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Application of beam pumping unit directly driven by permanent magnet integrated motor
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Abstract: To achieve low-speed high-torque operation, the conventional beam pumping unit is generally driven by prime motor (induc-
tion motor) decelerating through belt and gear box. Although the rated efficiency of each driven link is relatively high, the load of
beam pumping unit varies greatly with low average load rate, leading to low average efficiency of the driving system. Meanwhile, the
belt and lubricating oil of gear box are consumable and require regular replacement; there are also some safety risk and environmental
pollution hazards. With the passing of operation time, the induction motor under high-speed rotation as well as the waring and aging
belt and gear box will produce loud noises. For the above reasons, a permanent magnet integrated motor is developed based on the
principle of concentric magnetic gear, characterized by high efficiency and high torque density; after replacing the original drive sys-
tem of pumping unit, it can directly drive the crank rotation of beam pumping unit. Satisfactory achievements have been made in
Daqing, Zhongyuan and Liaohe oilfields.
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Fig.1 Magnetic decelerator
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Fig.2 Magnetic field distribution in the outer air-gap
0.3 0.6
= =
= 0.2 H a 0.4+
& &
& 0.1 & 0.2
0 | i L I L L i L 0 IIIl;J il aoa Lis I Ll L
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
U VU
(a) HBRIMEREH MRS (b) ZBRIEREH
3 SEMTBRESW
Fig.3 Harmonic analysis of the gair-gap flux densities
i oD = oBALE N\o
i, W 4 =
A S m D
S met bR

i/m/ ot LR

(a) #IE

X b A TR 15 B0+ BT S A1 T T A A 1] R i

P B 1 1A e ) B AR
G, = P,/P, 2)

= wi/wn
G, = wi/w, =— P,/P; (3)

IR 2 LR R — ARG AL, i

T A fe LT 3 2 Fe AP T, B 2 o () R B R R0 2
fia) 200 X7 DL Sk el 3 R 5 ) P B T . R, K

(b) w,=0

4 HEEREETE

Fig.4 Diagram of rotation direction of the magnetic gear
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Table 1 Specifications of PMIM applied for direct-driving
beam pumping unit

BUEREH BUEHH/ BUERCE/ BUEYIR W P/

kNem  (remin ') % [ %% [ mm
26 Hl 26 8 90 0.98 1.25 480
37 1 37 6 90 0.98 125 560
53 1l 53 6 91 0. 99 1.25 600
73 73 6 92 0.99 1.25 620
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Fig.5 No load line EMF of 37-PMIM
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Fig. 6 Efficiency contour of 37-PMIM
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Fig.7 Test of 37-PMIM
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Table 2 Measured efficiency results of 37-PMIM

MPLF I/ W/ WATIR/ FTiR W/ iR
A

(remin™") w w % B
6 45.95 24707 23000  93.09 0.983
4 45.72 16890 15340  90.82 0.979
2 48. 84 8770 7670 87.46 0.952
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Fig.8 Direct-driving beam pumping unit before and after

transformation
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Table 3 Comparison test results of direct-driving

beam pumping unit

FEH W/ R/ RAERL RBECR/
(tvd™H  m %  (kW<h) %

20131031 16. 8 397  54.44  164.4 10. 72
20131113 17.2 434 55.74  148.8 13.35
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Fig.9 Test scene of hydraulic simulation well
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Table 4 Comparison test results in hydraulic simulation well

S 200m FE 400m  FH3E 600 m
HIHFE/(kW-h) 1.088 0.965 1.498 1.404 1.961 1.870
ToT A/ (kWeh) 2.486 0.179 2.595 0.25 2.824 0.312

Z M
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Table 5 Onsite test results of the third oil production factory in Daqing oilfield
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Table 6 Onsite test results of the third oil production factory of Zhongyuan oilfield
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