
||l|||lllllllllllllllllllllllllllllll|||||lllllllllllllllllllllllllllllllll 
. USO05225763A 

Umted States Patent [191 [11] Patent Number: 5,225,763 
Krohn et al. [45] Date of Patent: Jul. 6, 1993 

[54] BATTERY CHARGING CIRCUIT AND 4,455,523 6/1984 Koenck ........... .. 320/43 
METHOD FOR AN AMBULATORY 4,467,265 8/1984 Hierholzer, Jr. ................... .. 320/17 

FEEDING PUMP (List continued on next page.) 

[75] Inventors: Randall J. Krolm, Ballwin; Denis Y. 
Yerlikaya’ Des Peres, both of Mo_ FOREIGN PATENT DOCUMENTS 

. _ . 0763850 5/1971 Belgium . 

[73] Ass'gnee‘ Sh°"."°°d Meal“! Cmnpany, S" 0124739 11/1984 European Pat. Off. . 
Lmns, M°- 2544548 4/1977 Fed. Rep. of Germany . 

21 _ _, 0294225 11/1988 Japan . 
I 1 Appl No 817’012 0023731 1/1989 Japan . 
[22] Filed: Jan. 3, 1992 8400614 2/1984 PCT Int'l Appl. . 

8908940 9/1989 PCT Int’l Appl. . 

[63] fggnlti'rgaa?gg'nigépm of Ser‘ No‘ 672’531’ Mar‘ 20’ Zinder, “Fast-Charging Systems for Ni-Cd Batteries”, 
’ ‘ Jan. 15, 1970, pp. 65-67. 

[51] Int. GL5 .............................................. .. HUZJ 7/ 04 General Electric Company, "Nickel-Cadmium Battery 
[52] US. Cl. ...................................... .. 320/23; 320/20; Application Handbook”, Third Ed, 1936_ 

_ 320/39 General Electric, “Charging Circuit for CADNICA 
[58] Field of Search ................. .. 320/2, 22, 23, 24, 20, Batteries”, date unknown, Pl, 9 and 3_8_3_10_ 

3120/37’ 38’ 31’ 32’ 39’ 40 Gates Energy Products, “Charging”, date unknown, 
[56] References Cited pp. 53-74. 

U's' PATENT DOCUMENTS Primary Examiner—Steven L. Stephan 
3,098,188 7/1963 Dawkins ............................. .. 320/31 Assistant Examiner-Kristi_ne L, Peckman 

38393882226’ 31211;‘? at a151- ---- - Attorney, Agent, or Firm-Andrew J. Beck; 
, , emget... .... .. _ -. ' _ ' h 

3,936,718 2/1976 Melling et a1. .. .... .. 320/20 Montgomery w Smlth’ Cums D Kmg om 

3,938,021 2/1976 Kosmin 320/40 [57] ABSTRACT _ 

i’ggg’ggg 221%?- et al' ‘ 258/23 A device having a rechargeable power source with an 
, , an . . . . . . . . . . . . . . . .. /39 , . . 

4,118,661 10/1978 Siekierski et a1. .... .. 320/40 assocmed batt?ry charge’ base having ‘1 qmck charge 
4,134,056 1/1979 Fukui et a1. . . . . . . . . . .. 320/20 current Output and a trickle charge current Output A 

4,136,310 1/1979 Foster . . . . . . . . . . . . . . .. 320/37 Control circuit within the device is also provided that 

4,137,493 1/1979 Smith . . . . . . . . . . . .. 320/39 monitors if and for how long the device is attached to 

4,210,854 7/ 1930 Godard 320/23 X the base and determines the present capacity of the 
4,213,081 7/1980 Taylor . . . . . . . . . . .. 320/40 ased ' ' ‘ 

4,223,262 9/1980 Ballman . . . . . . . . . . . .. 320/40 Source‘ B - onttlhese slgnals’ the contrglhwcmt 

4,240,022 12/1980 Kilinskis et a1. . 320/23 §an.appr°p.“ate c “.ge curfemputpm'. e.°°n' 
4,260,943 4/1981 Zaderej et aL __ ____ “ 320/21 ' trol c1rcu1t also includes timer circuits and circults to 
4,354,148 10/1982 Tada et a1 . . . . . . . . . . . .. 320/20 measure the battery voltage durmg chargmg to allow 

4,387,332 6/1983 Oyamada et a1. .... .. 320/15 for maximum but safe quick charging to protect the 
4,388,582 6/ 1933 power source from long-term damage. 
4,392,101 7/1983 
4,394,611 7/1983 
4,395,672 7/1983 
4,396,880 8/1983 . 
4,426,612 1/1984 Sheets 



5,225,763 
Page 2 

U5. PATENT DOCUMENTS 4,716,354 12/1987 Hacker ......................... .._ ..... .. 320/39 
4,727,306 2/ 1988 Misak et a1. . 320/20 X 

4,468,605 8/1984 Fitzgerald et a1. ................. .. 320/36 4,742,290 5/1988 Sutphin et a]. ..... .. 320/21 
4,549,127 10/1985 Taylor et a1. ....................... .. 320/21 4,746,854 5/1988 Baker ct a1. . 320/20 X 
4,551,666 11/1985 Wada ct a1. 320/20 4,767,977 8/1988 Fasen et a1. . 320/20 
4,553,081 11/1985 Koenck . . . . . . . . . .. 320/43 4,806,840 2/1989 Alexander ct a1. . 320/20 

4,583,035 4/1986 Sloan . . . . . . . . . . . . . . . . . .. 320/22 4,888,544 12/1989 Terry et a1. .. . 320/22 X 

4,639,655 1/1987 Westhaver et a1. 320/20 X 4,918,368 4/ 1990 Baker et a1. . .. 320/40 
4,639,656 1/1987 Mukai . . . . . . . . . . . . . . . . . . . .. 320/22 4,965,738 10/1990 Bauer etaL. 320/39 

4,663,901 5/ 1937 Furukawa -- - 320/23 X 4,992,720 2/1991 Ham .............. .. 320/23 
4,670,701 6/1987 Sako et a]. . ..... .. 320/2 5,013,992 5/ 1991 Eavenson et a]. 320/ 31 
4,670,703 6/1987 Williams ...... .. . 320/22 5,036,284 7/1991 Cichanski .......... .. 324/433 

4,709,202 11/1987 Koenck et a1. ......... .. 320/43 5,055,763 10/1991 Johnson et a1. .......... .. 320/15 
4,710,694 12/ 1987 Sutphin et a1. ................. .. 320/24 X 5,089,763 2/1992 Van Der Linden et a1. ...... .. 320/20 



US. Patent July 6, 1993 Sheet 1 of 16 5,225,7 63 



5,225,763 

N UHh 

NO 

Sheet 2 pf 16 

JLFUO ‘ T\ 

T . R 

T ‘V WONG-Om 

mmzmomwzg 
04 08 

July 6, 1993 

\yql 

muusom 
ucmuuso H ._. q 

ucmumcou 

/ / 

U.S. Patent 

wuusow / O 
ucwuusu H 

ucmumCOU 

mm 



US. Patent July 6, 1993 Sheet 3 of 16 5,225,763 

46 
BATTERIES / 

48)) » - '47 

50/0 ~“ A 
PUMP 

COMPONENTS 
’\ (mtorldisplayl 

keypad , flow 
+ l detectors I etc . ) 

U3 

9 L 

54 

52 

' FIG3 



US. Patent July 6, 1993 Q Sheet 4 of 16 5,225,763 

FIG 4A BAD BAIT/DEAD BATI' DE‘I'ECI'ION 
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FIG 48 LOW BATI' DETECTION 
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FIG 4Ci BATI‘ERY ERROR GENERATOR/ TIMER 
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FIG 4Cii BATTERY ERROR GENERATOR/ TIMER 
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FIG 4D (4C cont-‘6) 
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FIG 4E CHARGE CDMPENSATION 
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FIG 4Fi CHARGE CDNTROL 
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FIG 4Fii CHARGE CONTROL 
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FIG 4Fiii CHARGE CONTROL 
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FIG 4G5. ERROR HANDLING 
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FIG 4Gii ERROR HANDLING 
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FIG 7 
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BATI'ERY CHARGING CIRCUIT AND METHOD 
FOR AN AMBULATORY FEEDING PUMP 

This application is a continuation-in-part of applica 
tion Ser. No. 07/672,531 ?led on Mar. 20, 1991 now 
abandoned. 
A portion of the disclosure of this patent document 

contains material which is subject to copyright protec 
tion. The copyright owner has no objection to the fac 
simile reproduction by anyone of the patent document 
or the patent disclosure, as it appears in the Patent and 
Trademark Office patent ?le or records, but otherwise 
reserves all copyright rights whatsoever. 

FIELD OF THE INVENTION 

The invention relates to a circuit and method for 
charging batteries in a portable electrical or electrome 
chanical device, such as an ambulatory medical device, 
where rapid charging is necessary, while protecting the 
integrity and reliability of the batteries. The invention 
speci?cally relates to a medical device, such as an am 
bulatory infusion pump, that requires reliable service 
from rechargeable batteries. 

BACKGROUND OF THE INVENTION 

Devices are known containing rechargeable batter 
having service times, i.e. the time between charging 
periods, of one hour to many hours. Most of these de 
vices are equipped with a low battery alarm signal that 
may be audible or visual or both that indicates to the 
user that the batteries are nearly depleted and must be 
recharged promptly. The user may then attach the unit 
to a charger (which is connected to an AC outlet), or 
connect an internal charger to an AC outlet, for a rec 
ommended minimum time, after which the user may 
remove the unit from the AC outlet and expect the unit 
to be charged. Since the infusion pump may be adminis 
tering life-sustaining ?uids to the user, it is preferable to 
have the battery recharge time be as low as possible. 

It is known in the art that rechargeable batteries may 
be recharged quickly by applying a “fast” charging 
current, i.e. a current approximating the maximum out 
put current “C” of the battery. Unfortunately, along 
with the bene?t of quicker charging comes the disad 
vantage of a potentially dangerous or battery-damaging 
condition or both. Battery life can be signi?cantly short 
ened and excessive heat is often generated by over 
charging the batteries. To avoid this situation, the 
known devices use a “trickle” charging current that is 
signi?cantly less than C, perhaps C/ 10, such that the 
danger and possible damage are minimized, while toler 
ating the increased recharging time. “Quick” charging 
current levels are also known that are higher than a 
trickle charging current, but are still signi?cantly less 
than C. The charging time is decreased with the quick 
charging current as compared to the trickle charge, and 
the danger and potential battery damage are reduced as 
compared to recharging the batteries at a current near 
C, but are not completely eliminated. 

Thus, battery charging devices and methods exist 
that attempt to reduce the recharging time safely by 
using a plurality of charging currents during one re 
charging session. Such devices and methods are dis 
closed in U.S. Pat. Nos. 4,710,694; 4,394,611; and 
4,240,022. One known method is to apply a quick charg 
ing current followed by a trickle charging current. The 
quick charging current can be applied until, for exam 
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2 
ple, a time limit has run out, or a certain battery voltage 
has been reached, after which time the trickle charging 
current is applied. 
One device is known that makes use of a quick charg 

ing current for recharging the batteries in an ambula 
tory medical device. This device, the FRESENIUS 
Frenta System has a feature described as “Rapid 
Charge.” This feature allows the user to select a quicker 
charging current whenever desired. The higher charg 
ing current is then applied for a predetermined period of 
time, after which a trickle charge is applied. 

Unfortunately, by giving the user control over the 
quick charging, several undesirable conditions can oc 
cur. For example, the user can select the quick charge 
and allow the batteries to be fully charged. The user 
removes the unit from its charging base, turns it on for 
ten minutes (a small fraction of the battery service time 
and power) and then reconnects the unit to 'its base and 
recharges the unit with another quick charge. The 
charging base will apply a quick charging current, rap 
idly bringing the batteries to their full charge level, 
while several hours of quick charge time remain. Al 
though the danger is not excessive, the batteries will be 
damaged over time, greatly reducing their reliability, 
and eventually leading to battery failure. 

It is thus an object of the invention to provide an 
improved battery charging device and method that 
decrease overall charging time, while protecting the ' 
batteries from damage. 

It is a further object of the invention to provide a 
battery charging device and method that are automatic 
and immune to the inaccuracies of user control. 

It is a further object of the invention to provide a 
battery charging device and method that increase the 
battery service time. 

SUMMARY OF THE INVENTION 

In accordance with the above-mentioned objects, the 
invention comprises a device having a rechargeable 
power source with an associated battery charger base 
having a quick charge current output and a trickle 
charge current output. A control circuit within the 
device is also provided that monitors if and for how 
long the device is attached to the base and determines 
the present capacity of the power source. Based on 
these signals, the control circuit selects an appropriate 
charge current output. 
The foregoing and other objects and advantages of 

this invention will become apparent to those skilled in 
the art upon reading the detailed description of a pre 
ferred embodiment in conjunction with a review of the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are shown in 
the accompanying drawings wherein; 
FIG. 1 is a perspective view of an infusion device and 

battery charger base according to the invention; 
FIG. 2 is a schematic diagram of a portion of a bat 

tery charging circuit according to the invention; 
FIG. 3 is a schematic diagram of another portion of a 

battery charging circuit according to the invention; 
FIGS. 4a, 4b, 4a’, 4cii, 4d, 4e, 4f, l?i, 4?ii , 4gi and 4gii 

are a flow chart indicating the operating sequence of a 
charging method according to the invention; 
FIG. 5 is a perspective view of an infusion device 

partially mounted on a battery charger base; 
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FIG. 6 is a graph of battery voltage versus time for 
one embodiment of the invention. 
FIG. 7 is a flow chart of a part of the software shown 

in FIGS. 4a-4gii. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

It is to be understood that while the invention is illus 
trated for a medical infusion pump, it can similarly be 
used in any electrical system having a rechargeable 
power source. Referring to FIG. 1, a medical infusion 
pump is generally designated by the reference numeral 
10. A complementary charging base 12 is also provided. 
Within the base 12 is a circuit for supplying charging 
current to the pump 10, such as the circuit shown in 
FIG. 2. 
The charging base 12 includes a housing 14 for con 

taining the circuit in FIG. 2, and a side wall 16 and 
bottom floor 18 integral with the housing 14, forming a 
pocket 19 into which the infusion pump is mounted. 
The bottom floor 18 has a lip 20 that extends upward 
from the distal end of the bottom floor 18. The lip 20 is 
integral with the floor 18 and follows the distal edge of 
the floor 18 until it reaches and becomes integral with 
the side wall 16. The lip 20 does not extend to the side 
edge of the ?oor opposite the side wall 16, which thus 
forms an entrance 22 for the bottom infusion pump 10. 

Integral with the face of the housing 14 facing the 
pocket 19 is a guide bar 24 parallel to the bottom ?oor 
18 and extending out of the housing 14. A correspond 
ing guide groove 26 can be seen on the rear of the infu 
sion pump which slidably receives the guide bar 24 
when the infusion pump 10 is mounted on the base 12, as 
in FIG. 5. The size of the pocket 19 is dimensioned to 
closely fit the bottom of the infusion pump 10. When the 
infusion pump 10 is mounted to the base 12, the guide 
bar serves three functions: it aids in the proper align 
ment of the pump 10 with the‘base 12, prevents the 
pump 10 from being removed from any direction other 
than the entrance 22, and causes a slight compressive ?t 
to frictionally retain the pump 10 against accidental 
detachment. 
The male and female parts 28,30 of a four-pin connec 

tor assembly are mounted on the base 12 and pump 10, 
respectively. The male connector 28 is preferably 
mounted on the base 12 to decrease the likelihood of 
damage as compared to mounting on the ambulatory 
device. The male connector 28 is mounted on the inte 
rior of the side wall 16 of the pocket 19, as shown in 
FIG. 1. The female connector 30 is mounted slightly 
recessed on the side of the housing 32 of the infusion 
pump 10, in a position complementary to the male con 
nector 28 when the pump 10 is fully engaged to the base 
12. 
The back of the housing 14 of the base 12 may include 

any attachment means, such as an IV pole clamp 34, for 
attachment to any desired surface. The housing 14 is 
also weighted suf?ciently for use as a desk top base. 
The complete battery charging process through both 

circuits shown in FIGS. 2 and 3, is only active when the 
pump 10 and base 12 are attached. However, the con 
trol portion of the charging circuit, within the pump It), 
performs several of the operations necessary for proper 
charging even with the base 12 detached, as will be 
explained further below. 
The base 12 includes a charging current source cir 

cuit, such as that FIG. 2. The circuit is preferably con 
nected through the housing 14 to an external conven 
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4 
tional AC outlet (not shown), although other power 
sources will work similarly. Within the base, a trans 
former 36 is electrically connected to the AC outlet at 
37. At the opposite end of the circuit in FIG. 2 are four 
connection lines 38, 40, 42, 44 for detachably connect 
ing the circuit portion in the base to that in the infusion 
pump 10. These connections are a ground line 44, a 
regulated DC voltage line 40, a charging current line 38 
and a charge control line 42. Each of these lines is elec 
trically connected to one of the male pins 28 of the 
four-pin connector. 
Between the transformer 36 and the four connection 

lines 38, 40, 42, 44 are circuit components designed to 
provide more than one charging current to the charging 
current line 38. In the preferred embodiment, there are 
two different charging currents, one for quick charging, 
the other for “trickle” charging. These two currents are 
preselected, based on known safe charging'currents of 
the rechargeable batteries 46, which are housed inside 
the infusion pump 10. The quick charge current is pref~ 
erably C/S, where C is the maximum output current of 
the batteries, while the trickle charge current is C/20. 
The trickle charge can be applied to the batteries for an 
inde?nite period of time, without signi?cantly damag 
ing the batteries 46. The trickle charge maintains the 
‘batteries at their maximum charged condition despite 
the batteries inherent tendency to self-discharge when 
not being charged. The quick charge, however, can 
cause long-term damage to the batteries if applied for an 
excessive period of time. The regulated voltage at line 
40 is supplied by voltage regulator 60. 
The control portion of the charging circuit, shown in 

FIG. 3, which selects which of the two charging cur 
rents is applied to the charging current line 38, and the 
batteries 46 are housed within the infusion pump 10. 
The control circuit is integrated with other circuit com 
ponents 47 for controlling the workings of the infusion 
pump 10, as some of the parameters for selecting the 
charging current are based on the functioning of 10. 
The main controller of the pump circuit is a forth four 
lead microprocessor U4, shown in FIG. 3, whose re 
sponsibilities include, among other things, controlling 
the motor (not shown), display 80, input terminals 82, 
and flow detectors 84, detecting connection of the base 
to the four-pin connector 30, and controlling the charg 
ing circuit in the base 12. call shown in FIG. 5). 

In FIG. 1, the four female pin connections are shown: 
the charging current line 48; the regulated voltage line 
50, which is used by the microprocessor U4 to detect 
the presence of the base 12; the ground line 54; and the 
charging current control line 52, which is a direct out 
put from the microprocessor U4. The batteries 46, 
which are preferably three NiCad cells, are connected 
to both the charging current line 48 and the ground line 
54 of the four pin connector. The batteries also power 
the circuitry and motor for the pump. 
The control circuit monitors the present voltage level 

VB of the batteries 46, which gives an indication of their 
stored electrical energy capacity. The batteries are con 
nected to an analog to digital (A/D) converter (U3 in 
FIG. 3), which converts the analog voltage into a 
stream of serial pulses in an 8-bit binary format and then 
transmits the stream to the microprocessor U4. The 
microprocessor uses this information to select an appro 
priate charging current, as is described below. 
The microprocessor can also sense whether the pump 

is connected to the base. It simply detects the voltage at 
the regulated voltage line 50. Since the charging circuit 
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