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Abstract

Liquid rocket engines (LREs) are very complex systems that include combustion chambers, turbopumps, gas
generators, ducts and tubes, valves and etc. Most components of the LREs require higher than or equal to
level 6 IT (ISO Tolerance). The components along with pipe line and/or tubing must dispose not to interfere
each other. In addition, effectiveness of maintenance and service after assembling should be considered when
the allocation of the components are determined. Especially at the stage of the development, tolerance
accumulations or unpredictable errors may result in misalignment and/or mismatches at interfaces of the parts.
Namely, it is the engine assembling process that many inherent risks are realized and crises or incidents
occur. Therefore, a rapid reaction system should be prepared. In this research, 7 tonf class liquid rocket
assembling process was studied and actual building steps were introduced.

x 5
MAZAMNN LS Aa7], HEFZ, 7pA3AA7], 245 B g o, 21E, egvA, {FH, sy,
AA sol AdHo= wi-¢ Hg Alaglolth thEe] AF AR FE2 ITISO Tolerance) 7|+
OF 65w oY ¥ JEUEE 78 A4S AT ANeH FTE T 2 v Al Sl
T digaordtel. mEka] A Al A B RFEL B2 oo ekgHor FAT 4 uF A H o
ofstr] ¥ ole|st MAAHATS FA3 1105‘6}0#01: o A AA Alell= BE bel] A &2
3

£ Fanse aEyis 9
A g9 A, 45 FAE )
2 A S S e A AL e
Agel s as g e A g el ) A E el ene 29 2
Abzio] A3 : el

59 7187 o

Key Words : Liquid Rocket Engine(2}#| Z71¢l1%]), Engine Assemble(21%13 %), Engine Build(3FH),
Allowance Control(3 X}-#2]), Assembling Process(Z=% 3 74), Acceptance Tests(EFA13)

1. M =2 MANZANZK S A&7, HEFPE, 7h=dAy], 24

BE g o gEe] 2RIE, ogdx FH, S

2, Al sol AFEHoIAE wie- HE AlxHlo|th

Received: Feb. 17, 2017 Revised: Aug 28, 2017 Accepted: Aug. 30, 2017 FarguiabA o] ALgEE AN AN AANLE
T Corresponding Author = 7] % Al sl oC olAre] TL T  —183°

Tel: +82-42 860-2582, E-mail: psy@kari.re.kr FAA S ARl 3000°C ol ’LLJ_Jr 183°C
© The Society for Aerospace System Engineering o] %7} FAlol #gsle] ol ot FF3 Aol



Administrator
밑줄

Administrator
밑줄


=
g

49

o

ol A

a-

=

JA==]
ca=

kel

0

e MAA €k
&l of

K

3

e

P
-

o

=

Al

shel ol

[

L
L

Fa A
IR

O

_('3,]

=

A A8 a7 v MAOS Folg

A%

S

7 tonf &

Zo7h 2 pEn. B9l

gt

/ngs

=13

=4

0 J n — - —
- o T 4T o .
o T S g m R Ry T W == " 2
S ojp = N — 3
<H 7o o o 2 0 4 M e S oo o) =
~ o PH < ™ k- (T o =
g Toxoow®NT 9 = =
Mo X o X o w T o= e =
= UE 71_ ‘HE _ X —_ OME
e wm TR N G & 2 .
<@ oM N T w2 T~ =B " %2 S <
@ ﬂﬂ%%@l1u%%% K0 o <R 2 [Fe= =oo
A R R0 Sw . B
m <L o W Ko X g < N o
o+ ah Tor ~ F . Q — BN o e ~
Hu_ﬁr%ﬁa,mm%%ﬂwd}o%t ml I
T35 wrPwZaon vt oo M e -
= X o I ot oy T o =% ) = Al Y ®l o) " o= -
B 2 PR R oa o B Kl = XXX < =
T ETFEL LR LT K Fz 2 g
Mo N — HAﬁ wo oy NN = o % =T wﬁ_uu qg ™~ R B0 ! m %
e A L R S ; W%z 52 2 g
oo M X =~ - AT o = - b o 6 8= oA
_,ﬁ o =) 7U X _Vl_ o) i 2.L e 3 3 ;01_ < JH — = o — % M
2o ST g A eg ® oo P M o o =T E T g [El2eS
=) Nro oo ¢z L&\;ol 3 m — T ° < 1 R R ~ o .80 O,l_‘mw ©
T PR e NET L £ o w5y &5 | |[CwF2eE
sm uM s xT I RI S e ®TTE o« Tk =0
NTETRTT P < R a5 M - 5% — = 7 e Rl
T - o g i O S B T a2 B Ho Ho <4 < Niw
I < W T o B ool NF N e m de ® o~ = wo mﬂu W m = W< R BB A A
Wwm s o= Wwesrw N T X
— — X R jul = o K o -
sRrEoslErREsD TIRRRcEEL FISTERCT
o — =0 T ; ot iy
wwmﬁcﬂE%oﬁuﬂ%@mﬂﬁar.%%i%memo 4 Txlzitau
o ) ° A o W — < 5% N = g M - NN N g o T
N & o 23 5 o 5 X o R T g .= o ok~ 0 oo T
ST} gy BE N oo I = o oo — = K N N N
o = = o 1] WWI mmw_ T ool fod e ﬂn_e TS WH ,uwa = ML m m_ml = o MA_.F Bl o B W =
pEZABEETT TPy oo nB SISl FHEZEEFT
i ‘I‘ul ° = ﬂ . KA < S z T X a =
mﬂmﬁﬂﬂﬂqﬂ.i%wﬁﬂ%XLM_Wﬁ%W%@% s BTN T IR
N N A S S R a1w@@o_wws Mo S
W = = wowoor Jo o o v iy Nr o % o plo o o N k3
o} Do w X ~ Mﬂ XK XTI = X oy = ol N ok ~ i -~
X =~ "™ oW N W oo ® R R e N - | B
do 2 = % o)l _ — = 0 mo R ! o <= 2§ K N o m T
o %o T o o < M 2 R K — £ 5 — o A S N T
R o P TIC- ERlC S IR R A R A S -
o~ H X o 1} s - N = = ’
o%ié%lﬂézxﬁ% WS B W s _TXgheSsWam
Kz ML TIN5k LA I N R
o T o— oo W o = W s T8 o 2 2 Wy o ~ % Mo
o it Nk X E T Pl WD T8 FW ST °
© X o H dﬁjﬂafﬂ%%&mil@.%ﬁ%wb1 e X2
T B0 T o o B IS O ok X N g X T oW e Vom0 g
W oo w2 o o B @ 50 ol o rox = o oo 7 o
MeBBRceT o L T " = g p® ATy B
N om0 R A ERE = o T " o~ blo x = @ o o F oo o o T oo
Zlf@m_tEW&%ﬁ@m%ﬂ?ﬁﬂ%{ﬂm 2T g oy P dr.mwmm@
N X B e S e ol = o S Al o o o
= o % oF Moo o N © N T L T T ® OB = AMn 5

ol= g 75 tonf




50 R B R io R R

Zo] ZIES vlAEse] A FE A . QHHo = AT ead =
7 e F o]~ #a o AEFolX AT Au]AHA
~ A7 AL o aAEdels AT A4
22 AX=E PF Z2M2 . e Hols AT EYAA
NAZANR LS oF 10007) ol ke] REOR 4] Ad =4+ AWAA TE A7
s § A/ RE o AA/AA BF TR
‘L:A ‘Ell;l(:}-é_} }—%iﬂo 2= Z]— l?—%‘g] ilﬂl— ?_}\c‘)]% }:‘;‘]_7:” 7}]1331- ° ;(o]_z'_]'_/oiyé _)?1_%_ ZﬂZ&}‘
sto] o]2 anHow zgata HET 5 Ue #A
o] Faslth[6]. ol=e Ao HAFEL AAAA A AXzHES fg 724 SEEE Fig. 19 2o
A A Rdtofol oAH TR AR R EE et 14 ZF dXe e REFER A0 H
HE Hast & ¢ Ut olF HdEA WA <R F vg2 zZF R3Fe9 PBS (Product Brokendown
ZH3 A3 WBS(Work Breakdown Structure)Z Structure)& THEo] #F ST}, o] % 4 FERE s
FHstal 7t Aol digk 4FEEs g orgttt & dAse AR e 3D CAD e, 2§ =
AXzH WBSE AWzHe Az EA 34 BAZ, 2 A B, 29 A g A9 ol g
ZarA2R olF F3 ¥l Had Az, 47 94 718 MEE FHFIT o dA=Z dxle 3D
At T wH7E o] Foj X Ee @A A~ CAD BHl, Tx3 ZaAAN, 215 A3 ¥, =9 4
ERZL #&go] 7tesit aga WBSE A7 2HE H g X Foll dig A dar 2 AAE 18 EHA
913 OPA(organizational process assets)®} 5% Ao o] T2 A AA" 2 AT 2 FsEel dig
A, 9% 79 AE & st #Agdgth. WBSY A Zpo] o] Fojx i 7} FQ FEFES WFEo| o]Folzl
39 &9+ work package®}st™ work package: CEEE BET AT T8 o835k AR xHol
WBS 249l At&=(deliverable)o] ®th. A xHA olFolAL Y T F& Y F 4F HASAEE A
# AF-gEe vy Table 3[7]l H718Hdch. Al ol d¥le] o] AeHor FyH o]

Table 3 Activities for Engine Assemble
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Fig. 1 A flow chart for engine assemble [7]
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Table 4 Engine assembling process
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Table 7 Torque applied

Table 9 Check lists before engine release
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Fig. 3 Engine truss

Table 8 A confirmation table

Fig. 4 7 tonf engine 3D model
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