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Abstract Although the magnetotelluric sounding method applied to land is mature, many technical problems arise when they
are transplanted into the seafloor environment, one of which is how to put magnetic field sensors down to the seafloor to
complete measurements. To protect magnetic field sensors from intense erosion and high pressure, suitable sealed pressure
cases must be designed. Considering the magnetic measurement and seafloor operation the sealed pressure case should be
nonmagnetic and transportable. Among all optional materials LC4 super-hard aluminum alloy has the highest performance
to price ratio. However it doesn t mean that the sealed pressure case made by LC4 will be perfect in performance. In fact
because of its weak magnetism, the pressure case made by LC4 has distorting effect on frequency responses of the magnetic
field sensors sealed init. This distorting effect doesn't affect the use of the magnetic field sensor, but if we want to eliminate
its impact, we should study it through experimental measurements. In our experimental tests, we used frequency swept

magnetic field as excitation signal, and then measured responses of the magnetic field sensor before and after being loaded in-
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to the sealed pressure case. Ultimately, we obtained normalized abnormal curves for the frequency responses, through which
we could reveal how the sealed pressure case impacts the responses of the magnetic field sensor. Experiment results suggest
that the response distortion induced by the sealed pressure case appears in the mid and high frequency area. Using experi-
ment results as standardized data, the frequency responses cllected by seafloor magnetotelluric measurements can be correc-
ted to produce authentic information about the seafloor field source.

Key words: marine magnetotellurics; magnetic field sensor; sealed pressure case; frequency response; experiment test.

0 ; ;

(Marine MT) ’
( ,2001). : ’ 3 ’ 5
MT ( , 2000,
LC4 . 1C4
(Evans et al., 1999). Okak . - LC4
(Jones and Garcia, 2003 ). Mn.Zn.Cr. Si ’
(Key et al., 2006) ) : ’
, 2005 2006 ,
(Jonny and Mikhail, 1
2005; Summerfield and Gale, 2005; Peter and
Yves, 2006; Dirk et al.,2006).
? s
( ,2004). : s
s 1.1
, , 3
b 1: b
) 10 m . ( ’ ’
,2000). 1 000 m , , s
10.132 5 MPa,
s . P96 1560 mm, ,



4 : 455

2: . ; | PCIO4itsibl = Wrr it |

) , %0 | EE
. [amrem] | H?#Hﬁ_il‘r] a&'mm%_)
’ ’ A -1
. , A [
0.3V/nT.
| AT R 8
3 . B 1 B AR BB R T RE S 1 RS 7E TR 2 18] P £ 490 )
, . ER 1
, , Fig. 1 The experimental diagram for frequency response of
magnetic field sensor in pressurized or no pressurized
zero-magnetic volume
’ ’ Jjo Jo
’ YimeYm B
'_>} H(jo) —>
17 ’ % ® J
; ©150X 2 020 mm.
, 2RGSO B
Fig. 2 The diagram of measuring system frequency response
1G.PC104
s 1.2
s ( , 2000,
. H (jw). s H (jw)
29 ) 5 . uh(lzlyzg M) n)
b ’
’ 5 ’ W ’
’ ’ ’ 2
s . 39 2@ Xi (t) ’
1) ) X](t)XZ(t), "‘9Xn(t)
s TD4010 . , Yi(p).
A ) Yi (t) . )
0.000 1 Hz; +0. 1% ,

0.6 *V: 2



456

32

r. .
R(
B A4 0
Yi(t), 9
( ,1995). 2 , Y.
@® N (p Y ()
Y (p
Y =Y (@®)+N (&) = Aicoswi t+ jBi sinw; t+
n;ilAnCOS(Un t+ jBnsin ot G(GF#n), (D
(D )
wi )
, Y @ , coswit

9

L[" L["
_j Re[ Y (#)] °cosw tdt= _J [ Aicoswi ¢+
wJo nJo

o
erA" coswn t] cosw; tdt = %JU Ai cos” wr tdt= A,
2)
o
Jo coswi t ° coswn tdt =0 (G F#n), 3
, Y@ , sinw; 1,
, Bi.
Ai Bi,
6 =g B, 4)
& 4 ¢
2
900 Hz ,
0.0016 Hz , 6

K 5 9 [

WA K BATER 4

HR

3

Fig. 3 The flow chart of scanning frequency experiment

) 1. 08
s 30 HZ I}
20, 10 ’ i
1~30Hz ) 5 ; 1 Hz ,
2 s
, 10h. 3
1 2,
0.2V.0.1 mA.
’ 4
5 N
. 4 5
, 1
2, ,
200 Hz
SdBy 2 . b b
0.4Hz , ,
4 5 ,

50 Hz




457

1

Tablel The measuring data of amplitude & phase frequency response to pressurized magnetic field sensor

o

o

o

(H2) ) @) (Ho) ) ) (H2) D) @)
900. 0 0.011 44.9 10. 330 0. 780 338.2 0.1259 0. 856 39.6
833.2 0.013 59.7 9.566 0. 785 339.4 0.116 6 0. 807 43.0
771.5 0.017 69. 4 8.857 0. 803 339.7 0. 108 0 0.777 45.6
714.3 0.022 82.2 8. 200 0. 798 339.9 0. 100 0 0. 743 47.5
661.3 0. 026 92. 1 7.592 0. 809 341.6 0.092 58 0.712 49.7
612.3 0. 032 104. 4 7.030 0. 817 341.0 0. 08572 0.679 51.4
566. 9 0. 037 118.5 6. 508 0. 834 341.2 0.079 37 0. 645 53.8
524.9 0. 044 128. 6 6. 026 0. 842 342. 1 0.073 48 0.613 56.3
486. 0 0. 050 139. 0 5.579 0. 858 342.4 0. 068 03 0.579 58.2
450.0 0. 057 149.9 5. 166 0. 869 342.9 0. 062 99 0. 547 60.2
416.6 0. 066 159. 6 4.783 0. 884 343.3 0. 058 32 0.514 61.9
385.7 0.073 168. 2 4.428 0. 896 343.7 0. 054 00 0. 486 64.2
357. 1 0. 082 176.5 4.100 0.911 344.9 0. 050 00 0. 453 65.6
330. 6 0. 090 183.7 3.796 0.924 344.9 0. 046 29 0. 425 67.0
306. 1 0. 102 191.2 3.515 0.939 345.6 0. 042 86 0.399 68.5
283.4 0. 109 198.5 3.254 0. 957 346. 1 0. 039 68 0.373 70.2
262. 4 0. 121 205.9 3.013 0. 970 346. 8 0. 036 74 0.336 73.6
243.0 0. 133 211.5 2.789 0. 983 347.5 0. 034 01 0.323 72.7
225.0 0. 157 223.4 2.583 1. 001 348.2 0.031 49 0. 302 73.9
208. 3 0. 157 223.4 2.391 0.990 349.0 0.029 16 0. 280 75.6
192.8 0. 171 229.7 2.214 1.020 349. 4 0. 027 00 0. 260 76.7
178.5 0. 183 234.3 2.050 1.020 351.0 0. 025 00 0. 244 77.0
165. 3 0. 200 238.4 1. 898 1. 030 352.2 0.023 14 0.226 78.0
153.0 0.214 243.3 1.757 1.030 352.8 0.021 43 0.209 79.2
141.7 0.234 248.2 1. 627 1. 050 354.0 0.019 84 0. 195 79.9
131.2 0. 251 252. 4 1.506 1. 060 354.6 0.018 37 0. 197 80. 7
121.5 0. 270 256.0 1.394 1. 060 355.7 0.017 00 0. 167 80.7
112.5 0.291 260. 3 1.291 1. 070 356.7 0.015 74 0. 155 82.2
104. 1 0.312 264. 3 1.195 1. 070 357.8 0.014 58 0. 144 82.8

96. 44 0.335 267.9 1. 107 1. 080 358.4 0.013 50 0. 133 83.1
89.29 0.349 271. 1 1.025 1. 090 359. 4 0.012 50 0. 123 83.9
82. 67 0. 375 275.3 0.9491 1. 080 0.0 0.011 57 0.114 84.0
76. 54 0. 401 271.5 0.8787 1. 090 1.0 0.010 71 0. 105 85.1
70. 87 0. 423 282.3 0.8136 1. 090 2.0 0. 009 21 0. 098 85.3
65. 61 0. 434 285.7 0.7533 1. 090 3.0 0. 009 185 0. 091 85.6
60. 75 0. 454 289.2 0. 6974 1. 090 4.1 0. 008 504 0. 084 85.9
56.25 0. 498 292.7 0. 6457 1. 090 5.2 0.007 874 0.077 86.3
52.08 0. 486 293.2 0.5979 1. 080 6.3 0. 007 290 0.072 86. 8
48.22 0. 588 293.2 0.5535 1. 080 7.3 0. 006 750 0. 067 87.4
44. 64 0.571 302.3 0.5125 1. 080 8.9 0. 006 250 0. 054 90. 0
41.33 0.579 304.9 0. 4745 1. 080 10.5 0. 005 786 0. 057 87.0
38.27 0. 596 308.2 0. 4393 1. 080 10.5 0. 005 357 0. 053 87.8
35.43 0. 615 311.0 0. 4068 1.070 12.3 0. 004 96 0. 049 87.7
32. 80 0. 626 313.4 0.3766 1. 070 13.4 0. 004 592 0. 045 87.4
30. 37 0. 639 316. 6 0. 3487 1. 050 15.3 0. 004 252 0. 042 88.6
28.12 0. 662 318.6 0.3228 1. 040 16.6 0. 003 937 0.039 88.5
26. 04 0. 672 320.9 0. 2989 1. 040 18.3 0. 003 645 0. 036 88.4
24. 11 0. 684 323.2 0.2767 1. 030 19.8 0. 003 375 0.034 90.0
22.32 0. 700 325.5 0.2562 1. 020 21.7 0.003 125 0. 031 88. 1
20. 66 0. 707 326. 8 0.2372 1.013 23.7 0. 002 893 0.028 90. 0
19.13 0.717 328.7 0.2196 0. 980 25.7 0. 002 678 0. 026 90. 0
17.71 0. 725 330. 4 0.2034 0.970 27.6 0. 002 480 0. 024 90.0
16. 40 0.733 331.8 0.2000 0.977 27.9 0. 002 296 0.023 90. 0
15.18 0. 742 333.1 0.1851 0. 961 30.0 0. 002 126 0. 021 90. 0
14. 06 0. 747 334.4 0.1714 0.938 31.8 0.001 968 0.019 90. 0
13.01 0. 756 335.5 0. 1587 0.815 34.2 0.001 812 0.018 90.0
12.05 0. 765 336. 4 0. 1469 0. 884 36.3 0. 001 687 0.016 90. 0
11.15 0.771 337.4 0. 1360 0. 867 38.3
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Table 2 The measuring data of amplitude & phase frequency response to no pressurized magnetic field sensor

o

o

o

(H2) ) @) (Ho) ) ) (H2) D) @)
900. 0 0.599 184.5 10. 330 1.39 358.8 0. 12590 0.92 48.0
833.2 0. 641 194.9 9.566 1.38 357.9 0. 116 60 0.88 50. 0
771.5 0.72 204.9 8.857 1.39 360. 0 0. 108 00 0.84 52.7
714.3 0.79 215.2 8. 200 1.39 359.2 0. 100 00 0.80 54.1
661.3 0. 87 224.5 7.592 1.42 359.6 0. 092 580 0.750 56.3
612.3 0.94 234.4 7.030 1.38 359. 6 0. 085 720 0.726 58.6
566. 9 1.01 243.7 6. 508 1.39 359.2 0. 079 370 0.687 60. 3
524.9 1.08 252.2 6. 026 1. 40 360. 0 0. 073 480 0.646 62.2
486.0 1. 12 260. 3 5.579 1.39 0.0 0. 068 030 0.607 64.1
450.0 1. 16 268.5 5. 166 1.38 0.4 0. 062 990 0.572 65.7
416.6 1. 19 274. 4 4.783 1.40 0.4 0. 058 320 0.535 67.3
385.7 1.22 281.7 4. 428 1.38 0.8 0. 054 00 0.501 68.7
357. 1 1.25 287. 1 4.100 1.39 1.2 0. 050 00 0.468 70. 4
330. 6 1.27 293.0 3.796 1. 40 1.2 0. 046 290 0.432 71.6
306. 1 1.28 297.9 3.515 1.40 1.2 0. 042 860 0.408 72.9
283.4 1.30 303.0 3.254 1. 40 1.2 0. 039 680 0.379 74.2
262. 4 1.31 307.5 3.013 1. 40 1.6 0. 036 740 0.352 75.3
243.0 1.32 3115 2.789 1.39 2.0 0. 034010 0.329 76.3
225.0 1.31 314.3 2.583 1.40 2.4 0. 031 490 0.304 77. 1
208. 3 1.34 318.0 2.391 1.39 2.4 0. 029 160 0.273 74.7
192.8 1.33 322.0 2.214 1.39 2.8 0. 027 00 0.264 78.8
178.5 1.32 325. 1 2.050 1. 30 3.0 0. 025 00 0.245 79.6
165. 3 1.34 326.6 1. 898 1.38 3.7 0. 023 140 0.225 80. 8
153.0 1.36 330.0 1.757 1.38 4.1 0. 021 430 0.209 81.2
141.7 1.34 331.5 1. 627 1.39 4.4 0.019 840 0.194 81.7
131.2 1.35 334.2 1.506 1.39 4.9 0.018 370 0.180 82.3
121.5 1.37 335.8 1.394 1.38 5.3 0.017 00 0.167 83.1
112.5 1.36 337.6 1.291 1.39 6.1 0. 015 740 0.156 83.4
104. 1 1.37 339.0 1. 195 1.38 6.5 0.014 580 0.143 84.0

96. 44 1.36 341.2 1. 107 1.38 7.0 0.013 50 0.134 84.0
89.29 1.37 343.0 1.025 1.38 7.4 0.012 50 0.123 84.4
82. 67 1.37 343.5 0.94910  1.37 7.9 0.011 570 0.114 85.5
76. 54 1.39 345. 1 0.87870  1.37 8.7 0.010 710 0.107 85.7
70. 87 1.36 346.0 0.81360  1.37 9.5 0.009 210 0.098 85.9
65. 61 1. 40 346. 4 0.75330 1.36 10.5 0. 009 185 0.091 86.2
60. 75 1.37 346.5 0.69740  1.36 11.3 0. 008 504 0.084 86. 6
56.25 1.39 347.9 0.64570  1.36 12.2 0.007 874 0.077 87.0
52.08 1.35 357.4 0.59790  1.35 13. 1 0. 007 290 0.072 86. 8
48.22 1.51 357.7 0. 55350 1.34 14.2 0. 006 750 0.067 87.4
44. 64 1.42 351.5 0.51250  1.33 15. 1 0. 006 250 0.062 87.2
41.33 1.38 351.2 0.47450  1.34 16.3 0. 005 786 0.057 87.9
38.27 1.37 352.9 0.43930  1.32 17.5 0. 005 357 0.052 87.8
35.43 1. 40 353.5 0.40680 1.3l 19.0 0. 004 960 0.049 88.8
32. 80 1.38 353.8 0.3766 1.30 20.2 0. 004 592 0.045 88.7
30. 37 1.39 353.8 0. 3487 1.28 21.9 0. 004 252 0.043 90. 0
28.12 1.36 354.9 0.3228 1.27 23.5 0. 003 937 0.039 88.5
26. 04 1.37 355.0 0. 2989 1.25 24.9 0. 003 645 0.036 88.4
24. 11 1.39 355.9 0.2767 1.23 26.9 0. 003 375 0.036 85.2
22.32 1.39 355.9 0.2562 1.21 28.4 0.003 125 0.030 88. 1
20. 66 1.38 355.8 0.2372 1.19 30.5 0. 002 893 0.028 90. 0
19. 13 1. 40 356.7 0.2196 1.17 32.4 0. 002 678 0.026 90.0
17.71 1.39 357. 1 0.2034 1. 14 34.6 0. 002 480 0.024 90.0
16. 40 1.39 357. 1 0.2000 1. 13 34.9 0. 002 296 0.022 90. 0
15.18 1.39 357.9 0.1851 1.10 37.2 0. 002 126 0.021 90. 0
14. 06 1. 40 357.9 0.1714 1.07 39.3 0.001 968 0.019 90.0
13.01 1.39 358.4 0.15870  1.04 41.4 0.001 812 0.018 90.0
12.05 1.38 358.4 0.14690  0.99 43.7 0.001 687 0.016 90. 0
11.15 1.39 358.4 0.13600  0.96 45.8
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