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D&o/on or ah Automobile; TpAnsMission Axle:.
-~5PLCirnCAT>ono”

Weight of Coy in pounds - Z500
Tread in inches
Diameter of Wheels in inches 3k
Horse Power of PloTOp ) do
Revolutionsperminute ofMotor at doHorse
Power. Ib&o.
Desigh of Gearing

Let F = Force in pounds on a gear tooth.

" U =Diameter of gear in inches.

" H =Horse Power =Ho.

" Ft=Revolutions permmute of Motor - /680.

TheR R = FxTlagdésn
or TXD- =3°0° ""db. (J)

Since the bevel c\rive gears will he required to
transmit do horse power at both highand /ow speeds,
they will be investigated for strength under each
condition. The fellows standard stub teeth" will be
used throughout Stresses and the factorsy ,for
use in Lewis' gear formula, will be taken from the
following chart. These factors,asgiven on this
chart, are only approximately correct.
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Since the gears and pinions are made ofthesame
material,the maximum load transmitted by anypair will be
determined bg the pinion, hence year calculations will
notappear in what follows.

Calculations FQFfBevel Pinion Ho.Z nunn/no at menspeed

Qubstituting the proper values in equation (/), we hare

T= 750 Ib.

How assuming the pinion has J6Td-P, rye ye t
p'=.786,y=.J93,n=.70, f= A75." The velocity oftheyear
teeth athighspeed is 1760 ft.per min., hence the allow-
able stress, from the above chart is /Jooo.

Substituting the above values in Lewis'formula forbevel
gearing (F*Spfun), we have
r'= /doold.

Calculations for BfyflFinion Hox.Funning at low sfelfd.
Substituting the proper values in equation (0, rve have
F= Jooo Ib.
Since the pinion has \6T9F, we have,os before, p'=.78h,g=J43
W=.70, f =1.75." The velocity of the gear teeth atlow speed is
d-h-0 ft. per min,,hence the allowable stress from fhe pre.-
-ceding chartis Zh-ooo. 3ubstitutiny the above values in
Lewis' formula for bevel gearing(T~Op'fyn), vwve have.
F'-JJoo /b.

Calculations fof{ Pinion Ho. 3.

Substituting the proper values in ey.uation(l), yye have
r~ 750 Ib.
How assuming the pinion has Zd-T6P, weye t p=.
y =db. The velocity of the teeth is 1760 ft. per min., hence
the allowable stress by thepreceding chartis 11000.
Substituting the above values in Lewis formula for spur
gearing, we have from (F'=Sp'fy)
r'= 1150 Ib.

Calculations for Supine ComBina tio A,Ho.5-6.

The SlidingCombination is made up of two yinionstsee
plate W). Assuming that the smallerpinion has Z9T677
we havep'=.5ZS,y~./6, f =7.375, and subst/tut/'ng fhe proper
values in equation (!) weyet

r=/500 /b.

Substituting the above values in Lewis'formula, after ob-
-taining the allowable stress, 16000, from the preceding
charf, knowing the velocity ofthe teeth tobe 880ft.per min.t
we then have fr'~/8 $o/b.

(Substituting lbeproper values in equation (/J We havector

the largerpinion ofthe S/id/nd Combination,
F = /000 /b.

Assuming thaf lhelargerp/nton has56 T 67fwe ge tp'=.5Z23",
y-.175, T=Azs". The velocity ofthe teethis /3Zoftper min.,
hence the aUorvabe stress from the preceding chartis /Xooo.
Substituting the above va/uesin Lewis'formula for spur
gearing(F=Spfy), rve. have

F'=-/860Th.

Calculations ton BevfIP irrEFtLNTIAL Finion Ho.If.

Since there are two bevel differentialpinions each tapinghalf
the loudcoming ongear Flo./,and since there ana two teeth in
contacton each (see p/atel), the actual load, coming on one
tooth,is therefore equal to one fourth the maximum load on
gear Ho.l X the ratio of fhediameters of years T/os./and JO.
From the above, F~= Zooo Ib.

Assuming the pinion has TZT9F(we havep .78ky=/3,n=70t

f=T.' Now equating F'to F and substituting the obove

Ya/ues in fevv/s'formula for have/gearing (F ~Sp'fgn) weget
3=P8000

F>y the preceding chart, the t°°th re/ocitg,corresponding 7bthe

above stress, is 34-0ft.per min., a speedse/dom /fever,attained

by differentia)gear teeth.

Design orStiArriNG.
Calculations for DinuctD rive 5nArrHo.B-x.

Tne bending moment at A(Fig./)is U V4
Caused bg the force of 750/6. act/ng 1 A;-
on the teeth of pinion No.3 {see ca/euw/ot/bns Via /. 750 E"_
for pinion Nob abqvez. Thebendingmomenta/A is therefore equai to

73(?'§Js. z&xuzjs-= rea /b.
The trusting moment - 750XX- /Soo in. /b. Combining the bend-
-ieg and twisting moments, we hare ,bg Guests Taw

MeT 9B0*+jFTo* =/7&80in.lb, from which - .0Sl, which corre-

sponds loashaft Zinch in diameter. The direct drive-shaftis a

Ifji'square d<shaft
Calculations for Gliding Gear Shaft Ho.5-3.

The bending momentatAlfTg.Z)) is
caused by the /500/b. force which
acts on the Teeth of fhe“smai/er
pinion of the 5/iding Combination ffo.5-6. ~  ————- r'*
This moment is equal to ¥+tf =3960,b./b. nk- *e

The bending momentat 75(Fig.z) is caused bg 750th.force
which acts on the teeth of Fnd Rearing Cear fYo. This
momentat & is The.re.fore = % y* ~"87~X/.375= 905in.ib.
Combining, we have the maximum bendingmomentatA(H'g.z) is
equal 1o 3500in.lb. The twisting moment=750xg ~3000 In. fh.
Combining the maximum bending and the fwisf/ng moments
we have bg Guests law M e Tf3o00*~t-ssoo*'- qsoo m./b., from
which ~le=.% which corresponds to a inch shaft, fohaft
Ho.5-3 is milled from stock /g inch indiameter. (Seep/afe Y)

Calculations fon Hfaf AxI1f - Ho. 3-/.

Assume The actualweight
coming upon The rear axie /s A

Sopercent of the weightofthe );)Z* - ,,h
empty car pjus the weightof /
three persons in the Tonneau ..5,b-  Fig,3.

plus one half the Yve/ghf of the Two persons in the
frontseat, assuming each person weighs /50 i/hb.

Hence W =/Zdo + 9-50-t-750 =; 7850 stag Zooo/b. Hy-S
shows fhe left halfof the rear axis in diagram form. The
reaction atA is due to one haif weight,com/ng on the
rear axie;this acts vertically. Aha, Aispartly caused hy
a force which acts /n a horizonfaiplane anotwhich
gives the. car motion. This horizontal componenfdfA
is equa/ to 500/b. The reaction at the.pointA
-ApTOoTTTTT =///S'/b., from which it fo/iows that fhe

bending moment at A =~Ft7A~ x*-s’~ Fh-7bin.ib. 7he twist-
-ing moment— ~582x6- 9000in.hb. Combining bg Guests
law, we have Me MW o00oTTTt*=TCooinJh. Therefore
8e=,4-zz which corresponds Toa shaft/pinch /n diameter.
3mce (he shaft is largerat A where fhe maximum
momentcomes, a inch shaftmaybe used. AtA
the shaft/s i.77/6inch /n diameter toperm it fhe use
ofa commercials/ze of ba/i bearing.

Calculations for FEAFIAXLEICASTine Ho.C-i.

@ Takingthe horizontal force FfTigs),

%¢:) ) vrhich moves the car, the bend-

‘Q&/ing momentat H= /ooox T5f~/3S0 s

F in.Jb. Taking forces HandC due to
weightonrear axle, fhe bencT/hgmoment
at FTorO - ToooX7.3/=73/oi*./b. Fig, 3 shows
graphically the bending moments at rarious points on the
rear axie Casting. The d/agramA CD represents the bending
moment in a horizontalplane, while the diagram A DCTrepresents
the bending momentin averticalphne.. Combining a//moments
atHl,weget, for the maxi-
mumbending moment atthat

Fqg.3.

JVECH Emg. DLPARTNe/NT

point~]/73ioTfooo =8800in.ib. Umiv.of 1.
Fig.9-shorvs the smaUesfsec Thrsis
fion as at FTor Owhere, the Plate: of
stress CIE=S800x ca | )
_ - alculations
= 6175Th.persq,in. Create. o
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A-z.
A-3.
5-1.
S-z.
5-3,
5-4.
5-5
5-b.
C-I.
n-i
304

3/3
3/3

Bill of Materials.

/1ANnF

Bevel Drive Gear

Bevel Drive Pinion

Sliding ClutchPinion

Pnd Bearing Gear

Sliding Combination

Znd. Speed Clutch Gear
1st Speed Gear
Peverse ldler

Be Ye! Differential Pinion
Bevel Differential Gear
Feverseld/er U Frame
Feversing Link

1stand Znd Sear Shifter
Pinion Shifter
Feversing Arm
Bushing

Set Collar

Bearing Detainer
Front DustCap

Back Bear'mgWasher
Bearing Bushing
Pear BustCap
FrontBearing Washer
Ax/e Spring Saddle
flinch Pipe Plug

Axle Cover Plate
Transmission Case
Transmission Case Corer
Fear Axle Shaft

Drive Shaft

Sliding Gear Shaft
Bifferentia) Gear Pin
DirectandHeverse SpeedsShifHng Bod
1standZnd Speed Shifting ffod
Pear Axle

Differentia! housing
flinch M'S Ba/l Bearing
%inch ti~B B&Il Bearing
iinch ti~B Ball Searing
flinch Special ttE>BallBearing

Hatch ial

5mlct Mo. DOWANTED.

Drop Forging YD. /
23 - /
» m i /
" " i

Steel Casting Y1 /

Drop forging n /.

) !
" " 1
- YD. 1
- ! I
- m. /
EL] » /
» ! !
2 - /’

- /.

Brass " Z

Soft Steel - Z.

Pressed Steel n 3.

Aluminum " 1

Soft Steel it f

" » |

Aluminum - !

Soft Steel € 1

Castlron - Z.

Soft Steel Z.

Aluminum F. /

" m. /

n - /

50ft 5 Tee F z.
n v /

" it /

" z

/.

- - /

Steel Casting D. /,
Drop forging nr. /
i. /.

i 5

L Z

W Z

fVanted

48
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Stock List

Description of/haterial
%K1'GapScrews.
s7/4cCap Screwe.
gX] Cap Screws,
i X CapScrews.
& X/ CotterTin
fiXli Cotier Fino
uX i"Cotter Pins
W hex. Puts.
/'flexLockhuts.
fat Fiach.Boltwith Hex.hut
§x| Wach.Boltwith hexHut,
fz'x/ Pins.
7sX3q SquareTaperHead Bolts.
f/X-k SetScrews.
T x3tzldlerPin.

riELctiZNnGmFA~TNANT
Univ. of 111,

Thesis
S tock List ano
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Sc.ct/e
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