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A MULTI-CELL BATTERY ASSEMBLY 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit under 35 U.S.C. §120 of U.S. Patent Application No. 

13/445,458, filed April12, 2012, entitled A Multi-Cell Battery Assembly, which claims priority 

to Provisional Application Serial No. 61/552,739, filed October 28, 2011, entitled A Multi-Cell 

Battery Assembly, the entire contents of which are incorporated by reference here. 

TECHNICAL FIELD 

[0002] This invention relates to cooling systems for a multi-cell battery assembly. 

BACKGROUND OF THE INVENTION 

[0003] Rechargeable high performance batteries, such as Li-ion batteries, are widely used today 

to power electric vehicles. In such environments, the batteries can experience exceptionally high 

loads as a result of, for example, rapid acceleration or rapid braking. Such high loads can 

generate large electrical currents which in tum may result in a significant warming of the Li-ion 

cells due to their internal resistance. This generation of waste heat and resulting warming cannot 

be ignored. 

[0004] In the case of Li-ion batteries, for example, achieving efficient operation requires that 

they must be operated within a specific temperature range. At operating temperatures greater 

than about 40°C, the life span of the battery can be significantly reduced. In addition, the 

temperature gradient among cells in a multi-cell battery must be kept within 5-10 degrees 

centigrade. 

[0005] As a consequence, it is essential to have an effective cooling system for such batteries. 

The cooling system should provide a way to dispose of the waste heat while at the same time 

assuring that excessive thermal gradients do not occur within the multi-cell battery. It is also 

desirable that the cooling system be inexpensive and lightweight.
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OBJECT OF THE INVENTION 

[0005a] It is an object of the present invention to overcome or at least ameliorate one or more of 

the foregoing disadvantages. 

SUMMARY OF THE INVENTION 

[0006] An aspect of the present invention provides a battery assembly comprising: a plurality of 

battery cells;  a plurality of corrugated flow plates; and first and second fluid manifolds, wherein 

each plate of the plurality of corrugated flow plates is an extruded plastic unit comprising  first 

and second fluid impermeable sheets connected together by a plurality of ribs located between 

the first and second sheets, said plurality of ribs forming an array of parallel channels extending 

from one end of that plate to an opposite end of that plate, wherein the plurality of corrugated 

plates and the plurality of battery cells are interleaved with each other, and  wherein each plate 

of the plurality of corrugated plates extends from the first manifold to the second manifold and 

is oriented so that the plurality of channels within that plate forms a plurality of fluid flow paths 

connecting the first and second manifolds. 

[0007] Other embodiments include one or more of the following features. The battery cells 

within the plurality of battery cells are lithium-ion batteries. The battery cells within the 

plurality of battery cells are flat battery cells, e.g. prismatic battery cells. In each corrugated 

flow plate of the plurality of corrugated flow plates the first and second sheets are made of a 

plastic material, e.g. a polypropylene polymer. Each corrugated flow plate of the plurality of 

corrugated flow plates is an extruded structure. In each corrugated flow plate, the corrugated 

structure is a plurality of ribs between and connecting the first and second sheets. The 

interleaved arrangement forms a battery cell stack and the assembly also includes a clamping 

system applying compressive force to the battery cells within the battery cell stack. The battery 

assembly further includes first and second end plates, the first end plate on one end of the 

battery cell stack and the second end plate on an opposite end of the battery cell stack. The 

clamping system includes a plurality of springs exerting forces on at least one of the first and 

second end plates. Each of the first and second manifolds has an internal cavity and a back wall 

including a plurality of slots extending into the internal cavity and into each of which is inserted 

a corresponding one of the plurality of flow plates. Each battery cell among the plurality of 
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battery cells is within direct contact with and between a corresponding two flow plates of the 

plurality of flow plates. 

[0008] In general, in another embodiment there is provided a battery assembly including: a 

plurality of prismatic battery cells; first and second fluid manifolds; and a plurality of corrugated 

flow plates interleaved with the plurality of battery cells. Each the flow plates extends from the 

first manifold to the second manifold and provides an array of flow channels for carrying fluid 

from the first manifold to the second manifold. Each plate of the plurality of corrugated flow 

plates is an extruded plastic structure having first and second fluid impermeable sheets and a 

plurality of parallel ribs between and connecting the first and second sheets, wherein the 

plurality of ribs forms the array of flow channels. 

[0009] The details of one or more embodiments of the invention are set forth in the 

accompanying drawings and the description below. Other features, objects of the invention will 

be apparent from the description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009a] Preferred embodiments of the invention will be described hereinafter, by way of 

examples only, with reference to the accompanying drawings.  

[0010] Fig. 1 presents an auxiliary view of a liquid-cooled multi-cell battery pack assembly. 

[0011] Fig. 2 is a cross-sectional view of the battery pack assembly shown in Fig. 1. 

[0012] Fig. 3 illustrates the flat or prismatic battery cell used in the battery pack of Fig. 1. 

[0013] Fig. 4 shows a side view of a portion of the corrugated flow plate used in the battery 

pack of Fig. 1. 

[0014] Figs. 5a-b show front and back views, respectively, of the cover plate and back plate 

which make up the manifold from the battery pack of Fig. 1. 

[0015] Fig. 6 shows the end plate from the battery pack of Fig. 1.
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[0016] Figs. 7a-b show bottom and top views, respectively, of the wedge bus bar plate from the 

battery pack of Fig. 1. 

[0017] Fig. 8 shows the bus bar terminal clamp from the battery pack of Fig. 1. 

[0018] Fig. 9 shows a cross-sectional view of the portion of the wedge bus bar plate with 

terminals extending through the terminal slots. 

DETAILED DESCRIPTION 

[0019] Referring to Figs. 1 and 2, the described embodiment is a liquid-cooled multi-cell battery 

pack assembly 100. It includes a stack of 16 rechargeable lithium-ion battery cells 102 (see Fig. 

2) clamped together by two rectangular-shaped end plates 104a and 104b that are under 

compressive forces supplied by four springs 106. End plates 104a and 104b, which have holes in 

each of their four comers, are mounted on four rods 128, with each rod 128 passing through a 

corresponding hole in each of the two end plates 104a and 104b. On one end of each rod 128 

there is a retaining ring 130 (see Fig. 2) that prevents that rod from sliding out of the hole in the 

end plate. On the other end of each rod, there is an adjustment mechanism 132 affixed onto the 

rod, with one of the springs mounted on rod 128 between end plate 104a/b and adjustment 

mechanism 132. The position of adjustment mechanism 132 can be varied by turning it in one 

direction to compress spring 106 or the other to allow spring 106 to relax. On each rod 128, 

there is also a thrust needle roller bearing assembly 134 between the spring and the end plate. 

Springs 106, which are held in a compressed state by the adjustment mechanism 132, apply a 

force on end plate 104a thereby causing the end plate to press against and apply pressure on the 

stack of battery cells. By adjusting the position of adjustment mechanism 132, one can adjust 

the compressive force that is applied to the battery cells. Bearing assembly 134 helps achieve a 

smoother and more accurate adjustment of the compression force. 
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I/WE CLAIM: 

1. A battery assembly comprising: 

a plurality of battery cells;  

a plurality of corrugated flow plates; and  

first and second fluid manifolds, 

wherein each plate of the plurality of corrugated flow plates is an extruded plastic unit 

comprising  first and second fluid impermeable sheets connected together by a plurality of ribs 

located between the first and second sheets, said plurality of ribs forming an array of parallel 

channels extending from one end of that plate to an opposite end of that plate,  

wherein the plurality of corrugated plates and the plurality of battery cells are interleaved 

with each other, and  

wherein each plate of the plurality of corrugated plates extends from the first manifold to 

the second manifold and is oriented so that the plurality of channels within that plate forms a 

plurality of fluid flow paths connecting the first and second manifolds. 

2. The battery assembly of claim 1, wherein the battery cells within the plurality of battery 

cells are lithium-ion batteries. 

3. The battery assembly of claim 1, wherein the battery cells within the plurality of battery 

cells are flat battery cells. 

4. The battery assembly of claim 1, wherein the battery cells within the plurality of battery 

cells are prismatic battery cells. 

5. The battery assembly of claim 1, wherein  each corrugated flow plate of the plurality of 

corrugated flow plates comprises  a polypropylene polymer. 

6. The battery assembly of claim 1, wherein the interleaved arrangement forms a battery cell 

stack and further comprising a clamping system applying compressive force to the battery cells 

within the battery cell stack. 

7. The battery assembly of claim 6, further comprising first and second end plates, the first 

end plate on one end of the battery cell stack and the second end plate on an opposite end of the 

battery cell stack. 
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8. The battery assembly of claim 7, wherein the clamping system comprises a plurality of 

springs exerting forces on at least one of the first and second end plates. 

9. The battery assembly of claim 1, wherein each of the first and second manifolds has an 

internal cavity and a back wall including a plurality of slots extending into the internal cavity and 

into each of which is inserted a corresponding one of the plurality of flow plates. 

10. The battery assembly of claim 1, wherein each battery cell among the plurality of battery 

cells is within direct contact with and between a corresponding two flow plates of the plurality of 

flow plates. 
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