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Design of Instrumentation System of Aeroengine Can Combustor Test
ZHANG Hao, WANG Ri—xian, XIONG Jin—xing
(AECC Shenyang Engine Research Institute, Shenyang 110015, China)

Abstract: In order to meet the requirements of new combustion tests, a distributed measurement and control system which based on
Ethernet technology was proposed and designed for the characteristic of can combustor tester in the test of aeroengine combustion chambers.
The overall design scheme of the system are described in detail. The detailed design process of the system was researched and analyzed in
hardware and software aspects, then the measurement uncertainty was analyzed. At present, the system has been Debugged and verified by
tests before experiment, and has successfully completed multiple can combustor tasks. The result shows that the system has high reliability,
stability, and strong versatility, and can satisfy the test and control requirements.

Key words: can combustor; distributed measurement and control system; combustion test; aeroengine

ey B TR E ey | n] R ] TR B 1 3 A
A7 by AN W ) b R s I 52 P, 4 1 25 0 422 2
GCHRIDE Z 1%

i TR IR TR, ASCHR I 1 AT
LXT B LU A s % R GE B 58, @i bn
WAL Al AR R BT RO, S5 g R 58, AT
VA SR P Al dr A , ol 2 R 5 HAT
ARGUBCE R IIRE Al R A B J15 T A
LSRN

1 BB R

RIS E R K BRI L, ALHE T
R SIARES W IE SEBOR DT 350 A, B IE R

Ji s & S HIL A A b A R R e 2 2
BE KIERRGE TR 3 A S5 AT RGBT T B, i
JER XS RAGE 2 BT K T il IR A AT RT3 2
HA B RS A 1zl g d R H X500 H Rl
P2 ARBAT 55 5 MERE o AR SR SRR [R]H
TEIRE A e BA TAEMEUE S | fEk s m R
AW IR RS SR AL

B A A AR B A R SR, R L GE 4k
P T A R I 5 R G AR AT W REE i 4R
Jr AR A (I ARG RGP BR , AT
BRI b A IR A IR AT 55 TR IR . BB #5254

WfmBEA:2017-11-12  ELIE : = E SR E 7% B
PEE B 7K =2(1987), 35 Wi, TARRIW, AGfiizs & Siplisge i T4 ; E-mail : zhanghao870325@163.com,

S| IKEZ, F HIL, BBl % R BIPL B b & I s PSR 1 11 T] Aias K BhHL,2018,44(3) :86-90. Zhang Hao, WANG Rixian, XIONG
Jinxing. Design of instrumentation system of aeroengine can combustor test [J]. Aeroengine,2018,44 (3):86-90.



CEL A AR AN AT B R e 87

FERAMET 100 Hz, [RIBSh 1A ARAS 2 0T 52 k5 1 11
BE , TS24 M A Ab B, SR ELAG & s i
GBI ARBGHERR, W 1,

x1 EENESUEREREXR

HUESE i 1 MK WA E JiE
B 0~1800 <05% 0.25%
J£ 11/ MPa 0~6 <05% 0.25%
PRI /(g/s)  0~100 <0.5% 0.25%
2R /(kefs)  0~26 <1% 0.5%

AR SR R AT 55 BRI % AR ST REAS e i 4%
MIRE , RUEI R L BA A E PR Al FErE . e
B2 A5 BRI AT 55 7 5K BA LY I RE
SEA AR, SERP SR AR , - # 5R
A AR 5 o

2 NERFLREFTER

M 2250 2 B IR 2 i I0 4 LU R S . %
ARG RE i AU I s R R G s ]l
ARG SR R G A EKEE T RGN R 455
T RGN MK R G EXHR B = e S 2
AR HR S S B I, REAE X 0 o At rp kg
SR T AR R X IR B S SR AR b Ak
PRIF A R IG5 25 BRI AR AR i R 40
Jex o LRGSR ARG A HUK RGEAINR RSk
AFVCELIEAT , E R A 40 2 TARIRES T 52 iR 50
1255 A Bl IR S5 45 T ST UMR RS B RG22 (R
B, (R4S R B AL BRI & F &R
G AR 32 , 4R g0 a8 R 4% o il
R Gk ORI i et o A U R IR A ST
MLz B TCPAP MM Tl es , sy
FEHIFEALEL OPC MG TIEAE . I R G0 E A
FEWME 1 iR,

By K MR e Rk
IEEAL AL L AL L

L sy AR UMD BT KA

B1 MHERFEBETR

2.1 M= RSRE LM

2 58 % 36k 366 DA K Do 422 11 ) 50 B R B 4
Mg, DR ds— e 0 i 25T 6,
Sk A RS B AR TR AN 2 BE T /N T
WET SR 13 ~ 15, 1% R 500k ARG B2 /N T
0.05%, AT LA R 752K o M3 S e ALAR Y
AT LR & B iR R sl R S5 S T O
BRI B 43 A7 2OBCE AR I B A 5531,
AR MR I B 0 M S R T g R Y
TRZE, [R A 55 2R 40 e v o7 A T A
211 MR GE M RTT

MR R GRS HE R ARG TR 5 IR T il
BE U RS Fe B A B R SR DL R
FEVERBTR PR EOR 455 2 i, R HGE A I (AR o VTI
75 F) EX1000A-TC A #81E R a0 i i b s 2k
(AR B AT I A T 7 58, B Bk 8 in .
IZAL AR ELA 48 JHIE X HLRAE S 7 AR S AT
G BE I SRR T, AR AR B A 6 vt R
PR VA i A M R % W T RE , T T 4 TR R
IR A J a0 i 4 T =, (o PR A I 45 4k
WHE- & . BEES . BRI SMia s S
EX1000A-TC #17R4E, Il IEEE1588 UrsG#T T
B (DA HE [ A0, i B S SR AR F/V ke
BERRG T  ES A S R TI  Ah, A
SEIE S R EEE A A DSA3217 #F17%
8, B 16 4~ 1 AGEiE , Z 0k N & A
il T B, R R 38 T8 R AT A 500 IR, B3R IE 16 Bit
A/D ¥, REGEATRBUE E ARV GREER AT
SR PR SRR AR E VIR R AR R E
FA VKM, Ge B4R 15 5 5 0 TR 5k
Pt o DR IA A 3 2 A H LA i S LR A T i 4 .
b DA RS A TR A, 50 s 5 i
2.1.2 ¥R eE T

il R GRS A T REH AR EEZOR AT IF
R, WLHA AT RBAEAS AT 4T 55
i E M. %M OMRON PLC 1E Rl s, ki
A A S i I B A T AR S ML 1
LRI PLC & ¥ il 48 4, PLC 58 B0 44 il 45 14
(HRITT SRS ) IS S SEBE I Th AR, 56 &R
Se)EEANE 2 TR o BT 00 B S s AR BR A B 155 P
PLC SREEFH AT B 4T 8w . PLC H



88 it =

ko Bl

5 44

TR IR B i RO T4 B A s
2k Bl RGBT R i R ik
R X R R S R B B Rk R S U
PR BV AT 58 13 A R 55 0 3R o T S T e
VAR R LA B R BRAb I ST R
L AR BRI R TS RE I L I S R AR R
TSR BRI 3 TR, B S v A el
AR,

SO LY A VN e e o (B (S S e g WA
AN, AT R DT I o

i B i ol L

B2 =HEE

2.2 MI=ERGREFZEM
W4 R G F IR 4 R Fn s e i 55

eBeit s FEHlAAE S AL R R A PLC
R AL R R TS T 6.55 AP T &,
4% b AL S BE o A s ik A PLC BCPF R A

B A H R AR 770 OPC i),
2.2.1 R ERAFSETT
R IN 42 80 3 P 30 ) A A I 45 B A IR

| SR B R (AT PR 2 F A 5 ! \
%%ﬁwﬁ;Tﬂwﬁwmfwnkﬂmmjgﬁ e B L
I BT X (A 4 210 £ e e = =R
WWW%%ﬁﬂ%%ﬁ@h#%%ﬂW%mkﬁ: o OPC B R (. 351 E oL
LRSS B IR A TSR R AR S R A
= Z5 Szl E S

PSR RS AR R SR A PLC
PRI CX-ONE SAHTHI I P4 TR SEPLAT
S SR B RSP IO
R kot A A S PRI SO P R 5
RS RARS BLITCR. . MURTRRT Ay o et s s AT T DA SRR G

cess2003 FF 2. FITIRM0 115 Ul AERHR SHRHC ¢ o

(ORI R S s 3 HERERIE SR

JFER IR . AR 5 4 )=
AR BRI L
(2) Bt b FRAN TN RE S B - ) A2 S 15 1)
P R A PRAS RGR [l BRI, S8 S B PR S H
(BRI RZ ol 55 IR SRR 55, k.55 )=

PR

o o LXT AR X Sl R B DLL sl

222 FHEMAR I
AP 3 WAL WIRECPER S VO6.0 FF 2 i | N :
AT 655 AT
R, EEILT M
CHATER, RN
CX-ONE $K(AFF4 JFHAS PLC 1. SIS 3 My
N N s . o \ %‘%\*ﬁ%ﬂ%%\?aﬂ_\‘}q\
R IR SR B R SEAC S LAY SO

PEAF S AR R DA A A i Eﬁﬁﬁ%ﬁ#i?@%

R, S
M R ARSI

PR, R BB A B AT . DSA3217 SRSy 4%
P LR LR AR A AT &

RAFTIT BT IE R T 24853t iR
B ZAUERIT R [R5 5 Z R AR B O AR R A A

saw aasn

B3 MHRE

P B AR

1% ﬁ%ﬂjkﬁﬂzl

1 O 4542 il 2L AF

PRt i 5 ] |

I 1D 55 i AR A L B B

B4 MLREREERTA

ER G RUR, BT T IR0 iR IR TR T



53 1 B B UZS KBS RS R T B R 89
'i«"a;"‘m R53TS &f";;m =] ﬁ%Zlﬂ@ﬁ?Eﬁ,*ﬁﬁlEﬂ%:F%o
I SN PO B B FF RS A A R 2 PE RIS, 25 SR ] .
W8 2 55 4% Tk e e Al S IR I BRI 7oK L 18472
. 4 R THE,
4 HFRiE
R . T ExT PRGBS RIS SN R LU , B &0 1

B5 Z=SEFIRGHRGEERE

Yo E SRt BT, SRR IERS S I R 5t

i AR5 TP AR E B E , A I AN T

TR BAR A T AN E BT TR
E

N
s ,
X=r; ZX (1)

X N U S N A R X
IR EER
T A AR E

A 2 (x-x)
S(X)= W (2)
T B AR E
Us=AIN3 (3)
KA HAERZERR
A BN 22
ULX)=\/S(X)+U, (4)
HREY R E
U=kUr (5)
— BB SR P=95% I , k=2,
AN AN E
U= (6)

% 2N R R AN E RE R bR IR 2, 3R
M R G i 2R AR AR 20K
FoUAE il g

o PRI %0 SEMRSHERASR
R T e S
S v plp=e = DA i
ﬁiéi%E%U[]Egﬁﬁﬁf,ﬁ%G% JELEE 520170/
o : P }\ . it )2 . 0
J:Fiézj]ﬁzﬁzﬁﬁﬂgnk i i 0.07 %
$jﬁﬁlﬂ:%&}§ s Xd‘”\u?; %Im{ﬂth% 0.16%
) B TIA NAd a4
EE PP SN R (3 d ST R, 0.4%

Frika SR, SRR

EZ R B AZIF S WA AT 55 . B T4 R E
WY, 245 R G BAT i i R 0 A A TR E TS, f ]
YEgror i, IR AE S5 A L. IR G 2 iR 2
THIREA FERHIHARATE 55 B EER

SE 3

(1] B 3C, BRpk i, Shidk sz, 45 BAS JOHE T Nk be i e A4 B 8 ) 22 8
AT HEIEE A ,2012,33(6):914-922.
ZENG Wen,CHEN Xiaoxiao, MA Hongan,et al. Kinetic simulation of
combustion process in individual flame tube [J].Journal of Propulsion
Technology,2012,33(6):914-922.(in Chinese)

(2] B53C, SRAHE, BTSN , 3 BRI URR L Hb TR A R e 3 P A e
FHERCRFE D FELI] 0025 30 124, 2016,31(8) : 1874-1882.
YANG Wen,ZHANG Dongmei,CAO Wenjie,et al. Studies on com—
bustion and emission characteristics of coal-based jet fuel in ground
individual can combustor[J].Journal of Aerospace Power,2016,31(8):
1874-1882.(in Chinese)

[3] Hiiete, TaB BhXOR , 4. —FhEET ATl IR R 23 A =X
M RGE] R R AE 244, 2004, 8(8):745-749.
QU Xinghua,DING Jinming, HAN Shuanglai, et al.A kind of distribut—
ed measuring system based on serial port communication and electronic
micrometer[J]. Journal of Tianjin University,2004,8(8):745-749. (in
Chinese)

[4] SKSPIG, a0, 2. LT VX BZRA A shilliX KA I A S
HEHA,2010(4) : 125-126.
ZHANG Shoupeng, CUI Qiang, PENG Gangfeng. Design of automatic
test system based on VXI bus [J]. Aeronautical Computing Technique,
2010(4):125-126. (in Chinese)

[5) Yu 55252 S R SR LXT WSS ()] 3L 5 s,
2015,23(6):1856-1858.
FAN Yu. Application of LXI bus in air-to—air missile test system re—
search[J].Computer Measurement & Control,2015,23(6):1856-1858.
(in Chinese)

6] £3, M. LXI SRR % (J] i T IEEAR,
2016,39(4):139-144.
WANG Jun,YE Weidong. Software testing methods of data collector
based on LXI [J]. Electronic Measurement Technology,2016,39 (4):
139-144.(in Chinese)

(7] BRI, 24 |9 5 LT LXT BEeh) A shilliX R 587 I s 1



90 it =

ko Bl

5 44

$iA4,2012,35(12):63-65.
CHEN Feng,LI Zirong. Design of automatic testing system based on
LXI bus [J].Modern Elecronics Technique,2012,35 (12):63-65. (in
Chinese )
(8] WA%tde, HEREIERLXT (O HERS (a2 ik 5 = (0] B S AT
¢,2008,4(12):12-14.
CHEN Xingmin, KANG Guoqin.The analysis of the precision timing
synchronization triggering of LXI[J].Theory and Research,2008,4(12):
12-14. (in Chinese)
(9] # BRAE , 31 SC AL T LXT SR I w80 R AR R S i B 0).45 2.
AR S ,2011,21(3):17-19.
YANG Qinghua, YUAN Haiwen. The development of high speed data
acquisition system based on LXI bus [J]. Information Technique &
Control ,2011,21(3):17-19. (in Chinese)
[10] STEAT, LT, JET LXI G AR R e (1] MR,
2007,26(4):24-25,31.
ZHI Chaoyou, TANG Changhong.Testing system with synthetic instru—
ment based on LXI [J]. Measurement & Control Technology,2007,26
(4):24-25,31. (in Chinese)
(11] TME, Wi, XOHE , 4 TEEE 1588 Ao I ] [7] 2 B8 Asg B2 7 48
1.1 R 58 A 31k, 2009,33(12):99-103.
YU Pengfei, YU Qiang, DENG Hui,et al. The research of precision

time protocol IEEE1588 [J]. Automation of Electric Power Systems,

2009,33(12):99-103. (in Chinese)

[12] B4k, BB, 5K 5 , 48 PTP1588 HMX M43 Hr(]. I R G-
¥, 2011,39(10) : 148-154.
CUI Quansheng, WEI Yong, HE Yongji. et al.Analysis of PTP 1588
protocol [J]. Power System Protection and Control. 2011,39 (10):
148-154.

[13] ¥%536 , MR, £ I IEEE1588 £ Tolk A W2 e iL o i1 e B 1oy
DA FHA, 2012, 35(23):90-93.
HUANG Zhi,CHEN Wei,WANG Xiangqun.Application of IEEE1588
protocol on industrial Ethernet switch [J].Modern Electronics Tech—
nique, 2012,35(23):90-93.(in Chinese)

[14] 5K 55, R % [, skt F T ZSHAM PLC B A 7 il R 50
[T AR S i , 2015(9) : 70-72.
ZHANG Yong, WU Aiguo,ZHANG Jie. Design of control system of
lubricating oil production based on configuration software and PLC[J].
Instrument Technique and Sensor,2015(9):70-~72.(in Chinese )

[15] #: P, EZEH, B ZET NI OPC Servers 5231 PC 5 PLC 52}
L Tl R, 2013,26(7) :51-52.
XU Qingkun, WANG Junwei,MAO Jianwei. Implementation of NI
OPC-based real-time communication between PC and PLC[J].Indus—

trial Control Computer,2013,26(7):51-52. (in Chinese)

(Zf TR EFY)



