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Abstract

ProkE finite element software is used to establish mechanical linkage model, and ABAQUS simulation
software is used to perform static strength simulation analysis of the established linkage model,
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which verifies the safety of mechanical linkage under specific working conditions by extracting the
load on the components, and optimizes the connecting rod structure model to seek lightweight
solutions. The modal simulation analysis, stress and strain simulation analysis and lightweight
topology optimization design of the mechanical connecting rod are mainly carried out by using
ProE and ABAQUS simulation software. The results show that the design connecting rod model
and the optimized model meet the permissible stress requirements under the relevant working
conditions, and the topology optimization design also provides a better structural design idea for
the product. Through the simulation analysis of the mechanical connecting rod, the stress distri-
bution and component performance safety of this type of connecting rod under working condi-
tions are obtained, and the linkage design mechanism is optimized, which proves the practicality
of ABAQUS simulation software in the design, analysis and optimization of components.
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A REAT AR E 0L T BI040 B s Jr 22tk [RINAE R M AT HEAT Do fe e it AP RE
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TiEES, BE - A B2 P IS S [1]. AT IR SO HE T BT Hem . RIS
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Table 1. Relevant mechanical properties of 35 CrMo materials

= 1. 35 CrMo MR 1 8E

W TAFALE PR B e I e b
7850 Kg/m? 0.286 2.06 x 10" Pa 8.35 x 10° Pa 9.1 x 10° Pa

Figure 1. Schematic of a mechanical linkage model
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BEAT A OGTHE IS H RA MBS ORI T AR, B a0 7 FRIEAT SR AR, SRARAS 21 45 SUE SR A5G  sisb iR &
WAME. B, N7 AR R TT, 7RSI AT RS (R 23, KBRS g HAT S RO AR AL
AIRTOHERY, X R AT DA B A A 24T A O A BR JT 404

DR Ay U AR AP 5T (AT AEAEAR 2 (R JE IR SIK, BT DA AL 1 X A& 3R AT & BRI 7 — B AR B B2 ghit
FHLRE BRI AR 2 5748 . A SO UG AT 1) RS 1 20 R K2 ABAQUS 7 1Y) i 2 W s 1) 23 D e
FEH A2 73 M1 LR R FEAE b ROR (] A% BB [6] . WU AT B RS R o0 ] 2 o FESiitin b, A%
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Figure 2. Schematic diagram of the meshing of the
mechanical linkage model
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Figure 3. Finite element setup diagram
E 3 BRTREREE

2.3. ARTTEGTER RS S
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AT N7 B AR PR HIAR SRR 7840 BT o 7E 132 ] ABAQUS HR A HUGE AT T 10 BABEAS HEAT T [7], T {8
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Figure 4. Results of modal analysis of mechanical connecting rods
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Table 2. Mechanical linkage correlation modal frequency

= 2. HUMEAT R KRS

RS 4L B (Hz) e T B (Hz)
—Ir S 89.132 NS 941,512
ZIEES 129.874 LIRS 1117.767
=S 299.156 I\ 1245.134
VP RS 393.633 JUMTBES 1637.487
TS 628.589 T IS 1852.319

ME 4 FRRTELE B, EFFESS 5 BriRBY P A A dAF rp AR I 25 i AR, OF B/ kim T e R AR AR T
ME T B R B MR TT AR T TR 2 R AR BOR T 5 5] o X e R AR 2 S BN UMIEFT AN RE IEH IS &
I HARAT AT fiE 51 P2 Ay it 7 26 K Ao

M 2 A P R AT B R AT A Y, £E 400 Hz LR ESREA DURY, SRERARIEAR, T HLmE
FE— A R ZOLRAE AR, R SIHLAE RSB Sl LR, AR 5y R AR B AN o DG AE BT
275 R 10 S5 K AT OO A AR BE G ICHERDRL R B AR SRR A2

2.4. BRFTTEGFHEBB R SN 54T

5 A R T 07 1 M R P HUBE AT EAT 3% 122 0T [8], Xt L Xl 70 2 IS O BB AT AR R 1) /) Sk v
M6y St 2000 N [ F7 o AENURGERT R kim0 « /) Skim 52 ATHI IS DL R REAT #1200, IRJE 321040
ROW AR 5 KI& 6 Fras. M5 IR LA, HUBGERT A BN A7 B A S K kv
SR IERAL, KN 6.798 MPa, i/ IR VF IR AR/, D A RABFF SR 22 1 ik
2R AR, SR BTS2 R K. M 6 T BLE HY SRR A% A B AR /D Sk bt B R T A AR
MIBLE, KN 6.991 x 10°° mm, L& Ay LLZBE AN . SE AR S AP R A2 1 Ja P A 88
AT o N ABAQUS I £ 45 RKF, NiJT. AT A IR AR T~ e

S, Mises
(Avg: 75%)

+6.7979e+00
+6.2314e+00
+5.6649e+00
+5.0984e+00
+4.5319e+00
+3.9655e+00
+3.3990e+00
+2.8325e+00
+2.2660e+00
+1.6996e+00
+1.1331e+00
+5.6660e-01

+1.2389e-04

Max: +6.7979e+00
Elem: P01-1.471

Node: 14

Figure 5. Stress cloud diagram
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U, Magnitude

~ +6.9907e-09
+6.4082e-09
+5.8256e-09
+5.2430e-09
+4.6605e-09
+4.0779e-09
+3.4954e-09
+2.9128e-09

-~ +2.3302e-09
+1.7477e-09
+1.1651e-09
+5.8256e-10
+0.0000e+00

Max: +6.9907e-09

Node: PO1-1.2143

Max: +6.9907e-009

Figure 6. Strain cloud diagram
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3. Abaugs BREFBIFRIMEWL
3.1. #EIMAILETA

PRAMICA R AR FE 00 L 2 BUR 1 26 1 R X AT R At ARGE AR 0 A SRIEFE AL XS B2
X 2853 73 AR FRIRRIE 22 18] J T SRR L KA BT %8 AEAR 2 Uk EREAE ], 21 ABAQUS Rt/ #r
BAE XA A REAT ARSI AL S PR, AEARTR] 000 RAE D B8 R K A% 73 i RO 42 T X 4 AR b AT
AT [9], LT A RERAE B FAR A AR o

XEHUBGEAT VAL F A vh 3 E 5 H AR R B Wit 2 LR =N 2R, AR i aRIL N :

Find x = (X, X5+, X, )" (5)
minC(x)=F'U (6)

Vv <Vv”
st.iF =KU ©)

X, ={01}(i=1,2,--,n)

He, X, NEIHEE; K. U 9508 NIBEHREERE B R E; FREFIZRA g Vv oNE
FHARL VORERF ML S R (E .

ABAQUS 1f LA AMIEAL AR SRR Wl (] 7 7 o

MRAE 2.3 AT ATEE R, SEHUMOEAT 00 B AL BT SR AMIEAL, BB A B AR XSRS AR ARA
RALHTIT 70%, f5 KR ) 5 A A4 LV F S A 835 MPa.

3.2. ABAQUS G HIRIMELE R

8 H Abaugs F AT HUMGEFF M AREAT SR FMEAG S, P X8 B B kAR R n 14 8 Fow, fkik
NEE 2. 3. 4 5 UIEREE R, MELRG RS 2.4 G BT A B RO TR 2 % R MR T AR A
AN AAR B SENT /N Sk A B AR . X T UG AT Hh ke BRI A 10 o B AE 28] 7 - He s AL 1 A BT &
M9 HEAR S RFASL LR T DAG s BERLHEAT 5 R INI%ARIE 5 LA 5 AR Y S EL I A 97 AR RIS B 8D
FEXT ] 78 A X33 AT 70% AR R B TF 2 5, BEAVRFRT B o B UM A 3% AR A 7 B oK 3k
FTARA TR 30% 75 45[10].
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Figure 7. Topology optimization process
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Figure 8. ABAQUS topology optimization region iteration results
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Figure 9. Model optimization iteration and volume change curve
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L L
0. 5. 10. 15.

Time
[CON]OPT-CONSTRAINT-1:LE:D-RESPONSE-2 Whole Model

T
1
ON]JOPT-CONSTRAINT-1:LE:D-RESPONS

(@]
[VAR]D-RESPONSE-1 Whole Model ‘ = |

SEHULAL S HUBCEAT IR g NS R A0 10 s, PLAJa oK (B8 7.716 MPa, i/ TV
FARL I, BRRAR 5 1.07 x 10° mm, P SR BRI/ o ARALRD 5 AR AL BUE A EL g R e 3 BT

4, &Eig

AL TN GHBGERT 8L ProE BT, JFH ABAQUS BIFREATHLA 0T, #1200 #r
AR AR BTt S8 /A B U EEAT IR AT 10 B RS ) 0 SR FC nl R XA £ A R JEd 0 2
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S, Mises
(Avg: 75%)

+7.716e+00
+7.073e+00
+6.430e+00
+5.787e+00
+5.144e+00
+4.501e+00
+3.858e+00

+3.215e+00
+2.572e+00
+1.929e+00
+1.286e+00
+6.430e-01
+6.276e-09

Max: +7.716e+00
Elem: PART-1-1.1877
Node: 125

(@) MA=HE

Max: +1.070e-008
\

U, Magnitude

+1.070e-08
+9.809e-09
+8.918e-09
+8.026e-09
+7.134e-09
+6.242e-09
+5.351e-09
+4.459e-09

+3.567e-09
+2.675e-09
+1.784e-09
+8.918e-10
+0.000e+00

Max: +1.070e-08
Node: PART-1-1.2154

(b) ALK

Figure 10. Stress and strain result graph before and after optimization
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Table 3. Results before and after optimization
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| PN W] BRI
EFFR AL AT 6.798 MPa 6.991 x 10° mm
EFFIAL e A 7.716 MPa 1.070 x 108 mm
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