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Development of Payload Kick Motor for KSR-III
I. Design of Downscaled Structure & Processing Method

In-Hyun Cho’, Jae-Sung Park™, Seung-Hyup oh™

ABSTRACT

This paper summarizes the procedures to develop the downscaled payload kick motor for KSR-III by KARI.
Filameat winding - a well-known method of manufacturing composite motor case - is adopted to reduce
structural weight. Netting and lamination theories are used to determine adequate winding thickness under
required internal pressure. Dome shapes are designed considering feasible winding patterns and easiness of
mandrel manufacturing. T-800 carbon fiber and Novolac type resin are selected for weight-reduction. The
separatz mandrels are disassembled and removed after filament winding. The manufacturing process of real
payload kick motor is developed from the design experience of downscaled ones.
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Lotat = ttoop T psiar = 5
Hoop

¥ #]2E9 MEOP(Maximum Expected Operating
Pressure)”’} 13.79MPa (2000psi)E 9A gowmz HANYE
SHES 20.69MPa (3000psi)E BA BT, Aol AF o]
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o oQlg ZA= 10°01 A1 30°7A & AlitsE aur Table
13 2o} {352 2200 M= AR $ELEE e A
Z(circuit) =7} 103382 vElGon 91094 Cﬂi s ¥
aaHA AU EE R (Pattern) 7 82 85E Hol ¢
Aol ojFAR}, FoAe wvlu#F AF7E 0.00049,
0.000332.2 el vinzld Ezst A9 Aok dvd
o3& 0.01°18te] FAE AEHoR vned HEol A
otk EF HAIXN S AA 91gEE AAE 0.042%2 A
Ak Ao Ao ZE BolA 841" #A= 22071 7}
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Table 1 19193 A4 ALY 2+
ely Circuit . Slip factor Deviation
Z= | Coverage | Pattern Right |, & dome %
dome
10 109 1 -0.00203 | -0.00201 0.670
12 108 1 -0.00148 | -0.00151 1.128
14 108 5 -0.00118 | -0.00135 0.447
16 106 11 -0.00081 | -0.00087 0.953
18 105 12 -0.00059 | -0.00059 0.418
20 104 7 -0.00051 | 0.00040 0.901
22 103 8 0.00049 | 0.00033 0.042
24 103 13 0.00055 | 0.00050 0.385
26 101 6 0.00060 | 0.00067 0.659
28 101 7 0.00072 | 0.00092 0.454
30 100 11 0.00083 | 0.00103 0.332
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3. AgAA Table 2 T-800 224 F EAA
5 2
31 EIAAS g o EA| X Tensile strength 570kg/mm
Tensile Modulus 30,000kg/mm?
A A Z3 4§ Atole $8¥E AZsin
&AL O 2] %).0 < Aov = 212 O Elongation 1.9%
P4e FA8e 988 9380 die 38 dFe o
FA g€ EgAE d4de RAAPEEZ = HF FH Density 1.81g/cc
7b ARG ER A AREE AR FolME T-800 ®a A Mass per unit length(12K) 445g/1000m
w7t 7t3 nZEoltt. ZARE AHEE T-800 @A AH
= 9E torayAl AFSE SRolDF 2kgolW AHF o
12,0007FEH(12K)0) o}, T-800 ©A A6 B4L Table 25 Table 3 Shelf Life 54
Eig= B 221 | Ideal Shelf Life Commercial Shelf Life
Z2Ed HE4F FAE ZZYaRog AGsa § 20T 12 A4 6714
3] %oﬂ 7&'?} Novolac E]'?:]% }\\i;gﬁ]’ﬁ‘:} ol —%Aé‘\% E‘-‘q 25 C 3 AY 15 7}]@
Ta AE AR JAQD MAsEH F5 oAUt 240
2 RoelA ARF B BPA 94w AE R 49 or 1 e 05 A4

DEGHY 2 B35 o2 ogstA AHEFH dsol ¢
Zz% A73 Novolac EMolt} ALor AZ 65~70 Table 4 AFAH A9 AY AIHASTM D3039 3 8)

(Shore A-2) o3¢ DAGEH oL, S0~60TAAM Hhe] & T2 | widh thickness length grip length

242 FHIE L9 A4S AUT $17 39 Lo

w5 A5} AYEesd FA7e Aol i Rl L L

{Consolidation)©] E7}53% A17HQ1 Eeto|Z(Pot life)e 50 90° 25mm 2.4mm 173mm 25.5mm

T ZdA M2, 60T ZAAAE 57TATLE 1Y

I FEF Eefo]ZE JMAI 9o, Jg ZeZd . . . poisson's

a9 @7 AR B 2x9 BEe ALdA 349 I} T 8 stiffness strength failure strain ratio

3tm 229 JbS 710E Table 39 Atk 0° 191 GPa | 2442MPa 120% 033
FA9 R 2AL& F& W=LE FFEe ZIEEHY

A% BBl A BFEAl Wl WEol +7°) B4 0 | 1GP | s | 053%

Azte] GFE FA FoWA 1ol old 2EE 100TE

AR g AEE ANEE BEo BAE 53T Table 5 $HEAIA A5 R A" AFHASTM D3410 3 §)

A3 AT 1W0ARdAE FAY AFFEIL 462 :

MPa(6,700psi) 2 SAHAIL, 15417 o]ZoAE 62.1MPa T width thickness | length lf:;h test result

©000ps)ol 4o ERch Aamol 4§ ST F4

9 AR Az kAo 2 48.3MPa(7,000psi)ol o] 7] H 0° | 115mm | 25mm | 8lmm | 38mm | 1168MPa

ol Ast 24L& H& 1023 o] Folof 2 Ae2 ¢

Gy, AA AT 20A3L As Ages HAY 90° 11.5mm 2.5mm 8lmm | 38mm | 251MPa

22

Table 6 FHAIA A5 L AHAFASTM D790 3 §)
32 7|HX 54 A" HI}

. . fail

AR NHE o8B ToZAE Agsgz, | wWdh | dickness | length | test resut | T
Age zazaaE o 2E@oEz @A Yold TS -
_,;_T_ng_}_q )Ej'?r—g] %‘%B]% %@s}'ﬁﬂ, %Zﬂ(solvem)Ol] _)F_ 12.7mm 9.6mm 190mm 150mm 1090MPa *5‘{}7&“;_"
Ag mol Wolgls A% TAE HAste] HHIIE
SASAG. 54 A HRTIHE 70:1% oz 5F Table 7 A¥W A5 2 AW AFHNOL Ring Test)
o #U% ¥3L dehitd olaig A%t Fuy A
Ao #4Fd AEFE AT FoFd 840 o @ width thickness width Test Result
_/.\.f}j%z} TAZ A%d THLar A4F APz A% 12.7mm 9.6mm 190mm 2690MPa
sl FAH BE % 44 B4 AT ' ‘
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Table 8 Thermal & Physical Properties

%oeff c1.ent 3(2]f~T]hg (;rn al Thermal Conductivity

xpansion( ) Density
0° 90° 0° 90°

0.6%10° 51.3x10° 38~43 0.83
m/m m/m WimT WmT 1.59 glec

Table 9 USN 175BX(Y 38 Grade 54

Fiber Prepreg

ARG E | AFBE 57 FAW | RC | Total weight

24ton/mm’ | 360kg/mm [0.175mm | 175g/m* | 33% | 261gy/m®

I3 ZIENE MH

ZIRE ZREFQA B AL T-700 €3 T
Azas d7dA AFE USN 175BX(QH3Y) o=
(zrade) ol EA1 7t Table 9o YEMNQIA, BARS 2
dARY HE ARE FASY AT FM 713 EFEA
(Film Adhesive)?] 54 ¥ HAZ T Table 10, Table 11
3} gt

4. AR R AA
4.1 M= BF MY

B dagd Az F4ds FHdA Bo] AMSHE
R el Rl FE A ZZdad % =
o] gl ez A TR F & Utk 4 HA9 3, <
4L Table 129} Zcl

e Y AEL FHd o Ygdze Fgié
AR I ale] ARstAE AFEY Aol 2¥], 4, H
4, A% Bd AH Sl 9 Z2ASA dEv g¥ige
25N A28 AP Eztol 9419 Wol F5ol
U EFARG FHAA —?—-’F P Aoz 4HA ey Ad
Al LA E ofyn, WAldou}t zho] Z(pipe)F ]
= dekiges 21\7—‘??5}“ Ro) gtFoity & ZjRE 7“
o= 4HEAEE ¥ 4%S Sdg ¥ 5+ dn
Wy oz FHeg /AU, B/RA i i"-‘?—’—‘ioi 41
olH(wafer) RZE o] ZZHIE o] 43 ==t 9
o139 F5& A8

r lr _ml‘

ST

42 M g MF 2 A=

Table 13¢] W= Fgo) wg EZE vusgich
AFEY Az NE, 45, 27 Tl uet AP ASE A}
FaAEY 24 W=dS Adstne §73 #Hr|E0
WS g AJate] RAYEY]) wE APE &Y 4
e} F2 ol gHrh Y WP AYAbgo] sk
g Ay .-.°ﬂ $olale HF3l7 7 BeElslthe AHEdE &
k. BgAele] I3 AF Aol AN ne AFHA
HEF AFEYo] HASIE st AlF st Hg A
o @xoz dolgle) KSRIIE £48 ZZEd:s A%

Table 10 FM 730ST(one side tacky) Film Adhesive 54

Nominal| Nominal . . Shelf
weight | thickness color | Volatiles | Shop life life Storage
30days at -18T
420gsm | 0.38mm | Yellow | 1.25Max 24T 128 ol &t

Table 11 FM 73 Mechanical(Bonding) properties(Metal-to-metal)

Propertics| Tensile | Bllster | Chmbing | [Floating
X Drum Peel | Roller Peel
shear Detection In Ibs/in Ibs/in
Temp. psi(MPa) psi(MPa) (Nm/m) (KN/m)
55C 5890(40.6) | 5290(36.5) | 55(220) | 56(9.8)
24C 5770(39.8) | 4860(33.5) | 66(290) | 64(11.2)
82T 4050(27.9) | 3650(25.2) | 85(380) 55(9.6)
120C 1650(11.4) | 1590011.0) | 37170) | 31(5.4)
Table 12 9193 3% 323 W=
T ¥ Prepreg winding | Wet winding
Quality assurance BEST WORST
Control of resin content BEST WORST
Stability on nongeodesic path HIGHEST LOWEST
Cleanliness BEST WORST
Cost HIGHEST LOWEST
Fiber availability POOR BEST
Ability to use complex resin Yes
pie: (Hot melts Very difficult
systems .
available)
Winding speed HIGHEST LOWEST
Winding pattern design HIGHEST LOWEST
. LOWEST
Fi
iber damage (twice handle) HIGHEST

% Filament Winding Composite Structure Fabrication By S.T.Peters/
W.D Hamphrey/RF Foral
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Table 13 A=Y Aol g F-oF v

asd 25 | 19T % 2 @ 3
gz a Aael gol| Az @t
(QJD‘]‘C g | 03~15 | 3% Hg ud HE g
ay 273 A7lg 98| 9% €A A4
27 A% 24
2 9=1 o o ago| HE FH
(2.7} +PVA) 1.5 3% &4 QS e e
AN 7
Hnd
w=g s . 4 = o| B3 W7E 44
Hydol | AER2T | 2BF #2 @g| 0 TN H
B-1D)
Yoy 03~06 |EBF ¥4 A ,,M;%
(KERR DMM) AL 7
Soluable salt @g;ﬂl&@ i‘})‘g
(Paraplast | tEEAT |E99F &4 S W}C}oi—g—
e ARHE §7h

F&ol 162744, H-UT FEol Uxzte g
2ilde d=de dA880H, AP L AHEste s
ol 12, 19t AAFAAME o, MY HE AL WA
Aok Fo AAL EFFE AT gAY £ e 249
SM 45CE A 4393, A=) 2=g, A 2 BgA4=
oto] olPAHS FA 87] Hste] A EH HF A &
F& FF5AC Fig 29 32 W= =Yl =& B
o de BFolr)

4.2 M= Z3F M3

EdA Ane A FHANM Adeol AFAQL 4¥FE
HAE 848 4UY FH(tension)] F7)olch Fge] £
FYstd SRAFEE Aol YA, AY FH MH{E
d $Y JFo] LAzt mdo] dolg JMeAel Atk
e FYoz oRIPYY AL s Astd o E(wrinkle)
Aol YJehvr] 43, Yol € AL £A FFolu A
A F=gd iy 2FSYHE HLE & Uk diryes
Adalof] wvE] =eato] WAl ARIGAME  FEE AL
£317 Hed ol ZaXyar Ay Fuo) WHEHS)
¥ AL AL 2 FE Aol wAEy] WEo|cth
=3 283 gAgE FX gl Y§ EFAU 2
A dettez £ 94094 b & 3L 7istodo}
gk 913 e Uiy 448 A¢ ¥ gUde
25 FYF F FZ gAYE Fd5tn, 428 dad9
Ayde ddn £2E wdE sysic o] Algd
o} vl gog AAE ZY F Y-oint B 73 Q=

A=A =Y F 2

oy

Fig. 2

Fig. 3 A:=4 g3 ¥ =4,

ded =g 2 AR,

Fig. 4

Al(toughened epoxy) FAE Y Po] 2AE Ko T3
o] F5-£9 3% S AYE F UEF HASN

KSR £48 ARE HF Bdd g Y ¢4
E A3 oS3 gk

a2y 2 AAY (Fig 49)

HE = d 2314 Segment)
AoiR ="k ZE(12 Segment)
e dl=d Z3Y(14 Segment)
ain Shaft ¥ &, ¥4 A8 =g
=d gHA2

2

ux

- %
o
0}\
o
o
o

2 Z
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KSR-I19) &43% ZRE gt 7= 44 2 33 A
AL Y5 £439) ZEE vgoz HEY di

Fig. 5 W44 33 2 /1%, A&

Fig. 6 1 2AE 99 Az 19,

-EA A 2 I, A& (Fig 5)

V]

O © © © o ©

o]

22 iR 7 A3}
Boots WA 713 Az}
Dome WA Preform
A-GE JyaA Ad
WA d=de A3
Vacuum Bagging
Autoclave 7}& A&
#HF HEA A5 7HF

123 919 AF (Fig. 6)
12} 2AE Winding 2 7%
A4 A7 AAG A F
HGRE ol B
Hoop 94913 A%

Vacuum Bagging
daw 28 A3
13} 2AE dagel] =9
2 2AE A2 %07 A%
2 272 X 99 A%
Vacuum Bagging
Oven Cure

N=d 29

© 0 0 0 0 0O O 0 0 0 © © rf

#e HA 238 AAsArh(Table 14)

Table 14 AEY d23 44 =2
dig LAE 12k
T+ ¥ A 2 R 2 E
1, 257) A 2} Az
Helical winding
- Winding angle 22° 15° 30°
- Circuits pattern 9 10 8
- Circuits per layer 62 63 61
- Bandwidth(mm) 18 18 18
- Rovings per band 8 8 8
- Number of layer 6 4 8
- Layer thickness(mm) 0.396 0.396 0.396
- Head Wafer 3% 3 plies - -
- Rear Wafer X7} 3 plies - -
Hoop Winding
- Bandwidth(mm) 18.0 18.0 18.0
- Rovings per band 8 8 4
~ Number of plies 4 10 4
- Ply thickness(mm) 0.192 0.192 0.192
Total thickness(mm) 3.144 3.504 3.954
- Helical 2376 1.584 3.168
- Hoop 0.768 1.920 0.768
Tension
- Helical 6.0 Ib 6.0 Ib 6.0 Ib
- Hoop 6.0 b 6.0 Ib 6.0 Ib
60°C Shrs,| 60C Shrs,| 60°C Shrs,
Cure Process 100C 100 100C
15hrs 15hrs 20hrs

AEY M T2 4B R AS Y I, &5,

Y, 38 & FYstq FEF 4A A8E LR
o F4Y ZREE A4 Adstd FHL AF w4

FE gJ3ga, FgF FAAE FHs daAEE
FHPLEA TF T T2, €8 dP¥4Y AEE €
o Z el
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