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Design of the electromagnetic flowmeter conductivity
measurement system with parallel excitation

Zhou Nian Huang Yunzhi Yang Shuanglong

(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract:In view of the existing electromagnetic flowmeter conductivity measurement methods, there are problems such as low
measurement accuracy, time-sharing of additional excitation and magnetic excitation, which affect the real-time flow measurement. This
paper proposes a parallel excitation electromagnetic flowmeter conductivity measurement method. The single pulse square wave capacitive
coupling manner is adopted in the excitation part, which can be with magnetic field excitation in parallel. The flowmeter signal and the
electrical conductivity can be measured in the same time. The band-pass filter and the method based on energy attenuation are given,
which improve the precision and stability of conductivity measurement. The flow velocity measurement shows that the conductivity and the
flow can be measured simultaneously with parallel excitation, and the conductivity measurement is accurate to 3% within the range of
100 uS/ecm~3 mS/cm, the flow calibration precision is better than 0. 5 level.
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Fig. 1  Equivalent model of electrode measurement loop
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Fig.2 Square wave detection signal and

electrode output signal waveform
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Fig.3 Energy attenuation circuit
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Fig. 4 Equivalent model of capacitive effect
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Fig.5 Block diagram of system hardware
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Fig. 6 Schematic diagram of excitation circuit
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Fig.7 Schematic diagram of conditioning circuit

SIGNALL A 8 BE H B i A5 %5, 55 1 RO IR Bl
%, S F BHBT A $ i 1R L 32 Bl 9 2 = A A BT Y
s TR . 5 2 Gy e R U R 1R O U
BRAGS H W B o5, 5 3 20 IR B A 8
o UEBRAE S B T P R A B LR AD SRARIR S B
WA BB R MFB (30 Fh G548, R 7 K75 3 45 3 25
e ROV HHE | T 48 U AR5 UK 3T i 400 i) 7 > i 3 2R S 8L
I AR T, IR — O AR T K R
FHL GRG0 B M5 5, DSP W R - ADC 1% A
HLR S B 0~3 V), BT DA X5 5 2R 47 I (6 8 48,
OV EEEWRFAELL 1.5V REME, F£4FH ADC
PR AERE B

H SR T A S B IR AR 2.5 Vil BT
T 55 0 P 5 S B 5 108 R (R X 1 B A
HLEZ B RA

U, =1.4U + 1.5 (11)
X, U, T B S, U, VR
545,

JHHE R FEAE 5 A A R RS 0~ £200 mV , {I5iE
U D PRI T 25 S5 AT, DU B AR S A B
HXRN.

U,=7U. + 1.5 (12)
L. U, AR AG S G515 Vo
W IR G ADC F A RRE eI L R

3 RGHET
LSRRGS ADC R BRI

AEBREEYE STRARIFE I, ADC SRAETR R B
Rt B s s Sk AR I 8 s

HL G35 S R A B R S HI T AD S 5 R il —
SRR, T A AT (S A e D, D PR U A

=3

A
=3

GRATRE
Y

EERE

#lﬁ
WREALFlag=0

K8 Ak
Fig. 8 Program flow chart

A

SGamaRY
TR SRE

= =N

PARMER T4, Z e iRz R W S se o/ HIr
SEEE SRR — R SR A A WA T v o7 P 2
B, FIBAH AR R T 2348 BE 4 R T B{E I 2 48 4
B A/NT BENARIEL G RO A TR AR, R 46
RREWRE,



20100000077016 % 16 J&&. fbd
[=]%
510 3 FFAT IR A ER R I T E S R e R SRR - 139 -

4 LG

HE A ST 9 P T R 0 ot R 4 5 LR T et T
Weih RGA5 G, 78 DSP A FRES S A BRACHE I iR
SR LR, xR RE ST E . RE
HEAT R S5, SEHLIA i H R R [ B

1) bR S5

B — R AT B B A K A R R DR R
DN40, FIE L AN 1 em®, BLHAR I AN RS9 316 L,
K K H kK, B S 0 B2 125 pS/em ~
1250 pS/em, 7K A7 %8 7 T I £ 48738, A — 2 == 11
KCL ¥ ¥ (1 mol/L) Bl 28 i W il 5 %, = R IR 4 7
25 CLEAq, Fm e B 9 Fos

Ko SosieE
Fig.9 Experimental apparatus

VLB FE G DDB —303A 548 2 52 00 3 4 0
AR SRR R, ST 1%, 407 B

AR 250 Hz, 28 GoB0E Ab #1485 Sl i RS485 3 {5 S A
AT E PR, B R SRS W T R R Y A
SIREE RSO JR UEAT BN 5 A (R 1 SR 2, S5 I
20 2B R HET R A AL B E g 7 =, F F R

A (13) 4,
7" ﬁlﬂ, ()

WAFH RS a=0.017 3,b=—-0. 002 481, ${H %k 10
HEIAL(13) TR G520k 1 PR,
F1 NREZWRELER

Table 1 Calibration experiment error results

F'9 BSRME/(pS-em™)  HELER/(uS-em™)  BRE/%
1 182.5 184.6 1.16
2 304 302.2 -0.58
3 576 570. 4 -0.97
4 834 827.0 -0. 84
5 1128 1138.9 0.96
6 1424 1410.5 -0.95
7 1753 1754.7 0.10
8 2 060 2 060. 4 0.02
9 2 630 2649.5 0.74
10 3 060 3031.1 -0.95
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Table 2 Conductivity measurement results with different velocity

L EbRAE(E/ (S em™)

T/ (mes™") 205. 6 428.2 582.0 814.0 1101.0
e W/ % I f RE/% e f RE/% e RE/ % WEME R®E%

0.0 209. 28 1.76 430.79 0. 60 579. 93 -0.36 823.96 1.21 1085.35  —1.44

0.5 210. 05 2.12 430.70 0.58 581.29 -0.12 820. 53 0. 80 1096.94  -0.37

1.0 210. 56 2.36 430.90 0. 63 580. 19 -0.31 812.95 -0.13 1092.82  -0.75

2.0 210. 05 2.12 430. 12 0. 45 579.71 -0.40 813. 88 -0.01 1092.74  -0.76

3.75 210. 50 2.33 427.79 -0.10 578.31 -0. 64 814.49 0.06 1092.28  -0.80

5.0 210. 62 2.38 423.72 -1.06 579. 10 -0.50 817. 46 0.42 1093.73  -0.66
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