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Influence of interference factors on performance and
accuracy of turbopump-fed upper stage liquid rocket engine
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Abstract; Performance precision is an important control objective in manufacture of liquid rocket
engines, especially for upper stage liquid rocket engines. In this paper, a certain turbopump-fed upper
stage liquid rocket engine is taken as an object of study. The interference factors that affect
manufacture, testing and performance adjustment are recognized by using analysis-tree method.
According to these recognized interference factors, the influence of deviation on the engine thrust and
mixture ratio were found by means of simulation calculation. The calculation model of affecting the
probability by the interference factors was obtained by derivation based on principlé of statistics. The
correctness of the calculation model and program were validated with small sub-samples. According to
the requirement of the confidence level, the effects of the limit deviation of interference factors on
engine performance were determined by means of the probability model. The control objective of each
single interference factor was obtained according to the requirement of the performance and precision.
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Tab. 2 Influence of interference factors of gas-generator with 10% deviations on engine performance
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Tab. 3 Influence of interference factors of thrust chamber with 10% deviations on engine performance
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R g 0.00 2.48 1.16 2.64
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Tab. 4 Influence of interference factors of valves with 10% deviations on engine performance
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Tab. 5 Influence of interference factors of pipes with 10% deviations on engine performance
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R -00006  0.0259 0.000 5
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-0.046 1 2.62 -1.47 0.20 -0.87







BaELIY

BEKFRMITES M BTHRE R RS RL
I —BERERE N
3.1 [EERRR R R ARG
1) REPLEEFEE TIREROTECH M,
BITHE B X & ShHLIE R 5 0w F7 2 4% BR IE AR
. WRAIREMERZE 3 FENR.
2) HFWTHRE R Z R EARM S, HXZ3
PERE R e A B ST
OWNERERSE-vop 2 bIRe: i k-2
DL EAHHETH
PRy RAE MIES, BIHE
HAMBIERZE . BRI EMFRE 3 FAT6E
e, BEFBERITAHTANE, K MIEFL
A EHEIE G FTE NV 300 K DA 4% BR 1F A 25 5 57 A
LR,
32 HEERES
BT
P, GEIHEEAE N TR, ERE
=P, GG FAE N TR FffRE) (1)
B LA
PORIEIGFTE N TR L EERES N IR L EfRmE)
=P, KB FETE N R LL FiE R
+P, HEIHSGFAE N R LA EffRz)

=2xP, GIHIEETE N TRML A% )

[}

P, EIMIRAEAE N TR E R

=D PARHES K PHEMER ()

BB R BT R M A SRR R kA
IERIBER,

“TIHZJE, A kNI AT BT 6E
D AEAE, HREAF; 2) AkaNER,

A M, FMTHAE (=1,2,H), F—
P AT USRS —MiE B, ST T i=0 &Y
%% FrLh.

PUIEHIEA kN RHIERIHER)

i(M-k)2

::Zlﬁﬂﬁ¢£d¢ﬁ3ﬁﬂﬁb%¢%§)

W, %. ZEXEERLZHIHEEE TFREEWE 39
<Mk R D M-k-2
§ AEESIECANE ST E o
_( )M g CxC @)

BARDORARAKXG)MQ)F, HEH
RERE: ke M AFEHPHERAEEFEN
TR LA EAR BRIE R 228 v T 2 DL B4R PR S 22 4
RN

<(m—k)2

pax( L] 2 ) S ()| O

33 HERRNEFNERERIE

BEAXG)wmH THERE, HFAHANF
RS (4 M=2 W1 M=3 i) BRIE T iR A
BERFRERY, BT

1) XF M=2 EE, ERE. AREAZE
WESFNH+. 0. -Fx, BHRELE 9 FA
BE, 48R “+4. 40, +-. 0+, 00, O-, —+, -
0, —-"

HPERKHEEE | PHERNESEN 24
(+0. 0+), IEFRIKHER 2 MHIEMEMSHR 14
(++); FREHER 1M NANAE R 2D
(-0. 0-), ERIEHEEE 2 MARMAEH 1A
(—) o FFEA, 1 RUERIES 1 MRUULERR
HIHEE K 6/9=0.666 67, 2 ™KL ERIER 24
K UL b R B, 2/9=0.222 22,

FIRAARGS) RFTHEBTFITER 1 T RU
EAIES 1 AN R IR R 0.66667, 21
KU ERIES 2 R UAE T BHEER 0222 22,
HHEERS/NFHEHRBEEER B0

2) T M=3 ER, ERE. AREMF
WESFIA+. 0. -Fan, FHRELSE 27 #0]
g8, HR “4++. ++0. ++—. +0+. +00. +0-,

+—+., +-0., +=—, O++., 0+0, O+-., 00+. 000,
00-. 0—+, 0-0, 00—, —-++. 40 | —+—.
-0+, -00, -0-, —+. —--0, ——

E*EﬁﬁﬁFﬁlAﬁE%$#ﬁ6A
(++-. 400, +—+., 040, 00+, —++), ESIKIH
JGHE 2N RIERMEHR 3 (+40. 40+, 0+4),
ERIKHEER 3 NRERASH 1A (0o BT



40 K OH O ot

201646 A

PL, 1KLL ERIER 1 MR E R REER A
20/27=0.740 741, 2 ™KL ERIESK 2 KU E
B AER Y 8/27=0.296 30, 3 KL E NI
3 AR UL E R R EHEE R 2/27=0.074 074,
FAARG) RFrmtRFITES 1 AR E
RIEBR 1 AR E R EE R 0.740 741, 24
R UL RIS 2 4~ KA bR MR 0.296 30,
3ARLERIEDR 3 AR KRR EEN
0.074 074, ITEER 5N EER—H.

4 THRERERHER

REAR ) BET MTFREES, #
LGN, GAYMER NI (V<M —BHEdR
ZERIGH AR, FMAHERERE 27 T

MEEX RSB ERE P, B3N I KL
Pl E—tE BBERESEBAEE REN
W, BEME 4 1k 6 Fim,

1.0¢
oy\yhmm&umeWﬁﬁimm%

0.8
0.7
0.6

0 0.5
0.4f
0.3f

0.4 \4:0. 07T
0.f

0.0 *

...............

-0.1
0 24638 10121‘}\{1618202224262830

4 NOEW E—BTRRERERHTE
Fig. 4 Probability of appearing N or more

uniform inferference deviations

F6 NMEME—HTRIRELEHHME
Tab. 6 Probability of appearing N or even more uniform interference deviations

N P N P N P

1 0.906 62 10 0.024 1 19 4.784 2E-6
2 0.724 84 11 0.012 42 20 1.190 7E-6
3 0.557 23 12 0.006 02 21 2.618 28E-7
4 0.410 87 13 0.002 74 22 4.994 07E-8
5 0.289 86 14 0.001 16 23 8.054 19E-9
6 0.195 21 15 4.578 86E—-4 24 1.057 75E-9
7 0.125 22 16 1.671 61E-4 25 1.064 83E-10
8 | 0;076 32 17 5.613 8E-5 26 7.344E-12
9 0.044 1 18 1.722 12E-5 27 2.62E-13
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