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What does a Battery Pack Need?
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So, what we have done in the last class in fundamentals of battery pack is. What does a battery

pack need we have gone to different parameters.
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Then we have also talked about battery pack development process. So, we have categorize
battery pack into four category electrical design, thermal management, mechanical design and

the battery management system. We have talk and sort about all four domain.
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Importance of...

Electrical design: Thermal design:

Capacity, voltage and current. 1. Improve pack efficiency.

- -
E... [High Wolaesisolation. 2. Mitigate thermal accidents.
3. Short circuit scenarios. ‘
Increase cell/ pack life.

4. fficient power delivery.
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Mechanical design: BMS design:
Safe structure for extreme conditions. 1. Maintain cell/ pack operation limits.
Cost, productivity and reliability. 2. Prevent safety concerning events.
Ease of assembly and service. 3. Control thermal systems.

Aesthetics, compactness and lightweight . 1. Communication & diagnostics.

Battery Pack BMS.
Source: foens com
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Then we have talked about what are the importance of these four categories electrical, thermal,
mechanical and BMS.
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Then we have talked about stages of battery pack design. Where we have talked about how to
configure the cells in a battery pack. We have talked in details about mPnS theory m parallel and
N series then we have talked about structure, what are things covered in those structures like
case, cover, end plates, tie rods by different definition like what would be mechanical, what

would be electrical and what would be thermal parts.

Then bus bar, cooling jacket. We again talked about safety where we talked about vibration,
short-circuits, thermal runaway and then control of vibration then cell monitoring and BMS and
then application in telemetry and interface this what we talked about stages of battery pack

design.
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Major Components of a battery pack
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Then we have also seen what are the major components of a battery pack. We have seen what are
the major components of a battery pack and then we talked about all the components of a battery
pack like battery cells, insulation pads, base plate, side strips, end plates, cold plates, bus bar
holder, bus bar, thermistor and voltage sensors, wiring harness, BMS, outer casing and all
together.

And this does not change if you make a bigger pack the number of components of each would
increase. However, overall it is a same for smaller pack or bigger packs a slide addition
depending upon the customer requirement like do we need a vibration control signals in that
case, we can provide some accelerometer inside the battery pack that is beyond a particular level
of vibration, it will cut off the battery pack like in the case of (())(03:03).
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Important Considerations

1. Material selection.

). Base plate design for individual cell
accommodation.

3. Cell movement constrain and control.

I Uniform pressure over cell surface.

. Material cost optimization.

6. Outer case design for overall protection.
Bus-bar designing.

8. Packaging constraints.
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Then we have a started mechanical design and then we have seen important consideration like
material selection then what would be the base plate design how to constrain the cell movements
uniform pressure overall all cell surface to improve the lifecycle of the battery pack, material
cost optimization, outer case design for overall protection and then bus bar designing and at the
end we have also talked about why packaging constraint becomes important so that may lead to
irregular shape of the battery pack. It may not be a regular shape like a rectangular box or a
cylindrical shape, it could be something depends upon the space available in the vehicle.
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Connecting Cell Together

+ve
8P1S
+——— Positive terminal (red) 8 cells in Parallel
8*15=120Ah
= Negative terminal (black) (capacity of the battery)
-ve
;
i
4 Parallel
u Prismatic Li-ion cell
1P8S
* Voltage - 3.65V
. 8 cells in Series
* Current-15Ah 8*3.65=29.2V
f * length = 17mm (Voltage of the battery)
* breadth = 65.4mm -ve
* height = 125.8mm Series

Chapter .1

Then we have started the mechanical design and then the first things in a battery packs come
how to connect the cells together and there we have talked about parallel and series configuration
a parallel configuration adds up the ampere hour current its add up the current. However, series
combination adds us add up the voltage and in a pack you may need to go on both parallel as
well series. So, generally we go parallel first and then series second, this is what we have

discussed in earlier chapter in chapter 4.
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Building the battery pack...
Consider a two-wheeler electric scooter is designed to have a range of 75kms which -
consumes 16.5 Wh/km on average from the battery pack to run. v
Considering the depth of discharge (DoD) to be 80%, design a battery pack of nominal \q&
operating voltage 60V. .i\\
Power consumed by auxiliary system is 2 Wh/km. /XC) \‘l)c
Use the cell specifications as here. 0,

g ’ [.0/ [ﬂﬂ \N‘J‘
BATTERY PACK PARAMETER: 5 " % V
Pack Configuration : 2P16S . 0 CU
Configuration considered in 1 row : 2P8S ///\ 5, \ }\L‘
Total No. of cells :32 No. of rows : 2 '3 /){ V\
No. of cellsin L row : 16 \

Total weight of cells in 1 row: 32%0.32 = 10.24 kg 180" /

Mechanical Design




Now, in building battery pack we have also talked about how to build a battery pack. So, we
have assembled the cells a particular configuration a particular voltage and the particular Ah
based upon the energy requirement of the vehicle and we found out the pack weight is coming
around 10.24 kg.

(Refer Slide Time: 04:57)

®NPTEL

Forces acting on the battery pack
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And then we have started what are the force acting on a battery pack. So, it has a base plate, it
has a end plates, it has side strip, it may have other component also, but right now we focused on
this three and then there is a bus bar which is connected with the cell which is connecting all the
cell's together. So, what we have talked about the major force, what is the dominant force. So,
what we talked about that on side strips, it is generally tensile force which is dominant on the end
plate it is basically bending force which is dominant. On base plate it is a bending force which is

dominant and the connection between cell and bus bar it is a shear force which is dominant.
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Introduction to Stress-Strain theory
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5 types of Fundamental loadings

Stress is the internal resistance offered by the body
to the external load applied to it per unit cross
section area.

Strain is the deformation of material that
results from an applied stress.

F L-lg
=R e=7

o = Stress (N/m’, Pa)
F=Force (N)
A, = Original cross-sectional area (m’)

€ = Strain

L = length after load is applied (mm)
| L, = Original length (mm)

And then we have started stress strain theory where we have talked five different types of

fundamental loading then stress and then strain.
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Base plate dimension calculations

This analysis is under the condition that-

o Continuous rectangular plate, constant thickness
o Simply supported on all the edges.
o Uniformly distributed weight of battery pack

*+ Length-272mm + 2mm
+ Breadth-132.8mm + 2mm
* Thickness -t (assumed)

{t  (Tolerance -1 mm on each side)

o Area  =274mm * 134.8mm
A =36935.2 mm’
\Ap‘“ + Q(load) = total force / total area

=(10.24*9.81 ) /36935.2
=2.719X10° N/mm?

Simply supported on all the edges = 2719X16° pa

Then we have started calculating the base plate dimension calculation. So, we know the length
and the width of the base plate. However, what was not known was the thickness. So, based upon
that with giving some extra tolerance of 1 mm in base plate. So, we found that the length of base
plate is 274 mm, the breadth or width of the base plate is approximately 135 mm but thickness is
not known so thickness is depending upon the engineering calculations like, there are some



criteria is like we need to have a minimum deflection. It should be able to take the weight of the
cells as well as other component what we have done right now is so is the weight of cell. Then
something like what we need is to minimize the cost of material, not only the cost of material we

also want to minimize the weight.
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Material Selection Criteria: Ashby Methodology*

e = OL%

Material Index Ca/culat/on
For Flat plate - Maximize L W ] ﬂ/ /
£
Where, € =modulus of elasticity, Cm = Cost of material / KG, p = Density of the ma
L | s [ Auminum ot (Acryiontie B/ \»
Density 1.069g / cc 27g/cc Butadiene Strene; E

::;%ﬁ:s 1190 6pa 685006p0 Young’s Modulus 1190 Mpa
tm 70Rs/kg 280 Rs/kg

Material Index ~ 14.14X 10° 5.17X10° Poisson’s Ratio 03
*MF Ashby, Matenial Selection in Mechanical Design. Butterworth-Hememann, 1999.

Maximum Yield strength ~ 29.6Mpa - 48Mpa f/b
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And then we will be starting from today class Ashby method Ashby methodology. So, what is
Ashby methodology? It is a process it is a procedure to minimize or maximize the cost in our
case or a strength or thickness. So, what are the things comes in that? What is the objective
function here? Translation is first to collect all the information together. It has five stages sorry
four stages translation, screening, ranking and supporting information. So, translation what we
want and how to translate into objective function in mathematical form which we can solve is

basically known as translation.

So, what is our basic functions here? Provide the support in base plate if we talked about what is
the basic function here provide the support to the weight of cell. What we do not want? We do
not want a deflection to go beyond a certain limit that will define what deflection we want 1 mm

or 2mm or 5mm or 10mm, then what we are looking for.

The cost to be minimized and also what we are looking for weight to be minimized. Otherwise,

we can also say thickness to be minimized by considering that it should be able to support the



weight of the cell for now. In future when you are designing a full pack, you may have to worry

about other forces also like when there is a vibration.

So, then those terminology based upon the force concept we bring it here. But right now, to make
it simple what we are considering the weight of the cells it should support. So, what is our
objective basically? This is the translation, these are our wish list which we want it to do. So,
what is our objective if | defined properly what it comes minimize the mass and the cost.

If you are minimizing the thickness we are minimizing the mass and at the same time, we are
minimizing the cost, why we apply this this methodology. We may have several candidates. We
may have a material database. We need to select some material which is of use to us and out of
those materials that is known as screening and may have a database of 100 materials or 500
material but then first will it where what we will do after finding the objective function. What we
will do we will screen those material like if there is a glass and there is a plastic certainly we
would not like to go even for glass even if it is having too much of strength.

So, will exclude those things. Now, if there is a aluminium and there is a plastic so we may like
to go with both which gives a better value to our things aluminium or plastic we may like to go if
there is a MS mild steel we may like to go. If there is something known as what you say fragile
plastic. We may not like to go in that case even though it is strength is very high, but maybe in

the shock, if you put a small hammer it may crack, we may not like to go with that.

We may not like to go with the gold we can exclude immediately without even putting the things
in the function because it is cost is very high. So, some common sense what we apply to sort
least the material we say it is screening. The first we have defined the function objective function

and then now we are looking for a material database now what are the materials I can use.

Now, after doing that then | will put every material in this objective function and then we will
find out a material index. Now, that is a mathematically solved equation where we are finding
the ranking of each of the material which we have screened already. Some screening is nothing
but it is a common-sense what material | should use based upon experience or based upon the

data available.

Now, ranking is whatever material we have screened. Now, we are putting in the objective

function and getting a value known as material index objective function is known as material



index, right side there is some mathematical term related to what are the things we have
discussed cost, thickness, weight, strength all the things together and then we find out the
ranking. Now, if | have to be if my function is maximize then we will go for which has the

highest ranking if my function is minimize | will go for lowest ranking material.

And then supporting information supporting information is that once we have selected the
material can it work something else also, like if | have to select if my if my thermal if | have to
worry about that my heat should be transferred quickly. So, I will go for a material which has a
higher thermal conductivity | can either insert in that in objective function but in that case

objective function become complex.

We do not want to make the objective function too complex. So, that after screening I will see
what are the secondary functions | have if | have to release if material index comes ranking
comes similar for two materials then out of that two materials or three materials if | have to
select one material then I will start looking for the secondary function secondary functions mean

in some cases we may require to transfer the heat very quick.

Sometime we may not sometimes we like to retain the heat. So, let us suppose if we have
selected two material if two materials has come of the similar ranking. One is let us suppose
plastic or ABS which we used generally for making battery packs another one is let us suppose
aluminium. If my if heat transfer has to be fast, what material we will select. If the ranking is
similar or same. We will select aluminium in that case because aluminium thermal conductivity

is very high.

If I do not want to release the heat or | do not want environmental condition to impact my battery
pack that means | do not want outside heat to enter inside the battery pack what we will do in
that case. We will try to take a material which if they have the similar material in that will try to

take a material which has the lowest thermal conductivity.

So, in that case we will try to go for a ABS. So, this supporting information also helps a lot of
time to select a particular material. So, next so we are talking about material index calculation.
So, what we have discussed that, we want to minimize the deflection and the deflection is
proportional to, why is my deflection that would be proportional to Young’s modulus of

elasticity and that is proportional to 1 by t cube, t is nothing but my thickness.



So, if I am worrying about t, then it should be if we want to maximize then sorry if you want to
maximize t or me, if we want to minimize t what is our aim is to minimize the t. If | take t up, so
1 by E will come to minimize 1 E to the power 1 by 3 will come this will come if | take t here
then this will come 1 by E to the power 1 by 3.

That means if | want to minimize t, | have to minimize 1 by E to the power t by 3, E is a constant
for a particular material but we are selecting several material so E is different for several
material. So, that is why E becomes function all other things length is fixed, width is fixed, again
density would change material to material but density terms comes in to mass as well as in

deflection.

So, we will select only one density. So, what is the function here what we are using a function is
maximized. So, if | have to maximize what | have to do, E to the power will go at the top
because if | have to minimize 1 by E to the power 1 by 3 will be there if | have to maximize just

it will go in denominator.

Now, it is in so it will go in numerator right now it is denominator minimize. If I have to
maximize it will go to the numerator. The similar way the cost, what | want to do with cost? Cost
| wanted to minimize. So, if | wanted to minimize then the cost would be directly proportional to
the some numbers whatever the cost of that one. But what is my objective function t is
maximized so it will go to denominator. So, here if 1 am maximizing this function if 1 am

maximizing this function, the cost is getting minimized.

Similar way, what is my aim to minimize the weight. However, so if you take some function
minimize weight. If | have to maximize then 1 by weight. It will come in denominator. So, that is
how this function is here. So, what we have seen thickness weight and the cost and these all the

things we are maximizing, objective function we are maximizing.

So, thickness is getting minimize, cost is getting minimize and the mass density related to mass it
is also comes into the deflection equation, but we wanted to minimize if | have to put this as a
minimum function if I want | wanted to put minimize then this would have come Cm is the cost
of material row by E to the power 1 by 3. If anything, we wanted to maximize it is directly

proportional and if you reverse inversely proportional if we make it inversely proportional then it



becomes minimization function that is what I am trying to do here. Minimize cost, minimize

weight, minimize the deflection.

So, now we have got two materials ABS and aluminium. What we require is minimum
information right now for selection of the material. What are the minimum information we
require is the density, Young's modulus of that particular material and the cost of that material
with that we can find out the material index. Now, higher the material since we have put
maximize function so higher the material index we will select that material. So, which one has

ABS or aluminium? Which one has the higher material index?

It is ABS. The ABS has the ABS has the higher material index. So, that is why we are selecting
ABS. Now, once we have selected the material then for further mechanical calculations, we
require other mechanical parameter. Like, what is maximum yield strength? For ABS it is falling

between 29.6 Mpa to 48 Mpa, Mpa is nothing but mega pascal.

And then we also require Poisson’s ratio till the time we do the material index calculation. We do
not require these materials. Once we have selected the material now we require those those
further properties for that particular material. This Ashby methodology is nicely put up by Ashby
itself in a material selection in mechanical design. If you want to further to have further

information, you can look upon this book.
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According to Kirchhoff's equation for bending in plates.* 1 Calculating thickness of base plate:

_ = 0111+ 0002719 +134.84*

-1gb! b
Ynax = Om: *”A*J‘IT EXC

.mw’W

: gl 83.7422
Where, y,,,, = Maximum deflection, a,,,, = Maximum y
bending stress, E = Young’s Modulus, b = breadth

and t = thickness of the plate Assuming maximum allowable deflection to be

e |
For the % ratio of 2, values of constants are: '_t _=_4._37_5: S_m_m_l
R t g Calculating Maximum stress :
|3 [zoam | | T
e — 4mm 1.308mm

a=274mm

Smm 0.669mm
*Roark’s Formulas for Stress and Strain, WARREN C. YOUNG, RICHARD G. BUDYNAS

Chapter 5.1 Mecharical Design 16



®NPTEL

Material Selection Criteria: Ashby Methodology*
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Material Index Ca/culat/on
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Where, € =modulus of elasticity, Cm = Cost of material / KG, p = Density of the mat
L | s [ Auminum ot (Acyoitie

Density 1.069g / cc 27g/cc Butadiene Strene; @

’ Young’s Modulus 1190 Mp3
ouis 119Gpa  68.900Gpa
Modulus ) )
Maximum Yield strength ~ 29.6Mpa - 48Mpa %
Cm 70 Rs/kg 280 Rs/kg

Material Index ~ 1414X10°  517X10° Poisson’s Ratio 03
*M F Ashby, Matenal Selection in Mechanical Design, Butterworth-Hememann, 1999.
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Now, we have a started base plate. So, what we have started that it has to take out weight of
10.24 kg of cell weight and then we decided let us go ahead what material we need to select for
this particular. So, we have selected the material. Now let us start with base plate calculation. So,
there is a equation Kirchhoff equation that is a fourth order differential equation partial

differential equation.

Either we can solve with the boundary condition that or there is another way of doing that one.
We use the direct formulas from design data book. One of the design data book what | have used
is known as Roark’s formula for stress and strain. For different boundary condition you get a
direct formula there if we use that formula taken from that book or any other design data book

you would be able to solve this type of problem very easily.

So, maximum deflection is minus alpha q b to the power 4 E t to the power cube, t is nothing but
thickness is Young's modulus of elasticity Y max is maximum deflection. Now, the second one
is maximum bending stress that is also we have to worry about because the maximum vyield

strength for this material is 29.6 Mpa | take a lower rank.

So, what is not known, b we know t we do not know all other things we know. So, we also know
a is the length so there is some terminology known as aspect ratio maximum length by minimum
length or length by breadth with that aspect ratio from the design data book or the formulas book

we can get the values of alpha and beta we can get the value of alpha and beta directly.



We already know the q, q is nothing but the load, b we already know, E we already know, Y
sorry sigma max we already know. Because of the so what is not known deflection also we can
constrain | want not more than 1 mm or not more than 2 mm. My pack will support a deflection

of 1 mm or 2 mm or 3mm so we can select this is what | want the deflection.

So, that deflection is also known what is not known is t. So, from this itself alpha now we know,
q load we know, b we know, E we know, Y max also be know, deflection we know now | have
selected a value 1 mm | do not want to go or deflection more than 1 mm. So, what is the

unknown here t. So, we will find out the t from that.

For my value of t comes approximately 5 mm if I consider 1 mm deflection. The maximum
deflection of 1 mm my thickness t comes 5 mm. Now, once my thickness t comes 5 mm does it
also solve my sigma max problem that also we have to look upon. Sigma max should be less
than, this my design criteria for that particular material. So, this t is equal to 5 mm thickness
solve my both the problem its maximum allowable stress also it solved as well as it is also solved

my problem of maximum deflection, which | have already selected 1 mm.

But sometime we may not need to go for or we may not like to go for a thick material up to 5
mm, no, how can we reduce? Is there any way? Yes, we can do, without increasing much weight
and volume. In that case what we can do what we can do is we can provide the ribs. We can
provide the stiffeners it is like a beam you are providing it would look like if it is my base plate, |

can provide the stiffeners like this or rips like this.

For another 2 mm thick only at locations where ever | have put and this numbers again based
upon that what is the thickness we wanted to go. We wanted to go for 3 mm or you we wanted to
go to 2mm or we wanted to go for 1 mm. So, based upon that this stiffeners number of stiffeners
you can calculate, again the similar formula only thing that we have used beam theory there.
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End plate support

PRESSURE VS LIFE
+ Battery life enhances greatly when cells are mounted with
some pressure on its two flat surfaces. X

* The pressure must be evenly distributed handling the
periodic expansion cycles occurred during the service ¢
time. 5"

* Value of optimal pressure varies from cell to cell and is £
generally provided by cell manufacturer itself.

* It can also be calculated experimentally.

+ For a specific cell, optimal range lies between 4 -
18psi. 14psi is chosen for calculation purpose.

1 psi = 0.00689476 N/mm2 Fig - cycle life of the cell can be optimized by applying
1 psi = 6894.76 Pa proper pressure to the face of the cell and maintaining
14 psi = 96526.6 Pa that throughout the life of the cell.
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So, this is how we have calculated everything for the base plate. The Maximum bending stress
and the maximum deflection this was two parameters for us and which we have solved. We got a
particular thickness and we do not want if you do not want that particular if we did not like that

thickness that is now this thickness is too much for my pack.

We also found that how can we reduce the thickness further by providing rips and the stiffeners.
Again, we need to calculate by similar theory how many ribs or how many stiffeners we require.
What would be thickness? What would be height of those rip? All those things we can calculate

to similar formulation.



Now, the second thing what we have talked about the battery pack design is the end plate. Why
end plate become necessary why end plate design becomes necessary because it provides a
constant pressure on the cell surface. Why the constant pressure is required on the cell surface is
because of the life of the cell.

Otherwise what will happen if you do not provide sufficient pressure on that cell surface the cell
will bulge it will require more volume. The life cycle life cycle of the cell will come drastically
down. Which you can see from this curve that if I do not provide any pressure on the cell surface
if 1 do not provide any pressure on the cell surface, a cell which supposed to go for 2000 cycles

approximately will work only 100 or 150 cycles.

So, it is important to provide some pressure some uniform pressure on the cell surfaces, what
would be the pressure. Generally, it comes from the cell manufacturer that if you provide this
much, this is the optimum pressure this is the optimum pressure range for the cell and then once

we know from the manufacturer this much pressure we need to provide on that cell surface.

Accordingly, we design the end plate again to provide the to provide the pressure on the cell
surface what will happen there would be a reaction force on the end plate. You see here if
pressure will go there then there will be a reaction force on the endplate what this reaction force

will do it is uniformly distributed force. What it will do? It will again try to bend the end plate.

So, for this particular this one particular cell what we found out that around 14 PSI pressure
would be optimum pressure for the cell life to go up to 2000 cycle. The conversion factor is
given 1 PSl is 6894.76 pascal. Now, sometime you may not get the information from the supplier

or cell manufacturer what you will do in that case. You have to do simple long-time experiment.

You keep on charging and discharging put two plates put the pressure sensors keep on changing
the pressure and you see the what is the life cycle of that cell. So, it is a tedious and long-time
process, very simple but tedious and long-time experimental process. So, it is always good to get
the information from the supplier or if you are using the same cell for different and we have a
road map for next 5 years we will be using the same cell in that case we can also re-verify all

those information given by the supplier.

(Refer Slide Time: 32:04)
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Assignment Question - 1

For the same battery pack, end plates and side strips are required to be designed. Material
selected for this purpose is aluminum 6061 T6.

Young's Modulus - 68300 Mpa | Yield strength - 290Mpa

(A) Estimating that the pressure applied on end plates is
14psi and boundary conditions are as defined. Calculate
the thickness of end plate. Consider maximum allowable
deflection to be 1Imm.

(B) For same pressure, calculate the cross-sectional area
of side strips to restrain the tensile motion. Consider

h ’ £
maximum allowable deflection to be Imm. €
@
Refer the figure as shown. 3
D %
t
Chapter 5.1 Mechanical Design
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End plate support

PRESSURE VS LIFE
+ Battery life enhances greatly when cells are mounted with
some pressure on its two flat surfaces. :

* The pressure must be evenly distributed handling the
periodic expansion cycles occurred during the service 2
time. .

* Value of optimal pressure varies from cell to cell and is =
generally provided by cell manufacturer itself.

* It can also be calculated experimentally.

* For a specific cell, optimal range lies between 4 -

18psi. 14psi is chosen for calculation purpose.
BRESSURE [P

1 psi = 0.00689476 N/mm2 Fig - cycle life of the cell can be optimized by applying
1 psi = 6894.76 Pa proper pressure to the face of the cell and maintaining
14 psi = 96526.6 Pa that throughout the life of the cell
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Now, | am not going to solve this end plates support problem | am going to give you an
assignment on that. The battery pack what we have designed on the same battery pack end plates
and side strip are required to be designed material selected for this purpose is aluminium base
plate we have selected as ABS. But let us suppose we have selected aluminium for this end plate

as well as side trips.

We know the length we also know the pressure value please find out the thickness of the end
plate. Because again length and the width is we already know what we do not know is the
thickness. Now, for the side strip this side strip would be holding this end plate for that particular

pressure. So, there would be a tensile force on the side strip. So, what we wanted to know, what



would be the cross-sectional area of side trip? Because force would be acting on that, since we

are not giving you width so we want the cross-sectional area.

(Refer Slide Time: 33:21)

Question Data- GNPTEL

Analytical Formula and boundary conditions

Rectangular plate; Boundary conditions
Boundary condition:
Three edges fixed, one edge free

Free

Free

End Plate

The boundary condition 3 is fixed length and width, you know one free and use the same formula
book, which already we have given here for alpha and beta formulas here and solve this problem.

It is a assignment question.



