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Modeling and analysis of mode conversion process for
STOVL propulsion system
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Abstract: Based on the clutch dynamic performance calculation model established by the dynamic
analysis of the clutch components, the co-working equations of STOVL propulsion system mode
conversion process, namely its dynamic performance simulation model, were set up, according to the
coupling relationship of short takeoff and vertical landing (STOVL) propulsion system components in
different working states. The control strategies for the conversion between STOVL mode and conventional
mode were proposed, and the characteristics of the performance parameters during the conversion process
under different clutch engagement speeds were compared. Results showed that the maximum error of the
simulation model was 3.76% compared with the foreign research data in the process of mode conversion.
In the process of mode conversion, the proposed control strategy can ensure that there was no overlimit of
temperature and speed of STOVL propulsion system, and the surge margin change was less than 0.1%. In
the process of mode conversion, the shorter clutch engagement time of mode conversion process, the

greater instantaneous frictional heat generation, but the lower total heat generation.
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mode to conventional mode

A i TR R, [ I R R A ioue I TH TR 5
2 AR B TR R AR o R bR AR
ANG BT T A% STOVL #E ik 7 5t o J TSt
TR 2 MR S B U i 2 3 A5 Pk i,
K6 B o AR e e 7 gt R ST Y 3
ANHE TR S AR A, AT K S LT 4 ) A
2 s IR B H AU A HE ) (6L, OF DR TR, TR %
W HE T AE 1 s B R B0 KN, Fh 7 KUt ) R
TREAE 8.64 s FREZ0.1 KN, BLEF AT IA B 45
i R A RO 5 P T AU A S T e AR
il 52 PR, B R R OGS LG, KU B
SHUNGHRA AR AEAE 0.1% LAPY, e 50 AT TR % 42
AL H IG5 AE 10 s 58 R R
B TERERR SR

140 -
120
100 - —=— Roll post
Z 80k —e— Cruise engine
=t —a— Lift-fan
2 60F
= L
[_4
40
20 -
0 -
1 1 1 1 1 J
0 2 4 6 8 10
Time/s
(a) #Ey
120 _ Wy, Wy A— Wy,
100 -
. L
=5 80r
2 L
@ 60
<
g L
‘5 L
~ 20+
0 -
1 1 1 1 1 J
0 2 4 6 8 10
Time/s
(b) AHXT A3
194
—=— Fan
193 —e— Compressor
e\\"
g L T
%f) 19.2
=
[
%n 19.1
wn - - - - - - - -
19.0 -
189 1 1 1 1 1 J
0 2 4 6 8 10

Time/s

(c) WU . ISR



¥

1410 it

7))

% %38 %

2200.5

2200.0 -

2199.5

2199.0

2198.5

Turbine inlet temperature/K

2198.0

Time/s
(d) WFE TR
Ko JE a2 w Ul R rh Hek R e rERE S 4L
Fig. 6 Performance parameters of propulsion system during the

conversion from STOVL mode to conventional mode

222 EHEU A 2

E( s W RN e S R S W
BRI AT I R A TER WA T
FEa RE ep, RURS A0 I 3 RE 38 i S SO RS R E
FEAR A, PRI I B /0 ELRURS TR A O s e
BORPGHE T R, ZF R T BRI
T PR AT IR A S AN PE 0 R AT & S AL A i
TR, AT LA 4R XUBR R EL 3 s LA I
FETE KU 2 A i B v, T KU A i b O,
S RHLI I — A6 3k D1, AT R T E
BG4 91T A6 T B8 e s LIS A 4k it £ B DRI
a3k T 5, gt R T KUk HE AR A e i
R TR, HEE RO R LT, BorE AR X
Seggrh, B g5 T XU A R AR, 3 A A
WA R By A ) AR A R s A
T& 7 XU Ak TR B 5ok X I, Ty KU 4 AR /DN,
BRI I R A ) AR BT, W T T RS
SRR 42 B R0 0D T AR K A s B, LA T 3 K
Jod Bt PR b T DA R 4 AR A, X T Bl in AR
KRS Ty, 765 A 1 540 390 40C e b 26 3k Fn T
KR 22 AR, IR R E it KR&ESHE S
fr BRI T R K, B A A AR R A, OF
25 WL & Sh ML A ad KAy 2%, S BT & shbl
WS R MR EE e sh o S A T o WU 5 40 10 3 )
AR AUAS R 3 R, 7 AR T 0 U S AR ok X3
Jo P L T etk T

B3 A DI SR A A S B IR A T — B A
6], B A AL 1 ) 2N 2 0 8 ol i B A A e
Je 0 T3 50, AR BIE i SO T R, X R R AR
A BUE T, B A AR AL 1 4 BE IR 3 T 1 KL
Fid A ) SR B T S KU I, i fE, T
JRURS AN N, G B 5 5 4 0 R LIR30 - IXUB

O e RS T RN B RE A f p
Rl SRS, 7E 25 6 25 AT AGKE L A TS
3T 1A R D AL B K 1) I 8% % 7 P L, 7
Hz A5 Wk ) 67 480 R PRGH AR, 32 BR 380 & shbil
WA R T R, A SRR . O AR
A R, 0 BRI AR U 4 B v 1 A, filE
HORAGH 1 J8 A2 1 Ago

Tt 3 AT, AR S AR A i R w57 A E R
Giw AL U B A0, 7E 0~1 s B, Ak
0 m* e PEAE 1L 2£0.033 m?, 78 1~6 s #5217 F1 XU
A7 B TE, 73K RO kN/STF R LR P38 A0 1 s
Jet s PRAEHE 36 SRR (8 T T XU T et
IIFAE 6 s 3K F181.5 kN, ] /5] 45 25 & 4% £ & 7
LA T 7 KURR HE SR AR Ak, IR A Ak
o8 T B L o DR R L, R SR & B L A
e 50 T AR LA 45 1 2 ML ok, T) s o S & s
LI A8 0 3 T AR 9 3 AR P OB 420,362 m?

BT LA AR E R0, IRAF T Fo Aisoue X ASTE
P i R A R B N 7 TR . 5400
— 3 7E 0~ 1 s K/PApixouea X Ag, FE 1~ 6 s T K Ag
IFHE 5.8 s IR B KA IR FFANAE, Fofe ik 72 AR
Fr LT a%, 3-F 6 s 58 UAUE, IUI B A 25
BE., B4 f 1 B A A B e R A A I [
AR, ORI F,e BRI A BT
545 STOVL ik R 40 i 3 IR X e 4 55 0
e AR A A S i R B S R Ak nIE] 8 TR o
e A e 0ok AR R A i S AR AR Ak, A 2 s FF
T I KB HE 2k B F, 78 5.8 s Jo MR R Al i
A /NI EE R, 7E 6 s IR il -5 7 7 XUBS 4l 49
SEAE—E, Z G L TR BT 8 s R E E
100%, A58 55 e 58 i . i UG ot fE oy, & 1

0.40 - 120

Time/s

B 7w Ol R S RO T R
Fig. 7 Control schedules during the conversion from

conventional mode to STOVL mode



%6 VLRM%: STOVL ik

G Mo AR AR I 4y BT 1411

ol e R AN A UG Tl e 5 B KT R I A
0.3% LA, B S R SHL W IR B AR AB 7E 0.1%

140 i —=— Roll post
120 - —e— Cruise engine
1001 —— Lift-fan
Z 80
a L
2 60
= L
H
40 -
20
ol LF
0 2 4 6 8 10
Time/s
(a) S
120 —a— (Ulp — a)hp —aA— Wy
100 |
- L
= 80
é L
@ 60
<
g L
E L 99
20 - 98
r 5.7 6.0 6.3
ok
1 1 1 1 1 J
0 2 4 6 8 10
Time/s
(b) AHXT I
194
—=— Fan
193F —e— Compressor
N
£
21921
g
&
2 19.1r
- = N
19.0 -
1 1 1 1 1 J
0 2 4 6 8 10
Time/s
(c) WU . AL R 2
2201
X
g
2
i 2200
g
g
k31
=
o 2199+
k=
2
]
H
2198 1 1 1 1 1 J
0 2 4 6 8 10
Time/s

(d) IFE TR

K8 MU St B A AR A AR P R S MRS L
Fig. 8 Performance parameters of propulsion system during the

conversion from conventional mode to STOVL mode

DAPN, 163 %6 i vk B 3 2 P AR A8 Ak HLOJC i . 1l 2
FE 15 s P58 AR X e 40 1k e oK 10
R T LEAS R B T T3 XU 42 5 3 B X B
(RS, AR SCTFARL T A [ 422 45 18 1 A o A ik
PN A PERE, # W1 R 5 b SCH R g — 2, 1
0 T T3 KU T R B R, R 3 s B A
A B AUE RS, HESRERESHS &
6 s IFAE TR A RS LR . WK 9 B, B

25000 - —=— Lockedin6s
—e— Lockedin3s
20000 ~
E
Z 15000 (-
°
=
=)
S 10000 -
=
Q
5
O 5000
0 -
S S S
0 2 4 6 8 10
Time/s
(a) B Gt e
5000
4000 - —®— Lockedin6s
E —e— Lockedin3 s
£ 3000 -
s
&
% 2000 -
o}
3
£ 1000 -
0 -
! L L L '
0 2 4 6 8 10
Time/s
(b) BB IR HHE RO %
14000
12000 -
— 10000 -
=< L
=
2 8000
L r
=
< 6000
o L
=
&) 4000 - —a— Lockedin6s
2000 - —e— Lockedin3s
0 -
1 1 L | L )
0 2 4 6 8 10
Time/s
(c) B4 B At

9 ANRIEEAEE PR ARAME, )
FERENT L

Fig. 9 Comparison of clutch torque, friction dissipation power

PESERERII R K

and heat generation at different engagement speeds



1412 o= 3

VAN S 1

38 %

o A AR B W AR, (A B S 4
3 s IS8 LS AR LE T 6 s I 58 )i, HOBE 4
FE I 0 (8 B, RIS I A EOR
X S T B AR G EOR R, (HE = AR
A, HONIEG I R, B A A 3s I SE R & 1
SRS R

3 &

1) ASC LU 3K 3 7 7 XU 2 STOVL #E i %
Bi M WE SR XS G2, 0 X B G 4R 0 3l 1 2 A A ST
TEAHDSMRITERA, 5k T iR
GiAE U SRS RV RS - O FR AL, IR
T PRI B et B A T SRR, AR T )
WURE B A A TR W S B & LS R G
ANTA) TARARAS T 9 3 5] TAE ¢ 2 4 R i -
FEASER, T STOVL #idk R sh A vEfgE . 1t
FHEARES . B B AR b ih £ 5 3
MR (23] B4 AH b R 1R 2250 3.76%, B ilE T A
TR

2) DL & sl LA 2 i 46 o 7 vl 7 8RR
AR E A FE S B AR, Wit T STOVL #E i & 48
g AT B 4t 2 A S 4 T A, I
P HLAEE, AR U e R b L Il e
WG, WU B ML R4 AR AR AE 0.1% LA
VAL, 108 B T O R O TR AR Ak LT R, ) A
e -Suss a8

3) LAFH Iy KU 4 2ot 1ot sl B A, 45
T STOVL i iF 52 46 I\ MR 25 6 25 Jo T A5
A A AR B SR, IR T B U
o AR ) T 2R G S B R, O AR X
T o SR, AV il 7 SR AE B8 A A A /I
A Z Rt I 3 A, KU KR S LG
PR BEARAEAE 0.1% LAPN, i 5 1 i B 7 20 P AR AR
b BTG I, VR G WA ) KGR ke sh AL ) 3%
SRV AR AR b 2 0 AT BT

4) X T AR E SRS A HE T, ¥
e 2 A S U A D B A AR RE S R 1T
TR TR O B AR A I TR A, ) e
PR A, R R4 R N

S E Bk

[ 1] SBHE, BBk, F87°, 5. /2 1R 7 - HLTH I KURe DG
TR BB ] 2 B2 5K 2008, 2002): 30-35.
GUO Jie, YANG Lin, ZHENG Ning, et al. Investigation of critical
technology for lift fan[J]. Aeronautical Science and Technology,
2008, 20(2): 30-35. (in Chinese)

[2] KK F-35B/F135— R ) R 48 (] E BRAi2s, 2014, 59
(1): 66-68.

ZHU Daming. Integration control system of F-35B/F135[J]. Inter-
national Aviation, 2014, 59(1): 66-68. (in Chinese)

[3] BEVILAQUA P. Inventing the F-35 joint strike fighter[R]. AIAA-
2009-1650, 2009.

[4] MADDOCK I, HIRSCHBERG M, HIRSCHBERG M, et al. The
quest for stable jet borne vertical lift: ASTOVL to F-35 STOVL[R].
ATAA-2011-6999, 2011.

[5]1 BEVILAQUA P. Future application of the JSF variable cycle[R].
ATAA-2003-2614, 2003.

[6] GOEBEL J E. Design of a lift fan engine for a heavy lift aircraft[D].
Monterey, US: Naval Postgraduate School, 2003.

[7] WIEGAND C. F-35 air vehicle technology overview[R]. ATAA-
2018-3368, 2018.

[8] WALKER G, ALLEN D. X-35B STOVL flight control law design
and flying qualities[R]. AIAA-2002-6018, 2002.

[9] BRFEM. FI35K AL T J7 KB Bl A D] 0L =5 % 3L,
2004, 30(1): 39.

LIANG Chunhua. Lift fan coupling of F135 engine[J]. Aeroengine,
2004, 30(1): 39. (in Chinese)

[10] S84 Jit Ak W /T B I ¥ 031 HIL 2 i B OC R 53 T (3]
KL T, 2016, 36(5): 19-28.

GUO lJian. Analysis of development and key technique for short
take off and vertical landing fighter[J]. Aircraft Design, 2016, 36(5):
19-28. (in Chinese)

[11] COX CF. F-35B auxiliary air inlet analysis and design maturation
[R]. ATAA-2013-0218, 2013.

[12] WURTH S P. F-35 propulsion system integration, development and
verification[R]. ATAA-2018-3517, 2018.

[13] WALKER G P, FULLER J] W, WURTH S P. F-35B integrated
flight-propulsion control development[R]. AIAA-2013-4243, 2013.

[14] BEVILAQUA P M. Joint strike fighter dual-cycle propulsion sys-
tem[J]. Journal of propulsion and power, 2005, 21(5): 778-783.

[15] BEVILAQUA P M. The shaft driven lift fan propulsion system for
the joint strike fighter[R]. Virginia Beach, US: American Heli-
copter Society Annual, 1997.

[16] XU, 52, #8500, 5. T+ 1 KU F i B & S L2 & 3

T R GEAE RERE U155 50 H7 [J]. 0 2 3l J1 22412, 2013, 28(5): 1095-
1100.
LIU Shuai, WANG Zhanxue, CAI Yuanhu, et al. Simulation and
analysis of performance for combination of lift fan and turbofan en-
gine power system[J]. Journal of Aerospace Power, 2013, 28(5):
1095-1100. (in Chinese)

[17] ARNULFO L, PILIDIS P, YIN J, et al. Remote lift-fan engines[J].
Proceedings of the Institution of Mechanical Engineers: Part G
Journal of Aerospace Engineering, 2001, 215(3): 155-163.

[18] VARELIS A. Variable cycle engine for combat STOVL aircraft[D].
Bedfordshire, UK: Cranfield University, 2007.

[19] FEVK¥, ZERRLL, TUIK, 55 . A HE A /Al 1 R 7 & sl L A5t
BARBEFE ). i 25 3 71 %4, 2015, 30(10): 2531-2538.

REN Bingtao, LI Qiuhong, KANG Lan, et al. Research of short
take off and vertical landing engine modeling techniques[J]. Jour-
nal of Aerospace Power, 2015, 30(10): 2531-2538. (in Chinese)

[20] £ A A, ok g3 A Th Iy XURE A 2 1R I A O R T A AR AT
Y [J]. HE AR, 2018, 39(3): 685-694.

FU Dawei, ZHANG Haibo. Modeling of a STOVL propulsion sys-
tem with a lift fan[J]. Journal of Propulsion Technology, 2018, 39(3):
685-694. (in Chinese)


https://doi.org/10.2514/1.15228
https://doi.org/10.1243/0954410011533149
https://doi.org/10.1243/0954410011533149

% 6 3

LR STOVL it R G5 U i A A58 b7

1413

(21]

[22]

HKIE, BHE, WER, 5. 5T %MK S HLK ESTOVL
et R g SRR RE r RO MR R 5 BT,
2019, 32(2): 7-11,6.

YUAN Changlong, LI Ruijun, GU Yuanhui, et al. General perfor-
mance scheme of developing STOVL aircraft propulsion system
based on conventional turbofan engine[J]. Gas Turbine Experiment
and Research, 2019, 32(2): 7-11,6. (in Chinese)

Sk, 9 )EF, & JR, % STOVLEY i 3} HL 728 45 35 K 3 L
PE AR BOE B[], % 4 TR K2 = (A SR EE R, 2011,
12(6): 13-17.

ZHANG Haiming, LUO Guangqi, MENG Long, et al. Numerical
simulation on performance of a variable cycle engine for STOVL

fighter[J]. Journal of Air Force Engineering University (Natural

(23]

[24]

[25]

[26]

Science Edition), 2011, 12(6): 13-17. (in Chinese)

VISSER W P, BROOMHEAD M J. GSP a generic object-oriented
gas turbine simulation environment[R]. ASME Paper 2000-GT-
0002, 2000.

SRR, F 5, 0. W xR e E kSl G 5
F WS [I]. LA T 5 1 1 , 2010, 48(11): 133-135.
ZHANG Xiaobo, WANG Zhanxue, CAI Yuanhu. A study of object-
oriented aero-engine performance simulation system[J]. Machinery
Design and Manufacture, 2010, 48(11): 133-135. (in Chinese)
WALSH P P, FLETCHER P. Gas turbine performance[M]. Hobo-
ken, US: John Wiley and Sons, 2004.

BEA 2, 5 0. s R S AL BE M), 78 22 7Rk Dol K 2= i
Ji kL, 2005.

(4mi%: TEHE)



	1 计算模型
	1.1 轴驱动升力风扇式STOVL推进系统结构分析
	1.2 传动离合系统计算模型及工作过程分析
	1.2.1 传动离合系统动力学分析
	1.2.2 离合器工作状态

	1.3 过渡态性能计算
	1.3.1 平衡方程及迭代变量
	1.3.2 模式转换过程计算流程

	1.4 模型验证

	2 计算与分析
	2.1 STOVL推进系统设计点选取
	2.2 模式转换过程仿真
	2.2.1 短垂模式转换至常规模式
	2.2.2 常规模式转换至短垂模式


	3 结　论
	参考文献

