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Optical characteristics and compound technologies of multifunction
protection goggles against laser radiation

LUO Zhen-kun', WANG Qiu-hua®, GAO Guang-huang', SUN Rong', CHEN Zong-li' , ZHANG Gui-su'
(1. Institute of Radiation Medicine, Academy of Military Medical Sciences, Beijing 100850, China; 2. Department of Rehabili-
tation Medicine of Nanlou, Chinese PLA General Hospital, Beijing 100853, China)

Abstract; To achieve effective protection against laser and microwave radiation, the compound technologies incorporating
laser and microwave protection and laser warning were studied and this kind of multifunction protection goggles were designed.
The key technologies include multifunction protection materials and compounded technology, sandwich type lenses compounded
technology by means of heat press in vacuum, eye{protéction technology of resisting the splash induced by impact, adjustable
protection eyeglasses technology between separated~type and combined type. Multifunction protection performances of the
developed protection goggles were tested. In addition, environment adaptability, laser biology effect and human-machine work
efficiency were tested. The optical characteristics and compound technologies of multifunction integration protection goggles as
well as relative techniques parameters were introduced. The experimental results show that ultraviolet transmittance of
multifunction protection goggles is 0. 0003 ~ 0. 0005 ; relatively deviation of optical density of the goggles passing environment test
and stored for 10 years is 0. 0024 ~ 0. 035; non-uniformity of optical density of the spectacles is 0. 00059 ~ 0. 0011; relatively
deviation of optical density of the spectacles at laser incident angle of 0° ~30° is 0. 0061 ~0. 012; relatively deviation of optical
density of the spectacles at laser incident angle of 0° ~ 30° is 0.0019 ~ 0.014 for laser exposure at different polanization
directions ; rabbit eyes wearing with the spectacles were not damaged at laser radiant exposure of (578. 5 ~2405)m] - em 2. All
performance indexes of this goggles accord with the demands of design and application. The multifunction protection goggles have
good protective effect and can be used in the science research, teaching, manufacture, training and medical treatment.

Key words: laser technique; laser-microwave-laser detection alarm; multifunction protection goggles; optical
characteristics; complex protective technology; performance test
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Fig.1 Flow chart of multifunction protection goggles experiments
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Table 1  Testing results of optical performance parameters of multifunction protective spectacles

transmittance of focal prism performance performance of
test item haze
violet irradiation power D deviation A of anti-impact anti-attrition of eyeglasses
erpendicular prism de- weight of abrasive 200g,
250nm ~ 380nm, perp P no mar of g 8
standard demand < +0.13 viation =< 0. 18, level <2.0% rate of surface attrition
<0.05 eyeglasses after impact
prism deviation <0.50 <5%
1* 0. 0003
result of actual +0.07 ~ 0.06 ~0.09 0.80% ~
2% 0. 0005 no mar of eyeglasses 1.0%
measurement -0.11 0.17 ~0.24 1.10%
3% 0.0005
conclusion eligibility

2.2 RBEIEHIEMR

Bitrg IR EA B SR Z A S 5 L R
(optical density, OD) R¥SH B R H, FrEERER
BR 1% 5mm S, & 406 % B AES SR NTF
3.0% , SCEGH R FH AR R 40 BF 5% F0 e ST A SO B
5 B ShR K 2 AN SRS A W 7 5t 1L 532nm

1 1064nm FOGH BT CIR, Bk v 5T B2 10ns, A S
R 1Hz  JEREAE Som, AR LI TR P
i, B0 H BREMGTTH AL, B HEL W R ER n =
6 Wo 4RER,532nm Fi 1064nm FOEI G 2 HERT
PEOCE ARSI 0.059% F1 0. 11% , ik
HRNAE 2,

Table 2 Testing results of non-uniformity of optical density of multifunction protective spectacles for laser

laser wavelength/nm 532 1064
laser incidence position center upside downside left right center upside downside left right
optical density D, 5.27 5.30 5.25 5.28 5.24 5.87 5.82 5.47 5.93 5.62
standard deviation/% 0.36 0.14 0.32 0.35 0.40 0.96 0.76 0.43 0.83 0.16
non-uniformity of OD/% 0.06 0.11
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2.3 FEHENG fATENR A RIB B E E EA SR 22 A 8T 3. 0% o AR5E
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AR R ST PR ), M A ST i —E XTI EA R BOLA S OGS R BT IR, 45
5, RS T M, B H i, AT SBORB AR,  REYW, SUMEHYETE 0° ~ 30°BOE AN A RIEH
PRAEEDR ,7E 0° ~30°WOR A ST B, P RIsk e BEARRMEZE N 0.61% ~1.22% , IHAZS R LK 3,

Table 3 Test of optical density of multifunction protective spectacles at different angle of laser incidence

532nm laser 1064 nm laser
angle of laser
incidence/ (°) optical density relatively standard relatively optical density relatively standard relatively
average value D, deviation/ % deviation/% average value D, deviation/% deviation/ %

-70 5.55 0.28 0.18 5.65 1.23 15.31
-60 5.51 0.47 0.54 5.47 0.26 11.63
-50 5.54 0.51 0.07 5.17 0.92 5.51
-40 5.52 0.30 0.36 5.03 1.45 2.65
-30 5.49 0.64 0.78 4.96 0.25 1.22
-20 5.50 0.49 0.69 4.95 0.28 1.02
-10 5.51 0.17 0.56 4.95 0.33 1.02

0 5.54 0.55 0.00 4.90 0.52 0.00
+10 5.54 0.53 0.02 4.93 0.63 0.61
+20 5.54 0.31 0.02 4.93 0.40 0.61
+30 5.51 0.51 0.54 4.96 0.91 1.22
+40 5.49 0.32 0.89 5.01 0.56 2.24
+50 5.49 0.30 0.85 5.16 0.64 5.31
+60 5.53 0.91 0.11 5.47 1.14 11.63
+70 5.63 1.40 1.63 5.62 0.56 14.69

2.4 FEHRHEHMAEE Wit AR, ATRRIHOEDIS B S B

SR e o AR BOSE S y mRAs i A ARk, R R R IR i 0Ok R 5t £ T BB B
i, %t F ] — R IR, B AR E SRIER ERe  PEOREEITINRL, 45 REH, ZIREBYSETE0° ~
FATHE, KB PR R AR — R, R BRI AR  0°HEANARNAEEMAMRERN 0.19% ~
PR R RIR T W BOCER T, s P gin 1.36%, MIRARAR 4,

Table 4 Test of optical density of multifunction protective spectacles at different laser polarization direction

level polarization perpendicular polarization

angle of laser _ _ relatively
incidences () optical density relatively standard optical density relatively standard deviation/%
average value D, deviation/ % average value D, deviation/ %
-40 5.21 0.41 5.16 0.35 0.97
-30 5.20 0.33 5.13 0.46 1.36
-20 5.20 0.41 5.15 0.45 0.97
-10 5.20 0.38 5.17 0.47 0.58
0 5.19 0.37 5.18 0.41 0.19
+10 5.16 0.46 5.18 0.27 0.39
+20 5.14 0.33 5.18 0.47 0.78
+30 5.13 0.46 5.19 0.26 1.17
+40 5.13 0.37 5.19 0.18 1.17
2.5 IAEIERERECI fRIRLE ( -55 £3) C, REF 2h; B A KR B (40

WIEE N AR AT A EE R & 1013 +2)C, (93 £2) % , ff¥f 48h, KT AR 5, Xt
R E A TC-800S {EIH 4 .CS301 {HEMH B, £ 2 ZURHPEH#HITHOEFEENR, 5K ARZH
WP EEARMFERBAETHTER AR FOOCERAESTHX, A TREH R HRE
BAEHGEE, HPE BRI (60 £2)C, {3 2h;  HEAbuEirise, 78R 10 FRRABCH &% A
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Table 5 Comparison of optical density of multifunction protective spectacles before-after environment experiment for laser at 1064nm

umber laser exposure laser transmission optical density relatively standard relatively
energy/mJ energy/10 78] average value D, deviation/% deviation/%
0201 121.44 4.58 6.42 0.32 2.18
02-01% 161.49 4.4 6.57 0.53 2.44
02-01% 137.42 2.53 6.73 0.08 3.54
02-02" 124.83 8.54 6.17 0.94 1.78
02-02* 161.71 8.3 6.28 0.44 1.1
02-02% 133.82 8.34 6.21 0.78 0.24

* group before environment experiment; # group after environment experiment; ## group after 10 years; 5mm of light spot diameter of laser exposure
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Fig.2 Laser damage of naked rabbit eyes without the spectacles
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