

end B is cons t.n - it airy boropr, sentod by c nua drnnt of is 

gre-t circle. The two Pros sot out In Fig ^re dose_ ibot. 

whilst pin AB trnvols botwoon t ho tyro points of intorseatio, 

and the point of mrximum dovistion from the vortic ►l occurs 

when coicidencewith those inter sections is ^ttiined- by 

ither pin A or B. bm When k is coincident with those 

intersection points, nngul volocity of be drivensheft 
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Is less tbon th-.t of the driving shaft, and tho 

Opposite condition occurs when B is in coAncidenco. 

As the , oiat roti tes there cro four points rt which 

the speeds of each shaft Ore equal 

In Fig point A rips moved to A and B to 

B', which point is found by describing an Ore ocusl 

in length to AB From B' point C is found rt the point 

of intersection of T+ further gre-toy.Fcle rundrent 33 'C 

being eriunl to BA/This  geometric l representation mss°T 

be intorproted thus 

• the single between shy;fts CM', the angulor m6tion of 

driving shRft jr emLP-lled by . ; ^whilst AC rngulnr motion 

of the driven shift, and finally B'A'C a 9 ° s s does WCA' 

Coo e * trn cot b% ..:hero AA' 0 b once ,AC 0 a 

by recipro^cols 	a- *1 cone 
tnn b 

-end: for smrll rngles ,,,~„~ cos 6 
W 

Solving for the r • do of ng'tl•" r velocity 

t'In b M cos a tl-n 

)nd by difforentip ting See2bdb = cos A see2eda» 

= cose a 0 
de 	secLb 	 0 

As AC or b is not lmown * by S r W ring the ezpros sion 

for Pngui-,r velocity. 
ta,1,0 b 	Cos ZB • fay, 26 , 
 1+ CosZB• fa-n26 . 

-4-+a-k2b = Sec.2b Substituting in the diterentteticm of 
islte ..r 	 I 	4 4.r► #'i, 	.. — 1 sar. 



db 	Coc6  

which Is the fInp . rt10 of ngt fir velocity between driving 
and dtiven shafts. 

If the figures ^re worked out for v! rlous degrees of 
ngul-r motion % nand sh-tt angles -4nd' the spe d fluctutio e  

platted, It will be noted thrt the spe differences 

between thetwo sh fts is considerpble. If the ^ngle Is 
incre As d from 8 to 24 the 9 per cent v*;ti t iOfl becomes 
1.8 per cent and tbeva4fore It will be rendily. understood that 
1. ck of uniform velocity combined wtth ebnge of dire tton 
of the rot.rt xg pins Is a possible source of shaft vibration, 

Vibr tIon of the sh ft my be excited through either 
end lo-ds, centrIfug al force or torsional Vivrntion. Should 
the shaft be fitted cc atifngxtxxex*mx1mn x without 
a sliding tuff cons er^h1e• e d thrust is experienced 

-nd , further, if the joint Is of flexible: type, t texture 
of flexible m-tern,1 will d 	the retail shock lo-d, but 

reduco4 the critic^l speed of the shift gibe. It is 
desirnblee therefore not to neglect end .lo-ding when 	kng  

propeller-*sh ft c;cicul^tions. 

The mrximr m bend ing moment on the shfifts According to 

Prof. Greenhill this may be st.,ted as 

= n''M .~ F 
Z A  



where F ft end fond 

A sectlon,!l rtt; 

W = weight of shnft (1b per unit length) 

of t velocity (r din! S per see) 

B * tlexur.l rigidity of the shaft or El 

Y deflection t X from the centre 

and lend die to centrifugl force •. az . per unit length 

Nov if the effect of gravid tion be tken into i eco it 

there is nee position In each revolution it which centry.fu. 

gx : force 	weight exert their gre ptost efrect 

iCC 	C1 -4 . 	. d 	— wa2 	W -  d x`' © dx2 	— 	- 0 

which solve into 
-1- A2. Cas/3.x. + A3 , e . +A412-  --  

and being the two roots or ausdr tic a 	 d uttion 

p 2 
4r 2. ~• 

_ F + F2 	w. a2 

has the s me value for vriue of ,c whether positive or 

negntive. A U O t A,3 a A i = ssuming th:~ t Y "", 0 and I a Tf3 

th- t Is for no shyft deflection, 	4so that when X r- L 

then 

A, = o 

A4 



0 

At eni point along, the shaft the bending moment is 

nnd. the LL rt the middle of the sh ft is 

( ( ,?+ ?'')A 2. cos1eL _ 0 and since (p2+~'2, 
	

is not 

zero unles 	X1 2 =0 , Cms(aL;o 

Under sisbl4 condi tions 

nd the lowst critic:-1 speed 

gz _ 	n 2 _ 	e2 f wa 2 F 

The l ove foviulre do not tr k e Into considers Lion 
in"ecur^cies in weigh t distribitisn but they ,ssume that 
the weight =acts Ps . rpdial force in the a me iloet±ofl 
es the centre "ug l force, Should the shti ft not be 
perfectly bnl ;nced, the shntt will deflect tow rds ter 
hepvier side rrd i point will be renched when for .t period 
there will be n excessive bibr~o ti-n • It will, however, 
dt.s=ppeA. with Pny lternntion in ShRft. speed. 



At this critical speed bibration is caused by a 
chnge in the acts of rotstton, And-the shaft, instead of 
jotting around its gocunatrical centre, rotates about an 
axis through the centre of gravity 	its geometrical 
centre., It therefore becomesdeflected In su h amanner 
that the georuetricl centm traces a circular pth around  
to centre of grvity of rotating mass Pt each riolution, 

Tho x4ft whirling speed my be deiried as that at which 
the stiffness is zero and Its period Infinite* The intevi. 
of time in which the shaft is .p-ssing through its period 
Infinite. The interval 4of  time in which the shaft Is passing 
through its critical value is so smül that it does not 
permit of large shaft def1etione, hence the fact thit 

rupture does not q,1vpVs occur. 

In vibrations the shaft, staring from rest, increases 
its angular velocity up to the point whore vibration 
occur s  the amplitdo of aourso being small, Further incre& 
the vbrattcn amplitude until ovontuollythey  reach a 
abull still further speed increase eliminates theso 
tions, until at mother shaft speed the,igivratlov ,  
mmonee and zhtx start the cycle once more. S 
increased until shaft distortion and fractu 

Torsional resilience must be cons 
should be designed to ricaommodnto v 



J) 	 per 10 ft of shtt 9  which figure shuid be a mrzio 

mum nt mx1nnzm stress. Previous calculations should be sub 

- - 	4octod to recheck 16 ensure this condition, rind also 
tbt of nderueta e1sttc strain energy9 es the mteria1 
should .not be stressed tO?SiQnslly tibove its elastic 

/' 	
limLts. 

The sher resilience of a tubular shaft Is 

whom x= 2.fs. r4nd whc-ro 4s is the intensity cf 

sbenr stress at outside radius It 
thickness of ui ter1 

r inner radius of shetto 
The torsi-MA resilience of a tubu1 r shaft Iss 

.2 

 
fR2

R?R
!'* 	 2' 4 Rea  

Rat  J
1 

£ 	• 	 ( 
4r.J 

/ wh?o N modulus of torsioru1 rigidfty 

	

/ 	I R, and P.  a inner nnd outor rsdius of tube respectively 
If 

• End thrust to which the shft is suboctd erlsos / 
/. from tny sources. It bas its origin partly from s 

/ 

	

	ombintion of resulting beds from v-ortie1 disp1comert 

1 0f the rzbo nnd gyroscopic movement of the joints# which 

I / tnd to subtnti11y reduco the ntur1 hmonic vibration 
71 

	

7/ 1 	of the shtt e. when the interv'l of time between blows from  

r6 4A obstructions or ineu1itios is ou1 to the periodic 
!\ 	\\ 



time of one or more road springs, These combined loads bars 

ppplication at the rear end of the shrift and tU tot 

through the rer exle end 

At t  which Is the olr4stIc force per unit of deflection 
L 

whete w e combined end lods 

A I cross.sectIonl eras of shft 

L length between joints 

2 As modulus of eZsticity 

g grity 

K a torsicw1 rigidity of shtt 

k a rdius of gyrtion 

The fre(Uenc7 of torsional Vftraticn$n 	whore 

T  ft 	
fj 

time of torsionr3 vibration *  ond is enual to T Z7J 

/1 beig the xxm moment of inertia !ic2 
 o 	 per second 

/ If K g torsion1 rigidity of shaft and N modulus 
o  tznsverse 

;elastcit7, K t 
C1 4 

/Y 
subsçtituting 	- 

VV K2 L 

per second 
/ 	P.I W.gc-L 

/7 hfth\ for steel tube t32 x 10 	approximately 

/ g1VES t *ut* 
2, 

/ 	3400 d  
Wk2 L 

1 



If the shpft is built up of varying sections of diffolont 

diMmotors the fre4onc7 of t ibrstions is of course different 

as the -twist-produced by unit torsion tnomont Is the sum of 

Ott twist in 090h system. An OXeJp1a of such a shaft is tho  

ewpged ends down to p small splinod sh ft dintnoter. 

i're ueen r in y be found by !odiftc tIOn of orley's 

formu1r' 
32 ( Qt 	Q2 1 

or written  for stool an 
'YL = 3400 	= Tw:i   

abovo with not ion ne Fig 'So 

Xn identilly, when determining the r terinl t afo 

stress it must not beovorlooked t nt most of the stresses 

:=rO iternAting and R e often reversed $ whilst It is more 

din. orous still to fail to appreciate tho fact thRt It is 

the stress range which he-s an even gre for be ing u 

failure than does the actual maguittudo of the stress. 

Considering stress recersels, t safe mtitorinl figure is 

? tons compression. 'fir tonstensiou And E tons in shear 

di o to torsion. This is bnsod on an ordinary 3Q.e5  carbon 

Stool of 5 to 22 • tons yield :and *,n approximn to elong tiou. 

of 10 to 18 per cent. 

A gar*phicP1 illustration of vibration phenomena is 

'Shown in Fig. The sh ft st-rting from reel gredus lly 

incr pses its nngu1t r velocity to n point where bivrntlou 

occurs. 
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The amplitude is A first small, but with on 

increase in speed the vibrations elso build pp until they 

eventually reach the rnxImum emplitude. if the shfi: Is 

on a be1nce mchine the indictors will register 'the 

ingnitude1  when suddenly the indicator become at rest, It Is 

tthis speed that crltiod speed of the sbft has been 

riled, Any further increese in revolutions reproduces 

further vibrtion, but of smeller mgnitude. Suet phenomenon 

àcurs with ech succeeding speedincrese until eventuqily 

he shtt becomes distorted ftrid prcb8ly trils, 

Stresses such Ps these, if applied ii mgnitu8e exceeding 

the elstic limit of the chosen section, produce en effect 

'on the materiel structure such that repttre due to tension 

/ o compression resolves itself Into ultimate failure 

through shear* 

/ I 

it 
I. 	I 

di 

it 	

lit/fl 



1. T7pes of Resjtrice  

2. Tr ctive Iffort. 

2. Geometrle i Progression 

4. •Gr sdient Perform nce And Acceleration 



• The ms chTnics of a moving vehicle nre confined 

primprily to simple calcula.tion.s from Pccepted foriiine. 

In consi4ering a wheeled vehicle three m"in tpctors Rre 

-on ce rned 

(a) Rolling and friction i a rsistnnce 

(b) Gri+dtent *ea strnce. 

(a) Air or wind resistance• 

Ptolli4g resistance varies considerably with the type of 

rood surface as ndica ted in the following tablo 

Ikeaiatanoe 
Rod surface lb/ton 

Bsilropd 10 

Good Asphalt is 
Medium Aspbplt 22 

Poor Aspholtr 	• 29 
Wood Paving sfl 
4rrnite Sets 36 
Best Mgcqdem 45 
Ordinary Ma cpdna 50.160 
Soft *c dam 97 
Wel] rolled Gravel 67 
Smp11 Cobbles 60 

Medium Cobbles 130 
Large Cobbles 	 240 

22 Hard Dry Ciy 	'003 



Send Bond 	330 

Loose send. 	 560 

M .vorpgo ` .gure wtich eppoprs to gi o a little In hand 

for all gonor l purposos is 80 lb/tunb This, of course,) does 

not apply to sp cielisc~d Xfliiitnl7 or ngriculturz1 w :ioloe. 
Bolling resist- nco for cord tyres is .approximately 33 per 
cunt iesr, than that for tsbric 3 yros gad the figures oa r 

practicallyconstent for spoedt of 20 to 50 rn0p.h 

ictiongl rosiaten:co is tnothor vnr oblo factor. 

It Includes rosistpnce to motion through tr :nsmi.ssion lossos 
such . o goat efficiencies, oil chungc dingo tyro 
ndhosion end mint other infli.tencos.A useful gonore..l approzi 
mrtton is. 

* 30 40.O 2 bi 

Where i frictional rosistnnco In lb 

1Ia totvl weight of vobteio 

Trr,nsrnjssion losses are ucunily ostim-tod nt "'0 pert 

in direOt gear qud 16 to 20 per cent in lot gear so that in 

calculating perfornvnco, tra ctivo effort should be ostLt tz d 

rat efficiencies of 20 percent top gear end83a8 percent 

in lower gosrs, re an overagoo This figure includes such 

losses -,s occur In oil churning in s closely dosigznod 
gonrbon +,sac con tinod  roer nib. It s,.lso takes into account 
tompre"taro iossos o For privato c s those figures nro 
lsa q ► to 89 per cent boing the usual r3uroo aosursad,, he 
tryoo Is but t -thirds th-t of the total chassis loss* 



OR&DIIT slS AN 

Or lent ►rocistRnca figures must be ciddod to thoso for 
rolling esistneos in tompling the summp.tion of total resin. 
trince to siotion. Gradient resistxneo is ofunction of 
vehicle roight end gradient, Pn' it does not depend on 
hici 

Spec d It ny be expressed ;is P l 
G 

ahem c = gradient 
t' = W0igbt of vehicle 

1-1 sin t P if the grn4iout is expressed in nngul'.r 
di nsionsa 

Wind or -ir resist:pnee is dopsn or t upon speed nd is 
cnloUirtod from the formula 

p(n) pth) , * ain s 

The valua vR rites ' ecording to the cintount at streamlining 
effe tot or ,ngie of ino3 in tion of the stco to normn .1 
for instfinee for stye miinod +c r n constprnt of 0,0017 , or 

xx~ =x rxnx 	m11na4 for n s1.nglo dock stronmilnod 
co eb bcdy 0,002', m-y be sufficiently ciecurcite for nil 

til purposos 0.0032 Is nsod..in connection with 
dolablo dock pssonger vobi lea. Those constti +ts form p:+rt 
of the expression ph C kG k Soro Vvolocity in ft/soc :)nd 
A the projected trop in ao.ftb 





The sum of these three resistinceo to motion is torxnd 
tho,- r*cbl resist-•nce of the vehicle vn  may be OXprssod 
by the o ugtionC R) W( • , 	+ ' ' 8 wboro (TB) 
ti etive r list nce 

z Vohicle weight in tons 
R rolling res is t r-nco lb/ton 
0 rsdient 

f , ' ' 	 V = velocity in ft/soc 
' 	 ► 	' ro3ectod re in soft* 

Exinticn or the pow* curve , of that sngtne crretls 
t` where : s the tor=iue curve rise to pot.nt ;n greduelly 

f , 	1ith further incr°enso in engine speodo tbo b,b p 
cUrve continues to ris throUrhoit the ri ngc of ca me. apoo'd$  

.h`p for tho purpose of -, eturil work cicuition is of 11tt]o 
lue '# isnd mo .1y represents the re to zit which engine is 

/ erforzn1ng work. it 1 comes however, e noceessry figure f r  

1spee . cslcul tie's• Tor uc represents the ctunluseful work 
its v lue is eonoeuontly npplicnble to work 

,l:CUlotiOfm -,s oxeinplifier In gr client climbing obilU ... 
/t 

/1 HXfloxp1nn^ }ion 	this it ehould be ted ti 
• tire.te signifies - turning moment, t'b=~t 3s . -+ force s.etfng at 

is .evrer : xm ^n1 Is expressed in lb/ft, whilst power Is 
#ift,\1up of torrun end •ngul,, ' velocity. Thera for tiork/tirie  

f` .Po r, thick is the rite of doing vork I) henco tho 
prod,. at of torrue end ongul r velocity is powor. It is 



so=—ti. s ne asser to eluulnte the tOroue from 

horse power and spend of egin. rovolutioi,s, .in vb4i'ob 
i 

ese 

T 	or  6,260 x (UkI 	 r 
n 

lb/ft, n being the number of engine retolutionE1  per minute • 

o overvoine the externs . forces, effort must be a pU*d 

In the form of ' torrue -,t the ro-d wheels, r=fd the first 

step is to sertinxih,,t over llgear rctto, th, t Is low 

gearbox q-nd tale r^ t ion s  is no e s s e ry to conv-,  rt the ,,ilble b 

engIne power to useful work. 
 

It e r- transmission efficiency 

r z ovetinll goer totio in low ger 

D running radius of te 

Z •• •nrtn. torrue In lb/ft 

then tractive effort Pt, wheels is found from the fomtla  

As Ti must Pt lerSt areal. Tr 

then. T. c  ,rte,,, W( R+ 2#240)  4- K VA 
a  

KVA 	 \\ 
end r = 

x 



The oftro s in conditions both of the forces op sins 

motion pad those iwh1ch nro rorutred under certain eireum 

tL2COs to overborne such reistertces have been ostoblished, 

It now becomes necossr'ry to scort in rcruiremonts for the 

desired psrtormonco in interedi to str gese 

ICnowing the engine chr erratoristics, we c n a i-rango the  

interinod±to rearbox speds4 it should be re mbored that 

it is dvis ble that the peak of power vt the road wheolo 

should occur at say 12O per cent early on the engine 

power tee,#  tb't is to sny the gear r;?tto Is such thGt 

the peak ocetra nt -n speed of i6 2O per cent lower than the  

ultin - to speed with Is given when the peck is projected on 

to thepov ?r re -uired curve. it Is desired th t th a umb r 

of sped ch :ngos should ensure th-.t tbadrop in on !.iao speed 

and conwcuont vehicle speed is not too gret when Making the 

ge shifts, i iilst at the so tise permitting ciao of 

rear ch-ngo by the driver #  

The aaintunction of the gorrbox i s to m nt f.n engine 

speed rt the most economic l v-1ue under sill conditions of 

vehicle motion, so tort the optinun v^lo of power output/fuel 

consumption Is r chlovod. This however is not a +ay to rcoomm► 

pushwith the ord3.a2r7 goer-typo reduction; the idesi would 

be rya: infinitoly vn 2.:*bla tr-mnsmission. 1f Is known,  of course 

thh t the l'rgor the stop -botwoen two geRrs to more difficult 

is the chhnge. The selection of correct ratios is therefore 

importr-n . 
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7, Goornetri ni pro rrosion tffords a sole ot*on which bts 

srny merits since the vehicle Is propelled in gdr 

'n series of engine ccele?tiofls -,nd docelorations. If the 

1  4/ rp. tios ro in goomet'rici progression thou tbe ongno speed 

rnge is constnt throughout iigers, This, of course,#  

is the theoretict i4e1. 

In prctice1  however, mni other returee otor into 

the finni goortto selection; for ins tnfl 	lowoed 

goer is often in emergency om l  whilst the ch-inge-down,  must 

freuently beuicklT effected. Such. conditions would be n8 

sited by reduc.ug the speed range of the engine bitwoen. 

2tiO end low gef4il in Order that thebes of Vehicle speed 

should be a minimum and the venting period for snnisetiC 

of the two gear wheel speeds be reduced 

Geometric progression represents a series of ruantitiOs 
in which e nn ch tern is obtP 	by multiplying tho pededing 

term 'bv some constant tctor c1led the common riticr,tor 

exexp1e, 1.3, 9,27,8, etco ecb term being three times that 

preceding it. For n series of terms n bv1ng ccmon rtio'r 

rd the first term P the sum 

ae( -ri) 

or If r is less then l 	more convenient expression is 



It is n t Adviomble to diet ongino rovointion to 

;rfieoh rnxtarn value before ch'ngin 	nz', as pm or win 

I 	be eut off suddenly cnd the voblelo will lose conBid.orable 

reed speed. foreover, mnxi=z engine tor'ue is developed flip 

below mrziuiin engine revs, -,nd in low oa it Is dosireblo  

• to utl .so this power when climbing stoop gzedIonts.. The 

',. 	en in .spood rcngo permitted by the gesr ratios should there 
4 	- 

~` ; 4 ••- fore reoeh Its mnxtrrum duct bove the speed for itexi f  ; r  , 
 

toruo0 

Xncident lly $ -cerbin nmo t o ° clutch slip is 
often exile i n d .j whoa re.engging takes plrco sioro 
p rtLc~}l rly in the lower goys, with higher ongino 
speed -nd lower vehie1s speed The effect of this is 

th^ t the vehicle speed pi's incroesed ovo-: that in th 
higher ger even before the drive hes becort.e positive0 

The aelootioo of into r dj to gets permits the plottftig  

or trri otiveffort coves sg inst road speeds, In eeh of the 
four ge;-rs selected* Provio sly rood speeds h ve been rol'ted ., 
to engine speed on the level ground. If the ids-1 tractive 

effort curve be plotted on the some 4rdinntes x thrt is  
through the point on a-eh of the four curves co respondixg 
to the selected enrine speed, which indic-=tes the iost 
oconomic"l point of working o ► the engine torque curvo 
it ddl1 be seen th-: t ton there is , portion of o. ob indiu• 
vidupl effort curve ovorl~pping the idosl,, This moans that 
the go i ratios selected provide In a eb ertso for the 



ucimut pulling poiror it oni vohic1 a od. The ido 
f` trpebiva*ef fort cury 1 (Pig ) is r rocisngubbr 	b*ia 

b eod on ordin"tez of vehicle spend ani tree ivo effort. 

For oxp tpie t if M trndive force, And 
V a vehicle speed ft/mm t 

then from the formul rz j~ is b.h. p All the d to for plotting 
 

szth curve cnn be nv rtoinaed. 

We con now consider the gradient prtor  ce, ini i ►v 

gate theceler tang properties of the vehicle. 7n4Ientally 

it is of course ?pprecited that if n ge rbox r tie is 

modified so bhp t the tot l âveril r_, do between road whodl 

end engine is double its origins]. ratio,, curvo Abocornae 

curve B (see Fig ) elI hvrizonte dimensions being b1vo  

-n4 rtll vertical dis tnn os doubled # -is for given en ino 

speeds Pad doubled totil r- tic the vehicle speed is hived 

but the Vrc. oi✓i e e foi i+ isloi bled. 	 4! 

Using the s-me scr,.le Ps for the tr-ctivc efforts Ye 
ern crlculrt thG total tr-ctivv rosist nice ~t diffe nt 
gr-dicinto. he curves obt inedcut the tr-'ctivc efforts rt 
v-rious points. 

The vehicle speed -4t which the best pulling power 
of the en ire is exerted in arch ge-r, It is read from each 
:rnctive effort ctirvo-t the point of intersoetioni4tb the 
idoal tri dive .effort curve, 



'Tbo elirnhahle gay $t lent at oh at these Optimum 

points is e;.stly estim tod from the formul-i 

P 92 or 0 	p t pore 0= gr diem 
0 	P 

W = vehicle weight 

P = excess error. 

For the purpose of scort1ning „r:celor tiou 

ch 'rfi cter sties at the vehicle it must be borne in mind. 

tht the limiting fctor is the 4heston between t 

typetya nd .void, 'or if excess tr- ctiv effort is put 
through the wheels, the latter will spin rrid t4dhecion•ri . 
o lost, The coef ' , i t of P.dheston varies nzd do pons 
upon the srfce of the ro ci ,,) *n 3 to some extant upon 
the re r--,xle weight. If we divido tho driving toree et tho, 
hoele by tho ve Acle weight we Prr1ve .qt a 

fActor K 	~ E of course vpries In ouch gev and Is a max 
imwn e t the point of + *+xl n:.nn. tort-ue on the oar i tr—porfor . 
mc;nee curve. This f r etor ui y be used in cn i tt vobic3.e 

"coelerrtion thus 

If TL= trrdive effort in .b/in 

1 m-nsz of vehicle lb 
roc 	'r' vn (32.2 ft/see/sec) 

TE 	mf or nuithriclly T IL t .... 
32 

r- 



therefore f a 32.2  2 # but K 	and subetituting we get 

1' = 32.2 1 ft/sec/see, 

This expression, however, be we wix t no : e!l Lion 

to the caw fficient of ndhes :an between tyro pad xo-d 9  { nd deals 

only wish vehicle gross weight. It h s been stilted that 

the mnzirnux effort wbieh en be exerted nt the ground without 

wheel skid will depend upon the weight upon the rerxle 

Z coefficient of ,dhosion r  hone* T 	where 	where axis 

weight gross And 	coefficient of adhesion (teu r31y 

0.?i) forfor nor l eur rs.ee a ,, 

by subs ti ti --a wr 	nfd f 	32 



1. Design Con derrti©ns 

2. intern^,1 Teeth 

So Luhr ct t1on 

4, qtr Sh-f is 

5. Plnnetn ry Tr: nsiission 

6. Action 'n Reaction 

7. Synchromesh Gears 



Tilo rnnxXmum toruevbftb e gor will tr,nsmft is 10on to 

be proportienl to tbes,uaro of the tooth thicoss at the 

bse end also to the nee width Pad pitch diimeter, It is 

irwersoly proportionito the 'height of the tooth. Simi1etly,  
the torruo coppelty of a gear set varies as the cube of its 

linear dimensions. Of those dimensions (a) the shaft contr. 

distneo and (b) dimensions beteoen bearings, are two of the 

met importnntj 

,In the original gearbox layout  a fairly accurate shart 

can be ndo by tsstmtng tb shaft-centre distsnee conforms 

to 	or 	(the former for private oais t  nnd 

the 1ttor for trucks) and the bearing centres Pt 

being mximum engine torrue in lb/ft. This 1tttei dimension 

ntureUy depends fini11y urn  the gaar.fce widths and gear 

movements and  Pnd t  instead of tedious ea1eu1ctions in the initial 

stn-ges of designs  Pn Ppproxitr6tion of fco width bay be tken 

s ropresn ad by the edprossion 	where 

L maximum permissible lord on tooth -'t pitch circle 

and P a norm1 d1rmetr1 pitch* 

It is a constant - 

119000 • 10000 for the first reduction gor in four 
sped box. 

49000 10000 for third speed 

16000*210000 for second speed 

26 ,0000 20000 for first speed 



For P fjve*seed box these figures are slightly revised to 

13,000 - 15,000 for fourth speed 

15,000.u. 27,000 for third, speed 

20,000 2,000 for second speed 

26,000 30,000 for first sped 

The dtamentrl pitch is' determined by the entrè 

distance, the r ,tios ro4uirod, and the helix angle of the 

tooth,becring in mind th!lt none of the main whoo.is should 

hove less than, say,  fifteen teeth,* The total number of 

tooth in Any two pairs of meting gears is usually the 

sme. There are three implic&t1ons of this that the helix 

sngle Is the sme for all pairs of gears; that the diimentral 

pitches are difforentinepch pir to compensate for any 

difference in helix onglef or, tinl1y, that spur gears are 

rdoØd, 

In the choice of helix ie two corisidorttons should 

be borne in mind s  (a) th,, t it is desirable- tht the circulpr 

beliel dvrnea over the tote width should be t lest eau4 

to the Ircumferentini pitchin order hot nn tooth contact is 

,n int med on the pitch line at some point, (b) that the 

thrust lord omanrting from the first reduction set should 

not be substantially exceeded by thrust from the other 

gear sets, s these thrusts are in the opposite direction 

and therefor* approxImately cancel out. 



Since one of ;he in or re-lu1rements of gearbox design 
concerns cuientness of running. Pend _mezim_affic.ien y. Those 
conditions cpu be achieved if the solartod gear tooth pro 

"corrected" that is if the addendum is increased and 
the dedondum d+e ere psod in the pinion And vice versa in the 
wheOla 

$ so pitch 	ccircld1tor 	xeo 	sure angle 
.'tom r of teeth - 

Cire~r pitch ` z4r 
uaorof teeth  

For this continuity of rct1on the line contf-et X! 

must be .gre for than the bjtse pitch rnd the more tooth 

eLien • t one time the less the strees in the ge &r 

toethE this is grPpbic 111 represented by the ratio of the 
length of line Vii' to the bolo pitcb0 

'ig* shows the "cerre teed# profile, in Which fill 
a.dvontage has been tsk.on of the tooth cut to st3nd9rd 
depth, so 'shpt no pert of the whool tooth Works rith  

Any p.--rt of the pinion tooth or r th'n ihero the 
profile Is true involu g which now extends to the bee•~ 
circle dim  tor. tor. With the elimin-,tien of undercutting 'rho 
strength hos• visa been considerebly incrensod. In order 
to sn; lyso the typo of cants et - t rious positions on the 
tooth tl, nk, divide the working feco of one tooth Into a 
nunber of ooncl divisions end trrnator to the m-iting tooth 
the portions with which each works. 
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rerez,ca to Fig shows that t the pitch circle only 
o e the divisions Or,ual -nd that only rolling .theretoro  
takes pit plpce nt this point. At the tip of the wheel tooth 
illustr ting thpt sliding takes pl. e Pt the lover 
part of the tooth flienks. ObvIously wear is greatest at this 
point* Gompromi8e will be rccessry to obtein the deeirod 
moirnt of correctIon to suit individunl reiiireinents, 

Correction coefficients for spur wheelAnd pinion "nd 
hslic l wheel and pinion, that is where the, 'ddendum is 
m; de er~t:vl  to a (1 +)o. in = module of cater, 1 is correction  
coefficient t 1 = number of teeth in pinion -,nd T * number 
of tooth in wheel, re given in T. e. 

Before prssing from tooth considerations,*nd whilst 	0 

epprecbting that the reduction of gear noise Is of 
prizA 7 Importance, it would be well to an .lyso the typc of 

' no set its category -nd the probable nus5. 

Gec r. 	Number 	SprIal Virt el 
of Teeth Angle 	Number of 

Teeth 	Cooreet ,on P ctor 

Spur Pir ion it 	.± 	t 	X  

Spur Wheel. T 	0 	T 	x 	fl, 4 ( lam` 4) 

Eelic l Pinion t 	a 	tsec p 	x 	04(l..  

Holicnl wheel. T 	a 	'T see a 	Z 0.4(1.)  



Odor noises goner#lly fel1 within three categories 

(1) A ring of high*-pitched whine 

(2) A low.. f re {uen+ y growl 

(2) Those omitting sn irrogulftr "hammer", 

It Is believed t nt "bounce" is primstrily responsible 

for the mp jority of such noises And It is apparent under 

varying rlrcu tancoo; by "bounce" is mernt a rebound of the 

tooth in mash. it is ^ecopted that the relative velocity rt, 

ngul r position of two wheals In mesh will be correct 

when contact takes plr ee at he pitch line s  but that any 

profile ::nsct oy produces a variation in ttingularposition 

erugi to the sum of such errors at the point of contact of 

the teeth. It follows thrt 1rregulr nngulAr velocity occur 

between the driven rd driving ge r. 

Rotation*1 speed and tooth lomd are controlling factors 

in the m-gnitudo of the prodcod effect. tariaedi--toly the 

the condition is penssod,, boroin the torrue trnnsmittod to 

the driver produces doclorgtion coincident with tat produced 

by profile inaccuracies ,cep^r: ti :n of tooth occurs t and contact 

is only restored through imp at. The resulting rebound 

opuses the h nmmoring noise in category 3. This of courso 9  

depends somewhp t on the a11ownblo bn ckl- sh, Pud such a pair 

of gears c .n suite probably run {uic tly up to the speed 

at which sepnr tka occurse 



Eve n when the growling noise ppos sepnr-*bion mry 

be in odidenre t  but noise in this c ee moy be due to kcal 

pitch orroro, whonthe froruen-y of the noise would be O UAl 

to the mrnber of revolutions of the wheel. The difference 

in type of notso Is expin od by the f et shpt the bounce 

mpy bo damped out entirely before there to further Imprct.: 

Eacen,tr city of bore could produce this noise by ceu ing 

r. const nt repetition of re1F-tive pitch Pnd profile error; 

However, on th- oth r hand, should the ge&T- berunnl.ng in 

constant mesh, under no load or light conditions, bouncing 

zningb occur and s prolonged rryttle with no ,definite period 

being the resu .t. 

One of the m"inewuses of "whine" Is gerr web or nr;ve it 

ve aknoss ,, or :n binre.blon of web brought Into F etion by 

the genersi finish of the go re Poc rough spots on the teeth 

The presenco of lubricant between tooth fn s of course, donps 

out the nntur:l vibrAti. u to some extentnnd thus contri. 

butAos tond culoter running gear. 

Zntornnl geprs n Pundementally, extcrnRligear 

end internal ge r systems differ in one respect only 

that of b no circles', in which those for the externel gosro 

Zia on opposite sides of the path i of tooth Contact whores 

in the erse of intern . gears oho b so circle for"both .wating 



wheels lie on the zrme side of this contset me. It win 

be ppreci tad ti t.t the Intertini ge3 rs hvO e gre-tor 

iont.th of pressure line renal eonsetucutly t are end dur!tion 

of-: C4 flt Ct Is longer,, w Ilst the amount of overlap botwoon 

meshing toetb is ineroesed, Moreover, the tnt rnsl etr 
tooth possesses n difference In tooth curveture between eon.. 
toting srf.cces which results in g,o for bearing 	hLs 

is due to elrstic distortion r c ros s the tooth teo when 
tinder io d. 

ho si.it ing veioel,ty of the Intern i gee'` is dso 
less then that 10 , si.m l r ex 	.'l p-tir. In view of those 
:v dIties $ It ;iii be seen thnt a gr+ ate ` - zoimt of 
o-.-rection is possible with the nterinl..gnr tooth, wfidhq 
whilst strengthening both tooth, permits contact to 
tr ke pinco whore the r dlus of tooth curve .re is t minimum. 

One of the points on the rye`-~it side of .# tarn-1l irera 
is t e t of Interferencea which oe .:rs }t theUUp of the p1.. 

nion whIl t pang through" the intexwi. d.denth m circle of 

the when :i. It is of r-dvis le in ordin ry ppiieatIon to n313h 
two intern, l gers of st nd rdtooth florm if the difference 
in tooth numbers is less th n twelve. 

InspQciolcirm-mst'nees, howdver, the di toronco muy 
be edueodto even one tooth., but, this detn-anda q degree  

of eorr etion which removes the whole of t re of contect 
for some 4i et nce be7ond the pitch point. 



Before longing the design of the goeD tooth } r word 

should be said concerning the intornil tooth of the geors 

used '"or dog or clutch ►rpnses s oxompl .tied in the 

constzn: ►mosh pinion and elsewhere. It is seldom found 
thrt these teeth i • e generated n s rn intornr~l gear. profile; 

more often the to thod emplc yed is th'i of drilling 
_...,,rd , .4 t% " ratter b ving the 9-0= number of teeth 

 t ~►v .~r r.~..~ 

, S—' 	 tOhs 

In common i tb other nteza3. gee ' e 0 the bore of the 

internal gear must be ° t lest enu'l. to tho barn-eirelo 
diameter, *jbilst without effecting the strength of the 
gear it my be opened out to the pitch circle inmetor, 
The strength of such -in luternsldog or clutch depends 
prime rily upon the strength of the .teeth in sheer; thus 

whore 
1 c ZOs d ^t pitch 1 ine (lb). 
r = rr;dice of dog (in) 
 width of the intern-ml goer  

f v spfo shor stress (lea/in ) 

P=rWf. 

Qho dipmotor of drillholo is £Pirly stand-rd.isOd 
'or vpious tooth forms,, for Ins once with 2O stub or 

20 Pull-depth tooth, the following tpble mpg be adopted, 
whilst the minimum width ofworking tooth has boon found 	I\. 

by Q7raeuten !-P in 't'.,1r"t~►. 





LU.bticQtion of the genre 3s s most important 

fo r, to re , and should be studied crefufly. The mdn ch'ra... 

eterIstics of the chosen lubricant should bo 

() Whist be a pnble of thorough distributi1a flow through 
ell b:l]. bearings -n snitll holes of p'sspges, and must 
hrve no corroding effect oxn parts with which cunt-pct 
is made 

(b) Should be of such c'hi r-a cter q .d body a to min .miso 
pow®r loss through ohurn:ng, --nd should offer minimum ra- 
sistr-nce to gear change meth- .ism... 

(a) Should be oep ble of exerting wvnhing 
,?coon on ge9r teeth. etc. P-nd posses properties for ni ximum 
het lbsorption pnd d1saipi tiono 

Cd Must h~►ve n consistency such ns o prevent 
to kogo under normal conditions.. 

The effect of lubrication upon the outrut efficiency 
depondaizpon sovorp3. t'ctors. It would nppe-r that excossivo 
runrtity hra considerable effect, -s .also does ti - t of n 
oil h-ving too high o viscosity. Connecerning the ru nity 

deslro~;blc $ it shoudl be •- ppociryted thryt the g - enter power 
loss occurs (due to excessive nmoiz nt)in the direct •»drivo 
position It o ccurc, however. In ,4Z1 ger' s end ine r'so 
until the geirs "re comple tely covered,, .'ho loss is ; oubt-
7 oss, due to cnvito tion or oil churning, in other words .. 
reduced eruivtlont wheel izmneraion. The p ssV$ges to 



cut by the wheel e filled either with s it or lubricant 
P higher to porn e 

20 stub or 20 fail* -opt tooth 

Di mote l 	Drill 	Width of 
1 9 	 Toth.....w.. 

6DF 

16 
DP 9 

1t7 DP 
64 	4 

than the surrounding 'b ;k. Aieruto 1ubr ciltion of the indirect 

gers Is given by -.n oil level which Irimerss the tooth  

of one of e c i piir of ers,# e r r ►lly r bout ono-*fi tth to 

two fifths of the box volume. 

The fall in efficiency on direct drive to considerable 

bowteen -Ue.n titie s of lubricant filling the box ono of fth 

Pnd three.fitth7 full, na test figures hove indi ptod a fall 

of from 97.#6 to 9O..6 per cents whilst under the s mo can'. 

ditions third gaesr looses Pre from 97e2 to 9per cent. 
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he effects of viscosity are also important ns l  for 
similar input speeds s drop in offioncy for both gears, tbr- 
oughtcut a viscosity .rsnge vsrying from- 	to 'l0 	Redid 
seco ds # hrs been observed as 95 to 93fr  per cent for direct 
dr ct drive Pnd third gears falls from 96.6 96.5 percent, 

The rolr-tion between efficiencyl, input speed end vie-
cosity is shown in Fig. from ihich it will.. be soon t atD 

for normal oil tilling at two-fifths full, direct drive is 
the gear affected most* The low viscosity lubricant shows de. 
c'o ssed loss of powers most probably on account of reduced 
cavit tion. Tooth friction v ries only slightly with 
the v .scosity of the oil and iv, a tfected by chrnge in 

speed if torrue is constant$ but such frIction vatiec with 
the ioPd trnsmIttod since it is dependent upon tho con-
tact pressure between the toeth* it will therefore be  

opprecintod that e iow..viscosity lubricant Is desirable,, ribh 
the filler plug a ranged eo that the tips of the geersonLy  
are immorsed in oil. A practice adopted during Initial wing 
in is to use temporarily an excess pressure lubricant which 
has the effect of tooth polishing and In consecuence the 
possibility of A film breakdown Is minirnised hen the 
reversion to s trndrd lubricant is mrde,, iowever, on the 
3rger r-fld be-vier gear boxes there sro considororations 
other th#n ge'r tooth lubric tion, r$ exemplified in the 
oil reruirements of the boll be rings the cones of tz aynchro-
mesh meeh ►nism, -n the iul;rica titan through the sh-=tt centre 
of remote gesrs on sliding splines In such c°ses it is 
desirable to fit a small auxiliry oil. pump$  preferably 



driven. from the itsbnft and, when all theso And other points 
roeoivo s positive prid. direct oil supply. 

The gex' ebfts ere abject to stresses from combined 
torsion tnd bending moments qnd in oxtricting the shaft 
dirneter from the formula T 	.1 R + To  where 	tor-*  
soni. moment end R *'bending moment, due consideration 
whould be given to the effect of splines upon the strength 

- of the sbft. 

There Is stress áoncontret;inn Ott the basso corner of 
the splines end the eonsetnient reduotic in etl'octive diømoter 
conbired with the lowering of the fntiuoiistresa limit* 
which is due to the oontinuous change of section end the broken 
çeriphery of the sbtt, 'has been the subject of mob study 
by rboto.e1sticit7 mthoda* it to thereby eatbUshed tbt 
the dir=er upon which to br.se ealcult1cn is one smiler 
then the bso of spines. ftrther o, there is the effect of 
tormao on the spline Rnd its trnsmttte4 effect upon tIv 
spline bse1  which renders it still more dosireblo to nssu= 
a decroesed dimetcr. 



2ho of stic limit for a splined shaft is less than  

that of p pisln shsift of die otor a uol to the Use 

-.dimetor of splinos,wtilst sh r strength is roducd,o de on-
ding upon the nuEber of splices, by 5 to ?J} par cent 

When such P short is under torsion the sectors A end 

B become helicos of which the lengths -differ9 lthough. 
both * iO functions of thor c 	' ra A and a V respective r* 
I4ozsurod round the heiI, B Is longer then A the difforonco 
boin ndg-Rdq Knd thus ". sbonring forco Is set up 1ong  

the rpdipl lino. 

Continou a rovers is Of stress a ntueliy reuse to 
shaft to fracture, the trcttires forming perfa ct Fsa ctors 

Obviously the period In which such frcturos occur 
depends  pan the difference botwemu the re s p~ ctiv a di c motor, \ 

vnd d, and the greater the difforonco thooerller the "r cturo 

It in for this ro son the t for An , titre sodaumber of smaller 

splines the ghatt isstrongor thn with P. stn .1 number of 
lr,rgo splines. 

A roliblo pr- ponce is to use bt-so dipmotor plus4  
15 per cent fneroso over h± t found from the expression 

Pa T/Z when it will be found- urmecoscry to mlie furthor dd~» 

Itions for corrtoionduo to shaft deflection, linty differing 

methods of mounting the lmysh t t gears p=ro vn .lab .o, end \ 

providing there Is rigidity In the essembly there is is little 
more to skid o except in the type which employs a. rigid or 

fixed shy ft -nd rotting gears. 



In such . design the Beer wheels Pro often formed in 

'clustor' kp rt from any production difficulties the 
problem of geipr ncI er gin arises. Tooth ingccurc cIes will 

produce noise on one gear which must inevitably be tr-n.smitte( 
thrQugh~ the -1.r'yshpft trim -.ind become operative on the 
other ge'rs. The effect cftnnot be occur'tely computed, but 
it is highly . probrble that Pny wh t.ne or ring my eventual 

become resonant throughout the rhôlo system. It is possible 

th t P break Is ,de s i r hie in the continuity of the ge a r 

bosses es it h s beenfound in many cwse thDt it splits up 

the medium thrugh which sound my be trensmittod. 

Such c*loul,= tions as me r- ruired for the determination 

of be ring lands rn shaft  deflections -¢re strghtforwird 

Prod need no eXpinnptiono They ore, however$ set out under 

their propri-tie heading In the section devoted to for be.o 

The gonr'box contributes much to the genera, success of 

otherwise of the design. Rigidity is its first essenti 1, 
it is subSectodto torsion from the reaction which it transmits 

to Its point of ottechment either to engine or r- sae. The 

v-luc of this to-d Is egunl to 

T (B.-r - 1) whore I = engine torc►ue 

r # reduction rr do 

E 0 gearbox efficiency 

end the highest value is therefore in reverse Soar. Should 

the c:'sing become distorted under loud, shd. t misalignment 

will hovo considerable eff ct upon the meshing of the gearso 



It is worthy of note trot the mriter1v1 surrounding 

the bearing hoi sin .s is subSeet to tensile streets 	in 

Op ►diretions,aura , the vr~tlr<bie npteri l should therefore 

be : ppbrtioned n ccord ingly. lire a cations must be t ken to 

rvotd reson nce,. *u.t it would appear desirable to break u ► 

nuy flt surtices by the Introduction of suit ble ribs# 



►A TARP 	N&W1 S SONS 

Msny of they problems which arise with the two'mft  

goprbox Areoliminrted by the opicyclio or pinnotary-typo 
rrrangomont of getre.T re Pro two b sic types of subh 
transmissions, t ipt consisting of spur gears entirely 
nand thn t which employs internal gears. The sum pinion A 
or tho driving member being n ttachod to the input shn-ft of 
the trfnsmission* The pl.-notary pions C, of which there 
m'y be two., th co or more s mesh with this gear, Pnd • .iso 
with the internpl ge.* r B, nd :pro mounted on P, p. Janet carters 
coneontrio wi th. the Input sbetto If ring B be rondore8 
stPticnr,ry by msohnuicul. metns 'nd pinion A i is rotating 
clockwise, the pinions C will roll on the .to pl gear In 
clockwise dirotlon, Whilst rot* t ng in on anticlockwise 
direbtion Pbout their o{vn eras. The pirnot csrrio D than 
possosses the ssms airootion ►l Lootation (clockwise) s the 
diving mombor° t but Pt o r duced speed. If it is dosirod 
to tho drvinf; shaft or gear A. The forms a l4iroct drive. 

The calculation of speed r$tios , which is the r= do bot~►, 
noon the number of tins modo by the arm D Find tho number of 
turns rondo by the sun wheels is similar to that for ordinary 
gear trrins. It tho pinions make one compioto revolution 
about the drivingcshnft contra g they will rlso be rovolvad  
rbout their own PXo.s to the extent ofBy onioulsiting 
the motion of the sun wheel A. which is .rear 1I red to produco 
epch of these plrnot: ry wheel motions and add ng them 
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together, we obtsin the mbar of revolutions of i to 

provide one revolution of enrrier D9 which represents the go r 

r- ti©. for thet pcrtieul r trein. 

The first motion of the planetarygears 1 that 

around their own fXos is expressed s 

For the second moticn, that of one complete revolution In the 

same direction -s tint necesspry to prodtee the first 

motion of the pinions, the sum of the two is 

This is the reduction rptio of the gear sot. 

Nov if it is presumed th t pinion A is held -ge n:st 

rotation and load tPken off carrier . o the power being 
ppliod to ring B, the crrrier will revolve in the ss.=a 

direction rs B. If risC the pl netsry geers with their 

eorrier make one complete revolution, then by roUing 

a round the sun R ihoei the pinions ttirn on their own axis 

, To produce these two motions the nngulpr motion of the 
C 
inter-ol geer for one revolution of the carrier D Is 

This G esembly comprises three members,, the sun gee r p the 

ring gear, Pnd the carrier,, e-~ch one of which can be hold 

against rotting, so that six combinations are possible sO 
power c n be transmitted botwoo the two remaining 

members. Two of these combinations are reducing gears, 

nrnieiy sungear to pi.tnet en rler and ring gear to sun gosr 



tosnd plonet cprrier to ring gear, whilst the remaining 

two combinati-ns :,re reverse gears, one stop down nd ono 
set up* 

Compound plP-nots -gear Sets The fig.illustrates 

n m nshoft or driving shaft. upon which two sun shoals 

Pre Attached rigidly, with two ring gears •and two p1snot 

cp'rriers to form a compound plsinotc ry set. The rothetion 

re do from A, to C •n thence to D' is dQ 	and when 

the ring gear of the first train D is rostrinod from 

motion, the gep-r becomes c .Ow fOrw rd ge r, in tin second 
f 

tr,n in A , B , D 9 A gad D qre in motion read couser~uently 
tr nsmit motion to c rrier C the totAI motion being the 
SUM of those which would be conveyed to it if ring gpnr D 
were stption ry ' nd A tescribed d Q turns, Piso if 
sun gar A were held ;s tion-iry whilst ring gear D mode 
one t .rn. 

The motion inprrted to C by sun wheel A is 
d4Q 

& (d+a) 

d►~0~ 	Q (d t+ Q') 
a' 

As the reduction from D to e is d 	grid D m-Ikea one a tofu ► 
► d 

tie motion impprted to C by ring gear 1) is 
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Tot]. motion oetuals the sum of these tbro expressions 

0 (Ck+ a) + Cad' 

ci 

and if A revolve daa tins $ then the overall, ratio (tb t 

is , is between A snd c' is 	cd+ c-) (d'-.. CL') 
Ca `( d 4- a) . f. a d t 

' -1m ,: 	t 	t i G 	ttrl 	 St'r Li' 	t: 	+ta 	n i _ ', 	 ~F.t•.* I► 

Four«speed Compound sets with this combinetion low 
fortyrd speed is obtained by holding ring, gear D in which case 
torrue is tr smittod by the l st tra in cfgew rs , whilst the 
ge rptto is fz = dz +c:k 	lopst of rag gear DZ nd 

2 
restrPint of D,givos second speed, ttrcue beig obtained through 
the I st two trains of gears 1 from which it h s previously 
been soon the ge :'r rc t .o Is 

0 2 (, d 4- O) + ca'CA IL 
For third speed sun wheel A in bold 'Arid ring gear 0 ro-» 

leesod so tb-,t Pli three p1!netrry tmnins 're In Aetion, The 

rM do in this ease is therefore 

CQz +d~.) E c91{-d1)(Q+d.) - 
d2 Q, C a+ a ) 

Fourth speed * which is direct, is obtx~ined by looking 
the +assembly together tb-t is by 	rol©ot se of drum brekoz 
And bringing Into operation the friction clutch (see gig* 

Thar -re sovort1 sm-_11 points which ro uIro Attention 
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small points which reruire t,ttention concerning the geonetry 
of 'tooth setting". If several pl+~netiry pinions ore 
used in n Internal-type ring gear, the rolptionship between 
the number of teeth an the driving pinion and the plenetery 
prinlons mustbe definite, other wise It will not be possible 
to Q ssomble the train. Accord.ln.g , to the number of tr ins of 
gee► t s 1 the number of teeth 	+ 1, oust be divisible 
by th t number. Bonco if throe trains ore used, the divisor 
will be 3. Assning thpt. w 1 Is divisible by 3 then. 

a = 3x. +% 

C = a.+Zb 	3 x +Zb + ) 

3 = X + 3 

 

p; 1 

If the rxes of each of the three pinions pre set at 120 

one to the others 'nd the p1nnetgries htive rn ecuel number 
of teeth, then two of their tooth centres will be opposite 
Pnd ,, sun pinion tooth centre will be one»third circulpr 
pitch from the line connectijg thrt 'xis of the right bond 
pinion s nd the sun pinion. If this Is so then obviously P 
tooth centre Zth of the ring gear Mill be one—third pitch 

boyond this szis line produced. "If the numbers of tooth are 

odd s then n space :end not P tooth centre is opposite snothor 
tooth centre line. Therefore the number of teeth in the 
pinnetpry gears plus one should be such th-t they =ire 
divisible by 3, and in the cese of the two pl-neti17 ge:~.r 
sets both driving ge'r Pad pl^netnrles may h-avo either Pn 

even or odd number of teeth. 



1 

If there re throo trine than, if a is divisible by 

must Pl1 be pr blo division by th,-t number# l4ith four 
plr,netrtrioe, both 	nd b may either be odd air oven, but 
both ioiust be^r the same sign. 

Consider the oil spur type of pl4nctp.ry-ge-~r sets 
which di rMvxritieily to out In rig* In principle it comprises 
throe acts of indepen ent greRr tr ins qnd to forward 
speed is obtained by holding thepinnet 6; rrier . gninst motion 
when power is exottod by gear A through 

,4 A D, to gear Do The reduction Is, of coursed 

For high forvrd speed the drive is direct through the clutch. 
For aim 	revere motion, the gesqr B ishold sagainst rotation. 
it the c--rriorrotR tee =nth,-ciookvise B, rolls ©n gear B end 
the ge r cluster A, B,D, revolves pnti.clockwise about its 
ovn axis -nd makes b- revolutions in which c- se A makes 
revolutions 	in which case A mrpkes Q b; revolution, but in 
n clockwise . freetion. Ths when relntod to the u t motion 

of the c,,r, ior, gives a totp-1 motion for P. us. 
Cl b _ 	c.L Oc-4c  

The notion of the plinetery pinion cause goer D t 	/ 

mike ?d' 	clockwise revs rnrl ng n rel'ted to the 3 oti+ 
b4. .  of the csrrior, the motion of D 	 ; . 	 ,_ 

bdt 	A4.aTi - c.LOCkwrrE 
bI d 	 /j 
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Should d b D will revolve In the reverse direction 

Pnd the expression hss n positive vslue. To find the reduction 

ration use the expression. 

a. b,d bd 
It is understood that in en- spur gears the sum of the 

tooth numbers o fm t ing ge s is the ssme. if this sum is no tod 

s X then 

x—d =d, 

h.ich It substituted in the foregoing expressions y the reduction  

m be stated ns  

In top ge r 13 is connected to the driven shpft through 

the clutch#  both brskko drums being free, end the goir 

becomes rn ordinrry trim n since the planer pinion cluster 

B,.A, t), doe not rot'te } but revolves solid with the whole 

ge r. B Is running Pt egine speed. R do 1 to I 

Tn tep ocørid goer brnko drum 9 Is fixed an,d the train 

isb 3, A. 	,, It is convenient to tr bulgte c howl speeds for  

gerous conditions of fixed mom'bora» X is fiEed and B, sfld A, 

will h,-vo one positive revolution (58o Teble 



The speed r'tio for second gerr Is therefore 

Reverse gerr$ In this cr-se the reverse brske drum 0 

is fixed, rnd 9 Is free, qnd the tr*t Is X B,B fl,D. see table 

Mf2Y - 

	

:rrn- 	 tis o 

x 	 0 	 X  
Driver 

BA 	+1 	 BA 
a 

3 	1 	 a I Follower 

A 	 A 	0 	Fixed 

	

- - 	 - 	 - 

 

jh 

B 	 .4 	 B —1441 Poower 
D 	 D 	a 

Fixed 

The speed rt10 for reverse gear is therefore 



Thera Pro m•ny prootoz7 m4kee of opie3rclin gear 
box in which the necessity for eeper-- to dutch is eli ► 
mina ted-0. since _3t' virtue of Choir design, it the ulti to 	- 
f xed member be m-do free and greduRf r speodeo up rnd the 
clutch action through .gh ich engine rind trinnemisston Is 
coupled is obtiined in the ep ciol1c gearing itself. 

, TI C DR 

The principle th-b force or -ct on -4nv ire z ction Pro 
e ru - l end opposite o pplied not . on .y to loads enE torees 
but to moments -,nth tor4 u.es« Therefore if the trnnamiesion- 
output shift develops =;- torrus in one direction, the power 
unit tends to rot' to In the opposite directions, except of 
cruse If the 'tr-nsmtssion Is in direct drive, P. s In tb t 
case both output torrues qre sim Lir in mignitude and diroc' 
Lion. The toroue Is then taken by the engine cased If tom► 
ottput is greeter thrnthnt at fnp$t due to Insertion of , 
gear box or dmi1r mochrnism n re ctIon member In the 
tr msmissien is eesenti 1. The gear..eet casing forms a vonw» 
ventent me ns of Pbsorbing this re-ction.. The conventions]. 
n~itornob1le trAnsmission usuelly comprises R number of goer 
tr^ins, each of which effect torr;F.e conversion In diffe nt 
r-tios. There ore, of course ! m£ny types of inecbnisms which 
Pre used to mike this onversion -nd in t irn, some of the more 
widely accepted will be r viewed. 

First,, the gettr type, of reduction,, both"cl sh" ,nd 



synchromesh, involute spar tooth or helical gears The main 

function function of the gobs is to trcnsmit motion 

from one spa-ft to P-nother l, with uniforarolocity, with the mi— 

nimum of noiso, Anthaith little shock loading %Y9 possible 

'he prrettee of synobronising the moving parts to be engaged 

cons idembly reli yes the last two points, whilst the use of 

constvnt«►mesh heltcsil gears eesists the first condition. With 

both the r ,csh ndconst'nt*mesh types, the methods of 

becrin .olocd comput- tions Sze som hnt simi].mr, but tyre 

re one or two conditions to ',e s r1 ti s f ied in the synchronistng 

tytr witch do not apply to the strpightfozi rd sliding gear. 

•Synchromesh designs may be cep =.rated. g rnerelly into two 

types%, (a) the inertiik lock -end (b) the constant 1i qd. Cone 

clutches Prethe maiiums through wth&h the synchronisingis 

c rued out in bothtypes nd the n- in difference is that it 

is not possible to •el^shl the gems by too mu.h pressure On 

the eoo:tm .. mechanism tith the inertia a•loc designs vherOc s 

thee is not so ith the l ztter type. Very brief explanations 

of the two systems will m1e this clear. 

`nertine-lock Synchromesbs Any endwise movement 

of the synchronising cone clutch brings Into open tion the 

inertia lock $ which prevents positive gear enC rigement until 

there is n-irelntive slip between the two canes.. When such e 

condition hAs been rearched the two gears will mesh* It will 

be P•- preci,ted thrit the time LMken to synehromise is inversely 

proportlonel to the loP4 applied., since the gre-,ter the 

`orce exerted on the hr.n4 lever the gre-ter the force between 



the two cones pd in aonseruence I  the greater the inert av 

lock lo' d. Do to the difference in speeds nt the moment 
-- ofofchrgebetweon the two cones, tit;,, t on the ge r B and the t 

on the drum A ,both cone Prod drum rotate slightly until 

the projections ` on t e. drum m- a contest with m inshaft 

spline sides, 

The engrging dog C is, however, exerting pressure  

on the drum through the medium of the cht-mtered edges 

rued it is impossible to move the en .ging4 dog further 

during the perid in which the torpue on the drum is greeter 

than t s t caused through the chcimte ed fnsea. This drum for s 

decrerses, howevwr $  ~.a the speeds t;ppronch synchronism wind,,. 

when It is 3ust less tb .n the for ue between the two 

ch'°mtered Eces the drum moves forw' rd ,nd permits the dog 

to follow through to engge ent. 

Constant .4or d Synchromesh (Pig  ) s In this type the gekr 

cafl still be reabad" or the ge•s s be made to mash betore  
synchron1stion in speed tkes plee by undue heavy to d 

Ppplied to the geereontrol level, if such a load overconas 

the pressure re.-u,tred to overcome the springs which, in turn 
control the bull lending,, whether the mpttng p .rts qre synch«. 

roniaed in sped or nOt, e c rence to the rotation in Fig 

will show 'th t presure from the rah nge.speed lever is pplied. 

to, the outer ring A. This Is transferred to inner m tuber C 

through the groove mnd the spring to^dad bell ,bring the cones 

in contpct The speeds .-ore thus synchronised between the sh ft 
Pad engaging dog. 
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ditiona]. pressure on the chsnge*spsed lever depresses. 
the ball springs, rilowang the outer member to slide and 

positively ong< ge the gear. The cone Angles are of consJdor.- 

blo import nee, -s upon the rngle depends the loads reo Trod 

for synchrentsing. The angles --re usu z .ly' shout 

--s this figure also permits sufficient longitu ineel movement 

to mr1ntin the cone frce clevnco which * proxim 4es 

0*006 in. 

It 1e essentiQl If go* d synehronisq fon Is to be 

mpint^njed thrt lubricRnt shculd be dispersed im iodla. 

tely the cone clutches engage: thus In eonsecuence, th desto 

gn of oily reruires tin retul eonstdor stion, The nctuel 
dieter nd ngle control the speed nth which s ehros. 

n1s tiont s place and the Clutch must perform the function 

of chpng ing the inert-4n of the moving parts from their 

.nning speeds to tht of the new gear velocity* 

The nd-nmentnl formulae re tzired in estim sting 

the tortue re ;fired for synchronism are of course tor db im mess X 

oeelerition 

or j 
g 

T'r'ue 	2  
K x i2icx  A 	where 1 	r dies of gyration 'fix) 

lgt i 
H Weight (b) 

g a gravit r - ecoInrrtion 
(22.2 ft/ee c/see) 

n c r/se e  

t time rken to s Lehr. onise 

in Sec. 



since moss z r 3dins of gyration - I 

-Tor(ue = - 	— 

Tho taRximwn 1o~ d ,: ppl ed to the tone uuh.en 	bnge of 
ger r from s iy to to third is made occurs when the third 
gear rood speed is such thpt the engine revs are mRx . 
for tht ge r . Assuring the rod speed to be cons t+ t $ the 
difference in speeds of the 'ftscted parts In the gear box 
should be tbu1ted in r/sec. If. this conditionis mint1ned 
the speed of the m nsb'ft, end other ports. s).tdsbly splined 
to It,, will rems .n cons.tgnt t bt the 1oysh-m,ft. end gears .n mesh 
with those on the amo inch= ft niust be speeded up together with 
the clutch, disc rind constint-mesh pinion. The 1yshcft rtnd 
goers, clutch disc nd eons taut-mesh pinion speeds ere, of 
course l mfainsbft speed •-nd third•»spe-ed r tto. 

The' roments of inertit for r 11 rot t n p r , shot:1d , 
be rscertpined 9nd. the for^uo rerui.red to synchronise the 
speeds will thus be 

F 

From this tor~+ue, which is pppl .e6 by the cone clutch, the 
norm l cone lord becomes c, = T 	Pad the xi lord, F - T. S,;, A 

)7U 

whilst the spring to }d FS : 4'4 where 

a 

N: number of ll1s. 
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AXIEC 

CASINGS 

The type of nxlo which incorporates the threo.piecQ 

fnbr1epted design, the t is the o at entre and tubular 

arms q  h25 m,4 ► merits :end if the design is carried through 

in accord rice with i-teet practice good results should. aecuc o. 

The loder method of pressing the tubular arms into position 

rec,uired extreme ccur^c r in order that nny ke4.w ys, etc. 
should be m' inta fined in line girth en ch other. Her 	r, 

the possibility of sl:e1n ess developing between Arms rind ogee 

could never be overlooked, once the bursting strees could 

never be correctly crlcu3.atod.  

The present method of 'freezing" the ttbe•s overcomes 

many of the. pr st 	tcm deficientes and affords means 

whereby correct hoop stresses may be found for different 

ranges of shrink ge fits. Briefly, the method adopted provides 

for the Immersion of thetuboond Into a llcuid oxygen berth 

at temperature of Rpproxiiptely 120 P belowzera which for 

stool gives p contrac ion of rough ► 0.0046 in g  whilst the 

casing in her tad to n temperature of 140 F 'forepproximstely 

0.0026 In expwnsion. 

When both tube and a-sing are mated the interforonee is 

approxim tely 0,003 to 0.0046 In ^nd the preloading Is in 

the order of 7 ton/in. The assembly is than securely dowellod 

as an additional precaustion 'gainst any movement*  Alter-
n-'tivo freezing agents my be used such as mpthylpted spirit 
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or tlfiCh101!athylifle IA conjunction with solid CO. 

It is interesting to €snaylyse the hoop stresses # which 

rqr be derived from Loses b:sac theory, which st tes thats . - 	-  

C,+  
r 

where p = Internal pressure 

r u .ntern l redius 

,& Crre constnta  

where P3 r initiri pressure due to shrinktAge at surface radius 

r3 by de rive tien (see Big ) 

C _ 

 
33Q 

nr 	C 	—. 	Y. . r 2 
_ 	 x^31 wiz 

sicco j- : 160 e!"u is 

by substitutions 	Y: 

1 compressive stress in the ring of axle tube 
Y-  

lra ~. ~•s1 	~f31 Y11, 	,Y •1 

and 	tensile stress in the axle e'sMg 

aY Y 	,r J 
The mnxinium stress in the tube occurs where Yr = Y; and again 

2 substit$ting we find ~. m xinum strew = ~~'" • Y3 

whilst mnximun stress in the c ising occurs t Y3 

Y 3 aximum stress= lea «M P3 ( L Z32 
~~ ~3 



.Between this range of faruiule the stress can be found 

rt ny point in the section of either the are or the casing. 

Pais, of course s dependent upon the amount of interforence 

betweon. the. two mri chined dimeters of the tube casing,, and the 

reiption '+any be exprezzed •  prat 

IId3. 

	

	 2 2 in e fete co  
(r11 Y3 1 /-~ c2) 

E representingg olpsti£ ity 8O,00O,i 000 

Pressure P and stress Fern thereforebe enlcui ted for 

nny desired izmount of interference. A typical di :gr n is 

plotted which shows the stresses in the casing and tuba for 

varying interferences. From these eurves it will be aeon that 

the m-zimurn stresses occur in the tuba or ra m at its inner 

diameter nd th. t these stresses are compressive, whilst those 

for the casing re tensile and are rnlso maxim at the bore. 

The curves are based on a easing bore of approximately 44 in 

diameter m terial, I in thick tube, interne,1 bre 3 in dlamer 

Such a design Pisa possesses a,e advantage thrt the trpck wiy be 

modified without the necessity for new parts. Tt is probably 

little heavier tai the one piece easing. 

The three-►piece Axle c sing 3.s not ilwaya r-nufrictured in 

the same mr-nner; the tubular arms my be pressed and dowelled 

Into the rest centre* Pressing into position nearly Uut always 

produces some degree of deform- tion in both insido nd outsido 

diameters In both p^rts. The extent of this condition can be 

ealcul ted with aceurvey providing the materials Pre not 



stressed beyond their proportLon , lints, whilst the -s urn 

ption is mode toot the components are :acted upon by uniformly 

distributed pressure acting rndiclly both intern1. nnd, exte nl. 

Where- a _ .nner rcdius 	-- 

b e outer r%d. us 

p a der pressure 

p = outer pressure 

R rr d.jus 

E = modulus of el-stie ty 

= P**iSson,0 S ratio 

D ft deform ti l Pt R 

the expression which holds goad for bushes, or bepring is(from 

fig 

b2 	) C 	6 	b? b-az ~ a ~ 

Now rssume two cylinders $ the outer di meter of the inner 
cylinder exceeding the inner di' meter of the outer cylinder 
by some tolerance then with further notation$ 

E = du .us of e1- sticity,  $ inner cylinder 
r- modulus of e'ii~s deity s otter cylinder 
a po sson!s rttIc o inner cylinder 

,. = Polss8n'e r tio, outer cylin4er 
S = 

 
fit between Inner and outer cylinder 

P = Pressure between cylinders 
31 = more se in inner rodius of outer cylinder 
~L = decrease of outer rpdius of inner cylinder 
D3 decre se of inner radius of Inner linder 
~~ ft .cre se of outer radius of outer Cylinder 
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Obviously the sum of the amounts of deformation of 

both cylinders must be er al to 

Therefore D, - Dz a S 

and for the first expression for D D and fl are_ obtind. 
b p / ?+c~ + ~~ 1 
F1 ` C _ aIX  

i .̀ b_ a2 	) 

substitution in expression for 
b P 	b+ t 2 ~~ .}. b Q f 2+ b - J z 	c? b% 	R f 	b'= a ~ 

from which..? will er el 

E C 	b~1cZ t '" 	'fb 2 g_ 	 1- a - , J 
If this vr'lue of P be used # then from expression D D 

end 0 ••: re found to bes_ z Q 	
P 

3 	C t (I - a'ijz) 

E2(l- 1 '1c2- 
Should the bier end outer cylinders be of the s 

mmteripl, the expression for P D .,nd 0 enn be simplified 

end since they would be Independent of elastic constants t 

could be combined. Therefore, combining P ind 0 .and noting 

tort both moduli or el stieity vrld 9a both poisson1e 

r,, ' .08 orR! trUAS  
_ 	- lalb)( ~

- b ~~ cS 3 -
23- 

Uic)( I - bz = 	

_[ t—. 	) 
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Thoro are throe gonorAlly n4opted hub••boering end 
' xle.shnft Prr ngemonts,, (q) fully tlo* ting -D (b) somiafloeting 
type s the nxio s to ft tr, nsmita driving torr,uo only td It Is 
not subjertotd to thrust lords om,*nsting from vohiele w ght, 
since the weight is supported by the wzle cnsingo$ueh Sn 
czrangement Is sbo'rn in Pig whteh is -j type fevoured th t 

of tho other srrrngs~a :nts. 

Should on exlo-heft brook, iE may be vithcrzwn without 
t .sm^nting the wheel or of j- eking up the vohiole; moreover 
there is no dpnger of wheel com&ng :drift. The two bearing 
employed for hub mounting share the load from oneh wheel tho 
load 1 nousueiiy being slightly nesr&r to the inner be rin . 
The mxiuium strew in the epsing uswfly occurs nt the chnngo 
of sect ,on "djoining the inner besringt Its magnitude being 
ex ossed 0cc 

whore B. a w-ximum bending mo1n t (in/lb) 
D a outside di^star of tube (in) 
d z inside 8imster of tube (in) 

The bore of the bearing should therefore be such t t 
the c using c truss should not exceed this figure, which is 
usually , rrnnged t spproxim-toly ''0 tons/in . Axle-~bo ring 
to-ds emrnite from two sources,, (n) vohi^lo weight .end (h) 
said ronctirn0 The m aimum ground ro±ction is obtained 
when to vehicle is trnvorcing bond s when centrifugal 'forco 
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comes Into effect end reduces the load on the inner wheel 

mere eaing th-t on the outer wheel by •a similrr amount. 

It w . + load on rear axle 

9 = track of the sheels 

'Ghee the re, ctton on the outer wheel is it 	°S/ . (c.'a_____. 
F- 

where g = neeeierstion due to gravity 

r radius of bend (ft) 

h = beirht +f eentre of gr vity of vehicle 

v = veloci.ty of the vehicle (ft/see) 

This l.o d is divided, between the two wheel be rings in 
the following proportions: 

Inner bp-,ring R  

Outer be•ring R.  
G 

A further lad due to trect ve effort at the rod T is d stri 

bated s 

Inner bearing 	"!' Q = T,. 

Outer bearing -1- .  b = TTo 
C- 

The tot'l rhdic3l bo d their fore an erch be ring emanating 

from ground re 'etivn is * 

Inner be r g /R  a`2 (T.Q)z 

Outer boring 	, R c3 	1. ? c J 2. 
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The skid reaction S is the 

s:=mo for each bearing s  bob the direction Is changed end the 
lord due to S 	S : 1s in a .donwnrd direction on the 
outer beering And a yrd nt the inner bep :ng (r c running 
radius of the typo) 

2 
The m^gnitude is 	Ro • Vv 

A check upon bepring spreing should be mrido with 

lon'ds due to S Pad rd3ustment cede to the centres If the 
brp : ing Is overloaded The -xle . shrf t chi-,metor being subject 

to torsion to-d only m y ho -'ssesp-d from the expression. 
T/Z9 • d 
where T a lowrgenr torwue (th^ t Is 

elteh slip torrue x 

lowest gepr rrtio) 

As a generi:l rule, the three.-curter floating axle 

possesses one 'outer vhool be-Aring rind the to-d line Is 
ooinciedent with the centre line of this bet-ring. In eons©cuonco 

the pxlo shpft trnnsmi is torn ,o only when the vehicle is 

running in a straight line. When however,the c r Is rounding 
r bend s  a bending momont i.r itnpeogd on tb shaft' through the 
skid reAction, 

This moment may be expressed -s BeM. = o.6klr end the 

stress therefore my be found from the usup3. B.M a LZ(Z in 
sho r) (soo Fig ), 



The x10 arm or tube Is most highly s tree sed at the 
point A from the ; centre line of be-~*ing whore B.M. 
Is WA (1n/Th) 

and f =  
3i ~D3d~~ 

The ezle•.sh f t stress nt the driving end s thpttc the t 
is the difforentif1 end, r y be o 3 u ,~ted from toriao  

consider tions only and the expression Is similar to th,4t 
for the fully tic- tins 

,end where the practice of tiaperin' the shaft tow ,rds ±In 
its inner end is eprr ied out, for reasons of permitting 

ce: tr in. mount of torsions'i resilience which is necessary 
to prevent frrcture when sadden torque loads ere applied 
the length of the reduced dInmoter should apt 'ienst eciva . 
four dipmaters» In prectieo the permissible torsional 
deflection is In the order of i 10 1 .nd i#* engie of 
deflection 

S,3 -1 ,/ /3 
E =-4 z .~ 1 o 6 p •S 

An7 deflection of the shift must be kept within the 
safe limits for the outer bearing for the wheel. The grapbi» 
cp1 solution is the most s proctic-il °-nd should be used 
in order to obtrin deflections it any point plong the length 
of the sh-Ft. The stoma dofle^tiond dingr-m construction mom' 
be rppl ed to similsr sh ft of the semi-fiorting tipo„ 



An axle of the semt-flo ting type is generally usod 
on light vehicles. The exie shafts must wihst'nd bending In 
xt± addition to torsion$ whilst, due to the ovorhnng of the 
wheel be-ring centre line, the inner beprings or differential.. 
crsing berrinrs Pre sub, ected to 1or~aing empaa ting .t the 
wheelslf the wheel .ber.rings nre chosen to withstand straight 
hi b spoedrunning the' will h-vo sufficient enprcity to with- 
st'nd lo'ding from cornering -t lower speeds (see fig 

If w = re' r- xi a la d 

B ground re- ction 
then 	R nd the loads on the bar=ring de to 9 

will be wheel boring .R C  

nd those 4u to T 	T l 

The total wheel-bonring la % ding ocn be expressed s 

J •R C 	) 	-h  

The lards on the differonti l begring due to R will be$ 

IR 

and those omfin-tang from T = T ~ 
b 

To those to ds, however, those from the pini-.n, -nd ring 
ge=ar must be -dded nd of course the magnitude of "lo • d v!~-ries 

oeording to the typo of drive, olther spiral•-hove. stre.3ght 
bevel, hy'poid gewr of worm ,fie -r. 

The wheel herrings should be soloetod for size -fter 
the -zle sh-'ft has been stressed and suit~+ble dimettr Pgroed„ 



Tho procdduro, in setting out the grpphicel solution of 
rxle•.s'h- ft stronght and deflection # eccurrto nd the stages ` 
.4ro strrightforord. An ey'ct undor t ndin.. is nocosser y 
of reouired conditions of the ebft to be stressed since 
the mrximum bonding moment (which is 2t the centre Line 
of wheel berring) occurs then the vohi le is rounding bend 
zt tVP 	.. t . tipping speed, although to B.Z4 Akich occurs when 
turning p bond of seer 120 ft. redius at :20 	is more valuable 
where sh'ft deflection is concerned$ issupplying d~►tp for 
normp-1 bring perfbrmnce, snd since the skid repction moment 
is rddition-1 to ground reretion moment on :the sxle shaft 

!-t the Inside of the purvey the conditions are more severe '  

for :giver. ge driving. 

It is therefore advised to stress for the l.at-ter 
condition in which eRso, If 

' * ro^ oxie weight 
h 0 height of centre of gravity 
I' running redius of tyro 

E 	esr wheel track 
4 ist hnce of wheel to berring 

r u r?dins of bend of road a 120 ft 

thericentrifug l ford 	w V  end if V =20 m/b 
(that is 9 	3 ft/so) 

43 

and It = (geound ro n etion) ., w ,4 
2 	E 

S a (skid aranctic+a) 	6 •11 W 



(1) Bending moment therefore, which Is the first value 
to cnlcn .p to , is B. 'e 	Rr + 	.  

a 
Plot the B.14. dipgram9  s nd. divide it into a series of 

P figures shown shpdedplot In Pig, . T-ke note that these 

divisions include qny ch nge of section in the sh;rft. 

(2) Prom the point of eentro of grrvity of och division 
drnv vertical lines and letter encb one A,B, C $ etc, 

(4) Next l: y out the polygon of iorcos. In a vertical 

do rnwprd divsotion from 0, m=rk off segment A to scale equal 
tothe prep of division A in the bending«moment d.igr mo 

Pro cabd s ,l;r.•►r'iy .with other divisions of the B44. diagram. 

() Prom the verficzl scale line l y off th pole distsnco 
whore E = 30,000 p000 lb for stem, 

Pnd I 	d4  where d = shsft dinmotor (in) 
64 

El = floxurpl rigidity of division A of : xio shn.ft. 

(6) Draw 4A to Pny convenient point At  At pole .dio nco, 

Drf,w from the next point down the vnrtic l scale representing 
the next division B line extend ng until it Intersects pole 
diotoneo of division B, and so on until nil the divisions have 
been trre tod 2nd the polygon of forcos is completed 

(7) Now conotruct the funicui.Ar polygon from tlr diagram 

of forces, commencing with - line parallel to QA produced 	. 
until it intersects vertical line A*  Follow this procedure 

for e n ch polygon of forced line in a ch a n so commending at 
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the previous Intersection point Pnd parallel to its correspondd 

ing division on the vortic l force line. At the point of 

itsrsection of the last line through the differential support 

bearing, drop ti' . closing line of the polygon to intersect the 

centre line of the wheel be'ring. 

(8) The deflection curve may now be drown as th3 -vertical 

distpn+ of *ny point on the funicular polygon base line and 

the curve is proportioncl. to the Px o deflection, In order to 

obtain the angle of deflection at the berwring centre line s  drew 

tangent to the deflection curve %n it passes through this poei- 

tion : nd divide It , by the ration of the to o scales p thnt is, tbg 

vortieril stole on the polygon of forces gar,; B.N. scslo, Pnd the. 

El scAlo, or horizontal distance, 

If d dingram angle of deflection to scale 

d_ 
BM 	the true '?ogle of deflection, 

As provIot,sly remarked,)  the loads from tI finri drivo 

gear must be added to the bearing loads Pnd for different types 

of drive the following calculations are utilised. 

Bey'bring lo-,ds with spiral-bevol gears t Re%r=axle pin .ions 

gonornUy rotate clock rise for forward vehicle motion q  . ,^nd. they 

possess n loft hAnd spirpl that is,, when viected from the power 

input end. Such sn err ngemsnt is very desirable on - eeount of 

the tondoncy in condition C) end (4) to force the pinion out 

of mash ( fenturo which can be overcoma by the proviozofl of 

en ado unto thrust bearing) q  but in the ecso of conditions 

(2) and (3) , the pinion is thrst further into mash with the 



possibility of tooth wedging. As the goer tooth con be out 
with oithor loft or right-hr'nd spiral thorn Pro four combinations 
possible; the first one is the generally chosed arrringo ant 
(see Fig. 	): 

(1) Leftuhnrid spin'1 pinion = clockwise rotation, 
(2) Eight.hnnd- spiral pinions clockwise rotstion 
(3) Lottoh nd spiral pinion a anti-clockw ,ss rotation. 
(4) Rig t'hrynd spiril pinions snti*.clockwiso rototion. 

Bopring lo-ds will be computed for condition (1) 
whore TP pinion thrust 

'fig gsnr thrust 
P u t ugentiAl force 
of = tooth pressure angle 
p 	pitch cone njie ( niMMI 

2 
spiral Ingle,,. 

Tangonti-1 force z F I4enpitchadiu 	) r 

r9 ' rF( ) 	who ro N = number . o! teeth 
9 

tan (Np 
119 

Tho values of T are reversed In directions in condition (2) 
r,nd (4), whilst for the four combinations the values of Tg 
and T rro ns folloiss 

p 

(') Leftih-nd spirpl . clockwise rotation •and (2) right~h^ndl spir~ l 
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rnti.-clockwise rot tion 
T 	, f 	in4 	+ tarp a coo 

T 	F` 	.oet, .p.~ -tan.E costs) s 
(3) R.tght h nd sp1r- l clockwise rotation n4 (4) leftihtnd 

spirml - anti-clockulse rotation. 

p PC tAn S cos «. nn °k a in 
cost 

d 
T 	F t to x C cos + 	coo g 	) 

Berrtng lords with hypoid goar2ng : The loads on the hypoid- 

pinion be-rings *, re of r similar nature to those of the 

epirril-bevel pinions but those supporting the gear ring differ0 

There is 1 sm ll mount of endways slide combined with the 

rolling action of the tooth in the hypoid gear, due to to 
tooth profile s which has been mentionod previously. 

The following natrtion nd expressions supply sufficient 

dznte to engblo the be'ring loads to be c$lculatods 

Ip = pinion thrust 

Tg = gear thrust 

P 0 tangential force 
°" = tooth pressjro anglo (drive side) 

ad ( pion) 

rQ = effective gcnr r'dius 

ip = spiral rnglo (pinion) 

spiral anglo (gec,r) 

d - = pinion offset 



T~ngea~t3 1 force 	n~'i.. 	
~ ( pinion) Hein pitch rL ius 

r = men gear pitet rndii:s = .rp 	x cos 
cos 

T p 	F f to a z 	p tnn.'p cos f) 
coy P 

F 	 tnn gpoos G 
coa 

re  
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The -worm gear p soessel3 $egerqi advantages over the other l\ 
f0fts of drive. It 'h, s :. high over to 4 oapcity, vhilst the 
n to're of tooth -P ati.on Is »Suoh t. t the effect of wear 
. s less ei c teri us In comp rison with other tootid 
gering On the other b and % the het genera t d thr ugb the re. 

1?t veLy Mgh velocity between wow .:end uhool necessitates 
bghe r working temperGtures n.d consouent attention tO 

t ie uete lnietion, 

One of the r m sons for the g e-ter strength of the 

worm set s eomp?rid with the b vel gear is that the mean 
reltive ri-~ ius of cu ste of the eont.otiig surf-aces is 

much grater. This r l so is true fo the orb inr: any .spur ge r,, 

whom. the reciproenl of the rei:tive role- . 	 curve=ture r ius is 

pro portion-i. to the sum of the reciprocels of pitch redit 

of the two ,genes, the value depending more upon the die-  

meter f. the smt.i l wheel thin th :t of the linger gear. 

In bevel gape of high r do the pinion is smwll "nd 

whilst st the srrfrce stress is high.,. the torue o.pett of the 
wheel Is relwti.velyl.raw, 

With regird to eff1cien , however, the worm gear 
is b r#ly compor-i„le with the bevel or helicsl cesr, the order 

being pprii tely 94 ag i of 98 per cent respectivo .7* 

This loss of efficiency Is orrnstoned, it is believed p rtly 

'sec^use of the high rntio of nano veloei of eliding to 

the mesn d r umferenti L velocity of the wheel: wh1l:nt the power 



loss through tooth friction Is nnothor importcnt fr.  ctor., 
If tooth friction only Is tiken Into cons?eration, Pnd the 
worm regarded Ps -i cod wedge of effective angle e u l to 
the lend .rngle of the worm rt mid depth of threRd t then the 
effio;envy my be expressed by the forrnuln: 

E  t~ A 
 

with worm driving 

'nd r,  with wheel driving 

where A = lend g=ngle of the worm 
engle of friction between worm ncd wheel 

A load -ngle of about 45 gives the highest efficency* 
although considerations other then those of n theoretic a1 ,. 
n :ure my d .eets to an ptppreeiihiy smller tingle, whilst it \ 
should be cppreci ted that the greter the lend vngle 
the sm-llor must be the d,i^rneter of the worm. Tk~ ..s= -ot nsidtr~+'tion 
is impor. t of 9 n+ turlly rith the doere to in worm d i to '  
the bending stresses inoro-se s does Plsn the 4 eflection 
of the worm oh-%ft under the Influence of tooth lod.. ThO  

high tocl stress thus prodhc'd leed to - higher 

coefficient - of friction s so -that noturily ^ sm'i1or lead eng o 
thr't 'tom -'2 my possibly give better results * in prPet..ico, 
The deflection when trnnsr itting rnximum tornuo is = of 

course, gre-tor th".n when operpting in top gesr,# rn. It is 

possible to ss oort-' i.n the runt -Ilowing for this in tae 

initi'l setting.  



ffowever c refully the worm -assembly is designed a certain 
^mOUnt of flexi'ility in the axle c-se, worm housing $ -4nd in 
the b - rings in inevi.t-Ible y and :^o,iditions of contact hett:oon 
worm and wheel. -re therefore disturbed. 

To counternct this effect the -xiel position of the warm 
wheel my be i d 3usted so thn t contract in the unlondod 
condition is tow- rds the leaving side of the wheel tooth. 
The amount of tnitsi 1 offset is #of course, found by trio . 
rind mrking. Slight xi^l movement of the worm wheel in one 
direction a useC movembent of the coat-ct bring in the 
opposite direction. In this rospeet a worm having a Jorge' 
lend -angle is more sensitive tn the sr ^ 11or nng1e ► 

Since it is nrt possible to check the f-ce bering when 
the set Is under lo: d it is gener2lly sotisf,ctory if, or 

light lo-, cony ct be r .ng is concatr ted towids 
the leyving side -nd covering ebont 76 per , ent of the veth blo 
prep of tooth flank. Rigidity cf mounting is therefor e of 
prim- ry import^nce ^end it is 1esir^ble to moint-in the xi 1. 
position of the wormwheel rim to within 0 0,0016, q figure  
which In prretico .his been foundseti.sf ctor r. 

To necomplish this the 3ournal be'wring must flow 
only r little rndirl ply rn-' t'-e thrust br, ring must be 
- c cures to , for It will be -ppr n sin tod that non-u xi l end 
thrust tends to muse the wheel to tilt in the plrne containing 
its own cxis sn:1 ho common perpendicular to the axes g in 
which ese 1'tem l movement of the rim reIntive to the worm. 
axis wifl occur. It is far thin 	+~._4 4-U-  



ratio to 'worm- wheel. di' meter must be a sm li :As possible I  - . 
trhilst in crdor to minimise the effect of any reldtive dlsp . cew 
ment between worm -nd warm' wheel.whichh vin y occur in a direction 
pnr^llel to the wormwheel axis a, the b nrings must be given 
rdecu-tV support in the form of rigid caps ent.well..dosigned 
bolts. Thew worm--gear.' cr i ier should slso Acxirtxnx derive some 
support ;gig Inst distortion, b.. memns of .steady spigot 
m.' ^hired in the banjo or mn in-axle casing. 

Finsily the nuenticon of lubr c-ition must be considered 
It woul ` be prefey bie to use o c s for base oil $ If ep1ement 
rt short regu; =r intervals could be mnintnined, An oil V i th 
Ouch :, b se h-s q low coefficient of .friction,, but It lso 

tendency 'how2rds r^pid deterlorr-Lion. A minerp-1 oil is there., 
fore usu fly recram^ended which c-n ret-In its lubricating 
properties Pt wor'-ia g temper-turesof 200 P,, 	figure vhI. b 
is often found in heavy duty drives. 

4etumte sump capacity is vital and the casing dimensiofla 
should permit dipping of one or other of the geers under eli 
circumst noes. If lubrication is unsntisfctory, which gay 

boproduced by reason of oil•film failure of faulty goar 
alignment znd conseruent imperfect both contact wear rnd 
nbr-live =pct .gin product.ng bronze dust will no notice'-ble. The 
oil film my fail due to n ny c ;uses, -1tbough t}' most comon 

ro •son is from ingde u to entry gp, which Is usuelly accom. 
pnnIed by high tempernturos. The remedy is to form a clearance 
by careful filling, between the entering edge of the teeth 
'nd by resetting the worm wheel. The entry of lubricnnt bet eon 



the thread and tooth will thereby be f` eil .t;ted. 

Whould the tooth stresses be ©f high o ."pitting 0 of 
of the worm-mvinea1 teeth i.s likely to occur. Such n phenomenon. 
is not unduly Al rm3ng, ns f iiur s 're rte. Pitting occurs 
surly in the &err life r,nd * 'ter the initi-4 development It 
would ppe., r t r, t the r to i t which the pitting ex teni1 s is 
f~onsider=:hly reduced. For the purpose of he ring lead a .l 
aul'tions * the noritnl tooth force Is ssumed to comprise (n) 
n tpngenti l for ce at the pitch rpdi.ts of worm .F, 'b) 
:> force tending to sep^ r: to the worm .from the ge or 8, rind (e) 
e thrust T produced by the ler;d angle o1 the worm (see fig; ) 

T'orrue Input 

Tho tngenticJ force 
where mow- pitch rndfus of corm (Sri) 

;end T''- pitch rr dl-us of worm gear (in) 
Y 	f N /~ 	if N 	tmber of teeth in ge r 

and2 exiel Worm p' tch 

The sep!)r-ting force S = F ^°1 	d = tooth pressure nng 

M lead eng3.e of wort 

The worm thrust T = 	F 	_ 4ce ! L 9 ct 
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Due to the offset position of the h rpotd pinion, the 

profiles of the opposite sidhs of the teeth -ere n-t syinrnetrioel 

the concave side being fitter trn the convex side, It is 

the efore nececs rr, In order to obtn pproxim-tely the sane 

conditions of tooth contct on both sidoe, to mr'ke the pressure 

P,n les uneruw1. these angles hove been found to be most eatisfAetory 

A t 17* on the driving side tz nd 26 on the coasting side 

ncidentnlly, for a uil conditions of tooth contr ct on both  

sides# the following conditions Mast be e'tisfieds 

( ) Fatal ^r'es of nctic'1 

(b) F,ru,-A dur Lion of coat of 

(c) Similrr rel-.five rrdii of eurvt%tams of profile 
(4) Srunl freedom from undercutt g. 

n 1ncrer se In the spiri.1 Pngle tncre-ses the pin& n 
dinmeter 9 thus Improving the number of teeth in contact 9 and 
in tuxnthi incre ses the rxi l thrust in the norms tooth 
'load. However $ it is generilly understoo~J th-t the io d.cerrying 
cepecity increases mote rpid1y t' ,;n the -xiel thrust -Ind the 

best compromise ppenrs to be efficted with a pinionuspiral 

angle of 50 pnd P gear..spir"l Pngle of 26. Due to the unsyiets. 

rjc,'l r+2l tionshjp between peter find pinicn9 these figures men 

nn -pproxim-,te offset of 1" 1.n. C p're this with a normal act 

of spirml bevels. 



or a ;up-i smoothness, a spiry l angle oi' at least 45 
would be ne essrz7 nd sey a 16 pressure angle for both 
whilst the tooth load for the hypo id is 36 per cent higher 
tprro sim--telyf then the tangential load, the s.pi•sl bevel norrn 

ml tooth .ond _being; 26 per cent greter then its tangential 

to-ds. The m-xI. um tooth lords recommended for autoobiie 

reir- %xle sets, -re 11600 lb/in of gennr face wiftb direct 

Ive , nd 4 2OO lb/in of r - ce width t in low gear. 

it will be seen from the foregoing, th t t for the iner*ased 

d r meterof r hypoi p .non, ^ s compred with Vn pls in-spa r 
PInIOn #  n cs,P t1er hie increse In thetoo' b strength is 

obtained. It is reco nende th"t the offset for hy`peid should 

ix x not exce d one-eIghtl ref the gear di meter. 



'tea ditterontiai is. Interposed barmen. the two drive sb t 
of the rear rxle In order thrr the torrue or effort applied 
to e'eh my be ar i although the speeds of revolution ma r 
4i fer0 This is neee sA_ry alien the vehicle is turning in. 5 elide 
when the outer wheels -, re reuire to rot-to : t greater speed 
than the Inner wheels due to the greeter distpnce they have 
to trrvei. but when the vehicle i tr velling In a str€ ght 
line there is- no rel Live motion b ctweon - gay of the ciif emtie.l 
gears. 

in rinrip a the two bevel gesrs C pad D #re fixed to tho 
two «axle chats,; whilst the bevel pinions A and B t ro 
In constAnt rash with both gors ; n, . tr ttathed to the 
diffezentirl cpge 9 through .9. pin or two pins in the apse Of 
four-pinion sot, This ergo. is bolted to the finv3«dFiVe gearo 
If thecpge 9 is held fixed It will be eleer that if the 
gec r C be rot ted in n for card dirotion gear 1) will be rotated 
bl kv rds t the some speed (see Fig 	) 

If, on the other hPnd,.- tho cage be rotgtcd inFA forword 
direction qnd the wheel C is still routing. forwrirds In raltion 

• s 	 « r • 	b 	f►3 	s1t` :'. 1 fi'xa~l: d~:Ye 4isr 	] .xin 	:K~~f 	ska ~i.w:aN`*. s ~r~ t;re 
tr 

Assumo the spc-d oA the epge to se 260 r/min forward end t * 
ge'r c turning forty^rds tt s.iy 5 .r/um, then go r D still turns 
h"ckesrds rt aiutl speed of 5 r/m1f. $o the tetunl speed of 
C is 255 rXmin since it,sforw rd motion is 'ddod to test 
of the cage I whilst the speed of ,gang D will be 246 ribin es its  
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backw rd motion reintive to the eago is subtracted from 

the s d of ti e ge. The toruec trnsrnittod to cAch of the 
two axle shifts are o i, and of Is o ual to bolt the 

tor'uo ^ ppliod to the cage throgh the finni driver go..c . 

The total tor'i. a is the to d on the 4Xfferenti it 

Pinion pin# whist b4t the torrte is the loud applied 
t the pinion tooth, from which d t nsIonc of the phi and 

ge r 
 

teeth . nii+ be eteds 

The bevel.. rind spur goer types of dif arentI l Sara 

very efficient pits of the trnIssonp due ten the twin.  

to the s n:ll tegroo of friction developed ftnd it ia because 
of this s eff cien 	-s oeopnsrting device `ant sQDvi under** 

i b•lo to turos occur which after both porforinnce end whool 
action at to ground, Should one wheel taornntRriry slip0  j ;;\  
or le n ve the ground for Any re - son when the vehicle; i riding. 
o VO i an uneven urfco, th t wheel rpidly incretses 

good of revolution owing to the zx slight • tri 	al a 4 lot 

tanco offered by the differential gonr,►The foUo'Ing rotrition  
of the who ';speed,as It strikes the ground upon return,,a 

1t  

importe by way of the differential in Impulsive or Jeri 	1 °. 

eccole-rtion to the other tTheel0involvtng P. d fe nce In vo*W' 
ivcity bo twoon he tyre revolving whoolo. This is one of  

the CaS1iC o w v'1°ihiclRi skid when there.eppoeIFo to 	no 

eppsrent ro-son0 



Moreover $ should the vehicle be station. rh itb one 
(wheel resting upon slippery or soft ground, t h,t wheal will 

/ spi.nupon the Npp3 ication of tcreue :qs the differential 
' f fords no mpteriol resistance.In conseruence, instead of 
propelling the vehicle it merely sinks lower into the ground 

The bevel. goor tooth prof ,les Puo p. rtly responsible for 
the ecuA division of )torriue between the driving wheels, ^e 
it will be understood th t with involute form of tooth the 

normal lie th^t is a line norm-1 to the tooth 'curvature nt 
the -point of eontp t q will p , ss through thepoint of contact 
c ' the pitch circles rind therefore the r~ do of tooth leverage 
between the two szle. shaft gears will be constant with 
a v -lue of un ,ty0 

The tooth design Is such that e. consIdereble variation 
of lever ge is allowed between the dodendum -gad addendum portion 
of. the teeth, and it is pparent that the lever i is very in 
each position* This being the case, the ratio of axle Shaft 

gene, v*ries uniformly to that of kern 'xtarxrx when pinion 
rot-tes about its axis, thus 1 0 is 1 t I + 	6x 
Further rotation of pinion ch ngos the r-itio ggin uniformly 
fr©m Is ;+ i+i 1. 

This cycle of toreuo r tie distribution may of course 
occur Ps many times during therev6lution of one driving wheel 

8 
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(nseuning th-ttho opposite whool is proventod from rotation) 
as thorn Are teeth in the a lc-shaft gear. It is , cleimad that 
titb this periodic trPnsfor one thoo1 e t of spin ithough t 

for conditions of eruft$ tr, ctlon ^ f the driving i hoel nfd 
straight bend driving i the prinion -"nd genre essur tho 
position when torr'.ue distribution Is o~rua1Ised« 

It is therefore desirtibio, in ►: gear h+ving plain 
involute tooth s to provide some degree of friction in the 
eompens *ting goor t rend numborous devices hive been designed 
to this end. Attempts hrVonl$O boon Ddo to lock the li.fforeentia1 
as conditions render .such otion necessnr r. 

One of the friction devices which found gret t^your on 
on the Continent is the ZP elt-locking ditforonti*l, id Its 
basis is that of rvey low tr-nsiission -e ficien , or in 
or¢ In other oria, it possesses considerRblo friction. This 
friction is in turn ocrcionod by rolitively hgh pressure 
bo twoen the c Trio r dogs +end the curve, p; thc. 2 tYbon 
the vehicle is ctsrting, having renistoneo -t one re-r 	 f 

trbool only thy, firetion is incrorsed by the back pressure 	i 
set up by r ccolerp tion of the slipping thool. This high 
intern9l fri tion virtually trrnstormo the differential. into 
p colt - rethrding transmission goer tihich dot not po it 



whoel-speed difference. It does not,. how ver, dispense with 

its compen t-t1ng d .piities. 

When driving aeon] t bend the differential is controlled 

by the wheels. the p-rts transmitting the torruo , sch vs the 

axle sh*ft, being subjected to nn enguler chs)ngo in their 

respective position, whilst the driving phr s are relatively 

sttlon.=ry, The construction of the differential is simplo 

constitut .ng - cam drive in which one of the axle shAft is 

connected to the Inner 'nd the oth(ir shaft to the outer cam 

body the 'bevel or worm final drive being effe ^ted by the 

sltgind shoes guided in the centrAl age. 

Another form of di.f 'erenti l gear employs spur 

gears insteAd of bevel gears, It performs similcr duties 

Pnd is wisely pcpulr r oversees. Wheels ire fixed by keys or 

splines to the two axle she fts. A long spur pinion meshes 

with wheel the teeth of pinion not : uite repching thoso 

of wheel. Another spur pinion meshing with niso meshes 

with wh¢el • The pinions Pre carried on pins supported by the 

differontip1 caso , the cse in turn forming the mounting for 

the specific type of final drive bevel worms  or spur. gear. 

Tor us is conveyed to geAr through pinion and the tooth 

pressures toad to mike pinion revolve upon its pin. This. 

pressure is opposcd by pressure between the teeth of the 

two pinions 't the centre which in torn m^kes pinic n . revolve 

obviously in view of this n similpr condition irises betwoen 



pin ion and whool should pion.  not be rotating on its 
pin, then t two pressures - frog upon it st.be ec-.-.l.. 
..nd therefore oul1ty exists between thepressüxos on the teeth 
of gei~rs raid pinion. rorues there core, a?O niSO eauel. 

Sover l sots of spr pinions pyre ust Uy employed, each 
p it being owl spiced roUnd the periphery of gears* If 
the differexttpi cnve is held to prevent rot Lion nd one v 
eel is rotted in aitIsleckw i e, ire eticn 1 then pinion 
rjii rot-te in clockwise f rectio , rnd pinion in 	end 7 
other pblon in ntI. cloc ise rottion other wheel will, 
obviously rot to r 1oek tse. If,$ thor tore, oncof the dtfforn.  
ti l vhee ,s rotoes fester then the ci se_,, tho othor 
wheel rotates e dive the come mcu t slur than the 
c se; this Is s . rz ctLon to th't which occurs 1 tab 
beveltypa ditferontil. 	 ,x. 

The uestieu of friction his been dicttssod rnd some off' 
the resons for its deairble p e et e nd in thisc 	ion, 
in order to prevent or to control the degree of wheal slip$ 
resort is so -time m'do to ditferentie.l lock. such 
ecb ntaaa provide for the locking of one or both difforonttd 

wheels to theft eousing or by the prevention of r t tion of 
tho Pinions on their pine or 'suns", in which c aeo tho / 
i. `ter nti i ceases to fiction And the vhMMo of the torrtuo 

Is then Ppplied to the rovn wheel and transmitted to 
whichever rood wheel etzis its dhesion 4th the rod/ 
surf- cze. The Import nee of such 	chrnisin is more 	pl.r+ nfi 
In the cares country vehicle or the trctov than in k liçht  



thick or pasengor c tr when the grid SurticO lnnl  

v ry betwoen wheeL nd wheel. Tho absence off' such q iódc 

n y under .such circumstance render the vobiclo. totally  

no per tive I since per' A plie& tcrue to slipping. wheel aero" 

. ly t ggrvtes tht4 condition. 

spiines for the driving of the dittoz'enttd + , 

ñoels will be 	ume1 to be of the Involute typ the b ale 

formulre for tooth proportions boirg well known r  t ll+ r s 

Cir ul r pitch . fli ma ri,Rit h  

Addendum md dedendum w Tj tr 11 
Ctrculrr tooth thlccnoS 	uetz'eI, jeh; U 

Pitch&tieter  

4or ' in 	, 

.Major ietor 	at wL  

wbll t they apply eruv4liV to in orn l Pro extoz,l sh ft 

It he previously been seen the vetmess ot , 

spline Ith Its undercut t the &pUno b se, butwith the 1 ; 

Volute 'y %e torsLonl tests h^vo shown tht the 6trer, ' ., I\ r 

oruiv lent to!; shift lrger thou the minor rimeter, hieh 

,ndIc tas th,t with the f )ot the sp1 a teeth stun .. ~ `, 
Pdd etrength undor t4tigue to d ,g 



Moreover the involute provides greater* be ring surfpce 

#rid tooth contact and this, permits closer fits with-  decre sed 

ntise hnd gra 'ter possibilities of 1nterchngebility. From 

these : spet 	oue it It, highly prob-ble th t the straight 

sided spline will everxtul1y be superseded in 'hvour, of the 

involute type's 

a 
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