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Abstract. There are many types of the hydropower plant. Pump as Turbine (PAT) is one of the
simple, practical and low-cost hydropower plants. In PAT technology, a commercial pump
available in the market can be modified to become a PAT power plant. This paper is a technical
note that describes the guideline to modify the induction pump motor into a generator and
analyze the performance of the generator. There are two aspects that must be considered in
modifying the motor, namely the motor construction and the output power. In moditying the
motor pump, the magnet must be inserted in the rotor. Meanwhile, the wire diameter and the
number of winding in the stator are m:aﬁcd to increase the voltage working range. The
experimental tests were performed with a laboratory scale PAT power plant to identify the
generator performance. The analysis showed that a modified pump motor generated 32.5 VAC
and 0.33 Ampere of electrical power (10.725 Watt), only with 2.5 m of water head. The electrical
power generated could be improved with a higher water head.

1. Introduction

One of the green energy resources is water, which generates electric power in a hydropower plant. Not
only in a large-scale, but a hydropower power plant also can be developed in micro-, even in pico-size,
which is suitable for a rural and remote area that cannot be reached by the electric company. However,
one of the difficulties to build a micro- or a pico-hydropower plant is to find a turbine in a small capacity.
Most of the turbine manufacturer provide only large size turbines [1]. Designing and manufacturing a
specific turbine that is suitable for a low @pacity turbine is costly. However, there is a low-cost
alternative to build a hydropower plant [2], known as Pump as Turbine (PAT) [3]. In PAT, the pump
works in reverse and generate electricity.

Many researchers have studied the characteristic of PAT [4] and developed a test facility in
laboratories scale [1,5-7]. Most of the test facility used a standalone generator and coupled with the
centrifugal pump to produce electricity [8-10]. The motor of the pump is most likely un-used in the PAT
power plant because there was no explanation about it.

Wihliams et al [11] explained that the induction motor could operate ag® generator in a PAT power
plant with the following advantages such as low friction loss in the drive, lower cost (no pulleys, fewer
bearings, small@) longer bearing life (no sideways forces on) and could be provided as one unit.
Commonly, the three-phase induction motor is used as a motor pump, which can be modified to become
an induction generator. The three-phase induction generator is very suitable for small hydropower plant
[12]. However, the three-phase connection must be converted into a single-phase generator.

Even though the modification of induction motor to become a generator is reported successfully [11],
there is no comprehensive explanation of how to modify the pump motor to become a generator when
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using an available pump in the market as a PAT. This paper provides a detailed description of how to
alter a motor pump as a generator and test it in a PAT experiment installation.

2. Method

To convert a three-phase motor into a single generator, two capacitors must be connected to the winding,
as shown in Figure 1 [12]. Wrong connection of capacitor and winding would result in an unbalanced
system and could cause overheating on the winding. The capacitor excitation also would affect the
single-phase generator performance [13]. Meanwhile, the ballast load is used to maintain the output
voltage.
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Figure 1. Single-phase output from three-phase connection [12].

In this research, a commercial pump Grundfos NF 30-18 with a 1-phase cage induction motor was
converted into a generator. Because a 3-phase motor and generator are more practical than a 1-phase
machine [14], therefore the motor winding must be re-arranged. The pump specification is listed in
Table 1.

Table 1. Pump specification.

Parameter Specification
Voltage 220 -240 V
Current (AC) 95A
Power 21 kW
Electric Frequency 50 Hz
Flow-rate 12-37 mh
Rotational speed 2850 rpm

In general, the construction of cage induction machine consists of seven main components such as a
shaft, cage rotor, stator iron core, 3-phase of the stator winding, terminal box, cooling fan, and motor
frame, as shown in Figure 2. There are three components of the motor that were modified to change a
motor to become a generator, namely the shaft, cage rotor, and the cooling fan. Detail modification is
discussed in the further explanation.

3. Modification process

The modification process is relatively easy. An ordinary workshop with adequate tools could perform
the modification. The process is classified into 6 (six) general steps started by disassembly of the motor
pump and end up by testing its performance. Figure 3 illustrates the modification procedures.

[
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Figure 2. Induction machine with cage rotor [15]: 1, shaft; 2,
cage rotor; 3. stator three-phase winding; 4, terminal box; 5.
stator iron core; 6, cooling fan; 7, motor frame.

Replace the cooling
Disassembly Rotor modification Stator modification fan with a flywheel
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Figure 3. Modification process.

Step-1 Disassembly

Disassembly the pump by opening four bolts and take oft from the pump housing as shown in Figure 4
(a). After that, disassembly the impeller by using a monkey wrench as shown in Figure 4(b). Figure
4(c) shows the cooling fan which is dis-attached from the motor. The last disassembled components are
the rotor shaft and the stator, as shown in Figure 4(d).

Step-2 Modification the rotor

Cut the rotor with hand grinding into two pieces as shown in Figure 5(a) and 5(b), and take off the shaft
from the rotor as shown in Figure 5(c). Place six steel rings with an outer diameter of 60 mm, the inner
diameter of 29 mm and 20 mm in length. Then put five iron laminated rings intermittently with each
steel rings as shown in Figure 6. Carefully attach the 24 permand@ magnets for each iron laminated
rings. In this research, 120 pieces of neodymium magnetic with the length of 30 mm, the width of 5 mm,
and thickness 3 mm. Then cover the rotor with 2 mm thickness of the rounded metal sheet.
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(a) (b)

(a)

Figure 6. Rotor modification (a) rotor schematic, (b) modified rotor.

Step-3 Modification of stator

To change the motor phase, the motor winding must be modified. Table 2(a) provides the originating
data stator winding. The stator has 24 slots and 0.8 mm-diameter cable is used in the original motor.
Meanwhile, wire with a diameter of 0.6 mm is used for the winding modification. Table 2(b) provides

the adjustment of the stator winding.
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Table 2. Winding data of the motor.

(a) Original Winding

Number of pole steps Number of windings
6 25
o e 8 25
Main winding 10 75
12 25
S arti 4 d' 10 53
tarting winding 12 53
(b) Modified Winding
Number of pole steps Number of windings
6 65
Winding 3 65

Step-4 Replacement of the cooling fan with a flywheel

The flywheel is installed on the generator to smooth the shaft rotation because a constant velocity is
difficult to maintain. The wheel made of iron with an outer diameter, thickness and weight of 40 mm,
10 mm, and 4 kg, respectively. Figure 7(a) shows the flywheel, meanwhile Figure 7(b) shows the
installation process. The flywheel installation is performed after the rotor, stator and motor cover is re-
assembled.

(a) (b)
Figure 7. (a) The flywheel, (b) Flywheel installation.

Step-5 Construction of electrical installation
In the electrical installation, a step-up transformer is used to increase the output voltage. Cables, IN4007
diode, screws, plug, are used for the electrical installation

Step-6 Performance test

There were two tests performed to analyze the generator performance. Figure 8 shows the installation
used for Bfe first performance test, where the water directly flows into PAT. A feeding pump was used
to flows the water into the housing and rotates the impeller to generate electricity. The distance between
the feeding pump and PAT was approximately 1 meter. Two digital multi testers (Fluke II with accuracy
+0.4%+1) were used to measure the voltage and current.

Figure 9 shows the second installation where the water drops 2.5 m above the PAT. This installation
represents the actual condition of PAT if placed in the rural or remote area. To characterize the generator
performance for different flow-rates, a valve was used to control the flow-rate flow into the PAT. In
both of the installation tests, two digital multi testers (Fluke II with accuracy £0.4%+1) were used to
measure the voltage and current. A digital tachometer with accuracy 0.05%+1 and sampling ratio of 0.8
@er 60 rpm was used to measure the rotational speed of the flywheel. A Sea DN50 flow-rate sensor
was used to measure the flow-rate before entering the PAT.
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Figure 9. Second installation for the actual performance test.

4.  Result and discussion
The result of the first test is shown in Table 3; meanwhile, Table 4 shows the result of the test on the
second installation.

Table 3 shows that 18.164 Watt of electric power was generated when the water pumped directly to
the PAT by afeeding pump as shown in Figure 8. Direct flow eliminated the flow losses such as pressure,
friction and velocity losses in the installation. It generated a maximum of electric power.

Table 3. The generator performance in the first installation test.

Rotational speed Voltage Step-up Voltage Current Power
(n, rpm) (V, Volt) (V, Volt) (I, Ampere) (P, Watt)
1510 2.53 479 0.38 18.164
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Table 4. The generator performance in second installation test.

Flow-rate Rotational speed Output Voltage Current Power
(L/min) (RPM) (Volt) (Ampere) (Watt)
15 0 0.02 0 0
25 0 0.03 0 0
45 648.1 202 0.23 4.646
60 648.7 209 0.24 5016
75 717.7 28.1 0.27 7.587
80 729.7 29.1 0.29 8439
85 772.6 302 0.30 9.06
90 792.8 319 0.31 9.887
105 805.3 322 0.32 10.304
115 828.1 325 0.33 10.725
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Figure 10. Rotational speed and power generated at different flow-rates in second
installation test.

Figure 10 plot the data of the second installation test from Table 4. It is found that at the lower flow-
rate up until 25 L/min, the impeller did not rotate. After the valve 3/10 opened, the flow-rate was
increased to 45 L/min and rotate the PAT shaft. The rotational speed of the shaft was continued to
increase along with the electrical power generated by the modified motor. For the flow-rate above 75
L/min, the generator shows better performance as the electrical power increase above the rotational
speed.

5. Conclusion

In this research, a motor of a commercial pump was modified and turn into a generator for the Pump as
Turbine (PAT) power plant. There were seven steps to modify the motor, including the performance
test. It is found that 18.64 Watt was generated in the first installation test, where the water pumped
directly into the PAT by a feeding pump. In the second installation that represented the actual condition
of the PAT in the rural or remote area where the water was fell from 2.5 m above the PAT, 10.725 Watt
of electrical power generated in the PAT power plant.
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