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Abstract: The energy-saving effect of Y/Δ change-over controller is better than the silicon controlled rectifier 
(SCR) voltage regulating style when the load rate of oil-pumping unit is low; but the silicon controlled rectifier 
(SCR) voltage regulating style is better than the energy-saving effect of Y/Δ change-over controller when the 
load rate of oil-pumping unit is high. Based on high-precision three-phase electrical energy measurement  
IC-ATT7022A, a new energy saving controller of combining the advantages of both controllers is designed. On 
the analysis of based on the principle of voltage regulating and energy saving of electric motor of pumping 
units. This paper analyzes the system's hardware and software design. Through the installation of  
Y/Δ-SCR controller and comparison tests at the scene in five oil wells, every well saves 21000 kW·h annual.  
Copyright © 2013 IFSA. 
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1. Introduction 

 
Squirrel-cage induction motors, widely used in 

beam pumping units which are used commonly in 
petroleum enterprises of China, bear the periodic load 
in the run-time. Taking into account the start load and 
complexity of geological conditions and other 
factors, rated power of driving motors used in most 
of the beam pumping units is 2-3 times as much as 
the output power at runtime. Because of the low rate, 
the low efficiency and the serious waste of energy of 
induction motor load, energy-saving research is 
necessary. Currently, saving methods of beam 
pumping units are mainly mechanical energy-saving 
(such as changing the structure of the pumping unit, 
adjusting the balance of the pumping unit and so on) 
or improving the motor control technology to achieve 

energy-saving [1-2]. The methods by controlling the 
electric motor to achieve energy-saving are:  

1) Reactive Power Compensation Device;  
2) Inverter Energy-saving Controller;  
3) Silicon Controlled Rectifier (SCR) Voltage 

Regulating Style;  
4) Y-Δ Transformation Controller;  
5) Intermittent Pumping Control Device. 
 
 

2. Energy-saving Control Theory 
 
Y/Δ controller uses Y-connection to run on low-

power when the motor load rate is low; Y/Δ 
controller uses Δ-connection to run on High-power 
when the motor load rate is high. Control methods 
that currently be used are basically similar to the 
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principle of motor voltage's self-regulation. 
According to the application effect of the site, Y/Δ 
controller's circuit is simple and low-cost. According 
to the application effect of the site, Y/Δ controller's 
circuit is simple and low-cost, its energy-saving 
effect is better than SCR voltage regulating 
controller's on the low-load well. But when the load 
rate exceeds the economic load rate, it will consume 
more power than the conventional Δ-connection if 
the motor still is running in the state of Y-connection. 
When the load increases to a certain level, because 
the torque of Y-connection mode is smaller than Δ-
connection mode's, the motor's rotor will be locked or 
shut down. 

Y/Δ-SCR energy-saving controller combines the 
advantages of both of Y-Δ transformation controller 
and SCR voltage regulating controller. When the load 
rate of the pumping unit's motor is below a certain 
parameter, energy-saving effect is obvious with Y-Δ 
transformation controller; when the load rate is 
higher than the parameter, energy-saving effect is not 
obvious with Y-Δ transformation controller. But the 
effect is relatively better with SCR voltage regulating 
controller in case of changing in load largely. 
Therefore, a device used to detect the current, 
voltage, active power, reactive power and so on, and 
then calculate the load rate in the design of the 
control circuit. Besides, by comparing this parameter, 
which control mode, that Y-Δ transformation or SCR 
voltage regulating, will be decided to use. 
Furthermore Y/Δ-SCR energy-saving controller also 
set up a soft starter to prevent that the starting current 
is too high to disrupt pumping unit [3-4].  

 
 

3. System Hardware Design 
 
Y/Δ-SCR Energy-saving controller choose 

Atmega 128 microcontroller of AVR Series as the 
central controller, and use the electrical energy 
measurement IC-ATT7022A to process the data 
collected and monitor the real-time work state of 
pumping unit motor [5-7].  

 
 

3.1. Output Circuit 
 
Controlled object of this system is the motor 

switch. In order to meet the transform requirements 
among Y-connection, Δ-connection and SCR voltage 
regulating, three AC contactor (C1, C2, C3) need to 
press a certain combination to control, circuit 
diagram is shown in Fig. 1. When C1 is closed, C2 
and C3 is off, the SCR energy-saving mode is 
selected; when C2 is closed, C1 and C3 is off,  
Δ-connection mode is selected; when C3 is closed, 
C1 and C2 is off, Y-connection mode is selected. 

 
 

3.2. ATT7022A Structure and Performance 
Introduction 

 
As the controller's need for processing the motor 

power data, it is very important that whether it is able 
to accurately measure the relevant electrical 
parameters of the pumping unit motor. Therefore, the 
monitoring part of the controller adopts multi-
function high-precision three-phase energy 
measurement IC-ATT7022A, shown in Fig. 2. 

 
 

 
 

Fig. 1. The switching control for the motor. 
 

 
 

Fig. 2. The internal structure of ATT7022A. 
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The internal structure of the ATT7022A mainly 
makes up of power supply monitoring circuit,  
A/D converter circuit and measurement module. It is 
able to provide forward and backward, active and 
reactive power and other energy data. It also can 
measure each phase instantaneous active power, 
reactive power, power factor, phase angle, phase 
current, phase voltage and other parameters. The 
precision of voltage and current effective value 
parameters are better than 0.5 %, the precision of 
active and reactive power meet the 0.5S. It can 
provide voltage phase sequence and off-phase 

detection, and it also can detect current phase 
sequence and determine voltage loss whether or not. 
The chip serves with SPI interface to debug software, 
read the measurement data and pass parameter. 

 
 

3.3. System Structure and Operation 
Principle 

 
Y/Δ-SCR Energy-saving controller system 

schematic is mainly composed of the following parts, 
shown in Fig. 3. 

 
 

 
 

Fig. 3. The system principle of the controller. 
 
 
1) Data Acquisition Unit: The three-phase current 

and voltage of the pumping unit motor respectively 
input into differential current and voltage channels of 
the ATT7022A with differential signaling mode. The 
put-in circuit of voltage and current input channels is 
shown in Fig. 4. Voltage signals use a 1:1 current 
transformer (SPT204A) mode to input. Current 
signal Selected current sampling single-ended input 
mode, current transformer is SCT254AK. In order to 
ensure accuracy, each input channel has been 
connected to the anti-aliasing filter outside the chip. 

2) Control Unit: As the controller's needs of the 
controllability, stability and economy, AVR 
ATmega128L microcontroller has been selected as 
the central controller chip. It communicates 
ATT7022A-chip by the SPI bus interface, so as to 
realize the write-in of the power data and the read-
out of data results in the register. 

3) Data Storage Unit: Data storage part selects 
64 kBits ferroelectric memory-FM24C64, it has high 
persistent read-write and writing data without delay, 
the motor operating parameters could be better 
regularly stored, the initial value of the system could 
be better memorized, systems fault status also could 
be saved. 

 
 

Fig. 4. The Internal structure of ATT7022A. 
 
 
4) Communication Unit: RS232/485 serial 

converter is chosen to communicate with PC, its role 
is to transfer the operation state of the system, the 
operating parameters of the pumping unit motor, and 
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other relevant data stored in FM24C64. PC can 
calibrate time for control system by RS232/485. 

5) Man-machine Interface Unit: Man-machine 
interface unit is divided into liquid crystal display 
part and keyboard input part. Liquid crystal display 
part selects RT12864 module to display voltage, 
current, active power, reactive power, power factor, 
phase angle and other parameters; keyboard input 
part uses keyboard to set the clock time and switch 
liquid crystal display content. 

 
 

4. System Software Design 
 
Y/Δ-SCR controller's software part uses a 

modular design, including the main program control 
module, the motor parameters read module,  
Y/Δ-SCR transformation module, host computer 
communication module, data storage module and 
other components. 

1) The Motor Parameters Read Module: As the 
chip ATT7022A can collect the parameters of the 
motor and calculate the data collected, so that the 
central controller will not make digital-analog 
conversion and further process the data collected. 
The computation of the central controller will be 
reduced effectively so that the design of software 
programs will be simplified to make the system more 
accurate and stable operation [8-9]. 

2) Y/Δ-SCR Transformation Module: According 
to the comparison Y/Δ-SCR transformation point set 
in advance (the critical load rate of conversion) with 
the current load rate of the pumping unit motor in 
run-time, if the current load rate has filled the 
transformation conditions, it will be converted to the 
corresponding energy-saving control mode. 
Otherwise, the original energy-saving mode will  
be retained. 

3) Host Computer Communication Module: The 
serial communication achieved by the serial 
communication module-RS232 between controller 
and host computer is used for remote telemetry and 
remote control with the host computer. The 
development of communication protocol and setting 
the serial register of microcontroller is the key of the 
software design of the communication module. 

4) Data Storage Module: The Data storage 
module is used to record and monitor the running 
status of the controller and motor of the pumping 
unit, it can facilitate microcomputer better analyzing 
the operation status and performance of the controller 
and pumping unit. Data stored in data storage 
module, includes the motor three-phase current and 
voltage, power factor, active and reactive power, 
Y/Δ-SCR conversion frequency, other operating 
parameters and system protection. 

Software design focuses mainly on the analysis of 
motor-related parameters collected by ATT7022A 
chip, realizing Y/Δ-SCR mode transformation and  
Y-Δ transformation, and the control of SCR mode. In 
ensuring voltage stability conditions, Y/Δ-SCR 
controller analyses active and reactive power and the 

load rate of the motor, compares the load rate with 
the critical load rate set, decides to use Y/Δ 
transformation mode or SCR control mode , and 
determine the power factor used to control SCR, 
finally will achieve better energy-saving effect. The 
main program flow of the system software is shown 
in Fig. 5. 

 
 

 
 

Fig. 5. The main program flow of the system software. 
 
 
The initialization of ATT7022A is used to 

complete the system calibration in the main program 
flow chart, for example, setting start current, 
correcting current and voltage, correcting and 
compensating phase, gaining power and so on. The 
initialization of ATT7022A is to ensure the accuracy 
of measuring the pumping unit motor's parameter. 

 
 

5. Application Effect 
 
Through the installing of the Y/Δ-SCR energy-

saving control device and the on-site comparison test 
on the five wells. Test results are in Table 1. The 
comparative data of the power is in Table 2 on the 
five wells before and after the installation of Y/Δ 
conversion control cabinets. The comparative data of 
the power is in Table 3 on the five wells before and 
after the installation of SCR voltage controllers. 
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Table 1. The power comparison before and after the 
installation of energy-saving controller. 

 

 
Wells 

1P  
(kW) 

1Q  
(kW) 

2P  
(kW) 

2Q  
(kW) 

P  
(kW) 

Q  
(kW) 

Active 
saving 

(%) 

Total 
saving 

(%) 
H15-

12 
7.56 15.24 5.12 4.23 2.44 11.01 32.2 35.1 

L23-
32 

11.45 25.45 8.75 7.14 2.70 18.31 23.6 27.1 

L32-
34 

7.11 15.12 5.10 3.07 2.01 12.05 28.3 31.7 

L12-
45 

6.87 13.15 4.52 3.24 2.35 9.91 34.2 36.9 

H34-
35 

7.58 16.45 5.34 4.12 2.24 12.33 29.6 32.8 

AVG 8.11 17.08 5.77 4.36 2.35 12.72 28.9 32.7 
 
 

Table 2. The power comparison before and after the 
installation of Y/Δ energy-saving controller. 

 

 
Wells 

1P  

(kW) 
1Q  

(kW) 
2P  

(kW) 
2Q  

(kW) 
P  

(kW) 
Q  

(kW) 

Active 
saving 

(%) 

Total 
saving 

(%) 
L21-
32 

7.25 16.04 6.18 6.06 1.07 9.86 14.8 17.7 

H37-
23 

7.85 16.74 6.62 5.94 1.23 10.80 15.7 18.6 

H15-
16 

7.48 15.17 6.35 5.88 1.13 9.29 15.1 17.8 

H35-
17 

7.34 15.11 6.18 5.69 1.16 9.42 15.8 18.5 

L32-
26 

6.91 13.46 5.84 5.35 1.07 8.11 15.5 18.0 

AVG 7.37 15.30 6.23 5.78 1.13 9.50 15.4 18.1 

 
 
Table 3. The power comparison before and after the 

installation of SCR energy-saving controller. 
 

 
Wells 

1P  
(kW) 

1Q  
(kW) 

2P  
(kW) 

2Q  
(kW) 

P  
(kW) 

Q  
(kW) 

Active 
saving 

(%) 

Total 
saving 

(%) 
H23-

35 
7.15 15.54 5.68 5.16 1.47 10.38 20.6 23.4 

L14-
46 

8.08 16.98 6.65 6.92 1.43 10.06 17.7 20.2 

H21-
16 

6.99 14.85 5.77 4.89 1.22 9.96 17.5 20.4 

L35-
51 

7.11 14.77 5.55 4.54 1.56 10.23 21.9 24.7 

L12-
26 

7.07 14.16 5.43 4.25 1.54 9.91 21.8 24.5 

AVG 7.28 15.26 5.82 5.15 1.44 10.11 19.9 22.6 

 
 
According to the comparison, we find that the 

average integrated power-saving rate is 18.1 % on 
the five wells installed the Y/Δ conversion control 
cabinet; the average integrated power-saving rate is 
22.6 % on the five wells installed the SCR energy-
saving controller; the average integrated power-
saving rate is 32.7 % on the five wells installed the 
Y/Δ-SCR energy-saving controller, integrated 
energy-saving rate increases by 14.6 % than  
the Y/Δ conversion control cabinet, and increases by 
10.1 % than the SCR energy-saving controller. In a 
word, Y/Δ-SCR energy-saving controller can be a 
content combination of advantages of two kinds of 

energy-saving modes, and the controller also can 
greatly increase energy-saving rate. 

 
 

6. Conclusions 
 
1) Y/Δ-SCR energy-saving controller adopts 

ATT7022A for accurately collecting voltage, current, 
active power, power factor, phase angle and other 
related data about the pumping motor, and that 
eliminates the need for the A/D conversion of 
operating parameters. It can greatly improve the 
reliability, accuracy and economy of the system. 

2) The modular design concept has the 
advantages of the powerful overall function, 
independently process at the same time, and that 
failure of any one module does not affect the normal 
operation of other parts of the system. The data 
collected by the data acquisition module can be used 
for intelligently tracking load at the same time. In 
addition, the way achieves the full utilization of 
hardware resources, and avoids duplication of 
investment and saves overall cost. 

3) In order to meet the application of pumping 
wells on oil field and ensure that pumping can be 
effective in energy conservation in the whole process 
in complex conditions, because when the load rate of 
pumping units is low, the energy-saving effect of 
Y/Δ converter energy-saving devices is better; When 
the load rate of pumping units is high, the energy-
saving effect of SCR energy-saving devices is better, 
it is perfectly suitable that using Y/Δ-SCR energy-
saving controller. 
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