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Abstract: In order to reduce computation cost and improve convergence characteristic of collaborative optimiza-
tion (CO), low degree-of-freedom collaborative optimization (LDFCQ) is proposed. The system-level optimi-
zes the problem target by changing the shared and auxiliary variables and being subjected to the consistency
constraints. Each subsystem optimizes its objective, satisfies its local constraints by varying its local variables.
There are two formulations of the objective of each subsystem. One is to minimize the weighted sum of its con-
sistency constraint function and its state variables included in the problem target. The other is to minimize a
different consistency constraint function. The key issue of the investigation is how to formulate and solve the
multidisciplinary structural-aerodynamic design optimization of a wing with the conventional LDFCO/V1 and
the surrogate-model-based LDFCO/ V1. This problem is also solved with collaborative optimization. The re-
sults indicate that LDFCQO/V1 is feasible and effective and can be successfully applied to multidisciplinary de-
sign optimization of wings.

Key words: multidisciplinary design optimization; low degree-of-freedom collaborative optimization; collabora-
tive optimization; surrogate model
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Fig. 1 Basic framework of LDFCO
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Table 1 Basic parameters of a light aircraft

z B ER W
BREEW,) /kg 700
HMLEERGS /m? 10
AT ERE (2/0) /% 12
ZHRMERBIEERW,) kg 480
BRI () 0.8
REHLFEMZE(Ce) 0.6
Bt F I R E(CL 0. 49
WAL RE (V) /(km » h™1) 200
A (HD /m 3000
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Fig. 2 Structural finite element model of the wing
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Fig. 3 TIteration history of range by using conventional LDF-
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Table 2 Optimization results by using conventional LDF-

COo/V1
z B & %
JETZH (AR 6.02
ERZEA /O 3.89
BHRMHE A (/O —4.12
MELSHWER W) /ke 46. 2
FHBH e (L/D) 18.5
W2 (R) /km 2994
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REAS R RCE BUE L, Hop Nastran (R A6 B AR B
BZFEBG T AR . BOE R 5™ &
A ZF RN, At g 2R B A W S s it R B
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Fig 5 Iteration history of range by using surrogate-model-
based LDFCO/V1
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Table 3  Optimization results by using surrogate-model-
based LDFCO/V1
e b5 B i #
JRIZH (AR) 6.01
THEA(D/O) 3.97
A (/) —4.35
MLEZEHERW) /ke 47.6
FHEE L/ D) 18.5
i (R)/ km 2 920

HiZ 2 M58 3 AT LI L2 R 7 kAR AE1S 21
BUFRRALEE R . B TAB AR 77 15 R % I8
INHE R EEUE RS R EEITR R EARE
SEARERAE AL, B LA T BB R LDFCO/V]
— P E S AR AL T vk
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b 0 B 8
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min Jo= (g ) (S

0) (1 2 0 1 2 0 1 2
(S5 1 () (K5
s. t. C, =0.49
X, = {AR™",6 ,a,¢}
X FRE ERDORRIBTRE.
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as” .6 F W LAl b, @ AR A &L T,

B/ IR R IR AR KA. ST R
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. AR(O) _ AR(Z) 2 w __ (22
min J, = <—AR(°) > + <a71 ai‘))a ) +
O — g \2 WO W@ 2
(T ) + (e )
o; |:O',-:| < 0 (ﬁjj]?/ﬂﬁ)
" u; — uj <0 ({j%%ﬂi)
S. T.
A—1>=0 (FRREMAHO
L imin < X < L imax (RT"‘Q/‘J;&)

X, = {AR(Z) ’(1%2) ?xi}

X FEE B (O RREH TR

H1 b T[] 23 i AT LA, CO J7 3 i it
R R A K AR L LDFCO/VL £, 40
KAPR.

% 4 LDFCO/V1 5 CO TE BB

Table 4 Comparison of variable numbers of LDFCO/V1
and CO
TR
= . LDFCO/V1 Cco
REHBIT R 3 5
[ TRARITER 2 4
[ TRAHRER 2 5
HHT ARG ER TR AR B A TR +2
ST RAMAER 1 4

CO WK BT A4S LDFCO/V1 # L, & H
SRR, RRBRIT RN £, LALET 8
MR, >R VLM 85, 46 R H 5 5
AR (NLPQL) . H 2y VLM i+ B AR 4,
FUARTREESL R FREMATREA,

CO MM FRE MR ITHEEGRERTRIT
T HEEEITEE AR AIBERELRE o,
HF ARPHl o B FIHNZRITERE, AES S
¥ R} [F B € Nastran Hr 47010, B 22—k
AR®? Hl ai” #EHAT—IK Nastran 4L, PR R
SR B R BH (AR ,a{” ,a” , 60 , W}, &
B 47 2 /0 JL 1K Nastran {46, L8 B 8/
Jos BT UL H 88 A Nastran 2 A LR, iHEE K
K. REETESH T ARG FACRER,

CO M &5 F Z Go b g AR E B AU 19 7 VA AR
PRI B RN R AT A4y Ry 3 il

(D it AT B AW
TR Wl TR NEEMHAETE M. 2N
B RITE S T Z B E DL . SCERC9 ]
HI S50 F R Gu i 2 ok FH R 454 43 AR B BE AL,

) St RBEER . MATRERIRSE
RAGEKH 0O FI WO LRGN T RGEH T E#
IRl AR M ai” , i AR B O B B M 5% A

¥ 3. Nastran L 8 B s R <M)z n

6(0)
W(O) — W(Z) €]
(T )
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LA Kriging F1 70 ¥ i S 17 AQ BEAR A
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EEZHE . CO P R/EMMAMAT LML AR?
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ARBRAE Y B AT — Y33 B A] 45 21 i B2
FIA CO FE#HTMAN IS LT RE
KRS R MR, R G %5 3R A NLPQL
HEH GA L. BT9E R BRA Ak i 72 i S5 L 2 1R
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S J5 AR ME U SR B /N A, XE LU AR B 52 2
R R, FEINGSRTEZERTHEA ST
BHMME., ROSFIET —F T AT, BN
KR . AR AR L 6 FiE 7.
R5 RELERTRETELR
Table 5 Comparison of variables between system level and

subsystems

AR 6/ (" a1 W/kg K
RA%R 7.12 0.22 0. 567 68.58  20.17
LMTFESE  7.16 0.24  0.567  67.22

SEFARS%E 709 0.21  0.563 20. 09
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Fig. 6 Iteration history of range by using CO
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Fig. 7 Iteration history of aspect ratio by using CO
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