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Real-time measurement method for drive shaft torque without battery
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Abstract ; Drive shaft status monitoring is an important part of the health management of power machinery equipment. The real-time
acquisition of speed and torque is its primary step and data foundation. Aiming at the problems of sensor installation, signal transmission,
real-time and continuity in status monitoring, this paper proposes a battery-free and leadless real-time measurement method based on
roundcapacitive grid. The structure and principle of the round capacitive grid are described. The principle of capacitive coupling signal
transmission is analyzed. The differential-combinationconfiguration and installation method of the round capacitive grid are given. The
optimal number of round capacitive grid electrodes is determined by simulation as 20. Finally, the speed and torque measurement of the
drive shaft is carried on the turbo pump hydraulic test bench. The speed waveforms at 300 and 600 r/min and the waveforms corresponding
to three different torque values at 300 r/min are obtained. Five different time points are selected during the experiment, the speed and
torque datas collected at each time point by the round capacitive grid and the strain gauge torque sensor are compared, and the data
consistency is good. The experimental results show that the round capacitive grid can be used to measuring the torque of the drive shaft.

Keywords : round capacitive grid ;dynamic torque measurement ; capacitive coupling; electromagnetic simulation

SERAMEB ML R G sh Ve fE e shBE e e b
FIFRCR IR S A B4 o W HLAE A 5
BRI, 23 g e 25 e TN 5 it R/ B 1 223 1Y 45

0 3

T

B AL R G PERE RS S Hn0 W D2 B 5 fe B
PR E B AR, sl A Y 207 SR AL Bh AR

Wk H #:2019-04-04 Received Date;2019-04-04
* JEATUH  ILPY4E H AR 54 (201701D221122) T H % B)

LAEIRE T
LR T4% 3l b 2 25 0 ) S ip &, iy 4% Sl



48 o & 2 R

Fal1E

P32 SlREPE RN IR B I 7 o AR R R ZE BN T < 1) %
e AL AN S R 5515 i 2 21 BRI, D3RS 13
I IEEE PR 25 5 2) A5 SR AR I A BE A0 1 22 , 77 B R
HEL b, S AEARL S e 3 A2 K I ) 4 s 0 A g SR L g
QIR T R BEL R AR R b e E A A L R K TR
B P A L A A R R 5 0 1 R P B R
AF AR AR G TOERAL i S5 T IR A — R AR T XA
(), (ER R AR T A A S e 5 I T Sk 22,
DL RHUIR R 2 T B 5 AR B W 5 TO 438 I 1 % S s
HAepe/INas (8] K i s e 5 1) 3 B h L e sz B, 45 HL I
5 B b BEH AR B 1 5 B 15 2 5 i 2 A 3 S
PERE s A TCLR R ik i K, TG 28 38 W 3 77 16 5 2 T4 1
[F I

FETFUCIUIR A 2238 AT T R G B i Ak
55, SCHR[ 16 ] 45— Fh ik B0 4 A% 1A%, R g 3 4
W B VBB S A TR 0/ INRE AR AL B, ] S8 il i R 2k
LR, ihiz Sl i 68K 1 U 48 R 109 A8 TR B 4 il H R
A T R R TG T P L R K e ) R
FE I F AR Rl i e 2 b SCR [ 17 ] SR FH R R
22 BT R T S5 A B s AR A D ) S ok = A
o SHIUE RSB YL AR L, YR SO AN TE B e
PRI HLIRAZ 311, e 8 %% 14 Tl 3 A rht 1 2k Akt 42 B 4 O
SCRKL 18 ] WF5Y T —FR AR 42 k=X A9 i == & shpLEG T L3R
DB 3, AR H B i 0ok 5 | S Dk ok o 155 9 R
ARk 3 I A S IR ST 38 ) ) D B A T L R 1) S B
W, SCHRL 19T 2 1 7 6 HH 4% A7 5 2 47 462 ik il [1] g —
UCRAE RN A T3 A T IE A ok i A 5 5
B AR A0 B o SR [ 20 ] R T — Pl 45 44 1 1) 42 41
PR32 I D7 i, T LR i 0 4 1) ST A 7 R A
RIHEEZ 1R, oM — A T I G254 7 42 5 i /2 —
Uity , 300 o8 A N7 A R 008 L 2 e A T 4 2 4 A 1 ST A R i
B2  WEAS 75 L HL A 0 2 et R 7 38 40 B A%
TS T AL 8 0 4 P o sk A7 St i o o e o A2
IR

AL GRS G B sh il i 45 s Y R
T — R R MG BRE38 RGE A RGO e Ll
Tois G| & ek AR T o AN T R T
VSRR, 38 4 PR (07 BUA G T I5  M v B R e
JETEIRFE IR TS50 & B AT I, W 1 06 45 1 5
PR AL S AT RS LU, B0 T T 8] 25 A 30 1L 26 2 s )
TR AT AT A AR

1 BEEHHMERS

152 5 A e 2 78 T BR 2 P 5 A R 1) — R R
A, FA S5 ] B AR BEFEAR  PRBTIE O o |

R 1R SR A, T — R A AR R A L, 3 R R
TE: 1) ZA At , REUE 5 2) - AT LLAE o), JF BA iR
2EV-RE K00, IR R Ry 53 ) 3 5 F A A% S A FH AT LA S B
PN HL R 2 (8] T 5 | 2k 15 S8 A% % o
1.1 EEME R TIERE

Rl 2 A T — b n R AR B, A i 1 i
RN ERERES S [ PR E  H b A 00 B H A
B, Herp sl e 22> B AR O FIBCZH B, AN e 45 0 AN Y
VR 2 LA 2 B, 0 B R 1% b A RS A [ 5 P A K
NS 2 £
AR A
B
il

R SS  NibER ol

Fig.1  Structure of round capacitive grid
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Fig.2 Installation of round capacitive grid
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Fig.3 Two-dimensional model of round capacitive grid
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Fig.4 Simulation model of round capacitive grid
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Table 1 Simulation results with 10 electrodes pF

Ve fa g el A il B HUA
0° 63.34 110. 63 173.97
10 39.38 134.73 174. 11
2° 44.193 129.9 174. 093
3° 50. 165 123.9 174. 065
40 56. 642 117. 4 174. 042
5° 63.334 110. 63 173. 964
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Table 2 Simulation results with 20 electrodes pF

Eigil i A ittt B HLA
0° 84. 836 104. 95 189. 786
1° 131.97 57. 839 189. 809
20 122.41 67.302 189.712
3° 110. 59 79. 141 189. 731
4° 97. 845 91.742 189. 587
5 84. 836 104. 95 189. 786
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Table 1 Simulation results with 30 electrodes pF

TV a2 il A i B HUA
0° 77. 165 56.974 134.139
1° 49. 428 84.825 134,253
2° 55.293 78.918 134.211
3° 63.017 71.26 134.277
4° 70.773 63.528 134.301
5° 77.207 57.132 134.339

A FAE A R A WG SR ES 1 H AR B R 20 B
i RS IR A B Rk
3.2 EEMrBEAE

F T [ A A A 3 80N AR Y T i A A b i 2 Ak
BRI T — AN, fE S BRARORR Y F AR T RS (H, i %%
BRONE 5 | AR AR (8] L 3 AR AN 5] 7 AR TR S, AR B
FEBEAG . PR [52 28 A  W BR A 7 30 80 5 L, 25
LM B L 5 L2 B G R 7 LS AL, DL B 4 3800 1 5
FLEER R e ) | AR A A o A PR AR BB, SR [ %
MG AR PERE I e i B

&5 Frm o B AR BSOSl 10 /4 58 2 Al i Pl 4 0 L =
YT BT rp Sl AR A 5 AN A AR A X A T 10,
AR AR I TG A AR DX 35 A 78 A BT, %o 4 AR A A o
ZEMMAR RIS T H0B , X Tl A R AR Az 5, IR
B AR AR (Y 5 0 A ] A G YZ T S
HLZ R E (IR 3 A 1 B0, X G AT . XZ
AT XY T ) o FEL 37 5 B R S YZ THIAH ]

FS BIAI ZR 000 A5 FLAS Y
Fig.5 Edge effect simulation model of round capacitive grid
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Fig.6  YZ overall electric field intensity distribution
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Fig.7 Electric field intensity distribution of 10 electrodes
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Fig.9 Electric field intensity distribution of 30 electrodes
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Fig.10 Installation structure of round capacitive grid
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Fig.14 Speed signals measured by two sensors
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