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Battery manufacture: Process and equipment 
From the process diagram below (figure 2), a more detailed study on each equipment needed 

for battery manufacturing was done. Calculations were based on a daily production of 10 000 

cells per day (value estimated according to SAFT AB production). The process is a batch and the 

cost estimation was mainly based on supply companies. 

Due to the power requirements of the battery, a large number of cells is needed. Therefore, it 

was chosen to manufacture a pouch cell in order to save up space when stocking them together. 

Contamination between anode and cathode materials ruins the battery, so great care must be 

taken to prevent these materials from getting in contact with each other. Therefore, anodes 

and cathodes are usually processed in different rooms, which means that even if the same 

equipment is used to produce both electrodes, more than one equipment is needed in the 

production line.   

Figure XIII. Process flowchart. 
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Step 1: Cathode and Anode activation 
Furnace 
Purpose: Sinter raw active material. 

Sintering is the process of compacting and forming a solid mass of material by heat and/or 

pressure without melting it to the point of liquefaction. 

Atoms in the materials diffuse across the boundaries of the particles, fusing the particles 

together and creating one solid piece. It is done in order to impart strength and integrity to the 

particles [2].  

Solid sintering that the graphite anode suffers is shown in Erro! Fonte de referência não 

encontrada.. 

Figure XIV. The three stages of solid state sintering: left: initial stage, centre: intermediate stage, right: final stage 
[3]. 

Equipment Characteristics 

Table II. Furnace specifications. [4] 

Furnace Construction 

 Double shell casing with three cooling fans 
 High purity Alumina fibrous insulation for max. energy saving 
 Gear DC motor drives quartz tube with variable speed 0 - 7 RPM 
 The furnace can be tilted up to 35° by electric lift 
 Split cover enable faster cooling and easy operation 

Heating Zone length 
 One zone: 16" (400 mm) 
 Constant temperature zone: 120 mm within +/-1°C 

Processing tube & Sealing 
Flange 

 Fused quartz processing tube 
 One pair of 60mm SS sealing flange with needle valves and 

rotable gas connector  is included for immediate use 

Gas Fittings 
 Inlet Fitting: Elbow Push-in connector for 6mm O.D tube 

 Outlet Fitting:  Elbow Push-in connector for 12mm O.D tube 

Maximum Working 
Temperature 

1100°C for continuously 

Temperature Uniformity +/- 1°C in heating Zone 

Tube rotating Speed 0 - 7 RPM variable 

Furnace tilt angle 0 - 30° 

Max. Vacuum level 
4.5x10-2 torr (<0.1mtorr/s leaking rate if close all the valves to 
airtight the tube chamber) 

Production yield 2 kg per batch 

Power 2.5 KW Max 

12 

Voltage 208 - 240V single phase (20 A Breaker required) 

Figure XV: Single zone rotary tube furnace. [4] 

Process 

Raw graphite enters the furnace and sintered material is collected. This process is not necessary 

for silicon nano wires or nanoparticles of LiFePO4, since the nano structure already provides the 

desired strength and integrity. 

Cost [4] 

 Purchase: $ 25 255,00 

Milling Machine  
Purpose: Mill the sintered material. 

Milling is characterized as reducing a material into smaller particles. For the battery it is done to 

prepare the anode or cathode material to be mixed with the other components. 

Equipment Characteristics 

Table III. Mill specifications. [4] 

Type Ball Mill 

Size reduction principle impact, friction 

Material feed size < 5 mm 

Final fineness < 80 nm 

Speed at 50 Hz (60 Hz) 300 - 2000 min-1 

Drive power 2600 W 

Power consumption ~ 3100W (VA) 

figure 14.
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Figure XV: Single zone rotary tube furnace. [4] 
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Figure XVI: Ball Mill. [4] 

Process 

Sintered graphite enters the mill and small particles of the product are collected to be used in 

assembling the cell.  

Cost [4] 

 Purchase: $ 5 671,00 

Step 2: Electrode Sheet Preparation 

Mixer 

Purpose: mix active, conductive and binder material into paste in vacuum. 

A vacuum mixer is used for a high accurate mixing, not depending on the environmental 

conditions [5]. For battery production, a high accuracy is desired, once a poorly mixed material 

for the electrodes can cause great variations on the energy storage capacity and life cycles. 

Paste mixing means blending together solid and liquid materials in order to form a paste. This 

paste is the most important component in the battery, the positive and negative electrodes. 

Equipment Characteristics 

Table IV. Mixer specifications 

Features 
 5-liter, 304 stainless steel container with dual layer water cooling jacket. 

 Advanced sealing mechanism helps maintain vacuum pressure up to 12 
hours. 

Input Power 
Requirements 

208-240VAC single Phase, 50/60 Hz 

Motor Output 750 W ( 1 Hp) 

Rotor Rod Speed 0 -1400 RPM variable 

Mixing Blade 
Speed 

10 - 110 RPM adjustable 

Lifting 
Mechanism 

Electric motor (no air compressor or pump needed) 

Vacuum Pump 
 Single Step Rotary Vane Vacuum Pump with advanced exhuast filter 
 Vacuum gauge is built in with minimum vacuum level -0.1 MPa 

Container Size 270mm O.D. x 210mm I.D. x 230mm H 
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Figure XVII: Vacuum mixer. [4] 

Process 

Active material for the anode (graphite or silicon nanowire) along with CMC (carboxymethyl 

cellulose) a thickening and anti-precipitant agent, SBR (Styearene-Butadiene Rubber) used as a 

binder, Super P (Conductive Carbon Black) a conductive additive and deionized water are added 

in the mixer and a paste is collected. 

For the cathode, nanoparticles of LiFePO4 are mixed with PVDF (Polyvinylidene fluoride) a 

binder, Super C-45 (Conductive Carbon Black) a conductive additive and NMP (N-

Methylpyearrolidone) a solvent. 

For both positive and negative electrodes the mixing should provide a homogeneous distribution 

of components and prevent dissolution or breakup of the particles in order to guarantee good 

electrochemical properties of the battery.  

Cost per mixer [4](2 equipment are needed) 

 Purchase: $ 6 271,00 

Coater attached to heater  

Purpose: coat the paste to current collector and dry it. 

Coating is a covering that is applied to the surface of an object. 

For the battery, a positive and a negative current collector are used. The positive is made of 

aluminium and the negative is made of copper. The role of these current collectors is to transfer 

electric current to and from the battery terminals during discharge and charge processes, and 

once coated with the paste, are referred as positive and negative plates [6].  

The drying process is necessary to prevent any moisture in the electrodes. If water is present, 

the number of cycles can reduce significantly, once the moisture interferes in the attachment of 

the paste in the collector. 
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Equipment Characteristics 

Table V. Coater specification. [4] 

Working Voltage 110VAC, 50/60Hz, single phase 

Max. Power Consumption 3 KW 

Coating Speed 0-750 mm / minute 

Max. Drying Temperature 150°C 

Heating Zone Length 710mm (28") 

Max. Coating Length  Depending on coating and substrate thickness. 
 Typically, 10um thick foil with 100um coating can 

get 600 meters of electrode length coated per run 

Product Dimensions 1750mm ( L) x 950mm (W) x 1060mm (H) 

Figure XVIII.Roll to roll coater attached to heater. [4] 

Process 

The cathode paste collected from the mixer is coated in an aluminium foil and this foil proceeds 

to the heater. The same occurs to the anode paste, but a copper foil is used instead. 

Cost [4] 

 Purchase: $ 65 000,00 

Rolling Press (Calender) 

Purpose: roll the electrode to proper thickness. 

The electrode thickness and homogeneous distribution on the collector are very important for 

the battery parameters, such as rate capability, energy and power density and long-term cycling. 

There is a severe capacity loss at higher rate for thicker electrodes as well as a significant loss of 

power density and deterioration of long-term cycling performance. A non-homogeneous 

distribution causes a high-density area that charges and discharges faster, reducing considerably 

the number of cycles of the battery [7]. 
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Compressing the electrode minimizes the porosity therefore increase the power density.

Equipment Characteristics 

Table VI. Calender specifications. [4] 

Working Voltage  208 - 240 VAC, 50/60Hz, Single Phase 

Max. Power Consumption 2KW 

Rollers (one pair) 

 Dimensions: 200mm(Dia.) x 330mm(W) 
 Material: HRC 60-62 
 Effective Rolling Width: <250mm 
 Ra: 0.8um 

Press gap 
 0.050 - 1 mm adjustable by dual micrometer knobs 
 Tolerance: 0.003mm 

Motor & Rolling Speed 
 550W AC motor with frequency speed controller 
 Speed range:  1.0-  6.0 Meter /Minute adjustable 

by by Touch Screen Control Panel 

Press Planeness ±0.003mm 

Pressure Control 
 Pressure load: 1 – 25 T adjustable by digital control 
 Digital Pressure Gauge with RS-232 PC Port to show 

and record pressure change 

Compressed air >60 PSI required 

Product Dimensions 1200mm(L) x420(W) x 800(H) 

Figure XIX: Calender. [4] 

Process 

The coated films enter the calender and the rolling press works to guarantee homogeneous 

coating thickness from 150 to 300 μm. A deviation from 1 to 2 μm is acceptable. 

Cost [4] 

 Purchase: $ 13 000,00 

Step 3: Cell assembly 

Slitting Machine 

Purpose: to slit electrode sheet to strip. 



8 

It is a shearing (die cutting) operation used to adjust both cathode and anode to the desired 

shape. 

Equipment Characteristics 

Table VII. Slitting machine specifications. [4] 

Working Voltage Power supply: Single-phase 220V, 50/60Hz 

Max. Power Consumption 400W 

Cutting Blades Blade Diameter: 100mm 

Cutting Width 30 - 300mm  

Cutting Thickness 10 - 300 um 

Cutting Speed 1 - 5 m/min 

Product Dimensions 100x85x80 cm 

Figure XX. Slitting machine. [4] 

Process 

A punch is used to push the electrode against the die, which is fixed. The die must be designed 

so that it efficiently cuts the desired material with minimal waste. 

Cost [4] (2 equipment are needed) 

 Purchase: $ 11 000,00 

Winding Machine 

Purpose: to wind strips in form of anode + separator + cathode  

Equipment Characteristics 

Table VIII. Winding machine specifications. [4] 

Winding Speed 0-250 rpm 

Winding Blade Dimensions: 110x35 mm 

Working Voltage 220V, 50/60Hz 

Power 25W 

Product Dimensions 450x310x170 mm 
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Figure XXI. Winding machine. [4] 

Process 

Separator is folded in two parts and anode is attached between two polyethylene separator 

parts. They are attached to the machine and one complete rotation is done. Then cathode is 

attached above the separator and the machine spins until everything is wrapped. 

Cost [4] 

 Purchase: $ 3 600,00 

Ultrasonic welding machine 

Purpose: to first weld current collector and then tab it together with the electrode. 

Equipment Characteristics 

Table IX. Ultrasonic welding machine specifications. [4] 

Input Voltage 220V, 50/60Hz 

Max. Power Consumption 800W 

Welding Area 5mm(L) x 5mm(W) 

Ultrasonic Frequency Self-adjustable frequency up to 40K Hz 

Product Dimensions  Controller: 481x188x375 mm 
 Welder: 513x220x275 mm 
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Figure XXII. Ultrasonic welding machine. [4] 

Process 

In an ultrasonic welding machine, high-frequency ultrasonic acoustic vibrations are locally 

applied to work pieces being held together under pressure to create a solid-state weld. 

The benefits of ultrasonic welding are that it is much faster than conventional adhesives or 

solvents. The drying time is very quick, and the pieces do not need to remain in a jig for long 

periods of time waiting for the joint to dry or cure. The welding can easily be automated, making 

clean and precise joints; the site of the weld is very clean and rarely requires any touch-up work. 

The low thermal impact on the materials involved enables a greater number of materials to be 

welded together. 

Cost [4] 

 Purchase: $ 22 000,00 

Shortcut detector 

Purpose: to test if the cell has short-circuit.  It can be used through different temperature and 

pressures. 
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Equipment Characteristics: 

Table X. Shortcut detector specifications. [4] 

Measuring Method AC 4 terminals 

Voltage Voltage Measurement 0～20V 

Precision 0.1% 

Resistance Resistance 
Measurement 

20mΩ\200mΩ\2000mΩ  Auto/Mannual Switch 

Precision 0～200mΩ 1% 

201mΩ～2000mΩ 3% 

A/D 12 Digits SAR Comparing 

Testing Sampling Frequency 1KHz 

Sampling Rate 1000 times/S 

Current < AC 20mA 

Response Refresh 5 times/S 

Comparator On/Off (Mannual) 

Number of Comparator 10Sets 

Data Storage 100,000 Entries 

Calibration A 100 mOhm Resistor in Standard Package for Calibration 

Dimension W*D*H: 120*75*25(mm) 

Weight 200g 

Suggested Environment 10℃~ 40℃ in temperature and 30% ~ 80% RH in Humidity 

Figure XXIII. Wattmeter. [4] 

Process 

The purpose of a short-circuit test is to determine the series branch parameters of the 

equivalent circuit of a real transformer. It is conducted on the high-voltage side of the 

transformer and the low-voltage side is short circuited, which means that a voltmeter, ammeter 

and wattmeter are on the high-voltage side of the circuit. 

The supply voltage required to circulate current through the transformer is usually very small. 

Also, the core losses are very small because applied voltage is only a few percentage of the 

nominal voltage and hence can be neglected. Thus the wattmeter reading measures only the 

full load copper loss, which gives values approximately equivalent to the resistance and  

reactance of the transformer. It is estimated that 0.5% of the electrodes are recycled. 



12 

Cost per equipment [4] 

 Purchase: $598,00 

Vacuum oven 

Purpose: to dry the cell if it has no short-circuit. 

Equipment Characteristics 

Table XI. Vacuum oven specifications. [4] 

Chamber and 
Door 

 The chamber is structured with stainless steel and 
welded with bracing pieces. 

 Inner Chamber size: 415x345x370 mm 
 Oven size: 710x560x550 mm 
 Capacity: 53 liter 
 Silicone door gasket and positive latch door. 
 Observation window consists of inner tempered 

glass and outer transparent polycarbonate shield 

Power 
 208-240V 
 1500 W (15A air breaker required) 

Working 
Temperature 

 T ~ 200°C for continuous 
 200°C ~ 250°C for <4hrs 
 Maximum Heating Rate: 4~6 ºC/min 

Vacuum Level  A vacuum pump required to operate the oven 

Figure XXIV. Vacuum oven. [4] 

Process 

Vacuum ovens have several advantages towards to regular ovens: 

- No oxidation due to low oxygen content. 

- Consistent and gentle drying. 

- Reduced risk for operators because hazardous gases can be trapped rather than vent into 

surrounding air. 

Cost [4] 

 Purchase: $ 1 900,00 



13 

Step 4: Case formation and sealing 

Cup forming machine 

Purpose: punch cup-shape and gas receiver on aluminium lamination sheet and then place cell 

into the cup. 

This sub-step defines the shape of the cell. An improper shape can cost millions in lost 

production and sometimes even cause accidents. Thus, the cup must directly match the 

electrodes. 

Equipment Characteristics 

Table XII. Cup forming machine specifications. [4] 

Air Pressure Requirement ≥0.6MPa 

Working Voltage 110 - 240V AC, single phase 

Max. Power Consumption 200 W 

Max. Cup Depth to Punch < 6.0 mmr  

Product Dimensions 600mm(L) x 450mm(W) x 1300mm(H) 

Figure XXV: Cup forming machine. [4] 

Process 

A polymer case made of is prepared to receive the electrodes. The dimensions are 60 mm X 

25mm X 104mm 

Cost [4] 

 Purchase: $ 3 800,00  

Heating Sealer 

Purpose: seal the top and shorter side after the double-up. 

The pouch cell must be well sealed in order to prevent leakage of electrolyte, which could cause 

an accident. 
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Equipment Characteristics 

Table XIII. Heating sealer specifications. [4] 

Power Supply 100V or 220V 50/60Hz 

Sealing Length 370mm Max. 

Sealing Width 6 mm (Can be customized up to 10mm upon request 
with an extra charge of $1000) 

Sealing Thickness 0.19 - 0.3 mm 

Die Opening 25mm *(140mm back clearance) 

Max. Power 900W 

Sealing Pressure 0 - 0.7 MPa (0 - 99 psi) –compressed air 

Sealing Temperature 50 - 300 °C adjustable with controlling accuracy +/-2 °C 

Air Consumption 0.09 L / Sealing 

Application Notes  Upper Heating Blade Temperature: 200°C 
 Lower Heating Blade Temperature: 180°C 
 Pressure: 40 psi 
 Duration: 3 seconds         

Product Dimensions 550mm(L) x 350mm(W) x 523mm(H) 

Figure XXVI: Heat sealer. [4] 

      

Figure XXVII. Sealing Process. [4] 

http://www.mtixtl.com/images/products/detail/DSC_0198.jpg
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Process 

The electrode is put inside the aluminium laminated film cup. Since this film is a thermoplastic, 

it can be sealed using heat. Top and lateral sides are sealed leaving one side open to receive the 

electrolyte. 

Cost [4] 

 Purchase: $ 4 600,00 

Dry room 

Purpose: to provide a safe environment to work with the electrolyte. 

The dry room is used in order to achieve a low water and oxygen concentration (lower than 

1ppm), providing an ultra-clean and highly purified gas environment.  This pure environment is 

necessary for the battery to have a good performance and also to avoid accidents involving the 

electrolyte. 

Dry room structure and layout [8] 

 Wall & Roof Panels 
Constructed of 3” thick rigid board form isocyanurate urethane or polystyearene with 0.032” 
smooth tempered aluminium skins bonded to each side of the foam core with a two part epoxy.  

 Panel Fastening System 
All 90º corners and edges of the panels shall be sealed with silicone to prevent air and moisture 
infiltration along cracks.  

 Floors 
Floors shall consist of the existing surface covered with an appropriate conductive, vapor barrier 
material, to eliminate static electricity.  

 Doors & Airlock 
Standard doors shall be built of the same panel construction as the walls, a viewing window 
must be included in each door. The door perimeter and frame shall be made of anodized 
aluminium with double gasketing on three sides and a wiper gasket seal on the bottom. An 
airlock or room vestibule shall be included to prevent moisture infiltration.  

 Design 
The dry room conditioning system shall consist of the following major components assembled 
to provide continuous dewpoint and temperature control: (a) Rotary wheel desiccant 
dehumidifier, (b) air or water cooled condensing unit(s) utilizing Copeland semi-hermetic 
compressors, (c) cooling coils, (d) centrifugal airfoil fans, (e) filters. 

Humidity and Temperature are the two parameters that must be controlled and recorded. 

 Air Distribution 
The air circulation and air distribution system shall be uniform throughout the room utilizing a 
tee-grid plenum ceiling with metal perforated air distribution ceiling tiles and fire-rated fissured 
filler tiles. 

 Lighting 
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Interior troffer-type fluorescent lighting shall be included to provide 70-footcandles evenly 
distributed throughout the room. 

 Specifications [9] 
150 m2, capacity for 6 people. 
-40 ˚C Dew Point on Return. 
Interior temperature range: 22-25°C 
<1% to 10% Relative Humidity

 Layout 

Figure XXVIII. Dry room. [8] 

Figure  Description 

A 
Return air plenum wall & barrier eliminates high moisture areas by sweeping air across 
the entire room. 

B Makeup air duct. 

C 
Reactivation exhaust through building wall or roof.  Can provide low grade heat in the 
winter. 

D 
Redundant D/H system can provide 50% to 100% system backup for production dry 
rooms. 

E 
Dehumidification system with desiccant wheel and all heating/cooling for dry 
room.  All systems use double wall construction with double wall access for controls 
and valves.  This eliminates leakage at piping connections. 

F 
Water cooled condensing unit piped to remote dry cooler.  Air cooled remote units 
and screw compressor systems are also provided. 

G All welded aluminium ducting to prevent moisture infiltration or leakage. 

H Modular wall panels with smooth white aluminium skin on both sides. 

I Airlocks for personnel entry/exit and gowning when also a clean room. 

J 
Dry air supply ducts to machine enclosures for provision of ultra-dry air to critical 
processes. 
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Figure XXIX. Dry room design. [8] 

Use 

All the following equipment until the analyser should be inside the dry room for safety. 

Cost 

 Purchase: $ 20 000 000 [10] 

 Operation Cost: $ 200,00/hour [9] 

Digital Dispenser 

Purpose: fill the cell with the electrolyte. 

Equipment Characteristics 

Table XIV. Digital dispenser specifications. [4] 

Precision Precision of 3 decimal places below 20mL.  

Protection To protect light-sensitive media, the installed clear cylinder inspection windows 
can be easily replaced with the supplied clip-on amber-colored windows 

Operation The large hand wheels provide smooth, precise control from rapid to dropwise. 

Operating 
limits 

 Temperature of instrument and reagents must be between 15º and 40º C  
 Vapor pressure up to 500mbar 
 Viscosity up to 500 mm2/s 
 Altitude: Maximum 3000m above sea level 
 Relative humidity: 20% to 90% 

Figure XXX. Digital dispenser. [4] 
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Process 

This equipment is located inside the dry room. The two sides sealed cell is filled with 12.912 g or 

9.86 mL of LiPF6 1M in Propylene Carbonate (electrolyte). 

Cost [4] 

 Purchase: $ 948,00 

Vacuum standing box 

Purpose:  to remove air from the electrolyte after it's been injected into the polymer Li-ion cell. 

The electrolyte containing Li+ ions after the battery activation reacts exothermically with air. 

Therefore it is of high importance that all air is removed from the cell before it is activated. 

Equipment Characteristics 

Table XV. Vacuum box specifications. [4] 

Inner Chamber Size 356mm(L) x 378mm(W) x 316mm(H) 

Power Supply 110-240 V, Single Phase 50/60Hz 

Max. Power 50W 

Compress Air ≥0.6Mpa, ≦1.5Mpa 

Chamber Body 12mm thick Aluminium case with observation window 

Vacuum Level  Vacuum condition remains stable, vacuum degree and vacuum 
circulation times can be set independently 

 Vacuum mode (once or twice) can be selected 

Air Inflation Time 0 - 99.99 sec 

Vacuum Condition 
Hold Time 

0 - 99.99 sec 

Operation 
Temperature 

-20 to 40 ℃ 

Vacuum Level A vacuum pump is required 

Figure XXXI. Vacuum standing box. [4] 

Process 

The cell filled with the electrolyte is put in vacuum and all air is removed from it. After this step 

it is ready to be sealed. 

Cost [4] 

 Purchase: $ 6 700,00 
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Vacuum sealer 

Purpose: to seal longer side under vacuum. 

Equipment Characteristics 

Table XVI.Vacuum sealer specifications. [4] 

Max. Sealing Dimensions 200mm(L) x 150mm(W) 

Edge Sealing Width 5mm 

Product Dimensions  Sealing Unit with Chamber Closed: 470mm(L)x430mm(W)x480mm(H) 
 Sealing Unit with Chamber opened: 470mm(L)x430mm(W)x559mm(H) 
 Control Unit: 420mm(L) x 320mm(W) x 220mm(H) 

Power Supply 110V or 208-240V selectable, Single Phase 50/60Hz 

Max. Power 600W  

Vacuum Level -90 kPa Max. 

Sealing Pressure  0~7Kg/cm² adjustable: Vacuum chamber lid and sealing die need to be 
drived by compressed high purity inert gases with 60 psi  

Sealing Temperature 50 - 250°C adjustable with control accuracy of  +/-2°C 

Heating Timer 0 - 99 seconds Adjustable 

Vacuum Level A vacuum pump is required  

Figure XXXII. Vacuum sealer. [4] 

Process 

This equipment must be inside the dry room.  

Still under vacuum to avoid air going inside the cell, the pouch is sealed leaving a gap between 

the end of the electrode and the sealing, this is done for safety during the cell activation once 

this process generates some gases. This space prevents the cell to explode with the gas pressure. 

Figure XXXIII. Gas receiver in a cell. [4] 



20 

Cost [4] 

 Purchase: $ 7 000,00 

Battery Analyser (“Cycler”) 

Purpose: to charge and discharge the cell to battery formation and remove the useless gas 

generated by chemical reactions. 

By charging and discharging, the cell it is activated. In the first 50 cycles, gas is liberated, mainly 

due to residual solvents in the battery and must be removed from the cell for an optimal 

performance. 

Equipment Characteristics 

Table XVII. Battery analyser specifications. [4] 

Electricity requirement 110V AC or 220V AC selectable for universal use 

Power Consumption 200W 

Current  Range: 6.0mA – 3000mA 
 Accuracy: ±(0.05% of reading + 0.1% of range) 

Voltage  Range: 0 - 5V programmable 
 Accuracy: ±(0.05% of reading + 0.1% of range) 

Data register conditions Time interval: 1 - 900s 

Max. measurement cycles 9999 cycles 

Test Reports and Curves 
for analysis 

 Different types of curves can be created by software base on 
user definition. (Voltage-time curve, current-time curve, 
capacity-voltage curve, loops times-charge/discharge capacity 
curve, loops times-charge/ discharge efficiency curve) 

 Data reports are created by software. User can easily compare 
the performance of the batteries tested in channels both 
visually and statistically 

Figure XXXIV. Battery Analyser. [4] 
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Process 

This equipment must be inside the dry room. Cells are fabricated in a fully discharged condition, 

therefore they must be charged with high current for EV batteries. Around 50 cycles are run in 

order to remove the gas and see if the cell is functioning. Cells that are unable to hold charge 

are considered unsuitable and send to recycling. It is estimated that 0.5% of the cells are 

considered damaged at this stage. 

Figure XXXV. Gas removal from the cell. [4] 

Cost [4] 

 Purchase: $ 4 100,00 

Vacuum sealer  

Purpose: final sealing on the cutting edge under vacuum. 

Equipment Characteristics 

Same equipment as the one before the analyser. 

Process 

This equipment must be inside the dry room. The gas receiver is cut out and the cell is sealed, 

now the cell is complete. 

Step 5: Performance testing 

Battery Analyzer (“Cycler”) 

Purpose: test the cell performance 

Voltage, current, capacity-voltage, loops times-charge/discharge capacity, loops times-charge/ 

discharge efficiency are tested. 

Equipment Characteristics 

The same equipment before cutting the gas receiver is used. 

Process 

Cells are conditioned and tested (times up to about three weeks); they are charged, left on the 

test stand for several days, and then discharged; this cycle is repeated four times to verify the 
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product quality. The amount of energy used for this is not significant, but a fire hazard could 

exist due to the large inventory of batteries being tested. In average 1% of the cells present 

problems. 

Impedance tester 

Purpose: to measure the cell’s internal resistance. 

When the power source delivers current, the measured voltage output is lower than the no-

load voltage; the difference is the voltage drop (the product of current and resistance) caused 

by the internal resistance. The concept of internal resistance applies to all kinds of electrical 

sources and is useful for analysing many types of electrical circuits. 

Equipment Characteristics 

Table XVIII. Impedance tester specifications. [4] 

Continuity 20/200Ω 200mA

Test Current Insulation 500/1000V, 20/200MΩ 1mA

Loop Impedance 20/2000Ω 15mA Test Current at 2000Ω 

RCD 10/30/100/300/500mA 

Voltage 100 V 

Figure XXXVI. Impedance tester. [4] 

Process 

After guaranteeing the cell performance with the analyser, the internal resistance is measured 

to see if the cell can work when supplying the desired voltage (3.3 V). [11] Around 0.1% of the 

cells are not approved.  

Cost [4] 

 Purchase: $600,00 

Step 6: Assemble the battery 

This step is not done by an equipment, but mannually. The operator is responsible to connect 

all the cells in parallel and series. 115 cells in parallel and 15 in series, total of 1725 cells to 

achieve the capacity of 27.5 kWh and the voltage of 48 V per set.  

The battery box is composed of the following materials: ground tire carcass, 15 parts; used tire 

fabric derubberized and ground, 7 parts; wax, 7 parts; carbon black, 1 parts; siliceous material, 

30 parts; blown asphalt, 22% parts; and gilsonite, 16 parts. [12] 
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To connect the cells a silicone jacked copper wire (Gauge 26) is used. 

Both the wires and the battery box are not considered in this production process, so they must 

be purchased. Around 180 m is needed per battery. 

Cost [4] 

 Battery box: $ 8,00 each 

 Wire: $ 1,50 per meter 

Supporting equipment 

Vacuum Pump 

Purpose: set the desired equipment in vacuum  

Equipment Characteristics 

Table XIX. Pump specifications. [4] 

Voltage / Frequency AC 110V  

Rate (m3/h) 13.6  (8.0 CFM),  226 liter / m  

Maximum Pressure (mbar) 6.7x10-4   

Power (HP) 3/4HP  550W 

Working Temperature -5 ~ 60 0C 

Figure XXXVII. Vacuum Pump. [4] 

Cost [4] 

 Purchase: $4346,00 


