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Abstract — Hybrid Electric Vehicle(HEV) and Plug-in Hybrid Electric Vehicle(PHEV) will replace Conventional
Gasolene Engine Vehicle at a rapid rate to eliminate emission gases and improve fuel economy. This review
describes Fuzzy Logic Control strategy and Optimization for Parallel Hybrid Electric Vehicle. Recent progress
on Electric Motor and Li-ion Battery for HEV and PHEV are given. Analysis on competitiveness of Korean
HEV and PHEV technology based on the number of papers published and patents registered are also performed.
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Fig. 1. Classification of the hybrid power train control
strategies [1].
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Fig. 2. Block diagram of the energy flow: (1) mechanical path
and (2) electrical path [2].
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Fig. 3. Power-split-type HEV configuration [3].
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Table 3. No. of papers published each year.
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Table 6. Annual average No. of cited for major HEV patents.

&9 | =ems A% 29 i A
1 US5588498 | Electric Hybrid Vehicle NISSAN(Y &) 1996 33.0
2 US5621304 | Electric generation control system for hybrid vehicle HONDA(YE) 1997 30.6
3 US5359228 | Operating method for a hybrid car MITSUBISHI(Y &) 1994 30.5
o s o ™ 7| sty | o | 5
s | ussrsn | Coremoncmil e 2 ohid e i & 8 S | sty | o | 20

Hybrid vehicle drive system having clutch between engine and
6 US5856709 | synthesizing/distributing mechanism which operatively connected to TOYOTA(YLH) 1999 20.8
motor/generator
7 US6176808 | Hybrid Vehicle powertrain and control therefor FORD 2001 17.6
8 US6364807 | Control strategy for a hybrid powertrain for an automotive vehicle FORD(1]|=) 2002 7.9
Hybrid vehicle driven by composit torque generated by an
9 US6570265 internal-combustion engine and an electric motor, and method of HITACHI(Y &) 2003 6.7
operating same
10 US6784563 | Hybrid vehicle and method of controlling hybrid vehicle TOYOTA(YE) 2004 4.6
1 US5433282 Szi)trrli \\/]:1}111;112 powered by an internal combustion engine and an RESEEA%%(I)_IS(%%) 1995 26
12 US6886648 | Power output device, hybrid vehicle, and method of controlling them TOYOTA(ZH) 2005 2.6
13 US7053566 | Drive train for Hybrid electric vehicles NISSAN(Y ) 2006 0.8
14 US7275610 | Closed-loop power control for hybrid electric vehicles FORD(1|=%) 2007 0.3
15 US7328091 | Hybrid vehicle and hybrid vehicle controlling method TOYOTA("]=) 2008 00
Table 7. Key Player of PHEV patents.
£9 z99 EsR08(9) | B7 Nagas
1 NGK(2-2) 47.4%(9) 1.8
2 Rockwell Automation Technologies(T]=F) 15.8%(3) 0.7
3 Toyota(d ) 10.5%(2) 1.0
4 Ovanic Battery(1]=t) 10.5%(2) 0.5
5 Hei Long Jaing Zhong Qiang Power-tech(5=) 5.3%(1) 0.0
6 Quallion(1]=F) 5.3%(1) 0.0
7 International Business Machines(IBM)(1]|=F) 5.3%(1) 0.0
Table 8. Annual average No. of cited major PHEV patents.

&9 | sshvs A 299 Tr e
1 US6379840 | Lithium secondary battery NGK(¥ &) 2002 5.5
2 US6258487 | Lithium secondary battery including a devided electrode base layer NGK(¥H) 2001 2.0
3 US6595307 Hybri(li Vehicle capable of reducing NOx emissions and method of Toyota(2l3) 2003 10

operating same
4 US6858348 Lithium Secondary battery with low internal resistance NGK(¥+&) 2005 0.8
Hei Long Jiang
5 US6994737 | High-capacity Polymeric Li-ion cell and its production method Zhong Qiang 2006 0.3
Power-Tech(5=T)
6 US7189475 | Lithium secondary battery Toyota(Yd =) 2007 0.0
7 US6753104 | Lithium secondary battery NGK(YE) 2004 0.0
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