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A Study on the mechanical properties and fatigue limit of crank throw

for marine diesel Engine

Hyun—Chul Song

Department of Mechanical System and Naval Architecture Engineering
Graduate School of Industry

Pukyong National University

Abstract

The crank throw is the most critical component of marine diesel engine with regard to the
lifetime of the vessel. Because of the severe service environment, The mechanical properties
including the reliability of fatigue limit must be satisfied. The crank throw was manufactured
using free forging method. The material of crank throw is S34MnV for MAN B&W used at
crankshaft widely. This paper is aimed at estimating both mechanical properties and fatigue
limits. To obtain specimens for this dissertation, the crank throw was fully destroyed as
several parts. The mechanical properties consist of Tensile strength, Impact Test,
Microstructure and Sulphur print. To sum up, the crank throw's comprehensive test results
are as follows. The microstructure of crank throw is composed of pearlite and ferrite with
grain size No.9 in accordance with ASTM E114 after Normalized and Tempered Heat
Treatment. When it comes to the mechanical properties, The overall results were
approximately 700Mpa for Tensile Strength , 190~210HB for Surface Hardness, 25J for
Charpy 2v Notch impact on Room Temperature respectively. To estimate the fatigue limit, the
staircase method proposed by Dixon and Mood formulas was carried out. The condition of
fatigue testing was axially loaded with push/pull load, namely R=—1 stress ratio. With the
result of staircase method Testing, the determined mean strength and standard deviation

were 296.3 MPa and 10.6 MPa, respectively.
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Fig. 1 Illustration of built—up type crankshaft
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Square Anvil
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Fig. 2 Manufacturing Process of Crank Throw




2.2 3] 2 (Fatigue)
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Table.2 Chemical Composition of Crank Throw

AL S34MnVEH MANjit <z
It} ot S34MnVel &8rzAd T A
|, AA A¥HozRE BAE g5t

Material C Si [Mn| P S Cr \4 -
Max |0.50| — 11.40(0.020| 0.020 | 0.30 | 0.12 -

S34MnV | Nominal |0.34]0.25 | — o = =5 B -
Min T - |1.00| - — - 0.60 -

Laddle 0.44]0.26 |1.00(0.012| 0.002 | 0.12 | 0.06 -

Table.3 Product Chemical Composition of Crank Throw

Ele.Name Ave. N=1 | N=2 Ave. N=1 | N=2
Fe 97.884 97.879 97.890 00000 00000 .00000
C .43802 44307 43296 00000 .00000 .00000
Si 24122 24447 23796 00424 00410 00437
Mn 1.0452 1.0432 1.0473 5.1172 5.1296 5.1049
P 01643 01611 01675

s .00498 00496 .00500

Cu 05928 05839 06016

Ni 05652 05713 05591

Cr .14675 .14720 .14629

Sn 00459 00432 .00486

Ti .00000 .00000 .00000

v 06793 06665 06921

Mo 03045 03154 02936

Nb .00000 00000 .00000

B 00015 .00009 .00020

Al .00000 .00000 .00000

=
D:000 P:MOO0O FMCT:M N:2 SechanENP OM Lab.
Group [NEW Lowalloy Sample No.I150707_137205

JXB
Run

Zl

AL
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Table.4 Conditions of Heat Treatment

Heat Treatment |Temperature (° C)| Holding Time (hr) Cooling Method

Normalizing 880 17 Air

Tempering 600 17 Air

Fig. 3 The Crank Throw before Heat Treatment

Table.5 Operating Date of Furnace

Heat Treatment Date
Normalizing 10. 2015 ~ April 11. 2015
Tempering May 06. 2015 ~ May 07. 2015
B oATelN RaAE ARt wRge g duAow AXsE By wo)
& oz A B9 x9le &% 3 fAAI7R: ASTM A350/A350M
T2l Fate] AASGTh B AFS ASTM FAN 27se §ANL, =

2R FAENE F
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4.1 1A A&

1) Test 114

T

WAl AgE 2 9 A

e

[-4'\

/& Table.6 ¥ Table.7 ¥ T}

Table. 6 7|Ad &4 Ad A8 14

REE = g 4
A ISO 6892 ; Metallic materials — Tensile testing
&4 ISO 148 ; Steel — Metallic materials — Charpy pendulum impact test
A& ISO 6506 ; Metallic materials — Brinell hardness test
Sulphur Print | ISO 4968 ; Steel — Macrographic examination by sulphur print
(Baumann method)
ISO 4967 ; Steel —Determination of content of non—metallic
A=
inclusions — Micrographic method using standard diagrams
Grain Size ASTM E114
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Table. 7 Test Piece Geometry

T Tensile Test Impact test
Size ®14XL70 [110XL55 Notch 2v
i 55 rmm ]
Geometry A
P
453*
2) QW 5% 9 9
= Aol AFEE 7IAIA =49 AEHE FA4 L2 Table. 8 7 2o
Table. 8 Test Pieces Information
Position
Kind of Test
Location A Fillet Area Web Tty
TCl1-1, TC1-2
Tensile test TT1~TT6 TT9~TT23 25
TC2-1, TC2-2
Impact test KVC1~KVC3 KVT1~KVT9 - 12
Hardness TC1, TC2 - TT12,TT16,TT20 5
Microstructure TC1 TT1 TT12 3
Surface for sulphur print and microstructure 1

13




4.2 A& A3

D Ad3AH

2 ATolA R E AFAIE2 1SO 68920 o)At @A Aol ¢14, F
A217F 70mm<?] Round® VA AHES AREslih AldHS 94 9 FHF2
MAN it A AA 8= 71l whebs AFekadvh. A8 AH = A4 3FEe=
oA ¢lom, ZHZ; Fillet Area, Web, Location A FF 02 I3~ Bl
dat AABt] WA Fosth. 91714 Location Av AA|l Al AREA] ETT
Hx] ki pE o7 okAFo] AAEYLS w 7]|FE BAS Rt BT ALE

3]
Hr}, o714 g 53tox JAFFEE MANiES] I ZA13 o] 27]8t5ol HFAHT.
%

N
rﬂ

Fig. 5 AZAE d FAHAAE #/
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Table.9 Mechanical Properties of Crank Throw

Mechanical Test

.. T.P
Position Number MPa % % 1B Remark
Y.S! T.S? E.L?® R.A*4
TCl1-1 418 708 20 45 206
. 1. Yield Strength
Location| TC1-2 430 714 21 47 206
A 2. Tensile Strength
TC2-1 411 706 21 46 206
3. Elongation
TC2-2 419 705 21 46 206
4. Reduction Area
TT1 429 716 20 49 -
TT2 443 715 20 49 -
Fillet TT3 424 696 22 47 -
Area
TT4 415 684 23 47 o
TTH 449 710 21 49 -
TT6 425 714 21 50 -
TT9 443 706 21 48 -
TT10 444 706 20 47 -
TT11 442 707 20 47 e
TT12 445 715 20 46 212
TT13 432 696 20 47 -
TT14 424 705 22 48 -
TT15 430 718 20 49 -
Web
TT16 440 710 21 49 212
TT17 461 707 21 50 -
TT18 451 706 21 50 -
TT19 442 708 22 50 -
TT20 437 700 21 49 206
TT21 436 716 21 51 -
TT22 429 706 21 51 -
TT23 390 701 21 49 -

15




Table.10 Test results of Tensile Strength

1000
B Tensile Strength (MPa) \

= Mean T.S = 708 MPa
o 800
UE;’ 708 714 706 705
=
£ 600
(@]
c
o
1%
2 400
)
c
(¢B]
|_

200

TC1-1 TC1-2 TC2-1 TC2-2
Location of tensile specimen

16



ZAAHY AS 2mm V—NotchE 2zt AF23] ST AAIHAOZ A 2Fslod, Fillet
Area$} Location A°lA AF3A T =AAFL A9, MANjt7F #A|A| 8k 7] 50|

gl 0" ColM e BHE sl AWS At

Table.11 Test results of Impact Test

Tp Impact Test : Notch 2V
Position ' Remark
Number Temp (" C) Value Avg
KVC1~3 20° C 36 36 28 33
KVC1~3 20° C 39 36 28 37
Location .
KVC1~3 0° C 21 32 23 25
A
KVC1~3 0° C 29 22 20 24
KVC1~3 0° C 28 25) 25 26
KVC1~3 0° C 27 215 23 25
Fillet KVT 1~3 264 C 34 37 85 35
Area KVT 4~6 20° C 311 29 28 29
KVT 7~9 20° C 28 27 26 27

17



3) Hardness Test

W A% @ A F 570 el 38e) 2A Fog Wy A=A

=9 AE% Zsgch

Table.12 Test results of Surface Hardness

Surface Hardness

=Elevation>

Test Result (HB)

Position
1 2 3 Avg
Hl 211 211 214 212
H2 212 212 212 212
H3 209 202 205 205
H4 197 197 198 197
H5 209 202 205 203

Actual Figure of Crank Throw

18




4) Microstructure examination

E9l Hulol|EQ U3 v A xR AFHE7F ok ASTM E114 7]+ No.9<
dS 71 A

Mag Microstructure Picture

x100

Mag

x500 x100

- - G.No 9.3 (Grain size : 220mm? )

Fig. 6 Microstructure of Location A
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Mag Microstructure Picture Mag Microstructure Picture
x100 x200
Mag Mag
x500 x100
- - G.No 9.0 (Grain size : 220um? )

Fig. 7 Microstructure of Fillet Area
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Mag Microstructure Picture Mag Microstructure Picture
x100 x200
Mag Mag
x500 x100
- - G.No 9.0 (Grain size : 220um? )

Fig. 8 Microstructure of Web
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5) Sulphur Print

Q1 MPFE Fig9sl o] Arkate], d|y
Jﬂ o

ISO 4968 ; Steel — Macrographic examination by sulphur print (Baumann method)

Position of Specimen

Fig. 9 Sulphur Print

22



6) Cleanliness

AWAARSE VEHoR 7 HAFo] 278 AMSS wEAACk ok 3
T Ed YAz AZo] Holof sl AlEo® B AF A= [SO 4967 A
of 2JAsI] R LE ISO 4967 A FHE AF2 DNV AFolAd 4
St

ISO 4967 — NMI Rating Rectangle
Type A Type B Type C Type D DS Single
SaAr:é);e Fine (0| Thick (h) [Fine (t)| Thick (h) Fine (t) | Thick (h) |Fine () | Thick (h)| 0P
m? 1 1 1.5 1 1 1 1 1 1
0 - 0 - ~ - 1 1 1

Type A : Sulfide, Type B : Aluminize, Type C : Globular Oxide, Type DS : Single Globular

No.1 . No.2

200 um T 200 pm

No.3 . No.4 ) .

Fig. 10 Cleanliness of Crank Throw
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5. Y 23% AY A
5.1 92N Y
) J=AE Az}

Staircase methode] &3+ A4 y7 ZFx =4E& IACS UR M53, Appendix IV

t}. Staircase method+= 3% ZFEE 7

xS

o 9ee A AAE
gl gol AHAOE ABFE AFE FolF P dEel AT 5 9

L gGrxE RHolF Qth o] Axlo] AT MANjiS IFZAY HHL

A Y
[ Starting load = 0.4 x Measured tensile strength
o
~
A specimen is chosen randomily from the first 12 €

specimen and testet until run-out at 2 x 10° cycles 4
v .

Did the specimen survive?

4 N
Increase the amplitude, o, Decrease the ampiitude, o,
with the step size with the step size
- J
7 : N
Once the design fatigue strength is determined, the remaining
3 specimen are testet at this load until run-out at 10/ cycles.

— 7

Fig. 11 The process of Fatigue Testing

24



o= A =& dASFelY =4 stE dafel gAste] dA Ald AAE

T Fatigue Test
Size Dumbbell type specimen (D:10mm)
212 - 222
R = 80
™~ W
Geometry e - = =3--1-- "__II‘"“
- = - = = [ =]
160 4 | S0 |

No.
No. of the
FT1 | FT2 | FT3 | FT4 | FT5 | FT8 | FT9 | FT10 | FT11 | FT12 | FT14 | FT15 FT6 FT7 FT13
specimen
test
conditions ® @

% Above test condition “@” means the 2% 10°%cycles, for staircase.
and “®@” means 1x107 cycles

Fig. 12 Fatigue specimen information




2) Mg =4

A ZAFE FEA o] BT Sg¥n|yt —19 /=SS A 715+

=

I, 8 F7)= 20HzE FUuk AAE A8 AL ofd el Zr),

@D Control mode : Load

omxn

omax = max. load.

omin = min. load.

oa = amplitude = (omax — omin) /2.
omean = mean load = (ocmax + omin) /2.

Fig.13 Wave shape of the stress cycles : Sine tapered

@ Frequency of the stress cycles : 20 Hz

@ Stress ratio (R) : —1
R < 0 Push/pull, the test cycles between compressive and tensile loading

0 < R < I’ The test is performed in pure tensile, (ocmin = 0)
R > 1 Pure compressive loading (omax < 0)

@ Mean stress : 0 MPa

(B Stress step size : 20 MPa

® Starting load : 283 MPa
Starting load = 0.4 x Measured tensile strength ¢17|A, 7|35
NG Bkl 707Mpas st 283Mpas 7okt
Starting Load of Step 1

= 0.4 x 707 Mpa (Measured tensile strength) = 283 Mpa

26



3) AMEEA

Fig. 14 Photos of the specimen set—up (100kN MTS Landmark, Model 370)

Fig. 15 Control panel view for FT1 specimen

27



5.2 Y=23%E AY A3
1)Results of the test

1)—1. Results of the 2 X 10° cycles test

Table 13 Results of the 2 X 10° cycles

Oa

(MPa)

O : Survival

X : Failure

FT1

FT2

FT3 | FT4

FT5

FT8 | FT9

FT10

FT11 | FT12

FT14

FT15

363

343

323

303

283

263

Total

Number of Failure

Number of Run Out

1)—2. Results of the 1 X 107 cycles test

Table 14 Results of the 1 X 107 cycles

Design O @ Survival X : Failure
Fatigue
FT6 FT7 FT13
Strength
275 O O O
Total Number of Run Out 3

28




2) Dixon and Mood Approach

Table 15 Results of the “Test 17 (2 X 10° cycles)

Amplitude of - N A B
X o)
the stress
(Failure) (Survival) i ni i X ni | i®X ni

(MPa)

323 1 2 0 0 0

303 5 1 1 1 1 1

283 0 5 0 5 0 0

Total 6 6 3 6 1 1

[tems Measurement units | Results of the test Remarks
Number of Cycles Cycles 2 x 10° N
Lowest Stress Level MPa 283 So
Stress Step MPa 20 d
Failure/Run Out e 0.5 x (Factor)
Mean Fatigue Strength MPa 296.3 S
Standard Deviation MPa 10.6 Sed
Design Fatigue Strength MPa 275.1 Sy
5= &,—dl'.:_—i—x:- = 2063 Fn
S =1.ﬁz—.;;|f "EF:‘{:—D.D:‘Q;- = MP: ':':ut,ﬁE:%‘i:= Oonly)
lf¥ =0.14 < 0.3. &, =053 = d(20) =10.6MPa

Sy =5, —2% 5, = 275.1MFx

29



Bﬁl} T T T T T T T T T T T T

Staircase Test (2 x 10° cycles)

§ 340 - | Starting stress: 283 MPa -
i Step size : 20 MPa

2 a0 7 §
% |

£ 300 X 4x O

= I

= 290 10 10 50 110 |
E X : Failure sp ecimen

& 0 : Surviv al specimen

260 1 1 1 1 1 1 1 1 1 1 1 1
0 1 2z 3 4 5 &6 7 g8 9 10 11 1z 13

Specimen number

Fig.16 Notional staircase test data of crank throw

Fig. 16 staircase® ol gste] 3t g2 43 AyE el Zlo|t}. Starting
S ZF L 283 MPaclH, ¥ Foll %AIT A" O AFHEL 2008 Aol
7HA st E A Es YER L, X AlPEE gtdo] dojd-g UERdTE Dixon
and Mood HH (DMA) ol &3t g Z3wof st itz FFxe rHA}
S T8kl Table 159 A3z Qod 571 Stk 7] Y=ZAY A3E 535
ARIE ghs FEEHOR uFo] sbssirh AYARES IRTEE Ht
o] 296. 3MPa, XFHA7F 10.6 MPa?l 2] =3 glok. 2ev o2t
EAA s e s AAE AF7] eventel YolA Itat AE AHA] SR
Zo 7 YehE Z1s FoF Favt Stk
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5.3 JE3IE o=
2 A" A72 A8 %7 90.0, 95.0, 97.0, 99.0 1811 99.9% & wje] A A
FAEE AASEe] Table 169 A glste]l YeEFUSITE A7) A A3 258 A2t

Ao BEel g a4 AANZAE FE A5 5 Yo A

Table 16 Design fatigue strength for each reliability

Reliability (Probability of failure) Design fatigue strength
90.0 (10.0) 282.6
95.0 (5.0) 278.8
97.0 (3.0) 279.3
99,0 (1.0) 271.6
99.9 (0.1) 264.5
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6. A<
S34MnV A4 A B2Z AZE Crank Throwol dist AEe] 714 44
3} Staircase Mol 9% MEAAL Fajo] Je AL otaid thg v g,

o

1. S34MnV 9 #AH ©Z=F AZ¥ Crank Throws EHI = A=
3RS A$ oF 700Mpad QAT oF 190~210HBS AE, FHA+
Ao A= ok 30], 0Tl oF 25]J(2v Notch) 9] 235 A& 71 2

i

2. B Ao 3w A AHHo| 243t Crank Throw & A&k A], =&}
olE9} HeglolES] #ddt vMFAy AAHE7} ok ASTM El114 7]+
ol

3. Staircase Hell gato] AR, &8 H] -1, & ¢ Faks Ao
ot dA HEF J=F AYPS 20HzE AAE uw, Dixon and Mood
Approach (DXA) method F<2Hell &Jsto] B 24wt FFHAAE 7}
7z 296.3 W 10.6 MPa = YEFST}

4. ¥

i)

i
)

7}

o] o
AT

g3lo] FEAH O R Crank Throw? HAAYEZRAE S 44

opet

Sl
=

4
o
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