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1. PAT VAN PE

Céc dai ra da canh gidi duoc bd tri trén khap ving mién cua dat nude, lam
chiic nang canh gidi, quan sat va phat hién cac muc ti€u bay. Pai ra da P-18M dugc
cai tién tir dai ra da I1-18, hién c6 sb luong 16n, dong vai trd quan trong trong viéc
quan ly vung troi. Trong qua trinh khai thac, st dung, mac du cac don vi da chap
hanh nghiém cong tac bao dam k¥ thuat nhung dudi tac dong ctia yéu té moi truong
nhiét doi, dic biét ddi v6i cac dai ra da dugc bd tri tai cac ving ven bién va hai dao
thi khi tai nhanh chéng bi 130 hoa, xuong cap, dac biét 1a bo phan co khi, trong d6 co
anten, gdy anh huong dén hoat dong thu phat cuia dai, anh huong dén kha ning sén
sang chién dau.

L6p phu composite trong sut dién tir dugc tmg dung nhiéu trong linh vuc hang
khong va quan su nhu cac cong trinh cong bd vé loai vat liéu nay con rat han ché. O
Viét Nam, c6 cac cong trinh nghién ciru vé ché tao vom che trén co sé composite ciia
nhya polyeste va cac nghién ctru dinh huéng danh gia kha ning trong sudt dién tir
cua vat liéu composite trén co sé nhua epoxy va nhua polyamid. Tuy nhién, viéc
nghién ciru vat liéu composite trong suét dién tir nham bao vé cic chan tir anten chua
duogc quan tdm [1-3], chua c¢6 cong trinh nghién ctru nao dugc thyc hién tir cong doan
nghién ciru, ché tao va thir nghiém trén khi tai trong diéu kién thuc té.

Bai bao ndy trinh bay nhing két qua chinh vé nghién ctru ché tao 16p phu
composite v&i do trong sudt dién tir 16n hon 93% trén co s nhya polyeste pho bién
trén thi truong va cdt soi thiy tinh dé thay thé cho hé son phu AK-070 va EP-140,
nham ting hiéu qua va thoi gian bao vé dbi véi cac chan tir anten ciia dai ra da P-18M.

2. THUC NGHIEM

2.1. Hoa chiat

Nhua polyeste G3253T (Singapore); Chat dong rdin MEKP (Trung Quéc); Soi
thiy tinh mac D (Singapore); hén hop bot mau v6 co tao mau xanh quén sy bao
goém: Chi cromat (Trung Qudc), st oxit Fe;O4 mau do (Trung Quoc) crom oxit
Cr,0; (Nga), titan dioxit TiO, (Nga), cacbon black (Han Qudc); Chit chdng dinh
khuon Wax B8 (M¥), matit ATM Poly Putty (Viét Nam), phu gia chng tao bot, phu
gia san phang, phu gia chéng tia UV.

2.2. Phuwong phap nghién ctru

2.2.1. Cic phwong phdp tiéu chuin dé xdc dinh cdc tinh chét dién tiv va co
Iy cua lop phii composite

Hﬁng s6 dién moi va tdn hao tgd o tan s6 10° Hz duoc xég dinh theo tiéu chuin
ASTMD150-22; B9 bam dinh duwgc xac dinh theo tiéu chuan ASTM D4541-22,
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doly 20; Do bén va dap duogc xac dinh theo tiéu chuin ISO 180:2003; Do bén kéo
duoc xac dinh theo tiéu chuidn ASTM D638:22; Do bén nén dugc xac dinh theo tidu
chuan TCVN 11993:2017; Thoi gian dong ran hoan toan duge thuc hién theo tiéu
chuén’TCVN 2096-5:2015 (ISO 9117-5:2012), theo phuong phap xac dinh thoi gian
kho cap 3.

2.2.2. Dj truyén qua song ra da ¢ ddi tan 4 + 8 GHz cua vat liéu giuqc thuc
hién theo TCQS 71:2016/VKHCNQS thong qua viéc xdc dinh dai luong hap thu S;.
So d6 do hiéu suat truyén qua song ra da cua vat liéu dugc mo ta trén Hinh 2.

7

Song tdi A Séng truyén qua B

vy

AV

Séng phan xa R %
Vit liéu khao sat

Hinh 1. So d6 do khao sat do truyén qua song ra da ciia vat liu
Do truyén dat (truyén qua) = séng truyén qua / séng téi = B/A @8

Ki hi¢u song t&i 1a P, song truyén qua 1a P,,. Mbi quan h¢ gitra P,, P, va S; theo
cong thirc (2):

P
S, =10x1g( th) 2)
t
Luong song t6i P, = 1 nén S, =10xIgFh, 3)
lgP, =0,1xS,, hay P, =10""% “)

Dua vao cong thuc (4) khi biét dai luong hap thu (S,;) sé tinh duoc hiéu suat
truyén qua song ra da ¢ tan sd twong Gmg. M6i mau xac dinh tir 03 dén 05 diém ¢
cac vi tri khac nhau. Két qua la gia trl trung binh cong cia két qua ba mau thir tién
hanh song song, 1ay chinh xac dén mdt don vi.

2.2.3. Xdc dinh thoi gian gel héa cua lop phu composite

Tron thanh phan A véi thanh phén B theo ty 1 nhat dinh. Khuéy déu va bam
gid. Kiém tra do nhét cua hdn hop cho dén khi khong thé dung chdi dé quét gia cong
dugc thi ngimg dém gid. Thoi gian tir khi tron déu hon hop dén khi d6 nhét ting dén
muc khong gia cong dugc goi 1a thoi gian gel hoa clia composite.

2.2.4. Thir nghiém gia téc

Dé so sanh danh gia do bén va kha nang chéng dn mon cua 16p phu composite
so véi hé son trong su6t dién‘tl‘r (EP-140 va AK-070), da xay dung chuong trir}h tha
nghiém gia toc doi chiing nham tang d6 khac nghiét cho ché do thir nghiém, két hop
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giita ngdm nhung trong dung dich mudi NaCl 5% va gia toc nhiét theo chu ky. Cu
thé: Ngam cac mau thir trong dung dich NaCl 5% trong thoi gian 10 h, sau d6 ldy ra
va dé & nhiét d6 phong 2 h. Gia nhiét ¢ nhiét 46 (60 =~ 65) °C trong thoi gian 10 h,
sau d6 1ay ra va dé o nhiét ¢ phong 2 h. Lap lai chu ky thir nghiém. Sau mdi chu ky
thir nghiém, kiém tra mau thir danh gia vé do bén. Thir nghiém lap lai cho dén khi ¢6
mau thtr bi hong (bong tréc, nirt v, tham nude gdy dn mon...).

2.3. Phuwong phap ché tao miu thir nghiém

- Lép phti composite gom 3 thanh phan chinh: Thanh phan A (la thé huyén
phu cua nhya polyeste v6i bot mau va cac phu gia, hon hop c¢6 mau xanh quan sy),
thanh phan B (chat dong ran MEKPO) va thanh phan C (Sei thuy tinh méac D).

Thanh phan A duoc ché tao bang cach nghién tron nhuya polyeste véi 8% hdn
hop bot mau xanh quan sy (ty 18 theo khdi luong: 62,46% bot mau vang PbCrOs,
23,95% bot mau dé Fe;0q4, 7,77% bot mau xanh Cr,03, 5,23% cacbon black, 0,61%
bot mau tréng TiO;) va cac phu gia, sau dé dugc loc qua vai loc son 350 mesh, ddm
bao dd min khong 16n hon 40 pm.

- Pha tron nhya: Dung cén phan tich can chinh xac khdi luong thanh pl}ﬁn Ava
thanh phan B theo ty 1€ nghién ctru cho vao coc. Dung diia thuy tinh khuay déu hon hop.

- Ché tao mau thir nghiém: MAu thir nghiém dugc ché tao bang khuon dac theo
quy dinh ddi v6i timg chi tiéu. Cit vai soi thity tinh theo kich thudc ciia khuén dic.
Dung chdi 16ng quét déu mot 16p mong chat chéng dinh khudén (Wax B8) 1én toan b
bé mit phia trong ciia khuén duc. Sau d6 dung chdi 16ng quét mot 16p nhya da duoc
pha tron 1én bé mat day khuon. Xép cac 16p vai thuy tinh va d6 nhwa d3 duoc phdi
tron 1én trén, dung con lan nho, lan ép nham loai bo cac bot khi khoi khéi vt liéu
composite. Dé déng ran va on dinh cau tric composite ¢ nhiét do phong trong thoi
gian 24 h, loai bé nhitng phan ba via ctia mau.

- Phu composite 1é€n bé mat chin t: Lam sach bé mit chin ti anten. Tién hanh
cromat héa doi vdi bé mat nhom hodc phosphat hoa doi voi beé mat thép. Son 2 16p
son 16t cho toan bd bé mat chan tir bang son AK-070.

Dung chdi 16ng quét déu mot 16p dung dich nhya di chudn bi ¢ trén 1én bé mat
chan tir. Dung tay quéan déu 1 16p vai s¢i thuy tinh 1én bé mit chan tir da dugc quét 1op
phu. Dung con lan lan cho hét bot. Bé khoang 30 min cho 16p phi déng ran so bd.
Quét tiép 16p nhya thir 2 1én bé mit 16p vai thuy tinh. Dé kho tu nhién trong it nhét 24
h. Lap lai qua trinh trén cho dén khi 16p phu dat d¢ day theo yéu cau.

Lam phang toan bd bé mit chan tur bang may mai va gidy rap, dam bao do day
16p phu dat (1,0 £0,2) mm. Ba toan b bé mat composite bang matits ATM Poly Putty
va danh phang, dam bao bé mit khong con cac vét rd. Son 2 16p son phu EP-140 1én bé
mat ciia composite.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Nghién ciru sy anh hwéng ciia ty 1¢ polyeste va chit déng rin dén thoi
gian gel héa va thoi gian dong ran hoan toan cia Iép phi composite
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Dé lwa chon duoc ty 186 chat dong ran/ nhya polyeste nham dam bao thoi gian
gia cong (thoi gian gel hoa) cua 16p phii composite di dai, dam bao pha dugc it nhit
2 16p nhya va 1 16p soi thay tinh cho 1 1an thao tac (khong nhé hon 25 min) va thoi
gian déng ran hoan toan la khong 16n hon 24 h, nham dat ning suit san xuat, nhom
nghién ctru da tién hanh pha ché hén hop composite voi ty 1¢ thanh phan khac nhau
va xac dinh thoi gian gel héa, thoi gian déng ran hoan toan ctia 16p phii composite. Két
qua dugc trinh bay trong bang 1.

Bang 1. Anh hudng cua ty 1¢ chat dong ran/nhuya 1én thoi gian gel hoa va thoi gian
dong ran hoan toan ctia composite

T Ty 1€ ch‘f‘lt d(’)n,g rin/ nhwa, | Thoi gian gel hoa, | Thoi gian qéng rin
(phan khoi lwgng) min hoan toan, h
1 1:180 (0,56) 47,7 35,67
2 1:150 (0,67) 42,0 27,33
3 1:140 (0,71) 37,5 23,50
4 1:130 (0,77) 33,0 21,25
5 1:120 (0,83) 28,0 20,08
6 1:110 (0,91) 26,0 19,42
7 1:100 (1,00) 24,5 18,50
8 1:90 (1,11) 22,5 18,08
9 1:80 (1,25) 19,5 17,17
10 1:70 (1,43) 18,0 16,75
11 1:60 (1,67) 16,0 16,50

Chii thich: Gid tri trong () la % khéi lwong ciia chat déng ran so véi nhira polyeste.
Két qua Bang 1 cho thiy:

- Khi tang ty 1& % khdi lugng ciia chat dong ran tir 0,56% (ty 1¢ 1: 180) dén
1,67% (ty 1¢ 1:60) thi thoi gian gel hoa giam tir 47,7 min dén 16 min. Pong thoi,
thot gian dong ran hoan toan cling s& giam tr 35,67 h dén 16,5 h. Bén canh do, khi
tang ty 1& % khdi luong chat dong ran tir 0,71% (ty 1& 1:140) 1én 0,91% (ty 18 1:110)
thi thoi gian gel hoa cua vét liéu composite s€ giam nhanh hon (ham luong chat
dong ran tang 0,20%, thoi gian gel hoa giam khoang 11,5 min). Khi ty 1& % khéi
luong chat dong ran tang 1én tir 1,0% (ty 18 1: 100) dén 1,67% (ty 1¢ 1:60), thoi gian
gel hoa giam cham hon (ty 1¢ % khdi luong chat dong rin ting 0,67%, thoi gian gel
hoéa giam khoang 8,5 min).

- V6i ty 18 chat déng ran/nhya nam trong khoang tir 0,71% (ty 18 1:140) dén
0,91% (ty 18 1:110) thi thoi gian gel hoa ciia vat liéu composite dam bao vé thoi gian
gel hoa va thoi gian dong ran hoan toan theo yéu cau dit ra va khoang ty 18 nay dugc
lwra chon d& ché tao 16p phu composite trong sudt dién tir.
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3.2. Két qua khao sat cac chi tiéu ky thuét ciia composite trong sudt dién tir

) Ché tao mau composite co ty 1¢ khéi lugng thanh phan A: thanh phan B: thanh
phan C 1a 70:0,54:30. Tién hanh do dac cac chi tiéu k¥ thuat, két qua dugc trinh bay
trong Bang 2.

Bang 2. Két qua do cac chi tiéu k¥ thuét cia mau composite

TT Tén chi tiéu Pon vi tinh Két qua do
1 Hang sb dién moi 3,44
2 Tén hao tg dién moi 0,03
3 Bam dinh MPa 4,71
4 Do bén va dap kJ/m* 74,6
5 Do bén kéo MPa 170,41
6 D6 bén nén MPa 330,26

) Két qua Bang 2 cho thiy, mau composite dugc ché tao c6 hing sé dién moi
thap, ton hao tgd trong gioi han cho phep, hoan toan phu hop va dap ing dugc yéu
cau dung lam vat li¢u trong suot song dién tir.

3.3. Nghién ciru 4nh huéng cia d§ day dén @9 truyén qua cia 16p phi
composite trong suot dién tir

Dé, nghién ctru anh huong cua do day 16p phu dén hé sb truyén qua, di tién
hanh ché tao cac mau 16p phu kich thude (40 x 40) cm véi cac do day khac nhau:
1,25 mm (mau L1), 2,56 mm (mau L2), 3,12 mm (mau L3), 3,5 mm (mau L4) va 3,8
mm (mau L5). H¢ s truyén qua dugc xdc dinh thong qua do gié tri dai luong héap
thy. Qua trinh duoc thyc hién voi dai budce song ngan tir 4 GHz dén 8GHz.

Két qua do gia tri ton hao va do truyén qua & dai tan (4 + 6) GHz va (6+8) GHz
dugc trinh bay trong Bang 3 va Bang 4.

Bang 3. Gi4 tri ton hao va do truyén qua ciia cic miu composite ¢ dai tan (4+6) GHz

sz Gia tri suy hao truyén qua theo tin s, dB
TT | Tan so, GHz = ~ = ~ =
Mau L1 Maul2 | MaulL3 | Maul4 | Mau L5

1 4,0 0,10 0,26 0,49 1,25 2,00

2 4,5 0,38 0,08 0,23 0,51 0,84

3 5,0 0,18 0,57 0,67 0,55 0,78

4 5,5 0,03 0,28 0,53 1,49 1,80

5 6,0 0,01 0,16 0,36 0,29 0,20
Suy hao trung binh 0,14 0,27 0,46 0,82 1,12
H¢ s6 truyén qua 96,8 94,0 90,0 82,8 77,2
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Két qua do do truyén qua trén Bang 3 cho thdy, & dai tan (4+6) GHz, cic mau
L1, L2 va L3 cho d¢ truyén qua trén 90%, dam bao do trong sudt dién tir, tuong ting
v6i @6 day 16p phu tir 1,25 mm (mau L1), 2,56 mm (mau L2), 3,12 mm (mau L3).
Cac mau c6 do day 16n hon cho d¢ truyén qua nho hon 90%. Piéu nay cho thiy khi
do day cua lop phu tang 1én thi d¢ tiéu hao ctia nang lugng song dién tir ting 1én va
do6 truyén qua giam di. Diéu ndy hoan toan phtt hop véi 1y thuyét va cac cong bd
trudc do.

Bang 4. Gia tri ton hao va do truyén qua clia cac mau composite ¢ dai tan (6+8) GHz

T Tan sb ] Gia tri 51:y hao truyé"n qua theo~t5n 50, dB~
GHz Mau Ll | MaulL2 | Mau L3 | Mau L4 | Mau L5

1 6,0 0,01 0,16 0,36 0,29 0,20

2 6,5 0,06 0,32 0,55 1,27 1,69

3 7,0 0,21 0,30 0,18 1,01 1,35

4 7,5 0,98 1,29 1,51 1,14 2,02

5 8,0 0,22 0,48 1,18 0,57 1,22
Suy hao trung binh 0,30 0,51 0,76 0,86 1,30
Hé sb truyén qua | 93,4 88,9 84,0 82,1 742

Két qua do d¢ truyén qua trén Bang 4 cho thiy, & dai tan (6+8) GHz, chi c6
méu L1 cho do truyén qua 93,4%, dam bao do trong sudt dién tir, tuong tng véi do day
16p phit tir 1,25 mm (mau L1). Cac mau c6 do day 16n hon cho do truyén qua nho hon 90%.

Tir két qua khao sat anh hudng cuia bé day 16p phi dén do6 truyén qua ciia séng
dién tir cho thdy, mau L1 cho d6 truyén qua trén 93,4%. Do d0, lya chon bé day cua
16p phu khong vuot qua bé day ciia mau L1, trong tmg 1,25 mm.

3.4. Két qua thir nghi¢m gia toc danh gia do bén ciia 16p phi

Thir nghiém gia toc dé danh gia d6 bén 16p phu composite trong sudt dién tir,
so sanh dbi chiéu véi @6 bén cua hé son trong sudt dién tir trén co s son 16t AK-070
va son phu EP-140. Két qua thir nghiém cho thdy, sau 145 ngay (145 chu ky), 05
mau thtr 16p son trong sudt dién tir bi phong rop bé mit & ca 2 mat. Cac méiu 16p phu
composite trong sudt dién tir chua xuat hién hién twong bong tréc hay nut v. Hinh
anh cac mau thir nghiém dugc trinh bay trong Hinh 2 va Hinh 3.

Két qua thtr nghiém gia toc cho thay, 16p phu composite trong sudt dién tir do
dé tai ché tao bén hon 16p son phu trong sudt dién tir trén co sé son 16t AK-070 va
son phu EP-140. bay 1a co s¢ dé trién khai thtr nghiém vat liéu 16p pha dé pha cho
cac chén tir anten P-18 (P-18M) véi ky ~vong dem lai hi¢u qua bao vé vuot trdi cho
cac chan tir anten trudc tac dong ciia yéu t6 moi truong nhiét déi, dic biét 1a trong
diéu kién khi hau bién dao.
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Hinh 2. Hinh 4nh mau composite trudc va sau khi thir nghiém gia toc
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Hinh 3. Hinh anh miu son trong sudt dién tir trude va sau khi thir nghiém gia toc
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4. KET LUAN

ba Iya chon thanh phén don ché tao 16p phu composite trong sudt dién tir trén
co s& nhua polyeste, chit dong ran, soi thiy tinh mac D, hdn hop pigment tao mau
xanh quin sy va cac phu gia. Da lya chon ty 1& chat déng ran/nhuya nim trong
khoang tir 0,71% (ty 18 1:140) dén 0,91% (ty 1& 1:110) thu duoc thoi gian gel hoa
ctia vat liéu composite tir 26 dén 37,5 min dam bao tdi wu qua trinh ché tao 16p phu.

Xac dinh dugc anh hudng cua d6 day 16p phu dén co tinh, tinh chat truyén qua
cua song dién tir, vai mau c¢6 d6 day nho hon 1,25mm ¢6 d6 truyén qua 16n hon 93%.
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SUMMARY

RESEARCH ON THE FABRICATION OF ELECTROMAGNETIC
TRANSPARENT COMPOSITE BASED ON POLYESTER

In this paper, the results of the research and selection of single components for
manufacturing electromagnetic transparent composite coatings based on polyester
resin, curing agent, D-grade glass fiber, military green pigment mixture and
additives were presented. The curing agent/resin ratio was selected from 0.71%
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(ratio 1:140) to 0.91% (ratio 1:110) to obtain composite materials of gelation time
from 26 to 37.5 minutes to ensure suitable coating manufacturing process. The
influence of coating thickness on mechanical properties and electromagnetic wave
transmission properties was determined. Coatings with thickness of less than
1.25mm have a transmittance greater than 93% in the frequency range of 4 +~ 8 GHz.
The obtained composite coating has hight weather resistance (up to 145 cycles in
accelerated test in mode: 10h in 5% NaCl solution and 2h in air at room temperature,
10h in the thermostat at 60 +~ 65°C and then 2h in air at room temperature) and much
higher than the common paint system AK-070 + EP-140.

Keywords: Composite trong sudt dién tir, polyeste, soi thity tinh, phu gia, chat
dong ran.
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