
US006252380B1 

(12) United States Patent (10) Patent N0.: US 6,252,380 B1 
Koenck (45) Date of Patent: Jun. 26, 2001 

(54) BATTERY PACK HAVING MEMORY now abandoned, which is a continuation-in-part of applica 
tion No. 07/168,352, ?led on Mar. 15, 1988, now Pat. No. 

_ - 4,885,523, said a lication No. 07/168,352, ?led on Mar. 
(75) Inventor' Steven E‘ Koenck’ Cedar Raplds’ IA 15, 1988, now PaEpNo. 4,885,523, is a continuation-in-part 

(Us) of application No. 06/944,503, ?led on Dec. 18, 1986, now 
Pat. No. 4,737,702, which is a continuation-in-part of appli 

(73) Assignee: Intermec IP C0rp., Woodland Hills, cation No. 06/876,194, ?led on Jun. 19, 1986, now Pat. No. 
C A (Us) 4,709,202, which is a division of application No. 06/797, 

235, ?led on Nov. 12, 1985, now Pat. No. 4,716,354, which 
* _ _ _ _ _ is a continuation-in-part of application No. 06/612,588, ?led 

( ) NOtlCe? SubJeCt to any disclaimer, the term of this on May 21, 1984, now Pat, No, 4,553,081, 
patent is extended or adjusted under 35 7 
USO 154(k)) by 0 days (51) Int. Cl. H02J 7/04 

(52) US. Cl. ............................................................ .. 320/150 

(58) Field of Search ................................... .. 320/112, 122, 

(22) Filed: Feb. 24, 2000 
(56) References Cited 

Related US. Application Data 
U.S. PATENT DOCUMENTS 

63 Continuation of a lication No. 09/270,302, ?led on Mar. 
( ) 15, 1999, now PaEPNO' 6,075,340’ which is a Continuation 3,599,071 8/1971 Lapuyade et al. ................. .. 320/150 

of application No. 08/841,974, ?led on Apr. 8, 1997, now 376837258 8/1972 Harbonn """" " ' 320/103 
pat NO_ 5,883,493’ which is a Continuation of application 3,740,636 6/1973 Hogrefe et al. .................... .. 320/101 
NO, Org/415,075, ?led on Mar, 30, 1995, now Pat NO, 3,754,182 8/1973 Morris et al. ...................... .. 323/249 
5,619,117, which is a continuation of application No. 3,763,416 10/1973 Jache ...... .. . 320/147 
08/134,881, ?led on Oct 12, 1993, now Pat- N9 5,508,599, 3,771,132 11/1973 Biewer ................................. .. 710/61 
Which is a Continuation of application N9 (17/769,337, ?led 3,775,659 11/1973 Carlsen, II ......................... .. 320/140 
on Oct. 1, 1991, now Pat. No. 5,278,487, which is a - 

continuation of application No. 07/544,230, ?led on Jun. 26, gigs/22a’ Jr' et al' 1990, now abandoned, which is a division of application No. ’ ’ y """"""""""""" " ' 

on Oct' 16’ now Pat~ I\IO~ SWOPC ................................ .. which is a division of application No. 07/168,352, ?led on 39177990 11/1975 Sherman: JL - 320/150 

Mar' 157 1988’ now Pa[_ N()_ 4788575237 is a Continu- 3,921,050 Rowas ................................ .. 320/119 
ation of application No. 09/223,983, ?led on Jan. 4, 1999, 3,928,792 12/1975 Mullersman et al. ............. .. 320/154 
now Pat. No. 6,043,630, which is a continuation of appli- 3,941,989 3/1976 McLaughlin et a1, _ 713/321 

gag)? 08/I3_15lr1,8_25,?led9t{1 59?; 30, 1f994, Pat 59 3,956,740 5/1976 Jones et al. ............................ .. 360/4 
, , , w ic is a con inua ion 0 a ica ion 0. 

07/s59,591, ?led on Mar. 23, 1992, now Pat. 0,30. 5,363,031, 3235222 51332 Egg‘: """"""""""" " 353%? 
which is a continuation-in-part of application No. 07/446, ’ ’55 h ' ' 5 

231’ on Dec‘ 8’ now abandoned’ is a 4,001, 0 SC atZ ................................ .. continuationdmpart of application NO_ 07/266’537’ ?led on 4,017,725 4/1977 Roen .................................. .. 361/680 

Nov. 2, 1988, now abandoned, which is a continuation-in- 4,030,086 6/ 1977 Salem - 340/636 
part of application No. 07/168,352, ?led on Mar. 15, 1988, 4,045,720 8/1977 Alexandres . . 320/150 
now Pat. No. 4,885,523, which is a continuation of appli- 4,061,956 12/1977 Brown et a1_ 320/153 

29617951317413- 08/l?_8%8_53, ?led 911 Die- 5, 1f997, Ii9WfPat- 59 4,072,859 2/1978 McWaters . 250/214 R 
, , , w ic is a con inua ion 0 app ica ion 0. - 

0s/399,742, ?led on Mar. 7, 1995, now Pat. NO. 5,696,435, j’?g’ég 18%;: et a “333/516; 
which is a continuation of application No. 07/837,650, ?led ’ ’ ' ' 
on Feb. 18, 1992, now Pat. NO. 5,463,305, which is a 471217115 10/1978 dc Mere ~~~~~ ~~ ~ 307/150 
continuation-in-part of application No. 07/446,231, ?led on 4,125,802 11/1978 Godard ~~ - 320/150 
Dec. 5, 1989, now abandoned, which is a continuation-in- 4,127,803 11/1978 Etienne - - 320/104 
part of application No. 07/266,537, ?led on Nov. 2, 1988, 4,140,957 2/1979 Rapp .................................. .. 320/106 

I _ . - Central Computer Controlled Charging System 

Nari-Portable Central Camputer System 

Battery Battery Battery Deep 
Crtarglrig Charging Discharge 

Voltage Mort itor Contmllar Controller 

j 2310a 22-101 

Rechargeable Battery Means 
Processorv 

Battery Voltage 
Monitor MOMOI 

Battery Current Battery 
Temperature 

Monitor 

Memory arid 
1‘ 

Means 

23-91 23-92 2393 
........ ..,........._........_...._____._.1____.._,_.{ 

2345-" 
Battery Pack and Associated Monitoring _ -—" 
Memory and Communications Circuitry 



US 6,252,380 B1 
Page 2 

4,143,417 3/1979 Wald e161. .......................... .. 360/55 5,493,199 2/1996 Koenck e161. .................... .. 320/106 

4,151,454 4/1979 Iida .............. .. . 320/134 5,508,599 4/1996 Koenck 320/138 

4,158,194 6/1979 McWaters et al. ................ .. 382/313 5,619,117 4/1997 KOeIlCk - 320/106 

4,163,193 7/1979 Kamiya .............................. .. 324/436 5,696,435 12/1997 Koenck 320/145 
4,173,733 11/1979 Sugalskietal. . 320/110 5,856,737 1/1999 Mllleretal 320/152 
471937026 3/1980 Finger et at " _ 324/428 5,883,492 3/1999 Koenck 320/107 
472037103 M980 Osada etal' 345/38 5,883,493 3/1999 Koenck .............................. .. 320/114 
472177645 8/1980 Barry etat __________________________ __ 702/63 5,986,435 11/1999 Koenck .............................. .. 320/136 

4,232,308 11/1980 Lee et al. ........................... .. 340/539 FOREIGN PATENT DOCUMENTS 
4,237,411 12/1980 Kothe et al. . 320/139 

4,251,883 2/1981 Grants et al. ........................ .. 714/57 2520599 * 11/1976 4,275,274 6/1981 English ................................ .. 369/22 2589292 * 4/1987 (FR) - 

4,277,837 7/1981 Stuckert .... .. . 235/380 1354491 * 5/1974 (GB) - 

4,279,020 7/1981 Christian et al. .................. .. 713/323 56-28476 : 3/1981 (JP) - 
4,289,836 9/1981 Lemelson ............................. .. 429/61 WO8802565 * 4/1988 (W0) - 

4,290,109 9/1981 Yefsky ......... .. . 320/131 WO8902182 3/1989 (W0) - 

4,295,097 10/1981 Thompson et al. . 324/429 
4,302,714 11/1981 Yefsky . 320/131 OTHER PUBLICATIONS 

473087492 12/1981 Mon et al- ~~ 322/28 Japanese language version of “The Institute of Television 
473083493 12/1981 Kothe et a1‘ ' 320/152 Engineers Technology Report,” vol. 4, No. 44, Mar. 1981.* 
4,333,149 6/1982 Taylor et al. ........................ .. 702/63 C - - - 2‘ - erti?ed English language translation of The Institute of 
4,346,336 8/1982 Crawford ........................... .. 320/147 T 1 . . E . T h 1 R t” 1 4 N 44 
4,370,606 1/1983 Kakumoto e161. . 320/141 eevlslon *ngmeers 66 no Ogy eP°r> "0' > 0- > 

4,377,787 3/1983 Kikuoka et al. ................... .. 324/431 Mar- 1981- _ _ 

4,387,334 6/1983 Loper ................................. .. 320/136 “NHK Laboratorles Note” 59ml NO- 302, Jul- 1984* 
4,388,618 6/1983 Finger . 340/636 Norand Corporation Speci?cation Sheet for Norand 101—XL 
4,390,841 6/1983 Martin et al. . 324/427 Portable Data System, 1978* 
473927101 7/1983 Saar _eta1~ - 320/156 Norand Corporation Brochure regarding Norand “Sprint 

1%; glasllims et a1‘ ' 100” Portable Order Entry Terminal, 1979.* 
’ ’ u ersman ' Norand Corporation Speci?cation Sheet for Norand 101XL 

4,455,523 6/1984 Koenck .............................. .. 320/131 “ A1 h 1,, P M D S 1980 * 
4,472,672 9/1984 Pacholok ............................ .. 320/145 P a‘ 0m‘ e m YSt‘?m> - _ 
474947064 1/1985 Harkness_ _ 323/277 Cell—Level Battery Charge/Discharge Protection System, 
4,525,055 6/1985 Yokoo ,,,,,,, ,, _ 369/279 Donovan, R. L., Imamura, M. S., Martin Marietta Corpo 
4,542,462 9/1985 Morishita etal. . 701/1 ration, Denver, Colorado, 12th IECEC, vol. 1, 1977, pp. 
4,553,081 11/1985 Koenck ........ .. . 320/131 302_310_ 

475937272 6/1986 Berkowltz - 340/500 Microprocessor—Controlled Battery Protection System, Ima 
4,607,208 8/1986 Vreeland ............................ .. 320/145 mum, NI~ S‘, Donovan, R' L‘, Oberg, J' L‘, Skelly, L' A‘, 
4,621,189 11/1986 Kumar et al. ................. .. 235/462.45 . . . Julseth, D. H., Martin Marietta Corporation, Denver, Colo 
4,649,333 3/1987 Moore . . . . . . . . . . . . .. 320/152 , 

476677143 5/1987 Cooper et aL _ 32O/153 rado, IECEC 75 Record, 1975, pp. 1307—1317. 
4,670,703 6/1987 Williams _ 320/125 Automated PoWer Systems Management (APSM), NASA, 
4,692,682 9/1987 Lane et a1, ,, _ 320/152 Jet Propulsion Laboratory, California Institute of Technol 
4,709,202 11/1987 . 320/112 ogy, Pasadena, California, JPL Publication 81—106 dated 
4,716,354 12/1987 320/114 NOV_ 15, 1981_ 
477377702 4/1988 320/114 “Advanced Linear Charge Current Control (LC3) Electrical 
4’758’945 7/1988 ' 713/322 PoWer System”, W.B. Collins, D. Nichols, F. Lukens and J. 
4,773,032 9/1988 Uehara et al. ..................... .. 708/134 - - - Masson, Martin Marietta Corporation, Denver, CO, Copy 
4,829,226 5/1989 Nakamura et al. ................ .. 320/112 _ _ _ _ 

478297259 5/1989 Konopka __________ __ _ 320/112 right 1979 American Chemical Society, pp. 1356—1360. 
4,833,390 5/1989 Kumada et at _ 320/150 “Spacecraft Automated PoWer Systems and Recommended 
4,842,966 6/1989 OrnOri et a1, ,, 429/96 Advanced Technology”, F.E. Lukens, Martin Marietta Den 
4,845,419 7/1989 Hacker ...... .. . 320/136 ver Aerospace, 1982 IEEE, 17”” IECEC, pp. 135—142. 
4,849,682 7/1989 Bauer et a1~ 320/106 “Results of the Automated PoWer Systems Management 
4,850,009 7/1989 Zook et al. ..................... .. 379/93.17 (APSM) Program and Future Technology Implementation”, 

Konopka ............................ .. Arthur Bridgeforth, Jet Propulsion Laboratory, Pasadena, 
4’885’522 12/1989 K°n°pka ' ' 320/145 California 1982 IEEE 17”’1 IECEC 153—158 
4,885,523 12/1989 Koenck .320/131 _ ’ ’ ’pp' ' 
4 916 441 4/1990 Gombrich _ 345/169 “Algorithms For The Automated PoWer Systems Manage 
4’961’043 10/199O Koenck _____ __ _ 320/132 ment”, R. L. MOSGI and M. S. Imamura, Martin Marietta 
4,965,738 10/1990 Bauer et a1, _ 320/136 Corp., Denver, CO, Copyright 1979 American Chemical 
5,013,993 5/1991 Bhagwat et al. ................... .. 320/150 Society, pp. 1367—1373. 

Sherman et al. ..................... .. Development of Automated Power System Management 
571367231 8/1992 Faulk """""" " ' 320/134 Techniques, M.S. Imamura, R.L. Moser, L.A. Skelley, Mar 
5’15O’O31 9/1992 James et a1‘ ' 320/164 tin Marietta Aerospace, Denver, CO, and HoWard Weiner, 
5,191,277 3/1993 Ishrkura et al. . 320/114 . . . . Jet Propulsion Laboratory, Pasadena, California, Copyright 
5,204,611 4/1993 Nor et al. . 320/145 1978 SAE 20_27 
5,278,487 1/1994 Koenck ..... .. . 320/132 _ > W - _ _ _ _ _ 

5,363,031 11/1994 Miller et al. ....................... .. 320/115 L@ad—AC1d Battery Modehng Wlth specl?c APPhCaHOH T0 
5,365,160 11/1994 Leppo et al. ....................... .. 320/160 Electric Vehicle State—Of—Charge Indication, A Thesis by 
5,463,305 10/1995 Koenck .............................. .. 320/145 Harry L. Martin, Purdue University, Dec. 1979. 



US 6,252,380 B1 
Page 3 

“The NSC800 Microprocessor Cookbook,” Roger C. Alford, 
Tab Books Inc., No. 1502, Copyright 1983. 
“Conceptual De?ntion of Automated PoWer Systems Man 
agement”, M.S. Imamura and L. Skelly, Martin Marietta 
Corporation, Denver, CO, and HoWard Weiner, Jet propul 
sion Laboratory, Pasadena, California, 12th IECEC, pp. 
1334—1348. 

* cited by examiner 

Primary Examiner—Peter S. Wong 
Assistant Examiner—Pia Tibbits 
(74) Attorney, Agent, or Firm—McAndreWs, Held & 
Malloy, Ltd. 

(57) ABSTRACT 

In an exemplary embodiment, a battery conditioning system 
monitors battery conditioning and includes a memory for 
storing data based thereon; for example, data may be stored 
representative of available battery capacity as measured 
during a deep discharge cycle. With a microprocessor moni 
toring battery operation of a portable unit, a measure of 
remaining battery capacity can be calculated and displayed. 
Where the microprocessor and battery conditioning system 

memory are permanently secured to the battery so as to 

receive operating poWer therefrom during storage and 
handling, the performance of a given battery in actual use 
can be accurately judged since the battery system can itself 
maintain a count of accumulated hours of use and other 

relevant parameters. In the case of a nonportable condition 
ing system, tWo-Way communication may be established 
With a memory associated With the portable unit so that the 
portable unit can transmit to the conditioning system infor 
mation concerning battery parameters (eg rated battery 
capacity) and/or battery usage (e.g. numbers of shalloW 
discharge and recharge cycles), and after a conditioning 
operation, the conditioning system can transmit to the por 
table unit a measured value of battery capacity, for example. 
A battery pack having memory stores battery history and 
identifying data to be retrieved by a portable battery poW 
ered device. Battery status information may be utiliZed in 
conjunction With characteristic battery history data in order 
to optimiZe charging and discharging functions and to maXi 
miZe the useful life of a battery pack. 

55 Claims, 41 Drawing Sheets 
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