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Abstract: Long March 5 is China’s new generation of large—scale launch vehicle (code—named CZ-5).
The core stage is bundled with four boosters, and each booster uses a dual—unit parallel liquid oxygen kerosene
high—pressure staged combustion engine. Considering the real situation of the first launch of the Long March 5,
this paper analyzes the failure modes of launch vehicles at home and abroad, and puts forward the measures that
should be taken to avoid the risk of the booster system. Combined with the starting characteristics of booster stage
and the first—stage engines, the ignition matching characteristics of the different engines in the first launch of the
Long March 5 are discussed. The development history, technical characteristics, and adaptability of thermal envi-
ronment for YF-100 series liquid oxygen kerosene engine are briefly described, and the engine’s potential of re-
usability and wide—range thrust adjustment is analyzed with emphasis. The thrust—to—weight ratio of liquid oxygen
kerosene staged engines is compared, the impact of engines with different thrust—to—weight ratios on the carrying
capacity of rocket is studied, and the methods to improve engine’ s performance are summarized (such as using
pump back swing technology, high—strength and light—weight Materials, etc.). It is pointed out that the new gen-

eration of liquid oxygen kerosene engine must pursue high performance, high thrust—to—weight ratio, lower cost
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and enhance adaptability under the premise of high reliability.

Launch vehicle;
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Fig. 1 Statistics of failure modes for launch vehicles
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Table 1 Failure statistics of liquid oxygen/kerosene staged engines abroad'"
Engine Rocket Application Date Cause of failure
Control system shut down the 12th and 24th engines due to sensor mea-
NK-33 N-1 First stage 1969-02-21 surement errors. Eventually, all engines were shut down and exploded 69
seconds later
AJ-26 Antares 130 First stage 2014-10-28 The rocket exploded 6s after take.off, possibly because of turbo pump
(NK-33) failure
RD-120 Sersit—2 Second stage  1985-04-13 The propellant was exhausted prematturely due to a leak in the flow regula-
or
RD-171 Serr—3SL First stage 2007-01-30 3.9s after takeoff, the metal surplus caused the pump to be blocked, and
the rocket fell to the launch pad and exploded
RD-8 3eHHT-2 Second stage  1985-06-21 The liquid oxygen valve is blocked, causing an explosion
IIporou—K/D Upper stage 1969-11-23 Oxygen valve leak
RD-58 IIporou—K/DM-2 Upper stage 1987-01-30 Ignition failure
IIporon-K/DM-2 Upper stage 1996-02-19 Ignition failure
Table 2 Comparison of the takeoff process of several types of rockets
Types of Booster engine First stage engine Ignition command  Rocket takeoff
Start type . . Intervals/s
rockets propellant propellant time/s time/s
CZ-2F N,0,/UDMH N,0,/UDMH Same type of engine start -3.0 0.0 3.0
Cz-17 LOX/RP-1 LOX/RP-1 Same type of engine start -7.3 0.0 7.3
CZ-5 LOX/RP-1 LOX/LH, Different types of engine start -9.0 0.0 9.0
3
HEpTHZ LOX/RP-1 LOX/LH, Different types of engine start -8.0 3.8 11.8
(Russia)
Ariane5 e . .
SRE LOX/LH, Different types of engine start 0.0 7.0 7.0

(Europe)
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Fig.2 YF-100 LOX/ kerosene staged combustion cycle engine (single/double parallel)
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Table 3 Statistics of thrust-to-weight ratio of ORSC LOX/ kerosene engine

Country Engine Thrust/kN Weight/kg Chamber pressure/MPa Thrust-to—weight ratio
RD-170 7259 (s) 9755 24.54 75.9
RD-171M 7400(s) 9300 - 79.6
RD-180 3827 (s) 5480 25.75 71.3
Russial 20-22)
RD-191 1922 (s) 2290 26.30 85.6
RD-120 833.6(v) 1125 16.28 75.6
NK-33 1510(s) 1235 14.70 124.8
YF-100 1200(s) 1920 18.00 63.7
China
YF-100 Improved engine 1250(s) 1820 18.00 70.1

Notes: s-sea level; v-vacuum

Table 4 Parameters of several liquid oxygen kerosene engines

Engine Thrust/kN Weight/kg Specific impulse/s Thrust—to—weight ratio
Merlin1D 756 470 282.0(s)/311.0(v) 164.1
YF-100 1200 1900 300.2(s)/335.3(v) 64.4
RD-180 3827 5480 311.0(s)/338.0(v) 71.3

F-1 6773 8444 265.4(5)/304.1(v) 81.8
RD-191 1922 2290 311.4(5)/337.5(v) 85.6

NK-33 1510 1235 297.0(s)/331.0(v) 124.8

RD-120 784.5 1080 304.4(v) 74.1

Notes: s-sea level; v-vacuum

Table S Evaluation of carrying capacity after changing different engines for Falcon 9-fT rocket

Engine Merlin1D YF-100 RD-180 F-1 RD-191 NK-33 RD-120
Payload/t 22.8 24.37 25.27 21.06 25.49 24.6 24.28
First stage structural weight/t 222 28.743 27.713 26.453 26.077 23.535 27.337
First stage propellant weight/t 409.5 409.5 409.5 409.5 409.5 409.5 409.5
First stage specific impulse/s 296.5 317.75 324.5 284.75 324.45 314 317.2
First stage speed increment/(m/s) 3738 3891.3 3974.5 3555.2 3993.8 3912.2 3901.3
Second stage structural weight/t 4 4 4 4 4 4 4
Second stage propellant weight/t 107.5 107.5 107.5 107.5 107.5 107.5 107.5
Second stage specific impulse/s 345 345 345 345 345 345 345
Second stage speed increment/(m/s) 5449 5295.8 5212.5 5631.9 5192.7 5274.2 5285.5
Total speed increment/(m/s) 9187.0 9187.1 9187.0 9187.1 9186.5 9186.4 9186.8

ML AT H vl 5 NK=33 1 RD-120 & shHL 4% , {H i &
L5/ B YF-100 % 3l LT 46 2 NK-33 Fil RD-120
KBS L KT AT R 23 0 84 0T 0.230F1 0.1,
SRR T2 1% F10.5% 5 (2) YF-100 & sh HLHfE & L
5 RD-180 % 3l ML AH 22 /)y , B My T L #h AH L RD-
180 % s HILAH 22 10s 247, B YF-100 % 2l AL 35 4 Ky
RD-180 & B ML )5 , K #i 9 A ZLE AT S T 0.90, 2 =
T #93.7%;(3)RD-180 5 RD-191 & Zh ML LL wh P E 45

i, {0 RD-191 & s HL#fE 5 % RD-180 & sh AL 48 &
T 2520% K RD-180 % s AL B 46 S RD-191 & i #l
J& o KR AT R AT B T 0.220, AR R T 0.87%;
(4)RD-120 5 NK-33 & sl #lL bt ob M B 45 30, {0 NK-
33 K& ShHLIE E H A2 RD-120 & Sh LR 5 T 29 68% , %%
RD-120 & s HLH e Sy NK-33 & shHLJ5 , K i 104 2%
FATIG M 70120, AR E T 0.49% . Li bR X T
— M KT &, — PR BB R A AL
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AT YR B R THEE . — B
FA R B RS AT & Sh LR T AR B B
AH G, e rp B 4 9 K s BILSE i e /N (29 101, B & 3
ML 123 /D 10kg , A AT Tkg) ol — R L
IR Z, @28 ks pLE i K (11, B & sh il &
Uk D Tkg, A7 8RB kg) o PG, 38 5 42 T & B
B TR L i 5 28G5 A2 e, I G 58 32 Tl G R
1o 25 R AN ML HE FE LG, 7R DR UE S5 K R SR A Sl L
Ve 5 o B R AL R, 458 3D AT BN R E — 52
A BB

Jo S AU I & S ALHE ) L H b BE L P A
A AR A B T, — O TN B R O R v R
Ty — 5 L Uk SR T B 4 v v R M
[Fi] B 34 35 JF e % Al 4 Ja 4 RL AL HR R L E A M R R
JO T A T kA e B F S RS A AR R g R K
T R T, 2 S YA SRR T K S P R AR T 1 A RGE
T2, e RE R PT AE  WRE AR v A A ) B B R AR L A
I AR A% B 09 2 2 L L i dE g, i 2 0 T s b
AT 2% Y SR T ke sh WL 7R SCER R, AT i — 25 9 JR TR
JHESH 22 SAIL I I FH 3 L

5 HRIE

ARG I T RAE 58 Ok # B &
40 E S Y XU A S R & Bl AL VS R M T Je
T YF-100 V& 580 & sh AL 0 BIF il g A 4 AR R AE L
B AR B8 35 NP B T SR R T R S ML e
PETHR LI . AT 458

COEEXT B ) ) R RRCA M & sh Bl , 25 &
I 1B — AR 38 W &S S RS B, A AR T S
2 T TRAT T 55 ) T IR B AR R M 2 S G
T bz TR IR R AN B OR O R K
SRR 1T ARG DT

(2) YF-100 % shAILAE hy B % & sh L 5 08— %
WA K S LI R R CZ-5 KT R TR HE T, B
R4 45 700 % Sh AL A% 3 8 570 415 A A B KR 22 5%
1 2 45 Y & S AL A0 B F a] B DA T S B S 28 R
S AT K LT

(3) YF-100 ¥ S 180 & sh LB A v vl & L vk
e MEHE R RN SR RAIASEIHEAR,
WF B Dy e AT T 50 A Fhii AT T AR L IR
A KIS T 2 A A R AR & TR A kL
OB A B A0 2 Wl P, & s Bl A 4 it 10
fis TAERE] . [, & h WL 4% 4 RS B mg 9 45
rtie , BHLHE 7 98 15 68 J1 3K 50%~105% , 41K FH £ Ff

TR BEAEHE Ty B G007 58, vl A 4 sl AL g 90 9 e g it
— A

(4) #E 5 e xh T 28038 T B 52 Wi 5 Ok s BL LS
BOEAC, S RS LB R R R, Bl 4 9k B Bl
LU ek T A BT RS U R THEE . S
] i G Bk B R T 58 (SR 2R R 3R ) (R T
i 1 T2 B A B S R A T TR R R R R
BE— 25 P v W SRR A Bl PL A% T RE A B A [ A
A EEE
Bt AR OB PE 2K 3 O 00F 5 T R AR A i A Bl
HLATF ] AT BA 7 SR 49 55 A o A2 45 T R R B
[e] Pk . JE s i A7 4 (A6 5 By 4 e S 223
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