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WHY DO I NEED TO KNOW THIS AS AN ENGINEER?

In most cases of manual assembly, the materials that become the actual product need to be 
transported to and from the workplace we are designing. While logistics and manual mate-
rials handling is a large, well-researched subject that deserves a book of its own, it is helpful 
for a production engineer to be aware of some basic principles of manual materials han-
dling. This knowledge includes principles of packing, delivery, presentation in a particular 
order, and some modern industrial “tips and tricks” that are related to the knowledge you 
gained about cognitive aspects in Chapter 5.

Knowing about material flows is a good way to get ideas for presenting components to a 
worker – this may not only relieve them of unnecessary physical loading, but may also serve 
to improve understanding of how to assemble the product. At the same time, environmen-
tal or economical demands may sometimes dictate that a particular material flow should 
be used, and in such cases it is helpful for a production engineer to understand whether 
a) human concerns are the priority, and therefore the method of materials delivery should 
be changed, or b) if the other demands on the total production system may be of a higher 
priority, meaning that the workplace itself should be designed to work around the chosen 
materials handling principle.

WHICH ROLES BENEFIT FROM THIS KNOWLEDGE?

Materials Handling may traditionally be seen as the domain of 
logisticians and production planners – naturally, this means 
that it overlaps with many concerns of workplace design, in 
particular for assembly line settings. For this reason, many dif-
ferent roles may be interested in the economical aspect con-
nected to the use of floor space and set-up time. The manager/
leader and the purchaser may have a basic understanding of 
certain materials principle and may regard this as just another 
investment but should know the relative pros and cons of 
choosing one over the other, as there is no single, superior 
method, and all of them bring benefits that come at different 
costs, from different system perspectives. The system perfor-
mance improver and work environment/safety specialist need to 
know the impacts on performance, efficiency and worker safety 
for each materials feeding principle, so as to know how to rea-
son about impacts and turn a proposal into a business case. The 
sustainability agent is likely to be concerned with issues of mate-
rials handling from an environmental perspective (material use 

and scrap avoidance), so having knowledge of the different MMH principles’ social and eco-
nomical impacts helps to integrate the knowledge into a sound sustainability assessment of 
how to supply material.
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10.1.  Function of manual materials handling

Lean production is all about maximizing value through the optimization of flow and elimination of 
waste. One way to reduce waste is to decrease the amount of handling associated with materials and 
parts as they go through the production chain (Jonsson et al., 2004) – i.e. materials handling. Reduc-
ing the amount of handling not only improves efficiency and delivers cost savings, but also provides 
a more operator-friendly work environment, with fewer risks that could lead to MSDs. While there 
are many forms of handling equipment in existence, like conveyor belts, picking robots, trucks and 
trolleys, a large number of manual activities are still being performed in the production environment. 
When material is handled without the aid of automated devices, it is classed as manual materials 
handling (MMH).

Materials handling is defined as:

 “The movement of raw materials, semi-finished goods, and finished articles through 
various stages of production and warehousing” (Compton, 1998).

While the logistics of transporting parts to and from the production site come under the broad 
umbrella of materials handling activities and need to be addressed by the planner, this book will not 
cover the logistics associated with supply and delivery. We will instead focus on materials handling 
from an internal factory perspective – that is, the nature of material flow within the factory, surround-
ing the assembly line and the tasks closely related to assembly activities. Material flow, container posi-
tioning, the supply of components to the right workstations when needed and the design of storage 
containers are all key characteristics of materials handling.

10.2.  Issues and risks arising from poorly designed MMH systems

The design of workstations and assembly lines with regards to MMH has a direct impact on both the 
product’s time-to-market and the health of the operator. The overall aim of the workstation is to ensure a 
high rate of productivity is achieved and customer demands are fulfilled without creating any unnecessary 
strain on the operator. Part of the responsibility for creating such workplaces falls on production engineers.

In this book we discuss the impact of loading on the body (Chapters 2 and 3) and the negative 
impact some work environments can have on the human body (Chapter 12), leading to the onset of 
MSDs. The materials handling sector is found to be a large contributor and responsible for causing 
many lower back related injuries, and hence absenteeism (see Chapter 11). In fact, the problems asso-
ciated with materials handling are what led to the creation of the NIOSH analysis method that was 
introduced earlier in Chapter 8. Bending over to pick material out of pallets or picking up pallets or 
large heavy components is a common injury trigger (Neumann et al., 2006).

Internal factory MMH activities that are associated with assembly exist in the following forms:

•	administration activities (e.g. auditing and reporting)
•	taking necessary components out of storage containers
•	putting components into packages
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•	downsizing or re-packaging components
•	kitting and sequencing of components
•	delivering the components to specific assembly workstations on the production line
•	assembling components to form sub-assemblies
•	transporting sub-assemblies down the production line to the next workstation
•	combining sub-assemblies to form larger sub-assemblies or the final product
•	packaging of sub-assembly or product
•	disposal and handling of packaging material

Each of these tasks can involve walking large distances, lifting, pushing, pulling or carrying heavy 
loads, and highly repetitive movements. Given the diverse nature of all these tasks, a number of dif-
ferent considerations should be taken into consideration in parallel when designing the workplace. 
Otherwise, there is a risk that optimization efforts will be targeted only at a micro level, but the overall 
system performance will end up being sub-optimal (Hanson, 2012). There is also a danger that system 
efficiency is considered more important1 than the operator’s safety and well-being, leaving them with 
physically demanding tasks in obscure body positions. In line with the lean approach to production, 
walking to collect necessary components and handling them is considered non-value adding work, 
and therefore efficient materials handling aims to combat “unnecessary movement”. So to reduce such 
“waste”, production facilities strive towards workstation and assembly line layouts where the need for 
the operator to move away from their assembly station is eliminated, or at least minimized.

10.3.  Different types of MMH

Getting the right part in the right place, with the right orientation, at the right time is crucial to 
efficient production both in terms of time and cost. The characteristics of the products and indi-
vidual components being manufactured can have a profound impact on the nature of how they are 
handled. Size, weight, shape, product variants, surface finish and demands of components are all 
product attributes that have an impact on materials handling (Hanson, 2012). Products with com-
plex shapes involving hooks or springs are more likely to get tangled with other components, adding 
additional non-value adding actions to the work of the operator. Products on the same assembly line 
may also come in different variants. So while the core components remain the same, some subtle 
variations may mean that some parts will differ – and consequently, so will the assembly sequence. 
In some instances, this can involve workers sorting through numerous versions of the same basic 
component in search of the suitable one for the product variant in question. Ensuring that workers 
can pick the right parts for different product variants as quickly as possible – with the least number 
of touches and without overloading their body – is a responsibility for the workplace designer. Large 
or heavy components can be difficult to handle and move, which in some cases presents a higher 
level of injury risk for the worker. In comparison, fragile components with sensitive surfaces that can 
become easily damaged will require additional care (and possibly additional physical strain) during 
assembly activities.

One way to speed up the MMH process and ease the work of the operator is to take away the need for 
them to search and choose; if all the necessary components for that product variant are laid out before 
them in the right quantities, the need to choose the right component from the parts shelf is elimi-
nated. Another key constraint in factories is that space to store material containers is at a premium, 
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particularly near the assembly line. This has often caused companies to adapt their materials handling 
processes to target economic efficiency.

The following four materials feeding methods are the main conventional ways to supply material:

•	Line stocking
•	Batching
•	Sequencing
•	Kitting

Deciding which materials feeding system approach to adopt is a key concern for all production facili-
ties, which directly impacts the nature of the assembly tasks conducted and the assembly lines’ overall 
performance. Each method will be discussed in more detail below; however, the main emphasis will 
be on kitting.

10.4.  Line stocking

Line stocking is one of the more traditional materials feeding methods. It is also referred to as bulk 
feeding, continuous replenishment or point-of-use storage systems (Limère et al., 2011). Generally 
these systems have some degree of automation, are fairly inflexible and are specialized to a certain 
product, only allowing for a low degree of product variation. In line stocking, full containers of each 
component type are delivered in bulk to the assembly line in the same containers that they were 
shipped in from the suppliers (Hanson & Brolin, 2013). Each component type is stored in a different 
container, and all the containers are stored next to the assembly line.

Benefits of line stocking include:

•	No need to pre-process or re-arrange parts.
•	Stock is continually available at the assembly line (depending on the replenishment method).
•	If a part is defective, it is very easy to select a new one from the container.

Disadvantages of line stocking include:

•	Capital is tied up in stock.
•	The shop floor becomes crowed with containers and pallets.
•	Lack of space both at the production area and workstation, especially if many product variants 

are produced.
•	A lot of time is spent walking, removing packaging, searching for and collecting the correct parts 

in the right quantities.

10.5.  Batching

Batching is commonly used when products are made in response to a specific customer order. Typically 
this method is used when there is a mid to low volume of products required, with a limited variation 
in product type. The material is provided for a specified number of objects that are to be assembled.
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10.6.  Sequencing

In the sequencing method, the number and type of parts needed for a specified number of objects to 
be assembled are displayed at the assembly station. For situations when only a small number of com-
ponents are assembled per station, this method is recommended rather than kitting, as there is little 
value in taking time to make kits for each station when only a few components are necessary.

10.7.  Kitting

Kitting is the term applied to the practice of collecting a predetermined amount of material in the 
form of components and/or sub-assemblies in containers and delivering them to the assembly line, 
to support one or more assembly operations for a given product or shop order (Bozer and McGinnis, 
1992). The containers or bins storing the necessary material are known as kits. Kitting essentially 
splits the assembly process into two distinctive phases; the collection of the required material, fol-
lowed by the part assembly. Kitting can be done in two forms: a travelling kit or a stationary kit (Bozer 
and McGinnis, 1992). A travelling kit is one that moves down the assembly line at the same time as 
the object being assembled, so each kit contains material for several different workstations. Stationary 
kits, on the other hand, only contain the necessary parts for one specific workstation.

Due to the nature of the product and factory layout, kitting is a necessity in some industries – how-
ever, it is important to note that kitting is not necessarily the superior choice and it is rarely imple-
mented from the outset. In an ideal world, a product would have a relatively low number of compo-
nents (based on Design For Assembly, DFA principles) and be designed in such a way that makes it 
simple to assemble; however, this is rarely the case in reality. So in some circumstances, kitting is nec-
essary and can be used to solve the following issues, which will be elaborated in the following sections:

•	Lack of space
•	Quality
•	Flexibility
•	Materials handling
•	Learning

Lack of space

A common problem with line stocking is the amount of space required to store the large material contain-
ers for each component type next to the assembly line (Finnsgård et al., 2011). Kitting removes the need 
to have material pallets and containers located right beside the assembly line by only providing operators 
with the amount of material required to assemble one product/sub-assembly at a time, thus freeing up 
space on the shop floor. In reality, this means space is taken up elsewhere in the factory upstream of the 
assembly line, as the material still needs to be stored and a space needs to be allocated for the making of 
kits in the first instance. So in a holistic perspective, kitting can actually take up more space, since the 
original material containers still exist along with the new kitting containers — however, the value of space 
is relative to its proximity to the line itself, so it can still make good economical sense to devote space 
to kitting elsewhere. This liberation of more space by the assembly line is often used as the number one 
business case when kitting is implemented in Swedish factories (Corakci, 2008). Internationally, kitting is 
most often used to enable mixed model assembly lines in automotive assembly. See also Flexibility.
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Quality

As previously mentioned in Chapter 5, kitting can also contribute to enhanced quality. Since the opera-
tor does not need to focus on what parts to assemble, they can instead focus all their energy and efforts 
on the assembly tasks (Bäckstrand, 2009; Medbo, 2003). Kits also provide a memory aid to operators 
by clearly showing if any components have been missed or forgotten during assembly, so issues can be 
corrected as soon as they occur. To ensure high quality and minimize confusion, kitting trays should 
have both component-shaped holes indicating where everything belongs and part identification num-
bers that correspond to the large bulk storage containers. Having inserts in kitting containers that pre-
vent component movement can also protect sensitive surfaces from getting damaged (Corakci, 2008).

Flexibility

Kitting is considered to be a more flexible materials supply medium than line stocking (Sellers & 
Nof, 1986; Bozer & McGinnis, 1992). Providing material in kits rather than large storage containers 
facilitates the making of product variants at any workstation, since the issue of space limitation is 
removed. Kitting also encourages operators to be more flexible as it better equips them to assemble 
different product types when all components are presented in a logical manner.

Materials handling

In the case of kitting the total materials handling time can be seen as the sum of materials handling by 
the assembler, materials handling during kit preparation, and internal transportation to get the parts 
to the assembly line. The use of kitting is believed to save time as the need for the assembler to walk 
around, search through containers and collect material for each individual product is eliminated. 
Theoretically, these accumulated time savings can be transferred to justify the employment of a kitter 
(although other staffing management issues may limit this possibility).

Kitting also means there is less variation in the time to complete tasks, as handling and walking 
can significantly vary between workers dependent on individual strength, body size, etc. Most kit 
preparation stations involve some sort of picking support system, e.g. pick by light or voice, to ease 
the cognitive load on the operator and maximize productivity. Kitting is somewhat limited to small 
or medium sized components, since some larger components can’t fit into a generic kitting container. 
Having said that, in some cases rack systems are used rather than containers for large components. In 
such instances a hybrid of line stocking and kitting is used. Typically, fasteners aren’t included in kits 
as they are frequently used on many product variants, can easily be dropped and lost (which would 
be a problem if the assembler is supplied with an exact number of them), and don’t require a large 
volume of space to store in bulk (Hanson & Brolin, 2013). Alternatively, fasteners can be stored in 
small containers beside the power tools so operators can just grab a handful of them when collecting 
the tools.

Learning

As previously discussed in Chapter 5, kitting aids the operator by positioning the material in the 
container in such a way that it acts as a work instruction, showing the assembly order. Implementing 
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standardized work associated with kitting also provides benefits from the assembler’s perspective. 
The holistic learning strategy provided by kitting leads to shorter learning times overall during the 
introduction of new product variants, or for new employees (Medbo, 1999).

Additional benefits that kitting can bring:

•	pace keeper (takt time)
•	facilitated materials control (components are at hand)
•	better visibility of the shop floor and assembly line flow

Kitting summary

While kitting provides a number of benefits when successfully implemented, it is also important to be 
aware of its weaknesses and the potential issues it can cause. The success of both kitting and contin-
uous flow is very much dependent on the setting and exact way in which these processes are applied.

Often, containers are designed in such a way that the parts can only be positioned one way, making 
it easier for both the kitter and the assembler. However, in situations where there is a high degree of 
product variance, there will be a need for a number of different containers. The biggest problem is 
when the product design is changed, requiring a different sequence or components, in such a way that 
the containers become obsolete and have to be redesigned. In some cases kitting can lead to a higher 
number of man-hours, as the material has to be kitted, taken to the assembly line and then assembled 
(Sellers & Nof, 1986; Bozer & McGinnis, 1992). So it is only worthwhile to implement kitting if it is 
expected to provide numerous benefits in other areas that balance this out – such as higher quality, 
increased flexibility (product mix, new products, volume flexibility, changed takt time), higher pro-
duction capacity, reduced time variation between assemblers, and the provision of more space on the 
shop floor.

If a component is missing from a kit, a replacement is sometimes “stolen” from another kit, which 
can lead to shortage issues in kits further down the line and increase the amount of handling. In situ-
ations where parts can’t be taken from another kit, it may be necessary for the operator to walk all the 
way to the kitting area and retrieve the necessary component. This slows down the whole assembly 
process and in some cases can force stoppages. In contrast, such an issue wouldn’t occur if continuous 
flow were used, as the distance from the storage container to the assembly line is significantly shorter 
(Hanson & Brolin, 2013). Kit preparation also means that parts are handled an additional time, which 
in the case of fragile or sensitive parts increases the risk that they will become scratched, warped or 
damaged. Like the implementation of any new change in a production environment, kitting has costs 
associated with its introduction, as the setup of any new process will require layout modifications, 
new equipment and staff training. In instances where kitting is determined as the best option, man-
agers should be wary of “over- kitting” and kitting unnecessary parts. Kitting is often used in parallel 
with line stocking, where high-variation products are kitted and all the other parts are line-stocked.

10.8.  Workstation design principles

Given that materials handling affects both the physical workload of operators and the performance 
of the system, it is worth outlining some key guidelines and principles concerned with the design and 
layout of workstations.
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The following principles will be discussed in more detail below:

•	Working height considerations
•	Storage container considerations

10.9.  Working height considerations

The back and the wrists are often at risk in materials handling tasks. With well thought-out designs 
and layouts such risks can be minimized, enhancing the work environment for the operator. Remov-
ing material from containers often involves bending or stretching and is identified as a high-risk 
activity, especially given the high degree of repetition associated with the collection of material and 
assembly activities.

The height and angle of the shelves storing the containers, and their location relative to the assem-
bler, are a key design consideration. The frequency of tasks involving back bending and arm raising 
should be identified and designs put in place to reduce or eliminate these high injury-risk occurrences.

Kitting can somewhat lessen bending motions, as components are stored in the kitting container 
which is then positioned at a suitable height relative to the worker and the workstation. Some work-
stations are even large enough that kitting containers can be stored on the same surface where assem-
bly operations are conducted – however, this is not always the case, and is very dependent on product 
and part size. In situations where there is limited space preventing the operator from accessing all 
the necessary material from their normal working position, a common guideline is that the most 
frequently used material should occupy the best position. Generally, taking a step to collect material 
is considered better for the body than staying in the same place and twisting or bending to access the 
components.

While the use of such containers and layouts have potential to eliminate undesirable body postures 
and high loads, the time saving could trigger a phenomenon dubbed the “ergonomics pitfall” (West-
gaard & Winkel, 1997), which means that time gains are used to spend even more time working (e.g. 
on assembly), which in turn could lead to an increased risk of repetitive strain injury. If this intensi-
fication of work occurs unintentionally, it may introduce its own new risk factors and problems, and 
the ergonomic benefit that was meant to increase safety and reduce risk is lost.

Given that operators have different body characteristics and work at numerous different stations, it 
can be beneficial to have containers stored on height-adjustable shelves, which the operator can set to 
an appropriate height at the start of their shift. However, this obviously increases equipment set-up cost 
and some time will be taken every time the height is adjusted, so a review would be necessary to check 
whether the gains from such a system (e.g. decreased operator strain and time savings) justify the setup.

Some companies have been known to develop their own storage design guidelines that strive to 
lessen the physical strain of materials handling — one example is Volvo’s VASA model (Backman, 
2008; Finnsgård et al., 2011), which is based on acceptability criteria values from Volvo’s own corpo-
rate standard (Volvo, 2014); see Figure 10.1. By extension, its “translation” into material façade risk 
zones (by Finnsgård et al., 2011) is shown in Figure 10.2.

Components stored at heights that cause a high load on the body are given a red classification; typ-
ically, these are very high up or very low down. Whereas components that are easy to collect without 
causing any discomfort are given a green classification. Based on this model, container layouts are 
normally set so that the most frequently used are easiest to obtain.
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Figure 10.1: Criteria levels from Volvo’s internal ergonomics standard (Volvo, 2014), commonly applied 
at numerous Volvo production facilities. Exposed material is classed into one of three categories (red, 
yellow or green) based on the lifting frequency impact on an “average” 172 cm tall person.

Image reproduced with permission from B. Johansson/Volvo. All rights reserved.
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Figure 10.2: The VASA model translated into red, yellow and green zones for a material façade, 
indicating how frequently it is acceptable to handle materials at each height.

Image by C. Berlin, based on Finnsgård et al. (2011).
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Figure 10.3: Gravity flow rack and kitting containers.
Photograph by C. Adams.

10.10.  Storage container considerations

The sizing and positioning of storage containers also contributes both to the efficiency of materials 
flow and the injury risks for assemblers. Material containers are stored on a shelving rack, also known 
as a façade.

A study (Neumann & Medbo, 2010) was conducted comparing the use of large containers (Euro 
pallet sized, 800 mm x 1200 mm) to narrower boxes. Through a biomechanical analysis studying the 
loads the human body is subjected to during work, it was identified that narrow boxes reduce both 
peak spinal loads and shoulder loads. The study also showed that the use of narrow boxes enabled 
shorter material supply racks to be used, providing more space next to the assembly line and decreas-
ing the overall assembly time by reducing the amount of walking needed to collect parts. Smaller 
boxes also enable parts to be stored closer to each other, leading to less time being spent walking and 
collecting material – this is a key benefit for scenarios involving many product variants, with numer-
ous material containers. The use of narrow boxes stored in racks on wheels2 provides a higher degree 
of flexibility, as the whole rack can simply be rolled to a new location if changes are made to the layout.

Another study (Finnsgård, 2013) has confirmed the benefits of smaller storage containers, report-
ing a 23% reduction in materials handling time after a redesign was made utilizing smaller containers. 
The same study also identified a 67% reduction in space needed to expose the components, result-
ing in substantially more space next to the assembly line. Using open-fronted containers or angling 
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them towards the operators also provides benefits, such as making it easier to see exactly what is in 
the container (reducing neck strain) as well as improving accessibility, reducing unnecessary wrist 
extension and flexion. Gravity flow racks are often used to hold storage containers and aid accessi-
bility (Figure 10.3). These inclined shelves mean that when the front container is taken out, the next 
container will move forward to the front of the rack. They also enable kitters and assemblers to work 
simultaneously without getting in each other’s way, as the kitter can stock the containers from the 
back while the assembler collects material from the front.

Study questions

Warm-up:

Q10.1)	 Name at least three risks for quality and safety that can stem from poor MMH 
ergonomics.

Q10.2)	 What are the pros and cons of kitting?

Q10.3)	 What are the pros and cons of line stocking?

Q10.4)	 What are the pros and cons of using small containers?

Look around you:

Q10.5)	 What are some good solutions for MMH that you have seen in industrial or retail 
settings? Think of examples where stocks need replenishment fairly frequently.

Q10.6)	 Observe the physical arrangements of the goods in a warehouse store (i.e. a self-
service shop where customers fetch goods spread out over a large area), for exam-
ple a home improvement store. Would you say that the store has provided kitting 
or sequencing solutions to enable customers to easily acquire all the materials and 
tools they need to assemble goods at another location, or do customers need to visit 
several different areas of the store to fetch all they need?

Connect this knowledge to an improvement project

•	MMH may sometimes be regarded as a separate area of responsibility from workplace 
design, but taking it into consideration helps to ensure that materials presentation is appro-
priate for assemblers, and that the needs and limitations of materials handlers are included 
in design proposals.

•	MMH principles like kitting, batching, etc. can be used as “solution kits” to address physical, 
cognitive and psychosocial aspects of ergonomics, since component visibility, time-keeping, 
quality control and teamwork may all be positively impacted by appropriately chosen MMH 
solutions.
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Connection to other topics in this book:

•	Some ergonomics evaluation methods (Chapter 8) are specifically targeted towards MMH 
(see section 8.2.3), e.g. KIM and the Liberty Mutual manual materials handling tables.

•	Many MMH principles are based on avoidance of excessive physical loading (Chapter 3) 
and sound cognitive ergonomics principles (Chapter 5).

•	The economics of a workplace (Chapter 11) may be positively impacted by well-designed 
MMH – not only due to fewer injuries and increased speed and efficiency, but also because 
some MMH solutions can free up valuable floor space.

Summary

•	Materials handling systems have a significant impact on the performance of assembly 
systems.

•	Use a holistic view, weighing up all the trade-offs when selecting which materials handling 
method to use.

•	Four main methods in operation: line stocking, sequencing, batching and kitting.
•	Kitting provides benefits in the areas of quality, lack of space, learning, materials handling 

and flexibility.
•	Workstations should be designed taking into consideration walking distances, positioning 

of components and storage containers relative to the assembler and the frequency of com-
ponent selection.

Notes

	 1	 Of course, this misconception can be best avoided by adopting the design philosophy that well-be-
ing and system efficiency are mutually compatible, and that solutions can be found to benefit both.

	 2	 For safety reasons, these should of course be wheels that lock.
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