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Implementation of Non-time-varying Duty Ratio Transfer Function for
Improvement of Control Characteristics Bi-directional Charger

Jung-Goo Hwang', Sun-Pil Kim', Sang-Taek Han®, Ki-Seon Kim?
Young-Bae Choos, and Sung-Jun Park

Abstract - In this paper, we implement a non-time-varying transfer function of the duty ratio to improve the
control characteristics in a control system that Input voltage and the output voltage is varied, DC / DC
converters for bi-directional charging. When control is performed with using controller gain of conventional
design, characteristics of the control is varied to fluctuations of the input voltage. The proposed method is the
equivalently removing method for duty ratio in entire control block, by voltage controller gain is changed for
inverse of the duty ratio. The proposed non-time-varying duty ratio transfer function is applied to DC / DC
converter for bi—directional charging. In this paper, feasibility and superiority is verified through PSIM

simulations and experiments.

Keywords: battery charger, bi-directional DC/DC converter, controller, compensator
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Component Value Unit
Switching Frequency 20 kHz
Inductor 2 mH
Input Side Capacitor 340 uF
Output Side Capacitor 340] uF
Load Resistor 50, 100 Q
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= =1
o 2"lM o g ol A oF 400[ms]

Tek = =|
Vear
Mo b
VAt ton
L + TR PP P —
1z ‘\[[_
16,6V T ERI T T00 AT M Z66ma] A Chi £ a.66 A
249 7% 2011
00:27:55

(a) Input Voltage: 40[V], load: 100[ Q] - No Compensator

o R
| e
Sl 6 eV T ERa T ee AT M 360ms]| A Cho 7 a4.06 A

24 7¢ 2011
23857

(b) Input Voltage: 60[V], load: 100[ Q] - No Compensator

VRN SR - PR okl ]
Chi[_1o0.0v .00 A2 jM[200ms]| Al Chl - 1.00 V|

& Dec 2013
22:95:18

(c) Input Voltage: 60[V], load: 50[ Q] - No Compensator

Fig. 16 Charge - Voltage and current characteristic
by variable input voltage



1\’416 (@ )9 (o=

Te

Te]

(e}
o
2

o 2
o
o
—
xR
e
rir
jinss
I
)
hinss p
5 o

HIAH AJH] &

I

S o0V Ch2[ T.00 ALY iM[200ms]| Al Ch2 -~ 4.06 A

A T8l

SAAe] A &4
45 FPolrk. 17 16()E YFAY H[VIE
7ketar 1101 545 geotetr] flste] F-akAa 100[€]
949 AHAZ o[VIeld 20[VIZ W3t ze
s o]tk -514/\]4 obbal Z77)%= Buck Z1WE
o 29 @F/H w1 lou:] %E:Uq

& %‘Jﬂr. :la] 16(b)h O‘E—:W
A7bskaL HakA e 100[Qel A Z Ak A=
2SS e 4%01@. =9

< AP E A Aol
Aeshel weh udFHel FHo] vehdg
Vg <lrbeta
BAE O[VIellA 20[V]=

me] stgolnt. 2HA, AR HFL

A

24 79 2011
60:30:07

(a) Input Voltage: 40[V], load: 100[ Q] - Compensator

(b) Input Voltage: 60[V], load: 100[ Q] - Compensator

ik Stop |

e
ettt ek lm;zﬁa«i——»l»c«:-r-h;r bk

R To.0 VIRl 100 A MiZooms] A[Eh1 r 166 V)

% Dec 2013
22:946:45

(c) Input Voltage: 60[V], load: 50[ Q] - Compensator

Fig. 17 Charge - Voltage and current characteristic

by variable input voltage

(apply Non-time-varying Duty Ratio)
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