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Abstract

There is lightweight design of an automobile intermediate drive shaft. Firstly, a three-dimensional
model of an automobile intermediate drive shaft is established in SolidWorks software, and then
imported into workbench for structural static analysis, the stress of the intermediate drive shaft is
much less than the torsional strength of the material, and it has a large lightweight space. Two dif-
ferent lightweight schemes were proposed for static analysis, and the finite element results
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showed that both schemes could meet the strength requirements and reduce the mass. The struc-
ture optimization based on the response surface method is carried out for the light mass scheme
and the simulation is verified. The results show that the weight of the optimized structure is re-
duced by 46.5%, and its natural frequency is close to the original structure and meets the strength
requirements, which achieves the lightweight design goal of the intermediate drive shaft.
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1. 518

SRRV FE R ANIPA B Ry & 1) H 25 58 1 VR AR Do SEBL AT R A0t ) R B SR 2 —
P R O A A0 5 S D R BRI RE 0 5 2ORBSCE A 22 GEE  Bb R HER, R4 i 44
FIPERE. 2 tE IR ETE I

PUA SO 2 UE W] T AR B A BT IR MR BT RE R K 0. /b 2 By B BT DU = R 2
Tk, PEIRRN/D 100610 425, ATFEAREZ) 6%~8% HIAEHHAE. LAt BEA W ITHE T LLIRTH 240 1 #
FEVERE . I ae MBI RCR, Sk ETE V. B AUk B SR MR [1] [2]. RN
[BIANZE AL [4] 56 J5 i3 AT AL it o W TEN BN AN A 42 R 22 28 ]5] [6] [7] #&4%([8] [9] [10] [11].
H 2 5 [12] [13]583 2 M5t AT T iR BB, B0 14104 E AL s B Bl B
R, & TREMRT T BRI, TR 1518 X & R B R R AT A BR e, RILAE IR
SPORAC L E B R B BT AT o IR T BT AN T BB S AT et S RELE I A PR REEOR Y
SAt b BEAT R

ASCESLIIT A P AL B i = R, AR BR e Tt AT 5 022 0 W, AR 20 45 RO i vh e 4%
AT AL, IR RT IR IR Ty SRR BEATRILE, B VR R R AT

2. 5%

VREAL Bl il 2 A R R A sl WUt Bl Ak an SR s se . DLSEBLERMIAT B, e A B
BURERENF, I AL s IR IR 2. feahflig — N mded . D SORIITERR, — g, &
Ll v SO, AL SEN L4 AR [16].

ASCUSER AL BN, 97 T3 Hr, R bl e shih, H R b a1 sl A A 8 L 7es
Tt PSR RSN SRR P AR SR 0 EAR 08 24 mm, KJEDY 408 mm, ity 1.4526 Kg, #4R
N 40Gr, RS AR SR PRI 1

Table 1. Material properties after 40Gr quenching
F 1. 40Gr AREMREM

FEE # % (kg/m®) P KA 5 (GPa) EE A PLALAIEE (MPa)
40Gr 7870 211 0.277 #7900
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3. ‘RS54
3.1. BRGNS DEST

7t Solid Works #pfHr i) ) 4% 2 Fl ) = 4ERCEY, K% — i Y 5 N 2] ANSYS workbench, 5t
P IR A% BN FIAE AR PR A 5 T35 R BTS2 B R RN e w4 B il AE AR SR A1 e Tl R Ze o ] o, A3 Bt - 600
Nm R A S TR R 73 Wk, 5@ RS S0 2 mm, RI193 56 U 35 249,129 475 £, 59,328
AT, PR SUE 0.779, R A IR EOR . 07 HAF RN S5 M N = B 1 1 FR:
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Figure 1. Simulation cloud of the original structural stress
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Figure 2. Cross-sectional views of two design options. (a) Programme 1; (b) Programme 2
2. AT A RE@EE. ) FEL b) FR2
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3.2. WM A RBHESR

K w75 2293503 AN E workbench FrEAT 1 5A 70#r,  He b N AN 2R A LR B B S SR AR 4
5 BRIN AT A= Wk 3 fros:
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Figure 3. Two scenarios stress simulation cloud diagram. (a) Programme 1; (b) Programme 2
E 3 BHAERENHEZE. ) 5R1; b AER2

T BEE BT a, TR 1ATTR 2 resmc KN BEsNRE, 7R 1 KN N 389.61 MPa. /7%
2 B KN F70h 480.56 MPa, S AR K BIM R PTHIEE, HI7R 2 KRN 0.99 kg, 7R 1 K& 1.29 kg
T, RIS 5 58 2 3R AT 3 T N 1 9k 1K) 45 A AL

3.3. ET RN EZENGSHS BiRAKE

Z AU RERME R ER ZE B Z A HARN, T8 5 BARRAHIAFR, — D HRN
DUttt LAHAl H AR5 A AR 5 DR AR Hh B — R (IC A, T A 224 H A (B8 L Pl i AT 4T o AL 2
A AR FR) AR R AT RE 38 2 e

3.3.1. Wit

4 1% 11 (Design of Experiments, &#k DOE)&—f R LI & 1H 7%, € B Rl A B i
THRIRL R 2 58 R SR BCH B BE , AT A RER Gk AT e . AT SE O HEWT A A, RIS HR ok
60 2K 3 R A o P e ST 38 1 T R B P, 4l 2 0 B G A RHBE T AT Box-Behnken it
T O B A PR B T A B rP O A B — L A a5 7 0 R B S TR, R A P A
LR, R ASCE M O = AR, B AR F e . R BT R Rk 2
Fim o

Table 2. Optimization design variables

2 ORI TR

R4 LT EBR1E TIRME
/NLEARE 1 (mm) 4 4.4 3.6
AL R (mm) 8 8.8 7.2
ALK L (mm) 240 270 210
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3.3.2. MEEME
Wi N2 T A A A — PR e @A ik, BT R i SN R R R R R/, il A —4
B RBOR AL B SRR Z KR, JEHFRIARL RGO PERE . ma B LA 1) H bR 2R 3]
BAEIA N R A G, IR RS A, AT DUR 8 TE 45 R DR BT Bl P, e AR s B A AR R 2
EHA . HEBESCRR TR S PO RG0S G THE, AT B R KR PR L BT B SR
IEFRAT RPN BT S A AN N AT DAE G = 4k B3R 0E =3 (R R THTOC R o A ST T AR i R )8
SRR L, TEBEEWSERTESHMmNE R, WE 4 For x HovEsEpiLEag R R EHE, y
BB /NLAER ¢ (0 ARETE L, z At LR A SRR R AR A L 5 s x Bl LR R AR
TS E, y AR ALK L ARSI, 2 S oAt I AR N AR 25 RS 7 AR A
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Figure 4. Mass response surface model
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Figure 5. Equivalence force response surface model
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& 4 TR AL L RIS, dhoLAE R BURCRME, NFLEAR r B/ ME I [ R BTE /)
TfLEAE R B ME, ANLEAR r B ML, U AR oK. 1A 5 WA, /NMLEAR r (R FFAR,
LA R BB IMER SRR AT e 2 LR R BUBCRAE I SRR R T Bk BRI 5 ik
A AR IR REF AR, SRR RN ) Rk fLAEAR /N 5 AL L BHUETE R

3.33. ZEAKRMKKL

AR SC LA B e MRS O 1 B/ ME S B bR, R MOGA Ak 75 i iz 45 i dE A7 Ak . MOGA Rl
Multi-Objective Genetic Algorithm, J&—FrZ Atk H b kAL ik, M T BHES B 82 HiR
AL . MOGA J725d& & T R4 R R vert, Be A A T ma B2 e R 48 UL B R AL R 4. 1R
W5 e BRI 3 P

Table 3. Candidate point parameter value data
=3 RIS HERIE

B S 1 153 5 2 1536 5 3
K& L (mm) 269.34 269.05 269.93
NFLAEAR 1 (mm) 4.3844 43813 4.3998
sl AR (mm) 8.5908 8.5931 8.6374
Jii 5 (kg) 0.90081 0.90084 0.89477
E WA IN (Y )] 521.15 521.43 525.41

i k5 PR AN SE RN IS H MM E R 4 Fros, (RiEA 1 AL S 2 F eSS H K WMEN
0.68%, fiiksi 1 RN /1 5 S HKMZE-0.81%, (kLR 2 RN )5S HAE M2 H8-0.76%, kit
RS IR AMEE N /) 5 S T 2, R ki A 3 BT R 46 1k .

Table 4. Candidate point mass and maximum equivalence force reference value deviation

4 BRERRENRAFUNNWEEZERE

Yk KIEL  AMLEGr RILEER 72 i (k) BN (MPa)
)\

(mm) (mm) (mm) SHE  S5SMERE  SME  S5SRERE
ik sl 1 269.34 4.3844 8.5908 0.90081 0.68% 521.15 -0.81%
ik sl 2 269.05 4.3813 8.5931 0.90084 0.68% 521.43 -0.76%
ik s 3 269.93 4.3998 8.6374 0.89477 0.00% 525.41 0.00%

3.3.4. BENXITREF

DU A 3 IIBERE AT IAE, BUhFLK N 269.93 mm, F5L42N 8.64 mm, /NL4% 4.40 mm.
19T FZ R 22 ) — ZE A58 3 5\ B workbench E4T & 25 73 Wt , 5 T4 5 K4 (0 it o 288 A R0 2% 2420 SR — 28
gE A fE B A= B E 6 Bk .

B 6 mIE, A0S 2R N AL T el sh i s & T, Ha KR /)y 526.01 MPa, ik 40Gr
R YU E, Rz s R 43, PIaME L5 i &N 0.8716 kg.

FEARAHT 5 IS5 AREAT B RS /0T, BT B S TS 0, 1 i A A 152 22 K ELAse kB
DAL ik B U6 B BT B AT b DAL ET S 36 LIS AR 5 4R AL 5 Fos .

m
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Figure 6. Optimize the post-stress cloud
6. MBI =E

Table 5. Comparison of seventh-order modes before and after optimization
= 5. MUEIEELMESRIEE

JE IR R AEET )
ARZ (Hz) 658.66 691.78

R gy, ‘A

M1 5 WA, AL S G54 5 IRR S5 MR ORI, RIS S IR S5 B T 5 350 5 A IE R 81
PSR HAUHT R S5 -CR IR 3 EHGE Z T 1 A . eI TSR AR S B R, ik
Ja B A RE AT A2 PR REZER B2 Al O 1 B, Ik T RS R R AT AT

4, 4Eig

ARSO FER A P AL B AT T R BB T, BRI R 45

1) B IR AL S AT S TR R AERRBR TALR AP AR s A iR K B T A R AR
[, 4 384.52 MPa, IZAKT 40Gr 155 FOBTH SR E, RV R A% sl il BT O 0 e i 2 1)

2) MR T A A sl 4 B AR S A B PR R AL TS S, RN B AN 2 A LR BRI LR PR T 5
TR BRI BRI ;

3) MIRER/INK TS 2 AT R WA BRI, AR B AAE RR > 46.5% 1O T A
PRIE BB STHISE L, 10 H 5 AR 25 58 -LE F RS SR AR AR A — B, il 1z a5
MR AT I

SE 3k
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