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Abstract: The design of wing rib trailing edges with flap tracks requires the determination of sizes of the rib
edge strips, the webs and the topological shapes of the rib webs. Therefore, a perturbation neural network sur-
rogate model method was proposed for the size-topology synthetical optimization. The basic idea is that, based
on the sensitivity of topology optimization to parameters, the perturbation is introduced in the DOE samples to

capture the topological mutation points by means of the filtering measure, and reduce the numerical noise,
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which greatly improves the prediction accuracy of the surrogate model. With the topology optimization process
=

viewed as a black box, the surrogate model for the size variables and topology optimized structural responses
was directly built up. Finally, optimization was carried out on the surrogate model to obtain the optimal combi-
zation demonstrates the validity and superiority of the proposed method.
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nation of structural sizes and topological shapes. A typical calculation example of wing rib trailing edge optimi-
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(a) Diagram of the wing rib structure
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Fig. 1 The initial model for the trailing edge of the wing rib with a flap track
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(b) The trailing edge structure of the wing rib with a flap track
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Fig. 2 Dimensions of trailing edge of wing rib structure and definition of design variables
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Fig. 3 Comparison between ANN and PNN
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W FHAOACHAR R 2 B Z2 101 20 1, T ( polynomial response surface, PRS)#i%I Kriging 4557 P J 45 ) J
PR (radial basis function, RBF ) A5RI45E200 B e 45 2 A ek v B4 1 8% P BEASS R (1 100 00K J3E R £, e
KL VARSI T L K Z2 0 I3 B i3y, 25 5 TH R RBCR AR B, AR SCHER ¢ B/ 1E % Kriging B85 £
BRI Ve RBF BT8R IS 22, £ R/, il LA B e PRS KL,
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Table 1 Prediction accuracy and characteristics of the surrogate model ']
surrogate model prediction accuracy characteristic
PRS low high efficiency
Kriging high sensitivity to digital noise
RBF medium the best effect in general
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Fig. 4 Optimization flow chart
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FHR B e 04 Mo AR A py Tl 8 ), HERIk =R
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3 SR SPUENE S

3.1 BIHTERARK
HEANZE MBI EEA T AN E] 2 TR IS5 A HA RS AR & 4578 8 44 FR BBV VG B an 26 2 i,
T2 AR IR

Table 2 Variable description and range

R* =1 (7)

variable name symbol range
upper edge strip thickness t; /mm 3.0~8.0
middle edge strip thickness t, /mm 3.0~8.0
lower edge strip thickness ty /mm 3.0~8.0
lower web thickness ty /mm 3.0~8.0
upper web thickness t5 /mm 1.0~4.0

PRFMEETT XIS S AR, S5 29 AT B AR o < 300 MPa, Z5 e RGBS 203 6 < 15 mm, I H
PR R TR w B/
3.2 fEHRMURITHERER

R TR RSN ZE M BTk, B eI iR S Mt A7 )AL iR T IR AL R 2 2R ks i 4
1558 A B C iy G5 M T3 o3 AT AN 5 FroR 2 =S TOL3 N 1204 (I 6 (a) |, BRI 5) R =4 T
DU S E1/NT 100 MPa (9 IX 30245 B BRI AR AL (18 6 (b)) , 2R )5 X AR AL AT I ARDLAL , 153 B e &
FMIRZILR(E 6(c)) , Fa FXHZRZILRAT— DAL B R A LR A A A R A2 A
Wi IS UL 3.

R 3 LG AR S A B B R

Table 3 Variable and response results at each stage in traditional optimization

variable or response initial value Ist size optimization final result
¢, /mm 3.00 3.26 3.00
1, /mm 3.00 3.00 3.00
13 /mm 3.00 3.00 3.00
1, /mm 3.00 3.70 4.54
15 /mm 1.00 1.49 1.56
8 1 /MM 10.72 9.57 10.90
70 /MPa 394.60 299.99 299.94

w /kg 1.842 2.12 2.06
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- (a) integrated stress distribution

stress distribution at point 4

stress distribution at point B (b) low stress area delection

stress distribution at point C (c) shape optimization

B 5 RFEALE RN )53 6 FEIBRTid R
Fig. 5 Model stress distributions after size optimization Fig. 6 The wing rib shape design process
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Fig. 7 The normalized sensitivity box diagram of the topological weight with respect to size variables
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P PNN e, BESEA T3 MG T LA B0 5 | A% LA BB 5 R AR (A AR 7Y, bl T e &R B e PR 8 A
BN ARG Kriging AAHEBIRL R PR 3 D0IG A 7R bk T ROH AL, R e 45 5 3% 4. 00RT 8
T F MR 2 398 ) S T T AR A S B AR A F A R AN ] 8 TR,

e, AT SR B R bR R 1) 48 T B S BRI AR s A EE AR T DL B U U MR 1)
W/ NRE ST A SCREVR T PNN Y3 JEREAS S8 £ 37 T PRS B8 RBF A58 | 4R 5 ] OLHS T HlkE T 200
AN, RZead PNN JE, B T — Kriging #0738 5 25 1 T KRG REXT b4k
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R4 T PNN ISR
Table 4  Optimization results based on PNN

variable or response t; /mm t, /mm 3 /mm ty /mm ts /mm 8 /mm o /MPa w /kg

result 3.00 3.00 3.00 3.71 1.72 7.44 300.15 1.90

B8 ZT PNN RS- sr B s it

Fig. 8 Results of the size-topology synthetical optimization based on PNN
R5 RUHBADK X L

Table 5 Surrogate model accuracy comparison

criterion Kriging with PNN PRS with PNN RBF with PNN Kriging without PNN
R? 0.915 0.536 0.897 0.782
Rynse 0.105 0.254 0.112 0.197

34 HREWE

LB 75 A8 A AR A e DN R TR A DX, AR R R AR AR MR B0 % R AR
JRUT 72 0 AN (] B B A e DL 4 M RIS ) B L 45 M F o, JCIE ARAT 3 R SRR M IR Fe
B ARSCITHE R PNN 35038 i A i )T 722 B 5 S5 A 4 2 i) ) AR | A L 4% T B v AU B
R R L

XFEER 3 53K 4 BIPLAREE R, A R QRSO0 A SO I ik AR e A it i i e 4l Ay B
BT 8.42% X SRR EHE JT A — R UL AR AR L AR M AL DB 107265 7 A9 00 ik RS AR M SRRy i e
DU AL AL 25 AL IR DG AR 2 i S A X A e B e DL i 2 L DA 2R A R Ml 4
INT AR AR R =S (B ASSOIT R 956 T PNN BEAE T3, i IR B 0 A 25 2R D S AL 4 i
B B AR, 7T L Z AP0 8R s A REA] REAR R 4 Ry dee DU, SCIA S 5l T LS e i e 4 4 b
FEAL i, TR E] T 32 ) 5 AR A M T A e AR

M 5 B OB RDRS B2 X L 45 SR AT AR 3R 21, 2850 PNN e , AR A BRSO i £ 48 s i 57 1)
Kriging #7055 2 51)) # HC FARMRAEACHE BEAR bR Sz 1) PRS #E5Y (25 3 51) 5 RBF #E8Y (25 4 51)) , B A
R REFVESHE A (PRI IEAS AR) TDNOHE LA 2B g | S e ] 0 AP A e B8 4 (9 48 T S8R A . e b, %o
HeBEA 285 PNN Wi 2R Kriging B8 (55 5 51) |, H R? IR EE T B, SRR RS SRR 8022 | iX 2 R Krig-
ing FHIRA D) 32 BIREIR A IR, U, R g 3R T 3T — A, RIS B AR ST BE 0 4022, 12 R
BEA A PE BN IRAL 53X P UE I T o S K M 7 4y Dl N 7 -5 B s 9 D 5 R Al B i

4 45 | iE

VNS I 1 = o/ L4 T g AN 7 7 el O X/ B o 0 ) = DN R TN R R A DS S
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I RV BT 5 3k A A SR
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P UL HCR AU IR ) FTINOHS B2 EAb , o 98 T Brads nT LU S7 A BEAR Y £ 45 b, AT Al LAE i i 415
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