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STRESS ANALYSIS OF CONNECTING RODS
CONTINENTAL 0-1430-1 ENGINE Oot, 1933

References: A.S.I.C. No. 421
" "Design of 1000 hp. flat engine eto."
by Continental Airoraft Engine Co.
"Indicator as a means of improving Alroraft Engine
Performance, Prescott Journal S,A.E, Sept.32 Jan:33

X ' Area, A 0.489 8q.in,

~ 9% % 0,1267 in*
0125 in*"
/}wa 7 Rod length center to centerlL 7.75 in,
y. /] y Crank redius R 2.5 1in.
- Piston essy. wt.(Dwg. 4212) 5,325 1b,
2o Reciprocating wt. Wi 8.415 1b.
b Piston area (5.5 bore) 23.76 8q.1in..
/ & +——d
X

- Section of column

Gas load on column, F-= 830 x 23.76 = 19750 1b. where 830 is
. max. gas preasure estimated from indicator cards of various test
eylinders under supercharged conditions. Neglecting obliquity of
. oeonnecting rod at time of max. gas pressure, and bending of
‘oolumn, the compression stress in column seotion is
8y = P/A = 19750/.489 = 40400 psi.

According to the Rankine formula, the compression stress in
is 84 = F/A + .000526L* F/Ixx = 45, psi.
or F/A + 0001311 F/Iyy = 42,600 psi.
where L, = 4.25 in. (blade rod). :

: COnlldorlng engine speeds of rating, 25% and 50% overspeeds,
- 4.8 3000, 3750 and 4500 RPM. for inertia loads.

Fi = ,0000284 Wi RN*"fa = .0006021N" where fa for L/R =
Q3000 RPM. Fi = 5420 lbs.
03750 RPM. F1 = 8470 lbs,
94500 RPM. Fi = 12200 1bs,

Tension stress in rod column due to inertia only,es ocours at
exhaus p center is

S¢ 03000 RPM. = 11,100 psi.
03750 RPM. =117,300 psi.
@4500 RPM. = 25,000 psi.
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mi_ag.'ijn_mg_l_ at combustion dead center with no change
of ges

85 3000 RPM. 45400 - 11,100 = 34,300 psi.
Q3750 RPM. 45400 -~ 17,300 = 28,100 psi.
@4500 RPM, 45400 - 25,000 = 20,400 psi.

Whipping stress due to shortness of column is smell as shown
b; w}:& computation at wooi R{H. It ooournmoo degro:o out
o meximum gas or inertis stresses. The whipping force
is F, = 4.02 x 107 AIJ,R 8in &

@" = Crank angle and is maxinum at 190*

Fy ® 4,02 x 107°x ,4890 x 7.75 x 4500°x 2,5 x 1 = 770 1b,

Bending stress from whip is .1283 LF,/2
S8y = 41283 x 7.75 x 770 x (.6875/.1257) = 4180 psi. 04500 RPM.

tive ocompressive stresses oconnecting rod column

(Gas load/area).

. ne | V-1570 Wasp er
¥ -13 -
Hors ' 70 630 3%0 0
RPM. ' 1900 2400 2200 3000
Eg. in. 6.125 5,125 5,75 5.5
. @&s pressure psi, 750 505 790 830 |
Column stress psi. | 47,000 | 34,000 | 53,700 40,400 |
‘Stress in emall end of connecting rods
' .P'rl’ﬁ %o Ares = ,243
T ‘}n I = ,000382 negleoting chamfer
2 S = r/BA
D = 1.656

1!'0:00. are due to inertia from piston assembly inoluding piston
pin
F = ,0000284 x 5,328 x 2.5N% = ,000378N*

03000 RPM, P = 3400 1bs. S = 7000 pei.
Q3760 RPM, F = 5300 lbs. 8 = 10,900 pai.
04500 RPM, F = 7650 lbs. 8 = 15,800 psi.

To avoild pinching, the defleotion is proportional to following.

03000 RPM.  FD/mI = P00 L (L6861 = 065

ared with ocorresponding figure of 1.235 for Wasp(R-1340)
~engine at 2200 RPM.
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Compression stress at combustion dead ocenter with no change
of gas a

8y 03000 RPM. 45400 - 11,100 = 34,300 psi.,
Q3750 RPM. 45400 -~ 17,300 = 28,100 psi.
@4500 RPM, 45400 - 25,000 = 20,400 psi.

Whipping stress due to shortness of column is smell as shown
by following computation at 4500 RPM. It occurs 90 degrees out
of phase from mt'qmslg or inertia stresses. The whipping force
s F, = 4.02 x 10" ALN'R 8in &

e Crank angle and is maxinum at {90°

Fy = 4,028 x 107°x ,489 x 7.75 x 4500"x 2,5 x 1 = 770 1b,

Bending stress from whip is .1283 L¥./Z
S8y = +1283 x 7,76 x 770 x (.6875/.1257) = 4180 psi.

DR~ S|

04500 RPM.

Comparative compressive stresses connecting rod column
(Gas load/area).

elone V-1570 H;;p g.ygor
Horsepower 670 630 | 660 !ﬁo
RPM. ' 1900 2400 2200 3000
%:c. in. 6.125 5.185 5.75 5.5
. @88 pressure psi. ~ 750 505 790 830
Column stress psi. | 47,000 34,000 | 53,700 40,400 |
gtrui in small end of connecting rods
“' og l'-% 3 Area = ,243
g 3 “:}'0 I = ,000322 negleoting chamfer
2 8 = ¥/BA
D = 1.656
1!0:60. are due to inertia from piston assembly inoluding piston
pin -
F = ,0000284 x 5,326 x 2.5N% = ,000378N°
Q3000 RPM, ¥ = 3400 lbs. 8 = 7000 psi.
' @3760 RPM, F = 5300 lbs. 8 = 10,900 pai.
94500 RPM, F = 7850 lbs, 8 = 16,800 psi.

To avoid pinching, the deflection is proportional to following.

w00 . ot/mr = PO TLLEEC -+ ous

ooutlm with corresponding figure of 1.235 for Wasp(R-1340)
engine at 2200 RPM.
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Stress in fork (as sect. B-B, fig. 24, A.8.I.C, 421) °Pee® 8 v
= 19,750 1b. Y, = ,1725 s £
o At T L R |
A = ,318 Ix =,,0078 £ ‘ ;
C X—L' ﬁ’.l 7] A

Cad e

Fork free from end wise constraint, stress from gas load

is : |
o ® _gggzggﬂ[%gfg,, 555 +875 = 156 - .1725 x .955{]
® ,9875 (3,00 + 26.6) = 292,000 psi.

-y -

Since the ends of this fork are constrained from endwise deflection,
the greater portion of the bending stresses are eliminated. ‘e
Wwithout bending, the fork stress is -

3, = 29,750 o f%%g = 29,600 psi.

The bearing shell ends must provide against an endwise force due
to gas load of P = (Fr/2) tan 17 = ,9875 x ,305 = 3010 lba.
" shear stress = endwise, force/shear area
® 8s = 3010/.994 = 3030 psi.
the bearing shell end pressure is endwise force/bearing erea
Pp ¥ 3010/1.118 = 2700 psi.

loads from inertia act in the oppsite direction to the gas 17
load considerably decreasing the above stresses. At exhaust dead g
center the inertie loads only are acting. These loads are always
less then gas loads as can be seen from inspecting following section }
on bearing cap which has same inertia loads, The seme areas of o e
constraint are given by central land of bearing shell. g

"

Stfasa in bearing cap of fork rod.

Arﬂa = 0345 Yl = .190
0 = 3.875 Yz = 1310 I
I = ,00411 Z = ,0138

(Noteh & fillets neglected for
Ix' Yf ] YZ, & Z)

Centrifugal wt. @orankpin minus cep and 1/2 shell
w - 4.9?4 - 2.324 - 2.65 1bc
Fo »..0000284 x 2.65 x 2.5N% = ,000188N*

Q3000 Fg = 1690 Py = 5420 F = 7110 1b.
Q3750 PFp = 2650 Fy = 8470 F= 11,120 1b,
24500 Fq = 3810 Fg = 12,200 F = 16,010 1b,

. 23 x .875 0.5 = L2 ]
3tress = F( K +m) 7 .72F

3 @3000
@3750
@4500

54,800 psi. ‘
85,600 psi, ‘
123,000 psi. ;
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gtress in strep between fork aend bolt of fork rod,

% B i P Area = ,266 X
C = 1.?37 Y,
X— ———— IR e 40 Yz

’:tf/ __[__ﬂt r = Ssme as page 3 Ix

TF
L3
Assuming no constraint by bolts,
- ]' 0643 .558 s YA
3 7 [-m ' o m(1.93? 1,003 193 X 0643)]

= £(2.42 + 50.00) = 18.1F = 93,000 psi. @3000 RPM.

1,093
« 193
. 338
.00485

Since there is constraint, the
stress in this section is more neerly 2.42 F/4 or 8§ Q3000 =
4300 psi. iy

These straps probably will be prestressed by tightening of
cap bolts or studs to values in excess of stress induced by the
working loads.

Stress in bearing cap of blade rod.

f FN 7 e

= 0.314 C = 4,187
} Y, = 174  Ix = ,00472
"ok 7 ) ‘:V Y, = .326 Z = ,0145
T : 4 :
B i

Centrifugal wt. minus cap wt. = 2.296 = 1,079 = 1,22 1b,
‘Fo = .0000284 x 1,22 x 2.5N* = ,0000866N*

@3000 F, = 780 F, = 5420 F = 6200 1b.
03750 Fo = 1215 Fi = 8470 F = 9685 1b.
@4500 F, = 1750 F{ = 13200 F = 13,950 1b,

g p(a023 X 4.187 , 0.5, . o o8y

3 @3000 = 51,000 psai.
@3750 = 79,000 psi.
@4500 = 115,000 psi.

=i .
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Stress in section between column and bolt of blade rod.

Q Section same as shown on page 4,extesl as .

0 851 7 B Forces same as on page 4. Shown,

h 1
7 %" B =40° ¢ =.2,003 X = 1,140 :
‘ ks

A . 337 Y = .183 ‘Y= 3380
Ixx 0063 :

Assuming no constraint at bolt,
2]
s = §[:83% + +5885(2.008 - 1.140 - .185 x .64z)

. 2
= £[1.91 + 52.4]= 27.1F
S @3000 RPM. *» 168,000 psi.

3ince there is considerable constraint, the greater portion of ;
the bending stresses do not ococur, so that the stroas in this section
is more nearly 1.91 (F/2) or 5

S @3000 RPM. = 5920 psi,

@3750 RPiM., = 9260 psi,
@4500 RPM, = 13,300 psi.

Connecting rod bolt stresses

The maximum force is due to inertia plus centrifugal forces of
the seame values acting on bearing caps.

Blade rod bolt 0.500 dia, 20 tpl, with neck 901 root dia. or
438 x,9 = ,395, Area = ,1225 sq. in. Fork rod bolt 0,375 dis,
24 tpi. with neck 90/ root dia. or 324 x.,9 = ,292, Area = ,067 sq.in..

~Blade rod boljs, two.
@3000 RPL, # = 8200 S
@3750 RPM. F = 9685 3
@4500 RPM, F = 13,950 3

Fork rod bolts, four.

25,300 psi.
39,500 psi,
57,000 psi.

@3000 RPM. ¥ = 7110 8 = 26,500 psi.
@3750 RPM. F 2 11,120 8 = 41,600 psi.
04500 RPi. F = 16,010 S = 59,800 psi.

To limit the stress in the bolts to a value sufficlient to prevent
sepdration of cap from rod it will be necessary to screw these bolts
until elongated by amounts shown below, Assume that 60,000 psi.
stress will be sufficient,the elongation is

= B(L 4 1,4, /)
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The blade rod cap stud length may be taken as 2.00 of which
1,2 1,1254A,5 ,1285 and 1,7 .075, A= ,1964

. iu-gglggg—avutl.laﬁ + aﬁgggﬁz&iﬁﬁé) = ,00207 (1.125 + .545)

’ ’

= ,00345 or .0035 inch elongation of blade rod studs when
set up.

The fork rod cap stud length may be taken as 2,125 of which '
1,= 1.25, A,® ,067 and 1, ,8756, A,P .1105
e = 5593382855(1-25 + :§Z§I§BAQQZJ = ,00207 (1.25 + .53)
» ’ .
= .0037 or .0035 inch elongation of fork rod studs when set up.



