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Abstract: The superiority of an optical vertebra transmitting device is introduced. The main factors that im-
pact the coupling efficiency of the optical vertebra transmitting device are analyzed, and the theoretical model
error curves which impact the coupling efficiency of the optical vertebra transmitting device are gained. By tak-
ing the reflection loss of an optical vertebra end face and the fiber radiation loss as the main error sources, the
coupling efficiency of optical vertebra transmitting device and the impact of errors on the coupling efficiency

are tested, and a calibration method using the split ratio to measure the coupling efficiency of the transmitting
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device is proposed; furthermore, the impact of the changing of laser output on pulse energy measuring is elimi-

nated. Based on the testing data, the impact curve of error on the coupling efficiency is fited, then the accura-

cy of the theoretical model is verified by comparison with the theoretical error curve, meanwhile the coupling

efficiency of the coupling device is measured to be 70. 26% . Under the condition that the laser beam incident

angle error is less than 5° and the fiber is swung under the tolerance in the fiber bending extent, the effect of

total error on the coupling efficiency is less than 10% , which meets the allowable error of the actual project.

The coupling device has been applied to practical engineering.

Key words: optical vertebra transmitting device ; coupling efficiency ; split ratio ;laser deception jamming ; hard-

ware-in-loop simulation
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Fig.2 Beam path of optical vertebra
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Tab.1 Calibrating results of split ratio

i Y| ¥IE/) VE-) TR/ % e/ M2/ %
1 HAIrm 3.5768 x107* 5.7136 x 10 ~° 4.56 6.65
2| 6.4953 x10°° 9.7935 x10 7 3.81 6.22
B g A 55.066 9 0.376 8 2.58 1.93
2 ERIwaAL] 3.5556 x10~* 5.9162 x10~° 5.09 5.39
ST 1) 6.4445 x10°° 9.7558E x 10 ® 4.06 4.63
st 55.170 1 0.363 0 2.92 1.79
3 BT 1) 3.5285 x10~* 6.1672 x 10~ 5.29 5.00
S5 0] 6.3997 x10° 9.9429 x 10~ 3.79 4.68
st 55.132 4 0.380 2 2.43 1.86

(2) e HAGDOCA A BRI E , 218 ALY
A IE XS FCLT R A% B OGHE R IOT- T B, PESO A1
PEOF /3B TG AT H 1 AL Fn 43 ' 85 5 568 9 A4S 7
) EAT i I, N 3 4, L A R
F2MR

K2 AABEHERELER
Tab.2 Calibrating results of fiber coupling efficiency

T /) FE] BRRE % BMRE/ %
1 38.7065 0.3342 2.72 2.81
2 38.7402 0.3110 2.48 1.99
3 38.7476 0.3299 3.26 2.21
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Tab.3 Fiber coupling efficiencies in the case of different angles between

incident beam and optical vertebra end face of fiber-coupled devices

WiH 5 ¥IE/) Vit BRIm2E/ % B/Mn2E/ % 4k

T ASASLLT 1 38.509 7 0.358 1 3.17 2.19 18 :38. 526 7
2 38.5150 0.3312 2.76 2.14 AR 169.89%
3 38.555 2 0.354 7 2.51 2.01

AR 1 38.447 3 0.350 7 3.28 2.42 {8 .38. 448 3
2 38.445 6 0.3312 2.45 2.54 AR 69.75%
3 38.452 0 0.3389 2.22 1.97

0.5° A BLEF 1 38.451 3 0.3753 6.47 7.89 1t .38.448 2
2 38.447 2 0.356 2 7.42 6.43 AR 69.75%
3 38.446 1 0.344 7 8.32 6.97

0.5° AgtshLer 1 38.370 7 0.359 8 6.89 7.17 (H.38.371 1
2 38.354 8 0.3523 7.34 6.56 HARE 69.61%
3 38.387 9 0.3523 7.84 6.83

1° ASIARBIBEF 1 38.337 9 0.918 3 6.47 7.89 ¥i1H.38.332 8
2 38.331 0 0.995 4 7.42 6.43 HARR :69.54%
3 38.329 5 1.112 1 8.32 6.97

1° ASH L sEEr 1 38.293 3 1.050 1 6.89 7.17 514.38.293 9
2 38.295 0 1.007 1 7.34 6.56 AR 69.47%
3 38.293 4 1.044 9 7.84 6.83

2° ASEARBIOLEF 1 37.888 4 0.406 3 5.80 3.31 Y1 .37.870 5
2 37.820 6 0.375 5 2.72 3.87 A AME .68.70%
3 37.902 5 0.373 5 3.08 2.83

2° Adt L BLER 1 37.795 5 0.356 3 2.97 2.64 Y1 .37.793 5
2 37.779 1 0.371 3 2.79 2.36 A RUR :68.56%
3 37.805 9 0.364 0 3.28 2.29

5° ASFASILEF 1 35.047 5 0.406 6 4.07 3.63 1 .35.050 8
2 35.052 5 0.364 5 3.09 2.73 A RR :63.59%
3 35.036 3 0.350 4 3.51 3.33

5° A4t EhER 1 34.860 6 0.361 1 3.12 3.39 Y1t .34.875 5
2 34.852 5 0.368 1 2.98 2.44 FAME .63.27%
3 34.913 5 0.353 6 3.25 2.78
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Fig.5 Fitting curves of experimental measuring data
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