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Abstract: In order to solve the problem of incomplete information in the reliability evaluation of ground test mea-
surement systems for liquid rocket engines, the factors that affect the evaluation of ground test measurement systems for
liquid rocket engines are analyzed in this paper. Firstly, the performance reliability index and functional reliability index
are used as the measurement standards for the reliability of the measurement system, and the definition of the reliability of
the ground test measurement system for liquid rocket engines is given. The uncertainty of the measurement system is
incorporated as a performance reliability indicator into the measurement system reliability evaluation system, and the
relationship between measurement uncertainty and classical reliability is established. Then, the number of failures of
subsystem units is used as an evaluation indicator of functional reliability. A system reliability assessment strategy that
integrates multi-source reliability information is developed. Afterwards, the principles and implementation methods of

reliability data collection, reliability information conversion, reliability information synthesis, pyramid system reliability
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evaluation, and reliability evaluation based on expert linear weighting were elaborated. Finally, taking the ground test
measurement system of a certain type of liquid rocket engine as an example, the reliability of the measurement system is
evaluated. The results show that the pyramid comprehensive evaluation method that integrates multi-source reliability
information can accurately analyze the reliability of the ground test measurement system of liquid rocket engines, and the
expert linear weighted information fusion evaluation method can locate the key focus objects in the system and identify
weak links. Not only does the research result provide new ideas and methods for technical personnel in the industry to
study and evaluate the reliability of measurement systems, but it also has great significance for improving the quality of
model products, measurement data quality, and system reliability.

Key words: liquid rocket engine; measurement system; reliability; measurement uncertainty; pyramid comprehen-

sive evaluation; expert linear weighting
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Fig.1 ~ Composition diagram of measurement system
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Fig.2 Implementation roadmap of assessment strategy based

on fusion of multi-source reliability information
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Fig.5 Schematic diagram of steady-state pressure

measurement system
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Fig.6  Uncertainty source diagram of steady state pressure

measurement system
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Tab.1 Data table of uncertainty components
=N EgHE TARRE IESWAETR: )
SIARARXS  FRUEBIAR Zmgl AR ZELAR
AN E S AN E S AN E S ANHE L
Ugp Upp Ugpy Upp3
0.001 6 0.000 06 0.000 8 0.000 01
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u(,,,(y) = Jubp + b F Ul F Ui (17)
U, = ku,(y), (k=2) (18)
B w, (y) }0.18%, U, }0.36% (k =
2) o WEAE 5 BB R kS Pl By Al §E BE AR T
0.960 0, ZLRALZA R 7 2 G5 0 A0 FEAS 1
T0.5%. WMt RGEAWE LI ELRN0.36%.
KA HLATEE W B RR S . T RS (0.0000,
1.0000). (0.0050, 0.9600). HHE=(1)IE—IT
LIENTHE, BHa=-8, b=1, HERENHTE
FEVERE 25 M 0. 36% B, 11545 2 B0 T 5 R A
40.9712. y=0.90F, HHIEZ%CHR19 )15 5] 5
My S S T RS, k2R,

A2 BT R R4S T RECER
Tab.2  Single side reliability lower confidence
limit data table

HEUCH, KA LN AT R
75, 0 0.969 77
80, 0 0.971 63

MR 2 8, R AHZRMEIR(E LS, 1HR15 2
EROR I R B A = 78. 879 8, SRR B K Rk
F =0,

413 HEEHk

R 3 B 285 6 ) 2R 4 ) R A T ORI 4 44

B, TR ERZ RGN AT SEEREE, anlE 7 R .

R

R I&
o — A A AR
R T

4

7 RS R Ge ] SEMEAE K
Fig.7 Reliability diagram of steady state pressure

measurement system

BI7, R ~RMAGIEE . FEIIME RS .
iRt i . [FS s | B RE ST
RG . A5 T XA B TR, SR
JE A& JEs . A B R RIS S5 e e B A BTk
RBRA R F7an AL B R AR S B R G ME 5 X 4
I BT R AR AL BB R BE 45 BT i ]
SRR, R IR TR,

23 BAREANMNZ EGHER BT XL

Tab.3  Data sheet for lifetime unit test of steady-state pressure measurement system

I HIT FATCR A RBORELF, RIS K EL n, IR AL x, G K B E] /b
TR FF i 1l 1 50 49 700
JE &% F A7t 2 51 49 700
L H 5 FF i 0 55 55 720
(Ehe2 2 s FAi Al 1 52 51 720

24 FBEEANNF R G RMA B TX IS E

Tab.4  Data sheet of success or failure unit test of steady-state pressure measurement system

IR BT TR RAIRELF, IRERE n, IR x,
Bl R R GE e 0 60 60
(ERCR0EE 37 ALY 1 355 354
B AT S S 0 78.879 8 78.879 8

R IESCHR 10 A 7k, R 4 807 A L BT
SRR OB AT, TSRO IR B n, RN
ORI K e, S5RANFE S P o

BRI R GRS XHEIR A7 A TR 3K
BIC(n, = x) BINEBL, BT R A CMSRIEHEATER G -
MR 4 L5 P BE K n R EI/INHERF

(721.000 9,719.000 9) . (720. 500 2, 719. 500 2)
(701.502 1, 698.502 1) . (701.001 0, 699. 001 0) .
(355,354) .(78.879 8,78.879 8) .(60,60), il
A BATT(78. 879 8,78. 879 8), MRk K B d /NG
W TE (60, 60) FIIR /NG R I HL.5T (355, 354) i
frE4azia . mat(12) T s
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Tab.5 Datasheet of comprehensive equivalent test for exponential life unit of steady state pressure measurement system

I HIT ZEREG ] /SRR Z, ORI A n, LRI AL x,
A 700 2 701.001 0 699.001 0
JE &% 700 3 701.502 1 698.502 1
EEEREER 720 1 720.500 2 719.500 2
(EReE S 3 720 2 721.000 9 719.000 9

(355, 354), (60, 60)— (355 x 60/ 354, 42 EFERXMERZSEFATEHITEE

60) = (60. 169 5, 60.0000) I 22 58 53 F G0 AN B e T FE M0
A A BOR LT AR AN 8 T RBZWI, R S Ee b iy & 735
T B e RV AR R G ] S TSR A
n, =721. n,=720. | |n,=701 . . e Ly s —
® 1 =719.0009[ Jx.=719.5002 [ |, = 698.502 1 ] B A R G AT SE PRV E R IE 1A 9 FIrn
n,=60.1695 | [n,=701.0010 wars | [EsaE —
&1 10 =60.0000 [ ]x,=699.001 0 WEz% | | Ess %EQQ’E%

EHER | | FREER

8 Fad N ARG AT A i |

Fig.8 Reliability equivalent diagram of steady state pressure

measurement system MML / CMSR

FRARGE T & T R TT, ORI %J”'fgggﬁ%
MML #7456 . X (12) ~ X (14) 15 2L 50 IR 1
$0226.0952, BINKECH 222.9229, RIMIKEL BE, KRS
K3 1724, My= 0,08, BRI 10)7HILHE e
WAGREE, k6 R, B9 &8 R g T S T e B R
W6 BIE, RALIERHEY:, HAEHE Fig9 Reliability assessment roadmap of pyramid
ST RGN TSR S FBRR, =0.970 11, measurement system
K6 FAENMNT RGN T EAST RIS A RO B FR 0 R A% 3 AR B I A R8O RO
Tab.6  Data sheet for lower confidence limit of single AT, R TR I RGeS 54nT PR iR
side reliability of steady state pressure measuring system {EEWE 1078
REGREL, RAE B AR R ER ARG h & oo RO, HeR A
200, 3 0.966 90 MMLE#1T46 . B(12) ~ K (14) 15 2856 )
250, 3 0.973 47 R 262.903 4, WINIRECH 255.807 7, RIGIKEL
200, 4 0.960 43 HNT.0956. My =090, A SCHk 19755 Lk
250, 4 0.968 28 WA, R8s,
n,=226.095 2 n,=192.2853 n,=136.3993 n,=339.985 4
@ x,=2229229 [ | x.=1912853 | | x.=1352595 [ | x,=3358953
O SSho000 [ | wm2msars [ wmistsns

B0 W 2 G0 S5 AR T Stk 1R

Fig.10 Equivalent data reliability diagram of measurement system
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Tab.7 Data sheet of equivalent test for each subsystem of measurement system
RGLA PR E SRR 2/ € ERURINAEL SRR MR B
AR E R 5 226.095 2 222.9229 3.172 4
TR R 50 192.285 3 191.2853 1
RSN RS 136.399 3 135.259 5 1.139 8
AR FEN 339.985 4 335.895 3 4.090 1
Ik sl R 77D i R 58 152.829 151.8226 1.006 4
PRl & R 50 284.310 1 277.947 8 6.362 3
B2 LIRS 1585 1557 28

A8 MEFRGEMT L ERTREBER
Tab.8 Data sheet of lower confidence limit of single

side reliability of measurement system

I, KA BN EAS T RR
250, 7 0.953 37
300, 7 0.961 08
250, 8 0.948 54
300, 8 0.957 04

MR 8 BB, SRTZ MR (EYE, TH5H153)

B AT S EAE R 0. 95607
43 BEFEZNEMNTEETE
RARUET FAR B AT E BE AR, T8
N YRR 2K BT R st AL AR 6 0 400 1 B R R R AT
PEGY, WL AR 45 R T e, B
EEIME, A RENE, SRMFEIPUR,
FRIE 2 9 Hh A A ] SR PR PEE S5 0, 8
w2 (15) MK (16) 1515 2R & KLU
AT I RS0 AT 55 B R 0. 968 53, R 40 ] HEJE
ACEE B an 2 10 i .

29 EREAA
Tab.9  Expert rating form

IS E L KT KRR BORKT BN E78 ¥ SUSR ke G %??ﬁ &
ra ro I T M Wy w,
REKES RS45 7.875 4.625 9.500 4.625 9.000 35.625 0.135
R i R 50 8.500 4.875 9.500 4.500 7.500 34.875 0.132
i R G 7.125 5.750 8.875 6.250 8.500 36.500 0.139
HeF1 0 i R G0 9.500 8.250 9.500 2.750 9.500 39.500 0.150
Jhksh e i £ 58 7.875 8.500 8.625 6.625 8.500 40.125 0.152
PRl i R 40 8.625 8.125 8.625 5.125 6.625 37.125 0.141
E =SSN 9.500 9.250 9.500 1.500 9.750 39.500 0.150
44 TELERXILLSH JETE M BB T AE PR TS A5 R 25 KA TR M S bR A XU

X H 45 SR B T S I T
OB ) P FE S P A T
D) RIIGFIALG GV R

T RG] SR . W R g n] e T e 45
H(0.956 07)/NT 450 RGNV SEEEEUE, /T
155 5% K ShHLAT S22 (0. 960 00) YR . 4555
B B AR ME BE TSR MR FR AR 2 T AR SS BigEisk, |

BRI RS AT EEME A — E RE W AT 55 F
SR, RIEN] T 45K ] 5E k45 bn 5 1 RE T e 1R
FEARAY [A] S5 BV . PP E S5 RIEW] TRl 2 IR AT
FEPEAR BB R GE T SRR 2 SRl U] T804 K
i K SHL M T I B B R G R AR . R 9
YRR AT, RS OCHL RS A SRR AR, T
M2 AT i e b R OB e iy, IS R D
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Tab.10  Data sheet of system reliability weights

ARG Gy RG] A LRI AE LRI i R G ] A
RAEENRG 0.970 11 0.135
TR i RS0 0.979 87 0.132
T RS 0.970 30 0.139
i R 5 0.973 54 0.150 0.968 53
Ik sl D i R 50 0.974 63 0.152
PR 1 R 58 0.961 42 0.141
B2 XHARS 0.957 39 0.150

EAR RGN AT SEERE W] T 1

2) B FIE R A EEHE P BT AR
L RAEX 0 RGN E AT e i, 4
T AU T 4553 22 G0 T8 K i A sh Ll it i) &
Bk, AT RO AP A . P ksl
T RS B AL FR G M 7 5 G A AL
HEm . KRS e e AR
REMBEMNEESH ., RAKIWRERLRENTH
SRR % 2 L R my e . Sy S
K HLYERE (HLop) 5 AR L4 S 8. 2454 SLPx,
IR 3N RGBSR R | AR S R R A
Hib RS W &, ARG s b7 A g
fb RGE A 2%, BCE S E 09 HEF 500 i RGeS
PRIGOUE WIS, EIIE T & 04 FpE

3) & T IERLGEA IR 45 R AR T AT 5
P AT SRR AR BRI 3 T L AN Y AT S
T2 452 (0. 968 53) NI BE TR I A 55 2K
FEFHAE T & FEAGEAIEE R U KRR F
SRR, 455 2 G0 6 BEE A AT SR PR 00 1 8
FEXT PP 5 45 A7 — e R, L HR B AL R
G FNR 8 R Ge i R OB B, X e RG] SR
FISE AR o o W 55 2R b AT et , AT AL
R RGN RN, W FIT0 0 W
Ao, PP E 25 0 35 TR AR AR (Y HE
JPH 2 RS I E OGRS, AR,
H—R R EHARN R RS,

5 #ig

P22 St m SE PR B g SR A, R RS 2 U AT
FEVEAR B R GE AT SRV E SR, 0 RS R

B HLIA 0 1l T A R G ] SR AT IR, AR
IR 3 4t

1) 38 2o 5 S 3R G0 AT AR DL R ST R
P v SE EEAE S, A AR T I AN R AT
JERE AL FOR — SR ), A X [R] 4R
PESLA Jrids, SEBLT ASHA A J3E BU(E AN n] & 8 50
Z AR A, 5 Y 45 SR RE 08 R A M A AR I 1 AR
Guvkne nrSEE . R DX B A R BRAS T
12 BE A% G 2L MK B0 7T R AR B 4 Oy A O
RUREG AR B o PP 45 R I0TE 1T % M B8 T S 35 A
FNTIIBE AT S5 PR 48 AR A Ry I 2 28 G5 v S 1 A i 48 B
A B R Ak
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WAF G TPRIEL
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RGNS RS, AMUBER AR 20 &K
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