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Abstract

The automobile engine is the heart of the automobile, and the engine crankshaft is the most core
component of the automobile engine, and the performance of its structure directly determines the
performance of the engine. Based on this, this paper will use ANSYS Workbench to carry out CAE
simulation analysis on the four-cylinder crankshaft model, and carry out static analysis and modal
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analysis on the crankshaft to ensure that under different working conditions, the crankshaft can
be successfully executed, the equivalent stress of the entire crankshaft is less than the allowable
stress of the crankshaft material, while ensuring that its deformation is also within a reasonable
range, and also verifying that the dynamic characteristics of the crankshaft meet the requirements
of the engine.
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2T R AL AR R T 2, WA AR I, AT e BUR SIHLH A 21 A%
o KRB KA SRR AR IS, il B2 52 Dtk HONE ) 5 AR R A BUR ]
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B SHCS SRR & BRI SE 2] 1A - A H] SolidWorks 1 2 37 587N 4 FH S8 & sl h il 3D
SEARRE, JFEET- ANSYS Workbench B 5xf il il AT A FR T 70 AT o X B4 i il dE AT RS i B2 A, 45 5]
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Figure 1. Three dimensional model of crankshaft
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Table 1. Four-cylinder engine work sequence table
7= 1. TUELZ ST R

EZ 2 2 EA
SHEEZD 73 mm
HEFHIZEAS D2 45.26 mm
FEMFRRICEE L2 29.2 mm
TR E A D1 49.786 mm
TR L1 23.32 mm
il A 95 2 b 69.35 mm
i h 15.33 mm

3. BAESH
3.1 BAOFERNEST

£ workbench H 5 ZEH LR )27 o T, DR OR i Al PR 5 B2 S 5 ) 2 2%
3.2. EXMREM

AR FNHLHT AR RS O 45 SN, PRI 2 25 4N, CUTEIIN CYERe iy, ks
BARERERE, WA A R PIrERIm v, Brol iz A T HE = K5k
2 Fi7n, 1E workbench [f] Enginnering Date HIEARPRI R EE . #avERE . Afa bl SREEARER . JE IR R
KN, 45 SN tEREan# 2, workbench BB W 3 FioR.

Table 2. 45 steel performance table
T 2. 45 SRR
LR % ¥ [kg*m THFA L FVER B /Gpa AR /Mpa JeE AR AR FR /M pa
45 54 7850 0.3 206 610 355

3.3. HRTERMES

# solid works [FJ3EACRE ALy STEP #820, 7E Gemetry th 3 NAZ AR SCE, IEAE S RB R, %
BRI 6 NEAR AR, R 5 AN SCHEEEVRI— AN, i 2 BoR.

e
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Table 3. Material setting
=3 MR E

P {21
W 7850 kg/m?®
K R 2 1.2e°¢ct
ZERE 22C
oy A 2.06E™ Pa
THFAE 0.3
PRFASRMEAE B 1.716E™ Pa
B 7.9231EY Pa
P e R B 3.55E° Pa
PiEJE R R 3.55E° Pa
Prhi Ak PR os 6.1E® Pa

Figure 2. Finite element model
E 2. BRTER
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TEAE A PR TR R Ji5 75 B SR A AT E e A B, RUONAS RS AR R A ANAS SR A, fAfbA
W BB YRl 2 (R e hhrE RSN & B ), ZAEAITE workbench R SR X Ak
Tk, T EAREE e X EhEsL ) B m U, AL AR S e 2 A B ¥ B A No Separation. 5] 3 v
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Figure 3. Contact surface diagram
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Je B EER R AT A R 7 (L 4), WA KN B Y 0.003 mm,  HiAh = MR, SRy
BTG, AZBERCAR R S A 1 1 243,027 A5 5, 130,312 NHLIT. A7 BRITIM T HIAZ L0 514 1D 12
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Figure 4. Crankshaft meshing
[ 4. phihMiERl o

3.5. ENLRFNEL T
ARG AT AT N 20K AR SR b, F 5 NSO E [ S8, il 5 s

LY

-y -y

Figure 5. Constraint setting
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ith il BT 52 B AT AN Pl 6 B

J % b 1) 5 A = AN A AN TR 52 0 A7 e A R Ay . 78 180° 1 360° ARFR AL E /T, 25 =
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3.6.1. 0°Z 180° 4} BRILE AR HFITER
T AL ER, B RN f108 183.93 MPa, A T32 1K #li43 i - 4m i Ar B Ak, Hfe KN I/
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TR R IR A AR AR, I BAEVERIN DRI B A, RN R, il k38 0y 0.0203 mm, &
AR IR M3 AL b, e KA R D, R N ESR, i 7 .

. MI‘I

| | |=
A
- - L
Figure 6. Diagram of the load on the cra:kshaftm
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Figure 7. Stress diagram (top) and deformation diagram (bottom) 0° to 180°
7. 0°%l 180° M HE (L) FIERE(T)

3.6.2. 180°%| 360°HPR{LE KR S1FIZER

b TR SR A B, Rl B RS 28 7R 175.3 MPa, R AETESZ R 45 104G i 5 dw B Ak, 17
FENTRORKVPFR YT, VUM A 5B L 05 . f KB A 0.0210 mm, RAEFESZ M0 52 Kl -, 4%
TN, A A RN A B SR . %A BN T AR N ] 8 T

3.6.3. 360° 8 540°tRPRGLE FY N HFFEF
AT ZAR BRAL B, A ) e RSN ok 175.7 MPa, R AR TE il 25 DU 473 B 52 e it 493 45 v 5 = il 35

DOI: 10.12677/m0s.2024.132114 1217 e RSE TR


https://doi.org/10.12677/mos.2024.132114

i, AR5

friefal, ANTYFRIN DT, WABTHER. HRREH 00202 mm, AAEFESE 452 ki, RN,
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Figure 8. Stress diagram (top) and deformation diagram (bottom) from 180° to 360°
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Figure 9. Stress diagram (top) and deformation diagram (bottom) from 360° to 540°
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Figure 10. Stress diagram (top) and deformation diagram (bottom) from 540° to 720°
[ 10. 540° B 720° M HE(L)FIERE(T)
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BT AT AL B IR 5 8 /122 0T R4, AR AT
o AT A e 4 TS, NIRRT Z0 A A AT 12 Bri s = (L 11).

Details of "Analysis Settings” * Q1 Ox

— Options
Max Modes to Find 12
Limit Search to Range |No
On Demand Expansion|No
= Solver Controls

Damped No

Solver Type Program Controlled
+ Rotordynamics Controls
+ Advanced

+ Output Controls
+ Analysis Data Management

Figure 11. Modal analysis settings
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Mode | Frequency [Hz]

1 |1 0.

2 |2 0.

3 |3 9.1596e-003
4 |4 9.7125

5 |5 9.9599

6 |6 25.201

7 |7 192.88

8 |8. 303.42

9 |9 463.88

10 |10. 516.54

11 11, 628.26

12 |12 714.26

Figure 12. Crankshaft natural fre-
quencies of each order
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WnE BCE) A AE- LR =K, HEAHFR)Y 193.38 Hz, IRANIEE y M LN Es0. & 13(F)
PR \Br R 2 (&, HLEAA A 304.76 Hz, RANUTE x Sy mEzh. & 14( L) ASBHRM =
K, FL ARy 466.1 Hz, IRFELNUTE y 5% #AS . I 14(F) N ER HI IR = [, JLRAH 4% Jy 518.53
Hz, $RECNIE y Sl AR s 2 . K 15( L) hEE+—M =B, HEHHE N 630.07 Hz, KA
NI x RS AR . [ 15( M) N i B, AR 717.96 Hz, JRELUHY x fl (1025 AR
UIEEEES i

Ansys
i

@

Ansys
a2

(b)
Figure 13. Crankshaft 7th (top) and 8th (bottom) modes
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Figure 14. Crankshaft 9th (top) and 10th (bottom) modes
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Figure 15. Crankshaft 11th (top) and 12th (bottom) modes
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AR HUE ith i 189 2000 r/min, BUEHATEE A fn = 2n/60, AiETE RN 20~66.67 Hz. S fiKE A AR Ky
193.38 Hz KT#UibiR, Hubihfh TR R A AR, aiiit a2,
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1) JEEE A, AT R AR AN R 0T R NA S E, AT 07 180° (AR IR AL E
I, A AR RN R OR ), Ty 183.93 MPa,  IX —HUE /N T Bl AT R PF IR Fy, i DLl Bl 75 &
SESE BRI o SRR AR fi KRN 2 i Bz 1 180° %1 360° HUBKFR A2 L, BN Ay 0.0218 mm, X—
BUEFIFERDN, RS EAN R 2 B R LI I H s e, B DA st il (0 R 1 2 B 11

2) B IEASZS 73 B AT LAAS 0 A PR B /N T A 4% g 193.38 Hz K T-MURN AR, it LALHE Bl Re Itk s
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