The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 2, April 2016 175

http://dx.doi.org/10.6113/TKPE.2016.21.2.175

Boost Converter Embedded Battery Charging Function for Application of E-bike
Da-Som Kimw, Sang-Yeon Kimw, Kyung—-Soo Kangw, and Chung-Wook Roh ™

Abstract

In the conventional E-bike, a 42 V/10 A Li-ion battery drives a 24 V/10 A BLDC motor via a 6-switch
PWM DC/AC inverter. The major problems of the conventional battery—fed motor drive systems are listed as
follows. To charge the battery, an external battery charger (adapter) is required, which degrades the portability
of E-bike users. In addition, given the high-frequency operation of the motor drive inverter, the switching
losses are significant, which degrades the whole power efficiency. High-voltage batteries (42 V) require a
complex battery management system (BMS), which degrades the reliability of the battery pack. In this paper,
an embedded boost-converter battery charger for E-bikes is proposed. The variable output boost converter,
which converts 16.8 V battery voltage to the required variable voltage of the inverter input, can use a
low-voltage battery and thus improve the reliability of batteries. By varying the inverter input voltage via
boost converter, a DC link voltage control method can be applied to reduce the switching frequency of the
inverter, which improves the whole power efficiency. Given that the function of a flyback charger is integrated
in the proposed boost converter, the portability of the E-bike user can be maximized by excluding an external
adapter. The validity of the proposed circuit will be confirmed by operation mode analysis and simulation.
Moreover, experimental results of integrative charger using Li-ion battery and 200 W motor test will be

showed with a prototype sample as well.
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Fig. 2. Conventional E-bike circuit.
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Fig. 3. Proposed integrated E-bike system block diagram.
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Fig. 5. Proposed integrated flyback converter circuit.
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Fig. 6. Operation of proposed battery charging circuit.
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Fig. 7. Operation of proposed battery discharging circuit.
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TABLE 1
SIMULATION AND TEST CONDITION OF PROPOSED
CIRCUIT
Flyback converter Boost converter
Input voltage 215Vde Input voltage 16.8Vde
(V) (Vigrers)
Output power COW Output power 200W
) (P )
Battery Output
voltage 16.8Vdc voltage 36V
( Vigrery ) (Vi )
Output
voltage B8V - -
(Vi )
Charging
current 35A - -
(Lo,
Inductor 17 Inductor 8ull
(r,) (L,,.)
Switching Switching
frequency 65kHz frequency 100kHz
(f.) (/)

3) H2E AWE %7 3 A,
7 oved o= deA] 2 inrush AR 2A )
oA A9} AU &g Jozit)

E
‘j— q— ‘/lin,k' ﬁOL*O“E %—

welg et 9 B8 Al T

¥ el A= inrush AF7F 24 G, &2k oY
Hol| & d3FS 74 deth B F2E &Y |5
AHE 2 goE ARgdth o= R FF A
Regulations F7| atil REO £w7p HAad o Ay
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H
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ol A 200Ww A& ZE H3}e] PSIM R dd 3} Al
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Fig. 12. Main waveform of simulation.
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TABLE O
EXPERIMENTAL PARAMETERS OF PROPOSED
CIRCUIT BY RESISTIVE LOAD CONDITION AND 200W
DRIVING MOTOR

Flyback converter Boost converter
In | In |
Put VOIAZE | ooyrae | PUL VOIAZE |y avrge
( ‘/ru) ( bﬂ.fffTU)
Output power COW Output power 200W
(})o.max) (})0 ma\()
Core EER4954S Core EERA954S
Tum Ratio n
15 - -
(n:1)
Number of s Number of 5
Turn (N) Turn (N)
I I
nductor 17 nductor Sull
(Lm ) (Lboost )
Battery Output
voltage 16.8Vdc voltage 36V
( ‘/;mttm'u ) ( ‘/link )
Output
voltage B8V - -
( ‘/li nk )
Charging
current 35A - -
(Ibﬂ.fff’T'U)
2.
Battery oBQ.7/ Output 0.6F/
Capacitor 100k Capacitor 42V
D 2ea) (G
FSL176
Control IC MRT Control IC TLAY
Switching Switching
frequency 6bkHz frequency 100kHz
(fo) (f.)
e S T i i s
4 __Vlink = 38v(10v/div) 4
. [l
: = Vhattery = 16.8V{5v/div)
: \ :
A A\ :

Fig. 13. Experimental waveform of battery charging.

a9 14-(a)= Vthmttle °f 24V < we] Aol v,
AL 25V, 8 ARE 23A% 51LBWHE A F8
A7t beds Btk I¥ 14-0)E Vw0l 42V
o wo] Azolr}, v, = BV, [, S 53AR 191W
& A¥ B3 Ao)7) sk

a9 15+ F2E AWEE ®2H Aoste Adde=w

A

2 =x
‘/thmttle! ‘/link! qu— Vd.s“—:'— - Oo]-/‘}‘r/]—' ‘/thmttle‘— Exﬂ

< AT e =

3 7% Wdd B2E 7WH
Vthrottle = 2.4V(5V/div) e meneme
O e e A e e
* Viink = 22.5V(20V/div) o)

|
= Id,mean = 2.3A(20A/div) |
bl n ke [ b e

Meh e ) s = = .

Vds = 30V(30v/div)
N 0, B 5 19 O 10 WO -5 O O O O ) S 1 A, W I "

Time division = 10us/div

(a) Waveform of boost converter at low output voltage

v:hromei#.zvgswdiv) i 2
“Vlink =36(20V/div) {‘
|

|

.d, Tean L‘53A(20A/d|v) | N " | '"x.{‘
T Ol O O O O ‘
Id,pk = 15A(20A/div) |

|

Vifls SOUBOVAI b b e b e e M
|

|

|

]

Time division = 10us/div

(b) Waveform of boost converter at high output voltage

Fig. 14. Key experimental waveform of 200W resistive load
condition under variable throttle voltage condition.

Vthrottle = 2.4V(5V/div) |

Viink= 23?.‘1(20V/Hi\f) ''''''''''''''' If '''''''''''''''''''''''''''''''
" 1d,mean= 2.29A(20A/div) I

| 1d,pk = 8.05A(20A/div)

|

|
L/fLS—jQIEOV@J ,,,,,,,, G A RSN W SN S—

. nh ‘[»j L] WJ-M \_“L!v“l_j "~k}"ﬂ. .Lr.,,. 'LMW\J”
|

ime division = 10us/div

(a) Waveform of boost converter at low output voltage

Vlmk 35.64V(20V/div)

|
{
2 Idmean= 5.42A(20a/div) N
\wF S i O O N 1\
|
Kl
1
<
|
i

i .
O

ime division = 10us/div

(b) Waveform of boost converter at high output voltage

Fig. 15. Key experimental waveform of 200W motor load
condition under variable throttle voltage condition.

Throttle?t A3kl A@aArt 18 15-(a)= 50WH
EE Al Agolth V0l 24V & W Ve
231V, 9 B 220A° AHE Holth A
529W= A Hapet AR AxE Bt a4
15-(h)= 200Ww KH Alo] Aotk v, .0l 42VE
Vi 3564V 10 e 542A2 AYE oF 1932W

rlo



The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 2, April 2016

otk ol 20W F AF ik A fAF g2 u

Q’?lfﬂ'-ﬂ— ‘/thmttle
of mebx RE F Al 7P S50t 7He e

H kT

+
E-bike®] F-3]o} 7|
Fraish7 17k edsta AlE @b 4
Aok wiEE] ek vtal
aA s 5% (boost) HAHE
AEAd ANFE TAAFI
Throttle 3]d& F3ate] 7bsabAl stk w3
(boost) ZIWE e} obd A e FH
(Flyback) S S#AI7|WA Fe] o34 FH7&
2 A gk
A7) ARE wigom 7
o] glo] F¥¢ FAE
=dstE 7t s vt
T Stk webA A A o)A AA|
o o] 7hsd Aot

Bt |y

=

o

E, N

[
o}:j:mg

g
o,

(it
-
of
ol
rir
2

01>4Er

M foh £ @ px ml -
wE Koof 1o rlo

22
o
=
[-‘O
ofo
o
offt
> e

of =22 2016 =2ltfstu wif od7d| x|
UL SRR Fo| Ao 2| A | T

24 ME7|

0052002)e| A nt=z

S

References

[1] J. Weinert, C. Ma, and C. Cherry, “The transition to
elctric bikes in china : history and key reasons for
rapid growth,” Journal of Transportation, Vol. 34, Issue
3, pp. 301-318, May 2007.

[2] T. C. Jeong, C. S. Jin, S. J. Kim, J. H. Han, and J. Lee
“A study on high performance through improvement of
PWM commutation method for E-bike BLDC motor,”
The Korean Institute of Electrical Engineers, pp. 71-73,
Nov. 2012.

3] Y. M Lee, B. S. Kim, and C. W. Roh. “Boosting
two-way about battery charge and discharge circuit,”

181

Power Electronics Annual Conference, pp. 423-424, Jul.
2014.

C. C. Hua and M. Y. Lin. “A study of charging control
of lead-acid battery for electric vehicles,” IEEE Trans.
Industrial Electron, Vol. 1, pp. 135-140, 2000.

S. S. Park, J. H Kim, and K. B. Leee, “Performance
improve of transient state in CC-CV mode change for
PV  battery chargers,” Power Electronics Annual
Conference, pp. 206-207, Jul. 2013.

C. Sreekumar and V. Agarwl. “A hybrid control
algorithm for voltage regulation in DC-DC boost
converter,” IEEE Trans. Power Electron., Vol. 55, No.
6, pp. 2530-2538, June 2008.

J. M. Un, T. E. Kim, J. H Kim, and B. K. Lee,
“Modeling of variable DC link inverter for high efficient
motor drives,” Power Electronics Annual Conference, pp.
237-239, Oct. 2008.

S. H. Lee, S. G. Kang, P. Awasthim J. G. Hwang, S. Y.
Lee, H B. Wi, and S. J. Park. “Variable output and
paralle operation control of EV charger,” The
Transactions of Korean Institute of Power Electronics,
Vol. 18, No. 2, pp. 153-160, Apr. 2013.

dot&(£CHE)

19914 11g 224, 20154 =oicf MXHY
2 SAHE MXZEE EY. 20154~
N = =l

=

i
[=) =
otel TAtS St MAR,

o

&8 R)
2 54 20149 Foldh R
st MAIBeHE B, 20150~

RSt MALHE.

20134 =oidf MAYE
ot £, 20154 & st

A(MA}. 2015E ~3H =

Y S(EBE)

197114 9F 1024, 1993 BHRRIEY|%E
M| 2 MABED B, 19954 5 ot
o M7 U MR S(AA, 20004
S st M7 2 HAFSI SUI,
200011 ~2004H AMHRHF) B4k ClAEe
T2, 2004 ~ A Rolc) MAY B AS3}



