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Optimization of Crankshaft Structure based on Monte-Carlo Method
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ABSTRACT: Objective To reduce crankshaft mass and optimize the crankshaft of a V-type 16-cylinder diesel engine. M ethod
First, the load was applied to the finite element model of the single crank and boundary conditions according to the actual work-
ing environment of the diesel engine to obtain the value and position of maximum stress and displacement. Second, a 2D finite
element model of the vertical interface of the crankshaft center was established; and then the maximum stress and displacement
were calculated with ANSY S under equivalent loading conditions. The results were compared with the 3D model to verify that
the 2D mesh model was reliable. Finally, based on Monte-Carlo sampling method, main dimension of the unit crankshaft was
optimized with ANSY S PDS module. Results When the main journa radius was 150mm, the crankpin radius was 125mm, and
the fillet radius was 4.5 mm; the unit crankshaft mass was reduced by 3.37 kg and the entire crankshaft mass was reduced by
26.99 kg. The purpose of optimization was achieved. Conclusion The rationality of replacing 3D model with 2D model instead
and the feasibility of using Monte Carlo method to optimize the structure are proved, providing guidance for the future crank-
shaft optimization.

KEY WORDS: crankshaft; FEM; Monte-Carlo method; optimization

s EHHA: 2018-01-29; f&iTHHE: 2019-04-25
EEBN: REA (1972—), B, ZHHMNA, HRIEF, TEHRTFT@ARES TERRE ., LEEERES,



¥ 16% H£5H

REARE : HE TSR RIS 0 Rl 45 44 1 2 ©25-

B 4 4 BRALERR B bR, Y Bl Sy MBI 75 2R
Bl 380, AR A Se LAY 32 ZAH R 4, HonT 5
PERZGE oy 2 ihh iy 2 ek 3R U R # 4d
PR B, XA FEEEMALR sl T, Bk
AT RS o PG, A BT il A %) 5 B R T
M, DABG IS 55 WA, 1 0 A% e AL G B A nl 5%
PE, S — LML B

A BRIC T B —Fh 2 M B R A 7 vk, AT T
i R 5 T BTL 0 1% 25 P I 2l () R 0 P A RMIE N 53 %
iR T T R A BRIT R shm B AT, RIS T —
RO ISR . BB R G AR A B I X4
3 A I B AR 1 T2 S O TR A 1 R ke 75 31 5
mi 2™ . Cyrus Kano 1422 il i (425 fh 9% 57 o i 10k
37, S Xz B s b, A AN LS
o iR g Z W R P, Health f1 Namara 454
B BRIC Ty 1 e o A B AR i Al vy AT AT, R
il g U A R A2 2B Nallicheri %5 A T 1 i
ZEPRER IR A M A R B AT T T R, W
Y Chien F —4E45 BRI & 55015 21 0 i 4 A 1z 7 5%
N T, Gupta Xt AT T A R R B F B93h &5
B, IFMIURIFIRERE S dhdd AT T AR

SCHUEESE T —Fh VB 16 ST S8 AL A i o A
FERL IR ANSY S HEATER S T8 . MR ¥E % sh
BLACPR TAE R, 3 & 8w A R4 A T kit
AR, N T A R U ) AL T ) T R R AR TR
ik ANSYS 1) PDS #E g s il A7 i fk , 32748
SO R E AR L AR Y AR B AR

1 iR

FESEMALAY TAEE R b, AR FFHLA Y 32 ) &
SR SET N SRR T | 1157 328 gh i iR R
S = B ¢ o N 7 i 1 S E O VA A <6
SEMEUIN, PRI R R e K R TR I VE T B4 AR
B RS SE SO TR Y 16V 170 BISE AL S R0 3 1,

F1 HBVEESH

firfe D 170 mm
T S 194 mm
45t & 135
AR L 352 mm
HA AR 212 v 97 mm
KK (F32) 1-5-2-3-8-4-7-6
i 28 5 3 n 1500 r/min
B AE 2R Ne 1470 kW
AR AT 1L A 0.28
5 €T my 9.24 kg
HEFF BT my 14.10 kg
HIE T 427.43 kg

VR RIAE % 28 LAY U TR 1R

2
=", M
TESEIMBILIEZ K vh R v, 36k 7 28 S e KO & s

N 14 MPa, kA4 360°HiARFL M, SRJFHIE (1) 3t

SR SRR
TETHE AR AT IS BRI, ol T3 AT K o

RN 932 BB AR R] 3 BT B — o PR

gre —RORUL, BRI
my = 0.3m, (2
my =0.7m, 3)
a0 (2) M (3), 1EE HLz 55 Fies:
m; =m,+m 4
m_=m_ +m, (5
WL UL E AT, 1R H 2GE 3 T AR 12 3

J i T

- P 2
Py =-m; j =—m;r&"(cosp+ 1c0s2p) (6)
K,.,= —myre® (7)
K, =-mro (8)

Kl 1 ot Pl PVERITER— S EZL E, &
mr .
P=P,+P, (9)

P AT LR B4R

K28R 71K, N, S, THIXZ, @dUT
NAITTEA

K =Pcos(p+ )/ cosp (10)
N=Ptanp (12)
S = P(1/cosp) (12)
T =Psin(p+ pB)/cosp (13)
YEFAE M ES ERYS 8

P =\T*+P; (14)

B =K+K,, (15)



.26 -

201945 A

& 2

B R AT

B 1 p9EdE AR 15 )i E A, P=303222 N,
2 BRTHW

BAHAERITS T

SCHPCR T =GR BLEAE Pro/E At 7 B il A T
R, a2 Bros. i 2 A EhE, 2

2.1

A HRAREE AT 1 AR . 2 2 1T B AR G L
farFnkt eHE P, Hrb opwn Fl opwe HE4E 2% SCHR[ 7]
IR

W LA A7 S A Hypermesh #E17 A& %143, ¥
HERYEAATAE 2 mm, FRIGE A E U Solid185, SR
S5, KPR RS A ANSY'S, M4 52 FR TR BRES fin
BN AREH WA SRTELE x FlOR y 7 )
(A RS LA B A AR i RS o &1 3 &R 4 e i I
FEASERY KR AR e 5 g o A 1 24 SRR 3y S R 1
e 4 frs .

AFH TG, F—2 0 7R A

MELE 5 FIE 6 i =B aE, &
R p il e 2 v ) 1 7 R RS e K B KA % 0.22 mm,
RN ) & HEAE RN R A L, o 104.7 MPa,
ANTIT AR G S B AR A AL 9% 57 3 (opwe o 14
BERUAE AR R I N S, I B A 28 R A T A
bt

F2 BWmEHBRILAMEEEYE
JUfar 4 #}(40Cr)

FHBERZ Dy 160 mm IR E 200 GPa
AR ES 542 D, 135 mm THIALL v 0.3
AR R w 38 mm F IR A 9% 57 TR opwh 303 MPa
TR E Ly 67 mm RREBEp 7800 kg/m?®
MBS B Ly 132 mm PSR E o 980 MPa

B 24 R 3mm b AR RS 5 A (09 57 3 % opwe 297 MPa

K3 ARRoCH

K4 29 Rnak

2.2 2D BIRITHH

R T ARA T, TR AR SE T S 8 . AR
RIS AR R 2, Ft, RIS 3CHk[5], Bk
AT T e 4 1A BR TR AL AT, DL T i il
iy Ak oy S e A PR, L TLART Ay B AR ) v ] 3
I, PAJCRAIN Shell181, Za il MAR S 2.1 7
AR, E 7 s

NODAL SOLUTION
STEP=1
TIME=1

SUB=1

SEQV (AVG)
SMN=0.060411
DMX=0.022256
SMX=104.688

—
0.06411
11

— —
233109 46.5614 69.8119 93.0624
6857 349362 58.1867  81.472  104.688

K5 Nz




¥ 16% H£5H

REEAE: JET SR IE B2 A P 1e 73 <27

B 7 YRR A AR 2%

B e AR S A S ANSYS Y, (AL S
& 8.8 9 filr7 , fix K Von Mises )i /1 103.8 MPa,
RN N 0.33mm, 5 =4ERR iR ZER /N, H
BRI B A B S = e AR ], B 447 FR T
RERUR AT SER), o] R T b e it

NODAL SOLUTION

STEP=1
SUB=1

SMX—103 789 M3

I . —
0211773 23229 462463 69.2636__ 92.2808
11,7204 34,7377 ~ 57.7549 ~ 80.7722 ~ 103.789
K8 MfixK

NODAL SOLUTION

STEP=1

SUB-1

USUM BAVG) MX

RSYS=

DMX=0.32604

SMX=0.032604

— —
0 0.007245 0. 014491 0.021736 = _0.028981
0.003623 0.010868 0.018113 0.025359 0.032604

K9 fifxll

3 JLafELiEiE

TESEH BB FT T, /A Jo Ak (7] i e 5 sl 4 £ I it
e B S PERESE EE H AR, XN = EIBIFFSER W,
AR, R B SRRSO S AR, TR AR D

WM AN, b T T Dy A D, B9 AR AR
BN R A XA R Ty, AR IR A AR R, DL AERR
R 1K

3.1 DM DOWIER

TEX—35r, A ANSY S PDS e xif 2 it A 45
AT DAL, X — R T 3 A BRI/ b 45 1
R M s, B, B ANSYS WS HUbiE
(APDL)4 S 4 B SCAF, SR J5 7 L Dy Fil Dy BB AR 1k
JWH, WE 3. HTEM REmPEIECA 13 mm, Dy
Dy AL R S s2m S LY S ik 2540 . fe)m, 3%
TRk PR T 7 (LHS) fdlRe )y i,
XA BROCH R HEA T 500 YAMAE /AT o

M 10 FE 11 AT AVERE L 3, K A
FilJ& 80~120 MPa, iLiZflX T opwe; e KALFE R
J& 0.044 ~0.057 mm, 45 4 F X} e E 12a 5 12b,
KIL Dy F Dy X5 K 7 i 2 A1 26 R %00 -0.9033

*®3 DM OMEHLTERE mm
8 MHIE TR ERR

D, 160 150 170
D, 135 125 145

125
120 L
115
110 |
10
10
9
90 L
85|
80 |
75

{"\” M i l‘l\ m

1 1 1
1 126 251 375 500
Number of samples

K10 RN

OUI

|

Omax/ MPa

L

0.062
0.06 |

0.058 |
0.056 |
0.054 |
0.052

L b |
oo %\‘\Mﬁhﬂw\w *I" d‘Nl"\\'JM’MMWU’ﬂ"w

Sinax/MM

0.046
0.044 |
0.042

1 126 251 375 500
Number of samples

K11 m R



- 28 - g HE TR

201945 A

04221, #F 2, BN IR Dy BB/,
Bl D, FIYEINTRIE K, Dy X KR 1 52K F Do
23 o ] LAAS B e e e i RS . Di=150 mm,
Dy=125 mm, Ak Ja AR ) e KN ) % 107 MPa, I
AR 2R

3.2 RHIEH

TEAT P, B PDS M EM LR ~F
N R XF iR RN B9, WniE 13 fras, R
BUEJLE N 0.1~6.5 mm, AN HJLFE N 96.3~

125
120 [,
115 t
110 t
105 |
100 |
95 |
9 |
85 |
80 |

75 1 1 1 1 I 1
128 144 160 176 192 208 224

a

Omax/

125
120
115
110
105 -
100
95
90 |
85 L
80 L .
75

a

Omax/

96 112 128 144 160 176 192
D,/mm

B 12 Dy Fl Dy X KR 1 A 52

176
168 r.

160 | N
152 | \

144 | \
136 |
128 |
120 |
12 |

104 |
96

Omax/MPa

*
+

.
o

s
55 6 6.5

0051152253354455
R/mm

B 13 R X & KN 1 HIs2 I

174 MPa, R 7F 0.1~4.5 mm ZZ [l i}, $5 K I BEIR
AR /N TG ; R 1F 4.5~6.5mm Z[aIE},
KN A7 BE R AR N T RS2, R=4.5 mm 91
BT, SRR R TSR Y, R,
R AR R 4.5 mm,

KT PRUEAR AL ZE R T SEbE AR IR R .
i Pro/E G = 4R, S8 E T« D1=150 mm,
Dy=125mm. R=4.5mm, XI5 M4 Fl o H7 455 700 2 2%
21797, tifb)E mgs s 14, 15 s, Ptk s
Wi KR 1 76.0 MPa,  HeAL AL TS > T 28.7
MPa, /NT opwn, 2 HRE TR, KM BE RN
0.0289 mm, FLALALHET HfAR IS N T 0.007 mm, /hF i
KAVHIFEE 0.05 mm, L RIETR . 22 JLfffk
AR, PAERRN R R T 3.37 kg, A il
FRAIR T 26.99 kg, 7RI/ 5 KR 7 B4 BT 5 2 FEAIR
Al Jo e %) A

NODAL SOLUTION

SMN=0.217459
SMX=76.0183

217459 _17. 9067 . 3075 7.
8.63977 254844 42329 " "59.1736 " 76.0183
Bl 14 feEAb)e i s s = P

NODAL SOLUTION
STEP=1

SUB=1

TIME=1

USUM SAVG)
RSYS=
DMX0=0.028851

SMNO=0.333e—09
SMX0=0.028851

j_ __ Emmmam ]
0.333E- 006411 0.012822  0.019234 0.02564
0.883286 0.0096170.016028 .022438 0.823851

K15 feAb)s AR e A% = 1

>

4 £5i

B ANSY S &7 JF 155 T BA il A i = ZEfT
FROCAR AL | 4528 T 78 SE PR IR A4 T A8 f K A Az
. WA, AfaifbitE, T e T 4E A BR T

2



¥ 16% H£5H

REARE : HE TSR RIS 0 Rl 45 44 1 2 ©29-

R BOGIE T T HEROR A BRI, AT = R R
Tt &ia, PHe T &ML ZSE(Dy. D F1 R) T
IR 1, 5B T 3k Ee SO0 i KR T 2 . &5
R, Dy HEKN I REMKE, D, 5k
T, Dy XK KT Dy, R XIS/
kﬁﬁﬁ@ﬁ%%m Ja, il TR RS,
XEEEEE AT A I B e AR S5

S -

[1] STAHL G Der Einfluss Der form auf Die Spannungen in
Kurbelwellen[J]. Konstruktion, 1958(10): 61-67.

[2] KANO C. Influence of Geometrical Design Factors on the
Bending Fatigue Strength of Crankshaftg[J]. Journal of En-
gineering for Power, 1963, 85(3): 177-179.

[3] HEATH A R, MCNAMARA P M. Crankshaft Stress
Analysis-=Combination of Finite Element And Classical
Anaysis Techniques[J]. Journal of Engineering for Gas
Turbines and power, 1990, 112(3): 268-275.

[4] HOFFMANN J H, TURONEK R J, High Performance

(5]

(6]

(8]

(9

Forged Steel Crankshafts-Cost Reduction Opportunities
SAE Technical Paper N0.920784[R]. Society of Automo-
tive Engineers, Warrendale, 1992.

CHIEN W'Y, PAN J, CLOSE D, et a. Fatigue Analysis of
Crankshaft Sections Under Bending With Consideration of
Residual Stresseq[J]. International Journal of Fatigue,
2005, 27(1): 1-19.

GUPTA S N, MAHESH N, KUMAR B D. Design and
Analysis of Crankshaft Used in Aerospace Applications
and Comparision Using Different Materiag[J]. Interna
tional Journal of Engineering Research, 2015, 9(4):
479-486.

MONTAZERSADGH F H, FATEMI A, Dynamic Load and
Stress Analysis of a Crankshaft SAE Technical Paper No.
2007-01-0258[R]. Society of Automotive Engineers, War-
rendale, 2007.

X T A J0 I IR T P a4 A T SE 2 A S R 5
[D]. MA/REE: MR TR, 2018,

s, FETRENLA BROCEE LR S sl A mT S oy
Hr[D]. HPK: HPRAZH R4, 2015.



