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Intelligent Management and Control Technology for Hydraulic Loading System of Altitude Simulation
Test Facility Based on Lightweight BIM
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Abstract: To enable the intelligent and efficient operation of hydraulic loading tests during an aeroengine altitude simulation test,
and to improve and optimize its test platform, an intelligent management and control technology of the hydraulic loading system test based
on lightweight BIM was proposed. The hardware and software collaborative operation architecture of the hydraulic loading test supporting
the management and control platform was established, and the WebGL~-based technology of real-time data display on the Web 3D models
was proposed to improve the intuitiveness of test monitoring. The designed intelligent management and control platform integrates functions
such as test setting and operation, data management, test process analysis, fault diagnosis analysis, etc. The results show that the proposed
intelligent management and control technology based on lightweight BIM can make test operators intuitively, conveniently, and efficiently
conduct test process management and control, comprehensive data management, and equipment health analysis, improving the intelligence
and automation level of the hydraulic loading system of altitude simulation test facility.

Key words: altitude simulation test; hydraulic loading system; intelligent management and control; lightweight BIM; WebGL;

aeroengine

0 3= A, FEA B B 4R A B 5 T I R B
| B G BRI A S BAR, SERFJH TR S 9k

s R s HL s f R B R B AL T AT IREE i s AR (B T £ SR W B R 2, B

{18 b T 50 1 S, X K S LR o ke 2 % OGN A FH R W, A R4 TAEIRE M, Bl
P R R GEAE s B B T ARG % kS T R R A R BB L B IE I %
Z— TR CHLRR A 1 TAR ARSI T) | R R N R G & M A T B 9
ST IR RIS TRBE, I RSP SCRISHIE . 78 Web ST 7% 1 ST T LA 52

Wi EH:2022-07-29  EE£TH izs 3 Sl 5 H v )
TEE R 52 (1987) 9 A+, 4 T AR

S| A& 2 Y € AT S S TR AL BIM Y 55 55 7 0 06 90 # RE 1 R[] 25 % 5)81,2024,50 (2):153-158.PENG Jin, GUO
Pengfei, DIAO Xinyu,et al.Intelligent management and control technology for hydraulic loading system of altitude simulationtest facility based on lightweight
BIM[]].Aeroengine,2024,50(2 ):153—158.



154 =

% 8 Hl

5550 &

L 4 e htAL SRR S PR EULPERR A AL
SCHAR ABTE Web SUETFHIRUE RA AL
MK 15 E BT S0, 5 BB (Building
Information Modeling , BIM )8 [E Brbg i & A “AT-{r] 2&
SR 0 BN T A A O S B 7 TR R 7 SR A
TR PR BERIPE (R (RS mf P, e
OB ARG H G, B2 SR I RS

SR KR AR SFE U 2 T2 BN, BT Web &

JE 2 (Web Graphics Library , WebGL) i BIM 1] L) 52 8
U AR A S BB 3 A 1P S R et
 GOBCR AR BCEROR R e Bt
[ P Sh T T AR gE . fEr s
o7 AL RGP E S R SRR A
A A B PR AR B K TR A P A
KL T, B T 2 A KRR A AR RO B %
THER, 5 T - AW RS S e S
S A WIS & T R SRR R
BT HRAE  Python 45 481 3 BRI A T— 1k, 5B
R AR A EDWAG (5 B R R . 3ds Max £ 4 3
R | L R B 2 WP N R e

T LI e M 4 2 T RE

T RS, S T SR EIC S MRS AL A
B AR TIRE s £ XU AF VAT T AR R AR R G
B, IFAS & I R GERY D RE MR B3R, A 1w 28

ARG S I RE M BT 598, fER Rk BIM
HoAR B BESE 5 5, Zhang 28 B0 T —ANJFURIRE |
FHREFF——BIM/GIS S R & , I 55— FR B TR
PO RN WA BT TG bR B 2 S v i VDU R Bl et i B R GE . TR R G,
 Python 2T 17 TR HFUCE ARG HEA T AT , S IR B Ak

H R R ) RS W A D) BE IR A% D R 1 i

FH /KR K HL 5 45 B 85000 3 T AL s
A iz 3T WebGL B BIM B AR , &t Emas &

W MR B B RS T E S A
WebSocket J&— I {E BN TCP &322 kAT 2 W T3l s

ARG REAL AT
1 BN SEMLER
1.1 HEEHREIEITEESE

T SR A RIEMAR RS WA 5 AN H
S SIS K R G A ISR B Weeb S
[EREEIROE YV INGE L PPN kil e
GBI TAE B T MR R G

PR AT InE 1R . s BRI R SR
REER AR REMME RS WEREEE

E1 B=AREMERFGREGHETIEESR

9 T 0 T RS P R LB
25 R R L 091 1 S5 A A TR A TR R G A
Tﬁﬂ?ﬁ*ﬁiﬁiﬁﬁzﬂ%ﬂ%(Programmable Logic Controller,
PLC) il OO A T ) A% St R 6 It 1t 1155
M= RRTT . RELUE T i g X 28 E
A BB B A R G, e SR B IR G

A3 Python R 55 %% )5 it . Web it & 7 B 1T | 3ds
Max 2 i . Python IR 55 %5 BE WL T & 25 5 R N &

(Proportional-Integral-Derivative Control, PID) ¥ i |
RS W | A BT 3 A AR B A D SR SR T R B
EJRE A R GE I i ST B  MORE R R G PLC AR
F A AR, T ERAT 251> D RE 5 300 B AL e
s 54 IIREIB T4 RAL I 4 Web JE/R 1w (I HAF

ST Web 7R ST 1 9 AHLAZ B RO

AL F) Web i fi 1T LA IE— 25 £ o 000 J s i 1 v
FIERENE
TEAE B85 5155 )5 1, B8 F 2 40 38 1 Modbus

H i o Websocket Wp i A% %l 45 Web J&& 75 5 1",

AR BRI, (055 i IR 55 2 1) 8 00 S 4 A B A

WL, S VRIS B % S B M L
- WebSocket AT, K 28 1M 55 2% FL T 2252 10 1 AR

T A Z A 4 T AR AR i 4 JR AT
XU BCE A& 4 FE =S B MR G A R G fE
rh i Websocket 7T DA IE B0 45 5 Ao A s M A S st
P Web 3 & 75 SR 75 K FL X0 W B An 48 3R ¢
IR B A B AR R T AT AR AT AT A

R A T A S R R AR A S A 4
R A PETAR BT 3 Websocket MUK ) Python 2
PERGETT. SRR R SR A R G
TSI S BURE N R G A TR
AT TR AT I RE T, TR
RN R G SRR R A U SR, Lk



552 M W

F A R TR AL BIM A 25 5 WU N 200 B R A P BR 155

PP R REALR) HAR . S TR MR SR,

FH 3ds Max BRPEXSH T RATEIHATRREE SRR AR
1 P 2R FERE A AT S I O AT 1
)3 AR R S0 00 3 AR IFAS JE 41 ob "3 4
BURSCHE 5 mtl” BRSO . Wb Sl A hup By
IR S, 3 T WebGL HEAKS 3 b Mim g A T . HL ORI ARG AR (R A B T RO B I A5 B

hum!S A 42 5 55 20 905 I S TR 1 3 48 T

Ak
1.2 ETREUBIMBEIELMETR

it P R UL 152 RO 6 8 A A S B T AR 450 T A9 1

17 3R R 2, SRS 1 H] WebGL S BRI B0 24 1)
3genal AL R . R R, A BRI R
48 PLC R ECHE 8 o438 15 A3 11 & 18 45 Python IR 55 4% )5
Ui, i v AT A E s Y T A B L R 55 g 0E At
Websocket il 15 Ph i 5 #
T i AT B8 52 1L 8
Ak B A R AR S
K 25 ST T g, I S R
Pt TR AE 3 L AR A v A% R
i X N AL, DA T il 45
PN 535 08 e 52 B
By e vp A A A Bt
% BRI R G s Qs 3 R . REe

2 2#%HER AT

S BRI Ao A 28 o DRI AL R 2 &

m — g
ok [ZES —

1 o O
I —h epl— e — it

. [ il |
LR E N 1 i ] T
i ‘\'j." M| o) o)) (| ) (| txr ‘
e I | | -

HLHE LA

X A e HA
1 L G
m . ‘r‘:}‘wumw 1= | LHEH Pl [T
Y T B D E 2 Tt ﬂﬁ
LT LT
o

7 :
ez || F Bm -y e
. | S I
- T -
C Wz | B
I 3 o X o
et M =

B3 BEAREMBRSHE

R, RRAE IO LR A LA

RANTFIRMI , w23 6 R 2l 2 B AL 3R
FEIUR ST AR A R I F LI XS e Sl AL I A 5200
TE AR, 3252 o UL R 4R 1 58 2 Bl i, AL
AT IR, Y HUA] BT /N T T (RN 2 )5 TR )

TRCR st AR08 iy A5 5 ) L B9 i P k2 (RO S L
FE 9] R T A L Y A IS P A TR B LB 9

IR G B ALK MR H TR
TR BT 2SS FE IR R S i AR R AE , TR RS R g, ek A i
SHOIR R BRI 2% — BN F L i
R R TR ) L (R Rt o 2 A TP ETR L T S R 1 AR AL
R T (A 2 7 )3 ATl B A 3 ey g OO T ATRIRARINARA 9.

Web 3t 3 4E M0 |- SRR 44 SRR . 1Sk ‘ \ 5
a0 3 L R T LR ) 2 A TR R

A N AR 1 A BRI T EL AT L T R
B SO MRS R . O T X R A
UL RE S A R B T 3 AR o
WL R INER B 3 A A A PR 3ds Max K
k. AR 450 BRI R £ R S

Autodesk 3ds Max #H% T Autodesk Inventor 5 H

PR S B A 4 0 A 5 RS T AR 20 A A M 4 2

o fEREBLR B E SRR 3 AU AR PR
PRGN SRR RS S RORS AU
LA TR, A TR I R L S T A
BRI . AR /NI IS RS B e T
VRIS O DHELLE . T WebGL A A AT K
Y 3 ERORR R T A 7 RO B A 1 B
TR R G 3 4R B4 LR S
FEB A CIMA SR VB BRI e s A B SRR T AR L T
@ﬂﬁ%ﬁﬁ%@ﬂ%%@ﬂ%@%%ﬁﬂ@ﬂ#% WebGL % T OpenGL ES 2.0, H Xt 3 4E55 7 (1 4 ik )7
3015 OpenGL ES 2,020, N33t 24~ = ff i F o
ORI ARSI A 3 AR LT T 9
OSRER IFLAAE 3 4 EERUS (T 7 A R
R BRI LA AR TR 3 THLAC Y A R T S
R AT 3 R

i 11 WebGL 32 B Web i 32 B 3 245 7 1) T 6k

BRI ABE R, Web W 2B 575 A PR A

R G0 3 AERET S %30 D ad i 3ds Max AR

A EMRRGE AT 3 R AL BUR T 19 obj Hy R X
M, S 300 MB B 3 4EREALSCHE, WebGL i T
XA T T BB 3 S 4 28 47



156 =

% 8 Hl

5550 &

Flo 15 3 YRR v 14 122 SRS R i s A SRS A0l )

FAA 0.1 5. [RIEE TR FHOART T 4G iR
VR, DUERAE A B, SRR BIM Y

e 3 4 nT LA B P 4 i
A M RS RS (7 =T BT

R+ 7] :2399.900

4 HIEMSHTALRRRE
2 HREEETAEMHINEE
2.1 RERESKEIRE

R 8 5 B T (AR T e
LA ORI Dataframe.J1 P

O A R I B B R ey ORI BT £ & (SRS Fe
WO, BB SR AR P B TRRAUR RO DURME DU T
BT B A SUE TR S0 F oty | o AU SRS BTR o £ 2 S
e I S

e :  RBEBREA U . R BT LUK B
B AR PR I, U s b, O IE BRAEA R T LG BB

N e g 58  HEFF A7 0, 8 T 5 7 SR 17T )
gf?@?%ﬁﬁuminﬁﬁﬁﬁfm%f@?* RGO 5 T AL AMBA bl
EH R T AR AN 1 o

Sl a0 A 5 I R e R A A R

FFFEERT

s b Ly e T L v A - )
| TORMABSRERIAE TR SRR v i b e e ) AL B (447 P
BB R . AR At

2EBLAATE S UL E B 05 0 A2 11 22 2 1

ZE3 ﬁﬂ*ﬂﬁl I"TE‘] \Ezr IEJ \ES HEJO tlﬁﬁﬂﬁﬂﬂ"]%%?ﬂﬂﬁﬂ 1%%%3?%%%“%%*[] PID T}Eﬂ‘ﬂj%ﬁ ,ﬁﬁ%ﬁﬁ%ﬁg%%uﬁ

k. UK IR ERACHI R R R PID Bt HIZE &
RGHF D7 ST LA R PID BT gy o i T 200 | LA B 05
VA Hein AR P M PID PR BB AT RITAE G ok sl T CHOUER BRI RCR 4
Python 5 Python {E S5 #HE TR B B HIT 40525 g 5 o

BRI R G PLCAE RIS A RIS R iy

AR5 100 e >R P P G Ui U PRl S o DA

P S (5 R 1l i {55 1% def 228 50 1 iy s LA A 7
No FHPHESE R E Ja Al LA i 5 SR K A5 30

G IR e N | e W o N 2 ) K N LT 0 |
2.2 IGEIEETE
155 45 15 RO N 28 2R 48 500 A B 6 T 6 1o 2 [l

AR AE S L A0 i LA T

o BERE TP IR A PR i, 522 Tk R G4
I 2 )V P Ok B . 0 Rl A A X v s
W08 R e g A 2 A7 25 5 2L R T Y

BTN SR YONGRE C T R ot R
SEIRR R L B A
 IDRESP AR RV A 2B

g i A

R A7 RSB ] X 8 B A0 A A% AT

 AERRLAUR R SR 2 T Python 1) pandas 5

= RS AS AL T 12 2 8 43 R AR B L Dataframe

BB TR A TP TERSR  FERE ESA
BB R R F ) R 2 R
R R AT R RS B S I A L
ISR AT T

B e £ 5 T i g M
BRAGHT. BRI R I BRI o

R TR N B v A8 R s 5 MU N 4

AT BT S R T RE . iR AR
H 4 il 4 S BE Y, 2 B IRUH N2 R Gl 4 nl

FEA S DA SR AR A T, PR il O 2K

R IR R LT TR RS AR B
R A S F R R R L
B, BV P % 2038 1780 HOF 1 20247

(9 AZ P R AN A5 5 I AR AL 2R, I R A 1 i

ESPHT R G TR A B K B
- BCRUECR AR 2R PERE 75 DU T B B Y
RS BT INE 6



2 2 EAEJETRELBIM B 2 GG R REE R ROR 157

FEERAELR 2

it i

o
50100 150 200 250 300

Q,
A BHUBIE

" i
i

Lo (O = Q.0
Btk

PID PAFREE

E5 FEreixhlRE

LESSEVIEES N St pE A

E6 mEMBRMXIEIRESNT

2.4 WIEZHI S

BReE 6 B Eams 8 W ENE R g8
F Bl 2 Wi e , Ve BT e AU AR 2
Writ e Mrle e . Ho  SeBE2 R A T 1 45 A b
22 28 10 25 B WRUE N R G 2 Wy v, O
LW 7 s .

[

=

pislies

- s

PR RIE 1)

BB
Tt I

W ZRIRTE
AT

SYR P

e 2oy
A B )

Rk | e |
E7 RIEMBRFEHFELSEHREE

o 25 5 VR N 28 2R e A A2 WK 03 B D) RE 5 A T
3BT B 2 BT A 2k A2 T 25 R R
LWiEE R

B2 W43 B S AN 8 T o 12 W AL )1 2
(1) = ZE T Re R JE 7R R Y 1R 55 4 I v A7 i Y 12
WSS L)1 ik BRI R85 A5 h5 , il 8 (a) R . H:
YRt R oR T LAY had 72 rh I 2R A8 450 2K B I 25
AR AR AL B, LA S ZRAE RO IEAE 73 2 R %
BEYI 25 A5 22 At 7 . DRy Fe b 45 I 24k
IR HR IIGRER LR IR NSRRI IR HER R I 25

L1 MER R R AR W0 AR v R IR IE AR P b v
RS

AR R AR R ST R
T

(b) HEEEZWEE AN ZE (o) B BRHXIIS W e
SER R B J7R i
B8 #EiSHiSTRE

Rl 76— YOI 45 AU, #RA N 52 AT DL i
INAS UK A BBk B2 W B e o o R I
257 BT A Python IR 55 4 i dii 8] FHASE B I 2R SR
BNtk B2 W R OR A7 DI 2R 5 B e 5 2R . Xk
et —Jr N e M A T R S S O N R
Hh P AR A TR R 32 A R R A ED I T
WIS W, 83T T G T8 R Sl A A2 W g vk
AOLFA s 53— T T, 3 i SR B RS WA T foff HGE
BRI TR SO0, — & R B IARBL T
TR RENE

R YI 2R s L (1] 8 (b)) IR /18 24 iy
e 55 a e & VI ZRbs 1912 Wi B A S0k 46 1 ) 45 IR 2,
o WA GBS INER GRS W s R R 723
(9759503 N ZRAE A SR UE AR , e b B e RPN I
S5 1) R P 22 ) 245 AR B A TR BE T, A0
BB W R e, e ARt 2 R AR . BRI R4S
ST 71N 1 N 25 AL 5 B E A4 b AR AR P 18
FCrp g R B 15 AR AL 6 b RRECDR 285X 187 1) 12 I
A2 A [l [, SR TR B 75 2R sl
SRiF R e S0 RS bR RO, LU A N BOXT
B 2 W e AT — 2 0 #r

B/ e L G NI T S € ) E e A



158 =

% 8 Hl

5550 &

B S AN RGBS AT RS W i
B2 WG SR S (P19 (o) ) FH oK B 7R i Uil 36 ) 12 Wi
g5 Bt By R R i i B b B AR X R AT
W2 Wi A RS R MBUE A8 . FEit R R
TAEREE R IS W R TR R AR X 25 3 RN 2
ARG R ROIR S 284 R B E ST, W B 12
W2l RO BRI, 2 W g RO i RS
UK LR I 90% I, I 25 6 iR s R ek
TEREIR O (TCHLRRE A AR ) o 12 Wl R i B S 20 A 14
JEAR T R o A 1 A P B2 WU I R S
Ab T FEIR S AR, OAF R/ T RE UL AR B 2=
BRI R GAEA VAR P AR TR

3 Hig

(1) B4 th 9 4, 35 B 14 2 48 PLC , Python Iz 55 %%
Ji St F1 W eb ST i ity (4 BRBE R B RS A7 484, S T
PEAE N GRS 1o 72 v S B AR BORAS #8481
B AR

(2) e th i T2 ik BIM 9 528 5 TR 2%
1ok 06 B 40 S B R s R 18 FH 3ds Max 38 8 1% 4% 3 4k
BT, SR F WebGL 452 AR SE B AE Web dify 3 AR Y |51
R 7 A TR R Y I RE L (o R4 N 5% B 03 s
I IE T .

(3) g ey s = B R M B Re R &
T BE Y 3 R AL e B S R AR A il
B R A B R R 3 BT R 2 W A BT D e AT
DM A D0 WL s 2 1 e, 0 2R 4 ) e 4 A
IR G0 AT B e RO AT A A S R 4y
BT, TR R 42 50 T A O {1 B B T 0 3t 332 BB
WM RS W TR . REET GRS T e S
B W B A BRI 22 A, DL R RB AL AT A 3)
K-

SEH:

(1] RS . 2 BB H AR M. b« s Toll ik, 20140 1-4.
HOU Minjie. Altitude simulation test technology[M]. Beijing: Aviation
Industry Press,2014: 1-4.(in Chinese)

[2] FRARAS 5T, 4212, 45 36T F100 % ShLIR g6 10 35 5 25 BB
WS R RIS [CY/A =R IR R TR AR S WS U —H &R
GLGURR TR L AR : (R BRI R G TR B, 2021
135-139.

ZHANG Junjie, JIANG Ping, TIAN Jinhu, et al.Research on American

altitude simulation test evaluation system based on F100 engine test

[Cl//Proceedings of the Third Academic Conference on Systems

Engineering — Complex Systems and Systems Engineering Management.
Zhuhai Guangdong: School of Systems Engineering, National University
of Defense Technology ,2021:135-139.(in Chinese)

B3] 2 AR . 0= S ALt 0 50 E A R A 0] =S 3 00, 2021 (3)
57-63.

HUANG Jindong. Construction of aeroengine test verification system/[J].
Aviation Power,2021 (3):57-63 (in Chinese)

[4] Luminas J K, Boytsov J F.Aero—propulsion environmental test facility
[R].ASME 98-GT-555.

[5] Shahzad F, Sheltami T R, Shakshuki E M, et al. A review of latest web
tools and libraries for state—of—the—art visualization[J]. Procedia
Computer Science,2016,98:100-106.

[6] 1SO. Building information modeling — information delivery manual —
part 1: methodology and format: 1SO 29481-1: 2010 (E) [S]. Geneve:
1S0,2010:1-34.

[7]Zhou X, Wang J, Guo M, et al. Cross—platform online visualization
system for open BIM based on WebGL[J]. Multimedia Tools and
Applications, 2019, 78(20) :28575-28590.

[8] 2L, SR , BT ., 45 i & A IR & B AR5
[T Wi TR 2022, 52(1) :96-100.

LI Kai, GUO Yingqing, ZHAO Wanli, et al. Research on construction
technology of control platform for altitude test facility[J]. Aeronautical
Computing Technology,2022,52 (1) :96-100.(in Chinese )

(9] 7 BH , 72 300, RAR 5%, 45 s R Sh LI e Bl R &R 0 R e st

LS A A 5L, 2010,36(6) : 36-38.
CAO Yang, LI Wenfeng, CHEN Zhenyu, et al.Design and implementa-
tion of aeroengine test data acquisition and analysis system [J].
Aeroengine,2010,36(6) :36-38.(in Chinese)

(101 T RUR , ¥ AR, JRI T, 46 s & gl e 2 ol B RS i R 46
(14028 & AL, 2000(1) : 36-40.

WANG Fengyu, JIANG Dongxiang, ZHOU Ming, et al. Condition
monitoring system of aeroengine altitude simulation test facility[J].
Aeroengine, 2000( 1 ) :36-40.(in Chinese)

[11] Zhang S, Hou D, Wang C, et al.Integrating and managing BIM in 3D
web—based GIS for hydraulic and hydropower engineering projects|J].
Automation in Construction,2020,112:103114.

[12] 0, 258 fiias 34 D R e A0 A UG BT (). 4 4L
7R,2020,39(12):1-9,27.

WANG Haifeng, WANG Hongliang. Understanding and discussion on
intelligent development of aviation equipment support[J].Measurement
and Control Technology,2020,39(12):1-9,27.(in Chinese)

[13] Rahmatulloh A, Darmawan I, Gunawan R. Performance analysis of
data transmission on WebSocket for real-time communication|C]/
2019 16th International Conference on Quality in Research (QIR):
International Symposium on Electrical and Computer Engineering.
Padang:IEEE,2019:1-5.

[14] Staicu C A, Schoepe D, Balliu M, et al. An empirical study of informa-
tion flows in real-world javascript|C]//Proceedings of the 14th ACM
SIGSAC Workshop on Programming Languages and Analysis for
Security. New York: Association for Computing Machinery, 2019:
45-59.

[15] SCHERH , B 5=, 8 BH 45 s & Sl g 250 4 B R 4t e i 1.
fiizs % #ibL, 2021,47(3) :97-102.

WEN Weiyang, CHEN Zhenyu, CAO Yang, et al. Design of data
management system in aeroengine test[J]. Aeroengine, 2021, 47 (3) :

97-102.(in Chinese)

(ZhiE . X



