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Simulation design of a new downhole magnetic dipole snake antenna

Sun Qi
(Beijing Petroleum Machinery Co. , Ltd. ,Beijing 102206, China)

Sun Chengqin  Hu Yongjian Zhang Guotian Zhang Guanjie Tang Yuzhe

Abstract: Aiming at the problem that the oil drilling downhole antenna works in a special environment composed of
wellbore drilling fluid and strata, the wireless transmission signal loss is large and it is difficult to transmit reliably.
Through simulation modeling, a new type of magnetic dipole antenna is designed. The features of interference and
Firstly, the HFSS three-dimensional

simulation software is used to build a simulation model, and the key parameters such as the length of the antenna, the

miniaturization enable reliable transmission of underground wireless data.

distance from the drill string body and the number of serpentine bends of the antenna are calculated in detail, and the
parameter combination and frequency point law of effective transmission are obtained. According to this rule, the actual
antenna is designed, and the simulation results are highly consistent with the actual test results. The return loss can
reach below —7.5 dB, and the parameters of the simulation design can meet the actual application requirements. The
antenna design can be applied to underground wireless transmission in oil drilling, which can improve signal

transmission strength, reduce antenna size, reduce system power consumplion, and achieve reliable wireless signal
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transmission.

Keywords: measurement while drilling;snake antenna;antenna simulation

Ell
LR, A IER BB R R R O 1 B AR
B R AR TE 2 AR Uy 1 K 0 B RO Ak L 1Y
T 5 1) 5 0 A, e 1) AR — A B Sk Ak SRR TR LR
HESHMBEHTHERAT . HARWESEH TR
TR T S R R AR AT AR MR . NS g Sk Ak
T R L LR AT B B AR RR IR BT B R R
Pafe i . T W AR B B 04 A5 A 28+ 2 IR
JEHIE A 2% 0 Bl i A A L 0T 1R A% Bl b 2 R 7

=
=]

W RS H . 2022-01-12
* HATRH . Aa A E 4 (2021DQ03-03) 37 H ¥ B

o 14

AR RS BERE 2 3, Tk A B A R 45T . 5 4 AT
AL BRI F LT B IR i SRR T R
XPREBIHE N THERZER,

BN R R LRI R A RE, ZHE
B X A T R R B, AN RE AR AR T R A BRI g AR
T GUT IR NERLL B4 5 R 1T LI 2R i O
BV AL P Sy ot A2 K B R R o L SOk o vz 1 P
FEORE R G Rk iR R BB R 45 i
SRR ZLAH A M T 2 [ R AT AR e 7R R R AR R T A



FR A F AR T RABAR T R X &4y ARt

5 10 #1

T RE U AN A ELHE R TR B 4 S R 3R L O
L B RERAR TR R R s . PR AR S B AT
XF Bl T AR B JE R AL R 2T R TP R I = M AK
P BRSO — BB B R AR TR £ 580 R R AR
TREPNME BT PR BB TAEIR IR i = 4k
AT E 2 I R L BOHRIE 28OS R st i 2 i, 5 48
RIS HA G LKL LYV L F L BRI K.

1 HTER&ENSEMEET

1.1 wALS

A MR TR A TR k.
AR R B PAAE i TRk A PR 3 R A W) TR
AN BB R R SR, B B RS TR
56 HACE TR AR Ty T A < (R] ) 3R A A 4R R T
ALY S A 1 iR

T sk
| By

_—_—

1!
i/

Bl 1 REEBIKGEH

HEEAR R A L TO L £ a8 T 0 8 B R O B
AR N —F o B0 He, 3EEAHE T TREN%RS
(IEEE) il %8 B4 5535 3] 43 2% AR SUT 2E 25 30~300 kHaz, 133
BRE N 300~3 000 kHz, B AR 2 A 3~30 MHz, $5 2 71 [
TE 30~300 MHz By 2y £ 55 450, X 7 L 86 32 19 30 4R oK
10~1 m, RS /DN, EEMEL L B2 ki %
ERIE S R TR HAE R FH TS T80, Bk, 3%
BEEMWBEETER MWHA T LRESF EA TR
FH I BEAR AR o R ZRAE g FEnlh , M 38 3% A P (IR A0 B, {1 A i T
ERGEM TR, RENWKEBEAAZERN 1/4 5
5/8, MATAMAR, REKEMES ZBHEELZESE IR,
PR A R K BB TR A R ST B R A
1.2 BRFREHFER

B F RN 4y AR F REFBARN F REW
L BEMER FEBEEHARRE LM HREHATARE R K
ARG W RS TR, XM B TR 2 X RN EE S
PR AR T, W T R R 1 2 e AR A /N I B TR
Wl RIORM R AW ELE . MR T RX4ELR TR
WK EMEE AT T E GRS, ik
TR E 2 BiR, B F &M aiinE 3 Bis, it
MITF AT

WEZWMEAKERNL AR HPO05E8E
G mE 2 Frs . REBERFOERES A HE AR
BEESLARGSR E.E, ME, MFEERX,

LRI T R LR AR XS /N B BE TR A B R IR IR R

B2 (BT b ot

b -

Rsind .~
-

s
-~

1) AN
| ¢ )/

dri
Bl 3 R R T4 f Ay

BARGEN, VSERR b B RELI R F, 1] 5B i
WFAEP SHMEREMAMEEREFEE, #EKT AR
MFHRRETENES, HRERFRGITE L B
WitRREXMT

E,—E,=H,=0

kb)Y, sing

PR ) AR

Horh,g AR SRR A, BEEWN T
KL MR THN

RMZUG9<MV\A\“:%\A\W,

HE W55 AT 453 08 A0 A% 7 (5 O BB R

k=) wey =y () = ()

RIERL R IRAT TR P, W LIRS R 2 0058 51 B3
R, ,S=nb" AR EFHAEH.C=2x0 REA A,
BT L SRR T R R R UM T LR S
1.3 BEBBRFREFSRMEA

WHIETE R 2 N 0 —F REL LM, FERALE
W2 \WiFi, ZigBee &5 8 @ AT, s 545 5 oF (19 52 1 JF
AEW., WBRLWT I ZHEHEN, TR A mEeoR.
TERBW BT HE G HMR)S HERE, BT LI AR
A5 76 R AR 2 B AT AR B R A 0y R 26, R IL AT S0 R 26 19 /D
B4k, PCBIRITHR R AROAXAE TRBER. B
FRR B B B 0 BRI AR 26 A PR IR A B R AR I R R

e 15



545 B W F o

F R K

PG IR L5 2 22 18] B9 o 0 IR, 7 R AR N R B4R L
M.

P4 H Sk ROR KGR LU R TT I B LUE L g
JE R ERAR AR 09 W 2 FL BB R R T 1) A . R R 2R B
S, 23 T B G BRI N L U B b A R R
H 0B ABA KL BRI 2 HAS. SRR
7B 555 I » A I B B Tt e P 5 T K S Y TR ) 2 g T R
&S Ay TR R L R DATA R R Y SR T L U e
T REIG 2 MR

\é WS 7 PO

B4 LT KA A

Lt 2 AR 1 R 2R A TR 25 M 8 ) T IR R 4
B AR E L B 2 ) R B . AR TR R Tl T
LA R UE S iR E .

AT BE R A AR TR B ol T AR T T A A R A
o A R R T 90 B BT T R I, IR S R RO B N B
. EIEESBE B REFILIEAZ . B TIRR
P2, (Bl TS R TT DAL BRI i 551 . A R T 42

BIESREEE.
2 R&ESHMHE

2.1 HEIRESN

ANSYS HFSS & — 3k 3D H#; (EMD fif LB, il F
WA B T 5= 5, AR 2R, RERED, 5T 43 5
TCH . A JRE A AR AR 1C H R A O A AR
WA 2 A AT D e il . A BR T B & ANSYS HFSS
MR, O 20 24K L, o2 B ik A 5ol
AR EN =R RS B R TEE NS EEFR
B B 5 K05 O M RR 3 I o TR A0 JE R R A < R T
N BTARAFE AR AR s SRR oK 8 B A A 8L 2R 4 A [a)
R B A ) 25 o 7 PR T SR SR FH T AR o s o T B 4 R
R H TR R, B Oy o R, AR F
o,

HFSS 45 R 708 78 M4 K1) 43 77 10 RE4E S 3F A 1 R
TR 5 43 PRSI0 2 il 48 B A, 78 oK B S 4 ) ok &
SERRE R A B AL RO B R AR L KA R S R
KFERERMGREAR , BE R HET RIS iE8 5,
KOMg B A 5 B DRI A AR SR Mo 1 B 3 3R e
G M RS N L X S AL, FEM 8 T S8
5 R RS 4 R KBRS T AR B
2.2 BBRELLH

HFSS 1 B H A 3 5 R L R R 45 g AU, T L),

¢ 16

T E SRR R TE TR RATEZE TR
MW A |, 215 2t R SR K R i & 1
LB L, B B, ol F b 3 CAD,
Solidworks &5 %3 il = Akt BV i B M A B X F A
HESS, 5 i T 814 2 [ 4 1 6] B, A B 7 07 0o A2 v i
TEEEANSEAI AR T B & . B,
%M HFSS fj B & ezl , TE E S 4 K& E A
brass, M A H W E S, LB H 1 mm, FHAEE R
200 mm, 5 FEM N iron, ¥ O SR AR B 0 R R
REMTINE 5.6 PR

200 (nm)

B 6 RE MRk HE Ay HAs

2.3 REBMESHEIEIT

PR S B R B SRR A, R HRAR T R 4R B 5 T 3 A
BEMBEREERE, R, 45 B K24 0025 I .
HHRERE .G AREZEER 3 MERSRHAT
flif.

DEERES T

RS T RE A T R AR K R, SE I KR
T LB WA B B K R R R A R
7,14.28 cm 3 FRIEOL T , & — FAR I8 K £ 5 45 #E K [R] (8] JE
Wit —A 5 it B ME R /DA 10 mm, KA H 95 mm, &



TR F WA H TR T R K K 5 ARt 5510 1

HiFEH B R & A EZ BN &R
S R B TANR .

M 7~9 TR B, B ) B 0 [ AR RE 72
N BB MEM LR, HEEE R AR, K
.5 2B HMED KEBRRAW 28 em 7 S, ZRE5 R
Rr R — 3 R RS BN S FhRIEE. 46k
R 3HREARE . WA KA 138 i, [ #F 8] BE 0 1 o
T RETE WA/ A2 S B RRAR

BT RERBIAT cm
10 20 30 40 50

g
o7 seseopoer AB(S(1,1)) [R1]
B 2 [ —8—dB(3(1,1)) [R2]
®” waeieme AB(S(1,1)) [R3]
—— dB(S(1,1)) [R4]
e dB(S(1,1)) [R5] 4
3 | =t dB(S(1,1)) [R6] i &
i AB(S(1,1)) [R7]

o AB(S(1,1)) [R8]
dB(S(1,1)) [R9]
—— dB(S(1,1)) [R95]

iFE/MHz
K7 BEETRakE 7 om ffEER

IEERERBIL14 cm

seigmonne AB(S(1,1)) [R1]
s AB(S(1,1)) [R2]
sasesmsss AB(S(1,1)) [R3]
10 L emebgmn dB(S(1.1)) [R4]

e AB(S(1,1)) [R5]
wmimseee AB(S(1,1)) [R6]
e AB(S(1,1)) [R7]
e dB(S(1,1)) [RE]
—14 & e dB(S(1,1)) [R9]

e AB(S(1,1)) [RO3]

WS, /dB
|
@«
T

i /MHz
M8 METHRBKE 14 cm (hHEH

2 E B R

I 7 BRI R 2R v B i R R 2R B R R A A B 1R 3
714 .28 NEFHHEAT OIS 8 M A ASCR A 10~12
B

XFLE 3 AT BLES SR, Y B AR W E I, K R A [T
BeARAE S BEA S PR M L b & A B2 R
BRIy S B 3 25 RV 09 23 RICRE PR 4 R ok T
P B BT b B Ak B A R BE . R AR [0 S A A R B A 1E
& F 2R T BT IC BC AR AT AR T L g S 3
oAb,

RS, /dB

0 Lde—dB(S(11;
Y e dB(S(1,1)
ot B(S( 1,1

-30*“

e dB(S(1,1)
—a—dB(S(1.1)
mremporen B(S(1.1)
)
)

)
5 oS )
)
)

BT RERHETEK28 om

oo (B(S( 1, 1

B /MHz

Kl 9 BEEZ LRI 28 cm 4R

-0.50

-1.00

WS, /dB

® 50

-2.00

-2.50

-2.00

WS, /IB

—6.00

-8.00

IR RRE I
20 30 40 50

amomgrazos HalfLen [R95] L
w=-p-=-- HalfLen [R9]
=~ HalfLen[R8] :
smneeipennse HalfLen[R7] P
i HalfLen[R6]
----- —g--- HalfLen[R5]
|- comdoossm Halflen[R4]
= +HalfLen[R3] o
R2]
R1]

B HalfLen
e HalfLen

% /MHz
10 BEESRATIE N 7RG HR

IR R R HrE14
20 30

~mgre dB(S(1,1)) [RY]

L et dB(S(1,1)) [RY.5]
e dB(S(1,1)) [R8]
wmmpgemee AB(S(1,1)) [R7]
e AB(S(1,1)) [R6]
s AB(S(1,1)) [R5]

" e dB(S(1,1)) [R4]
sz AB(S(1,1)) [R3]
st AB(S(1,1)) [R2]
i AB(S(1,1)) [R1]

$i% /MHz
B11 [ BT EL 14 05 B 45 R

ZR LW E g EmE 13 iR, &l TS
P 28, LK 28 cm [HIHE M 10~95 mm FYECHE B 22
Lk T A M R R S R .

o 17 .



% 45 % vOF o ¥+ B AR
BT RE FTH08 2 ARSI
30 40 50
. :
22+
e
; 20 |
~4.00 % -
as] 18 |
= o AB(S(1,1)) [R1]
é -8.00 |—@— dB(S(1,1)) [R2] . . . . .
# et dB(S(1,1)) [R3] ah " ) 3 ] 5
—— dB(S(1,1)) [R4] [A]#E/cm
—3— dB(S(1,1)) [R5]
1200 1 ) TR | B 1S SR AL L
[R8] |
IS (R b G2 1 ELS ST A 45 S T, R AR 5 Al 2 I G
T T A T AT 4 R 155 D B R
IR AP RE R AT . RIFEIETE R B K T M %
%[ 12 ERDTITEH 28 E4 N . . o . X
12 IR RS TRy 28 f AR AR L 2k K K A D RE 2 RN L
HES M E FARBEMEXRR., HZHERTEH, REMR T2 3 H
21 2y, 5 2 55 Gl I 9 1) B 7 38 4 VB L, % S W
0 U= S TE 58 SN AR E R AT R ) PR P a5 1 L
. ﬁw@f@” TAEE . 7 B R AR051 1515 S0 A0 A5 1 3 0
= A — B B TR R SR B R R
Z 0 le® 6 UMMz
4 4 it
5+
A SCHR YR B ST FR B T R L R HIFSS H i g
0 : . - : n T2 7 RS 1) 0 BB T T R K 4 1
R/ BT L B TE R BRI @ B ST T K B B LS AT
B 13 (A Y 5 2 T B 5 O i v R M B A B O 5

3 HEEZRSYX SR

MBS 5 L R IR E 3 M EA AT K KL
Yy (58 R 2% B T 48 43 AT S0 3 45 Pl R 48 1 T8 R 3 R B R O
T, 14 N (7R B AR B AL 2 8 S O A A
RELRDKER 7 cm, B ECH 14 F0 28, A1 F 5 R A
G AR SN & —3 . ARG TE WA 29 P
30 MHz f1 40 MHz 37 . & 15 322 0 & R 4R 5 464 A
BEok 0.6.1.6 F1 4.1 cm 10N X R85 RS R %0 5 5407

T n LR DR if — B
S I 47 14

0 10 ZQ 30 40 50
3L
o Of
=
=% -9
i
12L
5L
% [HEHIAT0 mmBI14
gl

P /MHz
14 SRR A AR A A5 R

¢ 18

T 2RI, WS BRI TY ML R T E

IS R ] P AR AR 5 SE AR 1R 58 22— B0, KR A9 0 B

BT LAy ESE S RO it , A 2B B 1+ A 19, [k 45

FERIGR 2] —7.5 dB LIF . i B ROk T S K 2

B R S T RO AR S IR A R UER] T T K

LR AE M T T AT SR £k (M) R BRI 3R T R BE .

TEVCT 5T T AR A L, R ok ik 75 2 58 15 5 R 8 i B it

Fo SE PR BA S5 I I 1A AR FE— AL B IE K 2R A SEBR AR

5% 3

(1] #hEOF.HHRE . R 2,5, 2T HESS {5 5 19 A #5
AEEEERITI] M EHE AR, 2021,44(2):
32-33.

(2] R bR F R rmR ARG LT], ds s
SEEH,2018,33(3) 1 288-289.

(3] BRE.EF BRE. LT H SRR MTR T R
SEW AT T ] B F 5@ R AR, 2021(6):167-171

[4] HE K, GONG S X, GAO F. A widcband dual-band
magne-to-electric dipole antenna with improved feeding
structure [ ] |. IEEE Transactions on Antennas and
Propagation,2014,13.:1729-1732.

[5] AT IREH, R R AF, — R E 5 B SUR L B 2218



FR A F AR T RABAR T R X &4y ARt

5 10 #1

L6]

7]

(8]

[9]

[10]

[11]

WMFRERITLI] B FmM 58k, 2018, 37 (1)
79-83.

TR, TEHEE GEE, & — ML ERESHENZE
KL AR F R &R ITT]. 25 M & FH AR, 2021,
18(1) :53-54.

LI'Y J, LUK K M.
dimensional switch-beam wideband antenna array of
IEEE
Transactions on Antcnnas Propagation, 2016, 64 (2) .
554-563.

TRBEES AR, TR, % AR THBRME WZRE W
BRI ARSI R LT 505 5 6 2 4], 2021, 43(3) .
52-53.

ERE. AR FRERHATHA TTHEEHRE T
MAD]. K& REHT KA ,2021.

B . — T HFSS i (a8 F g & R4 [T ]
BT IiK . 2017(19) :10-11.
AT K, R L E P R RN AR

60 GHz dual-polarized two-

aperturc-coupled magncto-cleetric dipoles [J .

HFSS ff B it [T ], i 5 0 & 5 &% ik, 2020,
31(1) :96-97.

[12] #EER .S ETF. B R F R T E R 4 R
FELT). BASHAR ,2019,52(3) :724-729,

[13] Z=fH.3kFh, Tk 3T HFSS (k& L e 8
5 BBFELT]. 2B AR A . 2019,3.68-69.

C14] X3, 5k /NTF BS54 ALRE T b AR
SR S R 4 Jr g [T ], i S e . 2019,
33(8),173-174.

[15] MF.FE.MAM, % ET ADS W{BH F XL M6k
SR AP BRI S AR, 2018, 14 (10);
209-211.

(161 T, BRER, FEE. % HET HFSS HIRME K&
HEEI] BmmiRSHAR R, 2019, 154X ;3.

EEE N

FhRL A B, B TORR UM, 2B AT O i R T B AR AL AR

Wik HESHAE,

E-mail : sunchengqin88@126. com

.« 19 -



