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TOSHIBA

TLP250

TOSHIBA Photocoupler

TLP250

Transistor Inverter

Inverter For Air Conditioner
IGBT Gate Drive

Power MOS FET Gate Drive

The TOSHIBA TLP250 consizts of a GaAlAs light emitting diode and a
integrated photodetector,

This unit iz 8-lead DIFP package:

TLP250 is suitable for gate drivingeireuit of IGBT or power MOS FET.

s Input threshold eurvent: [F=5mA({max.)

+  Supply current (Icc): 11mA(max.)

o Supplyvolgage (Vo) 10-35V

s Output current (1) 1.5A (max.}

s SBwitching time (tpLH/tpHL)0.5ps(max.) {
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R
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MICROCHIP dsPIC30F4011/4012

dsPIC30F4011/4012 Enhanced Flash
16-bit Digital Signal Controller

Peripheral Features:

High current sink/source /O pins: 25 mA/25 mA

Timer module with programmable prescaler:

- Five 16-bit timers/counters; optionally pair
16-bit timers into 32-bit timer modules

16-bit Capture input functions

+ 16-bit Compare/PWM output functions

3-wire SPI™ modules (supports 4 Frame modes)

1#E&™ module supports Multi-Master/Slave mode

Note: This data sheet summarizes features of this group
of dsPIC30F devices and is nat intended to be a complete
reference source. For more information on the CPU,
peripherals, register descriptions and general device
functionality, refer 1o the dsPIC30F Family Refersnce
Manual (DSTO046). For more information on the deviee
instruction set and programming, refer to the dsPICI0F
Programmer's Referance Manual {(DS70030).

High Performance Modified RISC CPU:

Madified Harvard architecture

+ C compiler optimized instruction set architecture and 7-bit/10-bit addressing
with flexible addressing modes + 2 UART modules with FIFO Buffers
+ 84 base insfructions * 1 GAN modules, 2.0B compliant

+ 24-pit wide instructions, 16-bit wide data path

48 Kbytes on-chip Flash programspace Motor Control PWM Module Features:

(16K Instruction words) + & PWM output channels
* 2 Kbytes of on-chip data RAM - Complementary or Independant Output
» 1 Kbytes of non-volatile data EEPROM modes
* Up to 30 MIPs operation: - Edge and Center Aligned modes
- DC to 40 MHz external clock input + 3 duty cycle generators
- 4 MHz-10 MHz oscillator input with » Dedicated time bhase
PLL active (4x, 8x, 16x) + Programmable output polarity
* 30 interrupt sources + Dead-time control for Complementary mode
- Jexternal interrupt sources + Manual output control
- B user selectable priority levels for each « Trigger for A/D conversions
interrupt source
- 4 processor trap sources Quadrature Encoder Interface Module
+ 16 x 18-bit working register array Features:

Phase A, Phase B and Index Pulse input
16-bit up/down position counter

Count direction status

Position Measurement (x2 and x4) mode
Programmable digital noise filters on inputs
Alternate 16-bit Timer/Counter mode

Interrupt on position counter rollover/underflow

DSP Engine Features:

Dual data fetch

+| Accumulator write back for DSP operations
Module and Bit-Reversed Addressing modes
Two, 40-bit wide accumulators with oplional
saturation logic

17=bit x 17-bit single cycle hardware fractional/
integer multiplier

All DSP instruetions single cycle

+ % 16-bit single cycle shift

®
" .

@ 2005 Microchip Technelogy Inc. Preliminary DS70135C-page 1
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dsPIC30F4011/4012

Pin Diagrams (Continued)
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International s ot
[Tor| Rectifier IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

* Repetitive Avalanche Rated o

® |solated Central Mounting Hole Vpgs = 500V
® Fast Switching

* Ease of Paralleling

* Simple Drive Requirements

Rpsion) = 0-27Q

Description

Third Generation HEXFETs from Imematonal Rudmer provide the designer
with the best combination of fast switching. nqpsd:w device design, low
onresstance and costoffecivoness;

The TO-247 package = prefdrrec for commercial-industrial applicatons
where higher power lgvels preciude the use of TO-220 davices. The TO-247
i similar but superder Ww'the eadier TO218 package because of s isolated
mounting hole, IYalse provides graatar creapage distance. bctwncn pins o
mao! the requirgments of most safety spetficatons.
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Analysis Performance of Capacitor Voltage in

C-Dump Converter for SRM Drive

Kho Lukas Budi Setiawan, Slamet Riyadi
Department of Electrical Engineering
Soegijapranata Catholic University
Semarang, Indonesia

kho.lukas.b.s@gmail.com

Abstract— Switched reluctance motors have various converter
topologies to control power, speed & operation. Conventional C-
dump converter topologies will be discussed in this paper. Ease
of control, simple construction, and low cost are the basis for
choosing the type of converter. SRM is the best competitor for
induction motors because the high torque ratio to Switched
Reluctance Motors is_more desirable than Induction Motors.
This converter provides fast magnetization and rapid
demagnetization “of phase windings which prevents motor
operation in generating mode. This avoids the formation of
negative torque ripples. It also utilizes the energy stored in the
winding phase & it can be a feedback to the source. Several new
topology modifications from C-dump are able to utilize this
stored energy to get out of the motor winding of the next stage.

Keywords—C-dump; energy recovery; —capacitor; voltage
control; speed; switch reluctance
I INTRODUCTION

Nowadays the problematical of economic and
environmental are considered the main reasons for the
development of electric vehicles. Once of the major problem
of pollution comes from burning fossil-fueled and the
increasing number of vehicle riders. It also triggers a scareity
of fossil fuels. To overcome the problem, then the electric
vehicles are developed.  An electric vehicle used a
conventional DC (Direct Current) motor because. the-torque
was stronger to an AC (Alternating Current) motor. But
conventional DC motor has a weakness that is on the brush.
Along with the development of the era of electric vehicles
using modern motors began to be applied.

The BLDC (Brush Less Direct Current).motor has.great
demand because it has great power, high efficiency, and low
maintenance costs. But it also _has some weaknesses in- the
rotor it.is made from permanent magnets So the eost becomes
more expensive. [1]. From the weakness is then developed
again electrie vehicles using, the type of motor switched
reluctance. The main SRM (Switch Reluctance Motor) drive
limitations are: (a) acoustic noise and torque ripple is present
due to the structure of SRM;-(b) along energy removal period
is usually required due to extreme energy from the high
winding inductance [2][31[8].

Now, for its basic operation SRM drive requires a power:
converter and control system. Modern power semiconductor

978-1-5386-9175-5/18/$31.00 ©2018 IEEE

57

technology and high-speed controllers give the way for
renewed interest in SRM drives [5]. The converter topologies
C-dump converter to reduce the voltage drop and reduce the
control circuitry complexity [6] [7]. It use to stores energy that
come-fiom the commutating phase into the dump capacitor,
that can become a feedback for the source or can become
utilized to excite the next phase stator winding. However, the
attractions of SRMidrives will be significantly enhanced if the
machine can maximize the power and voltage control. This
paper is an attempt to. explore and prove the efficiency of
conventional C-dump converter for this possibility.

II. RESEARCH METHODS

A. Switched Reluctance Motor

The induetance phase is ‘operated when the stator pole
excited by the energy: it produces magnetic field of north
poles & south poles on each pole tip of the motor stator
winding depending to the current direction that flow into the

phase winding in stator.
RECTIFIER H Conveftef };
-5 r 3

AC Controller
Source

Fig-1. Switched Reluctance Motor Functional Block Diagram

Rotor
Sensor

SRM power torque production depends on the level of
inductance phase change and'the current phase change. The
torque result is discrete and highly dependent on the position
of the motor poles. The resulting torque formula is given by
the following equation.[1]:

i“ dL(i,0)
dt

(1)
Where,

i =current in the phase winding
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B. Conventional C-Dump

The converter is very important to provide DC (Direct
Current) pulses to the each winding phase. The contributions
of converters are greatly to the performance of drives in the
system. For smoothest motor operations the design of the
converter and work are very important, also to control the
speed of the motor, reduce torque ripple at the output [2]. Each
phase of the winding in stator must to be able control by the
converter independently. The low number of switch in the
converter must be designed to provide the ability of fast
magnetization & fast demagnetizing voltage to the each phase
stator winding which is prevents the negative torque ripples.

The converter is consists of the semiconductor circuits &
the power switches that provides DC (direct current) pulses to
the winding of the stator. The type selection of the size, design
of the converter & the numbers of buttons are depends on the
selection of the topology. The converter topelogy: is chesen
based on the drive system application: Choosing the. right
converter topology is vefy important for reducing complexityy
costs, and for better driye performance. The high switching
frequencies affects the performance of motor speed, but also
giving morethe switehing losses to the motor converter. The
higher of samplings also offer a smaller lags of the system,
and produce more stable system.

C. Operation Mode

In this converter, the energy that come from the phase
winding is transfer into the dump capacitor before the energy
reaches the aligned position. The voltage value of the
capacitor in the system minimal set is twice of the value
source voltage in order to apply fast demagnetization’in stator
of the motor. The energy from a capacitor transfer to the
source using a chopper operating as a buck converter.

When phase L, is connected to the source, the winding
becomes magnetized. The phase voltage are rises to the Vpe
value and the current value is more than Imax, and then the
diode D, is become forward biased because of the reversal of
the polarity phase in L; and removes the energy stored in
phase (Demagnetization Proses) to the exhaust the dump
capacitor. The capacitor is stores this transfer energy and
maintains the capacitor voltage above the Vipe source. In Qg
switch it controls the voltage in the capacitor dump and the
function of energy transfer to the source from the capacitor.
Fig. 2, shows conventional C-dump of the-conyverter; this
consists of a dump capacitor. & the chopper switch Dy, L¢c &
Q4 [3]. This transfers the stored.energy into the capacitor that
is discharged to the source.
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O [ o
D2 E; o
mf]al:l T o

Fig. 2. Conventional C-Dump Converter

In this various of the converter operation mode of this
conventional converter of C-dump are explained in the below :

In Fig. 3, switch Qg is OFF & switch Q, is ON. The phase
winding magnetized by source, and current flows in Vpc —
Phase L; - Q; — Vpc and produces magnetic flux, which is
attract the roter poles in to align position.

Fig.3. Operation mode |

When switch Qs & Q,, condition:is ON and when
condition is OFF shown-in Fig. 4, and Fig. 5. The current in
the phase are flows thru phase of winding and the inductor L.

Fig. 5. Operation mode I11
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In Fig. 6, phase current in L; is start decreasing, because
the demagnetization process. Q, is on and the energy in the
winding is transfer into the capacitor dump, and the voltage
level of the capacitor start increases to more than the Vpc
source value. This additional of the voltage is used for the coil
of the motor that would be use during the proses of the
demagnetization in the winding that would be show in Fig. 7
below.

@™y @t a3t

Fig. 6. -Operation mode IV

In Fig. 7, the commutation of L;, by turning OFF switch in
Q. The Q, switeh is turned to be ON, and transferring proses
of the energy in.dump capacitor into the voltage source. The
additional’ negative voltage energy is for quick
demagnetization in the stator winding..This very important
features  of conventional C-dump converter are - full
regenerative, freewheeling, simple control strategy & quick
demagnetization proses.

5‘1 @y :\1 T 1
Fig. 7. Operation mode V

Complex chopper circuit control will be adds additional
losses and costs due to more passive of components. Negative
voltage depends on  the  capacitor value. Stable current
commutation requires a larger Vi which ingreasing the power
device rating. Chopper cirenit failure can: cause ungontrolled
capacitor charging. Search for.new topologies of converter by
reducing the switches but also have of advantages such as
simplicity.of control, regenerative, various operating speeds.

During mode 1 the equation of curtents phase are given as the
follows [1]:
3 i de 7€ ; - ;’
oh = R (I_el )+ if)e™ (2)
s

Where,

i = Current RMS value in the phase winding
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The equation for Voltage Dump Capacitor is:

_(-d) I

A 3)

Ca

111 RESULT AND DISCUSSION

PSIM software was used to simulate conventional C-dump
converter. In the simulation results the source voltage used is
100v, the capacitor used is S00uF. The speed can be adjusted
through reference values. The signal output of simulation can
be seen in Fig. 8, Fig. 9, and Fig. 10. From Figure phase
voltage below the negative signal is generated due to
demagnetization of stator pole.

Va

0,98 0.985 099 0995 1
Time (s)

Fig. 8. PSIM Simulation of Voltage Phase

Veap
30— - L. B
320
i

310 = + —
20 W S Ih JM IMMJMMJMMMJLUM“—‘
290 |
280 I
270 2 = F—

047 0975 098 0.985 099 0995 1

Time (s)

Fig. 9. PSIM Simulation of Capacitor Voltage

097 0975 098 0985 099 0995 1
Time (8)

Fig. 10. PSIM Simulation of Current Phase

The 8/6 Switched Reluctance Motor that use conventional
C-dump converter. The parameter of the motor that required
for this_simulation are already calculated using the equation
that the parameter that using input source voltage 10 volt and
the_capacitor value is 470uF . The Voltage parameter values
read and compare using the voltage sensor LEM LV,s-P that
installed parallel in capacitor, with dsPIC30f4012 for
controller. The switch for this converter is IRFP250N. The
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drive this converter use is TLP250 and buffer 74HC541N, and V. (Blue) Voltage of each phase, Fig. 17 show source voltage
for rotor position sensor for this motor is hall effect. and capacitor. In this experiment capacitor voltage can be
reaches a maximum value of 28 Volt and the maximum speed
is reach 1937 RPM.

[E=ES)

Fig. 1. Switched Reluctance Motor and Converten

In Fig. 12, show I, (Red), T, (Purple), I..(Blue) of current
that flow from each phase, Fig: 13 show V, (Red), V,, (Purple),
V. (Blue) Voltage of each phase, Fig. 14 show source voltage
and capacitor. 'Tn this experiment capacitor voltage can be
reach 14.6 Voltand the speed is reach 1792 RPM.

Fig. 16. Experimental result of capacitor and source voltage (voltage scale

produces a negative torque which makes the speed result is
only reach 1727 RPM.

Fig. I1. Experimental result of current phasce §0X)
G C T B Parameter Q4 ON ( Freewheeling ) In Fig. 18, show I,
& s k. . (Red), Iy, (Purple), I (Blue) of current that flow from each
—NI‘ Lj’u v e A phase, Fig. 19 show V, (Red), V}, (Purple), V. (Blue) Voltage
=1 IR ), e of each phase, Fig. 20 show source voltage and capacitor
UK Ui N Ut voltage. In this experiment capacitor voltage can be reach only
o~ \/_,,,] \f':' ",\T‘ I\)"\J | 12 Volt so that the demagnetization value is not maximal and

Fig. 12. Experimental result of voltage phase (voltage scale 10x)

Fig. 17, Experimental result of current phase

Fig. 13. Experimental result of capacitor and source voltage (voltage scale
10x)

In Fig. 15, show I, (Red), I, (Purple), Te(Blu€) of current
that flow from each phase, Fig. 16 show V, (Red), V}, (Purple),
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Fig. 19. Experimental result of capacitonand source voltage (voltage scale
10x)

TV, CONCLUSION

This converter—derived from conventional C-dump
converters are introduced in this paper. This converter can
produce high speed, low voltage, and low current, and simple
controls. The experimental results:show good performance
compared to the results of this Simulation. This converter is
interesting because the use of capacitors is set at a certain
position and a 470 uF capacitor is used for this drive circuit to
reach a fast discharge. The voltage rate in capacitor is 3 times
the'source value. When the voltage under the simulation the
result speed are not in maximum value, this happen because
the negative voltage also can have a full regenerative ability to
perform a demagnetization system to minimize negative
torque. The voltage rating of the device used in the converter
is lowered to the input voltage, which is good for significant in
low voltage power supply applications.
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