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Abstract: Aiming at the temperature and pressure double variable control problem of altitude ground test
facilities (AGTF) flight environment simulation volume (FESV), the extended plant model of FESV and control
valve actuator has been established with system uncertainty modeling method and an integral type u synthesis con-
trol design method of FESV is proposed to solve the problem. In order to come true servo performance of tempera-
ture and pressure, two different performance weighting functions are used in temperature and pressure loop and
the part frequency weighting shaping method is used for limiting control output. The w synthesis controller has
been designed with D-K iterative algorithm. Taking turbofan engine simulation test for instance to verify the algo-
rithm, the simulation results show that the maximum deviation of temperature simulation of FESV is 1K and the
relative error of pressure simulation of FESV is less 3%.

Key words: Altitude ground test facilities; Flight environment simulation volume; Temperature and pres-

sure double variable control; Synthesis control; lterative algorithm

B 2016-07-22; EITHE: 2017-01-20.
EERI: 3k M, B, i, DOy E s B EH RS, E-mail: 657890168@qq.com
BIREE: R3EED, B, WAR, WP REWUER] . A S RE TR S U L RS e A

E-mail: mecalzmy@163.com



$39% H3i

TATIREEAUE A R w2 5 661

1 35

o> I

1o a5 AU S HEAT R L4 AT AR T
A M BE R A% O R B0 R L RB B R AT K b AR
HESIRE MK B RS, THES S REH
TEIAT VAT T RO, Lkt S0 B g ad AR P B
A AN AT 0 XL o

it 25 T BEOREHE (Y 3 [ B o A TR R b
(AEDC) ¥ J2 m 25 B0 65, 38 1 R B IR R 0 7 vk
SEHLT A AL IR TR TR A H %
FER/NPI P SE R R AR e R NS M ESDIITE =y
B R A F IE N A S BT R s AL R B TR )
T 2 4, o 5 K IR A A3 R A o 4 R A
il 25 S0 BT R s AL R R R A [ i o
5 3 [ B o 1 e 25 a0 5 MR Ll R [ 0 A 4 o AR
RE %,

[l P 20 20 8O AF AR HE 7 1 R 28 R R Ak 36 k.
e V5 4 2Z 05 A I 2 R 56 35 b 1 1R 5K,
BEES®RP Y REESSGHYY B S
R T RR AR R T I T AR PR D T
TR AR RG S A R R R TR G A
AN 5 1, X6 F O BB E 7 B L R G A
I3 A5 JR T 4 o) 7 1 BT B A B E Y R 1T
R MR

o 25 AL I ) B TSRO AR AT R B A T
T REMS A IR IR EE AT IR S B84 . (R
il FR G0 TT ¥ R LR R Y PID 25 48 2E AT 0R T, AR
T, 3 AP 7 28 02 J0 ik R IE bR TR AT R BB 1Y ik
THEER, CAT IR R0 1) 2 1 S 8O B I IR T
R T p, X A S HAE 04T & BBl 25 1 AR A 06 i
J2 [ i AR A 1Y o

wEE A T TR R B R E PR R
G5 1) B A 1 BT A £ S P R R T S B0 ) e
R f1) [R) LT A R R Y T AR R Z B TR )2
FAA B AL AR R T D-K ARk A
RUE D K FE ATl & 8540 35 S M el 3-8
FE B AT T AR AR BN ¥ 511 H., Bt T4t
il , LA o IR PR S

Bt okt v A A0 R BE LR 7 [ O8I
ZOARALRHRGERN L, FZIRT REA SR
AN M EE ST T s B R I o I A Y
W FRAT AL ) 2 BT P 18 e 4 X G AN o e AR R
I — T B A B 25 1 2 I 1523 O 48 38 B kIR
B 7 T R R [ A8 A 0 A ok B, 5% 08 T X

.
P
[=]

[A] A

i

) 4 O (LR 50 0 A I AL SR T D
K ARST BT T i 4 Pl 2 R LA B % 3l WL 0y
FU B SRR AT T 07 B E
2 REAHEMEE

T 1A 8 5 0 s ADL IR 4 ) R 0 24 A A
BT 75

+ e u v )

r Controller st Servo system and| V| FESV J
A control valve
Temperature and

pressure sensor

Fig.1 Structure diagram of control system

b e o RAT IR B BTS2 e Al 2205 5 uh
P A 9 1 28 B R 0SS o AT UL B A5 5y A
AP A .
2.1 BTERER

1R 25 R DL 5 4 1T R AN ] 2 iR % s T I
SR — B HER R — RN T, M R IR AR
UL TR B T, BRI A, 0 14 .2
5 R R ke A o, HI R RN R 7 AR M T O R R

(” RT "’/ + ]V _ W +
—_ = h t RT inl in2 out
t Vi (CI’ )[ ( N )( ) ( 1 )

(h;.nWm] + hmz WinZ - hnul Wout)]

dp R h,, —RT ~
E - V|:[T C,‘ _ R j(Winl + sz Wmn) +

(2)

ﬁ(hmlwm +hio Wi, —h, W, )‘|

Hp 2R EYHELS WL,

Control valve 1 T P Wi
—_—

Control valve 2

T’ p’ WO\I!
—— To engine test cell

Fig. 2 Structure diagram of flight environment simulation

volume

i SRS BRI 0 2=y | H

AW AW
it ey | TR d= (AT
w2 AT,,

y=[ AT 984 T At B 2
R T B T U 3L b



662 e Pt

2018 4

ST A5 TR A S 0IR 2 AR S BR BR AR AL XA
B0 Y0 PR PN R AU 1 e e W, W, R
i W, 0 5 B E AT o0 B, R4S AR AR Y L K
FrRBR TAE SR Ry SEEAE, DT A] 3 53 AR X iR 25, DA
WAER W, W, W, B A A3 A 1, Al
254 30% o

MR BN HL T AR — 7 R AR B R s
UL JF 2 MR R AR A AR S T AR Bl an 3k 1 R .

Table 1 Steady state point parameters of flight

environment simulation volume

Parameters Description Value
T Temperature of FESV/K 288.15
p Pressure of FESV/Pa 101325
v Volume of FESV/m’ 350

W., Mass flow rate of first inlet/(kg/s) 100.83
Wi Mass flow rate of second inlet/(kg/s) 156.37
W Mass flow rate of outlet/(kg/s) 275.20
hiy Enthalpy of air in first inlet/(J/kg) 374062.01
hi Enthalpy of air in second inlet/(J/kg) ~ 233408.09
" Enthalpy of air in outlet/(J/kg) 288546.38
et ) 1003.891
R Gas constant/(J/(kg-K)) 287.05
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Fig.3 Structure diagram of disc type special control valve

AR A8 52 B VR PR T ) 8 1 A R JH 9 7 T AR T
WL Hh 265 7E 15 5 2 i A 5 09 15 3 eREOh

(2) 4 o 1) A5 75
A SRR R R 0 3 A U
W=gmA [2pp, (s)

b W ok I Y S S A, m Ry R R 3 3 TR
B A Z L, A B B AR p o = R
p HIETETE D), p, WG ET) o bl R, & XN
m & L6 Priv) pREL

@ =f(m,Pr), Pr=% (6)

@,m Al Prify kAWK 2R

Table 2 Relationship table of flow coefficients ¢ ,m and Pr

Pr m=0.0 m=0.1 m=02 m=03 m=04 m=0.5
0.00 0.4027 0.4063 0.4099 0.4176 0.4260 0.4391
0.10  0.4008 0.4041 0.4073 0.4143 0.4237 0.4364
020 0.3965 0.4000 0.4034 0.4104 0.4206 0.4332
090 0.1845 0.1883 0.1921 0.1957 0.2037 0.2126
1.00  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
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