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Development of Payload Kick Motor for KSR-III
L. 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.
Filament 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
separate 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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Fig. 1 %4 44.
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Z(circuit) 7t 10332 el on 94134 d4dg 2
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Table 1 <913 sjd A A}
spelg) Circuit : Slip factor Deviation
Zt= | Coverage | Pattern Right Left dome %
dome
10 109 1 -0.00203 | -0.00201 0.670
12 108 -0.00148 | -0.00151 1.128
14 108 -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 -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. AEAA Table 2 T-800 ¥24F S4X
34 EBIAMS o o EA| 4| Tensile strength 570kg/mm-
. Tensile Modulus 30,000kg/mm>
g8 e %3 HF Alole $£388 Adsin
3, 0,
P4 FA%E 92S FPE 4HE Fo e @ Elongation 1%
FatA goh. EEAE A4 EANERE 4§ dY Density 1.81g/cc
7t AR dA ABH= AR FolAs T-800 d2 A Mass per unit length(12K) 445g/1000m
7 7% 27zl ZIREo] HEdE T-800 T HH
T YE torayAl AMESE ERol)F 2kgold AHFKSF
12,0007FH(12K)0l T}, T-800 Bha A9 24L& Table 29 Table 3 Shelf Life 5-J
Zr} B 27 | Ideal Shelf Life Commercial Shelf Life
ARE {4 FAE ZeZdagoer HIsa 5 20T 12 A4 6714
3] doll' 7§t Novolac IS AA3AT} o] A4S =g 5T 3 A4 YR
zH43 AF AF AL AN FE ML 240
. N 40 T 1 AY 0.5 /Mg
2 g5l AFQd B2 E¢A 423 AF 2 A9

A5gEHUL BAFTICR ggstA AlEHol 5ol ¢
Z9 <E743 Novolac Bdolth A2dM AHE 65~70 Table 4 AFANH 59 NP BAASTM D3039 2 &)

(Shore A-2) o3} ZLAIGEolLL, 50~60TNA fte] & T 7 width thickness length grip length
BAE /e AEY 848 AUk £A7 F X
w250 Al JAgPozA A7 AL to] 4 0° 12.50mm 0.55mm 148mm 19mm
(Consolidationyo] E7Fsqt Akl F&}o]| Z(Pot life)s 50 90° 25mm 2.4mm 173mm 25.5mm
T &M 19417, 60T 2ANAE 57X ¢ 9g
T3 FEF XFPo|ZE I e, 7|E Tz o . . . poisson's
29 F7] ARo) wE Ao EHS ALdA MY 7 -+ & stiffness strength failure strain ratio
- = KX - 2 [e]
sdtel 259 7b5 7122 Table 3% 2. 0° 191 GPa | 2442MPa 120% 033
FAe Az 24L& F& WA=dS FHRAe AREHY
e A A AFFH| B ] £X9 24 90° 11 GPa 35MPa 0.53%
Aol GeS FA GOoHA o] ofld 2EZ 100CE
ARtk A3 APEE AlHE BE] EHE 49 Table 5 S+EAM X4 2 ¥ AASTM D3410 3 &)
A3 ABAL 10AZAMNE FA AFFEI} 462
MPa(6,700psi)E SAHEHJL, 15MT ol FolHE 62.1MPa T2 width thickness | length leg:gl:h test result
9,000psi)ol 4o 2 SAHUCE i HE 715 4
9 AF ZAxE vk o 48.3MPa(7,000psi)ol ol 7] 0° | 11.5mm | 25mm | 8lmm | 38mm | 1168MPa
2ol B3 =42 HA 10/ oY Folop & Roez #
‘ﬂ'?\‘,‘,i’_, AA AZAE 207 7+ A Aoz HAAY 90° 11.5mm 2.5mm 8Imm 38mm 251MPa
o},
~ Table 6 FHAA A5 ¢ APAHASTM D790 F §)
32 7| SX Al "I}
. . span failure
Mg N4g olgstel ZYzdas AR, vidh | thickness | length | ygppy | SUreSIU oge
A%Y == W 2E@9EE B FolT FAR :
25 Hae S 2HsADn, & Aolvenno] % 127mm | 9.6mm | 190mm | 150mm | 1090MPa | $7+A
A wol Woldls Hf TAE SHald Y4EFuE
FA389c §4 AF% ARFBHE 70:1% oE &3 Table 7 PAA A% L ¥ AINOL Ring Test)
Ho #9% FFL Uit old@ Aze A=H A
AN FLF AZL AP 29F a7 A} @ width thickness width Test Result
o9l 2= 7}z o
&Afst FAZ Axd EE]EE“:L_“ A% ABoR AR 12.7mm 9.6mm 190mm 2690MPa
39 7144 A= 2 48 E4L A8
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Table 8 Thermal & Physical Properties

Coefﬁm‘ent of Thermal Thermal Conductivity
Expansion(30~100C) Density
0° 90° 0° 90°
-0.6x10°° 51.3x10°¢ 38~43 0.83
m/m m/m wme | wme |10

Table 9 USN 175BX(Q23) Grade 4

Fiber Prepreg
AFEAE | A= 7 FAW | RC | Total weight
24ton/mm” | 360kg/mm |0.175mm | 175g/m® | 33% | 261gr/m’

33 VIEE MH

ZEE IRA] B A3t T-700 993 Zex=
dae A4 AZF USN 175BX(@98) 9
(grade) ©1® 54 k2 Table 99 UEhiR T, HAR B
FAE HE F=E /A A4 M 73 REHIAA
(Film Adhesive)?] 54 = HAJTE Table 10, Table 11
7} )

o
fn 1

J

4. AF 3 2AA

44 RAE Y MY
294 dan Az FRAE 4904 Bol AgHE
% 999, UFAN 2 4Sse Tz A% =
ol Sgoz A T ¢ 4+ Ak & BAY B, o

AL Table 129} 2t}

ol Wy MeEe A uE Uygdze Fays
A3 Qo AFsee AF FPolv A7), FA, H
€, A%3 B9 Y 5o o3 2AHA Dok dukze
2 B diage Aee =go] 9y HWgo] Ay

2R3 S04 $3 Aow A oy Ay
HQ HRmXE ol Talgol} sto]Z(pipe)E e HE)
t ARG 22 AFste Aol gutyoelu}. £ ZxE 7
Loz HAHTRES 58 A5E 3usg ¢ 5 2
Ao g T/, B/RA RE ZTRAocZ ¢
o] ¥ (wafer) RZE foldt T Zgag o] 43 =alo] o
AP FHE AHEEATh

42 MY XE MY L AT

Table 13¢] W= Ago uwe
AEY AF Wx, A, 27 T w2} FEF A2 AL
SsAE. ¥4 A=dE Adslue 87 HIEo
DRt i Aato] RAFE] wEe] ANFE 42F A
Aol F2 o) gHT}, =P WEPL Ao FHsEty
g Bt golde] AFer)s HEdte FHAE B
T 5l 433 AF Zolsl AN L AN
Frd AFZEol TASIE 39 Ak @r) v A
o] Aoz dolgltt KSRIIE %43 ZAREAE Ay

54g waag

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 2T b= ol

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

Properties| Tensile Bllster Climbing Floating
X Drum Peel | Roller Peel
shear Detection In Ibsfin Ibs/in
Temp. psi(MPa) psi(MPa) (Nm/m) (KN/m)
-55C 5890(40.6) | 5290(36.5) | 55(220) 56(9.8)
24T 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) | 1590(11.0) [ 37(170) 31(5.4)
Table 12 413 39 Z-43 v
- + 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
- . Yes
Ability to use complex resin (Hot melts Very difficult
systems .
available)
Winding speed HIGHEST LOWEST
Winding pattern design HIGHEST LOWEST
, LOWEST
Fiber damage - (twice handle) HIGHEST

¥ Filament Winding Composite Structure Fabrication By S.T.Peters/
W.D Hamphrey/RF Foral
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Table 13 W=4 A5 B F-¢3 v
cw xz | 3%
W= FR | 0 %3 o 3
gz 9% Al gol| A% w27t
(0_‘__}-11‘]_: wo| 03~15 | 374 Ag B HE 58
~a) 27 9712 98| 992 ¥4 A4
27 #0718 24
23 W= v e ae| A FFO
(=3 +PVA) 1.5 a8% A 95 Ao
Arg 87
4y
R ; o g oo | B3 HNE 24
(Hydrocal | DAL |G A 9| V0 LN 0
B-I1)

] 27 2718 24
B i 38 3790
H=d 03~06 |23%F A A5 Az e

(KERR DMMD) A E 27
Soluable salt ) %72; ;l 7‘%"%78‘ :]J".E
(Paraplast | ¥ d4aT |EAF EA 9 Arze
§102) ArLg $7b
E3 FUE o] 16274, ALY Lo uzZo
e W=de dAsgien, AAZE AHgste W=
go] 1, ¢ ARFFAAE o, WIFHE A& WA
gk F2 AdLS dEFe HAdT JAY F d& =

[22]

M 45CE H&3x, W=de z9, A € EFAA=

oto] o]y A& FA 7] st A FH| A AE =
¢ #9890 Fig 29 32 B PP 24 2
o Qe Rgolh

42 X= 3 MdA

B4 A28 Az FANAM Aol ARH JdFE
HAE 24 94d99 AH(tension)2] A7|olth. FHo] &
TYsHA AAFEHE Aol TAsn, AF FA HHE
of €8 FFol T3t HHol Yol k5ol Atk
AL FYo2 4A9F B9 A% At 9 E(wrinkle)
2ol Yehly] 43, FHe] & ZFS A BFot 4
HA A= R FHLHE KLY 5 Aok dukdez
A2 HlF =eho] HAl ool Ae & FEHE A}
435 Hed ol: Ty art f=d FHo] FAHXA
21 HAL A 2 FE Agol TAE Wik
= F2F AP ET FZ RIGAA YF s A
A dehtEg 3= 4AYA oL e FHL sl8teok
gtk 9Qig wMe diY dagmd A$ g dAke
2R g% F FZ Qg E S5, 4% din
AYde g8d FXE w2 £Ysis Wgol Algd
o}, miEtoz AAE ZE T Yejoint Yo Z3 o=

Fig. 3 Wcd 4 F 24

Fig. 4 e ETEELE]

Al(toughened epoxy) FAE Y Yol AHAE Ho] Fx=
o] EFEY FE& AYDE 7 =S AAs50

KSR-IIE F43 ZEEe HF 2dd E Y &4
€ Adsd dsd 2o ’

AR = Z3Y(14 Segment)
Aeoy N=" =12 Segment)
o FulE W= ZF(14 Segment)
o Main Shaft & #, Fd ddr =9
o H=d FHAE

-9=" =9 2 AXNT (Fig 4
o
0
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Fig. 5 W4A A% 4 73, 33

Fig. 6 13 27 999 Az 13,

-HEA 4% 2 718, AF (Fig. 5)
B OgdA 713 A3

Boots WEA 713 #jF

Dome WA A} Preform

AAYE WEA A

WEA d=de 33

Vacuum Bagging

o Autoclave 7}3, A3

o AF WEA Ag 7HE

Q

© © © o ©

- A4 9919 A7 (Fig. 6)
o 1% £AE Winding 2 73
o A4% FEZd oY Azt
o YR dol¥ B
o Hoop 919 A%}
o Vacuum Bagging
o 94% o8 A3
o 13 2AE dixBo] 29
023t =AE ez 4 Ad A3}
023 2AE F= 919 Azt
o Vacuum Bagging
o Oven Cure
o W=F &y

KSRIII® %48 R o3 7z 44 2 34 4
AL 833t 439 ZdL ugoez 459 da
] HA 24§ ZAH39th(Table 14)

Table 14 AEY di2d 44 =24

A4 | 2AE 12
S S A2 Zz8%F | =AE
1, 28.7] Az} A2k
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 7 3 plies - -
- Rear Wafer B.7} 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 2.376 1.584 3.168
- Hoop 0.768 1.920 0.768
Tension
- Helical 6.0 Ib 6.0 Ib 6.0 1b
- Hoop 6.0 Ib 6.0 1b 6.0 Ib
60°C Shrs,| 60°C 5Shrs, | 60°C Shrs,
Cure Process 100C 100C 100°C
15hrs 15hrs 20hrs

AEd M T2 AFAH 2 A=A diF A, ¢F,
Y, INE 5L FY 2T 4A A5E FuY
O 548 AEHE HA AFstd FAL] AG 2y

FE ARG, ¥§F FAAE Fdsd dAANEE
TEFLEA TF T T2F, €3 ARG ANEE ¥
o Aot

o

AEH
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