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Abstract

In this research, composite materials were studied and developed for application in the
aerospace industry. This project aims to develop thermal insulation materials for rocket motor nozzles.
Solid rocket motors are designed to withstand the high temperatures produced by combustion.
Thermal insulation materials based on phenolic composite materials have the properties of heat
resistance, ablation resistance at temperatures up to 3000°C, and good decomposition resistance,
which are the most commonly used. The properties of silane-modified phenolic resin (PR-S) were
studied in this study to improve ablation resistance, and the types and main chemical components
of the modified phenolic resin have been investigated using Fourier transform infrared spectroscopy
(FTIR) and hot compression molding techniques, respectively, to assess the ablation properties of
these composite materials. Standard experimental methods were employed to determine the
mechanical properties, radiographic tests, and static tests of the phenolic composite materials. According
to the FTIR analysis based on ASTM E1252-98, the energy absorption of polysiloxane (Si-O-Si) and silane
Si-O-C bonds was 1184.19 cm”, which indicates the modification of silane in phenolic resins. Results
showed that the modified PR-S composites significantly increased ablation resistance based on ASTM
E285-08 test using oxyacetylene gas as a high temperature source. Modified phenolic resin materials
still possessed sufficient mechanical properties to meet the standard requirements. The radiographic
test results confirm the uniformity of the extruded insulation, and the static test results confirm the
ability of the modified phenolic composite materials to withstand the heat load generated by rocket
operation, with a confidence level of not less than 90%. Thus, the results of this research can be used

to confirm the potential for domestic production of parts and thereby to achieve true self-reliance.

Keywords : Composite materials, Nozzle insulation, Ablation resistance
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M 1+[(r-1)/2]

b
%

\ile

A = fufividanislva o ol
(in.%)

A, = tudiniida Throat (in.%)

TO = Stagnation Temperature U84A1%
lnameluviovheasin dsfudiugaumgiivesineg
o Funsifinnsn T (Free Stream Static

Temperature) A9a1N15 (8) waz (9)
T, -1
2=1+1- M2 (8)
T 2

1/(y-1)
Ay 1T 1 T
£ (20 R o
A 2T y-1

P

e

T1 = Adiabatic Flame Temperature
Yaaiganm s lvsinnglureanludvesasin

ANUITWUUI1a09U8Y Bartz AN Heat

Transfer Coefficient lamuaunis (10)

=15 ) ()" () 1(5) e 10

el

D, = Throat Diameter (in.)

U = Gas Viscosity (lb/in.sec) dmiufing
s ingd Ussanaenleseannis (11)
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Cp = Specific Heat at Constant Pressure
(Btu/lb F) unup1dae 0.339
P_ = Prandtl Number = uCp/k

UsgaauAlagld Kinetic Theory of Gas ety
P-5
r
9y5

PC = Chamber Pressure (psi)

g = Gravitational Acceleration (32 ft/sec’)

C* = Characteristic Velocity (ft/sec)

r, = 9199399 Throat Radius of
Curvature (in.)

O = Dimensionless Factor Accounting
for Variation of P and y

i = (46.6 x 10710 (M) /2(T°R)® (11)

4. uan1sNaaaLazniIsandsIgna

4.1 HaN1931AT1EWN15UTUUTIAAUTRA

Nuadnisgu
INNTIATIERTUEANsTUR AL e

@

vianfl uednisBuslindnuasdleleiau

Do De

{ o ¢

PNENATILNVY A28WALA FT-IR Auadnistu

Qe

a

AUALATIINUMIAANTUNE N TUYINTHMUUEAY
naulansenda (OH group) luilueanvisniiu
3326 cm™ wun1sRANauNdIuYeInauluYlg
2925 cm™! wanafansEansduazfiouvesiusy
e C-H Twaavnuiila uaesiuse CH wuuegavhin
A 1% A A -1

NUNIIPANAUNAINUYBIAAUN 1506 cm - LheM3
= a ) P o

fensianisduazifiouveswuse C-C Turawmiu
pzlsundnvesluianailuea N1IRANAUNGIIU
Yp9nauluYI9 1237 cm™ Uatdeiuse C-O U949
Husalansenda wazn1sdunuviauaaiuse C-O
dwsuiluealansendaiiinde nun1sganiu
NI UVDINUSY C-O vasuuTalensendana
ABU 1100 cm™ WUNISAANGUNSIIUTDIAGY
7 812 way 756 cm’' L@ADY Para-substituted

wag Ortho-substituted VBWUUTY wazIan
Husdnisturladaudasmeleiau nunmsganay
NauYeINsnvesiuselndlyanniyy (Si-0-Si)
wagloiau Si-O-C lurasvesndu 1184.19 cm’!
WUmsmﬂﬁuwé’amumamﬁﬂuﬂm 1044.48
e’ Usiiansgandundanuvesiusy S-O-Si
WAENUNIAANTUNAIUYBINUSE Si-O-C lugas
Y09AAY 1099.30 e’ Fawansdensdaulasig

lotauluTanfuefnis@udagun 3 warn15199 1

2925

3326

Transmittance (%)
3
1

1506

L L e L

4000 3500 3000 2500 2 1500 1000 500

‘Wavenumbers (cml)

FUI 3 wan151A5I99 FT-IR uedantsduvilndnuuad
mglmau (V) uagiluedanisdunaay (a19) [25]
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o

A
N

o

v s

M15197 1 myfilsndunduiusivannesunisduvedluanandnvesiiuednisunsauyas
\@uAaY (cm ) nyilardy (Possible Assignments) 81994 (References)
3367.67 Stretching vibrations of hydroxyl (OH) groups A. H. Pullichola et al. [26],
in phenol H. Jiang et al. [27]
3326 Stretching vibrations of hydroxyl (OH) groups A. H. Pullichola et al. [26],
in phenol H. Jiang et al. [27]
2925 Stretchingvibrations of C-H group bonds in
B. Erzen et al. [25]
phenyl rings and aliphatic C-H
1506 Stretching vibrations of C-C in the
B. Erzen et al. [25]
aromatic ring in phenol molecules
1237 The C-O bond of phenolic hydroxyl, and
stretching vibration peak of C-O bond for B. Erzen et al. [25]
residual phenol hydroxyl
1100 The C-O bond for benzyl hydroxyl in phenol B. Erzen et al. [25],
formaldehyde S. Wang et al. [28], J. Yun et al. [29]
812 and 756 para-substituted and B. Erzen et al. [25]
ortho-substituted of benzene
1184.19 Stretching of the polysiloxanes (Si-O-Si) and W. A. W. A. Rahman et al. [30]
Si-O-C bonds
1134.77 Si-O-Si bonds in a cage structure with a bond A. Grill et al. [31]
angle of approximately 150°
1099.30 The Si-O-C bond stretching S.Y.Jingetal [32] T. Lu et al. [33]
1044.48 The Si-O-Si asymmetric stretching S. Y. Jing et al. [32],
C. Arslan and M. Dogan [34]

A5199 2 LLamwamswmauqmauﬁ'ﬁmma

4.2 Han1INAaUANMENUANING

MIvAgeUANELURINaYTanARLlNER AauEUA \nUNAIUAN Glass Fiber+
A e v o oAy v . n19Na MIL-C-81251 Phenolic
Huednatuwseneiaguiiaduloniy wes 200
UsENaUMEMIVAFBUALATUNILNITAA Way LAY - 205
AIUAIUNIUNTTAY NaNITNAdDUAILARIlY n13nnse (MPa)
M1597 2 uansliiuinTaneoulndns finde
X v o S a4 s AUFAUNILNT
JuudauantAninavesianneulndnilusdn P 83 140

flagegn (MPa)

Julusmuunnsgiu MIL-C-81251 udinunsgiu
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fananagAvualrldiduloasuuseuingdng
Feflmnuauisalunisiasuarnuudassing
dilouiadsldlunuide udnislédaniiuedn
sBurindnulasmeloaudinaasunnuudass

vosfanlnduluinasiuasgiuls

J :' ‘- 8 : —( ] ‘, \".\,
FUA 4 wEwsniihmsiabETsmYssanay 1.5 X 1.5 v
4.3 NamIVAgaUMSIduANToUTaIanARNIWER
' A & oo &
wiunsininfidad uiusuinUszunu
1.5 x 1.5 gy, gnihluliduingavlunisdadugy
FuumageUnsdennIou Ny vRINEINGn
du @ & g 1Y o 5
neALdUTULAN 9 LA Lansasgun 4
NINAgeUNSIdgANT oW ALTUAITEN

€

%umuamumu%umaumsé’m%ugﬂamuahuvia
¥199590 LT LIUNAdDULHUEIMEL A
100 x 100 x 10 33, $1W2U 3 T HANITVAAEY
fauandlunnsedl 3 Sagdisisasmsmuniusionts
W@eansoutiounin 0.200 UU./AUNY F99xiiean
Jutaamunisidennsou (Ablative Material)
fanunsathu i duawiutunudeuluewes
a520ld 1351 Dnuaiildnuin Yanaoulnans i
ﬁﬁwagiﬁ 0.117 uy./Au7 Fawrumunasieiu

anunsahlUlddulanawiudiuvierheasinls

4.4 HANISNAFIUAWATNTIE

v

PHIINYIA1TOATUINURUIUEINSU
NameasIn Fawuadu 2 3u leuwn druveimeasia

AN5197 3 WARSNATDINISNAABUNISNUNIUADANS
deonnseudwiuTanaeulngn

ITYSEIAN DNTINTNUNY
ANURUN o . o .
msenlud  denisideansau
(mm)
(s) (mm/s)

1 12.717 107.9 0.118

2 12.756 110.8 0.115

3 12.643 108.5 0.117

Average 0.117

STDEV 0.001

FUN 5 Juauauadsrienessina sy umas

A UMM EIUN DT 199TINEIUNAT anwY
maa%umuﬁu’qaaqdauﬁuﬁqgﬂﬁ 5
%umuﬁqaaqa";ugﬂﬂﬂﬂmﬂaauLLUU
lalvanemeismsidnueansseduaznageusiey
msmenmsidiond lnawdesuringad YXLON
Y.SMART 200 wHusunm VIDISCO FlashXPro
13.5x 17 inch W39 130 - 170 KV nszua 2.0 - 3.0 mA
HaNISLENBLsENUIN L eavuIuT ﬁé’m“gugﬂﬁu’u
fiemuahawe fifteswuawineian Front Nozzle 2
finsranuifimstuguitlisshiae (Uil 6) Gases
aulliiadianeiinsanuaonedosiunanisnsia
FOUMBLDANBTRa Han1TIATIEILUUlvinane
Waeissesanaliainaneintuduluny
\NuTNATEIU MIL-STD-2126 fauanslunsedl 4
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JUN 6 wanmaeiidiont

= a ¢
N13199 4 LLEANNAILATITUNANIN X-ra

soulsissiuaue
Front Nozzle 1 N/A Pass
Front Nozzle 2 | 1 Defect, Area less

than 0.12 inch2 Pass
Front Nozzle 3 N/A Pass
Front Nozzle 5 N/A Pass
Front Nozzle 6 N/A Pass
Rear Nozzle 1 N/A Pass
Rear Nozzle 2 N/A Pass
Rear Nozzle 3 N/A Pass
Rear Nozzle 5 N/A Pass
Rear Nozzle 6 N/A Pass

4.5 NANINAFBUAIAGDAN

msviRdeUMAEDR (JUT 7) uandliiiuinusediy
gaqmaaaﬁﬂﬁy’q 51 Slraeisewing 29 - 30 Alathiy
WSPIGEREIEVIN 180 - 190 winglara uaensm
sUussULazLs U sITInTivaaeu Suudlth
voguTndulluiianiafeadunisesnuuy
Juteysdimertisasnaiunsnrheunauny

P ' 5 \ \
FU 8 VoV 19959AUdIN15ATOUN1ATIH

A1sNnaaUsEmnele
mMsnsadniadenuenvevievineasia
wismsnaAsUNAERRSEANEA (UA 8) MU
anufuanuSouiovneanafidiiun1ssatugy
Pnfluednsiufilesunmssaulasinelsaumels
ANTIYANLNTANUSUNTEANUFTDUINNTYINU
YDIRTINVUIN 122 1. Teuzde 30 Nl V83 any.
Ieegheauysal wan1sinvuiauasifauiudiu
ongasianansbiiukuldunisidennseu
ity luduiuavasnnindeansougeni
duiine wazsuiidumstvasinnisdeansou
wnnddumne Taefisses 100 - 140 fadwns
snifnnisdeanseudiliaenndasiu iesn

'
a

Jaoioglutrsiinaidutanauazaiindu wan

A95UT

U

4.6 namssuInszAuawiile
PNNANITNAABUAAADATIUIU 5 1R bl

wuranIsAABUTiAan s euRanatn Tnetan

awIuMeTEITIIRUNSEUIUNSTINALY Sanu
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0 50 100 150 200 250 300

svgrnsidennsauvesauIuluviesedluinTy
----- NITATUIN

—a—Nozzle Assembly No.02

—a—Nozzle Assembly No.05

svazvpanuiuluviaseadly, mm

UM 9 svgzmmdennsouvesauuluyengsIneInmsaaeunInain 959U 122 ua.
2289 30 nal.

gANIBDU, mm

o o
o o
S o

STELFIANIDUIINATAIUINUAITLNTINDTIN MKII-40km —

90, 5.15 — szpzavauiifansideansen - 30.00
—Safety Factor - 25.00
L 20.00
- 15.00
/ 260, 2.40 14 o9

Minimum ’S‘F5'00
= = ; i 0.00

0 50 100 150 200 250 300

Safety Factor

svevvpsauIuluvioseasly, mm

FUM 10 szgzmnidennsouvesauluyionIgasineInnIsA NG ULeIeT93In 122 1.
52889 40 Ny,

A15799 5 WARINISAILISEAUALLULR

Reliability ~ @mdauvas Defective = ATUIUATDENN 41u7U Defective Confidence Level
90.0% 10.0% 5 0 40.95%
90.0% 10.0% 9 0 61.26%
90.0% 10.0% 16 0 81.47%
90.0% 10.0% 22 0 90.15%
90.0% 10.0% 29 0 95.29%
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Phslalaldtiaendn 90% amuinsysuainy
Julamueafinn1snseanenuy Binomial aglaka
ANSAUIUNINNSIN 5 1198 NABINITTEAUAINY
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