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Abstract: To remain competitive in the market, it is crucial to reduce the time and costs involved
in product development. Design for manufacturing and assembly is an engineering methodology
that can reduce costs without compromising reliability, performance and time to market objectives.
This paper presents a case study for an in-market Table Top Chain (TTC) conveyor system used by
a reputed company in Saudi Arabia. TTC conveyor systems are extensively used by major food
companies around the world for transporting packaged bottles, glass and cans. There are three
main types of these systems, i.e., straight running, side flexing and multiflex. This work focuses
on the redesign of a side flexing TTC conveyor system. The existing design of the TTC conveyor
system was analysed using the DFMA 9.3 software. The outcomes of the initial analysis were utilised
to redesign the TTC conveyor system for cost and design efficiency improvements. The optimum
design was selected using Pugh controlled convergence method and further tested for its structural
performance using finite element analysis. The redesigned model showed substantial improvements
with cost reductions of 29% and an increase in design efficiency from 1.7% to 5%. Finite element
analysis has also been carried out with SolidWorks 2019 to validate the structural integrity of the new
concept design.

Keywords: conveyor system; cost reduction; design efficiency; design for manufacturing and
assembly; Pugh controlled convergence

1. Introduction

Cost-effectiveness, ease of manufacture as well as assembly/disassembly are some of the factors
that govern modern products. Design for Manufacture and Assembly (DFMA) is a well-established
product design technique used to minimize the cost of production and development by designing
products that utilise the simplest of components. Use of DEMA slows down the process briefly during
the product conceptualization stage in terms of time because additional activities will take place to
undertake DFMA. According to Boothroyd, Dewhurst, and Knight (2010), the extra time consumed
while using DFMA techniques in the conceptualization stage is compensated by the savings in time
when prototyping takes place [1]. DFMA is a practical design method that enables early consideration
of the production aspect of manufacturing and assembly [2]. DFA (Design for Assembly) is about
simplifying the product structure because the total number of components in a product is a key measure
of design quality; fewer components result in a more efficiently assembled product. Design quality
refers to the value of design to the customers in terms of their requirements. Design is the root of all
quality including the quality of products, systems and processes. For example, a product with a poor
design will be low quality even if the quality control and quality assurance succeed in producing the
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design accurately. Design quality can be improved by increasing features and functionality that can
serve the needs and expectations of the customers. On the other hand, DFM (design for Manufacturing)
concentrates on minimizing manufacturing complexity and exploring the costs of producing individual
components. For example, reducing the features on a machined component will make it less expensive,
increase quality and lend itself to further DFA activities [3]. There is no drawback in reducing the
features if the functionality is delivered, and one of the salient features of DFMA is that it does not
compromise functionality. Reducing the number of parts by joining several parts together is a common
practice that can reduce assembly time. The implementation of these two philosophies as DFMA
requires teamwork where designers, manufacturers and other relevant personnel should participate in
the activities to achieve desired results.

Rima et al. (2015) used only the DFA manual approach to analyse and calculate the current and
redesigned refrigerator component’s design efficiency. In their case study, some refrigerator freezer
parts were altered and redesigned using DFA instructions. The new design was made with a distinct
geometry, angle, decreased number of components and handling positions. From the refrigerator’s
manual layout evaluation, the minimum parts of the door assembly were decreased from 38 to 29. From
69, the freezing room components were decreased to 54 and the refrigeration installation components
from 328 to 110. The design effectiveness of the evaporator unit with the fan was enhanced from
58% to 78% and the design effectiveness of the fridge installation was enhanced from 38% to 63.9%.
Design effectiveness is the measure of design efficiency. The more the design efficiency, the better the
design of any given product. Design efficiency for the product development is calculated based on the
theoretical number of parts, time taken to assemble the parts and total part count of the component.
The calculations are shown below [4]:

Design efficiency of the current evaporator fan with motor’s design

Ema: Nmin X (ta /tma) (1)

where, t; = tya/tm

Eua = Design efficiency

Nyin = Minimum number of parts

t, = Basic assembly time for one part

tma = Estimated time to complete assembly of the product
tn = Total number of parts

Epa = [10 x ((12)/196)] x 100

Eina = 58%.

Design efficiency of the redesigned evaporator fan with motor’s design
Ema= Nipin X (tu /tma) ()

where t; = tya/tm

=[7 x ((132)/103)] x 100
=78%

Isanaka et al. (2016) analysed an air-breathing Proton Exchange Membrane Fuel Cell to simplify
the manufacturing and assembly sequence of the conventional design fuel cell design. They achieved
a 90% reduction in weight and number of components and close to 80% reduction in costs. Following
a thorough reassessment of the most complex parts and assemblies in the conventional fuel cell, the
researchers were able to converge to a much better design, which was superior in form factor while
also being lightweight and portable [5]. Masood et al. (2005) carried out an investigation into the
design and manufacturing of a mechanical conveyor system for the beverage processing industry and
was able to reduce the assembly cost by 20% and material cost by 19%. The savings were calculated by
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conducting a cost analysis on the old conventional conveyor and the new system that was developed
physically. The researchers identified critical parts, which were the leg set, side frame, support channel
and bend tracks, which accounted for 70% of the conveyor cost. Using the minimisation of materials
and principles of DFMA methodology, tangible results were produced. Cost of the conveyor leg was
reduced from 114 USD to 59 USD and the number of parts required to make the leg decreased from 17
to just 11 parts. However, the research does not quantify the assembly time and labour cost required to
manufacture the conveyors and design efficiency is also not shown [6].

There are many design concept selection methods that have been developed to assist designers to
make the right decision of design concepts in the literature. The Pugh concept selection method is easy
to use and is applied for simple decision making. This method involves qualitative comparison of
each alternative to a reference or datum alternative, criterion by criterion. It is useful in conceptual
design because it requires the least amount of detailed information. There are other more complex
approaches, as well. For example, AHP (analytical hierarchy process) is a very comprehensive method
and works well with many alternatives [7]. However, for limited choices and simple decision-making,
the Pugh concept selection method is preferred [8]. DFMA results in designs that are based on
several interwoven factors or criteria for which humans struggle to handle the complexity, resulting in
inconsistent and irrational decisions. The Pugh Matrix provides a simple approach to taking these
multiple factors into account when reaching a decision [9]. Muller et al. (2011) used Pugh Control
Convergence method (PuCC) to explore alternate designs in connection to the rigid flow-line spool
for sub-sea equipment, such as a flowline link the Pipeline End Termination Structure (PLETS) with
the manifold at the bottom of the ocean in oil production regions. The flow line is a huge oil and gas
transportation pipe that must resist high stresses and temperatures. Each flowline is currently custom
engineered and produced to accommodate the specific geography at the bottom of the ocean. This
is quite a challenge when the geography is changed, since a new customized flow-line spool must
be developed to meet the new requirements. By inserting several swivel elements, the researchers
explored the option of making a more versatile flow line. These swivels function as hinges facilitating
a certain degree of freedom of angle in the flowline. The researchers explored three alternatives that
could serve the purpose and labelled CBV swivel, Clamp swivel and Dynamic swivel under concepts
1, 2 and 3, respectively. Each concept has distinct features and PuCC was used to compare different
concepts. The evaluation criteria used to rate and compare were maturity, cost, installation, operation
characteristics and design robustness. After thorough analysis, the selection matrix showed that the
dynamic swivel ratings in all aspects were the best, and therefore it was taken forward to the detailed
design stage [10]. Thakker et al. (2009) carried out a case study where many conceptual designs of
impulse turbine were developed, and those concepts were further evaluated using the Pugh decision
matrix to arrive at the final optimal design. The research used a systematic technique to display the
design of an enhanced impulse turbine combining two strong design instruments, i.e., Pugh concept
analysis and 3DCAD environment. Using this strategy, the researchers merged the power of Pugh’s
technique with the design space to select the optimal concept by filtering out the less desired concepts.
Each concept was carefully rated based on the chosen evaluation criteria that were manufacturability,
safety, development cost, reliability, simplicity and maintenance. The best concept was picked after
running several iterations and the optimum design was also tested for structural performance against
different materials using FEA (finite element analysis) to validate the design [11]. Medvecka-Beriova
(2017) performed a strength analysis on a trailer frame using FEM. The trailer was typically built for a
private sector business to transport little ships or water scooters. The frame is mounted to resist stresses
and impacts that may occur during building and operation. The design of the trailer is a galvanized
welded framework. The trailer truck is intended to weigh up to 750 kg in total. The maximum payload
weight is 450 kg because the weight of the distinct trailer is 240 kg. The frame was simulated using
SolidWorks Simulation Professional. Prior to the analysis, the appropriate material was selected,
which is the galvanized steel, the boundary condition and suitable fixtures were defined followed by
the creation of mesh and application of loads as 4650 N. The simulation identified maximum stress
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locations with o max = 118.8 MPa. The maximum stress value did not exceed the maximum allowable
criteria, which is 210 MPa, and therefore the design was deemed safe [12].

Modern methods of production dictate the use of material handling systems. Conveyors, a type
of manufacturing system, are a key part of large-scale production and ongoing processes. Conveyors
consist of fixed and mobile equipment capable of continuously or intermittently moving material
between two or more points along a fixed path. Material movement is horizontal, vertical, inclined, or
any of the three combinations. These systems are used in a variety of areas including agriculture, food
processing, plastics and mining. For transporting materials, two fundamental techniques are used,
i.e., non-powered material handling technologies and driven material processing technologies [13].
This research only deals with the powered conveyor system and more particularly the table top chain
conveyor system that is extensively used in the food and beverage processing plants. TTC (table top
chain) conveyors are unique in the processing industry, as they comprise a drive, intermediate, idler
and curve section. A good characteristic of any TTC conveyor, regardless of its application, is its ability
to incorporate a variety of chain mechanisms, to be flexible enough to transfer the product in parallel
or 90-degree orientation, and guide the product to ensure its safety. According to McGuire (2009), there
are three main types of TTC conveyors. The first is when the top plate forms an essential part of the
connection known as straight running, the second is when the top plate is fitted on a base chain known
as side flexing and the third is called multiflex that uses a ball joint to increase flexibility. All three
types can be configured for special purposes. In this work, DFMA has been utilised to redesign an
in-market TTC conveyor system to achieve cost reductions and increased design efficiency [14]. A brief
overview of the general procedure for DFMA analysis is shown in Figure 1.

Existing conveyor New conveyor Comparison
Literature review |m=p analysis ) B betwe_en the new
and existing design
| Conveyor || Comprehensive | Concept Cost reduction
system conveyor study generation analysis
Disassembly Remodeling in
DFMA study SolidWorks

Pugh Method in SolidWorks conce.pt
selection

L FEA I DFA analysis —{ DFA analysis
|| DFM cost || DFM cost
analysis analysis

IS

Part modelling

-

S —

Pugh method of

L-|{ FEA validation

.

Figure 1. Design for Manufacture and Assembly (DFMA) implementation approach.
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2. Case Study of TTC Conveyor System

The TTC conveyor system is extensively used in the food and beverage processing plants.
Conveyor system design and production are complex processes that take enormous time. Because
every conveyor system is a customized machine based on the requirements of a production facility,
there are several factors that are considered. The task of designing a conveyor system layout involves
revisions and could take weeks or months. A cost-effective system capable of meeting customers’
demands is likely to get approval. Such a system was selected for a reputable bottle manufacturing
and filling facility in Saudi Arabia. Figure 2 shows a CAD model of a side flexing TTC conveyor
system. It has a length of 6 m and is used for transferring damaged/rejected bottles. Damaged bottles
are characterised by visual defects, discoloration or bad odour. All three activities are performed by
humans. DFMA analysis was carried out on this conveyor system. Typically, such systems are built
from concepts arising from market competition, customers’ requirements and new manufacturing
technologies. However, DFMA principles were not taken into consideration for its design and
manufacture/assembly. This work focusses on improving the cost-effectiveness and design efficiency
by systematically analysing different parts of the TTC conveyor system.

Figure 2. CAD model representing the TTC conveyor system.
2.1. Product Structure Chart for Reject Conveyor

The TTC Reject conveyor comprises three main subassemblies: the front drive straight section,
the 90-degree curve section and the idler straight section. These three main sections consist of
miscellaneous parts, as shown in Figure 3.
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1).FRONT DRIVE 2).90 DEGREE 3).IDLER STRAIGHT
STRAIGHT SECTION CURVE SECTION SECTION

3.61_Transfer roller unit

3,62 M0 hex head bolt |

363 M0 hexnut | |

""‘-‘, 1.1_Side frame
-\ 3mm right

2.2_Rivet nuts

| "‘-‘ 11:2_Rivet nut “-, """‘-‘,2.3_Riveting operation

| |13 Rivertng operation | |24 Spot Welding

4. Spot Welding |25_Side flexing guide

Figure 3. Original product architecture of the Reject conveyor.

The original equipment manufacturer follows the “one man, one conveyor” philosophy where
each conveyor is assembled by a single technician. The assembly sequence followed by the technician
who assembled the Reject conveyor was recorded and that helped in creating the product structure
chart. Itis in order of the configuration of how the product is built systematically. As shown in Figure 3,
the technician first starts with ‘front drive straight section’. In this assembly, the first part that is picked
and brought to the worktable is the ‘side frame 3 mm right’. The first part is always the base part on
which the assembly is built. The second step is to insert rivet nuts into holes of the frame and, once
the rivet nuts are properly secured, the next step is to fasten them using the hand-operated rivet tool,
which is considered as the third step. In the fourth step, the technician spot welds the rivet nuts to
prevent them from loosening from vibrations during conveyor operations, and hence the sequence
continues until this section is fully assembled.

Similarly, the first five sequences for the 90-degree curve section are also shown in Figure 3 where
‘SS curve frame small’ is the base part upon which the assembly is built, and sequences continue until
this section is fully assembled. For the “idler straight section’, only the last three sequences are shown.
It implies that upon the completion of assembly for these three last parts, the conveyor is deemed to be
fully assembled.

The product structure with the complete assembly sequence for the Reject conveyor is shown in
Appendix A. The icons as shown in the chart hold special meaning and are defined in Table 1.
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Table 1. Description of icons used in the product structure.

# Icons Description

Item is a sub-assembly.

Item is a part that is purchased from a vendor, and cost prices for these parts
are obtained from the sales invoices and entered in the software. This includes
components like motor, conveyor accessories like bearing, sprocket, etc.

& &

Item is a standard hardware like a nut, bolt, washer, etc., and similarly, cost
3 M prices for these items are obtained from the sales invoices and entered in the
software.

Item is a part but manufactured using in-house capabilities. The part has
manufacturing data associated with it and estimates the cost price based on the

4 % part dimensions, material selection and manufacturing processes. This includes
parts like conveyor frames that are made using CNC laser cutting and press
brakes, drive and idler shafts from turning on a lathe machine and standard
tubes that are cut from stock.

5 I] C’" This indicates operations like welding, soldering, reorientation or adjustments,

bending, cleaning and inspection.

2.2. Sequential Disassembly of Reject Conveyor

Sequential product disassembly was performed to study assembly order and related handling
challenges. The symmetry is one of the main features of geometric design that affects the time needed
to grasp and orient a part. According to Demoly et al. (2011), there are two types of symmetry: alpha
and beta symmetry. The former depends on the angle through which a part must be rotated about an
axis perpendicular to the axis of insertion to repeat its orientation, whereas the latter depends on the
angle through which a part must be rotated about the axis of insertion to repeat its orientation [15].

To undertake disassembly of the Reject conveyor, the CAD model of the conveyor is exploded
to determine the part handling of each component. The exploded views help in determining the
appropriate symmetry, which is an essential input parameter required by the DFA software. The part
handling is classified into alpha (axis perpendicular to direction of insertion) and beta (axis in direction
of insertion) symmetry, as shown in Figure 4. Defining appropriate symmetries is the primary
requirement of the DFMA software to determine the assembly efficiency.

Figure 4. Alpha and beta symmetry.
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As seen from Figure 5, the first item has alpha and beta of 180 degrees. The second item has alpha
and beta of 180 degrees and 90 degrees, respectively, whereas the angle symmetry for the third object
is 0 degrees. Each component of the Reject conveyor system is exploded to determine the alpha and
beta symmetry which are then used in the software to calculate design efficiency. The exploded view
for ‘front drive straight section” is shown in Figure 5 and its corresponding parts are shown in Table 2.

Figure 5. Exploded diagram for ‘front drive straight section’.

Table 2. Parts description for ‘front drive straight section’.

Part No. Part Description Part No. Part Description Part No. Part Description
1 Side frrjg;i3 mm 13 Bearing spacer 25 Drip tray support
2 Rivet nut 14 Square flange 26 Drip pan

bearing
3 Aluminium 15 Motor support 27 Guide rail bracket
connector flange
4 M10 hex head bolt 16 Teflon spacer 28 Eye bolt
5 Roller spacer 17 Motor unit 29 Guide rail clamp
6 Return roller 18 Side mounting top 30 Product side guide
bracket
Return roller Pipe of diameter
7 without flange 19 48.3 mm 31 Flat bar 60 X 6 mm
Sprocket 20 Threaded bushing 32 Tray bracket
9 Driveshaft 21 Connecting joints 33 Cable tray 0.7 m
. Pipe of diameter
10 Split shaft collar 22 423 mm 34 Tray tab
11 Side frame 3 mm 23 Adjustable feet 35 Transfer roller unit

left
12 PE strip 24 Mounting plate 36 Connection plate
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To understand the symmetry further, refer to part 18, which is the ‘side mounting top bracket’.
This mounting bracket must be fixed in just one way and it cannot be rotated on either the alpha or
beta axis, and therefore ‘One Way’ symmetry was selected in the software, as shown in Figure 6.

—Symmetry

one way either any way
way
one way gither é any way
way
—Handling difficulties
nest } =evere flexible
tangle tangle

difficult / tweez- :)cgr&sp
ers

grasp tools
- &+ - -
two two
ﬁ bulky hands I l PEr=0Ns
‘1_1 SWing mumle % gantry
crane crane crane

Figure 6. Selection of symmetry for diagram for side mounting top bracket.

The exploded view for "90-degree curve section’ is shown in Figure 7 and its corresponding parts
are shown in Table 3. The exploded view for ‘idler straight section” is not shown since its product
architecture is very similar to the drive section.

Figure 7. Exploded diagram for '90-degree curve section’.



Designs 2020, 4, 6 10 of 57

Table 3. Parts description for "90-degree curve section’.

Part No. Part Description Part No. Part Description Part No. Part Description
1 S5 curve frame 8 Connecting joints 15 Guide rail clamp
small
2 Rivet nut 9 Pipe of diameter 16 Product side guide
42.3 mm curve
3 Side flexing guide 10 Adjustable feet 17 Flat bar 60 X 6 mm
4 S5 culr;/rcigframe 11 Mounting plate 18 Tray bracket
Side mounting top .
5 bracket 12 Drip tray support 19 Cable tray 0.7 m
Pipe of diameter 13 Guide rail bracket 20 Tray tab
48.3 mm
7 Threaded bushing 14 Eyebolt 21 Curve drip tray

2.3. Material Selection and Manufacturing Process for Reject Conveyor

It is important for engineers to better comprehend the pros and cons associated with an ‘informed
selection’ of the materials selected for a product, the associated manufacturing process and, most
importantly, the suppliers of the material, components, and subassemblies used in a product. According
to Pfeifer (2009), such an understanding will assist in defining appropriate policies for risk mitigation
and will help in managing expectations [16]. However, the material and manufacturing processes in
relation to the Reject conveyor were available from the original equipment manufacturer since it was
already produced.

Appendix B shows the full list of parts, the material and manufacturing process selected, total
weight, as well as the total cost for the Reject conveyor. The cost price for parts that were manufactured
using in-house capabilities was estimated using the DFM software and the remaining costs for
parts bought from vendors were entered directly into the system and labelled as ‘Purchase’ in the
manufacturing process column as shown in Appendix B. According to Appendix B, the total cost for
the manufacture of the TTC Reject conveyor is 2284.18 GBP and its total weight is 264.84 kg. To execute
the DFMA analysis, a product structure chart was constructed in DFA software. Every single entry in
the product structure was examined by the envelope dimension, securing methods, part symmetry,
handling requirements, insertion and handling difficulties. Simultaneously, the entries on the structure
chart were cost-estimated using DFM concurrent software, based on their part profile, choice of material
and manufacturing process. The overall plant efficiency was considered as 85% and the labour rate of
26 GBP/hour in the UK was taken according to Eurostat [17].

It was found that the total cost for manufacturing the Reject conveyor is estimated to be around
2284 GBP with item cost alone to be 2221.72 GBP and labour cost of 62.47 GBP. The theoretical minimum
part count is 42 and DFA Index is 1.7. The DFA index is a figure obtained by dividing the theoretical
minimum assembly time by the total assembly time. The equation for calculating the DFA index, E;;,,

is given below:

Nyin X ¢
Ema= —rmo (3)

tma

where, Ny, = Minimum number of parts,

t, = Basic assembly time for one part,
tma = Estimated time to complete assembly of the product.

A comprehensive report showing the repeat counts, securing method, minimum part criteria,
handling, insertion and ergonomic problems associated with the Reject conveyor was automatically
generated by the software and is given in Appendix C. A detailed analysis like handling time, insertion
time, labour time, labour cost and item cost associated to all sections of the Reject conveyor is given in
Appendix D.
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3. Generation of New Concepts

Concept generation is all about creating new ideas and is often considered the most crucial
step in the engineering design process because it is in this step that 70%-80% of the product price is
committed [18]. Following the implementation of various design techniques, such as brainstorming
during the concept generation stage, three design alternatives of the conveyor system that can replicate
the Reject conveyor without affecting the functionality are presented in Sections 3.1-3.3. Three main
factors were considered while generating the new designs: ability to accommodate different product
sizes, hygiene, and ease of assembly.

3.1. Concept 1: Dual Lane Flex Type Conveyor System

This design features a double lane chain, running parallel and driven by a single motor. The design
constitutes simple architecture with fewer parts. The conveyor frame is made mainly from tubular
sections, and very few sheet metal parts have been used except for the product side guide and bearing
support. The tubes are standard profiles which are cheaper and could significantly reduce the overall
price of the conveyor. The product side guide as seen in Figure 8 is very much similar in shape to that
used in the Reject Conveyor but lacks the necessary hardware to accommodate different product sizes.
The belts can be easily cleaned, thus providing better conveyor hygiene. Turning disk transfer can be
easily incorporated with this system, hence eliminating the need of a curve system for transferring
products at 90 degrees.

Figure 8. Concept 1—Dual lane flex type conveyor system.

3.2. Concept 2: Narrow Lane Conveyor System

This conveyor features a single belt having narrow lane configuration in which the conveyor
frame width is only 85 mm as compared to the frame width of the Reject conveyor, which is 205 mm.
A CAD model of this concept is shown in Figure 9. The conveyor is made from both stainless steel and
aluminium. Stainless steel is used in the areas where food makes contact, while the aluminium profile
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is for constructing the leg assembly as it offers a high degree of flexibility in joining, hence reducing
assembly time. The product side guide is a simple round bar and can be adjusted both horizontally and
vertically to accommodate different sizes of products. The conveyor’s modular structure can reduce
assembly operation and labour cost, but hygiene is compromised due to its closed frame configuration.

Figure 9. Concept 2—Narrow lane.

3.3. Concept 3: Conveyor with an I-Beam Substructure

A CAD model for this concept is shown in Figure 10. This conveyor features an I-beam profile
made from 3-mm thick stainless-steel sheet. This specific configuration for making a food conveyor
has not been utilised before and is quite unique. Only overhead chain conveyors that are employed to
transport bulky product utilise the beam profile as a track, as shown in Figure 11. One good aspect of
having an I-beam shaped frame, unlike the box section frame of the Reject Conveyor, is that it does not
require the use of rivet nuts. Rivet nuts, also known as blind nuts, are used in sheets of wall thickness
less than 5 mm because it is extremely challenging to tap threads in plates of wall thickness less than
the specified. Rivet nuts were extensively used previously in the Reject conveyor to fasten bolts for
securing conveyor components. This design also eliminates the use of connector pins previously used
to hold the frames together, as shown in Figure 5. Furthermore, the conveyor has an open frame
configuration to facilitate cleaning and hygiene.
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Figure 11. Overhead beam conveyor.

3.4. Controlled Convergence Method

Pugh proposed that product development engineers should participate in an iterative method
of adding and removing a range of concepts at an early point in the design phase after identifying
requirements but prior to a comprehensive design. He developed a method of controlled convergence
which is an iterative and non-numeric tool that improves and narrows the choice of concepts available.
‘Controlled convergence’, developed by Stuart Pugh in the 1980s, utilises a convenient matrix to
compare concepts with a selection of predetermined requirements [19]. The decision matrix is built
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based on Pugh’s technique to evaluate and rate the ideas. The best concept is accepted based on
comparing the ratings for different concepts and eliminating the associated issues.

Several factors were considered for the evaluation criteria: material cost, manufacturing cost,
repair cost, ease of fabrication, weight, strength, reliability and simplicity of design, styling, recyclability
of materials, ease of repair, installation and disassembly. The decision matrix was formulated by
entering the evaluation criteria as columns and concepts as rows. According to Pugh (1991), a datum
is chosen as a reference against which all other concepts will be compared. If a design (or designs)
already exists for a product area under consideration, it must be included in the matrix and always
forms a useful datum choice. In this case, the Reject conveyor which already exists is considered as a
datum. Each concept/criterion is considered against the chosen datum. The following legends are
used [8]:

B+ (plus) meaning better than, cost less than, less prone to, easier than, etc., relative to the datum.

B - (minus) meaning worse than, more expensive than, more difficult to develop than, more
complex than, more prone to, harder than, etc.

B S (letter) meaning the same as the datum is used when doubt exists as to whether a concept is
better or worse than the datum.

The results for each alternative are achieved by adding the graded scores in the PuCC decision
matrix. The optimal solution is selected based on the scores obtained. The optimal alternative is
considered with a greater number of plus ratings and fewer minus, as seen in Table 4. Furthermore,
concepts both having “+’ (as seen for material cost in Table 4) can have different levels of criteria and
that can be overcome by using extra levels of discrimination as proposed by Pugh [8]:

‘++’ = much better

’

— = much worse

As seen in the table, both concepts 1 and 3 are desirable as they have the same number of positive
scores, but concept 3 has fewer minuses as compared to concept 1, and therefore, concept 3 is a strong
candidate to take forward to the final design stage. This is the conveyor with an I-beam substructure
(Section 3.3).
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Table 4. Pugh Control Convergence method (PuCC) decision matrix.

Concepts

Evaluation Criteria

Existing Concept

Concept 1

Concept 2

Concept 3

Material cost
Manufacturing cost
Repair cost
Ease of fabrication
Weight consideration
Strength
Reliability of design
Simplicity of design
Styling
Recyclability of materials
Ease of repair
Ease of disassembly
Ease of installation
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3.5. Development of the New Conveyor with the I-Beam Substructure

After confirming concept 3 as the optimal solution, this conveyor entered the detail design stage.
In this stage, various factors were determined, e.g., specific shape and size of the individual components,
material selection, assembly and manufacturing methods. The detailed design is developed by strictly
following the DFM guidelines to enhance design efficiency and reduce cost. According to the DEMA
framework, the new design was processed using the steps shown in Figure 12 to calculate the DFA
index and estimate the new cost. This data is crucial to quantify and acknowledge the improvements
by comparing the new design with the existing design.

Develop conveyor Generation of Product structure
design using DFM | —— chart for new
- CAD model -
guideline design
; Sequential
DFMA analyr5|_5 for 4— | disassembly for
the new design :
new design

Figure 12. Framework for processing new design for DFMA analysis.
3.5.1. Product Structure Chart for New Conveyor

The new conveyor with I-beam substructure is shown in Figure 13 and comprises the same three
main subassemblies as the original Reject conveyor. However, these subassemblies were redesigned
(drive straight section new, curve section new and idler end section new) and the product structure
with the complete assembly sequence is shown in Appendix E.

Figure 13. CAD model representing the new conveyor design.
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3.5.2. Sequential Disassembly of New Conveyor Design

Sequential product disassembly was once again performed and the exploded views for ‘drive
straight section new” and ‘curve section new’ are shown in Figures 14 and 15. Their corresponding
parts are shown in Tables 5 and 6. The exploded view for “idler end straight section’ is not shown
since its product architecture is like the drive section new type. Appendix F shows the full list of
parts, the material and manufacturing process selected, total weight and total cost for the making the
Nnew Conveyor.

Figure 14. Exploded diagram for ‘Drive straight section new’.

Table 5. Part description for ‘Drive straight section new’.

Part No. Part Description Part No. Part Description Part No. Part Description
1 Frame flange part 10 Teflon square 19 Adjustable feet
bottom spacer

2 Frame web part 11 Motor unit 20 M16 hex bolt

3 Frame ftl(e;\;ge part 12 Sprocket 21 Eyebolt

4 Stiffener plate 13 Drive shaft 22 Guide rail clamp

5 Chain PE—UHMW 14 Split shaft collar 23 SS round bar 12
guide mm

6 Drive plate flange 15 Transfer roller unit 24 Tray bracket
. Leg side guide

7 Bearing spacer 16 bracket 25 Cable tray 0.7 mt

Square flange .
8 bearing 17 Drip pan 26 Tray tab
9 Motor support 18 Leg connector plate 27 Connection plate

flange
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Figure 15. Exploded diagram for ‘Curve section new’.

Table 6. Part description for ‘Curve section new’.

Part No. Part Description Part No. Part Description
1 Frame flange curve bottom 8 Adjustable feet
2 Frame web curve part 9 Eyebolt
3 Frame flange curve top 10 Guide rail clamp
4 Side flexing guide 11 SS round bar 12 mm
5 Leg side guide bracket 12 Tray bracket
6 Drip pan curve 13 Cable tray 0.7 mt
7 Leg connector plate 14 Tray tab

3.5.3. DFMA Analysis for the New Conveyor Design

Once again, every single entry in the product structure for the new design was examined by
its envelope dimension, securing methods, part symmetry, handling requirements, insertion and
handling difficulties. Every single part was cost estimated based on its part profile, choice of material
and manufacturing process. The total cost for making the new conveyor system was estimated to be
around 1616.37 GBP with item cost alone to be 1589.67 GBP and labour cost of 26.62 GBP, as shown
in Appendix F. The theoretical minimum part count is 50 and DFA Index is 5.0. A comprehensive
report showing the repeat counts, securing method, minimum part criteria, handling, insertion and
ergonomic problems associated with the new conveyor system is given in Appendix G. A detailed
analysis of handling time, insertion time, labour time, labour cost and item cost associated with all
sections of the new conveyor design is given in Appendix H.
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4. Design Improvements Resulting from DFMA Implementation

DFMA principles helped in modifying the existing design that resulted in many improvements.
DFA criteria have been applied by eliminating and modifying different components. However, it is
important to note that not all the components that do not meet the DFA criteria can be removed or
combined with other components, due to various factors like strength and cost of manufacturing.
For example, the I-beam of the new conveyor is made from three parts, i.e., frame flange part bottom,
frame web part, and frame flange part top, as seen in Figure 13. The web part is the base part but the
other two parts according to DFA criteria are labelled as unnecessary parts because they do not have to
be made from a different material, do not have any relative motion with respect to the base part and
also do not have to be separate components for assembly/disassembly, and therefore, the criteria calls
for combining and making them as one part. However, manufacturing a customizable I-beam only for
the sake of producing conveyors would add up manufacturing tooling cost and is not viable since
different frame widths will be used for different applications. Therefore, it is crucial that companies
and designer make a viable decision while evaluating the DFA criteria. Table 7 demonstrates the
proposed modifications of the new conveyor system. Both the old and new designs are compared to
show modifications and their cost implications.

Table 7. Comparison between the old and new design.

# Old Design New Design Improvements
Refer to Figure 5 and Table 2 for
part names. The new design eliminates the need for

BENDING I having connectors for holding the frame

OPERATION 1 > together. The connectors are replaced by a
— Ly I single web plate, hence reducing

interconnection as described by DFM

guidelines. The new design does not

require additional bending operation and is
" 'WEB easy to fabricate.

i The total cost for manufacturing the
BENDING conveyor frame for the old and new design
OPERATION2 is 429.53 GBP and 300.23 GBP respectively.
} Therefore, the new designed saved
129.3 GBP. Refer to Appendix B and F
for prices.

CONNECTORS

The new design eliminates parts 12, 6, 7 and
5 of the old conveyor system by integrating
Refer to Figure 5 and Table 2 for CHAIN PE-UHMW chain PE-UHMW guide on the top and
part names. GUIDE bottom face of the conveyor frame. Parts 6,
e 7 and 5 are mounted on the aluminium
connectors and act as supports for the
return chain. Hence chain PE-UHMW
guide acts as a multi-functional component.

The cost of having parts 5, 6, 7, and 12
ﬂ 1;2' including connectors was 42.91 GBP and

4

2 the cost of UHMW guide is estimated to be
MM ‘! 62 GBP. However, the cost increased by
A 19.09 GBP but has saved considerable
PLATE/ assembly time.

The rivet nuts (2) as seen in the old system
are replaced by a simple nut and bolt
configuration. The riveting operation is
time consuming and costly while standard

nut and bolts are an easy and effective
method of fastening.
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Table 7. Cont.

# Old Design New Design Improvements
Refer to Figure 5 and Table 2 for 12 mm

part names. bar

o i The new design eliminates parts 30 and 31
by using a 12 mm round bar. Parts 30 and
31 are expensive and cost 217.38 GBP in
total for the old system while the cost of
having a 12 mm round bar for the new
design is only 78.24 GBP. A considerable
saving of 139.14 GBP was made by this
modification (Refer to prices in appendices).
Use of a common part can have a significant
impact on cost as described in DFA.

Py

i
/
;
i
iy
S

¢

Refer to Figure 5 and Table 2 for

The new design eliminates parts 18, 19, 20
part names.

and 21 by having a simple leg

configuration, which is made from stainless

steel sheet. The sheet is bent inwards to

- increase the stiffness and held together

¢ using a connector plate, hence minimizing
the part count.

CONNECTOR The total cost of having parts 18, 19, 20, 21

and 22 for the old design is 360.76 GBP,
while the legs for the new design can be

] made for only 312.80 GBP. Refer to

il Appendix B and F for cost. The cost savings

IR ] are 47.96 GBP, but assembly time has been

20 / significantly reduced and this design will

- ;H_:‘ E- have a reasonable impact on savings in
batch production.
Part 27 does not meet the DFA

criteria and therefore it is
combined.

Refer to Figure 5 and Table 2 for
part names.

) J bracket (27) and leg assembly into one
. | single sheet metal part. The new design is a
, multi-functional component since it is used
as a leg and guide bracket.
The guide rail bracket was a manufactured
LEG component utilising laser cutting and press
ASSEMBLY brake operation and the cost of having it in
|/ the old design was 130.21 GBP. Hence the
4 new design does not require it as it has
L L become a part of the leg. This can be

E) @ considered as a significant saving.

= L

] # H The new design combines the guide rail

It is evident from Table 7 that majority of the savings came from having a simplified frame
configuration, by replacing the product side guide and flat bar plate with a simple 12-mm round bar
and by eliminating the need of having a guide rail bracket. It is noted that the savings made are mainly
achieved by modifying or eliminating the conveyor components that were over-designed and lacked
professional planning. This validates the view that design simplification can lead to significant cost
savings, regardless of its simplicity.

4.1. Results from DFMA Software

Design efficiency and cost analysis for the conveyor system were calculated using the DFA
product simplification software and DFM concurrent costing software, respectively. Table 8 shows the
comparative analysis of the old and new conveyor systems. The new design is superior to the old one
on many fronts, i.e., reduction in weight (from 261.76 kg to 197.04 kg), reduction in assembly labour
time (from 7351.78 s to 3132.77), reduction in labour cost (from 62.47 to 26.62 GBP), reduction in per
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product costs (from £284.18 to £1616.37 GBP) and increase in DFA index (from 1.7 to 5.0). Figure 16
illustrates the breakdown of time for assembling each conveyor.

Table 8. Comparative analysis of old and new conveyor systems.

Old Conveyor New Conveyor
Per product data
Entries (including repeats) 1186 418
Number of different entries 65 49
Total assembly labour time, s 7351.78 3132.77
Weight, kg 261.76 197.04
Per product cost
Labour cost, GBP 62.47 26.62
Mfg. piece part cost, GBP 2221.72 1574.40
Total cost without tooling, GBP 2284.18 1601.10
Mfg. tooling cost, GBP 0.00 15.27
Total cost, GBP 2284.18 1616.37
Production data
Product life volume 1000 1000
Overall plant efficiency, % 85.00 85.00
Labour rate, GBP/hr 26.00 26.00
Production life costs
Labour cost, GBP 62,466 26,618
Mfg. piece part cost, GBP 2,221,717 1,574,395
Total cost without tooling, GBP 2,284,183 1,601,098
Mfg. tooling cost, GBP 0 15,271
Total cost, GBP 2,284,183 1,616,370
DFA Index
Theoretical minimum number of items 42 50
DFA Index 1.7 5.0

standard and libra
operations 1977.60 s

analyzed subs
440 s

standard and library
operations 306.00 s

candidates for
elimination analyzed subs
790s

99955
candidates for
elimination
2497.33 s
theoretical minimum theoretical minimum
parts 329.83 s parts 281.54 s
QOriginal New
total assembly time 7351.78 s total assembly time 3132.77 s

Figure 16. Time distribution chart for old and new conveyors.

4.2. Results from Using PuCC for Concept Selection

PuCC was used as an effective tool in narrowing down the different concepts generated for
improving the old conveyor system. During the project, it was demonstrated to be both an evaluation
and a visual communication tool that helped in making a better engineering decision. As shown in
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Table 4, concept 3 was identified as the best concept based on a greater number of pluses and fewer
minuses. The results obtained after critically analysing the merits and demerits of different conveyor
systems based on various criteria like weight consideration, manufacturing cost and ease of fabrication
are further justified by the DFMA analysis.

By focusing heavily on the criteria as described in Section 3.4, PuCC eliminated the uncertainties
during the concept selection phase and promoted decision-making processes more through facts
and less through emotional attachment to favourite ideas. The research concludes that ideation and
evaluation should be conducted simultaneously and that PuCC has a central role to play.

5. Validation of New Concept Using FEA

The frame is an integral part of the conveyor system since all the conveyor components and
accessories are mounted on it and it must be rigid enough to sustain different loads and impacts exerted
by the moving products. The new conveyor frame design is a prismatic I-beam structure. Structural
steel constructions are designed with I-beams because of their high efficiency. I-beams have an innate
ability to bend unidirectionally parallel to the web. The horizontal flanges are resistant to bending
movement and the web resists the shear stress. Without buckling, they can handle different kinds of
loads and shear stresses. They are also economical as the ‘I’ form is an industrial structure that does
not use excess steel [20].

As seen in Figure 16, the ‘Idler end section new” is the longest part of the conveyor, which is
supported by three pairs of legs. The total length of this section is 3.5 m and can accommodate a
maximum of 14 big bottles. Each filled bottle is 5 gal, which is roughly 20 kg maximum, therefore,
14 bottles exert a load of 280 kg. Furthermore, considering the weights of the conveyor components,
gravity and dynamic aspects, the total load exerted on the conveyor frame of 3.5 m is approximated
to be 500 kg. However, to ensure maximum safety, the strength analysis on the conveyor frame is
carried out with 1 tonne (9806 N) loading with just two supports. This is achieved by treating the
conveyor frame as a simply supported beam that has hinge support at one end and a roller support at
the other [21]. First, the beam is analysed using the analytical methods and the results obtained are
validated using FEM.

5.1. Analytical Calculation of Deflection and Stress

The free-body diagram (FBD) for the beam and its cross-section is shown in Figure 17.

120.00

JUL JU JU Ju Ju Ju Ju o JU o J1

Figure 17. Beam with uniformly distributed loads.

For a simply supported beam, the maximum deflection w can be calculated using the formula
below [22,23]:
5plt
Wimax = 384E] 4)

where,
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p Load Intensity = 2.80 N/mm

l Length of the beam = 3500 mm

E Modulus of elasticity = 190,000 MPa

I Moment of Inertia = 1,943,603.75 mm*

The moment of inertia for the ‘I’ cross-section was directly obtained from SolidWorks software.
Substituting all the known values in Equation (4) gives the following solution:

o 5% 2.80 x 3500* 5)
MY 384 % 190,000 x 1,943, 603.75
Wiax = 14.81mm (6)

For a simply supported beam, the maximum stress o can be calculated using the formula [24]:

o= ﬁ @)

where M is the maximum bending moment, which is given by

Myax = P 8
MAX = g 8)

and y is the distance from the neutral axis and is equal to 50.5 mm.
Substituting the known values in Equation (8) gives the following solution:

2.80 x 35002
Myax = XT — 4,287,500 N mm. )

Substituting the value of Mp;4x and y in Equation (7) gives the following:

S 4,287,500 x 50.5 10)
X 1,943,603.75
Omax = 111.40 MPa. (11)

The analytical results for deflection and stress were compared to the finite element models made
in SolidWorks and are discussed in Section 5.2.

5.2. Stress Analysis and Deflection Using FEM

A static study on the beam element (Beam with uniformly distributed loads) was carried out in
SolidWorks Simulation Software. Stainless steel 304 from the material library was assigned to the beam.
For simulation, immovable boundary condition constraints were applied on the hinges so that the
beam could only move in the vertical direction to show deflection and stresses. The model was meshed
using the SolidWorks Simulation’s beam mesh feature. Gravity was applied as a loading condition
and a load of 9806 N was applied on the top face to observe axial bending, as shown in Figure 18.
As seen in Figure 18, the maximum stress is in the middle of the beam and its value is o5 =111 MPa.
The maximum stress did not exceed the permissible stress of 0,4 =207 MPa and hence the factor of
safety (FOS) is greater than 1 (or equivalent to 1.86).
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&xial and bending [MN/mm#~2 (MPa))

1
743

_ 557

—p Yield strength: 207

Figure 18. Stress analysis on the beam.

The deflection of the conveyor frame is shown in Figure 19. The maximum deflection occurred at the
middle of the span (where maximum stress was previously obtained) and its value is w;;;y = 15.046 mm.
At this point, the deflection is much lower in practice because the middle portion of the frame is
connected by a pair of legs. Table 9 shows a comparison between the analytical and numerical values.
It is evident that the values are very close to each other, showing that the simulation model can be used
to model different loading conditions with different materials in the future as well. More importantly,
these values show that the new design beam can meet the strength requirements needed for the system.

LY [rmm)
0.000
-1.254
-2.508
-3.762
-5.015
-6.269
-1.523
-8.777

o -10.031
_ -11.285

-12.539

l -13.793
-15.0468

Figure 19. Deflection on the beam.

Table 9. Comparison between analytical and simulation results.

Solved Features Analytical Results CAE Results

Maximum stress acting on the middle of the span. 111.40 MPa 111.0 MPa
Maximum deflection at the centre of the span. 14.81 mm 15.04 mm
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6. Conclusions

The paper presents an investigation into the design and manufacturing of a mechanical conveyor
system used in the food industry with the help of a DFMA tool and techniques. A full breakdown
analysis of the existing conveyor system was carried out to identify and eliminate critical parts that
were either not professionally designed or overdesigned, or which have cost implications in conveyor
manufacturing. By considering all the critical parts, the new conveyor design was developed by
applying principles of DFM and DFA in conjunction with analysing alternative design concepts that
led to better design efficiency and reduced manufacturing cost without sacrificing functionality.

The following conclusion can be drawn from the work presented in this paper:

(1) The time and cost required to assemble the new conveyor system were reduced by 57%.

(2) The weight of the conveyor was reduced by 25%, leading to ease of transport.

(3) The overall manufacturing cost was reduced by 29% for the new conveyor system.

(4) Originally 27% of total assembly time for old conveyor design was consumed by fixing mechanical
fasteners and joining operations that included riveting and welding. For the new design,
the standard operation only consumed 10% of the total assembly time, thus saving significant time.

(5) The DFA index or the design efficiency improved from 1.7% to 5%, showing that it is easier to
assemble the new conveyor system.

Author Contributions: ].B. and S.J. conceptualized the idea and defined the methodology; S.J. investigated
different designs and wrote the first draft; J.B. and S.J. conducted comparative design analysis; ].B. worked on
manuscript review and editing. All authors have read and agreed to the published version of the manuscript.
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Appendix A. Assembly Sequence for the Reject Conveyor

=r— Eg@ Table Top Chain Conveyor Assembly
¥
G @ Front drive straight section

— & Side frame 3mm right
— ‘ Rivat nuts

— 2} riveting

— =) Spot weld

— & Auminium connectors
— [ M0 hex head bol

— Roller spacer

— Return roller

:_- Returm roller without flange
— ‘ Sprocket

— Drive shaft

p— ‘ Split shaft coliar

— Side frame 3mm left

— Rivet nuts

— [2§ riveting

— [ spotwald

— [l M10 hex head bolt

— @& PeEstip

i— @& Bearing spacer

— &3 Square flanged bearing right
L 3 Square flanged bearing left
— [ M10 hex head bol

— ‘ Motor support flange
— [l M10 hex head bolt

— ‘ Teflon spacer

— ﬁ Motor unit

— [ M10 hex head balt

' B Side mounting top bracket
— [ M10 hex head bolt

— B Pipe of dia 48.3 mm

— [ M10 hex head bolt

— [ W10 hex nut

' & Threaded bushing

— & connacting joints

— @ Pipe of dia 42.3 mm

— [ W10 hex head bolt

— [ W10 hex nut

L @ Adjustable feet

— & Mounting plate

:_ ﬁ Drip tray support

— [ W10 hex head bokt

' _ W Drippan

—

— W Guide rail bracket
— [ M10 hex head bolt
— & Eyebon

— & Guide rail clamp
— [ M0 hex nut

' W Product side guide
— W Flatbar 60xEmm
— ‘ Tray bracket

— [ M10 hex head boit
+— 5 Cable tray 0.7 mt
— B Traywb

b m8 pan Xhd screw
— bod M8 hex nut

t— & Transter roller unit
— b 1110 hex head bon
— [ M10 hex nut

+— @ Connection plate
— [ M0 hex head bolt
— [ M0 hex nut

£r— & 90 degree curve section

— W 55 curve frame small
B Rivetnuts

— (%] riveting

— %] Spotweld

P B Side fexing guide
— [ M8 pan Xhd screw
— W S5 curve frame long

— [ Spotweld

— [l M8 pan Xhd screw
— & Side mounting top bracket
— [ M0 hex head bolt

— B Pipe of dia 48.3 mm

— [ M10 hex head boit

— [l M10 hex nut

+— B Threaded bushing

I ‘ Connecting joints

— B Pipeof dia 42.3 mm

— [l M10 hex head bolt

— Da M10 hex nut

— B3 Adjustable feet

— & Mounting plate
+— &g Drip ray suppont
[ M10 hex head bolt e
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Guide rail bracket

M10 hex head bolt
Eyebolt

Guide rail clamp

M0 hex nut

Product side guide curve
Flatbar G0xEGmm cunse
Tray bracket

M10 hex head bodt
Cable tray 0.7 mi

Tray tab

M8 pan Xhd screw
ME hex nut

Curve drip tray

= ﬁ Idler straight section
| ]

Side frame 3mm right_intermediate section
Side frame 3mm right_end seciion
Connection plate

M10 hex head bodt

M10 hex nut

Rivet nuts

riveting

Spot weld

Aluminium connectors

M10 hex head bolt

Roller spacer

Retunn roller

Return roller without flange
Sprocket

Idler shafi

Split shaft collar

Side frame 3mm left_intermediate section
Side frame 3mm left_end section
Connection plate

M10 hex head bodt

M10 hex nut

Rivet nuts

riveting

Spot weld

M10 hex head bolt

PE strip 3.5 mit

Square flanged bearing right
Square flanged bearing left

M10 hex head bolt

Side mounting top bracket

27 of 57

M0 hex head bolt
Pipe of dia 48.3 mm
M10 hex head bolt
M0 hex nut
Threaded bushing
Connecting joints
Pipe of dia 42.3 mm
M0 hex head bolt
M0 hex nut
Adjustable feet
Mounting plate

Drip tray support
10 hex head bolt
Drip pan 1165

Drip pan 2400
Guide rail bracket
M0 hex head bolt
Eyebolt

Guide rail clamp
M0 hex nut
Product side guide 2mt
Product side guide 1.5mt
Flatbar &0xEmm_2m
Flatbar 60=6mm_1.5
Tray bracket

M0 hex head bolt
Cable tray 3.5 mt
Tray tab

M8 pan Xhd screw
M8 hex nut
Transfer roller unit
M10 hex head bolt
M0 hex nut



Designs 2020, 4, 6

Appendix B. Manufacturing Process and Material Information for Existing Conveyor Design

28 of 57

No. MName Total cost, £ Weight per Total weight, PMaterial Manufacturing process
item. kg kg
A =1 Table Top Chain Conveyor Assen
=4 EI Front drive straight section .13 O.00 .00
3 Side frame 3mm right 2896 .53 453 |304 austenitic stainlaess staeeal Laser cutting
i Rivet nuts 279 0.01 0.15 |SS 304 Purchase
s riveting 0.67 0.00 .00
=] Spot weld .89 O.00 .00
7 AdJuminium connectors 2.63 o 17 0.67 |Generic aluminum alloy Stock
a8 M0 hex head bolt 1.50 0.01 0.04 |SS 304 Purchase
9 Roller spacer O.58 .01 004 | POM Acetal Purchase
10 Return rolier 169 0.01 0.04 |POM Scetal Purchase
11 Return roller without flange .83 0.0 0.02 |POM Acetal Purchase
12 Sprocket 10.28 .20 0.20 |[PE High Density Purchase
13 Drrive shaft 588 2. 7O 2. 70 | 304 austenitic stainless steel Stock
1< Split shaft collar 1.88 .01 0.02 [PE High Density Purchase
15 Side frame Imm left 28.96 4.53 4.53 | 304 austenitic stainless steel Laser cutting
16 Rivet nuts 2.79 0.01 D15 |SS 304 Purchase
17 riveting 067 000 o000
18 Spot weld 089 0.0 000
Mo MNanme Total cost, £ Weight per Total weight, Material PManufacturing process
item. kg kg
19 M10 hex head bolt 1.50 0.01 0.04 |S5S 304 Purchase
20 PE strip 212 0. 10 020 |PE Purchase
21 Bearing spacer 205 0.50 0.50 |High density polyethylene Stock
22 Square flanged bearing righ 26.65 040 0.40 |PA Type 6 Purchase
23 Square flanged bearing left 26.65 0.40 0.40 |PA Type & Purchase
24 M0 hex head bolt 2.91 0.01 0.08 |SS 304 Purchase
25 Motor support flange 12.49 1.64 1.64 |304 austenitic stainless steel Laser cutting
26 M10 hex head bolt 1.49 0.01 0.04 |SS 304 Purchase
27 Teflon spacer 1.72 0.02 0.09 |High density polyethylene Stock
28 hMotor unit 12817 12.00 12.00 |Steecl Purchase
29 10 hex head bolt 1.50 0.01 0.04 |SS 304 Purchase
30 Side mounting top bracket G642 .30 0.60 |PA Types Purchase
31 M0 hex head bolt 1.50 0.01 0.04 |SS 304 Purchase
32 FPipe of dia 48.3 mm 28.59 2.14 4.29 |304 austenitic stainless steel Stock
a3 MM10 hex head bolt 076 0.01 0.02 |SS 304 Purchase
34 P10 hex nut 035 0.01 0.02 |SS 304 Purchase
35 Threaded bushing 3.13 0.15 0.30 |Reinforced polyamide Purchase
36 Connecting joints 7.30 .20 0.40 |Reinforced polyamide Purchase
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Mo rName Total cost, £ Wweight per Total weight, Material fManufacturing process
iterm, kg kg

37 FPipe of dia 423 mm 9.0 .7 1_as |304a austenitic stainless steel Stock

38 M1 0O hex head boit 2. 24 O.01 006 |SS 304 Purchase

39 MA1O hex nut 0.99 0.0 006 |SS 304 Purchase

40 Adjustable feet 5_aa oA 080 |Reinforced polyamide Purchase

<31 Mounting plate 1.7 O.01 0.04 |Reinforced polyamide Purchase

az Drip tray support a.62 o.10 O.40 |Stainless steel Purchase

43 M1O hex head bolt 1.50 .01 004 | SS 304 Purchase

2 Dirip pan 15.05 Z.as 2 .46 | 304 austenitic stainless steel Plasma cutting

a5 Suide rail bracket 16.35 0.96 1.93 | 304 austenitic stainless steel Laser cutting

46 M10 hex head bolt 1.50 0.0 0.04 |SS 304 Purchase

47 Eyvebolt 4 .66 .10 0.20 |SS 304 Purchase

48 Suide rail clamp 5.93 0.15 0.20 |Reinforced polyamide Purchase

49 M1O hex nut 0.45 .01 0.02 |SS 304 Purchase

50 Product side guide .37 1.0 2.08 |High density polyethylens Stock

s1 Flatbar 60x6mm 26.45 1.81 3.62 | 304 austenitic stainless steel Plasma cutting

s52 Tray bracket 1247 0.2 1.24 1304 austenitic stainless steel Laser cutting

53 M10 hex head bolt 149 o.01 o.04 |SS 304 Purchase

54 Cable tray O.7 mt 21.56 . 7o O.7Oo |SS 304 Purchase

Mo MName Total cost, £ Weight per Total weight, MMaterial Manufacturing process
item. kg kg

S5 Tray tab 366 0. 14 0.29 |304 austenitic stainless steel Laser cutting

S8 M8 pan Xhd screw 1.50 0.01 0.04 |SS 304 Purchase

57 ME hex mut 068 .01 0.04 |SS 304 Purchase

58 Transfer roller unit 1504 1.20 1.20 |SS 304 Purchase

59 P10 hex head bolt 1.68 .01 0.04 |SS 304 Purchase

B0 M 10 hex nut D.B7 0.01 0.04 |SS 304 Purchase

61 Conneaection plate 12.50 .65 1.29 |304 austenitic stainless steel Laser cutting

52 P10 hex head bolt 2.24 .01 .06 |SS 304 Purchase

63 M 10 hex nut 029 0.01 0.06 |SS 304 Purchase

64 Q. Totals for Front drive straight S 533.99 S52.7T3

65 EI 290 degree curve section 0.13 .00 0.00

(=153 S5S curve frame small Z29.91 4.687 4687 |304 austenitic stainless steel Laser cutting

67 Rivet nuts 1.49 0.01 0.08 |SS 304 Purchase

1=2:3 riveting .72 .00 Q.00

(=%=] Spot weld 085 .00 .00

O Side flexing guide 4107 4.20 2.40 |Ultra-high-molecular-weight polyeg CHNC machined

71 M8 pan Xhd screw 4 45 0.01 0.12 |S5 304 Purchase

T2 5SS curve frame long 29.91 465 4.65 |304 austenitic stainless steel Laser cutting
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No. Name Total cost. £ WWeight per Total weight. rMaterial Manufacturing process
itern, kg ka

T3 Rivet nuts 149 oO.01 008 |SS 304 Purchase

7 riveting o7z 0.00 0.00

75 Spot weld 095 0.00 0.00

TS M8 pan Xhd screw a_As 0.01 012 |sSs 304 Purchase

77 Side mounting top bracket 1284 0.30 1.20 [PA Types Purchase

T8 nM10 hex head bolt 297 0.01 0.08 |Ss 304 Purchase

7o Pipe of dia 48.3 o 57.18 2. 14 8.58 |304 austenitic stainless steel Stock

a0 MO hex head bolt 1.50 .01 0.04 |[SS 304 Purchase

a1 MO hex nut 067 0.01 0.04 |SS 304 Purchase

a2 Threaded bushing 6249 .15 0.60 |Reinforced polyamide Purchase

a3 Connecting joints 1460 0.20 0.80 |Reinforced polyamide

84 FPipe of dia 42_.3 mmn 1815 O. 74 2. 95 |304 austenitic stainless steel Stock

a5 M0 hex head bolt 4.45 0.01 0.12 |SsS 304 Purchase

a6 10 hesx mut 1.95 0.01 012 |SsS 304 Purchase

a7 Adjustable feet 1079 0.40 1.60 |Reinforced polyamide Purchase

a8 Mounting plate 1.71 0.01 0.04 |Reinforced polyamide Purchase

a9 Drip tray support .62 0.10 0.40 |Stainless steel

o0 nM10 hex head bolt 1.50 0.01 0.04 |SS 304 Purchase

MNo. Name Total cost, £ Weight per Total weight, Material Manufacturing process
itemn, kg kg

91 Guide rail bracket 32.70 0.96 3.85 |304 austenitic stainless steel Laser cutting

92 M10 hex head bolt 2.97 0.01 0.08 |SS 304 Purchase

93 Eyebaolt 9.31 0.10 0.40 |SS 304 Purchase

94 Guide rail clamp 13.87 0.15 0.60 |Reinforced polyamide Purchase

95 M10 hex nut 0.87 0.01 0.04 |SS 304 Pirchase

96 Product side guide curve 7.37 1.04 2.08 |High density polyethylene Stock

a7 Flatbar 60x8mm curve 29.53 1.81 3.62 |304 austenitic stainless steel Plasma cutting

98 Tray bracket 12.47 0.62 1.24 |304 austenitic stainless steel Laser cutting

99 M10 hex head bolt 1.49 0.01 0.04 |SS 304 Purchase

100 Cable tray 0.7 mt 21.56 0.70 0.70 |SS 304 Purchase

101 Tray tab 3.66 0.14 0.29 | 304 austenitic stainless steel Laser cutting

102 M8 pan Xhd screw 1.50 0.01 0.04 |SS 304 Purchase

103 M8 hex nut 0.68 0.01 0.04 |SS 304 Purchase

104 Curve drip tray 44.88 8.34 8.34 | 304 austenitic stainless steel Laser cutting

105 & Totals for 90 degree curve sed 443.12 57.09

106 =l idler straight section 0.13 0.00 0.00

107 Side frame 3mm right_interm 57.65 9.41 9.41 |304 austenitic stainless steel Laser cutting

108 Side frame 3Imm right_end s 98.54 15.51 15.51 |304 austenitic stainless steel Laser cutting
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Mo Name Total cost, £ Vweight per Total weight, Material Manufacturing process
iterm, kg kg
109 Connection plate &.25 0.65 0.65 | 304 austenitic stainless steel Laser cutting
110 MA10 hex head bolt 2.249 0.01 0.06 |SS 304 Purchase
111 P10 hex nut 0.51 0.0 0.03 |SS 304 Purchase
112 Rivet nuts 2.30 .01 0.50 |SS 304 Furchase
113 riveting 2.19 .00 000
114 Spot weld 2.97 0.00 0.00
115 Aduminium connectors 10.51 Q.17 2.67 |Generic aluminum alloy Stock
116 M0 hex head bolt 5.92 0.0 0.16 |SsS 304 Purchase
117 Roller spacer 2. 27 0.01 0.16 |POM Acetal Purchase
118 Returm roller &7 .01 0.16 |[PORM Acetal Purchase
119 Return roller without flange 3.26 .01 0.08 |[POM Acetal Purchase
120 Sprocket 1028 .20 0.20 |PE High Density Purchase
121 Idler shaft 8.88 2.70 2. 70 |304 austenitic stainless steel Stock
122 Split shaft collar 1.88 Q.01 Q.02 |PE High Density Purchasea
123 Side frame 3mm left _interme 57.65 @4 2.41 | 304 austenitic stainless steel Laser cutting
124 Side frame Imm left_end se o8 54 15.51 15.51 | 304 austenitic stainless steel Laser cutting
125 Connection plate &.25 0.65 0.65 | 304 austenitic stainless steel Laser cutting
126 M0 hex head bolt 2.249 .01 006 |SS 304 Purchase
Mo MNane Total cost, £ Weight per Total weight, Material MManufacturing process
item, kg ka
127 P10 hex nut 099 .01 0.06 |SS 304 Purchase
128 Rivet nuts 2_30 0.01 0.50 |SS 304 Purchase
129 riveting 2.19 0. 00 0.00
130 Spot weld 2.97 000 0.00
131 MI10 hex head bolt 5.92 .01 0.16 |S5 304 Purchase
132 PE strip 3.5 mt 14 48 (e ge] 1.40 |PE Purchase
133 Square flanged bearing right Z6.65 .40 0.40 |PAa Type & Purchase
134 Square flanged bearing left 2665 040 0.40 |PA Type & Purchase
135 M10 hex head bolt 2.91 .01 0.08 |S535 304 Purchase
136 Side mounting top bracket 2569 .30 240 |PA Typet Purchase
137 M10 hex head bolt 5.92 0.01 0.16 | S5 304 Purchase
138 Pipe of dia 48 .3 mm 114 36 214 1715 | 304 austenitic stainless steel Stock
139 M10 hex head bolt 2.97 0.01 0.08 |S5S 304 Purchase
140 P10 hex mut 1.31 0.0 0.08 |SS 304 Purchase
141 Threaded bushing 12 49 0.15 1.20 |Reinfarced polyamide Purchase
142 Connecting joints 29 20 Q.20 1.60 |Reinforced polyamide Purchase
143 Pipe of dia 42.3 mm 18.15 0.7 2.95 |304 austenitic stainless steel Stock
143 MI10 hex head bolt 8.87 .01 0.24 |55 304 Purchase
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Mo MName Total cost, £ Weight per Total weight, Material Manufacturing process
iterm, kg kg

145 M10 hex nut 3.88 .01 0.24 |S5 304 Purchase

146 Adjustable feet 21.53 0.40 3.20 |Reinforced polyamide Purchase

147 Mounting plate 3.43 0.01 0.08 |Reinforced polyamide Purchase

148 Drip tray support 19.25 0.01 0.08 |Stainless steesl Purchase

149 M10 hex head bolt 2.97 0.01 0.08 |SS 304 Purchase

150 Drip pan 1165 26.30 3.96 3.96 |304 austenitic stainless steel Plasma cutting

151 Drip pan 2400 43.05 7.85 7.85 |304 austenitic stainless steel Plasma cutting

152 Guide rail bracket 81.74 Q.96 9.63 |34 austenitic stainless steel Laser cutting

153 M10 hex head bolt 7.39 0.01 0.20 |SS 304 Purchase

154 Eyebolt 23.26 Q.10 1.00 |55 304 Purchase

155 Guide rail clamp 34687 0.15 1.50 |Reinforced polyamide Purchase

156 MO hex nut 214 0.01 010 |SS 304 Purchase

157 Product side guide 2mt 15.96 2.96 5.93 |High density polyethylene Stock

158 Product side guide 1.5mt 10.52 2.22 4.45 |High density polyethylena Stock

159 Flatbar 60x6mm_2m FO.32 5.17 10.34 |304 austenitic stainless steel Plasma cutting

160 Flatbar 680x6mm_1.5 50.94 3.88 7.76 |304 austenitic stainless steal Plasma cutting

161 Tray bracket 37.42 0.682 3.71 | 304 austenitic stainless steel Laser cutting

162 M10 hex head bolt 4 41 0.01 0.12 |SS 304 Purchase

MNo. MName Total cost, £ Weight per Total weight, Material Manufacturing process
itern, kg kg

1683 Cable tray 3.5 mt 107.69 3.50 3.50 |55 304 Purchase

164 Tray tab 10.95 0.14 0.86 | 204 austenitic stainless steel Laser cutting

1685 ME pan Xhd screw 4.45 0.01 0.12 |SS 304 Purchase

166 M8 hex nut 1.98 0.01 0.12 |SS 304 Purchase

167 Transfer roller unit 15.04 1.20 1.20 |SS 304 Purchase

168 MA10 hex head bolt 1.68 .01 0.04 |SS 304 Purchase

169 M0 hex nut 0.687 0.01 0.04 |SS 304 Purchase

170 &. Totals for ldler straight section 1306.70 155.02

171 &. Totals for Table Top Chain Conwvg 2284.18 264.84
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Appendix C. Table Showing the Repeat Counts, Securing Method, Minimum Part Criteria, Handling, Insertion and Ergonomic Problems for Existing Design

No. Name Type Repeat Total count Securing PAiniL Minimum part Handling Insertion Ergonomic
count method tems criteria problems problems problems
1 =1 Table Top Chain Conveyor Asser|iain
> (=1 Front drive straight section Sub 1 1 |sep. op MNone > >
3 Side frame 3mm right Part 1 1 |Sep. op 1 |Base part Ead b
+ Rivet nuts Part 15 15 |Sep. op Fastens x
5 riveting Oper 15 15 |Rivet
& Spot weld Lib Op 15 15
7 Aluminium connaectors Part il 4 |Sep. op 0 |Conneacts
a M10 hex head bolt Part 4 4 |Thread 0 |Fastens x
= Roller spacer Part a 4 |sep. op o |MNone >
10 Return roller Part 4 4 |sep. op 0O |None >
11 Return roller without flange |Part 2 2 |Sep.- op 0 |None x
12 Sprocket Part hl 1 |Sep. op 1 |mMovement =
13 Drive shaft Part 1 1 [Push 1 |Movement X
14 Split shaft collar Part 2 2 | Thread O |[None Ead
15 Side frame 3Imm left Part 1 1 |sep. op 1 |Base part P x
16 Rivet nuts Part 15 15 |Sep. op O |Fastens >
17 riveting Oper 15 15 [Rivet
18 Spot weld Lib Op 15 15
No. Name Type Repeat Total count Securing PAinimmum Pinimum part Handling Insertion Ergonomic
caunt method items criteria problems problems problems
19 MA10 hex head bolt Part 4 4 | Thread O |Fastens x
z20 PE strip Part = 2 |sSnap 1 [Material x
21 Bearing spacer Part hl 1 |Sep. op 0 |None
-3-3 Square flanged bearing righ{ XSub 1 1 |Sep. op 1 [rMaterial
23 Square flanged bearing left | XSub 1 1 |Sep. op 1 |Material
24 MO hex head bolt Part = 8 | Thread 0 |[Fastens s
25 Motor support flange Part 1 1 |Sep. op 1 |raaterial
26 M10 hex head bolt Part 4 4 | Thread O |Fastens >
27 Teflon spacer Part <t 4 |Sep. op O [None >
28 Motor unit XKSub 1 1 |Sep. op 1 |[Movement > >
29 M10 hex head bolt Part 4 4 | Thread O |Fastens =
30 Side mounting top bracket Part 2 2 |sep. op o |connects 74
31 M10 hex head bolt Part 4 4 | Thread O |Fastens =
3z Pipe of dia 483 mm Part = 2 |sep. op o [None =
33 M10 hex head bolt Part b= 2 | Thread 0 |Fastens =
34 MO hex nut Part 2 2 | Thread 0 |Fastens baS
35 Threaded bushing Part z 2 |Push O |[Connects pq
a6 Connecting joints Part = 2 |sep. op o |[Connects =
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Mo Mame Type Repeat Total count Securing BAinimum Minimum part Handling Insertion Ergonomic
count method items criteria problems problems problems

37 Pipe of dia 42 3 mm Part 2 2 |sep. op 0 |connects x

38 M10 hex head bolt Part L= 6 | Thread 0 |Fastens =

39 M0 hex nut Part iz 6 | Thread 0 |Fastens bad

A0 Adjustable feet HKSub 2 2 | Thread 1 |Material >

41 Mounting plate Part < 4 |Sep. op 0 |Connects >

a2 Drip tray support HSub 4 4 |Snap 0 |[Connects >

43 M10 hex head bolt Part 4 4 |Thread 0 |Fastens =

a4 Drip pan Part 1 1 |Snap 1 [Assembly x x

45 Guide rail bracket Part 2 2 |Sep. op 2 |Assembly P

46 M10 hex head bolt Part 4 4 | Thread O |Fastens >

A7 Eyebolt HSub 2 2 |Sep. op 0 |[Connects >

a8 Guide rail clamp HSub z 2 |sep. op o |connects =

49 MA10 hex nut Part 2 2 | Thread 0 |Fastens =

50 Product side guide Part 2 2 |Push 2 |Material >

51 Flatbar 80x&mm Part 2 2 |Push 0 |[None >

52 Tray bracket Part 2 2 |sep. op 0 [None x

53 M10 hex head bolt Part 4 4 | Thread 0 |Fastens =

54 Cable tray 0.7 mt HKSub 1 1 |Sep. op 1 |Assembly > >

No. MName Type Repeat Total count Securing Piniooum PAinimumn part Handling Insertion Ergonomic
count method items criteria problems problems problems

55 Tray tab Part 2 2 |sep. op 0 |Connects >

56 ME pan Xhd screw Part - 4 | Thread O |Fastens P

57 ME8 hex nut Part s 4 | Thread O |Fastens >

58 Transfer roller unit *Sub 1 1 |Sep. op 1 [Movement x

59 M10 hex head boilt Part < 4 | Thread O |[Fastens > > >

60 M10 hex nut Part 4 4 | Thread 0 |[Fastens >

61 Connection plate Part 2 2 |Sep. op O |Connects x

62 M10 hex head bolt Part k=] 6 | Thread O |[Fastens >

63 M0 hex nut Part k=3 & | Thread O |Fastens PaS

64 N Totals for Front drive straight S 246 17

65 r:_l 90 degree curve section Sub 1 1 |Sep. op None > x

56 SS curve frame small Part 1 1 |Sep. op 1 |Base part > B

B Rivet nuts Part 8 8 |Sep. op Fastens Bl

68 riveting Oper 16 16 |Rivet

69 Spot weld Lib Op 16 16

70 Side flexing guide Part 2 2 |sep. op 2 |Mmaterial >

71 M8 pan Xhd screw Part 12 12 | Thread O |[Fastens >

72 SS curve frame long Part 1 1 |Sep. op o |Noene > >
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No. Name Type Repeat Total count Securing PAinimum Minimum part Handling Insertion Ergonomic
count method items oriteria problems problems problems

73 Rivet nuts Part a 8 |Sep. op 0 |Fastens b4

T4 riveting Oper 16 186 |Rivet

75 Spot weld Lib Op 16 16

iz ME8 pan Xhd screw Part 12 12 | Thread O |Fastens x

TV Side mounting top bracket Part 4 4 |Sep. op O |Connects >

78 M10 hex head bolt Part a8 8 | Thread 0 |Fastens >

7O Pipe of dia 48.3 mm Part 4 4 |Sep. op O |None >

80 M10 hex head baolt Part 4 4 | Threada 0 |Fastens >

81 M10O hex nut Part 4 4 | Thread O |[Fastens bas

a8z Threaded bushing Part 4 4 |Push 0O |Connects >

a3 Connecting joints Part 4 4 |sep. op o |connects 2

a4 Pipe of dia 42.3 mm Part 4 4 |Sep. op 0 |Sonnects >

85 M0 hex head bolt Part 12 12 | Thread 0O |[Fastens bad

86 M0 hex nut Part 12 12 | Thread O |Fastens >

a7 Adjustable feet XKSub 4 4 | Thread 1 |Material x

88 Mounting plate Part b 4 |Sep. op 0 |Connects X

89 Drip tray support XSub 4 4 |Snap 0 |Connects x

20 M0 hex head bolt Part bl 4 | Thread 0 |[Fastens »

MNo. MName Type Repeat Total count Securing PAininum PAininnum part Handling Insertion Ergonomic
count method items criteria problems problems problams

o1 Guide rail bracket Part 4 4 |sep. op 1 [Assembly >

2 M10 hex head bolt Part a8 8 | Thread 0 |[Fastens >

23 Eyebolt Part 4 4 |sep. op 0 |connects >

94 Guide rail clamp HMSub 4 4 |Sep. op 0 | Connects x

25 M0 hex nut Part 4 4 |Thread 0 |Fastens =

6 Product side guide curve Part 2 2 |Push 2 | Material >

o7 Flatbar 80x8mm curve Part 2 2 |Push O [None >

o8 Tray bracket Part 2 2 |sep. op 0 |None >

29 M10 hex head bolt Part 4 4 | Thread 0 |Fastens bad

100 Cable tray 0.7 mt Part 1 1 |Sep. op 1 JAssembly > >

101 Tray tab Part 2 2 |Sep. op 0 |Connects x

102 M8 pan Xhd screw Part a4 4 | Thread O |Fastens >

103 ME hex nut Part 4 4 | Thread 0 |[Fastens >

104 Curve drip tray Part il 1 |Snap 1 |Assembly >

105 Q Totals for 90 degree curve sed 230 k=]

106 El Idler straight section Sub 1 1|Sep. op None = >

107 Side frame 3mm right_interm| Part Bl 1 |sep. op 1 |Base part x x

108 Side frame 3mm right_end sd Part 1 1 |sSep. op 0 |MNone = x
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No. MName Type Repeat Total count Securing PAininL Pininum part Handling Insertion Ergonomic
count method items criteria problems problems problems

109 Connection plate Part 1 1 |Sep. op 0 |Connects >

110 M0 hex head bolt Part =] 6 | Thread O |Fastens s

111 MO hex rut Part 3 3 | Thread O |Fastens Ead

112 Rivet nuts Part 50 50 |Sep. op o |Fastens >

113 riveting Oper S50 S50 |Rivet

114 Spot weld Lib Op 50 50

115 Aluminium connectors Part 16 16 |Sep. op O |Connects

116 M10 hex head bolt Fart 16 16 | Thread O |Fastens >

117 Rolier spacer Part 16 16 |Sep. op O [None >

118 Return rolier Part 16 16 |Sep. op a |None >

119 Return roller without flange |[Part a8 8 |Sep. op O |None B

120 Sprocket Part 1 1 |Sep. op 1 |Movement >

121 Idler shaft Part 1 1 |Push 1 |[Mowvement >

122 Split shaft collar Part 2 2 | Thread O |None >

123 Side frame 3mm left_interme| Part El 1 |Sep. op o |MNone > >

124 Side frame 3mm left_end sedPart al 1 |Sep. op O [None > x

125 Connection plate Part El 1 |Sep. op o |connects >

126 MO hex head bolt Part B S | Thread O |Fastens >

Mo MName Type Repeat Total count Securing Biminumm BAininmun part Handling Insertion Ergonomic
count method tems criteria problems problems problems

127 M0 hex nut Part 6 6 | Thread 0 |Fastens x

128 Rivet nuts Part 50 50 |Sep. op 0 |Fastens pd

129 riveting Oper 50 50 |Rivet

130 Spot weld Lib Op 50 50

131 M0 hex head bolt Part 16 16 | Thread 0 |Fastens >

132 PE strip 3.5 mt Part 2 2 |Snap 1 |Material x

133 Square flanged bearing righf§XSub 1 1 |Sep. op 1 |Material

134 Square flanged bearing left | XSub 1 1 |Sep. op 1 |Material

135 M10 hex head bolt Part 8 8 | Thread 0 |Fastens X

136 Side mounting top bracket Part a 8 |sep. op 0 |Connects s

137 M10 hex head bolt Part 16 16 | Thread 0 |Fastens =

138 Pipe of dia 48.3 mm Part a8 8 |Sep. op 0 |[None x

139 M10 hex head bolt Part 8 8 | Thread 0 |Fastens b

140 M0 hex nut Part 2 8 | Thread 0 |Fastens >

141 Threaded bushing Part a8 &8 |Push O |Connacts x

142 Connecting joints Part a 8 |Sep. op 0 |Conneacts >

143 Pipe of dia 42.3 mm Part 4 4 |Sep. op 0 |Connects >

144 MI10 hex head bolt Part 24 24 |Thread 0 |Fastens >
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MNo. MName Type Repeat Total count Securing MAinimum Minimmum part Handling Insertion Ergonomic
count method tems criteria problems problems problems

145 10 hex nut FPart 24 24 |Thread 0 |Fastens b

146 Adjustable feet HSub 8 8 | Thread 1 |Material

147 Mounting plate Part 38 8 |Sep. op 0 |Connects x

148 Drip tray support XSub a8 8 |Snap 0 |Connects

149 M10 hex head bolt Part a8 8 | Thread 0 |Fastens >

150 Drip pan 1165 Part 1 1 |Snap 1 |Assembly > x

151 Drip pan 2400 Part 1 1 |Snap 1 [Assembly x X

152 Guide rail bracket Part 10 10 |Sep. op 1 |Assembly *

153 M10 hex head bolt Part 20 20 | Thread 0 |Fastens b

154 Eyebolt Part 10 10 |Sep. op 0O |Connects >

155 Guide rail clamp Part 10 10 |Sep. op 0 |Connects X

156 M0 hex nut Part 10 10 | Thread 0 |Fastens b

157 Product side guide 2mt Part 2 2 |Push 2 |Material > x

158 Product side guide 1.5mt Part 2 Push 2 |Material kS >

159 Flatbar 80x8mm_2m Part 2 2 |Push 0 |None x

160 Flatbar 60x6mm_1.5 Part 2 2 |Push 0 |None >

161 Tray bracket Part (=3 5 |Sep. op 0 |None x

162 M10 hex head boit Part 12 12 |Thread 0 |Fastens X

MNo. MName Type Repeat Total count Securing Minimum Minimum part Handling Insertion Ergonomic
count method items criteria problems problems problems

163 Cable tray 3.5 mt XKSub 1 1 |Sep. op 1 |Assembly X X

164 Tray tab Part =] 5 |Sep. op 0 |Connects

165 M& pan Xhd screw Part 12 12 |Thread 0 |Fastens X

166 M8 hex nut Part 12 12 |Thread 0 |Fastens X

167 Transfer roller unit XKSub 1 1 |Sep. op 1 [Movement X

168 M10 hex head bolt Part 4 |Thread 0 |Fastens X x

169 M10 hex nut Part 4 | Thread 0 |Fastens X

170 &. Totals for ldler straight section 707 16

171 Q. Totals for Table Top Chain Convd 1186 42
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Appendix D. Handling Time, Insertion Time, Labour Time, Labour Cost and Item Cost Associated with All Sections of the Existing Conveyor

Mo MName Tool fetching and | lterm handling Insertion/ Total labor Labor cost, Piece part Part or item Total itern
preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time, s item, £
1 =l Table Top Chain Conveyor AsSse
2 EI Front drive straight section 0.00 2.00 5.80 14.80 0.13 .00 0.00 0.00
3 Side frame 3mm right 0.00 3.00 2.30 5.30 0.05 28.91 28.91 28.91
4 Rivet nuts .00 1.50 Z.30 57 .00 0,48 .15 .15 2.30
= riveting 2.90 0.00 5.10 79.40 0.67 0.00 0.00 0.00
k= Spot weld .00 7.00 105.00 0.89
L4 Aluminium connectors 000 1.13 1.50 10.52 0.09 0.63 0.63 2.54
a M10 hex head bolt 2.90 1.50 5.70 31.70 0.27 0.3 .31 1.23
2 Roller spacer 0.00 1.41 2.30 14.86 0.13 o.11 0.11 0.45
10 Return roller 000 1.50 230 15.20 0.13 0.39 0.39 1.56
11 Return roller without flange 0.00 1.99 2.30 8.58 0.07 0.38 0.38 0.76
12 Sprocket 0.00 2.30 230 460 0.04 10.24 10.24 10.24
13 Drive shaft 0.00 2.30 5.00 7.30 0.06 8.82 8.82 8.82
14 Split shaft collar .10 1.99 <4._00 19.08 0.16 O0.86 0.86 1.72
15 Side frame 3mm left .00 3.00 2.30 5.30 0.05 z28.91 z2s.91 z8.91
16 Rivet nuts 0.00 1.50 2.30 57 .00 0.48 0.15 0.15 2.30
17 riweting z2.90 0.00 S5.10 TO.40 0.67 .00 0.00 0.00
18 Spot weld 0.00 7.00 105.00 0.89
MNo. MName Tool fetching and Itern handling Insertion/ Total labor Labor cost. Piece part Part or item Total iterm
preparation time, time, s operation time, = cost per cost, £ cost, £
s time, s item, £
19 M10 hex head bolt 2. 90 1.50 5.70 31.70 0.27 0.3 0.31 1.23
20 PE strip 000 2.30 1.80 820 0.07 1.02 1.02 2.05
21 Bearing spacer 0.00 1.50 1.50 3.00 0.03 2.03 2.03 2.03
22 Square flanged bearing righ 000 1.80 1.50 3.30 0.03 286.63 26 .63 26.63
23 Square flanged bearing left 0.00 1.80 1.50 3.30 0.03 26.63 26.63 26.63
24 MA10 hex head bolt 2. 90 1.50 5.70 B0.50 0.51 0.30 0.30 240
25 Motor support flange 0.00 1.95 1.50 3.45 0.03 12.46 12.46 12.486
26 MI10 hex head bolt 2.90 1.13 5.70 30.22 0.26 0.31 0.31 1.23
27 Teflon spacer 000 1.41 2.30 14 .86 0.13 .40 0.40 1.60
28 Motor unit 0.00 12.50 5.80 16.30 Q.16 128.01 128.01 128.01
29 M10 hex head bolt 2.90 1.50 5.70 31.70 0.27 .31 0.31 1.23
30 Side mounting top bracket .00 1.99 2.30 8.58 0.07 317 3.17 B6.35
31 M10 hex head bolt 2.90 1.50 5.70 31.70 0.27 0.31 0.31 1.23
32 Pipe of dia 48.3 mm 000 2.30 2.30 9.20 0.08 14.26 14.26 28.51
33 M10 hex head bolt 2.90 1.50 5.70 17.30 0.15 0.31 0.31 0.61
34 M10 hex nut 2.90 1.13 5.70 16.56 0.14 0. 10 0. 10 0.20
35 Threaded bushing 0.00 1.99 5.00 13.98 0.12 1.51 1.51 3.01
35 Connecting joints 0.00 1.99 2.30 &5.58 0.07F 3.62 3.62 7.23
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No. Name Tool fetching and | Iterm handling Insertion/ Total labor Labor cost, Piece part Part or itermn Total iterm
preparation time, time, s operation time, s cost per cast, £ cost, £
s time. s item, £
a7 Pipe of dia 42.3 mm 0.00 1.99 2.30 858 0.07 a.50 4.50 2.01
a8 M0 hex head bolt 2.90 1.50 5.70 Aa6.10 0.39 0.31 0.31 1.84
39 MO hesx nut 2.90 1.13 5.70 a3 .88 0.37 0. 10 0.10 0.61
Ao Adjustable feet 7.10 1.99 19.00 a9.08 0.4z 2.51 2.51 5.02
a1 nMounting plate 0.00 1.95 2.30 17.00 0.1 0.39 0.39 1.57
Aaz Drip tray support o.00 1.95 4.00 23.80 0.z20 z.36 =2.36 o.az
a3 M10 hex head bolt 2.0 1.50 5.70 31.70 0.27 0.31 0.31 1.23
aq Drip pan 0.00 3.80 4.00 .80 0.07 1499 14.99 14.99
a5 Suide rail bracket 0.00 1.99 2.30 558 0.07 & 14 s.14 16.28
46 M0 hex head bolt 2.0 1.50 5.70 31.7v0 0.27 0.31 0.31 1.23
47 Eyebolt O.00 1.99 2.30 &5.58 0.07 =2.29 2.29 “4.59
48 Suide rail clamp 0.00 1.99 2.30 5.58 0.07 5.43 3.43 5.86
49 M10 hex nut 2.90 1.13 5.70 16.56 .14 .15 0.15 .31
S0 Product side guide 0.00 .80 5.00 17.80 0.15 3.681 2.61 .22
s1 Flatbar S0x&nmm o0.00 2.30 5.00 14.60 0.1z 13.16 13.16 26.33
s2 Tray bracket 0.00 1.99 2.30 8.58 0.07 5.20 5.20 12.40
s3 M10 hex head bolt 2.90 1.13 5.70 30.22 0.26 0.31 0.31 1.23
sS4 Cable tray 0.7 mt 0.00 3.80 2.30 6.10 0.05 21.51 21.51 21.51
MNo. MName Towol fetching and Itern handling Insertion/ Total labor Labor cost, Piece part Part or item Total item
preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time, s item, £
55 Tray tab 0.00 1.99 2.30 8.58 0.07F 1.79 1.79 3.59
56 MEB pan Xhd screw 2.90 1.50 570 31.70 0.27 0.31 0.31 1.23
57 M8 hex nut 2.90 1.43 5.70 31.42 0.27 0.10 .10 .41
58 Transfer roller unit 0.00 2.30 2.30 4.60 0.04 15.00 15.00 15.00
59 M10 hex head bolt 2.90 6.84 5.70 53.06 0.45 0.31 0.31 1.23
[=1s] M10 hex nut 2.90 1.13 S5.70 30.22 0.26 0.10 0.10 041
&1 Connection plate 0.00 1.99 2.30 8.58 0.07 G.21 6.21 12.43
52 M0 hex head bolt 2.90 1.50 5.70 4610 0.39 0.31 Q.31 1.84
63 M10 hex nut 2.90 1.13 5.70 43.88 0.37 0.10 0.10 .61
64 S Totals for Front drive straight S 1556.85 13.23 520.76 520.76
65 EI 90 degree curve section .00 9.00 5.80 14.80 0.13 .00 Q.00 0.00
66 55 curve frame small 0.00 3.00 2 .30 5.30 0.05 29.87 29.87 29.87
67 Rivet nuts 0.00 1.50 2.30 20.40 0.26 0.15 0.15 1.23
568 riveting 2.90 .00 5.10 84.50 0.72 0.00 0.00 0.00
[=3=] Spot weld 0.00 7.00 112.00 0.95
o Side flexing guide 0.00 3.80 2.30 12.20 0.10 20.48 20.48 40.96
71 ME pan Xhd screw 2.90 1.50 5.70 89.30 0.76 0.31 0.31 3.69
72 SS curve frame long 0.00 3.80 2.30 6.10 0.05 29.86 29.86 29.86
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No. MName Tool fetching and Iterm handling Insertion/ Total labor Labor cost, Piece part Part or item Total iterm
preparation time, time, s operation time, s cost per cost, £ cost, £
= time. s itemn, £

73 Rivet nuts 0.00 1.50 2.30 30.40 0.26 0.15 0.15 1.23
74 riveting z. 90 0.00 s.10 8450 0.7z 000 o.00 000
75 Spot weld 0.00 7.00 112.00 0.95

=] MS pan Xhd screw 2.90 1.50 5.70 289.30 o.76 0.31 .31 3.69
e Side mounting top bracket 0.00 1.95 2.30 17.00 o.14 3T 347 1270
78 P10 hex head bolt 2.90 1.50 5.70 B0.50 0.51 0.31 0.31 246
7o FPipe of dia 48.3 mm 0.00 2.30 2.30 18.40 0.16 14.26 14.26 57.02
80 M0 hex head bolt 2. 90 1.50 5.70 31.70 0.27 0.3 0.31 1.23
81 P10 hex nut 2.90 1.13 5.70 30.22 0.26 o.10 0.10 0.4
a8z Threaded bushing .00 1.850 s5.00 Z6.00 .22 1.81 1.81 se.02
83 Connecting joints 0.00 1.80 2.30 16.40 .14 3.62 3.62 1446
84 Pipe of dia 42.3 mm 0.00 1.41 2.30 14.86 .13 4.50 4.50 18.02
85 MA10 hex head bolt 2. 90 1.50 5.70 89.30 0.76 0.3 0.31 3.69
86 P10 hex nut 2.90 1.13 5.70 B84 .86 0.72 o.10 0.10 1.23
a7 Adjustable feet .10 1.50 19.00 89.10 o.76 2.51 z.51 10.04
a8 hMounting plate 0.00 1.95 2.30 17.00 o.14 0.39 0.39 1.57
89 Drip tray support 0.00 1.95 4.00 23.80 0.20 2.36 2.36 o422
20 M0 hex head bolt 2.90 1.50 5.70 31.70 0.27 0.31 0.31 1.23
No. rName Tool fetching and | Item handling Insertion/ Taotal labor Labor cost, Piece part Part or item Total iterm

preparation time, time, s operation time, s cost per cost, £ cost, £
= time., s iterm, £

a1 Guide rail bracket 0.00 1.95 230 17.00 0. 14 B8.14 & 14 32 55
o2 M0 hex head bolt 2.90 1.50 S5.70 050 0.51 0.31 0.31 2.46
23 Eyebalt 0.00 1.50 2.30 15.20 0.13 2.29 2.29 2.18
=5 Guide rail clamp 0.00 1.95 2.30 1700 0.14 3.43 3.43 13.72
25 MO hex nut 2.90 1.13 5.¥0 30.22 0.26 015 0.15 0.61
96 Product side guide curve 000 3.80 5.00 17.80 0.15 3.61 3.81 722
oF Flatbar S0x&6mm curve 0.00 2.30 5.00 14.60 Q.12 14.70 14.70 29.41
28 Tray bracket 0.00 1.99 2.30 8.58 0.07 5.20 6.20 12.40
29 M10 hex head bolt 2.290 1.13 5.70 30.22 0.26 .31 0.31 1.23
100 Cable tray 0.7 mt 0.00 3.80 2.30 5.10 0.05 21.51 21.51 21.51
101 Tray tab 0.00 1.99 2.30 8.58 0.07 1.79 1.79 3.59
102 M8 pan Xhd screw 2.90 1.50 5.70 31.70 0.27 0.31 0.31 1.23
103 ME hex nut 2.90 1.43 5.70 31.42 0.27 0.10 0.10 0.41
104 Curve drip tray 0.00 2.30 4.00 6.30 0.05 44.82 44,82 44.82
105 Q. Totals for 80 degree curve sed 1501.86 12.76 430.36 430.36
106 =l Idler straight section 0.00 9.00 5.80 14.80 0.13 0.00 0.00 0.00
107 Side frame 3mm right_interm 0.00 3.00 2.30 5.30 0.05 57.61 57.681 57.61
108 Side frame 3mm right_end s 0.00 12.50 5.80 18.30 0.16 98.38 98,38 £98.38
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Mo Name Tool fetching and | lterm handling Insertion/ Total labor Labor cost, Piece part Part or iterm Total item
preparation time, time, s operation time, s cost per cost. £ cost, £
s time. s itemn, £

109 Connection plate 000 2.30 =230 460 0.0 &.21 6.21 621
110 M10 hex head bolt 2.90 1.50 5.70 46.10 0.39 0.31 0.31 1.84
111 P10 hex nut 2.90 1.13 5.70 23.39 Q.20 0.10 .10 .31
112 Rivet nuts 000 1.50 230 190.00 161 015 0.15 768
113 riveting =290 0.00 510 257.90 z.19 0.00 0.00 0.00
114 Spot weld .00 7.00 350.00 2.97

115 Aluminium connectors .00 1.13 1.50 42.08 Q.36 0.63 0.63 10.15
116 M0 hex head boit Z_ 920 .50 5. 70 118.10 100 0.3 0.31 4,92
117 Roller spacer 0.00 1.13 2.30 54.88 0.47 o.11 0.11 1.80
118 Returm roller 000 1.50 2.30 B60.80 0.52 0.39 0.39 5.23
119 Return roller without flange 0.00 1.13 Z.30 27.aa 0.23 0.38 0.38 3.03
120 Sprocket 0.00 2.30 230 4.60 0.0 10.24 10.24 1024
121 Idler shaft 0.00 2.30 5.00 7.30 0.06 8.82 85.82 8.82
122 Split shaft collar 7.10 1.99 4.00 19.08 Q.16 o0.86 0.86 1.72
123 Side frame 3mm left_interms 0.00 3.00 230 5.30 0.05 S7.61 57.61 57.61
124 Side frame 3mm left_end se 0.00 12.50 s.80 18.30 .16 28.38 25.38 28.38
125 Connection plate .00 2.30 2.30 .60 0.04 &.21 6.21 6.21
126 MI10 hex head bolt 2.90 1.50 S5.70 46.10 0.39 .21 0.31 1.84
Mo, MName Tool fetching and Iterm handling Insertion Total labor Labor cost. Piece part Part or item Total iterm

preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time. s iterm, £

127 M10 hex nut 2.90 1.13 5.70 43 88 0.37 0.10 0.10 .61
128 Rivet nuts .00 1.50 2.30 190.00 1.61 0.15 0.15 768
129 riveting 2.90 0.00 5.10 257.90 2.19 0.00 0.00 .00
130 Spot weld 000 ¥.00 350.00 2.97

131 M10 hex head bolt 2.90 1.50 5.70 118.10 1.00 0.31 0.31 4.92
132 PE strip 3.5 mt 000 2.30 6.20 17 .00 .14 7T AT 717 14. 34
133 Square flanged bearing righ 0.00 1.80 1.50 3.30 0.03 26.63 26.63 26.63
134 Square flanged bearing left o000 1.80 1.50 3.30 0.03 26.63 26.63 26 63
135 P10 hex head bolt 2.90 1.50 5.70 60.50 0.51 0.30 0.30 2.40
136 Side mounting top bracket 0.00 1.95 2.30 34.00 0.29 317 3.17 25.40
137 M10 hex head bolt 2.90 1.50 5.70 118.10 1.00 0.31 0.31 4.92
138 Pipe of dia 48 3 mm 000 2 .30 2. 30 36 80 0.31 14 26 14 .26 114,05
139 M10 hex head bolt 2.90 1.50 5.70 60.50 0.51 0.31 0.31 2.46
140 P10 hex nut 2.90 1.13 5.70 57.54 0.49 0.10 0.10 0.82
141 Threaded bushing 000 1.50 5.00 52.00 0.4a4 1.51 1.51 12.04
142 Connecting joints 0.00 1.80 2.30 32.80 0.28 3.62 3.62 28.92
143 Pipe of dia 42.3 mm 0.00 1.41 2.30 14 .86 0.13 4.50 4.50 18.02
144 MI10 hex head bolt 2.90 1.50 5.70 175.70 1.49 0.31 0.31 .37
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No_ Name Tool fetching and | ltern handling Insertion/ Total labor Labor cost, Piece part Part or item Total item
preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time, s item, £
145 N10 hesx nut 2.90 1.13 5 70 166.82 1.42 0.10 0.10 246
146 Adjustable feet 7.10 1.50 19.00 171.10 1.45 2.51 2.51 20.07
147 Mounting plate 0.00 1.85 2.30 3400 0.29 0.39 0.39 3.14
148 Drip tray support 0.00 1.95 4.00 47 .80 0.40 2.36 2.36 18.84
149 P10 hex head bolt 2.90 1.50 5.70 B0.50 0.51 0.31 0.31 2.46
150 Drip pan 1165 0.00 3.80 4.00 7.80 0.07 26.24 26.24 26.24
151 Drip pan 2400 0.00 3.80 4.00 7.80 0.07 42.99 42,99 42.99
152 Guide rail bracket 0.00 1.95 2.30 42.50 0.36 B8.14 a.14 51.38
153 M10 hex head bolt 2.90 1.50 5.70 146 .90 1.25 0.31 0.31 6.14
154 Eyebolt 0.00 1.50 230 38.00 0.32 229 2.29 22 94
155 Guide rail clamp 0.00 1.95 2.30 42.50 0.36 3.43 3.43 34.31
156 "M10 hex nut 2.80 1.13 5. 70 71.20 0.60 015 0.15 1.54
157 Product side guide 2mt 0.00 3.80 5.00 17.60 0.15 7.90 7.90 15.81
158 Product side guide 1.5mt 0.00 3.80 5.00 17.60 .15 5.18 5.18 10.37
159 Flatbar 60=6mm__2m 0.00 2.30 5.00 14 .60 .12 35.10 35.10 F0.20
180 Flatbar 80x&mm_1.5 0.00 2.30 5.00 14.60 0.12 25.41 25.41 50.82
161 Tray bracket 0.00 1.95 2.30 25.50 0.22 6.20 6.20 B37.20
162 M10 hex head bolt 2.90 1.13 5.70 84 .86 0.72 0.31 0.31 3.69
No. Name Tool fetching and | ltem handling Insertion/ Total labor Labor cost, Piece part Part or item Total iterm
preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time. s itern, £

163 Cable tray 3.5 mt 0.00 12.50 5.80 18.30 0.16 107.53 107.53 107.53
164 Tray tab 0.00 1.50 2.30 22.80 0.19 1.79 1.79 10.76
165 M8 pan Xhd screw 2.90 1.50 5.70 89.30 0.76 0.31 0.31 3.69
166 ME hex nut 2.90 1.43 5.70 88.46 0.75 0.10 0.10 1.23
167 Transfer roller unit 0.00 2.30 2.30 4.60 0.04 15.00 15.00 15.00
168 M10 hex head bolt 2.890 6.84 5.70 53.06 0.45 0.31 0.31 1.23
169 M10 hex nut 2.90 1.13 5.70 30.22 0.26 0.10 0.10 0.41
170 &. Totals for ldler straight section 4248.67 36.10 1270.60 1270.60
171 &. Totals for Table Top Chain Convg 7351.78 62.47 2221.72 2221.72
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Appendix E. Assembly Sequence for the New Conveyor

EI—? Chain Conveyor Assembly New Design
E";ﬁ Dvive straight section new

i— @ Frame flange part batiom

+— @ Frame web pan

;—‘ Frame flange part fop

I W Stiffener plate

— 3] Manual MIGITIG Bt weld

+— W Chain PE-UHMW Guids

— [ W8 fiat csk skt hd screw

— bl s heenut

— % Drive piate flange

— B Manual MIGITIG et weld

i— & Bearing spacer

& souare fianged bearing right

t— W Motor support flange

— [ M10hex head bolt

— [ M1 hex nut

;—‘ Teflon souare Spacer

—— & Motor unit

— [ M10hex head bolt

— & sprocket

I R Dive shaft

i— & Spit shaft colar

— & Souare flanged bearing lef

— (] W10 hex head boit

— @ W10 hex nut

—— g Trangfer roller unit

— [ M10hex head bolt

— [l 10 hex nut

I W Leg side guide bracket

— [ W10 hex head bolt

— [l W10 hex nut

— & Dippan

— 18 Spot weid

— & Leg connector plate

— [ M10hex head bolt

— ol M0 hex nut

1— & Adiustable fest

— ol M1G hex nut

— & Eyebor

— B Guide ral damp

— o W10 hex nut

— W 55 round bar 12mm

-
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s Tray bracket

|

i— [ W10 hex head bott
— g Cabletray 07 mt
— % Traytad

— [l M3 pan Xhd screw
— [l M8 hex nut
% Connecton piate
ﬁ Curve section new

— t Frame flange curve botiom

L W Frame web curve part
— B Frame flange curve top
L B stffener plate

t— [ Manual MIGMIG filt weid
& side fexing quide

t— B0l W3 fiat cok skt hd screw
— [l M8 hex nut

L W Leg side guide bracket
+— [l M0 hex head balt

— [ M10 hex nut

— % Drip pan curve

— 3] Spot weid

— & Leg connector plate
— [l M10 hex head bott
— e M10 hex nut

— I Adjusiable fest
— [ W16 hex nut

— & Eyetot

— & Guide ril camp
— [l M1D hex nut

— % 55 round bar 12mm
— W Tray bracket

— [ M10 hex head bott
L I Cableiray 07 mt
— ® Ty

— [é M8 pan Xhd screw
— [l M8 hex nut

E,—ﬁ Idler end section new

;_ B, Frame flange long botiom
— W Frame web part lang
— % Frame Range long top
— W sifiener plate

;— 3] Manual MIGITIG fillet weld
L W Chain PE-UHNW Guide
' [ M8 flat csk skihd screw
— [ig# M8 hex nut
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|
1 W Werpte targe

— 1] Manual MIGITIG filet weid
— & Square fianged bearing right
— §J Square flanged bearing left
}— & M10 hex head bolt

— &l W10 hex nut

— & Sprooket

— B er shat

' & Spit shaft colar

— & Transfer roler unit

t— @l n10 hex head bolt

— &l w10 hex nut

I— @ Leg side guide bracket
— [ W10 hex head bott

— B8 W10 hexnut

— % oppn

— 12l Spotweld

— W, Leg connector plate
i— 8] 10 hex head bolt

— & W10 hex nut

— g Adjustabie feet

— [l W16 hex nut

— & Eyetot

— & Guide rail clamp

— Il W10 hexnut

— B, 55 round bar 12mm
— W Tray bracket

— & W10 hex head bolt

— & Cabletray 35mt

— % Ty

— & MB pan Xhd screw

— ll M8 hesx rut
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Appendix F. Material and Manufacturing Process Information for New Conveyor Design

MNo. MName Total cost, £ Weight per Total weight, Material Manufacturing process
itemn. kg kg

1 El Chain Conveyor Assembly Mew [

=2 EI Drive straight section new .16 0.00 0.00
3 Frame flange part bottom 9.91 1.38 1.38 |304 austenitic stainless steel Laser cutting
4 Frame web part F.o5 1.06 1.06 | 304 austenitic stainless steel Laser cutting
=] Frame flange part top 9.93 1.38 1.38 | 304 austenitic stainless steel Laser cutting
(=] Stiffener plate 3.49 0.16 0.33 | 304 austenitic stainless steel Laser cutting
v PManual MIG/TIG fillet weald 0.58 Q.00 Q.00

8 Chain PE-UHMW Guide 11.73 1.62 324 |High density polyethylena Plastic extrusion
2 M3 flat csk skt hd screw 1.47 .01 0.04 |SS 304 Purchase

10 P E hex nut Q.67 0.01 0.04 |SS 304 Purchase

11 Drive plate flange 11.49 0.7 1.49 | 304 austenitic stainless steel Laser cutting
12 PManual MIG/TIG fillet weld 0.35 0.00 0.00

13 Bearing spacer 2.05 0.50 0.50 |High density polyethylene Stock

14 Square flanged bearing righ 2665 040 0.40 |PA Type 6 Purchase

15 Motor support flange 12.49 1.64 1.64 | 304 austenitic stainless steel Laser cutting
16 P10 hex head baolt 1.49 .01 0.04 |SS 304 Purchase

17 P10 hesx nut 066 0.01 0.04 |SS 304 Purchase

18 Teflon square spacer 1.80 0.42 0.42 |High density polyethyilene Stock

Mo MName Total cost, £ WWeight per Total weight, Material Manufacturing process

iterm, kg =]

19 Motor unit 12817 12.00 1200 |Steel Purchase

20 M10 hex head bolt 1.50 0.01 004 |SS 304 Purchase

21 Sprocket 1028 0.20 0.20 |PE High Density Purchase

22 Drive shaft B8.88 2.70 2.70 | 304 austenitic stainless steel Stock

23 Split shaft collar 1.88 .01 0.02 |PE High Density Purchase

=¥ Square flanged bearing left 2665 0.40 0.40 |PA Type 6 Purchase

Z25 MA10 hex head bolt 1.49 o.01 0.04 |SS 304 Purchase

=26 PO hex mut 066 0.01 0.04 |SS 304 Purchase

27 Transfer roller unit 15.04 1.20 1.20 |SS 304 Purchase

28 M10 hex head bolt 1.68 0.01 0.04 |SS 304 Purchase

29 MO hex nut O.687 0.01 0.04 |SS 304 Purchase

30 Leg side guide bracket &0 06 4. 72 945 |304 austenitic stainless steel Laser cutting
31 M10 hex head bolt 1.68 0.01 0.04 |SS 304 Purchase

32 P10 hex nut 0.67 0.01 0.04 |SS 304 Purchase

a3 Dirip pan 7.50 0.98 0.98 |304 austenitic stainless steel Laser cutting
24 Spot weld 024 0.00 0.00

as Leg connector plate 2. 95 0.1z 0.25 |304 austenitic stainless steel Laser cutting
25 M10 hex head bolt O.7S 0.01 0.02 |SS 304 Purchase
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Mo MNane Total cost., £ Weight per Total weight, Material Manufacturing process
itern, kg kg

37 M10O hex Nnut 0.34 .01 .02 |SS 304 Purchase

38 Adjustable feet 5.09 0.0 0.80 | Reinforced polyamide Purchase

39 P1E hex nut O.34 .01 002 |S5S 304 Purchase

40 Evebolt 466 o.10 0.20 |SS 304 Purchase

41 Guide rail clamp .93 .15 0.30 | Reinfarced polyamide Purchase

a2 P10 hesx nut o445 0.01 002 |SS 304 Purchase

43 SS round bar 12mm 814 O.&0 2328 304 austenitic stainless steel Stock

4 Tray bracket 12.47 0.62 1.24 | 2304 austenitic stainless steel Laser cutting

45 MM10 hex head bolt O. 76 0.01 .02 |SS 304 Purchase

A6 Cable tray 0.7 mt 21.56 0.70 070 |SS 304 Purchase

a7 Tray tab 3.66 .14 029 | 304 austenitic stainless steeal Lasear cutting

A8 MB pan Xhd screw 1.50 .01 o.04 |SS 304 Purchase

49 ME hex nut o.68 0.01 004 | SS 304 Purchase

50 Connection plate 1.91 0.15 015 | 304 austenitic stainless steeal Lasear cutting

51 Y Totals for Drive straight sectio 441 .91 a5 71

52 EI Curve section new 013 0. 00 o Nsle]

53 Frame flange curve bottom 47 19 7.59 7.59 | 304 austenitic stainless steel Laser cutting

54 Frame web curve part Z29.39 476 478 | 304 austenitic stainless steeal Lasar cutting

No. MName Total cost. £ Vveight per Total weight, Material Manufacturing process
itern, kg kg

55 Frame flange curve top a7 22 7.59 7.59 |304 austenitic stainless steel Lasear cutting

56 Stiffener plate 5.96 .18 0D.66 | 304 austenitic stainless steel Laser cutting

57 Marnual MIGYTICS fillet weld 0.35 Q.00 000

58 Side flexing guide 41.07 4. .20 8. 40 |Ultra-high-molecular-weight poly| CNG machined

59 mME flat osk skt hd screw 1.47 .01 004 |SS 304 Purchase

50 ME hex nut 067 0.01 0.04 |SS 304 Purchase

&1 Leg side guide bracket B0 .06 4.72 9.45 |304 austenitic stainless steel Laser cutting

52 r10 hex head bolt 3.13 .01 0.08 |55 304 Purchase

B3 P10 hex nut 1.31 .01 0.08 |SS 304 Purchase

51 Drip pan curve 26.69 4 .20 4 20 |304 austenitic stainless steel Lasear cutting

55 Spot weld 0.24 .00 0.00

56 Leg connector plate 5.89 o.12 0.49 |304 austenitic stainless steel Laser cutting

&7 M 10 hex head bolt 1.47 0.01 0.04 |SS 304 Purchase

B8 P10 Fex rut 066 0.0 0.04 |SS 304 Purchase

=3=] Adjustable feet 10.17 .40 1.60 |Reinforced polyamide Purchase

o M 1E hesx nut 066 .01 0.04 |SS 304 Purchase

1 Eyebolt =2.31 .10 0.40 |SS 304 Purchase

T2 Guide rail clamp 13.87 .15 0.60 |Reinforced polyamide Purchase
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Mo MName Total cost, £ wWeight per Total weight, MMaterial Manufacturing process
iterm. kg kg

T3 M 10 hex nut 0.66 o.01 004 |SS 304 Purchase

T SS round bar 12Mmm 8.14 O.&S0 2.38 |304 austenitic stainless steel Stock

75 Tray bracket 1247 .62 1.24 |30 austenitic stainless steel Laser cutting

Te M10D hex head bolt O.7E .01 D02 |SS 304 FPurchase

TV Cable tray 0.7 mt Z21.56 O 7O .0 |SS 304 FPurchase

T8 Tray tab 3.86 .1 0.29 | 304 austenitic stainless steel Laser cutting

T M8 pan Xhd screw 1.50 .01 D0 |SS 304 Purchase

a0 ME hex nut o.68 o.01 0.04 |SS 304 Purchase

81 Q Totals for Curve section mew 3IST.AT S50.84

a2 =l Idler end section new .13 0.00 [aXaTs]

283 Frame flange long bottorm A48.63 [sNsle] D00 | 304 austenitic stainless steel Laser cutting

e Frame web part long A5 46 3.6 6.93 | 304 austenitic stainless steel Laser cutting

285 Frame flange long top S5.73 4.59 D19 | 304 austenitic stainless steel Laser cutting

26 Stiffener plate 5.96 .16 0.66 |304 austenitic stainless steel Laser cutting

a7 Manual MIG/TIG fillet weld 0.35 [ssls] jeRuls]

a8 Chain PE-UHMWVY Guide S0.69 325 1948 |High density polyethylene FPlastic extrusion

a9 a8 flat csk skt hd screw 85.69 .01 .24 |SS 304 Purchase

20 ME hex nut 3.88 .01 .24 |SS 304 FPurchase

Mo MNanme Total cost, £ WWeaight per Total weight, Material hManufacturing process
iterm. ka ka

21 Idler plate flange 11.49 Q.74 1.49 | 304 austenitic stainless steel Laser cutting

22 Flanual MIGSTIC fillet weld 0.35 .00 foRela]

o3 Square flanged bearing righ! 26.65 0.40 040 |[PA Type 6 Purchase

D4 Square flanged bearing left Z286.65 0.40 040 [PA Type 6 Purchase

o5 P10 hex head bolt 2.95 0.0 0,08 |SS 304 Purchase

26 10 hex nut 1.29 0.01 008 |SS 304 Purchase

a7 Sprocket 10.28 0.20 0.20 [PE High Density Purchase

a8 ldiler shaft 4 a9 1.30 1.30 [304 austenitic stainless steel Stock

o9 Split shaft collar 1.88 0.01 0,02 [PE High Density Purchase

100 Transfer roller unit 15 04 1.20 1.20 [SS 304 FPurchase

pieh) M10 hex head bolt 1.68 0.01 004 |SS 304 FPurchase

102 10O hex nut 067 0.01 004 |SS 304 Purchase

103 Leg side guide bracket 18017 4. 72 28.34 304 austenitic stainless steel Laser cutting

103 MI10 hex head bolt <458 0.01 D12 |SS 304 Purchase

105 P10 hex nut 1.95 0.01 012 |SS 304 Purchase

106 Drip pan 39.34 2.83 5.66 |304 austenitic stainless steel Laser cutting

107 Spot weld 0.24 0.00 000

108 Leg connector plate 4. .42 .12 0.37 |304 austenitic stainless steel Laser cutting
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Mo. MName Total cost, £ | Weight per | Total weight, Material Manufacturing process
item, kg kg
109 M10 hex head bolt 2.19 0.01 0.06 |55 304 Purchase
110 M10 hex nut 0.97 0.01 0.08 |SS 304 Purchase
111 Adjustable feet 15.25 0.40 2.40 |Reinforced polyamide Purchase
112 M16 hex nut 0.97 0.01 0.086 |55 304 Purchase
113 Eyebolt 13.96 0.10 0.60 |SS 304 Purchase
114 Guide rail clamp 20.80 0.15 0.90 |Reinforced polyamide Purchase
115 M10 hex nut 1.29 0.01 0.08 |S8 304 Purchase
116 S5 round bar 12mm 61.96 3.21 12.86 | 304 austenitic stainless steel Stock
117 Tray bracket 24.94 0.62 2.48 1304 austenitic stainless steel Laser cutting
118 M10 hex head bolt 1.49 0.01 0.04 |55 304 Purchase
119 Cable tray 3.5 mt 105.05 3.50 3.50 |35 304 Purchase
120 Tray tab 7.30 0.14 0.57 |304 austenitic stainless steel Laser cutting
121 M8 pan Xhd screw 2.97 0.01 0.08 |55 304 Purchase
122 M8 hex nut 1.33 0.01 0.08 |SS 304 Purchase
123 Connection plate 1.91 0.15 0.15 |304 austenitic stainless steel Laser cutting
124 ﬂ. Totals for Idler end section ney 816.88 100.48
125 Q. Totals for Chain Conveyor Assen| 1616.37 197.04
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Appendix G. Table Showing the Repeat Counts, Securing Method, Minimum Part Criteria, Handling, Insertion and Ergonomic Problems for New Design

Mo MName Type Repeat Total count Securing MmN PAINimnun part Handling Insertion Ergonomic
count method tems criteria problems problems problems
1 =l Chain Conveyor Assembly Mew QMain
= =1 Drive straight section new Sub 1 1 |Sep. op MNone = =
3 Frame flange part bottom Part 1 1 |sSep. op 1 |Base part >
4 Frame web part Part Bl 1 |Snap o |None x x
S Frame flange part top Part 1 1 [|Snap 0 |None = x
(=] Stiffener plate Part 2 2 |Sep. op 0 |None P
7 Manual MIGITIG fillet weld Lib Op 1 1
a8 Chain PE-UHMW Guide Part 2 2 |Sep. op 1 |Material >
9 MB flat csk skt hd screw Part d 4 | Thread 0 |Fastens >
10 ME hex nut Part 4 4 | Thread 0 |Fastens >
11 Drive plate flange Part 2 2 |Sep. op 0 |None >
12 Manual MIG/TIG fillet weld Lib Op 1 1
13 Bearing spacer Part 1 1 |Sep. op MNone
14 Square flanged bearing righf xXSub 1 1 |Sep. op 1 |Material
15 Motor support flange Part 1 1 |sSep. op 1 |Material
16 M0 hex head bolt Part <4 4 | Thread 0 |Fastens =
17 M 10 hex nut Part <4 <4 | Thread 0 |Fastens =
18 Teflon square spacer Part 1 1 |Sep. op 1 |Material b
Mo rName Type Repeat Total count Securing PN PAINimUM part Handling Insertion Ergonomic
count method tems criteria problems problems problems
19 Motor wunit HSub 1 1 |Sep. op 1 |Movement > >
20 M0 hex head bolt Part 4 4 | Thread O |[Fastens >
21 Sprocket Part 1 1 |Sep. op 1 |Movement >
22 Drive shaft Part 1 1 |Push 1 |Movement >
23 Split shaft collar Part 2 2 | Thread O [None >
24 Square flanged bearing left |XSub 1 1 |Sep. op 1 |Material
25 M0 hex head bolt Part 4 4 | Thread O |Fastens b
26 M10 hex nut FPart Ed 4 | Thread O |Fastens >
27 Transfer roller unit HKSub 1 1 |Sep. op 1 | Movement Bas
28 P10 hex head bolt Part 4 4 | Threada o |Fastens > > >
29 MM10 hex nut Part <4 4 | Thread O |Fastens >
30 Leg side guide bracket Part 2 2 |sep. op 2 |assembly > >
31 M0 hex head bolt Part 4 4 | Thread O |[Fastens > b >
32 M 10 hex nut Part i 4 | Thread O |Fastens >
33 Drip pan Part 1 1 |Push 1 |Assembly = x
34 Spot weld Lib Op a 4
a5 Leg connector plate Part -] 2 |sep. op o |connects >
36 M0 hex head bolt Part 2 2 | Thread O |[Fastens b
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Mo MName Type Repeat Total count Securing PAininum Minimum part Handling Insertion Ergonomic
count meathod items criteria problems problems problems

37 M10 hex nut Part 2 2 | Thread o |Fastens <

38 Adjustable feet XSub S 2 |sep. op 1 |Material x

39 M16 hex nut Part 2 2 |Thread O |Fastens =

40 Eyvebolt Part 2 2 |Sep. op 0O |Connects P

41 Guide rail clamp Part 2 2 |Sep. op O |[Connects >

42 M10 hex nut Part 2 2 |Thread O |Fastens =

43 SS round bar 12mm Part 4 4 |Sep. op 2 |Assembly >

a4 Tray bracket Part 2 2 |Sep. op O |[None >

45 M10 hex head bolt Part 2 2 |Thread O |Fastens =

46 Cable tray 0.7 mt HSub 1 1 |Sep. op 1 |Assembly B >

AT Tray tab Part 2 2 |Sep. op O |Connects >

a8 M8 pan Xhd screw Part 4 4 | Thread 0 |Fastens >

49 ME hex nut Part 3 4 | Thread 0 |[Fastens >

50 Connection plate Part 1 1 |Sep. op 0 |Connects X

51 Q. Totals for Drive straight sectio 109 17

52 EI Curve section new Sub 1 1 |Sep. op None x x

53 Frame flange curve bottom |Part 1 1 |Sep. op 1 |Base part > X

54 Frame web curve part Part 1 1 |Snap O [None x >

No. Name Type Repeat Total count Securing PAinimum Minimum part Handling Insertion Ergonomic
count method itemns criteria problems problems problems

55 Frame flange curve top Part 1 1 |Snap 0 |None pas >

56 Stiffener plate Part 4 4 |Sep. op O |None x

57 Manual MIG/TIG fillet weld Lib Op 1 1

58 Side flexing guide Part -3 2 |sep. op 2 |naterial x

59 ME flat csk skt hd screw Part 4 4 [ Thread O |Fastens b

50 M8 hex nut Part 4 4 | Thread 0 |Fastens >

51 Leg side guide bracket Part 2 2 |Sep. op 2 |Aassembly = x

52 M10 hex head bolt Part a8 & | Threaa o |Fastens = = x

B3 M10O hex nut Part 8 & [Thread O |Fastens >

G Drip pan curve Part 1 1 |Push 1 |Assembly X

65 Spot weld Lib Op 4 Ll

56 Leg connector plate Part 4 4 |sep. op o |Connects x

B7 M10 hex head bolt Part el 4 [Thread O |Fastens >

B8 MO hex nut Part 4 4 [ Thread O |Fastens >

69 Adjustable feet HSub 4 4 |Sep. op 1 |Material 2

TO M16 hex nut Part 4 4 | Threada O |Fastens x

71 Eyebolt Part a4 4 |Sep. op o |[Connects =

72 Guide rail clamp Part 4 4 |Sep. op O |Connects >
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Mo Name Type Repeat Total count Securing PAinimUm Minimum part Handling Insertion Ergonomic
count method terms criteria problems problems. problems

73 M10 hex nut Part 4 4 | Thread 0 |Fastens P

T4 S5 round bar 12mm Part Y 4 |sep. op 2 |Assembly >

75 Tray bracket Part 2 2 |Sep. op O |[None >

76 M10 hex head bolt Part 2 2 | Thread O |Fastens >

ke d Cable tray 0.7 mt HSub 1 1 |Sep. op 1 |Assembly b x

T8 Tray tab Part 2 2 |Sep. op O |[Connects 2

79 MEB pan Xhd screw Part i <4 | Thread 0O |[Fastens >

a0 ME hex nut Part 4 4 |Thread 0 |Fastens =

81 & Totals for Curve section new o2 10

a2 =l Idler end section new Sub 1 1 |Sep. op MNone > >

a3 Frame flange long bottom Part =3 2 |sep. op 1 |Base part = x

S Frame web part long Part 2 2 |Snap 0 |[MNone >

85 Frame flange long top Part 2 2 |Snap O [None > P

86 Stiffener plate Part e 4 |Sep. op O |[None *

a7 Manual MIG/TIG fillet weld Lib Op 1 1

88 Chain PE-UHMW Guide Part k] B |Sep. op & | Material >

89 M3 flat csk skt hd screw Part 24 24 | Thread O |[Fastens =

20 ME hex nut Part 24 24 | Thread O |[Fastens >

No. Name Type Repeat Total count Securing PAininam PAinimum part Handling Insertion Ergonomic
count method iterms criteria problems problems problems

21 idler plate flange Part 2 2 |Sep. op O |[None >

92 Manual MIG/TIG fillet weld Lib Op 1 1

a3 Sqguare flanged bearing righ{XSub 1 1 |Sep. op 1 |[Material

a4 Square flanged bearing left |XSub 1 1 |sep. op 1 |Material

a5 MI10 hex head boit Fart a8 8 |Thread 0 |Fastens =

a6 M0 hex nut Part 8 & | Thread O |[Fastens >

a7 Sprocket Part 1 1 |Sep. op 1 |Movement x

o8 Idler shaft Part 1 1 |Push 1 |Movement >

29 Split shaft collar Part 2 2 [ Thread a [None >

100 Transfer roller unit HSub 1 1 |Sep. op 1 |Movement *

101 M10 hex head bolt Part 3 4 [ Thread 0 |Fastens b > P

102 P10 hex nut Part 4 4 | Threada 0 |Fastens >

103 Leg side guide bracket Part (=3 & |Sep. op 1 |Assembly Pl pd

104 M10 hex head bolt Part 12 12 |Thread 0 |Fastens = = x

105 M10 hex nut Part 12 12 | Thread 0 |Fastens =

106 Drip pan Part 2 2 |[Push 1 [Assembly >

107 Spot weld Lib Op 4 4

108 Leg connector plate FPart 3 3 |Sep. op 0 |Connects >
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No. Name Type Repeat Total count Securing Minimum Minimum part Handling Insertion Ergonomic
count method items criteria problems problems problems

109 M10 hex head bolt Part 6 6 |Thread 0 |Fastens X

110 M10 hex nut Part 6 6 |Thread 0 |Fastens X

111 Adjustable feet XSub 6 6 |Sep. op 6 [Material X

112 M16 hex nut Part 6 6 |Thread 0 |Fastens X

113 Eyebolt Part 6 6 |Sep. op 0 |Connects

114 Guide rail clamp XSub 6 6 |Sep. op 0 [Connects X

115 M10 hex nut Part 6 6 |Thread 0 |Fastens X

116 S5 round bar 12mm Part 4 4 |Sep. op 2 |Assembly

117 Tray bracket Part 4 4 |Sep. op 0 |None X

118 M10 hex head bolt Part 4 4 |Thread 0 |Fastens X

119 Cable tray 3.5 mt XSub 1 1|Sep. op 1 |Assembly X X

120 Tray tab Part 4 4 |Sep. op 0 |Connects X

121 M8 pan Xhd screw Part 8 8 |Thread 0 |Fastens X

122 M8 hex nut Part i) & |Thread 0 |Fastens X

123 Connection plate Part 1 1|Sep. op 0 [Connects X

124 | £\ | Totals for idier end section ney 214 23

125 .ﬂ. Totals for Chain Conveyor Assen 418 50
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Appendix H. Handling Time, Insertion Time, Labour Time, Labour Cost and Item Cost Associated with All Sections of the New Conveyor

Mo MName: Tool fetching and Iterm handling Insertion/ Total labor Labor cost, Piece part Part or item Total iterm
preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time. s item, £

1 EI Chain Conveyor Assembly New [

2 r:_l Drive straight section new .00 12.50 5.80 18.30 0.16 .00 0.00 0.00
3 Frame flange part bottom 0.00 2.30 2.30 4.60 0.04 9.87 9.87 2.87
4 Frame web part 0.00 3.00 400 700 0.06 7.89 7.89 7.89
5 Frame flange part top .00 2.30 4.00 5.30 0.05 9.87 9.87 9.87
(=3 Stiffener plate .00 1.99 2.30 8.58 0.07 1.71 1.71 3.41
7 Manual MIG/TIG fillet weld 7.20 58.00 B55.20 0.55

a8 Chain PE-UHMW Guide .00 3.80 2.30 1220 o110 3.90 5.81 11.62
= M8 flat csk skt hd screw 2.90 1.50 5.70 31.70 0.27 0.30 0.30 1.20
10 M3 hex nut 2.90 1.43 570 3142 0.27 o010 0.10 040
11 Drive plate flange 0.00 1.99 2.30 8.58 0.07 5.71 5.71 11.42
12 Manual MIG/TIG fillet weld 7.20 32 .00 3920 0.33

13 Bearing spacer .00 1.50 1.50 3.00 0.03 2.03 2.03 2.03
1 Square flanged bearing righ .00 1.80 1.50 3.30 0.03 26.63 26.683 26.63
15 Motor support flange 0.00 1.95 1.50 3.45 0.03 12.46 12.46 12.46
16 M0 hex head bolt 2.90 1.13 5.70 30.22 0.26 0.31 0.31 1.23
17 P10 hex nut 2.90 1.13 5.70 30.22 0.26 0.10 0.10 0.40
18 Teflon square spacer 0.00 2.30 2.30 4.60 0. 04 1.76 1.76 1.76
No. MName Tool fetching and | Iterm handling Insertion/ Total labor Labor cost, Piece part Part or iterm Total itermn

preparation time, time, s operation time, s = cost per cost, £ cost, £
s time. s item, £

19 Motor wnit 0.00 12.50 5.80 18.30 0.16 128.01 128.01 128.01
20 M10 nex head bolt 2.90 1.50 5.70 31.70 0.27 0.31 0.31 1.23
21 Sprocket 000 2.30 2.30 4.60 0.0 10.24 10.24 1024
zz2 Drive shaft .00 2.30 5.00 7.30 0.06 B.82 8.82 8.82
23 Split shaft collar 710 1.99 4.00 19.08 0.16 0.86 0.86 1.72
24 Square flanged bearing left O.00 1.80 1.50 3.30 0.03 26.63 26.63 26.63
25 MT10 hex head bolt 2.90 1.13 5.70 30.22 0.26 0.31 0.31 1.23
26 P10 hex nut 290 1.13 5.70 30.22 0.26 0.10 0.10 040
27 Transfer roller unit 000 2.30 2.30 460 0.04 15.00 15.00 15.00
28 M10 hex head boilt 2_90 5.84 5.70 53.06 0.45 0.31 0.31 1.23
29 M 10 hex nut 2.90 1.13 5.70 30.22 0.26 .10 0.10 O 1
30 Leg side guide bracket 0.00 3.00 2.30 10.60 0.09 z29.98 290.98 59.97
1 M0 hex head bolt 2.90 5.84 5.70 53.06 0.45 0.31 0.3 1.23
32 M0 hex nut 2.90 1.13 5.70 30.22 0.26 .10 0. 10 .41
33 Drrip pan .00 3.00 5.00 8.00 0.07 7.43 T.43 743
34 Spot weld 000 ¥.00 2800 0.24

35 Leg connector plate 0.00 1.99 2.30 8.58 0.07 1.44 1.44 2>.88
36 M10 hex head bolt 2.90 1.50 5.70 17.30 0.15 0.30 0.30 0.60
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MNo. MName Tool fetching and Itern handling Insertion/ Total labor Labor cost, Piece part Part or iterm Total iterm
preparation time, time, s operation time, s £ cost per caost, £ cost, £
s time. s tem, £
37 M10 hex nut 2.90 1.13 5.70 16.56 0.14 0.10 0.10 0.20
38 Adjustable feet 0.00 1.99 2.30 8.58 0.07 2.51 2.51 5.02
39 M16 hex nut 2.90 1.13 5.70 16.56 0. 14 a.10 Q.10 0.20
A0 Eyebolt 0.00 1.99 2.30 5.58 0.07 2.29 2.29 4.59
41 Guide rail clamp 0.00 1.99 2.30 8.58 0.07 3.43 3.43 B.86
42 M0 hex nut 2.90 1.13 5.70 16.56 O.14 a.15 0.15 0.31
43 SS round bar 12mm 0.00 2.30 2.30 18.40 0.16 2.00 2.00 V.99
44 Tray bracket 0.00 1.99 2.30 8.58 0.07 6.20 6.20 12.40
45 M10 hex head bolt 2.90 1.13 5.70 16.56 .14 .31 0.31 0.61
46 Cable tray O.7 mt 0.00 3.80 2.30 5.10 0.05 21.51 21.51 21.51
A7 Tray tab .00 1.99 2.30 8.58 0.07 1.79 1.79 3.59
48 M8 pan Xhd screw 2.90 1.50 5.70 31.70 0.27 0.31 0.31 1.23
49 ME hex nut 2.90 1.43 S5.70 31.42 0.27 .10 0.10 0.41
50 Connection plate 0.00 2.30 2.30 4.60 0.0 1.87 1.87 1.87
51 & Totals for Drive straight sectio BT9.29 7.47T 430.58 434.39
52 EI Curve saection new 0.00 2.00 5.80 14.80 .13 .00 0.0 D00
53 Frame flange curve bottom 0.00 3.00 2.30 5.30 0.05 A7 .15 47 .15 4715
54 Frame web curve part .00 3.00 620 9.20 0.08 29.31 29.31 29.31
No. NMame Tool fetching and | Iterm handling Insertion/ Total labor Labor cost, Piece part Part or item Total item
preparation time, time, s operation time, s cost per cost, £ cost, £
s time. s item, £

55 Frame flange curve top 0_00 3.00 620 9.20 0.08 A7 15 AT 15 A7 15
56 Stiffener plate .00 1.50 Z.30 15.20 o113 1.71 1.71 5.83
57 Manual MIG/TIG fillet weld 7.20 32.00 39.20 0.33

58 Side flexing guide 0.00 3.80 2.30 12.20 0.10 20.48 20.48 40.96
59 Ma flat csk skt hd screw 2_90 1.50 5.70 31.70 0.27 0.30 0.30 1.20
&0 MB hex nut 2.90 1.43 5.70 31.42 0.27 0.10 0.10 0.40
a1 Leg side guide bracket .00 3.00 2.30 10.60 0.09 29.98 29.98 59.97
62 M0 hex head bolt 290 3.84 5. 70 79 .22 0.67 0_31 0.3 ]
53 M10 hex nut 2._90 1.13 5.70 57.54 0.49 0.10 0.10 0.82
Gl Dirip pan curve 0_00 2. .30 5.00 7.30 0.06 26 63 26.63 2663
55 Spot weld .00 7.00 28.00 0.2

&6 Leg connector plate 0.00 1.50 2.30 15.20 o.13 144 1.4 5.76
&7 M10 hex head bolt 2.90 1.50 5.70 31.70 0.27 0.30 0.30 1.20
58 M10O hex nut 2.90 1.13 5.70 30.22 0.26 0.10 0. 10 040
[==] Adjustable feet 0.00 1.50 Z.30 15.20 0.13 2.51 2.81 10.04
O M1E hex nut 2.90 1.13 5.70 30.22 0.26 Q.10 .10 .40
71 Eyebolt 0.00 1.50 2.30 15.20 0.13 2.29 2.29 9.18
T2 Guide rail clamp 0.00 1.95 2.30 17.00 0. 14 3.43 3.43 13.72
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Moo MName Tool fetching and Itern handling Insertion Total labor Labor cost, Piece part Part or item Total item
preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time. s item, £

73 M10 hex nut 2.90 1.13 5.70 30.22 0.26 Q.10 Q.10 0.40
T4 SS round bar 12mm 0.00 2.30 2.30 18.40 0.16 2.00 2.00 7. .99
75 Tray bracket 0.00 1.99 2.30 &5.58 0.07 &.20 5.20 12.40
7e M10 hex head bolt 2.90 1.13 5.70 16.56 0.14 0.31 0.31 0.61
L Cable tray 0.7 mt 0.00 3.80 2.30 6.10 0.05 21.51 21.51 21.51
78 Tray tab 0.00 1.99 2.30 8. .58 0.07 1.79 1.79 3.59
7o M8 pan Xhd screw 2.90 1.50 5.70 31.70 0.27 0.31 0.31 1.23
a0 ME hex nut 2.90 1.43 5.70 31.42 .27 Q.10 Q.10 0.41
81 Q. Totals for Curve section new 642.38 5.46 351.70 351.70
a2z EI Idler end section new 0.00 9.00 5.80 14 .80 0.13 Q.00 0.00 0.00
83 Frame flange long bottom 0.00 12.50 5.80 36.60 0.31 24.16 24.16 48.32
a4 Frame web part long 0.00 2.30 12.80 30.20 0.26 22.60 22.60 45.20
85 Frame flange long top 000 2.30 12.80 30.20 0.26 27. 74 27.7T4 55.47
S5 Stiffener plate 0.00 1.50 2.30 15.20 0.13 1.71 1.71 5.83
87 Manual MIG/TIG fillet weld 7.20 32.00 39.20 0.33

28 Chain PE-UHMWW Guide 0.00 3.80 2.30 36.60 0.31 5.49 840 50.38
89 M8 flat csk skt hd screw 2.90 1.50 5.70 A7TS5. 70 1.49 0.30 0.30 7.20
20 MEB hex nut 2.90 1.43 5.70 174.02 1.48 0.10 010 2.40
MNo. MName Tool fetching and | Item handling Inserton/ Total labor Labor cost, Piece part Part or item Total itenn

preparation time, time, s operation time, s £ cost per cost, £ cost, £
s time. s iterm, £

91 Idler plate flange 000 1.99 2.30 8.58 0.07 5.71 5.71 1142
92 Manual MIG/TIG fillet weld 7.20 32.00 39.20 0.33

o3 Sguare flanged bearing righ O.00 1.80 1.50 3.30 Q.03 26.63 26.63 26.63
S Square flanged bearing left 000 1.80 1.50 3.30 0.03 26.63 26.63 26.63
o5 M0 hex head bolt 2_90 1.13 5.70 57 .54 0.49 0.31 0.31 246
26 M10 hex nut 2_90 1.13 5.70 57.54 0.49 010 0.10 o0.80
o7 Sprocket o.00 2.30 2.30 4.60 0.04 10.24 10.24 10.24
98 Idler shaft 000 2.30 5.00 7.30 0.06 4. a2 4.4z 4. a2
29 Split shaft collar 710 1.99 “4.00 19.08 0.16 0.86 0.86 1.72
100 Transfer roller unit 000 2.30 2_30 460 0.0 1500 15.00 15.00
101 P10 hex head bolt 2.90 &.854 5.70 53 .06 0.45 0.31 0.31 1.23
102 M40 hex nut 2. 90 1.13 5_70 30.22 0.26 0_10 0.10 o4
103 Leg side guide bracket O0.00 3.00 2.30 31.80 0.27 29.98 29.98 179.90
104 M10 hex head bolt 2.90 2.84 5.70 105.38 0.90 0.31 0.31 3.69
105 M10 hex nut 2.90 1.13 5.70 84.86 0.72 0.10 0.10 1.23
106 Drip pan .00 2.30 5.00 14.60 Q.12 19.61 19.61 39.21
107 Spot weld .00 7.00 28.00 0.24
108 Leg connector plate 000 1.61 2.30 11.72 0.10 1.44 1 .44 4.32
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Mo. MName Tool fetching and  |ltem handling Insertion/ Total labor | Labor cost, Piece part Part or item Total item
preparation time, time, s operation time, s E cost per cost, £ cost, £
5 time, s item, £

109 M10 hex head bolt 2.90 1.50 5.70 46.10 0.39 0.30 0.30 1.80
110 M10 hex nut 2.90 1.13 5.70 43.88 0.37 0.10 0.10 0.60
111 Adjustable feet 0.00 1.50 2.30 22.80 0.19 2.5 2.51 15.05
112 M16 hex nut 2.90 1.13 5.70 43.88 0.37 0.10 0.10 0.60
113 Eyebalt 0.00 1.50 2.30 22.80 0.19 2.29 2.29 13.76
114 Guide rail clamp 0.00 1.95 2.30 25.50 0.22 3.43 343 20.58
115 M10 hex nut 2.90 1.13 5.70 4388 0.37 0.15 0.15 0.92
116 33 round bar 12mm 0.00 2.30 2.30 18.40 0.16 15.45 15.45 61.80
117 Tray bracket 0.00 1.95 2.30 17.00 0.14 6.20 6.20 24.80
118 M10 hex head bolt 2.90 1.13 5.70 30.22 0.26 0.31 0.31 1.23
119 Cable tray 3.5 mt 0.00 3.80 2.30 6.10 0.05 105.00 105.00 105.00
120 Tray tab 0.00 1.50 2.30 15.20 0.13 1.79 1.79 AT
121 M8 pan Xhd screw 2.90 1.50 5.70 60.50 0.51 0.31 0.31 2.46
122 M8 hex nut 2.90 1.43 5.70 59.94 0.51 0.10 0.10 0.82
123 Connection plate 0.00 2.30 2.30 4.860 0.04 1.87 1.87 1.87
124 & Totals for Idler end section ney 1563.20 13.28 792.12 803.57
125 & Totals for Chain Conveyor Assen| 3132.77 26.62 1574.40 1589.67
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