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Study on adaptive flexible control technology for pumping units and its application

DUAN Zhigang, YE Hong, SI Zhimei, WANG Zhi

(Petroleum Engineering Technology Research Institute of Jiangsu Oilfield, SINOPEC, Y angzhou 225009, China)

Abstract; There are some problems in rod pumping wells,such as a small range of adjusting parameters,a large peak value of
polished rod load, low pump efficiency, and a large amount of electric energy waste, and so on.In order to solve these problems, it
was carried out studies on adaptive flexible control technology for pumping units.The flow trend monitor was developed to form the
intelligent stroke adjustment technology of the pumping unit.According to speed characteristics,neutral point position,rod string
stress, the service life of sucker rod, etc. it was compared and optimized the control method of M-curve.So, it was formed the flexible
control technology.This technology has been applied in 32 wells, in which there is the average stroke number of single well decreased
by 49%, a single well energy saving of 40.5%, and the prolonged pump inspection cycle of oil wells.

Key words; pumping units; intelligent stroke adjustment;; flexible control; frequency change

WA AL LA T B RIS 5 TTRE ML) BRI BRI AR iR T 7 e s A ) i 2k

Py R ARG AR TT LA R
dA 2 R AL (E IR AR LR LT
TET P i) A

(1) BRI 2 A R, St 58 B, 42
SO e B XL BRRESE W T T B AZ AL, AT
BUEF SRR, A ST AR, MR BERE & 5

(2) ALY 2 e , BT i #s 17
(Al T 7R 52 AR A 1B P 28 Ay IR 3l 280 , 32
T RSO A JR 3 5

(3)AIMALIS SRR, IE W s A7 AR/,
TEME 75 FBLIY , — Bl 2 AT AL ) Sl o AR 2%
P8 R 2R 7= A R BRI U RETR
P RRACR,

BERF LA _EAFAE R A 7= IR T, AR AL B S R

LA RIAR G SF = AT AT T HARVIS B
BT AL B &SR PRI, FAETT IR
VAL A N A T AN RORICR:
TR AR LR C N

A i B PR3, AT R A A
(DLIEIN) o ZAXAS LA s AR ANE S Ab BE A% o M
R P R S LR A BROT A | TR E A% R AL AR
AL, RS R IO A RO HR B E R LR
K ARTCIF A TR] N Hh RGP B A

175 B #9:2019-06-14 ; B B B #3:2019-08-29
FE—EHE RN BRI (1978—) , FgL TR , B i T 5
AW, E-mail ; duanzg.jsyt@sinopec.com,



5513 85 13

BN, A i Bl F O SRR R EOR P S - 85 -

TR LRI MEEAL B 25 4 THBE SN R AR . e
A e P T S I o A TR A E | T RE AR 3K
PR B AR I AR B A5 S e s i 5,
Ak B AR L A S AR AL, P AR LA T
AR

Wb N e

Bl AREAZ B
AR e A A S ™ i () A8 A 3 O
il 1T BEVRAL ppE AR Y (DLIEI2) 38 i PLC AN AR
A LI B i | DT S B0 R 4% np ) H
1

LR

!
I EABELIE T,

!

EAIRT

N|

‘ v
VAL T

Bl 4 K B

< SRR s >

—

A E AR

B2 g aeiR s AR B ER
SRR R wh o AR AR RERE T S109F

X29 M453F Y2844 11 H: ik i It %4 1 HH B2
e W B I i i R 38 A 20 B K
T, HMETE 2550 T 10K F- X3 = &t
SERFW] BRI AL v BUS TR 7 i A T AR
b (NS 2t TR AR 22 5 1B Y ), 51
P21,

xR BEAMEIEEE L

Jpg TR S QR ) =R U1 G U= 1 = A R U =i i
(K-min') (&K -min") (t-dh) (t-d")
S109t: 3 12 1.354 1.353
X29 3 1.1 2.132 2.133
M45 3 1.1 1.658 1.656
Y28 3 15 1.038 1.039
S 3 1.225 1.546 1.545

2 il TSR

SHTFATL P A o B AR (37 3 2 S 3 o % AR A 2
HAR R 3 7 =, SEBUT F LA S A SRR 8
b HLHIL A AR s e el A At AL A R AR
B B DT R S RGNS SR, L
ARSI AT B R B AT B2 T DA SR FEAE AR A R
()32 B3 3 A3 A S5 S50, Xl A %) 1 ) 28 Ab S 3R
“HI ST B IAT (4 0 0 22 4k, AT A2 4 4k
THFF AR i, R T AR 2 R

W5 BT K s il 2, 4k 7 —FhM
FEdl e, 5 B s 7 X T L, 43 A e 5
77 M A TR B AT A2 N T
21 REHFEXILE S

RN B th 2, Mith Zedta s il
AT 8 5 R B 2 [ 4 3 T 1 e R B 19 77.9%
AT a1 AT AR (WLIAI3) .

643.7

©
g

£ 3693
949
1795
Eat

453

0.00 6.00 12.00 18.00 24.00 30.00 36.00 42.00 48.00 54.00 60.00
il /ec

a PIRHF A Bl
501.8

@
2414
BX -189
12793
lswr\

0.00 6.00 12.00 18.00 24.00 30.00 36.00 42.00 48.00 54.00 60.00
fif fiil/ec

JEE U/mm/:

32

f!zt}

b M 2R B)
B3 WAAAET Y @ik gL

2.2 i3tk

A1 T iz sy FEA A R G2 & A )
MZEEVERTT il AT Bz 200 25 0, T2
BT BRI ERT  flm s I
FAEEMASY, BEE LT epRREE AT S
AT AT IREE S IR0 — mtt oy
], EH B2 S R B2 S S O
k207 B DL R e K R I 2006 S ) Sl SRR A
ANTE)4 3 75 2R Bt AT AR th A (WK 2) , "I LA
Ay 1T R M &t sy g h AU AL E A
—EFEEE BRSO A B e B o A 1 R 1Y
YER



. 86 - /Sl

X 20204F 3 A

R2 IR &I R E AT R R R AL E

RS E /m
A Z1
(IR i Mih &gl =X
AR A=t 1254 1265
FAE ST 1263 1286
T K e %1 1208 1223
e R s 2 1242 1265

73.093 73.089 73.085 73.082 73.078 Min
73.095 Max  73.091 73.087 73.083 73.08
== Y ] O |

N

3 M AR LS

MR B A0 I ATANSY ST LA 40l
FHE_EAERT R AR PATR IR R f ok | AT RN
HEEROR . MATREE A R ORI B AT R iR K 456
A FEAALE B2 T (WIE4) X B 7O R
PR A 448 3 175 B0 32 JIRHIE (WL3R3) , Bk
Ui, M A 3h B 5 RN 7, IR 4 30 A e R g
/N RT3 1 I

72704 7217 72.696 72.693
72.706 Max  72.702 72.698 72.694 72.691

[ R -]

72.689 Min

B4 kA5 E

R3 AEHEN T THINTFRKE AT

R4 HBATEST FaXtt

St Bk MEi&dEsim kR oeo,
W H1 o /MPa W 1 o/MPa

B 71.227 70.816 -0.411
TAEA 72.851 72.526 -0.325
AT R 73.095 72.706 -0.389
ATREIN R K 97.985 97.96 -0.025
AT R 72.194 71.572 -0.622
TR ERR 96.068 95.415 -0.653

2.4 FFEFaXTL ST

ST () 0 FH i S8 5 0 9% 57 4 O, AT LA
FHR 754 i 2R 7R 2 5 I 55 R BN E &R I
1754w 2R 1 FR RS AR I A JE B A B,
PEPR R, AR, PR 322245 EC el
57, T LAF| FH Fatigue tool H Y957 55 SRR ih 28 K45
FLHIIM AT B9 55 i, AR S PR A A AE — ik
Féi , BT LB i 4%3 IR 7 1% R 0.8, 181 FH Goodman FRiE
XA BRI TEIE | B S B8 5 Ayratio , 15 2T
9 55 A oht LE e (WL364) o MK LB R B, BR
T B AN Mt 23 sh i TE A R EISIL T R4 5l
HAE FATRR N R B R (BPR Jyde Ra ) , MIth &
i 5 O B4 3h IR ER R 22 1845 6001, B A7
AT i B i A s 220 55, MUt & 4 8 =X ) i o
K, B, Mh et sl =0 BT A5 s
K,

B shIER Mt Z 4 sh05 R

L wae  wme OO
A 48 613 200 48 487 200 -126 000
TR 43 388 400 43 663 200 274 800
AR ECR 42 859 200 43 706 400 847 200
EATREANEE ROC 15115200 15 960 800 845 600
TR RK 46 725 600 46 736 000 10 400
AT B IR 16 173 600 16 203 600 30 000

S LA e, s i M2 At sl B
AL M A2 il A SRR AS A T B BE ZE A A AT A9
(LU iR S IR STHPIRDE e Y bl

3 fhALE REERIAERI i

B RESE A T2 BN T AR ) BOAR O S
R B R PR LA AT

BT I I P 2R AR A A S ) R SR A S
R 22 R AR ) DU G TP RE 55 e
e (R TRDEE, BIF A T 2R A F 2 o PR S RS 5 F
AR T TR R TURE ) IE T AR A A

FIALLE T i v 77 A S A A R A I B0, R
i S L BHIRFE S A L, PRI T AS Wi i, RIS
DA T P L, ] T OE B, ) T A
7 A BTN B A T, BRI 2 i A
T5%.



5513 85 13

BN, 2. i Bl F O SRR R EOR PFE S - 87 -

®5 MRV BENREESRANAYLRSEITER

iR WA A /(K - min™) W /% Wi te /(m3-h) B REBF % LEETHRR /%
i F AT 2.8 2.81 242 0.795 2 6.3

H88-5 3248
s 1.5 3.08 2.43 0.9327 9.2
i FH AT 45 2.07 1.01 0.347 6 5.02

W5-33 71.22
A 1.4 421 1.02 09165 16.36
o FHHT 3 145 3.51 0.296 4 6.59

X19-2 55.71
A 13 2.09 3.52 0.996 3 13.63
o FHRT 3 1.01 4.12 0.673 1 28.79

735-1 29.27
A E 1.5 2.09 4.11 0.9293 39.58

4 B H

TP 3 R 2 P R VL5 F
30FFR, ZE VAL RI R FH 23 vk, R, 34 B
BURFE T 49% , F56E40.5% , il LS T AR 1844036
PEET T IR, IR TR IR, BRI AT
(R R A7, SR T RS SR, RSGTT T )
I BAHESIARE R €S

5 4t

(1)t A s I ASCRE A Rt o B I 7= £
ARAERaH Bl A Shi ek R h B gt T HoR
&

(2) M Z P At 307 3, AR ELH LAY R4
) AR I ) 504 % 57 75 A 07 I, AR EAT
e

(3) T BIL A 3 R SR PR AR Xk T i

S,

(1] KB, SIRIMIIHLAY & R a3 aRim s A (1] EL T
5 ,2013,5(9):77.

[2] Bz, BAIR, 2, 5 Hm Ll S eESE R A
FIRIFSE 5 7 FH (] T eAIGak , 2016, 1(6) - 50—
52.

(3] AHLIB8 205, Pamiee , . smpLR R HoAR R S
R[] RS, 2017,36(14) - 50-52.

(4] SRR, Sk AR 2% R HF WM ] Ab 5 HLAR Tl
AL, 2002.

[5] TN 20 HmdLT B LR & BeEH AR TR S W
LI AT A5 TR, 2011,25(S1) : 107-109.

(6] BARE, K. ML £ AR )] AR,
1999,22(6) :62.

(3 # W)





