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Introduction

- An automotive battery pack can be Completei Pack hierarchical ! Joini : . i
hierarchically decomposed into three i _pack i levels e olning requirements J
levels: (a) cell level, (b) module level, | i i i

1 e N
and (c) pack level i i i ,| Electrode-to-tab within the ||
i ) i i cell !
; ; I X i H \ /0
« Typically, a standard automotive ! S| —{ Cell Level ]—;— - T— " Vi
- 1 1
battery pack consists of hundreds, ! | & | i L] Casesealingofoutercell
AT IOT - ! E\ 1 1 container !
even thousands, of individual Li-ion : S | I ; <
. . . . = 1 .
batteries which are connected in series | © i Module I Cell-to-Cell (i.e. tab-to-tab / i
- - 1 -
or parallel in order to achieve the ! ﬁ ] Level ! tab-to-busbar) electrical and ||
required power and energy LS | (___structuraljoints i
i | £ i !

- ... therefore, effective joining methods i % | ook Level | Module-to-Module ]i

are required to produce robust and i | <] i [ ] i Ielectrical&structuraljoints i
1 ~— I 1
1 | !

reliable joints
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Introduction — Cell Format

Cell Type
(used for Automotive Electric
Vehicle Battery Pack)

v , ¥
Cylindrical Pouch encased Solid-container encased
Cell Prismatic Cell (or Prismatic Cell (or

simply Pouch cell) simply Prismatic cell)

terminals and safety

Cathode

Presenter:

+ve/-ve terminals

+ve/-ve terminals

Pressure

Metal Case Separator

(*Adapted from Johnson Matthey Battery Systems)
Abhishek Das, WMG, The University of Warwick

Choice of  joining
methods is largely
based on the type of
cell used, and
subsequently, to satisfy
electrical, thermal and
mechanical key criteria.



Key Joining Challenges

 Electrical and thermal challenges:
v" Producing joints with low electrical resistance
v" Producing joints with low thermal input
v High thermal fatigue resistance

« Material and metallurgical challenges:
v' Compatibility for dissimilar materials joining
v’ Variability of materials and surfaces

« Mechanical challenges:

v" Durable joint strength
v Avoid mechanical and vibrational damage when joining

Presenter:  Abhishek Das, WMG, The University of Warwick



Joining Technologies and Applications

1. Ultrasonic Welding :

Clamping Force

Sonotrode
(Vibrating
Ultrasonic _ Part)

Vibration W;rd .
e eld Zone
Cell terminal tabs — /
External

busbar

Anvil
(Stationary Part)

gupport Plate

— -

Application of ultrasonic welding for pouch
cell-to-cell connection (adapted from GM
Chevy \olt)

Schematic of ultrasonic welding

v Cell level joining: Electrodes-to- Electrodes/Tab for

all cell types
v" Module level joining: Cell-to-cell connection for

pouch cell based module

Presenter:  Abhishek Das, WMG, The University of Warwick

2.

Ultrasonic Wedge Bonding :

terminal

(Casing) External

busbar Application of ultrasonic wedge bonding

for cylindrical cell terminal (i.e. case)-to-
bus bar (i.e. current collector) connection
(adapted from EV West)

Schematic of ultrasonic wedge bonding

v" Module level assembly: Cylindrical cell-to-

busbar
v" Need further investigation for applications to

other cell types




Joining Technologies and Applications

3. Resistance Spot/Projection Welding

4,  Micro-TIG or Pulsed Arc Welding :

Clamping g
J Force \JP; B
<5
High RSW IS ~ |
Current —— Electrode ™~~~ ;
Flow »
Weld Zone F (8 >

bushar welding using bi-furcated

— strip for increased current
T 7

o j&
terminal ~ .
tabs Projection
External Application of projection

flow through tab and cell
terminal (adapted from

Resistance Spot Welding Projection Welding Variant ~ MacGregor Systems)

Ar gas Electrode
flow (-ve)
Insulator
Copper
Nozzl E Arc
(+ve)
\External

Cell busbar
terminal

(Casing)

Application of pulsed arc welding for
cylindrical cell terminal (i.e. case)-to-bus
bar (i.e. current collector) connection
(adapted from Sunstone Welders)

Schematic of pulsed arc welding

v Cell level joining: Electrodes-to- Electrodes/Tab
v/ Battery Tab joining, including steel, nickel (Ni),
copper(Cu) and aluminium(Al)

Presenter:  Abhishek Das, WMG, The University of Warwick

v Suitable for nickel, copper or steel tabs and
copper bus bars

v' Potential application for
terminal-to-busbar connection

cylindrical  cell



Joining Technologies and Applications
5. Laser Welding : 6. Micro-Clinching :

F R ’Jl ‘_&;x - |
Laser ' h ” e K i unch
beam 'H SN ‘“’d - -aﬂ
- 4““. i ‘ Step 1 -

External Cell Application of laser Step 2
busbar terminal welding for prismatic cell-
(Casing) : g to-bus bar connection m—
% 4 Fraugﬁwdt?fg:re?nfsrt?{ﬂte for Step 3 Application of clinching for pouch cell tab-
Schematic of laser welding 7 Laser Technology ILT, Schematic of clinching (adapted to-tab connection (atljapted from AVL
BMW i3) from Tox Pressotechnik Ltd) Battery Solutions)
v Cell level application: elect_rode foil-to-tab joining is v Module level application: Tab-to-tab connections of
feasible, case sealing for prismatic cell pouch cells are feasible with micro-clinching
v Mgdule_ level application: Terminal-to-bushar for v Clinching may not be feasible for cylindrical /
prismatic cells prismatic cells joining as access to the both sides of

v" Need further investigation for other cell types at
their hierarchical levels
Presenter:  Abhishek Das, WMG, The University of Warwick 9
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Joining Technologies and Applications

7. Magnetic Pulse Welding (MPW) / 8. Mechanical Assembly :
Electromagnetic Pulse Technology
(EMPT) :

A TR
l

Il W\
i =

Application of MPW/EMPT for tab-to-

pow bus bar, tab-to-tab and bus bar-to-bus Prismatic cell nut & bolt - prismatic Cell interconnection using
Schematic working principle of MPW/EMPT bar connectig?o(ggé\tg;ed from PST cogflguratlpn (aéjap_ted from nut and bolt assembly (adapted from
anasonic and Hitachi) Toyota Prius)
v' Tab-to-tab or tab-to-busbar connections may be v" Mechanical fastening for battery
possible interconnects joining, including nut & bolt,
v' Detailed investigation is required for battery spring clasp, screws or snap-fits
interconnects joining v Nut and bolt assembly has been widely

adopted at the pack level
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Assessment of Joining Technologies
MRLs for assessing technology maturity of current joining technologies for module level

joining (e. g termlnal to-tab, tab-to-tab or tab-to-bus bar)

Technology . Manufacturing _m_ Deployment and

Material Solutions
Analysis Development ; Development Operation i
1 2 3 y --nnm
Basic Manufacturing Manufacturing Capability Prototype in Prototype  Pre-production Pilot line Low rate Full rate -
Manufacturing Concept proof of to produce Production system in system in capability Production Production
concept in Lab Environment  Production Production demonstrated  demonstrated demonstrated
Environment  Environment

Manufacturing Readiness Levels (MRLS)

+ Micro-Clinching « Ultrasonic Welding
k—— v Pouch module level ~—— j Equch f’e”gILITOdlljle level
¢« Solderin rismatic cell leve ]
J : Ultrasonic Wedge Bonding—
. - : v Cylindrical module level
+ Resistance Spot Welding i Mech)::mical Aot
v’ Cylindrical & pouch module level v Al cell types bR

— !
PR Micro-TIG welding

v Cylindrical & pouch module level
* Laser Welding

v' Prismatic module level

i« Electromagnetic , + Laser Welding A
“—  Pulse Technology —i “—— v Cylindrical and pouch
: v Pouch module level : module level

—
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Assessment of Joining Technologies

Pugh matrix for evaluation of joining methods for manufacturing of cylindrical cell based module

Joining technologies - Cyclindrical Cell

Resistance spot

Micro-TIG

Factor Weight welding/ Projection | Welding/ Pulsed UItrabsg:(lj?nvgedge Laser welding | Soldering Mjegihnairrlg:al
Welding Arc Welding
Total 377 397 403 390 352 348
Joint resistance
Joint resistance-similar materials 5 4 4 4 5 5 2
Joint resistance-dissimilar materials 5 2 4 5 3 5 2

Joint strength

Joint strength-similar materials

Joint strength-dissimilar materials

Heat transfer from process

Potential mechanical damage

Joint current capacity

Joint durability

Potential vibration damage

Joint corrosion resistance

In process quality control

Cycle time

Sensitivity

Repeatability

Cost per battery connection

Investment

Easy recycling

Easy automation

Delivery time

Standard Equipment

Flexibility ie easy to adapt

Used for similar applications elsewhere

Safety

Cost of ownership

Technique support

aNOR|WWWN|W(A|I_ MR lOOI|O|O|OT|W|[W

(S0 (60 By B [V [UVR g B O R B (G B (VR B g B B (S B [V B (V) o

o dlWwiwA|IB(NBO|IR MMM |lODMIWIB|W|W|S
ANV IR lO|ROM|OBR|WIN|B|O(IN|W
AlhlwWWwWwWOININ ISR ON |0 (WO

Aol |INVOWIB|WINININOB|IRO|(F|W|W

SO lWWILFOOIMvVIO(O|F WMl (N oo (o
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The Pugh matrix identifies
micro-TIG as potential for
production application, that
would merit further
investigation for cylindrical
cell battery pack
manufacturing
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Assessment of Joining Technologies
Pugh matrix for evaluation of joining methods for manufacturing of pouch cell based module

Joining technologies - Pouch Cell

Factor Weight | Ultrasonic Resista_nce _Spot/ Micro-TiG / T o _ Mechanical
Welding PrOJec'tlon Pulsed.Arc welding Clinching | Soldering | Assembly (Nut
Welding Welding & bolt)
Total 413 359 379 401 361 357 356
Joint resistance
Joint resistance-similar materials 5 4 4 5 5 4 5 2
Joint resistance-dissimilar materials 5 5) 1 4 3 5 5 2

Joint strength

Joint strength-similar materials

Joint strength-dissimilar materials

Heat transfer from process

Potential mechanical damage

Joint current capacity

Joint durability

Potential vibration damage during welding

Joint corrosion resistance

In process quality control

Cycle time

Sensitivity

Repeatability

Cost per battery connection

Investment

Easy recycling

Easy automation

Delivery time

Standard Equipment

Flexibility i.e. easy to adapt

Used for similar applications elsewhere

Safety

Cost of ownership

Technique support

gaNaldlwlwlwlaNw(~ ||| lOM|O|lOI[GI|OT|W|W
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The Pugh matrix shows current
and potential candidates for
pouch cell based battery packs:
 Ultrasonic welding,

» Laser welding,

* Micro-TIG, and

» Clinching
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Assessment of Joining Technologies

Pugh matrix for evaluation of joining methods for manufacturing of prismatic cell based module

Joining technologies - Prismatic Cell

B Weight Ultrasonic Mi.cro-TIG Resista.nce.spot / Laser Mechanical
e e Welding/ PL_JIsed PrOJec_tlon e Assembly
Arc Welding Welding (Nut & bolt)
Total 389 380 367 398 381
Joint resistance
Joint resistance-similar materials 5 4 4 4 5 2
Joint resistance-dissimilar materials 5 5) 4 2 3 2

Joint strength

Joint strength-similar materials

Joint strength-dissimilar materials

Heat transfer from process

Potential mechanical damage

Joint current capacity

Joint durability

Potential vibration damage

Joint corrosion resistance

In process quality control

Cycle time

Sensitivity

Repeatability

Cost per battery connection

Investment

Easy recycling

Easy automation

Delivery time

Standard Equipment

Flexibility ie easy to adapt

Used for similar applications elsewhere

Safety

Cost of ownership
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Technique support

IS
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The Pugh matrix shows current
joining application are

» Laser welding

» Mechanical assembly

and potential candidates for
prismatic cell based battery
module:

 Ultrasonic wedge bonding,
*  Micro-TIG
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Conclusions and Final Remarks
Recommendations for further investigation based on MRLs

Module level joining N.IRL -
Low (1-3) Medium (4-6) High (7-10)
Investigate pouch module level joining MPW / EMPT
Cylindrical & pouch module level, further extend to Micro-TIG, RSW,
prismatic module level Laser Welding
Cylindrical module level, further extend to prismatic Ultrasonic
module level Wedge Bonding

 Joining techniques are described with respect to MRLs and suitability of the identified
joining technologies is quantified.

« Recommendations for further investigation of joining technologies are made based on
Pugh matrix scores, MRLs and application potential.
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