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Abstract: According to the different flight principle and movement characteristics of takeoff at two points
and takeoff at three points, two models of mathematical simulation under condition of different takeoff
modes are established respectively in this paper. Based on the aerodynamic characteristics of aircraft and
the characteristics of landing gear system, the simulation results are carried out according to the whole de-
sign parameters, and the performance data of different takeoff modes are given. Taking a certain type of
aircraft as an example, the takeoff performance program is programmed to calculate the takeoff perform-
ance. Finally, the effects of two different takeoff modes on the distance and velocity of each takeoff phase
are analyzed, and the relevant conclusions are given based on the actual flight characteristics of the air-
craft,and the accuracy of the simulation model is verified, and a fairly good take-off mode is given to guide
a pilot in flight.

Key words: take off at two points; take off at three points; takeoff performance

TE RN RATPEREOT S b ol R L —RATAE RO B = 0 R BRI T /AT R AT

5 WA 106 ~2 06 A RATAE 55 v+ 2 S B A By
B 2 TROML DA e v s IR 25 % AR O S R R AT AR Y
— AR e Y R PR KR s UE B
5 B BER Z 80 AL R Oy R AR T A

KRB 2019-01-01
EEBEAN:

160, LUK KL B RS FRFAE ™ o 7 SRR B, T A
AL I TRHL B AR T = R TR TR AR Y 4
g AP RCERR H LR S R ASCERMN 2
PSR A 6 T7 3 S R ALY Tk AR AN

AU A (1989—) » L, WU R PN, A+, LRI, EZ S AT BEHIFSY . E-mail: fengminzheng@163. com

SIEE: s, CHE CHEEFR]]. FRELIERAFFREARFHK), 2019, 20(3): 29-32. ZHENG Fengmin. Research on Aircraft
Takeoff Performance Algorithm[]]. Journal of Air Force Engineering University (Natural Science Edition), 2019, 20(3): 29-32.



5 A TR ABHERD

2019 4

for 22 fl ) AR Ty A Tk RETEA
1 R ki

1.1 =HE%

TR AR R H L Bl D 1R IR A8 i
B I AE A o b T B % 4 R A8 it
e, TRHL SR AT R AR 3 AN B B Hb T =
T R B AR ET S 2 B M T B B B B
EEENE. AR R E Ve DR
CTHEE V, S RAT HI MR . R B A R
LA K. rA N BSHEW 2 GIB 34A—2012 F
N2 B RAL e 3D RATHERE .

1.2 mRETEE

PSR AR A T v e R, =R E
2 — /NI A A AR K — BB = DL A F 58 5 b
T, P AUE IR IRKE HET A B Ve DL N S M 3
BE Vier HIWT CHLE B REL 2l &, “RITRED &
Kid PR Ve RTS8 8 AT 2 A A Ve s I
K AL UL R i RN,

— B Hh L 7E S B IR UE L AR B, R AT B
FEENER N 25 S8l 07 R R R A7 8, LI 1 45
Hi 56 B — 3R I R T 1 R B A 5 B T2 L
TR BRI R Fa T 58 200 /0 T R R M A
SRIG S ORFEIAD B 2 CHLES Hb . PR R 7 XHR A
b T A0 BB AT B A B, X AR TR TR
R B BLAN (] 7 i B AR I 5 2 L = AR AR
Z XA BCT AR R T 2 O T SRR R ) 22
5o AT SO T 25 R AT

2 Al

M55 15 B R AT DUk B 4R HT AR A S P Bk
PURT 25 A AT I B A R) s R AT BN TR R
A FREH R AR T B R Bk
PR R

=R HE B B SR T RS B BB B A ) -

G _Gdv

ga EE:PCOS(Q‘FQD)*F*Q (1)
G=Psin(a+g0)+M+‘ov25CL/2 (2)

B M 5 B AR R B
§a=§%=Pcos(a+gp)—Q—mgsin(9 (3)

gv %f:Psin(a+go)Jr%‘oUZSCL—mgsin g (4)
A .S HHLEE R Q N 1 F MM EEE 75 P

K BHUHETT s O A S HLIE T3 RS TR AL S o

Z IR A3 G Ry CHLJSTUEE 50 S SR R R . AS i
PR B A 2 I -5 Y T e AR Dl 0 T AE G
P ff1  (BUE LA 32 50T T4

3 IR AE

R 3R AN ) A TR B B )k e A L R I E P K
AT IRE B — e E) 2P K R AR A KA
K EOR EE Moy AR IR —4 B
Runge-Kutta %, ] DA4& i 71 580KS B2 L 3l o Ak 11 )=y &6
TR R R P KT ARG R AL K i
Ko L KNETE R — B E 2P K EEIT AL RS .
oL R B (R B R K TR R Ak kAR
3.1 =REYEERRK

CAR B Vs HEF IR Ve, REFEL 2R
JEAL R FE Vo R A R E AR SR . B T HRAE DT
G 6 1 %S Be i AR LB Vios & HY Ve Hl
Vo RIS R . 55 Hb 3 B R BE Bl i L T AR
P RHLI S 25 G il O Rl AR R 4 . HLAR
i 2 b5 GIB 34A—2012, % 3 B 75 [6) B i 2 4%
Vo =1. 15V 3 Vigp =1, 1Vs; Vi ==1. 05V e

=R TR AR AR 4R H 4 s GIB 34A—
2012, 454 P 5 SR BTy B 45 By Bk A8 ) )
Wr PR AT T BT el L TS S BB S A W A
T HALASURZOE SR W AT BT K
S TEAT A% R BE Y K DT BR Y L MO 23t B R AR A
1) S T 2 2%

3.2 AAETCEZXRE

R Al AV 8 B 1 R T L 4 T R BN
R Ve s BETTHE Vior.  ©AT 5302 DA K& H
A Vi JHTES AT 38 RS Y Vier s A —
WA AREHIET R €, EixdREh, I REEH
JE 2 A vy BE AL A RE L A 1 R R AR A R 2
15 ) 7 DL R M B Vo | B b A S S 0T R
R B IR AR : Vi =1. 05V s

A ST R B AL, TR = AR R A
A EEAE b LR AT 7 X B o KR S
T IE T B S R B Bk A 98 5 32 A0 ) 4
BV, B Vier. MRHESEBR CATE O, 45 5 B AR
25 b, R (R RN AR Y L ST T TR T R
B, Z5E5T 5RO E R TR mE RIY R
MR K
3.3 HEWTEHRER

Wi E AR gt d A = R R R R
(BB AE R, 43 B AR BL R AR B S5 bR R AT AL,
G5 TR AT AR LI 1K 2,



A0 B R TR RE S vk 31

| - e fEEREC, |
{
| ic CHEfiREe, |

[0, (1%v,~v
|t 9 24 P (3 P |
¥
TRAE & BN A )
Wik v anon | LA
N

Y

PR T B BT B A Y

>

| Hm,a%E%HC |

hC,-C ﬁﬁiﬁ%ﬁ('

|m%hﬁ%$%ﬁﬁﬁmﬂ

MR My B A Eﬁlﬁj\Thﬁ'ﬁ rz+Az
KRR . m EEHA R sy

=

B2 s B R
4 BB sy

4.1 HEWTENSHARE

ARSI B AE R 4 E T K R R BE O I A
F B RN 2R 5 B kR . Bk €& B
B3t £ 2840 AR E da/de=0 8% do/dH=0.{f T
BRI EMEIE, #Eid Co= f(a, 0 L Cp=
FCCL VD s B I B R A e (6 0k 1 5
Co M Cp s 1155 B 25 PR bR 285 50 8 3 0 e v 22
L RAL & B ALY HE ) B s L B P = S (H M,
A ARG KL E T = B H Sk % M AR EE Az,
R = A A R A HE ) B .

P AL HE % CHLI T A TS SRR ik
KA HE T G BRI RS L e = A R
B BRSO B, LA R At — S il Bh AR B
4.2 HEIME

WEICH F 0 LA G 2 B = SR
FETCHERERE . B 3 KB 6.0~7.4 t i1 8 4>
Jif .0 m.500 m.1 000 m [ 3 AL & T (Bl
F am.bm.cm FR . F[ED A K MM E 4 2 A

[ 4 TR SRR 8 5 2 2 fhle kX Pl &
T I D Rk GRS A 22 T b 6 A 2
2 Fhie &7 2T B R KO R 2R N

25001
21001

1700-

T8 HLEE B /m

1300

900 e S —

5.8 6.0 62 6.4 6.6 6.8 7.0 7.2 7.4 7.6
R E R/

B3 T I S X E 2

28001
2400} A
E e - =fi-am
’ELEZ - - - —i-bm
:‘; I - = fi-cm
B +— P si—am
1600 | —®— 5 -bm
W f-cm

00 1 1 1 1 1 1 1 1 J
58 6.0 62 64 6.6 6.8 7.0 7.2 7.4 7.6
AR E

B4 TCERE X

1201
e

100t

=

80 - HRE 2 2E-am
" - W B B2 -bm
il - BB % -om
L a0k —— @ KPEE % -am
o —m— 2 KPR % -bm
ﬁ;’[‘} 20+ —— 2 WFERS % -cm
®

b v
5.8 6.0 62 6.4 6.6 6.8 7.0 7.2 7.4 7.6
R E R/

B 5 R M S i I R 2 (A X E h 2R
351
o - B 7 -am

- - Y 25 -bm
- - B 2 -em

RO %/ (kmh ')
(o]
=]

2.6 —— i K ZE-am
1] —a— i Y ZE-bm
i 23 —— it K % -em
i

2 1 1 1 1 1 1 1 1 J
5.8 6.0 6.2 6.4 6.6 68 7.0 7.2 7.4 7.6
A RE R/t

P 6 Bt o b T 2 X L T R

4.3 WKERITLE

G55 AR SO ORI 07 B RR A K A
R BRI AT AR, Sl AR AL
FEAHFPARZS R A 30 R 5600k w] DL B W03 B 4
CE R & SRR € e SV RE =R S A 7 L i
/N 500 A AT (b RO e R A ) . sk AT
W A BAR A 5 R W) & B A T DLE it



3 T RICEER CERFRERD

2019 4

SRR AR NI K S BT
4.4 HBRGW

D)X HE i TR = RO TR S A5 R R A
MR B T 5 R 1 A2 e S e ALY B0 2
L — 0 5 AR AR M 1 52 R AT RO X L W BE R
b AW B RR S B L R BT R IE AR AY L AT

U H 58RI 1 .
2) L T 0 = AR I 6 YR

FEACHE ST AC L Vs T AR U ok P — A
[ 1) Vi (5 A7 Z BRI

B &6 1] LR B AR SRR GO S b 3 3
25 B CHE 2R AN RN, X EHTHR
PR B A B A7 26 KG B2 [n) R, P b 0 ELR R 1Y
TR T B A R A 2 . I I
A bR BB /0N o 22 B AR O 2 B R AR AL (Rt 2 A
AR /NI 3 TR P B Ak 1 o (FUR: XY 3 8 — e I, = A0k
K Vier X Vo B AR K 2 A &
JEE B ORI B R AR A A AR R

RO F = AR & B B A R GIB
34A—2012 M ZR, KAL) RS G B0 K BB
JEE BRI 38 D J0 AT FLAE 10, 5 m A T W A2 fe /iR
JE PR T P R TR DN T Oy A 8 g B R M e T
I T0 At B 1 2% 14 o T BT B 0 o A R 2
B2 N e R TR = = ST E

IXFECE 3 FIE 4, A8 i GO BB R
TREE R PSR KR T R X R AN
AL TR AL A K A L 0 SR e BB T 3 R R
TR B R R RO

XTI 6 AT LUE H 6 — g R L A Y
I T R T ) 22 8 2 B LAY
LR, HAR R BT, Al — A N
22 (H B FE AR S5 5 Ua BH 5 2 11 25 vh B R AT
SEFEAHARI 1, 28 5 TR BUTE b T v B B . X
FH T 7 35 T 9 B 1) T SRR TR N R AN [ S
IEA PR R R GG I T IR — N R Ae R L WO AR A5 R )
B BB ARFE SR © AT AT DL gl ) AN ]
25 I FR A R AN A SRS SR T RE A ARk

5) 24 M AT P A R AR A T PR (R U
LN A — 0 A B Y BB B A T A SR L R
BT EAREH, BV, A —& L EZE b0 LT
BhREELSR T = AR CAY Ve SRR S IR RAT R
Tt KR B S RO T O s A ) TN A s = R
25 W B BE S AF A B AR SR L AN 23 ) IR BE R il
JETE O A

6 ) 2 AP IR R, = SR RES CATH
Bom) o B FIBR FE A A B ZE bR AR R, AT R A

P v T PR A U s LA R T B R TR
SN0 ol A = B VL S8 O M S U/ 1 SO o i -
PE 2 UER AR T = Sk R 2
5 &5iE

—AEOL T . DL R TR Y 4 ok e
BLIHE RE K s A SO W BIL LT 5 2 BGER BA
Y e

o F SR RN 1 B SR BR A 2 S BT A AL
RVHRI T B AL R T — 2P . A BE
T X AL 26 A RN TR A AN T Ak TR T R AR M AR
EMERL SRR TR T . F— 2 58 3 A0 T
T, B 4 T M R RS R R BE Y A5 R DR DL K
BL AT A SE PR AT K BF AN AL BY AR A [R] 647 25 14
TR I L P AL R AR R AR A

2 2% 3 ik (References) :

(1] B k. w5 AL ROFT LR vk fE O 4 R B 58 [ D .

A A0 s B AU S R KA, 2007,
YANG L. Research on the Key Technology of Civil
Aircraft Takeoff Performance in High Elevation Air-
port [D]. Nanjing: Nanjing University of Aeronautics
and Astronautics, 2007. (in Chinese)

[2] The Documentation Service of the HUA-OU Aviation
Training Center Getting to Grips with Aircraft Per-
formance[ Z]. Airbus Customer Services, 2002.

[3] JOAO L V. Takeoff and Landing Performance Optimi-
zation ; Development of a Computational Methodology
[Z]. Instituto Superior Técnico, 2013.

(4] W1, £ 0fr. TR LR RALTH AR AL .
KATS1%,2011,29(1) ; 1-4.

WU C, WANG L X. Estimation of Lift-Drag Characteris-
tics of Civil Aircraft Based on Takeoff Performance []].
Flight mechanics, 2011, 29(1):1-4. (in Chinese)

(5] ZERA, EMIR A LML . &R AL LR W B EE
B k)], 20i@ i i TR 244 2013, 13(2) :66-72.
CAI L C. WANG H F, ZHU Z Q. et al. Calculating
Method of Takeoff and Taxiing Distance of Aircraft at
Plateau Airport [J]. Journal of Transportation Engi-
neering. 2013, 13(2):66-72. (in Chinese)

(6] EKE. m/NE. &6z Bt g T B st A [T ] 8

PR T2 ,2012(3):32-34.
WANG Y H, XIANG X J. Improved Algorithm for
Performance Calculation of Takeoff Aerial Segment
[J]. New technology &. New Process, 2012(3); 32-
34. (in Chinese)

(%3, Wpbis)



