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Fig. 1 System configuration of the weaving machine, which is 

driven by an inverter.  

 

Fig. 2 The weaving machine (JW-832C). 
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Abstract— This paper proposes a fast accelerating method for 

the weaving machine drive system, which an open winding of the 

induction motor is used and connected in series to an inverter 

and a switching unit. Generally, the star(Y)-delta() switching 

method is used in the start-up mode in order to suppress the 

rush current in general applications. However, in weaving 

machine, the rush current is required in the start-up mode in 

order to increase starting torque. If the starting torque is not 

enough to the induction motor, deficiencies of fabric cloth which 

is called “start-up marks” will happen[1]. We proposes the -

Y switching method that achieve high rush current in order to 

increase starting torque for weaving machine drive system. 

From the experimental results, the start-up time of the proposed 

system is kept to the same as the direct power grid connection. 

In addition, rush current of the proposed system is decreased to 

37.7% comparing to the direct power grid connection. 

I. INTRODUCTION 

Weaving machines are generally driven by induction 
motors because of a preferable low cost structure. Generally 
the induction motor is connected directly to the power grid, 
and then an inverter is applied in order to improve the driving 
efficiency of the weaving machine [2]. However, the driven of 
inverter results that the start-up time of weaving machine 
becomes slower because the rush current in the start-up can be 
suppressed by the inverter. The quality of the fabric cloth 
which is produced by the weaving machine decreases due to 
the slow start-up time. In order to increase a starting torque of 
the motor, the inverter needs to output larger voltage to the 
motor.  

One simple way to increase the output voltage of the 
inverter is the use of a boost converter into the weaving 
machine drive system [3]. However, the large voltage is only 
required for the starting period of the motor. Taking account 
of the conduction loss from the boost converter, the overall 
efficiency of power conversion becomes worse. 

This paper proposes a fast accelerating method for the 
weaving machine drive system by connecting the inverter and 

a switching unit to an open winding induction motor. -

connection is used to increase the voltage of the primary 
wiring of the motor at the start-up of the weaving machine. 
When the speed of the weaving machine reaches the desired 
value (rated speed), the motor wiring is switched to Y -
connection. As a result, the proposed method can achieve a 
fast accelerating time equivalent to that is achieved from the 
direct power grid connection. 

II. CHARACTERISTICS OF THE WEAVING MACHINE 

A. System configuration 

Fig. 1 shows the system configuration of the weaving 
machine, which is driven by the inverter. The induction motor 
and the weaving machine are connected to the pulley. Thus, 
the weaving machine becomes the conveyed power of the 
induction motor due to the V-belt connection. Fig. 2 shows the 
external appearance of the weaving machine (JW-832C). The 
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 Fig. 3 Load characteristic of a weaving machine. A variable 

of loads occurs in a short cycle in according to the motor 

rotation frequency. 
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 Fig. 4 A general switching method that is called  

Y -  switching method. 

 

Table 1. Comparison of Y switching method with -Y switching method: Vn_, In_ and Tn_ are rated voltage, rated 

current and rated torque at steady operation of Y- switching method, respectively, Vn_Y, In_ Y and Tn_ Y are rated voltage, 

rated current and rated torque at steady operation of -Y switching method, respectively 
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ratio of the pulley between the induction motor and the 
waving machine = 81:186 in this test case. The rated speed of 
the induction motor is 1415 r/min, and the rated speed of the 
weaving machine is 653 r/min based on the pulley ratio and 
the rated speed of the induction motor. 

The weaving machine has a speed sensor on the load side. 
Therefore, the speed detection includes the slip of the belt 
from the pulley. As a result, the control performance becomes 
worse because the slip of the induction motor is not adjusted 
properly to the slip of the belt. Overall, the efficiency of the 
weaving machine is further reduced. 

B. Load characteristics of the weaving machine 

Fig. 3 shows the load characteristic of the weaving 
machine. The load of the weaving machine changes rapidly 
because of a cam is connecting between the weaving machine 
and the induction motor. Therefore, a variable of loads occurs 
in a short cycle in according to the motor rotation frequency. 
On the other hand, the maximum load torque is 1.5 times of 
the rated motor torque. In addition, the recovery torque is 
applied to the induction motor at approximately 50% of the 
rated motor torque. Also, the load torque changes at around 10 
Hz because the cam moves twice each time the pulley moves 
once. 

III. INTRODUCTION OF TWO SWITCHING METHOD FOR 

WEAVING MACHINE 

Fig. 4 shows a general switching method which is called Y 

-  switching method using a switching unit. Induction motors 
are generally started by a switching unit. The switching unit is 
a magnetic contactors switch unit. MC_Y is the switch unit for 

Y-connection, and MC_ is the switch unit for -connection. 
The Y-connection is used in the start-up mode in order to 
suppress the rush current into the induction motor in general 
application which is a large capacity. 

Table 1 shows the difference between Y- switching 

method and -Y switching method. Generally, Y-connection 
is used in the start-up mode in order to suppress the rush 
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 Fig.7 . T-type steady state equivalent circuit. 

current. However, for weaving machines, the -connection is 

used to increase starting torque. During the -connection, the 
voltage which is applied to the primary wiring of the motor is 
the square root of three times the voltage that can be achieved 
from Y-connection. The applied voltage is three times as large 
as the Y-connection torque according to (1). That is, the 

starting torque of the -connection is equivalent to the three 
times that can be achieved from the Y-connection. As a result, 

the -connection enables fast accelerating of the motor. 

IV. FAST ACCELERATING METHOD OF THE WEAVING 

MACHINE BY USING -Y SWITCHING METHOD 

The relationship between the motor torque T and the motor 
input voltage V1 is indicated in (1). 

 
2

121
211

2

2

21

2

1
21

2

12

2

1 )/(3









w

w










w

w


RL
s

RL
MLL

s

RR

VsRL
T m

(1) 

where, w is the angular velocity of the motor primary side 

[rad/s], R1 is the primary resistance [], R2 is the secondary 

resistance [], L1 is primary inductance [H], L2 is secondary 
inductance [H], M is mutual inductance [H], and s is the slip. 
According to (1), the motor torque is increased with the 
increment of the voltage to the motor. 

Fig 5 shows the circuit structure with an inverter and a 
boost converter. One simple way to increase the output 
voltage is the use of a boost converter into the weaving 
machine drive system The boost converter is connected at the 
DC bus in order to increase the inverter output voltage. The 
operation of the boost converter can be classified into two 
mode; in mode I, the DC bus voltage is boosted-up so that the 
inverter can deliver high output voltage during the 
accelerating time. In mode II, the output voltage of the boost 
converter is regulated to the same level of the DC bus voltage 
since the high voltage is not required in steady state operation. 
However, in either of the operation modes, the power loss is 
increased because the switching devices in boost converter 
generate conduction loss. 

Fig. 6 shows the proposed configuration of the weaving 
machine drive system. The inverter and the switching unit 

(which is a magnetic contactors switch unit, MC_ is the 

switch unit for -connection, and MC_Y is the switch unit for 
Y-connection) are connected in series to the open winding 
induction motor. In order to achieve fast acceleration, the 

primary side wiring of the motor is first connected as a -

connection, MC_ is turned ON, and MC_Y is turned OFF. 
After the motor reaches the rated speed, the primary side 
wiring of the motor is then converted to the Y-connection, 

MC_ is turned OFF, and MC_Y is turned ON. Note that the 
Y-connection is used in the start-up mode in general in order 
to suppress the rush current in general application. However 

for weaving machine, the -connection is used to increase 

starting torque. During the -connection, the voltage which is 
applied to the primary wiring of the motor is one over the 
square root of three of the voltage that can be achieved from 
Y-connection, that is three times as large as the Y-connection 

torque according to (1). That is, the starting torque of the -
connection is equivalent to the three that can be achieved from 

the Y-connection. As a result, the -connection enables fast 
accelerating, furthermore, since the switching unit are two 
magnetic contactors (MC), no additional losses during the 
steady state operation. 

V. HIGH EFFICIENCY CONTROL AND RESTART METHOD 

FOR INDUCTION MOTOR 

A. High efficiency control  

Fig. 7 shows the T-Itype equivalent circuit of the 

induction motor. The high efficiency control method adjusts 

the exciting current in according to the load torque. Once the 



exciting current is controlled and decreased, the copper loss 

can be decreased at the same time. Then, the copper loss Ploss 

of Fig. 6 is given by 
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Then, the torque current iq is given by (3) 
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The copper loss Ploss is substituted the equation (3). In 
addition, the exciting current id is differentiated. Then, the 
condition which achieves that the differential value of id is 
zero is calculated. Therefore, the id_min at the minimum copper 
loss is given by 
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The exciting current at the minimum copper loss changes 
in according to the load torque shown by (3). Therefore, the 
high efficiency control method controls the exciting current 
according to the load torque.  As a result, the copper loss and 
the iron loss are decreased. In this paper, the iron loss is not 
considered for simplicity. 

B. Speed sensor-less control 

Fig. 8 shows the block diagram of a speed sensor-less 
vector control. Weaving machines have a speed sensor on the 
load side. Therefore, the speed detection includes the slip of 
the V-belt from the pulley. As a result, the control 
performance becomes worse because the slip of the induction 
motor is not adjusted properly to the slip of the belt. Overall, 
the efficiency of the weaving machine is further reduced. In 
order to eliminate the effect of the slip, the system is 
controlled by speed-senseless vector control [4] [5] [6]. 

Fig. 9 shows the definition of the control frames.  is the 

rotation angle of the motor control frame, *
 is the rotation 

angle of the controller frame to adjust the motor control frame 

equals to the controller axis, w1 is the angular frequency of *
 

and the primary angular frequency of the vector control 

method and w1 is the sum of the rotation angular velocity wr 

and the slip angular frequency ws, and is the counter 

electromotive force, and 2 is the secondary magnetic flux. 

The vector control method assigns the secondary magnetic 
flux into the d-axis, i.e. the vector control method assigns the 
counter electromotive force into the q-axis. When the 
controller frame corresponds to the motor control frame, the q-
axis component of the counter electromotive force becomes 
zero. In other words, if the q-axis component becomes zero by 

controlling , then the controller axis is corresponded to the 

motor control frame. This is because the angler frequency w1 

is obtained by the integral  wr can be estimated. 

However, the frame position error occurs between the 

motor control frame (d-q) and the controller frame (d’-q’).  

In Fig. 8, if the phase of the controller frame is lead 

compared with the motor control frame, then  will be 

subtracted into eq to compensate the frame position error. 

Additionally, if the phase of the motor control frame is lead 

compared with the controller frame, then  will be added into 

the eq to compensate the control frame error. The equations 

(7) and (8) show the d-axis and q-axis components of the 

counter electromotive force which is observed on the control 

frame. In addition, the compensated value of w1 is shown by 

(9), where, Kpem is the compensation gain of the axis error, 2n 

is the rated secondary magnetic flux. 
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C. Restart Method for Induction Motor 

When the motor wirings is switching from -connection to 
Y-connection, the system requires a dead time period. During 
the dead time period, both MCs are turned off. Therefore, the 
primary current of the motor becomes zero in the dead time 
period. Since the primary current is zero, it is necessary to 
restart the weaving machine from the free-run state. In the 
speed-senseless control, there is a possibility that the rush 
current is generated in the motor which will damage the motor 
[7] [8]. The q-axis current controller is preferable with high 
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Table.2 Induction motor parameters. 

Secondary leakage inductance l2

Poles 4
Rated power 2.2 kW

Rated voltage 380 V

Rated current 5.4 A

Rated frequency 50 Hz

Rated speed 1500 r/min

Primary resistance R1 2.74 

Secondary resistance R2 2.98 

Primary leakage inductance l1 6.1 mH

5.4 mH

Mutual inductance M 190 mH

Excitation current I0 3.5 A

Inertia moment Jm 0.0163 kgm2

Parameter Value

Rated acceleration time 173 ms
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 Fig. 10. Simulation result of primary current of a motor 
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gain to reduce the rush current. 

VI. THERMAL ANALYSIS 

Table 2 shows the induction motor parameters. Fig. 10 
shows a simulation result of primary current of a motor. In the 
proposed method, inrush current is generated in the motor in 
order to achieve first starting. The inrush is required while 
start-up period of the weaving machine. The cost of the 
inverter is increased due to the rush current. 

 Fig. 11 shows the rise of junction temperature Tj. The 
analysis conditions are; the DC link voltage in the inverter is 
560 V, and primary current of the motor shown in Fig. 10. It is 
noted that the case temperature is 80 degrees. The results 
show that higher rate current of IGBT module provides 

smaller Tj. Tj of IGBT is 28.4 degrees and Tj of FWD is 
5.7 degrees when the rate current of IGBT module is one – 
half of maximum of inrush current. If the rush current is twice 
as large as the rate current of a IGBT module, the junction 
temperature is less than a storage temperature of a IGBT 
module. Therefore, the propose method has no problem of 
cost up. 

VII. EXPERIMENTAL VERIFICATIONS 

The experimental conditions are; the DC link voltage in 
the inverter is 560 V, and the rated speed of the induction 
motor is 1415 r/min. The experimental vilifications were 
implemented on the weaving machine JW-832C shown in Fig. 
2. 

Fig. 12 shows the acceleration characteristics of the 
weaving machine, which is obtained from the following 
controls, (i) the direct power grid with Y-connection(Y 

starting), (ii) the direct power grid connection with a -Y 

switching unit (-Y starting), (iii) the inverter with the vector 
control method, (iv) the inverter with the direct torque control 

(DTC) method [9], (v) the inverter with the -Y swathing unit 
(Proposed method) and (vi) the proposed method with sensor-
less vector control. The results show that the start- up time of 

-Y starting is approximately 80 ms. On the other hand, the 
start- up time of the vector control and DTC is approximately 
125 ms, respectively. The results clearly demonstrated that the 
proposed method can achieve the accelerating time similar to 

that of the direct power grid connection (-Y starting). 

Fig. 13 shows the relationship between maximum rush 
current and start-up time based on three different conditions 
which is the direct power grid connection, inverter operation 
only and inverter with the MC switching unit. The maximum 
rush current is reduced to 42.0% comparing to the direct 
power grid connection to the inverter. However, the start-up 
time is also increased to 56.3%. In contrast, the maximum 
rush current is reduced to 37.7% comparing the direct power 
grid connection to the inverter with switching unit. Meanwhile 
the start-up time can maintain equivalent to the direct power 
grid connection. 

Fig. 14 shows the maximum variation of the q-axis current 
waveforms when the start-up sequence of the weaving 
machine is repeated by10 times. The primary side wiring of 

the motor changes from -connection to Y-connection 

between 300 ms and 320 ms. From the result, the differential 
value of the q-axis current for the vector control with speed 
sensor is approximately within 1.0 p.u.. On the other hand, in 
the sensor-less vector control, the differential value of the q-
axis current is within 1.6 p.u.. The fluctuation of the q-axis 
current is also equivalent to the torque fluctuation. As a result, 
it is seen that there is a possibility that the thread will be cut 
by a large torque fluctuation. However, based on the 
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Fig. 14 The maximum variation of the q-axis current waveforms 

when the start-up sequence of the weaving machine is repeated 

by10 times. 
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differential value in the q-axis current for the sensor-less 
vector control which is approximately 30% at the time of start-
up, it can be concluded that the weaving machine is unlikely 
to stop. 

Fig. 15 shows the driving efficiency of the weaving 
machine based on the direct power grid connection, the vector 
control with speed sensor of weaving machine, and the speed-
sensor-less control. The driving efficiency of the weaving 
machine was calculated by the number of weft thread for the 
used power. The driving efficiency of the vector control with 
the speed sensor is the same as that of the direct power grid 
connection. On the other hand, the driving efficiency of the 
speed sensor less control is improved by approximately 3.6% 
more than that of the direct power grid connection.  

VIII. CONCLUSION 

In this paper, the effectiveness of the proposed methods 
was validated experimentally. The start-up time of the 
proposed system is the same as the direct power grid 
connection. In addition, the rush current of the proposed 
system is decreased to 37.7% comparing to that of the direct 
power grid connection. If the rush current is twice as large as 
the rate current of a IGBT module, the junction temperature is 
less than a storage temperature of a IGBT module. The driving 
efficiency of speed-sensor-less control is improved by 

approximately 3.6% more than that of the direct power grid 
connection.  
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Fig. 13. Relationship between maximum rush current and start-

up time for each control. The maximum rush current is reduced 

by 37.7%. 
 


