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RS . Bk, BRREHENMA G A, B, &
BIHEIRE.
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B, EHEHERE ML REES R, K
DRT “REN” f1 ‘w2 $88b, BEER,
PR O RNPURLFE A R Re T, (B R EEE, ik
mfEfEE, RIEAT 3Ma LI TH S,

1956 4, 3£ E Coming AT FFRH T 9606 & HK A
(Pyroceram 9606), ‘& & —F B EH H(2Mg0-2AL05-5510,)
HEMBRIEE, EARES. WREFMNBEREN
R, BLEER, MIEEARES. BRI T BEELEK,
Raytheon 2 5] JF & Hi —Fh 55 Pyroceram AR R B
AMIE (Rayceramlll). XM RELHBMHSFHETE,
Wi PR I B R R~ AR A BREBEHS
¥, 178 RayceramlII.R 7 t Pyroceram 9606 ¥ 4 1) #
g ke, HEREESBMK, Iz 800CLL L
FAEY) go AR, FHNAZIRH. MEEY
% E Amraam 531K #B 4 Standard FHAKREE
il BYREEME Sam-D FHRLEFHRIEMEL
BEE A THRMHHENEE, Sam-D FHBLRERFET
AEME (SCES) HHP,

ARBEKHALURTEBERSHREENEE
L BhidwhE e, MR, EEXENE
EHE” memx” FUSHIREEINA, EHR
BERK. HRE. RGN E. AREARBER
SRR, ARSI R RREE
A, REFEEM BTN D OHT T RGERER
BARBIFR, ISR RAESREZRETE 2RE
PHYIBIRE A G)E, BmBlRAEARERE TR
¥4, EERE. XHHEEAEREEERE T
14%.

LiEgg 70 B, UPRBREMREEMRERE R
NAHEH, 3£E Philco-Ford /A 7)1 General Electric 2
TR T 3D RELA SR E ST SR, BEH
AS-3DX Fl Markite 3DQ®*. iX bt ¥R F LML oG IR 4k
BT, BEEE (Si0, k) Bith xRyl
HE—EEE T HAB, Hd AS-3DX MEA H AR
W, WM e=2.88, tg6=6.12X10"° (5.841GHz). FA
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RARPYHBEAREEMRNRARREE S5 A%
EEEA (4 1735C), RBEREHARBEMEMN
HEREZ P, BRATFEE “=ZX8” BHSH,
7E AS-3DX #:Aifi b, 55 AMDL(Advanced Materials
Development Laboratory) S£3 % NHHE T 4D £ &4l
FRAYWRARXI S ADL4D6, HEE
1.55g/cm®, £=2.8~3.1, tgd=6X10>(250MHz), Z5 i}
SRAF 35MPa, WiRNEE 1.0%, AIAEAH “HEi” BE.

EEMSMEEREZE SESH, FRT M
THIVER S B B R A A R EAREEA L, &AL
7£ 8.52GHz FffIfreitEfiEl: 418°C, =295, tgo=
1.4X10%; 995C, £=501, tgd=4.2X10°, HEFEAR%
BETHEAMRBAIHRESIEERER= 2%
LR, URARLLERG, BESHMDE
ETFHATRES.

70~80 FR, EHENELBMS—HFHN KM
KZESRT ANKNE., SRR BN B EH
B, ErF4aaER, AEEILE (HPSN) WENH
HERAK, BRBER, WM. RENHFEEEER
5, RNEERARE (RSSN) MHEEHER, ERN
REFNZA5RE, BEAUATENBRARER R
rettfe. BUMAR BRI EERER
M EE R, MR, EERE. KERNEERK, H
H& T EFE—EBME. TRERAMINBEM TR
Wit B SRR S A FE it R A9E
BEEEME (CMCs).

1980 LS, AKEWER. SH. KRS
RER, REBUESHUEEN RN E AW EH 5]
AEEMREIRZ —. Georgia BARBIFRFTIRR L%
BIXFHERR A BRARENREEM R SR RIIXF
MR RFHA 8. PR R BTN . HiRobds
HEE. FFAEPERMNIEL SiaN, (RSSN) FI#HE Si;N,

(HPSN) k. HPSN & RSSN EH#H, HEAMNH
%‘v%{mo

EEHEZTFMAF (Boeing Aerospace Company )
FIFH RRIpess SisN, BB ietE, Wil T BEHRER
WRER. BREMA 2B, KEE SLN, SEENE
Rk, RERBHENRERE SN K. XMHEHEE.
HTHERRESEKEE. KAEEEEENAS, 7
FRGERERMHTEEAH L RERER. 54, BN
DEMEGT 2HMHIERE, MRERM T R A
BrditheE. XFEHIM SLN, REBEHH ERHREH
HROM BB % E,

Hughes Aircraft A 82K 3 2 SisNy (6=6.0, tgd=
9x10%, H/ZE 0.33mm) M2 BRAK (e=2.1, tgo=
1X10*, GEEE 4.06mm) XBHFIME S EHE %
WHREZEY, K, AEBERABAEERREIILE
ML, SisN, BURAMEAESAHTRLE, it

WHRRABEE SLN, HSALE, SBSAEHAE
SizNy B ESNE SizNg. HTFREES SizN, B2 A
TN, TR VTR REEASMNEZESTEEEY
PR, BEROBYF=EREE, HEEN SN, /M2
AR EER. ZREELE 10GHz FHEK
TEHIMER 71.4%, TR TEBEE (=4.5MPa) RIESH
5,

Boeing 7] Gilbert PR L% i FALIIE
(SRS AEZRFIS) SEUEEGEEHE)T
BHyITR, SEEEL0.75mm, BEREEZARK.
BREBEHEMETCENBE, BXELHARTEERN
HEENTEREY, YEEHEITAREE i, ¥
HRAEBHA R, HmMge, @idgS. X
BHEBN, 232 EREEEE, fP8URNMmER
BRIEFTIHE, ZB7TREEARSZNIHEREENR
Fip o

Lockheed Marti A 7] Dodds ZUO M H R TS
(1760°C, 26MPa) #i%& T Si,ALLO,N-BN Eig%&,
FRER 2.74g/em’®, WIRIREE 309.72MPa, HFAK AR
2.65X10%°C, £=6.62~7.67, tg6=3.2X10°~1.44X 102
(35GHz, RT~1000C), WA THI&WEBREE,

Loral Vought Systems 2\ & Paquette!"?%; Si;N, BN,
SiO, FIEALY R LB I R A F#EE (1650~1850°C,
14~103MPa) FRBIEBIBAREE, GREASRE
L b . 22%Si0, + 23%BN + 46%Si;N, + 8% Y,0; +
1%A1,05. %A LB B R 2.4~2.9g/cm®, PBIRAE 138~
290MPa, MK REE(2.5~4.0)X10%C, ¢=45~7,
1g5<<0.01, 2350°C FHIER AT RRIE<3IB, i
Kevh, PUWEAEIER I, AB7E 2000°C LA LAF A

Aeronutronic Ford 2] Place! PN E LA =
HLYBRHHR, THBREERENEE, REER
SREBERME (~70 MPa) B, HEEBRHEET
BN{/(BN+SiO)E A 118, #E B BAEH A Si0,2%~
18%, BN 5%~15%. PSR HIBLEE R 1.60g/cm®, I+
BPEREILE, £6=3.20~3.24, tg6=9X10*~1x10?

(9.375GHz, RT~1000C), %L EH1%& KB EAT
WERABERT 2200C HFFEER.

1997 ¢, EEKEIRBPIHEIL DIEK LS SION
KRR EMRIEREGE, NATBIE TS, %H
BRI EBHERER: 20°C, £=4.78, tg6=1.4X 10", 1000C,
£=5.0, tgd=2.5X107, MM HEHEETUARH 4.7%, S
SREEX 190MPa, R H M %58 BF (48MPa) i) 4 15, BEEE
RARMER 2~5 1%, ZAHEEER T HEREM,

Raytheon A H)4H T —R KB4 F#H (=6MPa)
N R AT SEAR R A R 2R B SR U518, B KL
EBREREYERRHM (polymer infiltration and
pyrolysis, PIP) TZHI& THREEESHERLEE (£
FER 65%), BEELMHEE >35MPa, £<3.0, tgd<
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0.02 (2~18GHz). R EHFELE 870°CHF4E Smin [E%# L
5, HPHHEHBHBEERIE 1260C. B 1 4 Raytheon
AFRIBMREEZ W EWERERER, FRESA
ZIAME (CEALREREE S S ibaE . S, BER
BAEHABE), AUARRGEREE G~6F, &
BEEY 1.52mm), BESNRE N BREES (RER
5 MRNFLAZRE. ZREBHIETIERELR:
HABARAERBEITMEEREERARFER), R
R T A AR S PRI L =B IR &5#, il dish
KN R B AT Mt NER, FEEEEA R, MEEMAE
BERHHE, 65S0CHEZABEN _EhESLILE
7 (FEREBEERN 00 CHBMERRIE), BF
FEEEIRMR—ES TiOo, NEBERBITH B ME
HAbH,
RERE

=l ) ARAMARE

ZIMH

S AEAEABE
Hl XeEERdHEr

Fig 1 The cross sectional view of the radome wall

Hoh, EEN TREBEES A BT T R
ABIBER. 1995 F, FEEFKELELF O Tamy &
NIRRT R R4 1% T UABERREE WM &5 7, SR 5B
BT 900 C I BALREBUR IR BE R AL R B &6kl . K’
o, BIREREEARE (Z-PBSN) BEAERTRENN
BEH, KAEKABENERIE. JIWMEE, £
25~850°C Z A ABE Ik R B 2.5X10°°C, Ll
H<1%, RWILERHA 16%, 1000~1125T T HFER
IR K <10%. FE[H Virginia T 3% Medding"8FF
KT —# 1400C FRFFRE K Z-PBSN ¥, HI& T
KRB (FEERNRL 7.5cm, BE 3mm, & 16cm)
FEXP AT T AT EA B TR AT R8s
FEARMERAETE, BRI EREREEMHN—IEKR

Bif, XREXFERETEHEEAY (DI-100 # fEH
DI-200 ¥ s> ZEAFEHEAME, SEVEREHEL,
AEMHRES. LHRERK. 54480 SSRF
. DI #IBTE 650°C{RHE 30h JREIR KA 4%E A,
DI-100 #4J87F 1600°C 5 B4 B 515 78% . SCHR[19]
HIEM R IELFELEYCD A 3D K¥)) MR EHEES
YRR 1 PR,

Rl ARALLELNERSDEEESHE(QDD)
RYTERE
Table 1 Dielectric properties of quartz fiber reinforced
inorganic silicon-based polymers

A 3DQ/DI-100 2DQ/DI-200

BAd 3% & (MPa) 241 269

$EMAEF (GPa) 13.1 17.9

JE 55 5% & (MPa) 131 63.4

& | losiipescu 74.5 17.2

(MPa) ILSS — 48

FEMAFFW /(m-K)) 0.43 -

KA 2 210K <18 -

e (£iR~1093TC) <35 -

tgd (E£i&~1093C) <0.01 -
32 HBFH

BEFNEREAMBARERTILHENLE, &
REBMEMAATEAE SR B CHRE, HFEHITH
B R DU I R B RR B A R R R ORI ST

LEKTTI, R IEE T ST ERY R
Thldh (BERRER. BB MBI EES) EaMElH&
REEP, BEKM S, RBE. BRESHRMR
KW ERBT A, BHREZENSTFRAA: Me
(HPO4)3Me(H,PO4)3, H Me AE=ME&RBRETF. K
LRAHETZMER: MRRAYHER ~BERREEE R
FZENARRAY E—-ERFRE-EZEB—~NE
Bk (150~200C, 1~1.5MPa). A FMARMAYEH
AR BAHE (Si0, FE>94%, Na,0 FE<1.2%)
FKHAZRRmABARRAT R #l& T ER KR E R
EREhARJR LG, EFEAER pH EX BT R L E K
FRAREEEE . BREEE SHRIRERETE 1500~
1800°CTFIEH TAE, AE/MIMREREMEREERIK,
HEEYE 1200°C FAEH, RikEaEnE 2. 3%, Hil,
XRMEBERM SR, RPE. SR FHEEHR AL
LB TR BRERAPRAEREERE, FE
EREMERIRERIREHITO B .

R2 ARMABRWETFENRE TR BiERE
Table 2 Dielectric properties of quartz/phosphate chrome

at different temperature

T(C) 20 200 400 600 1000
& | 3.6~3.7 | 3.6~3.7 |3.65~3.75] 3.8~3.9 | 4.1~4.3
0.008~ | 0.008~ | 0.008~ | 0.015~
80 0.015 0.015 0.015 0.025 0.02~03

R3 ARMAMEETERE TH NS
Table 3 Mechanical properties of quartz/phosphate chrome
at different temperature

T(C) o & #(MPa) | o E4(MPa) | o 3i1#(MPa)
20 120 75 85
400 100 100 95
800 60 - 80
1000 50 50 20
1200 45 40 10
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FEE H R A B Nelson HFE ERFH1H IBSEREE
N —MEEEEREET R ZME U LS
ENEERR I 4 Rishlfeibs), RERITFMH¥EME
% T FE e A s B, P IITRE E B DR 700~1200
C, EMRSETEEN 103~1010Hz (X FHEE) K, 4
B e=4.5~7.0, |MFEAED] tgd<3Xx 10,

CLEF BRI R BA R R EE L L SN, 40
—BEEE SLN, AR, e=2.5~8, tg6<3X10°, AH
ARHPMEE, SINH. YWHltkERT, T 1600
CHEE. BTERE 2 KRB E RN RS,

BA&EAELEPE SO, FMAEBRLSEHR
20%~30%HY SisN, faZR, F 1200°C & 35MPa T i#E4T #
Ekeds, IR TRENEESHE, BAREN&E, B
¥ K 53 210~219MPa-m'?,

3.4 A

EAREEMBBIRM 20 2 70 ERKTFH, B
RESER, EHRE—E#E.

PRGBS RN 33 MR EEEEAE—
FERREEME, CRINATRIERFREGZES
WMREE E. EEEAR LS 9606 S BEH A
iE, BRABREMAS RES, HEtesS 9606 &k
wIEE AL

IER BN R B T A S B B AT I R
BBER AR, H A%, Aoy, TRETHE
BB EE 1200C U THREE.

BRET K2E REANAREEEERHET
BB R A B RE B, BT & ik
WM B R EERT AR, BRTRERTHRE

(M 3300°CH# E 2200~24007C), K T HEH 5 HK
EERE, ZETREM AR, AN ESTHERE
RISRAE . BRI b ™). B4k, MRIRTL
KEXRFEH T —F LN ERELERAENIE, Hix
PR Hl & AR EAR U B Rt R, T RSk
REUK. iAEMRYT, REEER. WEABetT.
MTHEEHBEERNE RIS NILE 156MPa
1.8MPa-m'?, L SiO, AR E T 4.58 {FH1 2.25 {5129,

R T MBS R EHBest SisN,-BN #EHT T
WATFRD, A1 505 5%, 10%, 20%F 30%[ BN
IAAE] SisN, ', RAASFBRERE, ESAEIEE
YPrhpegl, fREEHEE 1680~1780°C, f##E 1.5~3h. BN
AT SRR T SR A sl 5, 358 T MR
B, NRARERTLIE N, BEE BN BN, &
SHERRE S TR®EYE, 24 BN RESEdH 5%1%m

- 3 30%0EY, AR RBE M 480MPa T [ 3| 74.7MPa.
LA REBR EE T ST T 0 SR i S A X AT T B A
7T. IO AREALESR (30%(EMA%5)) F 1400
CFHE, MBREEMENIE BEME RIS 58

200MPa ! 2.96MPa-m'*?®, 3| A\ AIN+BN & & Bk,
HBEMEPRSERET. DEKRRETRE, FHER®
FER A i 600°CHR T 1000CP, Skl s 55 MK
FINE. PERENTAENTHEFEBR KRR,

EP RS KFFE PIP TEH& T ARG NHR
Si-N-B & REEME, FEF 17ig/m®, THERE
130MPa, e=3.11, tgd=9X10>, #. F. BLEEHEEE
R ok, BifeRiESF, EWEUEANE
ETESHMHBIANRAGREERNBEM B .

4 & iE

AXHBEESRRBRAMNERD REHERY
TERER, FHOBRENYLEEE S ERREF LA
RERN LEREMEESNINE, RN EEEFOE
AT N SE IR AR AE IR 2, LIS RS HAH] S A BBE X B
FEHER. BR BN LEKFERA LEXR,
RXERARARE R KRN REEXTTHFRE
PR, EMEZEERFFKFHEERK, BHTiX
UK B, BN RRANEEN R BRD, X
BERBATIARBN, HEIETR, EREGHEIER
RIS 85 PR A TR, K EAREN SMELTIIRE
BHMEHTTE, RREBEREROHREEMEE
.
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Research progress in inorganic radome materials

HAN Shuang, DU Hai-sheng
(Navy Logistic Academy, Tianjin 300450, China)
Abstract: Performance requirements of radome materials using in high-mach missile were introduced. Research in this

field abroad was summarized. Technologies, mechanical and dielectric properties of radome material in America were

especially reviewed. The native progress in the research of radome materials was analyzed. And the development direction

of it was proposed.
Key words: missile radome; inorganic material; the property of the material
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