ISSN 1975-8359(Print) / ISSN 2287-4364(0Online)

The Transactions of the Korean Institute of Electrical Engineers Vol. 67, No.8, pp. 1047~1054, 2018

http://doi.org/10.5370/KIEE.2018.67.8.1047

dxg]E thet PWMOIHHEAIARS sHe: 9 QIHEH E5X8¢
ROA71H

Control Strategies of Both the Heater Temperature and the Inverter Output Voltage of a
Single-Phase PWM Inverter Systems for Heat Treatment

NI AR S I
(Si-Gyeong Yang - Tae-Won Chun)

Abstract - This paper proposed the strategies for controlling both the heater temperature and

the output voltage of

a single-phase inverter for the heat treatment. The single-phase inverter system for the heat treatment controls the
heater temperature to its reference one, and also it limits the inverter output voltage to 60 V for safety. The stability
may be deteriorated due to the large time constant difference between the heater temperature and inverter output voltage. In
order to ensure the stability, a hysteresis on/off control approach for the heater temperature control is adapted, and both the
open-loop and the closed-loop control strategies of the output voltage are suggested. The performances for the proposed

strategies are demonstrated with the experiments.
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Fig. 1 A single-phase PWM inverter for heat treatment
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Fig. 4 Frequency responses of inverter output voltage: (a)
when the damping resistor changes, (a) when the
ratio of inductance to capacitance changes
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Fig. 5 Block diagram of heater temperature control with
open-loop control of inverter output voltage
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Table 1 System parameters used for experiments

Parameter Value
DC-link voltage, Vpc 200 17
Switching frequency, £ 10 kHz
Heater equivalent resistance, £, 3 Q
LC filter, L and C 250 pH, 100 urF
Damping resistor, Ry 2 Q
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Fig. 9 Photograph of experimental setup

BHE|E chet PWMRIHEIA| AR S| SIEf2: I oltE ZHHY HMo7[Y

Trans. KIEE. Vol. 67, No. 8, AUG, 2018

N g9 il e 2 374 g9 Zt QIHHE AsKES
IS LCEE Bo7 M3yt tHEN oF 1.2kW S89)
SIEIRSIE Adno] ok o] s/ AEE DAQIHES SIE L
T U EHAYFMOE 5] 32-HIE DSP TMS320F283352
AFSSHQILE. 2|3l DSPUHR W & &S ETAS), 7%
TR 9 A& Y, JIEeE U SHeE 59 i
S QARATEZ WESHA Q5t0] 4-/E 12-HIE D/AZIHH
E AMSSITH

8 102 LCEHAA AMSAT Ry=2 QO 1FAFIAL Q1
9 2 AWAIE Fol L=100uH, C=200uFY ZA<L9} L=
250 uH, C=100uF ZAS ZZt OIHE EFg OHEH AF9
Aglulede HOl Zolth LCZE9 AHFIE 1kHz~ 1.1
kHz AIOIZ [AIAIZIHEAL, QIHE ZE S7IA712 AWAIE gt
S 44anZ 29 J8 4ol HEHieh Zo] OIHE EEet
2 OIHHA RS glE0] A4Ee ¥ ¢ AUtk

I8 112 £898Y AZRZAO] Al QHE Agdst Bt
I HY 59 EHAY, 7IENSe 7IENS] HUigel MR

E \ A /A\ IA\ /A\ /A\
v yvy

v

ol

o

"o_mv
[50A/div]
0.0 !

Time [10ms/div]

(a)

sAAAAAA
AVETAVE

| R
VVVV VY

iu,mv
[50A/div]
0.0 -

Time [10ms/div]

(b)

T 10 EYHY 9 HEERT ASake: () L=100uH, C
=200 uF. (b) L=250uH, C=100 uF

Fig. 10 Experimental waveform of the output voltage and
inverter current: (a) when L =100uH, C= 200 uF,
(b) when L=250uH, C=100uF

1051



H7|stsl=&X 67 8% 2018 8¢

Eto] AgR7} 56 VE @
SEEAS7E Sl wet
EYMY AEA7F 60 VZF HORE QIWE AYLEte Ha St
%

Without compensation —«— With compensation

« MAAAAARAAAAA
it LI LTE L

TEVRVRIAIA
‘VV-V AN V\ ;.\“V

LM,
[0.25 /div]

=
g
- —
Fy—
S
-5

I “/‘[3125‘/?iv] | L

Time [20ms/div]

I8 11 E8EY ARZ [o Al A5t B4 g3t
Fig. 11 Effects of compensating for voltage drop with
open-loop output voltage control

Voe -
[200V/div])
Vo < - -
[100V/div]
0.07
0.5y | Moflulation
bl Gl (05 7aiv]
0.04LL L | / ! ‘
I VYVV YV
FVYURVVY
Time [50ms/div]

O3 12 FFEAFR0] 200 VOIA 300V A5 Al ESEA|O]
Fig. 12 Output voltage control when dc-link voltage is
changed from 200V to 300V

a9 125 AFEI JAYo] 200 VollAl 300 VE E7F Al Q1
H 80t 7Eds B WRAs ddulge HY Zlol
dsgol met VNS 77 daE RN

4 Qlth

08 132 SHAY AR R0} Al ZIE2E7F 200°01H 3]
SHEAA 2571 2°Y AL, SIEHSEA BEHE BEM5] ¢
sto] 712 Y SHEe EHAY Aslutge =2l Zolrh
ZIE&2% 200°0] SIAHEIAA 25 2°E # 198°0A] SHLE
ASA7)7] Qtol EEAYS 60 VE A71ECh 81 7
2% 200°0] BIAHIZIAA 2% 2°2 T 202°0l4] SIEIRE

M

Temperature Vo
il

g

0.0

0.0

Time [10s/div]

(a)

[10 ded/div]

\__,_—( .

[10 deg/div]

(b)

I8 13 olHRE B EHEY ANFEZA0: (@) 7IE H 3H &
=9 287, () gHst 71E % slHR:

Fig. 13 Heater temperature and open-loop output voltage
controls: (a) reference and heater temperature and
output voltage, (b) amplified reference and heater

temperatures
/T' T
s S R
40 ucy/lﬂj-ij’ﬂ / [I40Vld'|:/]‘ 5[;?\,((,?]“ baohe
TR AARAERARLLIRAL
I R
AR AR
gL T
Time [50ms/div]

I8 14 sHer: 9 E88g HEX Ao 4821t
Fig. 14 Experimental result for heater temperature and
closed-loop output voltage controls

g 2P 95l BRRYS 0V AHECE GI7IA ]
Hewng HH AREE S48 SUEAS 60 VR ArkolE
BT 257k O 2° U 24NV 455900, BYENS
0 VE QIO BRI S0t oF 2° B Bk} U4E
g o % 9tk

I8 4= EYEY HEFZAO] Al 7IE2E7F 200°01H B]A



HZlAlA 257} 2°Y 49, SlEer: Y AHHESRY Mg
gg Ed slHek: ¥ EHAY Aol 458 Felst Zoltt of
71K SIHE7E 19870 Y Al SIEHREE ASAITI7] 6l
FalolHol 60 VAYE 7kl flsto] Ve EEAYE 60V
Herol HURQ! 60v/2VaE AFSICE Z1EReo] 0 VolA 60
V2 VE HE AFoA EEEYES ORIo] QHFET lom
OF 300 msec Fol= EFFE Fuigtol ZIERl & FyEse
& &+ Atk

o

54 8

2 =RoAEe ©d PWM QHEIE AMSSH EXlE] AIAE9
SHeE 9 OHE 8 Moi7IiHe FMotstRitt. WAl LCE
HOl ZxEee dAlshy] flstol IRAY A7), EHY ds,
AeAg &4 58 1Hsto] MsAg ge AASITL Ba9l
HEZ A7 A TOE SIH2L E5FYE SA0] oHF
Fog AHolatr] floto] SIHRL sIAHEAIA 2/22% Foj7]
it EEEQY] HFEZ Aol € HFEZ Ao} 7 22 AA
slpom 4gle Bolo Aol dsg ASSINL & SIHeR
AMol= A2ty SIESEA miEol slHE7} sIAHEAIL 2%0]
oF 2° Ax "Hojou iAIFCR FEREE F40Z J|AH
ZAA 2% Yok AoEs eItk

RAISH QIHE AYZsE HAS S8FAY HEZ o7
HoZ AFEI MGV Wl #AGol EHFYS A9
60 V2 AAEouz AR xMojo 71 & thEQl A
QAE A9 YIgE & 4 AULL SHAYY HEZ Aol ¢HF
CA EHRY FUigo] ZIEAYl MojEs SISt

A 2
2 o3 2017HE AABARIYE XY K|S A
A AT AIHS: R0006520) Kol 95109
O]F01F ¢17Q].

References

[1] R. Suguna, V. Usha, and S. Chidambaram, "A tem-
perature control by using PID based SCR control system,"
[OSR-Journal of Electronics and Communication, vol. 9,
no. 2, pp. 51-55. Mar.- Apr. 2014.

[2] J. K. Steinke, “Use of an LC filter to achieve a motor-
friendly performance of the PWM voltage source
inverter”, /[EEE Transactions on Energy Conversion, vol.

14, no. 3, pp. 649-654, Sep. 1999.

BX2[E chet PWMRIHHEIA AR O] SIE{2 & QIH{E Z2HHQ Hoj7|H

Trans. KIEE. Vol. 67, No. 8, AUG, 2018

[3] H. S. Kim and S. K. Sul, “A novel filter design for output
LC filters of PWM inverters’, Journal of Power
Electronics, vol. 11, no. 1, pp. 74-81, Jan. 2011.

[4] Y. M. Chen, ‘“Passive filter design using genetic
algorithms”, /EEE Transactions on Industrial Electronics,
vol. 50, no. 1, pp. 202-207, Feb. 2003.

[5] X. Wang, H. Lin, B. Feng, and Y. Lyu, “Damping of input
LC filter resonance based on virtual resistor for matrix
converter”, [EEE Energy Conversion Congress and
Exposition (ECCE), pp. 3910-3916, Nov. 2012.

[6] P. Mishra and R. Maheshwari, “Active damping control of
induction motor drive with LC filter”, /EEE International
Conference on Power Electronics, Drives and Energy
Systems (PEDES), pp. 1-6, May. 2016.

[7] D. A. R. Wati, “Design of type-2 fuzzy logic controller for
air heater temperature control”, International Conference
on Science and Technology (TICST), pp. 360-365, Jan.
2015.

[8] D. A. R. Wati and R. Hidayat, “Genetic algorithm-based
PID parameters optimization for air heater temperature
control”, Infernational Conference on Robotics, Bio-
mimetics, Intelligent Computational Systems, pp. 30-34,
Nov. 2013.

[9] N. L Septiani, I. Bayusari, Caroline, T. Haiyunnisa, and B.
Y. Suprapto, “Optimization of PID control parameters
with genetic algorithm plus fuzzy logic in stirred tank
heater temperature control process’, International
Conference on Electrical FEngineering and Computer
Science (ICECOS), pp. 61-66, Aug. 2017.

[10] K. Upamanyu, D. Venkatramanan, A. Adapa, and G.
Narayanan, “Experimental study on the influence of
dead-time on IGBT turn-off Characteristics in an
inverter leg at high and low currents”, /ndia International
Conference on Power Electronics ([ICPE), pp. 1-5, Nov.
2016.

[11] A. Guha and G. Narayanan, “Impact of dead time on
inverter input current, DC-link dynamics, and light-load
instability in rectifier-inverter-fed induction motor
drives”, [EEE Transactions on Industry Applications, vol.
54, no. 2, pp. 1414-1424, Mar./Apr. 2018.

[12] E. S. Kim, U. S. Seong, J. S. Lee, and S. H. Hwang,
“Compensation of dead time effects in grid-tied
single-phase inverter using SOGI”, [EEE Applied Power
FElectronics  Conference and Exposition (APEC), pp.
2633-2637, Mar, 2017.

[13] Y. Murai, T. Watanabe, and H. Iwasaki, “Waveform
distortion and correction circuit for PWM inverters with
switching lag-times”, [EEE Transactions on Industry
Applications, vol. 23, no. 5, pp. 881-886, Sep. 1987.

1053



Ho|etsl=

2X 673 8% 2018 8¢

Al

i

|

1054

¢ Al 4 (Si-Gyeong Yang)

1991@ 59 10948, 2016 AT &7
SR &Y. 2016G~8A] & TiSi A7
SHE AANPY

A B 9 (Tae-Won Chun)
195949 1€ 30¥M. 1981 HA) &7
shll EQ(SHAD. 1983E AlSthstal o
A7) Fst ERAAD. 1987d & T
71t EHQEA, 20051 HALO
O WEus, 1 St A58 us

AN i

5L

K
OM MO [ ok

—-





