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United States Patent (o) Patent No.:  US 7,928,348 B2
Neal 4s) Date of Patent: Apr. 19,2011
ELECTROMAGNETIC DEVICE WITH 6,783,413 B2* 82004 Nakataetal. ... 440/89 R
; y 2006/0055264 Al* 372006 Johnsonetal. ... 310715623
INTEGRATED FLUID FLOW PATH 2007/0075463 Af¥ 42007 Huangetal. ... 264/489
Inventor:  Griffith D. Neal, Alameda, CA (US) FOREIGN PATENT DOCUMENTS
Assignee: Encap Technologies Inc., Alameda, CA P . 6.3“8559 AT S/I988
(US) * ¢ited by examiner
Notice:  Subject to any disclaimer, the term of this . .
patent is extended or adjusted under 35 Primary Examiner — Quang T Van
U.S.C. 134(b) by 1171 days. (74) Attorney, Agent, or Firm — Brinks Hofer Gilson &
Lione; Steven P. Shuriz
Appl. No.: 11/489,911
Filed: Jul. 19, 2006 (57) ABSTRACT
Prior Publication Data Electromagnetic components are provided with a heat
. exchange mechanism. For example, a fluid-cooled electro-
US 2008/0029506 Al Feb. 7, 2008 magnetic fleld-functioning device, such as a motor, generator,
Int. CL transformer, solenoid or relay, includes one or more eleetrical
HOSB 6/10 (2006.01) conductors. A monolithic body of phase change material
HO2K 920 (2006.01) substantially encapsulates the cenductors or an inductor, At
US. CL oo 219/628; 310/54; 310743 1east one liquid-tight coolant channel is also substantially
Field of Classification Search ................ 219/628; encapsulated within the body of phase change material. The
310/43, 54,55, 67 R, 89, 90, 156.23; 165/104.14, coolant channe] may be part of a heat p1pe or ecold p]ate. The
165/212, 214,272.4, 285, 311; 62/101 coolant channel may be made by molding a cenduit into the
See application file for complete search history. body, using a “lost wax” molding process, or injecting gas
into the molten phase change material while it is in the mold.
References Cited The coolant channel may also be formed at the juncture
between the body and a cover over the body.
H.S. PATENT DOCUMENTS
4,678,881 A *  WIE9RT Griffith ..o 219/631
5,534,097 A ¥ H1996 Fasancetal. ..o, 156/214 27 Claims, 14 Drawing Sheets
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