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Abstract

As the core component of automotive engines, the connecting rod directly determines the effi-
ciency and performance of the engine. Based on this, this article will use the Design Explorer op-
timization module in ANSYS Workbench to optimize the connecting rod of a certain engine. For
important parameters of the three-dimensional model of the connecting rod, such as the outer
diameter of the connecting rod head, constraint optimization design will be carried out to obtain a
connecting rod mechanism that meets the requirements of lightweight.

Keywords

Engine Connecting Rod, Finite Element Analysis, Optimization Analysis, Lightweight Design

XEF|F: T, T Workbench FIRSINLEFRALL]. B 515, 2024, 13(1): 791-798.
DOI: 10.12677/mos.2024.131076


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2024.131076
https://doi.org/10.12677/mos.2024.131076
https://www.hanspub.org/

fE5R

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

ERFLE RSN RS B AL B M ThRE, AT DR SRR 1 A WSS AR B B, Ak T R AT
AN, REDEMIZEIVERE, T ERROEAT R R R, R I A 200 2 IR AN SR B (R R, B
IESERFAE TAE PR R tk, —AEER H A RS FEAFE AR E R P &2 EM L.
3R Matlab B A6 T EAG X EATAT B ) T TR S5 M EAT AT SREVE AL Bt 45 e S IR (2] BFFA
AL ANSYS BN G, @S 1A A PRI, 7535 2 Ji IR 2 AF R &R AT S5 AL BT
15 H BT B LA G v (R R /N [3] e AN = TR R U A AT 2R b, RS E IS HL
DA I i 5 8 E AR SHEAT HEAT T A Bt [4]. 76 E /MG S8 0 AT S MG, BRI LB
MACHT J5 AT IR RS RN S e K E N AR AR TR 5] A W BANEAT IR AT AL, JF
HEAT— SR B . AT B RS2 T B E Ak 4 SR 6]

2 E N AMABE IR, ASCORIE RS DL BRI/ T I EEe,  DUEFF IR EAE N H bR iEAT
ARAGR AR, AEERT R BTN, R E A i J5 T FF IR B R S5 B ) B KR T, AR UE AT 2 1558
fE, ARmREHLIE R IBAT
2. kgt

WUBRA AL 1 T RITE S R 2O R RT 3 T, SR —H TS5 U & R TR T FR ARl B e R R 72
Ho7 vk R BRI IS AEUE T H 7, RT3 B R G R AR oy 13, TR PN LR
B TR T R R I A s R, AT SEORIE I B Ak R A . WL B B
PR

min f (X) X eR"
s.t.g,(X)<0(u=12,--,m) [@h)
n(X)=0(=12..p)

Frt X =[5 X, 0 | MBS, R SR B R R R I LA A 1L
min (X ) A EFRERH, g(X),h(X) BARAEME, 4 BARSRAFRERAA, AP EEH ] e
TR AT AR AR R T A SR LA B8 SO B B — M A AR B I
FIM RS, b SO TR R I, AR B 205 . TR AR M TR
3. B ERBEMN R RESEHL
3.1, AR

UM IR A solid works FFFEESE 11, HGHERF A B E RE /A S 4y 208 B 4 DL S
SERE RHHT I, SRS BUHUR O R IFR T 7] R o Bt A7 8 i Foe s
T SRR (TR, B RIS RS MR, 9 DA R BT 0 5 9 M R R 4R

T, Y HINEFEERREAT TR, BT RS A T AR UGG A, I e A DL R (R R,
RN 1 TR

DOI: 10.12677/m0s.2024.131076 792 e RSE TR


https://doi.org/10.12677/mos.2024.131076
http://creativecommons.org/licenses/by/4.0/

fE5R

Figure 1. Three dimensional model of connecting rod
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Figure 2. Parameterization of design variables
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FIEERT, BRSBTS 5L, KRR B R BUEEM R E, HirRErRAERa T
Moy (X)=m+m, +---+m, 2)
HArmys mos ooy My AIEFS D R . AR R SIHUE A RMER 40 Mn2S, HZ 5 RE N

£ 1PUR, BEMMEE X GERE, £ ANSYS IR SRAEM FRE M, TTHEERER, EFRE
Wiy 5.5716 kg, 1 Ja K L E s S Hik .

Table 1. Performance table of 40 Mn2S
%2 1. 40 Mn2S MR

R ST B kg*m ME VN FPERBE Gpa TR AR Mpa
40 Mn2S 800 0.29 206 830

LFRAFSHACF LI —FE, AT AR EZR N AR KA, BT R AT LA AL F L F A
1) BLIRFAT

Opex <0/ ©)

e o AMEHEIRIZIR, n vaea 24, At n L5,
2) WL FAL
AR, <D, /2
Ar,, <D,/2

HH: ARpax Bn KL WL o Vr e KR T &, Dy M IR S R AT VTG IE A I TAIBR - Armax
TR NIRRT B, D, Ronid 288 5 /N Skt B AT WA T A I8 PR TR B
3) WAL H A
RIS R ()& BV, AW T a5 i) & B AR S A — e JE R N A2 5 .
46.71< X, <57.09
88.67 < X, <108.37
15.36 < X, <18.78

(4)

(®)
26.31<X,<32.15
99 < X, <121
135< X, <165
s =
4. RUBREREGR
4.1. itz
A B C | D E | F G
i Objective Constraint
Mame Parameter
Z Type Target Type Lower Bound | Upper Bound
3 Minimize P10; P10 <= 5.57kg | P10 - Geometry Mass | Minimize ;l Values <= Upper Bound ;l 5.57
ad Select a Parameter X

Figure 3. Setting of target parameters
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ONFERT PR /NT- S5 T U B, T B S HEA 5.57 K. 8 DAL BB R E BT BT R AL
JREEHAT BT B S B e, RIEAA R BE, WA 4 fros.

i B Input Parameters

3 P1-D5_xXWa@EE1@PART Part | 46.71 57.09
4 P2-D5_DWEEE|1E@PART Part | 83.663 108.37
5 P5-D5_DGEEE3@PART.Part | 26.307 32.153
& P& - D5_XG@E[E3@PART Part 15,363 18.777
7 P11-DS_DCE@EE1@PART Part | 99 121

3 P12 -D5_DKEEIFE]1@PART.Part | 135 165

Figure 4. Design variable range
4. WIHTETEE

e BEE U R B AR AR AR RV Y R 30 A BEiE s, X R T B AT 5
I HAB ISR AFAS 21 30 4LEFF I E RN, BT 75 2RI AR B R A ) s 2, P DARG B TR 12
1o [ 5 19k 1 30 LR 24 A, RN ASE Xo~Xe 1R 2 B AR NI BUE A, JF HX
XA R AT HES, AR EOR SR 5 B A

able of Schematic D2: Optimization

D = F G H T

A B c
1 | Name ¥ | P1-DS_X Part v | P2-DS_L “Part ¥ | P5-DS DG@EIE|3@PART.Part ¥ | P6 -DS X Part ¥ | P11-DSE ARTPart ¥ | P12-DS.T Part v | P7-l (Pa) v | P10- v fa) ~
2 1 46.883 88.996 26,404 15.42 99.367 135.5 1.9242E+08 5.2402
3 z 47.229 8.848 :.353 16.103 102,51 1.3 18633408 5.6663
& 3 47.575 93.922 30.302 16.786 105.65 140.95 L.7333E+08 5.5351
5 + 47.921 103.77 27.054 17.968 1088 143.68 L7676E+08 6.0212
6 5 48.267 91.453 29.003 18.151 11194 146,41 L6I44E+08 51214
7 6 48.613 101.31 30.951 15.556 115.08 149.14 1.6663E+08 5.6041
8 F 48.959 96.385 27.704 16.239 118.22 15185 LB122E+08 5.5215
9 8 45.305 106.24 25.652 16.922 95.816 154.59 1.5213E+08 6.3379
10 9 49.651 90.228 31.601 17.605 102.98 157.32 L.9666E+08 5.7891
11 10 45.997 100.08 26.621 18.288 106.1 160.05 1.5843E+08 6.2541
12 11 50.343 95.154 28.57 15.693 109.24 162.77 L.4852E+08 6.1573
13 12 50.689 105.01 30.518 16.376 112.39 135.75 1.4286E+08 5.5041
14 13 51.035 92.691 27.271 17.059 115.53 138.48 1.4942E 408 5.1147
15 14 51.381 102.54 29.219 17.741 118.67 1412 1.3786E+08 5.5897
1 15 |51z $7.617 31168 18.424 100.25 143.83 L3076E+08 5.8345
17 186 52.073 107.47 27.92 15.83 103.41 146.66 13826408 6.3437
13 17 52.418 89.612 29.868 16.512 106.55 149.33 1.2801E+08 5.7028
19 18 52.765 99.464 31.817 17.195 109.69 152,11 L.4081E+08 6.1582
20 18 53.111 94.538 26.837 17.878 112.84 154.84 1.3682E+08 5.5818
21 20 53.457 104.39 28.785 18.561 115.98 157.57 L.3011E+08 6.0809
22 21 53.803 92.075 30.735 15.566 119.12 160.25 1.3004E +08 5.7067
23 22 54.149 101.93 27.487 16.649 100.71 163.02 L. 2266E+08 6.9844
24 23 54.495 97.001 29.435 17.332 103.86 136 1.2655E+08 5.7604
25 29 54.841 106.85 31.384 18.015 107 138.72 L.2B77E+08 6.2333

Figure 5. Connecting rod design point data diagram
5. BT R HEE

4.2. ilER

Candidate Paint 1 Candidate Point 2 Candidate Paint 3

P1-D5_¥W@E[E1@PART Part 51.035 43,267 45,833
P2 - DS_DW@ESEE] 1@PART Part 92.691 91.459 83.996
PS5 - DS_DGEEE]I@PART.Part 27.271 29.003 26.404
P& - D5_XGE@E[E3@PART Part 17.059 18.151 15.42

P11-D5_DC@ESE] 1@PART.Part 115.53 111.94 99,367
P12 -D5S_DK@EFE]1@PART.Part 138.48 146.41 135.5

P10 - Geometry Mass (ka) : fﬁ 5.1147 ﬁ*ﬁ 5.1214 Y 52402

Figure 6. Optimal reference points
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iHid 30 HEHEII L, M SASE] 30 MEFKIFTEESME, FATRT LOE I LA BE R B iR/
m BEANEARAEEEE T 3 iR 28 R AE AT, W1l 6 .

B TARALI A R, PrOlEsaEm i E R M —4E, WS% a0 1, JF BRRESEETE
WOERL AT B B Bt R B RT 5 107k 2 FR

Table 2. Design variable optimization results
2 RITTEMUER

PR i AR WItHTE REAIN BAAE
X1 RN RAMNAER 51.9 51.035 -0.865
X2 B RSLANA BAR 98.52 92.691 -5.892
X3 TR N AL TR 29.23 27.271 -1.959
X4 FEH R SAL TR 17.07 17.059 -0.011
Xs FEF RSk R K 110 115.53 5.53
Xs HERFRCR S B 150 138.48 -11.52

MEFEATTCLE H, AR EEIEE G, BN BT kg mK, RS HmWN, I
HR AR S g R, HARb I B o, AT AEAC AL T 7 B & A 5.5716 kg, AL 5 i & id/N A 5.1147
kg, F#KT 8.2%.
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PR S N S22 TR S, R AR E SO, WIRERI 4y, HEINZI IR DA R 3 tm7 o AT 28407 () e
TN REFI RSN, RR T T AR KR8 Tt . BRI T 4 e TG ZE i HE S AT FE Bk
FE, EAFFTACR) TARARM; SRS LSS i RIB R L IR, AT AR TAEARGL[8], RN 46
TR AR, BT bA RS ERZ RS T 00, SE B A XN

P=P,,nD, (6)
R P NV SIKIBREE ], D NSRELER, B HEAGERE R, K5 ke 2EEF /N LFLE 180
FEVERIAN, BT E 718 10 MPa, B 7 Fios. FHAEZER RSk FL 3 E [ e S0

Ji
0.000 0.200 (m) X

[ S
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Figure 7. Pressure setting diagram
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S A L EAT T2 0 e K 230N 774 131.5 MPa, R AEFEENT /N SEERTFF B (28 Pk, foe KAr
#790.07 mm, RAEEN/NL LA K 8 HM I NAE = K

999.14 Min
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Figure 8. Stress-strain cloud map

8. NONEZE

[FRE, RIS a5 B oA A, S NF] ANSYS dilf47# 1200 dr, FEEm A2 R 4%
PEARAR (R L R A5 T Ak JE AL ) f R8N /1o 139 MPa,  [ERE R AEAEERT /NS SHF B (138 LAk,
B KAE KN 0.005 mm. & 9 AL G A BE T = 1K .

8258
-3.952e-6
-5.0781e-6 Min

. .
0.000 0.200 (m) L—‘v X 0.000 0.200 (m) I—o X
[ — [ e—]
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Figure 9. Optimized static cloud map

9. RN FRE

I AR B, A SR B R PR die K35 RN s S in . B{E B30 7 7.5 MPa, S B3 2 SRA% A
AR FORN IR T 413 MPa, LA AR R I B AN T VRN T, FrDARE & 26 et Je e 7
A TEARE TR TR T 0.065 mm,  Jir ASZ PR RRELS
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2) UM G AT i 2 e K NE 38 0, i /2 VPRI D0 264, R AL AT SR T AP it 20K . R

W, RIS RAF, 1220 a5 SRR W OUA 5 AT (K ) A P R BT -
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