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Abstract: This paper has designed an underground metal pipeline detection probe based on the
electromagnetic induction method. The advantage of this probe is it can approach and detect the
target pipeline by means of static pressure penetration. During the penetration process, the elec-
tromagnetic field strength and the cone tip resistance can be read in real time to obtain the loca-
tion information of underground pipelines safely and prevent any damage to underground facili-
ties. In the probe design, the magnetic core of an induction coil was used to transmit the cone tip
resistance, the nonmetallic shell was also used to prevent signal shielding, and a filter amplifica-

tion circuit was used to reduce external interference. Through model and field tests, the detection
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effect of the proposed probe was verified. The results showed that the detection error of the pipe-

line’s buried depth can be controlled within 5 cm. This study has a positive significance for high-

precision detection and underground pipeline protection of deep-buried pipelines.

Keywords: pipeline detection; electromagnetic method; cone penetration; deep buried pipeline;

high-precision positioning

0 3|8

Sl T ) A R AN T M R A AR el Tl M T A R A
ABAMBER L E AR, NI T L
7P SE I RS2 SN IDR 7 BE R E i S N2 B )
FRRLEE R R L AR BT L R B T
PR AR B R L T L E R et
MEAT L 2 AR IR S DA T T 8 R R 2 4 S ORI 28 3
PR . EEBR TR AT RE R T L T IH 5
W A N TR AR BOCRERE % T AR T2 Tk it T
(1 AL e i) B ) o7 i LA A

— BRI A 2 B AT HE RO E B L SE R T
SERE L, — B XA 2 B, H R R Y
FETFFZHRM Jy 1 3 B Bk By vk AL HE g
TEUT ML RE TR PR R IR R R R VR R R
X SETF R R Z A b B REAT  (H i T S bR A
T o) 52 BRI RBE B LT T A 55 7 DA
T DT 3 I A

Ry igp R TR HLAES AR B RS, AT AR U/ N )
B 5 AR LB B Y Ik AR R 2T AR 4R e
A 2 0 AU b T A K P66 PR o 7 ) i
PR AR K s BT e BT BEL g 0 7 4 K 2 7 ik Al
BIHARE L. skl S50 1 UG AL 7R L R iR
24 Pl it L 1 7 B4 TN AT B 055, PR O 8
TETI o R A A G o /)N T o e K
AT 977 20 SE B T RS 2R Y F G 1 1 AT 4R
I FL AR TR FLE A R b, AN RE S BT AR
PRSI T2 AR VA R A A SR B XU

h figp DR BRAT A eI PP ) ) R AR S BE S I
I R Sk B I ) B SR B g 8] AL, W5 T — o o 2
oA LRI B A R H AL S 1) T T A R
B ) b RS h BEAT B . IR AN AT DLE i
HL T 1 SRS RN 2 A8 £k L 3 T DATE TR A G A P S
P 300 £ 5 2 BHL Ty o A R 2 4 B (EL 52 R BT
AT A 280k G B A I A X T B F) A L DA T A
RUCHE T 4l A R PR ) B R e

1 T1ERIE
bR 4 JE A LR A B YE B PN Al R T DA Bl K

FLER T 5T K S L) AR A i T R S AR
LU G R R ol i =R e B (U L (B E I N €
Jo B A SN LR . AR PR R S BT JE BRI
LSRR A [ A A R R A B R R R E

iy (D
27[7'0

K = A X107 N/A* NHEEGT e ™ HEEm R
KW so MMM H S8 5 r, IR A
FIELLAEE R .t D FTA, 75N 25 T8 I G
T LR R S RS R L, S LR/ N
T8 35 BN 8 A E TR N 4 P ) R S I e
Gy RN s BIVAT Bz e i B 2RI A8 e 0 R B (L D
PRI 2 el X Re A5 21 5l 1) 43 Sk 9 H G 7 0 R, 2 P Ak
MG sy H, B « MR CR AN .

d .
COS@Z%22+CZ21067M (2)

H(r()):

H.(z)=H -

iﬁ;tiﬂ:%ﬁﬁ%&;loe*“E—mﬂlﬂi*ﬂuﬂ\%%%

E gy I W N 7 82 d e o N R O = A
3 (2) TS B R b i S R LR S Y G R A
2 B o T BT HRE o R 0 (R Y A B B AT
DA 5 R B B R R R W (s L AR K
ERZSE

Mol

Hy R

BRI

3 IR

BRI

HLTEI 9 H,

Bl wREARERNEEERRETER
Fig.1 Schematic diagram of pipeline depth detection by

electromagnetic induction method
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Fig.2 Spatial distribution of the electromagnetic field

intensity component
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Fig.3 Schematic diagram of the probe structure
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Fig.4 Design and physical maps of electromagnetic

cone penetration probe
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Fig.5 Hardware circuit structure diagram of electroma-

gnetic induction detection system
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Fig.15  Penetration test using conventional probe (sharp corner)
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Fig.16  Penetration test using improved probe (rounded corner)
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Fig.17 Cone tip resistance curve from penetration test
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