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Study on the Inversion of Dynamometer Cards for Beam Pumping
Units Based on Conditional Generative Adversarial Networks

LI Xiangyu, DENG Yuhang, YUAN Chunhua

(Shenyang Ligong University, Shenyang 110159 ,China)

Abstract: Accurate measurement of dynamometer cards is crucial in diagnosing faults in rod pum-

ping systems. For the high maintenance cost and poor stability of direct load sensor measurement

methods,and the low precision and weak applicability of indirect electrical parameter measurement

methods,a hybrid model of electric parameter inversion dynamometer card based on conditional

generative adversarial networks ( CGAN ) is proposed. Firstly, a mechanism model is established to

transform electrical parameters and mechanical parameters into polished rod displacement and load,

generating rough dynamometer card sample data. Then, leveraging the application of CGAN in the

field of image transformation, a refiner is created for rough dynamometer card data to achieve image

transformation between rough and actual dynamometer cards, making them more alike. In addition,

in order to allow CGAN to better extract dynamometer card contours,a self-attention mechanism is

incorporated into the generator for enhancement. Finally , this method is validated with field-measured

historical electrical parameters and dynamometer card data. The results show that this method signifi-

cantly improves the accuracy compared to the pure mechanism model inversion dynamometer card.

Key words: dynamometer card measurement;electrical parameter inversion ;conditional generative

adversarial networks ;image transformation

W EA.
E&WH:

EEEIT:

2023 -06 - 14
% HABHEFEA T H (62173073) 530 TAHE T w8 S5 A SR H ( LIKMZ20220618 ) 5 315 748 A BL BSOSt 1 2027 ¢ 15
B 535 3 (SBKIGYZ - 2021 -06)

T (1982—) , 53, Rl W RS 07 1 A2 2 Tl R i W Sl R AR (1987—) RIS, £, Rl i
WFSE 7 1) Ry 2 2 Tl PR gt i W S 45l



2 Yo

¥ I XK ¥ F Ik

%43 %

7 DIy LS e T A AT B — R R M a2
8l , HETE A2 Hr il AL T oL EEESL
FAEE M R G W EPris RS VAR A 2 5 7 ik
B S , DRL, 7= D IR] B4 SRR ot R0 v 00 o —
FLE SR T 0040 BY G B B R B2 R K
ARG B ITRCRI IR, PO B A P2 vh i G
NIy R AR Ty 3K A A A 3 e A IR AR S
P TR TG 22 B R TS 28 T L)
R BRI TR A PR I S
FE b R 222 171 28 4% IR e 0 B0 o 455 7, s e 2
FEREE

X EIRRN R, T RFEE SO TR W -
Ty WCHE I HL S S IR 5 7 T L ) 26 R B NS e
et oE  Forb 2 R 2R 3 AR R JE U P R
B0 S L SRR R A, TS B R T R
SR AL R ACAE B s B RO S B %5 F 0, $ 3k
B R D) 2 70 T B0 X3 &% i, AR T DL
TEHLAE B T 0 BT b AT b (HIE SRR
REAIR S e s D R AAS . LSS Oy 3 ) 0 0
() B 7 52 b T RN T 52 2% 00 by MLAS - A B
TEALA R, T AR N AR

ARk I AR AT U 2 A
P 4% (GAN) 81 1z i T A2 B 5 L 5 1 £k
#E°) . Guo 453t GAN 1A AL FLAR B ik 43k
TF & T — P 21 s (A B RS | AT DL B 6 W 75 &

BUE K T B 0 GAN; BB R A ol i 9
GAN S TAT NS BT NG 46

Z b Ia K, o fid R R R B R s D)
FSEIMECH R 22 (B A7 AR 3R IR 25 ML, 25 6 451
AR R4 ( CGAN) 0 78 R 55 AL 45Uk i F 5
BR A SCHR Y —FP 3T CGAN 14 7% T [ s J A
R SR A R R G 0 s S A ALY
TAEJFEELE ST RS A S HO TR S 2R LA
AR I HLIREI Y ; SR )5 ff H CGAN 2 57 Kl B
BRI 2, X5 AL E AR A A ol i MR 75 T PRk A
Ak, &%t BG4S 86 1 R AE , 78 CGAN 1 4R Jli 2%
HROIA T R AL ol A Ak R 2 P
I 7R g PR fin B 5 5 S 45 T ok SR S 1) FL LA A
L BB SAL 3 3 AL PR 7R AR B K8 4 Ak
e AR B R A R R T

1 ETHSHAVNERE

T i R AR I E 1 s, e T AR
AR S L N ER IS S, BAMESR AR —
Wb, 7E—> g, Bl LR B S A R R
PR R 2 AR /R DAL, 20 P 5 9 AR
DM ALAE — A PR A B RN, o A o
PR TAEA” B s A AL I E MR FT T A,
C RIX LR EAERL”, D i W Sy iy 3 LR T

%L S5 B T — RN PR RR B RO AR A
sk
e S
& : & N :
w1 SR g
S e T
) | ) _
L\%ﬁffﬁ FE RS
N
( \ : e AT
S SIS S S
\
WeEh LR
B UG e

E1

MRl R RS REE

Fig.1 Schematic diagram of the structure of the beam pumping system
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Fig.2 Asynchronous AC motor model
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Fig.3 The diagram of four-bar linkage architecture
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Fig.4 Pix2Pix training process and generator structure
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Fig.5 DC diagram of the mechanism model generation
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Table 2 The productive parameters of down-hole
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Table 3 Mechanism generation and measured DC

error analysis
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Table 4 Mixed model and measured DC error analysis
TH KA T/ N AT AR TR
RE/ % W2/ % WRE/ D
1EH 1.27 4.42 1.42
HPERA R 1.75 4.89 1.27
ARSI 2.40 3.84 2.13
el s ok 1.47 4.09 5.16
At 1.56 4.36 5.79
SR W 3.75 6. 95 6. 14




% 3 EMFTEF . LT CGAN #3hidbLd R R % = 2 B AR 9

14+ = Mx&i"\‘y]@
B

0 06 12 18 24 30 36

0 06 12 18 24 30 36
PrE/m LB /m
Ok %Y (b) AT W

11 #HEHENEELELRE
Fig.11 DCs failure process
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