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Structural Optimization Design of
Polydicyclopentadiene Bonnet
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University, Changchun 130025, China; 2. College of Career
Technology, Hebei Normal University, Shijiazhuang 050024, China,)

Abstract: Taking the engine cover of a passenger car as
an example, the structure optimization design method
flow of Polydicyclopentadiene (PDCPD) engine cover was
established to realize the lightweight structure design. The
material property data of PDCPD were measured in the
experiment, and the design process of equal stiffness and
equal  strength  calculation-topology  optimization-
morphology optimization — multi-objective parameter
optimization was applied to the structural optimization
design under various working conditions. The
performance analysis results show that compared with the
original steel engine cover, the PDCPD engine cover
designed by this

method can achieve significant

mechanical performance improvement, and the

lightweight effect is obvious.
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Fig.1 Steel hood assembly model
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Tab.1 Material parameters of each part of steel hood assembly

e Bk %/ ( tmm ) BPERIRE/ GPa TR & R 73/ MPa WIAIERE /mm
AR DCO03 7.85%X107° 194 0.24 170.72 0.6
IR DCO03 7.85%X107° 194 0.24 170.72 0.7
Bt SAPH440 7.85x107° 210 0.29 261.49 3.0
AN D180H 7.85x107° 201 0.27 221.70 s
GOINEYR DCO1 7.85%X107° 201 0.24 174.00 1.4
T AUINGE AR DCO1 7.85%X10°° 201 0.24 174.00 0.8

£2 WEEDIE BRI MRS 9341—2008) , 43l £ PDCPD # #fi R 25 i it

Tab.2 Some performance specifications of steel

hood assembly

T H /27 T EA¢:!
B T 109. 45
25K/ (Nemm ™) EA T 110.09
s T 166. 67
HEEWIRE/ (Nemmerad ") HFE T 7.18 X107
1B 43. 28
[ 4% /Hz 2 47.61
3B 54.53
it /kg = 8.56
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Tab.3 PDCPD mechanical properties test data

A Bl
NPT PR/ GPa 2.0
B e /MPa 5. 49
W fE 24t /N 135
SUE R/ MPa 81.0
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Tab.4 Material thickness to mass ratio at equal

bending stiffness and equal strength
i H SRR (/) BiHE G (my/my)
75 il W 2 4.59 0. 60
SREE 2.38 0.31
SinR15RAFTHEFMHERLIE, IR
PDCPD #4 #} J& 1 0 24 94 %, %) 8 g V1 —
PDCPD & gL S S il 25 4 AH I A A AL R e 1 4
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Tab.5 Material parameters of each part of V1 —PDCPD hood assembly

E g P/ (t'mm ?) PR/ GPa MEL /N JE RN 1/ MPa WIHRIERE/mm
AN PDCPD 1.037.85x10°° 0.39 55.49 2.8
AR PDCPD 1.037.85x10°° 0.39 55.49 3.2
NARESEEGRIX S PDCPD 1.037.85x10° 0.39 55.49 10.0
PR 5 I i X35 PDCPD 1.037.85x107" 0.39 55. 49 7.0
BB SAPH440  7.857.85X10° 210 0.29 261.49 3.0
ER D180H 7.857.85X107° 201 0.27 221.70 —
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Fig.2 V1—PDCPD bonnet inner panel
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Tab.6 Thickness of different parts of V2—PDCPD

engine cover

1 JEJ /mm
AN 4.5
MR 6.5
PRI R i 5 [X 3, 13.0
PR i i [X 7.0
A SR i [X 358, 7.0
Bk 3.0
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Fig.3 V2—PDCPD bonnet inner panel
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Tab.7 Performance comparison between V2—PDCPD hood and original hood

HFMIEE/ (N-

i H Z5 MR/ ( Nemm ™) o $iZR /Hz it/ kg
mmerad ')
T B TH IES TN s T HEET M 1B 2Fr 3B =
UG & Sl 109. 45 110. 09 166. 67 7.18X107 43.28 47.61 54.53 8.56
V1—PDCPD & #il = 53.79 47. 62 120. 22 3.77X107 26.70 27.88 42.90 5.96
V2—PDCPD & Sl & 124. 29 90. 23 144. 74 7.97X107 31.09 32.21 56. 25 9.15
T/ % 13.6 —18.0 —13.2 11.0 —28.2 —32.3 3.2 —6.9
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Tab.8 Design variables and horizontal ranges

Ef s EERMER/mm FRR/mm FFR/mm
AR A 4.5 3.5 10.0
PR T R X 38 B 6.5 4.5 10.0
WARAEMEXE  C 6.5 4.0 10.0
AR TR ISR X, D 7.0 6.0 10.0
INARECHE ISR IX I, E 13 11.0 14.0
AR ZE ISR IX I, F 7.0 6.0 10.0
BHEMRXE, G 3.0 2.0 4.0
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Fig.7 Contribution rate of each component thickness to each response
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Fig.8 The main effect of each component thickness on each response
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Tab.9 Performance comparison between V5—PDCPD and original steel bonnet
iH AR/ (Nemm ) HELWIE /( Nemmerad ™) i /Hz i /kg
T4% BIHTH  EETH T T 1B 2B 3B -
i & S 109. 45 110. 09 166. 67 7.18%107 43.28 47.61 54.53 8. 56
V3—PDCPD & s/l 130. 95 92.31 145.70 8. 59107 31.67 32.02 57.20 8.939
V4—PDCPD & s/l 5 167.94 108. 11 151.72 9.82x107 33.90 34.12 58.75 8.73
V5—PDCPD % Zh#HL = 171. 88 118.81 226.80 1.05%10* 32.10 33.40 54.70 7.88
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