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Application of improved augmented radial basis functions in
optimization design of remote guided rocket

CAI Weiwei, TIAN Jingwen, ZHAO Yi, LI Guosheng *, WU Zeping, YANG Leping
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha, Hunan, P. R. China,
410073)

Abstract: To improve the design performance of long-range guided rockets, a multidisciplinary parametric model of
long-range guided rockets was first established to achieve high-precision performance simulation of guided rockets. A sequence
approximation optimization method based on an improved augmented radial basis function was proposed, which enhanced the
generalization ability of the augmented radial basis function model through anisotropic techniques. Recursive evolution
experimental design and fast cross-validation were used to improve the efficiency of approximation modeling, and an imprecise
search strategy was applied for sequence sampling. The effectiveness of the proposed optimization method is verified through
numerical examples. A sequence approximate optimization design of the long-range guided rocket was carried out, and the
maximum range increase by 16.7% compared to before optimization while satisfying design constraints.
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Fig.1 Geometric structure diagram of LGR
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Fig.2 Multidisciplinary simulation flowchart of LGR

TR 3, PR ) 5 oK i S AT SR i
ITTRIEN . BRI RV AR, SRR
g KA R ED, FEAE AT EERT
100km. &AL & AN i 4500kg PA K 338 K b
RN R T2 HLygd i/ NN T--75° 4. K3
By B B HE g [ AR K B R B L, P44
200kNZE A7, TAERF[AI40s /AT s RANWLRFH “H
w7 SRR E L, ATFEELIFOESYA
200mm; WEE MR E120mm, HE4ME290mm, K
J£330mm. R RO AL, EAEHCN. |
I, HUEREBR AR TG B AR EBR, B
FIHCE N6 - B AT BN R 7 2% R EAR S 4
W 1R,

WYL EVIIRFAT AT B, 3361k
77 ZE 50 Hh 2 DL KAT S HR A th & B3R
MERB@)HATAE oK AT EZ180km, 4
FRZH940km. KATIERES, KIWHES) . ®AT
B MR SR A RGE A 305 24
I} 1) AR Ak A I3 (b-j) s o« KB AR 6] 2
NA5s, sKIG, RANHAE S SR NI FAE TAERS
[ N 4EHRFFE200KN e A BB TR AR . RAT RO
I L NAg it KB h220kPa, HA7E
ARG . @ Z0LEh)E, 6l KE LR
Uity Ly 42,20 47 UL Je-80° FE A5 ¥ M H b
ULAA 77 S0 L SRR AR, A SR,

* 1 HSASREAFRSHLE
Tab.1 Overall parameter settings for LGR
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AR mm 1000 3500
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3.1.3 AREMHt

2 TR 2% A A A TR R A s R 6 20 2 1 I
f, EBONB AR RARFRAI W . EHfE B
PRER B AR B, AR SR AR SEfr
R, WhELHRKMT:

(1) KPR ELAR: KV RE
M, oo < 4500Kg 3

(2 “AiTmEANR: CiTHRK&EGE
H, .. <100km:;

(3) LR HREAENAEE, ROk
it Ma, <15, NTRIERBIRESI ST HRECR,
A A Ma,,,, > 2 5

(4) TREELR: FRREMEZn>02;

(6) WATHELAWR: RATBUA R KL NAE
||, <20deg » FC-VHREMA | S|, <20deg» %
FE AT o R B B Bk, TR A
O, <-75deg ;

(6) ML FEaHEL, RAIERE
ymax [S79» RAHFNEH n, <309 :
(7) LW BIELEMRE, HRE
Omax < 250kPa 5

(8) AU E B4R
Uy < 30MW/ M

BT AR R BT, BT AR R LR
HIER N, RGN FIGRE , e T KT A
BOHRAL ] L SO

max| R, =F(X)]

st.

Mypor < 4500kg
H, ., <100km

max —

Ma,, <15 Ma,, =2

n=0.2

||

#|n

BE AU R

max | © lnax < 20deg, @, <—-75deg

Ny e €705 [N, €309
o < 250kPa, G, <30MW/m?  (16)
X (16) A Z AL AR I, B s AR T

HATRAC T SR A . AT R 20, R
3T A S v, N A MR e 7
VERY IR 1R REEAT SR A
3.2 MMERKRTH

FeHE AL FE R, B bR R BEEAT AR
WE6RTR. HERR, Mibgh FikRZ620510%
S @A, S FE MNTLE 1) 940km bt &
1097km, HEK16.7%7/ 47, RAHLERE HYIG
75 % 14400kg T 4 24373kg. HIEA VT AILAL I
THRTR TR B CAT PR RE 1 B 45 SRxt L an ) as &
TERR A BETT (BT AR B R AT M R AT 45 x
thansk SAEITHR.

K6 Hiseus itz



Fig.6 Objective function iteration process

MERIR B S Bt I BAR S8 AT
VERE, EATBOHPEREXSEL M. B3R SEIAUA
GBS ER, AT B B,
RN BRI B R s, T EhEaeie Tt
A RGSH, SR TN LAPRAT SR
RIS, HRSERAAR; WTHE

SRR, RSB EIEIN, B P A
BORAR A . WETRT SN, il F K #TROR AT R SR
THE100kmA A, RENHAE SIS i, J&
F 5 A SRR AT ST, ORIk A B Y
m, FEARREN, TR S S H s
RBN—H

*x 5 ZIEFISANERIZITER
Tab.5 Optimization design results of LGR

1w T 7 XA TBR FRR LG any A it
SRR E mm 1000 3500 3400.00 3499.67
FRRMRLK mm 550 1000 550.00 550.10
JUFTAME o
RHRZENE mm 100 600 340.00 224.89
FRIEAE mm 500 1200 910.00 674.24
e g NE mm 4000 6000 5950.00 5999.73
WAz mm 90 120 120.00 119.99
75 - 6 20 15.00 13.29
MAOBH HHEK mm 500 750 740.00 749.98
2R 10 35 10.00 10.00
ZRER T mm 10 50 10.00 18.61
SR EAR mm 550 720 720.00 719.52
R EEMAA 45 85 50.00 5233
B f Rt 1 s 2 20 20.00 15.71
B 1 ° -5 5 5.00 5.00
VLA FRELI 8] 2 s 20 50 40.00 39.18
B 2 ° -10 10 -10.00 -9.99
B RS A] 3 s 20 100 20.00 16.23
WIESH B3 ° -20 20 18.00 15.85
Bt v] 4 s 20 600 400.00 429.67
W5 4 ° -10 20 20.00 19.99
B Fralmt(a] 5 s 20 200 70.00 78.32
B s ° -10 20 8.50 19.99
WSt 6 s 50 200 5.00 27.64
B 6 ° -20 20 20.00 -2.86

(a) HRE-S (b) WTR]-ABIHLHES)
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(a) Range-Height (b) Time-Thrust (c) Sequence of attack angles (d) Time-Speed dip angle

(e) IR IH)-Eh gk () B A= id % (g) W IE)-FAEE MR JEE (b R PP i £
(e) Time-Mach number (f) Time-normal overload (g) Time-static stability margin (h) Time-balance rudder angle
(i) N IE)-G A A P () FFTE-2h %
(1) Time-stagnation heat flux (j) Time-dynamic pressure

K7 WIs)T 50T % AT HERELLEL
Fig.7 Comparison of flight performance between initial and optimized plans
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1) ST T ARG K AR R A TR
U K3l s, shiMEssaet, 4
AR TR E VAR RE T Y, SR TR Ty
FEITE T 7 B

2) PR TR T ORI AR ) R R A1 A
Ak T2, 8IS I VAR AL SIS B R A S
Tl e by @ e S | S A = P
RERAE, A 45 F R B th o5 B B AR 3

3) EXFIm RS T K 2 R R, R
FAFTHE 7 iEA3 2 T 2 200 HLE Re OBk ARk
Wt &, SR B ¥ E 1) 940km A =
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