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A Single Optical Path Analysis Method for Laser Ignition System

YE Zhipeng', JIA Rui, WU Qiang, GUO Wenhao, GAO Ya, LI Huabin

(Beijing Institution of Astronautic Systems Engineering, Beijing 100076, China )

Abstract: A path analysis method of the laser ignition system was investigated. First,an optical transmission

model was given for the single optical path,and an analysis method was proposed by analyzing the effect of the num—

ber of optical connectors on the insertion and reflection loss. The criteria of the optical path for different number of

connectors and work of laser explosives was deduced to improve the adaption and precision of the method. The ex—

periments of ignition proves the correctness of the proposed method, which provides a reference for the design of on—

board controlling computer software of launch vehicle.
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Fig.1 A sample light path containing n

connectors before ignition.
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Fig.2 A sample light path containing n

connectors after ignition
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Fig.3 A top—down optical path analysis method
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Tab.1 Constrains of the laser ignition system

s TRIR4 R R

KO FUHOGHER 980 nm
IO SO G 1 310 nm
WOk E I LRI =24W
RO 2 FesEtith oA <l mW

WOGK L AT =1 W
HWOL K T LS ES =95%
Pl HARFE <0.6 dB
LTS [l £ FE <20 dB

— X 43 =7dB
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Tab.2 Results of path test with explosive device

connected ( with reflecting coating )

B BB REHNRE BIBERRE RO LR

R % /dB /dB /W /dB
1 95 0.6 20 1.75 1.36
2 95 0.6 20 1.35 2.49
3 95 0.6 20 1.05 3.59
4 95 0.6 20 0.82 4.66
5 95 0.6 20 0.65 5.69
6 95 0.6 20 0.52 6.69
7 95 0.6 20 0.42 7.63
8 95 0.6 20 0.34 8.51
9 95 0.6 20 0.28 9.32
10 95 0.6 20 0.24 10.06

F3 FAHEEATIREERNXFETEER(TRHER)
Tab.3 Results of path test with explosive device

disconnected ( without reflecting coating )

AR SRR/ B IR/ B R OGER/W O/ dB

1 0.6 20 0.024 20.00
2 0.6 20 0.042 17.55
3 0.6 20 0.056 16.32
4 0.6 20 0.066 5 15.57
5 0.6 20 0.074 15.08
6 0.6 20 0.080 14.75
7 0.6 20 0.085 14.10
8 0.6 20 0.088 5 13.88
9 0.6 20 0.091 13.72
10 0.6 20 0.093 13.59
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Fig.4 Transmission path of light of interference
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Tab.4 Results of return loss of different connectors

AR Bl P FE R 2E/dB T H/%
1 0.06 1.37
2 0.14 3.12
3 0.24 5.33
4 0.37 8.09
5 0.53 11.50
6 0.74 15.62
7 1.00 20.51
8 1.32 26.14
9 1.70 3245

OGR4 n = 6 (& K LAETER)
R BEAT 53 22 W 18 A TR B AL R A (1138
S B TR PR -

P 1y = P(B+aB+a’B+ - +a*B) = P 1-a

1-a?

_ 1-0.871"% _
=2.4x0.01x 1208712 =0.08 W

H G FE S 28 S ) A0 JGHAE 10 dB (40550 1%
SN 0.1), A5 BRI R %

0.08 x 0.871 x 0.1 = 0.007 W
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P 3=Po® x0.95=2.4x0.871'2x0.95=0.435 W
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0.435x0.871x0.1~0.038 W.[R S b, T4
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— 2 x100%=15.62%.
5607 + 0,038 <100% ‘ (SETEIHEE 5-0.5 dB)

[l A R 1R 25 R
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TR 7 B BEU M —10xog 21 ;=380 dB;

T ity S SRS TR ALk 5 ) 30 D AT 3 o T it 2 S
(8 SR R A 2 BUR A 95 9%, U REAR G 1 %2
I H—-10xlogy, 0.95 = 0.22 dB; PG 40Ok T
A G AR B I B RHRE 0.6 dB, BRI 28 1
O ] P YA T RE FNOE T i G AT 1 42 28 110 R s
A 3.8x2+0.2240.6x2=9.02 dB.HEFE T A GH
PR 5 S Bl 1152 22 (0.5 dB) I 5E M , AN [] 14 $ 4
AN I B D' R R (L L FR(EL AN 5% 5 ke 6 fr
AT SR R 5 TR A R D
P FRR.

PL 6 AN N ], ORI A KT (9.02-
0.74-0.5) dB=7.78 dB. MTHJZ BTt 1 B J&T F X
—EAEE, R MO SR () T HORE DA T A4 21388 1 4
R 7 dB.
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Tab.5 Results of return loss and upper limits of light

- 1 OlOglo

path( error rate of the light power detector is 0.5 dB )

AR IR 2 /dB S b BRE

1 0.06 [9.02 - 0.06 - 0.5] = 8
2 0.14 [9.02 - 0.14 - 0.5] = 8
3 0.24 [9.02 - 024 - 05] =8
4 0.37 [9.02 - 0.37 - 0.5] = 8
5 0.53 [9.02 - 0.53 - 0.5] = 7
6 0.74 [9.02 - 0.74 - 0.5] =7
7 1.00 [9.02 - 1-05]=7

8 1.32 [9.02 - 132 - 0.5] =7
9 1.70 [9.02 - 1.70 - 0.5] = 6

Tab.6 Results of return loss and upper limits of light
path( error rate of the light power detector is —0.5 dB )

AL PIEFEIRZE/dB SRR

1 0.06 [9.02 - 0.06 + 0.5] = 9
2 0.14 [9.02 - 0.14 + 0.5] = 9
3 0.24 [9.02 — 0.24 + 0.5] = 9
4 0.37 [9.02 - 0.37 + 0.5] = 9
5 0.53 [9.02 - 053 +05] =8
6 0.74 [9.02 - 0.74 + 0.5] = 8
7 1.00 [9.02 - 1 +0.5] =8

8 1.32 [9.02 - 1.32 + 0.5] = 8
9 1.70 [9.02 - 1.70 + 0.5] = 8

1232 K@ T R

EHE b BR AT AR A BEE M E A (R 8 A
ISR IR AT R R 32 D10 % e A% 5 A S AR A A (1]
BEFERI MR Sb , 30 5 BB S G 8 OB LT 1 He A i
R 52558 MK fh R oK 52 03 A . [/, 5 1
BR AT BAT B B HE AR 20 A S i A AN ], Az i
S R 1 mW /N TR R A 52 6
FK T it R 52 2R, 80U B i SR A 580t
AT BREARAE A A, e R R R Y.

N TRIX — R, B0 BB LR BBOL UK R
GERYRE ., R EAT 8 SRS IR T BR e A 5
KL AERRIRAS U0 R 3% , [R]E Z2m% 4t
PRI 2GR , A4l RANER 7 7.

RT EBETTE T PR R I8 BEAQ T I HE
Tab.7 Results of lower limits of light path and
criteria of the status of the light path

PR LB OB R IR (b = 95%) ﬁﬁﬁ;ﬁ

1 1.36 [1.36 - 0.06 - 0.5] = 0 [0,8]
2 2.49 [3.58 — 0.14 - 0.5] = 2 [2,8]
3 3.58 [3.58 - 024 - 0.5] =2 2,8]
4 4.66 [4.66 — 0.37 - 0.5] = 3 3,8]
5 5.69 [5.69 — 0.53 - 0.5] = 4 [4,7]
6 6.69 [6.68 — 0.74 - 0.5] = 5 15,7]
7 7.63 [7.63-1-05]=6 16,7]
8 8.51 [8.51 =132 - 0.5] = 6 16,7]
9 9.32 [9.32 - 1.70 - 0.5] = 7 —
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Tab.8 Test values of the optical path before ignition

and the consistency with the criteria

¥ 53 M {E/dB JEE/dB A 2
1 [4.7] 5.536.44 P
2 [4,7] 5.075.86 =
3 [4.7] 4.885.69 P
4 [4,7] 5.35~5.93 2
5 [4,7] 4.52~5.84 2
6 [4.7] 4.41~5.03 =
7 [4.7] 4.39~5.06 &

F9 RN EHREETNERFITEHRER
Tab.9 Test values of the optical path after ignition

and the consistency with the criteria

[y S {EE/dB ik

1 14.64~15.55

2 14.29~15.08

3 14.90~15.37 FOLH RS

4 14.41~15.43 v AL
JBEFERR , FTA L E

5 14.63~15.14 HAE b

6 14.56~15.03

7 14.47~15.26

3 4 it
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FIGE ARG AE R, AL A BGOSR
GLAEAR T IR A RN,
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