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Evaluation of Flying Qualities of a Fighter During Takeoff Stage Based on
Subjective and Objective Weight Method
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Abstract: Flying quality evaluation is an important part of flight training evaluation and has important application value. In view

(Aeronautics Engineering College, Air Force Engineering University, Xian

of the limitations of subjective and objective evaluation in traditional flight quality evaluation methods, a subjective and objective meta
synthesis evaluation method is proposed. The flight parameter data are converted into evaluable data by the nonlinear mapping meth-
od. The subjective weight value is determined by the analytic hierarchy process (AHP) , the objective weight value is calculated by the
information entropy theory. and the objective weight value and the subjective weight value are optimized to get the weight value of the
comprehensive evaluation. Finally, the subjective and objective comprehensive evaluation is carried out. The results show that the in-

tegrated method of subjective and objective weight is more accurate, and provides a reference for the evaluation of {light quality, and

has a good application value for engineering practice.

Keywords: flying quality; subjective weight; objective weight; comprehensive evaluation

0 5|5

15 AL AR X G LA B 2 A R T O R
25 AR SRR BAAE Ay Je Sk AR BN B 2 He v, ZE = 3} el il 4%
KO EHPETR B 1 2k J1. CAT MR EEA VR b R AT I 2
AR AN EE . KL KT R EREE. T
TR LM SR T2 H M2 6. MFREm. «
BUE &L 2 RGBS He 2 5 R AT R 65 % 42
F R N 8 S el e o o VO = T E S e
FATHE— BB TR A R . R L A B R K
B REINGRATAG TR 2R . D UEE Sk D I 4 2 B HE % . KL AE
Haml g, BUET RN SR, CS 8 E T
OB A . BEED AT YIS A K AT T AR i B A T
BER . ZERCESBCHE (OB L E A AUE . R BB

YRS B #2018 -06 - 13; {EEIHH#E:2018 -07 - 04,

ESTE EEK A AP HE S (11447174) s BP9 & [ SR B2 2k
i BF 5 140 (2015]Q5155) .

EEE A EFR 1994 - I3 BRPYPE 2 AL AL AT SE 2k, 2
A=A Rl B Ak 3 1) 0 T 5

B tERE A AL R B, TS B RAT N ZR PR AL . R, 25
BT DL TR 32 W S B0 . B SRR R OC T RS U
S R ISR QAT 0 2 A 2 O . R
KSR BEAT AT S B BB TS A TR — P ETT

X RAT dh B PR R ) 32 BRI L S R 22
A WL B0 A A B A AR R . SCER10 - 11158
AZHEE P& SR M R R, 4R — i 2 LA
RS (i S 5 R & o T U P (E P e o 8 1
Bi 5 B AT WA, 2 BRLCEKIER ., HA N REA
BB XU o GRS RAT S B R AL AR M
P LI RAT dh SRR M = — A 2 R R SR A R ST
ZIEtE R C A KRBT, JF B8 TRZAME
M ZIE L TESCHE AR N R T R 2 K A3 BT i
ARSI T 3% 255 10 3 B 2R A D i, 1% 5 ik 4 A
LA LT 0 I R AT PR A . {H 255 A 19 20 B 8
o WA RS ORI AT RO T BP R I 45 X kAT
INGRd BOAEAT VAL . T A T s AT Bl p 7 A
TSRO GRS AT I G Al . S BERY, AR 5 AL
BUHEAT WO A . 0 T A — QML AT Al 8OR AR



% 8

LS, S T R 7 5 I SOUE R B BE R AT A R PR A .+ 295 .

R F HA B R 38 M 2. R AR R £ Ok B BB
WEZ WA, S3 Ak, RATRBIR AL M G EE R AT A R
FebRid ZR 72 B Al L S A B AN A AL, R SR
1T & T REAY

EFXFRL B A s AR SCHY BRI DL A AL A TS i )
PRI SER RS BR  SEmh . B0, XA SC R RS B EAT
T A BRAS BRLE Ak U5 09 4 BURE R SRS 20 0 B 2 4y
HAE B REEAT 2 EAE MR, 5 R =02
YRI5 7 LA 1 3k e 1 80 B I AL 1 O 9k i AT . AR
FNGEAE, B S BIR#H T BT, JFEMENR. &
NLFT BP M2 W48 4T T 2 28 A E VXS L, s #EAT T
SYHT S A
1 HELE

AT SR 2 AR R AT TR IR R A i AT AT I SR
K RATH B B VR A3 R AT S 80T DUAR B0 A R e R
PEM FE AR A F8 00 36 U RAT A 1 — S e B IR Y, BRE T
WAL YERE. T XA R RERREA G, B
Aetg AT B S MR R VE DY, 454 RHLE Kt B Kk 3
BWHHY, BHEAHFRESHERNEXSZFENE, FHS
FELRMBEWN, BREEBMSRIERE (HO), &
Vi), FHEE#EBE (VH)Y, MMM (0. 23 E
(WINL), 4w & (LRH) MALZHAEE (ETL)
PE R CHLE CRF A AT i IR A FE AR . TR AT A0 BE
Al — 22 KLY 18 WCATEUHE AAR ETE 4 (STS), N Tl
XL EE T DA . A RN S A AR SO T ik P R
AT e X S B R AT AL B, ILER 1.

ML RAT YNGR TF X LI A AT B BERY S BUER A
—APRUE(E . B T B (1 BN o Bk AL B TR Y 43 R

T FRATTOR R AL A A A A B TN AR AR B (HO)D
= (Vi), B EE (LRH) MAEXRHESIEE (ETL)
LT AR S AT E S o S A B
TE 2854310 MR 28 5% 1 pR BN
1 - )
V278
TESIMH o A7 ml?a
(BB I8 119 0040 XoF 7 1 MR e 5 BE RN, A BN, FRATTASK
(2) AT /AR HEAAL 3
Sy = =/ L _
V278 V278
AR ARTE = BT U R B y il 5 2 X B
W MER B, FF5 ¥ (5 Ak 1) d RO 2R %% 5 JE AT Hb A DA T
TTAELR A SR T, R B 5 MR 2 S .
YT BE O (VH), MMM (o). EfEHENE
(WINL) #4748 AL b B, BUAE A 35 A5 2088 19 I KM R
100 43, Hog B0¥s 5 & R ME M L T L 100 45 3 A B A9
a8
S b FRFRAAR B - B 3 2 iR .
2 EEWMHEEBER
FEMEE A WA ST b 2 F 32 0 Ak 5 & UL
BOEA NG Gk, @k A B AR, i R4 25
STE SR R b A5 B0 B B G 3 LR ) A S A A
BNAGHAENEARBEMGE. B FWZERSHE
(AHP) ARG 5 % WA (TR A 2% 53 9 7 36 2R 47 4 HL Y 25
G TSR, SR I A B L5 S AR A T i
TATE S Z 5% F . BV I e aE 4T AR BUE T .

fx) =

« WUHEA 100, By

e % 100 2

# 1 bR RATEE
L1374 HO Vi VH 0 WINL LRH ETL STS
1 11 220.3125 1.0313 4.3561 18.8 2.0574 640.5 82
2 8.5 224.9375 1.1563 3.5431 20.2 2.0955 629 82
3 12 213.6875 2.0313 4.856 19.7 2.0955 617.5 93
16 18 225.5625 1.8125 4.5978 19.6 2.0793 592 88
17 9.5 216.0625 1.3125 3.5266 20.1 2.0955 596 89
18 11.5 227.625 1.375 5.1691 19.4 2.1717 594 86
F 2 ALPS M CATEE

IR HO Vi VH 0 WINL LRH ETL STS
1 94.8369 90.45944 50.77044 84.27192 88.26291 99.20456 75.13836 80
2 75.8054 92.06332 56.92414 68.54385 94.83568 99.04975 83.69203 82

98.17379 83.10472 100 93.94285 92.48826 99.04975 89.85706 94
16 62.42999 92.0403 89.22857 88.94779 92.01878 99.96709 92.27587 88
17 84.88886 86.36449 64.61379 68.22464 94.3662 99.04975 92.99637 81
18 96.87084 91.5575 67.69064 100 91.07981 80.03673 92.68689 87




.« 296 T HLIN a5 P

% 26 &

2.1 EMBRRSWE

F AL 2 ) & A A0 HR L 56k i 45
A, RICRME RS (AHP) SR & 0 4
FEPRIOALEE . A T 5 M T A LA
s JE AL XS VE M P8 AR HE AT 0 P A BB, T ) A R
DL 1~9 b B B0 5 1 o) AT 2 A 09 40 B, [HEAERE Y
FEEME BRGNS T R T AR
&, FHE&E AHP (k5.

D R 1~9 Fr B2 o8 s M 0] B AT 2 & A0 43 BT s
a8 R R AR I AT I LU AR IS 3T 434 35 45 300 ) B 6 o
m 1/9 1/5 1/5 1/7 1 1/9]
9 1 2 2 1 9 1
5 1/2 1 1 1/2 3 1/3
p=151/2 1 1 1/2 4 1/3
7 1 2 2 1 5 1
1 1/9 1/3 1/4 1/5 1 1/9
9 1 3 3 1 9 1]

/\':P: d/; >_ov d,i =1, d;; - 1/"{1/&:
2) 5 HI W D R 6 R — 5 ) 20 0 — A PR

@, =d,/ > d 55,

@, =
[0. 0286 0. 0286 0. 0189 0. 0202 0. 0341 0. 0341 0. 0237]
0286 0. 0286 0. 0189 0. 0202 0. 0341 0. 0341 0. 0237
0857 0. 0857 0. 0566 0. 0505 0. 0614 0. 0614 0. 0414
1429 0. 1429 0. 1132 0. 1010 0. 1024 0. 1024 0. 0828
2571 0. 2571 0. 2830 0. 3030 0. 3072 0. 3072 0. 3314
2571 0. 2571 0. 2830 0. 3030 0. 3072 0. 3072 0. 3314
2000 0. 2000 0. 2264 0. 2020 0. 1536 0. 1536 0. 1657]

o o oo o 2o

3 KR LEE 6, Tk e, = > 6, 135
w; = [0. 1882 1. 6702 0. 7589
0. 2206 1. 8809]"

O B @, PEAT I — Ak BRI R A5 2 50 AR

0. 7901 1. 4911

~/
w ;:

@', =[0. 0269 0.2386 0. 1084 0. 1129 0. 2130
0. 0315 0. 2687]"
50 G 6 A WA I ) — B
M AHP J5iE45 3 0938 b5 A0 J2& 15 G J3 00 11 $2 2 1)
MBI E A — 2 AR EATE ML, Wit
S ) W R R AT — B A B
E XA bR CL. T HIWHEEE DY 2 — Bk
165 -
Aar =1
n—1
o g, =31 Do,

1 @

Cl = (3

n
i

=7. 0678, ZilHA1HCI

= 0. 0113 <Co0. 1,
— BCPEAR bR 09 25 PR AU P W B D R0 1 W o D

KAFAEMRA B R, Wk CT =0, H 2 —30;

CI #iET 0, BHEN—8E; CI K, A—skg™E,

CI =0. 0113 << 0. 1, DLBIHIWIE M D AW —30rk.
S —HrER e, RATIE BT — B R R

FIWTH G D A —ZURVFE L. SIA—BUERAR RT. MR
& 3EEARI A I RI A fE
3 REHL— B AR RI
nmo |12 3| 4 |5 |6 [ 7] 8] 9 10

RI | 0]0]0.58]0.90|1.12|1.24 | 1.32| 1.41 | 1.45 1.51

AT E AT W BN R Z 7 DR, K
#3718 RI = 1.32,

E X —FE .

_cr
RI

# CI=0. 0113 FI RI = 1. 32 fR A (4) 8% CR =
0. 0085,

M FPEAR bR CT FIBEPL— 3R CR << 0. 1 B, 1A
RFIBEME D A — R EEFTFEZN, AlEN—
Bk, Bt — SO, N B T R AT 1R Y R
HEE AR R k. AR CT = 0. 0113 < 0.
1, CR = 0. 0085 <C 0. 1, [ IARYE AHP #7145 W7 5
D AN, 520 3 WA E dE S A U .

2.2 ETFEEREANERRMEE

PR WA by (8 3% 1 8 1 A T BB A% R B R A (E
MBSO B . i3 RIS BT D B, AR B IR AR (E 1 25 5
TR, F AR R VA D O 3 4 0 0 8 MR R B R, AU (A il i
F. ATLUHZ B4R A TR 3R HE AR 4 . TR U o BB A 3% A
h A FEAE
2.2.1  WHIEF DL (3 520 B

WA= "La;l., WEESEEE, HhAH n A5
i, W& NN B, W VLB 5 R T LU 2 Bt
FLARARAE .

D) XA MR A SE47T28 AL AL AR A VAN JE B B .

CR (4)

aij .
])”: 1 =1, 2, ¢

maxa ;
1<<i<im

,my ] =1, 2, =y, n

0. 96 0.98 0.51 0.84 0.88 0.99 0. 8I]
0. 77 1. 00 0. 57 0.69 0.95 0.99 0. 90
1. 00 0. 90 1. 00 0.94 0.92 0.99 0. 96

0. 63 1.00 0.89 0.8 0.92 1.00 0.99
0. 86 0.94 0.65 0.68 0.94 0.99 1. 00
0. 98 0.99 0.68 1.00 0.91 0.80 0.99]
2) AR i BT F R MR E L E ¢,

{)’J .
L =1, 2, -

2/7u
i=1

c, ,my g =1, 2, ==, n



% 8

0. 06 0. 06 0.04 0.06 0.05 0.06 0.05
0. 05 0. 06 0.05 0.05 0. 06
0. 06 0. 06 0.08 0.06 0.06

(@]

. 06 0. 05
. 06 0. 05

o

. 06 0. 06
06 0. 06
05 0. 06]

0. 04 0. 06 0.07 0.06 0.05
0. 05 0. 06 0.05 0.05 0.06
0. 06 0. 06 0. 06 0. 07 0. 05
3 EY ] AR e,
e; = —k ic,jlnc,j, J=1: 2, =y n
=
,E\:':F‘: 0 < e; < 1,
e; = [0. 9913 0. 9882 0. 9788 0. 9904 0. 9931
0. 9912 0. 9928]"
O R ERIER B A
h; =1—e;h; =[0. 0087 0. 0118 0. 0212

0. 0069 0. 0088 0. 0072]"
5) HHRIR I AE o,

o O

O

0. 0096

h
W' = ’ Jj=1,2, -, n

w’; = [0. 1169 0. 1593 0. 2855
0. 0927 0. 1191 0. 0966]
G 75 20 WA AH 125 1 A 1 A R /N B e 149 2 Ji P 4 A
WEERE BB M, T LLIX 4 8 P48 b5 9 BURE 25 F k. A
KA ", PATLLE A AR AR TR (VHD XEPEM
B EE I R, M TN E G RSN
3 FEUESRUBBITM
3.1 ZEREESN
P8 T AHP JZ2 U 438 35 R A (8 % % 0L 43 3 AR A545
) EWAUERE WA G . fEXT AT 8 R R E 4 A =+
S TRAS I 2 X0 I AR A A8 o5 B 2 35 45 4 A 1 AH ) B B R
FE . N BB REER RG22 SR AT BTREAN BT SRR A R
i, FI GRS TR MNEBRINEAE o

0. 1300

® = q0’; + o’ (5)
R VAR R L5 A BCE T7 IE VR RAT B B 52 B S R

nF.
TERG RE LA AU I . SR A STk [22] o 19 3% 7 5008 fn
W BT E LR A R o TR, HEAMHIRLY .

maxZ = 2 21),, (a0, + pa”;) (6)

s.t " +p =1, a>0, >0 D
SRy — A 2 5% R B MR (B ) R, R AT R A
B H R T LR A 4

m

L:E}Zugmq+m%»+%w%ﬂf—n (%)

i=1 j=1
IL

da

A A BRI AT, 2

0, 1%:

m

S S0, 4 aa = 0 9

i=1 j=1

LS, S T R 7 5 I SOUE R B BE R AT A R PR A .+ 297 -
TR ST E A E
TR B SRR
LV R 2 AR

Le

HALRARR, A3E
B E

T R AR €
AT TP

1 F % LR BB i A

J L
78

é\

=0, ﬁ%"‘:

jb Eibvdy,4*Aﬂ=: 0 (10)

i=1 j=1

B (D, X @) MAFEM o +p° = 1K,
EEES

A= —«/(i Z“:b,jca’])%(i 2%&/@)2 an

i=1 j=1 i=1 j=1

B AD w2 MESIINRARX (O fIX Ao
AR AL (6) Mg N

m

R 3D Y VAN IS S NS IR S SIS

i=1 j=i i=1 j=i i=1 j=i

(12)

m

B =2 2/;,@/’;,/«/( DIDWITUSERES 35 Y IIRE

i=1 j=i =1 j=i i=1 j=i

(13)
fCABUE®TF «© = 0. 7288, B~ = 0. 6488,
NI o M WENNENRE 0= [0 o,
0] WA O<0, < 1M Do, —1. ko B i
H—fbAb B 4

a

_ 14

= s
g

— 15

B= ot s (15)

¥ oa® = 0.7288, B° = 0. 6488 fL A (14) FI=k
(15) ] LU IH — At BE 1% o = 0. 53, g = 0. 47,

A ESCHR R s pAIEMAE o, FIE WAL E o
A (5) TTREEEBAER

@ =1[0. 0692 0. 2013 0. 1916 0. 1209 0. 1564

0.0727 0. 1878]

R B R A T 2 WA AL B AL o FeATT T DAAR 48 1

—ATRATNGRZR TR B9 TR AT B8 X 45 A R UGk TR R AT TR AT



+ 298 -

ST HLI 5 4%

% 26 &

JEPEAN . A2 RO -
S = Db, i=1, 2, =m
WAL SOBI. IR RATHUGE T BOE . R
A7 BT
3.2 HBRSM
N T B UETRAT] T A 3L i 32 R WL LR S AN 5 ) v A

(16)

0.4 (X m WA
—ERPRH

-~ B
—BPHZ %

A R s FRMTAR AR b SCB7 £ 57 19 36 T 3 %0 W00 b 42 AR AL 02
T J7 A AR 02 R A B . WA TR O N g A
Y2 BP B2 R 2 X CHLR & R T4y I R o4
VEBEATIRZE M. N T R 4 FhOr 0 22 ST ATT X A 3 ARG TCHLA 4 X 1 2
BTN T R TR TR TR —
illJoi’Jﬁﬁ&ﬁTEJkﬁﬁiﬂ;;O WA 2 s PN,
9 % R E=u H W BP EEM
1 0.016 —0.023 0.010 —0.002
2 0.021 —0.057 —0.010 —0.015
3 —0.034 0.004 —0.011 —0.016
1 —0.046 —0.089 —0.022 —0.159
5 0.267 0.177 —0.016 —0.065
; S g 6 0.101 0.078 0.027 —0.001
E n 7 0.046 0.019 —0.012 —0.057
o (a) FT EEMEEA VP (b) Z&TBPHIEZ M 4 (1174 8 0.001 0.002 —0.008 —0.020
7 9 0.071 0.021 —0.013 —0.034
80 80, 10 —0.002 —0.010 —0.011 —0.018
© 60 © 60} 11 0.056 0.028 —0.012 —0.031
g 8 12 0.030 0.036 —0.011 —0.036
10 7 13 —0.005 —0.009 —0.016 —0.014
20 20 14 0.050 0.040 —0.021 —0.036
0 ‘ , WY 52152525%92%%%%%% 15 0.025 0.021 —0.009 —0.018
0 4 LA 16 0 4 i 12 16 16 0.030 —0.022 0.011 0.016
(c) FEF EMMPPAE (d) FETERMIPPAG 17 0.055 0.027 0.012 0.024
2 4 RIS 18 0.031 —0.023 —0.011 0.006

ML 2 1 A Bl 5 3R T UG VA RS SR 10 AR P
HOORA . FRATAT LA ok £ 2 WLk & 05 b PP AG I 25 2R 22 =
P AW . YR BP Mg, PR 2 R % WPt
E2ESERORE2E . AR 4 PR IR Z AT LLA ok BP
MR g R 22 R R/, OO ERE NG A EWIEN
5B WEH i 1R 22 H XK .

A A B 5 3 PP ) 1) 2 ] — 2R RAILAS ] B2 U I 5 14
ORI RIS FARMETE > B R 25 O T — B RIE T AR
Fd vk BATHIX 4 FhI7 kX ] —B5 19 20 4148 [A) 4 5 /9
RHLHBEATIEAG . P 3 S 4 BT I 0P L PR R 2%

B3 s AT AT LA 32 % W LR S VA X TR ) S
M CHLA B /DR PE M R 22, OO T W ANE W ik .
RZEROKME BP MMy, Xl &5 IEREN A E R
Yo 9 3 35 P RSN B R 22 6

ZA LA o T, FRAT AT RUAG B 32 % W LR A 0 vk AR
Xk B LA B PP A 2 R BP 28 0 2% BF A 3 X T IR
— ZRHLAIAS R A0 RALE R’ AT @ BN A 5 B/

WR2E . RAF I 25 5 M R BT O N M. LR A OR R
i FH AR Fc T o DI S 5 WL A 4 T T DA B A B AT AR
o Xt CHLER T TR EAT A, T RCR H AT
4 HERIE
AT IR & X TRAT B 4 R TRAT R B PE AL
JEMCT M ST, S5 2% 2 8 ) B A DG F g
P T T R & WAL AT 0 TRAT W O LR, X
Fol 75 1 40 2 W VA R 00T 25 45 ok 0T L ST A b S
KA BN BUE . O PRy 2 S B A b T, fil
A%t AT A B PR AN A UL AN A E . ] — S R
TFil RV AL AR T b I ) B AT R 56 . JF HL BP M
% EM. BWIEAN J7 Ik 4 BIAE 25 e PR AN R 2% 1 HEAT
TR, 58 BOR BRI Jr kA 2 AR A 0 6 ROR
WEFE 0 7 2 A4 20 19 45 31 R S 808 E 17 © AT & 20T
AT IR IR AR, AR R LR S B X
CFH4 314 TO



