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[Abstract] A method for optimizing the layout of carbon fiber composite floorings for BIW was proposed to enhance
precision, efficiency, and structural lightweight. Initially, BIW finite element model was established and its efficiency was
validated. Subsequently, material parameters for the carbon fiber composite were obtained through mechanical performance
testing, followed by conceptual designing and modeling of the flooring layout. Subsequent utilization of continuous variable
optimization determined the thickness, block shapes, and layers of the flooring, employing a discretization and rounding strategy
to achieve discrete layer numbers for each layup angle. The optimization results show that the Particle Swarm Optimization—
Bacteria Foraging Optimization (PSO-BFO) algorithm proposed herein improves flooring quality, static bending stiffness and
BIW lightweight coefficient by 34.4%, 6.0% and 5.3%, respectively.
Key words: Composite floor, Composite ply design method, Particle Swarm Optimization—
Bacteria Foraging Optimization (PSO-BFQO) algorithm, Multi—objective optimization
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1013 0.67 0 |2013] 1.30 1 3013 0.69 0
1014 1.21 1 2014] 1.65 2 3014 0.74 1
1021 1.66 2 2021) 0.72 1 3021 1.67 2
1022 0.90 1 2022] 047 0 [3022] 0.88 1
1023| 0.66 0 2023 1.12 1 3023] 0.53 0
1024 1.18 1 2024| 0.56 1 3024| 0.37 0
1031| 1.66 2 2031 0.72 1 3031 1.67 2
1032| 0.90 1 2032 0.47 0 |3032] 0.88 1
1033 0.66 0 2033 1.12 1 3033 0.53 0
1034 1.18 1 2034| 0.56 1 3034| 0.37 0
1041 0.77 1 2041, 1.57 2 3041 0.77 1
1042 0.43 0 [2042] 1.04 1 3042] 1.04 1
1043| 0.59 1 2043 0.75 1 3043| 0.72 1
1044 0.49 0 2044 0.64 1 3044| 0.51 0

2 8 TR AR AT 4k 52 6 MR b AR R B % 22 £ 2
BRI A APR AR 36 M2, Horh e kidh s
B Z 201>, 4046 44> 0" A AL Al 2 61> 45" gk
B2 6145 it 2 440 90" 2 =R
S LT A R A S B R S 4R 124
54 FHEIFRUEFED

TESH R IUF R BT R v, o T BRI AE LR AIE 1 4=
B 5 ah AV RE Y[R , At b 3 5 B E P Ak H broxet
AR AT R i AT R A B A
find X, = (x,,,%,, ;)
minf (X;) = (Q(X,),-Bs(X,))

s.t. B(X,) = By, (13)
T.(X,) =T,
Cypr Cryr Coy
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o, 0,00, WBETHE R, QX)W i AL R B, BYX,)
NG KIEE , B(X,) (X5 50 0 114 B — B 2 il A
A, C RS 22

RS FEEEETUHBELER

& 5.1 (Particle Swarm Optimization—Genetic Algorithm,
PSO-GA)XF M By Fl Q B k035 3 53 R 27.4% .6.2% Al
4.5%. HHK PSO-BFO J5 A1 PSO-GA J7ik# nl LKA
S AR 0] 1) 4 J) B P A L (H PSO-BFO J5 48 PSO-

‘ WA GA Ji ¥ AR FI RO 45 H T Ry ¥ . TRt , 42t 19 PSO-
i e gt T4 38 [X 3k N .
A B C BFO J7 1k BE 54 WU B 5 4 B BRI B R IR 19 £ H
0° 0° ABC kAl A ),
0° 0° 0° ABC *9 EaWHMEEEE#HEIRF
45° 45° 45° ABC R HR =
45° 45° 45° ABC A B C
pr— 45: 45: 45°O ABC 1 45° 45° 45°
—-45 —45 —45 ABC 2 —45 —45° —45
-45° -45° -45° ABC 3 0 0°
—45° -45° -45° ABC 4 45° 45° 45°
90° 90° 90° ABC 5 0
90° 90° 90° ABC 6 0 0° 0
0 0 AB 7 45° 45° 45°
TFHILE - - -
90 90 BC 8 45
0° B 9 0° 0° 0
0° B 10 0°
45 A 11 -45 -45° -45
57 2 O
—45° A 12 -45
90° B 13 90° 90° 90°
90° B 14 90° 90°
55 SRIBFRILER a : v :
WL TR A 5 X4 8 1 101 Ak 36 2 1o - - il
SIET T4 U AL 378 4 B3 5 22 A ) S22 v * * *
FEMRAE , SR IE A 25 8 1 TR 2 S U 7 2 18 %
T A /N BT R U J A 4 Bl 2 v, o 7 R0 AREATTRHERI L
Pl gt PR 2%

Sl ) el T o TR A 2 ST R T ] R
A BB R TREZY R 3l R N AE
PR 2 VR AN R IE AR 0 , 75 30 52 5 i ) b R e JEE
AT AR MR 9 R
56 EARBERKAENERLE

R T S UE BT R A Ak 5 TR A R L AR R 4%
PEF 20 0K B — AR SR R A DR A T332 X Al
R AT AL BE T . 3 10 B A il FH R R4k 4
FR%F L2 SR R 2 10 R, AR [R] A D Ak 7 3k 35 T A —
SEFRIE bR (14 B 0 PR B IR IRl Al TR e, (L filE
— AR W AR R . AL Z N IRA LA
RS AR AT N o 3 10 45 S, B4R Y PSO-BFO Jf
X R B MRS IR B 2R B i L R A
Q F B3 2R3 1 34.4% .6.0% F1 5.3% , b FHE Ak -1
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Metedr:| otk
Mikg | B/N-mm™ | Q | M | B, | Q

Mfffy| PSO | 222 | 130855 |4.23/10.3|5.4 |28

RS BFO 19.0 | 12837.2 |4.20)229| 3.4 |34

BA Ak PSO-BFO | 16.2 | 13163.6 |4.12]34.4| 6.0 | 5.3

=

GRS PSO-GA | 17.9 | 13184.8 |4.15]27.4] 6.2 | 45

6 fLALET.EMEREXT LLIRIE

6.1 EGSMEMRIERELIE
BRETLE S S AR AR LC A M AR S Dok 2 8.5 kg,
W AGRF] T 34.4%. AT W UE PRI BRET 2E A
At A B A0 A (40 A 25 L % 3R 9 T (Y SR AR S R L
ZHATHERE R IR AE , 13 T S B G AR AR 7E 25
it A % T 00 B 2R 8 o A 1 DL, He B KR R
"o R



Wriade 45 TR -0 0 IR A DU A MV AR 4 5 S AR AR B2 B0

B 0.109 F10.035, /N TR bt 1, K 14 s

RS2 AR AR S RIS T8 RN ) A

e RIV F143 50 33.8 MPa F119.5 MPa, ¥/ T & 41

AR [7] Fi7 A58 B 40 MPao PG, 2310 & A 44 R AR

RS AR5 A 1 7] FF 0 bV ok B AN B oK, LA

L A9 57 TR
RAAREL

1.088x10™"
IE9.582><10'Z
8.285x107

6.989x107

5.693x107
4.397x107
3.101x107
1.805%107 -

5.087x10
—=7.874x1

No result
Max=4.000x10"
Grids 894099
Min=-7.874x10"
Grids 894099

(a) 2 fih T-5L

ESICiE e
3.484x1072
3.040x1072
2.597x107

2.154x107
1.710x1077
1.267x107°
8.238x107
3.805x107°
-6.275% 102
—=5.060x
No result
Max=3.484x1
Grids 896488
Min=-5.060x10""
Grids 929220

(b) %% T
13 A MR RS B

KFEL IV F1/MPa

33.82
[30.06

26.30

22.54

18.79

15.03

11.27

7.515

3.757

—1.194x107]

No result
Max=33.82
Grids 491538
Min=1.194x10""
Grids 902749

(a) 25l T 0

K IEWTNL ] /MPa

19.46
[17430
15.14
12.97
10.81
8.649
6.487
4.325

No result
Max=19.46
Grids 553717
Min=1.192x10""
Grids 553709

(b)) T
K14 AN 1531 2

6.2 BEHMBEXILL

1R ARARHT T 4 B i BARPEREXT L, 1
A B R Al R B R K 5.3%. RN, AR B iR A
SR ASTERE 2 e, A o D R A A R A D B
SR T 6.0% FH 2.4% , — B 25 AR 25000 5 F— B L.

20244F 558 M)

FEASATCR A AR = T 10.6% F13.1%.
1 e EEESERMEREITLE

SRE| Wb | EEARHbR
HbbR o kg 24.7 16.2
75 il /N - mm ! 12 415.1 13 163.6
FRASHIEFE NI Nem- () 18 643.3 19 098.8
— B A S AT H e 52.6 58.2
— I A S AT H e 35.6 36.7
MRS R bR A 4.35 4.12
7 HRiE

£ QYE S KNS KR S i EIRUE S S aAS K
EATBROTAAY 8 R I T BT 4 S AR R ) 2
PERE, B2 T & 5 MR T300/5208 (1 77 24 MR E S L, ik
¥ Araldite 2015 2514 A S 4 B 43 Jw 0 6 A 5 52 5 44
REHIA R A HERORE SRDRE , (] ) 38 2o o i 3R A 1
FEAL P REAN ST U TERESH, IF 0 S S R AR AT T
— AL IR BT, BT Y PSO-BFO 512 40 4l J2 it
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ZAR R LA S R, g i PSO-BFO J7
VNS AR B A A T I JEE R 4 B Al R AR
RS H 34.4%.6.0% F15.3%. 5 PSO BFO Fil PSO-
GA AL XS L 25 5 % B, PSO-BFO J5 % Fl PSO-GA 3
e A — LA 32 B RE RS 52 A AL IR Y 4 R e L A
B PSO-BFO J5 145 2] 1 45 H 56 Ry ¥ iy, WE W 1 e 44 113
107 R RE AT U DB 2T 4 52 5 o R AR B 2 22 H b
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