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Abstract The satellite includes many release mechanisms such as solar array deployment,
antenna deployment, cover to protect contamination in scientific equipment, pyro value of the
propulsion subsytem, and bypass device in Li-Ion cell module. A drive the initiators is a
critical to the successful mission because the initiators of release mechanism driving by the
pyrotechnic circuit is operated in single short. The pyrotechnic circuit has to provide
switching network for safety. A typical switching network has defect consisting of high
current rating fire switch to handle switching transient current during fire the initiator. The
pyrotechnic circuit is required some form of power conditioning to reduce the peak power
demanded from the bus if the initiators are to be fired from the main bus. This paper
design a pyrotechnic circuit synchronized to the fire-command to activate the fire switch to
overcome use high current rating fire switch to handle switching transient current during
fire the initiator. The pyrotechnic circuit provides a current limited widow pulse for fire
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current synchronized to the fire-.command to insure that fire switch will only carry the
current but never switch it. The current limited widow pulse for fire current can be possible
to use low current rating and light mass switch in switching network. The current limit
function in the pyrotechnic circuit reduces supply voltage to initiator and provides the effect
of power conditioning function to reduce peak bus power. The pyrotechnic circuit to apply
satellite development on geostationary orbit is verified the function by test in development
model.

Key Words : Pyrotechnic circuit, Pyrotechnic converter, Synchronization Circuit
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Initiator NSI ESI
Number of bridge wire 2 2
Bridge wire resistance 1.05+0.12 1.05+0.15%
Recommended firing current > 5A/10ms -
All firing current > 35A > 5A/10ms
No firing current <IA/1W/5mn <1A/1W/5mn
Insulation resistance > 2MQ > 100MQ

at 3.5, 50 and 220 Amps
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Actuator model

NEAS043 NEA9103

Application b

Battery cell ~ Non-explosive
ypass switch — separation nut

Number of fuse wire

1 2

Fuse wire resistance  0.95 to 1.55Q 1 to 2.7Q

Min actuation current > 12A > 15A
Max non-actuation
< 0.6A < 0.25A
current
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Actuator DC Motor
Number of coil 2
Voltage range 19V-29V

Resistance of winding 38+4Q
Inductance of winding 2600nH=10%

Current at rated torque

0.16A per motor

In-rush current

1.0A per motor

Max Operating time

4mn (operating 2 motors)
8mn (operating 1 motor)
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Pyrotechnic converter &

odule configuration switching network

Safety protection Pre-arm, arm, fire inhibits

Safe/arm connector Implemented in harness

Input voltage 425V to 51V

External command 51ms=0.5ms pulse

6A+1A electronics current limit

Firing current limit .
in pyro mode

3Bms +3ms for pyro mode, max

Firing  time 20mn for kevlar mode

On/Off synchronized to the

On/Off synchronization . )
fire-command in pyro mode

7.5A(nominal) to 8A(max)
275V (nominal) to 30V(max)

Required implement in
pyrotechnic converter

Overcurrent protection

Overvoltage protection

Power conditioning

Sequentially command pre-arm,

Switch command arm & fire switch

ESD protection By bleed resistors
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Pyrotechnic Converter

ppppp A e A1
50V Power ——+— Regulator Breaker %
”
' k
| .
Power Return

——= Latching switch

—~~» Non Latching switch

External Supply Out
External Supply Out Return
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<& 5> GP5 % GP250 Helo]9 =93 53¢ AT

Relay Test step Test method and results
Stepl Relay switching _ON before current
establishment
a5 Step? Relay switching OEF after.break
current of 7A during 1 minute
Non- S - -
latch Step3 Wait 1 minute between two tests
After 100 maneuvers at 85°C with 3
Results  samples, the electrical characteristics
have shown no significant deviation
Relay switching ON before current
Stepl establishment
Step?2 Current of bA during 1 minute
Step3 Relay switching OFF with the
GP250 current of SA
Latch  Step4 Wait 2 minute between two tests
These tests were stopped after
60,000 maneuvers at 85°C since the
Results

degradation at this step was
insufficient for destruction.
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1 1
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| ON |
1 1
Pyrotechnic Pulse | | OFF
—_—r I .
(6A or 21.5V) | ) . 1
| T2 | T3 H T4
1

T1 =51ms+/-0.5ms, 7ms < T2 < 10ms, T3 = 35ms+/-3ms, T4 > 0.5ms
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ON
Kevlar switch ON command u

Kevlar switch OFF n

ﬂ
Kevlar MODE ON command —_—
Kevlar MODE OFF command n

Il
ON
Pyrotechnic Pulse OFF

(6A or 21.5V) | |
"

<Y 6> Aeet REA ey w4

oN
Kevlar switch ON command u

Kevlar switch OFF command u

ON
Pyro MODE ON command
ON
Pyrotechnic Pulse OFF
or21

5V) T2 13 114

T
T1=51ms+/-0.5ms, 7ms < T2 < 10ms, T3 = 35ms+/-3ms, T4 > 0.5ms
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Pyrotechnic Drive Circuit

Vhigh threshold voltage Vhigh threshold voltage i
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