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Abstract

In order to lighten the weight of a compound sandwich type of anti-laser protection material
structure which consists of reflection layer, heat conduction layer, heat insulation layer and sub-
strate, the structure design and optimization were proposed by using the finite element method.
The simulation results show that with increasing the thickness of the heat conduction layer, the
highest temperature of laser protection layers and substrate both become smaller and smaller.
With increasing the thickness of the heat insulation layer, the highest temperature of substrate

MEGIH: WK, BRRE, AL, HE, AR, Y ZERZXGBOHI MR A Bt D). RS
#, 2022, 11(4): 1179-1184. DOI: 10.12677/mo0s.2022.114108


http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2022.114108
https://doi.org/10.12677/mos.2022.114108
http://www.hanspub.org

RSt 55

becomes smaller and smaller. However, the highest temperature of laser protection layers be-
comes higher and higher. And the thickness of the heat insulation layer has more significant effect
on the protective property. When the thickness of the heat conduction layer is 1.48 mm, and the
thickness of the heat insulation layer is 0.29 mm, the structure could satisfy the anti-laser protec-
tion demands and the weight is the lightest, which is 0.295 kg.
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MORMT HATBR TR, 362 o AT HE F AR YTBOE B 37 44 45 W R 1 S AR PR 5 37 2 A1 i DL EAT AU
Br, AR A RS A R LR, WU R e . FER TR Ja (07 SR B 97 R RE A 24
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2.1. BRTER

WO HE RIS FH PUHOCE I MR SR A TAR 4, KM TR AN 156 cm, S5 R BT MK IR A X
2. BE. FBREMER, & ZEEE 548 0.05 mm. 0.55 mm. 0.1 mm 1 2 mm. {i &EitEdfEd,
K Z 924k 8 75 SR u AR A AT AS R 4, T 5 MR SCR ST 1 omm x 1 mm, FE5F % 2 IR AR
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Figure 1. The simulation FEM of the laser irradiation effects
B 1 BrERBNTEARTER

Table 1. Parameters of the materials defined in the FEM

1 HERMETESH

Material pl(kg/m?®) ¢/(J/kg°C) k/(W/m'K)
25°C 200°C 400°C 600°C
Ag 10,000 234 420 415 399 384
Cu 8500 385 400 389 379 366
AZ 4500 634 4.32 4.25 4.16 4.08

3. hAGR5ITR
3.1 WIERERER
2 e RATHE FBRGUMOE i oD A BRI 77 ZCASE T PR 44 2 IR R A A A S A ] 2 .

NODAL SOLUTION NODAL SOLUTION
STEP=1 STEP=1
SUB - 16 SUB =16
TIME =30 TIME = 30
TEMP (avG) TEMP (AvG)
RSYS =0 RSYS =0
SMN - 313.972 SMN =313.973
SMX = 680.944 SMX - 680.883
N
| B S |
313.973 395,509 477.044 558.58 0.116
313.972 asanay e 477.071 J— PR oes T oan 354741 436.276 517.812 soosa oM 680.883
(@) The reflection layer (b) The heat conduction layer
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NODAL SOLUTION NODAL SOLUTION
STEP = 1 STEP=1
SUB = 16 SUB = 16
TIME - 30 TIME = 30
TEMP (AVG) TEMP (AVG)
RSYS =0 RSYS=0
SMN = 313.973 SMN = 313.987
SMX = 680.261 SMX =671.324
IN
L I — I
313.973 395.371 476.768 558.165 639.562 313.987 393.395 X 212 631.62
354.672 436.069 517.466 598.864 680.261 353.691 433.099 512.508 591.916 671.324
(c) The heat insulation layer (d) The substrate layer

Figure 2. The temperature contour graphs of the anti-laser protection material structure

B 2. AP MRS A ERRE 2 = E

I 2 750, ZE G REN S TE FIRBOGEIRGE T, SM R Ag [ Z 1 5 i 680.94°C
P EB Cu BLHVER AZ B2 I i R 23 51 680.88°C Al 680.26°C, Cu FEAR 1 fi i i B A 671.32°C
HT Ag il Cu iR ZBA RIF1 S AERe, B KNI R A= IRTH A AT A7 g bk, 5 PR E 1
BZEAK . T (A1 2 3 5 R BN, RERE B A ) N AR, 3 SR IR SO 2 R
KT#10C. XUHRARGE + BHE + BRENEERESHBTT 7 R A PR BoLRE =
P9 JE AR AL i (1 2803, 3B BIPTHOGET 7 (0 H (¥ 5 41, 07 B4 W45 31 Cu Jebi 1 2 1 5 i Il 668.07°C
RIGMIFLE RN 642°C, iHSERE T4 26°C, RZEN 4%,

3.2. GHEEXRE R

R VAT HARE — @ WOt AR T, HUAIRBEAREEIT 150 CRIBTBOEE 7 BARE R, Xt
FREERZEPA ST SO . ] Cu iR Bk Cu BHRE, SEINEHZ R A E I EL G I Sio, Ak
R B i AZ FRHIRZE, PR THRR IR, s JepR RO 2 i AT HE H ARHLARARE AL B FR 855551
PRI T2 54 I B H AR SERR SO, Ag RETRZRIEEE S 0.05 mm, HL& ALBFERE S 2.0 mm. 5048
PUHOGET 3 25 B E TR R DL BRAAZ R B, B AL 30 S M B e B 4 PR RE I 2 i

BUHE (Cu ) JE B2 LL A BE R (SIO, AR E) S BE X U0 By 47 45 46 % J= B e il S R 2 i 1<) 3
FE 4 Frow. HERTEL, BEAEEGAZ R BERII N,  BUBOGT 2540 & )2 10 5 e R HORE 2 FEAR,  HLAA A
re BB A T B BR A2 SR RE R I, BUBOCRI 7 S50 % J2E i iR BE A 2 T =, WU e
TERE 2 PRAR . X F BRI, B B P RN 45 1 2 T R SO A i 0 e e e RO 7E A 1) O 1) A% %
SR R IR AR A TE RV Rl IR WSt P AR ISR 2 SRR, LG i X B 2 K, W) e B R 1
I, A BINUAR I RE R IE, SEWUA R IR REIC. MRRAJZEREE N, 2it— DS E m L
WA B, R A TR T R I E B ERIOH AR, (R ERAATE I, 800U i
K, 1132 A e il B T o

LHEAZ EE H 0.5 mm 3G N2 2.0 mm B, HLAA R S 2 B 116.79°C F#MIK % 52.54°C, [&{IK 120 64°C;
BRI EREH 0.2 mm N4 1.0 mm i, HUA R SR H 176.61°C KA 60.99°C, F#{K 749 116°C.
UL, B R RS BTG B4 45 K 4 M R s B

WA, HT Ag B AN 962°C. Cu HIKE £ 1083°C . SiO, kIR o Bt i A FHUR % 9 800°C . M4
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BUCAZERE S 2.0 mm. FRAVZEIEES 1.0 mm B, SO JZ S B Z ARG B2 00 5 il 2 23 il 646.72°C
646.68°CHll 645.73°C, KT HIA iR s, HAUWKR &IRESR 52.54°C, KT HPy MR HE 2K,
R, FESEAT BB MRS M BT B, AT DAE— 2Dl N 2 B R A2 SRR, A 5 2 By 4 2
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Figure 3. Effect of thickness of the heat conduction layer on the anti-laser
protection structure temperature
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Figure 4. Effect of thickness of the heat insulation layer on the anti-laser
protection structure temperature

[E 4. WA EEE N HUBSER IR EaR RS2
3.3. BrtPEEfatiiigit
K= RAEE, SRFE + 8RZE + BRAZE + BRSO I MR BT et ik
Bk BARAE M E R, IRESEERS EREMEHEE, SRR NN R EMERZEE. 2t
AT, RERALEE ROy BUEIEEY 1.48 mm. FRIVZEEEEN 0.29 mm, [T HEAE . BREJZEFINL
I B i EE 22 N 784.79°C . 784.74°C . 784.00°C F1 140.03°C, 1%Blhi¥ 4K B £ 0.295 kg
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AR H F TR O RN A E IR R+ BEVE + BRIRE + BIRNIEAE
KPUBOCHI M EEAT TR BB T B i . 15, @ BOCEIRE I S A RTHi A, X7 A
BEATIRAIE: SRI5, FIFSAE S RBP4 25 S BOR BUE AT /0 s Ba, SPEANB S5 AT Ak
Wit KRN EE. B L T, AEIDUR R

1) {5 E 133 Cu FEATS 2 1M Bt w5 N 668.07°C, I I3 45 5 h 642°C, 17 45 B 1 41 26°C,
®ZEEH 4%,

2) Bl EUHE R B BRI, BT 5 45 0 5 S 1 B e P R 2 B, LA i v P R B 2 BRI
M B8 B 22 R FE RIS TN, PUBOG B4 2546 & )2 00 fot e s P B 2 T v, MU S e IR BE BB PRI, ELRG
TJE B FE X BUIOG B4 S5 K B 40 P R R R e BE R

3) R I MAMBTHOCR  E R K i R G BT T RN BVE RN 1.48 mm. BRHVZESE N 0.29
mm, ZPiH S5 E RN 0.295 kg.
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