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Fig. 1 Scheme of RF dividing combining network
36 MMRF 1723 ARG 55 2l 2S BE Y A 9 IO NEE 7 m &, S8 455 A5 S 1 15 Hz Al
135 Hz W5 J&E 4 DMEAHSERN . B 1 9.2 A (15 Hz IERER 15 Hz SOIE)HLL 1/15 s JH A
PERRA JHT 15 Hz RIS STERL 5 2 NEEAHES (135 Hz IEHER 135 Hz JBE)OLA 1/135 s JEAMIIEREA
FHF 135 Hz HHIE SR,
S TR | RFRR {5 (2R 15 Hz IEHER 15 Hz IERAH 2

Ui
i 5 S 2t M 2% Je Ay BB AN IR T B AR 4R 2R F L8 5135 Hz 15 Bz IR k 15 Hz R e
U

L i

TERERT 135 Ha SOBERSA G i Hh A5 5 i 45 Jm 70 Bl 2 IR i
RO AR A, IR A 1 kA R 3R (A 1 R
T 15 Hz WHIAE0D LA 3, Uo J& R B A 52 R 25 3 L2 &)
B RS IR T LIfE S,

H ) S OB AT R AR 205 1 IR LRSS

j Q0 j 3 mEAHORE
w ()= (Uo+Ue” +Uie )= (Us+2U1cos21)e" 2) EENL L s

ig. 3 Scheme of veltor synthesis
KA B B AR AL 2628 10° 25 LA 1 S RFHILAAANN 0 XS 2 & B8R FFEAT— B 21552k =00
w ()={Uo+2Urcos[ Q1+ (k—1)A ¢:|}ej(” (k=1,2,---,36) 3)
BRI EE L EUE S AEAS RSN R 75 1] BRI — B O IETE I e i3 15 Ha,
9 FECHETE T3 0B 5 B — o ETE AT R38R R] . 135 Hz IEBEM 135 Hz UM AR DL 1/135 s
W JEIBY 3K ) SRR A AR L A T R G e A | R T AR I 6] 5 S A B MR T RIS 53R
:‘Tjiﬁ H
v (1)={Uo+2Vicos[90Q2t+9(k—1 )AS{)]}ej“ (k=1,2,-+,36) @)
R LA Bt ST LAAS BIRE AR 2R A TARR AR — R0k 5 5 M =8 (DO, 36 MRS
STEAERIE MR TR 9 MECHEIE 710 & 2840 a0 2R 08 B 1 e i s 1 ]
1.2 HRRETESN
Ry ] R S B R 0 S )i 5 7 1] [ A5 A 45 15 Hz 1EJi€ 15 Hz SUiE, 135 Hz 1EJiE
1135 Hz JUBE 4 DFEAHBSRIARRL , AORAF 2 XHE SR80, S 7RSI HAY 00 4 ARSI T AL
et SR SRAF R AR IR IR AL,
& 3 b GRS 15 Hz RUiEfs S G845l 15 Hz IERERAREHE 15 Hz eSS e —A U Us e
Ure® " BT A R A N — IR % B IR 50 5 S AR A AR Jgf T AT RS A R A TR AR A
AHBIRCHERE B T 36 AN HURERG I A% AR REART- WKL AR 5 i T IS o A A 7 b B4 B RS AH 24540
BRARNE



72 23 BT R AR (AABHRO 2009 4f

AL SEE AT A X TRESE PR CORTTRIF R -

f(t):%Jr;amcos%m+bmsin%mz?O+;Amcos %7”11*5{»1) 5)
AP AL T T & UG AR BEFARAAE
EREANER/ N
A= ;

B UCGE IR .

An= antbn 6)
B UGE IR IRARAL -

¢m=arctan 2* )

XTEEFIN 2y ,i=0,1 0 ,N—1(N N £ O— DTN BRSO A

N—1 N—1
an_leoos b —lzxsin
. — iC . m — i
Ni—O Nif()

A m A E SRS UGB RT
e A T EATARAERHE | B KRR TR A 5 1A T o A L A2 gl T A5 B RS AH AR ORI IR AR

2 FAEAEHETT R R A A S B

FEHERE SRR — ] AR RIR AR S o — N IESZ I S TR AR H AS BIR A AR
TRRFAOL, AROEAHERT 4 ARSI IREA T AT AR

M 36 B RAAR TR S MR AR AL A — A B E X 15 Hz SR BIS(E N 07,1070,
350° % 135 Hz LZFAYBIIE(E Y 07,907 .-+ ,35X90%, F (A 8, AT H AR AR I AR5 ORI IR AR
B, ARG RIIAAI AL A 36 MR PR R SR AL T8 G . SCRRLT R R 756 2
BT 36 SR RAR (I 2 Xt B O ARE R S LA BBV A ARSI EL. 2K (DO ED) e
WEI A BR A AR T A BRSO E ST U A5 5 A RIAR R G T 7E G BREEA T FIWT T+ 38 rh i 20
SHATIE R AZIER AR B L ER AR 5 S B IR 2R

N T RS R AR T —FhR R B S IR S S i A 2R S B DT . R LL 15 Hz IEERAH
IR N BT

A (7 @RI b BRI S 210 2 N IESSM R @l b s X 15 Hy fL45
W G 2 A IER S @ e A

N1 . N—1
@ _lecos 27() b _lzxsin
P = i SO = i
Ni 0 Ni, 0

2mmi ZTtmij .

- 27’;‘] ©)
ai=cos[ (k—1)X10°],bv=sin[ (k—1)>X10°] (10)
T ERIRARS AR LR A AR R RS
1 = AR AR A AT AL kB IR T AR S B A O 2 22 9 IE 5% 43 B AR 7% 43 12 7] ]
THERTAE 5 B AH CLE A 1 IE 5% /i AR ok R . RS b R T T T ST i A 0 5 B AR 7
HZ 2R o JUA .
singak:bu-a/u —ab s
’ / an
cos@i= ara 1T bib 1
KL B 36 BRI 2 XPIEAS /i 0 i T 25 6 TR Bl IR A LEAE 51 2 M IEAS /S IE 7%
S ARSE o A A LB,



4 AR (S BRI [ R AR AT 73

36

A= D (bua'v —arb'i)
k=1
36

B = 2 Caratv+ bub i)
=1

az)

tan¢: %

¢ = arctan

B

A% AL B 2 A RAF S R FIWT A S E Vs 5 RS 2R ARSS VIO AEAL 4.

Zeid FIRITEEXT 4 DR ERMUCGHAT A CIRSHE IS | AR B2 PR R 1) 2 [ AR 155 15 Haz %%
AIERER PTG 135 Hz A IERPRPI G H G I EIE R G S 2,

ITIEA PR AT BN B0 AR L AER L THE AP AL R AN B AR AR BEA T AR BE 2R ARG AELAY 2
AL i A TIE S PR RT LRG0 2R R0 SR A LA T2 £ hAE BB 55 A2 A SR i TR At ] b
AR REPFF- 5 A 2R e A LA TR

3 REARUER LSS

TERS REL DT 16] I U R AIAR O DT R A Bt b AT 175280, R 7R I X B8 BB 242 WL
K 5= M i 0 55 EAT 0 DU I 1 LI 4 5,

l g | |
a | a
|
b i b
L] ] — . - _n':' !'.'-.: L3 - D I B_-T‘.-'.-':'
K4 REHERESHE K5 ERMERESEIE
ig. 4  Waveform of uncalibrated singnal Fig. 5 Waveform of calibrated signal

B A4S EEREIE RIS S0t . S 2 BT DU B R LR KHERT SR LI R Y
{55 BOE B INABOE 15 Hz P85 540 A 135 Hz JEE S 7 s A0 AR KA 22 R R a5
SYRURTF ARG R EOR I RARMETE )G ,15 Hz 5S40 135 Hz JAHlE S 2 415
IREF JERL T HEBhRAER A HIE S AR S0 15 Hz WHIE 520t IERPRE) LR B — 4> 135
Hz P55 2 B IE R B A R IS R GO R AT I PR EOR 3l 5d5 AR BHE 5 5 LR
AL 2500 R A LA TR AT 2L

RFZ T X RTINS B LT 1 s—2 s BIR] S8l AU BE R, b TR F A L i 2

B B[R A AR 5 — A A 0 P IR A s B AR AR AR e

4 ZERE

B AR M RS A 2 58 B S e 1 R OISR i A O AT AR S A ADRAIEE Rt 2
TORAIER: 9 MeONEIETr 8, ARGz RS B AR B R M ok B & st AR T —FiokE (o A e Y S L5
5o TSP B AT IR B R B REREAR AF (Y 58 R ZR AR LR il 12 38 AR [ Rk &R
G, HAT 207k TR B BRI M R
S -

[1] Paradise Ronald Y ,Hillsdale N J. Digital TACAN System ;USA ,3940763[ P ].1976.



74 23 BT R AR (AABHRO 2009 4f

[2] Edward J.Christopher .Electronically Scanned TACAN Antenna[]]. IEEE Transactions on Antennas and Propagation ,
1974 ,22(1) .12 —16.

(3] TRSCHE F i AR R R AR R RE 9 73k [) ] ISl 2741k 2004 ,38(2) 1233 —235.
SHEN Wenhui. Method for Improving the Beam —Steering Accuracy of Phased Array AntennalJ ]. Journal of Shanghai
Jiaotong University ,2004 ,38(2) ;233 —235. (in Chinese)

[4] Sorace R .Phased Array Calibration[] |. IEEE Transactions on Antennas and Propagation ,2001,49(4).517 —525.

(5] skB2% 2B JCL SIS S R (M P04 BRPERHAEOR T it ,1998.
ZHANG Zhongxing , LI Xiaoming . Theory and System of Radio Navigation[M ]. Xi'an ;Shaanxi Technology Press ,1998.
(in Chinese)

(61 s/ 49 BUTLER FEFERIZE AR 8T 515 55 [) ]S 1996 ,33 (1) .72 —86.
SHI Xiaoming . Analysis and Signal Synthesis for Phase Scaned BUTLER Matrix Network Assembly[J]. Navigation,
1996 ,33(1),72—86. (in Chinese)

(7] FBHa%G BEHEAIRE AR RGP ARG AR [J ] A0 ,1997 ,34.(4) .79 —85.
ZHENG Yanju. Phase Calibrating Technique for TACAN Antenna with Electronic —scanning[J ]. Navigation, 1997 ,34
(4) .79 —85. (in Chinese)

(81 BR A BEREAHFERGE KA IR [D P42 28 42 TR ,2008.
CHEN Yi. Study and Realization of Radio Frequency Unit of TACAN Phased Array Antenna[D ].Xi'an:Air Force Engi-
neering University ,2008. (in Chinese)

(9]  RKIE i Kk 55 SRR 1 Abat R 20E A . 1998.
WU Dazheng ,YANG Linyao ,ZHANG Yongrui. Analysis of Signals and Linear Systems[ M ]. Beijing : Higher Education
Press ,1998. (in Chinese)

B4R HiAh)

A Research on the Phase Calibration Algorithm
for TACAN Phased —Array Antenna

ZHAO Ying —hui, YUAN An—min, LI Yu—lin, QI Yun—jun

(Telecommunication Engineering Institute , Air Force Engineering University , Xi'an 710077 , China)

Abstract . TACAN phased —array antenna is a large antenna of TACAN beacon. Because the antenna
should be formed into a rotating nine —lobed cordate pattern , real —time control must be performed for the
phase of the phased —shifter controlling the phase of radiated signal . The veracity of the antenna pattern is
determined by the initial phase of the phased —shifter, so, only when phase calibration is done, can
TACAN phased —array antenna work normally . In this paper, based on the analysis of the direction pat-
tern forming principle and phase calibration method for TACAN phased —array antenna, and by adopting
Fourier theory and vector accumulation principle, a realizable phase calibration algorithm on the basis of
vector accumulation is put forward . By using this algorithm , the times of calculation can be reduced , the
calibration speed is enhanced and the requirements for hardware are moderated. The experiment result
shows that this algorithm is reasonable and effectual in precise phase calculation , fast in phase calibration .
And this algorithm has been successfully applied in the TACAN phased —array antenna.

Key words : TACAN ; phased —array antenna; phase calibration ; vector accumulation



