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In an antonobile the poner is produced at the engine and
" is then transmitted to the vheels to obtain traction. The
rechenical system vhich oonnsots the engine to the driving
vheels is called the TRANSMISSION LINE. It includes all
devices vhich aid or regulate ths flov of pover. Some of
the funotions of tho transmission line are listed bslou.

One should bs able to run the engine on no loed. That is,
one should b2 able $o detach the driving vheels. This makes
the starting of the ongine easier. The CLUTCH and the GEAR BOX
gerve this function. |

SECOND :- - | - <

Aftor the engine has boen storited one should be able to
connood £t to tho driving vheole gradvally and nithout chook.
This funetion is fulfilled by the CLUTCH.

. THIRD :- . .

To raintein o constent spoed ths tractive effort ot ths
cheels should equal the rosistance to motion. Since the resis-
tance varies, say, while going along a plain road and up a
gradient, one nust have sone moap to chenge the tractive effort
too. For a givan horsopovor the torque and hence the tractive
effort uill vary vith spced. Hencs ve should be able to change
tho opsed. It is also known that for maximun economy or povor
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In an automobile the pouer is produced at ths engine and
" i then transmitted to the vheels to obtain traction. The
mechanical aéstem vhich connsots the engine to the driving
vheels is called the TRANSMISSION LINE. It includes all
devices which aid or regulate ths flov of pover. Some of
the funotions of tho transmission line are listed bslom.

One should be able to run the engine on no load. That is,
one should bz abls to detach the driving vheela, This mekes
the stai'ting of the engine easier. The OLUTCEH and the CEAR BOX
gerve this funotion. | |

bftor the engine has beoep sturted one should be able to
conneot ft to tho driving vhecls gradually and vithout shock.
This funetion {0 fulfillod by the CLUTCH.

THIRD :~ .

To eaintein o oonstant spoed ths tractive effort at tha
vheels should equal the rosistence to notion. Sinee the resis-
tance varies, say, vhile going along @ plain road and up e
gradiont, one nust have some mean to change the tractive effort
too. For a givon horsepoucr the torque and henee the tractive
effort uill vary vith spoced. Henes ve should be able to change
the opsed. It is also knoun that for maximum economy or povor



theo ongine has a specific speed. Hence a device is needsd vhich
vill enable us to change the uheel speed at will, keeping the
engine spaed constent. This is dope uwith a GEAR BOX.

JUURLE &=

In general the engine position is such that the axis
of rotation of the vheels ars perpendicular to the axis of
rotation of crank-shaft. Henece to turn the drive through 80°
a level DIFFERENTIAL GRAR is used.

EIFTH :- | |

When negotiating a curve the outer vhesl vill travel a
greator Aistance in the sams time than the inner wheel. The
diemeter of the two vheels being sams they vill move at differ-
ent speeds ( r.p.m ) This is taken care of by the DIFFERENTIAL
GEAR. '

SIXIH :- .

The uheels are connccted to the ohassis through springs
80 that the road bumps ' are not transmitted direetly to the
chassis. Hence thee is relative movement between engine and
the rear vhesls. Sinece the engine is rigidly fized to the
- chassis. The propeller shaft should be such as to be able to
acoonodate this change. This is done with the SLIDING JOINT.

SEVENIH :- | .
The transpission line has %o be suitably changed to acco-
mmodate the various auxilliaries like, air-conditioning pump,

generator ete.



To deal mith the various conditions under which the
automobile is likely to be usad as also for economic conditions,
various types of transmi ssiqng have been deviocsed.

(1) Rear uheel Drive

(a) Chain Drive
(b) De Dion grive
(e) Propeller shaft drive.

(2) Front vheel Drive { F. ¥. D)
-(3) Pour vhesl Drive

(3) Six vheel Drive

(4) Rear Engine Drive

(5) Under floor Bngines.

(a) CHAIN DRIVE :-

It is nou used only on special vehicles. It is aen
example of the dead-axle drive. In this the drive passes from
‘engine to clutech through the gear box and finally to the differ~
ential. The differential turns the drive through 90°. Thers
are sprockets at the end which transmits the pover to the uheels
through chains. The chaine are rather noisy in running and are
not easy to keep olean and proparly lubricated unless a chain
case ias fitted. It gives 8 good and long service even uithout a
chain case. Its chief advantege lies in its simplicity. It
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also reduces unspring weight to & minimunm and introduces &
certain degree of flexibility which saves weer and tear. The
chain drive offers scope for some further reduction and is
hence ugeful when very large reductions are required.

This uses a shaft drive with the difference that both‘
the engine and the finsl drive lw ongino casing are fixed to
the freme. The wheels are independently sasﬁeﬂded. To allow
for relative movement between the chassis end vheel exles the
pouer is transferred from the final drive through two universsal
- joints and an intermediste shaft. This is not now so common but
a somevhat similar arrengement is uaed in cars heving indepene
dantly spring vheels. It was used in the perrari which won the
formula II race at Nurburgring in 1950,

This type is the one vhich is most common these days.
The majority of the cars heve a propeller sheft Yo trensmit
poner after the gear box and upto the differential gear. The
construction is simple. The main sdvantapes are that bractically
no naintepance is requireﬁ as compared to the chein drive. The
nain disadvantage is thet it takes up some floor space and 80
raises the height snd esntre of gravity of the car. Verious
devices, like the hypoid bevel geer, are used to lower the prope=
ller shaft. '
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In this the poner is transmitted to the front wheels.
The examples of this type of tramsmission are found in Alpera
Romeo truck, Zundspp, B.3.4., Derby, Citroen, Alvis, ﬁubum,
Tracta, Stoer, Adler, Horris Hini Minor, Austin Seven eto.
Then the rear wheel driven car has to negotiate a corner the front
vheel tum whilst the rear ones are pushed in a direction tending
to throu the rear of the car in the opposite direction causing
it to skid, If the cer were allomed to swing round freely it
would ultimstely take up a position in which the driven or rear
ubeele~nepe-nobuatly-in-£front-0r rear wheels wers actuelly in front
and the front wheels behind, this being the stable condition of
equilibriun, In the case of the front driven car both the pover
end steering are applied at the point of contaet with the front
wheels, the rear vheels nerely trailing behind snd exerting
no appreciable effect on the steering. From both points of vien
the F. % D car is better to steer round corners and on streight,
noreover it can pegotiate corners sefely at a much greater speed thmn
then a rear driven car. Racing cars which have hed front wheel
drive have been noticed to do better in races where corpering
is important. Another advantége of the ¥, ¥, D, is that it epab-
"les a lower centre of gravity to be obtained for the whole car,
~ there being no transmission members and back axle casings at rear.
The lower seating position and flat undershield of the front
drive ere other points in its favour. The body cen be mede of
smaller over all height whilst still giving the same hsadroom than
in the case of the orthodox rear driven car body. The F. ¥. D



oan be mede lighter in weight. A4lao the fﬁll range of steering
angles can be obtasined uithout difficultig &n advantage is
that the front drive will pull the vehicle along while the resr
drive will only push it along. The front wheel drive thsrefore
helps in pulling the car out of rute and obstacles which the
idling front wheels of a rear driven car would have difficulty

in surmounting.

Perhaps the main disa&vantage is that when going up till-
the line of action of the weight moves nearer to the rear wheels
end hence the resction st the fropt wheel decreases. This redu-
. ces the {rictiopsl resistence and thers may be same s1i9ping of
the whsels. él#c the load on the front axle is seldom more than
35% to 45% of the gross weight and s6 the tractive effort is less
at front wheel thapn it would be at the réar»wheelg The P.V.D is
of a more complicated design.

The usual arrengement of the P.W.D is to place the geer
box in front of the engine eud to incorporate the final drive
bavel yivio& end crovn vheel as well as the differential gear
inside the gear box casing, From the differentiel geer the drive
is tekon to each road vheel through a short propeller having a
sliding coupling at the gear box and end en ordinary coupling at
the other or uheel end, The universal couplings then operate ab
vhoel apeed end not at 4 to 5 times greater then wheel speed
( dependirg on differential gear reduction )e



The tuo rear wheel drive furnished in pessenger cars
and light commercial vehicles does not zm furnish enough trection
to nepotiate the steep hills, ditches, stresms, trenches and
rough muddy or sandy terrain enoountersd in military service.
Since ability to obtain traction depends largely upon the load
imposed upon the driving wheels. With all-wheel drive the
- full ueight of the vehicle is carried on the driving uheels and
thus pemits maximum traction. Also, the combined pulling effeat
~of the front wheels and pushing effect of the rear wheels aid
in overcoming obstacles. Conditions often arise in which one set
of nph wheels of a four sheel drive vehicle is driven through
a 8lipery place by the other set of wheels which are on ground
affording adequate traction.

From enginé, clutch, and traasmiasiou»assemhiy'a short
propeller shaft trensmits the power horizontally to & transfer
geer box. From lower part of pesr box one propeller shaft extends
backward to the resr axle pear in the conventional menner and a
second propeller shaft projects from one side of the transfer
gear box forward to the front axle pesr. To allow front wheels
to tha fronk ux be turned for steecring a special type of constant
velocity universal joints are used to replace steering kunckles
of conventional vehicles. Because of higher torque in axle shaft
and large angular steering movements these universal joints must
be of speciel design. Rear and front sxle gears are either of
hypoid or spiral-bevel type. Provigion for deeclutching or disen-
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disengaging front wheel drive when it is not pecessary is
usually incorporated in transfer case.

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

SIX_WHEEL DRIVE

';'.}g'( '

This is the seme as the Pour wheel Drive except that
in this case two rear propsller shafis come out which go to the

trno rear axles. All the 23 , 4 and 6 ton militery trucks have

six wheel Drive.

The advantages are that it can carry larger loeds, has
incressed riding comforts, reduced inpaet on loads, freedom from
gkidding and wheel slip and ability to cross diffieult terrain.

| ‘Tha‘&iaadvantagéa are additiOﬁal dead-neight which has
adverse effect on fuel consumption. Duplication of wearing
parts are open to criticism both from point of view of maintenence
cost and chences of breekdown.

Prom the theoretical stand point it is alvays desirable
to use mechanical power where it is generated and thus avoid
trensmission losses, That is why in certain cars like G. K. W.,

Trojan, Burney; Tatra 87; Volkswagen eic. the engine is placed



at the rear. Its other advantapges are that it gives a lover

over all height owing to abolition of the propeller sheft, better
adhesion af.the:&riving vheels due to ueight of enginve, a lower
centre of gravity, freedom {rom engine fermes and noise, betier
visibility for the driver. The main drew back is the question

of passenper sscommodetion. To meke uay for the enpine at rear the
seats have to be moved foruerd . The chessis narrows et the front
to give space for the turning wheels and hence the front would have
to be narrower. The cooling of the enmgine also presents consider=
able difficulties. The gear~box apd engine controls are more
complicated.

Some busses have horizontal engines aith the cylinders
placed beneath the floor. This increases the available seating
spece although cooling and acoessibility of enpgire are both more
diffioult than with the usual layout.
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The mein things which in general will be discussed in
the following pages ere -

1. The Clutch

2. The Universal Joint

3. The Propeller Shaft
4, The Sliding Joint

5. The Differential Cear
6, The Rear Axle.

IHE CLUTCH

Clutches are mechanisms which enszble the rotary motion
of one shaft to be transmitted at will to a second shaft,
ﬁhoée axié is coincident with that of the first. Owing to
the faet thet & gasoline engine will not start wmhen carrying
8 load nor develope apprecicble power until it has reached
& certain minimum operating speed, about 500-600 r.p.m with
automobile engines, some ferm of clutch is sbsolutely
essential. fhen a car is standing and the engine is idling
‘at about 500 r.p.m. it would be impossible to have the car
speed instantly synchromiéing with the engine as it would
mean that the car has to come to a speéd of about 10 m.p.h
from rest, instently. The clutch is required to bring the
car speed in line with the engine speed gradually. Another
funobion of the clutch is to uncouple, temporérily. the

engine and transmission so that the transmission gears can



be shifted. Meshing can thus be accomplished without excessive
clashing of pears,

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

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

2. THE PLATE CLUICH
4. SINGLE PLATE
B. MULTIPLE PLATE

3. THE SEMI CENTRIFUGAL CLUTCH

4. THE FULLY CENTRIFUGAL CLUTCR

B. GHE ELECTRO MAGNETIC FLOID CLUTCH
6. THE MAGNETIC CLUTCH

7. THE HYDRAULIC CLUICH

8. THE FRER@VHEEL CLUTCH

B&&Iﬂzi

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

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



under all working conditions. These coefficients must not
be adversely affected by presence of oil, water or moderate

temparature changes.

2. The clutch member driving the pear box main shaft
must be made as light as possible to minimise inertia effects
whi ch bthermiae would be detrimental to the operation of gear
changing. |

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

0, The ordinary cluteh 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 mein characteristic is
that the cluteh release pressure diminishes as the clutch
pedal is depressed. When the pressure is first applied the
resistence to deflection increases substentially with the
deflection. The fesistahce‘achievea & maximum preééure 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 grestest engine torques that may be applied
to them. The members, however, should be cepable of slipping
on one another without any detrimentsl effect when the cluteh



pedal is partially depressed.

5. The friction material should have long life end
naintein its frietional properties throughout its useful life.

6. Provision should be made for rapid dissipation
of heet generated by the frietion surfaces.

7. Clutches for high épeed service should be dynami-

cally balanced to avoid vibrations.
8. . Means for lubriceting the bearihgs nust be provided.
9. Careful design should eliminate sources of ndise. |
10,  The means of ad justment 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. ' |



CORR__CLUTCH

This consists of the frustrum of a cone, so fitted to a
shaft by means of a feather key that it can be pushed into
an opposite epgaeging 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 end thrust. Cone clutches may be faced with

{a) leather

(b) asbestos fabrie
(e} ecork inserts
(d) wocd.

This type of clutches are not nowm being used in the_
‘automobile industry.

S 8
The various symbols used are -

is torque to be transmitied
is saxial force applie&
is coefficient of friction of surfaces used.

ooy 3

is unit normal pressure at contact surface

is normal force crested by F.
A is semi cone angle
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D1 is 1inner dismeter of cone
Dz is outer diemeter of cone
D . is mean diameter.

K is( load factor

(H.P) is power transmitted
b is . width of face
-6 is total frictional foree st mean radius

n  is rotational speed.
We have F = N. S in A,

s N - F/S in Aa

« o+ Prictional Force = N, f

) | .‘ - 1' g )
5 in 4.

The torque transmitted is -
T = £, F ,
§ ind ° _g_

Now D = D+ Dy
2

oTe f.F ., D1eDp
SinaA 4

Now we also know that

T - 63030 x (H.P)
n




Therefore we get

63030 x (HP) =  LE | D+D
- ,

v .
. (Ho P) = £, 7 - % + D
N, Sin A 262120

Now N= D,

= B
8in A

On applying the load factor

(H. P) =

The ~xial force recuired is
. F= ;ﬁ.n.p, b. 8in A

The c¢clutch when being engnged recuires s force
'hrger than F »s it h s to overcomz the frietion when

one cone 1s being /pz,'a;@sed into smother.
S

This foree is/ ,'.'?;« | |

\.” N
mpb c(Sin A + £ cos A) A
VA

i;x

The oétunl f‘wce \re'vu*red to eng ge clutch is slightly
more thon P due {é friction ot Joints, .

V!



The inclin-tion of the slant side is highly important
in order to avoid 'stivkiﬁg' on one h-nd, snd too sudden
seizure on the other., This value usually ranges from 7% to
13, The cone nngle A is 12.6 for clutches h~ving leather,
rsbestos or cork inserts. For clutches faced with wood

the vzlue of A vnries from 186 to 26,

The mesn di-meter is taken from the edpression

D =34.2% / Bolyn

fapen
where q* g_

The v-olve of » rnries from 4.5 to 8.0 . For less we-r

smeller vnlue of » should be chosen,

Usually the me-n diameter vnries from 68 to 104.
‘Where 'do' is sh-ft dismeter.

Checks should be c-~rried ocut to see that poripheral
- speed 1s not ezcecaivs, For leother feced c¢lutches maxie
mum peripheral speed should lie betwesn 2000 to 5000
f.psm, For metnl to metsl cont act the limit 1s only
300 to 1000 f.p.m. |

Guide to selection of p -nd £ =



Guide to seledtion of p 2nd f i

MATERIALS DRY GREASY LUBRICATED  PRESSURE
C.I.on C.L 0e2 = 0,16 0,100,068 0,10 = 0,05 160250
Bronze on C.l. . 0,10-0,05 0,10 = 0,05  80-120
Steel on CoL. 03 = 0.20 0,12 -0,07 0,10 <0.08  120-200
Nood on C.L. 0¢26= 0,20 0,12«C,08 - 60« 80
Fiber on metsl - 04200, 10 . 10-30
Cork on metsl 0.36 0.30-0,25 0426 = 0.22 8~16

Le~ther on metal 0480« 030 0,20.0,15 0,15 «~ 0.12 10-20

Wire asbestos :

on metal CeE0w 0430 0430w0,26 0426 « 0.20 40 <80
asbestos

block on metel ‘0.48’0640 0¢30=0,25 . - 40«160
abestoy ' .

on metal ‘ - - 026 « 0,20 200« 200
Metal on COL' : - -i 0.10 - 0005 200 - 300



The coms clutch was loter on ontirely superseded by
the single ond multiple platé type of elutehes, tho latter
h=ving speeisl adventages in the matter of officiency,

ense. of marufacture, ond long iife.

The multiple disc type of clutch with motal platos
raning in oil wﬁs the first rival to the cone clutch, for
a‘itmu‘gh more expensive té_m,anufmtum it was better in action
and could be mede much smsllor in diomotor. For some tims
both were 4in use ‘imt ultim:tely the dry plateo mxltiple
d1sc cluteh puperseded theso.

The ehie_f disadventsge of the multiple disc type is

that owing to its thin steel drive pletes it was unsble

to dissipito sptisfoctorily tho hest dew:lopad by frietion,
50 that wh:ne the ond platen could msperm this hest the |
ecentre plates sttained o hlghar temperatuz'o ‘and moro rapid '
vesr of friction msteri-l occurred. mm wis 0lso a tone
dency for the plates to ¥alTPe This. resﬁlte_d};m clutch drage

~ The all mets) clutch was subsequently roplaced by tho singlo

dry plate and the cork insert wet plato emtcn.

3
Tho chiof sdvantage of the smg.la drv ;\la te clutch aroe

its simplieity, its abil.tt to diaslpam frieti\onal hoat to

~ tho flyvhoel membeoy ond its long perimi of servicg  4th

minimum maintainonee sttontion | . \



RY_PLATE CLUTC

Ht« This typo vhich is 4in most commen usc
tow=dry. It was tho discovery of the high ecocfficlont of
friction matoriel such as fobric z2nd asbestos which made this
tyvo of cluteh possible. These friction motori-ls are practie
czlly nonesbrasivey retoin their frictionol proporties

ovar the normsl range br'ﬂbrking tempar~tures, practically

unchangedy snd »1s0 have = long lifo.

Theso elutches run unbubricsted but the presoneo of
0il or wator doos not seriously impsir heir frictionnl
properties. It 4s however sluays dosirgble to keep the plates
dry. | |

The single plate dry clutch is very simple in design and
is compeoritively inexpensive to manufacture. It is usually
used for light and medium puwared.carsg as tho -mount of
povor 1s limited by tho memimum allowablo diemotar of fio
friction materisl disc. For more pow * severzl friction 8iscs
snd metal plates will have to be used.

The aingle pl-te cluteh consists of 2 single metal
pl-te faced on either side with a disc of friction moterisl
(1.e. thare ~re two friction surfaces). The friction disec is
loc~ted centr:]1ly between two metasl surfnees formed as p-rt
of the engine flyvheel unit, Tho two motal surfaces ord
tho centrel friction disc =re pregsod into contzct by mesns of
n single compression spring or » sorics of poriphoral aprings.
The friction dises sre ususlly mounted on an oluminiun or
stoel ploto which, in turn, is rivetted to » Wish having



introduce s demping action ngainst tosionsl vidrstions or

faristions of driving torgue.

Tho cluteh sliding member which mores along the splines
of the gesr box prim rv sh-ft has a2 eentrsl plate N formad.
integrally with thé interhal apliﬁed boss M, The pressure
plate C is fitted round the boss but is not stiached to it.
Another thin plete O on the opposite side of N is fittod
54mil- rly but is made rigid with the boss. The driving
esnnaetion vetween the central ripid plete N snd the pressﬁro
pl~te C ¥ith its complimentsry plate O is obtsined by mesns
of six 1asaxted'eamprossian springs P fitted invsiots in 511
threo platos. The effect of these gprings hutwoen the rigid
plute ( which is psrt Of the sliding bosé on the genr sha!f)“
snd the drivon plate of the clutech is to give an ol-stie |
drive sud torsional vidbration demper between the engine andﬁ

&
the gesr box. It 1s usisl to provide stop plus to prevent Q*

Ty

N

/ \g\

. \
P

ety over loading of the drmping springs by limiting the
degrec of comprossion of esch of thesa springs, ,/,ﬁk

The number of springs uesed vories a2ccording to the s}@q‘ﬁ
of the clutch from 6 to “O. BEoch of the spring ie mounted 1y
tengentislly to o common circele so that all the springs a%e X

=t some rsdial distsnce from elutch centre. - ' I

CLUTCH BOVER PLATEse This should be designod with the objooct |
|

pizhxiim of reducing the weight of the elutch unit to }w

» minimum,consistent with strength recui:omentsy the clutch !

cover pléte is now m-de in the form of » shoet steel pressiné. {



CLUTCH COYER PLATE

j
U7 e




To ninimiso its weight, it 18 mado triangulnsr in shopo as
viowed ~long the clutch axig.

CLUTCH BALANCEs- It is iwmportsnt to onsure that the compleoto
clutch is 4in nsceurnte dynomie bol-nce snd that tho driving and
driven momber components sre nlso osch in porfect in belonee,
Othervisce vibrotions vwill sect in which c¢en be azpoeislly
hernful if the eriticel froquoncy of vibration lies in tho
ongino speed reonge 1.¢. upto #ay BOOO to 6000 r.p.m.

Usually the balesneing 16 done on a dynanic pattern
balanecing machino o the surplus met=1 boing removed by 4rilling.

CLUTCH SPIGOTs~ This is on important festure of most clutches
a8 1t 1s the suprort boaring for the onging sido of tho

clutch shaft. This 15 usually in the form of s ball boaring
ortcileless' bush pattorn. Tho lubrieastion of the spigot bearing
is »n ipportont metter since ony weor in this borring will
give risc to cluteh 'modblo’ snd nolsy oporation. lLubriestioa
18 also 41fficult ond go the beoring is often packed with

high molting point lubrieonts on essoobly snd recuires no
further replenishmhte



/QESLQE;
The same symbols arc used -8 in the cone elutkh. Tho

powor and spsed at which the losd is to b transmittod is

given hence the torcue csn be found out

- % ) PefoDe

The moan padiue D is giveon by
D = 0,707 ./ (0% + b8

Honce wo hnvo

< P 'K.p.- fg Og?OV (Dg - Df )(D§ & Dg ) é

n is tho lovest speed »t which the clutch is resuired to
grip. This spadd hns to be choson from » knowledgo of ongino
cheractoristic ond will usually bs round cbout 600 T.pe.n
From the engine characteristic curve of T.H.P. againgt spaed
vuo con £'n! out the ratio of horso power to spoed at

various speeds. The moximum valuc of this is choson fop



design cslcul-tions.

The materisl is then chosen -nd from its physieal
propertisg we e¢prl find out the design pressure which
can be used 35 also 1ts coofficient of friction under the

existing workingeonditions.

Now the only unknowns ore Dy Dy and 1. The ratio of
outer to inner dlsmeter usually varies from *.3 to "B
The society of motoy Msnufacturers snd Traders (S.M.M.T)
have suggested st=ndardising the dimensions of dry plate
eluteh rings :nd following provisional standards have
been suggested, .

EXTERNAL DIA INTERNAL DIA THICKNESS
Linches) | Linches) ' {inches)
6.0 4.5 0,125
6.6 N 4.876

7.0 . 5485

7.6 6,625

8.0 6.00

8.6 | 6.376

9.0 % -



EXTERNAL DIA
{Incheg)

8.0
6.6
7.0
7.6
8.0
8.8
0.0
9.6
1040

11.0
12,0
13.0
14,0

10 |
11
b 44

14
16

17
18

INTERNAL DIA
{Inches)
4.5
4,875
5426
6.625
6.0
6.375
6,75
74185
7.6
8.26

8 |
0.76
10.5

2.6
8.25
9.0
9,76
10.6
11.28
12,0
12,75
18,6

THICKNESS
{Inches)

0.188

0.286



EXTERNAL DIA INTERNAL DIA TRICKNESS

12 . 9.0 0.513
13 . 9475

14 . 106

16 . 11,26

16 . 12,0

17 12,75

18 18.5

18 | 10.5 0.576
15 1.5

16 12,0

17 12,76

18 | 13.6

A convenient standsrd dismeter con be chozen .
and the value of"1"determined fyrom the emiation. The

nearest larger wvhole number 1s chosen for the design.



Selection Con sideﬁationa

_ Clutch requirements can be fulfilled by one or more
of the commercially avallable units indicated, In addition,
h slighc‘hbdifications are poasible in many of the existing desig-
ns to adapt them for special installation and operating conde
itions. Beyond this, e#tensiva design effor may afford thq;
ultimate solution to a elutch problem. Theré are, hawaver;
many pitfalle and hidden problems likely to be encountered
 in cluteh design that can bscome rather costly. Therefore,
the large degree of experionce represented in'commercial units
should be weighed carefully before enterdng into the design
of a special clutch. Vhichever the case may bo, numerous face
tors are to be considered in the selction or design of a clutch,

CAPACITY RATIEG: As rentioned previously, a most
serious error is the selection of an undersize clutch, vhich
vill be a trouble-maker from the beginning. Determination of
cluteh size invelves the applioéiioh 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 muitiplied in turn by each gervice factor, resulting
in an "equivalent“ horsepower nominal rating. S&ervice factors

oncerning clutch rating appear in TABLE 4,

The nominal ratings of similar clutches made by diff-
eront manufacturers are not altvtays based on identical standards.
Some ratings give the actual torque at which a clutch will glip
vhen properly adjusted; others ghow thé torque or horsepower .
gafely trangmitted in service, and may allow as rmuch as 100
per cont safety factor. |



On lineshaft installations the load demand may not
alvays be up to the full capacity of the drive; nevertheless,
it is good policy to base a lineshaft clutch rating on the full
drive capacity, and in some cases to provide for future addi-
tional loads. Conversely, new machines somatimes demand greater
than normal horsepower during inttial running-in'pario&a. This
condition should bo provided for, ﬁowaver temporary it may bo.

~ HEAT DISSIPATION: If a very fast pickeup s required,
despite high inertia, this obviously suggests a clutch with
mechanical torque capacity inereased propertfonally. On the
other hand, it might bo necessary to provide a smooth, gradual:
picknup lasting ten geconds or more, say for a vire draving -
machine. 4n oversise clutch would again be indicated, this
time to allow for the heat genorated during tha period of slip;
in addition, the ﬁﬁpe.clutah selected must be capable of close
adjustment or possess 1nherant1y smooth action and seit«adjustmanta

If a cluteh 1s operated once per hour or less, it will
have adequate time to cool completely befors the next engagemoent.
Most catalog ratings are based en this operating froquency. More
frequent engagoment requires added capacity, often expressed as
an extra two per cent for every additfonal engagement per hour
up to 30. If a still higher frequency is sntieipated, it is
advigable to consult the manufacturer rather than to risk pro-
mature clutch failure,

AVBIERT TEMPERATURE: Ugually this factor is not takon
into account, btut it bocomas important in clutches designed
for continuous slipping service or operated under unusually high

or louv sorvice temperatures.



INSTALLATION CORDITIONS: In addition to basic clutch
rating and heat control, there are other miscellancous points
which should be considered in oxder to assuré_aatiafactoryvclu-
tch performance at minirum cost. These itenms materially affect
éiﬁtﬁhlgéleetién and service life.

ALIGNMERT: The average clutch is not a flexible
coupling; therafore, 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.

VERTICAL OPERATION: Mpst clutches are designed for
horigontal service. Vertical operation can impose exceésiva
wear and result iﬁ.exceasivavidling drag and wear unleaa;provig

sions for this condition are made to counteract unbalanced |

we 13*“5 '

PHROLONGED 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

is stationary vhile the clutch is disengaged.

DAMPHESS: In addition to rusting, a friction clutch
may be subjeect to friction coefficlent variation under damp
~ conditions and may e&tﬁer slip or gyab. depending on ths fric~
tion material. 9There are, of course, at least two ways of
combating this condition, powder-metal friction material and

wot operation, as discussed praviouslv.

DUST AUD DIRT: Dust causes friction elements to wmwear
rapldly. Dirt and lint can also foul operating mechanisms.
Adequate sealing will avoid these conditions.



QIL: The presence of oil in normally dry clutches
lowers the coefficient of friction and causes dirt accurmmlation,

Effective oil seats will, of course, prevent this.

FIRE HAZARD: If conditions are sufficlently eritical
to warrant the use of explosionproof electrical apparatus,

similar precaution should be observed in selecting a clutch.

MAINTENANCE: Convenient access for perfodic servicing
and maintenance should be provided iu all installatione to avoi~
d unusual demands on clutch durability.



Bating Fagtor

Type of Prime Mover
Blectifc motor or 8team turbing eeessevessecs 100
steaa‘ehgmne or‘h-cylindér 283 engine vevsese i.so
Singleueylinder.gaa'engine seunensvrencasnsane 2400

Type of load
Blowers, belt conveyors, ZoNerators sesscesss 1.00
Hoists, heavy-duty lineshafts, rotary kilng . 1350
Crushers, rolling mills, reciprocating i

conveyors Ll,i.ao-!tdg'écﬂoaoonopmu;diiiniiﬁﬂili 2.00

Load Inertia Condition®
Low inertia: low speeds, small pulleys, eto.. 0.75 to 1,00
Averago inertia ...-..q.....n.‘..;...,,;..'.. 1.00 to 1.28
High inertia: ball mills, @80« eyepessssecsss 1450 B0 2.0

Clutch Speed (ipm)?

10 .ciscco-va-ac;-q.ﬂnbwb@tudl“u‘abntonlntay 10»63
100 MMM 1600
200 PRV HCEINEBNINE O NG P PSSR ARNNROEBOITURESE 0050
hOO LU PB LI REEIIPNAI NP IR ERNESIIUTEIRTRIGENTERRS 0‘25
800 Otbti‘..QQi!“.I‘..Qiivi‘IC‘!‘.“.Q."".'*l'Q‘:'QV 0.12
'1200 %Qdﬂ‘lt!-“"ﬂﬁl‘ﬂ"QQ.D‘"l...“ﬁ.".‘ﬂ'ﬂl.‘.‘ 01009
1600 088002+ 8RBPURSAEILNENDNEINSEPRBEDUNIE 0(07

% low valuas fbr load-free starting; high values for starting
under load.

' Based on data for an 8<inch single-plate disk cluteh.



Por g npecifie specd and inertis condition, and
a aonétant clutch adjustment, heat generated in o fric-
tion clutbh i proportional to the frequen@y of ungagement.
Since each friction surface hac limiting temporature beyond
which officiency is firat temporurily thea permanontly ine
'yaired, frictisnal heat must bo diasipated at a rate suffi-
. gient te teep the temperature at a safe 1§vui, Teoeonsive
heat algo Bay cange diatortion and worping of the élﬁteh
menhers, producing het spots and accelerating lining failure.

Aa a rules; and within practical linm %o, the most
convenioant anfefuard aseingt tlutch overbosting 15 to gpocie
fy mm oversize clutch. The lar_or the clutck, the gronter
will Bo tho initial cost} it the lower will be tho opera~
ting coat. The grentor the mags 1o ﬁbsozb tie hoat of
engagenent, he lassor will be the beunperat ve rige, Also
the zrerter radisting éurfaee will apoed he&t'ﬁﬂﬂaipa%ionw
In nd@ition, @ greater arez of fiicticn Yininmz and a larger
monn effective radius will permit considerably lower contact
proamivas thos redueing lining wear, While thore may‘be
speéial rengong for helding cluteh gi-e to ihe minimum,
mich a8 space limitations or congiderations nf clutch welght
or inertia, in genernl, ther: sl efficiency should not de
nacrificed.

To illustraie the eoffect of torogque lond and
freguency of ongagenent on clutoh life, one authority cites

the following data from o sorics of friction clutch teats:



forogue Load  Freguoncy 3atipfactory

(starte/br) -Starts
' Mex, Rating 180 10
liaxe Bating 1 500
# Hax, Rating 180 50, 000

Urtenoive atuiies have rovenled that, up to the
point of destruction, woar is an vxponential funtion of the
average rate of heat genoration,

In designing for nanioun capacity within a given
apac, the probiem of ovorheating is met by two approachest
the use of conatructions gi:iné asxinum heat 8ipsipation
ond minisum warpsge, and the use of frictieon amgtoriale that
_ are affected by heat as little as possible, Those friction
materials must of counse possose aflequato mochanical etrength

as well go good thermal properties.

Denign for hoat diopipation inveives the uso of
short, aishly-conductive heat trassfer pathe, with friection
ourfaces exposed liberaglly for anivre-cooling. In thin conncte
tion, it ig intoreating fo n te thﬁi in one muecogzful
aireraft brake design the friction materiai has bocn rofuced
%0 a gingle pair of small butSone pressing sogoinet opposite
siden of g gteel digk, oot of the fisk is oxposod, and Ao
a remlt, 1t steys cool because of the excollont convective
transfer to the line surrounding air. For the gmae reason

doopite the usually muall frict on lining aren and tho
high eurface pregmure; the Lrietion buttono ara not sudjoct
to the heat Lfeding and excessive wosr found vhen fuld~lined
brokos are applied continuously. It is interosting to note



that in teste this sano droke failed vhen & seeond patr
of butions was added experimentnlly at a point Eigmotrie
cally opposite the £irst palr ~ honting thm botonmo

cunulative.

Other meang for inprovins heat disonipation include
finned surfaces for increasing hoat tranefor areans and air
turbulence, and roughened exterior surfaces for improving
radiatiion. For exonple, o aaﬁdnegat Burfgee hnz ghout Live
‘tim=g the heat radigiion capability of a compershle murfmee
- with & fine macthined finish. Some ciutch@a are Go-ignof
to ron 'wet® (4n oil) to ncoure 1iquid coolin , which is
vory successful provified the ol does nobt bocome hot cnouph

to pam-and carbonige.

When heat warpoge io found to be n probicm, the
nelution may become invelved. A typleal ansuer io te use
expancion-relieving cuta or grooves in the manber supporting
tho frietlion maderials, but thero is no pad anover, Actuslly
warpago is ugsually lese of a iiniting foctor in oluteh devign
thon tho Yenperature of the friction surfacp. Studics of
taig phase of the prodlem have proved a frultful line of
attack in increacsling cluteh ratingg.

Priction 2atorialal

Some decpdens ngo, tho principhh friction matorials
available wore leathor, wood {saple, elm or iignuo-vitae),
cork, or felf oporafing azainst cetsl. Walle thes  organice
arc reasonably durable and sive a satisfactory cocfficient
of friction, they are afvoraaly affocted by moipture and by



by comparatively emall tomporgture rises. In most of theas
pateyvin g, bleeding of the aatural resine :mé ohorring
betowme noticeable at 175 F, with resultant loos of friction
and rapid wear. The enerpy absorption capacify of wovd, for
inatahne, ig givan ae 250 lbe-fi per mimute per gguare iach,
a5 compared to 1000 to 2590 1b-ft pernissible +Ath gtandard
aahéatqa maﬁovidls anﬁ 10,000 1b-ft pormipsibie with Ccortain
ﬁllﬁﬂ&ﬁﬁi friction watesials unfor good hogt 41 aohpating

caaﬂitignsg

| COzP and folt povvess he ocpecial properiy of
hign resiliancg and have worked out very well in friotion
| nlutehaa.&or 1 ght drives, such o2 wire re.orier Hamsion
aaﬁ?ygﬁs and semdng machines. Thay wero use@ cwcosefully in
/a:numhﬁ? ﬂf early %ﬂYﬁNG&JVé eivtehﬂa, althoish mest care now

/uge aabeﬁtcembabe materiale,.

'}ﬁ; ’;,f Qhe netal-to-netal 41 na of the pust onployed
_// tanﬁard bearing combinationn, mach ag dbromse on sieol or ¢
//:ﬁabt iran on cast iron, Althon h smitoble for seacwiad
/Jh “her temperatures than the natural nonmetallico, these
A ;aaﬂal combinations lahored undor the disadvantooa of a
//”ior frie*ien cosffelent, & need for careful labrication(
/7 excepting tost iron on cavt ironj, and o tenfency ftownrs spar-
[ § king(exo&pt brongs),  Galling prasented a serious problen
'17? ’wing bron”e on ateel. Accordingly, when any «£ the basie
w/,?? {metal nombinations are us 4, ciudeR slre, weirltt, and inertin
f}ﬂA\ < dll nnceaaarily be ‘reater tuaw Lfor the nonagtallie facings
) ;:, 11niabs, and utility will be limitef. As cluteh friction
‘i  ; abaria’a, the baci metale are limited in genoral for low

/ﬁx /apaad, Lawutorqua applicationas <hove the cont of Sﬂeeial



facings is net uatified,

The modern asbentog-bawe and powder-natal frietion
natorinle were developed %o overconme the various limitetions
of thair predecesnors. They permit a connideranbie reduction
in eluten size for a gifen loed and thus more than offset
thoir added cost. Alao fhey are for less affected by adverse
envirenﬁental‘eundi%iona, wear leoss rapidly, and nany types
are available fér wet oy dry eperation, Table prosontu a

esmpesite picture of cluteh frict om materials.

Hoven %gﬁeatngz

~ Aghastos fider i woven around bhrass, lead, copper,
ar’é&ngﬁiﬁﬁreg inpregnated -4th asphalts, rubdhor, drying
mila;fnk other resing, and then beknd and heon7ily compressed
.ﬂﬁezglazﬁé aa&ﬁame ig sometipes finished by grindin: to
‘5@¢rtaa brephing-in tice. This is rhe originel nobostos

Lriotion material, =nd it ronapine in devend decunso of Sts

,'flexibility and durability. Qréinarily it ia fastened to a

" @eﬁml beoking plate with rivete although apecial cemoents

|
/i

3 3
O
: \

jare alao used, Cementing sllows utilization of approxiumutely

-

.18 per cent mo ¢ liniag arca viaich othervice i wasted by the

- rivent methnd, permits weir alnost through he full thickness

of lining and prevents ntorin~ £ the opponin; ourfnce, Com
Asating and rivet ng may ve uged in combinatiion in heavy-
duty nppiiaa%ions. |

Holdad &abaaiae:

g&ﬁ Short pabsoton £ har hownded with incroiients

\

f/\ﬁ;ﬂﬁlar to theowe uged fcr wovan liaing are enploy~d for

molded amsbestos linings. Brasos chipo, iron oxide, omeory,

\



olts way He alded 0 increazme friction for ums with caat
iron. Grapalte or mica mnay be afded to reduce friction
for upe with steel whivh ig more suaceptidble tO gooring

anfl cuttiag. Anothey variation nay be a wive mesh baocking,

28¢ing flexibility end reinfornceaent, Becanod of 1t ver
satility, Low coot, and compuratively bhigh ptred

hardness, 10lded liniung ie woad cxtennively.

Holdod Semimetallics:

Developed within (he last decads, thie materid)
cong” gto of asbesion, copper povder, and a synthotic hané%ﬁg
rapin. The lining ig wolfed in thicmess runming frou 1/64 in.
bo 1/8 in, divectly onets p ste+l ghre or other backing.
Beeange of the copper powder end thoe abord head travel path,y
ithis malerial is rated highar than plain solded linlag.Id

ig alaeo aspensive, and therafo ¢, is rescrved far pranium

apviicaticny, much as bendo in antomatio Sreqmoicoions.

Fowdoer detelal

NS

| Fovider-netal {riction saterialy emvloy variceg
combineticns of powder iyon, copiery, lead, slac, silicon,
and ting plus sonwetellic powdo s such as gﬁay&i@alailiﬁan
earbide, gilica, end slumina, The paterial wos o slowly and
safordingly pernits umo of $hin sestions to mininipe copt and
wel bte It ip britt;a, hrwover, umally reqguising o steely
copper or cagt iron backing piate o vhfdk 1% ig bHonded
\ under pressure and neat. Suboequent grinding or iapping
i providos a typical final shickneon of 0007 imhh fooing.

Although sxpersive, as a remlit ol tho special
proceossing required, sintercd faoin s ofior nany laportant



advantages in clutch perforiaanco.Outetanding anong these
are: constant frictional charnctorsistic within g wide
operating temperature range, oxccllent heat confluctivity
hisgh resistance to zZalling and secoring, and ineensitivity

to molsture, solvents, olls, otc.

Graphithded Carbont

apecial nention is oade of the earhnnazéa@hite
materialo euch ap Graphitar parebon, ete., Wiile these no-
terials are too brittle and oxvongive for routine une,
theay are well voih coneiderins Lor severs duty in maall
cutchog and vhare muoh slippage ig required. The thermal
enuducziﬁity is gt higher than for cast iron,; and the
material will withetond very hinh prossureo sné opeesls
without galling oy excessive wear, Rate of woar io indicated
by ihe pregsume velooity product: PV =K, vhers P= Prossure,
pei, and V =velocity, fom. Tho pazinum wvalue o€ K 1a 150,000
for lubricated, and 15,000 for nonludbricated furfoces. The
material can be operated at & higher valuec of X on inter.
mittent duty, satiefactory results having bdoon recorded
with a K value as high as 2,000,000, Thig valuo is oqui-
valent $o0 a 6 in., dianeter ciuteh ring running at 4250xga.

under 300 psl loading.

A word of samtion ioc in order concerning Lriction
coeificionte. In clutch devign practice, tho ncainal coeffi-
cleat of friction ie u ually taken as one-half o three
gquarters the value ohown in Teble., This proyiden a pafety
aargin for wear, overloading, dirt, or other alvorso condi-

tions for contact pressure, tho effective lining area should



ba eonstderad rether than the grossn bscuase of the spirsl

radial, or crias-croso grooves often provided.

S ﬁeﬁﬂva.~3zyWBpaxmti@nﬁaa;naﬁei,iﬂh%hﬁ,%ﬂﬁlﬁy meny
nateriale can be run either wet{oll) cor fay. If run wat
noing a apray { oreferved ) or o shallow 8ip, tho coeffie
clont of frietion 4a lowered, but 1% 18 vmally poceibhe to
rod.ae the working vresmge to compensste vordinlly for thiss
Grooves in the gsofter dvietion fore are depivaleo, 1O imw
prove the circulationand cooling effect of the oil, to
prevent the fomation of a hyfrodynamic spparating film, and

t0 improve reéleasabllitys

In genoral, a wet clotfh is smoothar in aetiong
wears Less, and iz much botber saited for renid eyeling and
heavy €uty, malanly betavse of the gooling ﬁé%&ﬂ% of the |
¢il. Beeause n wetl clutoh is totaily enolomel, protection
Lram aﬁra&ivg pubstences i porured end the-e as‘iitﬁlg or
no fire hozor8 in the presonce of 1int oF Anficrmeble vepoXrs.
In congtrast, a dry clubch 1s sinpler end move compoct, idles
vith conaldershbly less dzex aud heating, and ie sfifontoed
mach less by oxtrans aahient Semperatuesy Again groovoes
often gre provided in the softer friction Pacs. principaily
G aeavengo dirt‘ax woar payiticles and o pormld nir oiTcue
Laticn for cooling and rapid reloass.

In eomparing wot anl dry olutchos, it is helpful
t0 recall the troumbles experienced with the wet clutch in
yesteryearg' autonobilent gaaréhiﬁting‘waa‘auaﬁmganiaﬁ by
mich oclaghing of teeth on aelﬁ.marninga hecange the visocous
0il would not releasa. Then, too, as the il thinned out after



woeks of ugse, the eluteh wonuld Sevelop a tendenty 40 grad.
A change of 0il often resuitod in cluich siippesge.

, It should be noted that while Table 1lists most of
the conventional friction materialg and eamhiﬁationa,'it does
not begzin to exhaust ﬁﬁé‘@ﬁﬁﬁihﬂiﬁﬁi@ﬂ; One unuaunl cluteh
prrangosent nasod succesafully Lo custion the peti-g of en
aiversft engine starter mmploys tempered phogpaor bronge
dicks againet steel. Betangz of the high precsure roguired
soriong chatiering was ozperiarced initially ao o result of
tranafer of bronze to the a%éel 8inka, oven whon the bronge
wos fin piated. An nttenpt waee wode o overcome the G4ffi-
ouldy with a larze unmber of oil reservoir holeg, but thig
mag only partially smecessiul. Chromins plzting the ateel
digke wae (pied next and found gantisfuctory, bui the cost
wag oonsidered exceusgive. The fival ecclutien was to ndd

a {ine abrasive mpterigl,



In the 'pls;ge clutches we h_s,z.ve the springs exerting
prossurc on the frietion ‘lining and vhorover wo want to
de~clutch wo have to edert s force »nd compress tho springs.
At 1m» poversy the fores may not be wuch but as tho povor
Rhpxforsuxmigx goos on increasing the force required to
.cle cluteh is corrospondingly Increased. In the somi -
contrifugsl clutch 4t 1s so -rranged that vhen wé heavo
to de«cluteh (ususlly =t low speeds) we have to oxert
a foree agoinst the speings -nd = negligiblo amount of
centrifugsl forco, We know that powor goes on ineroasing
vwith speed ond s0 » lorger prossure on the fridtion plato
is reruired. This excoss pressure is exerted by eéxitrimgal
netion on three unbelonced masses placed 1209 zpart,
8inco the contrifugsl force mcregses piuportimgny to
tho scusro of tho speed it algways incre-goe nt a
fastor rate then the power snd the prescure 15 alwaye
enough to aveid slipping. |
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(3) no slip under normal load

(4) idling drag complstely eliminsted at low speeds
by use of shoe restraint spring designed to engage nt soms
intermedinte volue,

{6) lower cost.

(6) flexible conpling sction

(7) sasy edjustment of tonsue by varying member of sha&%

(8) autonmatic waér‘cbmpanaation
(9) no clutch pedel is necﬁssary. _

(*0} automatic clutch reduces faticue end sccidents.

N
s
£
7



This is the some as in the Bomi - centrifugal clutch
except that modifications are made for the contrifugnl
devica,to operate positively from tho lowest or idling spoeds.
The arrangement is as shown in figure. In this wo havo
light compressién springs to hold the friction plage ond
pressure plate »psrt while the éngins 1dles ét about
ECC r.p.m. On accelerating tho ongine the centrifugzl foreo
iﬁeraasas‘an& spring ﬂctioavis overeoms snd the clutch
g?adaally engages. There ic p carﬁain\amdant of sliip
ot first but it 1s so ‘osigned that beyond 1000 r.p.m.
full engine toreue ic tomnemitted with nc slip.

Most of the centrifugsl clutchea ars of the expanding
shos type operated elther direétiy by shoe weight or
indirectly by pressure deveiopsd slsevhers . Clutches
ave also built by wedging balls or shoeg carried oute
ward by centrifugsl force against the restraint of o gartor
spring. These members in tuyn, actuate a dise frietion

sut £2¢0.

The advantnges of the mechanicsl friction centrifugsl
cluteh are ¢

(1) easy starting of high inertis londs,

(2) overlo-d slip protocticn .



(3) no slip under normal load

(4) idling drag complately eliminanted at low speeds
by use of shoe restrsint spring designed to engage nt soms
intermediate value,

(é) lover c;st'

| (8) flexible conpling action

(7) easy =djustment of tongue by vorying member of shot.
(8) automatic wear cmpenaation | |
(9) no clutch pééai is nvecsaslsari.l_

(+0) automatic ciutch reduces foticue end accidents.

/
7

F
#
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A new type of clutch developed recently is based upon
the properties of » fluid consisting of light machine oil
in which sre suspended very fine pnrticles of iron . These
poriicles adhere to magnetié surfaces when subjected to
magnetomotive forces, The fluld exhibits unicue properties
snd hss deen used for clutches which give

(2) high efficiency

(b) Smooth forsue veriation

(e) long life

() finer control

(23 no clutch pedal recuired,



HAGNETIC CLUICH

-

7 %his 1s o form of clutch in which the friction
surfacos sre brought into eentset by sn electromsngnet
instead of by mechemicel mesns. They msy be operated at
higher rotative speeds than mochrnicsl clutches and aré
recommended for hesvy duty. The prineiple of the clutch
is simple, A magnet ecoil is carried by one member of the
clutech »nd this on being energilsed sttracts to 1tself the
 aPmature om the othsr member of the clutch which is cerried
by 2 spring plate so that thy armature csn bo pulled fore

ward. Vhon the armpture is pulled forvard the frictiom
~ lining comes into ceﬁtact and g cortain pressure is exerted

on 1t. This tronsmits the torcue.

The desizn of the friction lining 18 same es hes baen
de-1tf in the cnse of plete clutches., Tho clutchingofxund
-nd doeclutching is done by gradually enorgising -nd
do-cnerging the clsetrom-gnet. When uneclutched tioro
is - elenrsnes of 1/°6" betuoen the friction ring ond
friction lining.

The dosign of the‘mmgnetie'coil depends on
(1) the design pressure of the friction iining.
(11) the stiffness of the spring steol

(111) the rermeslsility of the medium
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(4v) the pumber of coils which can possibly be

~ nccomodsteds

(v} the current which csn be supplied.

CLUTCH DESIGNS

The main psrts of the cluteh are shown. On the elutch
body with the imbedded clutch coily is shown the slip ring,
snd the brush for conducting curremnt to the coil. Only only
ene brush is used, »s one eoil lend is conneeted to the

clutch body.

The m-gnetic flux p-th is shown in figure. The filux
flows trgaaversaly'througﬁ the leminations, which sre made
of steel with rélrtivaly high'perme@bility. Mégnetie flux
when the coil 1s energesed causes s pull betwesn the body

.nné arm-ture, The armaliné 1sv£oreed against the body und
compresses the lominstion stock, The torgue which the cluﬁch

con tronsmit is a fuanction of the
(1) mognetie pull

(11) coefficient of friction between making surfaces
lsminetion stock .

{141) No. of making surfaces,

No externasl operating forez is tronsmitted ns the shaft
or bearing snd thess partds are this unaffect%d by closing



forco fo tye clutch, The mrgnotic nupnaiie miltiplo

dlsc'clutcﬁ is s0lf compensating for laminstion wear.

Fogftyéjclutcé to diéengéga 1ﬁ»rens§nab1e tire,
lamin»tacns must bo foreed'apar% nftor mognetic force 4s
romovgé. For this rescon, one hslf of the l-minstions arc
wnvo/fbrmad and aget 28 spring to foree tho 1am1natinns'
apsrt. In closing the clutch, msgnetic Pull must be greszter
thsn the spring tension in order to flatteﬁ tha lsuinations

~nd obtain maximmum torosue,

SLUICH OFERATIONS

Before the clutch soil is cnergised ths clutch is
operesting st the residunl torcue., This ftorcue is préséaf
in 2l lgmin@téd clutchss, For this clutch residousl
torsue is @gpraximatal? 45; When current is applied,
torsue ineremses to actunl stsrting torcuo, which is maxi -
mm torsue the cluteh cen stsrt sgainst. This tweue is deters
min~d by the dysmic eoofficient of friction of dry stoel
surfaces in motion. As specd differonco betwaan‘thé lomie
n-tion surfaces docre-ses, coefficient of friction increases
to statiec valuo, Trensition betueen the two Coofficiert
of friction is not inform dbut t-~Ves place in » violent
oscillating pattorn until the 1rminations loclk togathey.
This phenomanon m:kes the megnetic multiplo dise clutech
~brupt in its closing operatisnse When soft engagement
18 o recuirement it should not mumx be used or spocial consie
deration should be given to control eircuit of the cluteh,



On opening the coil the circit current decays VOFy
r-pidly. However, transmitted tor-ue is mantain@d'ror,
0.086 seconds because the lsminntions must be forced

ﬁ?“?to

Ogeratién‘tima of the cluteh when closing can be divived
4nto two parts.

(1) first is tre olosing time, which is the time from
the energising of the clutch c6dl until the air gap is

closed

(11) Second is the clutching time which is the
time from air gap clesing to the time laminations are

locked together.

Clocing time is const-nt for @ny eluteh type or rating o
Clutch time is varisnble and depends on the flywhenl
“affects of the p-rts baing acaalaiatad and the stendy
state lood torrue the sluteh must trensmit during stezting.

- During ciutching time losd of the cluteh alweys
re-ches the meximum st-rting tor-ue. If steqady stnte _
torrue of the cluteh 1s high, torrue avzileble for asccolera=
tion of the masses to e started is smoll pnd therzfore the
clutehing txme is long. If useful torrue transmitted by .
the clutch is e~usl to or grester than stsrting torcue
“the starting timo wili be infinite. The time torcuc relae
tionship 1s given by

t =  wrén :
44300 (Ts-T)




where
t = time in seconds.

wr = flywheol effect of accelernted parts in 1bs in.=

n = (nen) =difference s in speed before ahd afte§
clutching r.pm. |
Ts = moximum starting torsue 1b, ft.

T, = stoady state load torrue 1bs ft.

To this clutehing time must be ndded the closing time
to obtain~the'total engnging time of the clutch. '

Carves are deawn for » clutch with g rated starting
foreue of 70 ft. 1b. Perk starting torrue is 704 higheyr
1.e. 720 1b,ft. but os this ultimete valus varie from clutch
to clutch = v~luo of 00 lb.ft. has been used in tho |
formuls~ =8 Ts. giving m-rgin of safety of about 20 to 25 ¥
Curves nre drawn fa; speed differentinls of 000 r.pems. -
If the stendy state load torcue varies betwsen O » 70
lb.ft. ond the flyvhoeel effect 18 small, total operae
ting time varies very little. Above a stendy state load
torqve 70 1b.ft. The curve flatténs out very rapidly
cnd operating time becomes long. As most clutches should
‘not in genernl exceed & clutching ti@s of "+6 seconds this

clutch 1is n-t recommended for use with torgues over
70 1b.ft.

Thoso enleulsntions show th-t tre clutch ¢an hendle



ns far a8 g complete start is concepned but does not indi-
cato how ofton 2 start can bo medos This is actuslly
dotormined by how woll Best developad during tho start

is removed from clutch, Maximum operating temparaturc

of the coil is 125 C »nd of the cluteh lamintion about
»206 C. Tompn atures above this 1imit will cause poaymanent
dsmage to the cluteh.

CONIROL 3

The power consumption ef these clutehes are so small
_th-t telephone rol~ys ¢mn be used for control. This
does not drzin too much curront from the battory or
generator. Also tolephone relsys can be obtained with

Vaiious 21ﬁd of contazet combinstion and time delays.

QILTNG AND COOLING:

The clutch is designed to operasto under oily
conditions, 0iling of the cluteh esn be done by dip,
spray or running clutch slightly submorged in oil. Hest
dissipation exn bo mrteri-lly 4nerecased if tho eluteh
1s lubricated by using  hollow shoft ond radisting ofl
from hollow centres to passngos distributing oil to tho
insido of the laminations £ From there centrifugsl

foree vill force 0il through lnmin tion to outor surfaco.

SLIP RING AND BRUSHES:w

The problem of transforring curront from n stationory



brush to » moving slip suy ring under oily conditions is tho
oein problem which hasn't yot boen sntisfectorily eolved. Tho
cil is nn Ingulstor end olectric curront cannot pass through
nd 011 filn. freing must in all ensoen bo nvoidod as 1t leado
to rapid dotorioration of both brush and slip ring. 4 solution
| 48 to upo brushes ﬁf:de from ver: fino woven motellie wire
mosh »nd thon mr;mgo tvo bdrishop concontrie with onch othor.
Both brushos meko conteet with tho s1ip ring snd oach brush
is forced sgeinst tho slip ring by indopondant springs. As massoso
of tho twe brushes sro d4fforont, tho tvo brushos have difforong
nstursl ofroctioney of Oseillstions and tho possitflity of bdoth
thoe brush lenving contact {s vory romoto. Further the otiloy
brush acts as en 01l serspor nnd romovos the oil film from
tho slip ring so that tho contre brush makes mstailia contnest
- undor dry surfsco conditions.



Unitsy nlse know o5 oneeway clutches or overrunning
elu%ehas, are used in meny types of m~chiner, Recent pccelers
ated development of autom-tie trgnsmissiohs for avtomotive
vehicles, ~nd mecheniesl drives for rotary wing sireraft
ond cartoin types of mnltiengine fixed;wiﬁg'aircraft,'hmv@.
given & major boost to the development of this machine

alement.

J Ususlly » fressheeling ciutch ig defined es o form of
| eanﬁeetz§n betveon rot-ting units that %ﬁénamits full power
in one direction of rot~tion ond none in the other. Hore
genernlized, it 1s » unit which transmits greater toreue

in one direction ¢thsn in the other. In tha maioriﬁy ef '
of designs, the grester or drivinz tores is held as Mgh
‘a8 pogsibley while the overrunning or freosheeling torous
is held »s small ns possible. The freashwaaling torous mny
never dissppear wmmpletely, for if it diﬁ,



the unit would not be ready to re-engsge when the ppoed
of the input mombor tends to excoed the spadd of tho drivom

momber.

In most freevhecling drives the direction of rotation

i# the srms in 211 oporating conditiensg'rgd only the 0=
1~tive spoeds of driging nd d&ivan members control tho
overrunning or driving éffoet;-en an edoctric generator
~oupled te twvo prime movers by freeshoeling clutches, one
prine maverzméy b# running vhile the other one is stoppod.
In'this.emsa,:cn@‘cmﬁtch is diiéing en' the other is cvore
'xunning'#ith,itﬁ fﬁput.ﬁgmber\atanéing still. iﬂ,an sutl0w
motive éﬁrﬁué.cénvu%ter &w@ve,_one romber of the hydro-
dynemic unit he éaupled té §ﬁe shaft by a freovheeling
unity -nd under certrin operﬁting conditions., 1t‘w111 then
idle slong with the fraewhgeling unit overerunning., Hollcoe
copters contain froovheeling units'which permit tho rotors
to turn under the influcnce of extcmxl »eradynmia foreos
when tho onpgine is throttled and the $h§pﬁia fi3ding in

a B nner comp-reble to a fixedewing air;lw

tYhore tho opozating conditions of ;. &r&gg recuire
eareful limitqtiqn of tho streoses in tha drive" elemsntsg
an osoonti-l rnnuiremant is te roduco or olawanatg shock
loads =nd vibrations. Honcoy 1t is of utmoatzimﬁortanco
to roduce 1ost wotion in tho freoshncling 4nit tg“a minimun.
In the tr-nsition from 0verrunn1ngto drivi#gg thaqriwing ‘
mbmber spoed should n-t ba. allowod to oxee&d the apﬁc&

RO :
,‘(- * };‘.. T



of the driven components. Otherwise, stored kinetic onergy
¢sn produce dengerous shoek londs in the d&rivo gystome Tho
gmount of lost motiom in tho driving direction of a simplo
ratchet typs unit de?anﬁs on the touth spacing. In the
sprag snd Roller typo elutch, or in =ny other stepless

| unit, »n slmost imrodi-te tor-ue bulldeup t:-kes place snd
the logt motion is governed l-rpely by clastie deformation

of the lutch p~r's under lo-d.

Possible designs for producing freevheeling effect
are slmost infinite in numbor. Howver, -s the recuirements
- for sptimum functin-} cheracieriﬁties «nd menufrcturing
practienblility ere considered, the number of =it suitsblo
dosigns norrovs to = fow. Only two mejor systems are
currently dsod in » l-rge number of applicsations fer
high powor ratings ~nd high epaeds.

Until 2 fev yoars 2g0, the most frocuently used
freewhoeling lutch wes besed on the wedging roller priniple.
The inner member, frecuendly e¢2l1led the cong is polygone
shepod, Tts f1-t surfocos provide the t~pered spoces
for the rollore, Difforent design ~ppronched shapo this
p- rt elther like ~ sav-toufhed vherl, Figaf, or Just like
a symmetricel polygon, but oither enso tho effeet is tho
8 me. If the cemlobes oro symmetrical in contour, s rotainor
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or cage for the rollers must be provided to 1imit thelir
“"motion in the overrumiing position and tokeep juimx then
ccunlly spaced. In overrunning position, the rolers must
alweys contact both fmner ~nd outer mombersy so thet in

crse of toreuse reverspsl, sll rollers respond rimultaneously
by moving into driving position towrrd tho smeller ond of
the tnpérad space, If tho clutch pnrts wveys conmpletely ince
l=stic -nd no sliding -~ction oxisted, tho smellest doviation
from perfect uvniformity of engogoment would put sll tho load
on one roller -lone, However, the ~ffact of in-~ccuracles

is reduced by defloetions of the materiel snd the tendency
of “this clutch to incre-se the wedging ongle with increasing
lord,y as shown in the foliowing -nrylysis.

In Fig.2 rotation af-tha fnner raco in the divection
of the srrov m~rked "driving" tonde to vodge the rcller
betwoen tho outor race =nd the flat portion of the can, »nd
thoroby esuses tronsmittance of torrue. From Flig. 2

4 - Cos™!. K+ F

——— .

K =P
Ecullidbricn conditions for the roller sre rendily estoe

blished proporatory to rel-ting Po snd Fo. ¥or the sum of fe

moments ocuste to goro,
foo = 40T =0
f?c, E F’?“

Simiinrly,'for verttieal foreces
(PQ—P¢)cb§% Lf(FCvgf)CLS% o

Foy !f\cmv;?)on%' <0 dacces

(Po-Pi)Sin& o (forfi) Cesy = 0



p - t - :' ! g B ‘_} .-

i

During positiv driving, the torque, Q, on the uter ro-e is
' . . 5\?\‘
g = an n Qaa-tnsotovbmaooo#nvt&.qni’ﬁg;i‘:’}ézﬁto;(a)

i

vhere n = number of rollers With p = force perl.{nit of roller

length [\ A
. AN
b = _%_f {E{,Cok%’ - = *\\ - (a)
f

The 1limit of the toresue capneity is govefnaéi b?\:-.ghe

gurface compressive stress of roller =nd cam. It 1s daﬁgymimd

by the Hertz ecustiont N
. o {\k |
Be = 0.501 .Q**"_fi. ‘ f\\
!ll i \‘\\
LA
. _, Y
vhere  Sc = gurfocs cormpressive stress nnd E © modmlus of|
eleesticity. : i
. a:‘\ .

Expressing the allowsble tangentinl force Fo a8 2 mnctﬁmz:; |
. f ['- X
of Hertz stress, by substitution of ecustion & in Emnation [
4y gives ¢ 2 /
: L IO S
Fo = %_PIQ‘ ) Lan &
By sudbstitution of Eountion 6 into Erustion 8 and vith

E = 37,000,000 psi, the tornue capscity Is

g
f
!
i
l
{
|
/‘,
/

Q = 1.9" X 107 8¢2Rnl + ten % csrenal?)
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In practicel dosign, the 1tmifs of these terms must bo
checked for- a11 operating conditions. Paoctors 1 nnd n ramain
constanty but Rg » snd (-change under the mnuence of
opplied lozd. Limiting\ogditiona are set by several consie

derations.

The %angeht~6f\the>iniﬁinl sngle ¢ /2 must be less

‘thai the ¢oefficianc of sliding friction. Otherwise,

engngement will nﬁt tmke plnre. Once the elutch his started
to engage, tﬁe angle v will increase de to incrense of

R (exuansién of theteuter b 8 ce) rnd due to decrenso of p and
K (compreession of the rallar and eam)s Frictian thon cheniges
fron sliding ta stntie, raising the limit for tan ‘P/E to the

‘caerficﬁeyt of stntic rrictimn. Also, the high compression

2t the surfgbs will break the film of lubricant, further
1ncrassing/kha stptic rrictiona

/’

{1 s .

Ths/rigidity of the p rtﬁ, partioulnrly e and outoy
race, wust/he «danuate*to prevent/z Prem incressing above
the ﬁllevabla 11mita In ﬁctuql design, the procedure is to

7nculeto the exgansion of the outer r-ce ond compression

/bf inner race and cam, under 1oad, and then to recalculate

. By modification of Boustion 1,
/! \/ ' K - - af
'..‘ ;L%.“ z r CGS ( /\K) ‘+(+ )

. IR (R0R)~ (-0
where/AK, 9? end wAR are ths diengionnl chnnges under load.
This/erueﬁion 1s best 8: 1vad by ri 1 and arror, since AP

] :/
/l\p /;,/ and . A& ‘aro functions of Q and ¢’




Tho pormissidlo limit for eurfoce stress dopends on
met~llurgic~l conditions of tho furf-ces »nd supperting goee
tions of the prrts. A high Hogmd-df surfrce finish 1is recuircd
to minimizo wonr. Typlesl dosign volues oro ss followos

*o Surfoco h-rdnoss of outer racoy e¢sm snd rollexs
G0 Rockwoll *C* minimum |

2, Dopth of hord ¢-80 for com znd outor races 0,080 inch
pinimus. Rollors should be through hordonod

“

8, Burfaco finishs 8 rms dosirod, 10 rpms moximun

Qe Ellowable Herte surfpco ‘eompmasbva strosss G0D,000
psi st maxisum possiblo ovorleads 360,000 is = desired
fiexitun for eontinuous lo-d

6. Initisl ongagoment engle 6 dog mnximun
@. Finel ongegomont englo (undex full load)s © dog mexirun
7. longthetoadismetor ration of rollors from 2 to 8

8inco dosigns of out race outor race =nd cen aro governod
by rigidity roeculromonis, enalysis for tonsilc and conprossivo
strossosy rospectively, is not rosuired. Anelysis for surfaco

conpressivo stross is sufficiont,
SPRAG CLOTEH ge

Tho spreg elutch is composod of cireulsr innor ond outor

roces ond 4rrogulerly sh-pod vodging clomonts, or sprags.



'Gparation of the clutch con Bo doduced fron Fig.3

As the outor rece rotrtes im tho driving direction, each
clutch spreg tonds to rotato clockwiso with respoet

- to 1tself, Bocausc of tho offood contors of eurvaturc,
vodging rosults snd toreuc is transmittod.

Populcrity of sprag elutchos has grown in recent yo\wa'

for sovernl ror-sonst

*s 8incse sprogsy the locking clements, aro commarcially
availeblo ns stondard itomsg tho clutch is oconomical

to dosign snd menufacturoc,

2; Moro sprrgs cen bo omployod in o given spoco then
csn rollers; thoreforc, tor-ne capacity tends to o

grostor for » given sigo.

8. ERodius of curv-turc of the sprag ¢sn bo lnrgo: th,mi
of the ccuivelont roller in the samo sprcoy furthor

incroasing toreio copacitye

Goomotry of the sprag clutchy; dotailod in Fig.23, cen
‘bo dofined by tho following crustions. Appliestion ¢f tho
¢08ino lav gives for the triangle having tho sides, ropy
B - "?9 ﬁnd ds .

| 2 2 2
Y B eos - LE s ‘Q) ’3'1(.3 ~ M oooucuto(@)
2{y *P) (R « P)

In the semo triengloy with the louw for the tangont of

helf the difforence of two snglos,

% - ¥ T e o RB ; rE ton (90 © _%___.) -nuo.(‘o)'
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Also from Fig.3
=80 e (4""'? ) ﬁﬁ&é.hotbﬁiﬂébti.biiabﬂltilo(ll)
rad J

2180 « W & Rt ebuuaab»haanﬁbhabgeboeooo("‘2) :
or if is known
e gin « ¥ .__%__,ﬂm €)ssosnsscneel8)

Fordes undor oruilibrium conditions con be relatod by sovore
»1 simple erustions. Sinco the regultant of ¥* ~nd P* mot
bo on the line of nctiong |

P.z2F, cotoe ﬁﬁydeoatui‘uﬂlﬁeoﬁuotabdcﬁb-tﬁ-ﬁnﬁﬁ(lé)

P.e P, cot ooou@o‘iuouuacnuoeaoovqooaooovneo(3.5)

Prom ocusted moments,

FsoF _%_ tocesnonsesvbetesssscossncasoee(16) v

For sonll snglesy ns characteristic for this applicntion
s ig spproximatoly ceurl to ton e Thorofora,

k: p ROV LAILLOLADBOONOEOONBLEVOOOBHONDDOSH 0.5(17)

foreuo trensmittod by the cluteh is simply
Q o E m ﬁﬁﬁﬁﬁﬁ@ﬁ.ﬂﬁﬂﬂﬁ'.ﬁ’&ﬁﬁboo00600#066“00.(18)
vhoro n © nunbor of sprags. ¥ ron Beuation 14, the prossurc

por unit of offoctive longth 1 is - - N
» uefg.tnn ) ' "“‘“““”"“"N'encg(*;ﬁ)




Tho surfaco ccmpressivé gtress by the Hertz erustionfor
two eylindricsl bodies s

%

Se o 0LV 53 B P cevessnave (D)
2¥p

From Berustions 12 =nd 20, |
P “_%&T_____., (ﬂg_ )} ton cessscesee(B?)
B X ¢ = 0.60"

Finrllyvy by substitution of Ecuation 21 in Ecustion 18,

Q= 3,92 SRR 1@ -7 w&m cbencess(22)
YT e

. _Thn. 1imits~for tho warious factors in o practienl dosimn

are ns follovgs

s Surfzee hardness, case depthy surfaco finish snd limito
for surfnce campressiva str-ssp sams ns for rolley
eluteh

2, Initi~1 sngle corrospending to ¥/~ en tho roller
clutchs 8 to ¢ dog maximm “

Comiprrisons Sovornl significont points mark the funce
tions1 difforence in the rollor »nd sprag clutches.

Undor extreme overlood, the roller clutch tonds to
glips That is, thewodging engle becomes greator then the
-effoetive frioction sngle. ¥ion the tor~uo is thon roducod,

the clutch roeongrges snd normal oporation is restored o

-------



/

9ho spreg clutch, undor oxtromd ovorlozd, may huve
onb or more sprags turnod beyond the lsrgest offoetive
dinwotor. Thon the e¢lutch will leck ian both driving -nd

oyorrunnins directianso
/

4

/ For high«speed:freukaeling over extendod periodsgwoal

of tho roller clutch lesves the rollors round, sineo thoy
~yc frec to rotste. Contact of the esm on the rollers
during overrumning occurs on diffarent’points on the

com then vhon under lond. The sprags ~re not froe to

_——_da ~wd_mb, w_tand_¥n ha ?‘hﬂ'bDnQd bv E’Bﬁrn

WO W T —— —

84nco a spreg clutch is smeller In di-motor for the
seme torcuc enpreity, its surfseo spoed in overrunning will
bo lowor then thet of tho rollor clutch, tonding to give

loss voals

On the roller clutch the outor rece should be on the
overrunntng sido, in order to avoid prossure of tho rellors
rgainst tho auter roce bocnuso of centrifugel action during
overrunning. On the spreg clutchgy the inner race should
ovorrun, since it is of sm~llor d1-motor and hes the lower

gurface spacd.

Appliceticnss The fiold of opplication of froovheoling
clutches heo boon oxtondod with tho dovolopment of more
intriesta ~utomotive nnd aircréft propulsion drives. The
prekord Ultrenntie trensmission uses s SPreog freovhooling
unit in the st-tor mounting of tho toreuo converter, Thusy



it p:é'ovidas the ecuivelent of e georshift in the toroue
convérur snd provides for high efficiency over s wide range
of operaticn, The design principle of the sprrg clutch pere
n’xitg»m» chdning rceursey snd high surfece finish without
hmﬁi‘:@img megs production metihods, In this spplicstiony
economy snd simplicity of the spreg clutch ere decisive,

Where the power rotings nre highy from several hundred
~nd up to thousends ~f horecepower, the number of sprogs
recuired would be too grest to insure sdecunte distribution

“of io~d -mong them, PGT guch spplicFtions the roller-eiuten -

is genemlly' prefarred,






DRAULIC CLUZCH

Thip is uscd on various decigns £ittod with autonatic
troncnicoion syotoms. It conaists of a driving momber on the
engine chaft and o Griven membor on the gear box main chofé.
The fwo aro coparatied by a light oil of suitnble vicoosity.
Thio fluid trensmits the drive.

Tho driving member is intogral with the ocuter casing
of the £lyvhool, vhich is bolted to the cngine shaf, Thore
are a series of cup chaped pockete 'sepamted by rodial webo
on tho innor gurfeee of both the driving and driven membor,
The driven chaft runs on ball bearingo within the flyvheel
oaging., Thore also is an oil retaining ring and gpring on the
inner side of tho bearing to prevent leakage.

figrh Vhea the oar is stationery and the engine 1o otaorted
the rotation of the driving membor cemses the oil its cells to
£low towards thoir onter poriphery. It then passes through
the collo of the ariven meaber and comes back to the cello of
- tha driver. In thisc wny the oil starts on a circulatory motion
between the cellag of tho driving and the driven meabors, In
paseing from the wols of tho driving member to those of tho
8riven tho o4l loses momcatum vhich i imparted to the drivem
mcabeor ond so that nloo otords to rotate. I¢ both the drivor
and tho driven memboro rotato at cemo opoed tho cirenlation of
oil would ntop and henco no nore povoyr could bg %mnﬁai%oda
This hovover is impossidle since the load on the .drivcn alveys eom
it 8o lag dehind tho driver.

A% opxdinary spoes tho oil noods buf 1ittlo rotardation
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to develop the roguired éorguo hence the lag or slip botwoon the
driving and driven menmbers 48 insignificant. AL low euginé
opeeln, hovever, the nlip can beeomo 100 porcent at full torque
at that speed thup providing tho cordition that the ecngine cen
.develop full torquo in goar vithout moving the c¢or, This occurs
at about 600 r,.p.m. FProm the mrvé it oen be shown that vhile
at lov speedo tho olip io noarly 1005 4% falle off rapidly as
the spped 4incrences end nt normal speed of a car the alip

1 of the order of 4% only.

‘Tho povor 4o transmitted almost vholly through the loso ofmiy
kinetic engéxgy cougod by the difforence in ¢tho linear ttmgche
tial velocity of the 1iquid at the outlet D of the impeller
and the lower tengontial velocity at the outlet B of the runner.
The impeller horse pover is ususlly greater than that of tho |
ranner due to-éha differonce 4in upeéﬂ, The torque oa both
nenbers are alwaya agual, | -

The coup&ingn aro ﬂesigned t0 have the crossegootioaal
aren of f£luid path conotant.

2¢7iBsn 2 pRrD,
..g BQD .&.
X

If Q be total volume of ligquid ecirculating in cubic inchos.

Q= 0. g;zié%dgjghl k

vhore o 4s arca of liquid ciroulating
k 10 compeuontion factor for radial bladoo. Usually
taken ag O. 85:.
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Thq total weight of circulating fluid
¥Wa Qda

where 4 is density'mdlbax per cubic inches. ,
The centrifugal force, F(i), on the 1iquid in the impeller
in 1be 48

P(4) = (Mass of fluid) x (radius of rotation) x {angular
r oRR (2 - velocity)
Bes _ ; A @
. }‘3 355 x (5p-)
where K is ‘Bpeed of rotation of impeller in r.pxe

» ’ W( 3;’,# rz)nz
e s Hi) = -g -

Similarly

F(I’) s fﬂ(r' + »?2 n

282000

4

where n is speed of rotation i;x ranner il r.p.oe
The other formulae used in deaign are

FPa K1) - F(r)

Lg- (rzf r ) |
Hat@(%&);;
As 21y, D 10247

P = 12V2Ad



RE(4) = %...!‘.{2.2.2. |
T : A
EB(r) = ?Vi

L ]

28

KB = KE(4) « KB(r)

Y1) = 27ir. R
e

vhere F 4s net centrifugal force camsing vostex circulation
8 im specific gravity of liquid about 0,875 average

- 48 absolute wiscomity of ligquid, poises

L is circuit 1méﬁh, foet

H is hyfrenlic head, £t,

'V 4s velocity of liquid along path, £%/seec,

v(1) 48 linear velocity tangential‘to eliaft rotation
of liquid at outlot of runner or inlet to impoller
;‘,?t}’ﬂec. .

v, 48 linear velooity tangential to shaft rotation
of liquid at outlet of runner or inlet to
impoller. £%./sec.

A is meon average area, transverse to vortex oiroult
at outlot of impeller,square incheo,



£ 1is
D 1s
B is
2 1is
g 1is
P is
KE(1)
KE(r)
Re(4)
HP( x)
.

friction factor

radinl width of vortex path at impeller outlet, inches.
radial width of vortex path at impeller inlet, iﬁehes.
tnrbulénoe_triction‘tactow

aooeleraxidn due to gravity

fluid circulating rate, 1b/secs,

ig K.Es deliverod by impeller, f£t.-1b/sec.

is K. B« receivedt by fmpeller, £t-lb/sec.

is H.P. delivered by dmpeller

is HePs delivored by runner to output shaft

is torgune, lb«f%.



THE ADVANTAGES of hydreulic couplingote

(1) Prevento the trancminsion of torsional vibrations,

(2) Ao thore io no mephanical coupling botween the driving
and - 8riven membors, the coupling protects the enging
ﬁmﬁm@ewewswwn&wkmwm

(3) Permite rapid declutching

(4) large clearances between rotating members provife a
considergble degroe of flexibility and make extremely

acourate alignment'unnaeeagary.

(5) The eaupiing'nperatés with a f£ixed qgaﬁtity of oil in
‘the working circui$ and 8ocs not roguire an external %ank
or pump, Hest generated is 6isipated by ratiation.

' (6) Wear reduced to minimum,

DISCUSSION:~

Hydrenlic coupling has been the ¢ause of the outstanding
dmprovement in the Amorican eutomodile in the last decsde
or $wo. | |

Tho automobile engine 1 fundgmentally a high epecd
powor sourcey at low spoeds its power outpat is emall ond 4%
1el1mpoaa1ble t0 couple it dircotly to a atotionery load.
Bvenn the comventional Gry plate must slip until the emteaobilo
has attained a upeed such that the corresponding input apect
of the transmission is atloant as great as the astall spood of
the éngines otherﬂise the engine will éic. Probably the
greatest avantago of the hydraulic coupling io that 1¢



will allow the enginc to operate at 1dling specds even though .

the conncction batwoen load and pover source remaing unbrogken.

Purthor more it will poerform in this nmannor for long periods
-—~without any detrimental effoct to itself.

The property of the hydraulic coupling to entomatically
cluteh and declutoh 1¢self opens a ficld of driving which is
enteirly now to car oporators, In the first placo it allows
the car to be stopped and held stationory, as at a traffie

“signal, without either declutching or shifting to naiteal.
Then 1t makes it possidel for the engine to acquire ou a speed
at which it cen oupply 1ts maximum torgue for the porpose of
starting the car - at a time at which o high torquo is mosd
neededs |

These two ;mihta are important as regards car operations
apeoially since therc seems to ba tendenoy to depend more
upon high~powered engines rather than upon multiple-cpest
tranepiselion for accelaration and performance. MNost of the
driving is dono in high gears Opecislly in America wherc
hydragulie ¢clutches have gain ground most,

For all ordinary starts in a car oquipped with o
hydrenlic cexpling 4¢ io no longer nccessary to have an overall
Bong ration of 10t)1 sminoo the engine is pllowed to operate
at o epeod very noar its pesk torque output. Thus et tho
inotent of breask away the engine ié ﬂeli#eJ.'Mg a greot dosl
mor¢ $orque than is the ecese with a plate eclutches, Becauso
of this fact, fommer broskaway performancos can be cqualeé by
using an overall ration of about € to 1. IZf now w0 uge =
combination ofreat axle and trancmiseion which hgs an emtomatic



chifs ¢rom,lot us say, an overall ratio of 5 or 6 to 1 to‘one
0f 3 or 4 Yo 1 we shall have enough dbreekavay torque and '

~-yob maintain normal driving gear ration comparable with
pregont day ovordsvo, |

This {rencmisoion cCan be built so that below LOmEXD.m.Psh

the tronomiseion will stay in the Gop gear or shift into

| the lower br(kickudown' gear, Gopending upon throttle

. operadion, In other worda, gt theae ldw speeds, the drivor
can meke the trénamiaeian ahift to the lower ration either
by releasing‘tha accalerator entirely or depreassing it to
i¢s extreme position. DBetween these two extrame throtile
.poaitien, the car conginucs to operate in topgear, Between
10 mip.he  and 50 m.psh. the shift the lower gear ratio
cgn be obtained only by drprossing the accelerator as far
as possible. Above 50 m.p.h. direct drive ie maintained
at ell throttle position, Thio togother with a manually
operatol enorgency low gear anf reverse gear is the now
transnission mado poseible by the hydrgulic coupling. Vith

- such an unit all normal furwarﬁ'driving,can bb done by~opeﬁ;
ating only the accelerator and the dreakoas |

The advantage of the hydraulic éoupling installation
which ig most noticeadle to the driver,; is that now he con
oporatc tho bdpake pefal with his left foot since he doso
not have to oporata the ¢lutch pedal.

The old difficulty of starting, on a hill is gene
ginco he can hold the car with his left foot and with th
tranemiscion in gear, operato the a¢colerator with hio
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right footy the cluich pefal need not be touched. In thig

way he alvays has definite control of the car since he need

not welease the broake until sufficient torque is applied to
the rear vheels to more the car forvard., This is a diotinet
advantage slee vhon operating the car fn close quarters, such
a8 parking, whero a fine control of spaed ig reguired. In
heavy eity traffic whero the present Griving method roguires
that tho right foot be moved from breake to accolerator and
back to breake again the new loft-foot braking cystcam is o
8ifinito advantege, Due to climination of this tiring operation
and sinco fatigue ig o major contributor to trafic accidents

it is felt that the coupling ie an importent safoly improvemant.

l@ﬁavhgﬂraulic coupling eontributes further to safoty by
making skidding a rafiﬁy « The slipping charsteristic of
the ecoupling which allows the oar wheoels to rotate very slowly
vhile the engine in eanﬁiﬁuélly applying driving aﬁfurt, makesp
it posnible to maintein a condition of roliing frietion, With
the prosent rigid coupling the rear wheel must rotate ad
ebout 40 r.pems oven in lowest possible gear ratio. Thig -
moans that, in otarting on ice or clippery surfaco , very cavrce
ful cluteh ?feathering® is necessary to péévent‘the vheels
fron rosching thie opeed inetautly, tﬁerehy slipping. ¢Ff course
onco the tirem bogin wliding instead of rolling, the cosfficient
of friotion vecomes lower and skidding continues,
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~UNIVERSAL JOINTS
Types
Design
Efficiency
Mode:n developments



BNIVERSAL JOXNR

- - 8%nco tho. goer box,_iﬁ,the typo considered, is fixed to
the freme diroctly or indiroctly; whilst tho ¥oar vhoolsy thokf
axles nsnd px1o ensging must be pllowed to move up and down undor
tho spring deflection sction ns the ear proéaeds along 1rregﬁ1ar
roads, it follows that tho connocting mombor from tho gonrebox
to tho back « pxlo must also follew tho movoment whilst at tho
same 1limo transmitting pover. This nocessit-tes the usc of =
dovico which is omployod for dfiving two shafts inclined to ono
gnother -t ai small angloy, and known as UNIVERSAL JOINT., Thore
ére various types of univorsal joints snd it csn in general
b divided into the following groups.

(I) PLAIN UNIVERSAL JOIKTS
(2) CONSTANT VELOCITY UNIVERSAL JOINT -
(3) RUBBER TRUNNI"N UNIVERSAL JOINT

PLAIN UNIVEESAL JOINTS: Sho common cross pin typo of joints

wes originsted conturies 2go by Cardon and Hoolto, and it hes boon
developed inte m-ny forms of high mechanienl perfection and

havo boen succossfully applied vhoro spocd and volocity arc |
not critical. Inheront in this design, howevor, is tho undesirablo
featuro of irrogulnr action whiech cannot bo climmin-tod without
obarmoning tho basic dosign. Dynamic limitatlons of those simplo
Joanﬁa are bos® 1llustratod by anniysia of thoir me-hanieal
porform-neo charactoristicy, which are substantiaslly aliko

for all such joints,



For each complote revolution of s Hookes Jjoint
oorating at & specifiod anpgle, there are two positions
" 4n vhich the drivon shaft is advencod in rotation rolative
to tho driving shaft snd two intormedisto positions in
vhich the driven shaft hss lsgged a simllar smount. Thoso
ndv-nces and- 1ags, 2lternating twice for each rotation,
results in pulsating, variable speed of the driven shaft,

Ag the joint nngle inereases, the amplitudoé of
the pulsations increasc nt sn even more rapid rato until
they have a;&éstructiva effect upon the joint as woll as
tho parts connected to it. The rolation botwoon the
spoeds af-thg driver »nd driven is given by

R, o =\
. @

ﬁﬂ vhore W . 18 =ngul-r sperd of drivor
'7 i W - is snguler spocd of driven
o A" - 1s englo of intorsoction of shaftg.
i v:j; Q ;f';is anguler position of driven shafé.

) ! » /;/ ', ' //" "

Honeo we havo o |
’// - ./fﬂz s Y
ff[; / i §§ZA. Cop*o

S u
S The meximum v-~lue of driven speod is
s : : Cos A



The minimum value of driven speed 1is

W 2 (min) © H, Cos A.

'/A ;
Honee it Uillbo scon that above o comtain va}ﬁo }/bf
Joint angle the ratio of minimun to meximum speea,/whi;h
is given by Cos A, is s0 high as to meke thiﬁ Ja‘int
inpracticable. In any ewvont theso pulsationg are ﬁbjoction-A
able sourco of vibrations, nolse and rapiq/wearﬁ oapacially'

when ths inortie of tho connected masses ‘s considerablas

’ The porformsnec charécterist:le of 'Heaké?s Joint
vary only slightly depending upon their particular construe
" ction, but mey bo summsrized es givon in tho figuro. Gons-
tant speod rotation of tho driving shaoft threugh 360 19
ropresented by -~ cirele with a constent rootor, Cy for thﬂ
radi g. Drivon shrft variodlo « spood rotationg on tho
other hand is roprosonted by the superimposod ccncentria
ollipso in which the instontaneous spoeds at any given
angle of rototion is indicasted by the varisble lengtb of
vogter . | |

Thero aro four points at tho intorsection f tho
0111ipso and circlo at which the spoeds of both shafts ,
sre mrtched. Tho included arca betwoon ellipso end elredn,
compriso the totsl gain or loss of spesd of thedrivon
" over the driving sheft in o tupiecel Hooko's Joint. Thoy
beingeliko, but opposcd, cancol out.



VYalues for spoed 'V', ocoeloration 'A' and
displacoment *d' enn o dotoermined by the following
graphicsl mothod. As montioned constant speed is represcntod
in » poler vector disgram by the circle QQScribo& wi th
the unit of constsnt welo city C o8 radius. Applying joint
angle Ay tho cos OD and Sce OB will bo tho short and
long axis of the sﬁperimp;osed ollipso with vector 'V*
ropreseﬁting the varmb‘le speed mensured in tho secalo
of 'C', A tangont constructed at'an& point 'X' of the
e11ipso will includc »n snglo B with A line thmugh point
'X! porpendicular to ray OX. The volue tan B gives tho
instantanoous -~ecelorestion or deceleration st 'X', Tho
values range botween zoro at tho four termingls of tho
mejor and minoyr axis of the ollipse to - m aximum 2%
tho points of intersecticon, | |

'&igulaar displacomnt of te driven relative to tho.
driving shrft is the difforence botwoen 'tho' anglon of rotation
of butli sfxefts at@o samo instsnt expmssedv asv‘d = F « T vhore

F 15 position of driven shaft end T is position
of driving shaft. Tho rolationship botwoon F,T snd A 1s
given by |

ton P = ton 3
Cosh

- In £ifure 1. teonT is shown g8 length F 3 G and the C08A
28 0D, Division of FG by OD givos the new lJenth FH



emunl to t-n F .
at'tﬁis particular point of the ellipse the diss

placement angle 'd' is included between rays 0G snd ORH,

In cortesain coordinctes the above values of

variabile velocity 'V' scceleration end displocemnt '4¢

sre shown graphically. Angul-r shaft displacemerts grow

rapidly with incressed Joint angles. Values at various
joint angles mey be roughly calculsted aa'aﬁewn belowsi=

Total epeed variation = 0,033&3’ of -éonst.anf gpgga.



INTIE S Thogo woro designod

»primarily to 6varcomz certain doficlencios. Such mochaw
-v;isms proéuoa truo'cbnstant velocity much 1like s sot of -
bevel gosrs in which the teoeth are roplaced by an intere
mediary membar ndjuﬁtéble tc‘a ch nge of bevel angle.

Tho characteristic. ﬁeéturo of thfis joint is their

symme tricsl 1nﬁout*with'respact to s third member such as
the ball snd ball cage shbwn in figure. In most cages tho
value of n novel design cen be immediately Judged by
thepresence or lnck of such a thirdmembor snd / or the
symme’ry of tho =2djoining driving snd driven mombers
with rospect to the intermedisry mombor.

Anothor group of joint desigm csn be classed as foundas
mentslly of the yariable - spaed type but, ineludo
correctivo or componssting parts to convert th variasblo
into constant spoed. Theso joints are how ver complicatod

and often sonsitive stoucture and are not very populare

Of the first group, tho TRACTA¢ BENDIX » WEISS end
RZEPPA universsl joints conform to tho mentioned
fenturosy nomely a driving o»nd a drivon member symmotrically
srreagod about n third tronsmitting memboropornting in a
‘plane which rmuchbisect the Joint anglo, be perpendicular
to tho plnane of the shaf%s‘nnd locatod by th: trus joint

contro.

For tho BRACTA joint shown in figure the third momber



is a hingé eonsisting of & slotted end o spigotted part
joined i the menner of an Oldohan coupling, which
- can Seféeflected to the remuired joint angle end will .
aléo permit o limitod ~mount toloscoping required for Proe
;per fnnctian&ag. Two identleal forks, attached to the
'respoctiva shafts, engage this hinge rg shown in figure.

:ff For the BENDIX and RZEPPA jJoints the third mombor
//IcchQses ~ series of bolls (4 or 6) respectively) which

N areiretained in grooves on the driving =nd @riven nens

"/ bers, Both half of tho TRACTA »snd BENDIX joints muse

" b held in proper oligument by oxtornsl radial snd thrust
bearings, maunted mounted in the supports which ‘sourround
the joint. with plrin Journalsg the inward thruat is
freauant%# tékan by o ball locatod at the truq joint

centoo while thrust collars absorb soparating thrust of
consdorable magnitude.
: A;
In the c¢asc of ball and groove Jcint aeveloped
by F.Fe Millor 28 in figure, th central hall is ha!d
f/ in 3ny direétion and so0 mgkes a strong ﬁnﬁsing with

k\

shaft supporting beafings unnocessary, Similarly, parte
of tho RZBPPA joint are intorlockod in a ballQénd gockot

! faohion, ?herafbre no redinl or thrust bearinga»;ya noodod
f to loentodl/ both shafts with rospoet to oach othar; Poy
| high -ngle Joints; ~s in cars with front drive, the half

T

SRR
a0 :5\\\5 .

ball grooves of both driver and drivon mombors e¥e B8O
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ecurved that tho contact condition of the bslls in their
'grooves romsin practieslly constant. When the grooves

aro stralght og in tho case of the lovw angle BENDIX joint
e gimited axisl movement of one ond rolative to the othor
is possible nnd shaft beerings for rndial rnd trust losds
aTe not recuired. Since the driving balls also act as a

shaft support,

Balls sre retnsined in tho grooves of tho BEROIX
Joints without any retainer, Tho half grooves asre crossed
more oy loss at all permiséible shaft angles 50 that each
individusl ball will be theoretically located at tho intore
section of tho groove contres without tho help of a spocial
ball cage. If a pair of helfebnllgrodvos should bocors
parallel by incre-sing the Joint anglo ox¢ossivelyy a
ball undor such condition would lose its dofinito location.

A similer condition existed for the original,
oarlior RZEPPA joints vhich wors fittod with concontrie
inner ond otter race grooves, However no ball could movo
indepond-nt of tho ofhw boeeuse of the common ball cagoe.
In ordor to locato the dnlls in tho proximity of zoro
joint anglos o special piloting dovico was fitted, consisting
of s pilot »nd n saucer « shapod shhoricesl segmont which
formed the continu;tion.af tho ball engo.Tho reculed aetion
of bringing the balls rnd cogo into corfoct relstion with
the shaft angle wes obtrined by means of - pin shrpe lover

having three boarings « in tho innor raco ocuter raco
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pnd pilot . Boyond on oporating anngle of sbout 11 dogroes
this dovico wog not necessory. tho crossing of grooves

boing onough for positive ball and c~go positioning.

Towday the meatching helf bell grooves are ionger
wedo from o common contre but from two centres symetrically
locntod and off set an cqual distance from the true joint
centre so that the ho1§ grooves actually converge fowarﬂa
one side of the joint in » wodge f~shion, compeling the
8ix brlls into the correct position by means of the ball
enge. Sufficient off sot makes self positioning of tho
bells g0 positive throughout the entire sngulsr
range of the joint th-t additlonaxyﬂﬁ'piloting_parta are
nolenger recuired, Gnrrontly; howéver, pllots are sBill
fitted in tho lorgost joint sizes with nominazl shaft
dismeotors of 2¢ inches to 3 inches m-inly for mmnﬁfacturing
reasons nnd a8 s safeguerd againstux oxecossive stresses

ét operating angles from approximately 20 to 36 dogrees
RZEPPA joints are of two types

(1) DIsC TYFE
(2) BELL TYPE

Thoy comc in nominal sizes corresponding with thoir
drive « shnft dismeters ranging from '6/76 to 3 inchos
DISC rnd Bell joints of tho saws nominal size hrvo intore
chrngeablo intern»l parts. Tho distingulshing differoneo
lieé in the shee of tho outor ball rnce ~nd tho sghaf? soanl.
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DISC joints aro futnished with a dise¢ like, short cylindrical
outor raco having oix holes for dolting the joint to a
suitsblo cmpsnion flenge on one sido snd to o cover on
the other side. Tho cover is fitted with a floxidble dine-
phragm of ofl-resistent synthotic rubber, through which
the drivo shsft extonds, providing Froedom to scuring "8
dogroes ~nd to slido in or out., These Jjoints aro ofle
pecislly suitod for high spood propoller shaft drive vhere
vibration 4s eritical. Tho drive shaft rests, sliding

or lockedy in the splined immer dall race with its weight
supported within the joint on sphericsl surfaces making
extornal splined connections unnccossgry snd thoroby
oliminating misslignmont, runout, and consoquent vibra-

tions.

Boll typo joints erc primrily dosigned as povor
stooring drives for front drive gxles or articulrted
driving ~xles wih m&ependant vhollsusponsion. Here tio
outor driven is shapod sphorieally_(sae figuro) opon
on one sido with the other sidomerging into » driving shanlk,
vhich is upuelly pert of tho boll shaped forging. Thoso
Joints mx1 are capabloof 37 dogroes deflection, lubricant
802ls ~re genornlly providod as pnrt of the sxlo huts
housing, but m~y be furmishod sopar-toly as non rovolving
puivol housings surrounding tho joint and having n.
flenge for fastering to a suitable freo of tho whool
huts.



A1l joints have six driving balls fitted in
hsrdenod »ndground groovos for transmitting torcwo
simultancously in olthor diretion of rolation. A closo
fitting‘ball'cago hblds the b-11 in corro;t aligumont,
Thebjoint'mssémbly has considorablo ond - thrust cap&city
in either directian snd no oxternal suyports are recgiirecd
to presar?e ths aligument of thg individual joint parts,

Only one shaft cither nt driven »r driving ond, rcquirea ‘
support. Tho completo unit can bo hpnded, mountod and
remevﬁd from an ossombly without loss of interval

'alignﬁentfar pgséibility of gaefdnntél disnssombly.

| , -
JOINT c:xmcmxz—» Obviously evary \miversal Joint has
Iimited capﬁcity for lond, spood, sngley and the combie
nation-of thaaa throo factors. Losd 18 gonorelly govorned
by tho pormissiblo pmssure in the journsls of the cardan's
joint, or tho'flpt surfaces of tho TRACTA; in rolation
- to speedy snglo -nd 1ife oxpectancys

For ball '.-.:n’d groovo Jéints. londs aro dotorminod
by tho sizo nnd hﬁmber of balls ond théir distanco from fe
joint oxis, In ;ccbrdnnce Qith ball beéring practico,
the pormissible qrushing 1024 of balls will vary appoxinatoly
with tho souare of the dismotor. Sincotho ball distanco
to th ~xis of a joint 18 a tmltiplo of its diamotop.
pormissible 10ad in congruent design is proportionato to
‘tho cabo of thodr linosr dimonsionge




A1louable ball pressures -re experimentslly
_dotermined with due rogerd to groovo curvaturo, surfeco
znd contsct conditions, With increasing Join¢ angles
contrct conditions require = reduction of pressure in
or,der t0 msintain the etandgrd 1lifo egpéctaaay undes |
norm-1 conditions. Standerd 1ifo oxpoctsncy is basod on
a fixed number of cyclos which tho joint will ondurc withe
out excessive wear and is gonerally expressed in works
hours. It is identical for all kinds of joints undor
standsrd condition of loady spoed and angle. For any
worlting condition differont from standard the expoctod
1ife ean be predicted by the formalas

5
L =n" (cagek )
p .
vhere n is speed r.p.n
¢ is normsl raked lond

capscityy D.p por 100 r.peme
18 1oed hep

o is sngle factor
is spood factor

Contrifugal foreces oxorted by balls on the groovo
surface st spoeds far above normal will sond wha¢ rodueo
1oad ratings (factor K)



ovérhoatmg due to internal friction or
y,ibration caused by insdeguate supports 1imits tio
speed or angle ﬁt~ which a joint may bo safoly run. As
s ruley the préduct of speed in Tep.ms end angle in
degrees shaﬁld ﬁat excoed a constent limiting figuro
sot appmxmniely" st 164000, '

RFFICIENCY t- Univorsal joint efficiency is highs losses
chicfly duw to intermal friction ~nd for some types are
580 slight th-t they are nat easily messured. Lonsd
tests with ball typo jcinté overating at anglea 1argor

than 26 degroes at full lond and low speeds have shown

losses of ~bout 2ff, diminishing wikh the zngle. Thero
msy be nddition~l losses for CAEDAN Joints operating
under eriticel conditions where tho variable spoed

will produce inertis effocts detrimontal to efficient

power transmission. For iias:bf:nee y such varisble spoods,

necessarily resulting in ¢arisble torgues, may produce
stnlling effects under Gritiesl conditions as moy b2
oncountored in front driv& vohicles negotisting

arae

stoopy sh-p turms rocuring full steering lock, Strietly

sperking, thesd cannot be called mochanical lesses but have

gome offect. Nearly sll losses arc convertod inteo hoat

and honee sufficient cooling must bho provided to provont

selzure of parts. At lov spoeds this condition is installcd



not oritical end joints may dbo installed in cloged housings
viaich also serve as roservoir for lubricasio. A% high opecd
howover sufh housinge usually hinder cool ng of tho joint,
theroby reducing ite capaciiy unless proper ventiletion is
provided, gt high speeds closed houeings are usually not profe

erred,

ODERY DEVELOPMENTS- Recent inovations in ultrewhich speed
engines transmissions and shafts have brought nevly ﬁevelﬁp@@
types of universal jointe capable af transnitting loads at cmesll
wgias and highoer spoeds then was heoroto foro ea;lﬁamﬁ

safe. 4 very sucoessful joint of this type is ghovn in

figure. Bhis qunstanﬁrelaoity Joint has a nunber of

balle plaeeé’in stralght half-grucvéa oi the inner snd

outer race. Both races are interlocke@ by a sphericel beate

iﬁg which absorbo both radisl and thrust loads. Here again

the poinciple provails that the driving balls‘muwt Ee located
on the plane biscoting the shafd anrlos. This oxact lo ation

is controlled by two ounical pilot rinpge secated sphorically

on the inner raco ghx shaft and quided by end enclosures of the
Joint. With the shafts at an annle, both pllots are Gisplaced
in oprosite direction an’ locate the balls occurat -1y betwoon
the conical surfaces. |

- Due to reduced internal friction and nrerfect balahne,
tuesc jJoints can nafely oporate at speeds much higher than
parmissibleo for the earliaz'typnﬂg Since mostly the mngles
reqﬁired are small, the joint is desicned for o ghaft cloaranoce

a@gleof 7 to 9 de_rees, Whea largor angles arc reguiroed at



lessor spoeeds, the clesrance cun be incroased to ,
approximately 12 degrees by certain modifications of the
pilot guiding seetmkmxmxdnfseatimmmoizkhoxpiiod surfaces.,
In the combination of Joint angle and speed the limits
‘aro set by vibrations, heating end sealing of lubricmto
but are much higher p2 tham thoe limits previously

given.

Regardless of the mthod of suspension, the wheelp
of articulated driving axles are genorally connected
by Jointed shafte to a differential housing eontrally
nounted on the spring supmrted £rame or body of tha
vahicvle. In order to avoid oxoessive anglos at full
spring deflections iV is mopkeoxupixém iaportant to
provide for the reateat length of connecting shafte. This
ig particularly important for steering Joints becanse
the up or down movement ‘ue %o spring deffection will
deduct @ certain amount of availeble steerin: ancle. The
compoun® angle may be roughly calenlated as the sq&ara
root of the mim of the squqres of the component angles

A solution for gaining maximum length for half
axles ia chown in .igure. In this Gesign the inbonrd
universals are developed as part of the differontial
sido rears contained in the differential houging
to form a very twempact unit, For nonsteerins read axles
vheel joints may be mountef on the outside of the
wheel hub, giving edditionsl shaft length end casy
accessibility,
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Anothor typs of univorsal

coupling, the lsyrud one, provides for all rol-tive movemont
at the two ends of tho propoller shaft, by menns of
compressed rubber trunion units mountod in the end couplings
The ~dvant-ges of this coupling sre that it has no wearing
metal memborsy it is silent in aetiong rosuires no lubrication
sttontion ~nd if proporly fitted h-s -n excoedingly leng -
ugeful life. Moreover it provi’es sn olnstic dempor form of
drive, insul-ting the ongino »nd gosr box against transmitted
. driving shocks vie the rood vhools.

The principle of the coupling trunnion block is
shown in figure. The bore of the block iz reinforcod by
" 1iners of high tensile wire cloth, formed by winding it
tigertly on - msndrel -nd securing by cold soldering. Tho
screen 1o thon insorted Into s mould end the rubbor cylindriesl
member vulcanisod te it, Tor sttochment of the blocks to
the driving flanges, shouldercd slcoves with spigots for
fitting into recesscs on the flvngaé sr0 prossed ino the
scroensy the whrle being clomped togother with a nut snd
bolt. ¥he bolts ne subjocted to tonsilo stross only,
tho she~ ing stress due to the drive being t koen of the l-rgoe

dismotor spigots formed on tho 5loovos.

Usu-1ly, the resistwnce doflection in tho ~xial, direction
is ~bout to of that scross the axis of the rubber
block, 30 that.-thore is ample exi~l displ-coment to avoid
fitting of the usu-l splined sliding joint. The four rubbor

4y



:::::

IS

RUBBER TRUNNION BLOCK,




7!;1@5', so that tﬁe;rev :!s a-réyle qex.ia“l "&i-spiéeement to
aveld ﬂ.‘ctmg‘ efh,the usual splined sliding Joint. The
four rubber block unit is commenly employed on moitore
eers ond 51l but the Iargest commerciel vehiclesy six
block units sre fitted in the latter case.



1. Description
2. Design



PTER -
ROPELLER SHAFTS

VARIATICN in sngul-r velocity between o universally

Jointed sh-fts, thot is providing the jJoints are of the

Hoke tupe ~nd not constrnterntio joints, depends ypon
angulerity botween driver end driven members. E-ch of the
joints hns two rTocking sxes, each of which must maintain aﬁgio
of 909 one to the other -t 21l times. Incorrect angulasr
relstion betwoen ke Ariving -nddrivon fo ks 1s the origin
of mny tr-nsmission streda o8 and vibrations. It is therefore
of primsry importence th:t esch fork or pin st one end

should be mounted in the saﬁe plane ns 1ts corresponding
member -t the other end; wven then; if there is any

»ngul rity in the sh-ft, uniform revolution will still

not bo possible, ns the fluctugtion in spesd varies proporte
X%y jonally with the shoft =nglo.

When n joint of the type in Fig 1 is in motion tho pins
describo vh-t is termed two "gre-t cicles® hrving common
di-metors,since they represent thé boundarios ofiﬂ@ | |
svctions formed by the two p-ths. As the distance botweon A
»nd B 1s constr-n it mey bereprasentéd by = nuadrantvcf'me
gre-t circle. The two nros sot out in Fig ~re desc ibod
vhilst pin AB travols botwoen t ho two points of intorsectiéig
and the point of moximum doviztion from the vertical occurs
vhon colcidencewith these interseetioms is nttﬁined.by‘
~ither pin A or B. Httm Whon g'is coincident with those |
intorsection points, sngula: volocity of the drivenshaftlm
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is less then th-t of the driving shaft, and tho
oprosite conditicn océurs vhen B 1s in cofincidencs.
As tho joint rotntes thore srefour pofmts rt which
the speeds of esch shaft are soual.

In Fig' : pdint A tas moved to A znd B to
B, which point is found by describing an sre oaual
in length to ABy From B' point C 1s found »t the point
of intersection of » further gre»téirc_lq cuadrant B 'C
being enﬁai to B 4. This geometric:l representation mav

be intorprated thuss

¢ ® the angle betwoen shsfts CAX, the angulsr mbtion of
driving sheft i< errrlled by Aﬁ'. whilst AC = sngulsr motion
‘of the driven shaft, andi finally B*A'C = 90 ss does Broa’

Coé # tan » cot b, vhero A =bend AC = 8

by reciproresls tana = cogo
tan b

-nd for smecll rngles AAﬁ = 0os 6

Solving for the r-tio of »ngul~r velocity-
ten b = coset-n =

' . : 2
and by differentisting sec’bdb = cos o cec nda.
2

. dh = cos @ 895 0
) dn sec _ '
Ags AC or b is nct known, by sruaring the exprossion

for sngul-r velocity.
' ’ tan®*b = Cos?8- fan26.
[+ tan?b = I+ Cos?. tane .

| | +tan?b » See?p Substituting in the diferentistiom of

$hea anmilown vaTand ber avenacsdam



db _ Coco ._Sec®a
clo 1+ Cos?¢ . tan?a

vhich is the final retic 6f =ngulsr veloeity between driving
and dgiven sh-ftis.

If the figures nre worked out for vnrious degrees of
anguld-r motion, »nd sh-ft sngles »nd bhe spe d fiuctuzmtions
plotted, itAwili be notad that the spe~l differonces
botween thetwo shafts it considernble. XIf the -ngle is
increased from 8 to 24 the 2 per cent vsiistion beeome#

18 per cent snd therafore 1t will be readil’ understood that
l2ck of uniforn velocity eombinedeitﬁ ¢hsnge of diredtion
- of the rotnting pins is a possible source of shaft vibration,

Vibrntion of the shaft mey bs excited through either
end lo-ds, cen‘rifugrl forece or torsional ¥ivration. Should
the shoft be fitted camtrffugxixferxmxxizrzimnnibx without
g sliding muff consider~hle end thrust is experiqu§d
-nd, further, if the joint is of flexible type, the texture
of flexible m-terisl will demp the rctus) shock lo~d, but .
reduced the critic-l speed of the ghaft tubs. It'is’ ,
desirsble thersfore not to neglect end lo~ding whgn'lmgking
propeller«sh £t celeul-tions.

o

The mrximum bending moment on the shrft: According te
Prof. Grecnhill this mey be st-ted =8 |

f= BM
: z - A



where F = end lond

A = sectionsl sres _
- W = weight of shaft (1b per unit length)
o & valocity {redisns per sec)
B £ flexural rigidity of the shaft or El
y ® deflection at X from the centre

and lond due to centrifugsl force = g-‘fg., per unit length

Now if the effect of gravitation be trken into -~eccount
there is noe position in esch revelution -t which centrifue

gal force ~nd welght exert their grertest effect

9
ana DY L FodY  wa? o
ax4" & axx 98 ¢ T B

whieh solve inte
-¥r

’a:-_A,S’\L\(éx. +A2.Cosﬁ.’)(_+ A3-e?.!+Aq,E- —_ -:’-; .
snd  being the two roots of cusdrstie eruntion

g = _E_ffﬁ_ 4w
28 42 90
2

e

= ‘.f_.-)- _‘-:.3 + W.o2
W 4R e

¥ hos the ssme value {or volues of x whether positive or
negrtive. &, = 0y A, = A ond sssuming thet ¥ = 0 ond X = 1y
th-t is for nc shaft deflection, snd -~lso thst when X = k

0_'5.3:0 then
Ae?
Ay ~ o

a, - P9 /4% (»4p2) CosvL

Az= Ay = ﬁzﬁ’/2°‘2("2+‘32)cask L



]

o« « ot ony point slong the shaft the bending moment 4s
and the B¢M. -t the mi-ddle of the shaft s

ET (~@243_ + 2 A.s-‘fsz)

(p% E’Z)AQ.GJS‘QL‘ = o =né gince (p’-t— ¥') 15 not

Zero unles Ap=0 , Cesp@L:=o0

il
>
P
P |
v
b 1]
'

1

]

Under steble conditions pL

=snd the lowsst critic-l speed p = A
| I
' 2 2 '
{BZ = _,\___ - __P_ -+ _V.\i?i.z.‘- _E_.
1* 42 V=g 1%
. =4 -2
a = \/'85 (2 _ = F)
w L2 el )

The ohove formulse do not tske into consideration any
in~ccur~cies in weigh ¢ distributisn but they nsgume thst
the welght acts g5 = r=dial force in the s~me dircetion
n8 the centrifugsl fores, Bhouvld the shaft not be
perfectly balsnced, the shaft will deflect towards the
hervior side =nd g point will be resched when for = period
there will be -n excessive bibrsti-n . It will, however,
dis=ppen: with eny altern-tion in shaft. speed.



At this ciitiéal'spead bihratién‘is esused by 2
change in the sxis of rotation, sndthe shaft, instead of
"Jotating sround its potmatricsl cz,entre', rotstos a‘béut an
axis through the centre of grovity -n? ite geometrieanl
centro, It thorofore becomesdeflected in su h smanner
that the geometricsl centre traces s circular pszth ground
té centre of gravity of rototing msse at esch rvolution.

The ¥t whirling speed mny be defined 28 that at which
the stiffness is zero snd its period infinite. The intevval
of time in wvhich the shsft is p-ssing through its poricd
infinite. The Intervel of time in which the shaft is passing
through 1ts eriticel velue is so small that it does not
permit of lorge shaft deflections, hence the frct that

repture does not slwons oecur.

In vibrations tho shaft, stsr.ing from reatg increases
its sngular velocity up to the peoint vhore vibrations
oceur, the amplitde of eoursc being small., Further incress
the vibraticn emplitudo until eventusllythey resch 2 m»”
S22 still further spoed incresse eiiminatgs'these ¢
tionsy until st ~nother shaft speed the,giératioﬁ'
mmonce -nd ghnPix start the eycle once more. &
incressed until sh»ft distortion »nd fractu™

Torsionrl rosilience must be cons'

should bo designed to accommodnto -p



/ 19 per 10 £t of sheft, which figuro should be o mexie

e

mum ot moximum stress. Provious calculastions should de sube

- Joctod to n reecheck 16 ensure this condition, snd slso

thét of sderunte elsstic strsin energyy 28 the moterial

// shauld not be stressed torsionslly sbove its elastic
/ limits,
i )
N /i The shesr resilience of g tubulsr sheft 1s % 27x.L.v L
| r ‘ 2R
/ vhere x= X.{s. end whero Js4s the intensity of
ahear strese at outside radius R
s 1 = thickness of m terial
, | r = inner radius of shaft,
: f The torsicnsl resilience of » tubular shaft iss
/: . \ - : )
H S 2 R 2
A Z*_L-_J‘_s./r‘“/c - oA ds  (ri-r3)
/ o RE o, an R’
/,/ . ’; 8 2 2 2
. /r’,! / s — RO +Qz . é . Nt. oj Skc,}"‘ .

4y
it L

;/ " whbre N = modulus of torsionsl rigidsy
7 . j N

N
PN

Ry _and Rz = inner snd outor rsdiusg of tube respectively

/ [ :
b f{’ . End thrust to which the shaft is subjocted arises
P
s Frem molty sources. It hns its origin psrtly from »
!/
y

sombinrtion of resulting loeds from vorticsl displ-comert
i
¢

1’/
1
} £ tho nxlo snd gyrosecopic movement of the jointa; which
|

¥

tpnd to substantislly reduco the natursl hamonic vibration
the sh=ft « wvhen the intervsl of time between blows from

mwﬂd obstyuctions or inemielitios is oousl to the periodie



time of one or more rosd springs, These combined 1cszds have
spplication st the resr end of the shart and 911 set

through the resr ax1e end
e = 5% y which 4s the clastic force per unit of deflection

vhere W = combined end lends
A & erosse-sections) area of ghoft
L = length between Joints
B = modulus of elastictty
g = grovity
K = torsionsl rigidity of shaft
k = radius of gyroticn.

" The frecuency of torsionsl Wibraticny n # %, vhere
’ I
1‘ = time of torsionsl vibration, snd is eoual to T = 27

,-'I beig the xuwx moment of inertis WK on r':s:'(‘ %s per second
e ’ T

/ If X = torsionsl rigidity of shaft nnd N = modulus

af" transverse

i ’ - ) .
¢lasticity, K = NR-d

“ y 3k
i
/ ! N.AdY
subs?titutmg T = A . : ‘%[22
, 2A Wk2 .0 .
m "‘2 ond
0] W k’*-L per second
:”/’"’ Which\ for steel tube -t 12 x 10 epproxims=tely

; gives mtmfsmm

; it [
// { "M = 3400 d kfu_ f“’” sec .
P



If the shoft is built up of verying sections of diffoyont
dismeters the fregoncpy of Ulbrations is of course different
as the‘twisi-produced,hy unit torsion moment 1z the sum of
kit twist in each system. An exemplo of such s shaft is tho
aweged onds down to s smsll splined sheft diomotor.

Fracueencey mey be found by - modificntion of Morley's

formuls. 0
32 ( 9 Q2
An Nds T A ) |
or written for stool ag
n = 3400‘/ P -
' Wk? = &/ q%
above with nots iomn as Fig 8.

/ Indident=1ly, wvhen deotormining tho material £nta

. Stress 1t must not %eavariaekeé that most of the strasses

| sT0 slterngting and = o orten\revnrsed, whilst it is moro
dsangorous still to fsil to appreciscte tho fact that it is
the stress range which h=s snh even grester bes ing upon

- fpilure than does the actusl megnittude of the stress,
Considering stress recersals, » safo material figurc is
7ﬁ'tons compression. 7¢ tonstension =nd 6% tons in shesr
dﬂo'to torsion. This is b=504 on sn ordinsry 30«45 carbon
:'ﬁteel of 16 to 22 tons yield ~nd ~n approximnto elong-tion

Qf 10 to 18 per cont.

A grophicel 41lustration of vibr-tion phenomena is
shown in Fig. The sh=ft st~rting from ros! greduslly
‘Anereases its angulsr velocity to » point where bivr-tion

oceurs.
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! The pmplitude is =t first small, but with »n

increbasa in speed the vibretions nlse build up until they
N 7 qvqptuaily;reeeh thg»mnximum smplitude. If the shaft is
on » balonee mechine tﬁe ;édicators will register the
mégﬁifnda, vhen suddenly the indicctor become at rest. It is
at ﬁais speed that critics) speed of the shaft has been
reached. Any further Incresse in revblntions reproduces
furth@r vibration, but of smaller m»gnitudo. Suca phenomenon
oecurs with esch succeeding speedincrense ﬂntil eventuslly
éha shntt becomes distorted »nd probsBly frils¢

19

j Stresges such »s thesc, if applied iﬂ mognitude exceeding
bhe almstic limit of the chosen section, preduee sn effect

//an the meterisl structure such that repture due to tension
/ ar cawpression resolves itself into ultimste failure
7

/ thrnugh shear,
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1
2.
3.
4.

Types of Resistrnee
Tractive Effort,
- Geometricsl Progressicn

Grsdient Performeonce And Accelerztion

w0 - .



YERICLE MOVEMENE

The mech-nics of n moving vehicle nre confined
primerily to simple cnlculations from rcccepted formulne,
In consi’‘ering » wheeled vehicle three m-in factors are

~oncerned =

(2) Rolling s=nd frietionnl resistonce

(b) Gradient tesist-nee,

(¢) Alr or wind resistance,
Rblliﬁg‘resistanca varies considersbly with thé'type of
rosd surfece g8 indicnted in the following table -

Resistance

Road surfsce 1b/ton
Railrond | ' 0
Good Asphelt 18
Medium Aspholt 22
Poor‘ﬁaﬁhnlt 20
Wood Paving | 30
Gronite Sets 3
Bagt Mncadom 48
Ordinnry Haéédam 60«60
Eoft Macndem | o7
Welle-rolled Gravel 67
Smo11 Cobbles €0
Medium Cobbles 130
Large Cobbles 240

22 Hnrd Dry Clay | *00



gend Rosd - 880
Looso send ' 660

An avoTsgo figure which eppoers to givo a littlo in hond
for 311 goné§a1 purposos is 60 1b/ton. This, of courso, doos
not spply to spocielised military or agricultural whielos.
Rolling rosistance for cord tyres is approximstoly 83 por
cont 188.{’ than that for febrie Tyres, snd the figures arc
practically constant for spoeds of 20 to 60 mepoh

Frictionsl rosistonec 1is nnother verisble factor.
It includes rosistonce tu;motion through trnnamiséion lossus g
gsuch =g goasr officionclies, oil chuetnge churning, ¢yre
ndhosion -nd meny other influences.s useiul gonorrl approxie-
netion ige

Fe3 40024

VWhero £= frictionel resistence in 1b

¥ = totsl weight of wohiclo.

Transmission losses sre ususlly ostim-tod at Y0 poreonmt
in diret goar =nd 18 to 20 por cont in low gesry so that 4n
calculsting porformenco, tractive offort should bo ostimatod
nt efficloncies of €0 percont top goar rnd 838D percont
in lowo®r gosrs, r6 gn ~varsge. Tols figuro includos such
losses =5 occur in 0il churning in s closely dosignod
goorbor ~nd confinod roer axlo. It =lso tokes into account
tonprerture losses. For privete cs s theso figures aro
lov, €5 to 82 por cent boing tho usuasl fzurcoo assumod. Tho
tryes is sbcut twoethirds th-t of tho totol chsssis loss,



QRADIENT HEBISTANCE

Grediontorosistrnce figures must bo nddod to thoso for
rolling resistences in compling the summetion of“taial resise
tance to motion. Gredient resist-ncc is o funetion of
vehicie welght snd gfsdient, «nd it does not depond on
wohiclo |
© gpec? It mey bo expressed as P e}

vhere G = gredient ¢

H = Waight of vehicle
W sin = P 4¢ tho gradiont is oxpressed in sngul-y

dirensions.

Wind or -ir resisteonee is dependont upon speed z=nd is

¢rlenlnted from the formmle -
2 e

p{n} = p(h} 7 + gine
The valuc varics ~ccording to the amount of stresmlining
efferted or sngle of inclinstion of the surfrea to normal,
for inst-nce for » stre-mlined car » constent of 00,0017, or
foxxinsrruruxforxsxstvomitinut for » singlosdeck stroamlined
coach body 0,002, moy be sufficlently asccurnte for sl}
preticel purposess 0.0082 4is wsod in connection vwith
dotblo~dock possonger vehi les. These constants form part
of tho expression ph = kG Ay whore Vvolocity in ft/soc and
A the projectod arer 1n sn.ft. |
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. %The sum of these three resistences to motion ie tormod
tho tractiva resist-nce of the wehicle =n? mzy bo axprassod
by the ocuntion(TR) =W(R 4'*_M“_4ggg) + KV 4 whoro (TR)

trnctivn resistonce ‘
dﬁfi s ' ¥ = Vohicle weipht in tons

S

R R = relling resistenes 1b/ton
//{;ﬂ~"‘ 6 = redient
FARETRS : ¥ = veloeity in ft/soc

/ g A = Projectod are~ in §.f2%.

j Exsmmngtion of the power curves of tha engine ravnuis
thwt wherews the tor-ue curve rise to s pointond graduelly
f,r?zzs with further incresso in engine speed, the boh.p
eurvn continues to riso throucheut the ronge of ongine. sp@eds
boh‘p for the purpese of -ctusl vork esleulstion is of 11ttba
/alua, »nd moroly roprosemte the reto ot which engine is g‘
ﬁerfarming work. It boecomesg howover, a necessary figure fé@
/speeﬁ calcul-tions. Torasuc represents thoe sctusluseful work“

iparrérmad,and its velue is conseyuontly nppliceble to work

[/a[?wlculataona 5 oxemplified tn gredient climhing =bnny,

£

//1 éy,‘xn explnn~*ion of this 1t should % noted th-t

7 l‘
- torrgp signifies ~ turning moment, th-t is -~ foreo nctinf at

qflever «rm ~nd is expressed in 1b/ft, whilst powor is
}ﬁade\up of torrue -nd enguln~‘ veloeity. Thoro for work/tima

; © Fowery vhich is the rete of doing work, henco the

/ prdd@ct of torrue and ongul-~r velocity is povor: It 1s Af

i



SﬂmiatimBS‘QGCCBBQrY to exloulnte the torque from tqﬁ

horge powver =nd gpecd of éngine reveolutions, in wh;%h
. ,/"

/

RN
SN

Crge

2

T = or 6,260 x (HR) !
n

/

= Q\\

1b/ft, n being the number of engine revolutions' per minute . :°
IVE _EFFOEL

To overcome the externsl forces, effort must de applied
in the form of » torcue ot the re-d vheels, »nd the first
step 18 to og ertedn whet oversllgeer rotio, that is low
gearbbx end =xle rstion, is necessery to convSrt the nvailable

engine power to useful work. ' | L,

it e = tronsuission efficiency
r = oversll geer Eatioc in low pgesy
b D = running radfus of type
| T = enrine torcue 1n 1o/t
then t ractive offert ot wheels is found frem the formula

2

As Te must ot lerst ecusl T

then W‘W’ +K VZA
: — _ | |
+KVA | N
end r = Hﬁi%) e : "

Tes




Tho ofttrores in conditions both of tho forces opposing
motion s~nd those which rre rocuired under cartsin eireumce
teneos to overcome such resistences hsve boen ostablished,
It nov becomes necossrry t0 emscertsin reculremonts for the

dagired performence in intermediata 5ingo8,

Knowing the engine chnrretoristics, wo ca2n arrenge tho
intermediate rearbox spesds. It should be romsmberod that
it i=s aévisable‘thaé the penk of powor at the rond vheols
should ocour st say 15.20 per cent early oa the engino
pouos curvey th-t is to soy the gear rotio is such thot
the pe:zk oceurs at z speed of 15-20 per cent lowver than tho
ultim to speed vhich 1s given wvhen the pesk is projectod on
to thepower re~uired curve, It is desired that the numbsyp
of speed changos should onsure that thedrop 4n ongino spoed
and conxecuont vehicle spaed is not too great vhen making tho
gear shifts, vhilst nt the sspe time pormitting crse of

reay ch-nge by the driver,

The meinfunction of the gesybox is to maintsin engino
spoed »t the most economicnl value under p2l1l conditions of
vohicle motion, so thrt the optinum v2lo of powor output/fucl
- consumption {s ~chicved. This however 1s not esngy to ~cCODRw
plish vith the ordin-ry ganar-typo roductiony the ideel would
bo nn infinitoly vn-isblo tr-nsmission. I€ 48 known, of course
thnt the lergor the stop betwoen two gesrs tho more difficult
is the ch-nge. The selection of cofrect rotios is thoreofore

imrortant.
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j;t Goomstricnl prcsrossion ~ffords a aalaetton wnich hns
mrny me:itsy since the wehicle is propelled in gdary by

’a soriss of engine QCCQlafﬁtianﬁ and docelorstions. If the
ratios ~ro in geometrical progresgion, then tle engino spoed
renge is constent th:eughaut all ge=rs, This, of course,

1s the thooretiecal ideanl,

In practice, hcwe#ér, mamy other faatures antgr into
the finnl goarerstic seleetion; m? instonce, m;.sma o
goar is often sn emergeucy onc, whalst the chnnge doun mus%
frewuantly beculickly effected, Such conditions wouid b@ ass
sited by reducing the spe<d range of the engine betaben ;
ratic end low gesr in ordor that thelass of vehicle spaed
should be o minimum and the wating peried for synchzonisatiun

of the two genr wheel epaeds be reduced.

Geometric progrossion represents n series of wuangitiﬁﬁ
in vhich ench term 1s obtained by multiplying the pm&é&iag

term by some constant fnctor celled ths common raticn;for K
’ : :X

exempley 1.8, 9,27,8", atc. e~ch term being threo timég that pi
precdding it. For s series of terms n having ccmmon éatiofr |

snd the first term » the sum

g=s( " «1)
(v -1) :

ory if r 1s less than 1y 5 more convenient expreasion 19

- ¥
%iﬂ!‘}



1tvis n-t advigsble to sllow ongino rovolutioms to
rgéeh m~xizum valuc before changing gear, as pover will
bo cut off suddenly -nd the vehiele will lose considersbdle
roed spoed. Moreover, meximum engine torcue is develored fa¥
belov meximin engine revs, »snd in low goa' it 48 desirsdle
to utlise this power when climbing stoop gredlents. The

x‘ehgins-spced ronge permitted by the gesr ratios should thoyee

fere reech its maximum Just osbove the gpecd for maximum
torcuc.

Incidentallyy = certein amount of clutch s1ip is
ofton experieneod ; vhon rewengsging tokes pl-co, more
partiecil-riy 1in thé lower genrsy with higher ongine
gspged ond lower vehicle specd, The effect of this is
th~{ the vehicle speed hrns incroased ove: that in ths

higher ge~r oven befors the drive has bdocoms positive.

The selection of intcrmedfiste geass pormits the plotting
of troetiveffort culves rgainet rond spoeds, in ench of tho
four ge:rs solacted. Provimusly ro»d spseds hrve haen.ralétedﬁ\
to engine spsed on the level ground. If the 1de~) trasetiwe
gffort ourvo he plotted on the same ordinntes, thnat ig
through the point on e~ch of the four curves corresponding

"to the sclected engine spzed, vhich indic-tes the nmost

oconomic~1 point of working on thoe engine torcue curvog

1t vill bo seen th-t Rhroo thoro 4s -~ portion of c~eh indi-
vidugl offort curve ovorl-pping the idesl. This moans tha¢
the goo roﬁios selocted provide in e-ch cso for tho



e i

maximum pulling pover rt ony vohicle spood. The 1doal
/ trectivewerfort curve (Fig ) is s roctengulsr Byporbola

based on ordin-tes of vohicle speed and tr-etive effort,

For oxrmple, if %{- = trnetive foreoy and
V & vehicle specd ft¢/min
then from the formul- | = b.hep 211 the deta for plotting
$3:55% s

sweh » curve ¢=n be ansncertsined

Ye ¢ now consider the gradient perfarm%nce, anl investie
gete the ~ﬁcele:nttng properties of the vohicla. Ihéidentally,
i€ is of courso appreci-ted thst if = gesrbox retlo 1s o
modified so thot the tot~l oversll rotio between rosd whoel

' \
end engine 1s double 1tc original ratlo, curvo A bocomss

“eurve B (sec Fig ) 1) horizontsl dimensions boing hnliu,

~nd =11 vertiesl dlstancos doudbled, s for given engina ;
spoeds nnd doubled tot-l r-tio the vehicle spoed is hwved
but the trective effort i=4oubled. E

~ Using the s-me seczle ss for the tr-ctive affort, we
ern erleulerte the totsl tr;ctiva regigt=nce ot differoni s
gr-~dients., $he curves obt-ainedcut the tr-ctive afforts rt
v-rious pointy,

The wohicle speed st which the best pulling powor
of the engine 1s exerted in ench ge-r, It is reasd from caeh
:rnctive effort curvo~t tho point of intersoctionwith tho

idonl trsctive-effort curve.



Dhe ¢limbable gradient at each of these optimum
points is essily estimnted from the formuln

P e} or G &}y vhore 6 = gr-dient
¢ 3 .
W = yehicle welight

P = excess poOvYoOP.

For the purpose of »scortaining ~cceleration
eh'vrneter;tstics of tée wehicle 1% must be horne in mind
th~t the limiting f-ctor iz the ~dhesion between tho
type =nd road, "or if exgess tr-~etive effort is put _
“through the whesls, the latter will spin -nd »dhesion will
be lost., The coefficient of adhesion vories axd deponds
upon the surfr-ce of the ro-d, -nd to some extont upon
‘the rerr-oxle welght. If we dividotho driving foreo at the =

whoels by tho vehicle wefght we »rrive st a

factor X ﬁée, Te of course veries In ¢-~ch gen and is o maxe
imum =t the 'point of raximim tor-~ue on the en*im«parfo:!-
mence curve, This f-otor mey be used in cnlcouténg vohielo

. ~eeeleration thus

If 7= trretive effort in 1b/in
Y = mrgs of vehicle 1b
£ = nceol-ration (32,2 ft/sec/sec)

——

PSR S

[ ]

Te = nf or numhirically T taal " £ -



therefore ¢ = agﬁ_g_z s ut K = a; and substituting ve get
f = 32,2 K ft/sec/sec,

This expression, however, bea¥s EXwsvaryxkx nc relstion
to the co-fficient of adhesion between tyre »nd rozd, -nd desls
only with va-hicle gross weight, It h-s been stated that ‘
the mrximum effort which con be exerted -t the ground without
wheel sltdd will depend upon the weight upon the rearaxle
% coefficient of s»dhesion, hence T # vwhere vhere axle
volrht gross sand coafficient of sdhesion (ususlly

.7} for for norm-1 surfaces,

by substituti:nw}‘zgg - md fe ‘a‘jz.a ot
L d
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Tho maximum torruewhich a genr will t-ransm;f"f is known ta'
be proportionsl to thesmusre of the tooth thic%gémss at tho
bege, ond nleo to the face width and pitch diai;:eter. Ii‘. is
inversoly proportionalto the height of the tooth. Similerly
the tovmé copoelity cf o genr set varies ss the cubs q,{‘ its
linesr dimonsions. Of thoso dimensions, (2) the shgfpi‘eentm
distonce and (b) dimensions between beerings, are two of tho
mst importantel |

In the originsl gesrbox laycut e fairly aecarétei ghart
cen be medo by assuming tho shoftecentre distsnce conforms
to or (the former for private carsy and
the lattor for trucks) snd the bearing centres ot T
being moxioum engine torsue in 1b/ft. This lstter dimonsion
nzturslly dopends finslly upsn the gearaf.ac& widths and goar
movemonts nnd, 1ns;ae:zd of tedicus celeulations in the initiel
s’tggas of dosign, sn spproximiition of fanco width may be token
a8 repres-n od by the eslpression vhare

L = meximum parmissible lord on tooth -t pitch eirele
‘, and P = normel dismotral pitch.

K 48 » ¢onstent « ,
11,000 « 14,000 for tho first reduction gear in four
Bpef‘d bﬁxa_
4,000 - 16,000 for third spued
16,00021,000 for socond spoed

- 264,000 - 304,000 for first speod



For » fivewspresd box these figures arc slightly rovised to
13,000 - 18,000 for fourth speed

16,000 ~ 17,000 for third speed -

20,000 ~ 22,000 for second speed

26,000 « 30,000 for first spoed

Tho éipmehirzilpitch is detormined by the centre
diSténee, the rgtias'ranuired, nnd the Eelix sngle of tho
'taeth,bearihg in mind that nono éf the main wheels should
have less then, say, fiftoon teeth. The total number of
teeth in any two psirs of mating gesrs is usu=lly tho
snme, There nre three implleations of this that the helix
sngle is the seme for 2l palrs of genrss thet the dismentral
pitches sre differentine-ch pnir to compensste for esny
difference in helix sngley or, finslly, that Sp@r gears gre
sdofads

.»Tn the choice of helix »gle two consider-tions should
be borne in mind, () thot 1t is desirsble thet the eirculsr
heliesl -dvonce over the faoce width should bo t lenst equsl
to thz ircumferentins]l pitehin order thot nm tooth contactvis
madntoined on the piﬁéh'line ot somo point, (b) thot the
ihrust lord emonnting from the first reduction set should
nct be substentially exceeded by thrust frém the othor
gear sets, »s these thrusts nre in the opposite dirscticn

snd therefore approximately csncel out.



¢ §ince one of tho msjor rocuirements of gearbox design
conéorns culentness of running =nd meximum efficien y. Thoso
conditions crn be schieved if the selectod gear teeth sro
"eorrectad™ thot 4s if the addondum is incropsed and
the dedendum decreossod in the pinion and vice vorss in tho

vheol.

Beagse pitch = _ Pitel

Circul-r pitch = ___ Pltch airele emetor X

For this continuity of retiony the line contret XY
must be greator than the b-se piteh =nd the mwore teeth
in cction 't one time the less the strees in the gear
toeth}- this is graphieslly represented by the rotio of tho
length of line XY to the bsso pitchs

Fig. shows the Ycorrected" profile, in which full
advantage hns been taken of the tooth cut to standaxd
depth, 85 thst no pert of the whool tooth works with
s0y prrt of the pinivn tooth ordher then where fhe
profile 1s %true involute, which nov extends to the bnsee
eircle diamotor. With the elimin-~tion of undercutting tho
strength hes nlso been considerably inerensed, In ordoy
to snelyse tho type of conteot ~t various positions on the
tooth flenk, divido tho working fsco of one tooth into a
numbor of emuel divisions snd tr-nsfor to tho m~ting tooth
the poertions with vhich ench works,
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Reference to Fig shows that -t the pitch cirele aniy
are the divisions esual »nd that only rolling thereforo
tokes ik place nt this point. At the tip of the wheel tooth
11lustréting thet eliding tokes pl-ce »t the lower |
part of the tooth flsnks. Obviously wea® is greatest at this
point, Gompromise will be necessary to obtsin the desired

amount of correction to suit individusl recuirements.

Correction coefficients for spur wheel and pinion -nd
helicsl whecl »nd pinion, thrt 1s where the rddendunm is
mrde eru=l to m (1 + K)p m = module of cutter, K is corrsetion
coefficienty 1 = number of teeth in pinion snd T = number
of teeth in wheel, nre given in T:bRe.

Before pnssing from tooth considerations,and whilst
apprecisting thet the reduction of gear noise is of
prima:y importance, it ‘wouid be woll to analyse the type of
noise, its cntegory ~nd the probsble 'eauseg

Gear Number  Sprial Virtuel
of Teeth Angle Number of

Teeth Cooroetion _F;ctar
§pur Pinten 6t K= 0,401 %)
Spur Wheel 7 0 T K= 0.4 Q- ?
Belical Pinion ¢ a tsee » _K = 0.4(1- % ) |

Holicel wheel T a T see a K = 0.4 o%)




Goor noises geners=lly faell within threo catogories
(1) A ring of bighepitched vhine

(2) A low~frecuenty growl

(8} Those omitting =n irrogulrr “hommer®,

It is beliovaed thaﬁ "bounce® is primarily responsible
for the mnjority of such noises and it is apporent undor
varying circurotsncoss by "bounce® 1s mennt o robound of tho
tecth in mesh. It is ~ccopted that the relative wvolocity -nmi
sngul-r position of two wheols in nesh will be correct
wvhen contgc£ takes pl-ece ot he pitch line, but that sny
profile insongoy produces'a varietion in.angulérposition
erunl to the sum of such errdré at the point of contsct of
the teeth. It follows thnt 1rregul-r angular‘vélocity oecur

between the driven ~nd driving gesr.

Rot-tionsl apeed.and tooth losd nvo cantrollinglfaetars
in the m-gnitude of tho prodeced effecet, Immedi-toly tho
the condition is bossod, wvhoroin the tor-uc tronsmitted to
the driver preduces docloration coincident with fat producod
by profile insccurscies,sep-rsticn of tooth occurs, »nd contset
is only rostored through imp-ct. The rosulting robound
cruses the hnmmoring noise in category 3., This of courso,
depends somewhst on the nllowablo bncki-sh, end such » pair
of gerrs cen cuite probadbly run ~uictly ﬁp to the spoed
at wvhich seopar-tdbn occurs.



Evon vwhen the growling noise nppesps sep-rstion mny

. be in odidence, but noise in ihis ense mey be due to loeal
piteh crroro,xwhentha frerueﬁay of the noise would be enhél
to the nﬁmher of revolutions of the wheol. The difference
in type of noisc is explofined by the f-et that the bounce
mny'bo dampad out entirely beforo thore is further impret.
Eccentricity of bore could produce this noise bdy causing

) cnnatﬁdt repetition of rel-tive pitch »nd profile error,
Hovevery on the oth:r hand, should the gear berunning in
constant mesh, under no lo=d or light conditions, bouncing
mingh occur and g‘prolonged rottle with no definite pwriocd
‘being the result.

One of the meincsuses of "whine® 1s genr web or nave n
wesknossg or » binration of wed brought into ection by
the genera! finish of tho gee~rs rnd rough spots on the teoth
The presence of lubricrnt between tooth faces of course, danps
out the noturrl vibreticn to some extentysnd thus contrie .

butdos to » ®t suloter running gerr.

Intornal gesrss Fundementally, extornalegear
end internrl gear systems differ in ono rospeet only
thet of b-se cireles, in vhich those for tho externel gears
1io on opposito sidos of the path of tooth contnet vhoreers
in the crse of internsl gears tho b se circle for both mating



/ uhsgia 1le ou the srme side of this contsct 1ine. It will

" bei;éppx'ecinted thet the intemsl gesrs hove g gre-tor

loﬁitb of pressure 1line =nd conseecuently the are ond durztion
of .contaet i3 ionger, vhilst the smount of overlap betwoon
meahing teath is incrossed. Moraovery the intefnslegaar

taoth possesges » difference in tooth curvature betweon eonw
tzeting surfsces which rosults in goe-tor besring 2ron. This
is due to clrstic distortion ncross the tooth free vhen

under lo-~4,

The s14ding velocity of the internsl gasr 18 slso
less then that fo - gimil~r externs1 pzir. In view of these
rvmlities, it will be seen that a grester -mount of
ecorraction 1s possible with the internnlegesar tooth, which,
vhilst strengthening both teeth, permits contael to
tak@ plrce whoxe the rodius of tooth curvature is 2z minisum.

One of the points on the de>it side of intern=~l pe-rs
is thnt of interference which occurs »t thetip ¢f the ple
nion whilst pssing throught the intemn~l »ddendum circle of
the wherl. Tt 45 not rdviseble in ordin-ry epplication to mesh
two intorn~l genrs of st~nd-rdtcoth ‘orm if the difference

in tooth numberé ig lesg than twelve.

In speciclcircumsirnces, hovdver, the 41 feronce mey
e educodto even one tooth,y but this demands 5 degrees
of eorr etion vhich removes the vhole of tho ~re of contect

for some dist-nce beyond the piteh point.



RNAL TEETH

Bofore losving the design of the geaw teath, a word
should bo said concorning the intornal tooth of the geors
usod “or dog or clutch purposes & oxenplified in tho
conston emosh pinion and elsowhore. 1t is seldom found
that thase teeth a e generated »s =n intornal geer profiley
moro often the mothod employed 41s that of drilling

nd clesning vith o entter h~ving the s-am0 pumbor of teeth

In common vith other internal gea:8, the bore of the
internnl gear mwust be -t le-st enunl to tho baseweircle
dismmetor, vhilst without effecting tho strength of tho
gear it mwy be o;:ened out to the niteh circle dinmetor.
The strength of such »n internaldog or elutch domnds
prim»rily upon the strength of the  teeth in ahear; thus
whoro

F & 1osd ~t pitch 1ine (1b)
r = rrdive of dog (in)
¥ = width of the intern-~1 goaT

£ » gnfo sho~r stress (1b/in )

F = r Wf.

Zho dismotor of drillholo is fairly standardiseé
cor vaious tooth forms, for lns rnce with »20 stub or
20 fullvdepth‘tooﬁh, tho fellowing teble mey bo sdopted g
whilst the minimum width ofworking tooth heg boon fognd

by exverioneca r8 in Takhts .






Lubgicaticn of the geers 1s = most important
forture, snd should be studied csrefully. The msin chrrae
cteristics of the chosen lubricent should bos

- () Must be eszpable of thorough distributien flow through
all ball besrings -n’' smell holes of p-sscges, ~nd mst
hsave no corroding effect on perts with which contnct

is msde.

(b) Should be of such character and body s to minimise
power loss through churning, -nd should offer minimm re-

sistence to gezr chonge mechrnism,.

(¢} Shauld be copsble of exarting » woaghing
action on gear teeth. ete, =nd posees properties for meximmm

hert ~bsorpticen snd dissiprtion.

(4} Must have = eonsistency .such »s o prevent

loskoge undor norm-1 conditions..

[

The effect of lubricstion upon the outrut effielency .
dependswpon sevaral frctors. It would appesr that excﬁssi;é
rusntity hrg considersble effect, ~s -lso does th-t of =n
bil h-ving too high » viscosity. Connecerning the ng%pity
desirenble, it shoudl be -ppeni-ted thot the g'entef povwer .
loss occurs (due to excessive nmount)in the direct ;griva .
position It ¢ ecurs, however. In 21l ge-'s =nd iné?ﬁ?ai‘" ;
until the gears ~re completely covered, Tho loss is éngt—
less due to covitetion or o1 churning, in other‘wdrégﬁ

reduced erulvalont wheel immersion. The prssppiges co



.eut by the wheel é@ £41led eithex with 21y or lubricant
+t » higher tempamt\%
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thén‘the surrounding ﬁikﬂ Aderunte Iubriaation of tho indirect
geers is given by rn il level which immerses the toeth
of one of ench pair of genrs, generally =bout one=fifth to
two«fifths of the box wvolume.

The fall in efficiency on direct drive 1s consideradblo
bowtoen ruantities of lubricant £illing the box oncefifth
and three~fifthy full, 58 test figures hove indicnted ¢ f£all
of from 97.56 to 20.8 per cent, whilst uﬁdar the g+mo cone

ditions third genr logsas nre from 97.2 to 98 per cont.
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. The effects of viscosity sre elso importent »s, for
similar input speeds g drop in officency for both gears, thre
oughtout » viscoesity range vsrying from 200 to 1,000 Redwood
soconds, hes been obsorved as 96 to 93) per eent for direct
drict drive ond third gesrs fa1ls from 96.6 96.5 percent.

Tho rolrtion betwoen efficiency, input speed ond vige
cosity 1s shown in Fig. from which it will be soeon that,
for normsl o1l £iliing st twoefifths full, direct drive is
the gear sffected most. The low viscosity lubricant shows de-
“erengsed loss of powery most probsbly on sccount of redueced
covit tion. Teoth frietion v-ries only slightly with
the viscosity of the c©il end iz unasffected by chenge in
speed 1f torruo is constent, but such friction vagles with
the lond transmitted‘siacé it is aep@nﬁént upon tho cone
tact prossure between the teeth, It will therefore be
appreciate& that é’lowcviacoéity lubricsnt &8 desirasble, wibh
the filler plug » ranged s¢ thnt the tips of the gearsonly
are immorsed in oil. A practice adopted during initial rumning
in {s to use tomporerily an'éxcess pressure lubriecant which
hés the effect of tooth polishing snud in conseguence the
possibility of #itt £ilm Ddrerkdown is minimised then the
reversion to st-nd-rd lubricsnt is mr~de. However, on tho
krgor rnd he~vier genr boxes there sre considerorations
othor th'n gesr teoth ludbricotion, ~s exemplified in the
0il reruirements of the‘ball be-rings ﬁha‘cones of » synchro=-
mesh mechonism, -nd the lu:riention through tho sh-£f¢ centre
of remote gesrs on sliding splines. In such c-ses it s

desirable to fit » small auxigisry;oil pumpy profersbly



driven from the lsyshaft ond, when pll these snd othor points

— o ———_t

roeoive g positive ond direct oil 'supply;.

The gear shefts sre subject to stresses from éombinaa
torsion and bending moments and in oxtracting the shaft
diemeter from the formuls T =& J R + T, whers T = tore
sionsl moment end R # bending moment, due cmaiﬂemtiml‘
whould be given to the at‘fee£ of spiines upen the 5ﬁ'rength
_ ef the shoft. - ‘

';I'h'e‘re is » stross concentrstinm st tho basse corner of
the splines snd the consesuent redueticn 4n effective diamotoy
combined with the lowering of the fstiguoestress limit,
wm ch s due to the continuous change of seoticn end the broken
geriphery of the shoft, hos been the subject of much study
by photowelssticity mothods, It is thoroby estsblished that
the dinmiter upon which to bngse calculaticn is one smaller
then the brse of splines. Further, thero is the offect of
toraic on the spline =nd its trsnsmitted effact upon tho
spiine brse, which ronders it still more desireblo to assume -

g daocrensed dinmetor.



Tho ol-stie 1imit for s splined shaft is loss then
thot of & plain sheft of di-moter ecusl to the bese
digmetor of splines,whilst\shé;r strength s raduaéd, depone -
ding wupon the number of splines, by § to 7% por cent.
Hﬁhﬂ Whon such s sh-ft 18 undor torsion the sectors A and

B bocome holicos of whieh the lengths diffoer, alth@ugh
| bolh sfo functiens of tho dismotors A eand B {J reapectively.
Mossured round the helix, B is longer then A, the ditfaronca
boing Ade, Roln #nd thus s shonring foreo 1is sot up rlong
the rrdic1 linos. |

Continou s reverssls of strees cnnntualiy'oause tha \\\\\
shaft to fracture, the fraetures farming perfact sactors,
obviously the pericd in which such fracturcs occur ’
éependﬁ upon the difference between the respectiv o diemﬁt;;é\\
D 2nd 4, and the greater the difforonce thoearlier the fre=eturo
It 45 for this re~son that for sn incressodnumber of smalley
splines the ghaft isstyronger thrn with » small nuober of
" large splines. |

A relisble practice is to use = brse dismeéetor plas$
15 per eent inere-se over thnt found from the expressi@n )
Fo p/2 vhen it will be found unnecosssry to make rurther ~Ad e
itions for eorroctionﬂue to shaft defloetion. Mény'differing
me ihods of mounting the l-ysh-f ¢t gesrs nro 1vg11ﬂble anﬁg .
providing there i rigidity in tho assembly, thero 1§N§s little

more to add, except in the type which employs = rigid ¢r
fixed shaft ~nd rotsting geanrs. - A 7,

£



In such » design the geesr wheels sre often formed in

- 'eluster' Apsrt from sny productinn difficulties the |
prodblem of gesr néiéé’again ﬁriaeg;‘Toéth 1nnceuracieé will
produce noise on nne geer which must'imevitably be tr;nsmittec
th:oughmthe-ia#shptt-trﬁin‘and Do come epaiative on the |
other gerrs, The effect cennot be scourntely computed, but
it is highly probsble that =ny whine or ring may eventnailmf
become resonent throughout the whdle systom. It is possible
that » bresk 45 desir-ble in the continuity of the gear
bosses =5 1t h & beenfound in msony cnsec thet it splits up
the medi&m ihrugh which sound may be transmitted.

Buch enlcul~tions ss are rocruired for the determinstion
of besring loeds =n shaft deflections ~re str-ightforvard
»nd need no explsnsticn. They arz, however, set out under

their sppropri-te heading in the section devoted to formudec.

The‘gearbax contributes much to the genersl success of
otherwise of the design. Rigidity 4s $ts first essential,
i1t s cubjectedto torsion from the remction which it tronsmits
to its point of attachment either to engina.or “r-me. Tho
v=lue of this lo-d 15 eruerl to
T (Ex « 1) whore T = engine torcue
r = reduction rrtio

E = gearbox efficiency

pnd the highest velue is thorefbra in reverse goar. Should
the cosing become distorted under 162d, shaft misplignment
vill hovo considereble eff ct upon the meshing of the goars.



;. It is vorthy of note thet the mnterisl surpounding
the bearing housings 1 subject to tensile stress  in
meny directions, snd the eveilnble m-terisl should therefore
be npportioned accordingly. Precsutions must be t-ken to
- rvold reson..e;ace. snd 4t would mppesr desirnble to bresk ixp

sny f£1-t surfaces by the introduction of suiteble ribs.



TARY TRANSMISSIONS
Hony of tho problems which arise with the tuoeshaft
goarbox Sreclilmin~ted by the epicyclie or planotaryetypo
rrrgngomont of geonrs.There nro two brsic types of subh
tronsmissions, that consisting of spur gears entirely
and thst which omploys internel gears. The sum pinion 4
or tho driving member being éttached to the input sheft of
tho tr-nsmissicn. The pl-netery pinions €4 of which there
m~y be twe, th ee or morey mesh with this gesr, end -lseo
with the internsl ger1 By znd ~ro mounted on = planet carier,
concontric with the input sheft. If ring B be rondered |
staticnary by mscheonicsel mesns -nd pinion A 1s rotating
clockuiso, the pinions € will roll on tho internsl gesr in
- _§i¢ckw1£e direticn., Whilst roteting in on snti-clockwise
direttion sbout their oin sxes. The plrnot cerrieg D thon
possosses tho same Jirectionsl fotstion (clockwise) wsé?he
d:iving member, but »t =« r duced speoed. If 1t is desited
to the drving shaft or goasr A« This forms z ddirect drive.

Tho calculation of speed ratios, which 1s the r-tio botl\
voon  the number of tms medo by the ~rm D and tho number cf
turns m-do b& the sun wheol, is similsr to that for ordlnnry
gear troins, If tho pinions mnke one completo rovoiutian
rbout the drivingeshaft contro, thoy will slso be r9~v01vnd
rbout their own »xee to the extent at% By eanleuloting

the motion of the sun vwhool A which is;reaﬁirad to produco

esch of these plrpnotsry wheel motions »nd ndddng them






togethor, vo obtsin the number of rovolutions of 4 to
provide one revolution of crrrier Dy which represents the goar

r~tic for that pzrticulsr train.

The first mection of the planetary gears, that
around their own »xos, is'axpressed =8
For the second moticn, that of one complete revolution in the
same direction -8 thot necessary to produce the first
motion of the pinions, the sum of the two is

This 1s the reduction rotio of the geay sot.

| Now if it 1s presumad thot pinion A 1s held -gainst
rbtstiaﬁ snd lord tekon off c¢arrior Dy the povey beling
epplied to ring By the cerrier will revolve in tho samd
direction ns Be If -lso the plenetoery gears with their
v'cerrier make one completo revolution, then by rolling
around the sun wheel the pinicns tum on their own sxis
1%. To produce these two motions the sngul-r motion of tho

 dinternol gear for one revolution of the carrier D is
o atl =4=/phoa
b / b

This nssembly comprises threco members, the sun gear, the
ring gear, »nd the csrrior, ench one of which can be hold
ngainst rotating, se ihnt gix combingtions ere possiblq'au
power csn be transmittod bhotwooen the two remsining
members. Two of these camb;nntions sre reducing geersgy

n-moly sungesr to plonet cnrrier and ring gesr to sun goaP



toend planet cerrier to ring gesr, whilst the remaining
tvo combinati-ns »re reverse gesrs, one step down -nd ono

sat up.

| Compound plenetary-gesr S,ts The fig. i’ilustrates
 a mensh-ft or driving shaft upon which tcwo sun sheels
ere sttached rigidly, vith two ring gears snd two planot
carriops to form » compound plsnotery set. The roduction
Tetio from A to C =nd thence to D is %@ and when
the ring geer of the first trein D is restrzined from
motion, the geer becomes ¢ low forward gesr. In tho second
train A ,B', ﬁl, A' snd D are in motion rnd consequently
transmit motion to cerrier €, the total motion being the
sum of those which would be conveyed to it 4f ring gear D
were ststionsry 'nd A'&escribed ‘3%‘_‘- turns, 2l1s0 if
sun gesr A were held s tionnry whilst ring gear D mede

‘one turn.

The motlion Inpsrted to C by sun whoel & is

d+a

a Q'(Oha)
d!-l-o.‘ B t . )
bt o(d+a

o' ( )

' ' ’ t '
As the reduction from D'tocis O%,P: =nd D m~kes one refolu~
! . !
the motion imparted to C by ring geer D is

‘ f

o a
d¥a’ PP
Al (-dl+0 )

H
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Totsl motion ecuals the sum of these two expressions
O'(d+<1) + od'
a(a+a’)

d+a
O

and if A revolve

times, then the overall ratio (that
1, 15 between A end C 4s (d+a)(a'+a’)
' O'( d+a)+ act!

sTidxifxixeouaInes ' _ kdweny thenrthexermrakxrcctsrs

Four-speed Compound sets with this combinetion low
foruord speed is obtained by holding ring gesr D in which case
torcue is tronsmittod by the lest trrin d'gears, whilst the
gesr retio is Tz = EE%;fiz Relesse of riﬂg gear D,and
restraint of D glves seeoﬂs speed, torcue beig obisined through
the 1 st two trsins of gesrs, from which £t hes previcusly
been seen the gesr ratio is |

o - (da-af)(~dz+az>.
0,(d+a’) « a'da
For third speed sun wheel A is helé ~nd ring gesr D ro=

lensed 80 th-t =11 three plrmnetsry treins »re in action. The
r=tio in this e¢-se 1s therefore

(Qz +ax) [ (Qirai)(a+al) - ad, 1
d, Q L_O-‘-d..)

Pourth speed, whieh is direct, is obtrined by locking
the rssembly torether th-t is by 28in rolense of drum brakes
snd bringing into operation the friction clutch (see gig.

Theroe =re sevorsl sm=11 points vhich recuire attontion



small points which recuire sttention concerning the geometry
of “tooth setting®. I{ severnl plrnetary pinions eors
used in -n internaletype riﬁg geayr, the roletionship between
the nuﬁber of teeth on the driving pinion n»nd the plenetery
priniansvmustbe definite, other wise 1t will not be possible
to assemble the train. According to the number of trains of
ger' 8y the number of teeth » a ~-ays + 1, must be divisidble
by that number. Henco 1f three treins ere used, the divisor
will be 8. Assuming thot o « 1 18 divisible by 3 then.

a = e SRR

C = a+2b = 3% +2 +)
Qa L. b

3 = X+3~ b""ﬁb\

e _ 2 by

S = x4+ 3 priets

If the sxes of each of the three pinions ere set at 120
one to the other, -nd the plsnetaries have =»n ecusl number
of teeth, then two of their tooth centres will be opposite
snd » sunepinion tooth centre will be one-ihird circuler
pitch from the line conneetilg th~t -xis of the right = hend
pinibﬁ snd the sun pinion. If this is so then ohviously‘a
tooth centre 25uXH of the ring genr will be one-third pitch
boyond this rxis line produced. “If the numbers of teoth are
odd, then » spr~ce =nd not » tooth centre is opposite snother
tooth centre line, Therefore the number of teeth in the
plonetsry gears plus one should be such th-t they -~re
divisible by 8y »nd in the case of the two pl-netary gs;r
sets both doiving genr »nd pl-netsries mry have elthor en

- aven or odd number pf tecth.



If thero sre threo tains then, if s 15 divisidblo hwf§§é$§:f:;
must nlso bo divisiblo by 2 ond ¢ = 1 b + lga+lb~1 | .
must 311 be ~-pnble divisicn by th’t number, With four
plrnet-ries, both » »nd b msy either be odd or cveny but
both must besr tho s=me sign.

o
o
o e R

- Comsider the =11 spur type of plsnotaryegesr sety

_which disgrammatically is out in Fig, Iﬁ principle it compriseg
: three sots of indepén%ent grany tr-ins and low forward

" spood 18 obteined by holding theplanet éerrier sgrinst motion

| wvhon povwer is exolted by gear A through

A, ,and D, to gesr Do The reduction is, of course a;%r
| ﬁ ad,

For high forverd speed the drive is direct through the clutch.
Por zmunwmt roverse motion, the goar B isheld against rotation.
If the c=rriorrotstes -ntleclockwise B,rolls on gesr B snd

the gerr cluster A,B,D, revolvos antieclockwise about its

" own 2xis ~nd meokes -%- revolutions in which c~se A mskes

’

revolutions = in which eese A.Mskes‘;%L roevolution, but in

]

a Clockvise direction. Théy vhen rel~ted to the moix motion

fox of the crrrlory gives a totsl motion for 4 us.

-Qulo 7
w— "~ u\ock‘r‘ . . ,\\
Ab, ' ' st A0

Tho moticn of tho planetory pinions cguse goar D té f] ~

by

mnke bd! clockwise revs snd pgein relsted to tha'mbfiég
of tho cerrior, thoe motion of D, \

~ | - bdi ANT!—QLOOKMHSE,'; | hﬂ



ALL SPUR

]
|
S
ol
L4 8
A
ez

PLANETARY GEAR




Should 4 b D will revolve in the raverse direction
ond the expression hes a positive value. To find the reduction

ration use the expression.

It 1s understood thet in sny spur gears the sum ofAihe
tooth numbers ofmating gen s is the same. If this sum is noted
25 X then |

X wa ®n,
X -b=s3b,
x-d=4,

which 1f substituted In the foregoing expressions, the reductiom
méy be stoted as w 1
a -

In top gesr B 1s connected to the driven shaft through
~ the clutch, both brake drums being free, and the gear
: becomes »n oréinary train since the pl-ner pinion cluster
B,A,D,aoes not rot~te, but revolves sclid with the whole
gerr. B 1s running nf epine speed., Rotio 1l to 1

In top goscond gesr broko drum E is fixed end the train
ist B,A A It iz convenient to trbulate vhoel speeds for
verous conditions of fixod membors, X is fized »nd B, and 4,

will heve one positive revolution (seo T=zble



The speed rotio for second gesr is therefore
Q, '

—

L 0‘
Que ¢ ,

Reverse gears In this c~seé the roverse brake drum G

15 fixed, »nd E 1s free, =nd the tr#i 1s X B,B B, D. see table

al
Driver
B A + 1 B A 1+ 1
o
S | K B a =1  Follower
‘e 8 .
A g A 0 Fixed
SRSUD— | — N N |13 W
X
e gi Driver
BD +1 BD l 4 ﬁ‘l
B «l B .“1:,, o | Follower
D g;‘ ' | *&1- 0 -
. - Fixed
L — —— N — , ~thoel

The speed rntio for reverse gesr is therefore



There orc m-ny propriotory m-kes of epicyclin gesr
box in which the negossity for = sepsrate clutch is eliw
minatedy since.by virtuq of thoir designg if the ultimato
fixed member be m-de froe and greduslly specdad up »nd tho
clutch sction throggh which engine nnd tr-nsmission is
couplod is obt-~ined in the epleyelic gearing 1tself,

The principle th-¢ force or ~ction -nd rezction =ro
eru~l ~nd opposite ~pplied not . only to loads and forces,
but to mnﬁants}énd tor~uss, Therefore 1f the trrnemission-
voutput shsft deyel@ps 3. torrue in one directiony the power
unit tends t0 rotote in the opposite direction, except of
couse if the tr-nsmission is in direct drive, =s in th-t
esse doth output torouss =re similar in'magnitude and dirce-

"tion. The torcue is then tsken by the engine c-~se. If ths
olitput is grester thenthet at inpht due to insertion of »
goar bdox or seimilsr moch-nism a resction member in the
trmmemission is essentirl. The gesr~sef ¢ssing forms a wone
venient mesns of sbsorbing this re-ctlon. The conventional
nutomobile trensmission usuelly comprises a number of goar
trains, each of which effact tornue cdnversion 1n‘dirﬂexént
r-tios. There rrea, of coursey meny types of mechnisms’ﬁhieh
sre used to mnke this onversion -nd, in turn, some of the more

~

widely accepted will be reviewed.

First, the gear type of reduction, both"clash® and



synchromesh, involute spur teoth o} helicel gears The msin
function function of the gesrs is to tronsmit motion

from one sh-ft to snother, with uniformvolocity, with the mie
nimum of noisey ondwith = little shock lording »s possible
?ha practice 6f synchronising the moving parts to be engaged
conslderzbly reli ves the last two points, whilst the'use of
constentenesh helical geays sssists the first conditién. With
both the cl-sh ~ndconst-ntemesh types, the methods of
bepringsload‘comgut*tions sre somewhat £imilsr, but there

are one oy two conditions to e g~tizfied in the éynchronising
tyre which do not spply to the straightforw-rd sliding goar.

- Synchromesh deéigns m:y be sepnrated generslly into twe
typesy (2) the inertia lock -nd (b} the constant load. Cono
clutches srethe maidiums fhrough whith the synchronising is
goried out in bothtypeé nd the m~in i¢ference is that it
is not possible to 'cl;sh' the gesms by too much pressure on
the contwl mechanism @ith the inertlaeloc: destgns wherons
thds 4s not so %th the latter types Very brief explanations
of the two systems will make this eclasr.

Inertiselock Synchromeshg Any endwise movement
of the synchronising cone clutch brings into operation the
inertin lock, which prevents positive gespr engagement until .
thero is n-relntive slip between the two cones. When such a
eondition hes Deen re~ched the two ge-rs will mesh. It will
be =2-precisted that the time tsken to synchromise is inversely
proportionsl to the lond gpplied, since the gre-ter the

"orce exerted on the hrnd lever the gre-ter the force betwoen



=nd engnging dog.

the two cones s=niin consecuence, the grester the inertiass
lock lo~d, Due to the difference in spzeds nt the moment

of -chongebetwaen the tiwe cones, thet on the gesr B and thet
on the drum Asboth cone snd drum rotate slightly until

the projections ¥ on the drum m-ke eontzet with moinshaft

spline sides,

The engrging dog C is, however, exerting pressure
on the drum through the medium of the chemfered edges
amd it s impsssiblé t6 move the engrgingd &ag further
during the perid in which the torcue on the drum iz greoter
then that ceused through the chomfered frces. This drum torcug
decrenses, howevey, 5 the apeeds sppronch synchronism snd,
when 1t is just less then the torcue between the two J

ch-mfered fnces the drum moves forw-rd =nd permits the dog

“to follow through to engngement.,

Congtent «load Synchromesh (Fig )¢ In this type the gears

ean 8t11)l be "creshed® or the gesvs be m-de to mesh before

'synchronisation in speed tskes plsce by undue hesvy lond

applied to the gesrcontrel level, if such » 1o§d overcomas
the pressure recuired to overcome the springs which in turn
contrel the bell lo~ding, whether the msting prrts asre synche

ronised in spe~4 or ndt. Fefeorence to the rotstion in Fig

will show th-t presure from the chengeespeed lever 15 spplind
to the outer ring A+ This is trensferred to inner msmber C

through the groove snd the spring lo-ded balls,bring the cones

in contzcts The speeds ~re thus synchronised between thE‘shéfh

t
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Addition~l pressure on the change-spsed lovor depressos
the b21l springs, rllowing the outer member to slide and
positively engege the gear. The cone sangles szre of considore
sbio importsnce, ~s upon the %ngle depends tha.leads requiréd
for synchronising. The sngles =re usu-1lly sbout
=g this figure nise permits sufficient longitudinel movement
to mrintéin the cone fnce clenisance which avproxims tes
04008 1in.

It is assentlsi if goo 4 synchroniss.ion is to be
meintsnied that lubricant should be dispersed immodize
tely the cone clutches engages thus in congecuence, thy desi#‘
gn of ailways reculires enreful considorstion. The actual
aiﬁmater =nd sngle control the speea wth which synehro-
nisﬁtiantnﬁs place ~nd the cluteh must perform t%a fnnetian
'of chaﬂgingthe inertin of the moving parts from th@ir N

running speeés to thrt of the new gesr velocitya

i,

1

. The fundamental formulae reauired,in'estimating o
the tor~ue renired for synchronism ~re of gbursé force = m~55 X
"accelergtiun, |
dr X &

g

Tor-ue = M
g X K x 127 vhero X = radi'us of gyretion (in)
‘Lﬁl t‘&“‘,

\

M = Weight (b) ¢ N

g = gravity sccelar-tion
(32.2 ft/aec/sec)

n # r/fsec
t = time iﬁkpn to synchronise

in secs



since moss x rsdius of gyration =1

u§°r . IR m
we = -
v 1 ¥} ‘“e

The maxinum losd applied to the cone when n» change of
ffl gerr from say to to third is mede ceeurs when the thiﬁd

gasr roné sp§ed'1é such that the englne revs sre maximum

for thzt gesr. Assuming the roed speed te be constent, the
difference in speeds of ihe offected prrts in the genr box
should be tabulated in »r/sec. If this conditlonis meint~ined
the speed of the mesinshoft, snd other pnrts.slidably splined
to 1t, will remain constent, bt the lsyshaft rnd gears in mech
with those on the méinahaft mst be speeded up together with
the clutch dise end constontemesh pinion., The l~yshaft snd
gesrsy clutch disc #nd constsntemesh pinion speeds nre, of

course; wrinshft spesd -nd thirdespeed r=tio,

- The moments of inerti» for all rotating porls ghﬁuld,
be sscertezined and the toroue recuired to synchronise the
speeds will thus be |
T = X (Im +Imy+- .. )
From this toreue, whkich is applied by the cone clutch, the
normsl cone lond becomes Fn = L and the axis’ lond F ;T%%E:9

= whilst the spfing 1l0-4 Fs: Ftoamd where
: ~

N= number Of b-1ls.
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REAR_AXLES

CASINGS

The type of nxle which incorporates the threcepiece
fabricated design, the t is the ¢ st centre and tudular
Arms haé mofhy merits =nd if the design is carried through
in accord nee with l-test practice good results should accuco.
The loder msthod of pressing the tubular arms into position

recuired extreme ccursey in order that nny keeways, etc.

\

should be m-intoined in line wth esch other. Mérevvet,
the possibility of slrekness developing between arms =nd ceso
could never be overlooked, »nd the bursting strees could

never be correctly ceclculsted.

| The present method of ‘freezing" the tubes overcomes
mzny of the past proscmitxnskt deficienges snd gffords means
whereby correct hoop stresses may be found for different
ranges of shrink-ge fits. Biiefly, the method sdopted provides
for the immersion of thetuboend into a licuid oxygen b-th

at a tempersture of opproxim-tely 120 F belowzero which for
steol gives s contrscgion of roughly 0.0045 in, whilst the
cnsing is he-ted to n temperature of 140 F forspproximately
0.0026 in exp-nsion,

Yhen hoth tube ond e-sing sre mated the interforonce is
npproximstely 0.CO8 to 0,0045 in ~nd the prelo-oding is in
the order of 7 ton/in. The nssembly is then securely dowelled
o8 an sdditional precsustion rgoinst sny movement, Altere

n-~tive freezing rgents me~y bo used such ns methylated spirit
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or trichlorethyline in conjunction with solid CO.

It is interesting to snaylyse the hoop stresses, which
msy be derived from Lames bnsiec theory, which stztes thats

P = a;‘.’ .g‘).
r
vhere p & internal pressure

r = internsl reodius
C& Core constonts

where Py

P, ® initisl pressure due to shrinksge at surf-ces radius
r,by derivation (see Big )

2
e, = P
2 2
Qnd C'l - —_ pz,. Ys . Ty
' _ Y. L v 2
gince 4 =150 ecurls 0
Q.- S:‘-.z)
by substitutions v

f = coinpresaive'stress in the ring of axle tube

o) ( Yz_ £ Q-
= 3 Y'l + r&"r" ) P S "
and yc = tengile stress in the axle c»s&ng
_ ) 2
= - Py ( R nh ot
‘;1-'- r’& + Y - 'Y; L T ? <. ‘
. The maximum strees in the tube oceurs whera Y =75 and pgain

substitdting we find }; = meximum strees = 2Py vyt
-——.——“"_—-“
L, v
vhilst m-zimum strees in the casing occurs =t Y3
) Y 2 2
_«}5 = paximum stresg= * - s _1_—113_
‘2“ 7.31



Botween this renge of formulse the stress csn be found

#t ony point in the soction of either the arm or the casing..

P:is, of course, dependent upon the smount of 1nterfot~en‘ce
betwecn the two mrchined dinmeters of the tube cssing, =nd the
relation mcy be expressed nst

s &2 il
Od = interference & 47> % © - A
E (n~ Yﬁ) (’Y.;"’: 0’:’)

E representing elasticity 30,000,000,

Presgure P and stress fcen thereforebs calculsted for
sny desired =~mount of interference. A typicsl disgram is
plotted which shows the stresses in the cﬁking snd tube for
varying 1nter£erences. From these curves it will be seon thst
the m-ximum stresses ococur in the tube or »rm a2t its inner
dizmeter #=nd thot these stresses are compressive, whilst those
for the casing re tensile ond are nlso moximum a2t the bore.
The curves are besed on a ¢=sing bore of approximately 44 in
dismeter m-teriel, § in thick tube, intern-1 bre 8} in diamer
Such a design o180 possesses fie adventsge that the track may be
modified without the necossity for new'psrts. It is probsbly
s little heavier than the one piloee ersing.

The throe-piece ﬁxle ¢ sing is not plweys monufactured in
the s=me m-nner; the tubuler -rms m-y bo pressed and dowelled
into the c¢~st centre. Pressing into position nenrly uUn slways
ptoduces soma degree of deform tion in dboth insido ~nd outside
dismators in both p-rits. The extent of this condition c¢an do
" erleul ted with sceurweﬁ providing the m-terisls »re not



stressed beyond their proportionsl limits, whiist the -gsume
ption 1is m-de th-t the components are -cted upon by uniformly
distributed pressure scting redinlly both internsl snd external.

— Where g = inner Fsdius
b = outer rsdius
- p & inner pressure
p = outer pressure
R = rsdius
E = modulus of el-sticity
n = posisson's raetio

D = deform ticn =t R

the expression which holds good for bushes, or be-ring is(from

fie ) | 20, _ b2h, 0 b2 (P,-P
pe (L)) (S

Now »ssume two cylindexs. the outer di-meter of the inner
eylinder exceeding the inner diameter of the outer cy;indar
by some tolersnce, then with further notations

B = modulus of el-stieity, inner cylinder

E = modulus of elsstieity, ogter eylandef

/4, = poisson's ratic, inner cylinder

’%  Rieginis Ipio; outer erlinter er

= Pressure botween cylinders

.)rA= increrse in inner r-dius of outer cylinder
P1 = decrease of outer radius of inner exlinder
D; = decre se of inner radius of inner Pglinder

D = tncre-se of outer radius of outer ¢ylinder
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Obviously the sum of the amounts of deformation of

both- cylinders must be erual to

Therefore D,- D, &= 5

and for the first expression for D D snd D are. obtained.
- ) bQ+Cq
D = b&,‘" cL of +Fm)

3"1 . _gp (a:—b _)4)

substitution in expression for &

8 ] _b_‘?_ b':._\_e'_2 ) (0_4-!)‘2 )

Eq ¢k b2 b= a?

from which P will ecunl

P &

b |+ b (t+a.’fb’~
Ea ( - bYc 7-"-)4") Er \ t- GVb‘"},‘)
If this velue of P be used, then from expression D D
"nd D rre found to bes |

Dy = =29 P
B (1= aver)
. _3k.blc_ P
bu B2 (1= bYc2)

Should tha inner -nd outer ceylinders be of the a-ami
materisl, the expression for P D -nd D c»n be simplified
gnd since they would be independent of elnstic constonts,
could be combined, There fore'. .cémbmmg P ond D and nbting
thet both moduli of el sticity »nd itk both poisson's

rotios nPe arunls b2
| - Da = -tan)( ': E-”)', &
(- %)
b -~ at |
:DL\ - ( /c)(. ‘ b:.) \g

T- )
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REAR AXLE ARRANGEMTN

Thero sre throo gonerally »dopted hubebosring -né
nxle=shoft arr ngevents, {n) fully flonting, (b) semi-floating
typey tho sxle shaft transmits'driving torruc only -nd it 1is
not subjected to thrust lords omanating from vehicle wigght,
gince the veight is supported by the -xle cr~ging.8uch sn
arrangameni is shown in Pig whteh is » type favoured that

of tho other arrengemcnts,

Should on oxlowsheft bresk, 12 may be withdrown without
dism-nting the wheel or of j-~cking up the vohiclej moreover
ther§ is no égnger'ﬁf z wheal coming odrift. The two begring
omployed for hud mounting share tho 1oad.from oaeh vhool tha
lond tinoususlly being slightly neerds to the inner besring-
The m-ximum stres 1n‘the_¢psing ususzlly oceurs ~t the chango
of aecti@n ~djoining the inner besringy its mmgnitﬁde‘ﬁeing |

exp ossed B¢

:F _ B .M ,

- gg (>3 a2)
whoro B.M, = n-ximim bending motant (in/ib)
D = outside di-mater of tubo (in)

4 = inside di~moter of tube (in)

The boro of tha boaring should theroforo he such that .
tho ¢ »sing stress should not cxceed‘this figure, which'is
usurlly arrenged -t approxim-tely Y0 tons/in .Axleebonring
lo-ds em-nate from two sources, (s) vohi~lo weight ~nd (b)
sx4d rerction, Tho meximum ground re~ction is obtained

vhon the vohicle is travorpoing -~ bond, vhon contrifugel foreo
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- comes into effect and reduces the 1024 on the inner wheel
inere ssing thot on the outer wheel by a similar amoﬁnt.

If W.= loed on resr axle
E = track of the sheels

‘ Wv' ] h'
then the repction on the outer wheal is Rg = °S"" +( )

E

‘where g = necelerztion due to gravity
r * redius of bend (ft) o
“h = heirht of eentre of gravity of vehicle
v = velocity of the vehicla (ft/sec)

This lond ie divided between the two wheel banrings in
the followlng proportionss |
Inner be-ring R . & =R,
Outer besring R. & = Ro

A further lond due to tractive effort at the rosd T 1s distrie-

buteds
Inner dearing T @ = 7.
Outer Besring T. b - To

.

The tot~1 r-~dinl lo-d there fore on erch be-ving emanating

from ground re-~ction ist

Inney besring \[(R q) (_7 q)
‘Buter b@ﬂring \/Z;ab_)z_'_ (Té’.) 2
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The skid reasction 8 is the '

séme for each bearing,‘hﬁt the direction is changed and the
lord due to S = S-gi 15 in 2 dovnwerd direction on the
oﬁter bearing snd upu~rd =t the inner beriing (r = ruining
radius of the type)

: 2
The msgnitude 1s Re. W.U
w. a, . a4

A check upon berring sp-cing should be m~de with
lords due to 8 snd rdjustwent made to the centres if the
beaiing is overlonded The ~xle oshﬂft di-meter being subject

te torsion 10-d only may be -ssesed from the expression.
:} _ [ _
T E a3l
1€ - ’
Where T = low=ganr torwue (th-t 1s
" clteh slip torrue x

lowest goar ratio)

As n genefnl rule; the three-gusrter floating nxle
possesses one outerewhool be~ring -nd the lo-d line 1s
coinciedént_with the centre line of this berring. In consocucmco
the sxle shaft tr-nsmits torrtio only when the vehicle is

running in = straight line, When however,the e¢-~r is rounding

n bend, n bending mcmont'isvimpeee& on thd shaft through the

8x1d resction,

Thia'moment m-y be expressed n8 BoMs = 0.64r ~nd the
stross therefore m~y be found from the usuerl B,M = £Z(2 in
sho-r) (800 Pig ).



The s=xl¢ arm or tube 1s most highly etreesed at tho
point A, fromv the .centre line of benting , where B.M.

e YA (in/lh) |
Bk,
snd £ = —=I1

= (p2a3)

‘The exla=shaft stress ~t the driving endy thpidtx theat
is tﬁe difforentisl endy mey be caleul:zted from torcuo
considerations only and the expression is similar ¢ that
for tﬁe fﬁlly.flo«ting

and where the praetieé of tnperiné the shaft towsrds thn

its inner end is esrried out, for re-sons of permitting
n_ce:tnin,améunt‘cr foiéional resilience which is necessary
to prevent'freature when sudden toryue loads are appaied'
the length of the reduced dismeter should atgleast aqual
four dismoters. In practiée the perﬁiasible torsional
deflection is in the order of ¥ 10 1 =nd ifP= angle of

- deflection

2'3 7/2& £ 6 \
+ = X otE Hanlo Tpe
32

Any.deflection of the shaf't mﬁst be kept within the
sofe limits for the outer besnring for the wheel, The graphie
¢nl soluticn is the most i practiesl -nd should be used
in order tO‘obtnin‘deflections at eny point »long the length
of the sh-~ft. The s-me deflection«disgr-m construction m-y
be rpplied to » similor sh ft of the semi-flonting tupo.



Anlaxle of the semi«flo- ting type 15'geherally usod
on light vehicles. The axle shafts must wilist-nd bending in
xtttn nddition to torsion, whilst, due to the overh-ng of the
| wheel beﬂring centra ‘1line, the inner berringe or differontinle
crsing berrines ore subjected to loeding emesnating ~t the
wheelsIf the wheel be-rings are'chossn.tc withstend straight
hi h sboeﬂrunning thev will hrve sufficlent caprcity to withe

stend lexding from cornering -t lower speeds (sce fig

If ¥ = rosresxle lond
R = ground re-ction

thenl g = R ~nd the losads ozi the berring dve to R
a .

will be$ wheel be-ring R { +b )

o atb

=nd those dua to T = T (_ fB')

The totsl wheelebearing lo: ding esn bo expressnd o8

ViR L iremr

\
- The losds on the differontisl besring due to R will bes

i

snd thosé enrn~ting from T & T @
: b

!

Yo these lo-ds, however, those from the‘pinifn ~nd ring
genr must bo -dded -nd of rcourse the mngnitude of lo-d v4ries
» ecording to tho typo of driva, oither spirnl-bovel straight

bevel, hypold ge-~r of worm ge-r.

The wheel borrings should be sclected for size -fter

the rxlé sh-ft hes boen strossed snd » suitrble di-metér -greed. .



The procddurc in gotting out the grsphical sclution of

_ pile-sh'ft strenght nnd<defloction s securrte ~nd tre stnges -
sre streightforvord. &n.exﬁct understonding 1s necossarly

of recuired conditions of the shaft to be stressed,ysince

the mrximum bending moment (which is at the centre lino

of whoel berring) oceurs vhen the vehi le is rounding bend
nkitpping ot Hipping quéd, although te B.M. which oceurs whon
turning ¢ bond of say 120 ft; radius at 20 m/h is»more valuable
where sh-ft deflection is concerned, nssupplying data for |
normzl besring performencey and since the.skid rezction moment
is rddition-1 to ground rencﬁion moment on tho sxle shaft

- ~t tho inside of the curvey the gonditions aTe mMOYe severe

for averrge driving.

It is therofore advised te stress for the lat-ter
eondition; in vhich e¢-se, if | |
| W & ro-renxle weight
h = height of centre of gravity
Re= running rodius of tyre
E = earowheel troek
a = digt-nee of wheel to berring
1?:'txv r>divs of bend of rosd = 120 ft

thencentﬂfugnl foreo e ‘%_’—;} and If V = 20 m/h

{(that 18 20 « 8 f£t/sc)
f

Red

0-221Wh
[ =

and R = (gpound ronction) = %
& = (skid rosetion ) B - 6211 W

o



(1) Bending moment therefore, which is the first value
to celeulste, 1s B.Me = Re + 8R1
a

Plot the B.M, dingrom, =nd divide it into » sories of
figures shown shrdedplot in Fig, . T~ke note that these
divisions include -ny ch-nge of section in the shaft.

(3) From the point of centro of grrvity of oach division
drny verticol 1inos and letter exch one A,B, Cy otc,

(4) Next 1ay out the polygon of forces. In z vertical
downward dipection frem O, msrk_éff segment A to scale egual
to the @re@ of division A in the bendingemoment di-gram. |
Procesbd similérly,with other divigions of the B,M. diagram,

(8} Prom the vérﬁical scglo line loy off the pole distsnce
where E = 30,000,000 1b for stecl
and 1 = Hﬂf_,vhara a4 = sheft dismetor (in)
El = flexg?'al rigidity of division A of sxle shaft.

(6} Draov OA to eny convenient point A, at pole distenco.
Preow from tho next point down the vertic:l scsle roprescnting
the next divisien B line extending until it intersects pole
digtenco of division»B, snd 50 on until »ll tho divisions have
beon treatod »nd the polygon of forcos is completo.

- (7} Now conptruct the funicular polygon from tho diagfam
ofvforcqe, commencing with » line parsllel to OA produced
until it intersects voerticsl line A, Follow this procedure

for e~ch polygon of forec liney, in e~ch ceso commending at
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the previous interscction point »nd psrallel to its corresponds
. dng division on the vortical force line. At the point of

' intersection of the ioét line throﬁgh the diffemnfiél support
besring, drov thy closing line of the pol&,gon to intersect the
centre iine of the wheel bearing, .

(8) fThe defiectiéh curve may now be drpwn as ths ver_t.ical.
distsnece of ony point on the ﬁmi_cular polygon base line and
the curve is proportionol to the sxle deflectiénu' In or&erito
obtain the sngle of deflection at the be~ring contre line, drew
» tangent to the déflection curve ns it passes through this posi-
tion »nd divide it by the ration of tho two scdles, that is, the
vertiesl seale on the m‘lygbn of forces or-BusM. sezle, »nd the.

EI scnle, or horizontsl digtance.

o o 4f o= diogram sngle of deflection to scale

A
E;;{ B = the true -ngle of deflection.

As praviéu.sly remsrked , the loads from tie fin~1 drivo
gear must bo addod to the besring loeds =nd for different types
of drivc tho following calculations aro utilised.

Berring lo-ds with épiral-bevel gearé: Rear=sxle pinions
genornily rotete clockwise for forwsrd vahicle motion, ~nd they
possoss = loft hand spiral;, that i1s, vhen viewed from the power
input end, Such =n =rr ngemant is very desirable on -ccount of
tho tendoney in conditioni (") ~nd (4} to foréa the pinion out
of mesh { » fenturc which cen be overcoms by tho provichon of
st sde~usto thrust boaring), but in tho cose of conditions
(2) end (3), the pinion is thrst further into m>sh with tho



posaibility,of tooth wedging, 'As the gear toeth can bo cut

with cither loft or right-hrnd spiral thero sre four combinations
- possibley the first ono is the gonerzlly chosed arrsngomont

(sco Pig. ):

(1) Left-hwnd spirsl pinion = clockwiaelrotaiiono

(2) Right«h-ond spiral pinion= clockwise rotation

(3) Loftehond epirsl pinion = snti-clockwise rotation,

- (4) Right-h-nd spiral pinion= anti-clockwise rototion.

Boaring lo~ds will be computed for condition (°)
vhore T, = pinion thrust

?g 2 pany thrust

F = teagentisl foree

A = tooth pressure =ngle

P = pitch cene -
. B

> = spiral cngles

' ors 8.
Tengonti~1 forco = F o ﬁbnn ‘pitch radius E%h) = *p

Tho values of Tp are reversod in directions in condition (2)
and (4), vhilst for the four combinotions the valuos of Tg

and Tp rrc ng followss

() Left~h-nd spire1 - clockwise rotation -nd (2) right-h-nd spir-1
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'-"o anti-clockwiac rot-tion

T (‘_agj_?_s_;g_pﬁ *tan5cos‘5)

¢08 §

T =f(£§&&m'&~t@ni’cosp}

(3) Right=hend spir-1 - clockvwisec rot-tion -nd (4) left-h-nd
spirrl « nnti-clockoise rotation. |

T ==F‘( tnngcos(s- M

cog &
A g
'Tg =F ( tzmgcos@ + " ces g 3

Berring lords with hypoid goeoring s The loesds on the hypoide
‘pinion be-rings zre of » similnr nsturo to those of thb |
spiral-bevel pinion, but those supporting the gear ring differ,
')Z‘h@re' is N sn~1l znount of endwrys slide combined with th_e
rolling sction of tho tooth in the hypoid gear, due to th
tooth profile, which hes beon mentioned previously. |

The follewing natation -nd exprogsions supply sufficient
dota to ensbio the hesring londs to bo calculatodt

‘.'xy = pinion thrust
'.eg = goar thrust
F= tangential for ce

{1

tooth pressyre sngle (drive side)

of
@ o R!&QQ cone ~ngle gnmion)
2

ro T effectivo g_oﬂr‘rndiua
% = spirsl rnglo (pinion)
?3' = gpiral =ngle (gear)
d - = pinion offsot



Tangentisl force F = ' ,
Hern pitch redius ) (pinion) = %ﬂ

= Mﬂé@gm:_m&sa&;&mﬁ
r = me-n gear pitch radius = rpg x _Q_&__SP
cos &
T, = Ptz F)-l' tanSpcos f)
= teazmp .

T, = F (tgg;sg%? = tan SpeosCe®
P

re_ ==/ ?"‘dz
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CHAPTER - VIII
HYPOID AND WORM DRIVE

1. Worm Drive
- 2, Hypoid Drive
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HARM DRIVE

| A\
Thgﬂwarm gesY possesses several advantages over the other\\\§

forms of drive. It hrs s high overldad capscity, whilst the

nature of tooth =ction is sﬁch th=t the effect of weal

is dess Jelecterious in comperison with other toothed

ge~ring. On the other hend, the hest generatedthrough the ree

lotively high veloclity betuween worh -nd wheel necessitstes

higher working temperstures snd conserwent sttention to

sdesunte lnbricationg

One of the roasons for the gre-ter stmeagﬁh of the
wornm set +8 compsrad With the bsvel gesr is that the mean
rel»tive rrdius of curvature of the eontaatang Eurr»ces is
much grester. This rlso is true for the nzé&nnry.spur goaT,
vhere the reciprocal of the relrtive curveture raﬂius is
‘pra*artiannl to the sum of the rmaiprocgls of pitch redid
of the two genrs, the velue depsnding more upon the dia-
meter f the small wheel than thet of the larger gesr,

In » bevel gesr of high ratic the pinion 1is smell ~nd,
whilst the swrfrce stress is high, the torrue cepocity of the
wheal is rel-tivelylow,

With regard to efficlency, hovever, the worm geay
is h rdly comperatle with the ﬁével or helical cear, the order
Being approximately 94 egainst 98 per cent respectively.
This loss of efficiancy is ocensfoned, it is believed prrtly
bec-use of the high ratio of menn velocigy of éiiding to
the mean circnmferentiﬁl velocity of the whee},whilst the power



loss through tooth friction is nnother 1mportaht fretor.

1f tooth friction only is t-ken into consderation, snd the
vorn reg:rded ns a coled wedge of effaective sngle equsl to
the lend rngielof the worm -t mid depth ¢f thread, then the »
| effic‘ency mry be expressed by tﬁe formuls: |

E = ton A with vorm driving
. P n b

7\+d>)

~md B, = with wheel driv
{ m)\ ing -

vhere AN = lond éngig of the worm

Cb*=ang1e of frietion between worm nnd whea}

A lard =ngle of =bout 45 gives thevhighest ef%icenéy,
althouch considerstions other then those of a thaoretical
nature msy di@ctat@ an pppreei@ply smaller cngle, whilst it 'x\_”
should be sppreeinted thet the gre-ter the 1&0& angle = \
the sm-ller must ba the di~-meter of the worm. ThiS*consiaerwtien

1z import-nt re neturnlly with the decre s¢ in worm diwmster“

Y
1

the bending stresses incre-se, »s does »lsc the ﬂaflectian “_y
of the worm sh-ft undor the influence of tooth 101&; The |
high Yoc-1 stress thus produccd lead to - higher '

cbefficiént'of friction, so thnt neturlly » sﬁ;liet lerd =2nglo
thrt 4& :9% m~y possibly give better results in prﬁb@iee;

The deflection when trsnezitting meximum torouc is?vof

course, gre~ter thon when opersting in top gear, an it 1s .
possidble to sscort-in the smount -llowing for thie 1n”§§e_
initi-l setting, B

Al



However crrefully the worm ~ssembly 4is designed 2 certain
rmount bf flexir1lity in the rxle c-se, worm housing, =nd in
the b ~rings inm inevit-ble, and -o.ditions of contact hotwcen
yorm ond wheel ~re therefore disburbed.

To counternct this effect the ~xisl position of the worm
wheel may bo sdjusted so th-t contscet in the unlo-ded
conditicn is tow-rds the lepving side of the whesl tooth.

The ~mount ¢f initsi-1 offset is ,of course, found by trial
and msrking., Slight »xi-~1 movement of the worm wheel in one
diree?ian'cavses movembent of the contect benring in the
opposite direction. In this rospeet 5 worm having a large

lerd -ngle 1s more sensitive than the smeller sngle .

Since 1t is n-t possible to check the f-ce besring vhen
the set 1s under lo~d it 1s gener-lly Sntisfwctory if, “or
» light lo~d, cont~ct be~ring is concmtr-ted tow-:ds
the le~ving side -nd covering sbout 76 per -ent of the 1vallable
aren of tooth flenk. Rigidity € mounting is therefore of
rrim ry importence ~nd it is desirsble to meint-in the »xinl.
position of the worm wheel rim to within & 0,0018, a figure
which in prectice hrs beon foundsatisf~ctory.

To eccomplish this the journal bearing must zllow
only n little redirl pl~y ~n’ t“e thrust braring must be
~cour-to, for it will bo ~ppr ecintod that noneaxi»l ond
thrust tonds to e~use tho vheel to tilt in the pl-one contnining
its own exls and ho common perpsndiculsr to the axesy in
which cgse 1l-téeral movement of the rim rel-tive to the worm

pxis will occur. It g for thic rosoan +had shn e et oo



ratic to wvorm-wheel di-meter must be as smsll n8 possible ,
vhilst in crdor to mininise the efféct of -ny Teldtive displacew
ment between worm -nd worm wheel which mny occur in a dirvection
par~1lel to the wormwheel axis, the b arings mist be given

. cdecu-te support in thé form of rigid caps aﬂd,w@lludesignsd.
bolte, They warm-géaxiibfzier should also ﬁﬁxxiznx deriéa somo
support against distortion, by mesns of nlsteady spigot}'

m-chined in the banjo or m-ineaxle casing.

Finelly the ~usstion of lubrication must be considered.

It woul' be prefersble to use n costor base oil, if replecement

»t short regulrr intervals could be m-intsined. An oil with
guch 5 b-se h-s a lov coefficlent of friction, but it also,ﬁgs
« tendency towerds rrpid deteriorstion. A minerel oil is t&si%x
fore usurlly recomrended which ¢*n ret-in 1ts lubricafiing ‘
rroperties nt wor-ing temper-~turesof 200 Py » figure which

is often found in hesvy duty drives. ,

Adenmuote sump capzcity is vital nnd the cssing dimgnsioﬁav
should permit dipping of one or other of the gears under all |
circumstences. If lubrication is 'unSntisfwctory, vhich pay |
beproduced by repson of oilefilm failure of faulty goar
alignment =nd conseouent imperfact both contnet wear eni
~br-sive netion producting ﬁronze dust ¥ill ne noticerdle, The
011 film mafy fail due to msny causes, although the most comon
ro-son is from inadecunte entry g-p, which is usuvally accoms °
pnnied by high temperstures, The romedy is %to form a clearanco
by esreful filling, betwveen the ontering odgse of the teeth

~nd by resetting the vorm wheoel. The entry of lubricsnt betuwoen

H
i



the thre-d =2nd tooth will thereby be focilit:ted,

Whould the tooth stresses be of high over®pitting ® of
of the wormewheal teeth is likely to oceur. Buch é phencmegbn
is noct wnduly zlsrming, as fa2ilures nre rate. Pittihg bcﬁurs
esrly in the gesr life -nd sfter the initi-~l development it
would zppear_thﬁt'the r te at which the pitting extenis 1s
ronsidersbly reduced, For the purpcse of besring lo-d c=1
euiations, tae normel tooth forge 15 ogsumed to comprise (a)
~ tengenti-~l for ce at the pitch redius 6f worm F, '5)

n force tending to sep~rate the worm from the gesr §, -nd (¢)

» thrust T produced by the le~d nngle of the worm (see fig )
Toreue input

Tho t-ngentisl foree = Yo |
vhere o= pitch randius of worm (in)

ond "= piteh vadius of worm gesr (in)

Yo = ! N if Ns= Number of tecth in ge-r
= 3(!:
and b= axisl worm pltch |
The sepnrr-ting force § = € land d = tooth pressure ang
+am & '

¥ = lead angle of worn

' -1
The worm thrust T = F = daw!_tesd
tan ¥ A« Yo
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Due to the offset poesition of the hypold pinieﬁ, tho
profiles of the opposite sides of the teeth sre n~t symmetrical
the concave side being flatter than ﬁhe convex slde, I¢ is |
the efore necesssry, in order to 6btain spproxim-~tely the same
conditions of tooth contnet ob both gides, to m~ke the presgsure
angles une~usl. These angles hrnve been found to be most satisfsctory
at 17% on the driving side %xxu snd 26 on the coasting side
Incidentellyy for ecu=l conditions of tooth contﬁct'on both

sides, the folleowing conditions méust be s-tisfleds

(») E~usl nres of -ction

(b} Ecrusl dur tion of contnet

{¢) Similrr rel-tive rsdii of curvature of profile
(8} E~unl freedom from undercutting.

An incre-se in the spirsl sngle inerenses the pingén
d1-moter, thus improving the number of teeth in contact, and
in turnthis incre-ses the axisl thrust in the norm:l tooth
load. Hovever, 1t is generally understood th-t the leoadecerrying
copacity increases mo'e rapidly than the ~xinl thrﬁst «nd the
best comrromise =ppears to be effacted with a pinionQSpirnl
angle of B0 rnd » gesrespirsl ongle of 26. Due to the unsymmote
ricsl rel-tionship betwaen gesr rnd piniony these figures mesm
an ~pproxim~te offset of 1" in. Goﬁpare this with a normal sot

of spiral bevels,



For ecusl sﬁoothness, 5 spiral angle of at least 45
would be ne ess-ry »nd say a2 16 pressure nngle for both
whilst the tooth losd for the hypoid is 16 per cent higher
aprroximrtely than the teongentisl load, the spirsl devel nore
" m=1 tooth lo=d teing 36 per cent gre-ter then its tangentiel
losdse. The m-ximum tooth IOﬂds'recomﬁended for autdmobile
- renresxle sets -re 1,660 1b/in of gesr foce width direct
arive, «nd‘4,eoo 1b/1n of f-ca vidth in low gent.

It will be seen from the foregoing th-t for the ineréssed
dinm@terwf » hypold pinion, =s comp-red with ﬁthlnin-Spirgi L
pinien, » cosiderable increse in thetooth strength is !‘ 
obtodned. It is recommended th-t the offset for hypoid gshould

-ox

EEZXX not exce a ane~eicnth of the gear diameter.
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ZHE_DIFEERENTIAL

The differontisl 4s interposed botween the tvo drive shaft

- of the resr wxie in order then the tor~ue or éffert sppliod

to esch mgy be eruel slthough the speeds of revelution may
‘giffer. This is mecessory whem tho vehicle is turnimg in o eirelo
when ﬁhe outer wheéls are recuired to rot-te at grestey speed
than the inner vheels due to the grecter distznee they have

to tgsvsig but vhen the vehicle {¢ tr~velling in = streight
1iae.there 1z no rel-tive motion bitweon :ny of the differntial

geat8.

In rinciple the two bevel gears € snd D nre fixed to tho
two soXle shﬁfts,»whilst the-bevel pinfons A ond B =ro
in constont mesh with both gears and are attached to the
differentizl crge E through s pin or two pins in the cnse of-
four-pinicn sote This cange. is bolted to the finaledrive gear.
If thecsge B is held fized it will be clesr that if the
gear C be rot ted in » forvard diretion gear D will be rotatod
bs Kurrds ot tho some speed (see Fig -)

Ify en tho othor hend, the erpge be rotated in o forverd
direction snd the vhedl C is st1ll rot~ting forwnrds in rolation
to tho enge %fxﬂwm R Exroerx i niredd X rrlnts

Assume the spo~@ o the cepe to *e 260 r/min forwerd snd tho

gerr ¢ turning fory-rds ot any $ r/mm then gear D still turns
b-ckssrds =t ccunl spead of & r/mifh. 50 the ~ctunl speed of

€ 1s 285 rimin since itsforw-rd motion is ~dded to that

‘of tho eoge, whilst the specd of genr D will bo 245 r/min ns its -
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backwsrd motion rel-tive to tho easge is asubtracted from

thoe spe 4 of tho enge. The torouss transmitted to ezch of the
tvo sxlo shrfts 810 0cul,y and oach is oqual to Belf tho
tor~ue ~pplied te the esge throgh the finnl driver gagr.v

The totsl torcue is the lo=d on the differential
pinion pin, whilst h-1f the torrve 4& the lo=d applied .-
=% the pinleon teeth, from which Zimensions of the pin snd
genr teath moy ba cnlculated. |

The bovel » ond spur goer tygeé of &iffareﬁtial aié

 very efficisnt p-rts of the t transmissiony due fn the madn’

to the smell dogroo of frietion dovelopd -nd 1t s becaus¢

of this efficioncy =6 » coponsating devics th«t 5&2#?1 unﬁern
1ablo festures ocour which nfter both porformance 3nd whacl\

| action at tho ground, shnuld one wheel momentsril‘y alipg 7ﬁ‘

or lenve the ground for sny re-son vwhon tho vahicle is riding\\

\\
ovOor on unoven surfrce, thet wheol rapidly incresges its .

spood of rovolution owing to tho mipfmx slight intornal r&siet*
tanco offorod by tho differentinl goar.The fbllauing rotﬂrﬂ§tian

of the whoel speedyns it strikes the ground upon roturn, ‘@?
\w\
imperts by woy of the differantial “n 1mpulsive or Jorky \ .

\

gecole-rtion to the other vheelinvolving o dffference in vaw' My

A
A
iR %

locity botwoon the twe rovelving wheols. This is ono of |
A
the esgses of vohicle skid vhen thoro sppesrs to bo no \

apparent ro-s0n.



/'.‘

{/  Moreovery should the vehicls be ststionsrh with one
//whqel resting upon sligeary or soft ground, th~t whool will

/ géinupon the application of toreue as the differentisl

,é%fords no moterinl resistonce.In cohgenuence, instead of

propelling the vehiele, 1t merely sinks lower inte the ground

The bevei gear tooth profiles ame p-rtly respongible for
the ecusl division of ftorrue between the driving wheels, ~s
4t will be understood th t with involute form of tooth the
normal 11e that is a 1ino norm-1 to the tooth curvature nt
the point of conteot, will pmss through thepoint of contact
é‘athe pitch circlss nnd therefore the r-tio of tooth leversge
between the two axle-sgh-ft gaers‘will be constsnt with

. a v-lue of vnity,.

The tooth design is such th-t g considerable variation
¢f lever-ge is alloved between the dedendum »nd sddendum portion
- of the teeth, nnd it 18‘npp9r9nf;that tﬁe lever »rms ﬁ@ry in
enchiposltion@ This being the case, the rgfio of sxle shaft
génr.'Varies uniformly to thot of gerr Furthorximx when pinion
rot-tes sbout its axis, thus 1 ¢ 1t 1 ¢ 1 4 kyxiwyxivaxiy
mether rotation of pinicn chsngos the retio sgsin uniformly

from 1t g+, 143 1,

This cyclo of toreue r tio éistrihution may of course

| oceur 8 meny times during therevolution of one driving whoel
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(sssuming th-ttho opposite wheel is provented from rotetion)
a8 thore src toeth in tho eXloeshaft genr. It 15 ¢laimod that
with‘thié poriedic trsngrar one whool esmnot spin although,
for conditions of orus) tr-ction - the driving vhoel rné
strolght 5head'dr1v1ng, the prinion =nd gesrs assumo tho
position when ﬁornue distribution is enuglised. |

It 1s therefore desirsble, in r gesr hrving pl-in
involute toothy to provido some degree of friction in the
compensating geory ond numborous devices have been desipgned
to this ond, Attempts h-vo-1s6 boon mede to lock the 11fforential

o8 conditions render such netion necessary.

One of the friction devices which found gret f-veur on
on the Continent is the ZF slf-locking diff@reﬁtinl, nd 1ts
bnsis 15 thst of very low tanamission-efficiency, or in
ort in other words, it posséssas éonsiderable friction. This
frietion is in turn sceoioned by rol-tively hgh prossure
betwoen the e~rrior dogs end tho curved pnths, T¥EM wvhon
the vohicle is Qtnrting, hﬂving resisteneo -t one re-r
whool only, tho firction is inerorsed by tho brek pressuro
set up by rccolerntion of the slipping vhool. This high
internsl fri tion virtuaslly tronsforms the differentinl into )

r 001lf = reterding tronsmisslon gosr vhich doos not porpit /



vhoelwspeed differcnce. It does noty however, dispense vwith

1ts compens:=ting vuslities.

¥hen driving roeni » bend the differentinl 4s controlled
by the wheels, the ﬁqrtsﬂtransmitting the tor&ae y S¢h »8 the -
exle shaft, being subjected to sn cngular change in their
respective position, whilst the driving poris are relatively
stﬁtionsry. The construction of the différential is simplo
constituting ~ cam dri#e'in which one of the sxle shaft 1s-
_vﬁcnnected to the'inner ond the other shaft to the outer cam
body the bevel or worm finpel drive being effected by the
s]igind shoes guided in the centrml ¢age.

- Another form of differentisl geor employs spuf'
gears instead of bevel gesrs. It performs similzar duties
and 1s wilely pcpulep oversess, Wheels are fixed by keys or
_splines tb the two axle shafts. A long spur pinion meshes |
.with vheel the teeth of pinion not ruite resching thoso
of wheel, Anothep spur pinion meshing with »lso meshes
wvith wheel , The pinions sre carried on pins supported by the
differentiél'case y the case in turn forming the mounting for |

" the speeific type of finnl drive bevel worm, or spur. gear.

Tor uwe is conveyed.to gesr through pinion 'and the tooth
pressures tond to make pinion revoive uﬁén its pin. This
pressure $s opposcd by pressuro between the toeth of the
two pinians ~t the centre which in tdrn mskes pinion revcive.

- Obviously in view of thls » similar condition »rises betwoen



pinion =nd wvhoel should pihion not be rototing on its
pin, then tie two pressures -coting upon it must be erpl .
snd therefore ¢-uslity exists betwoen thepressurcs on the teeth

of gesrs end pinion. Torsues therefore, 270 nls0 eoual.

~ Beversl sets of spr pinions -re usxully exployed, e@dh
pmir being aaurlly spaced asround the periphar” of gears. It
the differentis) ¢-se¢ 1s held to prevent rotation o~nd ene whe
eel 1is rotntad in sntieclockvise directisn, then pinion ;'ﬁ
will rot-te én clockwise direction, -nd pinion in xnﬁx ana
other pinien in rntieclockwise rotstion other whoel will, #
obviously rot-te rlockwise, If, therefore, amﬁof the uiffaaénm
tinl vheels rotates foster tham tho crse, the other f’Jiﬂ'“
wheel rotates exrctive the seme rmount slower than the 2%
case} this is = simil-r -ction to th-t which ocours in tho

beveltype differontisl. , | | i f“\
: ' : '-f-"‘,g‘.

NP £ Y

The ~vestien of friction hes be-n Alecuased rnd some ef 1{‘\

the re-sons for its desirsble pregemce =nd in this cannewtian,q\
in order to prevent or to control the degree of whool slip, \
resort is sometimes medo to » differentia) lock. Such
mechenisme gravide for the locking of one or both differantialf
wheele to their cousing or by the prevention of rotetion of
the pinions on their pins or ¥stars™, in which cange tho ;'
differentirl cosses to function and the whdlo of the torauo

is then rpplied to the crown vhoel snd tronsmitted o

whichever rosd wheel retains ite ~dhesion with the rord |
surf oo, The importsnce of such » mochenism 4s more apgqrwﬁt

in the corssecountyry vehicle or the trsctor than in &»iight



truck or passengor ear, when the grﬁunﬁ surfacé may

vory betwoen wheel end wheal. The absence cf sueh A loek_

nay under such circumstmnees render tho vahiela tutally T
Inoperctive, since pny applied t@rwua\to.m slipptng wheel meroe

1y eggravates thet conﬁiticng

~ Tho splines for the driving of the dirferential o
wheexs will be mssamad tb be of the 1nva1ute type, ths b sie
. formul-e for tooth pmp@!‘tiens being well knmm ,;s rallwsi |

\'\}‘.

It hwve previcusly haan seen tha weeknaas of, the atraight‘%

spline vith its undercut -t the ﬁplims bnse, but with tbe *n-,‘f“
volute type torsionnl tests hnve shawn th«t ths strength 1§
erulvelent to » shnft l-rger thon thre minor ﬂi%ﬂétﬁ?g which
-~ indicxtes thot with the £illet the spllne teeth actun11?<;
»dd strength under fatigue londing



‘Moreover the involute provides grester besring surface
snd tooth contect ~nd this permits closer_fitswwith“deeréasa&
gbise ~nd gre~ter possibilities of interchangeability. Frém |
- these ~spects =lone it is highly probsble that the streight
sided spline will eventurlly be superseded in favour of the
fuvolute typeg
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