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Fig. 6 Confined Detonating Fuse ; CDF
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Fig. 6 Shielded Confined Detonating Fuse ; SCDF
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Table 1 Development Schedule of Pyrotechnic Devies and System

Fuse/Confined Detonaiing Fuse
Linesr Sheped Charge

JFY
Item 19n 1978 1979 1980 1981 1982 1983 1984 1985 1988 | 1887 |
B-1 Flights 9 9 ?
_ . TFL IFI3 1)
. 9 1] v
&""“”"‘ jew (2nd Stage) PORAL ) o - - - -
Deaign Review (3rd Stane) PoRgl PORE2 CR 1 PR
Systeca | Destruetion Systen L. ] fmu
Tests BS Syaten d (I
Safe and Arn Device '
20d Stage I EEEMEEMLE'_'_&L i
lJasensitive Detonator
Pyrotechnicd Shielded Confined Detonating

3rd Stage

Pyrotechnic

Shielded Hild Detenating Cord
Through Bulkhead Initiator
Long Delay Detonator

Short Bealay Detonstor
Spin Rocket Motor/
Tuable Rocket Motor

utter As:

Coniea} Shaped Charge

ERIEEIERARE Erswe e .-.5

FDR ; Prelininary Design Review
COR ; Critical Design Review
PQR ; Post Qualificalion Review

TS Siudy
1 Feasidility and Basie Test

Ty F e w8 e Ay

1 Engneering Hodel

Test

Prototype Hodel Test (Part 1)

Prototype Hode! Test (Part 1)




Table 2 Non-~Destructive Tests of Insensitive Detonator

No Test Test Description
1 | Visual lnspection
2 | Dinensional Inspection
3 | Height 32+¢39
4 | Leakage He Leak Test;
I1x10~fcc - atn/s (He) =max.
Bridgewire Resistance 1.1520.10

Insulation Resistance

10042 min. ar.500VDC

Static Discharge Sensitivity

Static voltage 25KV (500pF Capacitor)

X-Ray and Reutron Radiographic (N-Ray)

Dielectric Withstanding Voltage

600VDCx60sec.

5
6
7
8 | Radiographic Inspection
9
0

No-Fire

1ADCxSnin.

Table 3 Eviromental Tests of Insensitive Detonator

N0 _lest Test Description Note
1 | Temperature-Humidity {+80°C X 932RH X 2Hr) ~(-50'C X 2Hr)
10 Cycles
2 Vigfatiogd L vib ; " Level N HIL-STD-810 |
inusoidal Vibration reguencg( ) eve is
~ 3. 12.7eD8 T Axes
34.3~ 100 30 G
100 ~2000 50
Sweep rate ; 2 oxt/nin
Sweep Tine ; 9.44min (5~2000~5Hz)
Randon Vibration Freguenczéﬂz) Level Axis
1 +8db/ect 3 Axes
g Gk
.-8db/oct
" Duration Tr#ﬂﬁh
Gras s 4.4
91 Shoe 00 GX0.7ns (Hall Sine) NIC-ST0-B10
cceleration 20 G X5 nin/Axis, 3 Axes
5 1 Salt Fog Salt Solution ; 5 &, PH ; 6.5~7.2 HIL-STD-810
Fog Collection ; 0.5~3n¢/80cm/lr
Length of Test ; d48Hr
6 [ Drop Drop once on each end and parallel HIC-STD-331 |
8 Foot Drop 8 Foot free fall onto steel,
Meet design Tequirements
40 Foot Drop 40 Foot f;eed{all on‘t’odsteel.l
Safe for handling and disposa
7 | High Teaperature Exposure| +100°CX12 fir .
Heet design requirements after the test
| 8 | Cook-0ff +120'CX1 Hr, . .
Cook-0ff does not occur within 1 hr period
9 | Acceleration Storage +80°C X 45 Days _
10 | Temperature-Altitude, +80°CX (1 X102 torr))(!ao Br
-45°Cx (110~ torr) X150 Hr

THhIERR V<A —>TFd, fEf LB
~Ad—2 EFCHIMAO R LR TS, COf

B ¥ o SRR T 5,

R oehR(fids X CERES YRS, AMTHHEH  BROG%L Table 5i12iT,
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Table 4 Destructive Tests of Insensitive Detonator

No Test

Test Description

Function

Fired at +80C,+20C and -50¢C

2 Temperature/Altitude

Function

Fired at +80C/Ix10-? torr wmax. and
~50C/i1x10-2 torr max.

Margin Function (80%)

80Z Output Charge, Fired at -50T

Margin Function (120%)

1202 Qutput Charge, Fired at +30¢

S | Maximum Fire Current

Function

Fired.at 20ADC

6 | Function Time vs

Fired at-4 to 20ADC

Current
Table 5 Result of Bruceton Tests
(K0 Ttea Test Description lest Hesult
1 10211 lisecond All-Fire Currents | 303-Fire Current;3.23A

953CL,99.938- -Fire Current:3.63A

Insensitive Detonator

5 ninutes No-Fire Currentss

503-Fire Current;2,B1A

Radio Frequency Hazard

2 | Through Bulkhead
Initietor

Bulkhead Thickaess to 50% Detonation Thickness;4.80z

Transsit a Detonation

953CL .99.918 No-Elre Current;2.31A
3004Hz(CY) Pin-Pin Hode
503-Fire Pover;8.94
953CL,99.95R No-Fire Pozer;4.2M
300MHz(C4) Pin-Body Node
50%-Fire Pover;5.84
833CL,99.95R No-Fire Power;2.9i
2.3CHz(CH) Pin-Pin
50%-Fire Power;2,08
953CL,99.55R No-Fire Power;1.1H
2.3GH2(C) Pin-BodyMode
50%-Fire Power;68.40
953CL,99.93R No-Fire Power:2.04
5.66Hz(Pulse) Pin-Body
303-Fire Power;l
953CL,99.95R No-Fire Power:33ai

853C1,89.9:R Detonation Thickness;3.94ma
50% Destruction Thickness;1.23en
853CL.99.91R Destruetion Thlckness,l .76

3 Test Requirezent ;
31 Test Requirezent ;

5.2.2 BRVALHAL LM%

PS v 27 4 C13DF DB S {ERMBENTRIE gk
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10 All Fire, 4ADC Hax. at 953CL, 99.9%R
Sain Mo-Fire, 1ADC Min. at S53CL, 99.9%R

1 M RETHBHRHOBMELNSBELXRD LN
ETHD,

5.2.3 RF(Radio Frequency) RRER?

EED CaETH, MBS, MBEIzL 58N
R EOMRALTREE— FEled, FTHBICTH
TRV~ FEOMNRVRBEIZ IS ZhBeH, HK
Y=TANTvF+ORAYBIELAKYY — 70121
RERBHEIERIND, LIA-T, IDOBAKRT
Mo LBRK A eWBLAETMEEB IV, 0D
723, Fig. 20 RTHEACERERICHTSIDO
PIN-PIN & PIN-BODY DR ABRROBHL T4 - A
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[Detonating Fuse

n

Power Source

Fig. 19 Measurement Method of Detonation Velocity

Varisble
Atienuator

Fig. 20 Schematic Diagram of RF Test
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5.2.4 R4 %KI(EMC ; Electromagnetic

Compatibility) ¥4
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Table 6 Electromagnetic Compatibility Requirements for SAD

No | Requirenent* Description )

1 CEOI Conducted Emission, Power Lead, 30k to 20XR
CEO3 Conducted Emission, Power Lead, 20Kk to 50MR

3 REOD2 Radiated Emission, Electric Field, 14Kk to 10Clk

* MIL-STD-461A (USAF)

Baby Crelotron

Fig. 21

Setup of Neutron Radiography Testing
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5, PEFIoREDPET, APETRICRBETH
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Table 7 Demonstration Reliability of Pyrotechnics (959 Confidence Level)

Included results of two flights
No ltem Requirement Quantityl Result
Safe and Arm Device % 4__7 0.939999
2 | Insensitive Detonator 573 | 0.99840
3 | Confined Detoneting Fuse/ 1437 | 0.99941
Shielded Confined Detonating Fuse
4 | Shielded Mild Detonating Fuse Confidence Level; 612 | 0.99550
5 | Trough Bulkhead Initiator 953 599 | 0.99847
8 | Long Delay Detonator Reliability;99%min.l 338 | 0.99744
7 { Short Delay Detonator 364 | 0.99749
: Cutter Assembly 39 0.99766
9 | Spin Rocket Motor/ XX 368 | 0.99751
Tumble Rocket Motor
10 | Linear Shaped Charge/ 376 | 0.99757
Conical Shaped Charge

*x  Design Reliability (Except Insensitive Detonator)
%% Evaluate as Family of Small Solid Motor

Table 8 Reliability of Pyrotechnic Systems (60% Confidence Level)

No Pyrotechnic Systems Hequirement | Hesult
[ 1 | 2nd Stage Destruetion System 0.999 0.99998
2 | 3rd Stage Destruction Systems 0.998 0.99998
3 | 3rd Stage Spin-up System 0,991 0.9998)
4 | 2nd/3rd Stage Separation System 0,998 0.9999
5 | 3rd Hotor Ignition System 0,996 0.99995
8 | Safellite Separation System 0.998 0.99984
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Responses of Electroexplosive Devices to Radio Measurement of
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H-1 Rocket Vehicle

Development of Upper Stage Solid Motor and Pyrotechnic System 3.
Development of Pyrotechnic Devices and System

by Yukio FUKUSHIMA®, Tomihisa NAKAMURA?®*, Takayoshi FUJI**,
Kunio SHIMANO** Kenji ITOH*** and Koichi NAKAJIMA****

New Pyrotechnic devices and system were developed for the third stage solid motor ig-
nition, the upper stage separation and the upper stage destruction of the H-I launch vehi-
cle. These are completely different from the pyrotechnic systems of the N-I and N-II
launch vehicles.

This new pyrotechnic system, designated the pyrotechnic sequencing (PS) system
which is called the explosive transfer assembly in the U. S., utilizes detonating fuse in the
packaged form of either the confined detonating fuse (CDF) or the shielded mild
detonating cord (SMDC) to transmit an explosive signal. Both forms of fuse terminate in
small explosive charges which can be used directly to function another devices.

This system has high relibility and safety in comparison with conventional
pyrotechnics.

This paper describes the outline of the pyrotechnic devices and system of the H-1
launch vehicle and newly developed inspections and test methods in order to improve
reliability and safety.

(*National Space Development Agency of Japan
2—4—1, Hamamatsu-cho, Minato-ku, Tokyo, 105 Japan
**Nissan Motor Co., Ltd. 3—5—1, Momoi, Suginami-ku, Tokyo, 167 Japan
***Chugoku Kayaku Co., Ltd. Iwasaki, Yoshii-cho, Tano-gun, Gunma, 370-21
Japan
****Nichiyu Giken Kogyo Co., Ltd. 19954, Kujirai, Kawagoe-Shi, Saitama, 350
Japan)
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