
Adding Value - The Role of the Pack Maker 
 

Using a custom pack maker puts a specialist team at your disposal, provides you 
with a cost effective product and gives you one less problem to manage. 
 
The Need for Battery Packs 
 
The purpose of a battery pack is to provide a convenient integrated power source for 
a portable application. The pack may fulfil several functions:- 

• It enables higher voltage or higher capacity batteries to be built up from 
standard low voltage, low capacity cells. 

• It houses a cell or a bank of cells together with the associated 
interconnections in a single convenient pack. 

• It accommodates any necessary monitoring and electronic protection devices 
or circuits within the pack. 

• It can accommodate additional circuitry such as indicator lights, heaters and 
solar panels. 

• It matches and meshes with the cavity in the product which the battery is 
intended to power providing both electrical and mechanical interfaces.  

 
The Applications Engineering Task 
 
There’s much more to designing or procuring suitable battery packs than meets the 
eye.  
 
Electrical and Mechanical Specifications 
The first obvious step is to specify the voltage and the current drains required by the 
proposed application. The current drain however is rarely constant and the load 
profile must be taken into account to ensure that the battery is capable of delivering 
the peak currents expected. This needs an intimate knowledge of both the 
application and of battery performance capabilities. 
Once the load profile has been specified, the average current consumption can be 
determined and the required battery capacity in Amphours can be calculated from the 
average current and the required time between charges (or the battery lifetime if 
primary cells are to be used). 
In addition to the electrical specification of the battery, there will also be mechanical 
requirements. It must fit into the space allocated for it in the application it is destined 
to power. The weight, volume and shape must be specified. Conversely the designer 
may wish to specify the battery first, and use the battery specification to determine 
the dimensions of the cavity needed to accommodate it. 
 
Battery Selection 
Once the battery specifications have been agreed the engineer can start the job of 
finding a suitable battery. With such an immense range to choose from, there are 
many options to consider. The list below is not arranged in any particular order of 
importance. That depends entirely on the requirements of the application and the 
priorities of the end user. 
 
Multi-cell configurations: The individual cell voltage of the cells making up the battery 
is fixed by the cell chemistry. High voltages may be achieved by a series chain of 
many low cost, low voltage cells such as Nickel Cadmium or Nickel Metal Hydride 
cells which provide 1.2 Volts, or alternatively by a chain using a few high cost higher 
voltage cells such as Lithium Ion which deliver 3.6 Volts. High capacities can be 
achieved either by using larger or high cost high capacity cells or parallel chains of 



low cost low capacity cells. While using larger numbers of low cost cells may provide 
lowest cell cost, this advantage may be lost when the cost of interconnections and 
protection circuits is taken into account. 
 
 
Cell chemistries: Over the years many different cell chemistries have been 
developed to optimise some specific characteristic, or sets of characteristics, of cell 
performance such as those shown below.  

• Power 
• Capacity 
• Cell voltage 
• Cycle life 
• Shelf life 
• Temperature range 
• Internal impedance 
• Safety 
• Tolerance to electrical abuse 
• Reliability 
• Weight 
• Volume 
• Cost 

 
Trade offs have to be made to achieve the optimum solution for the application. For 
example lead acid batteries are chosen for automotive applications because they 
provide high power and high capacity at low cost. Lithium batteries provide much 
higher capacity and power in the same size package as lead acid batteries but are 
much more expensive and thus ruled out for high volume automotive use until the 
cost comes down. Lithium rechargeable batteries are however ideal for powering 
laptop computers and mobile phones because they provide high capacity in a very 
small, light package for which customers are prepared to pay a premium. Neither of 
these solutions is suitable for implanted batteries used in heart pacemakers which 
would be inconvenient to recharge and which therefore require primary cells with 
extremely long and reliable life. Low power Lithium primary cells, optimised for 
capacity, low self discharge and high reliability were developed specially for this 
purpose. These are perhaps extreme examples but there are many possible 
variations in between. Having so many cell chemistries to choose from gives the 
pack designer the luxury of many alternatives to achieve the most cost effective 
solutions. 
 
Cell construction: Besides cell chemistry, there are also trade offs to be made with 
alternative cell constructions. 

• Power 
• Capacity 
• Reliability 
• Tolerance to mechanical abuse 
• Shape and dimensions 
• Cost 

Even within the same cell casing, the shape and thickness electrodes and the space 
allowed for electrolyte can be changed to provide high power or high capacity. 
 
The possible battery choices are almost endless. There are easy solutions and there 
are optimum solutions. Which one do you think your competition will choose? 
 
 



Design of Protection Circuits  
Many battery designs need protection circuits to protect the cells from potential 
damage due to out of tolerance conditions. This may be over or under voltage, over 
currents or excessive temperatures. The scope and design of the protection required 
depends on the cell chemistry, the application and the expected working environment. 
For most applications these protection circuits will be custom designs which must be 
incorporated into the battery pack. 
 
Integration with the charger design 
Because different cell chemistries require different charging schemes, it is important 
to specify a compatible charger at the same time as the battery. Battery life can be 
maximised by using intelligent charging systems in which the charger is designed to 
respond to signals from the battery indicating its vital signs such as the state of 
charge and its temperature. If this capability is required it must be built into the 
battery pack along with the protection circuits. Using an inappropriate charger can 
permanently damage the battery. 
 
Integration with the product design 
The battery pack must also be designed to integrate with all the forms and functions 
of the proposed application. 
 
Ancillary Functions: Battery packs are often required to report their status either to 
the user or to the application which it powers. This may simply be indicator lights 
which come on when temperature, time, voltage or current limits are reached or it 
could be a signal representing the State of Charge of the battery. In the other 
direction the application may send a signal to the battery to trigger the protection 
circuit. 
 
Battery packs may also include thermal management functions which extend the 
operating temperature limits of the battery. The lower limit can be extended by 
incorporating heaters into the pack. High powers can be accommodated by turning 
on forced cooling when the battery temperature approaches its upper limits. 
 
For convenience the battery pack may also incorporate other circuit functions such 
as solar panels which are designed to keep the battery fully charged. In this case the 
battery pack must also include the necessary charge control functions normally found 
in the charger. 
 
Software Design: Keeping all these functions working together is usually the job of 
embedded software. 
 
 
Electrical Interfaces: Apart from the terminals carrying the power to the application, 
the pack must provide contacts for each of the functions requiring communications 
with the outside world. The design of these contacts needs to take into account, the 
magnitude and frequency of the current to be carried, the contact resistance, the 
spring force, the insertion force the voltage and insulation between the contacts as 
well as the maximum temperature of the battery. 
For some applications special precautions must be taken against conducted radio 
frequency interference on the conductors connected to the contacts. In these 
applications the battery enclosure also needs to be EMC proof. 
 
 
 
 



Mechanical Design:  
Battery packs may be fully enclosed within the product for which they provide the 
power. In such cases a simple plastic frame or even shrink wrap may be sufficient to 
hold the cells together. In many products however the battery enclosure may form 
part of the product casing, in which case the plastic housing must match in colour 
and texture the plastic of the product. Usually these packs will incorporate some form 
of mechanical latch to hold the pack in place. It is not unusual that the plastics for the 
pack are manufactured by different suppliers and strict controls must be implemented 
to ensure the compatibility between the product casing and the battery pack is 
maintained. 
Higher power batteries are often self standing and require more robust casing. 
Plastic, glass or steel are often used in such instances. 
In higher power applications, some cell designs are subject to swelling of the case 
and allowances must be made in the pack design to permit or control this swelling. 
For very high powers it may also be necessary to incorporate cooling fins or cooling 
ducts for forced air or liquid cooling. 
 
Innovative design of the plastic parts is fundamental to keeping the costs down. They 
should use a minimum of materials, they may be designed as insert mouldings which 
incorporate the contacts and some of the interconnections between the cells to 
minimise assembly costs. A variety of joining methods such as click fitting parts, heat 
staking and ultrasonic welding also contribute to cost effective solutions. 
 
The mechanical design also includes the design and commissioning of the moulding 
and stamping tools necessary to produce the parts. 
 
Production engineering 
Production engineers also play a part in the design process, using their expertise to 
optimise the design for manufacturing. They also start the process of designing and 
making automated assembly and test equipment as well as all the jigs and fixtures 
necessary for manufacturing the product. 
 
Component qualification 
Once suitable components have been chosen for the design, the next important step 
is to confirm the reliability of the selected components. This involves a variety of 
mechanical and electrical tests. The key components in any battery pack are the 
cells and these are normally subject to extended charge/discharge cycle testing on 
specialised equipment to verify their specified cycle life. This is often accompanied by 
vendor audits, particularly with new vendors to ensure that they have the necessary 
quality controls in place and that they are being correctly implemented. 
 
Components sourcing 
Getting the best deal from components suppliers is the next task. It helps if you 
already have a good working relationship with the chosen vendor and new 
requirements can be piggybacked on to existing orders to get the benefit of volume 
discounts. 
 
How the Pack Maker Can Help 
 
From the above it can be seen that although the battery pack may appear to be a 
simple product, to achieve optimum performance with cost competitive designs 
needs considerable expertise. What’s more this expertise is only needed for the 
duration of the project. The alternatives of carrying out the work with an existing 



generalist team or hiring and firing are not attractive. This is where employing the 
services of a custom pack making company can help. 
 
These are some of the key benefits a good pack maker can offer the customer:- 
 

• Able to put an experienced, specialist battery design and manufacturing team 
at the disposal of the customer. 

• Access to the latest battery technology. 
• Provides independent advice. 
• Has a network of tried and tested suppliers. 
• Established relationships with all major international cell manufacturers. 
• Ability to get access to, and to carry out vendor audits, with all the key 

suppliers. 
• Not tied to a particular cell vendor. Able to offer alternatives and to negotiate 

best prices. 
• Has the benefits of volume purchasing with key vendors which can be passed 

on to the customer. 
• Provides focus on the less sexy part of the design leaving the customer free 

to concentrate on the core technology. 
• Able to “project manage” all aspects of the project from concept stage to 

volume production. 
• One less headache for the customer to manage.  
• Has all the necessary specialist production and test resources in place to 

provide low cost production. 
• Short lead times. Doesn’t have a learning curve and can turn designs around 

very quickly. 
• As with any outsourcing of manufacturing, customer’s cash requirements are 

reduced since all the work in progress inventory is usually the responsibility of 
the contract manufacturer. 

• Short supply pipelines. 
• Advice on, and supply of, ancillary equipment such as chargers, power 

supplies and test equipment. 
  
To secure all these benefits the custom pack maker should also be able to offer 

• Service oriented, dedicated account management. 
• On site local support when it is needed. 
• Ability to interchange design drawings with the customer using the same CAD 

standards. 
• Integration with customer production control procedures. 
• No “own products” which compete with the customer. 

 
Conclusions 
 
Designing and manufacturing cost effective battery packs with optimum performance 
is not as easy as it looks. 
Partnership with a good custom battery pack maker can provide the most cost 
effective solution to many of the customer’s portable power challenges. 
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