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Development of an End-Burning Solid Motor and
the Application to Nozzle Insert Material Test

By

Masataka SHIMODA, Toshio YAMAYA, Teruo SOFUE,
Shoichiro AOYAGI, Takeo SAITO and Akira INAMA

Abstract: An end-burning solid motor has been developed, using hard-type poly-
vinyl chloride restrictor. This polyvinyl chloride tube capable of being expanded
remarkably in the radial direction by the internal stress relaxation due to heating,
was proved to be feasible as a restrictor for end-burning motors.

The motors were applied for testing rocket nozzle insert materials: graphites,
metal-oxide coating graphites, tungsten coating graphite, silicon-carbide coating
graphite, sintered copper-tungsten, silicon nitride and miscellaneous fiber-reinforced
plastics. Five propellants with widely different flame temperatures, contents of
condensed combustion products, oxidation characteristics and firing durations
were used. The material performing best with these propellant except in the case
of oxygen-augmented motor was some graphites on which tungsten was deposited
with the reduction of WFg. Simple graphite, refractory metal oxide and silicon
carbide coating graphites, sintered copper-tungsten and silicon nitride indicated
poor resistance to erosion or thermal cracking at severer conditions. Though fiber
reinforced plastic nozzle inserts were the least erosion-resistant materials, they
are promising for the application to giant rocket motors in view of good resistance
to thermal stress, isotropic erosion rates and production feasibility.
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[Equivalent diameter is defined as dgp, = 2 (Agp/m)%4]
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Pc

Lc ' 88 7 mm

D¢ - 125.5 mm¢

We 11932 g

Nozzle . 3025 Graphite

dw—ds - 15. 04—16. 10 mm*
] ]

100 \E 100
2
80 = 80
Q.
60 S 60
Lc:91.8mm 5
. 0
40 Ds .'125.5mm¢ q;’j "
W © 2050 g kS
20 Nozzle : GP3025 5 90
dw—ds, © 15. 08—16 06 mm? i‘é
0 ! | 2 0
Time, t (sec)
Fig. 10-1 (Run P-1)
& 200
E
<160} De
&
< 1208
$
=
w0
g 80
o
o 40fF
el
£
2 0 | l 1 !
O 0 1 2 3 4
Time, t (sec)

1 2 3
Time, t (sec)

Fig. 10:2 (Run P-2)

L¢ :227. 8mm

De 119, 4mm?

W : 4643 g

Nozzle : Sintered Cu-W (25 :75)
dw—>dy, 1 12. 88—12. 13mm?

Cross Section along the Central

Axis of Nozzle Insert
(scale:1/2)
Fig. 10-3 (Run P4-N-1)

o
<
<

—
D
(=]
T

120 -

o]
(=]

N
(=
T

L - 250. 2mm

De - 119. 3mm?

We : 5098g

Nozzle . S1C Coated G108
dis—d - 12. 05—14. 51mm”

1 | It

(=]
(=)

Chamber Pressure, Pc (kg/cm?)

-1 2 3

Time, t (sec)

Fig. 10-4 (Run P4-N-2)

This document is provided by JAXA.



1977 3 A

100

80

60

Chmber Pressure, Pc (kg/cm?)

—
<
(=]

<D
f=)

oo
S

Chamber Pressure, Pc (kg/cm?)
S

o)
=]
]

Bifllo 7 o BB IS ES

L¢ © 227. 8nm

401 D¢ 119. 4nm?
W, : 4643¢
201 Nozzle : S1:N,
do—di - 13. 1213——>18‘ 56mm?
] ] |
0 1 2 3 ) 5

Time, t (sec)

A Photo of Cross Section along
the Central Axis of Nozzle Insert
(scale 11/2)

Fig. 10-5 (Run P4-N.3)

Pc

Lo : 100 Omm

De : 115 6mm?

W, : 1928¢

Nozzle . G108

dio—du : 13. 50—14. 56mm®
|

(=

2 3

Time, t (sec)

(=}
(e
—

Fig. 10-6 (Run P-5-1)

433

This document is provided by JAXA.



434

Chamber Pressure, Pc (kg/cm?)

Chamber Pressure, Pc (kg/cm?)

Chamber Pressure, Pc (kg/cm?)

Chamber Pressure, Pc (kg/cm?)

REUREFHAT T A S

100

80

60

40

20

L¢ - 285. 6mm Pc
Dq @ 115. 6mm?

W+ 5496¢g

Nozzle : G108

do—dw © 14.10—17. 50mm*

i | L L 1 1 ] |

200

1 2 3 4 5 6 7 8 9
Time, t (sec)

Fig. 10-7 (Run P-5-2)

F13%E 1 5B

160

1201

80

40

Pc

L¢ * 100. Omm
D¢ - 115. 4mm®

We © 1916g

Nozzl . SiC Coated G108
dis—>dss  12. 29—13. 44mm?
|

09 1 2
Time, t (sec)
Fig. 10-8 (Run P-6)
100
L¢ © 591. 5mm
80 Dg : 115. 4mm®
W, @ 11317g
60 Nozzle . Al,0,*Zr0O, Coated G108
dvo—>dis - 14. 30—20. 00mm#
401
Pc
20
| | | |
0 5 10 15 20
Time, t (sec)
Fig. 10-9 (Run P-6-1)
100
Lc - 967 2mm
30+ De :'115 4mm®
W, @ 18557¢g

60

40

20

Nozzle . AlOs ¢ ZrO: Coated G108
dio—dw - 14.04—21. 40mm?

Time, t (sec)

Fig. 10:10 (Run P-6-2)

40

This document is provided by JAXA.



19773 A

Bl oy o b HBBBARIIURES

100

40

20

Chamber Pressure, Pc (kg/cm?)

80

60

Pc

L - 59. 9mm

De - 115. 2mm®

W © 1149g

Nozzle . GP3025

di—>dsp - 15. 64—15. 59mm?
Il

1
Time, t (sec)

Fig. 10-11 (Run P-8)

100

S
o

oo
<

(o]
(=)
T

D
(=]
!

Pc
L¢ : 1900mm
D¢ - 115. 2mm®
We - 36501g
Nozzle . W Coated G108

digdys - 15. 74—>15. 74mm®
L I |

Chamber Pressure, Pc (kg/cm?)

(=3
(=)

100

10 20 30 40

Time, t (sec)

A Photo of Cross Section along
the Central Axis of Nozzle Insert
(scale:1/2)

Fig. 10-12 (Run P-8-1)

50

40

20

80

60

Pc

L - 55. 9mm
Dq : 115. 4mm®
We © 1082g
Nozzle : GP3025

do—>ds © 15. 59—>16. 23mm®
|

Chamber Pressure, Pc (kg/cm?)

1

Time, (sec)

Fig. 1013 (Run P-9)

435

This document is provided by JAXA.



436

SRR AT DAL 4

200

160 |-

120 |-

80

L¢ * 1600mm
D¢ - 115. 4mm*
Pe W © 30654¢g
Nozzle . Sintered Cu-W(25:75)
dy—dy, - 12. 93—(Ref. Photo. )

| | 1 | | I

b
S
S~
up
B3
=
o
g,
<
=
=
w0
1]
o
£,
a9
&
@
£
£
<
<
O

Cross Section along the Central Axis of Nozzle Insert (scale :1/2)

10 15 20 25 30 35 40

Time,t (sec)

Fig. 10-14 (Run P-9-1)

PBI3AE 1 5B

Cu-W Sintered Metal

Graphite (G108)

<100
g
2
o
= 80}
oY Pc
S 60} ]
5 L¢ : 490mm
w .
£ 0 De : 115. Zm?
£ W @ 9425¢
5, i Nozzle : W Coated G108
i;:’ 20 di—dy, © 15. 8015, 86mm?
2 0 | Loy
o Y% 2 4 6 8 10 12
Time, t (sec)
Fig. 1015 (Run P-10-1)
E
» 100 ]
S
_ 80
&
> p
4 60 -
o Lc : 490mm
5 40 Do : 115. 3mm?
2 W : 9415g
2 9 Nozzle : W Coated G108
o dii—>dy, : 15. 87—15. 87mmé
0 i | L L | 1 | I | L |
0 2 4 6 3 10 12

Time, t (sec)

Fig. 10:16 (Run P-10-2)

14

This document is provided by JAXA.



197783 H BElo 7 N EEIRIIIRE S 437
110 < 100
&)
z < Le¢  100mm
& 90F = 80 T D¢ - 120. Omm*
p < D¢ / \\\_ W 2411g
E 701 g 60 II Nozzle : KGF200/Plyophen5900
5 3 / dy—dy, > 15. 08—16. 9lmm?
‘é 50~ 8 40 /
) o, /
= /
v 30[ § 20 -
5 5 ] i \L
L = Ll 111 1 1 1]
z 10735 0 1 2 3 5 10 15
Time, t (sec)
Fig. 10-17 (Run 1)
—~ 110 g 100
- % De : 120. 0 mm?
] G mm
& 90 8oF Wo © 2065 g -
g i Z: i Nozzle : EA502Q/Plyophen 5900 '// =
g 0 & 60 dy, —>dy, © 15.09—19. 04 mm? /1
;&; % pc ;/
£ S0[ £ 40 /
L]
= .
2 30 "é 200 Tw I —-"/
5 | =
Z 10 O 0 | ] |
o 1 2 3 123465
Time, t (sec) —(min)
Fig. 10-18 (Run 2)
o 110 % 100
= 8 .
z o y Le¢ - 99mm
e 90 50 80 /] De : 120. Omm¢
g & | W : 2084g
2 0 g / Nozzle : KGF200/Plyophen 5900
E z ] -ATJ Laminate
E 50 g / di—dy, 14.99—16. 24mm*
e . J
o | &~
E 30 _é)
z 1oL £
© . 1234
Time, t (sec) L (min)

Fig. 10-19 (Run 4)

This document is provided by JAXA.



438 HARFETHM RS 13555 1 5(B)

Cu Immersion Part
Cu-W Sintered Metal
Graphite

Cu Immersion Part
Cu-W Sintered Metal
Graphite

Scale Matter—|

Scale Matter\

Run P-4-N-1 Run P-9-1
Cu (25%wt)-W/Graphite (G-108), No. 1 Cu (25%wt)-W/Graphite(G-108),No 2
t»=38 6sec
t,=4. Osec

P.=68~118 z
p.=148 7kg/cm’ kg/em

100 100
d 1o A~
en WM i
Acc. V I 30kV =60 ) {60 ®
S.C. 10.024uA z Position B 3
e Acc. V I 30kV ~
P . [
dao £ S.C. :0.024uA |, &
@ o
g 3
4 1
a o
Cu 7320 4 20
Cu
! ! 0 -
3000 2000 1000 0 2000 1000 0 0
Distance from Inner Surface (um) Distance from Inner Surface (um)
100
W
80
{60 %
Position C =z
Acc. V : 30kV .
S.C. 10.024uA Jag &
5
I
L
20 =
Cu
| | 1 ) 0
5000 4000 3000 2000 1000 0

Distance from Inner Surface (um)
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Fig. 12 Combustion Chamber Pressure and Nozzle Temperature-Time Histories
with D Propellant Grain Motors
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Fig. 13 E Propellant Grain

Fig. 14 A View of Static Firing (Run 84).
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Fig. 15-2 (Run 81)
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Fig. 15-4 (Run 83)
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Fig. 15-5 (Run 84)
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Fig. 15-6 (Run 85)
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