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Abstract: This paper briefly analyzes the advantage of Modem Design of Experiments
(MDOE) contrast to One Factor At a Time (OFAT) test method, and tries to find the key
influence factors of MDOE. A new design method of experiments is presented based on
aerodynamic models. The research shows that aerodynamic model is one of the key elements of
MDOE. In order to prove that, this paper first gives a common trigonometric series model for a
kind of axial symmetry vehicle with electrical cable cover. Then, taking a certain flight vehicle as
an example, this paper researches the effects of trigonometric series and response surface
aerodynamic models on MDOE, according to saturation D-optimal rule. This research shows that

aerodynamic model play an important role in MDOE and the new design method of experiments is

effective. Some valuable conclusions have been reached.

Keywords: MDOE; aerodynamic model; wind tunnel experiment; flight vehicle

0 51 §

IR IR 3% B OFT R A% S8 1 OFAT (One
Factor At a Time) J5 &M, B & —Fh 5 F 2046 19, LA
KOs R 0 B 7 3k ol A 58 B A R AE LR E S R
AR R R B R TR 2R a2 1 XU IR 5
B . DA R 50 B ) XU 3 5 B A B il

s EHI:2015-10-26; f&iT HH:2016-04-25
EETH :ERARBES(91216203)

Ao W E & PR G 56 18] BF AR X 55 % 1t 1)) Fn AT F 901k
i 236 18] B AFDOE B I 30D SR PP A

Sy 2 v KU X6 0% AR R 06 A 2 8 XU
I EE RS MR, A 20 th42 90 A0 LIk, K H
NASA 22 FBIFFE v 1 b5 21587 A e T B 56 1k
1T (Modem Design of Experiments, MDOE) ¢ X
WA gk BRI B T O ik R R & ik

TEHE R I 1965, B, I PEAEM A L BFSE B L, EEMNFHE T S0, E-mail: tangzhigong@126. com

WASIESE : £ CIE " (1968-) , 5, WU A B WF 5% 5, M, RN AT 122 5 AT HIF5E. E-mail: success850012@163. com

S| AR JHEI, E3CE, Bryy, % KB AE SRR IIR® B PR R, 2R ik, 2017, 35(2): 172-176.
doi: 10. 7638/kqdlxxb-2015. 0190 Tang Z G. Wang W Z, Chen G, et al. Research on the application of aerodynamic models in
modern design of aerodynamic experiments [ J]. Acta Aerodynamica Sinica, 2017, 35(2); 172-176.



52 SRR RS BERTE BB B P B B 173

95 S0 AR B T e B — Rk RE ik, 5%
L8 OFAT # e MDOE J7 i 36 2R B 2 G816 fff i 5
5% 2 XU AR AL 3] T 4 22 7 iy o 200 19 e /0 1) 500
T AN 2 R A R o 118 PRI 38 256 ok K B 5t B4 o 4 3
I A PR T 50 RIS 2 /0 R o R R 0 R B
T o 5 TR AR ISR 1R o B B XU B A%
G5 (1 AR BB (data) ] 4R HCECHE 28 & % 9 A
iH” (knowledge) # 45 ,

1673675 T » MDOE B % AR 25 5 BU)y ¥k L 22
SRR B U 4y X )5 5k 4 5 A8 I F O TET . MDOE
(R} IR IR 7% R N 2 Sl SR £/ S A R
GRS AR BN . RSB AR R H R ST
22300 3 1) W ] TSR, AT R T — BRI T

IR X 56 152 T 11 d5e 26 9 52 TE B — 4> KU 3t 56
BATR IS A A I . AT R PE, 8 % g
A B EIE AR D HELZ DAL 2) X
SER A g B A BEHR 7 B[R] A ) L DG B E T
SE s RS BE AL O #E MDOE J5 i b, il 56
BB E T AN D T — T A R B T
AT B AR (A5 2 B AR A — o 3 TR PN il s
2y N7 AR Sk R R N AR 2 AR OC R R TR
AT ) B Xt B 2B AR AT VT AR A 50 B A5 T AL T
K BE R, vl UL RSB R e AR B B
A EEA AL, A B KB ECEBURE SE I MDOE
LIPS S

SR, TEIAA (1 MDOE 5 i #5 D i iy 1 A5 0
SRy FEE IR IR B AR R A A8 fE X MDOE 2% 2R 5%
M AR5 . AL, AR SO IRT R T RS A AR R
SR B IE 5w F 5T, DL AR i 6 R B B R 7
MDOE 8 2% 1y A 14, 48 th 3% TS sh 8 1 < 3h
R .

1 —XKEMWERITESH N FRE

PAC AT E Th AT — KR Tl A A )=y, H A il
X R R PR AR R AR I o AR Y AF 5 A0 ] ) Btk
PR VA 0T FR AR 1 A 7 3 2 RAT A B R s 1 B
SERTAIU DD T H P A e T A A
1.1 ETFTHXMRFEMREENRIFENSI HEE

R E

TE— MG O, 25 S 8h 7 R A s EOe R Bk
T B 1) o 7 AL BRI D B A RN AR X B O B E
MR, IR R R R REGES v HR
Bl IR

Fu =F(pug,0.$5:0.) (D
KA, pog, 000 B A RS BNRG fA s 0, IR

CRI 3O BRI\ T 1) 25 38 O 5% A1 s 00 T2 P OISR R IRSE
THRENE 4 5w 5% F 0. AT I S L AR o,

0. =0cosés

0, =0sing,
Yoo Mo, —ER, REX(DBEMZEE N &R
UM WA R AR B R R R F (g, 800 s B AE— TS
0T A 3 i 2 o R 40 e o G TR 0 O A R A Y 2
B XTI R 00, BZAE 2 Bl ) RECRBOC R
T = A GO O SKR %

(2)

E La;;sin(i e ¢, 45« ps)+b, cos(ie$, 45 $5)]

(3)

KRB R a1 b, 2 .0 FS, BREL.
FHO B X 2R 3k AT R I AT Ak

D RS ARERE . AT AR T S — 1
2m/n (% Ag=2m/n) WAL ECH) A FE 5, 0 2R 3 1)
VRGO 5% £ 0] 5 & 7% 25 AR FF 7 B0 A AZ IR A Bl
AR B AT A B A3 0 1Y S ) R B ) A R
) 4,

2) BERXIRFRTE . BTG S I, A X R T
N R B TR - THT ) B ) 55 VA T D e A 1) 5 6 A
AR A 0, AF T X FR B T TN R ) R S
AR A R TR 3 B N A5 RS
1.2 $HXP/NARIREFENEREIE

R Z RATar F K L8 T o #) A s o (B AME 2 5
AKX BRI s AR FR 0 J5E R 7R R i A A& A i %8
Y 5 A2 P RSO 3 % CRE I B TRk
HL S TR R B i B A AT . R R G\ ) RS T
e AT BN RAT 2 ] — s g, Ry B A
FRERAE A 1) R 2 25 /N T AT 8 ST, I 6 AT
i BRI S O AR ANE B BN 2200, BAR %=
/N AR S5 e RAT A% 09 25 KB 7, A 0 2 O il
X AR AT 2 A AR 1 2 B T Rk R OC R
o BRI, 200 ST 4 AR il AN X PR AT e 0 H 2 R
By 7 PR R RE B2 i 1) B AR A

1B i 28 H W B A7 AE X RAT i 45 G0 TR A R R AT
SRR RZ A o R /N B bR R PR TRAT A Y A B
UEY TS S IIVEE] i W

F=F, (9:¢.) + Fa (5:4,+0+$5+5.) 4)
KNP F RS I REGW o vepcovmeom, F
M s Fa (s b »8s b s 0,0 A2 5 JlL T FR AN IE AH X 1L 1) 23
AN RE i FL, (s 6,0 2 R S X B8 A JRy 5
1= Bl ) R A A

i H S AT AL E R — A B3R
BTEH M N . =YX R A B EOR R AT AR




174 O BV S %35 &
T B AT AN 19008 R AT 8 1568 R AT LA AR T 12
OX RN RS 515 2 % 5 OXY “F i 5 A XA f E 0.8
S B 19 R0 T 0 07 5 0, LB 0 o
Fo (g BT R . ¢
YFRE c. o, Mlmy, . 0
Fo(m¢)=F.(p —¢.+24,) (5a) 0.4
TR o vm, Flmy, . S . &
F,. (7],¢n )= —F,, (77, — ., -+ 275,) (5b) -100 -80 -60 -40 -20 (p:)/(o)ZO 40 60 80 100
2 ﬁﬁﬁﬁ@ﬁﬁﬂg&ﬁ;‘f B1 RERBRENITRRENERE
Fig. 1 Roll moment coefficient of a vehicle
AR g S I I 3 R A SR S 8 by wind tunnel test
BT P 0 B BT R S B MDOE bt i, SR T 0 N SR L A O

g A A2 AR . S, BB T 45 = A
ORI R AR o 137 T AS 2R A T S X B AN R
AR PR R R SCLLTR B i Bl sl TR #1728 A A A
B0 X 80 BEATHESE

ET BRI AR IR 1 R B = M
oA R SE TR A M — BB A8

m,=> msinGi «(ng,)) +> m,sinGi « (g, —¢,))
i=0 i=1

(6)

Hrp, ¢, HHRGIEALE .

R B VR B 3 R AR SO ) 7 T AR B OC TR B TR
B fR 1 — RGO

m, = Z\]mﬂ‘ . b

O F D G TR S B AR E TR
IRE ) — OB Xt JE 95 2 WU A, To kA
PRI, 3 0 0 S TR B 0 R 8 A TR TR e X T
B R BB R I R 1 S O TR e ) R A R G
TR A — OB 8 i e 4 B AR 1A
IR EAE L R I 2D ] H vk | O A2 f o/ 3R ik AR A E
ALy BARIE K,

TEC B E BRI OLT R BT 2 2R kR i
TFA 0 L Y 2 BORE 8 4R 15 B 0 10 Ao (FE —
SE WE N TR B e ) o I AR R ) SR 2R 22 i 2 K
AR D-fe B i T B /b R Al R R
(EIER R NG TR ST

3 8 #l

PO EilE v

B2 7 5 RAT s b 2 )L e D VR
3 5 R 56 3 3 B s . RBIR B M L —90° 3] 90°
[ % 5. 625°, 4t 33 MR

X T = A OB T R (Y AR L BT Y IR

)

3.1

B BT A e B R R 25 4 0 O 1000,
8.800 1 8. 400, MR BLIR 2= HIAE 1026 LA .
WU 7S 350 = iy G BB Y SRy 20 G2 I A A B 2 A A L
Wi
m, =m,, + m,sin(4é,) +m,,sin(8¢,) +
m.ssin(g, —135%) +m,,sin(3(¢, —135°)) +
m,ssin(5(g, — 1357)) (8)
Horfom,o ~ms NEAGTE R B ¢, AR M. H
FHAR 6 B0 455 R R B s, ~ s B 38 20 91 K
0.17724.,0.86640,—0.05531,0.11156,—0.07189,
0.09706, K 2 45l 7 BE A 9= 30"mf , iZIR ¥ J14E
RS 5 150 R 8 1 x5 be . H PR AT D AR A A
B BHE AT B B A OR R

1.5

—©&—Measure
—— Schimit
1.0
0.5
g
0
-0.5

100080 60 40 20 0 20 40 60 80 100
0,/(°)
B2 ANIEHER GG BT
(Ma=2,1=30°,6,=8,=6.=0°)
Fig.2 Comparison of six series model and test data
(Ma=2,71=30°,6,=8,=8.=0°)

3.2 iKmigit

WA (8) s K D-dme Ui B T 1 U, 42 BEt 30 4R
AT A5 BE AR BR AR 4 52 e /N e R RS A T HE
¥ o ARV 52 e fe /N 9 B i, L BIFR 6 2R
1E. 3R 145 T AR B i 90 R A A8 O B A A
AN B A B A D R R e — 45, 0° i
SEWIN . —61. 875 B Jm B B .



52 SRR RS BERTE BB B P B B 175

F1 M D-RMIFIHRRABHRERESR
Table 1 A series of eliminated data points by

saturation D-optimal design method

FE o OME/C BRSO OAE/CO FE OAE/O
1 -45. 000 10 45. 000 19 -56. 250
2 -50. 625 11 -33.750 20 -22.500
3 -39. 375 12 -73.125 21 61. 875
4 90. 000 13 67.500 22 16. 875
5 0. 000 14 -11. 250 23 78.750
6 -5.625 15 28.125 24 39. 375
7 84. 375 16 50. 625 25 -78. 750
8 22.500 17 -84, 375 26 -28.125
9 -67.500 18 5.625 27 -61. 875
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