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GIAI PHAP THIET KE BQ CHIA CONG SUAT BANG S
TRONG KHOI THU PHAT TRM

Tran Manh Quy’, V& Xung Ha, Phuong Vin Quang, Vi Pinh Tuin

Tém tit: T rong cdc dai ra da hién dgi, cac hé théng tde chién dién tir va cdc thiét bi
théng tin, cdc bé chia cong sudt trén cong nghé mach dai dwoc dp dung réng rdi. Cac bé
chia da tré nén nhé gon, ¢é do tich hop va hiéu sudt cao véi chi phi thap hon. Bdi bdo nay
trinh bdy giai phdp ky thudt va cong nghé sir dung trong thiét ké by chia cong sudt bing S
thuéc mé dun khuéch dai céng sudt 2500 W trong tuyén phdt cia khoi thu phat TRM. Bé
chia s dung nguyén ly ghép dinh huong nham thu nhé kich thudc cho phu hop khong
gian bo tri thzet bi, tang so cong ddu ra ciia bg chia dong thoi van dam bdo ti 1é chia chinh
xdc theo yéu cau thiét ké.

Tir khéa: Ra da; B chia cong suit; B ghép dinh huéng.
1. PAT VAN BPE

Trong bién ché ctia Quan chiing Phong Khong- Khong Quan c6 trang bi mot s6 hé thong ra da
canh gioi tam xa 3 toa d6 hién dai, hoat dong o bang tan S. Cac dai nay st dung anten mang pha,
quét gian dd hudng theo goc ta bang sd. Theo phuong goc ta, anten cua dai rada dugc bo tri
nhiéu khdi thu-phat TRM dé tao ra ving quan sat goc ta rat linh hoat theo timg yéu cau nhiém
vu. Trong d6 cac khéi thu- phat TRM thudng ¢ cong sut phat 16n, hoat dong v61 cudng do lién
tuc trong diu kién nhiét doi cua Viét Nam. Piéu nay dan dén xac suat xay ra hong la rat cao, dac
biét 1a cic bod chia cong suit 16n trong md dun khuéch dai cong sudt 2500 W nam trong tuyén
phat cta khdi thu- phat TRM.

Céc vat tu thay thé trong khdi thu-phat TRM duoc nhap dong bo theo khi tai. Chung c6 gia
thanh cao, phu thu¢c hoan toan vao nguén cung cAp cua nha san xuét nudc ngoai dan dén chi phi
cho cong tac dam bao k¥ thuat cta thiét bi 1a rat 16n. Vi vay, viéc nghién ctru, thiét ké vat tu thay
thé 1a cac bo chia cong suat trong mo dun khuéch dai cong sudt 2500 W tich hop duoc trén khoi
thu phéat TRM gop phan quan trong vao viéc chu dong trong cong tac dam bao ky thuat, dap img
ngay mot tot hon nhiém vu tac chién ciia Quan chung Phong khong- Khong quan.

2. GIAI PHAP, THIET KE BOQ CHIA CONG SUAT CUA KHOI THU PHAT TRM

2.1. Yéu cu thiét ké bd chia cong suit

B chia cong suét trong md dun l;huéch dai cong suit str dung trén khdi thu phat TRM cé
nhiing yéu cau dac bi¢t vé mat thiét ké nhu sau:

- Tan b lam viéc: 3.1 dén 3.4 GHz;

- Cong suét truyén 640 W max (lién tuc);

- Khong gian cho phép bd tri bd chia cong suat: dai x rong x cao lan lugt 1a: 350 x 30 x 12.5
(mm);

- 86 cong déau ra b chia la 8 (cong dau ra).
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Hinh 1. Kich thudc ciia khdng gian bé tri bo chia cong sudt trén khoi thu phat TRM (mm).

162 T.M.Quy, ..., V. D. Tuin, “Gidi phdp thiét ké bé chia cong sudt ... trong khéi thu phdt TRM.”



Thoéng tin khoa hoc cong nghé

Co nhleu phuong phap chia cong suat khac nhau duoc ing dung trong thyc té nhu : B chia
cong suat T-Juntion, bo chia cong suét bang khe trén dng dan song, bo chia cong suat Wilkinson
[1, 2],... Giai phap ky thuat dugc ap dung la nguyén ly ghep dinh hudng nham thu nho kich
thude cho phu hop khong gian bb tri thiét bi, tang s6 cong dau ra, dam bao kha nang chiu dugc
cong suat 16n trén duong truyén theo yéu cau thiét ké.
2.2. Ly thuyét bo chia cong suit theo nguyén 1y by ghép dinh huéng c6 ap dung ky thuit
cai tién
2.2.1. Nguyén ly hoat dong cua bo ghép dinh huong

Bo ghép dinh hudng (GPH) 1a mot phéan tir thu

dong duoc sir dung trong linh vyc siéu cao tan. GbH Céng 1 Nhénh chinh B Cing 3
thuong duoc xay dung tir hai duong truyén ghép nbi

dugc dat du gan nhau dé ning luong truyén qua X cone 4
duong truyén nhanh chinh dwoc két hop véi dudng (cafj’ggfhﬁ Nhanh pha Bcéng shep

truyen nhanh phy. Néng lugng song dién tir truyén tir dinh hiréng)

cong s6 1 chi co thé ghép ndi v6i cong sb 4 va cach
ly véi cong"so 2. Trong GDH, nang luong song dién
tur chi ¢o6 thé truyén di theo mot hudng xac dinh trong nhanh phu [3].

Hinh 2. M6 hinh GDH.

Tham sb dic trung cho GPH 1a h¢ sd ghép, tirc 13 ti s6 cong suét ning luong dién tir tai cong
ghép dinh hudng va tai cong vao tinh theo Decibel:

C = 101g [P, /Py| (dB) (1)

Véi Py 1a cong suat dau vao tai cong 1, P, 1a cong suat tai cong dau ra 4.

2.2.2. Xay dung b¢ chia cong sudt dwa trén nguyén 1y hoat dong ciia GPH

Khi thiét 1dp mot chudi cac nhanh ghép dinh hudng lién tiép ghép véi nhanh chinh theo cac
hé s& ghép phu hop thi ta co thé tao thanh bd chia cong suit theo ty 1& chia va sb cong tuy . Bo
chia sir dung 7 GPH mic ndi tiép két hop véi dau cudi ctia nhanh chinh dé tao thanh 8 cong dau
ra. Ning lugng duogce truyén 1an luot cho 7 GPH c6 hé sé ghép lan luot 1a C1, C2,... C7 va phan
ning luong con lai dugc dua téi dau cubi ciia nhanh chinh nhu hinh 3:

P IF 8y

Céng Céng Céng  Céng  Céng  Cong céng  Céng
Ral Ra 2 Ra 3 Ra4 Ra5 Raé Ra7 Ra 8

Hinh 3. So do nguyén Iy bé chia cong sudt 8 cong dau ra.

Dé thuan loi cho tinh toan ta dinh nghia hé sO k, 1a ham lién quan cua b chia cong sudt co
gi4 tri bang ti s6 gitta cong sut tai cac cong dau ra trén cong suit con lai trén dudng truyén
nhanh chinh sau khi phan phdi cho cac cong dau ra trudec d6 (Truong hop ly tudng coi ndng
luong truyen tdi cac nhanh cach ly bang 0):

K=o @)

Véi P, 1a cong sudt dau vao tai cong 1, P, 1a cong suét tai cong dau ra n voi n =1+8.
2.2.3. Lva chon mé hinh GPH cua bo chia cong sudt

M6 hinh GPH duoc lya chon dé thiét k‘é' bo chia cong suét co bé mat ghép dinh hudng duogc
thuc hién trén thanh réng ctia duong truyén dang Stripline [4] véi chat dién mdi bao quanh la
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khong khi. Uu diém ciia ctia md hinh ndy la kha nang chiu dung cong suat 16n va khong bi han
ché boi d6 phan giai ciia phuong phap ché tao nhu phuong phap dudng truyén Microstrip.

Pudng truyén
Microstrip

Puong truyén
Stripline

Hinh 4. Mé hinh dwong truyén Stripline va Microstrip.
Khao sat gia tri hé sb ghép C =S,; khi H 1a d9 1éch 2 tdm cta nhanh duong truyén chinh va
duong truyén phu trén mit phang tao boi dudng truyén chinh ting tir 0 mm dén 1 mm véi bude

dich chuyén la 0.1 mm cho két qua trong bang 1.

Bing 1. Bang gid tri hé sé ghép C bién thién theo dg léch tam H.

H 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
CdB) | -34 |-449|-458 | -55 |-599|-6.99 |-7.34|-857|-9.49 | -10.3 | -11.1
P,/P | 046 | 036 | 035 | 0.28 | 0.25 | 0.20 | 0.18 | 0.14 | 0.11 | 0.09 | 0.08

‘Bang 1 cho thay, gia tri C khong phu thudc tuyén tinh theo tham s6 H. Tuy nhién, nhin tong
thé hé so ghép C giam khi gia tri H tang 1&€n. Day la can ct cho viéc tinh chinh bd chia & muc 3.
3. TINH TOAN, MO PHONG BQ CHIA CONG SUAT CUA KHOI THU PHAT TRM

3.1. So liéu dau vao

Thuc hién xiy dung mé hinh bo chia cong suat 8 cong dau ra c6 sit dung 7 GPH nhu hinh 5

A
- r A .

a) Mat trudc bo chia

a) Mat sau bo chia

Hinh 5. M6 hinh GPH c6 8 cong ddu ra.
) Thiét ké bd chia cong suit 8 cong d?i,u ra str dung nguyén 1y ghép dinh hudng c6 cong suat

dau ra chuan hoa (CSCH) so v6i cong suat dau vao thé hién trong bang 2

Bing 2. Bang gid tri cong sudt dau ra chudan héa (CSCH) ciia bg chia cong sudt 8 cong.

Qéng Qéng Qéng C‘(K)ng C‘(K)ng (;fmg (;fmg Qéng Qﬁng
daura | daura | daura | daura | daura | daura | daura | daura | daura
1 2 3 4 5 6 7 8
CSCH 0.39 0.1 0.08 0.21 0.1 0.04 0.05 0.03
Ham lién quan cuia bo chia cong suat twong tmg theo cong thirc (2) 1a
Bing 3. Ham lién quan ciia 8 cong dau ra ciia b chia cong sudt
Qéng Qéng Qéng C‘(K)ng C‘(K)ng (;fmg (;fmg Qéng Qéng
daura | daura | daura | daura | daura | daura | daura | daura | daura
1 2 3 4 5 6 7 8
K, 0.39 0.16 0.16 0.49 0.45 0.33 0.63 1
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Dua theo két qua tinh ham lién quan k., ctia bo chia cong sut va két qua rit ra tir bang 1, xdy
dung bd tham s6 H cho md hinh 7 GPH:
Bing 4. Bo tham s6 H cho mé hinh 7 GPH ciia bg chia cong sudt.

Qéng Céng Céng Céng Qéng pf;ng pf;ng péng
dau ra daural | diaura2 | daura3 | daurad4 | daura5 | daura6 | daura’7

H(mm) 0.09 0.65 0.66 0 0 0.24 0

Trong bang 4 gia tri H nho nhat & GDH s 7 va H ¢6 gia tri 16n nhat GPH s6 2 va s6 3.
3.2. Phwong phap, cong cu mé phong
Str dung phan mém CST 2011 dé xdy dung md hinh va tién hanh mé phéng mé hinh bo chia
cong suat 8 cong déu’ra. bat chg déEu vao }é cong 1, cac céng dauralanluotla 2, 3, 4,.. 9. ]:)énh
gia ti I¢ chia cong suat cua 8 cong dau ra lan luot qua 8 h¢ s6 S,,, S;;, S;; ... Sg; - Thong so clia
b chia cong suit 8 cong tién hanh mé phong:
- Bé réng dwong mach: 0.4 mm; - Pé dai dwong mach tai phan ghép dinh huwéng: 23.8 mm;

- Ddi tan 3.1+ 3.4 Ghz; - Chat liéu dwong truyen: kim logi dong;
- Loai chat dién moi: Khong khi; - D¢ day dwong mach in: 0.034 mm;
- Kich thuoe 350x30 mm; - Gia tri H cia 7 GDH theo bang 4.

- S6 GPH néi tiép: T,

3

Hinh 6. Xdy dung mé hinh va mé phong b chia cong sudt trén phan mém CST 2011.
Thuc hién t@nh phinh gia:l tri H dua theo bang 4 va nhén xét dugce rit ra tir bang 1. Két qua mo
phong cong suat dau ra 8 cong cia bd chia dugc thé hién trong hinh 7:

Tham so
tan xa '
24079 ‘
; 52,1 : 3.8507265| —— 52,1
+ : 53,1 :-10.247363| —— 53,1
s
.
" T 55,1 :7.8531031| —— s5,1
56,1 : -11.198099 56,1
A0 = e 7,1 : 18329174 —— s7,1
12 58,1 : -15.30553 | —— 58,1
4 ; ; i {591 : 18263046 —— 591
16 ;
-18 A X
19.84 ; ; ‘ : Tan so
31 3.15 32 3.2505 33 3.35 33995 Ghz

Hinh 7. Két qud mé phong hé sé ghép trén phan mém CST2011.
3.3. Két qua mé phong va binh luin
Tur két qua mo phong 8 hé s6 S,,, Si;, Sy ... Sy, ta o ti 1& chia cong suat ciia 8 cong dau ra
l4n luot duge thé hién qua bang 5. Két qua mé phong cho thiy, cong suit dau ra tai cac cong
tiém can so v&i yéu cau thiét ké. PBiéu d6 chung to sy phu hop gitta co so 1y thuyét va thuc te
mo phong.

Tap chi Nghién citu KH&CN qudn su, S6 74, 8 - 2021 165



Théng tin khoa hoc cong nghé

Bing 5. Bo ti ¢ cong sudt dau ra 8 cong ciia bo chia tir két qua mé phong.

Cong Cong Cong Cong Cong Cong Cong Cong Cong
diura diura diura diura diura diura diura diura | ddura
1 2 3 4 5 6 7 8
CS 0.41 0.09 0.07 0.16 0.08 0.01 0.03 0.01

B chia c6 két ciu nho gon dang ké so voi nhiing bo chia sir dung nguyén 1y khac. Piac biét
chiéu rong ctia bo chia c¢é kich thude chi 30 mm rat phii hop cho viéc bd tri trong nhitng khong
gian chat hep trén thiét bi. Bo chia sir dung nguyén Iy GDH khong chi pht hop cho viée thiét ké,
ché tao bo chia st dung trén b KPCS 2500 W trén khéi TRM ma con c6 tinh ung dung rong rai
trong nhiéu thiét bi dién ti.

4. KET LUAN

Dua trén 1y thuyét vé GDH, tac gia da xay dyng 1én mo hinh bo chia cong suat 8 dau ra sur
dung 7 GPH trén duong truyén Stripline. Két qua md phong cho thiy, phwong phap thiét ké b
chia cong suét sir dung cdc GDH c6 tinh kha thi cao. B chia co6 kich thudc nhé gon, chiu dugc
cong sut 1on khong chi dugc str dung trong khdi TRM ma con ¢6 tinh Gmg dung cao trong linh
vuc dién- dién tir.

Tuy nhién, giai phap sir dung b chia cong suat sit dung GDH can phai tiép tuc nghién ctru
tang hiéu suit cua bo chia, giam anh huéng twong hd gitta cac GPH nhim nang cao hon nita chat
lugng cia bo chia.
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ABSTRACT

THE SOLUTIONS OF DESIGNING THE S BAND POWER DIVIDER/COMBINER
IN THE TRANSCEIVER TRM

Nowadays, Power Dividers/Splitters based on microstrip technology are applied
widely in Modern Radar, Electronic combat and Telecommunication systems.
Dividers/Splitters are getting smaller and smaller with super high integration, high
efficiency and low cost. This letter presents (introduces) the technique solutions of
designing the S band Divider/Combiner which are included in 2500 W Amplifier Module,
located in Transceiver module TRM. The dividers exploit directional coupling principle,
along with new solution in order to minimize their size. This leads to fit to the system
space, increase the number of divider outputs and maintain the accuration of output
dividing ratio.

Keywords: Radar; Power divider and combiner; Directional Coupler.
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