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A Study on the Permissible Limits of Deflection
of Crank arm about a Diesel Engine

using Finite Element Analysis

Kang, Mu Kyeong

Department of Marine System Engineering

Graduate School of Korea Maritime University

Abstract

Deflection of crank arm in diesel engine is an important measure
which evaluates arrangement status of engine and axis system.
Therefore, engine manufacturer, ship classification, etc. suggest the
standard of deflection's permission limit based on the engine
administration. But, theoretical background of the standard for
crank arm's deflection permission limit is not known and the
physical meaning is vague. In addition, it's also vague how factors
influencing damages of crank axis were considered and the

standard was set.

The purposes of this research are to find deflection of crank arm
measured continuously and periodically from an angle of diesel

engine's management and stress of crank axis of crank axis by

- Vil —



combination of the highest explosion pressure, etc. through the
finite—element analysis and consider theoretical background and
validity for deflection standard of diesel engine crank arm by

evaluating fatigue strength of crank axis based on the value.

For this research, this researcher selected 6L42MC/ME engine of
MAN B&W, main institution of Hanbada ship which is a practical
ship of Korea Maritime University, as a model and found stress of
diesel engine crank arm with ANSYS, a three—dimensional
general—purpose program of finite—element analysis. The above
stress was found by combination of stress by crank arm's
deflection measured during the stop of engine and stress by gas

explosive power during the operation of engine.

P—S—N Curve of damage possibility 10% was written by
statistical treatment of those values and fatigue strength of crank
axis was evaluated based on it, through the fatigue test data for
forged steel SF590, a material of diesel engine crank axis of

research model.

For the evaluation of fatigue strength, fatigue strength was
evaluated and considered by the fatigue analysis module of ANSYS

Workbench which is a general—purpose CAE program.

KEY WORDS : Crankshaft; Deflection; Diesel Engine; Fatigue fracture;
Fatigue life; FEM
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Nomenclature

P .. Maximum combustion pressure, MPa
S Maximum stress
S . Minimum stress
S, Stress amplitude, w
S . +.5 .
S, Mean stress, w
SN Stress amplitude at stress ratio, R=0
S .
R Stress ratio, ——
max
) n;
G, Cumulative damage factor, ZW
()
K, Stress concentration factor
n, Number of cycles in stress block 1 with constant stress range
N, Number of cycles to failure at constant stress range
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Figure 2.2 Actuality figuration of crankshaft for diesel Engine
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Figure 2.5 Typical bending and torsional

fatigue fractures of crankshaft

Figure 2.6 Typical torsional fatigue fractures

of crankshaft



<a>

<b>

Figure 2.7 Fatigue fractures of the
crankshaft by combined bending and

torsional stresses



Figure 2.8 Fatigue fractures of the crankshaft

by torsional stress

Figure 2.9 Fracture surface of the failed

crank arm
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Table 3.1 Particular of main engine for "Hanbada"

2—stroke single acting, direct reversible,
Engine type cross head diesel engine with exhaust
gas turbocharger and air cooler
Engine model 6L.42MC/ME
Cylinder bore X stroke 420mm X 1,360mm

Norminal max. 5,970kW (8,123.7 BHP)

continuous rating on flywheel at 176rpm

Max. combustion 15 MPa

pressure (Pmax)




Table 3.2 Standard of defection of main engine for "Hanbada"

Normally Realignment Iﬁ];;?nlqlijt;

obtainable recommended ..
(mm) (mm) permissible

(mm)

Category

A-1" A-2" B-1 B-2 C
0.14 0.28 0.38 0.43 0.57 0.57
s/10,000 | 2s/10,000 | 2.8s/10,000 | 3s/10,000 4s/10,000

1" © Normal for all crank throws.

2" © Permissible for the foremost crank throw, when the crank
shaft fore end is provided with a torsional vibration damper,
tuning wheel or directly coupled to a generator rotor.
Permissible for the aftmost crank throw, when the crankshaft
aft end is provided with a flexible coupling.

s : Stroke of main engine(1,360 mm)
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Figure 3.1 Sketch of 1 crank

Figure 3.2 Geometry model
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Figure 3.3 Set—up of mesh for FEM

Table 3.3 Mechanical properties of SF590 for crank shaft

aE AR
<
=

u}

a}

Value Unit

Material type JIS SF590 (Forged Steel)

Elastic modulus 2.1eb MPa
Poisson ratio 0.3 -

Density 7.85e3 kg/m?

Tensile strength 590~700 MPa

Yield strength min. 330 MPa




3.4 OEYAE AAH oz AT A (D BE Y
(1) 7% =4
A FHaAgAel A" 3712 Categoryell dYsh= dE=HAS 7
AHow WAAT = 20E T Ho}‘ﬂ Figure 3.4¢} #o] ‘B’ X
R .

[A Standard Earth Gravity: 9806.6 mm/s?
[B) Fixed Support
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Figure 3.4 Boundary condition for case(1)

(2) 3tz =1

271 3709 Categoryell = vHEFHAAS LTAATY] 9l6H
Figure 3.5} #o] Iz HEA A tEF94d ASH (Figure 3.59<a>
oA ‘—o g HAIF)o] st A& (Figure 3.5 <b>°lA] ‘o' & EA
B)o g ATt o] A&l ou Ao o stes Frtete] HF
How A FAFdrgAel srdH 378 Categoryel si@sh= HZ#A
S AR WMAYNT) = FE Table 3.49F o] F3tal o] S

@ax AN FFoR A



PaQ.d,
° '\7‘) B: +0.14(99000N)

= Static Structural
= [A Standard Earth Geandty
oo B Fixed Support 12 9806.6 mm/s?
A \\ i B Displacement
= | Force
’+ ~ B Pressure
tD Ty B Pressure: 15. MPa
T {—‘-_‘g{j_@ifn‘
- o
! I
| 7]
(=]
L oo
;
—rd =
£
o
-
-
I -
\ D) Canlre pu
T IOERORLT g

- made 0 o
<b>
<a>

Figure 3.5 Loading condition for case(I)

Table 3.4 Loading force of case(I)

Categor Standard Deflection Loading Deflection Loading
sory (mm) Force[N} (mm) Force[N}
S
- +0. ~0.
A-1 10.000 0.14 99,000 0.14 111,000
A—2 25 +0.28 202,000 —-0.28 216,000
10,000 ' ’ ) ’
2.88
i + —_
B—-1 10.000 0.38 277,000 0.38 290,000
B-2 35 +0.43 315,000 —0.43 326,000
10,000 ’ ’ ' ’
C 45 +0.57 420,000 —-0.57 432,000
10,000 ) ’ ’ ’
* S @ Stroke(mm)
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Figure 3.6 Loading condition for case(II)
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Table 3.5% <Mz HAFAHA 148" 3709 Categoryell aHdst= H
ZYMo] LS w TP o WA= HueHS Ays o)
Table 3.5 Summary of FEM analysis of a crank throw for

"Hanbada" under standard deflection condition

'+' deflection '—' deflection
and stress and stress
Category | Standard - -
Deflection | Max. Stress | Deflection | Max. Stress
(mm) (MPa) (mm) (MPa)
S
—_ + J—
A-1 10,000 0.14 35.64 0.14 36.245
A-2 25 +0.28 70.89 -0.28 72.187
10,000 N ) ) ’
2.88
- +0. . —=0. .
B-1 10,000 0.38 96.56 0.38 97.518
B—2 35 +0.43 109.58 —0.43 109.84
10,000 \ i ' ’
C 45 +0.57 145,52 20.57 146.12
10,000 X ’ ) ’
#* S : Stroke (mm)
* Max. Stress : von Mises stress




Category

Deformed shape

g9
00022937 in

A-1
)
Deflection(mm) : +0.14 Deflection(mm) : —0.14
A-2
A
Deflection(mm) : +0.28 Deflection(mm) : —0.28
B-1
. .
Deflection(mm) : +0.38 Deflection(mm) : —0.38
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Figure 3.7 Summary of FEM analysis of a crank throw for "Hanbada"
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of EolA & & gl Hhsh go] AYA P tFeo]l +'9 G
7Hd wjo = =9 #S 7HE wje} nluste] Hulg=He] & AS o F
()]

AN .
Table 3.6 Summary of FEM analysis of a crank throw for
"Hanbada" under combined standard deflection
and maximum gas pressure condition
'+' deflection '—" deflection
and stress and stress
Category | Standard
Deflection | Max. Stress | Deflection | Max. Stress
(mm) (MPa) (mm) (MPa)
S
-1 +0.14 L2 -0.14 1.41
A 10,000 0 3.97 0 9 8
A—2 25 +0.28 159,23 ~0.28 101.81
10,000 : i ’ ’
2.88
— + —
B—-1 10,000 0.38 184.90 0.38 109.07
B—2 35 +0.43 197.91 ~0.43 112.61
10,000 ’ ’ ’ ’
C 45 +0.57 233.85 —0.57 123.02
10,000 ' ' ' '
* S @ Stroke (mm)
* Max. Stress : von Mises Stress
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Category

Deformed shape

: +0.14
Equivalent Stress
Type: Equi

ivalent (von-Mises) Stress
nit:

Time: 1

Deflection(mm) :

D:-0.14
Equivalent Stress
ype: Equivalent (von-Mises) Stress

Unit: MP.

Time: 1
91418 Max
81261
71103
60946
50.789
40631
30474
20316

10.159
0.0014901 Min

Deflection(mm)

E 4028
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

150,23 Max
14154
12385
10616
88460
70,778
53.088
35.397
17.707
0,01625 Min

Deflection(mm) :

+0.28

F-0.28
Equivalent Stress
Type. Equivalent (von-Mises) Stress
Unit: MPa
Time: 1

10181 Max
00.301

79.189

67.877

56.565

45.253

33.841

22629

11317
0.0052137 Min

Deflection(mm)

: —0.28




G: +0.38

Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

o

Deflection(mm) : +0.38

H:-0.38 L4 . J
Equivalent Stress A2
Type: Equivalent (von-Mises) Suress

nit: MPa

Time: 1

109.07 Max
96.955
84837
72719

606

48482
36363
24.245

12126
0.0079501 Min

z

&

C: 4043
Equivalent Stress
Type: Equivalent (von-Mises) Stress
Unit: MPa

ime:

z

&l

Deflection(mm) : +0.43

Deflection(mm) : —0.38

D: -043 LN
Equivalent Stress

ype: Equivalent (von-Mises) Stress
Unit: MPa

ime:

112,61 Max
100.1

0.0094512 Mi

z

o

Deflection(mm) : —0.43

Al

E: +0.57
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1
2014°07-24 23 820
233.85 Max

207.87
18189
15591
12993
10395
77.966
51985

26.004
0.023413 Min

Z

=

Deflection(mm) : +0.57

F:-0.57 LAY IS
Equivalent Stress A%
Type: Equivalent (von-Mises) Stress

Unit: MPa

Time: 1

123.02 Max
109.35

13676
0.0080931 Mi

z

o

Deflection(mm) : —0.57

Figure 3.8 Summary of FEM analysis of a crank throw for "Hanbada"

under combined standard deflection

and maximum gas pressure condition
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Table 4.1 S—N Test data of SF590

Sa (MPa) Nf (Cycle)
338 3.98e4
318 1.49e5
298 2.88eb
278 7.55eb
278 3.21e6
273 1.25e7
269 1.15e7
258 1.08e7

360 T T Y . T - i . T T T
L m  SF600, R=-1, Kt=1 g
P=50%
340 | . -
[ [ P=10%
T AN
Q 320 -
% r \‘x\.\\\ 1
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:Og 300 |- _\\ 4
E 280} ‘*_»;\\ -
< N .
§ F \\\l 1
o 260 RS 1
240 - \ i
220 1l L Ll L Ll L Ll 111
+10* +10° +10° +10" +10°

Number of Cycles to Failure, N

Figure 4.1 P—S—N curve of SF590
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Table 4.2 Specified chemical Composition of SF590

Chemical Composition (%)
SF590 C Si Mn P S Cr
0.32 0.30 0.12 0.017 0.008 0.49
Table 4.3 Specified mechanical properties of SF590
Yield Stress Tensile Elongation
SF590 (MPa) Stress (MPa) (%)
324 618 32.0
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Stress concentration
of V—type notch
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Figure 4.4 Graph of stress concentration
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Table 4.4 Analysis results of fatigue life of crank shaft

Max. Stress Fatigue Fatigue
Deflection X Life(Cycle) Life(Cycle)
Category (MPa)
(mm) ) by Goodman | by Sorderberg
by von Mises . .
correction correction
A-1 +0.14 123.97 1.00E7 1.00E7
A-2 +0.28 159.23 1.00E7 1.00E7
B-1 +0.38 184.90 1.00E7 1.00E7
B—2 +0.43 197.91 1.00E7 9.80E6
C +0.57 233.85 5.35E6 4.7E4
10° fFrr 1ttt e
—k— Fatigue Life(Cycle) by Goodman correction| 1
—O— Fatigue Life(Cycle) by Sorderberg correction -
10F =& o ;—J\z\-ﬂ .
- o S
E 10° - \\\ -
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> \
D
©
w \
10° F 4
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Max. Stress(MPa) by von Mises

Figure 4.5 Fatigue life of crank shaft under
category A, B and C by ANSYS Workbench
module taking the effects of mean stress and

stress concentration into consideration
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