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Abstract

In the recent defence industries, it is required to develop the small and low cost embedded systems for guided
missiles. According to the characteristics of guided missiles, the mission is conducted with multiple phases, which
include a squib activation phase. By considering the unexpected squib activation, the squib system should be
disabled after the launch of a guided missile. Therefore, the squib system needs to include the functions of the
safe ignition and status check. This paper presents the squib ignition and status check circuits design for the
compact embedded systems in guided missiles. Validation results show that for the functions of the squib ignition
and status check, the presented circuits design performs well. The designed circuits also were implemented with
various electronic devices and validated by the ground and flight tests.
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Fig. 1. Relay—based latch and safeguard circuits
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Fig. 2. Block diagram for the ignition system under
consideration
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Fig. 4. Circuit for the ignition power and arming check
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Fig. 5. Circuit for the ignition and squib status check
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Fig. 6. Circuit for the squib status check

, Low Side ##ls o= Al ~7B1E Fogk A
GNDE SHEt webd kg EHs2r)
o2 F23}7] 984 = High/Low Side #3141
Aol g ojo} s, of 1= B 4150 22
2= zZ53|27F ANA o7 Exslx] g} w
2} High/Low Side #3A% o]F3E T3 <A
=T Fig 59 2ol 271 e SAFAA 4
V22 744 32rF 298 H4 AF dEIRe]
238 e 9 AspAF EEsRsl 29N E @
sl AME, WA Sol 9 AE 93e] 9
Twete 9% FHUTh Fig 6%
o ~A1m el A1 QA Q7 /e
ROE T3] 129 gl

I-Jmir?ﬂmﬁ_a_ﬁgmlo

5914]
3

R11J+ /*?]
tole s %L%é}ﬂl il ol&

H2A17A 278 dert Adde &4

=

O1:7]]_X]
1501] oo
/\_ﬂ]ﬂe 7(1—51_/\]
Fig. 69] Rlloﬂ/ﬂ
}\ﬂ I_—H_E 1'"01 ]
gol Ae ez adel 488
o] R4 FAspF F9 32|

oA 274 ]
St} Fig. 7
25121571 17hH]of

68 / S A e Y1583 4] Al26d AN1E(2023E 2¢Y)

237 el 2R8=

R14

AN
VV\

PGND

1>
v
Ia
oz
o
r

™

Fig. 7. Circuit for the squib status sensing
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Fig. 8. Simulation results for the arming current
without the deceleration circuit

2.0A

b

1.0A

0.5A

oA L L/ i
0s 5us 10us 15us 20us 25us 30us 35us

40us
Fig. 9. Simulation results for the ignition current
without the deceleration circuit

Fig 102 Fig 4°] #5149 245 szelq F34
4 A&t gl o, B So i

=2
AELh GANEE WAaA @RE o Bt w

2 23498 s Q19 %‘—"‘ﬂﬂ‘%ﬂr 2= @4

¥ RCHHo .46]] #Hor sEE AF7) Aol

Con® Cpeoll B2E AH7L 288 A7 How
] 243

o} Q37}F Ed»‘lﬂ—t— *o%
AL Ao A Fig. 103} Zo] &
AL 528 dF/e E‘M oF 230 pAR dSHh

Fig. 112 Fig. 49] 2tsbd 9 FdH-9} Fig. 59 23}
AR 2932 9 2918 g SAHR FAEAS
o, 2FHel| 52+ ARFE HAFTh FHAee &
sMAsE A7FEHA F%s W, HAshddEs A7bEl=

Qo Q37F HHA] o=t A7 Ho|

g‘g
e
o
ﬁ

§]’ =i )\Lﬂ] 7<474§]E H;ﬂ

£
I
2

250uA

200uA

150uA

100uA

50uA

OA.,""“: TV
0Os 5us 10us

15us 20u577 25us 30us 35us 40us

Fig. 10. Simulation results for the arming current with
the deceleration circuit

2.5mA

2.0mA

1.5mA

1.0mA |-

0.5mA

[ —
0Os 5us

10us 15us  20us 25us 30us 35us 40us

Fig. 11. Simulation results for the ignition current with

the deceleration circuit

9= }9Jr ol At oF 2.1 mAZ}
&e AdE Tkl 3R] 7]

N)'.

Aot Ak EY3E 9
28 g AT TEENE o Zebdde] &
e Aol A E 7 high(3.3 V)OI low(0 V)=

A7 A Flg 401]*1 Q29 Ale|Ee) FHis 7}
QI7FE AL #ehd el Qo) Eedlel E3¥= s
HAFET Q7 & %E]uw TaE AAAYLe ReS}

R7¢l| olall EtEo]l Q35 ®©2A17]1a Q37F "
Zsbdelel d§UF R4S S XEAESE UL F
the] =5 FEstAl Hal o= UlS] EJAAEE
A7 A4 ZAEE low(0 V)OlA high(3.3 V)Z

gyt AlEdold ARRNE FHslse] 17t

=atakabely| 4 8he] %) Al26d A15(2023\d 2¥) /69



V(EHHE) V(ZEE) v(EERNS)

V(EEEE)

)
ot
o
=
ot

v(EE

Fig. 12. Simulation results for the ignition power and

arming check

g.

V(high_side)

V(low_side)

V(EEEE)

V(&3 ) I(R10)

I(H2EE)

. 13. Simulation results for the ignition signal and
current

ayl
Q

Faxde] T d3elA, High/Low Side
7} high(3.3 V)ollA low(0 V)& 21712 A3$-
32+ ARESAFR)NE AlEHAS Aol
PR S gﬂriﬁra High/Low Side Z}3}2% 9] ol
Zholl mpep 2B ARV & FFEE & 5 Utk

70 / 3=t A el )8k s) A] A6 Al13(2023 2¢Y)

. V(high_side) V(low_side)
4V

V-
3V
2V

V-

v V(EHEE)
4V

V-
3V
2V

V-

RS ErCENE) V(A3 E BN E) I(R10)

L, (HEER)
r A
| V(ARIE yERILE)
OV yEE)

Fig. 14. Simulation results for the squib status check

ul

Fig. 14% 2h3}d

R L S EER
R :Xg%i AR 0 P
057k QbR ke e, Fig 69 AFE

A AR D532 A iﬂﬂ ’JEN 141 E 7} high
(3.3 V)OIA low(0 V)& <1748 7% Fig. 59| 2B
AFAFSAT))HE AEHo)HAe Axfolt)
Fig. 149 A& o)A A¥2HE 78 ez
A7tel|l w ~FHe AF7 F FFEE & 5 2
i, AFBEE B33 AFe 278 A 73H 3 2
Al RI4E AA U39 F the| o =8 F5ahA il o]

sEFE

= U3e) EUAAEE BeAs AFnaHs 4l
2 FYHT. W} A7ny 27nE Adshs AY
Beh wldel olde] sirhw sFlE e deldge

U3e] # tho]oEx] B8 4 glova ~Fu A
21Z = low(0 V)oll Al high(3.3 V)= WA =t

4.4 &
B HEA9 PR

2Elo] P2 AR Qs EAE
U A

Z=ulo

EE %‘i}%

F

o et
o |

14
)
o2, ﬂl[O
=

rulru

¥

i o,
ol

fu

= ]
oo
ol
o
r
£
>.

do| EEAE
o 4713} 7}—0-ouﬁ sk
sz AAEE o|Fa] oy

fob p@ b
2 lo
:(mgh
N oftt
T{Eﬂ



Lo X o [y ook

[

—

& w90m, 278 HH SARE 292 A 2
ABE AdaT= 79H, Wil 59 94 dHE
g 4 lws AAEn) o] 2 A XEAZ
2 Agelel slzg wes e 11 5 A9
A3} gAY 7ol A5 S doA 252 3}
BT HAAE FHsiglon, 2FH A S
3 2 AR 5F 5 QES s 298
T AzlE e 7 RS SQith
References

D. Baumgartner, P. Rossler, and W. Kubinger,
“Performance Benchmark of DSP and FPGA
Implementations of Low-Level Vision Algorithms,”
in Proc. IEEE CVPR, pp. 1-8, June, 2007.

D. Kong, Q. Jia, and H. Xu, “The Design of an
Integrated Guidance and Control Computer System
based on Multi-Core DSP and FPGA,” in Proc.
2015 8th CISP, pp. 1625-1629, Oct., 2015.

R EEERE

[3] S. S. Jung, G. M. Kwak, D. G. Roh, H. C. Lee, and

Y. S. Kwon, “A Reliable Constant-Current Driving
Circurt Design for the Stable Check and Activation
of Pyro Systems,” in Proc. 2016 KIMST Fall
Conference, pp. 559-560, Nov., 2016.

H. C. Lee, Y. S. Kwon, N. R. Park, “TMR-based
FPGA Design for Improving the Reliability of
Irreversible Discrete Output Signal,” 2016 KIMST
Annual Conference Proceedings, pp. 317-318, June,
201e6.

G. A. Gonzalez, M. H. Lucy, and J. J. Massier,
“Guidelines of the Design of Electropyrotechnic
Firing Circuit for Unmanned Flight and Ground Test
Projects,” Technical Memorandum(NASA/TM-2013-
217997), NASA Langley Research Center, 2013.

Y. S. Kwon, N. R. Park, G. M. Kwak, S. S. Jung,
and D. G. Roh, “Designing of Verificable Driving
Circuit for Checking the Pyro System Separately,” in
Proc. 17™ Precision Guided Missile Conference, pp.
283-285, Oct., 2014.

o FAl ety 83 X A6 Al13(2023d 2Y) /71



