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GENERAL OOMNSTHUCTION.

The motor designed is intended to be used in a
car of approximately one hundred sixteen inch wheel base
and weighing about twenty four hundred pounds.

In general the motor is of the four ocylinder
type of three and ons half inch bore by five inch stroke.
The main ideas to be worked out in the design of the
motor aré. a orankshaft of the three bearing counter-
weight type, an overhead camshaft operating two inlet
and two exhaust valves to a cylinder through roocker
arms, oonnection between the orankshaft and camshaft by
helical gears on a vertiocal shaft, generator anmd water
pumps to be driven by a horizontal shaft at right angles
to the orankshaft and oconneoted with it through heliocal

gears, and pressure lubrication.
The design of the parts will be given in the
order it was taken up. It is believed this method will

present the computationgsmost clearly.
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CRARKSHAFT ANV 'BEARINGS.
Crankshaft.

The orankshaft is to be of the three bearing
counterweight type, dropforged to rough dimensions
and then machined all over. RExtra materisl is left in
the counterweights #0 as to bring sn unbal anced couple
at these points to be balgqnced out by a (Carwin statioc
Dynamio) balancing machine. In oase a Carwin machins
is not available or it would not be good policy to buy
one ,the weights should be then computed so that the
oouple formed hy the counterweights just dbalancesthe
couple formed by the orenk pins and the lower half of
the conneoting rods.

Let p = piston displacement,

4 = Diam: of orank pin amd msin orank
journal.

L Lg #m1 Lg = Length of min orank
Journals front to rear.

w = width of orank am.

ty = thickness of ehort orank arm,

tl = thickness of long orenk arms.

P L :{’T—- 3052 ‘5) - ‘801 [« + 9 in.

From Heldt Vol. 1 - 189, 190, 191.

4. Fﬁ: .rig.ry 1.788.



It is desired to drill a 3/4" hole through
the pins 80 let «s equate the section modulus of the
8011id shaft to that of a hollow shaft 3/4" inside diam.

and 2" outside diameter.

{3 3 8
‘lLfg - " 1¥fp - Bi%?"

a8 = pB - 0,8

1.738% = 23 - ,78°
B.18 = 8 4421 = 7,579

We are safe in the dimensions assumed.

From Heldt.
L =1.26d = 1.26 (1.733) = 2.168 = 2 3/16".

Ly = Ly = 1.26 L = 1.25 (2.168) = 2.71"

Ly = 2.76"
It 18 required that bearing one be as short as
possible 0 let ue oompute the area required end find the

length reguired An this manner.

Area required = 1.733 (2.71) = 4.70 eq. in.

4,70 8q. in. !
2"

Length = = 2,38".

Allowing 1/4" for lubriocation grooves gives us

2 6/8".
Ila = 1.75 I‘ = 1075 ‘20168) - 50"9"

3.79 (1.733")
Length required = X = 3,28".







Use 3 5/8" to allow for 1/4" 0il groove,

Weldds=1led (1.733) = 2,43" use 2.5"
ty = .6@‘ - 6[I78% . 576" uee 1"
o = ol - ofpRE - .

t - 8[Z . .8 L76% L 317" use 1 1/e"

ts and tl are mde extra large t0 reduce dbending of the
shaft under logdto a minimum, '

Steal for Orankshaft reoommcnded by Heldt.

Chemical Composition.
Carbon cecvecccncssccccctosccccececs o8B
MangaNneBe se.ccccccvsssccscessccsccses 60
8111000 eeccccscccsccccssee NOt OVer .18
SUlphUr cesecccsccccscsccee NOt OVer .04
PhOBPOTUS ceenesccccescscee NOt OVEr .04
Phyeioal Properties
Tensile strength cccccessee 90,000 1bs, per sq. in.
Elastio 1imit ccesccccecece 70,000 1bs8. per sq. in.
Klongation in 2 inches .... 15%

Contraction Of are@ c.c.c.. 38%

Crankshaft Bearings.
Use die cast bushings.
Heldt vol. 1 - 347.



A = Bearing diameter = 2v
B = Outaide diam. bushing = 1.8i =
1.2 (2) = 2.4" use 2 //2™
Thiokness of flange = ,1A = .1(2) = .2 use 1/4".
Diameter of flange = B + .24 = 2.4 + .2(2) ¢
2.8" use 2 7/8"
Use 4 1/28" bolts for each bearing.



YLYWHEEL

Let flywheel diameter ejual 14" and thickness 13"
Beldt Yol 1 - 30:&.

Welgat flywheol = 3,4<%-§‘;‘,§2§9> 8ok | /. L5

«28 Tdlawm, REACE,

P |
‘E?fé— * m“ Z.41" gey Z,.5°%

Lot trloknsas of wal equal «F inchss ahich I sorerzlly used,
Diamaster of Pl.n:3 » Tength of stroke = . 5°

Heldt 1 - 00%

Width of Plance = 1/18 ( ‘nct: of borc;(o vnre reot of number
of oylinders

1736 $7.5) (2) = 43F* 30y W57

Dianster ¢f bolis = "Lioknaen of flenpe ~ GF



COMBUSTION CHAMBER.

Asmime height of chamber = 1 inch.

Clearance volume = Depth (Area rectangle - area rounded
ocorner) - volume of piston abvuv¢ Gy/mdm‘
proper - 1 [4 (4.625) - [a.aaz - (z.esf]
-[-‘-E- (5.62) 8/8]- 12.81 ou. in,

Total vol, = 12.81 cu. in. + 48.1 ocu. in = 60.91 ou. in.

60.9
Compression ratio = = 4,78
bE-1:)

.
Assume an inlet pressure of 13 pounds per square inoch.
Compression pressure = inlet pressure (ratio) 1.3
13(4.75)2°3 _ 98,8#/8q. in. absolute ¢
83.6 1lbs. per 8q. in. gnuge.

This prossure 1s satisfectory for a high speed
engine s0 it will not be necessary to carry the work
mnh’ro

o



CYLINDER /ND CRARKCASK.

DIMERSIONS.

Heldt Vol. 1 - 83.
bore |
use 3/8 in. oylinderivall.

Water space = 1/2"

Jaoket wall « 3/16" on the sides,
3/4 to 1 1/2 in. on the Wp of ¢ylinder.

Crank case thioclmees = J/4 in.
Manges =5 (thiokness) l.é"(g/#) = 3/g in.

Use 1/‘ in. bolts with a 4 in. span.



COENECTING ROD AND PINS.

Let ratio oconneoting rod to stroke equal 2.2
Length connecting rod 2.2(5) = 11 in.

Use niockel steel 8 = 22000 1lb. per Bq. in.
Heldt 1 - 143.

Explosion foroce = gompreesion pressure (4) =

98.3 (4) = 393.2
Total force on piston = -]1:- 3,52 893.2 = 8780 lbds.

Heldt 1 - 220 ohart III.
? = .169 use 5/32".

Height of Section = .169(5.7) = .906" use 15/16".

Width of seotion = .159(3.8) = .604" use 5/8"

The rod is of this opgssotion for entire
length. ZEnlarging the rod at the ocrank pin end has no
advantage as the greatest strees ocomes at the middle of
the rod due to whipping. If sny dogSeotion should be
made larger this should be.



Heldt 44 Equa. 24.
| r‘ = foroe due to reoiproocating parte,
¥ » wt, of reoiproosting parts,
assume 4.5 1lb,
L 4 Length of stroke in inches,
N = RoPo M,
n =ratio omnecting rod "center to center" to
stroke.

Py = «0000142 wIH2(0090 + 1/2 n oor 2 0) 1p,

3540 lbe.

Haldt 60 Equa. 31
P = Uentrifugal foroce,
w = Weight of revolving parts,
N = Rev. per net. = 3000/60
r = radius in feet,

F = 1.226 WN® r 1b.
Assume lower half of conneoting weighs 2 1bs. ard r = 8".=
P o=l.eze(z) 20007 3 0
* 60 12 .

Total force = 3540 1b. + 1820 lb. = 5070 1b.
Using two bolts etress per bolt = 20886 lb.
Assume a stress of 22,000 lb. per square inoch.



| 26
Area each bolt 2536 -, . .
- 22000 1154 s8q. in
Use a 7/16 in. S.A.%. bolt,
a =,12.7 8q. in.

Length bolts = | 1 /27,



PISTON AllD 2ISTON PINe
Heldt 144 - 146.
Average piston prossure = 2500 lb. per £q. in.

Ares of dearing = -g%g% = 1,61 square inach.

L]
o

Assume 7/8" outside diamoter.

Length = ;,.73_3; = 1.73 say 1.76".

Let d7 = inside dismeter,
4 = outside diameter,
b =« piston bore,

P = Explosion pressure,
8 = 3tress = 20,000 lb. per sqg. in.
(3.8 nickel steel)

4 _ 5
a4, = fa db }’87“ B76(8.5)° 3760
g2 (20,000)

681 use 5/8"

PISTON DIMENSION.
_Avoréso practioce as given by Heldt at 1800
Re.P.M. an average side thrust of 110 lbs. was found.
Allowing 9 lb. per sq. in. beering pressure on
the piston we have

10



Length piston yrBif— = 5.6" boaring length.
Diameter piston at top = 998 (3.5) = 8.498 in.
Diameter piston at bottom = ,9995 (3.B) = 3.498 in.

Thioknees of head » o032 (3.5) + 060 = 0162 «rse ,3;

Lepth Of ring grooves m .04{ d:) ... ' = J04(B.6) =
140 say 9/64"

thiockness of piston wall upper rod =
0062(305) + 10 & 317 use 5/160

Thiockness wsll lower ond ¢ 02(3.6) + 05 = 12

Use 2 1/4 in. set sorews to hold the pin in position.

A good grade of cast iron to be used.

11



VALYES ARD HOXKR ARM.S

An effprt has been made to keep the weight of
valves and roocker arm to as low s figure as possible to
ineurs quiet running.

Haximum speed = 3000 R.P.M,
Maximum pieston epeed = 3000. 10/12 ¢
8500 Feet per minute.

Favary 64 - 66.
Let p « piston dlam. = 3.6"
Let 8 = piston speed = 2800 ft. per min.
Let G = gas vclooity = 8180 ft. per min.
Let A ¢ Area of one vslve (two inteke and
two exhaust per cylinder)

Ael. J7854 ()24 _ .1 (.7854) 3.5%(2m00) .
# @ £ sleo

147 8q. in.

. '[1.47 i
Diam. of valfe il 1.37 use 1 3/8 in.

Left of valve ¢ '53" » (=11/4) & -

’ 9 19 20 "o
3E-(13/6 - 11/4) 1/8 = 27 eay °"§%"

12
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Valve Dimension:
Outside diam. = 1.18 (1.378) = 1.58 say 1 9/16"
Thickness of head = .15 (1.375) = .2060 say 3/16"
Valve stenm digmeter = .18 (1.376) « .18 = .3560 say 85/18"
Radius of valve = .25 (1.876) = .B344¢ Say 65/16"






VALVE GPRINGS

Weight of valve, disc, spring and rocker srm.

Wt. valve = .88(6-5 (..4;7‘.'. (.3225)2 . .1875 ..‘77.: (1.875)2/

28‘05”) - 017‘ 1bo

14

Wt. epring oap = .28 (<~ (28) .0625 = .28 (.196) ¢ .0B5 1b.

sffeotive weight of spring = 1/2 total weight.

Asgume a spring of 10 coile, 2 1y diam. and .184 in.
wire diam. ’

Wt. spring = .28 10 I27) Z- (.134%) « .248 1b.

Effective weight = 1/8 (.248) 1b., =.124 1db.

Consider rooker arm as two bars 1/2 in wide tapering to
1/4 inch, 5/16 in. thick, 1 1/4 in. long and
revolving through an arc of 5/16 in with one
end fixed.

Wte rocker arms = .268(2) (1.25) (.876) (.3125) = 082 1b.

The ir weight with the motion spoken of it spproximately

oquivalent to half their weight reciprocating through a

distance of 6/16 in. Thercfore, the approximate weight
<041 1bs.

Total weight = ,174 +« 066 + 184 + 041 = 394 1lb.

Let us use a ilnahroom cam with a top oirocle of

1/10 in. Distance oenter top cirole to center of camshaft =



D« .875 which will be urr’ive‘ at in the cemshaft
computation.

Heldt 1 - 265,
Let F. = spring HDroe,
w ¢ wi. reciprocating parts = .394 1lb.
M = Kevolution of camshaft = 1600
D= Value given above =« 22,08 1b.

2 | 2
po® D .39 (2600)% .8780 _ o )
36, 200 36, 200 22,08 1b

allowing 20% for friotion of gMrdes, etc., we have
P = 22,08 (1.20) = 26.496 1D,
s = 26.5 lbo

Helat B82.

Let us use No. 1l wire diam..l2 in. and
1 1/4" d1am. spring. 7Teking E = 10,000,000 the sllowable
load = 27.1 1b. end the deflagtion per coil per 100§ =
«7638".

beflection for 27.1# = ,7538 g;-(;% « 204 in.

Vhen the spring is fully defleoted the losd
should not inorease by more than 20%. oOLince the loed in
proportional to the deflection the allowable deflection
Per 001l = .20 (.20%4) » O#dgin.

No ooils = total defleotion < allowable deflection

per 00il. = -:—%?—%— - 7.6%

Use 10 ocoils, 8 active.

16



Height of spring when valve is closed,slloxing 3/8"
between the oc0ils when valve is opened wide =
10(.12) + 3/8 + 5125 = 1,.,8878
say 1 7/8 “.
Height of spring when free should be 1 7/6" + .211 (8) =
3.66" .

16



OAMOHAPT, KUCKESt AiM LHAMY AND BEARINGS.

Heldt 1 - 278.

Use 3 bearings,

Length between bearings = I =« 11.0%

X = ratio of distance of cam from bearing
 to total distance = 8/11 = .7g7

a = ,069

Exhgust valves.

Load on camshaft = Pressure of valve spring <
Pressure due to inertia of reciprocating parts
+ pressure on exhaust valve. )
Pressure of valve spring = £7.1 1lb,.

Presaure duo to inertia of reoiproocating
parte = 26,8 1lb.

2ressure on exhaust valve = 50 -; (1.,875)%2 «

73.8 1b.
Total pressure = 127.1 1lb.
Total presspre two valves = 2 (127.1) = £254.2 1b.

Oonsider that the two valves are both located at the point
8" from the farther bearing. Their ocondition mey be safely

assuned as it will cause a greater defleotion than will the

two followgrs where they aotually are.

d w

P I.aa

?

y000(.008}

17



where 4 = diam, camshaft required
? = load exerted by follower,
a = faotor depending on ratio given above
+002 = allowable deflection.

+ 54 (118
d - rg‘:e‘o‘&?%‘?%%a) ‘w 1,078 say 1 1/16 in.

TUBE OR #HIOHM RUUKErn ARM TURNS.
Boyd's strength of Materials, page 176, equation & solved,

gives for a beam fixed at the ends with concentrated

load at the niddle.

(5} 3 28b2

2
Bly=¥ 3 o vhere W = —p— .

&ﬂ.ung this equa. fur the cese where a = b = x -—%— ‘
end sudstituting the moment of inertia

4
—-g%-—of a 80lid oiroular section for I and solving for

2. 4?4 PL3
192 (TEYy)

where 4 = diam. shaft

4 we get

P = load '
L = length between bearings = 4.375"
R = Modulus of elastioity = 30,000,000
y = Allos defleotion = .002 in.
Our greatest load on the rocker arm tube will be when the

can stqrts to raise the valve.

18
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Prom soaling off the drawing we find we have a
load of 254 1b. at 28¢ to horisontal ( cem on fllower),
and a load of practiocally 254 lbs. aoting vertioally up-
ward. Solving to get the resultant load on the rooker arm
shaft we have R = (254 - 864srm 26P)2 + (254 cos 280)8

» 262 lbs.:

4
64 (262) 4.575!

80 4 = & 444 in.
192 {4 ) 30,000,000 {.002)

Eowever it 1s desired to use & hollow tube.
Let us see if a 1/2" tube with a 1/4" hole Ass & seotion
modulus equal to that of the .444 in. s01id tube.

rad | _[Tp8 _ _jT el
a2 a2 32

ad « ’8 - a3 .

4448 = 5% = 283

08756 » 125 ~ .26 = ,1094

?ho hollow tmbe is the stronger and will give
oéven less defleotion than the solid tube. The best timing
0L the valves for a motor of this speed (up to 8000 R.P.M.)
to compromise between high erfieiency and power at high speeds
and smooth operation at low speeds secmsto be -
Let inlet oam open 156° past top dead center,
Let inlet cam close 40° past lower dead canter,
Let exhaust ocam open 48° before lower deesd center,

Let exhaust oam close 10° past top dead center.



20

Inlet cam:-
Heldt 1 -~ 264.
Ry = radius of oam at base = 626"
r = radius of top oircle = .0625
L = loft = ,312
P = Center top sirole to center of shaft =
31 +L ~-rew 6260 + ,3186 - .0625 =
«8760-
g = Angle of opaning on camshaft =

180 + 40° - 169 u 102.50
2

.g..- ’41.255’ |

R = Hadius of flank oircle =

Pg-rz-»alzoleboon‘-
2 (B -7 -Doom§ )

(:8760)® - .0626% o .628% - 2(.628) 875 (.328) _ 16.14 1n.
2 (.625 - ,0628 - (+67680)..626)

Exhaust oam: -
¢_180°o48'-107-818°

2
4~ = se.8e on..g.. - .68

= 109° on camshaft.




81 » ,685

r = ,0688
P = 8780

g _ 2 -
R= « 8750 «0625%~ « o628 o 2(.626’ o 876 (0580) - 4.66"

2 (.688 -~ .0626 - (.875).68)

Heldt 1 -~ 276.
Exhagust cam width = 1/3 equivalent dlameter of valve egual
in area to the two valves.s 1/8 (1.94) = .647 in.

Alloving 1/16" for oil hole¢ in follower gives
<647 + ,0626 = 7095 say 3/4".

Inlet oam width = 1/3 (1.875) « 1/16" for oil hole
= 458 + .0625
= 52085 say 9/16~

CAMSHAFT BIARITIGC.

Practice is to mmke the length of the cam shaft
bearings from 2 to 3 times casmshaft dismeter or from
11/8 (2 to 8) or 2 1/4% to 3 3/8".

Let us make front bdearing . 3 in. long
Let us make middle bearing 3 in. long
Let us make rear bearing 2 1/2 in. long



GEARS DRIVING CAMSHAFY?, WATER PUM? ., GENRBRATOK, and BEARINGS.
Horse Power to Drive Camshaft.

Consider the work done in one revolution.
Load to open one exhaust valve = 127.1
Load to open eight exhaust velves = 8(127.1) = 1016.8
Load to Open one inlet valve = 50.46
Loed to open eight inlet valves = 8(50.45) = 403,60
Total 10ad = 1466.40.
Work per rev. = total load (1‘1’1'.)

= 1420.40 .5/16 .1/12

= 370 £t. 1lb.

3121 « VOXk per rev. (i.2.k.) . 3M1600) 1.682
33,000 33,000

Allowing 20% for friotion loss
3121 w 1.682 (1.20) = 2,01840

rorque «83,000 . (HyPy) 63,000 (2)

. 1b.
R.P. M. 15000 - o4 1a

¥Front End Cears.
Assume diam. of 8" for gear on orankshaft
Assune diam. of 2" for lower gear on vertical shaft
Assume diam. 1 1/4" for upper gear on vertiocal shaft
Assume diam, § 3/4" for gear on camshaft.

Marks 729 - 30
' Conmsider gear on oranxshaft end the one on vertical

shaft meshing with 1it.



Lot By = R.2.1. 0f orankshaft = 3000
Hg = ReP.M. 0f vertioal shaft = 4500
Rp = Hadius of ornzikshart gear = 1.5 in.
o = Radius of vertiosl shaft geexr = 1 in.
Xg = Z of true pitoh line to axis of gear D
Xy = & of true pitoh line to axis of gear D

U 1.6 oom Xy

Ny 1 oo X,

Co» Xq = Com X4

but Com Xg = 8in. (90 - X)) = 8in. Xy

8in X4 = 005 X4

Xo = 458

Xp = 90° - 45° = 45° _

Let us now oone ider the camshaft gear B and the

vertical shaft gear A. Notstion as before

¥, By OoxXp
‘B RA Cos X‘

4600 1.8756 00w Xy
1600 = .636 oo X,

1= Cors Xp
Co:s!‘

Xp = Xy = 48
Let us cheock the gears for strength.
Marks 782.



Load on gear B = 84 in. 1b, = 44.8 1b.
1.878 in.

Speed of pitch line (apparent) = 15001;1'875) -
334 ft. per min,

= 12,000 (table 21 oast steel gears)
= pitoh line angle = 459

= width of face = Ig— in.

= oirocular pitch

‘Let us try diametral pitch of 8

P = B11
Unwin's formula for heliocal gears,
Load = W= 0838 b p £ ces. X

R O K W

= 0883 (ff~) - (12000) 7072
- oGl‘i

Oversise sea'ra are t0 be used to make the
radial loads and thrust loads smaller and to obtain a
fairly large number of teeth per gear in order that the
gears may run silently.

Load on teeth of upper gear on the vertical
shaft = 44,8 lb. Barring the thrust losd due to friotion
which would be emall,44.8 1b. is the thrust to be taken
oare of in the vertical shaft and camshaft.

This thrust load is greater than the thrust
loads on the lower gear of the vertical shaft or the

zal
-



thrust load on the pump and generator ohart; Thie
shaft runs at 1 1/2 orankshaft speed and msshes with
the crankshaft by a gear the same sige as that on the
lower end of the vertical shaft, and will ordimarily
take less than 2 horse power.

Because of this a oombined radial the thrust
ball bearing suitable to take the loads here can alseo
he used in the other places.

Let us take a new departurse combined radial
and thrust boaring 20 m.m. bore, (+787") A = 1.027" in. inside
shoulder, B. = 1.5696 in. outside shoulder, diam, ; £,06"
width = ,591". This bearing will teke ocare of 126 1lb.
at 83000 R.P.M, 80 is af ample sise.

On the vertioal shaft usc g modified square

- so/ Jjornk
Plock “fg pe o f univer ; ocouple it with the shafts

carrying the gears.
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INTAKE AND RXHAUST MANINOLDS.
Intake Menifold.

The design of the intake manifold ie of
oonsiderable importance in the performance in an engine.
The one faotor is the smoothness in the operation of
an engine, is that each cylinder receive a charge
identiocal with that received by each of the other
oylinders.

In the design, at attempt has bean mde to
give each oylinder a charge of the same quality and the
sane volunp at the same tewmperatwre or lirumro. a8 that
of each of the other oylindore. Sharp corners lave been
avoided in order that the friction loss be as exsll as

possiblo.
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RBxhaust llanifold.

As muoh radiation surface as possible has
been given the exhaust manifold s0 that the volume of
the gas will be reduoced,thereby reduocing the presswre
at the exhaust valvos.
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WATER PUMP AND OOOLING SYSTEM.

A single bearing centrifugal pump is to be

used.

Heldt 1 -~ 512 - 513.
D1 = Impeller diameter,
V = Cu. in. piston displacement,
N = Ratio of pump speed t0 orankshaft speed,
C = Vane width at impeller ocirocumferemcs,
C, = Vane width at inlet ciroumferenoce,

4
v 192.4
D =1 I'I_"'i" =1l s - 29 ey ¢ 1n.
C = 12D = .12 (4) = 48 = .48 Bay 1/2"
Cp = 3D = ofZ (4) = . .72 8ay . 3/4"
Water jacket spsce = 1/2".

An attempt has been made to provide for equal
000ling for the cylinders by msking the jackets as
symmetrical as possaible.



FAN CALQULAT IONS.
Sise and Capacity.
Heldt 499
} The B.T.U. to be disposed of per minute
approximately equals 68 (meximum Brake Horse Power).
This figure is oniy a fairly cloee approximtion as it is
ordinarily used with an L or T head motor.
assuming the maximm brake horse power at 48,
the B.7.U. per minute to be disposed of = 68(48) =
3260.
Assuming mgximum speed of 70 miles per hour,
gensral practice has shown that .6 cu. ft. of air is
required per 3.T.U. entering radiator.

'. ou. £t. 0f air per minute maximum speed = 3260 (.6) =
. 1986.0
Let us design a four blade face 0of the helical
blade type.
Assume outside diameter = 16"
" inside " = 4"
" width of 2"
" pitch of 20"
*  maximpm speed of 4000 R.P.M.
" g 3" diam. for fan pulley,
" @ 4" diem. for driving pulley,
Heldt 1 - 492.



R+ R, 2
g x P x P
R” = R_8 ; 2 _np2
1 4 2xZ,.pz (1 by ) 2y2, pE
gﬁtﬁ - .104 +600 .0623
72 o 62
—m-—- L J 00902 0628 00“6
2 _ g2
S - w076 .660 .0508
B8 - 4% | 0625 686 <0429
2
Lﬁx‘-’f = .0486 706 0348
88 - 2% | oms 713
_-m_ - o e -'m
Totel = «2714

Ved—E— 3,142 (4000) .2770'/ min.

The capeocity im enough greater to take ocare of

8lip in the bdelt.
POVER TO DRIVL FAN.

Heldt 1 -~ 446.

BIP _lnsTTll’z Rz-rz-rz 280‘8
1 49,660,000,000
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Where N =« no bladep,

n = RPN,
width of blades in feet,
= pitch in feet,

= Radius to large oiroumference,

H v " g

Radius to small ociroumferemoce,

. 2 .. 20
Ned n=400 we 2 2t. Pogpg,

ol

R"iaff"" r-I%— iy

The lI. P. 80lves out to 6.67.

TOran - 63 000 HCP. - 65,000 (6057) - 10.86 ln. lb.

5 4,000
Ret driving tension = ,]_-_9_'_5_‘;_ = 6.9 1lDbe
. 1.5

DS IGN OF FAN BELT.

Let us design a V belt of built up oonstruotion

with sides at an angle of 28°,
Machine lesign - Leutwile -~ 173,

Tﬂa'?],"!-:-z- 3%78-1

e 513
Tty = difference in tension,
? = Maximum tension,
W = wt. of belt per foot of length,
V = Veloocity of belt in ft. per sec.



U = Coeffiolent of friotion,
¢ = arc of contaoct in radivns,
B = angle of sides of belt,

T, = 6.9

Let mean width of the belt be 1/2 in. and the
thickness 1/2 in. Asesume blooks to weigh 1/4 of belt
proper.

Wt. belting = ,035 1b. per ou. in.
o o "o per £, of belt = 1.25 (1/2.1/2) 12 (.085) =
= <1313 1b,

V= 4000 (Tixdy & 542 . per min. = B2.36 £t. per sec.
U from teble = .50

36 8 ) b !Trl
6.9 =m - ams (2B o .z
. u6 ()
€ " 2oz
649
6.9 - ,1 - 11.1 650

6.91 = 7y - 11.1
T, = 18.01 1b.

-LO-!.Q - 18. - .
s = rea 17'!% /2 72.04 1b. per sq. in

fa &8 well gbove 400 1b, per 2q. in. 80 the belt is of
anmple proportions.



LUBRICA?ION

Quantity of 0il Kequired.

Allow 25 ou. in. of oil per min. per sq. in.
of mrojected bearing area.

Bearing area orankshaft « 2(4(2 3/16) + 2 6/8 + 2 3/4 + 8 6M)
# 2 (17.77) = 35,64 8q. in.

Bearing area camshaft w 1.0625 (2.76 + 3 + 2.5) = 8,76 8q.In.

Boariné area vertical shaft and ptmb shaft = .78 (3) 1 =
£.26 8qy in.

Total area = 36".574» 8e76 + 2,85 = 46.B85 sq. in.

Cu. In. of oil per min. for bearings = 46.56 (25) =
1163.76 ous in. per min.

are
Thers,12 - 1/16 in. holes in the rooker arms, lubricsting

the omnharg.
Assume a 6 1b. per inch hesd.

= 0y & 2gh (12)(60)(1728) =
61 (Z)( _}w( 1%1_)('[54.4‘(3Ta.5)ae) 60 (1728) =

441 ocu. in. per min.
This figure is liberal enough to teke care of the rocker
arm bearings also.
Total quantity of oil per minute = 1163.75 + 441 =« 1604.75
ou. in. per minute,



DESIGN OF PUMP.

Let us design a pump of the gear type.
Heldt 1 - 332,
Q = Quantity in cu. in. per minute
D = pitoh dismeter,
= Faoe of gear,

»
Hw» RevoMo of pump,
? = dfametral pitch.

Qa&%’-i ou. in. per min. or

FPa= gC_Q______
21TD.H

Assume a pitoh diameter of 1.28" and a
diametral pitch of 8

8 (1600)
8 (1.25) 4500

F= = 363" = Bay 5"



MOUNTING OF KLECTRICAL UNITS.

The motor is designed to take a two unit system with the
distributor mounted on the end of the Gemerator. S.a.k.
standard mountings provide for the starter and generator.

A tnﬁo is provided for the pmotection of the
ignition cables.

SUS2ENSION OF MOTOR FROM FHAME.

The mtor is movided with three point
saspension, two faces on the flywheel housing and one point
in front.
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