US010220726B2

a2 United States Patent

Zing et al.

US 10,220,726 B2
Mar. 5, 2019

(10) Patent No.:
@5) Date of Patent:

(54) SYSTEM, ARCHITECTURE, AND METHOD
FOR MINIMIZING POWER CONSUMPTION
AND INCREASING PERFORMANCE IN
ELECTRIC VEHICLES

(71)  Applicant: SUPERIOR ELECTRON, LLC,
Grosse Pointe Woods, MI (US)
(72) Inventors: Christopher P. Zing, Milpitas, CA
(US}). Joachim H. Wiest, Pleasanton,
CA (US): Henry T. Fung, San Jose,
CA (US)
(73) Assignee: Superior Electron, LLC, Grosse Pointe
Woods, MI (US)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.
(21)  Appl. No.: 15/840,206
(22) Filed: Dec. 13, 2017
(65) Prior Publication Data
US 2018/0272893 Al Sep. 27, 2018
Related U.S. Application Data
(63) Continuation of application No. 14/996,770, filed on
Jan. 15, 2016, now Pat. No. 9,855,859, which is a
(Continued)
(51) Int. CL
Ho2P 1/54 (2006.01)
HO2P 500 (2016.01)
(Continued)
(52) US.CL
CPC .. B60L 15/2054 (2013.01); B6OL 11/18
(2013.01); B6OL 15/2045 (2013.01);
(Continued)
(58) Field of Classification Search
CPC i B60L 15/2054; B60L 11/18
(Continued)

3a
54
50
N -

(56) References Cited
U.S. PATENT DOCUMENTS

1,667,718 A
2,441,606 A

5/1928 Connell
5/1948 Trofimov

(Continued)
FOREIGN PATENT DOCUMENTS

CN
WO

101513829 A
2010051427 A2

8/2009
5/2010

OTHER PUBLICATIONS

Miller, Hybrid Electric Vehicle Propulsion System Architectures of
the e-CVT Type, IEEE Transactions on Power Electronics, vol. 21,
No. 3, May 2006.

(Continued)

Primary Examiner — Frick Glass
(74) Awntorney, Agent, or Firm — Dykema Gossett PLLC

(57) ABSTRACT

An electric vehicle accomplishes speed changes through the
use of electronically controlled, multiple electric motor
configurations that are coupled to an output drive shaft
instead of a speed change transmission. A parallel-coupled
motor configuration includes at least two motors that are
each coupled to the output drive shaft through respective
gear arrangements, each gear arrangement having a respec-
tive gear ratio. In a serially-coupled motor configuration, the
stator of the second motor is coupled to the rotor of the first
motor, where the rotor of the second motor is coupled to the
output drive shaft. The required torque to reach or maintain
a desired vehicle speed can be obtained by selective ener-
gization of either one or both of the motors (in both
multi-motor configurations). Two motors are also coupled to
a differential gear so that the rotational speed contributed by
both motors are additive at the output shaft.
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