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ABSTRACT

The following master's thesis is concerned with the development of a 12V and 400V lithium-
ion immersive cooled battery. Lithium-ion batteries must be explicitly designed for a Classic
Mini Cooper. The design and manufacture of the 12V battery and the modelling of the 400V
battery for heat generation and SOC curve are all part of this thesis project. To obtain the heat
generation data and SOC curve, a battery model was created in MATLAB Simulink. The heat

exchanger was designed with 3M Novec 7200 cooling fluid based on heat generation.
Keywords

12V, 400V Lithium-lon, Battery, Immersive Cooling, SOC, Heat Exchanger, Battery
Modelling

ABSTRAKT

Nasledujici diplomova prace se zabyva vyvojem 12V a 400V lithium-iontové chlazené baterie.
Lithium-iontové baterie musi byt vyslovné navrzeny pro Classic Mini Cooper. Soucasti tohoto
projektu je navrh a vyroba 12V baterie a modelovani 400V baterie pro vyrobu tepla a kiivka
SOC. Pro ziskani dat o generovani tepla a kiivky SOC byl v MATLAB Simulink vytvofen
model baterie. Vymeénik tepla byl navrZen s chladici kapalinou 3M Novec 7200 na zakladé

vyroby tepla.
Klic¢ova slova

Lithium-iont 12V, 400V, baterie, pohlcujici chlazeni, SOC, vyménik tepla, modelovani baterii
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1 Introduction

Lithium-ion (Li-ion) batteries are now omnipresent. Our watches, cellphones, tablets,
computers, portable appliances, GPS gadgets, handheld games, and just about everything
else we carry with us today are all powered by them. Moreover, they are also beginning to
power our neighbourhoods, residences, and vehicles, or perhaps it is more apt to say that
batteries power transportation when addressing transportation applications. Lithium-ion
batteries' rise to prominence and domination is due to their high power density compared
to other rechargeable battery systems, which was achieved by designing and developing
high-energy-density electrode materials. Moreover, batteries are unique in energy storage
products as they both create energy via chemical processes and store the energy within the
same device. Other energy storage devices require the power to be generated in one place
& stored in another. For example, in an automobile, the energy is created through the
refining the liquid crude oil, it is then transferred to service stations, where it is again stored
until purchased and stored again as liquid fuel in a tank, it is finally converted into energy

(& work) in the combustion process of an internal combustion engine.

1.1 Project Goals

This project aims to design a 12V and a 400V lithium-ion battery, which is cooled by
immersive cooling for an electric vehicle. The vehicle is a Classic Mini Cooper. We are
converting it into an electric vehicle. Lithium-ion cells are to be studied to understand the
heat generation inside the cells and the optimum temperature for their working. The battery
pack modelling in Matlab SIMULINK is to be done to get the SOC and heat generated in
the battery pack during a WLTP cycle. An immersive cooling system has to be designed

along with its heat exchanger to get optimum battery pack cooling.

2 Literature Review

2.1 Battery fundamentals

In this section, we shall discuss the construction and working principles of a battery.
Afterwards, we will discuss the lithium-ion cells' basic terminology and characteristics and

their comparison with other cell chemistry.



2.1.1 Battery

Most simply, a battery is an electrochemical means of storing energy that operates by
converting chemical energy into electrical energy. A battery is a device that uses an
electrochemical redox reaction to directly convert the chemical energy contained in its

active material into electrical energy.

Batteries are basically classified into two types: either primary or secondary. The main
distinction is whether or not the batteries are rechargeable. Primary batteries are not
rechargeable; they are one-time-use batteries that must be thrown after usage. Simple
alkaline batteries, which are used in many household gadgets, are an example of this.
Secondary batteries are multi-use, rechargeable batteries that can be charged multiple
times. The chemistry and operational characteristics of a rechargeable battery determine

how long it can be used.

2.1.2 Components of a battery

There are mainly five components of a battery. The cathode is the “positive” half of the
battery cell, which is made up of a substrate coated with the active material. The substrate
in lithium-ion batteries is frequently an extremely thin aluminum layer. The anode, or
"negative" half of the battery cell, is commonly comprised of a thin copper substrate coated
with active anode material. A "separator" substance is sandwiched between these two
halves, preventing the two halves from contacting and causing a short circuit. These three
components are assembled to form the electrodes and are either wound or stacked to form
what is referred to as a jellyroll. The enclosure, which is usually a container or pouches
into which the jellyroll is inserted, is the fourth component of a lithium-ion battery. A
metal can, a plastic housing, or a polymer-type "pouch™ might all be used. After that, the
fifth component, an electrolyte, is added to the solution. The electrolyte is the medium that
allows ions to move freely throughout the cell. Many other parts may be included in a
battery cell, such as a current interrupt device (CID) or a positive thermal coefficient
(PTC), which is a resettable thermal fuse. However, these are not included in all cell types

of chemistries.
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Figure 1 Diagram showing Anode , cathode , separator and electrolyte in a Battery

Distinct battery types have different performance characteristics, making them suitable for

various applications. In Table 1 several of the most common nonlithium-based chemistry

types are compared. The table is not all-inclusive but offers a good summary of some of

the significant nonlithium chemistries used in ESS. For example, traditional lead-acid

offers the shortest cycle life and lowest energy density and lowest cost. Secondary battery

chemistries such as lead-acid, nickel-cadmium (NiCd), NiMh, sodium-sulphur, and

sodium nickel chloride were used in many early automotive electrification attempts. NiMh

remains the most used battery chemistry for hybrid electric vehicles today (HEVS).

Nickel Nickel Metal Sodium Nickel
Lead Acid Cadmium Hydride Sodium Sulfur Chloride
Chemistry PbA/LAB NiCd NiMh Nas NaNiCl
descriptor
Specific energy 30-40 40-60 30-80 90-110 100-120
(Wh/kg)
Energy density &60-70 50-150 140-300 345 160-190
(Wh/L)
Specific power 60-180 150 250-1000 150-160 150
(Wrke)
Power density 100 210 400 - -
WiL)
Nominal 2.0 1.2 1.2 2.0 2.6
voltage (per
cell} (V)
Cycle life 300-500 1000-2000 500-1500 1000-2500 1000
Self-discharge 3-5% 20% 30% 0% 0%
(% per month)
Operating =20 to +60 =40 to +60 =20 to +60 300 to 400 300 to 400
temperature
range (°C)
Cost (per kWh) $150-$200 $400-$800 $200-5300 $350 $100-$300
Maintenance 3-6 months 30-60days 60-90days None None

Table 1 Different types of batteries comparison



In our research, we focus mainly on lithium-ion chemistry.

2.2 Lithium-lon Cells

The first commercial lithium-ion chemistry was introduced to the market in 1990 based
mainly on the work of Dr John Goodenough of the University of Texas. From its
introduction in 1991 to the early 2000s, sales of lithium-ion grew in demand to become
the highest volume cell manufactured in the world with about 660 million small
cylindrical cells and another 700 million small polymer (pouch)-type cells manufactured
annually in 2013. Lithium-ion quickly became the battery of choice for most small
electronics because it contained much higher energy density than comparable cells on the
market.

In a lithium-ion battery, energy flow is created as the lithium-ions within the cathode are
transferred through an electrolyte medium into anode, this represents a charging event. A
discharging event is represented by the lithium-ions being transferring through an
electrolyte medium from anode into the cathode. This seems counterintuitive for most of
us, but when the battery discharges, the ions pass from anode to cathode. In the diagram
below, a charging event is being shown. The lithium-ions pass from the cathode material
through the electrolyte to the separator and then again through the electrolyte and to the
anode material. This action creates a voltage flow up the copper current collector and to
the positive current collector in a closed circuit loop.

Current Flow (Charge)
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Figure 2 Flow of Lithium lons in cell when charging



During discharge, lithium is then oxidized from Li to Li + (0 to +1 oxidation state) in the

lithium-graphite anode through the following reaction:

CeLi — 6 C(graphite) + Li+ + e— Equation 1

The cell can be recharged by reversing these reactions. Lithium ions leave the lithium cobalt
oxide cathode and migrate back to the anode in this scenario. They are reincorporated into
the graphite network after being reduced to neutral lithium. These lithium ions migrate
through electrolyte medium to cathode, where they are incorporated into lithium cobalt
oxide through the following reaction, which reduces cobalt from a +4 to a +3 oxidation
state :

Li1-xCoO2 (s) + x Li+ + x e- — LiCo02 (s) Equation 2

One of the other benefits of lithium-ion chemistries over nickel- and lead-based batteries is
the higher voltage. Typical NiMh and NiCd rechargeable cells operate at about 1.2-1.5 V
nominal, whereas lithium-ion cells typically operate between 3.2 and 3.8 V nominal.
Having a higher voltage is essential in that it means that we need to connect fewer cells in
series in order to achieve our desired pack voltage. For instance, a NiMh battery pack with
350 V may require 292 cells to achieve that voltage (350 V/1.2 V =292 cells). On the
other hand, a lithium-ion-based battery pack would only require 98 cells to achieve the
same system voltage (350 V/3.6 V =98 cells). Lithium-ion batteries have a lower rate of
self-discharge in addition to higher voltage and energy density. This means that its natural
capacity loss over time when the batteries are in storage is less than that of other
chemistries, with many lithium-ion chemistries losing only 1-5% per month. Capacity loss
during storage comes in two types, reversible and permanent. Reversible capacity 10ss is
the energy lost during storage but regained once the battery is cycled again. The percentage
of a loss that will never be recovered is known as permanent loss. Virtually all lithium-ion
chemistries have some amount of reversible capacity loss over time, some of which are
generally always permanent.

Finally, lithium-ion chemistries tend to have a much better cycle life than the other
chemistries. Where PbA may only get 300-500 cycles before it reaches its end of life
(EOL), lithium-ion can achieve thousands of complete discharge cycles before reaching its
EOL during 100% depth of discharge (DOD) cycles. If we look at partial cycles, the

lithium-ion battery will be able to achieve tens of thousands of cycles as the DOD is



reduced. For example, let's look at a typical lithiumion chemistry. It may achieve 1000
cycles using 100% DOD, but if we take that same cell and use only 80% of its total usable

energy, we will find that we can now get several thousand cycles.

2.2.1 Electrolytes

The electrolyte is essential for transferring positive lithium ions from the cathode to the
anode. Lithium salt, such as LiPF6, in an organic solution is the most often used electrolyte.
There are mainly two types of electrolytes details of which are mentioned below.

2.2.2 Types of electrolytes

e Liquid electrolyte
Liquid electrolytes in the lithium-ion batteries consist of lithium salts, like
LiPFs, LiBF4 or LiClO4 in an organic solvent, like ethylene carbonate, dimethyl carbonate
& diethyl carbonate. The liquid electrolyte acts as a conductive channel for cations flowing
from negative to positive electrodes during the discharge. At room temperature (20 °C (68
°F), typical conductivities of liquid electrolyte are in the 10 mS/cm range, increasing by
30-40% at 40 °C (104 °F) and decreasing somewhat at 0 °C (32 °F).

e Solid Electrolytes
Recent advances in battery technology involve using solid as the electrolyte material. The
most promising of these are ceramics.
The solid ceramic electrolytes are mostly lithium metal oxides, allowing lithium-ion
transport through solid more readily due to intrinsic lithium. The main benefit of a solid
electrolyte is that there is no risk of leakage, which is a serious safety issue for batteries
with liquid electrolytes.
Ceramic and glassy solid ceramic electrolytes are the two primary kinds of solid ceramic
electrolytes. Ceramic solid electrolytes are highly organized substances containing ion
transport channels in their crystal structures. Perovskites and lithium super ion conductors
(LISICON) are two common ceramic electrolytes. Glassy solid electrolytes are amorphous
atomic structures having similar elements to ceramic solid electrolytes, but with greater

conductivities altogether driven by strong conductivity at grain boundaries.

2.2.3 Cathode Materials

LiCoO2 or LiMn204 are commonly used as cathode materials. The pseudo tetrahedral

structure of cobalt-based materials enables for two-dimensional lithium-ion diffusion.


https://en.wikipedia.org/wiki/Salt_(chemistry)

Because of their high theoretical specific heat capacity, high volumetric capacity, low self-
discharge, high discharge voltage, and outstanding cycle performance, cobalt-based
cathodes are suitable. The material's high cost and low thermal stability are two drawbacks.
The cubic crystal lattice system used in manganese-based materials allows for 3D lithium-
ion diffusion. Manganese cathodes are appealing because manganese is inexpensive and
could theoretically be utilized to create a more efficient, longer-lasting battery if its
restrictions are addressed. The tendency of manganese to dissolve into electrolyte during
cycling, resulting in poor cycling stability for the cathode, is one of the limits. The most
typical cathodes are made of cobalt. Other materials, on the other hand, are being
investigated in order to reduce prices and improve battery life.
Due to its low cost, great safety, and high cycle durability, LiFePO4 is a possibility for
large-scale production of lithium-ion batteries, such as those used in electric vehicles, as of
2017.Some of the most common Cathode materials are mentioned below:-

e Lithium Nickel Manganese Cobalt oxides (“NMC” , LiNixMnyCo;0> )

e Lithium Nickel Cobalt Aluminium Oxides ( "NCA", LiNiCoAIO,)

e Lithium Manganese Oxide ("LMO", LiMn204)

e Lithium Iron Phosphate ("LFP", LiFePO4)

e Lithium Cobalt Oxide (LiCoO2, "LCO")

2.2.4 Anode Materials

Graphite and other carbon compounds have traditionally been used to make negative
electrode materials. These materials were chosen because they are plentiful, electrically
conductive, and can intercalate lithium ions to retain electrical charge with minimal volume
expansion.. Some of the materials that can be used as Anode are mentioned below:-

e Graphite

e Lithium Titanate

e Hard Carbon

e Tin/Cobalt Alloy

e Silicon / Carbon

2.2.5 Separator

The separator is the next component to consider within the lithium-ion cell. The anode and

cathode are separated by a separator, which is usually made of plastic or ceramic. The



separator material must be able to tolerate the corrosive hydrocarbon (HC)-based
electrolytes used in lithium-ion cells while also preserving the isolation of the two
electrodes within the cell when in use. The separator's principal function is to separate the
anode from the cathode. An internal short circuit occurs when the two parts of the electrode
come into touch, resulting in cell failure. As a result, the separator is critical in any lithium-
ion cell design.

Some cells employ polypropylene or polyethylene plastic to partition the anode and
cathode. They prevent short-circuiting while still allowing lithium ions to travel from the
anode to the cathode. Many cell manufacturers employ a trilayer PP/PE/PP structure to
allow the middle layer to melt at greater temperatures while maintaining cathode and anode
separation. PE melts at 135 degrees Fahrenheit, while PP melts at 155 degrees Fahrenheit.
Because the pores of PP begin to melt at high temperatures, the flow of lithium-ion cells is
impeded.

Some manufacturers are using ceramic layered separators in their cells because they can
withstand higher temperatures and so boost the cell's safety.

Table 2 below summarizes performance characteristics of some of the most common
lithium-ion chemistries that are in use today, including nickel manganese cobalt (NMC),
nickel cobalt aluminum (NCA), lithium iron phosphate (LFP), lithium titanate (LTO),
lithium manganese oxide (LMO), and lithium cobalt oxide (LCO).

Lithium Iron  |Lithium Lithium Lithium Cobalt| Lithium Nickel | Lithium Nickel
Phosphate Manganese |[Titanate Oxide Cobalt Manganese
Oxide Aluminum Cobalt
Cathode chemistry LFP LMO LTO| Lco NCA NMC
descriptor
Specific h
pecific energy (Wh/kg) 80-130) 105-120 70 120-150 80-220 140-180
Energy density (Wh/L) 220-250 250-265 130 250-450 210-600, 325
Specific power (W/kg) 14002400 1000 750, 600  1500-1900, 500—3000
Power density (W/L) 4500 2000 1a00| 1200-3000|  4000-5000 6500
Volts (per cell) (V) 3.2-3.3 3.8 2.2-2.3 3.6-3.8 3.6 3.6-3.7
Cycle life 10002000, =500 =4000) =700 =1000  1000-4000
Seif-discharge (% per <19 5% 2-10% 1-5% 2-10% 1%
month)
Cost (per kWh) sa00-51200]  $400-%o00| $600-$2000| $250-%a450| $600-$1000|  $500-%900
Operating temperature
range [°C) =20 to +60, =20 to +60 =40 to +55 =20 to +60 =20 to +60| -20 to +55

Table 2 Lithium-lon Chemistries comparison




2.2.6 Types Of Lithium lon Cell Forms

There are essentially three main types of lithium-ion cell form factors:

e Small cylindrical,

e Large prismatic,

e Pouch (or polymer) cells.
The 18650 cylindrical cell is the most common lithium-ion cell format today, with about
660 million cells made each year. The 18650 designation denotes a cell with a diameter of
18 mm and a length of 65 mm. Except for Tesla which uses high volume 18650 cells, nearly
all major automakers have recognized “small” cylindrical cells as being mostly suitable for
HEV-type power uses in vehicle applications. The majority of auto manufacturers, on the
other hand, use huge rectangular or cylindrical prismatic cells or flat "pouch™-type cells for
plug-in hybrid electric vehicle (PHEV) and battery electric vehicle (BEV) applications. The
fundamental reason for this is that a high number of cells are required to achieve the
requisite voltage and energy, which implies that there are much more connections with
small cells than with bigger cells, and hence many more possible failure locations in small

cell assemblies.
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Figure 3 Cylindrical, Prismatic and Polymer type of lithium-ion cell



2.3 Battery Characteristics

2.3.10CV - Open Circuit Voltage

When no external load is attached, Battery OCV refers to the potential difference between the
positive and negative electrodes. As a result, the battery receives no external current. After the
open circuit is made in the discharging/charging operation, the battery OCV can go up/down

quickly.

2.3.2 Terminal Voltage

When a load is applied, the voltage between the battery terminals is called terminal voltage.The
cell terminal voltage Vt deviates from its equilibrium state voltage Veq when current runs
through it; this deviation is known as polarization voltage or overvoltage. Three key
components make up the polarization voltage:

» The resistances in the bulk of the electrolyte, separators, electrodes, current collectors, and
other connectors generate an ohmic overvoltage drop.

 Activation overvoltage, commonly known as "electrode losses," is connected to charge
transport at each electrode/ electrolyte interface.

* Overvoltage concentration linked to the depletion or accumulation of active materials near

the electrode surface.
In practical batteries, cell voltage for discharging can be expressed as
VIS = Egq — 7718 Equation 3
while cell voltage undergoing charging
V = E ¢ + gph2 Equation 4
where 1 % and n ®" represent the polarization voltages for charging and discharging processes,

respectively.

2.3.3 Cut off voltage

Many battery types, including lead-acid batteries, cannot be depleted below a certain level
without causing irreparable harm to the battery. This level is known as the "cut-off voltage,”
and it is determined by the battery's type, temperature, and discharge rate.

2.3.4Internal Resistance
The resistance within a battery, which is normally varied for charging and discharging, is also
affected by the state of charge of the battery. The battery efficiency falls as the internal



resistance rises, and thermal stability suffers as more of the charging energy is transferred to
heat.

2.3.5Battery Capacity

The mass of active elements present in the battery determines "battery capacity,” which is a
measure (usually in Amp-hr) of charge held by the battery. The capacity of a battery refers to
the maximum amount of energy that may be extracted from it under specific conditions.
However, the battery's real energy storage capacities may differ greatly from its "nominal”
quoted capacity, as battery capacity is highly dependent on the battery's age and history,
charging and discharging regimens, and temperature. A battery's capacity is measured in
'‘Ampere Hours." The ampere-hour of a battery is the number of hours the battery can deliver a

current equal to the discharge rate at the battery's rated voltage.

2.3.6 Energy Capacity

The total Watt-hours available when the battery is discharged at a specific discharge current
(given as a C-rate) from 100 percent state-of-charge to cut-off voltage is the "energy capacity”
of the battery. Multiplying the discharge power (in Watts) by the discharge time yields energy

(in hours). Energy, like capacity, diminishes when the C-rate rises.

2.3.7 Battery charge and discharge rate
The charge and discharge rates of the battery are defined by the battery C rates. The rate at

which a battery is depleted in relation to its maximum capacity is measured by its C rating. A
1C rate, for example, signifies that the discharge current completely discharges the battery in
1 hour. As a result, a battery with a capacity of 100Ah may deliver 100 Amps for one hour.

2.3.8 State of Charge
2.3.9 Depth of Discharge

The percentage of battery capacity that is been discharged is expressed as the percentage of

maximum capacity. A discharge to at least 80% DOD is referred to as a deep discharge.

2.3.10 Battery Efficiency

Efficiency is a key factor in secondary battery systems, since it refers to how well a battery can
transfer energy from one form to another, usually including changes in electrical and chemical
energy. The secondary battery is often measured using voltage efficiency (VE), Coulomb

efficiency (CE), and energy efficiency (EE). The CE of a battery is the ratio of charge and



discharge capacity (Qdischarge/Qcharge) within a particular voltage window. The voltage
differential between charge and discharge operations involving internal resistance and other
polarizations determines VE. EE is the product of CE and VE (EE = CE VE). Inefficiencies
are influenced by a variety of parameters, including current density, temperature,

membrane/separator choices, and electrolyte conductivity.

2.4 Battery Pack Design

A lithium-ion battery pack is a collection of interconnected subsystems that work together to keep the
battery healthy and well. The lithium-ion batteries are the heart of the pack, and the number of them
varies depending on the application. To achieve the desired voltage and energy, the cells can be
connected in a variety of ways.

2.5 Series Cell Connection
When we connect a group of cells in series, we must connect the cell's negative terminal to the

positive terminal of the other cell until all the cells are connected. Hence, the positive terminal
of the first cell and the negative terminal of the last cell is our cell pack's main positive and
negative terminal. This configuration is used to increase the overall voltage of the pack. This

does' t increase the capacity of the pack.

Hence a battery configuration of 4s means that 4 cells are connected in series . If one cell

voltage is 3.6V , we can calculate the total voltage of the pack in the following way:-
Battery configuration = ns

Where 'n' is the number of cells in series, hence

Total voltage=n .V (volts)

where V is the nominal voltage of the cell. So for a 4s configuration we will get 14.4V .

Positive «»

Figure 4 Cell Series connection



2.5.1 Parallel Cell Connection

When we connect a group of cells in parallel , we must connect the negative terminal of the
cell to the negative terminal of the other and so on through the string of batteries, and we have
to do the same with the positive terminal. This configuration increases the amp-hour capacity,

but the voltage remains the same.

Hence battery configuration of 4p means that 4 cells are connected in parallel . And total

capacity is 4 times the cell capacity. Suppose we have a cell with capacity = 3 Ah
Battery configuration = mp

Where 'm' is number of cells connected in parallel, hence

Total capacity =m . Ah (Ah)

Therefore for a 4p configuration, we will have a cell pack 12 Ah capacity.

Positive »

Figure 5 Cell Parallel connection

We can make a combination of series and parallel connections to get the desired voltage and
capacity. For example we have a cell of 3.6 VV and 3Ah capacity used in 4s4p configuration .

Therefore we have a cell pack of -
Cell pack voltage =4 . 3.6 =14.4V

Cell pack capacity =4 .3 =12 Ah

2.5.2 Cell Holder

A cell holder is either a separate plastic holder mounted using screws, glue, eyelets, double-
sided tapes, or other ways, or a plastic case with the shape of the housing moulded as a
compartment or compartments that take the battery or batteries. The battery holders may have
a lid to keep the batteries in place and protect them, or they may be sealed to keep the batteries

from leaking and causing harm to the electronics and components. For lithium-ion applications,



the cell holder material is essential as it must hold and protect the cells simultaneously. Below

are some qualities that a cell holder material must have —

e High dielectric strength
e High melting point

e Compatible with Immersive cooling fluid

e High stiffness

e High dimensional stability

e High machinability
e High availability
e Low price

e Low density

Thermoplastics are the best material for cell holders as they are dielectric and also are able to

handle higher temperatures. Some of the thermoplastics that are used in the industry are

mentioned below.

polyethylene

Polymer type Abbreviation Tradenames
Polytetrafluoroethylene PTFE Teflon, Hostaflon, Fluon
Ethylene tetrafluoroethylene | ETFE Tefzel
Polychlorotrifluororethylene | PCTFE Kel-F, Aclon
Perfluoroalkoxy PFA Teflon

Polyoxymethylene  acetal | POM Kemetal, Delrin, Ultraform
copolymer

Ultrahigh molecular weight | UHMWPE Hostalen

Table 3 List of thermoplastics

Polymer Advantages Disadvantages
PTFE Outstanding chemical resistance, Low | Low stiffness , strength and
friction , High operational Tmax hardness

ETFE Good creep . tensile and wear properties. Expensive , Attacked by esters ,
aromatics

PCTFE Stiffer than PTFE Very expensive , Attacked by —
Esters , ethers and halogenated
hydrocarbons.

PFA Highest Tmax of fluoroplastics Very expensive , Low stiffness,
strength and hardness




POM Tough and stiff . Good abrasion , creep and | Attacked by acid and alkalis

chemical resistance .

UHMWPE | Good abrasion and chemical resistance Low Tmax

Table 4 Comparison of thermoplastics

2.5.3 Battery Enclosure

Enclosures for modules and packs can be made of plastics, steel, aluminum, fiberglass, or
composite materials. In almost every scenario, we'll employ a combination of these materials

in our battery design. Metals that can be used for enclosure:-

Steel — Steel has a number of advantages, including high strength and inexpensive cost. A steel
enclosure, on the other hand, must typically have some weldments or other mounting
attachments, as well as mounting structures and durability. This lengthens the material's
processing time and raises its cost. Multiple firms are currently attempting to improve the
strength of steel while also reducing its weight and mass to make it more competitive with low-

weight aluminum applications.

Aluminium - Enclosures made from aluminum might be stamped, die-cast, or machined
blocks. Aluminum is lighter than steel, but it demands more material thickness to meet strength
requirements, particularly in pressed items. Die casting is another way that can be utilized to
work with aluminum. This can be accomplished by either high-pressure die casting (HPDC),
which provides the best strength, porosity, and surface quality but is difficult to tool. Sand
casting is less expensive to tool, but the component quality is sometimes poor, necessitating
additional finishing operations. Plaster casting combines the best of both worlds: it is relatively
inexpensive to tool and produces finishes that are nearly as good as HPDC. The porosity of the
flow, which can cause weak places in the final result, is one of the most difficult aspects of
plaster casting. If our item isn't too complicated, we can machine our case from an aluminum
block using CNC.

Use of Plastic as Enclosure :-

Plastic enclosures may be used in some smaller battery systems. If the battery does not have
large structural demands, these systems are more likely to employ plastic. The enclosure merely
needs to surround and protect the lithium-ion cells in some hybrid and stop-start-type

automobile batteries with minimal structural demands. Plastics and polymers are used in a



variety of applications, from internal to even enormous battery packs. A composite cover may
be used in conjunction with a metal foundation for some of the bigger automobile ESSs. The
Chevrolet Volt, for example, is built of a sheet moulded composite made of a lightweight vinyl
ester resin with haydite nanoclay filler and 40% glass fibres. In layman's terms, the Chevrolet
Volt's cover is composed of fibreglass. The Volt and its sister car, the Ampera, use lithium-ion
pouch-type cells, which are separated by a plastic "end" and "repeating frames" in their
systems. These are injection-molded plastic components produced from BASF's nylon 6/6
grade and Ultramid 1503-2F NAT, a 33 percent glass-filled, hydrolysis-stabilized material.
Another issue involving plastics and polymers is their flame retardant ratings. V stands for
vertical flame rating, and the flame retarding ratings vary from VO to V2. We must utilize non-

flammable polymers in our battery cases.

2.6 Thermal issues in Lithium-lon Batteries
The high power density of lithium-ion batteries can be a disadvantage because it causes

the batteries to lose heat during the energy conversion process. In batteries, heat is
generated from three basic sources, namely: [1]

(1) activation losses due to interfacial kinetics

(2) concentration losses due to transport of species,

(3) joule heating movement of charged particles causing ohmic losses.

To extract the best possible performance from the cells, they have to be operated within
the optimum temperature range. This effect was studied by Khateed et al., who
concluded from their research in [2] that "the electrochemical performance of the Li-
ion battery chemistry, charge acceptance, power and energy capability, the operating
temperature very much controls cycle life and cost". According to [3], the preferred
temperature range providing maximum power capability and acceptable thermal aging
is between 20°C and 40°C for Li-ion cells and the temperatures must be limited to a
certain value between 50 °C and 60 °C to maintain the cell in a safe temperature zone
and prevent accelerated ageing. Temperature non-uniformity that develops in battery
packs as they age is another crucial factor that must be considered. Thermal imbalance
in cells has a substantial impact on battery system performance. The Arrhenius equation
states that as cell temperature rises, the battery reaction expands exponentially, leading
cells at higher temperatures to degrade more quickly than those at lower temperatures.

The lifespan of the entire battery pack is reduced as a result of this degradation.



In the operating temperature range of 30 - 40 °C, each degree of temperature rise
reduces the Li-ion cell's lifespan by around two months. As a result, a management
system must adjust for the heat imbalance in cells in order to extend the battery's life.
The thermal issues affecting lithium-ion batteries discussed above bring to light the
significant safety concerns that need to be accounted for while implementing lithium-
ion batteries. It can thus be concluded that "effective heat dissipation and thermal
runaway are the major concerns in the commercialization of lithium-ion batteries for
high power applications. As a result, an efficient thermal management system is
essential to maximize the battery pack's performance by:

(1) keeping the battery temperature within the operational range

(2) Improving battery pack temperature uniformity.

A thermal management system would ensure that cell temperatures remained within the
operational range, allowing for appropriate power output while maintaining

temperature stability.

2.7 Temperature effects on Battery Characteristics

Effects of heat

The chemical reactions that take place inside a battery are affected by rising
temperatures. The chemical reactions inside the battery speed up as the battery's
temperature rises. Higher temperatures have a number of consequences for lithium-ion
batteries, including improved performance and storage capacity. According to a
Scientific Reports research institute study, increasing the temperature from 25 to 45
degrees Celsius increased maximum storage capacity by 20%. However, there is a
drawback to this increased performance: the battery's lifecycle shortens over time.
According to the same study, lifespan degradation was substantially more pronounced
at higher temperatures when the battery was charged at 45 degrees versus 25 degrees.
At 25 degrees, battery performance dropped by only 3.3 percent for the first 200 cycles;
at 45 degrees, performance degraded by 6.7 percent. That's a more than twofold
increase in deterioration. Due to greater degradation at higher temperatures, battery
lifecycles can be substantially shortened when exposed to excessive heat on a regular
basis. While heat exposure boosts battery capacity briefly, the damage it causes to the

lifetime might cause long-term issues, so extended heat exposure should be avoided.
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Figure 6 Degradation percentage at different cycles and temperatures

Effects of Cold

Long-term exposure to cold temperatures has an adverse effect on battery performance
and safety. When the temperature drops, the battery's internal resistance rises. This
means that charging the battery involves more work, reducing the capacity. However,
it's crucial to remember that capacity loss is influenced by charge and discharge rates,
and the impact of cold weather varies depending on the chemistry of the battery. At -
17° C, a lead-acid battery might only offer half of its nominal capacity.

The operating temperatures of the batteries fluctuate depending on the sort of battery
we're using. Lithium-ion batteries, for example, may be charged and discharged at
temperatures ranging from 0 to 45 degrees Celsius (however, if you operate at such
high-temperature levels you do run into problems mentioned earlier). Lead-acid
batteries, on the other hand, may be charged and discharged at temperatures ranging
from -20°C to 50°C. It's critical to understand what charging temperatures a battery can
handle. Because ion combinations are slow, charge uptake reduces if batteries do not
run at the acceptable temperature. Furthermore, applying a high current can cause
pressure to build up inside sealed batteries, resulting in explosions. The following
chapter addresses the many types of thermal management strategies, such as active
cooling and passive cooling, and gives a detailed literature study on them.
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Figure 7 Discharge curve at different temperatures

2.8 Thermal Management Systems

The basic goal of a thermal management system (abbreviated as TMS in this text) is to
keep temperatures within the required operating range by regulating temperatures
uniformly inside a battery pack. The features of a thermal management system found
in battery packs should normally include the following.

1. Favourable environment for all the cells to operate within the optimum
temperature range in order to optimize the battery performance and life
2. It should work towards reducing the temperature non-uniformity amongst the
different cells in order to minimize the electrical imbalance
As a result, a temperature management system within Li-ion battery packs must be
efficiently designed and executed. Many aspects influence the design of an effective
TMS, including the heat generation rate of the cells, energy efficiency, and temperature-
dependent performance sensitivity. The choice of heat transfer medium is also
influenced by the TMS design, which is intrinsically reliant on the type of management
system. As a result, the various types of thermal management systems can be
categorised as follows:
1. Active cooling TMS, wherein a built-in source provides the heating at cold

temperatures and cooling at hot temperatures respectively



2. Passive cooling TMS, a system in which the ambient environment surrounding

the batteries is used

Thermal management can be accomplished by the use of air or liquid systems, thermal
storage phase change material, insulation, or a mix of the active and passive methods
outlined above.
2.8.1 Air Cooling And heating

The heat medium in the air system is air. The intake air can come straight from the
atmosphere or the cabin, or it can be conditioned after passing through the air
conditioner's heater or evaporator. The first is referred to as a passive air system, while
the latter is referred to as an active air system. Additional cooling or heating power can
be provided through active systems. Active systems have a power limit of 1 kW,
however passive systems can offer hundreds of watts of cooling or heating power. [4]
Both are referred to as forced ventilation systems since air is delivered by blowers in
both circumstances. The schematic diagram of the system is shown in the following
figure.

Passive System
A Battery
o A

Active System

> > > we'v » Exl

Figure 8 Schematic of active and passive cooling system

The battery system in cars like the Toyota Prius and Nissan Leaf is air cooled. However,

even with high-powered blowers, air cannot transmit as much heat as a liquid system.



This causes issues in electric vehicles in hot areas, such as increased temperature

variation in battery pack cells. Noise from the blower can also be an issue.

Figure 9 Toyota Prius battery cooling system

2.8.2 Liquid Cooling and Heating

Liquid, in addition to air, is a heat transfer fluid that is utilized for heat transfer. There
are two types of liquids that are appropriate for thermal management systems in general.
One is a dielectric liquid, like mineral oil, that can come into direct contact with the
battery (direct contact liquid). The other is a conductive liquid, such as a combination
of ethylene glycol and water, that can only make indirect contact with the cell (indirect
contact with the liquid). Different designs are developed for different liquids. The
common arrangement for direct contact with liquids is to submerge the module in
mineral oil. A sheath around the battery modules, individual tubes around each module,
mounting the battery modules on a cooling/heating plate, or integrating the battery
modules with plates and cooling/heating fins are all conceivable configurations for
indirect contact with liquid. In both of these groups, the indirect contact system is the
preferred method of achieving better separation between the battery module and the
environment, resulting in improved safety. The liquid system can be classified as either
a passive or active system, depending on the radiator used for cooling. In passive liquid
systems, the radiator used for cooling is the radiator. The system has no heating
capacity. Figure 3.3 shows the system schematic of the passive liquid system. The heat
transfer fluid circulates in the recirculating pump. The heat from the battery pack is

absorbed by the circulating fluid and released through the radiator. The temperature



difference between the ambient air and the coil has a significant impact on cooling
capacity. The fan behind the radiator can help with heat dissipation, but the passive
liquid system will fail if the ambient air temperature is higher than the battery

temperature or the gap between the two is too small.

Figure 10 Schematic of liwuid cooling system

Figure 11 shows the systematic scheme of an active liquid system. There are two loops
in total. The upper loop is referred to as the primary loop, while the lower loop is
referred to as the secondary loop. The primary loop is comparable to the loop in a
passive liquid system, where a pump circulates the heat transfer fluid. The air
conditioning loop (A/C loop) is the secondary loop. Instead of being a radiator, the
upper heat exchanger serves as an evaporator (EVAP) for cooling and connects both
loops. During heating, a four-way valve is switched, and the upper heat exchanger
functions as a condenser (COND) and the lower heat exchanger functions as an

evaporator. The heat pump loop is another name for the heating operation loop.
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Figure 11 Active Liquid Cooling system

Liquid glycol is used as a coolant in Tesla's (and GM's) thermal management systems. Both
the GM and Tesla systems use a refrigeration cycle to transfer heat. To keep the cells cold, a
glycol coolant is circulated throughout the battery pack. This is a challenging task given Tesla's

7,000 cells to cool.
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Figure 12 Tesla cooling system of one module



The Tesla Model S battery cooling system consists of a patented serpentine cooling pipe that
winds through the battery pack and carries a flow of water-glycol coolant; thermal contact with

the cells is through their sides by thermal transfer material.

Battery Thermal Fins
Chevy Volt Listtory Eirrokats /

Figure 13 GM Chevrolet Volt cold plates interwoven with battery cells as liquid cooling system

Koenisegg regera is one of the only commercial vehicle with battery cooled by immersion.
Rimac developed immersion cooling technology for Koenisegg.

Figure 14 Koenisegg Regera Battery pack



2.8.2.1  Types of Dielectric Fluid

There are four primary dielectric fluids - Error! Reference source not found.

e Mineral Oil: Mineral oil is the most common dielectric fluid encountered by
technicians. Because of its long record of dielectric strength and thermal performance,
this liquid is a top choice for outdoor transformers. Mineral oil's main problem is that
it's a flammable liquid with low biodegradability, which limits its use and storage.

e Silicone: Silicone has typically been the insulating fluid of choice when a less
flammable liquid is required. It has a relatively high ignition temperature, making it
appropriate for usage indoors and in vaulted spaces. Silicone, on the other hand, has a
number of drawbacks, including chemical by-products and a high cost of use. It has a
similar dielectric strength to mineral oil and a higher specific gravity than mineral oil,
however it is not biodegradable.

e Hydrocarbon: Fluids containing highly refined petroleum oils have fire-resistant
qualities, making them appropriate for use in applications that require a less flammable
liquid. These fluids have good insulating and cooling properties, but their ignition point
is lower than silicone's, and they are also more expensive than mineral oil. Hydrocarbon
fluid is completely biodegradable and has a specific gravity and power factor similar to
mineral oil.

e Natural Ester: Natural ester fluid is a top choice when it comes to environmental
impact because it is made from non-toxic natural oils (such as soy) and is completely
biodegradable. They are self-extinguishing and absorb moisture better than other
liquids, making them excellent for interior applications. When compared to other fluid
types, natural esters have the highest dielectric strength. Natural esters have two
primary drawbacks: greater costs and a larger power factor, which can result in higher

operating temperatures.

2.8.3 Direct Refrigerant Cooling & heating



Similar to active liquid system, a direct refrigerant system (DRS) consists of an A/C
loop, but DRS uses refrigerant directly as heat transfer fluid circulating through battery

pack. The systematic layout is in Figure 11

Battery
Pack

Expansior x EVAP/COND

COND/EVAP

Figure 15 Schematic of DRS System

2.8.4 Phase Change Material

During melting, heat is absorbed by PCM and stored as latent heat until latent heat is
up to the maximum. Temperature is kept at melting point for a period, and temperature
increase is delayed. Therefore, PCM is used as a conductor & buffer in battery thermal
management systems. Figure 3.6 shows the working mechanism of PCM on battery

cells. Also, PCM is always combined with air cooling system or liquid cooling system

to manage battery temperature.

Heating without PCM

Cell Temperature

Heating with PCM
Melting

Point

Temperature remains constant
during melting

Time

Figure 16 Graph showing cell temperature with and without PCM material

ompressor



2.9 Battery Management System

The Battery Management System (BMS), while it may have many other names, is the central

control unit of the battery pack. It is essentially (and quite literally) the “brains” of the

operation. The BMS is a combination of several component systems, including a host or master

controller (a Printed Circuit Board (PCB)), a series of “slave” control boards (depending on

system typography), sensors, and software that makes everything work together.

Functions of BMS :-

Estimating State of charge

Estimating state of health

Monitoring cell current, voltage and temperature
Controlling the battery charging profile

Isolating the battery pack from source and load
Limiting power and thermal transient and extremes
Controlling passive cell balancing

Cell Balancing

When designing a lithium battery pack with numerous cells in series, it's critical to
include electronic components that constantly balance the cell voltages. This is
important not just for the battery pack’s performance but also for its long life cycles.
Lithium cells are susceptible to increased cell breakdown if they are overheated or
overcharged. If a lithium-ion battery voltage exceeds 4.2 V by even a few hundred
millivolts, they can catch fire or explode due to a thermal runaway condition. When
the cells are fully charged, cell balancing is the act of balancing the voltages and states
of charge among them. There are no two cells that are alike. The condition of charge,
self-discharge rate, capacity, impedance, and temperature properties are always
somewhat different. Even if the cells are the exact model, manufacturer, and
production lot, this is true. Although manufacturers sort cells by similar voltage to
match them as closely as possible, there are still minor differences in the impedance,
capacity, and self-discharge rate of individual cells that can eventually lead to a
voltage divergence over time.

For most traditional battery chargers to identify full charge, the voltage of the entire
string of cells must reach the voltage regulation point. Individual cell voltages can
vary as long as the overvoltage protection limitations are not exceeded. At full charge

termination, however, weak cells (those with lesser capacity / higher internal



impedance) tend to show higher voltage than the remainder of the series cells.
Continuous overcharge cycles then deteriorate these cells even more. The weaker
cells' greater voltage upon charge completion accelerates capacity decline. If the
maximum suggested charging voltage is exceeded by even ten percent, the

degradation rate will rise by thirty percent.

2.9.1 Cell Balancing Techniques

When the cells are fully charged, the fundamental solution of cell balancing equalizes the voltage and

state of charge among them. Cell balancing is usually classified into two types:
e Passive

e Active

Passive Cell Balancing

The approach of passive cell balancing is simple and uncomplicated. It uses a dissipative
bypass route to discharge the cells. This bypass can be built into the integrated circuit or
external to it (IC). In the case of a low-cost system, such an approach is advantageous.
Because all of the surplus energy from a higher energy cell is wasted as heat, the passive
technique is less ideal to utilize during discharge due to the apparent influence on battery run

time..
Active Cell Balancing

Charge is transferred between battery cells using capacitive or inductive charge shuttling in
active cell balancing. Because energy is supplied to where it is needed rather than being
drained off, it is substantially more efficient. Of course, the requirement for additional

components at a higher cost comes as a trade-off for the increased efficiency.

For low voltage battery like 12V,there are mainly two types of BMS that exist according to

types of ports , common port and separate port circuit diagram of which is shown below.



BMS common / separate charge and discharge port

BMS common port BMS separate port
+ +
BMS Charger Load BMS Charger Load
Battery - | Battery g |
i_ ol I charge I load 1_ 1 |_ I charge
—_ charge on/off — /
. AI ||<__ = discharge/on (active diode) = —Ir__} % gy
o P_
F[ Fo I load
charge on (active diode) charge on (active diode)
(J '|<__ e discharge on/off Jr__} Qt discharge on/off
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Discharge Mosfet Q1 is switched off when battery is empty
Charge Mosfet Q2 is switched off when battery is full

Figure 17 Circuit diagram of common and separate port BMS

Separate Port

Separate ports BMS configuration has 2 advantages :

* Because the discharge current does not flow through charge Mosfet Q2, there is less loss.
* Charge Mosfet Q2 can be smaller than discharge Mosfet Q1.

Mosfets are turned on & off as follows:
Discharging

o Discharge Mosfet Q1 is on & switched off when the battery is depleted.
o Charge Mosfet Q2 is on and inactive diode mode

Charging

« Discharge Mosfet Q1 is on and inactive diode mode
e Charge Mosfet Q2 is on and switched off when the battery is full
Common Port

Current direction detection is required by a common port BMS. Using a common port BMS to
control MOSFETS is more difficult than using a separate port BMS. There are two scenarios
when the battery voltage is at its lowest:

1. When charging, Q1 and Q2 must be on
2. Discharging is not allowed, Q1 must be off

As aresult, Q1 is only active during charging, requiring the addition of a charge current sensing
circuit. There is no need for a charge current detecting circuit in a separate port BMS. There
are two scenarios when the battery voltage is at its maximum:

1. When discharging, Q1 and Q2 must be on
2. Charging is not allowed, Q2 must be off



As a result, Q2 is only active when discharging, necessitating the addition of a discharge
current detecting circuit. According to its structure, the BMS for high voltage battery packs

can be split into four groups.

e Centralized
A centralized BMS (Figure 18) consists of a single assembly from which a bundle of

wires (N + 1 wires for N cells in series) is sent to the cells.

e J::»—“— RSN SN S

Figure 18 Scehmatic of Centralized BMS
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e Modular
A modular BMS (Figure 19) is similar to a centralized BMS, except that it is separated

into many, identical modules, each with its own bundle of wires connected to one of
the pack's batteries. One of the modules is usually labeled as a master because it is the
one that administers the entire pack and communicates with the rest of the system, while
the others serve as basic remote measuring stations. A communication link transfers the
readings from the other modules to the master module.

BrMS
macule
BbAS
module
[master)

RV e VI o VI o VD o O D o VD o VD BV D

Figure 19 Modular BMS

e Master Slave
In the same way as a modular system uses numerous identical modules (slaves), each

sensing the voltage of a few cells, a master-slave BMS does. The master, on the other



and, is distinct from the modules since it does not measure voltages and instead focuses
on computation and communication.
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Figure 20 Topology showing master and slave BMS

Distributed

A distributed BMS differs from other topologies in a number of ways (in which the
electronics are grouped and housed separately from the cells). The electronics of a
distributed BMS are contained on cell boards that are physically attached to the cells
being measured. A distributed BMS employs only a few communication lines between
the cellboards and the BMS controller, rather than many tap cables between cells and
electronics. The computation and communication are handled by the BMS controller (a
BMS controller is not required in some simpler implementations).

Figure 21 Distributed BMS



2.10 Battery Standards

Organisations like Society of Automotive Engineers and the International organization for
standardization as well as industry groups and coalitions are helping the commercialization of
the automotive and industrial lithium ion battery. Modern day organizations such as the United
States Advanced Battery Consortium LLC (USABC), the Electric Drive Transportation
Association (EDTA), and the National Alliance for Advanced Battery Technology
(NAATBAatt) are actually successors to one of the earliest electric vehicle (EV) industry trade
groups called the Electric Vehicle Association of America (EVAA) which was formed in 1909
and lasted for only seven years. EVAA members included electric power generating
companies, vehicle manufacturers, and energy storage battery makers.

Some of the tests and standards that are done by most of the electric vehicle manufacturesrs
are mentioned below .

Identifier Application | Title

IEC 62660- | (H)EV Secondary lithium-ion cells for the propulsion of electrical road

2:2010 vehicles - Reliability and Abuse Testing.

IEC 62660- | (H)EV Secondary lithium-ion cells for the propulsion of electrical road

1:2010 vehicles - Performance Testing.

IEC 62660- | (HEV Secondary lithium-ion cells for the propulsion of electrical road

2:2010 vehicles - Reliability and Abuse Testing.

IEC 62660- | (HEV Secondary lithium-ion cells for the propulsion of electrical road

1:2010 vehicles - Performance Testing.

IEC 62660- | (H)EV Secondary lithium-ion cells for the propulsion of electrical road

3:2016 vehicles - Safety requirements

ISO 12405- | (H)EV Test specifications for packs and systems - High-power

1:2011 applications.

ISO 12405- | (H)EV Test specifications for packs and systems - High-energy

2:2012 applications.

ISO 12405- | (H)EV Test specification for lithium-ion traction battery packs and

3:2014 systems - - Part 3: Safety performance requirements.

ISO 6469- | (HEV Electrically propelled road vehicles — Safety specifications —

1:2009 Part 1: On-board rechargeable energy storage system (RESS)

SAE (HEV Electric and Hybrid Vehicle Propulsion Battery System Safety

J2929:2013 Standard - Lithium-based Rechargeable Cells.

SAE (HEV Electric and Hybrid Electric Vehicle Rechargeable Energy

J2464:2009 Storage System (RESS) Safety and Abuse Testin

SAE J1798 WIP | (H)EV ecommended Practice for Performance Rating of Electric
Vehicle Battery Modules under development

UL 2580:2013 | (H)EV Outline of investigation for batteries for use in electric vehicles.

QC/T 743-2006 | (H)EV Automotive Industry Standard of the People’s Republic of China
- Lithium-ion Batteries for Electric Vehicles.

DOE-INL/EXT- | (HEV U.S. DOE Battery Test Manual for Electric Vehicles

15- 34184

Table 5 Table showing different Battery standards and their title




All the standards mentioned above comprise a series of tests, some of which are
mentioned below.

o Self-discharge tests—help the battery designer to determine how much energy is lost
over time as the battery sits in storage.

e Cold-cranking tests—show how much power the battery can provide at low
temperatures to “crank” the vehicle's engine and restart it

e Thermal performance testing—describes how much power and energy are available at
different temperatures.

e Energy efficiency test—describes the “round trip energy efficiency” of a battery cell or
system. In essence, this tells us how efficient the overall system design is and how much
energy is lost during use.

e Cycle life testing—determines how many complete charge/discharge cycles at a
predefined set of operating conditions a battery is achieved.

e Calendar life testing—as it is unrealistic to test a battery for its full expected life, which
could be 10-15 years or more, it is important to get some idea of how long the battery
lasts in calendar years. Therefore, that is precisely the purpose of this test
(FreedomCAR Program Electrochemical Energy Storage Team, 2003).

e Mechanical abuse testing—which covers crush, penetration, drop, immersion, rollover,
and shock testing

e Thermal abuse testing—which includes thermal stability, simulated fuel fire, high-
temperature storage, rapid discharge and charge, and thermal shock cycle testing

e Electrical abuse testing—including overcharge and overvoltage, short circuit,
overdischarge and voltage reversal, and partial short circuit (Sandia National
Laboratories, 2006).

2.11 Battery Modelling

State of charge (SOC), state of energy (SOE), state of health (SOH), and state of power (SOP)
are all estimated using battery modeling . These states are difficult to monitor directly, so they
must be inferred using battery models. To characterize such properties, electrochemical models
(EMs), black-box models, and equivalent circuit models (ECMs) have been utilized. To train
black box models like neural network (NN) models, a substantial amount of experimental data
is required. The resulting NN models can only be employed in similar working conditions to
the experimental data because the parameters of the trained NN models have no physical
relevance. This restricts the use of NN models in on-board BMSs for electric vehicles.
Electrical circuits are used in ECMs to describe battery terminal behavior. They can be easily
embedded into BMSs and are compatible with the circuits of BMSs for EVs.

e Electrochemical Model
To describe the electrochemical reaction occurring inside batteries, EMs use partial
differential equations (PDEs). These models are generally accurate, but their
computational weight is too expensive to integrate into electric vehicle (EV) on-board
battery management systems (BMSs). EMs use thermodynamics and electrochemical
Kinetics equation to describe physical and electrochemical processes in the anode,
separator, and cathode regions of batteries. A pseudo-two-dimensional (P2D) model for
lithium-ion batteries has been presented based on theories of porous electrodes and
concentrated solutions (LiBs). The diffusion equation of lithium ions inside active



particles and electrolytes, the solid phase balance equation, and the electrolyte phase
balance equation are all coupled nonlinear PDEs in three regions of LiBs.

Black Box Models

Black box models may mimic a complex interaction between external factors and
battery internal electrochemical reaction processes, such as the relationship between
SOC and battery terminal voltage and discharge current, without knowing the internal
electrochemical reaction process. Although batteries appear to be simple, they are
actually exceedingly complex electrochemical systems, as detailed in EMs. To begin
with, they represent a collection of physically and chemically interconnected processes
that turn chemical energy into electrical energy and vice versa. Second, there are some
side reactions, such as corrosion and self-discharge, in addition to the main
electrochemical reaction. Third, ambient conditions, as well as charging and
discharging current profiles, have a significant impact on battery performance. Black
box models, such as NN models, use automatic training to replicate the learning process
of a human brain in order to obtain essential patterns within a multi-dimensional
information domain.

A NN model is made composed of an input layer, certain hidden layers, and an output
layer. Adaptable weights connect each neuron in the NN to other neurons in the
previous layer. Knowledge is typically kept as a series of weighted connections.
Training is the process of applying a learning algorithm to modify the connection
weights in an ordered manner, in which the input is supplied to the NN together with
the desired output, and the weights are then adjusted so that the NN tries to create the
desired output.

Voltage

socC

Current

Input layer Hidden layer Output layer

Figure 22 NN Model for the Relationship of SOC to terminal VVoltage and current for a battery

Equivalent Circuit Models

BMS formation in EVs has been explored using ECMs. They are models with a small
number of parameters that are lumped together. The ECM can show both static and
dynamic properties. The equilibrium potential or open circuit voltage (OCV), which is
represented by an ideal voltage source, describes the static characteristic. The OCV is
commonly used to estimate SOC since it is monotonically related to SOC, aging levels,
and operating temperatures. Combining polarization and hysteresis voltages with ohmic



resistance and resistance—capacitor (RC) networks describes the dynamic
characteristic.

Based on the analysis of battery terminal voltage behavior, a general n- RC model is
presented in Figure 23. Ri represents the internal resistance which is the sum of
electrode material resistance, electrolyte resistance, diaphragm resistance, and contact
resistance. RC networks denote the polarization effects with polarization resistance RD
I and polarization capacitor CDi,1=0, 1, ... ,n. 1L is the load current (positive for
discharge and negative for charge), U t is the terminal voltage, and U D i is the
polarization voltage. According to Kirchhoff’s current law, the relationship between
output voltage and input current can be expressed by

Us) = U,.(s) — i (s) R,+L+...+L
' o "1+ Ry, Cpys 1+ Ry, Cp,s

which leads to the transfer function as

_U© - Ul _ ( 2o o Ry, )

G(s +ot
® i (s) 1+ Ry, Cpys 1+ Ry, Ch,s

Internal Resistance Model
When n = 0, the n-RC model is simplified to a R int model, the relationship between
the output voltage and the input current under this model is expressed as
_ Ut(s)-— Us(s) _ R
lL(S)
Ugp = Upep — Ryl

G(s)

where Utk denotes the terminal voltage, Uoc k denotes the OCV, and ik stands for the
load current at k™ sampling time.

JRDJI RDH

OCV U,

Figure 23 n-RC Model for a lithium-ion battery



3 12V Battery Design

3.1 Design Constraints
3.1.1Battery Parameters

Number of cells in series

Our requirement is 12V . Hence the number of cell in series depends on the cell voltage
of the cell that we choose. For example, the nominal voltage of lithium-ion cells vary
from 3.3-3.V. Therefore, we must have 4 cells in the series.

Number of cells in Parallel

The number of cells in parallel depends on the capacity of the battery . Daniel Cela and
Patrik Alerman published in their report that a 12V lithium ion battery must be of at
least 25 Ah [5]. Therefore depending on the capacity of individual cell , the number of
cells is chosen. Hence a battery with above-mentioned minimum capacity and voltage.
The battery must also comply with USABC guidelines for 12V battery minimum
requirements . It should also be able to pass all the USABC tests for 12V battery .
USABC stands for - United States Advanced Battery Consortium

3.2 Selection of cells

Currently, different automotive companies use different types of cells. But a wide
variety of batteries are made from cylindrical cells. Therefore, mainly two types of cell
chemistry was considered , Lithium-ion and Lithium Iron Phosphate. Both have
different specifications and different applications.

21700 26700
18650

AA
=

mYT Q €

Figure 24 Usage of different kinds of cells by different companies



For lithium-ion , SONY Morata 18650 and Samsung 21700 was considered and for
lithium iron phosphate, Lithium werks was considered . Specifications of both the cells

are mentioned below :-

Parameters Sony Lithium Werks Samsung
Model US18650VTC6 ANR26650m1B 30T 21700
Nominal voltage 3.6 3.3 3.6

Max charge voltage 4.2 3.6 4.2
Discharge end voltage 2 2 2.5
Capacity(mAbh) 3 2.5 3

Max continuous 20 50 35

discharge current(A)

Peak discharge Current 35 120 61.25
theoretic(A)

Peak discharge cuurent 4 10 4
time (s)

C-rate 6.67 11.67
Diameter(mm) 18.5 26.46 21.20
Height (mm) 65.2 65.65 70.40
Weight(g) 45.5 77 69

Table 6 Different lithium ion cell comparison




3.3 Cell Pack Design

Various battery-pack designs were considered , keeping weight and space efficiency in
mind.

Cell to cell distance for SONY 18650 — 19.5mm
Cell to cell distance for Lithium Werks 26650- 27.5

Cell to cell distance for Samsung 21700 — 22.5

Batter

capacity

(Ah)
Sony
18650 4 20 80 60 700 3640
Sony
18650 4 30 120 75 1050 5460
Sony
18651 4 28 112 84 980 5096
Lithium
werks
26650 4 6 24 15 720 1848
Lithium
werks
26650 4 8 32 20 960 2464
Lithium
werks
26650 4 12 48 30 1440 3696
Lithium
werks
26650 4 24 96 60 2880 7392
Samsung
21700 4 20 80 60 1225 5520
Samsung
21700 4 30 120 90 1837.5 8280
Samsung
21700 4 28 112 84 1715 69

Table 7 Comparison of battery pack design with SONY, Samsung and Lithium werks cell

According to our minimum battery required mentioned before , only three of the above battery
configurations can be chosen , SONY 18650 — 4s20p , 4s30p & Lithium werks — 4s25P.
According to USABC guidelines , the weight for the 12V battery should be 10Kgs. As one
lithium werks cell weighs 1.6 times more than SONY 18650 and has 16% less capacity , cell

configuration with SONY cells were selected . After careful considerations final configuration



of 4s28p was selected . After selecting the configuration, we have to approximate the weight

of the battery .

For overall battery weight calculation , all the components of the battery were considered ,
which include , Cell holders , Battery case , Nickel and copper plates . Our 12V battery will be

cooled by immersive cooling method hence fluid weight is also been considered.

3.4 Cell Holder Weight

Keeping cell to cell distance of 19.5mm drawing of the 4s28p configuration was made in
Solidworks to get the dimensions of cell holders and battery case. Honeycomb pattern was

selected as it is the most space-efficient pattern.
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Figure 25 Cell holder drawing with cell to cell distance of 19.5 mm

3.4.1 Cell Holder Material

Among various thermoplastics stated in Table 8, Polyoxymethylene was selected , mainly
because of its easy availability and cost-effectiveness and its strength . POM plastic is a semi-
crystalline thermoplastic with high mechanical strength and rigidity. Acetal polymer has good

sliding characteristics and with excellent wear resistance, as well as low moisture absorption.



Good dimensional stability & particularly good fatigue strength, excellent machining ability,

makes POM polymer a highly versatile engineering material, even for complex components.

Polymer Advantages Disadvantages
PTFE Outstanding chemical | Low stiffness , strength and
resistance, Low friction , | hardness
High operational Tmax
ETFE Good creep . tensile and wear | Expensive , Attacked by
properties. esters , aromatics
PCTFE Stiffer than PTFE Very expensive , Attacked by
— Esters , ethers and
halogenated hydrocarbons.
PFA Highest Tmax of | Very expensive , Low
fluoroplastics stiffness,  strength  and
hardness
POM Tough and stiff . Good | Attacked by acid and alkalis
abrasion, creep and chemical
resistance .
UHMWPE Good abrasion and chemical | Low Tmax
resistance

Table 8 Thermoplastic comparison

Distinction is made between acetal homopolymers (POM-H) & acetal copolymers (POM-C) in
regard to their properties. Due to it's higher crystallinity, properties of POM H include slightly
higher density, hardness & strength. POM C material, however has the higher chemical
resistance & lower melting point than POM H. As we require low density and high chemical

resistance , POM-C was selected as our material for cell holders .
Density of POM-C plastic — 1.41 g/cm3

Below is the properties of POM-C Plastic.



Test method Unit Guideline Value
General properties
Density DIN EN ISO 1183-1 g/cm’ 141
Water absorption DIN EN ISO 62 % 0.2
Flammability (Thickness 3 mm / é mm) UL 24 i HB /HB
Mechanical properties
Yield stress DIN EN ISO 527 MPa &7
Elongation at break DIN EN ISO 527 % 30
Tensile modulus of elasticity DIN EN ISO 527 MPa 2800
Notched impact strength DIN EN ISO 17¢ kJ /m? 6
Shore hordness DIN EN IS0 868 scale D 8l
Thermal properties
Melting temperature 1SO 11357-3 € 165
Thermal conductivity DIN 526121 W /im*K) 0,31
Thermal copacity DIN 52612 kJ /{kg * K] 1,50
Coefficient of linear thermal expansion DIN 53752 10° /K 1o
Service temperature, long term Average *c -50...100
Service temperature, short term (max.) Average o @ 140
Heat deflection temperature DIN EN ISO 75, Verf. A, HDT o 1o
Electrical properties
Dielectric constant IEC 60250 38
Diglectn‘c dissipotion fac‘:‘or |50 Hz)_ AIEC 60250 0,902
Volume resistivity  DINEN62631-3-] Q*cm nl
Surface resistivity DIN EN 62631-3-2 0 107
Comparative tracking index IEC 60112 400
Dielectric strength IEC 60243 kV / mm 40

3.5 Thickness of Nickel & Copper Plates

Figure 26 POM-C plastic Properties

Maximum current that will be drawn from 12V battery is 700 A . Therefore, our nickel

and copper busbars must be able to conduct 700A . The nickel sheet is spot welded to

the cells that we are going to use , hence the nickel sheet thickness cannot be more than

0.15mm . As Nickel has very high resistance , we will use a copper sheet on top of

nickel sheet to conduct the current.

Silver 1.59
Copper 1.68
Nickel 6.84
Aluminium 2.65

Table 9 Resistance comparison of different metals




We can calculate voltage drop per cm of copper in the following way -
We can calculate voltage drop per cm of copper in the following way —

Copper plate cross sectional area

Acopper = Width x thickness Equation 5
Copper resistance per unit cm
R, = p.* A, Equation 6
Rtotal,copper =Rc¢ * Ltotal,copper Equation 7
Varop,copper = I * Riotal,copper Equation 8

We can also calculate heat dissipation due to resistance :-

— 72 .
Qresistance = I * Rrotal Equation 9

Acopper 0.85 Cm?

Rc 7.9*10° Q/cm
Rotal,copper 55.34 pQ
Vdrop,copper 0.0387 V
Qresistance 27TW

Table 10 Copper plate dimension & heat generated values

According to data given in,

0.254 mm thick and 50.8mm nickel can handle 700 Amps of current , Here we are using 285.25

mm wide and 0.15mm thick Nickel as our current direction is as shown below .
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Figure 27 Model of 12V battery cell pack

As we are using nickel-plate instead of small nickel strips , we have a high cross sectional area
for conducting .

L Nickel 285.25 mm
Thickness 0.15

Rtotal nickel 456*%10° Q
Anickel 42.48 mm?

Table 11 Nickel plate resistance and dimensions

Now Copper and Nickel plates are in series , therefore total resistance of copper and nickel
combined can be calculated as —

Riotal = Riotainicket + Rtotal,copper Equation 10

and Heat generated can be calculated as —

— J2 .
Qnickel,copper =I*“* Rypts  Equation 11

Riotal 511 uﬂ
Qnickel,copper 250 W

As the end collectors we will use copper end collectors. Copper bus bar must be able to
handle 700 Amps . According to data by Austral wrights [6], 10mm2 copper can
conduct 66 Amps. We need to conduct 700 Amps, hence required cross-section area is
106mm?.



Copper busbar Thickness 4 mm

Width of copper busbar 26.5 mm

Length of Copper busbar 300 mm

Table 12 Copper busbar dimensions

We can again calculate voltage drop and heat generated due to resistance in copper bus

bar .

Pcopper * Lyusbar Equation 12

Rbusbar -

Abusbar

Hence Total resistance = 1.68*107(-6) * 30 / 1.06 = 47.54*10"(-6) ohm

Qpusbar = 2 * 1% % Rpusbar Equation 13

Heat Generated = 70072 * 47.54*10"(-6) = 23 W

We have 2 copper end collectors . hence

Heat generation = 23*2 = 46 W

Our Sony Murata 18650 cells have a internal resistance = Rinternal = 12.8 * 10° Q

Therefore total resistance of cells for a 4s28p configuration is = 4*12.8*10/(-3) / 28 =
1.82 mili ohm

4 * Rinternal Equation 14
Rinternal,total = T

Therefore total heat generation = 1.82*10”(-3) * 700”2 = 891 W

— 72 .
Qcents = I* * Rinternal,total Equation 15

Hence total heat generation will be =891 + 293 = 1184 W

Qbattery = chlls + Qbusbar + Qnickel,copper Equation 16



Rinterna,cells 1.82*10° Q
Qbusbar 46 W

Qcells 891W
Qbattery 1184 W

3.6 Immersive Cooling Fluid
Out of all the types of insulating fluid stated in 2.8.2.1, hydrocarbon-based fluid suits

best for our application as it is cost-effective and has low viscosity and high dielectric
strength. Moreover they are highly biodegradable.

3M is one of largest manufacturers of dielectric fluids , which has a whole range of

fluid for specific application . Some of the fluids specifications are listed below.

3M™ Thermal Management Fluids Properties

3M™ Novec™ Engineered Fluids
Novec Novec Novec Novec Novec Novec

sk 7000 7100 7200 7300 7500 7600
Boiling Point °C 34 61 76 98 128 131
Pour Paint °C -122 -135 -138 -38 -100 -98
Molecular Weight g/mol 200 250 264 350 414 346
Critical Temperature °C 165 195 210 243 261 260
Critical Pressure MPa 248 223 2.01 1.88 1.55 1.67
Vapor Pressure kPa 65 27 16 5.9 21 0.96
Heat of Vaporization kd/kg 142 112 119 102 89 116
Liguid Density kg/m? 1400 1510 1420 1660 1614 1540
Coefficient of Expansion K 0.0022 0.0018 0.0016 0.0013 0.0013 0.0011
Kinematic Viscosity cSt 0.32 0.38 0.41 0.1 0.77 11
Absolute Viscosity cP 0.45 0.58 0.58 118 1.24 1.65
Specific Heat JIkg-K 1300 1183 1220 1140 1128 1319
Thermal Conductivity W/m-K 0.075 0.069 0.068 0.063 0.065 0.0
Surface Tension mh/m 12.4 13.6 136 15.0 16.2 17.7
Solubility of Water in Fluid ppm by weight ~60 95 92 67 45 410
Solubility of Fluid in Water ppm by weight <50 12 <20 <1 <3 <10
Dielectric Strength, 0.1" gap KV ~40 ~40 ~40 ~40 ~4( ~40
Dielectric Constant @ 1kHz - 74 74 73 6.1 5.8 6.4
Volume Resistivity Ohm-cm 100 108 108 10" 108 10m
Global Warming Potential GWP 420 297 59 210 100 700

Figure 28 3M Novec 7200 fluid



As we can see above from the table , the vapour pressure and boiling point of Novec fluids is

fairly low .

As we are using single-phase immersive cooling , the fluid needs to have the following

properties :-

e High Dielectric Strength
e High heat capacity

e Low density

e Low viscosity

e High boiling point

e Easily available

e Low price

e low vapour pressure

After analysing the properties of novec fluids , Novec 7200 suits best to our application
as its boiling point is reasonably high along with relatively high vapour pressure and

low density and high heat capacity.
Fluid Chosen — 3M Novec 7200

Density = 1420 Kg/m"3

3.7 Battery Case Material Battery

Out of all the options proposed in 2.5.3 Aluminium machined block is the best option
for our design as it is cost-effective and at the same time provides high strength and

surface finish, and it also fulfils the need for having a non flammable battery enclosure.
Selecting Aluminium Grade

Aluminium Alloys are assigned a four-digit number, in which first digit identifies

general class, or series, characterized by its main alloying elements.



AKX Aluminum | Commercially Pure | Electrical, Power Grid & Transmission
2XXX Copper Heat-Treatable | Aircraft, Cylinders and Pistons
3XXX Manganese Non Heat-Treatable Cooking Utensils, Beverage cans
4XXX Silicon Non Heat-Treatable ! Structural and Automotive
Storage Tanks, Marine, Pressure
5Xxx Magnesium Non Heat-Treatable Vessels
XXX i MagnesiumandSilicon | Heat-Treatable | Structural and Automotive
7XXX Zinc Heat-Treatable | Aircraft

Table 13 Table comparing all the aluminium series

Aluminium 6000 series is best suitable for our application .

Al-6061 and Al-6082 are the most common aluminium alloys used in automotive . A

brief comparison chart is shown below.

Alloy Specimens | Oyjuq [MPa] | Oy [MPa] | E[GPa] | Elongation [%]

1 276.0 322.6 65.9 18.9

2 276.0 323.4 64.7 16.4

6082-T6 3 276.5 322.7 70.7 17.2
Average 276.2 322.9 67.1 17.5

1 307.0 343.5 67.2 17.7

6061-T6 2 301.0 337.3 73.7 16.9
3 311.0 345.2 64.4 16.9

Average 306.3 342.0 68.5 17.1

Figure 29 Comparison of AL 6082-T6 and AL 6061-T6

Aluminium 6061 provides greater yield strength which is paramount to our design . A detailed
specification for 6061 is given below .

Property Al 6061-T6
Young's modulus 68.9 GPa
Poisson’s ratio 0.33
Tensile yield stress 276 MPa
Ultimate tensile strength 310 MPa
Elongation at break for 17%
12.7mm (1/2 in.) diameter

Brinell hardness 95
Fracture toughness Kic 29 MPavm
(T-L orientation)

Figure 30 Properties of Aluminium 6061-T6



3.7.1 Type of Coating

It's critical to determine whether or not coatings are required. One of the most important
reasons for coatings is to protect electronics and battery cells from grounding and
shorting. Furthermore, the coating acts as an isolator for the battery system. This can
be accomplished with a variety of materials and types. One frequent application is to
use an isolating film with an adhesive on one side that may be applied directly to the

metal surface and provides the necessary isolation.

Powder coating or liquid coating are two more types of coatings that can be used. This
sort of coating provides additional environmental protection in addition to isolation. As
we are using Aluminium as our battery enclosure, it is essential to have anodization for
isolation and corrosion-resistant. Some of the advantages of anodization are listed

below.

e Corrosion resistance.

e Natural metallic anodised finish.

e No risk of adhesion failure of the anodic film.
e No risk of surface finish fading.

e Anodised aluminium is non conductive

Anodization has a huge advantage over other forms of coating. A layer of 60 microns can resist
up to 800V DC. [6] As we are manufacturing a 12V battery, a 50 microns thickness provides
the necessary electrical system isolation and corrosion resistance. The variation of breakdown

voltage and anodization coating thickness is given below.
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Figure 31 Graph of Breakdown voltage vs Anodisation coating thickness

3.8 12V Battery weight Estimation

For battery weight estimation first, we require the dimensions and weight of the cells that we
are using.

SIZE Weight
t, 65 U
VOLTAGE Voltage, charge max 420\
o
50V :
: el
~O
CAPACITY apacity, max 000.00 mAh
CURRENT Charge constant standard
s disc
e the
t 667
POWER Watts (discharge, ma:
ENERGY Energy, max 10.80 Wh

e (discharge, ma: 667TE

Figure 32 SONY VTC618650 Specifications

As our configuration is 4s28p total no. of cells is 112.



Number of cells

112

Weight of the cells ( Weelts) 5152 ¢

3.9 Cell holder

Material used = POM-C Delrin
Density 1.41 g/cm?®
Rectangle sheet size 285 x 140 x 15 mm
Cell hole radius 9.25 mm
Number of cells 112
Volume of Cell holder 146.91 cm?®
Weight of cell holder (chll holder) 415 g

3.10Immersive Cooling fluid weight
Novec 7200 Immersive cooling weight can be calculated by subtracting the volume of cells

and cell holder from the cell pack volume

Cell Pack Size 285 x 140 X 75 mm
Cell height 65.10

3M Novec 7200 volume 5.71*10% m®

3M Novec 7200 Density 1400 Kg/m3
Weight of the fluid ( Wiq) 800 g

3.11Battery case weight

Battery Case dimensions 295 x 150 x 5 mm
Aluminium Density 2400 Kg/m?®
Weight of Aluminim case ( Wal) 1960 g
3.12Total weight of the battery
Wbattery = chlls + chllholder + Wfluid + Wal + Wmiscellaneous Equation 17
Whiscellaneous 4500
Wbattery 12847

The miscellaneous weight consists of weight of BMS and copper as well as nickel plates and

busbars.




3.13Thermal analysis of Battery
Now that we have estimated the weight of the battery and also the amount of cooling fluid
which will be used , we can perform a thermal analysis of our battery .

At 700 amperes we already calculated before how much of the heat will be generated i.e Qbattery,
which means that if maximum current was drawn for 5 seconds total energy generated will be

Egen = Qbattery * 5 Equation 18

AT = Egen/(Wfluid * p,novec) Equation 19

Qbattery 1184

Egen in @ 5 second pulse 5920 J
Cp.novec 1214 J/Kg-K
Whrluid 0.8 Kg

AT novec 6 CO

Therefore we can say that the heat generated during a 5 second pulse of 700 A current will be
dissipated through Novec 7200 with an increase 6 deg Celsius in the temperature.

This heat will be further dissipated into the atmosphere via aluminium case .

3.14 Assembly
3.14.1 Nickel Plate

The nickel sheet was made by sheet forming . Dies were manufactured with aluminium 7075
which are shown below, and pure nickel sheet was pressed with 10 ton of force. Operation
sheet of the dies are attached in Appendix

Figure 33 Nickel plate
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Figure 36 Nickel sheet



3.15Assembly

Figure 37 Exploded view of 12V battery with battery case and cover

Label Component Name
A Busbar bushings
B Battery cover

C Busbar

D Battery Case

E Battery bolts




Figure 38 Exploded view of 12V with all the components

I_
()

o
@

Component Name
Busbar cover

Top cell cover
Busbar

Copper plate
Nickel plate

Top Cell holder
Cells

Bottom Cell holder
Bottom nickel plate
Copper plate
Bottom cell cover
Table 14 12V battery component list

Al TIZIOMMOoOIO|m| >

Drawings and Operation sheet of all the components are attached in appendix A & Appendix

B respectively.



3.16 Manufacturing

For manufacturing our parts we will use HAAS VF-7 CNC machine which is present in the
Corbellati production hall.

Figure 39 HAAS VF7

3.17Breakdown Voltage of Battery Case

3.17.1 Test Equipment
Applying an increasing reverse voltage to the device until a specific test current is

reached indicates that the device is in breakdown is how breakdown voltage is
measured. This test is generally called HiPot test or High Potential Test. The equipment
shown in Figure 22 is Breakdown voltage tester present in the lab of Czech technical

University. The Gmbh equipment can provide upto 6000V at 50 Hz.



Figure 40 Gmbh Breakdown Voltage tester

3.17.2  Test Setup

i_;;’\%—
— —_—

e T ERE——
- Testing Probey |

Figure 41 Breakdown Voltage Test Setup
3.17.3 Test Procedure

The ground cable is attached to the workpiece through a bolt to maintain a permanent contact
between ground cable and workpiece. The person performing the experiment must wear high
voltage protection gloves for safety and take the probe in hand that is shown in the above
picture. The person must touch the probe to workpiece firmly and then turn on the Gmbh
breakdown voltage tester. The Gmbh BVT will start applying high voltage across the probe



and will start increasing the voltage gradually . The voltage increase can be seen on the
voltmeter on the Gmbh BVT. The BVt trips when it detects current across the workpiece at the

breakdown voltage .

3.17.4 Results

e Battery Cover

X

Position B

Position A

Figure 42 Battery cover

The Battery case and cover are shown in the picture have an anodization thickness of 50
microns, and breakdown voltage values are given below in the table.

Position Breadown Voltage
A 350 V AC 50 Hz
B 700 V AC 50 Hz

e Battery Case

’ mr}r?d Cable connection

-

Probe Position A

Probe Position B

Figure 43 battery case



Position Breakdown Voltage
A 400 V
B 500 V

3.17.5 Conclusion
By observing the results of our experiment we can conclude that our battery case and cover

have enough insulation for for a 12V battery . But for a 400V battery the insulation is not
enough. Therefore we have to increase the anodization thickness in order to have sufficient

insulation.
3.18 BMS Wiring

Total Positive +.B +

The last B+ +

The last B- -

|
Battery Pack !
B3++

PCB/BMS for Lithium Battery
B3- -

B2++

B2- -

SR R EE R EE W W W R W R W W W Ny

Total negative- B i

-~ __N

Figure 44 BMS Wiring Diagram

The BMS have one B- connection and P- connection . The B- has to be connected to total
negative of the battery . The balance wires needs to be connected in the right order as shown
above. So P- will be the final negative terminal of the battery and total positive of the battery
will be the main positive . Load and charger both can be connected as shown above.



3.19 12V Battery

Temperature

www“f"f"‘ =% e ] :
' =5 : : B-  sensor wire

: Balance Wires
Battery total :
negetive

Figure 45 12V lithium ion Battery Assembly

In the above figure we can see the assembly of the 12V Lithium-ion immersive cooled battery with a
smart BMS. The smart BMS enables us to see and monitor the SOC , temperature and individual
voltage of the cells via the LCD touch screen.



4 Design Of 400V Battery

4.1 Design Constraints
4.1.1 Position & Mounting

In the present automotive market, various hybrid and electric car manufacturers have used
different approaches for positioning and mounting the batteries. Relatively small battery of
micro-hybrid cars are placed in the engine compartment only. The larger batteries of mild and
full hybrids like Toyota Prius are placed under trunk in place of the spare wheel.Cars like VVolvo
XC 90 Hybrid have batteries in the central tunnel.

Internal Combustion Engine
Petrol 2.01 Super Turbo

Power Electronics

Electric A/C Power Electronics

compressor

Electric Rear Ade Drive
(ERAD)

High Voltage

Crankshaft mounted Integrated Li-lon Battery

Starter Generator (C-ISG)

8-Speed Automatic
Transmission 43 km range

Figure 46 Volvo XC90 Battery

Cars like Audi e-Tron , Volkswagen ID , Tesla model 3 all have the battery in the double floor.



Platforms for electric vehicles

Mercedes Benz Audi e-Tron

Inside the new ID. Chassis
An overview of the Volkswagen e-model family’s most important
components

Drivetrain
Battery

Figure 47 Mercedes benz EQ series , Audi e-Tron , VW ID , Tesla model 3 battery positions

In our car, mounting at the rear subframe is the best suitable position for our battery as it does’nt
take space in boot.

4.1.2 Dimension and Size

Dimension and size is the main design constraint in our battery design as our battery is mounted
on the rear subframe of our vehicle, and the space for the battery is limited . Therefore space
available at the rear subframe must be taken into account while doing calculations and
designing.

4.1.2.1  Rear Subframe

Our vehicle is Classic Minicooper . To get the dimensions of the rear subframe, we used a 3d
scanner to scan the rear part of the car and reverse-engineered it. We used Shining HX laser
3D scanner to scan the subframe, datasheet of which is mentioned in Appendix 3



Figure 48 SHINING 3d Einscan HX 3d Scanner

The Shining HX laser scanner has an accuracy of 0.04mm. Therefore our scan results will be
of high detail and accuracy. Below are the scan results of the rear subframe of the Minicooper.

4.1.2.2 Scan Result

Figure 49 Minicooper rear subframe scan

In Figure 49, we have the result of the scan. We get the scan as a mesh file that we import in
the Autodesk Recap Photo software to measure our dimensions accurately. According to our

measurements , maximum dimension of our battery can be 760mm x 530mm x 150mm .

The height of our battery is also limited to have enough ground clearance for our vehicle.

4.1.3 Module Design
Each high voltage battery is made of a number of modules which are connected together in
series or parallel connection to get the desired voltage level or capacity .



For example the Tesla model S has a battery of nominal VVoltage 350.4 V and capacity of 102.4
Kwh, and is made of 16 modules connected in series.

Figure 51 Jaguar | Pace Battery

This type of construction give us many benefits;

e We can arrange the modules in various ways according to our design

e While doing the assembly we do not handle hundreds of volts at once which is a crucial
design aspect of the battery.

The cell pack that we have designed for the 12V battery will be suitable for our design for our
battery.



4.1.4 Single module

Figure 52 400V battery single module

The configuration of the single module shown above is 8s14p . That means a single module is
of maximum 33.6 V and capacity of 42 Ah. To get the desired voltage of 400 V we need to
connect 12 of these modules in series . The assembly of the modules is shown below.

Figure 53 400V Battery module assembly



4.1.5 Battery Specification

Total number of cells 1344

Peak Voltage 403.2V
Capacity 42 Ah

Peak Discharge Current 490 A
Maximum Continuous Current 280 A

Peak Battery power 169.344 KW

Peak Battery Energy

16.9344 Kwhr

Table 15 400V battery specification

4.2 Battery Assembly

Figure 54 400V battery assembly with case




4.2.1 FEA Analysis of Battery Case

The battery case material is Aluminium 6061-T6. Dynamic analysis of the cover was
performed.

Weight of the battery was calculated for the analysis in the same way we calculated for 12V
battery.

Number of cells 1344
Weells 400 64.824 Kg
W eellholder 400v 3 Kg
Whattery case,400v 20 Kg
Whrluid, 400v 8 Kg
Waniscellaneous 400V 5 Kg
Whatter,400v 98 Kg

We are using the same holder that we used on 12V lithium ion battery . In 400V we are using
12 modules , hence total weight of the cell holder is 3 kg. Weight of the immersive cooling
fluid was estimated by subtracting the cell and cell holder volume from the case volume.
Miscellaneous Weight comprises all the nickel and copper plates and bus bars, estimated to be
5 kgs.

We require maximum acceleration of the vehicle's Sprung mass during riding on a bump for
the dynamic analysis. A Simulink quarter car model was made to calculate the acceleration of
the sprung mass of the vehicle. The model and model results are shown below.

The parameters for the Simulink model are given below

Sprung Mass 900 Kg
Unsprung Mass 100 Kg
Spring Stiffness 100000 N/m
Damping Coefficient 12000

Tire Stiffness 225000 N/m
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Figure 55 Quarter Car Model



Acceleration for a Finite Bump
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Figure 56 Acceleration Graph of sprung and unsprung mass on a bump
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The above graph gives us the result for acceleration of sprung and unsprung mass on a bump .
The acceleration came out to be 20m/s"2 .

Therefore force on the case = mass* Accelaration = 98 * 20 = 19600 N

Therefore a force of 2000N was applied and FEA analysis was done .

wvon Mises (N/m#™2)
1.135e+08
. 1.0212+08
- 9.076e+07
- 1.842e+07
- 6.807e+07

5.673e+07

_ 4.538e+07

_ 340e+07

2.268e +07

1.135e +07

1.242e+03

— Yield strength: 2,750e+08

Figure 57 FEA analysis result of battery case

Battery Case Material Aluminium 6061-T6
Yield Strength 276 Mpa

Maximum Stress 113.5 Mpa

FOS 2.43




4.2.2 Battery Case Coating
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Figure 58 Graph showing breakdown voltage vs Anodisation thickness

As we saw earlier in 3.7.1, 50 microns thick coating of anodized aluminium have a breakdown
voltage of 500V. As our battery is 400V , we require a much thicker coating . Therefore, a
coating thickness of 120 microns was selected to have a breakdown voltage of at least 1.2 KV,
three times the battery voltage .

4.3 Components supporting 400 V battery

4.3.1 Cooling System

For the design of the cooling system we have to firstly calculate how much heat is generated
inside the battery pack during a WLTP cycle. The Worldwide Harmonized Light Vehicles Test
Procedure (WLTP) is a chassis dynamometer test cycle for determining light-duty vehicle
emissions and fuel consumption. Light-duty vehicle emissions and fuel consumption are
measured using a dynamometer test cycle. Characteristics of WLTP cycle are given below.

WLTP Cycle
Start Temperature Cold
Cycle Time 30 min
Cycle Length 23.25 Km
Speed Average : 46.5 Km/h — Maximum: 131 Km/h
Stationary Time proportion 13%

Table 16 WLTP Cycle specifications

The first step in vehicle modelling is to calculate the forces acting on it, in order to determine
the total tractive force and power required to drive the vehicle on the WLTP.

rolling resistance force, aerodynamic drag, and inertia force were considered. The other forces
like the force required to overcome the angular acceleration of the rotating components because



they were found to be very minimal compared to the other forces. So, the total tractive fore
required to overcome the above-mentioned resistive forces is given by equation

Fr = Fioro + Facc Equation 20
Rolling Resistance is given by ,
Frr=m=x*gx*f Equation 21
Aerodynamic resistance is given by ,
F_aero=05+p*C_d*AxV? Equation 22
Accelaration Resistance is given by ,
Fopee =m*g*d Equation 23

With the above equations we can calculate the the power required at the wheels,

Pyneets = Feractive * V Equation 24

By assuming the transmission efficiencies we can calculate the power required from the motor
and battery.

Protor = Pwheets/ (M)
Equation 25

Equation 26

Pbattery = mOtOT/(antOT * nconverter)

4.3.2 Battery Modelling

For battery modelling an Internal Resistance model was considered. Following were the

formulae used in battery modelling

Rcell = nseries

Rint = .
nparallel Equation 27

Ide = Voc — (\/Vocv — (4 = Rint * Preq) ) quation 28
2 * Rint

Ic = —Vocv + \/Vocv + (4 * Rint * Preq) Equation 29
‘T 2 * Rint



SOC estimation will be done by current detection method

1 Equation 30
Soc=S5So0c(t—1)— (E) * f Itot = dt

4.3.3 Open circuit voltage

The OCV-SOC modeling is one of the key factors for the OCV-based SOC estimation methods,
such as the Shepherd model , Nernst model , Unnewehr universal model , combined model ,
exponential model , polynomial model , and ECMs model. [7] Fadlaoui EImahdi performed
OCV estimation by fitting the curve using genetic algorithm method .

They used a Samsung 30Q 18650 cell , which have the exact specifications of SONY 18650.
They used a 8™ order polynomial equation written below to have the best fitting performance

Vocv = ko + k1 *SOC + k2 x SOC? + k3 * SOC3® 4+ k4 + SOC*  Equation 31
+ k5%« SOC5 + k6 %« SOC® + k7 « SOC” + k8
x* SOC8

Where ( k0,k1...k8) are the parameters that were estimated using genetic algorithm method.

Genetic algorithms are heuristic search and optimization techniques inspired by natural
evolution that can be used to find the global minimum for highly nonlinear problems. They are
based on an evolutionary model .

The (ko , k1, ...k8) parameters are listed below

ko k1 k2 k3 k4 k5 k6 k7 k8
2.85 4.80 -17.80 | 38.59 491 -210.52 | 433.98 | -368.45 | 115.81
Table 17 OCV polynomials constants

The internal resistance of the battery pack will be responsible for heat generation which can be
calculated by equation below,

— 72 i
Qgen = J% % th Equation 32

The total resistance of the battery is the summation of total internal resistance of the cells plus
the resistance of the nickel and copper plates used. We calculated in 3.5 the resistance of nickel
and copper plates combined . Total resistance of nickel and copper plates was 511 pQ.

Rcelt,400v = 0.084 Q
Therefore Rinternal,400v = 0.090 Q



4.3.4 SIMULINK MODEL

Battery

Figure 59 Lithium ion battery internal resistance model
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Figure 60 Power requirement model on a WLTP Cycle
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4.3.5 Heat Exchanger Design

An air cooled microchannel type heat exchanger has to be designed . The entire theoritical
process begins with Equation given below for the heat transfer rate of the radiator. The
subscript ‘novec’ refers to the immersive fluid 3M Novec 7200.

— — Equation 33
q = Mgy * Cp,air * (Tair,in - Tair,out:) = Mpovec * (T(novec,in) - T(novec,out)) a

e Internal Flow of Water
The hot Novec fluid travels from the battery , travels through the tubes of the radiator.

4 x Atube Equation 34

D hydraulic — P
tube

Because the cross section is not circular, the hydraulic diameter must be used. The Reynolds
number can then be calculated using the hydraulic diameter. The wetted perimeter of the tubes
is required in the hydraulic diameter equation. The difference in diameter between the outer
and inner tubes is so small that the outer perimeter is employed for ease.

e Mean Temperature of Water

To determine the fluid's material properties, the average temperature of water must be
calculated. At this temperature, the characteristics will be interpolated. Density, thermal
conductivity,Prandtl number, and specific heat are required qualities.

e Velocity

Qwater Equation 35

Lwater - N. A
tube * Atube

To compute the Reynolds number, the velocity of the Novec fluid through each tube must be
determined. The chosen radiator determines the number of tubes

e Reynolds Number

_ Provec * Vnovec * Dhydraulic Equation 36

R enovec -

Unovec

e Nusselt Number

The air flow can be expected to be similar to parallel flow over a flat plate based on the shape
of the tubes. The flow is said to be laminar throughout the operation because it never surpasses
the crucial Reynolds number for a flat plate, Re = 5x105.

— 0.5 p.0.5 Equation 37
Nug;, = 0.664 = Re;, Pry;y a



e Convective Heat Transfer Coefficient for Air Flow
B Nugiy * Kyir Equation 38
air = Wtube

e Fin Dimensions and Efficiency

The radiator's fins have a sinusoidal form. The troughs of the fins are in contact with the lower
adjacent tube, while the peaks of the fins are in contact with the upper adjacent tube. The fins
disperse the heat from the tubes. The fins and tubes are cooled by the air that is blown over the
radiator by the fan. The fins are considered to be straight rather than sinusoidal to simplify the
geometry for ease of calculation. Figure 6 illustrates this. Because the shape and position of
the real fins are so near to the straight design, this is a small geometric change. The formulas
for calculating fin efficiency are listed below.The fin efficiency equation takes into account the
geometry of the fin and its dimensions to find the efficiency the fin will have

tanh(mL,) Equation 39
Nfin = mL,

~ 1UDC

R

Figure 5: Actual fin geometry

Figure 62 Fin Geometry

e Overall Surface Efficiency

Because the defects of the flow around the fins must be considered, the overall surface
efficiency is required for the external air flow.

(NfinAf) Equation 40

Mo =1
? A(fin,base)



e Effectiveness-NTU Method

The effectiveness of the system is determined using the Effectiveness-NTU approach. It is
necessary to calculate the entire heat transfer coefficient. Because the defects of the flow
surrounding the fins must be considered, the surface efficiency is required for the external flow
of air. Using the convective heat transfer coefficients of both the internal and external flows,
the UA is calculated. This value is then used to calculate the NTU

e Overall Heat Transfer Coefficient

1 1 Equation 41
UA=1/ + ( )
<770 hairAexternal hnovecAinternal >

e [Effectiveness

Both fluids remain unmixed in the radiator's cross-flow single pass design. This corresponds
to a formula for calculating effectiveness. This equation, however, demands that the heat
capacity ratio, Cr, be equal to 1. Because the calculated heat capacity ratio is 0.827, the
efficiency is merely a near approximation of the genuine number.

€1 [(CL*NTUo,zz)*(e(—cr*NTUOJS)_1)] Equation 42
= — e T

e Heat Transfer Rate

To determine the projected heat transfer rate, the maximum heat transfer rate must be
determined. Once this is known, a modified version of the initial thermal energy calculation is
used to calculate the final output temperature of both the hot and cold fluids. These outlet
temperatures must be compared to the originally estimated outlet temperatures until they are
equal. The theoretical values for both air and water iterated output temperatures are utilized to
compare with the experimental results.

e Max Heat Transfer Rate

— ) Equation 43
Amax len(Twater,in_Tair.in)
e Predicted heat transfer
Apredicted = € * Qmax Equation 44
Equation 45

T =T Qpredicted
air,out — lair,in — C
air



Battery Heat Generation (W)

4.3.6 Results
e Heat Generated in Battery
Battery Heat Generation -
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Figure 63 400V battery heat generated during a WLTP Cycle

e SOC

soc B
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Figure 64 SOC Curve during a WLTP Cycle

4.3.7 Heat Exchanger Specifications
Many iterations were done with a different flow rate of the Novec fluid to get the desired heat
transfer.



We will mount the heat exchanger on the battery pack side , which limits our radiator length
and height . As our 400V battery pack height is 150mm , our heat exchanger height can not be
more than that. The length of our radiator is kept 500mm.

Lradiator HRadiator WRadiator Wtube HTube Lfin Wfin Hfin Ntube Nfin

(m) (m) (m) (m [ (m | (m) (m) | (m)

0.5 0.15 0.037 0.016 | 0.003 |0.005 |0.037 | 0.00001 |37 600
Table 18 Heat exchanger dimensions

Pnovec Cp,novec P Movec knovec Mnovec LPM novec

(kg/m?3) (J/Kg-K) (W/m-k) Pa.s (Litres per

min)

1463 1214.73 15.541 0.068 0.00087 6
Table 19 Properties of NOVEC at Average Temperature

Pair Cp,air Prair kair Vair Qair

kg/m?® JIKg-K W/m-k m/s m3/s

1.15 1004 0.74 0.027 7.17 0.14
Table 20 Properties of air at average temperature

Nnovec Nair UA NTU € Qpredicted

W/m2K W/m2K M?kg/Ks? % W

160.40 58.87 86.46 0.53 0.365 1180.84
Table 21 Final Results for radiator

TNovec,in TNovec,out Tair,in Tair,out

deg Celsius deg Celsius deg Celsius deg Celsius

45 41 25 32.3

Table 22 Theoritical Temperature of fluids through radiator

Apart from the methodology that has been explained so far, another design parameter has

an important role in the overall process. That is the pressure drop for both air and Novec

sides. To do so, friction factor and the mass flux parameter G which is based on minimum

free flow area need to be estimated. For the novec side, it yields

Ga,n = Panlan

fa = (0.7910g(Re,, )14~

And the pressure drop is then calculated with

APyopec =

4000/, (L:G5)
Zthn

Equation 46

Equation 47

Equation 48



For the air side, in addition to previous parameters, coefficient of exit and entrance losses

and the density at the exit need to be estimated.

This relation is described by the following

Equation 49
Af /
o= A
T
Equation 50
K.=(1- 0)2
K. = 042(1 — 0'2)2 Equation 51
The friction factor and the pressure drop are then defined as [8]

fa = 96/R€a Equation 52

Ae

G2 ) Equation 53
AP, = <2_“><(1—02 +Kc)+< ];‘ C)<p—“>+2<p—“>—(1—02—1<e)<p—“)>
Pa h Pa, Pa, P

AP results Value Unit
AP, ovec 15.38 Kpa
APaiT 166 Pa

Table 23 Pressure drop calculation results

4.3.8 Pump Selection

In the above section we calculated pressure drop across the heat exchanger. This information
is critical for the selection of the Novec pump. However, we need to know pressure drop across
our battery pack too in order to choose the right pump for our cooling system. Prahit Dubey in



his research paper compared immersion cooling and Cold-plate based cooling for automotive
Li-ion Battery modules. [9] In his research he did CFD analysis of one module whose
dimensions are same as ours. There are 14 cells connected together in the direction of flow
which is same as ours . Hence we can use their thesis results to estimate the pressure drop
across our battery pack . In the graph below we can comprehense that at 6LPM we a pressure
drop of 0.6 psi or 4.13 kpa . We have six of these modules in the direction of flow , so we can
assume that a total of 3.6 psi or 24.82 kpa of pressure drop will occur.

14
#—Cold Plate Cooling
12
—e—|mmersion Cooling
a 10
Q.
S s
Q O
[
e
2a 6
v
o
a
4
2
o —
0 A= =
0 2 4 6 8

Coolent Flow Rate [LPM]

Figure 65 Pressure drop vs Coolant flow rate for immersive and cold plate cooling

LPM APpattery (Kpa)
6 24.82

From the above calculations, we can determine that we require a pump that can give at least 6
LPM and pressure of 45kpa.

For our purpose AEM high flow rate fuel pump will be suitable. Below is the performance
graph of the pump.

There will be other pressure losses as well due to piping connections , hence our pump pressure
should be higher that 45Kpa. In the pump's performance curve, we can see that at maximum
flow rate of 425 LPH or 7LPM , the pump gives 40 psi or 2.7 bar of pressure , which sufficient
for our design
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Figure 66 Novec Pump Performance curve

4.3.9 Fan Selection

S— 370
o
5 -
#
g 330 \ \
2
310 /
4
-
290
270 v 2 v v v v v - - - - v v v v v r v
40 a5 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
me * Flow rated at 40 pul Fuel Pressure.
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Fuel Pump Current No Check Valve wetrFuel Pump curent with Check Valve

AEM 400 LPH* Inline High Flow Fuel Pump ﬁ

Current (amps)

AS our heat exchanger is 150 mm in height, the largest possible fan with best performance

curve was selected.

SPAL VA39-A101-45S fan was selected. It operates on 12V and can also operate in push or
pull configuration and have maximum airflow rate of 520 m%/hr. It has a fan diameter of 140mm
and a shroud diameter of 144mm. So this is the biggest fan that can be fitted to a heat exchanger

of height 150mm. The fan performance curve is given below.
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Figure 67 Fan performance curve

As the length of our radiator is 500mm, we can use three fans to cover the heat exchanger and
have better cooling.

Figure 68 SPAL VA39-A101-45S



4.4 Cooling Circuit

400V battery Pack
---------- Filter
</
PTC Heater Heat Feeder Pump Expansion
Exchanger Tank
Figure 69 400V battery Cooling Circuit
4.5 BMS

BMS is the most important component of the battery pack. We are using Orion BMS by Ewert
Energy Systems. It is designed to manage and protect lihium ion battery pack and is suitable
for use in electric, plug-in hybrid and hybrid electric vehicles as well as stationary applications.
We have 96 cells connected in series, hence we require a BMS which can at least measure 96
cells. The Orion BMS 2 which we are using can measure upto 180 cells.

4.5.1 Discharge Circuit

The discharge circuit consists of an Amphenol PCD 500Amp fuse connected in series with a
500Amp relay which the BMS controls. The precharge circuit is connected in parallel with the
500 Amp relay.

When a high-voltage system with downstream capacitance is first turned on, it may be
subjected to harmful inrush current. This current, if not restrained and controlled, can cause
substantial stress or damage to other system components. To slow the charging of the
downstream capacitance, a precharge circuit is employed to minimize the inrush currentlt's
important for the proper operation and protection of components in high-voltage applications.
Precharging extends the life of electric components and improves system reliability. Before the
main contactors are allowed to close, a precharge circuit permits the current to flow in a
controlled manner until the voltage level rises to very near the source voltage. A separate, more
small contactor is frequently linked in series with a resistor in the precharge circuit. The
primary contactor is then linked in parallel with these two components. The precharge circuit
is often built on the positive terminal, although it might also be installed on the negative



terminal.

L
12 V battery

4.5.2 Charge Circuit

Elcon/ TC charger

The Elcon charger is deactivated by default in this configuration if the BMS is
disconnected or fails (fail safe.) The 12-15V power supply is energized when AC power
is present and supplies power to the Orion BMS's CHARGE power supply input. When
the BMS senses electricity at the CHARGE power supply input, it performs self-testing
and checks to ensure the battery is capable of accepting a charge. When the BMS s
ready to take a charge, it pushes the charger safety signal to ground, which activates
RELAY?2 in the diagram below. When RELAY?2 is turned on, the Elcon charger is
turned on and the battery pack is charged. When the BMS detects that the battery is full
or no longer accepts a charge, it disables the charger safety signal, which floats high

O ri On B M S Always ON power 1 I . I
Inertia Switch Emergency stop
z = 5= Ready Power O/ c-
2 - 2 = lgnition key
8 g 8 8 Gi d
23 33 roun
2 s Balance wires
i 15 = .
i s Balance wires
|
—
T——t
e
i 5004 Relay
. i3
- _( %
: : S00A Fuse
2 600-0hm  spaRelay = Precharge
resistor - . .
P » Circuit
|
b = & —
Inverter
Phase U 400V
Phase V
Phase w Battery
wovou
Motor

Figure 70 Discharge Circuit

and disables RELAY?2, thereby turning off the charger.
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Figure 71 TC Charger Circuit

e Chademo Charger

CHAdeMO is a common DC fast charging protocol that can provide up to 62.5 kW of
DC output power and is widely utilized across the world (500vDC, 125A maximum).
Because of the protocol's simple architecture and low integration requirements, it's
appropriate for a wide range of automotive and mobile applications. The CHAdeMO
protocol communicates with the BMS in two ways: through digital communications
(CANBUS) for setting operational parameters and through the Charger Safety relay
output for sending the "Charge Enable” signal to the charging station.
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0 O
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| 000 |
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Comm - <pin 9)

CAN2_H
CAN2_L
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Optional Charge Interlock

Figure 72 Chademo Charge Circuit



4.6 Final Assembly

High Voltage Connector

{ 500 Amp Fuse

400V Battery

/ Battery mounting

Cooling fluid Inlet

Figure 73 400V battery final assembly along with high voltage connector

In the above figure we can see the 400V Battery assembly along with the 500 Amp fuse and
high voltage connector. there are two inlet ports on the left side of the battery for a

homogenous distribution of the flow.



5 Conclusion

This thesis aimed to design and manufacture a 12V immersive cooled lithium-ion battery as
well as designing a 400V battery . We have numerous benefits , when compared to a 12V

lead acid battery .

Below is a table comparing our 12 Vlithium ion battery to a lead acid battery of same

specifications.

Figure 74 12V Lithium-ion Immersive Cooled
Battery

Figure 75 Varta 12V 80 Ah Lead Acid Battery

Parameters 12V Li-lon Immersive Varta AGM 840
Cooled

Battery Capacity ( Ah) 84 80

Peak Current (Amp) 980 800

Battery Weight ( Kg) 13 22.76

Peak Voltage (V) 16.8 13.2

Length (mm) 295 315

Width (mm) 140 175

Height (mm) 120 190

Table 24 Table comparing Varta 12V lead acid and 12V lithium ion battery

Our lithium-ion battery is 10.3 kg lighter than a standard lead acid battery of the same
specification, as shown in the table. Furthermore, because we're utilizing a smart BMS, we
can track our battery's state of charge as well as individual cell voltage and temperature. The

battery's life cycle can simply be extended by monitoring it. The battery's stiffness and



endurance are ensured by the aluminum battery housing. The battery can even take a massive
blow in the event of a vehicle accident, protecting the lithium ion cells. If one of the pack's
cells malfunctions and produces a spark, the spark is extinguished instantaneously by the
dielectric and nonflammable liquid Novec fluid 3M. It has been found that in the event of an
accident, electric automobiles catch fire quite quickly due to battery pack and lithium ion cell
penetration. When compared to alternative plastic enclosures, our aluminum case provides

the most protection against penetration.

A maximum of 300W of heat is generated during a WLTP cycle, according to the results of
the Simulink model for the 400V in 4.3.6, and our cooling system can dissipate 1000W of
heat at 6LPM of coolant. Furthermore, we can retain our cell temperature in the ideal range of
30-45 degrees Celsius with the help of the PTC heater.

Furthermore, the cooling system we've included is considerably easier to construct and
deploy than alternative liquid cooling systems, such as the one shown in Figure 12 for the
Tesla Model 3. Our cooling system has the advantage of being simple to manufacture and
assemble. Compared to cold plated cooling system like used in GM Chevrolet Volt again, it
is less complex as we don’t have to manufacture separately the cold plate with cooling lines

that are complex to manufacture.
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7 APPENDIX A 12V BATTERY COMPONENTS DRAWINGS

Figure 76 SONY 18650 Cell Drawing
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Figure 77 Top Cell Holder Drawing



Figure 78 Nickel plate
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Figure 79 Cell Pack Drawing
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Figure 80 Battery Case




8 APPENDIX B 12V BATTERY COMPONENTS OPERATION
SHEET

CORBELLATI Version - 2
Material: POM-C Part Name: 12V TOP CELL HOLDER
DELRIN Part No: BO03

Blank: RECTANGLE BLOCK

Op. | Machine OPERATION DESCRIPTION time(min)

10 | HAAS VF-7 | Machining of the middle section of the part 50

20 | HAAS VF-7 | Machining of long edge side sections of the part on one side

30 | HAAS VF-7 | Machining of middle section on the second side of the part

40 | HAAS VF-7 | Machining of the long edge sides on the second side of the part

CORBELLATI Version - 2
R PROCESS ROUTE SHEET

Material: POM-C Part Name: 12V BOTTOM CELL HOLDER

DELRIN Part No: B0O04

Blank: RECTANGLE BLOCK

Op. | Machine OPERATION DESCRIPTION time(min)

10 | HAAS VF-7 | Machining of long edge side sections of the part on one side 50

20 | HAAS VF-7 | Machining of middle section of the part

30 | HAAS VF-7 | Machining of the middle section on the second side of the part

40 | HAAS VF-7 | Machining of the long edge side sections on the second side of
the part




OPERATION 10 TOP CELL HOLDER

Setup

wes: #5

Stock:
DX: 285.25mm
DY: 140.21mm
DZ: 15.5mm

ParT:
DX: 285.26mm
DY: 140.21mm
DZ: 15mm

STOCK LOWER In WCS #5:
X: -142.63mm
Y: -70.1mm
Z: -15.5mm (C (G

S
AN

N A N A A AN AN AN AN 2G2S
L EVECEE 0 @§%®
% S O

X: 142.63mm

Q0

¥: 70.1mm
Z: 0mm

| ®1835

T22022122

Tyee: flat end mill
Dwmmerer: 10mm

LenaTH: 45mm

FLutes: 2

Descripmion: HM9/10 D10

Minimum Z: -8 S5mm

Maximum Feep: 1782 54mm/min
Maximum SeinoLe Seeeo: 1114 1pm
Cutming DisTANCE: 1715.89mm
Rapi0 DisTANCE: 2442 1mm
EsTiMATED CycLe Time: 1m 538 (42%)

Hotoer: 60mm BT40

T27 D27 L27

Tyee: flat end mill
DiameTer: Smm

LenaTh: 40mm

Fures: 2

Descriemion: HM9/04 DS

Minimum Z: <10 5mm

Maxivum Fee: 1782 54mmimin
Maximum SPINDLE Speep: 12732rpm
CuTTiING DisTANcE: 33826 93mm
RAPID DisTANCE: 10442 04mm
ESTIMATED CycLEe Time: 41m:12s (91%)

Howoer: 100mm BT40

Total

Numeer O OPERATIONS: 6

Numeer O Toois: 4

Toous: T3 T6 T22 T27

Maxamum Z: 45mm

Minisaum Z: -10.5mm

Maximum FEEDRATE: 1782 54mm/min
Maximum SpinoLe Speep: 12732rpm
CuTTING DisTancE: 36313.09mm
Rapio Distance: 13512.3mm
ESTIMATED CvCLE TiMe: 45m: 155

Operation 1/6
Descrietion: Face2
Strareay: Facing

WCS: #5

Touerance: 0.01mm
Maxmum sTEPOVER: 47 Smm

Maximum Z: 15mm

Minisaum 2: -0.5mm

Maximum SpiNoLE SpeeD: 4000rpm
Maximum Feeorate: 1193 66mm/min
CutTing DisTance: 655 67mm

RaP10 DisTance: 20.5mm

ESTIMATED CyCLE TiME: 485 (18%)
Coowant: Flood

T6 D6 L6

Tyee: face mill
DwameTER: 50mm
TAPER ANGLE: 45"
LenaTh: 48mm
Fuures: 4
DescrieTion: facemill

Operation 2/6
Descripmion: 20 Contour?
Strareay: Contour 20
WCS: #5

Towerance: 0.01mm
Stock 1o Leave: Omm
MAXIMUM STEPOVER: 2mim

Maximum Z: 45mm

Minimum 2: -8.5mm

MAXIMUM SPINDLE SPeED: 1114 1rpm
Maximum Feeprate: 1782 S4mm/min
CuTTiNG DisTance: 1715 B9mm
RAPID DISTANCE: 2442 Tmm
ESTIMATED CvCLE TiME: 1M 538 (4 2%)
Coowanr: Flood

T22 022122

Tyee: flat end mill
Diamerer: 10mm

LenaTH: 45mm

Fuures; 2

Descrierion: HM9/10 D10

Tools

Operation 3/6

TID3L3

Tyee: drill

DiameTER: S5mm

Tie ANGLE: 135°
LengTH: 55mm

FLutes: 2

DescripTion: for m6 (5)

Minmum Z: -8 47mm

Maximum Feeo: 475.089mm/min
MaxiMum SPINDLE SPeep; 2000rpm
CutTing DisTance: 114.6mm
Rapi0 DisTance: 607.65mm
ESTIMATED CYCLE TIME: 225 (0 8%)

TeDELE

Tvee: face mill
DuameTer: 50mm
TAPER ANGLE: 45"
LENGTH: 48mm
FLutes: 4
Description: facemill

Minum Z: -0.5mm

Maximum Feeo: 1193 .66mm/min
Maximum SeinoLe Seeep: 4000rpm
Cutming DisTance: 655.67mm
RapiD DisTANCE: 20.5mm
EsTiMATED CvCLE Time: 485 (1.8%)

Howoer: 60mm BT40

Drili3
Stratecy: Drilling
WCS: #5
Torerance: 0.01mm

Maximum Z: 15mm

MiNmum Z: -8 47mm

Maximum Spinowe Speeo: 2000rpm
Maximum FEEDRATE: 475.089mm/min
CutTiNG DisTANcE: 114.6mm

RAPID DisTANCE: 607 65mm
ESTIMATED CYCLE TIME: 228 (0 5%)
Cootant: Off

TID3L3

Tyee: drill

DiAMETER: Smim

Tie AncLe: 1357
LenGTH: 55mm

Fuures: 2

Descriemio: for mé (5)

Operation 4/6

Descripmion: Adaptives
Stratecy: Adaptive

WCS: #5

Touerance: 0. 1mm

STock Yo Leave: 0.25mm/0mm
Maximum sTEPDOWN: 10mm
OPTIMAL LOAD: 2Mmm

LoD oeviATioN: 0.2mm

Maximum Z: 15mm

Minmum Z: <10 49mm

MAxIMUM SPiNDLE SPeED: 12732rpm
Maximum FEEDRATE: 1782 S54mm/min
CuTTING DisTANCE: 268177 3mm

RAPID DisTANCE: 6595 75mm
ESTIMATED CyCLE TIME: 32M 475 (72.4%)
Cootanr: Flood

T27 D27 L27

Tyee: flat end mill
DiameTeR: Smm

LengTh: 40mm

Fuures: 2

DescrieTion: HM9/04 D5

e o

Operation 5/6

DescripTion: 2D Contourd
Strateey: Contour 2D
WCSs: #5

Torerance: 0.01mm

Stock To Leave: Omm
MaxiMum STEPOVER: 4.75mm

MaxiMum 2: 15mm

Minivum Z: -8.7mm

MasxiMum SPINDLE SpeeD: 12732rpm
MaxiMum Feeorare: 1782.54mm/min
CutTing DisTance: 3346.19mm
RaPiD DisTaNcE: 1895.74mm
ESTIMATED CyCLE TiME: 4m:225 (9.6%)
CooLanT: Flood

T27 D27 L27

Tree: flat end mill
DIAMETER: Smm

LENGTH: 40mm

FLutes: 2

DescripTion: HM9/04 D5

Operation 6/6

DescripTion: 2D Contour10
Stratecy: Contour 2D
WCS: #5

Torerance: 0.01mm

Stock To Leave: Omm
MaxiMum sTepover: 4.75mm

Maximum Z: 15mm

Minium Z: -10.5mm

Maximum SPINDLE SpeeD: 12732rpm
Maximum Feeprare; 1782 .54mm/min
CutTinG DisTance: 2303.44mm
Rapip Distance: 1950.56mm
ESTIMATED CYCLE TimE: 4m:ds (9%)
CooLanT: Flood

T27 D27 L27

Tyee: flat end mill
DiamETER: Smm

LengTH: 40mm

Fuutes: 2

DescripTion: HMS/04 D5




Operation 20 TOP CELL HOLDER

Setup

WCS: #5

Srock:
DX: 285.25mm
DY: 140.21mm
DZ: 15.5mm

s

PART:
DX: 285.25mm INTIN

DY: 140.21mm
DZ: 15mm

S1ock Lower iN WCS #5:
X: -142.63mm

Y: -70.1mm

Z: -15.5mm
S1ocK UpPER IN WCS #5:

X: 142 63mm L
Y:70.1mm 2
Z: 0mm
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T27 D27 L27

Tree: flat end mill
DiAMETER: SMM

Lenai: 40mm

Fuutes: 2

Descriemion: HMO/04 DS

Musaun Z: -10.5mm

Maximum FeeD: 1782.54mm/min
MAXiMUM SPINDLE SPEED: 12732rpm
CuTTiNG DisTANcE: 32548 Bmm

Rapio Distance: 31367.03mm
ESTIMATED CveLe Time: 43m:43s (87.6%)

Hovoer: 100mm BT40

Operation 1/5
Descrienion: Face1
Sraatey: Facing

WCS: #5

Towerance: 0.01mm
MaAxiMuM STEPOVER: 20mm

Operations

Maxisaum Z: 50mm
Minaum Z: -0 5mm

MAXIMUM SPINDLE SPEED: 4000rpm
Maxinaums FEEDRATE: 1193 BEmmI/min
Curring Distance: 2026 26mm
RAPID DisTANCE: 95.89mm
ESTIMATED CvcLE Tiae: 2m:30s (5%)
Coouant: Flood

Descreion: facemill

Total

NuMBER OF OPERATIONS: 5

Numser Or Toous: 3

Toous: T6 T22 T27

Maximum Z: S0mm

Minmum Z: <10 5mm

Maximum FEEDRATE: 1782 54mm/min
Maximum SeinLE Speep: 12732rpm
Cutmn Distance: 38031.46mm
RAPID DisTANCE: 34159 .35mm
ESTIMATED CyCLE Time: 49m:53s

Operation 2/5
Descrieion: 2D Contour3
Srrateay: Contour 20
WCS: #5

Touerance: 0.01mm
STOCK TO LEAVE: Omm
MAXIMUM STEPOVER 2Mim

Maxiaum Z: 45mm

Mininauna Z: -8 5mm

Maximusm SPINDLE Speeo: 1114 1mpm
Maximeusa Feeorare: 1782 S4mm/min
CuTrinG DisTAncE: 3456 4mm
RaPID DisTANCE: 2606.43mm
ESTMATED CveLE Time: 2558 (5.8%)
Coouant: Flood

T22 022122

Tree: flat end mill
DuameTenr: 10mm

LengTH: 45mm

Fuutes: 2

DescrieTion: HMS/10 D10

‘Tools

T6 D6 L6

Tyee: face mill
Dumerer: 50mm
TAPER ANGLE: 457
LengTh: 48mm
FLures: 4
Descriemion: facemill

Minimum Z: -0.5mm

Maximum Feeo: 1193 66mm/min
MAxiMuM SPINDLE SPEED: 4000rpm
CuTTING DisTANCE: 2026 26mm
RaPID DisTance: 95 89mm
EsTiMaTED CyCLE Time: 2m:30s (5%)

Howoer: 60mm BT40

T22 02222

Tyee: flat end mill Mivimum Z: -8.5mm

Diamerer: 10mm Maxinum Feeo: 1782 54mm/min
LenaTH: 45mm Maximum SPINOLE SPEED: 11141pm
FLures: 2 CuTTING DisTANCE: 3456 4mm

Descripmion: HMS/10 D10 RaPID DisTance: 2696 43mm

EsTiMATED CyCLE Time: 2m:558 (58%)

Howoer: 60mm BT40

Operation 3/5

Descriemion: Adaptive?
SrrateeY: Adaptive

WCS: #5

Towerance: 0.1mm

Srocx 1o Leave: 0.25mmi0mm
Maximum sTEPDOWN: 10mm
OPTIMAL LOAD: 2mim

Loao pevianon: 0. 2mm

Maximausa Z: A5mm

Minmaum Z: <10 2mm

Maxmaum SPiNDLE SPeeD: 127 32rpm
Maxmeum Fegorare: 1782 S4mm/min
Cutring Distance: 26899.17mm
Rapip Distance: 20696 32mm
EsTMATED CvoLE Timae: 33m 558 (68%)
Coouant: Flood

T27 D27 L2T

Tee: flat end mill
Duassgrer: S5mm

LengTh: 40mm

Fuutes: 2

Descremion: HM9/04 D5

Operation 4/5

Descripion: 2D Contouri
Sraateay: Contour 20

WCS: #5

ToLerance: 0.01mm

Srock To Leave: Omm
Maximum sTEPOVER: 4.75mm

Maxinaus Z: 45mm

Minsaum Z: -8.7mm

Maxiaum SPiNDLE SPeED: 12732rpm
Maximum FEEDRATE: 1762 54mm/min
Cutring Distance: 3346.19mm
Rapio DisTancE: 5291.21mm
EsTMATED Cvee Tie: Smi3s (10.1%)
Cootant: Flood

T27 D27 L2T
Tvee: flat end mill

Operation 5/5

Descremion: 2D ContourZ
Staateay: Contour 20

WCS: #5

Toierance: 0.01mm

ST0cK T0 Leave: Omm
MAXIMUM STEPOVER: 4.75mm

Maxamaum Z: 45mm

Minmaum Z: -10.5mm

Maximum SPinoLe Seeeo: 12732rpm
Maximaum Feeorare: 1782 S4mm/min
Currvg Distance: 2303 44mm
RAPID DisTANCE: 5379 5mm
EsTivaren Cvoue Tiae: 4m:d5s 9.5%)
Coouant: Flood

T27 D27 L27

Tree: flat end mill
DiameTeR: Smm

LenaTh: 40mm

Fuutes: 2

Descriemion: HM9/04 DS

Operation 30 TOP CELL HOLDER

Setup

WCS: #0

STocK:
DX: 285.25mm
DY: 150.21mm

DZ: 15.5mm

PaRT:
DX: 285.25mm
DY: 140.21mm
DZ: 15mm

STock LoweR In WCS #0:
X: <147 63mm
Y: Omm
Z: Omm

STOCK UPPER In WCS #0:
X: 147.63mm
Y: 150.21mm
2Z: 15.5mm

T27 027 L27
Tvee: flat end mill
DimeTER: SMM

Minsum Z: 10mm
Maxmum Feeo: 3150mm/min

Howoer: 100mm BT40

LengTi: 40mm
Fuures: 2
Descremion: HM9/04 D5

Maximum SPINOLE SPeeD: 12732rpm
CutTing DisTance: 18015.51mm
RAPID DisTANCE: 2661.49mm
ESTIMATED CvcLe Time: 6mid8s (429%)

T99 D99 L99
Tyee: flat end mill
DuameTer: 16mm
LenoT: 120mm
Fures: 2

140.21

16mm flat reduced 0001 D16

Minium Z: 15mm

Hotoer: 100mm BT40

Maxmum Feeo: 2506 69mm/min
MAXIMUM SPINOLE SPEED: 1592pm
Cutring DisTance: 1502.75mm

RaPID DISTANCE: 23 9mm

ESTIMATED CyCLE Time: 5m. 125 (32 8%)

NUMBER OF OPERATIONS: 4
Numeer OF Toous: 4

Toous: T3 T22 T27 T99
Maxinum Z: 75.5mm

Minmaum Z: 7mm

Maximum Fegorate: 3150mmimin
MAXIMUM SPINDLE SPEED: 12732rpm
CuTTiNG DisTANCE: 22028 59mm
Rapio Distance: 6930.4mm
ESTIMATED CvGLE TiMe: 15m:525

Operation 1/4

Maximum STEPOVER: 15.2mm

Maximum Z: 30.5mm

Munineum 2: 15mm

MAXIMUM SPINDLE SPEED: 1592pm
MAximum FEEDRATE: 2506 69mm/min
CutTiNG DisTance: 1502 75mm
RAPID DisTANCE: 23 9mm

ESTIMATED CycLE Time: 5m:12s (328%)
Coowan: Flood

T99 D99 L99

Type: flat end mill

DumeTer: 16mm

LengTH: 120mm

Fuures: 2

Descripion: 16mm flat reduced 0001 D16

Tools

TID3L3

Tvee: drill

DUAMETER: Smm

Tie AncLe: 135°
LenaTh: 55mm

Futes: 2

DescrieTion: for mé (5)

Minmaum Z: 7mim

Maximum FEED: 475 089mm/min
Maximum SPiNDLE Seeep: 2000rpm
CuTTiNg DisTance: 114 6mm
RaPiD DisTaNCE: 1088 05mm
ESTIMATED CvcLe Time: 28s (2 9%)

T22D221L22

Tree: flat end mill
DuameTer: 10mm

LengTH: 45mm

Fuutes: 2

DescrieTion: HMS/10 D10

Minisum Z: 7rmim

Maximum FEeD: 1782 S4mm/min
Maximum SPNOLE SPeep: 11141rpm
CuTTiNG DisTance: 2395.72mm
RaPiD DisTance: 3156 86mm
ESTMATED CvcLe Time: 2m:24s (152%)

Hotper: 60mm BT40

Operation 2/4
Descrwmion: Drill2
Strarecy: Drilling
wcs: #0
Towerance: 0.01mm

Maxamum Z: 60.5mm

Minisaum 2: 7mm

Maximum SPINOLE SPEED: 2000pm
Maximum FEEDRATE: 475 089mm/min
CuTTING DisTANCE: 114 6mm

RAPID DisTANCE: 1088.05mm
ESTMATED CycLe Time: 285 (29%)
CoouanT: Off

TID3L3
Tyee: drill

T ANGLE: 135°
LenaTH: 55mm

Descripmion: for m6 (5)

Operation 3/4
Descreemion: 2D Contourt
Srrarecy: Contour 20
WCS: #0

Torerance: 0.01mm
Stocx 1o Leave: Omm
MAXIMUM STEPOVER: 2mm

Maximum Z: 75 5mm

Mmmum Z: 7mm

MaxiMuM SPINDLE SPEED: 1114 1rpm
MAximum FEEDRATE: 1782 S4mm/min
CuTTING DisTANCE: 2395.72mm
RAPID DisTance: 3156 96mm
ESTIMATED CyCLE TIME: 2m 245 (15.2%)
CootanT: Flood

T22 022122

Tyee: flat end mill
Duamerer: 10mm

LengTi: 45mm

Fuures: 2

Descripmion: HM9/10 D10

Operation 4/4
Descripmion: Adaptive3
StrRATEGY: Adaptive

WCS: #0

Towerance: 0 1mm

STock TO Leave: Omm
Maximum sTepoown: 10mm

Maximum Z: 30 5mm

Minisaum Z: 10mm

Maxamum SPvoLe Seeep: 12732rpm
Maxmum FEEDRATE: 3150mm/min
Curming DisTance: 18015 51mm
RaPID DisTance: 2661 49mm
ESTIMATED CrcLe Time: 6m 485 (42 9%)
CoouanT: Flood

T27 D27 L27

Tyee: flat end mill
DumeTer: Smm

Lenomi: 40mm

Fuures: 2

Descripmion: HM9/04 DS

- =—m—<< 444y &




Operation 40 TOP CELL HOLDER

Setup

WCS: #0

Stock:
DX: 295.25mm
DY: 150.21mm
DZ: 15.5mm

PaRT:

DX: 285.25mm

DY: 140.21mm

DZ: 15mm
STOCK LOWER IN WCS #0:
X: -147.63mm

Y: Omm

Z: Omm

STock UpPER IN WCS #0:
X: 147.63mm

¥: 150.21mm

Z: 15.5mm
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T99 D99 L99
Tyee: flat end mill
DiameTer: 16mm
LengT: 120mm
Fuutes: 2

Minmum Z: 15mm

Howoer: 100mm BT40

Maxmum Feeo: 2506 .69mm/min
Maxisum SPINDLE SPEED: 1592rpm
CuTTING DisTANCE: 1995 86mm

DescrieTion: 16mm flat reduced 0001 D16 Rapio DisTance: 288 35mm
EsTIMATED CycLe Time: 6m:58s (40%)

Operation 1/3
DescripTion: Face3
Srratecy: Facing
wes: #0

Maxmum Z: 75.5mm

Minimum Z: 15mm

MAXiMUM SPINDLE SPEED: 1592rpm
Tocerance: 0.01mm MAximum FEEDRATE: 2506 69mm/min
MAXIMUM STEPOVER: 15.2mm CUTTING DisTANCE: 1995 86mm
RaPID DiSTANCE: 288 35mm
ESTIMATED CycLe Time: 6m:58s (40%)
Coouan: Flood

T99 D99 L99

Tree: flat end mill

Dunmeter: 16mm

LencTi: 120mm

FLures: 2

DescrieTion: 16mm flat reduced 0001 D16

Operation 213
Descrirmion: 2D ContourS  Maxisum Z: 75 5mm

Stratecy: Contour 2D Minmum Z: 7mm

WCS: #0 Maximum SPINDLE SPeeD: 11141rpm.
Towerance: 0.01mm Maxmum FEeDRATE: 1782 54mm/min
Stock To Leave: Omm CutTing DisTance: 4136 24mm

T22D221L22

Tyee: flat end mill
DMETER: 10mm

LENGTH: 45mm

FLutes: 2

Descririon: HM9/10 D10

I
]
T
T

T22022L22

Tree: flat end mill
DumeTer: 10mm

LenGTH: 45mm

FLutes: 2

Descriemion: HM9/10 D10

Mininausa Z: Tmm

Maxmum Feep: 1782 54mm/min
Maxisum SpinoLe Speen: 11141rpm
CuTTING DisTAnCE: 4136.24mm
RaPID DisTANCE: 2572.34mm
ESTIMATED CvcLe Time: 3m:16s (18.8%)

Hovoer: 60mm BT40

T27 027 L27
Tree: flat end mill

Descriemion: HM9/04 D5

Miniusa Z: 10mm

Maximum Feeo: 3150mmimin
MaXiMUM SPINDLE SPEED: 12732rpm
CuTTing DisTance: 16591.2mm
RaPiD DisTance: 4729.47mm
ESTIMATED CvCLE Time: 6m 265 (36 9%)

Howoer: 100mm BT40

Total MAXIMUM STEPOVER: MM RAPID DiSTANCE: 2572.34mm
OF Operanons: 3 ?nmm;cl;;mms: 3m:16s (18.8%)
Numser OF Toous: 3
Toous: T22 T27 T99 Operation 3/3 T27 D27 L27
Maxiaum Z- 75.5mm DescripTion: Adaptived  Maxium Z: 75.5mm Tvee: flat end mill
Mesaun Z- Tmm irg;rizv: Adaptive mm zS wmms'E - LEM:. osmm
) ; UM SPINDLE SPEED: M LenoTh: 40mm
M FEEORATE: 315D‘ e Towerance: 0.1mm Maxisum Feeorate: 3150mmimin  Futes: 2
Maxnems Sromvs Seemo: 12732rpm STOCK T0 LEAVE: Omm CurTING DisTANCE: 16591.2mm Descriemion: HM9/04 D5
CuTTin DisTance: 22723.29mm Maximum sTEPDOWN: 10MM  RAPID DISTANCE: 4729.47mm
RaPio Distance: 7590.16mm OPTIMAL LOAD: 2mm ESTIMATED CvcLE Time: 6m:265 (36 9%)
EsTmatep Cvcie Time: 17m:25s Loao oeviation: 0.2mm Cootant: Flood
Tools




APPENDIX B 12V BATTERY CASE OPERATION SHEET

CORBELLATI PROCESS ROUTE SHEET Version - 2
AUTOMOBILI
Material: Part Name: 12V BATTERY CASE

Aluminium 6061-
T6

Part No: BO0O1
Blank: RECTANGLE BLOCK

Op. | Machine

OPERATION DESCRIPTION

10 | HAAS VF-7

Facing and shoulder milling of the block on one side

20 | HAAS VF-7

Facing and shoulder milling of the block on second side

30 | HAAS VF-7

Pocket milling and drilling of the top surface

40 | HAAS VF-7

Pocket milling on the front of the case

50 | HAAS VF-7

Pocket milling on the back of the case

60 | HAAS VF-7

Pocket milling on the right side of the case

70 | HAAS VF-7

Pocket milling on the left side of the case




Operation 10 BATTERY CASE

Setup T12012L12
. Tyee: flat end mill Mivus Z: 53 5mm Howoer: 100mm BT40
Wes:#5 Ouveres: 16mm Maxmuu Feep: 2506 69mm/min
Srock: LenaTH: 88mm Maxamum SpiNoLe SpeED: 5600rpm
DX: 319.25mm Fuutes: 3 CutTin DisTANCE: 15873.74mm
D178 s6mm T B + = Descrmon: 16mm reduced shank  Rapio Distance: 9929 23mm
Dz 100mm ESTMATED CcL T 13m 575 (11.7%)
PagT:
DX: 314.25mm
DY: 169.21mm
DZ: 87mm Op
STOCK LOWER 1N WCS #5: i A Operation 1/3 T6 D6 L6
X: -159.63mm Descriemion: Facet Maximum Z: 15mm Tyee: face mill
Y: -87.98mm StraTEGY: Facing Minmum Z: -6, 5mm Dumerer: 50mm
Z -100mm wes: #5 MAXIMUM SPINDLE SPEED: 40007pm TAPER ANGLE: 45"
Stock UPPER In WCS #5: Toterance: 0.01mm Maximum FEEDRATE: 1193 66mm/min LengTi 48mm
X: 159.63mm + + + + MAXIMUM STEPDOWN: 2.5mm  CUTTING DisTANCE: 4595 58mm Fuutes: 4
¥ 87.98mm MAXIMUM STEPOVER: 47 5mm RAPID DisTANCE: 302 05mm Descrienion: facemill
Z: 0mm ESTIMATED CycLE Time: 5mi45s (4 &%)
CoouanT: Flood
Operation 2/3 T9D9L9
Descriemion: 20 Contour®  Maximum Z: 15mm Tyee: face mill
Strateay: Contour 20 Mivmum Z: -102mm Dumerer: 30mm
WCS: #5 Maximum SeinoLe Speep: S000rpm Corner RaDius: 1Tmm
Torerance: 0.01mm Maximum FEEDRATE: 1200mm/min LenoTH: 185mm
Srock To Leave: Omm CuTTING DisTANCE: 42154.01mm Flures: 2
Maximum :Smm  Rapio Distance: 39023, 5mm
Total MAXIMUM STEPOVER: 26 6Mm ESTIMATED CvcLe Time: 1h:38m 395 (52 %)
Numeer OF OPERATIONS: 3 oo Fopd
Numeer Of Toois: 3 Operation 3/3 Ti2D12L12
Toous: T6 T9 T12 Descripmion: 2D Contour10 Maximum Z: 15mm Tyee: flat end mill
Maamum Z: 15mm Strarecy: Contour 20 Minmum Z: -53 Smm DuameTer: 16mm
Minmaum Z: -102mm WCS: #5 MAXIMUM SPINOLE SpeeD: S600rpm LencTH: B8mm
Maximum FEEDRATE: 2506, 69mmi/min Towerance: 0.01mm Maximum FEEDRATE: 2506 89mm/min Flures: 3
MAXIMUM SPIHOLE SPeED: 5600rpm SToCK TO Leave: Omm Cutring Distance: 15873 74mm Descrierion: 16mm reduced shank
CuTTING DisTance: 62623 32mm MAXIMUM STEPDOWN: SMM  RAPID DisTANCE: 9929 23mm
RAPID DisTANCE: 49254, 78mm MAXxiMUM STEPOVER: 4MM  ESTIMATED CcLe Time: 13m 578 (117%)
ESTMATED CveLe Tiwe: 1h:59m:6s Coouus: Flood
Tools
T6D6LE
Tvee: face mill Minimaum Z: -8.5mm Hovper: B0mm BT40
DiameTer: 50mm Maximum Feep: 1193 66mm/min
TAPER ANGLE: 45 Maxamum SPINDLE SPEED: 4000rpm
LengTH: 48mm CutTing DisTance: 4595.58mm
FLutes: 4 RapiD DisTance: 302 05mm
Descripmion: facemill ESTIMATED CYCLE TIME: 5m:45s (4.8%)
TODILY
Tvee: face mill Minmaum Z: -102mm
DuameTer: 30mm Maximum Fego: 1200mm/min
Corner Rapis: 1mm MaxiMum SPINDLE SPEED: S000rpm
LengTH: 185mm CutTing DisTaNcE: 42154.01Tmm
Fuutes: 2 RapiD DisTancE: 39023 5mm
ESTIMATED CvcLe Time: 1h:38m:30s (82 8%)
Operation 20 BATTERY CASE
tu
Setup Operations
Wes: #0
Pz I Operation 1/3 T6D6 L6
DX: 314.25mm DescripTion: Face8 Maxmum Z: 108.5mm Tyee: face mill
DY: 169.21mm v Facing Mirisaum Z: B7mm DiAmETER: 50mm
02: $3.5mm @ ] 2 ¢ WCS: #0 Maximum SPiNDLE Speep: 4000rpm TAPER ANGLE: 45°
"D';i P Toerance: 0.01mm Maxivum FEEDRATE: 1193 66mm/min  LenTH: 48mm
DY: 169.21mm MaxiMum STEPDOWN: 2.5mm  CuTTiNG Distance: 4511.72mm FLutes: 4
DZ: 87mm Maximum STEPOVER: 47 5mm  RAPID DISTANCE: 292.15mm Descripmion: facemill
sxvo:n'x;;w;nmwcsn: EsTIMATED CycLE Time: 5m:38s (35 7%)
-167.13mm
% 180 210en 4 -+ . Coouan: Flood
Z:0mm i Operation 2/3 T12D12L12
v spmbabiadd Descrienion: 2D Contour!!  Maximum 2: 108.5mm Tvee: flat end mill
¥Y: 0mm Stratecy: Contour 2D Minmaum Z: 72mm DiameTer: 16mm
Z: 93.5mm + Fs e + WCS: #0 Maximum SiNDLE SpeeD: 5600rpm LengTH: BBmm
0.01mm Maximum FEEDRATE: 2506 69mm/min  FLutes: 3
= STock 1o LEave: Omm CutTing Distance: 2001.63mm Descrupmion: 16mm reduced shank
Maximum STEPDOWN: Smm Rapip DisTance: 1916.13mm
Maximum sTEPOVER: 15.2mm  ESTIMATED Cveie Time: 1m:52s (11.8%)
CoouanT: Flood
Operation 3/3 Ti2D12L12
Total : 2D Contour12  Maxamum Z: 108.5mm Tvee: flat end mill
Contour 2D Minimum Z: 37mm DiameTER: 16mM
Numsen Or OperatioNs: 3 WCS: #0 MAXIMUM SPINDLE SPEED: S600rpm LENGTH: B8mm
:m?rr'?“: ¢ Touemrance: 0.01mm Maximum FEEDRATE: 2506, 69mm/min  FLuTes: 3
Maxcaaun Z: 108.5mm SToCK TO LEAvE: Omm CutTing DisTance: 8714 67mm DescrieTion: 16mm reduced shank
MINMUM Z: 37mm MuxiMuM STEPDOWN: Smm RaPID DisTANCE: 5355.23mm
MAXIMUM FEEORATE: 2506, 69mm/min Maximum STEPOVER: 15.2mm  ESTIMATED CvCLE Time: 7Tm 475 (40.3%)
MAXIMUM SPINDLE SPEED; S600mM Cooant: Flood
Curning Distance: 15228.03mm
RaPD DisTaNcE: 7563 51mm
EsTiMATED CycLe Tove: 15m 483
Tools
T6D6LE
Tyee: face mill Minimum 2: 87mm Hotoer: 60mm BT40
DiameTer: 50mm Maximum Feeo: 1193 66mm/min
TAPER ANGLE: 45" MAXIMUM SPINDLE SPEED: 4000rpm
LenaTh; 4Bmm Cutming Distance: 4511.72mm
FLures: 4 RAPID DisTANCE: 292 15mm
Descriemion: facemill EsTIMATED CroLr Time: 5m:38s (35 7%)
T12D121L12
Type: flat ond mill Mininum 2: 37mim Hooer: 100mm BT40
DmeTeR; 16mm MAxiMuM FEe: 2506 69mm/min
LewaTi: BEmm MAXIMUM SPINDLE SPEED: 5600pM
Fuures; 3 Cutnng Distance: 10716.31mm
DescripTion: 16mm reduced shank  RapiD DisTANCE: 7271.36mm
ESTIMATED CveLe Time: 9m: 305 (01 1%)



Operation 30 BATTERY CASE

MAXIMUM STEPDOWN: Smm
OPTIMAL LOAD: Tmm
Loap peviaTion: 0. 1Tmm

RAPID DiSTANCE: 7254.07mm

Descripmion: HM92/12.15 DLC

ESTIMATED CYCLE TiMe: 35m:20s (87 5%)

CoouanT: Flood

Operation 2/4
Descripion: 2D Contour3

Maxamum Z: 15mm

Minmum Z: -11mm

Maximum SPINOLE SPeeD: 13500rpm
MAxiMuM FEEDRATE: 2970mm/min
CuTTING DisTance: 4026.08mm
RAPID DisTANCE: 783.84mm
ESTIMATED CYCLE TiME: 1m:48s (4.4%)
CootanT: Flood

T36 D36 L36

Tvee: bulinose end mill
DiAMETER: 12mm

CORNER Rapius: 1.5mm
LeneTH: 88mm

FLutes: 2

DescripTion: HM92/12.15 DLC

Setup T1zD12L12
WCS: #5 Tvee: flat end mill Minimum Z: -82mm Hotper: 100mm BT40
Sroak DiameTeR: 16mm Maxmaum Feeo: 2506.69mm/min
DX: 314.25mm LengTh: B8mm Maxmmum SPiNDLE SPeeD: S600rpm
DY: 169.21mm r o Fuutes: 3 CuTTING DisTANCE: 21797 99mm
DZ: 87mm + + + Descrwenon: 16mm reduced shank  Rapio Distance: 12871.29mm
PaRT: Esmimarep Cycue Time: 13m:31s (198%)
DX: 314.25mm
DY: 169.21mm
DZ: 87mm E
STOCK LOWER in WCS #5: i E 0 {q
X: -157.13mm s E =
Y: -84.61mm Operation 1/4 T2D21L2
Z:-87Tmm DescripTion: Adaptived Masximum Z: 15mm Type: bulinose end mill
S;o?ismmﬁi StrateGy: Adaptive Minimum Z: -81.99mm DiameTer: 16mm
Y: 84.61mm k o WCS: #5 Maximum SPINDLE SPeeD: S600rpm Corner Rapius: 1.5mm
Z: Omm - 3 = 0.1mm Maxmum FEEDRATE: 2506.69mm/min  LeneTH: 65mm
Al P Stock 1o Leave: 0.25mm/0mm  Cuting DisTance: 83882 .32mm Frutes: 3
o Maxinsum 10mm Ri 56794.34mm Descripmion: 16mm Bullnose Endmill
OPTIMAL LOAD: 6 4mm EsTMATED CyCLE TiME: 53m: 115 (77.8%)
Loap peviation: 0.64mm Coovant: Flood
Operation 2/4 Ti2D12L12
DescripTion: Adaptive1 Maxmmum Z: 15mm Tvee: flat end mill
StrateGY: Adaptive Minimum Z: -82mm DuameTer: 16mm
Total WCS: #5 Maximum SeiNDLE SPeeD: 5600rpm LenGTH: BBmm
or ” Touerance: 0.Tmm Maxmum FEEDRATE: 2506.69mm/min  Fuutes: 3
Nuwmser O Toous: 3 Stock To Leave: 0.25mm/0mm  Cutring DisTance: 16881 86mm Descripmion: 16mm reduced shank
Toors: T2 T3 T12 Maxiaum : 10mm 12765.89mm
Maxmum Z: 15mm OPTIMAL LOAD: 6.4mm Esmmaren Cvewe Time: 10m:50s (158%)
Movnaum Z: -82mm Loap peviamion: 0.64mm CoolanT: Flood
MAxiMuM FEEDRATE: 2506 69mm/min
MAxmUM SPmOLE SPEED: 5600mM Operation 3/4 T12D12L12
CuTtTing DisTance: 105972.06mm Descripion: 2D Contourid  Maamum Z: 15mm Tree: flat end mill
Rapo DisTAncE: 71080.72mm Strarecy: Contour 2D Minimum Z: -82mm DiameTer: 16mm
ESTIATED CycLe Tiwe: 1h:8m 225 WCS: #5 MaxIMUM SPINDLE SPEED: 5600rpm LenaTh: 88mm
Towerance: 0.01mm Maximum FEEDRATE: 2506.69mmimin  FLuTes: 3
Tools STock To Leave: Omm CuTTing Distance: 4916.14mm Descriemion: 16mm reduced shank
T20212 Masinsum : 15mm 105.4mm
Tov: bidiices ernd il 2 -81.99mm - 100mm BT40 Maxineum : 15.2mm TiME: 2425 (3.9%)
Duseren: 16mm Maxiun Feeo: 2506 68mmimin Coouawr: Flood
Corner Rapws: 1 5mm MAXIMUM SPINOLE : 5600rpm .
Lenanc B5mm e fce 63865 Yarmn Operation 4/4 T3D3L3
Fustes: 3 Raro - 56794 34mm Descripmion: Drill3 Maamum Z: 15mm Tvee: drill
Descrenion: 16mm Bullnoss Endmill  EsTAATED Cvers Tiee: 53m:11s (77.0%) STrRatecy: Drilling Minium Z: -20mm DiAMETER: 4.2mm
WCS: #5 Maxmum SPiNDLE Speen: 2375rpm Tie AncLe: 1357
Ty = 0.01mm Maamum FEEDRATE: 475.089mm/min  LenaTH: SO0mm
Cutming DisTance: 291.75mm FLutes: 2
T o I o Rapio Distance: 1415.09mm Descairrion: for S (4.2)
T AwoLe: 135° s Seeen: 2375mpm EsTmaTep CycLe TiMe: 54s (1.3%)
Lenome 50mm CuTminG DisTaxce: 291 75mm CootanT: Off
Fuures: 2 RaP Distance: 1415.09mm
Descripmion: for m5 (4.2) ESTIMATED CyCLE Time: 54 (13%)
Operation 40 BATTERY CASE
Setup T36 D36 L36
wes: #5 Tvee: bulinose end mill Minimum Z: -11mm Howper: 160 shrink
sisoe DiamETER: 12mm Maximum Feeo: 2970mm/min
DX: 314.25mm CoRNER Rapws: 1.5mm Maximum SPiINOLE SPeeD: 13500rpm
DY: 87mm LenGTH: 88mm CuTTiNG DisTANCE: 92567 43mm
DZ: 169.21mm FLures: 2 RAPID DisTANCE: 8037 9mm
":)';'i P : HM92/12.15 DLC ESTIMATED CvcLe Time: 37m:8s (92%)
DY: 87mm
DZ: 169.21mm
ot Operations
; :g:"ﬂr::\m Operation 1/4 T36 D36 L36
P — : Adaptive2 Maximum Z: 15mm Tyee: bulinose end mill
X: 157.13mm STRATEGY: Adaplive Minmum Z: -10.99mm DAMETER: 12mm
Y: 43.5mm WCS: #5 Maxmum SPNDLE SPEED: 13500rpm CoRNER RapIus: 1.5mm
b ToLerance: 0.1mm MaXxiMuM FEEDRATE: 2970mm/min LencTH: 88mm
STOCK 10 LEAVE: 0.25mm/Omm  CuTTING DisTANCE: 88541.35mm FLutes: 2

Descrinon: engrave

EsTIMATED Cyour Time: 438 (16%)

Maximum Z: 15mm
Minmaum Z: -2mm

MAXIMUM SPINDLE SPEED: 7958rpm
Maximum FEEDRATE: 1193 66mm/min
CuTTING DisTance: 1585.71mm
RAPID DisTANCE: 593 .23mm
ESTIMATED CycLe Time: 1M 47s (4.4%)
CooranT: Flood

T8D8L8

Type: countersink
DMMETER: 12mm

Tie ANGLE: 90°

LeneTH: 55mm

Frures: 3

Descripion: HM38 D12 90

Total StraTEGY: Contour 20
NUMBER OF OPERATIONS: 4 wes: #5
Nuseer Or Toous: 3 Touerance: 0.01mm
Toovs: T8 T25 T36 STock o Leave: Omm
Maximum Z: 15mm MAXIMUM STEPDOWN: Smm
nanaun 2: -11.56mm MAXIMUM STEPOVER: 8 55mm
Maxmum FerpRaTe: 2070mm/min
MAxMUM SPINOLE SPeeD: 13500rpm
CutiNG DisTance: 94561.73mm Operation 3/4
Farin Disasce: 900,590 Descripmion: 20 Contour8
EsTvaTED Cycis Tme: 40m 23s
Contour 2D
WCS: #5
Tools Toterance: 0.01mm
B 2.2 . CcK ToLwwr D
: countersink Minimum Z: - 2mm Howoer: 60mm BT40
: 11.4mm
DumeTer: 12mm Maximum Feeo; 1193 66mm/min
Tip ANGLE: 50 MAXIMUM SPINDLE Speeo: 7958rpm
LenGTH: 55mm CuTTiNG DisTANGE: 1585.71mm
Fuures: 3 RAPID DisTANCE: 593.23mm
DesciTion: HM38 D12 90 EsTWATED Cvoe T 1475 (4 4%) Oporaion 44
Descripion: Engrave2
WCS: #5
T25025 125 T - 0.01mm
Tvee: chamfer mill Mowom Z: 11 56mm OHEIOR:
Ouwerer: 10mm Maxium Feeo; 1000mm/min
TApER AnGLE: 45" MAXIMUM SPINDLE SPEED: 954 9rpm
LenaTH: 50mm CurTiNg DisTANCE: 408 Bmm
Fuures: 2 RAPID DisTANCE: 1275.47mm

Maximum Z: 15mm

Minimum Z: -11.56mm

MAximMUM SPINDLE SPEED: 9549rpm
Maximum FEEDRATE: 1000mm/min
CuTTING DisTancE: 408 6mm
RaPID DiSTANCE: 1275.47mm
ESTIMATED CvcLe Time: 43s (1.8%)
CoouanT: Flood

T25D25125

Tvee: chamfer mill
DuameTer: 10mm
TAPER ANGLE: 457
LenoTH: 50mm
FLures: 2
DESCRIPTION: engrave




Operation 50 BATTERY CASE

Setup

WCS: #5
Srock:

DX: 314.25mm
DY: 87mm

DZ: 169.21mm
PaRT:

DX: 314.25mm
DY: 87mm

DZ: 169.21mm

ST0CK LOWER IN WCS #5:
X: <157.13mm
Y. -43.5mm
Z:-169.21mm

STOCK UPPER IN WCS #5:
X: 157.13mm
Y: 43 5mm
Z: Omm

Operations

Operation 1/3
DescripTioN: Adaptive3
StraTeGY: Adaplive
WCS: #5

ToLerance: 0. 1Tmm

7

OPTIMAL LOAD: Tmm
Loap pewiaTion: 0.1mm

Stock 1o LEave: 0.25mm/0mm
MaximMum STEPDOWN: Smim

Maximum Z: 15mm

Minimum Z; -10.99mm

Maximum SeinoLe Seeen: 13500rpm
MaxiMum FEEDRATE: 2970mm/min
CuTTiNG DisTancE: 88032.12mm
Rapio DisTance: 8063, Tmm

T36 D36 L36

Tyee: bullnose end mill
DiameTER: 12mm
CorNER Rapius: 1.5mm
LENGTH: BBmm

FLuTes: 2

DescripTion: HM92/12.15 DLC

EsTIMATED CyCLE TiME: 35m:19s (80.8%)

Cootant: Flood

Operation 2/3

Strareay: Contour 20
WCs: #5

ToLerance: 0.01mm
STock 1o Leave: Omm

DescripTion: 2D Contour6

MaximMum STEPDOWN: Smim
MAxiMUM STEPOVER: B,55mm

MaximMum Z: 15mm

Minimum Z: -11mm

Maximum SeinoLe Seeen: 13500rpm
MaxiMum FEEDRATE: 2970mm/min
CutTing DisTance: 4011.15mm
Rapio DisTance: 620.68mm

Cootant: Flood

T36 D36 L36

Tyee: bullnose end mill
DiaAmETER: 12mm
Corner Rapius: 1.5mm
LENGTH: BEBmm

FLutes: 2

DescripTion: HM92/12,15 DLC
EsTIMATED CyCLE TimE: Tm:45s (4.5%)

Total

Operation 3/3

Stratecy: Contour 20

Numser OF OPERATIONS: 3
Numeer Or Toots: 2
Toots: T8 T36

Maxmaum Z: 15mm
Minimum Z: -11mm

Rapi0 DisTance: 9224 S5mm

Maxmum FEEDRATE: 2970mm/min
Maximum SPNOLE SPeeD: 13500rpm
Cutming DisTance: 93620 98mm

ESTIMATED CycLEe Time: 39m 20s

WCS: #5
ToLerance: 0.01mm
Stock To Leave: Omm

DescripTion: 20 Contour1

Maximum sTepover: 11.4mm

Maximum Z: 15mm
Minimum Z: -2mm
Maximum SPINOLE SpeeD: 7958rpm

MaxiMum FEEDRATE: 1193.66mm/min

CuTTING DISTANCE: 1577.71mm
Rapio DisTance: 540.71mm

T8DBLE

Tyee: countersink
DiameTER: 12mm

Tie AnGLE: 907

LENGTH: 55mm

FLutes: 3

Descrirtion: HM38 D12 90

ESTIMATED CycLE TimE: 1m:46s (4.5%)

Cootant: Flood

Tools

T8 D8L8

Tree: countersink
DIAMETER: 12mm

Tie AnGLe: 80

LENGTH: 55mm

Frutes: 3

Descriemion: HM38 D12 90

Minwum Z: -2mm
Maximum Feeo: 1193 68mm/min
MAXIMUM SPINDLE SPEED: 7958rpm
CuTTING DiSTANCE: 1577.71mm
RapiD DisTANCE: 540.71mm
ESTIMATED CvCLe Tie: 1m:46s (4 5%

Hovper: 60mm BT40

T36 D36 L36

Tyee: bullnose end mill
DumeTER: 12mm

Comner Rapws: 1.5mm
LenGTH: 88mm

FLuTes: 2

Descremion: HM92/12.15 DLC

Minmum Z: -11mm

Maxivum FEgD: 2970mm/min
Maximum SPNOLE SpeeD: 13500rpm
CuTTING DisTANCE: 92043 27mm
RaPID DisTANCE: 8683 78mm
ESTIMATED CyCLE TiME: 37m s (94 2%

Howoer: 160 shrink

Operation 60 BATTERY CASE

WCS: #5
Srock:
DX: B7mm
DY: 169.21mm
DZ: 314.25mm
PaRT
DX: 87mm
DY: 169.21mm
DZ: 314.25mm
SToCK LOwER v WCS #5
X: -43.5mm
: -84.61mm
Z: -314 25mm
STOCK UPPER (8 WCS #5:
X: 43.5mm
Y: 84.61mm
Z: Omm

Setup

Operations

Operation 1/3

DescripTion: Adaptives
STRATEGY: Adaptive

WCS: #5

ToLerance: 0.1mm

Stock 1o Leave: 0.25mm/0mm
MAXIMUM STEPDOWN: Smm
OPTIMAL LOAD: 1Tmm

Loap peviamion: 0.1mm

Maximum Z: 15mm

Minimum Z: -10.99mm

MaxiMum SPINDLE SPEED: 13500rpm
Maximum FEEDRATE: 2970mm/min
CuTTing DisTance: 38310.26mm
Rapio Distance: 4976.22mm
ESTIMATED CYcLE TIME: 16m:20s (87.7%)
CoouanT: Flood

T36 D36 L36

Tvee: bullnose end mill
DiaMETER: 12mm

CornER Rapius: 1.5mm
LENGTH: 88mm

Fuutes: 2

DescripTion: HM92/12.15 DLC

Operation 2/3

Description: 2D Contour5
STrRaTEGY: Contour 2D
WCS: #5

Torerance: 0.01Tmm

STock To LEave: Omm
MAXIMUM STEPDOWN: SMIT
Maximum STEPOVER: 8.55mm

Maximaum Z: 15mm

Minivum Z: -11mm

MaximMum SPINDLE SPeep: 13500rpm
Maximaum FEepraTE: 2970mm/min
CuTTING DisTANGE: 2005.24mm
RapID DisTANCE: 378.37mm
ESTIMATED CycLE TiME: 555 (4.9%)
Coovan: Flood

T36 D36 L36

Tree: bullnose end mill
DiamMETER: 12mm

CornEer Rapius: 1.5mm
LENGTH: 88mm

FLutes: 2

DescripTion: HM92/12.15 DLC

Total

NuwBeR OF OperaTIONS: 3
Nuwser OF Toous: 2

Toous: T8 T36

Maxinium - 15mm

Mininum 2 -11mm

Maxinium FEEDRATE: 2070mmimin

MaXiMuM SPINOLE SPEED: 13500rpm

‘Curring Distance: 41080.57mm
RaPio DisTance: 5682.57mm
ESTIMATED CvcLE Time: 18m: 385

Operation 3/3

DescripTion: 2D Contourd
StrateGy: Contour 2D
WCS: #5

ToLerance: 0.01Tmm

STock To LEave: Omm
Maximum sTerover: 11.4mm

Maximum Z: 15mm

Minimum Z: -2mm

Maximum SPINDLE SPeeD: 7958rpm
MaximMum FEEDRATE: 1193 66mm/min
CUTTING DISTANCE: 765.06mm

Rapio Distance: 327.99mm
ESTIMATED CycLE Time: 535 (4.7%)
CooLanT: Flood

T8 D8 L8

Type: countersink
DiameTER: 12mm

Tie AncLe: 90°

LENGTH: 55mm

Fuutes: 3

Descripmion: HM38 D12 90

TeD8 LS

Tyee: countersink
DumeTes: 12mm

Tie AnGLE: 90"

Lengri: 55mm

Fuures: 3

Descrwpmion: HM38 D12 90

T36D36 L36

Tyee: bullnose end mill
DumeTes: 12mm

Comner Rapius: 1.5mm
LengT: BBmm

Fuutes: 2

Descraprion: HM92/12 15 DLC

Tools

Minisaum Z: -2mm
Maximum Fego: 1193 B6mmimin
Maximum SPinDLE SPEED: 7958rmm
Currmneg Distance: 765 08mm
Ramo Distance: 327 99mm
ESTMATED Cvcie Tie: 535 (4 7%)

Minimum Z: -11mm

Masximaum Feeo: 207 0mm/min

MaxiMuM SPINDLE SPEED: 13500mpm
CutTng Distance: 40315 5mm

Ramo DisTance: 5354 59mm
ESTIMATED CYcLe Time: 17m 156 (92 %)

Hovoer: 60mm BT40

Howper: 160 shrink




Operation 70 BATTERY CASE

Setup

WCS: #5

OX: 87mm
DY: 169.21mm
DZ 314.25mm

Pant:
DX: 87mm
DY: 169.21mm
DZ: 314.25mm

STOCK LOWER IN WCS #5:
X: -43.5mm

Y: -84.61mm

Z: -314.25mm

Stock UPPER IN WCS #5:
X: 43.5mm

Y: 84.61mm

Z: Omm

Operations
Operation 1/3 T36 D36 L36
Description: Adaptivet Maximum Z: 15mm Tyee: bullnose end mill
STRATEGY: Adaptive Minimum Z: -10 99mm DameTER: 12mm
Wes: #5 Maximum SpinoLe Seeep: 13500rpm Corner Rapws: 1.5mm
Touerance: 0.1mm Maxamum FEEDRATE: 2970mm/min LengTH: 88mm
Stock To Leave: 0.25mm/0mm  CutTing Distance: 37163.78mm FLutes: 2

Maximum STEPDOWN: Smm
OPTIMAL LOAD: Tmm
Loap peviation: 0.1mm

RaPID DisTANCE: 5289.73mm
[ESTIMATED CvcLe Time: 15m:56s (87.5%)
Cootanr: Flood

Descripmion: HM92/12.15 DLC

Operation 2/3

DescrieTion: 20 Contour7
Strarecy: Contour 2D
WCS: #5

Towerance: 0.1mm

STock To LEave: Omm
Maximum STEPDOWN: Smim
Maximum sTEPOVER: B.55mm

Maximum Z: 15mm

Minimum Z: -11mm

Maximum SPINDLE SPEED: 13500rpm
Maximum FEEDRATE: 2970mm/min
CutTing DisTance: 1941.88mm
Rapio DisTance: 381.12mm
[ESTIMATED CycLE TiME: 545 (5%)
Coouant: Flood

T36 D36 L36

Tyee: bullnose end mill
DuameTER: 12mm

Corner Rapius: 1.5mm
LengTH: 88mm

FLutes: 2

Descriemion: HM92/12.15 DLC

Operation 3/3
Descrieion: 20 Contour2
 Contour 2D

Total

Minium Z: -11mm

CutTing DisTance: 39840.86mm
Rapip DisTance: 6001.56mm
EsTimaTeD CveLe Time: 18m:12s

Maxmum FEEDRATE: 207 0mmi/min
Maximum SPINDLE SPEED: 13500rpm

WCS: #5

Towerance: 0.01mm

Srock 1o Leave: Omm
Maximum sTepover: 11.4mm

Maxmum Z: 15mm

Minimum Z: -2mm

Maximum SPiNDLE Speep: 7958rpm
Maximum FEEDRATE: 1193.66mm/min
CuTTING DiSTANCE: 744.2mm

RapiD DisTance: 330.71Tmm
[ESTMATED CvcLe Time: 525 (4.7%)
‘CoouanT: Flood

T8D8 LS

Type: countersink
Duamerer: 12mm

Tie AnGLE: 90°

LENGTH: 55mm

FLutes: 3

Descripion: HM38 D12 80

Tools

TaDBL8

Type: countersink
DuAmETER: 12mm

Tie AnGLE: 90°

LenaTH: 55mm

Fuures: 3

Descremion: HM38 D12 90

Minimum Z: -2mm

Maxium FEED: 1193.66mm/min
MaxiMum SPINDLE SPEED: 7958pm
CuTTiNG DisTance: 744 2mm
RaPiD DisTance: 330.7 1mm
EsTIMATED CvcLe Time: 525 (4.7%)

Hoiper: 60mm BT40

T36 D36 L36

Tvee: bullnose end mill
DuameTeR: 12mm

Corner Rapws: 1.5mm
LengTH: 8Bmm

Fuures: 2

Descreion: HM92/12.15 DLC

Minmum Z: -11mm

Maximum FEED: 2970mm/min

Maxium SPINDLE Speep: 13500rpm
CuTTiNG DisTance: 38105.66mm

RAPID DisTANCE: 5670 85mm
ESTIMATED CvcLe Time: 16m:50s (92 5%)

Houper: 160 shrink




CORBELLATI
AUTOMOBILI

PROCESS ROUTE SHEET

Version - 2

Material:

Aluminium 6061-

T6

Part - BATTERY CASE
Part Number — B002
Blank — Rectangle Block

Op.

Machine

OPERATION DESCRIPTION

10 | HAAS VF-7

case

Facing , shoulder milling and engraving on one side of the

20 | HAAS VF-7

the case

Facing and shoulder milling and drilling on other side of

Operation10 BATTERY COVER

Setup

v

+4

il

..
159

G

@

A 31425 Coowant: Flood
Operation 2/4 T42 D42 L42 J
DescripTioN: 2D Contour2 Maximum Z: 16mm Tyee: bullnose end mill
StrateGy: Contour 2D Minivum Z: -7mm DiameTer: 10mm
Total WCS: #5 MAXIMUM SPINDLE SPeeD: 15000rpm Corner Rapius: 0.5mm
r ToLerance: 0.01mm MaxiMum FEEDRATE: 3300mm/min LenGTH: 50mm
NUMBER OF OPERATIONS: 4 Stock To LEave: Omm CUTTING DisTANCE: 9310.93mm FLutes: 2
Numser OF TooLs: 3 MAXIMUM STEPOOWN: 4mm RAPID DiSTANCE: 5429.62mm Descrietion: HM92/10.05 L
Toos: T6 T25 T42 MAXIMUM STEPOVER: 1mim ESTIMATED CyCLE TiMe: 4m:54s (17.1
Maximum Z: 16mm CoouanT: Flood
MiNimum Z: -16mm
MAXIMUM FEEDRATE: 3300mm/min Operation 3/4 T42 D42 L42
Maximum SPiNDLE SPeED: 15000rpm Description: 2D Contour3 Maximum Z: 16mm Type: bullnose end mill
CuUTTING DisTANCE: 33822.71mm Stratecy: Contour 2D Minimum Z: -16mm DiameTer: 10mm
RAPID DISTANCE: 19557.23mm WCS: #5 MAXiMUM SPINDLE SPEED: 15000rpm Corner Rapius: 0.5mm
ESTIMATED CyCLE TiMe: 28m:39s Toterance: 0.01mm Maximum FEEDRATE: 3300mm/min LenaTH: 50mm
Srock 1o Leave: Omm CUTTING DISTANCE 181.62mm FLutes: 2 ’J
MAXIMUM STEPDOWN: Smm RAPID DisTANCE: 13723.05mm DescripTion: HM92/10.05
‘ Tools MAXIMUM STEPOVER: 1mm ESTIMATED Cvcte Tie: 10m:1s (35%) T
T6D6 L6 Cootant: Flood
Tyee: face mill Minmum Z: Omm

DiAMETER: S0Mm
TAPER ANGLE: 45
LENGTH: 48mm
Flutes: 4
DescripTioN: facemill

T25D251L25

Tyee: chamfer mill
DiameTER: 10mm
TAPER ANGLE: 45
LENGTH: 50mm
FLutes: 2
DESCRIPTION: engrave

Maximum Feeo: 1193.66mm/min
Maximum SPINDLE SpeeD: 4000rpm
CuTTING DisTANCE: 9405.62mm
RaPID DisTANCE: 377.06mm
ESTIMATED CyCLE Time: 11m:49s (412

Minmum Z: -0.5mm

Maximum Feeo: 1000mm/min
MAXIMUM SPINDLE SPEED: 9549rpm
CUTTING DiSTANCE: 924.54mm
RAPID DISTANCE: 27.5mm
ESTIMATED CycLE Time: Tm 108 (4

Howper: 60mm BT40 { l

T42 D42 L42

Tyee: bullnose end mill
DiameTer: 10mm

CorneR Rapius: 0.5mm
LENGTH: 50mm

FLutes: 2

Descripmion: HM92/10.05

Operation 1/4
DescripTion: Faced
STRATEGY: Facing

WCS: #5

ToLerance: 0.01mm
MAXIMUM STEPDOWN: 1mm
MAXIMUM STEPOVER: 27mm

Operation 4/4
DescripTion: Engrave2
WCS: #5

ToLerance: 0.01mm

Minimum 2: -16mm
Maximum Feeo: 3300mm/min
MaxiMuM SPINDLE SPeeD: 15000rpm
CUTTING DISTANCE 2.55mm
RAPID DisTANCE: 19152 67mm
EsTiMATED CyCLE TiME: 14m 558

Operations

Maximum Z: 16mm

Minimum Z: Omm

MaxiMum SeiNoLe Seeep: 4000rpm
MaxiMum FEEDRATE: 1193, 86mm/min
CuTTING DisTANCE: 9405.62mm
RAPID DisTANCE: 377.06mm
ESTIMATED CvcLe Time: 11m:49s (4

MaxiMum Z: 16mm
Minimum Z: -0.5mm
MaxiMum SPINDLE SPeeD: 9549rpm
MaxiMum FEEDRATE: 100

Imm/min
CUTTING DiSTANCE: 924 54mm
RAPID DisTANCE: 27 .5mm
EsTIMATED CycLe Time: Tm:10s (¢
Coouant: Flood

Howoer: 100mm BT40

T6D6 L6

Tyee: face mill
DiAMETER: 50mm
TAPER ANGLE: 45
LeNGTH: 48mm
FLutes: 4
DescripTion: facemill

T25 D25 L25

Type: chamfer mill
DiameTer: 10mm
TAPER ANGLE: 45
LenaTH: 50mm
Fuutes: 2
DESCRIPTION: engrave

e




Operation 20 BATTERY COVER

Setup

WCS: #5

Stock:
DX: 314.25mm
DY: 175.21mm
DZ: 14mm
ParT:
DX: 314.25mm
DY: 169.21mm
DZ: 13mm

Lower in WCS #5:
X: -157.13mm

Y. -172.21mm

Z: 0Omm

STocK Upper m WCS #5:
X: 157.13mm

¥: 3mm

Z: 14mm

Total

Numeer OF OPERATIONS: 15

Numeer OF TooLs: 6

Toous: T3 T6 T8 T21 T42 T43

Maxamum Z: 29mm

Minaum Z: -3.24mm

Maximum FEEDRATE: 3300mm/min

Maximum SeinDE Segeo: 15000rpm

CutTing DisTance: 78066 B7mm

Rapi DisTance: 38308.16mm
Cveue Time: 48m:21s

Tools

Minimaum Z: -2mm

Maximum Feeo: 475.089mmimin
Maximum SPiNOLE Speeo: 2000rpm
CuTTinG DisTance: B8 49mm
RapiD DisTance: 1483.09mm
ESTIMATED CYGLE TiME: 205 (1%)

T D6 L6

Tree: face mill
DuameTeR: S0mm
TAPER ANGLE: 45°
LenaTH: 4Bmm
FLutes: 4
DescrieTion: facemill

Minmaum Z: 13mm

Maxmum Feeo: 1193 66mm/min
MAxiMUM SPIMDLE SPEED: 4000rpm
CuTning Distance: BB33.12mm
RapiD DisTance: 360 68mm
ESTIMATED CveLE Time: 11m:6s (23%)

Houoer: 60mm BT40

T8 DB LE

Tyee: countersink
DumeTer: 12mm

Tie AnoLe: 90°

LengTH: S55mm

FLutes: 3

Descripmion: HM38 D12 90

Minmum Z: Bmm

Maximum Feeo: 2864.79mm/min
Maximum SPINDLE SpeeD: 7958rpm
Curming DisTance: 2090 47mm
RAPID DisTANCE: 1741.27mm
ESTIMATED CycuLe Time: 1m:28s (3%)

Howoer: 60mm BT40

T21 021121

Tyee: bulinose end mill

DumeTeR: Bmm

CornER Rapius: 0.5mm

LenaTH: 55mm

Futes: 3

Descripmion: 8Bmm Bullnose Endmill

MiNmuM Z: -2mm

Maximum FeeD: 2506.69mm/min
MaxiMum SPINDLE SPEED: 13926mm
Cutning DisTance: 13034 14mm
RaP1D DisTANCE: 7282 97mm
EsTIMATED Cycue Time: 9m 368 (16.9%)

Howoer: 100mm BT40

T42 D42 L42

Tvee: bulinose end mill
DiameTer: 10mm
Corner Rapius: 0.5mm
LENGTH: S0mm

Futes: 2

Descririon: HM92/10.05

Minaneum Z: Bmm

Maximum Feeo: 3300mm/min
Maximum SPINDLE SpeeD: 15000mpm
CurTiNG DisTANCE: 53797.03mm
RAPID DiSTANCE: 23949 19mm

Hovoer: 100mm BT40

ESTIMATED CvCLE Time: 22m 315 (46 0%)

T43 D43 L43
Tyee: drill
DiameTer: 6. 8mm
T AnGLe: 140°
LenGTH: 42mm
Fuutes: 2

Descripmion: 860,1-0680-020A1-GMX1BM ESTIMATED CvcLe Time: 1m:27s (3%)

Howoer: 60mm BT40

Operation 4/15
DescripTion: Drill1
Strateay: Drilling
WCS: #5
Toterance: 0.01Tmm

Maximum Z: 29mm

Minimum Z: -2mm

Maximum SPINDLE SPeeD: 2000rpm
Maximum FEEDRATE: 475.089mm/min
CUTTING DISTANCE: 22.5mm

Rapip DisTance: 354.5mm
ESTIMATED CYCLE TIME: 75 (0.2%)
Cootant: Off

T3D3L3

Tree: drill

DiamETER: Smim

Tip ANGLE: 1357
LengTH: 55mm

Fuutes: 2

DescripTION: for m6 (5)

Operation 5/15
DescripTion: Drill3
stratecy: Drilling
WCS: #5
Torerance: 0.01mm

Maximum Z: 29mm

MiNimum Z: -3.24mm

MaxiMum SPINDLE SPEED: 5910rpm
Maximum Feeorate: 300mm/min
CutTing DisTance: 223.62mm
Rapio DisTance: 3481.96mm
EsTimaTED CycLE TiME: Tm:27s (3%)
CootanT: Flood

T43 D43 L43
Tee: drill
DiameTeR: 6.8mm
Tip AncLE: 140°
LengTH: 42mm
Frutes: 2

DescripTion: 860.1-0680-020A1-GMX 1BM

Comment: for mB sandvik

Operation 6/15

DescripTioN: Adaptivel
STRATEGY: Adaptive

WCS: #5

Touerance: 0.1mm

Stock To Leave: 0.25mm/0mm
Maximum STEPDOWN: 4mm
OPTIMAL LOAD: 1Mmm

Loap pevistion: 0.1mm

MaxiMum Z: 29mm

Minimum Z: 10mm

Maximum SeinoLe Speep: 15000rpm
Maximum FEEDRATE: 3300mm/min
CutTing DisTance: 42768.33mm
RapiD DisTaNcE: 18467 07mm

T42 D42 L42

Type: bullnose end mill
DuameTer: 10mm

GorneR Raoius: 0.5mm
LengTH: S0mm

Frutes: 2

DescripTion: HMB2/10.05

ESTIMATED CvoLE TiME: 17m:3s (35.3%)

Coovant: Flood

Operation 7/15
Descrietion: 2D Contourd
StrateaY: Contour 20
WCS: #5

Toverance: 0.01mm

Stock To Leave: Omm
Maximum sTEPOVER: B 55mm

Maximum Z: 29mm

MiniMum Z; 10mm

Maximum SeiNDLE SpeeD: 15000rpm
Maximum FEEDRATE: 3300mm/min
CutTing DisTaNCE: BT7.77mm
RAPID DISTANCE: 29mm

ESTIMATED CvoLE TimE: 185 (06%)
CooLant: Flood

T42 D42 L42

Tyee: bullnose end mill
Damerer: 10mm

Gorner Raos: 0.5mm
LeneTh: 50mm

Fuutes: 2

DescripTion: HM92/10.05

Operation 8/15

DescripTION: Adaptive2
STrRATEGY: Adaptive

WCS: #5

Touerance: 0.1mm

STock To Leave: 0.25mm/Omm
MaxiMuM STEPDOWN: 4Mm
OFTIMAL LOAD: 1M

Loap peviation: 0.1mm

Maximum Z: 29mm

Minimum Z: -1mm

Maximum SPINDLE SPeeD: 13926rpm
Maximum FEEDRATE: 2506 69mm/min
CutTinG DisTance: BO14.19mm
Rapip DisTance: 1442.31mm
EsTiMATED CycLE TiME: 4m 235 (9.1%)
Coowant: Flood

T21D21L21

Tree: bullnose end mill

DiamETER: Bmim

Corner Rapius: 0.5mm

LeNGTH: 55mm

Fuutes: 3

Description: 8mm Bullnose Endmill

Operation 915
DescripTion: 2D Contour5
StrRatEGY: Contour 20
WCS: #5

Torerance: 0.01mm

Stock To Leave: Omm
MAXIMUM STEPDOWN: 4mm
MaxiMum sTEPOVER: B.65mm

Operation 10/15

DescripTION: Adaptived
STRATEGY: Adaptive

WCS: #5

ToLeRANCE: 0. 1mm

Stock 1o Leave: 0.25mm/Omm
MAXIMUM STEPDOWN: 4mim
OpTMAL LOAD: Tmm

LoD DEviATION: 0. 1Tmm

Maximum Z: 29mm

MiNMUM Z: -2mm

MaxiMuM SPINDLE SPEED: 13926rpm
Maximum Feeorate: 2506.69mm/min
Cutming DisTAncE: 633.28mm

RaPID Distance: 170.12mm
EsTiMATED CycLE Time: 28s (1%)

. - Elnmnt

Maxivum Z: 29mm

Minimum Z: 6. 6mm

Maximum SPINOLE SPEED: 13926rpm
Maximum FEEDRATE: 2506 69mm/min
Curming DisTance: 3933.64mm
RAPID DISTANCE: 4723 64mm
ESTIMATED CyCLE TimE: 3m 575 (8.2%)
Coouan: Flood

T21D21L21

Type: bullnose end mill

DiameTER: Brmim

CorneR Rapius: 0.5mm

Lengt: 55mm

Fuures: 3

Descrietion: 8mm Bullnose Endmill

T21D211L21

Tyee: bullnose end mill

DIAMETER: Bmm

CoRneR Rapius: 0.5mm

LenaTH: S5mm

Frutes: 3

Descriemion: 8mm Bullinose Endmill

Operation 11/15
Description: 2D Contourf
Stratecy: Contour 2D

Maximum Z: 26mm

Minimum Z: 6.6mm

MAXximMuM SPINDLE SPEED: 13926rpm
Maximum FEEDRATE: 2506 69mm/min
CuTTING DisTANCE: 453 03mm

RaPID DisTANCE: 946 9mm

T21 021121
Tyee: bullnose end mill

DescripTion: 8mm Bulinose Endmill

6.65mm CyCLe TiMe: 485 (1.6%)

Coouant: Flood
Operation 12/15 T8 D8 LS
DescripTion: Drill4 Maxivum Z: 29mm Type: countersink
StrateGy: Drilling Miniaum Z: Bmm DiameTER: 12mm
wes: #5 Maximum SPINDLE SPEED: 7958rpm Tie AnoLe: 90°
Touerance: 0.01mm Maximum FEEDRATE: 397 B8Bmm/min  LenaTH: 55mm

CuTTING DisTANCE: 28mm Fuutes: 3

RaPID DisTANCE: 450 6mm
ESTIMATED CYCLE TiME: 10 (0.3%)
CoouanT: Flood

DescripTion: HM38 D12 90

Operation 13/15
DescripTion: 2D Contour8
Stratecy: Contour 2D

0.01mm
$STock To Leave: Omm
Maximum STEPOVER: 11.4mm

Maximum Z: 29mm

Misimum Z: 12mm

Maxivum SPINDLE SPEED: 7958rpm
Maximum FEEDRATE: 2864 79mmimin
CutTING DisTANCE: 957 82mm
RAPID DISTANCE: 54 2mm

ESTIMATED CYCLE TiME: 235 (0.8%)
Coouan: Flood

T8 D8 L8

Tyee: countersink
DiameTer: 12mm

Tip AnGLE: 90°

LenaTH: 55mm

Futes: 3

DescripTion: HM38 D12 90

DescripTion: 2D Contourd

Comment: for m8 sandvik
WCS: #5
Operations
Operation 1/15 T6 D6 L6
Descripion: Face1 Maxaimum Z: 29mm Tvee: face mill
Stratecy: Facing Minmium Z: 13mm DIAMETER: S50mm
wes: #5 Maximum SPiNoLE SPeeD: 4000rpm  TAPER ANGLE: 457 Operation 14/15
Torerance: 0.01mm Maximum Feeorate: 1193 66mm/min - Lencti: 48mm
Maximum sTEPOOWN: 1mm Cuting Distance: 8833.12mm Fuures: 4

RAPID DisTANCE: 369 BBmm
ESTIMATED CyCLE Time: 11m 6s (23%)
Coouanr: Flood

Descriemion: facemill

Maximum Z: 29mm

Minimum Z: Bmm

Maximum SPinoLe SPEED: 15000rpm
Maximum FEEDRATE: 3300mm/min
Cutming Distance: 10150 93mm
RaPID DisTANCE: 5453 12mm
ESTIMATED CycLe Time: Sm:10s (10 7%)
Cootant: Flood

T42D42L42

Tyee: bulinose end mill
DumeTer: 10mm

Corner Rapius: 0.5mm
LenaTH: S0mm

FLutes: 2

Descripmion: HM92/10.05

Stratecy: Contour 2D
WCS: #5

Toverance: 0.01mm

Srock To Leave: Omm
MaxiMum STEPOVER: 11.4mm

Maximum Z: 29mm

MiNmum Z: 12mm

Maximum SPINDLE SPEED: 7958rpm
Maximum FEEDRATE: 2864.79mm/min
CurtTing Distance: 1012.14mm
RaPID DisTANCE: 283, 14mm
ESTIMATED CyCLE Time: 305 (1%)

T8 D8 L8

Tyee: countersink
DIAMETER: 12mm

Tip AnGLe: 90°

LenaTi: S5mm

Fures: 3

DescripTion: HM38 D12 90

Maximum Z: 20mm

Minsmum Z: 3. 5mm

MaxiMum SPINDLE SPEED: 2000rpm
MAXIMUM FEEDRATE: 475 0B9mm/min
CutTiNG DisTANCE: 65.99mm

RAPID DisTANCE: 1128 59mm
ESTIMATED CYCLE Time: 225 (0 8%)
Coouant: Off

T3D3L3
Tyee: drill

T AnoLe: 135°
LENGTH: S5mm

FLures: 2

Descreion: for mé6 (5)

Coouan: Flood
Operation 15/15 T8 D8 L8
DescripTion: Drill5 Maximum Z: 29mm Tyee: countersink
Stratecy: Drilling Minimum Z: 8.75mm DIAMETER: 12mm
WCS: #5 MAXIMUM SPINDLE SPEED: 7958rpm Tip ANGLE: 90"
ToLerance: 0.01mm Maximum FEEDRATE: 397 BBBmm/min  LeneTH: 55mm
CUTTING DisTANCE: 92 5mm Futes: 3

RAPID DisTANCE: 943.34mm
ESTIMATED CycLE Time: 255 (0.9%)
Coowan: Flood

Descripmion: HM38 D12 90

— - -l -




CORBELLATI
AUTOMOBILI

PROCESS ROUTE SHEET

Version - 2

Material:

Copper

Part Name: COPPER PLATES
Part No: BO04
Blank: RECTANGLE SHEET

Op. | Machine

OPERATION DESCRIPTION

10 | HAAS VF-7

Boring of copper plate

20

HAAS VF-7

Shoulder milling to cut the plates

Operation 10 COPPER PLATES

WCS: #2

Stock:

DX: 290mm
DY: 200mm
DZ: 0.3mm

PART:
DX: 277.25mm
DY: 148.66mm
DZ: 0.3mm
STock LOWER IN WCS #2:
X: -145mm
Y: -100mm
Z: -0.3mm
Stock UPPER IN WCS #2:
X: 145mm
Y: 100mm
Z: 0Omm

NuMBER OF OPERATIONS: 1
Numser OF Tools: 1
Tools: T27

Maximum Z: 15mm
MINIMUM Z: -2mm

Setup
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Total

MaxiMum FEEDRATE: 3150mm/min

Maximum SpINDLE SPeeD: 15000rpm
CuTTING DisTANCE: 16464.9mm
RAPID DISTANCE: 3392.27mm
EsTIMATED CycLE TIME: 21m:17s

T27 D27 L27

Tyee: flat end mill
DIAMETER: 5mm

LENGTH: 33mm

FLuTes: 3

DescripTioN: HM90/05 D5
COMMENT: coated

Operation 1/1

DescripTioN: 2D Contour2
StraTEGY: Contour 2D
WCS: #2

ToLerance: 0.01mm

Stock To Leave: Omm
MAXIMUM STEPOVER: 4.75mm

Tools

MINIMUM Z: -2mm

Maximum Feep: 3150mm/min
MaxiMum SPINDLE SPeeD: 15000rpm
CUTTING DisTANCE: 16464.9mm
RAPID DISTANCE: 3392.27mm
ESTIMATED CyCLE TIME: 21m:2s

Maximum Z: 15mm

MINIMUM Z: -2mm

Maximum SPINDLE Speep: 15000rpm
Maximum FEepRraTE: 3150mm/min
CuTTING DisTaNcCE: 16464.9mm
RAPID DisTANCE: 3392.27mm
EsTiMATED CycLE TIME: 21m:2s
CootanT: Flood

HoLper: 100mm BT40

T27 D27 L27

Tyee: flat end mill
DIAMETER: 5mm

LENGTH: 33mm

FLutes: 3

DescripTiON: HM90/05 D5
CoMMENT: coated




Operation 20 COPPER PLATES

Setup

WCS: #2

STOCK:
DX: 290mm
DY: 200mm
DZ: 0.3mm

PART:
DX: 277.25mm
DY: 148.66mm
DZ: 0.3mm

STock LOWER IN WCS #2:
X: -145mm
Y: -100mm
Z:-0.3mm

Stock UPPER IN WCS #2:
X: 145mm
Y: 100mm
Z: 0mm

OO0 O0O0O0OO0O0O0O0O0O0OO0OO0O0
OO0 O0OO0O00O00C0O0O00O0O0
OO0 OO0OO0OO0OOO0O0O0OO0O0O0
OO0 000000000000

OO0 000000000000
OO0 O0OO0OO0OOO0OO0OO0O0O0O0O0O0
OO0 000000000000
OO0 O0OO0O0O0O0O0O00O000O0O0O0

Total

NUMBER OF OPERATIONS: 1
NumBer OF Tools: 1
TooLs: T27

MaXiMuM Z: 15mm
MINIMUM Z: -2mm

CUTTING DISTANCE: 1704.32mm
RAPID DISTANCE: 229.65mm
EsTiMATED CycLE TiME: 3m:43s

MAXIMUM FEEDRATE: 500mm/min
MaxivMum SPINDLE SPEED: 15000rpm

Tools

T27 D27 L27

Tyee: flat end mill
DIAMETER: 5mm

LENGTH: 33mm

FLuTes: 3

DescRIPTION: HM90/05 D5
CoOMMENT: coated

MiNIMUM Z: -2mm HoLper: 100mm BT40
Maximum Feep: 500mm/min

MaxiMum SPINDLE SPEeD: 15000rpm

CuTTING DisTANCE: 1704.32mm

RAPID DISTANCE: 229.65mm

EsTIMATED CycLE TIME: 3m:28s

Operation 1/1

DescripTioN: 2D Contour7
STRATEGY: Contour 2D
WCS: #2

ToLeraNce: 0.01mm

STocK To LEAVE: Omm
MAXiMUM STEPOVER: 4.75mm

T27 D27 L27
MaxiMum Z: 15mm Type: flat end mill
MINIMUM Z: -2mm DIAMETER: 5mm
MaxiMum SpPINDLE SPeeD: 15000rpm LENGTH: 33mm
MaximMum FEEDRATE: 500mm/min FLUTES: 3
CUTTING DisTANCE: 1704.32mm DescripTION: HM90/05 D5
RaPID DisTANCE: 229.65mm CoMMENT: coated

ESTIMATED CYCLE TIME: 3m:28s
CooLanT: Flood




CORBELLATI
AUTOMOBILI

PROCESS ROUTE SHEET

Version - 2

Material: Copper

Part Name: COPPER PLATES
Part No: BO04
Blank: RECTANGLE SHEET

Op. | Machine

OPERATION DESCRIPTION

10 | HAAS VF-7

Drilling of holes for mounting

20 | HAAS VF-7

Shoulder milling of plate into shape

OPERATION 10 BUSBAR

Setup

WCs: #2

Stock:
DX: 349.99mm
DY: 40.75mm
DZ: 4mm

PART:
DX: 307.99mm
DY: 22.75mm
DZ: 4mm
SToCK LOWER IN WCS #2:
X: -174.99mm
Y: -20.38mm
Z: -4mm
STOoCK UPPER IN WCS #2:
X: 174.99mm
Y: 20.38mm
Z: Omm

Numser OF OPERATIONS: 1
Numeer OF Tools: 1
Toous: T3

MaxiMum Z: 15mm
MiNiMUM Z: -5mm

Total

MAxiMUM FEEDRATE: 475.089mm/min
MAxiMuM SPINDLE SPEED: 2375rpm

CuTTING DisTANCE: 18mm
RAPID DISTANCE: 325.46mm
EsTIMATED CyCLE TiME: 21S

T3D3L3

Type: drill

DIAMETER: 4.2mm

TiP ANGLE: 135

LENGTH: 50mm

FLuTES: 2

DescriIPTION: for m5 (4.2)

Operation 1/1
DescripTION: Drill2
STrATEGY: Drilling
WCs: #2
ToLerANCE: 0.01mm

Tools

MINIMUM Z: -5mm

Maximum FEeD: 475.089mm/min
MAXIMUM SPINDLE SPEeD: 2375rpm
CUTTING DISTANCE: 18mm

RAPID DiSTANCE: 325.46mm
EsTIMATED CYCLE TIME: 6S

Operations

T3D3L3

Type: drill

DIAMETER: 4.2mm

Tip ANGLE: 135

LENGTH: 50mm

FLutes: 2

DescripTiON: for m5 (4.2)

Maximum Z: 15mm

MINIMUM Z: -5mm

MAXIMUM SPINDLE SPEED: 2375rpm
MAXIMUM FEEDRATE: 475.089mm/min
CUTTING DIsTANCE: 18mm

RAPID DISTANCE: 325.46mm
EsTIMATED CycLE TIME: 6S

CootanT: Off

Y




OPERATION 20 BUSBAR

Setup

WCS: #2

SToCK:
DX: 349.99mm
DY: 40.75mm
DZ: 4mm

PART:
DX: 307.99mm
DY: 22.75mm
DZ: 4mm

STOCK LOWER IN WCS #2:
X: -174.99mm
Y: -20.38mm

Z: -4mm

STock UPPER IN WCS #2:
X: 174.99mm
Y: 20.38mm
Z: Omm

Total

NuMBER OF OPERATIONS: 3

Numeer OF TooLs: 2

Toois: T25 T27

Maximum Z: 15mm

MiNMuM Z: -5mm

Maximum FeepRraTe: 1400.564mm/min
MAxiMuM SPINDLE SPeeD: 12732rpm
CUTTING DISTANCE: 52656.26mm
RAPID DisTANCE: 1034.09mm
EsTiMATED CycLe Time: 1h:15m:43s

Tools

T25 D25 L25

Type: chamfer mill
DiaMeTER: 10mm
TAPER ANGLE: 45°
LENGTH: 50mm
FLutes: 2
DESCRIPTION: engrave

Minimum Z: -0.3mm

Maximum Feep: 1000mm/min
MaxiMum SPINDLE SPeeD: 9549rpm
CUTTING DISTANCE: 26.58mm
RAPID DISTANCE: 24.3mm
ESTIMATED CyCLE TIME: 35 (0.1%)

T27 D27 L27

Tyee: flat end mill
DIAMETER: 5mm

LENGTH: 44mm

FLuTES: 2

DescripTion: HM9/04 D5

MiNiMuM Z: -5mm

Maximum Feeo: 1400.564mm/min
MAXIMUM SPINDLE SPEeD: 12732rpm
CUTTING DISTANCE: 52629.67mm

RaPiD DisTance: 1009.79mm

EsTIMATED CycLE TiMe: 1h:15m:10s (99.3%)

HoLper: 100mm BT40

Operations

Operation 1/3
DescripTiON: Adaptived
STrRaTEGY: Adaptive
WCS: #2

ToLeERANCE: 0.1mm
Stock To Leave: Omm
MAXIMUM STEPDOWN: 1mm
OPTIMAL LOAD: 0.5mm
Loap peviaTion: 0.05mm

Maximum Z: 15mm

MiNniMum Z: -5mm

MaxiMum SPINDLE SPEED: 12732rpm
MaxiMum Feeprate: 1400.564mm/min
CutTiNG DisTANCE: 660.23mm

RaPID DisTANCE: 84.15mm

ESTIMATED CyCLE TIME: 485 (1.1%)
Cootant: Off

T27 D27 L.27

Tyee: flat end mill
DIAMETER: 5mm

LENGTH: 44mm

FLuTES: 2

DescripTion: HM9/04 D5

Operation 2/3

DescripTion: 2D Contourd
StraTEGY: Contour 2D
WCS: #2

ToLerance: 0.01mm

Stock To LEave: Omm
MaximMum sTEPDOWN: 0.5mm
MAXIMUM STEPOVER: 2.5mm

Maximum Z: 15mm

Minimum Z: -5mm

MaxiMum SPINDLE SPeeD: 6366rpm
MaxiMum FeeDRATE: 1300mm/min
CuTTING DisTance: 51969.44mm

RAPID DisTANCE: 925.64mm

EsTIMATED CycLE TIME: 1h:14m:22s (98.2%)
CootanT: Off

T27 D27 L27

Tyee: flat end mill
DIAMETER: 5mm

LENGTH: 44mm

FLutes: 2

DescripTion: HMS8/04 DS

Operation 3/3
DescripTion: 20D Contour11
Strateay: Contour 2D
WCS: #2

ToLerance: 0.01mm
Stock 1o LEave: Omm
MAXIMUM STEPOVER: 9.5mm

Maximum Z: 15mm

Minimum Z: -0.3mm

Maximum SPINDLE SPeeD: 9549rpm
Maximum Feeprate: 1000mm/min
CuTTING DISTANCE: 26.58mm
RAPID DISTANCE: 24.3mm
ESTIMATED CyCLE TIME: 35 (0.1%)
Cootant: Off

T25 D25 L25

Tvee: chamfer mill
DiameTer: 10mm
TAPER ANGLE: 45°
LengTH: 50mm
FLuTES: 2
DESCRIPTION: Engrave
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9 APPENDIX C 400V BATTERY COMPONENTS DRAWING
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Figure 81 400V battery Drawing



