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Evaluation of human reliability in liquid
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Abstract; Based on failure analyses of liquid rocket engine tests, human error was analyzed
with Swan human error rate prediction technology. The complicated test process was simplified to
five continuous operation elements by selecting important human errors and event tree for analyzing
of human reliability was established. Reliability of human was obtained by using event tree analyzing
technology and evaluation of human reliability in rocket engine testing was also given.

Key words: liquid rocket engine; testing failure; human reliability

KRB 2006-02-21; #BERM: 2006-05-15,

EEEM: TBH (1969—), &, RRIEW, HREBIKERLEH,



5334 53

EER . WA RS REEP AR EETN TR 57

1 531§

BiE XS RBHIRB N TREEERBE, &
BB HEENEREREBERER, MK
MR RN TERMER, NE NS
BEGEH PP URD, BHAKRERH S E
& BB 68%~92.4%, T, W AKIRFE
R A B T R 4R R R K B R B ALK T
XY, SHXBIEP AR EEETHEA
B, REERENILEL,

2 PN OT i

UNGIEIE 3 4IPo¥ - ¢ N EIE A PN ]
FRAER, HEX R AEREREETMBRER
BRI, BEWEBMET HHBME, ANTEE
P A A R

R=1-E M
K, REBAAWARE; ERRARRERE,

HPAKR, SFEREBE, GBIE, 358
YEREHRIRESE AN EE BTG Bk R
AR REERATERBHIRARNELTES)
BREANRRAESBRE, SURBERM, A
SKRBERAT L S REN -

E@)=1-exp(- | h)d) @)
KH, hO)NRIRBRE, RYIA R NFZIE
BB ¢ i 20 i BAAL A IR Y R AR R IR LR

ANESWARR, kAR E#»—HAL THE
RE, BREFABHEUNASETREREER
B ARERXRRFBARAC AIARRIFBER
w®, BAFAEES, AEMRTLUREN.

R{)=1-exp(- | rind) ()
AH, e WERAET 2.71828; RONMBEE;
r(t) SRR

PR b, KGR R RO 2 4 R B B
FE¥Z, BB EMNRORGEERNFRE,
75 b X s A KT BRI

RFARRERFRE, BNIERERHTT
TREHF, TR THESHEAGAKRER
AR, TEAFOHEER, AWARTE
PR (HCR) FMIAKRRBEEBER (Technique
for Human Error Rate Prediction, f& #% THERP)
&, FOBBREEER TRENBBEAKRR
BER B, HCR BEALE F T B 3 i Wt 8 /)
HARXRBRHBETN, ANERBRER
(THERP) REXRZMARRERKY P RES
B, BREYC (Swain) 1962 EF K H KM,
A B, 3t R 2306 G A2 AT o O PR B R R 2 b T
TAKRBEER, J5RER A T H Al S A K 3%
BETW S, BHEESTRMER ., KA E
BEMARERER, BEE-SBBFLHERE
%o THESEHITH BT, WAERLE
B, A, TFRIN%, 2308 & RThE
TARREEEE, RARHEHRELATHNER
FHEBMESFHAR KRR,

WA RBNRBRUTRANVZEHET
e BERRI AR RGBSR T — iy —
MEFENERBELES, BEXMER, RN
ZRER=FEMEXN L AEHGE, @
Xt, HRAHXARRERER (THERP) K&
BTl X8RS R R P AKIRER,
KREFBARQ)KE R E XSRS
Ligun=LiNIEIE 368

3 Al E B TR

3.1 AKIRGH

ARRIFRANKRBRMN A M, OF
PR IR L R B AR RPA D7 TAHE,
3.1.1 WHAKRR

B AR REANRROTHE—F, HRNEF
RRBARERIESBF A ERNARIR, &
BT A = B LA R AR AN SR BR SCRR B R A
SHESIRUR KB RERE), B
ARSI B P REARREERIANUT
=M, '

(1) BWRETERE, MEARERZHEM

3



58 KO OHE B

2007 £ 6 A

ERFTH, ERIVABRFERAN. BN
KRBT, FR, SERERBE,

(2) fds, BREEIRHSE M TR,

() #HATTHELISIMIIT R
32 EEBEBEEAKXIR

BEXFHRDIRERE-NTEZSNHI]
JLA AL, EEAREGWERGRESTRE, A
RiRERSTIEERAE, FHHSHTEFTREL IR
MANRIRBEARFTREL RN E , PR F Rk HBH
h— B EE W AKRRIFFTIRA T,

() REARREERHN=ZBEL

a. ARRKER

MRARREESBHUERERNREASZK
B, MZARREE,; MRARRLASETH
b AR RS R R B A RSB ERERER
Gk, MZAKBEAKREE,

b. 5 AR R KB oAb A KRB & A
R

MREMEEHERR, WZAKREE,

c. NRIRE AR

ANEREEBERK, WEEEBX,

(2) BG4

RESENRIT ST RELERERERR
kW, BB A H R SPLAR PART
HTHTRE, BUXI AL 4R HAT B
KFRDPIRBH, RAEHBE#TRITHN,
a8t atr, RAEFX, WITEEERSRA
KIRFI KM RERKR,

() BERREEAKRR

BELHEREARREERN=Z2E, UK
R R AR, [ B KE R SRR
WLZE#2, 2EENILURIIREREN
HORRFIE, RHIRL A SFEZHMAKR
BB B R B R A A RE B B S R R Y
ARR, FEAHEZWRE R AKR,
EHRRAREBWEEAKRRY: 1) FXH
7. BIFRIITIRE S, REBERSRIES, 2)
WE. B ERASETREE, SHRES, W
BRI IEES; 3) BES. GRS EES,

BiE EEWEEARIR, EEIHRBEXA

BRAESHBTE S N ESHITHRTERE,
1) BERIYL, BT R AL BRER S A 5 5
2) REERER; 3) BAWMERT; 4) XM
BEHIBF; 5) RAWERT,

wEE RS N EITEE, FEREERXS
NP HBRE T KB “FFRBIT, W
B M “BRE XEAEBEARE; B, &
BRI A DER SRR XN EEE RN,
R A R AR B R AT E K, UMEFRE
IR,
32 ARREEIFH
321 B AKRBEBMEHA

FRH XA RIREEFM B A (THERP),
FIFAW T RS EGR, BB KSR S
WIS MRTEIEEEER, BRHEER S
BARBRAFTRMARIREE,

B 1 A K ST R B LRI A B AT SR S AT B AR
Fig.1 Event tree for human error in liquid

rocket engine testing

FE AR AT H AR, KDL
BT, B RICRAER N EUR R PR AT AR,
PR B ZE 0 WA 53 304 AR ERAE B DD 5 2R A2,
FAFRSHF AR, BRI B 5B A
RV AR MRS WFAR, WA 15
o AP REFRMESEmNRFAKRLTH
ERRAAMML R RBER, NEFRNESFEH
A B A0SR B TR AR B D AN A R AR R
322 BLARREE

FICHRAE P AR RBRIZ TRIHH

M=kP, P, ]
KF, MABTARREER; P AEAKREE,
Bk T TR AEARIE A AMLIC RIS O 5 A KRR
R L A XTI SR A, BRE KR



B3BELEIM

FE . WEASHRZHPIRREE P AR RN BR

59

R BB BEEGTBE; P, IRREE
JFEAMERNER,; k% REREE RO ERR,

FAAR (4), BEFEHEAHFRAVAR
WRAER, BEXREFMN, € LIENSBRE
ARPHEERATROS, SBRIERETRE,
BEATXASHNTHERE, 8% 8 ER
HEMB A RTBREANKRRE, FIER 1 3,
323 MAXHRIPNRBAKREEITHE

T & RO BRE s AR M AR, XeR
TZRAAERZENBRFR, 5 MKRED A FI-F5
A BB BE R AR PR, AR

Pr=0.00005

Pp=0.99995%0.0005=0.000499975

Pr=0.99995%0.9995%0.0005=0.00049972

Pr=0.99995%0.9995x0.9995%0.0001
=0.00009989

Ps=0.99995%0.9995x0.9995%0.9999x0.0001
=0.00009939

W K R B HLIRI A KRN -
E=Pyi+PertPertPrctPrs=0.0012
33 BN EHNREANTRETH
MAAR ) HEREXE ZSIRR T AL
BATRER .
R=1-E=0.9988

4 R

M T BT HT 45 5 0.9988 BT LLE i, Wik k
R RIEFANTEMEARRS, &
xR AR R S R R AT TR, BB
TR, AW, SHEEFEMRE, BUX
FILAT B%H SR ek st — b R Ay AT etk

(1) AR K & R BLA RS B HA
Bl SR R, A X SR TAE S AE S
N HATA MR IR 3,

Q) E#TE “FXET, “WE” K
B XEAEBEARBMEXLAER, EHER
BEHIR ., TR0, OHEE R HREANRBIE,

(3) Xt “FFREITT, “WE” K ERE

REAHEARRWLZABEHTRAG, A
LRAEME, GBS RAREA, k&, HL
ZEMRBRRELHMAHUBRATERME, BFX
BRI FFREITT K EBEST RATIRE

(@) XHRIEA G s R % 2 IR R K
REHPRB A MR R BEL I, REON
MEEMEZLBIRROEER, FREARFR
AR EFAERMEIR, ARtsE =7 AR,

G) EEREEERE, R WUHH", =k
H” FEA R EETE,

5 SZRiE

AW REEFRFRBEA, EERBREZ
IR, #TREXE RIS RS
AT SRR, BEHM “REE—, MPpAE
R AR K 5 2% B LB iR 22 3% LA B 43 S T o R 0 9
BEER, A SR MBR K BT RSP AR
ARV T I ARARE, AR B A B WA K R B
R B RRIEFWEE, ORAR TR
HATT W5 ORI, DS, 7T LA & #
1 870 10 T B R IRBEAT AL TEA H R S 4
Rt — 2 58 F AR K R S LR B R AR AT
RHFHER,

B 30k :

[1] £EEMELTRBRLAEZIBIFENRFERS.
B FHBREMM]. JbE: BTl t AL, 2005.

(2] ZEk 5. KHF R SHHLATSEMEM]. % AL Tl K2 AR
#t, 2000.

[3] XUk R. A TEY 7 BN AT (M]. bt b Tl i
ML, 2005.

[4] fAIHESS. KRBT S BBTET (M), JL S Tk iR
L, 1990.

(%8 PRAR)



