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ABSTRACT 

A battery pack including an electric coupling assembly. The 
battery pack includes a top housing, a bottom housing, a 
plurality of battery cells, a harness, and a circuit board. The 
harness includes a frame and electric coupler assembly hav 
ing a plurality of internal and external electric couplings. The 
internal and external electric couplings include cell couplings 
and circuit board couplings. 
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BATTERY PACK INCLUDING ANELECTRIC 
HARNESS AND METHOD OF 

MANUFACTURING THE SAME 

RELATED APPLICATION 

0001. This application is a continuation of U.S. patent 
application Ser. No. 13/458,214, filed Apr. 27, 2012, which is 
a divisional of U.S. patent application Ser. No. 12/203,439, 
filed Sep. 3, 2008, which claims the benefit of U.S. Provi 
sional Patent Application No. 60/969,841, filed Sep. 4, 2007, 
the entire contents of all of which are hereby incorporated by 
reference. 

BACKGROUND 

0002 The present invention generally relates to recharge 
able battery packs for power tools. Rechargeable battery 
packs are available in numerous Voltages (e.g., 12V and 21 V) 
and are generally composed of multiple rechargeable battery 
cells connected either in series or in parallel. Some battery 
packs are manufactured using battery cells having a chemis 
try that can be damaged by overcharging (e.g., Lithium-ion). 
In battery packs containing multiple battery cells, Some bat 
tery cells may have a different charge level than other battery 
cells in the battery pack. Recharging Such a battery pack may 
result in overcharging a battery cell that has a higher charge 
level than other cells in the battery pack. Therefore, some 
battery packs, employing battery cells with chemistries sen 
sitive to overcharging, monitor and charge each cell sepa 
rately. Prior battery packs have included a controller to moni 
tor and control charging of the battery cells. These battery 
packs generally include wires or straps connecting the indi 
vidual battery cells to a circuit board that includes the con 
troller. During manufacture of such battery packs, connecting 
the wires or straps between the battery cells and the circuit 
board is cumbersome and relatively expensive. 

SUMMARY 

0003 Embodiments of the invention relate to a system and 
method for connecting individual battery cells to a circuit 
board in a simple and inexpensive way. 
0004. In one embodiment, the invention provides a har 
ness for a battery pack. The harness includes a frame and an 
electric coupler assembly. The electric coupler assembly is 
fixed to the frame, and includes a plurality of cell couplings, 
a plurality of circuit board couplings, and a plurality of links. 
The links are cut after the electric coupler assembly is fixed to 
the frame. The electric coupler assembly provides individual 
electrical connections to a plurality of battery cells via the 
plurality of cell couplings and the plurality of circuit board 
couplings, following cutting of the links. 
0005. In another embodiment, the invention provides a 
method of manufacturing a battery pack. The battery pack 
includes a top housing, a bottom housing, a frame, a cell pad, 
a plurality of battery cells, a circuit board, and an electric 
coupler assembly having a plurality of links, a plurality of cell 
couplings, and a plurality of circuit board couplings. The 
method includes the acts of molding the electric coupler 
assembly into the frame, severing the plurality of links, 
attaching the battery cells to the plurality of cell couplings 
after the links have been severed, and attaching the circuit 
board to the plurality of circuit board couplings. The circuit 
board is electrically connected to each battery cell individu 
ally. 
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0006. In another embodiment, the invention provides a 
power tool battery pack, including a bottom housing, a cell 
pad positioned in the bottom housing, a plurality of battery 
cells Supported by the cell pad, an electric harness coupled to 
the plurality of battery cells, a circuit board supported on the 
frame, and a top housing secured to the bottom housing. The 
top and bottom housings Substantially enclose the cell pad, 
the plurality of battery cells, and the electric harness. The 
electric harness includes a frame and an electric coupler 
assembly fixed to the frame. The electric coupler assembly 
includes a plurality of cell couplings, a plurality of circuit 
board couplings, and a plurality of links. The links are cut 
after the electric coupler assembly is fixed to the frame. The 
electric coupler assembly provides individual electrical con 
nections to the plurality of battery cells via the plurality of cell 
couplings and the plurality of circuit board couplings follow 
ing cutting of the links. 
0007. In one embodiment, the invention provides a battery 
pack including a top housing, a bottom housing, a cell pad, a 
plurality of battery cells, a harness, and a circuit board. The 
harness individually electrically couples the plurality of bat 
tery cells to the circuit board. 
0008. In another embodiment, the invention provides a 
method of manufacturing a battery pack. The method 
includes the acts of molding an electric coupler assembly into 
a frame, the assembly having a plurality of internal and exter 
nal couplings connected together by a plurality of links; cut 
ting the plurality of links between internal and external cou 
plings; connecting a plurality of battery cells to cell couplings 
of the internal and external couplings; connecting a plurality 
of circuit board couplings of the internal and external cou 
plings to a circuit board; and positioning the electric coupler 
assembly, frame, and battery cells in a housing. 
0009. In another embodiment, the invention provides a 
harness for a battery pack. The harness includes a frame and 
an electric coupler assembly having a plurality of internal and 
external electric couplings. The internal and external electric 
couplings include cell couplings and circuit board couplings. 
The internal and external couplings are held in place during 
manufacturing by links which are cut after the electric coupler 
assembly is molded into the frame. 
0010. Other aspects of the invention will become apparent 
by consideration of the detailed description and accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 is an exploded view of a battery pack incor 
porating an embodiment of the invention. 
0012 FIG. 2 is a perspective view of an electric harness 
according to an embodiment of the invention. 
0013 FIG. 3 is a perspective view of an electric coupling 
assembly according to an embodiment of the invention. 
0014 FIG. 4 is a perspective view of the electric harness of 
FIG. 2 including a plurality of battery cells and a circuit board 
according to an embodiment of the invention. 
0015 FIG. 5A is a schematic diagram of the electrical 
connections between the electric harness and the battery cells, 
of FIG. 4, with a plurality of links of the electric coupling 
assembly still in place. 
0016 FIG. 5B is a schematic diagram of the electrical 
connections between the harness and the battery cells, of FIG. 
4, with the links removed. 
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DETAILED DESCRIPTION 

0017. Before any embodiments of the invention are 
explained in detail, it is to be understood that the invention is 
not limited in its application to the details of construction and 
the arrangement of components set forth in the following 
description or illustrated in the following drawings. The 
invention is capable of other embodiments and of being prac 
ticed or of being carried out in various ways. Also, it is to be 
understood that the phraseology and terminology used herein 
are for the purpose of description and should not be regarded 
as limiting. The use of “including.” “comprising,” or “having 
and variations thereofherein is meant to encompass the items 
listed thereafter and equivalents thereofas well as additional 
items. Unless specified or limited otherwise, the terms 
“mounted,” “connected,” “supported, and “coupled and 
variations thereofare used broadly and encompass both direct 
and indirect mountings, connections, Supports, and cou 
plings. Further, “connected” and “coupled are not restricted 
to physical or mechanical connections or couplings. 
0.018 Embodiments of the invention relate to an electric 
harness for a multi-cell battery pack. The electric harness 
includes a one or two piece electric coupler assembly having 
a plurality of electric couplers that couple a plurality of bat 
tery cells together in series and also couple each battery cell 
individually to a circuit board. Links hold the electric cou 
plers in place during manufacturing and are cut to sever 
electrical connections between couplers, resulting in desired 
electrical connections for the battery pack. 
0019 FIG. 1 illustrates an exploded view of a portion of an 
embodiment of a battery pack 100 incorporating the inven 
tion. Several components of the battery pack 100 have been 
removed for clarity. The battery pack 100 includes a bottom 
housing 105, a top housing 110, a cell pad 115, a plurality of 
rechargeable battery cells 120-124, an electric harness 130, 
and a circuit board 135. 
0020. In the embodiment shown, the bottom housing 105 

is generally rectangular in shape and includes a base 140 and 
four walls 145. The bottom housing 105 is configured to 
receive and support the components of the battery pack 100 
and can be manufactured using a suitable process (e.g., injec 
tion molding) and can be constructed of a suitable material 
(e.g., polycarbonate ABS). 
0021. The top housing 110 is shaped to conform to the 
components of the battery pack 100 and to be received by a 
power tool and/or battery charger. In some embodiments, the 
battery pack is removable from a tool. Alternatively, the bat 
tery pack can be integrated in a tool. The top housing 110 can 
be manufactured using a Suitable process (e.g., injection 
molding) and can be constructed out of a Suitable material 
(e.g., polycarbonate ABS). The top and bottom housings 110 
and 105 are joined together and adhered to one another, 
enclosing Substantially all of the other components of the 
battery pack 100, to seal and protect the components of the 
battery pack 100. In some embodiments, the top housing 110 
is secured to the bottom housing 105 using suitable fasteners 
(e.g., Screws). 
0022. In other embodiments, the top and bottom housings 
110 and 105 can be shaped to support and enclose compo 
nents having different shapes. For example, a battery pack can 
be constructed using rectangular and/or flat (e.g., prismatic) 
battery cells instead of the cylindrical cells shown in FIG. 1. 
0023 The cell pad 115 has a rectangular shape and 
includes a plurality of channels 150 configured to receive the 
battery cells 120-124. The cell pad 115 is positioned in the 
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bottom housing 105 and supports the battery cells 120-124 in 
position, absorbing shock to the battery cells 120-124 (e.g., 
when the battery pack 100 is dropped). The cell pad 115 can 
be constructed of a Suitable material Such as a closed cell, 
flame retardant material (e.g., Volara(R). In some embodi 
ments, the cell pad 115 is flat and does not include the plu 
rality of channels 150. 
0024. The battery cells 120-124 each have a positive ter 
minal and a negative terminal. The battery cells 120-124 can 
have a suitable nominal Voltage and can be constructed of a 
suitable chemistry (e.g., Li-ion, Li, Li-Co, Li-Min, NiMH, 
NiCd, or other chemistry). In the embodiment shown, the 
battery cells 120-124 are cylindrical; however, battery cells 
having other shapes and sizes are contemplated with the 
invention. 

0025 FIG. 2 illustrates an embodiment of the electric har 
ness 130. The harness 130 includes a frame 200 and an elec 
tric coupler assembly 205 (shown in FIG. 3). The electric 
coupler assembly 205 is fixed to the frame 200 (e.g., adhered 
to the frame or molded into the frame, i.e., the frame 200 is 
molded around the electric coupler assembly 205). The frame 
200 is constructed of a suitable material, such as FR-50 glass 
filled nylon. The frame 200 includes a circuit board mounting 
section 210 and a terminal section 215. The terminal section 
215 includes slots for terminals to couple a power tool and/or 
battery charger to the circuit board 135 and/or battery cells 
120-124. The frame 200 can have “V” shaped channels (not 
shown) for receiving the battery cells 120-124. The “V” 
shaped channels provide two points of contact with the bat 
tery cells 120-124. The two points of contact hold the battery 
cells 120-124 in position, preventing the battery cells 120 
124 from moving laterally. The frame 200 also includes walls 
220 which trap the ends of the battery cells 120-124, prevent 
ing the battery cells 120-124 from moving end-to-end. There 
fore, the frame 200, along with the cell pad 115, when posi 
tioned in the top and bottom housings 110 and 105, supports 
the battery cells 120-124, locking them in place and prevent 
ing them from moving. 
0026 FIG.3 illustrates an embodiment of the electric cou 
pler assembly 205. The electric coupler assembly 205 
includes a plurality of internal electric couplings 300 and a 
pair of external electric couplings 305. The internal electric 
couplings 300 include a plurality of adjacent cell couplings 
310A-310D and a plurality of first circuit board couplings 
315A-315D. Adjacent cell couplings 310A-310D electrically 
couple adjacent battery cells 120-124. For example, in a 
battery pack 100 having battery cells 120-124 connected in 
series, the cell coupling 310D couples a positive terminal 
battery cell 120 to a negative terminal of adjacent battery cell 
121. The adjacent cell couplings 310A-310D are each con 
nected to a respective circuit board coupling 315A-315D. 
0027. The external electric couplings 305 include cell cou 
plings 320A and 320B and respective second circuit board 
couplings 325A and 325B connected together. The second 
circuit board couplings 325A and 325B, via their connection 
to the cell couplings 320A and 320B, provide the power from 
the entire battery pack 100 (i.e., all of the battery cells 120 
124) to a power tool. Therefore, the second circuit board 
couplings 325A and 325B, and the cell couplings 320A and 
320B, handle a larger current (e.g., when providing power to 
a power tool) than the internal electric couplings 300, and are 
constructed using material Sufficient to withstand the larger 
Current. 
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0028. A plurality of links 330-334 hold the internal and 
external electric couplings 300 and 305 in place during manu 
facture of the battery pack 100 (e.g., prior to molding the 
electric coupler assembly 205 into the frame 200). Once the 
electric coupler assembly 205 is molded into the frame 200, 
the links 330-334 are cut to sever the electrical connection 
between the internal and external electric couplings 300 and 
305. In some embodiments, the electric coupler assembly 205 
is formed as two assemblies instead of one; for example, an 
electric coupler assembly A and an electric coupler assembly 
B can be formed by not including link 332. 
0029. The electric coupler assembly 205 can be formed 
from a flat sheet of Suitable material (e.g., nickel) by stamp 
ing. The circuitboard couplings 315A-315D and 325A-325D 
can then be bent in an upward direction, 90° from a plane 
formed by the flat sheet of material. The cell couplings 310A 
310D and 320A-320B can be bent in a downward direction, 
90° from the plane formed by the flat sheet of material. A 
plurality of connection tabs 327 formed as part of each cell 
coupling 310A-310D and 320A-320D are bent to offset the 
tabs 327 from the cell couplings 310A-310D and 320A-320B. 
The tabs 327 also include holes 328 to facilitate the flow of 
materials used in soldering and/or welding the tabs 327 to the 
battery cells 120-124. The flow of the welding/soldering 
material into the holes 328 results in a stronger physical and 
electrical connection between the tabs 327 and the cells 120 
124. In some embodiments, the tabs 327 include dimples 328 
to concentrate energy during welding and create a strong 
physical and electrical connection between the tabs 327 to the 
cells 120-124. 

0030 FIG.4 illustrates the harness 130 assembled with the 
battery cells 120-124 and the circuit board 135. The battery 
cells 120-124 are attached to the cell couplings 310A-310D 
and 320A-320B by a suitable method (e.g., by welding). In 
addition, the circuit board couplings 315A-315D and 325A 
325B are attached to the circuit board 135 by a suitable 
method (e.g., by Soldering). 
0031 FIG. 5A illustrates the electrical connections of the 
harness 130 following molding of the electric coupler assem 
bly 205 into the frame 200 and welding of the battery cells 
120-124 to the battery cell couplings 310A-310D and 320A 
320B, prior to cutting of the links 330-334. FIG.5B illustrates 
the electrical connections of the harness 130 after the links 
330-334 have been cut, and the battery cells 120-124 have 
been welded to the battery cell couplings 310A-310D and 
320A-320B. In practice, the links 330-334 are cut following 
molding of the electric coupler assembly 205 into the frame 
200 and prior to welding of the battery cells 120-124 to the 
battery cell couplings 310A-310D to prevent shorting of the 
battery cells 120-124. 
0032. The circuit board 135 can monitor and charge each 
battery cell 120-124 individually such as disclosed in co 
pending U.S. patent application Ser. No. 1 1/138,070, filed 
May 25, 2005, the contents of which are hereby incorporated 
by reference. For example, access to battery cell 121 is across 
circuitboard couplings 315A and 315D. Access to battery cell 
122 is across circuit board couplings 315A and 315C. Power 
from the battery pack 100 (e.g., to a power tool) is provided 
across circuit board couplings 325A and 325B. 
0033. The embodiments shown and described enable a 
battery pack 100 to be assembled such that each battery cell 
120-124 is coupled to one or more adjacent cells 120-124 in 
a series configuration and is also coupled to the circuit board 
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135. By welding and/or soldering each terminal of each cell 
120-124 only once, manufacturing complexity and cost can 
be greatly reduced. 
0034. The invention has been described in embodiments 
of battery packs incorporating battery cells connected in 
series; however, the invention has application in any battery 
pack incorporating a plurality of battery cells, whether the 
battery cells are connected in series, parallel, or a combina 
tion thereof. Further, although the invention has been 
described in detail with reference to certain preferred 
embodiments (i.e., battery packs for power tools), variations 
and modifications exist within the scope and spirit of one or 
more independent aspects of the invention as described 
including, but not limited to, cars, planes, boats, toys, yard 
equipment, vacuum cleaners, cameras, computers, and audio 
equipment. In addition, embodiments of the invention can be 
used in high or low Voltage applications. 
0035. Thus, the invention provides, among other things, a 
battery pack wherein each battery cell of the battery pack is 
coupled to a circuit board and to adjacent battery cells with a 
single weld. Various features and advantages of the invention 
are set forth in the following claims. 
What is claimed is: 
1. A battery pack for providing power to a hand held power 

tool, the power tool comprising: 
a battery pack housing: 
a battery pack frame located within the battery pack hous 

1ng 
a circuit board coupled to the battery pack frame and form 

ing a first plane of the battery pack; 
a first battery cell, a second battery cell, a third battery cell, 

a fourth battery cell, and a fifth battery cell, the first 
battery cell having a first end and a second end, the 
second battery cell having a first end and a second end, 
the third battery cell having a first end and a second end, 
the fourth battery cell having a first end and a second 
end, the fifth battery cell having a first end and a second 
end; 

a first power terminal coupling molded into and extending 
through a first portion of the frame, the first power ter 
minal coupling including a first end and a second end, 
the first end of the first power terminal coupling electri 
cally connected to a first power terminal of the battery 
pack, 

a second power terminal coupling molded into and extend 
ing through a second portion of the frame, the second 
power terminal coupling including a first end and a 
second end, the first end of the second power terminal 
coupling electrically connected to a second power ter 
minal of the battery pack, 

wherein the first power terminal coupling is connected to 
the first end of the first battery cell, the first power 
terminal coupling Substantially perpendicular to the 
plane in a first direction for connecting to the first end of 
the first battery cell, and the second power terminal 
coupling is connected to the second end of the fifth 
battery cell, the second power terminal coupling Sub 
stantially perpendicular to the plane in the first direction 
for connecting to the second end of the fifth battery cell; 

a first cell coupling connected to the second end of the first 
battery cell and the first end of the second battery cell, 
electrically coupling the second end of the first battery 
cell to the first end of the second battery cell, the first cell 
coupling Substantially perpendicular to the plane in the 
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first direction for connecting the second end of the first 
battery cell to the first end of the second battery cell; 

a second cell coupling connected to the second end of the 
second battery cell and the first end of the third battery 
cell, electrically coupling the second end of the second 
battery cell to the first end of the third battery cell, the 
second cell coupling Substantially perpendicular to the 
plane in the first direction for connecting the second end 
of the second battery cell to the first end of the third 
battery cell; 

a third cell coupling connected to the second end of the 
third battery cell and the first end of the fourth battery 
cell, electrically coupling the second end of the third 
battery cell to the first end of the fourth battery cell, the 
third cell coupling Substantially perpendicular to the 
plane in the first direction for connecting the second end 
of the third battery cell to the first end of the fourth 
battery cell; and 

a fourth cell coupling connected to the second end of the 
fourth battery cell and the first end of the fifth battery 
cell, electrically coupling the second end of the fourth 
battery cell to the first end of the fifth battery cell, the 
second cell coupling Substantially perpendicular to the 
plane in the first direction for connecting the second end 
of the fourth battery cell to the first end of the fifth 
battery cell. 
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2. The battery pack of claim 1, wherein the first power 
terminal coupling and second power terminal coupling are 
sized to support a current drawn by the handheld power tool. 

3. The battery pack of claim 1, wherein the first battery cell, 
the second battery cell, the third battery cell, the fourth battery 
cell, and the fifth battery cell are connected in a series con 
figuration. 

4. The battery pack of claim 1, wherein the first battery cell, 
the second battery cell, the third battery cell, the fourth battery 
cell, and the fifth battery cell have a lithium-based chemistry. 

5. The battery pack of claim 1, wherein the battery pack 
frame includes a circuitboard mounting section configured to 
receive the circuit board. 

6. The battery pack of claim 1, wherein the first battery cell, 
the second battery cell, the third battery cell, the fourth battery 
cell, and the fifth battery cell are cylindrical battery cells. 

7. The battery pack of claim 1, wherein the battery pack 
housing includes a top housing portion and a bottom housing 
portion. 

8. The battery pack of claim 1, wherein the battery pack 
frame further includes walls configured to trap and prevent 
the movement of the first battery cell, the second battery cell, 
the third battery cell, the fourth battery cell, and the fifth 
battery cell. 


