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Umted States Patent [19] [11] Patent Number: 5,343,970

Se'verinsky [45] Date of Patent: Sep. 6, 1994

[54] HYBRID ELECTRIC VEHICLE 4,593,779 6/1986 Krbhling ............................ ISO/65.4
. 4,611,466 9/1986 Keedy ............ 60/718

[76] Inventor: Alex J: Sevennsky, 10904 Pebble 4,697,660 10/1987 Wu etal. .. 180/65.2
Run, Sllver Sprmg, Md. 20902 4,815,334 3/1989 Lexen ............. 74/661

_ 4,923,025 5/1990 Ellers ........... 180/65.2
[21] APPL NO" 947,691 4,951,769 8/1990 Kawamura ....... 180/65.4
[22] Filed: Sep. 21, 1992 5,053,632 10/1991 Suzuki et a1. 180/652

5,117,931 6/1992 Nishida .................. ISO/65.2

Pg glts. C(lfi5 ................................................ B60K 6/064 5,120,282 6/1992 Fjallstrom ...................... ISO/65.4 X5 . . . .................................. 180/65.2; 180/65. ;

q 180/165; 60/718; 475/2; 475/5 OTHER PUBLICATIONS
[58] Field of Search .................... ISO/65.2, 65.3, 65.4, SAE Technical Paper Series 891659, Bullock, pp.

ISO/65.6, 165; 60/716, 718; 475/2, 5, 8, 9 11—26, Aug. 7—10, 1989.
. SAE Technical Pa er Series 910247 Kalberlah .

6 R 1' C1 P , 9 PP
[5 1 e ”ems ted 69—78, Feb. 25—Mar. 1, 1991.

US. PATENT DOCUMENTS _ , ,
Primary Exammer—Margaret A. Focarmo

3,2223%; 3;13;? ngmuééi----------------- 1332:; Assistant Examiner—Peter C. English
3,650,345 3/1972 Yardney .................. 180/65.2 [57] ABSTRACT

3:31.57; 323;: £222? et 31' £823: An improved hybrid electric vehicle includes an inter-
3:837:419 9/1974 Nakamiiigm .12.. 180/65.4 Dal COmbUStion engine and.“ death mOtPr- 30th the
3,874,472 4/1975 Deane ............. 180/65.4 mom? and the engine prOVIde torque t0 dnve the vehi-
3,923,115 12/1975 Helling ............ ISO/65.2 cle directly through a controllable torque transfer unit.
4,042,056 8/1977 Horwinski . ...... ISO/65.2 Typically at low speeds or in traffic, the electric motor
4,095,664 6/1978 Bray .................... 180/65.4 alone drives the vehicle, using power stored in batteries;
4,148,192 4/1979 Cummingsu ------ 180/65-2 under acceleration and during hill climbing both the

11233;?) 1%;3;? 32:5------------ 12372:; engine and the motor provide torque to drive the vehi-
4:305:254 12/1981 Kawakatsu et a]. . ...... 180/652 Clei Ends“ “63‘?” 5:13“ hiigi‘waihcmsggi mfimieinal
4,306,156 12/1981 Monaco et a1. ............ ISO/65.2 °°m “5 1°“ .engme . °“.e .nves e vs ce‘ 6 m 8"
4,313,080 1/1982 Park .................... 180/65.2 “31 9°mbusn°n englne 13 51269 to PPera‘e at 9‘, near “5
4,335,429 6/1982 Kawakatsu ........... 180/65.2 maXIum fuel effiClency dunng highway crmsmg- The
4,351,405 9/1982 Fields et a1. .. ...... ISO/65.2 motor IS operable as a generator to charge the batteries
4,354,144 10/1982 McCarthy . ...... ISO/65.4 as needed and also for regenerative braking. No trans-
4,400,997 8/1983 Fiala ................ ISO/65.2 mission is employed. The motor operates at signifi-
4,405,029 9/1983 Hunt ........................... 180/65.2 canfly IOWer currents and higher voltages than conven-

2142735; 13/3: anakatsu 5" 31- - ----- 180/:54 tionally and has a rated power at least equal to that of
’4 8’ / euyon """""""" " 180/ 5‘2 the internal combustion engine. In this manner a cost

4,439,989 4/1984 Yamakawa ..... 60/718 ff . hi 1 . . ff . If4,470,476 9/1984 Hunt ......................... .. 180/652 6.1mm W C e ‘S Pdeed’ 5“ “Eng n° P6. ”man“
4,533,011 8/1985 Heidemeyer et a1. ............. 180/65.2 disadvantage ‘3um":C1 to convenmnal Wholes-
4,562,894 1/1986 Yang .............................. ISO/65.2
4,578,955 4/1986 Medina ............................... ISO/65.4 40 Claims, 12 Drawing Sheets
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