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CRANKSHAFT STRESS ANALYSIS
Reference:~- A.£.I.C. No. 421

It is imposcible to determine the exact nature and magnitude
of all the stresses in the crankshaft, since the defleotion of
the engine members and the torsional vibration in the orankeshaft
produce complicated strains which are difficult, if not impossible,
to calculate. The 0-1430~1 orankshaft has been analyzed in the
following manner; first, acoording to the standard method as des-
oribed in A.8.1.C. report #421, oconsidering the orankthrow near-
est the provneller as transmitting the most torque and erroneously
deduoting that this orankthrow is subjected to the greatest max-
imum torque. Few, if any, crankshaft failures have ocourred in
the oheek nearest the propeller. An investigation of cumulative
torque shows that, while this cheek transmits the greatest mean
torque, its maximum torque is far below that carried in other
oheeks, It is also more important to investigate the stress range
to which the material is subjected rather than to consider only
the aotual maximum stress.

The method of determination and the value of stresses which
are believed to exist in the 0-1430~1 orankshaft will be found
in the second part of this report.

PART ONE

Tm = max. inst. torque, lb. in.= 3000 ; BIP x ¥

_ 63000 x 1000 x 1,2 _ |
T = e = 21000 x 1.2 25200 1bs. in.

Tm _R5200
 maduds 1%

Ty = 2 10080 1bs.
Fn = 13800 :
Fp= /P24 P2 = f(mmm{;uaaoma = 17000

a = Distance from center of ecrankpin to center of bearing bolts= 3.59V3 in.

r = Crank radius = 2,500 in, .

o = Distance from centerline of corankpin to tip of journal= .937 in.

e = Distance from center of orankpin to center of crankcheek=1.£125 in.
f =4 crankpin length = 1.250 in.

JOURNAL

z-r'% x 224252 29,60 - L0908 x 22.3 = 2.19

Ip= 2 X 2,19 = 4.38 /

A = 3,693 8q., in.
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CRANKPIN,
Moment of inertia of section Iy =1/64 D* - (1/647Ma% +7 r2n%)

Iy = 2,506

2,506 _q,74

s £
e C 1.43756

Polar section modulus 2Zp=22 <=2 x 1l.74 = 3.48
Sbs H% % 20350 _ 5850 '

CRANKCHEFK
Zp = kbt? | K=.2656 b=3,875 t=1.125

ZP 2,265 x 3.875 x l.265=1.29

Zb about HH 1is P%! = 2.82 in%

2
Z'y about EE is ld— = .82 in°

Comnarative data on erankshaft stresses on orank throw
nearest propeller.
CRANK PIN JOURNAL
vomve | & | R | “Dimensions | Dimensions| SHEEX
gt S (Vo lo.a|ig|in |0b. | cq |7k [wath
LI1BERTY | 220 | 1700 |1.250 2375|2500 1375|2625 | 200 | 4000| 5470
V1570 | @30 |eq00 {1260 | 2500|4920 | 2.750 | 3500|1630 | 387|3790)

N

O-1430+~/ |1000 13000 | 2000 |2.815| 2.500| 2250 _':_*_._{'_'2"512.«¢3? 1,125 | 3,890

B T T —

JOURNAL | COANKPIN cﬂ?/\/k’[ryéfﬁ
ENVGINE [ Nax Tersror] Max Shear | Mot Tension | Max shear | P asiokzvelMex Equnt |
5g_ Sg ar o n : “_Sg_ g:ss :u;.,,;: ;

AR ~
chBeA’rV BO0O | eH500 |/E00 8700 | 730 _,_«_¢c_Jo_o

V-1570 |s250 |aer0 |9340 | 7770 | 9550 (1555 |
0-/930-/ | 10200 | 7620 |5650 | 9310 |a940 /6870
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PART TWO

In order to determine the magnitude and location of the
maximum and instanteous torque, single ocylinder torque curves
were plotted in their various nhase relations, thus giving
the total torque curve for each journal. It may be seen from
the accompanying curves, C-19, C~20 and C~21, that the max-
imum does not ocour in journal #7,nearest the propeller, but
rather in journal /#5.

TORQUE VARIATION IN EACF JOURNAL

JOURNAL MAX. TORQUE MIN. TORQUE MEAN TORQUE TORQUE RANGE
ILBS, INCHES 1IBS. INCHES 1RS., TNCHES 1nS., INCHES

2 16,500 -9,000 4,500 25,500
3 27,500 -10,000 9,000 37,500
4 36,500 -6,000 13,500 42,500
5 43,000 -3,000 18,000 46,000 (MAX)
6 40,000 10,000 22,500 30,000
7 33,000 22,000 27,000 11,000

The axial compnonent of force acting in the direction of the
crank throw at the time that the torque ia at its maximum
is obtained from the polar diagram of resultant forces act-
ing on the orankpin, ocurve #C-22, showing the direction of
force with respect to the crankpin. ;
Max. Fg - Maximum tangential force from the maximum torque
Min. F¢ = Minimum tangential force from the minimum torque
Max. Fp, =Corresponding axial force vnarallel to crankthrow = 8500 lbve,

Min. ¥, =Corresponding axial force parallel to orankthrow= 7700 lbs.

_Tm
T3+

Max Fy = 239%9 = 17200 1bs,
Nin Py = TSR0 < -1200 lbs,

Fyp = Resultant of Fy and Tp
Fp max = 23,850 1lbs. Fyp min. = 7300 1lbs.

STRESSES IN JOURNAL
The bending moment in the journal, My, due to the force Fy, is

Mp= 3Fpa
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STRESSES IN JOURNAL, cont.
Mp max= 22280 x 3,593 = 21,400 1bs.

My min :..'!.2_0.9. x 3.593 = 6,560 1lbs,

The equivalent bending moment }lg resulting from Mb and the
tortional moment in the crankshaft Tp is

Me = & Mp+ 3 Mp2 + 12

From the above, Mg max = 34,700 VMg min=10,490

The rectangular section modulus for the journal Z= 2,19
The polar section modulus Zp=2 x 2.19=4.58

Area of seotion= 3,35

The maximum fiber stress sz'gg

. 34700 _
Sp max 510 15,860 1bs/sq in.

Sp min =}-g4'—%3- = 4800 lbs/eq in.

Due to the fact that the minimum force under consideration
is aoting in the onnosite direction to the maximum, the stress
range is

15,850 + 4,800 = 20,650 lbs/sq in.

The total shear stress is 8.:%1-;_2.

Max Sg = 10,950 1lbs/sq in.
Min Sg = 1,835 1bs/eq in.

Stress range =12,785 lbsYsq in.

STRESSES IN CRANKPIN

Using the load values above and following the general method
as d:loribod in A.0.I.C #421, the maximum fiber stress in the
section is

Sp max 20,000 1lbs/sq in.
S min 4,140 1lbs/sq in,
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STRESSES IN CRANKPIN, cont.
Stress range =24,140 1lbs/sq in.
The total shear stress is
Sg max = 13,620 1bs/sq &n.
Sg min = 2,010 1bs/sq in.

Stress range =15,630 1lbs/sq in/

STRESSES IN CRANK CHEEK

Following the standard method using the load values as given
before, the direot tensile stress is

St max « 6680 1bs/sq in,

St min = 1180 1lbs/sq in.

Stress range = 7860 1lbs/sq in.
The shear stress is

Ss max = £4,900 1bs/sq in.

Ss min = 1,690 1bs/sq in.
The maximum equivalent stree resulting from S¢ and 85 is

Se max = 28,460 1bs/sq in/

Se min =2,380 1bs/sq in.

Stress range =30,840 1lbs/sq in.
The above method does not dake into account the overlap in the
orankpin and journal sections,which materially adds to the stiff-
ness. The maximum equivalent stress range in the crankcheek is
undoubtedly decreased by this overlap. The elastic limit for the
cranksharft steel will not be less than 120,000 1bs/so.in.which gives
a safety factor of four.

Complete information is not at hand to calculate comparable
data,using the known maximum torque values,as they annear in success-
ive cheeks of the orankshaft. It would be interesting to make such
a caloulation on existing orankshafts, vhere failures have been en-

countered, and undoubtedly some valuable information for use in
future designs ocould be compiled. .
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CRANK ARRANGEMENT, CYLINDER NUMBFRING AND FIRING ORDER - GQONTINENTAL 0-1430-1 ENGINE



