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Abstract

The aim of this research is to study and compafterdnt design methods, choose a
method for redesign and use a case study to eeathatoutcome. This thesis will help
Marel on its journey to implement better designcesses.

A literature review of five design methods was aactdd and their tools and techniques
explained. These methods are Six Sigma, Stage-Geas, (Lean Product Development),
Design Structure Matrix and Model Based Design.

This case study is a cross frame from StreamLinedment, manufactured by Marel. The
LPD and Model Based Design were evaluated to bédéisésuited methods for this case
study. The redesign was carried out by findingnidging and closing Knowledge Gaps.
In Model Based Design method a Finite Element Madel a Cost model were built to
verify the results of the redesign.

The findings from this study show that approprigésign method can improve the quality
of design work. The redesign is better qualified deaning and has less manufacturing
cost.

Utdrattur

Markmid pessarar rannséknar er ad rannsaka og bsaman mismunandi
hénnunaradferdir, velja adferd til endurhénnundavérgrind og meta hénnunina. Ritgerd
pessi mun vonandi hjalpa Marel hf. i leit sinnitedttri honnun.

Heimildavinna um fimm hoénnunaradferdir var unraekni og verkfeeri peirra skodud og
skyrd. Pessar honnunaradferdir voru Six Sigma, esGate, Lean (Lean Product
Development), Design Structure Matrix og Model BhBesign.

Vidfangsefnid var pvergrind ar StreamLine sudusdnisgu, framleitt af Marel hf . LPD
og Model Based Design voru metnar heefastar fytitapadfangsefni. Endurhénnunin var
gerd med pvi ad finna pekkingarbil, skilgreina pay svo loka peim. | Model Based
Design voru buin til Finite Element likan og kostadikan til ad stadfesta nidurstéduna.

Nidurstoour pessarar rannséknar benda til ad madkeénndum hénnunar adferdum megi
baeta gaedi hénnunar. Endurhénnunin er betri meé till prifanleika og er jafnframt
odyrari i framleidslu.
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1 Introduction

,Good design is good business‘(Thomas J. Watsod,).nThis is a concept many
companies have realized but most struggle to niakepipen. A lot of resources have been
invested into various design departments to geenebetter or/and smarter solutions than
already exist today. Some companies manage to pecalgood design but others fail.

Marel is a leading producer of advanced equipmentirsg the fish, meat and poultry
industry and it was founded in 1983 (Olafsson & rannsdéttir, 2009). Since it was
founded the company has been striving to produeebtfst designed equipment for the
market. Marel is a multinational company with o¥&00 employees in over 30 countries
in 6 continents (Marel, n.d.).

One of Marel's biggest challenges is to maintaia dldvantage they currently have over
their competitors and to do so the company contislyohas to design and produce
innovative solutions for the market at affordabieeg@s. Competitors are always trying to
find ways to be faster, smarter and cheaper. Magrehds about 6-7% of their revenues in
innovation every year but currently it looks likengpetitors are gaining momentum and
thereby threatening Marel's leading position (B. Kharlsson, personal communication,
March 17, 2014).

Marel's team of designers have the aim to be lepdmntheir field of expertise. The
designing tools they use are similar to what ottwenpanies are using. The fact that Marel
is losing its leading position is due to the fdwttinnovation is not providing enough new
products. Marel has innovation processes thata®glwith how to bring a product to the
market but not how do design the product in a tvast Designers start the design process
using SolidWorks without having all the necessarfprimation needed and therefore a
problem occurs late in the design process or whereguipment has been launched. This
is a very time consuming and it is extremely costlynodify designs or built equipment
late in the process (B. M. Karlsson, personal comigation, March 17, 2014).

The aim of this research is to study and compafferdnt design methods, choose a
method to redesign a cross frame and evaluateutiterme. This thesis will hopefully help
Marel on its journey to implement better designgesses. The cross frame is a weldment
in the StreamLine® flowline, it binds together thtations of the line. This item is a
fundamental part in the structure of StreamLine® &rs designed to be stiff. It needs to
be redesigned to lower costs and to increase ftitigydb clean the part, because cleaning
is one of the most important things in food safety.

In this thesis five design methods will be examinElis will give basic understanding of
the methods and act as a platform that can betogedte a decision about which approach
is best suited to apply to the redesign. The methedewed are:

* Six Sigma » Design Structure Matrix
» Stage-Gate * Model-Based Design
* Lean(LPD)



When the design methods have been viewed and egplaihe case study item is
introduced. The case study item is a cross framm arel which is a part of a flowline
called StreamLine.

The method that was best suited was Lean producel@ement. In that method
Knowledge Gaps were used, gaps will be found, fledsand closed. Model-based design
will be used to verify the design, both finite elemh and cost models will be made

In the Methods chapter the design methods willdwerved and explained. In the Results
chapter the case study will be introduced, the odsHitted to the task and new design
introduced and verified. Finally the Conclusion pteat is a summary of the work done and
what can be done in the future to continue with ghbject.



2 Methods

There are many design methods to choose from asd alh have the common goal of
improving the design.

The focus areas of the methods are almost as nsatig anethods but the focus points that
are most noticeable are cost, creativity and qudlitthis chapter the following five design
methods will be reviewed:

* Six Sigma

e Stage-Gate

* Lean (Lean Product Development)
« DSM

* Model-based design

The aim of this study is to identify the best sditlesign method for a redesign on a case
study.

To gather information on the case study, intervievith Marel employees were carried
out. The interviewing was based on “native cateégapproach (Buckley & Chapman,
1997; Harris, 2000), involving extensive conversasi about beliefs and perceptions
around non-directive questions rather than directedstions derived from theory. The
interviews were partly structured to direct diséoissto relevant topics, such as
StreamLine and manufacturing tools and habits (tiaedt, 1989).

2.1 Six Sigma

The Six Sigma method is a project-driven tool tgpiave the organization’s goods,
services, and procedures by constantly reducingctiefin the organization (Kwak &

Anbari. 2004). Motorola in the 1980°s was the fioste to use Six Sigma in a mass
manufacturing environment for the purpose of mgetlemanding quality targets (Harry,
2008). Six Sigma became a world famous winning fdenthat was later used by other
corporations such as General Electric to restrectbeir company (Folaron & Morgan,

2003).

Six Sigma is originated from statisticians andistias. It targets to have only 3,4 defects
per million opportunities (DPMO) and for a very higuality control level 99.99966%
opportunities are satisfactory. Some companies shdo use a less aggressive quality
control but still rely on the sigma system. Thosenpanies then use lower sigma numbers
DPMO. For example 3 Sigma allows 66.810 DPMO, tieat93,3% satisfactory
opportunities (Linderman, Schroeder, Zaheer & Cl2003).

In Figure 1 the relationship between process SignthDPMO can be seen.
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Figure 1: Relationship of Process Sigma, x-axigl BPMO, y-axis. (Adapted from
Linderman, Schroeder, Zaheer & Choo, 2003)

One of the cornerstones of Six Sigma is to get rg:arozation on level of Sigma ability
with the use of statistical tools and techniquestAy & Banuelas, 2001).

One of the main principles of Six Sigma is thatlgyas everyone’s responsibility. The
system has its own infrastructure that focusesheniridividual who should possess each
role. The infrastructure is as follows:

Steering team

o CEO and some or all members of the senior team

o Team is responsible for strategic decisions angfbee needs to:
» Guide the Six Sigma change by creating a cleaowiand mission

and relate it to the projects in a visible manner

= Observe and influence the development of projects
= Have a clear overview of projects and their corninastto goals
= Synchronize cross-function events such as training

Champions
o Non-executive role within the Six Sigma team
0 Supports the project and is a connection poinhéoSteering team

Master black belt
0 A guide and a helping hand to the Black belts arek® belts. Master
Black belt consults with Champions in order to pdevprojects with full
support

Black belt and Green belt (Knowles, 2011)
o0 Project leaders and they are responsible for thatee



0 Responsible for that the project follows the stefodie DMAIC process
0 According to Keller (2010), Black belts and greettd® must be:

= Optimistic

= Risk appetites

= Interact well with others

= Leaders

One of the main processes in Six Sigma is the DMAtGcess. The name stands for:
Define, Measure, Analyse, Improve and Control. Tisisused mostly with continuous
improvements in manufacturing (Kwak & Antbari, 2006

Design for Six Sigma is a methodology that locdtaws in current processes and it is
used in design as well as it emphasises on punckageedback to the product. This
methodology includes a process called, DMADV; DefiMeasure, Analyse, Design and
Verify (Knowles, 2011).

DESIGN FOR SIX SIGMA

. Capture Develop Develop Implement
!r|1|t|ate gnd Customer Design Detailed Full Scale
Pt raject MNeeds Consepts Design Processes

K N M M
Y \ R o i \
Define Measure) Analvze ) Design Verify )
DELIVERABLES
Chief ; -
High Level Detailed ;
Team Charter| | rachnology ISESiE:E ;;:;i Pilot Product
Officer g B
TOOLS
-Management Leadership -Failure Mode and Effect Analysis [FMEA]
-Project Managment -Business Process Simulation
-Customer Research -Quality Function Deployment
-Design Scoreboards -Rapid Product Prototyping
-Benchmarking -ETC

Figure 2: Design foiSix Sigma. (Adapted from Kwak & Anbari, 2006)



Design for Six Sigma has many supporting toolsaash®e seen in Figure 2. These tools are
used for different design applications. When udimg tools it is necessary to hold the
cornerstones of DFSS in place and that is, Defitegsure, Analyze, Design and Verify
(Kwak & Anbari, 2006).

2.2 Stage-Gate

Stage-Gate was first used in 1988 by Cooper (2@81a term to explain new way of
innovation and he described it as a faster, battdrmore streamlined way to bring ideas
to launch.

Stage-Gate is a roadmap to get new-product projeots idea phase to reality. In this

method the total process is divided into stagedchviare separated with management
decision gates, see Figure 3. Cross functional seanmst finish a set of activities in each
stage so that the project gets to proceed to thestage. If the project fails to finish the

predefined sets of activities, the project is teaed (Copper & Kleinschmidt, 2001).

Bui ||1

Develo Launct
Discover Stage Busi HETEGL M I tion A

Idea Screening Second Screening (k To Go To Testing Gt To Launch Po H wunch
( pment

Figure 3: Stage-Gate process (Adapted from Prodecrelopment institute Inc.®)

Within every stage a cross-functional team undesgakey activities to make sure the
project is qualified to next stage. These teamsarss-functional because the activities in
a stage are diverse. This is done so that thetenatibe too much emphasis on one aspect
of the project in the beginning. That could ledve project owner with a very hefty bill on

a project that will never work (Cooper, 2001).

Each step is more expensive than the previous ®his is because as the projects
advances through more stages the uncertainty regumkexpenditures are allowed to rise
(Cooper, 2001).

A traditional Stage-Gate model has 5 stages anaté&sgThis number is not cast in stone
and the number of gates and stages can vary. Iry etage certain activities must be

completed and verified. The flow of product throubk stages from idea to launch can be
seen in Figure 4 (Cooper & Kleinschmidt, 2001).

The 5 gates are following:
Stage 0; Discovery: Activities done to find newadeand openings.

Stage 1; Scoping: Fast and inexpensive estimatecbiical- and marketing sides of the
project. A SWOT analysis is completed. SWOT stahols Strengths, Weaknesses,
Opportunities and Threads.

Stage 2; Building the business case and gdlarthis stagethe project is still in concept
design and an accurate research must be done onaspect of the project. If a project
passes through this stage it goes from being ite@ndevelopment to being developed.
As this stage is large and important it is oftelit sip to 4 phases:



Product definition and analysis
Building the business case
Building the project plan
Feasibility review

PowbdpE

Stage 3; Developmenin this stage the plans that have been made inquestages are
put into action. Further development and desigthefproject takes place in this stage, as
well as the strategy for next stages is designedpéams such as manufacturing plan and,
marketing launch and operational plan are made.

Stage 4; Testing and validatidn: this stage the project is tested and validated.only is
this done to the project but also to production/ofacturing procedures, customer
recognition and finances of the project.

Stage 5; Product launciProject is put to full production and marketing aades team go
in full action on promoting and selling (Cooper020.

$

Figure 4: Shows the flow from idea to product tigbistages (Adapted from Product
development institute Inc.®)

Within every stage there is a fixed set of acésito complete. The cross-functional team
must complete the set of activities, analyse theoouwe and finally form a suitable
presentation with the deliverables, simplified vensof this process can be seen in Figure
5 (Cooper & Kleinschmidt 2001).

Stages

Activites Analysis Deliverahles
Figure 5: Simplified process of what happens itage within Stage-Gate (Adapted from
Product development institute Inc.®)



When going through a gate a project must fulfitaier demands to be allowed to proceed
or else it is terminated or held back. The setumates is similar between gates. The
deliverables from the presentation are comparedetmands. From this comparison an
outcome is made, this outcome has to have a fisultrégo/terminate/hold/recycle) and a
track onward, simplified version of this procesa ba seen in Figure 6 (Cooper, 2001).

Gates
2 Uk
+ . L\-? :
Deliverables Criteria Output

Figure 6: Simplified process of what gates do eg8tGate (Adapted from Product
development institute Inc.®)

The gates are the following:

Gate 1; Idea Screen: Here the idea goes throumghtaskcreening. In this gate the idea has
to pass certain ‘must-meet’ and ‘should-meet’ dateThese criteria could be for example,
technical feasibility, alignment with the compangtsategy and marketing attractiveness.

Gate 2; Second Screening: Here the idea is screagaid. Extra information has been
gathered in previous stage. Still the idea muss ghsough a certain ‘must-meet’ and
‘should-meet’ demands. These demands are stritaerih gate 1. After this gate the idea
goes to stages that are more expensive for the aoyngnd therefore this screening must
terminate bad ideas.

Gate 3; Go to Developmerttiere is the main gate in a lifetime of ideas. Aftes gate the
company has to invest considerably to proceed thi#ghdea. This gate is often nicknamed
‘Sign off gate’.

Gate 4; Go to Testing: Here the development worlevsewed and everything is checked
off to see if the product is as stage 3 demands.

Gate 5; Go to LaunchThis is the last place where the project can beiiteated. If it
passes through this gate it proceeds to produatidsales (Cooper 2001).

If the idea passes through all stages and gatesitivéll come out as a fully developed
product that is ready for mass production and sales

2.3 Lean

The birth of Lean predecessors was within Toyotaad 1940. Toyota wanted to produce
in a steady flow, which did not rely on long protan runs to be efficient. They found a

system called "Toyota production System (TPS)” fmooh that system Lean grew. TPS

was built around the idea to produce many modetsriall amounts and not mass product
(Ohno, 1988).



Lean got its own identity in an article named "Tnjph of the Lean Production System," by
John Krafcik (1988). The principles of Lean are:

* |dentification of value

+ Elimination of waste

Generation of flow (Womack &Jones, 1996)
Main tools to be able to perform these principles a

« Kanban

Graphic sign to support stream by pulling inventitmough the industrial
procedure as required by the customer. Kanban rfesad you can see” in
Japanese. The name says it all because no itemde or moved without a card
being made so that it is noticeable to everyonetwhd how things are done.

e 5S’s

Graphical method to keep the manufacturing floodarncontrol. This is not

just housekeeping, it is a method to have all itemglace to eliminate the
waste of looking for an item.

* Visual control

Visual control is a technique where control of ativéty or procedure is made
easier or more effective by considered use of Viswhcators. These indicators

can be of many forms, from different colored unifier for different teams to
visual signs.

*+ Poke Yoke

A fault proofing method that creates a visual sighat make mistakes stand
out from the rest.

« SMED

Single Minute Exchange of Dies (SMED) is a manufeog method for a
quick turnover of tools. Turnovers can take a fdirme and that time is a waste
and this method decreases that waste (Womack &,J@886).

To eliminate waste is one of Lean’s main goals. ©{i988) defined seven types of waste,
these types are the following:

e Transport
Moving an item when it is not necessary

¢ Inventory
Products not being used, just waiting

e Motion
Employees walking when it is not needed



* Waiting
Delay in production makes employees wait, changshdt makes production
wait

* Overproduction
Produce product that will not be used

» Over Processing
Going too far with a product, adding extra to aduct that the costumer is not
willing to pay for

* Defects
If a product has defects and needs to be reworked

The work of eliminating waste is a continuous quastl as techniques and every day
working environment evolves new waste can be folmiliani & Stec (2004) presented
the eighth waste to add to Ohno list and it isrtefias:

* Behavior
Behavior that does not add value for the customer

Even though it seems a negative approach, Leaatismy about eliminating cycle time,
cost or waste. It's main purpose is to maximizeieslby ensuring that efforts are put on
the right places on the right time. Lean is a camius quest to eliminate waste, and
therefore add value, by any tool or technique (Agdy 2013).

2.3.1 Lean Product Development (LPD)

Lean can be utilized in product development praee$s enhance performances of
departments.To be able to implement Lean in Prodaegelopment it is necessary to fully
understand the concept and objectives of Lean (#aigr2013).

Traditional product development focuses on shontgmiycle time while LPD focuses on
eliminating waste in product development and by #ulling value. Waste can be found in
time, space, people, machines, information and rfiéezshenson & Pavnaskar, 2003).

Sobek Il (2012) defines good product developmenthasone that constantly produces
profitable operational value streams. He define® L& “A system that consistently
produces profitable operational value streams, rtiest customer needs, while minimizing
waste” (Sobek, 2012. page. 3).

Sobek 1l (2012) defined the 5 principles of LPD:

1. Rapid Learning Cycles

Rapid learning is the key to a profitable innovati&very employee must be steadily
improved. That means improving their knowledge abdity to recognize problems,
solve problems, gain knowledge in problem solvimgl @hare this knowledge with
others (Sobek II, 2012).
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This is a part of the PDCA process, Plan, Do, Chdak. In each stage there are
certain steps that have to be taken.

Plan
= Get all of the information and the right informatio
= Set goals and targets
= Create plans
= Discuss with others affected
Do

= Execute the implementation plan
Check
= Compare the results from Do to your Goals and targe
= Measure the outcome to see if it is sufficient
Act
= |f targets are not meet do the PDCA again with rications
= |If targets are meet, criticize the process to |éeym it and educate
others on this outcome

This is the foundation in first principle. Problerakould be divided into small
cycles so that they can be addressed in details.

2. Teams of experts
Assemble team of experts in every field that wifeet the project. The experts
must gain knowledge with the step above. Theserexpeork in a group so that
focus shall be on all aspects of the project arnidusbd one or two.

3. Entrepreneur System designer
This is the project leader, he must have a cleaiowiand knowledge of the
customer needs. He works cross-functional withexyeerts. He is responsible for
the new design, manages the project and creatgsdbact vision.

For the ESD there are some tools that can be @isedxample Project room and
Team planning board. ESD must integrate both teahmetails and tasks of the
project and deliver strong market performance.

4. Set-based concurrent engineering
There are some main principles of SBCE that ha\eeteespected and used.

o Study first
* Optimize the system
» Assure practicality before commitment

Do not go on with just one idea, have a set of 9d@ad allow them to merge
together to make the best solution (Sobek II, Watdker, 1999).

Investing in knowledge is expensive but it will paff because the true cost in
product development projects are when changes bausone in late stages, see

11



Figure 7. Then it would have been better to hawiiaed the necessary knowledge
beforehand (Séderberg, 2011).

Phases nowledge Concept Basic Prototype Pilot Manufacturing
Aquisition Investigation Design Building Production Ramp-up
High
Ability to Cost of
influence outcome
Changes
Index of
attention

and influence

Low

Actual managment
activity profile

Figure 7: Chart showing cost of changes in desigrsus lifetime of project in design
(Adapted from Wheelwright & Clark)

With many ideas working towards one solution iikslier to find the ultimate
solution than there is with Point-based methodshé®oll, 2012). Figure 8
shows the difference in methods.

Point-Based Customer

|
|
P o i ™ L o

® O »O————0 >0

|
Specified 1 or several ; ; ; ) | Mass prod.
By S 1 detailed design Final design | SRR
Req'ts ideas | order

|
|
I
|
~ - |
Set-Based Customer |

e W ) e ! SEY S

L Rl = TR ; . SR

General 5-7 paper 3-4 prototyped 1-2 detailed : Final design Mass prod.
Targets ideas ideas design : order

|
]

Figure 8: Difference between point-based and ssedadesign (Adapted from Sobek I,
2012)

5. Flow, pull and Cadence.
Have a clear vision on how to let the project flowough design. Find and
eliminate waste so the all efforts can go in dasmiSobek 11, 2012).
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Many tools have been taken from Lean manufactuang altered to Lean Product
development. Gershenson and Pavnaskar (2003) draredd some of Lean manufacturing
methods to LPD, see Table 1.

Table 1: How Lean tools have been transformedli®® (Adapted from Gershenson and
Pavnaskar, 2003).

Lean manufacturing tool Analogous lean product development tool
Value stream mapping Product development value stream mapping
Just in time Just in time product development
Pull system Quick response product development
Kanban GOLCAD
Load leveling Design task heijunka
Pokayoke Machigaiyoke
Single minute exchange of die Single minute exchange of projects
Kaizen Kaizen

Some tools have been made especially for LPD aedobthese tools is Knowledge-Gaps
(Radeka, 2014).

* Knowledge Gap

Knowledge Gap is the space between the currentl leveknowledge and the
knowledge needed to solve a problem. To bridgedhgtit is necessary to search and
gain knowledge. In all design methods it is neagstagain information but usually
the information is solution/problem affected, thiere design teams go very soon to
prototype phase. Often many Knowledge Gaps havéeen closed before prototype
phase is entered, resulting in unexpected situsttiater in the design process.
Knowledge Gap method makes design teams fronthoédh the end it will diminish
the likelihood of redesign in later stages of tkeign (Radeka, 2011).

In the start of projects the Knowledge Gap is bigl aas the search for answers
continuous the Knowledge Gap only gets bigger bezaat the beginning all the
unknown are not visible. But as the work goes om kmowledge Gap slowly gets
smaller and smaller, this can be seen on Figure 9.
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Figure 9: Relations between Knowledge Gaps and, ttime is on X-axis. (Adapted from
Holmdahl)

To identify all the Knowledge Gaps can be trickyt lan open mind and multi-
dimensional approach is a good start. Below areeseays to find Knowledge Gaps:

o Find all known Knowledge Gaps and list them up

0 Study the previous versions or models, list up whakes this a “new”
product. Also list up the specification of the naam, throughput, size or
where changes should be made

0 Study other design processes and try to see whawlédge Gaps went
missing in previous design

0 Scrutinize the known Knowledge Gaps. Is it guaradtinat the information
that the Knowledge Gap is built on is correct?df find better information
and write down a new Knowledge Gap (Radeka, 2011).

2.4 Design structure Matrix (DSM)

Design Structure Matrix (DSM) is a method to superand organize complex research
and development projects (Danilovic & Browning, 800

Design has often been a black box for researctemrguse of its lack of scientific methods.
Eppinger, Whitney & Gebala (1992) tried to explamd structure better design processes.
They claimed that design activities were well redegd but not well understood. Their
goal was to better the understanding of new andgr@zed design processes. Designers
must be on a constant quest to improve and shellg@estions like:

1. “Why does it take so long to develop each new geiwar of our product?”

2. “Which engineer functions might be combined to ém@de design process?”

3. “Where is communication most important?”

4. “What are the driving factors in our design probRm

5. “How can we implement concurrent engineering?” (Bppr, Whitney & Gebala,
1992, p.301)
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To help in this quest a design management stratesp/ developed. By drawing up the
design process into a clear array exemplify the glerminter-relations among the many
design tasks that must be accomplished. Taskseirdisign will be given a name. Then
tasks are valued on dependencies between them iaaidy ftasks must be classified
(Eppinger, Whitney, Smith & Gebala, 1994; Stewadi@B1):

« Parallel if the tasks can be run simultaneouslyrmmdata between tasks are needed

» Serial if one task can’t be run until another anddne, data must go from task A to
task B before design on task B can start

» Coupled if information needs to go from task Adask B and again from task B to
task A

In flowcharts it is not always obvious to see tightr sequence of tasks. In the flowchart in
Figure 10 it is maybe not easy to see how deciSitras to be done before decision B and
Decision E before Decision D. To simplify this, dgens/tasks are put in a design matrix,
see Table 2.

‘ Decision A

k. 4 L 4
(__1

Decision B

Decision C

s

Decision D Decision E Decision F

Decision G

Decision H

Figure 10: Flowchart of decisions in design procggglapted from Radeka, 2012)

Now the information on which decision is dependentwhich decision is put in the
matrix. Working in columns, identify the inputs feach decision or Knowledge Gap.
Place Xs in the boxes with row entries that represiecisions that need to be made or
Knowledge Gaps that need to close before we catiZenthe decision in the column. In
Table 2 the dependencies of decisions have beardaddRadeka, 2012).
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Table 2: Tasks put in the matrix after dependengiddapted from Radeka, 2012)

Lines in the matrix represent decisions that aesymsor to the decision in the columns. In
the matrix here above, Decision C has to be dofmd®ecision B, Decision E has to be
done before Decision D. With this information theatnx can be rearranged so that
Tasks/decision can be lined up better, see Table 3.

Table 3: Tasks rearranged in matrix after dependeqAdapted from Radeka, 2012)

Now the matrix has been rearranged and then thethvaygh the project is much clearer.
It is also best to end on Decision H because #wlt has no output and is therefore not a
precursor to any task/decision (Radeka, 2012).
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2.5 Model Based Design

The origins of model based design can be tracke#t tmthe early 90's of last century.
The big players in that field were the aerospaag amnomotive industries, which were
trying to install microprocessors in their produdigesigners in these sectors realized the
benefits of simulating multi domain systems for gmerpose of developing embedded
controls (Lennon, 2007).

Methodology for model-based design is analyzing g@medicting the behavior of a
structure using a model. A structure or systemtbdmve boundaries and a solution that is
realistic and optimum. Usually modeling has foagsts:

» Defining a model

e Building a model

* Verifying a model

* Analyzing a model (J6nsson, 2008)

When building a model it is necessary to withhdidse four stages. But model-based
design is a way of evaluating the model or probteat has been replicated by a model.
The steps that have to be taken can be seen ineFldu

Figure 11: steps of model-based design (Adapted ffébnsson, 2008).

The rise of CAD/FEA software have made model badesign easier. Designers can set
models up easily and constantly test projects eg @volve. Requirements are set in the
beginning of projects and they get tested so thsttakes or bad design are cut out early in
the design process. It is very costly to do charajesatter stages of the design process
(Lennon, 2007).
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3 Result

To test the design methods it is good to have a sagly to design and evaluate. In this
chapter the selected case study, a cross framiebesviteviewed, design method will be
fitted to the case study and finally the redesggmade.

3.1 Case Study

StreamLine is a trimming line for pork and cattteaasses. The meat enters the production
line and is weighted on the main belt. From themgpecific piece of meat is put into a
specific station. StreamLine is made up of multiglations and in each station a trained
meat tradesman works. The tradesman trims the péameat and sorts trim in 2-4
categories. The primal is put on a scale, in théast, and there it is ejected onto main belt
again. From the station the piece could go to parkiut it could also go into another
station if it needs more cuts or more trimming.sTts all monitored by the software that
controls StreamLine, this process is fully automationgest line that has been
manufactured is 36 stations, which is about 40mmfome end to another, this means that
the main belt is over 80 meters long. Stationsoarboth sides of main belt see Figure 12.

Figure 12: StreamLine with 14 stations.

As can be seen on Figure 13 stations have an abtimgs products to the station and a
scale that weighs the product and puts it backhenntain belt. To have such a complex
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mechanism it is necessary to have the foundati@ng stiff so that vibration will be
minimized.

Arm running on

Main belt Scale to eject pieces

back on to main belt

Figure 13: Dual station in StreamLine

When taking a piece of meat into a station the ha® to absorb high forces. The pieces
can be up to 20 kg and friction to the belt carnigln due to blood and the composition of
meat. The air cylinders that control the arm mowveinteve a radius of 20 mm and can
produce force up to 600 Newton. Simultaneouslysitede needs to weigh the product and
then release it on to the main belt. The scale s1:a@estable environment, to be able to give
correct weighing, therefore vibration shall be mided (U. Grétarsson, personal

communication, April 10, 2014).

In retrospect of this the weldment structure oe&tnLine was designed to tolerate all this
but there is a related issue that has to be adaite€deaning of the product line must be
easy so that bacteria will not have an easy adoese final product. The rigid structure of

the StreamLine has been seen as a disadvantagetwloemes to cleaning.

In this project the cross frame of the StreamLmeedesigned. The original cross frame
can be seen on Figure 14.
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Trim beams

Figure 14: Cross frame of StreamLine weldment.

This cross frame is fundamental in the StreamLingcture. In the middle the main belt
runs and on the main belt the arms run, they ateriad to the cross beam in cross frame
and the conveyor sides. The steel on either sidheomain belt is the cross beam for the
trim belt. This trim belt gathers trim/waste fronoskers and this belt is a stop/start belt
that will add to vibration on the line. The crogame is made of many components,
stainless steel plates of many thicknesses, 4G@amgular beams and axles.

The cross frame is built to be stiff in an envir@mwhwhere accuracy in weighing is as
important as transport and moving of big piecesneft, with all the friction involved. It
has been seen that the cross fame has a completustrand is therefore hard to clean and
costly to built. These two factors weigh heavilyequipment sales for the food industry.
With expensive equipment the payback time of tivestiment has to be shorter compared
to the competitors to increase chances of sellihg. other point is that after every shift the
equipment is cleaned with hot water and soap. &resof the more complex installations
this cleaning can take up to 4-6 hours. The costllahis hot water is enormous and the
factories also pay for every liter of water thaega@own the drain. If the lines are easier to
clean the payback time of the investment will bersdr and therefore more likely that
Marel can sell this product (B. M. Karlsson, pearommunication, March 17, 2014).
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3.2 Evaluation of methods

To be able to get the most out of the cross fraedesign it is important to choose the best
suited design method. The methods and their retevémthe case study will be evaluated.
The outcome of this work will give the optimal dgsimethod.

Since there are many aspects to consider in thlissign, such as costs, time, customer
needs and etc. it is hard to choose one methodamather.

Six Sigma focuses on customer needs and its maihigto hold defects to a minimum of
a certain number (Linderman, Schroeder, Zaheer & CR003). If the utmost need of a
customer works against companies internal processemals, it is not beneficiary for
company to act on those needs. As pointed outenptievious Six Sigma review this
process calls for a big infrastructure and to im@at this on a project and a Six Sigma
certificated person must be in charge. This inftacstire can lead to added bureaucracy
and cost for the organization (Goh, 2010). It isyveard to implement the Six Sigma
infrastructure and fill in all roles of Master, Blaor Green belts. The method of Design
for Six Sigma could maybe be used in this applicatvhen the redesign will be verified.
Then the cross frame will be put through the staEpBefine, Measure, Analyze, Design
and Verify.

Stage-Gate process is a linear process and cagebers Figure 3. The stage gate process
is an improved way to bring ideas to productiofylhinnovation process (Cooper, 2001).
The process is focused on minimizing cost for tigapization, every stage has its criteria
and the project must fulfill the criteria to beiagle to get to the next stage. This allows the
organization to closely monitor current expenses ke an enlightened decision about
whether to continue or terminate the project (Coo@001). In every stage a cross
functional team works on the project to preveniaibns where one team spends a lot of
time on the project before another team deems ithjeqt unfeasible. This process would
be very good in big innovation projects like if tlm®mplete StreamLine would be
redesigned. Then it would be easy to create crosgibnal teams and monitor the process
with Stage-Gate. But in this project it could bewsed that all the work is done in one
stage and to get through to the next stage it egessary to fulfill the requirements set in
“Verify the design” chapter.

Lean Product Development is a method that takeébdrcore of Lean, eliminating waste.
Tools to eliminate waste can be for example Knogée@aps and PDCA circles. These
processes are circular instead of linear and seit @n small projects. Knowledge Gaps
allow the focus to be on the project rather tham dixed process orientated around cost or
customer needs only.

Design Structure Matrix (DMS) is a method to supsand organize complex research
and development projects (Danilovic & Browning, BDOThe process is made to value
each component and its dependencies on other cangoin the life cycle of new
products. Tasks or decisions are seated so théirshés first and last is last. This method
eliminates the risk of not being able to take aigien because of its dependence on
another decision later in the chain.

Model-based design is a method that can be usall kind of applications. The model is
based on a problem, this model is analyzed andieerio a set of requirements. If the
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model passes through the verification phase iagsed onto design but if not the model is
restructured and analyzed again. By following thiecess it is easy to find flaws and
correct them with minimum cost. Instead of contimguvith a design only to find out that

it is not the correct design. By that time a lonedney has been wasted and to correct the
wrongs will cost even more.

The case study that has been chosen is fairly sidlthe designer will be working alone
most of the time. With that in mind LPD has beelected as a main design method with
emphasizes on Knowledge Gaps. To verify if the sigpge meets all requirements the

method of Model-Based Design will be used. By thathod it can be seen if the
Knowledge Gaps method has given a suitable result.

3.3 Knowledge Gaps
The first thing was to find the Knowledge Gaps. find the Knowledge Gaps a
brainstorming meeting was held with another desighkis designer has over 10 years of
experience in working with the StreamLine. Duriddgst meeting a lot of ideas about
possible knowledge gaps were discussed. The likiwbshows the gaps that were
identified:.

* How much load must the cross frame stand

* What markets have and will this product be sold in

* What is approved material

* How can it be assembled, are there some assendalirgirains

* How can it be manufactured, are there some manufagtconstrains

* How long does it take to assemble now

* What item does take longest in assembling

* What are the cleaning demands

* Do the cleaning demands vary between countries

» Size of components, max size of plates or beanatuction floor

* Where do we need strength and where not

* Modular design?

» Are some forms prohibited

* What are the connection points

* Max size of assembly
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It is important to classify and categorize Knowledgaps once they are found, as can be

Assembling, robotics?

How is it transported?

Patent issues, some things to be aware of or to gai

Are there some standard looks for this kind of Maguipment? Some things that

could affect the design

seen in Table 4 below.

To categorize Knowledge Gaps it is necessary todem minded and put emphasize on
finding the best place for the Gap, sometimes a &@abd be in many categories. In this
instance the categories were identified as Hygigkssembling and Other. Then the
difficulties in finding the knowledge were classifi from 1 to 3. Category 1 meaning that
it would be fairly easy to find knowledge and 3rggivery hard to gain this knowledge. To
clarify how the knowledge should be gained, a columthe table describes the first action
steps. Finally the priority of the Gaps was estedanumber 1 being the highest priority

and 3 the lowest priority.

Table 4: Knowledge Gaps table

Knowledge Gaps Classification | Action to close Gap Priority
Hygieneissues 1 2 |3 1|2
What markets have and Study IC-Meat businegs
1 [ will this product be solq X plan and look at previous
in sales
What is  approved Find standards about focq(
2 , X .
material safe material
3 What are the  cleaning X Read hygiene standards X
demands
Do the cleaning .
4 |demands vary betwegn X f:gr?]d dif?grgelﬁtn souittar‘ ir;clarjs X
countries
. Study IC-Meat policy or
?
5 | Modular design~ X modular design X
6 Are some form X Hygiene standards will X
prohibited clarify this
Assemblying issues

24




How much load mus
the cross frame stand

Find connections and

7 calculate strength in those
connection points
Find critical strength
locations, Study it
8 !Yrg?]rih sr? d w\?llire ?]i(tad strength can be lowegr X
9 some places but raised pn
others
How can it bg Hygiene standards,
9 assembled, are thefe describe best way cfx
some assembling assembling, welded,
constrains bolted or other
How can it be
10 manufactured, are the'%( Marel work floor
some manufacturing constrains
constrains
. Take time on how long it
11 How long does it take tp takes to assemble currgnX
assemble now
cross frame
12 What item does takp Find critical parts in
longest in assembling current cross frame
13 | Max size of assembly Find constraining
components
Size of components, ) i
. Constrains on plates,
max size of plates qr
14 : beams or another materfalX
beams on production : :
that is used in cross frame
floor
Other issues
Study current StreamLine
, lines and find connectiop
What are the connectlcrs( . ;
15 oints points to other machineg,
P stations or anything that
can affect cross frame
Study size of robot iT‘
16 | Assembling, robotics? Marel, Talk to head o X

Robotic weldmen

department
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Inspect how StreamLine
transported now and how
a new design can make
life easier

17| How is it transported? X

Patent issues, some
18| things to be aware of gr X
to gain

Talk to Patent master, amq<
read patents.

Are there some standafd
looks for this kind of
19 | Marel equipment? SomeX
things that could affeqt
the design

Talk to PTC in Marel tg
clarify this

In Table 4 Knowledge Gaps have been classifiedpretfound to close them and they
have been prioritized. When starting to work onsthactions it is good to realize that
some gaps have greater involvement in the projeah others. This involvement is a
combination of classification and priority. Thestigaps that are solved are the ones who
have high priority and high classification numbEnese are the gaps that have the greatest
involvement in the project. After this is done theps that have high priority and medium
classification are found and then down the scamfthere.

Patent issues, some thingsto be aware of or to gain

The StreamLine has active patents and some comzetiave some patents but the
patent expert in Marel says there is no risk ofating a patent in this design and
also there is no opportunity to apply for paternthiis design.

What is approved material

According to EHEGD (European hygienic engineeringdé&sign group) (2004)
material used in equipment for food processing nimestNON-toxic. The food can
not be able to absorb any chemicals/particles efmtlaterial. The material must not
include mercury, lead, cadmium or arsenic. Aluminisnmot suited in applications.
Zinc coated material are also not suited. Plastiesallowed but there porosity must
be checked because if the plastic is porous thayataorb micro-organism, which
will lead to added germ count. Stainless steeleisommended as an excellent
corrosion resistance material. This harmonies weéth constrains that Marel
warehouse sets, since they make most of the equoipnoen stainless steel and High
Density plastics (EHEDG Guidelines, 2004; Food Cad&3).

What ar e the cleaning demands

Cleaning standards are detailed in EHEGD and FDAodF and Drug
Administration) and there it is written that suacshall be smooth and design of

26



equipment shall be smooth. Sharp corners shallvbaled and all closed surfaces
(EHEDG Guidelines, 2004; Food Code 2013).

How can it be assembled, ar e there some assembling constrains

Cleaning standards demand that closed spacesbehalinimized. If two assemblies
are bolted together the surfaces that are puthiegeto create a closed surface. To
eliminate this kind of closed surfaces it is recoemgted to weld all connecting parts.
Also it shall be noticed that threads on bolts &gy hard to clean and should be
avoided (EHEDG Guidelines, 2004).

How long does it take to assemble now

Assembling time of the current cross frame was nreas Total time in SMC was
hard to estimate because components are cut onaoy different plate thicknesses.
SMC is always fully loaded and to wait for nextqsein the cross frame will only
make time for other projects. It will still add tiee work done there to have to change
between plate thicknesses because to bend platsain bottom tool is used. This
bottom tool is fixed on thicknesses and therefbezd is a waste in changeover time
when changing pieces and rearranging in the benaiaghines. Assembling time
was timed and total time of assembling a cross drarare 5 hours and 10 minutes.
In this paper assembling times were broken downllowing items see Table 5.

Table 5: Assembling time of cross frame

Job done Time
Cutting and cleaning of rectangular beams 40 min
Welding lids on rectangular beams 20 min
Welding of steel axles and lids in legs 55 min
Welding of rectangular beams together 1 hour and 20 min
Welding of all items in cross frame 1 hour and 55 min
Sum 5 hours and 10 min

To place the pieces together when they are welstcocied is a job that takes only
around 2 hours (welding of all items in cross franfetal time of work that is done
to rectangular beams is 2 hours and 20 min. Frasninformation it can be seen that
there is defiantly room for improvements.

Size of components, max size of platesor beams on production floor

Since material has not been decided it is hardddigt max size of it. In most cases
the plates, both plastic and steel, come in 1,58)0xm. Rods and beams usually
come in 3,0m long pieces.
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How can it be manufactured, ar e there some assembling constrains

This redesign is made for Marel and they have thveim manufacturing floor, it is a
constrain to use the tools they are equipped Witilhning and Milling Center (TMC).
Marel has a very good Sheet Metal Center (SMC)) titee laser cutters to cut steel
from plates and many bending machines to bendpldtee assembling team which
includes 3 welding robots has been awarded for ¢naétsmanship. Marel has very
good contracts with all major suppliers of mateimalceland.

Are there some standard looks for this kind of Marel equipment? Some things that
could affect the design

After discussion with Product technology center @1t was clear that there are no
constraints regarding looks on weldments in Marel.

Do the cleaning demands vary between countries.

EHEGD and FDA are the major players on this maget their standards set the
tone for other countries. Meat producers outsidep® and America strive towards
entering the European and American market. Thezefomnufacturers in others
countries have to fulfill the standards of EHEGRI &DA.

Are some forms prohibited

Hygiene standards do not prohibit any forms of congmts but they demand easily
cleanable surfaces and no creeps or forms whetrerdirerms can hide in cleaning.
Therefore it is good to avoid hollow spaces whiclould hinder cleaning.
Rectangular beams have hollow spaces but are ystlaed up, it has happened
that welds have failed such that inside of beanve lmgpened up allowing for germs
and bacteria to thrive there. There is no way e#uging the inside of a rectangular
beam so there is a higher risk of infecting the tpeaduct.

How much load must the cross frame stand
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The force that works on the cross frame mainly c$fehe connection points. The
motor ends in both trim and main belts are fastemethe cross frame.

The motor end on the main belt weighs about 50utg-hn carry a piece up to 20 kg.
Total weight of the end is calculated 100 kg wilfesy factors. The end is connected
to the rectangular beams in current design. Thisiection bears high loads but there
is a conveyor frame on the other side of this reguigar beam, this conveyor frame
adds support to the cross frame.

The motor end of the trimbelt is fastened to tlgedad rectangular beam. This motor
end weighs about 62 kg but can carry batches up kg and therefore the total

weight is 100 kg with safety factors. The currerdthod of fastening the motor end
to the cross frame creates a big momentum on tes ¢drame.



The criteria is the same for stress if the matenahe cross frame is the same on
both connecting points. But the deformation is that same, the trim motor end is
fastened on the last cross beam on the trim beltthat beam supports the side
guards. The side guards are sensitive to inaccuaacl therefore much smaller
deformation is allowed in the trim belt than in thain belt.

Constraints of main belt is that the stress may gmtabove approved maximum
stress of the selected material. Maximum deformatto often found by the rule
L/400. A deformation of this size cannot be seeriiigyhuman eye. In the trim belt
the demands are the same regarding stress butmidgfon can’t exceed 1mm and
desired value is 0,5 mm (U. Grétarsson, persomahuenication, April 10, 2014).

What item doestake longest in assembling

In assembly the rectangular beam part is very toresuming as seen in Table 5. It
is necessary to cut the beams by hand into comeesurement. The beams have to
be welded together without any welding guides whichkes it a lot trickier than
welding plates that have welding guides, see Fidgbére

How isit transported

StreamLine is transported between locations inainats but to bring the whole line
into a container can be a tricky task. Supportsvbeels are put under the line and it
pushed into a container. These supports can’t belipectly under the feet and
therefore they have been put on the rectangulanbrext to the feet. These beams
lie with a 5° angel on horizontal level and therefahey are very hard to
clamp/fasten under the line.

Modular design

StreamLine is a modular design that is built upnaidules (stations) that consist of
smaller modules. These modules should be ablé todimany other modules in the
StreamLine. The cross frame is one of those modrdss vital that the connections
points stay unchanged after redesign.

M ax size of assembly

The only constraint on size of the cross framéad it must fit into a container, max
width 2.350 mm and max height 2.700mm.

What ar e the connection points

Major connection points are following: axles on tddegs, main belt, trim belts and
rectangular beam under for stiffness of the weldmsamcture of StreamLine station.
Minor connections are bolted connection with bufééute and support for the
cutting table.

Assembling, robotics?

This design shall take into consideration robotding.
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What markets have and will this product be sold in

StreamLine has been sold in Europe, Asia, North-Acae South-America and
Oceania. Europa and Oceanic are the main marketsidiory tells us the scope is
the whole world.

Wher e do we need strength and wher e not
As pointed out here previously the main forcesosmotonnection points.

To cut assembly time it is necessary to look atrelaspects of this list. Both work that is
done in supporting cells as SMC and TMC and maiasaembling. Hygiene standards
clearly state that closed spaces shall be avoidédiasign shall be focused on eliminating
sharp corners where germs could accumulate. Frankmiowledge it will be the main aim
to eliminate all closed space and that includege¢ltangular beam. Since the cross frame
will be made out of solid items only, no closedegsa It is good to try to have plates of the
same thicknesses, which will reduce waste in SNIEG. &lso very important to try to have
a welding guides, to make the plates fall togelikerLego™, see Figure 15. This will help
the employee that is welding, he does not have éasure or adjust the assembly. All
assembling shall be welded and not clamped or dholte

The Beam sits in the
gap, time savings in
assembling e

A gap for the beam to
sit in, so there is no

need of measuring. |-

Figure 15: Plates are cut so that they can be ggusiit together, no measuring, welding
guides, fits just like LEGO™
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3.4 Redesign

Having the new item made of solid parts only wdkult in a big challenge in strength
issues. The rectangular beam is the fundamentalifiestrength in the current cross frame.
Steel rods do not bring a lot of strength unless ih compression or tension so it is an
obvious choice to have this made of steel platesould be preferred to have only one
thickness of the plates because it will reduce evasaissembling.

The first task is to replace parts in the crosm&awith stainless steel plates. The strength
constraints can be set when the material has dezsen. The allowable stress in 304 steel
is 297 MPa (Outo kumpu, n.d.).

In order to identify how thick the plate must be thssembly team of StreamLine was
interviewed. The conclusion of that interview whattwhen a casted static support is used
the thickness of the plates must be 5mm. The atm @ve the cross frame made of 5mm
thick plates (B. Jonasson, personal communicaibnApril, 2014).

As stated previously, strength issues are mostlgoimnection points. These connection
points are the connections between cross frameratdr ends on trim belt and main belt.
The motor end on trim belt is shown in Figure 16 &igure 17

Figure 16 Trim motor end Figure 17 Trim motor end on cross
frame

In current design the end is fastened on the dirasse with a 2 point connection. One
point connecting on the leg and the other on thdica¢ rectangular beam. These
connections are connected together by @40x4mm sifge!

The other connection point is the motor end on nha&ih That end can be seen in Figure
18 and Figure 19.

31



Figure 18 Motor end on main belt Figure 19: Motor end on CF

The motor end is connected to the cross frame ervéitical rectangular beams. On the
other side of the cross frame a conveyor is fitad that will structure the cross frame a
bit.

The first idea of new cross frame was to replaeerdttangular beams with solid plates

like previously has been mentioned. Similar heighs used on the new plates as is on the
current plates. This was done in 3 separate pl&ieture of new design can be seen in

Figure 20.

Figure 20: Cross frame with 3 plates instead otaegular beams
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With this design all plates are 5mm thick whichlweld to reduction of cost in SMC and
items are put together with welding guides, sodksembling personnel do not have to
measure or cut anything, see Figure 15. All compteill come fully cut and bent out of
SMC and it is only necessary to weld them together.

3.4.1 Finite Element Modeling

To verify that this design is strong enough befany further designs are made a finite
element model was made. This model was made ingrgn called Ansys, the method of
this program is explained in Ansys Theory reference

The cross frame does not stand alone to withstamdbtces that work on it. It is one piece
of a bigger puzzle. To be able to analyze the dimasse it is necessary to realize and state
all the parts that connect and hold the cross framits place. When all fastening points
have been defined, the forces have to be defirsed al

Constraining points in this cross frame can be seeRigure 21.

Dfice Products QAW E-D-oe- @ BB

Constrain 3.

Constrain 2

Constrain 1

Figure 21: Constrains in cross frame, for Ansys gliog)

Constrains that can be seen in Figure 21 are hdixall supports. Definition of these
constrains can be found in Table 6.
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Table 6: Constrains in cross frame for Ansys modgli

Item/constraint Action
Constrain 1 Bottom of leg, fixed support in all directions. Leg is bolted to the floor
Constrain 2 Supporting beam between two cross frames, constrained in Z-direction,

free in other directions

Constrain 3 End of axles, which connect cross frame to U-beam in front of
StreamlLine station. These axles are constrained in Z-direction, free in
other directions. Both ends of axles are constrained.

Constrain 4 Conveyor frame connection to main beam, constrained in Z and X
direction, free in Y direction.

Constrain 5 Axle holes in trim beam, constrained in Z direction but free in other
directions

When the cross frame is fully constrained, forces applied. The driving forces in this
instance are, as stated previously, the motor #radsre fastened on the cross frame.

The trim motor end has calculated weight, m, of k§0OA replica of the motor end was
made so that the end itself would not be the cesitattention when analyzed. Center of
mass of the motor end (I) was found in, 0,40 m frmonnection points. The moment, M,
that a mass of that size will create can be foyndding eq. 1.

M=mxg=xl 1)
The total moment in this case is:
M =393 Nm

Since a replicated motor end was made, the forcetwde recalculated. Same moment
applied on the trim beam but the length to thedomas shortened. Force working on the
new motor end was calculated from

F =M/l 2)
Where M comes from Eq. 2 and = 0,11 m.
F=3571N

Value for the force which is applied to the reptéh motor ends is 3600 N. How this is
done can be seen in Figure 22.

The motor end on main belt is welded straight anrtfain beam and it’s connections do
not cause any complication. The moment that workshe main beam is calculated from
ed. 1 but now the length, I, to the center of gyaia 0,14m and the mass, m, is 100 kg.
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Total moment of main belt motor is:
M = 137,48 Nm

Value used in Ansys is 140 Nm. The force is appiieghown in Figure 22.

0,000 1,500 1000 (rn)

0,250 1,750

Figure 22: Forces and moments applied to cross &am

In finite element analyses it is necessary to @itk volume into smaller parts in order to
being able to calculate the stress and deformaiitis process is called meshing, the
project is divided into small areas and stressdefdrmation are calculated in each of the
areas. Combined stress and deformation are themdfby adding all the small areas

together. The meshing of the cross frame was dgn&nsys and results can be seen on
Figure 23.

35



Figure 23: Cross frame with mesh

Meshing was deemed sufficient because when the mvashenlarged the difference in
equivalent stress only varied by 2,4% and the mawindeformation varied by 1,9%.
Cross frame with enlarged meshing can be seerguré&4.
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Figure 24: Cross frame with enlarged mesh.

3.4.2 Verify design

To verify the new design the finite element modleht was explained in the chapter above,
was analyzed. The model was put through a PDCAesilto iterate the best design. A plan
was drawn out, the model was created and checkseetdf it fulfilled the requirement set
and finally an appropriate response was made téirtdgs. A new design will be created
if the model fails but if it passes the model i$ cleanged.

The maximum deformatiodmay, and the equivalent stress,were found.

¢ Omax 4,19 mm
e 0:934,70 MPa

Most of the stress is on the trim belt connectias,can be seen on Figure 25. The
deformation is both in supporting unit for maintbehd in the trim connection, see Figure
26.
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A: Static Structural

Equivalent Stress

Type: Equivalent fvon-Mises) Stress
Unit; Pa

Time: L

2242014 11:14

9,3471e8 Max
8,308528
7,2693e8.

§,23 148
5,1028e8
41547e8
3,1157e8
20771e8
L0396e8

6,173 Min

0,000 0,500 1000 {rm)

0,250 0,750

Figure 25: Equivalent stress, in cross frame

A Stati Sructural
Tatal Defarmation
Type: Total Defarmation
Uniti m

Time: L

2242014 1111

0,0041852 Max
00037201
0,0032551
0,0027901
0,0023251
0,0018601
00013951
0,00093003
0,00046502

0 Min

0,000 0,500

1,000 (rm)

0,250 0,750

Figure 26: Total deformationy, in cross frame

If Figure 25 is zoomed in it can be seen that thess is mostly around the @20mm axle
holes in the trim beam, see Figure 27.
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Figure 27: Stress distribution in trim beam

The stress in the beam is above acceptable lifB3 MPa) and the deformation also
(2,0mm). From that information the design was alieand extra axles in the trim beam
were added. This will give the lower side of thentbeam added support.

New design can be seen in Figure 28.
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Figure 28: Cross frame with 8 holes for axle cortimt




Trim beam before and after changes can be seegune29 and Figure 30.

Figure 29: Trim beam before changes

Figure 30: Trim beam after changes, holes addddwer part

This cross frame was put through the same tegteaprevious design. Total deformation
and stress are:

*  Omax 3,69 mm
e o0:525,6 MPa

The stress distribution in the cross frame cancles $n Figure 31.
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&z Static Structural

Equivalent Stress

Type: Equivalent (von-Mises) Stress
UnitiPa.

Tirere: L

2342014 21:36

5,2555¢8 Max

. 4671628
4087628

u 3,5037e8

L 2010728

[ Y3sses

L 1,7518¢8

L Li6raee

e

1,3948 Min

0,000 0,500 1,000 (m

0,250 0,750

Figure 31: Stresses in cross frame with 8 holesiim beam

The stress has lowered after the axles were inedefiom four to eight. Deformation of
the cross frame can be seen in Figure 32.

A: Static Structural
Total Deformation
Type: Total Defarmation
Unit:

Tirne: 1

23420142135

0,0036879 Max
00032781
1,0028684
00024586
1,0020458
00016381
0,0012203
100081853
100040977

0 Min

1,000 0,500 1,000 (m)

0,250 0,750

Figure 32: Total deformation in cross frame witlade holes
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This design does not fulfilling requirements soéeds to be put through a PDCA circle.
Even though most of the deformation is in the theam it can not be ignored that there is
deformation in the support of main belt. This defation can be addressed by adding a
bend to the main beam. To support the trim beaneibbents were placed in the middle
part and extra steel added around the upper aks.horim beam before changes can be

seen in Figure 30 and after changes in Figure BB.rmMain beam before and after changes
can be seen in Figure 33 and Figure 34.

Figure 33: Main beam before changes

Figure 34: Main beam after changes, bends adde@urehth
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Figure 35: Trim beam after changes, bends added awé under in middle

Cross frame with these changed parts can be sdgégure 36.

Figure 36: Cross frame with added bents in trim amain beams
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This cross frame was put through the same tegteaprevious design. Total deformation
and stress are:

Omax. 2,92 mm
e 0:.634,6 MPa

The stress and deformation is well above requirgldes. How stress and deformation
were in the cross frame can be seen in Figure 37.

A: Static Structural

‘Equivalent Stress .

Type: Equivalent (uon-Mises) Stress.
Unit: Pa

Time: 1

2442014 11,17

6,3464e8 Max
564138
493618
4231e8
3,5258¢8
2,3206e8
2,115568
1,4103e8
1,0516e7
3,0123 Min

0,000 0,500 1,000 ()

0,250 0,750

Figure 37: Stress distribution in cross frame witam supported with bends

Deformation of the steel in the cross frame casd®n in Figure 38.
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0,000 0,500 1,000 ()
I .

0,250 0,750

Figure 38: Deformation in cross frame with beamsonped with bends

This new design improves the results but it isqusticient. There is not much stress or
deformation in main beam or bottom beam. Posslitdesolution to this is to bind all
beams together like the rectangular beam did befoweas decided to have two steel
plates welded to all beams so that they would viotkarmony.This design can be seen in
Figure 39.
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Figure 39: All three beams bound together in thessrframe

This cross frame was put through the same tegteaprevious design. Total deformation
and stress are:

¢ Omax 0,59 mm
e 0:283,7 MPa

The stress distribution in the cross frame canegles $n Figure 40.
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| 2.8373c8 Max

252268

= 2,2065e8

. 1891568

u 157630

B 12616,
9,4576e7

. 6,305e7

ol 3152567

4.3647e-5 Min

Figure 40: Stress distribution in cross frame walthbeams bound together

Deformation of the steel in the cross frame casd®n in Figure 41.
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Time: 1
115:2014 15148

0,0005901 Max

m 1,00052453
0,00045997

= 0,0003034
0,00032763

| 0,00026227

o 0,0001967

| 000013113

0 Min

Figure 41: Deformation in cross frame with all beabvound together



This version of the cross frame satisfies the prergspecification on equivalent stress and
maximum deformation. The cross frame has been nodmlid plates and all closed
spaces eliminated by removing the rectangular bé&@sulting in a cross frame that has
much better cleaning abilities, with no discounegi on strength.

Drawings and manufacturing data of this cross fraarebe seen in Appendix A.
3.4.3 Cost estimation

When this design is evaluated the cost needs tewwewed closely. As stated previously
the main cost is in welding time and preparatiometi both in welding and in supporting
centers. The material cost can’t be omitted siheecost per kg of steel for Marel is about
3€/kg (O. Kristjansson, personal communication, iz, 2014).

Table 7: Weighed of steel in cross frame and malteost

Mass [kg] Cost [€]
Old design 46,9 140,7
New design 58,9 176,7

To find the total cost of the cross frame it isessary to calculate welding time, T, on the
cross frame. We[ding time can be calculated froenaimount of welding millimeters, i, in
assembly (S. J. Arnason, personal communication] 2p, 2014) see eq. 3:

T=i/25% (3)

In the new design the total amount of welding mi#ters is

e i:3750mm
Then the total welding time can be calculated femn3

e T: 150 minutes
There is always some preparation time when welding estimated preparation time of
this new assembly is around 15 min (M. Traustag@rsonal communication, April 25,
2014). From that information the total assemblimget after pieces arrive from SMC is

about 2 hours and 45 min. A comparison of weldinges between the old and the new
design can be found in Table 8
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Table 8: Comparison of welding time on old and mesign

Task Time
Old design New design
Cutting and cleaning of rectangular beams 40 min -
Welding lids on rectangular beams 20 min -
Welding of steel axles and lids in legs. 55 min 55 min

Welding of rectangular beams together 1 hour and 20 min -

Welding of all items in cross frame 1 hour and 55 min | 2 hours and 45

min

Total time 5 hours and 10 3 hours and 40

min min

The time savings of this new cross frame is 1 teod 30 minutes. The standard rate for
manhour in welding is about 100 €/hour. From thanher the total savings in manpower
on cross frame is about 150 €. In Table 9a summiattyis cost can be seen.

Table 9: Summary of cost

Iltem Old design [€] New design [€]
Labor cost 515 365
Material cost 140,7 176,7
Total Cost 655,7 541,7

This cost difference, of 114 €, is only on one srisame and the smallest amount that has
gone in production is 3 cross frames in StreamLlosually the number is somewhere
around 20 cross frames per StreamLine.

Calculated savings on the cross frame is 114 &Har the cost of handling the material
and material efficiency is not calculated. The rmdssign cuts all the material from one
plate and uses 40,1% of a whole plate to do this. actual efficiency of the cutting is 27,7
% so only 12,4 % of the plate goes in the bin, sgg@endix B. With the old design, steel
was cut from plates, 2 mm, 4 mm, 6 mm and 10 mwkitsince there are always other
projects going on in SMC it is not hard to fill tpéates with items from those projects. If
the old design would be cut by a contractor it wiozbst a lot to have such a bad efficiency
of the plates, see Appendix B.
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4 Conclusion

The aim of this research is to study and evaludfferent design methods. Choose a
method and redesign a cross frame with it and avalihe outcome.

Five different design methods were looked at anieveed. These methods were fitted to
the cross frame that was to be redesign. The methwt were best suited were Lean
Product Development (LPD) and Model Based DesigRDLhas many tools and
techniques, the tools that were used in this papee Knowledge Gaps and PDCA circles.
Using Knowledge Gaps makes design teams front iloiadmation, but in the end it will
diminish the likelihood of redesign in later stagdshe design. In product development
learning can be expansive but it will pay off besmuhe true cost in projects is when
changes must be done in late stages. It will syralyof to spend time in the design stage
to learn all that was needed before starting.

Knowledge Gaps raised questions that needed tobdwesed. When the questions were
answered redesign could begin. To verify that te&gh would fulfill all constrains, set by
Knowledge Gaps, Model Based Design was used. Twaetaavere made; finite element
model and a cost model. These models gave a roleghabout whether design would meet
demands. If the model did not meet demands PDCélesirwere used to improve the
design and model was run again. The first threeetsothiled to meet the constraints as
they failed the structural test. The fourth modelthe other hand was a success in all
accounts.

To evaluate the outcome of this new design it isessary to know the demands of the
market. The main issues in designing for the fowtlistry are related to hygiene and as in
many designs, the cost. The new cross frame is imggeene than the old one since the
design eliminates closed spaces. Cost estimatestadhat the new design is cheaper than
the old one. It is difficult to estimate the co$tcomponents or handling time in this new
design. To cut these components from 5mm steed ptatead of many thicknesses will be
beneficiary if the cross frame was the only equiptrie manufacturing. The case is that
Marel always has many productions in at the same.tiTherefore it is not as trivial to
think about plate efficiency or handling time in EM

Other matters that were improved from older desgrthat the bottom beam has a

horizontal lower face where transportation wheels lbe placed. The new cross frame has
welding guides and therefore it is easy to fastém a plate with the idea to use a robot for
welding.

The final conclusion is that to design a produdhgis: well-known design method is likely
to give better results than current design methods.

51



In order to verify the total cost it is necessawyfallow components through the whole
process and measure the time it takes to do eakhWéhether to continue with this project
is now in the hands of Marel.

The results show that current design can be imprdwe using LPD and Model Based
Design. This knowledge leads to the conclusion tthase methods could be used on other
products and in a bigger projects, for exampleetdesign the StreamLine with all its
components and functions. In larger projects magéhods, such as DSM, could be used.
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Appendix A

MARELGARDABAER

0099-X20-90092-01

Cross frame for StremLine

[WWW=Workshop Welding] [WWA=Workshop Assembling] [TM=Tuming & Milling] [SM=Sheet Metal] [PU=Purcased part]

Date: Height: Resp: Customer: Sales ID ocation: Nr:

24.4.2014 siha University of lceland IS 1
=

5 %«

Nr. Item number: Qty: {tem name: Size: & § §
1 0099-X20-90092-01 1 stk Cross Frame in StreamLine wWwil 1
11 0099-X20-20648-01 1 stk Main beam sM| 1
1.2 0099-X20-20556-01 2 stk Fundament for manual platform H=1160 SM | 1
1.3 0099-X20-20580 1 stk Lower plate SM| 1
1.4 0099-X20-20581 1 stk Crossbeam for trim conveyor thermodrive SM | 1
1.5 0099-X20-20646-01 2 stk Plate sM |1
1.6 0099-X20-20646-02 4 stk Plate sM| 1
1.8 0099-X20-20649-01 1 stk Supporting beam SM | 1
1.9 0099-X20-20649-02 1 stk Supporting beam SM | 1

Printed 13.5.2014 - 12:54 by SIHA

Page 1 of 1
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MARELGARDABAER

0099-X20-90092-01 Cross frame for StremLine Workshop welding

WW=Workshop Welding] [WA=Workshop Assembling] [TM=T urning & Milling] [SM=Sheet Metal] [PU=Purcased part]

Date: Height: Resp: Customer: Sales ID ocation: Nr:
24.4.2014 siha University of Iceland 1S 1
1 0099-X20-90092-01 1 stk Cross Frame in StreamLine ww 1] ]

Printed 11.5.2014 - 22:27 by SIHA

Page 1 of 1
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MARELGARDABAER

0099-X20-90092-01

Cross frame for StremLine

Sheet metal work

WW=Workshop Welding] [WA=Workshop Assembling] [TM=Turning & Milling] [SM=Sheet Metal] [PU=Purcased part]

Date: Height: Resp: Customer:

Sales ID

ocation: Nr:

24.4.2014

siha

University of Iceland

1S 1

e

0099-X20-20580

0099-X20-20581

0099-X20-20646-01
0099-X20-20646-02
0099-X20-20648-01
0099-X20-20649-01
0099-X20-20649-02

~N o O A W N

8 0099-X20-20556-01

Printed 11.5.2014 - 22:28 by SIHA

1 stk
1 stk
2 stk
4 stk
1 stk
1 stk
1 stk

2 stk

Lower plate

Sneet o,ud mm 1 43U 1AIS|
0428
Sneeto,u mm 1 43U1iAIS|

Crossbeam for trim conveyor thermod 30428

Plate

Plate

Main beam
Supporting beam
Supporting beam

Sheeto,U mm 1.43U1IAIS|
30428
SNeetD,u mm 1 43U HAIS|
30428
SNeetD,us mm 1 43U HAIS|
0428
Sheet 5,U mm 1.43U1 /A1
0428
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Appendix B

9020855 T
S Pagg_l_!
l
JETCAM - CNC PROGRAMMING SYSTEM
| SOFTWARE v16.25.10 : P10-B0010807-003260
|
DATE : Thu May 08 07:38:27 2014 UNITS : MM
‘ ok k SETUP - SCHEDULE FOR : BYSTRONIC LASER (pp 24020) LA
| -
| 0079 - X20- Q01 2-9 |
‘ e PRG. No. : Not Used
1 FILE NAME : 002-0852 FORRITARI : Ncne
‘ MATERIAL CODE : AISI 304 THICKNESS : 5.0
SHEET SIZE : X = 3000.0 Y = 1500.0 No. of SHEETS : 1
COMPONENT (S)
{ 1) 0099-x20-20556-01 . Size 1160.0 X 161.0, Number = 2
( 2) 0099-x20-20580 . Size 1975.0 X 149.737, Number = 1
. ( 3) 0099-x20-20581 . Sigze 1987.0 X 249.426, Number =1
| ( 4) 0099-x20-20646-01 : Size 70.5 X 54.7, Number = 2
( 5) 0099-x20-20646-02 : 8ize 70.5 X 54.7, Number = 4
( 6) 0099-x20-20648-01 : Size 1975.0 X 324.23, Number = 1
( 7) 0099-x20-20649-01 : Size 681.6 X 36.698, Number = 1
| ( 8) 0099-x20-20649-02 . Size B681.6 X 36.698, Numbexr = 1
| Sheet Usage Efficiency (Rectangular) : 41.7% ‘
Sheet Usage Efficiency (actual) : 29.8%
ko RUN TIME ESTIMATION - Subroutines R
| SINGLE HITS =0
NIBEBLE HITS = 0
TOTAL DISTANCE TRAVELLED = 23386.23

TOOL CHANGES =0

| CNC PROGRAM SIZE = 38530
| TOTAL TIME per SHEET = 12min, 18sec
|
|

CLAMPS : None

EREEEE RN TOOL ASSIGNMENT LIST Wk etk

TOOL DESCRIPTION ANGLE DIE CLEAR. STATION

===> Profiling Used In This Job <===

| REMARKS :
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Qe7-0855
¢ Qe X20-90091 -9
o 009~ XZO q009/ -0/
JETCAM - CNC PROGRAMMING SYSTEM
SOFTWARE v16.25.10 P10-80010807-003260
DATE Thu May 08 07:51:34 2014 UNITS : MM
*x SETUP - SCHEDULE FOR BYSTRONIC LASER (pp 24020) Fh
| PRG. No. : Not Used
|
FILE NAME 002-0855 FORRITARI None
|
| MATERIAL CODE : AISI 304 THICKNESS : 2.0
y
SHEET SIZE : X = 5867¢ Y = 58070 No. of SHEETS : 1
3o00.0 /SO0
COMPONENT (S) :
( 1) 014-0001-22730005 Size 39.0 X 3%.C, Number = 2
Sheet Usage Efficiency (Rectangular) : 1-2% 0,06 Y%
Sheet Usage Efficiency (actual) “Z% c.obY,
FrrEa RUN TIME ESTIMATION - Optimised *kkx K
SINGLE HITS =0
NIBBLE HITS =0
TOTAL DISTANCE TRAVELLED = 754.16
TOOL CHANGES =0
CNC PROGRAM SIZE = 427
TOTAL TIME per SHEET = 5gec
CLAMPS None
Ea ko TOOL ASSIGNMENT LIST EA kA RAK
TOOL DESCRIPTION ANGLE DIE CLEAR. STATION
—==» Profiling Used In This Job «===
REMARKS
|
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;22?-085;-

Ynm —0077-x20~100U-C1

JETCAM - CNC PROGRAMMING SYSTEM

SOFTWARE v16.25.10 : P10-80010807-003260

‘ DATE ;: Thu May 08 07:58:39 2014 UNITS : MM
| **+*  SETUP - SCHEDULE FOR : BYSTRONIC LASER (pp 24020) rew
I PRG. No. : Not Used
| FILE NAME : 002-0857 FORRITARI : None

MATERIAL CODE : AISI 304 THICKNESS : 4.0
| SHEET SIZE : X = 1&60°0 Y = 208670 No. of SHEETS : 1

Doeo © /Seo.0

| COMPONENT (S)

( 1) 0020-010-20723 : Size 686.0 X 280.0, Number = 2

{ 2) 0020-010-20732-01 : Size 535.0 X 182.4, Number = 1

Sheet Usage Efficiency (Rectangular) : %8f2¥ 10, 7%

| Sheet Usage Efficiency (actual) : 35- i e
| T.? /Z
FREEE RUN TIME ESTIMATION - Subroutines ok kK
SINGLE HITS =0
. NIBBLE HITS =0
: TOTAL DISTANCE TRAVELLED = 5407.852
TOOL CHANGES = 0
CNC PROGRAM SIZE = 9845
TOTAL TIME per SHEET = 3min, 9sec
CLAMPS None
Wk Rk E ok TOOL ASSIGNMENT LIST FERELLERE
TOOL DESCRIPTION ANGLE DIE CLEAR. STATION

===» Profiling Used In This Job <===

REMARKS :
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JETCAM - CNC PROGRAMMING SYSTEM

SOFTWARE v16.25.10 : Pl0-80010807-003260

DATE : Thu May 08 07:44:17 2014 UNITS : MM
wak SETUP - SCHEDULE FOR : BYSTRONIC LASER (pp 24020) HEY
—
S 0079" XZ0- CEODG“'O/ PRG. No. : Mot Used
FILE NAME : 002-0853 FORRITARI : None
MATERIAL CODE : AISI 304 THICKNESS : 5.0
SHEET SIZE : X = B&6TU Y = 580707 No. of SHEETS : 1
does o |Sco.0
COMPONENT (S}
{ 1) 0020-010-20855 : Size 686.0 X 216.5, Number = 2
( 2) 0099-x%20-20600-01 : Size 535.0 X 53.348, Number = 1
{ 3) 020-0014-2245 : Size 60.0 X 55.5, Number = 4
Sheet Usage Efficiency (Rectangular) : se-3¢ 3 59,
Sheet Usage Efficiency (actual) : 24=%% 2.
Fkkk RUN TIME ESTIMATION - Subroutines Lk
SINGLE HITS =0
NIBBLE HITS =0
TOTAL DISTANCE TRAVELLED = 3730.004
TOOL CHANGES =0
CNC PROGRAM STZE = 11556
TOTAL TIME per SHEET = 2min, 58sec
CLAMPS : None
ddk ok k& TOCL ASSIGNMENT LIST dodek ok ok ok ¥k
TOOL DESCRIPTION ANGLE DIE CLEAR. STATION

===> Profiling Used In This Job «===

REMARKS
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bmmn 0099 - X 20-70091-0)

JETCAM - CNC PROGRAMMING SYSTEM

SOFTWARE v16.25.10 : P10-80010807-003260

| ' DATE : Thu May 08 08:10:05 2014 UNITS : MM
LA SETUP - SCHEDULE FOR : BYSTRONIC LASER ({(pp 24020) i
PRG. No. : Not Used
FILE NAME 002-0858 FORRITARI : None
MATERIAL CCDE : AISI 304 THICKNESS : 6.0
SHEET SIZE X = 136¢7T Y = 568<0 No. of SHEETS : 1
300C o /Se00
COMPONENT (S)
( 1) 020-0014-31250001 : Size 1160.0 X 161.0, Number = 2
Sheet Usage Efficiency (Rectangular) : 53-3% © 3%
Sheet Usage Efficiency (actual) : _54-€% ’
+ 9%
Kok Rk RUN TIME ESTIMATION - Subroutines P
SINGLE HITS =0
NIBBLE HITS =0
TOTAL DISTANCE TRAVELLED = 7242 .437
TOOL CHANGES -0
CNC PROGRAM SIZE = 6141
TOTAL TIME per SHEET = 4min, 42sec
|
! CLAMPS None
drodk ok ok ok kK TOQL ASSIGNMENT LIST ok ok ok ok ok ok ok
TOOL DESCRIPTION ANGLE DIE CLEAR. STATION

===5» Profiling Used In This Job <===

REMARKS
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JETCAM - CNC PROGRAMMING SYSTEM

SOFTWARE v16.25.10 : P10-80010807-003260

0099 x20-900971-07

| DATE Thu May 08 07:48:48 2014 UNITS MM
Y SETUP - SCHEDULE FOR BYSTRONIC LASER (pp 24020) LA R
|
PRG. No. Not Used
FILE NAME 002-0854 FORRITARI : None
MATERIAL CODE AISI 304 THICKNESS 10.0
SHEET SIZE : X = 80607 Y = 5660 No., of SHEETS : 1
‘ 3¢00.0 /§eo. 0
|  COMPONENT(S) :
{ 1) 0020-001-201%91 Size 72.0 X 54.5, Number = 2
Sheet Usage Efficiency (Rectangular) : .3-6% 0,1€%
Sheet Usage Efficiency (actual) : 1.-9% 0 i%Y%
dkkk RUN TIME ESTIMATION - Subroutines Ek ko
SINGLE HITS = 0
NIBBLE HITS =0
TOTAL DISTANCE TRAVELLED = 1103.209
TOOL CHANGES =0
CNC PROGRAM SIZE = 518
TOTAL TIME per SHEET = 4lsec
CLAMPS None
Fakw kR TOOL ASSIGNMENT LIST FENAEA A
ANGLE DIE CLEAK. STATION

TOCL DESCRIPTION

—-=» Profiling Used In This Job <===

REMARKS
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