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An Investigation on the Statical Strength

of Diesel Engine Solid Crankshalfts

Abstracts

I. Introduction
As is well known, the web is the weakest point of diesel engine solid crankshaft
designed in accordance with the Classification Societies’ Rules. Statistics given in
Tables 1 to 3 clearly prove this fact. But, there is a lack of information available for
the stress distribution of actual crankshaft in bending as well as in torsion.
The authors, therefore, have studied the stress distribution by measuring by strain
gauges at various points of solid crankshafts having pin/journal diameters of 155/165 mm

under statical bending and torsion.

II. The Purpose of the Investigation

The followings are the purpose of the investigation:
(1) The comparison of statical strength of solid crankshafts having various web dimen-
sions and fillet radii.
(2) The precise measurement of the stress distribution at the corner fillet connecting
pin and web.
(3) The correlation of web deflection and bending stress.
(4) The investigation of the induced bending stress due to the malalignment of bear-

ing centres.

III. Experimental Apparatus and Loading Method
IT1-1. Details of crankshafts tested.

Fig. 1 shows the drawing of crankshaft used for the experiment. It has four crank
throws arranged in angles 0°-180°-180°~0° and the sectional dimensions of web are diffe-
rent each other as indicated in Table 4.

Two series of tests have been carried out for crankshafts having crank pin fillet of
shapes (i) and (ii) in Table 5 and, in addition, No. 1 crank having crank pin fillet
of shape (iii) was tested only for bending.

III-2. Experimental Apparatus and Loading Method.

The actual bed plate, crank case, cylinder and connecting rod have been used for
the experiment, and the bearing clearance wus adjusted to 0.12mm as in usual practice.

The load was subjected to the crank through piston and connecting rod by oil pre-
ssure in cylinder as shown in Fig. 2.

II1-3. Strain gauges.

Usual resistance type electric wire strain gauges having 9mm in gauge length and
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specially designed capacity and resitance type electric strain gatiges both having 2mm
in gauge length were used. Diagramatic sketches of two latter special gauges are indi-
cated in Fig. 3 and Fig. 4. They were used only for the measurement at the crank pin
fillet.
IT1I-4. The measuring positions.
111-4-1 Bending and web deflection tests

Fig. 5 indicates the position at which 9mm strain gauges were fitted in bending and
web deflection tests. In addition, stress distribution along the crank pin fillet was mea-
sured by 2mm strain gauges only in bending test.
II1-4-2 Torsion test

Fig. 6 indicates the position at which 9mm btldl]l gauges were fitted in torsion test

Measurement by 2mm strain gauges did not executed in this case.

IV. Experimental Results
IV-1. Preliminary experiment for a steel round bar.

In preceding to the actual crankshaft experiment, a steel round bar having diameter
of 155 mm was tested by applying load by Amsler type testing machine. Rollar bearings
were located at the supports so as to reduce the axial force induced.

Two series of test were carried out by:

(1) applying-load directly by the testing machine (concentrated lod) and
(ii) applying load thr ough upper half of the actual connecting rod bearing (dmtubuted
load).

Jfigure 7 indicates the relation between L/d (L: length of span and d: diameter)
and measured stress at the under side of the middle of span expressed by the form of
PL
2.

® 23

32

In this figure ‘.« represents the results for the first series of test and * X »” for the

a,./0. (3,: measured stress and #,: theoretical stress given by formula

second series of test. Curves in the flgure show that ¢,/0, decreases as L/d decreases
and the ratio o,/0, is 0.82 for concentrated load and 9.76 for distributed load when
. L/d is about 2. L/d =2 corresponds to the case when shaft is supported at the inner
edges of the main bearings. Such condition may occur when crank is loaded by a combus-
tion in cylinder.
IV-2. Load bending test.

T.oad of 24 6 tons which corresponds to the pressure of 50 kg/em® in cylinder was

applied to-each crank alternately.

€6 »

Fig. 8 to Fig. 15 indicate the results, indicating 7 tensile stress and “ — 7 compr--
essive stress in kg/mm?®, - o
The explanation of figures is as followings:-
Fig. 8 to Fig. 11: The results of 9mm gauge measurement:
radius of fillets = 15mm
Fig. 12 to Fig. 15: The results of 9mm gauge measurement;
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radius of fillets = 10mm '
Fig. 16 and Fig. 17: The results of 2mm gauge measurement; radius of fillets = 15
mm & 10mm respectively.

Fig. 18: The results of 2mm gauge measurement: shape of fillet = (iii) in Table 5.
IV-3. TLoad bending test without upper bearing metals.

The stress in crankshaft may vuary according to the condition of bearing supports.
For the purpose of getting an idea of this effect, all upper metals of main bearings
were lifted up and the shafts were tested in the same way as IV-2. Fig. 19 indicates
the results when load was applied to No. 3 crank having 15mm fillet radius, and Fig.
20 to No. 2 crank having 10mm fillet radius. The results of test with upper bearing
metals are also represented in these figures with dotted lines for comparison.

IV-4. Web deflection test. '

Fig. 21 and 22 show the measured stress at various points of the crankshafts hav-
ing fillet radius 15mm & 10mm respectively when webs were deflected by 0.08mm with
Jack. High level of stress at the under side of crank pin fillet is remarkable. No 2mm
strain gauge measurement was executed in this case.

IV-5. Malalignment test.

Main bearings of My and M; in Fig. 1 were lifted by 0.1mm and stress distribu-
tion and the change of web distance of No.1 and No. 2 cranks were measured -while the
shaft was turning. The results of test show that the same tendency of stress distribu-
tion as in the case of IV-4 is also appeared in these cranks as shown in Fig: 23.

IV-6. Torsion Test. ’

Crankshaft was put in crank position as shown .in Fig. 24 and a lever was fitted on
the flange of driven end to support the torque. I.oad was applied to No. 1 erank throu-
gh piston and connecting rod by oil pressure in cylinder to induce a torque of 2,500kg-M
which approximates to a maximum torque of this engine at the driven end. The
torque was checked by strain gauges and a balance as shown in Fig. 24.

Fig. 24. to Fig. 26 indicate the direction and magnitude of principal stress at various
points of crankshaft. Very complicated stress distribution is observed around crank pins
because they are subjected to both torsion and bending, but in No. 3 e¢rank pin, the be-
nding is not so predominant. It will also be seen that stress concentration at the crank

pin fillet is less notable than that in bending.

V. Discussion
V-1. Bending moment in crankshaft.
Fig. 27 to Fig. 30 indicate bending moment diagrams of crankshafts in following
three probable hearing conditions:-
Condition (i)-dotted lines-supported at inner edges of loaded bearings and the middle
of other hearings; there is no clearance in bearings.
Condition (ii)~full lines-supported at inner edges of loaded bearings and the middle
of bearings next to the adjacent bearings: there is no clearance in bear-
ings.

Condition ¢ iii)~chain lines—the same bearing condition as (i1); bearing clearance is
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0.12mm.

Nominal bending moments in webs and at the under side of the middie of craiik pins
are also plotted in these figures. The nominal bending moments are deduced by relating
the measured stress to the section of the measuring point, considering in web, the web
as a beam in simple bending and in loaded crank pin, correcting the measured stress
by the factor of 0.76 given in IV-1.

"From these figures, it will be seen that the hending moments are distributed in the
crankshaft quite similarly to those calculated as in condition (iii), excepting in loaded
crank pins, in which negative moment due to axial force at main bearings may lower
the moment. %

If the difference between nominal moment and moment given by the dotted line in
loaded crank pin is represented by AM, and crank radius by r, nominal axiai force P at
main bearings will be easily calculated by the formula: AM, = P-y. As 4M, (mean) Is
about 50 X 10°kg-em (refer to the figures) and r 19¢m

AaM, 50 x 10*

P= o 2 6x10ky
" 5 2.6 X 107kg

It will be quite probable that such axial force may be occured at the main bearings.
V-2. Correlation of calculated and measured web deflection.
V-2-1 Bending test (vefer to Fig. 31)

In Fig. 31, the increment of web distance 4, is calculated by the following formula:
M,
2EI

d MZL‘ 0
Ay =k + k.= [2M1*(M1 -+ M) -i}.L.T 4R e (D)

EL
‘where: I,: Moment of inertia of crank pi.n section
I,: Moment of inertia of web section
E: Young’s Modulus (2.1 x 10° kg/cm*)
Other symbols: as shown in Fig. 31.
As increments were measured at the point illustrated in Fig. 8 to Fig. 15, 4’ given
by the following formula is to be used in place of 4; for the forgoing study.

D
r o =

. 2
4y = (ki + IC:)( T >

where: D: Diameter of journal

In Table 7, caleulated increment 4’ and measured increment are given and it will
be seen that the former is always bigger than tne latter by (25~35)22.

Such difference may be mainly caused by overestimation of deflection in web by
assuming the web as a simple beam having the length equal to the crank radius.
V-2-2 Web deflection test (refer to Fig. 32)

In this case, increment 4, is calculated by the following formula:

M, 2 M, .
A, =k Y = — ] i e e (2
s = loy - Joy T 1.7+ 3 EL" (2)
where: M’):P.T:”I.Zi...‘.....................‘...-...(3>

In formula (3), o and Z, rvepresent the bending stress and section modulus of

crank pin respectively and corrected increment
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D
T,

Ay = (ky + Iey) <—-—T ) is also to be used in place of 4, for studying the results.

In Table 8, bending stress o; calculated by the formulae (2) and (3) and measured
stress- when increment 4./ is 0.08mm (allowable limit of increment for this crankshaft
recommended by Nippon Kaiji Kyokai) are given. In this case, calculated stressis always
smaller than the measured stress by (40~50)25. The reason of such difference may be
caused also by the overestimation of deflection in webs.

VI. Conclusion
This report may be characterized by that the experiments have been carried out on
crankshafts of moderate size installed in actual bed plate. This experiment may quite suita-
ble for‘ getting a general knowledge of stress distribution in crankshaft installed in
actual bed plate, but not for precise studying because various unknown factors (such
as the condition of bearing smpport) much affect the measurement results.

The authors, therefore, are now under consideration in attempting another experi-
ment for studying more precise stress distribution and the results will be reported in
near future.

The followings are the conclusion of this experiment:
1. Generally speaking, bending moment in the crankshaft is more consistent with that
calculated theoretically than has been expected. There may be no noticable errors in
stress calculation when the crankshaft is considered as a round bar of shaft diameter.
2. Bending moment in crankshaft subjected to load on any crank throw is distributed
quite similarily to that in a round bar of shaft diameter supported at the inner edges
of loaded bearings and the upper metals of the bearings next to the adjacent bearings.
3. Stress at the under side of the middle of loaded crank pin is considerably smaller
than that calculated in above assumption. This is naturally expected because the ratio
of bending stress (L) and diam_eter of pin (4d) is quite small (about 2). The negative
moment due to axial forces at bearings is also deemed to lower the stress at that point.
4. Maximum bending stress in crankshaft always occurs at the under side of corner
fillet, connecting pin and web. Increase of stress according to decrease of the fillet ra-
dius is quite eminent, but, on the other hand, at least within the range of this experi-
ment (0.56 d to 0.45 d), no noticable variation of stress is observed with the change of
t if bt® is constant.
5. When malaligned crankshaft is turned on the bearings, distance of webs changes
as crank position changes and a large bending stress occurs at the under side of crank
pin fillet. It should be noted that the maximum bending stress when increment of cra-
nk web is in an allowable limit recommended by Nippon Kaiji Kyokai is larger than
that when any crank is subjected to combustion load in cylinder. This fact may explain
the reason why crank webs fracture so often from the under side of crank pin flllet
by wearing of bearings in service.
6. It is difficult, in the present stage of this experiment, to recommend a reasonable

fromula indicating the exact relation between web distance increment and bending stre-
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ss in crank pin. More precise -measurement for the deflection in web by another impro-
ving method is deemed to be necessary for the decision of a recommendable formula.

7. The shape of fillet indicating (iii) in Table 3 is now being .designed very often in
diesel engine of large and medium size in order to get more ample bearing surface in
crank pin. The measurement of stress concentration at the crank pin fillet of such
crankshaft has shown that the lowering of strength of such web is not observed by
thinning the thickness.

8. The torque induced by combustion load in cylinder is quite exactly transmitted thro-
ugh webs and pins to the driven end. It should be noted that the concentration of
stress at the crank pin fillet is less noticable in this case than in bending.

—_ Vi —
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Table 7 Comparison of caleulated and
measured web deflection

(Load Bending Test)
e T T7 77| Measured Deflection
Crank No. | Calculated s ill'J 1]
Detlection o .
5y ] w4 Fillet Rdd]us Fillet Radius
777 At s R =15 R =10
No. 1 19 14 15
No. 2 20 16 16
No. 3 21 17 17
No. 4 23 15 14

L, 1
iy unit 100 mm
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Fig.31 Web Deflection at Load Bending Test
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Fig. 32 Web Deflection at Deflection Test
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Table 8 Comparison of calculated and measured bending
stress at the middle of crankpin (Web Deflection Test)

T \ ) Meusured stress
Crank No, | Udleulatated % fi fi (kg/mm?)
= - = FA R (i} Fillet Radius Fillet Radius
No. 1 1.05 1.4 1.4
No. 2 .99 1.2 ‘ 1.7
No. 3 .95 1.3 } 1.8
No. 4 I .85 1.6 1.6

W83, BiAt, 4 = 0.08mm [Hu~7z & XY ke i s ) OFTAE L S & Ol A
L7cb DT, HICFHADHAVNESTT D,

SOk BT, HESIIOHFADEGES Z L, FITHOBA LRI CE—~ 4 v MCNT A6
B ORI IATH S 2 L 2L, ZORNSWORREBAG LI Z £12H D EHXHR
Do
SOk 34T V-2-1, V-2-2 oA bRETEO & 5 2t I & SEIGED M HIZ OB X 230
BOT, J AP AN oo, BOEE L & ORSECIE LT, oRS r ZUWIE T
WE— AV b BEET DS R e T 20855 L Bbh b, $70, SHOBMRERIC T
BB OGS, 1/100mm HEY D5 4 vy — Sk 7oAy, i, XD IEMRT
BOWEAEENS L, X OEMAlFE— 4> F LD, 0BT CTOTA
'JI{U',:E EITORELDH B,

12

VI #&

x%%u,%%k@zZD—aay7mgiwamux5&%ﬁfﬁﬁufﬁot@mf%ét;
P = AN D DA, —HIIBNT, VB AIFIHEOETAHMIC ADTHD O T, MAHS
— 926 — '



NOMFEEWB TrnDlce L L, MO 5 v 2GR, A ABNE LD bt s k5T
BSTIGF A N 2 B 2 & ORI FoD7s &
JOT,M¢vmwmwmﬂuov1m,WKmm SN DWEORSBNI & LT, MY 472
WPEDKMEEFRIZE £ T
1. %Mtbf,7?77%%&@,MOtJWWm&O@mhmeqb,73y7m&~$®m
HONMIT L E 2 THZ THR LS L 51 i B,

(Y]
o

2 MRS 7 3 v ZINT I T BN T — £ > ik, ROGCED TS - LTt <
&RMW$<%%KQ5J5T% o TORGE, WA 1oy T v o OB Tk, AWl T

Z B, B OW R £ 7 &9, FOROMEZO 1 A L THIFINDED & Tih b

3. MWL &2 o7 7 v 7 & v O FILS 564 B RS INE,  FEROGE Tt Al g Y
WD S ETT . ShUE, 77 v 700 5 BERICHEN TR A MAIT/ X b D B DTk
TN SR 2 8 Cdy DAY, OGNS, BABL DRI & 5 & T DESEROMT T O T b, =
DISTIOPINZ LI ST RIS BB Th Do

4 7T TIPS IEET BISTIIE, HIZ 2 T v 78 v RO HTFIRC S\ TRk T, B
WFEEIVD ST BTRRE T Do LA L, ZOfild, bF H—E Thiud, ¢ OfiAEFLES T
RSB Cik ¢ =0.56d, 7ev> L 0.45d. O THAbE Lov7:), EIZoBOLLEE S vk 5 ©
HBo (b G, ¢t OES, d. 1375 v 7iOFTER)

5 WMEZHLLOFEDI T T v VI EEEY B L, BABEIL T, MEC v & ORI HLC K x fe i
mw&ﬁféoL#Lf,vi,:wwwmgnwm”MﬁmiwémWﬁmwt&Lf@,%@w
CFEA DTNy, vy vy W@Wﬁhm77/7chﬁnLt%ﬁ@ﬁi@»t@k%vo
DI, 7T TOIIROZ <A, WIS OBERICH D E I BON LD B L QWEEE LT

%

WEOBEAt & 7 7 I B8RS B I IS & OBIGRAE SRS BT, F 0 IR S
LHECH Do T OBIR LM TEN TR LA 20 i A & 20T, OB R MM 2e 50 T8I L
AU I BT D, '

7o ARIET T v Cy OIEER ARG B AT, e Cr O IRD M+ 2 < HEER A IZ
M, 2D b EVDTRDRIE AW A T B F ki,

8 — DY vHIZEEE LB Y E— 4 b, PO TEREIE, > il TEIANE A S
Moo, F7o, MEE Y OffFRC 641 DEsIEE, M OB/ N TH L b EL,

VII SROBERRE

AWEFELE, Tk Y SR T Hh B 0 T, (TS APR A 1|7 RS [ e 7 A A VN £ N b R

T E ISR A BEBR 2450 C, A5 i i BT BELY T B

M FIRe, IR OME %55 5 u,méw<$ﬁm@$&mxt,ﬂomf&ﬁk&&%v
Sk T B, T Ro—u 35y RO T, SR EIT S O Lo I 9o

Uhhde Lo, TR LTH, WAVGAAIUHEI < 7o )12, Rt s 00 S5 )53 W )

— 97 .



Do

fids, BIEOSERL,

L
TR I\ T, A7 T v I A EME ST D L, 2O B A A
AFRT IR D A D RS T) & L

I
g -

THHTFIL O FiZdTh b b

1‘\[! =

T 3 7 w\ = e
Tah B iy )\l [SRIEIL A

-z
[¢

MMAELOHAELN LI ENTHEN L, FT2,

'f';j“; ";{’(/:;}E‘jﬂ':ft/)fiué/]"b: acy, tid, ROZhsoakis TN B AR A TR SRR

TR B T & B Rke) TALHE

Il Thd

UL, 77y ZEORNRIOMEET LTh, & AR BUESREOSEBIC LT, b5
75 v 7PN O TIAE I ER T 5 2 £, WAWAREMUI T, FRWHET, kol

BB E LTHA O,

2 2 X K

A. Gessner: Mehltach gelagerte absetzte und gekropfte Kurbelwellen (J. Springer, Berlin, 1926)
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