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[ Abstract] The gradient magnetic field coil is an important component of magnetic resonance imaging system (MRI).
Its performance can not only determine the MRI imaging speed but also affect the vibration characteristics of MRI. It is
important to understand the gradient timing in typical clinical sequences to analyze the origin of vibration characteristics

of MRI equipment. In this paper, the magnetic field rate of change (dB/dr) signal of gradient field in typical clinical
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imaging sequences is measured by searching coils, and the vibration characteristics of MRI equipment are evaluated by

laser vitometer. The horizontal change patterns of device vibration spectrum and gradient slew rate induced by typical

clinical imaging sequences were analyzed. The results show that there is a strong correlation between the gradient timing

and the vibration of MRI equipment.
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Fig.1 MRI and gradient magnetic field coil diagram
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Fig.3 Schematic diagram of the relationship between the inducted voltage of the coil and the actual measured voltage resistance and the search coil
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Tab.1 The resistance value between the search coil and
the connecting wire

R EIBLE /mQ B /mQ
196.20
X(CH1) 174.45
197.60
207.40
Y(CH2) 180.00
188.90
198.10
Z(CH3) 169.00
185.30
T 174.5 195.60

[E: CHI, CH2., CH3 ZrilFEREE N =HiE,

AL AR S R IR 3 I A ] 5 MRI
RGN IR A HEAT dB/dr N 5 08T, A
PRSI R MERT T . ARRCE TR O R, i
R PO SO TR 452 E HEEE
O 20em (LA 4) o BESRZRERN G L (%

MRI &5t

PR B REIIR E AN R RS ), B LR ILAEI
B2 AN S o B Tt N3 2 e PR 5 LK o 471
[ AR A8 s A TR R R I 8D I0Y , DM S 22
AT AT AL B SR K oy 51 -5 G 3 B D4R
D5 g Bk o P AR — 30
14 pgFIISH

AR S 55 16 LAY F S AL 5 D e 1 ( Fast
Spin Echo, FSE) &%, # & 7l % ( Gradient Re-
called Echo, GRE) J¥41 J B8R B f5 5 B 1 F- 1
[ 3% i1% ( Echo Planar Imaging, EPI) FWJ¥REUINAL
A% 1% ( Diffusion Weighted Imaging, DWI ) ¥ 51,
Hr DWIJFH R b {E: b=0, “FIRECH 2;
b=1000s/mm’, PR KK 4. i TR EOT 0] 24 1Y
Tria) o ELRK 51 BN SN R 2 Fis .
1.5 FFT |RIEB

BT FFT MBS B R e A G5 R B & i
ARG U B )z N TS AT S

B BRI R

4 BRLEX MRI R4 dB/d NRRE
Fig.4 Schematic dagram of search coil for MRI system dB/dt test signal
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Tab.2 Pulse sequence and corresponding parameters in magnetic resonance examination
e R (LS PNIN FOV TR TE 9 NN
Rl /mm / (mm x mm x mm ) / (mm x mm ) /ms /ms / (Hz/pixel ) il
GRESP 8 1.02 x 1.02 x 8.00 260 x 260 10.4 4 320 AT
T2FSE 5 0.64 x 0.51 x 5.00 230 x 200 5000 96.8 190 e
TIFSE 4 1.33 x 1.00 x 4.00 320 x 320 537 12.48 110 et
EPIDWI 5 1.80 x 1.80 x 5.00 230 x 230 4307 116.6 1480 R Gty
e SEBRIK T DA v R A 2 U e, R, FOV R/RiLEF, TR FonmE i, TE R Mk E
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Tab.3 The voltage values in the search coil (V)

ok wp 1 CHI-R CHI-L CH2-R CH2-L CH3-R CH3-L
GRESP 0.58 0.58 0.26 0.26 0.16 0.08
o T2FSE 0.50 0.30 0.30 0.30 0.50 0.10
Bt T AR
TIFSE 0.50 0.30 0.30 0.30 0.50 0.10
EPIDWI 0.56 0.40 0.30 0.30 0.50 0.10
GRESP 0.60 0.60 0.50 0.30 0.50 0.30
B \ T2FSE 0.60 0.20 0.40 0.20 0.40 0.20
— %Y dB/de #EX
TIFSE 0.60 0.20 0.40 0.20 0.40 0.20
EPIDWI 0.80 0.60 0.40 0.20 0.40 0.20
F 4 IEKREAFS dB/de 1B (T/s)
Tab.4 Clinical pulse sequences dB/df value (T/s)
Jik 5 %) CHI-R CHI-L CH2-R CH2-L CH3-R CH3-L
GRESP 6.09 6.09 2.73 2.73 1.68 0.84
o ‘ T2FSE 525 3.15 3.15 3.15 5.25 1.05
Bt T AR
TI1FSE 525 3.15 3.15 3.15 5.25 1.05
EPIDWI 5.88 420 3.15 3.15 5.25 1.05
GRESP 6.30 6.30 5.25 3.15 5.25 3.15
B o T2FSE 6.30 2.10 420 2.10 420 2.10
— 2 dB/de AR
TI1FSE 6.30 2.10 420 2.10 420 2.10
EPIDWI 8.40 6.30 420 2.10 420 2.10
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Tab.5 Clinical pulse sequence slew rate (T/m/s)
Jlieubs=27] CHI-R CHI-L CH2-R CH2-L CH3-R CH3-L
GRESP 30.45 30.45 13.65 13.65 8.40 420
B T2FSE 26.25 15.75 15.75 15.75 26.25 5.25
Bt T AR
TIFSE 26.25 15.75 15.75 15.75 26.25 5.25
EPIDWI 29.40 21.00 15.75 15.75 26.25 5.25
GRESP 31.50 31.50 26.25 15.75 26.25 15.75
B o T2FSE 31.50 10.50 21.00 10.50 21.00 10.50
— 2524 dB/de AR
TI1FSE 31.50 10.50 21.00 10.50 21.00 10.50
EPIDWI 42.00 31.50 21.00 10.50 21.00 10.50
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Fig.5 Comparison of time domain signal and sequence structure diagram of coil induced voltage under different pulse sequences
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Tab.6 Time domain energy value of each pulse sequence (mm/s)

Jik 51 RMS 5 RMS yipraion
GRESP 1.90 1.50
T2FSE 1.86 1.48
T1FSE 1.62 1.48
EPIDWI 4.17 1.79
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Fig.7 Comparison of dB/d¢ and vibration spectrum of different pulse sequences
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