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A bird calibration device of Helicopter-borne TEM with concentric bucking loop

WANG Shi-Long, WANG Yan-Zhang, SUI Yang-Yi, WANG Qi, LIN Jun”

Key Laboratory of Geo-Exploration Instrumentation, Ministry of Education , Jilin University ,Changchun 130026 ,China

Abstract The multiple instrument calibrations of flying helicopter-borne time-domain
electromagnetic method (HTEM) can eliminate the environmental time-varying effect on the
system during flight. Using the bird calibration device to solve the problem that the wire-loop
method can’'t achieve, we consider the bird model of HTEM with the concentric bucking loop,
propose the bird device space models and the coil circuit models, and analyze the transmitter
magnetic field distribution, the bucking loop’s effect and the relationship between it and the
receiving coil, the space information of the calibration device and its signal detecting method.
Conclusions are as follows: (1) the bucking loop that losses 0. 89% of the transmitting area can
increase 44.5 dB of the signal dynamic range. (2) The calibration device is levelly placed between
the bucking loop and the transmitting coils. If it has more turns and greater radius and it is closer

to the bucking loop, its signal response is stronger. (3) When the inductance of calibration coil
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becomes greater and its resistance is less, its exponential decay becomes slower. The signal

detection time point is directly decided by damping character of receiver coil which has matching

resistance. We do experiments about the calibration curve characters and the device coil displacement.

The relative error about the time constant of the device characteristics is less than 1. 3%, which

proves the validity of the coil circuit models and device space models. The proposed models and

approaches are also applicable to the bird calibration device research about HTEM with the

eccentric bucking loop and the known wire-loop static testing on the high resistance ground.

Keywords
device, Bucking loop

1 5 5

B ML B[] 38 % 25 B % 3% (Helicopter-borne
time-domain electromagnetic method, HTEM)
F GRS UE P B A S FR 55 X A s 1 I AR 52 L 24X
AT R S TR I P AR G RE R S0 BE TR
— U AR GE B HE T R R AT IR 2 A X
(77 EORABHEAL &% 2 0 - 1T AR I H AR DX 3 b 52155 250
(R R P o450 i R M 0 AL A0 1] P B XE T X L 43
BT[] i A DX A A - 3H ) #8025 DX 3l A ) A e
)2 i 0 v AR AR SR T ST SR K R D
WEIE T WS LR VE X AR BT 35 )2 1 i IR S5 R
J5 1, Macnae James 1 Davis Aaron 43 5] Mt 25 By
i 7 G0 % T P 2 1 WA AR Sl b, T P 4 11 AL
YELT R R] b, T 2 £ A IR 0 0 Bt T A
SR 1 B I35 235 PR R U R O I A R N B T M T
IR 0y 2o Al A 2 H R I R G ARR AR A D T A
T RS, b R AG I Ty vk GE T AR R ) &R
Gi 1k BE S B VEE B & JE 9IS [ i 2 v A AR R
Gk RE AT HE AH A P 5 TN L - — R EE 5
A2 R AL 5 2 BT A P 1Y) 52 e 5 BOA () A5
X TR El o AR T 5 VR A 8 T R S I BH X 1
A GRS HE R s R [ HL D 100 m X 100 m Jy
T IR 1 2 8 T 7k S5 8 HTEMA400~500 m &
iz it B rh AR R HE. S TR Ab AR R R T Z
/N TE ) AR A HE R B H T, HTEM [8 € X3/
1 A8 2 R A2 2 1 T X552 3 v 3 R b 380 ) 10
FUS AL 1 — YRR AR 37 0 T v R A M
SRSV R RAR EIZ I Aeroquest 23 T
I3 H =0 R R Y ON-TIME $406 nl 458 1K My
R G AU I TV RS R A T R 0 A
EEIAR R AR M B S T s v AT AR R Y
BAE Y T VTEM K#ER ) 2 3008 I & 35T A F

Airborne electromagnetic method, Helicopter-borne TEM, Bird device, Calibration

FHZET RG-S B ATH HTEM &
LA B PIE R e R ] & S L WO
AMELER [0 O A S IR EE AL L SR FH 22 00 v IR A8 00 T
2 A SIS A 1 2 o A A A [ 4 X ) HTEM
RO LR T A AT AR R 2R G XA Y [ R

i 0 A 7 2B ) F RGBS AR R DA B P S [ PR R A
R Ry HEAl 0, 5 R PR WAL R iR AR — RS
2R P EL A G B I R BB AL 1 B 4% (Transmitter to
Receiver, TR) . 7 — 28 J& 2 1 i £k Bl )i il 75 30 20
2L BB 4k Y B 4% ( Transmitter to Loop to Receiver,
TLR). 27 B K A 550 6 T i 1 26 2% 5 8 450 A o
R B S B R R e ik ) D o 2 (R L
%15 B A2 (0 43 BT [R) I 25 1 i R RS HE LR Bl LA /D
R by iR 5555 ) R A BT DA R S £ B fl 8 R Ml A
i 3 % U & B Y % 12 (Transmitter to Earth to
Receiver, TER) 1K i £& [l 28 K Hb A% 338 2] 322 e £k P&
M B& 42 (Loop to Earth to Receiver, LER) A Z i%.
TR A AAT P b L7 1%« — o SR A L A
A R S H VA AR 8 I 7 B A B A AR SR AR, 2
S e ok R 30 A 30 b [ g S s R SR R
S5 WU B ) S B AR G 5 B e B 1Y U
TEEPO RS S B R O ik DA A R L 3 TR
513 0% 25 1) e BB AR R E A R 5 G 3 I T
Az (8] 24 1) J5 20 6 55 I R] 2 5C Bk 1Y H It 5K
1 2R G0 ) o A R A B X 5 s () S i DG IBG 1Y) £& R
[F1) L JR A o AL B DAASE B Y SO0 23 A v AR SRR A
[F].Co#z HTEM 8 [a] #1490 15] 19 #% 3 50 A1« N HE
G 168 P 5 T A A DA B S R R BB R AR O R
T30 2ok 3 BT 2 Bl 25 () U8 5 e 5 A I B Y
AR KA B JE o3 BT R U £ VL Y B[R] R RO B AR
HEAS 5 e 8 BOUS WURAAE 32 2R B 1 BHL e 4 1 4%
S W] £ 5 A 000 R A Y 38 5 T 2 BEL 2 R 1 T e ek
HE 2L B 1Y DT IC H BELAS DA et

2 e 222 e A A M A ) R R b A bR



9 1 E RS RO A 2 T LI (] R 2 H R R R A MR B AT Y 2399

KBS B A HTEM g &4 B2 5t K
B ML E TEM Hb i & 9050 Ul AR HE(5 5 e $R 4K
TEWCRE L B0 E TR HERE B LR IR £ B 5
KHE RIS HTEM %% & 1A% ifi: 2 Bl 00 8 19 8% 3 52
B U TR o2 5 | A 1 RS

2 [FoabE HTEM i 2 B A 8
T

HTEM 4 /i85 8= BT HLIR AN R GE R LAk
715 TEM {55 1 % 55 AW, JLE5 /4 WL IE 1. i
ALAE PUASE I3 - — A 5 B I 18] FLIAL B9 () b B

R 2 el

Transmitter coil

0

- - .
- ”dﬂ_{;;_::l:){; Zaxis
B ~=~ Bucking loop

-

PRANS I AR 15 m A SR I R 2 s Pl
AR AR TEM {5 5 1 B2 O B s = = A SCHF T i
P 2R DU PR 3 A B RO A B AL T K-
[l O R ZE AN S TR R e dE T I B A, S H
THOLAE 23 K S 23 3 AT I e 1 R R AR AR AR 1Y
J R e W 2 1 o T s X Bl R AT . R R
XOY V- WV 17 F . 24 % S5 i 75 m dn el 1 R
LN RE i3 1R T R S LU i B S T sty PO B 5/
BAE IR 2] 3 28 o AT S AR R AR e
T I G O 9 A S T A R A
F14 22 TS 7R T 5 I 1) A7 S 1) 2k Pl v, e 2 MO R0 1 7
R BH

e e

STO_STTEEEEEST DS
LT Dt
Helicopter

W

Rope
Y #h
Y axis

ek ek [
Calibration coil X Hh

X axis

1 r_ =
n Helr £kl
\\ﬁeccivc r coil
\\\
~

LT )

Bucking current direction

I IR )
Transmitter current direction

K1 HTEM fpit e &n &
Fig.1 The schematic diagram of the HTEM bird device

2.1 mERENTEIEE

e Bt P A A R R R R — ) ELEE R B
el B LA TR W B, — 3640 28 fy B A 1
TEZR P8 P A% 3 B ke B b i TLR ma f. w58 TR
A TLR 7 P2 58 TR 4ot 5 G 5¢ R I e -
5% A4 7R S RN 3 PR 2 P AC 78 e 7 AR R H Bl 3
R 3 o 5% P G R A . S 4 TR mi L vh A9 1 475
O (D).
Bi(x.y,2,t) =

Ny ﬁh(z)b@l dlr % rTR(‘T’y’Z)] (D

3
T 1R

Horf, Be(a,yaz,0) g TR W R 76 52 Ak 7 85 % »
N k5t 4 BB I 8. To (o) Ok & 5T 2k 18 N H 3
ro (s y ) RS B2 T BRI 1 R AR, L ER
BIN rogopo REES LT AL (D il 1Y 588 G
G 2 Bl b 7 A I AR L B B e (0

erg (1) =— N 1% (1) Moy » (2)
Ho, Ne RIEMCR TR T (o & 5T 3 B

[F1) 5 50 2 S5 B 08 B [ MACER 9 LUK M Oy

My = Ny tofy § dlnrmleso g, )
T Sg by

Forb, S S H M2 b [ Bty . W] 2, TLR g i
RS HE L B D I B A LB e (0
er. (1) =— N It () My, (4)
oy Ny bR 4 e 1 K i ST A o A 46 e
HIE My, K
o diy X ro(x,y,2
My, = Ng ﬁﬁs drx (2239 45 (5)

"I‘ T r;l-L

Horr, Sy Ry e v 2 Rl Bl R i oty T R o 2k B AE 2 1K
Wb YA LB B e (0 N
e () =— NI (DM, (6)
Horb I (o) SR e £ P8 1 IR AR R O G o A
X HE A 1 BB
Mix = N, Z:SESE, di, X ’rlify 2 1S, (D)

) e WS £ P AR A SR A H Bl Rl




2400 H Bk ¥ B % R (Chinese J. Geophys. ) 54 %

er(0) = ez (1) + e (D). (8)
T W 2k B A T 2k P A R gt A R A e N 43l Ry
Hy (o) A1 Hy (o) o D0 FE 002 B P s LR g (O Oy
ur (1) = e (1) * Hp (1) = wrg () + wp g (1) 5 (9)
Horr TR 5200 0 4 HL s e (0O
wpe (1) = [— NeMag [ 17 () * He ()], (10)
TLR 520 4 B w e, (0O 8
U (1) = [ Ny N My My ]
X [T () *» H (1) * He ()], (11D
H 20 10D R (11D 1, 2 M 46 ) 1) i s Pl
FEWESE — LR GIRIR KA B A R 25 [ H % TR
M 15 ) — NeMog A1 TLR W 38 H ) Ny NeM o Mg s
T3 — 20 5 L P PR R T A O (R B ) 280, TR
BRI I () » He(2) F1 TLR Wi 5 Fp il I (2) »
H, () « Hy (o). 75 [0 5 80T il 3 B 22 0] i % 4
t o N TR 2 B0 3 2 ST HEL A T R O R £k B RN 2 i
2P Y H PR LT 25 1
2.2 ZEBKRHNESHER
2R P 2 BT () B 5T N R B LTI I RO S A
T AR SCRH B R ST R 25 Hz B3R P 2 0 E
b S R S 1 TN I/ W S 7 2 1 1 A 4
3.5 ms, - T[] 2, B 4 ms, 3¢ W] 2g00, HR
1.2 ms, LA — IR FTHA Ly B 280AL 55 R ETHE
Lo B0 300 A I 2 55 H, 3t 3 5 pR AR R 3K Ny
L

it () = e, 0 <<t <<ty
tupl
. I, —1
l{l' (t> == —w? Cwl ’ Zupl < t < tupl + ZfupZ
Lup2
-/ IupZ
i (1) =— s Lupt T Lupr << Lypt T+ Lupz T Liown
down
I/T (Z) - O ’ Zfupl + [upZ + Zdown < t < 20 ms
(12)
A QA
20ms I
= fupt | tap2 | faawn | .-:
| | |
Ipp—— = ———— | |
| | | |
T fm == — | | |
| | | |
| | | |
| | | |
| | I |
| | I |
| | | |
| |
0 1 >

K2 REHWRBEIERE
Fig. 2 The schematic diagram of the

transmitter current waveform
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Fig. 10 The calibration coil’s response
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