Fd0k HETH b om BT OR % Vol. 40 No. 7
2020 £ 7 H Transactions of Beijing Institute of Technology Jul. 2020

GTEM ZHBREREREAAEEILTE

FERM, O IART, EE, AR, ARA
LB TR K 7 5 e DX 38 50 R D55 B 7SR [ PR TR 52805 L 75 050003
2B REGIA Y 5 BBE S HA Y WL A HIE 0500035 3. K% R, Jb5 1000715
4 FARL B R G TADIGEBE dL 100082)

¥ O WF5T 7 kol 3 i AU HE T 2 5T X HOR A GE BEREAT TP L BE X ko e 3 B R HE T OR DL = 4E ik o 4%
TR R L T — BT GTEM % MR HE R 40 8 o 7 BRI 5230, % GTEM % ™ A 4 o /L 3 09 A i 7 3 LA
T At A5 AR v Hh 3 22 TR0 AR B 5% W) (9 A A 52 BE AT T 40 T 38 0 S A8 B i, A5 MR T 7 AR AR > 95 Do L i o
B R B 7 B2 O 4. 4500, AR MR Lo =2 Bk B 3 R AT T UG L A S SR AR W B AR AE 10 MHz~1 GHz
WA A LB T SRR MR AT 17 . A SC IR B 58 6] T 43 BT B 3 12 I i (AR ASE YA — 8 19 2 25 18 3L

KEWE: koY =GRS R HE; A

hmESES. TP391 MEARERD: A XEHS: 1001-0645(2020)07-0771-07

DOI: 10.15918/j. thit 1001-0645. 2018. 333

Frequency Domain Calibration and Uncertainty
Evaluation in GTEM Cell

YAN Xue-fei'*, LIU Wei-dong?, WANG Jia®, OU Yuan', SHI Gen-zhu'
(1. National Key Laboratory of Science and Technology on Strong Electromagnetic Environment Simulation
and Protection, Ordnance Engineering College, Shijiazhuang, Hebei 050003, China;
2. College of Information Science and Technology. Shijiazhuang Tiedao University. Shijiazhuang, Hebei 050003,
China; 3. Army Armored Force Academy, Beijing 100071, China;

4. Institute of Systems Engineering, Academy of Military Sciences, Beijing 100082, China)

Abstract: The frequency domain calibration method of pulsed electric field was studied and its
uncertainty was evaluated. According to the calibration requirement of pulsed electric field, a
frequency domain calibration system based on GTEM cell was established. Through simulation
and experiment, the uncertainty of standard electric field produced in GTEM cell and the
uncertainty of interaction between sensor and standard electric field were analyzed. Synthesizing
the uncertainties, the total uncertainty of the calibration was 4.45% when the confidence
probability is more than 95%. Based on this, a three-dimensional pulsed electric field was
calibrated in frequency domain. The calibration results show that the sensor has a relatively flat
amplitude frequency response in 10 MHz~1 GHz . The research in this paper can provide a
certain reference value for analyzing the frequency domain calibration of electric field sensors.

Key words: pulsed electric field; three dimensional sensor; frequency domain; uncertainty of cali-

bration

YR EH: 2018-08-18

ELWHE: EEMZEWHAIH (9140C87102014C87363)

EEB A ™F K(1990—), 5B .+, E-mail: jasonyan9023@163. com.
BEMESE: X PAHRA9I3—), B 4 W+ 4 S, E-mail: liuwd_83@163. com.



772 b5 | T ok % %W

540 &

Ik e, S 0 3000 3% T R B 977 4 R LG S A A A
WA 2 O RSO T AR RV AU R W ST
HL P RHEE R 2 L ZEAR TR 2 B 55 B X Bk b HL b
MK HEAT T — R WESE L IEBHER T U0 G A IR A
A5, ok R AT ok b R 3 A AR X AL R R T
T X AT AR o S I A S R Sk A L A TE R B
AN 5 R ) B B A o 4 SR A A

H R 4 AL R A8 R, nT e 528 (A o 2 2
J& TEEE Std 1309-1996(90 kHz~40 GHz H @ 1%
TR B S 19 A OIS AL 45 KO0 e % b e v
FEAR RN T 3 PRy i L A I B AR R O
Sk B A B o HIRL R TG FH IRl 92 A o L Lk SR
BB G o Tl i A A O A S BE PR i P Ak
XiF T Ik i E 37 1 T O A T — s LA RS o T 1k B 9
Jit %, Shinobu Ishigamit™ & 1 T —Fh & F TEM =
ARG 7 15, FH R AF 1 GHz PLF 09 4% & 28 E 47 4%
T LA X A o 4 SR A o A R R AT IR RE . sk e T
P T — R0 T 55 1 B B R R A SRR 0 Tk
JE7E GTEM % F1JF [ 3 b F ik o o 4 1% & 2% UE 4T
TR AU A o L TR T A R A U R G I S W S
AT . Matloubit™ 78 TEM 2 i%f 100 MHz~
1 GHz WG R EAT T e, 48 e i % iz
AT IR0 B B A2 ¥ 2R 6 7 A s o HL 3 1) U 3 A
+0.5 dB.HFF AL B R 45 A o b ad B A5
J7 i R R X — 2ol o B AR R AT TR
I3 M T BHE R A B o B AF A B T A o R 4 ™
A bR L AN 8 BB ORI AT 45 AL R bR T
H 37 22 1) A LA R I B R B 5 . TR bk b i 3
1 8 B4 AC A RIS B 58 B D Xk ik v e 3 10 K
WA EEE L.

BEXF B @, A SCH T —2& LI GTEM %24
e 4 B W HE R G, O DL = 4 ik ol 1%
TS R X G2 6 FLHEAT T U SR o B AN W o
VERE. T VF 8 45 H b B T X A% G Bk o e 3 A o
GTEM % = A br off B 3 9 A 1 2 B2 0E A7 o0 BT 40 36
Xof A2 SRR 25 R 1 L 37 A A FH O A 6 AT T
i I GUM PFE 1 o 15 Ik i e 37 12 13 285 41 35
T2 Y B S R N 2 B A A TR T T R e T 5 R
bR R T 255

1 GTEM EHIBKERS

W SERASE T 2 ER SR P 3 A 5 a7
AT =4 Jikob i 37 0008 &R 42 L 3l i i 345

T BRI (L 4 Ok S LA R RS I R L AR SCAE
HEAT I T I AR I 12 S A 1) R A S 3 Y B
A RN R AR 338 bR e X H 34T 7. GTEM
FERUERGEEME 1 iR,

GTEMZE
HE o
f__f]—;\jﬁ *ﬁﬁ'%ﬁ ; :ﬁﬂrk?ﬂ’ %%'ﬁ?ﬁ%
o 1
d = R
BT o

oo e, T L

1 GTEM 2B b R 5

Fig. 1 Frequency domain calibration system in GTEM
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Fig. 2 Electric field distribution in GTEM
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Tab.1 Standard uncertainty arising from field uniformity
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Fig. 3 Calibration results of coupler
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Fig. 4 Amplitude frequency characteristic of

1-D and 3-D electric field sensors
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