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A parallel test scheduling model for aero-engine altitude simulation
test facilities based on RCMPSP

WANG Yehui
(Aero Engine Corporation of China, Beijing 100097, China)

Abstract: The altitude simulation test facility is an essential testing infrastructure for developing advanced aero-
engines. In recent years, the demand for altitude testing has surged continuously, leading to an increasingly
prominent gap in testing capacity. Improving the efficiency of test scheduling has thus become a critical
breakthrough direction. Operational research methods were innovatively applied by incorporating project
management theory and resource-constrained multi-project scheduling problem (RCMPSP) theory to construct a
multi-cell parallel test scheduling model for altitude simulation test facilities. Through comparative
calculations based on simulation data, the feasibility and superiority of the proposed scheduling model have
been verified, demonstrating that the RCMPSP-based parallel test scheduling method holds significant
potential for engineering application in the planning and scheduling of altitude simulation test facilities.
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Fig.1 Schematic diagram of the altitude simulation test facility
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Fig.3 Example of test activity time schedule
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Fig.6 Serial scheduling production plan and resource load



14 A BRSO

5394

s IR AR A 55 I, KR B0, IR B34 B
PATHER R 8 s R iR, 4 MR G 2
AR 2 2R IR TS 30, ) 5 ST T )
Z [BAF{EFinish-Start B 06 & | B i 1,>1 b
N AR A KR T S B0 S5 U6, o Y
] [ Ff 43T 25 S R0 5 76 AR RS il e, 453050
A7 AT R B 6 3 B4 4, = {(i)) €
Vils;<t< sij+p[/}, Vih 25 i 50 e il 50 7% 3 0 &
S,y py YR G, ) B TRT AT, A 6 %8 ik
O R St AN S UK AR R Ry TR M
H ARV 4 1A A TR A5 1 )
2% (AON)BIEL 75244 H 4 b i 4000 30 HF L4 i
ST BN HE DL S 6 145 S LA H 40
HRSE AR5 F . SAIF R HE R 30, HUT R 1
FEXF A T TR SR 2 BT 454
ARG A TR IR TS B 43 L HHTE 7
iR (BT IR 6 4 5 ) -

’:: :: @\
/ \
’ N
, e @ '
’
\
/ \
o, ~
A N~
S
e
ERNXd SNy o7
N \
'S #---- ---P F .
\ W N
’ - ,
S=TowN P ~-
W PR
DN 0
\ s
WYy s
W 7
S s
Y ’
N /
v Y /
\ ’
\
@///”

K17 2 IR 1 1o 2 -4
Fig.7 Multi-cell parallel test network plan

¥ s R BHLE S B A T I ) R £k
IS AR AR VRN T R ORI 3h T8
Bf P BERAE O B E AT TR R R R S8 A
ol ; QR ILZE Rl — RSN, R RHRIA = RIS AE
B 2 R A A DG G 2R s BRI Al FRfbok3
PO TTIRAN , oAb F BRI A HE R 1t 72 s D2l
BEIRAE AN ARG 2 [ % 78 (R B ) 5 IR 5005 AN
SR, — BRI T e 5, H AP As seiri
AHAE B
3.2 [O@EE

BRI K S E RSP 5i(=1.2 - N ),
WA G S5 (= 1,2, -, J) I BUF 5

t((t=0,1,-,7), WHEFSk(k=1,2,---,K) {5
16 B0 G T py, R 3 () ) 5 BI85
BBy RIS TG BN, ) IR B[R] s X885 30 /)
(19 58 JC 8] ¢, B 200 0 A TR ARA T Hh B I8 IE 3 4,
A SR G A A A B R IS Bl (7, )R B TR AR
oKy, I 3G, )5 BRI 3h 58 U 1] 2 18]
) 5 /N g i (Paganin=1 )

[7] 35 A PR P8 2l 22 [ 5 i J B P 24 B
St [ st 5 L i3 2 22 [0 7 ik Fe di /N 24 5
PEIR IS AE A0S B Z AR BRI R R AR, 4%
TRIGAE IS sh Z R B PP o R An=X (1) FiR

AR AT S 45 R H 20 /N e RS
&Il 6 .
(if}tl)aéXP[/cih + tiagmin < sij,V i,j (D)

AT I T B 2R R P )
SRR HE A ALK SRR A R
i S R A 0 AT IR IR B TR BI04
ORI E Ty e

(EIL RN, AT TP IR0 1 BT ¥
Rk SRR R A, et (2) . Pedfe
At MR ARSI , o I
(3) R

Re=> Yy Vhit @)
(i))ed,
b RIGIE B, )LE I 7] B 56 B 3)
o, #
IR ) R B E R ] R
T
minmlax Xy 4)
T
s.t. le-jt =1, Vij (5)
t=0
T T
Z(‘ =Py P~ Z I Xint 2 lagmino ©6)
t=0 t=0
N J, t+p!,f*l
Re=D Yy D xy vkt @)
=1 j=1 =1
X € 40,1}, Viyj,1 (8)



T B TR IR LA TR 22 0 8L ) R A 2 A s L 25

A AT IR A AT 15

2 (4) R A B AR Witk Lt R it e T
i /ML 5 28 () FR A RS B R T
EURTT ST 5 22(6) Fm 4 i Bt P ik s 1 20
= i P 2 R N2k 58 (7) 22 SE
IR 3 (8) i X T AL B

4 THIRMBRE RS

I S B0 E Y 1, %o SR AN T H A 0 A
ORI TIRHE R A BT R AR (1 25 SR 204 7% E,
R FEAE SR T AR T B IR R AR AT T AR
AR
4.1 LHIHER

SR AR R R v — A AR E A
P Y H R IR AR IAT 55 TR, 675 58 13
g, W S REE (F~Fs) o R4 & IHAAT 5
(RIHRLAE TR, T AR A2 25 90 A0 150 106 o 22 (] A R
FT5E IR T, el 0 T 025 H 4350 76 2l i AON
KL AnEI8 TR o 00,6043 I F 4356 i 4 A
SEOR AR BN TR A IR R A IR
}790 kg/s , BAH SN 110 000 m*/min, 3L K i
M43 000 m*/h. BRI TE S ZERIR EIR A
TR EAFR IR,

4.2 BOIKRMBRERSH
421 ANIHTHEE

IR G B R A T I TR A L SR )
THARIAC TR0 B KR R R 5 A R L
it T X [ 1 2R AL A H IR AU A
TG e TR SR B0 R R T4 D), 1 e

P8 1 Bl R 2% K]

Fig.8 Network plan for test activities

E RN R2FTR . 25675 A0 B8 P 29 s AN
55 s T3, vl R s b7 B B L 45 15 e
W4 (Fi+F,+Fs) , FARE U425 H &
(F3+F4)o

FERRATIEERCT TR R 7
A ECR I R, £ R IR 5 AT R AN R TE IR 24
SRR H R R (), R ORGSR B AR R A T HE 1
Ao TS S A F R 2% A B T
MIRTEE T, AR R T % . O h—Fhi
J&E 7 A s ) TR R 4 I o . H
RIS 01 BRI TE /BN 1 i &
525000 A i 0 AR BN 5 TR
TR ARYESARIG TG S AY T, IR 2% e A/ NS 3
SRR B R OGB4 R 00-21-22-23-01-41-
42-43-60 , Fe LV BE 7 S A T3 11.40 h,

EW RGPS,

Table 1 Information for test activities

RIAE RITE G5 T/m Ll P (kg/s) AR/ (m¥/min)  FALKRTR/(mP/h)

11 0.80 12 350 25 870 12 750

F, 12 1.00 13 300 22 500 17 550
13 1.00 60 310 26 720 12 160

21 1.20 22,23 280 44 700 18 000

F, 22 0.90 60 260 31 500 15210
23 1.50 60 320 39 200 16 880

. 31 2.10 60 160 48 400 10 400
’ 32 1.20 60 130 35 750 7 600
41 1.30 43 180 44 550 12 870

F, 4 1.30 43 130 39 320 8 450
43 1.20 60 115 31 620 6 730

, 51 1.30 60 120 29 700 8 580
52 1.30 60 120 36 300 7 800
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