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Abstract

In Bangladesh, a push lawnmower is usually used to trim the grass on fields. However, this
process becomes very strenuous and time-consuming. The operator also has to do the
additional work of moving around the entire field again to collect the grass clippings. In order
to overcome this problem, we have designed a pedal-powered lawnmower which is a
combination of a bicycle and a lawnmower with a bucket attached behind the helix blade to
collect the grass clippings as they are trimmed off. The lawnmower is connected to the
bicycle via a detachability mechanism so that it can be used as a push lawnmower in tight
spaces. In this report, we have carried out various analyses on our designed product “Super

Handy Lawnmower”.

Based on the market survey results, we determined the customer requirements and technical
requirements and their relationships and correlations and hence, we created the House of
Quality. From the House of Quality, we figured out the importance ratings of the technical
requirements. Then we conducted qualitative analysis of material, manufacturing process and
joining process selections. Then we conducted their quantitative analyses by calculating
relative emphasis coefficients using Digital Logic Method and performance indices. Then we
carried out equivalent (von Mises) stress, total deformation, fatigue life and fatigue safety
factor analyses using Ansys. Finally, we performed cost, breakeven and sensitivity analyses

of our product.

Hopefully, this report will encourage students to design and analyze their own products.
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Chapter-01

Introduction

1.1 Product Design

Product Design is a process of generating a new object or service through a set of strategic
and tactical activities, from idea generation to commercialization, manufacturing and
implementation of that product or services. Design is a plan or specification for the
construction of an object or system or the implementation of an activity or process, or the
result of the plan or specification in the form of a prototype, product, or process. It is an
innovative & highly iterative process. It is also a decision-making process. Product Designers
conceptualize and evaluate ideas, making them tangible products in a more systematic
approach. The design usually has to satisfy certain goals and constraints, may take into
account aesthetic, functional, economic, or socio-political considerations and is expected to

interact with a certain environment.

Developing a design concept is the initial phase of design engineering. Designing a new
product goes through an analytical process and relies on a problem-solving approach to
improve the quality of life of the end-user and his or her interaction with the environment. It
is about problem-solving, visualizing the needs of the user, and bringing a solution.
Moreover, an engineer puts his or her innovativeness into that design which can balance all

the different factors that influence a product.

1.2 Proposed Product Ideas

In the beginning, we have selected these three designs which included:

1. Super Handy Lawn Mower
2. Multipurpose Cleaner

3. CPL (Centre Point Locator) Multipurpose Punching Machine



1.3 Selected Proposal

After proposing three different product ideas for Product Design Sessional-I, the ‘Super Handy
Lawn Mower’ was selected as our project after analyzing its feasibility, innovative design, user-

friendly features brought into the product.

1.3.1 Super Handy Lawn Mower:

Lawn mowers have been around since the early 19" century. The traditional push lawn mower
requires the operator to push it from behind which rotates its wheels to achieve the cutting
action. Its size is limited by the fact that it has to be pushed by a human so it can trim small
areas of grass at a time. After trimming, the grass clippings are needed to be collected manually.
So the operator has to move around the entire field again. This makes mowing large fields with

a push lawn mower a time-consuming and labor-intensive process.

To overcome the problems of the traditional push lawn mower, a pedal-powered lawn mower is
to be designed. This is essentially a combination of a lawn mower in the front and a cycle at the
back. Thus it can trim large areas of grass at a time. A bucket is attached just behind the cutting
blades to collect the grass clippings as they are trimmed. Hence, lawn mowing becomes much
more efficient. A mechanism is provided to detach the cycle from the lawn mower so that it can
be used as an ordinary push lawn mower if desired. This ensures that the lawn mower can be
moved around places where it is difficult to cycle, allowing the operator an extra degree of

convenience.

Features-

1. Uses a detachable mechanism that enables it to be used as a push lawn mower and a
pedal-powered lawn mower

2. Attached bucket for collecting grass clippings
It can cover ground 4 to 5 times faster than an average push lawn mower

4. Can be motorized for easy operation



1.3.2 Background that leads us to design an efficient grass cutting mechanism:

In Bangladesh, generally, people use the Push Lawn Mower to trim grass. But it’s not feasible
for trimming grasses on a big field. It is a highly strenuous, time-consuming and labour-
intensive process. Although Modern Lawn Mowers are very effective for large areas, they are
too expensive for mass use. Therefore, there is the need to develop a cost-effective lawn mower
that can take care of this operation easily. So, our objective is to design and develop a locally
fabricated pedal-powered spiral blade lawn mower that is affordable by general people.

Moreover, it can also be used as a push mower when operating in a squeezed area.



Chapter-02

Understanding Customer Needs Through Survey

2.1 Introduction

A typical lawn mower is not too easy to operate and it has many limitations. For those reasons, a more
efficient lawn mower is necessary. A lawn mower with a cycle mechanism will be revolutionary as it

will be easy to operate and more efficient.
As a primary research, we identified our main customers are:

e Institutions
e Parks
e Fields

e Home with a Garden

We carried out a survey for developing customer requirements for our Super Handy Lawn Mower

among some of the above customers in a very short period of time.

2.2 Areas and Locations of Survey

e Bangladesh University of Engineering and Technology
e Rajshahi University of Engineering and Technology

e Shahjalal University of Science and Technology

2.3 Survey Result:

The survey was done among 55 people. The results of the survey are shown in the following pages with

the help of pie charts along with percentage:



1. Do you cut grass regularly in your garden or lawn?

a. Yes
b. No
c. Sometimes

Table 2.1: Regularity of grass cutting

Figure 2.1: Regularity of grass cutting

Options Response Count Response Percentage (%0)
Yes 30 54%
No 12 22%
Sometimes 13 24%
= Yes
= No
54%
= Sometimes




How much time do you need to clean the grasses of a large area (average football field)?

a. Few hours
b. One day
c. More than day

Table 2.2: Time needed for cutting

Options Response Count Response Percentage (%)
Few Hours 06 11%
One day 21 38%
More than a day 28 51%
11%
= Few Hours
51% = One day

38%

Figure 2.2: Time needed for cutting

= More than a
day




Do you have a grass collector attached to your mower?

a. Yes
b. No
Table 2.3: Attached Grass Collector
Options Response Count Response Percentage (%)
Yes 09 30%
No 46 70%

mYes mNo

Figure 2.3: Attached Grass Collector




. Select the difficulties you face the most while trimming the lawn?
a. Time consuming

b. No grass collecting mechanism

c. Heavy equipment

d. Energy
Table 2.4: Difficulties
Options Response Count Response Percentage (%)
Time consuming 19 35%
No grass collecting 21 38%
mechanism
Heavy equipment 7 13%
Energy 8 14%

= Time consuming

= No grass
collecting

mechanism
= Heavy equipment

13%

= Energy

38%

Figure 2.4: Difficulties
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5. If you can clean your lawn more quickly with a new tool, would you buy that?

a. Yes
b. No
c. Maybe
Table 2.5: Tendency to buy new tool
Options Response Count Response Percentage (%0)
Yes 30 55%
No 11 20%
Maybe 14 25%

= Yes
= No

5504 = Maybe

20%

Figure 2.5: Tendency to buy new tool



6. Do you think that the combination of a Mower and a Cycle will make tasks easier or user

friendly?
a. Yes
b. No
Table 2.6: User friendly or not
Options Response Count Response Percentage (%0)
Yes 47 85%
No 8 15%

15%

= Yes mNo

85%

Figure 2.6: User friendly or not
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. What type of Cycle would you prefer to use in the Super Handy Lawn Mower?

a. Paddle Powered
b. Electric
c. User can select

Table 2.7: Type of the cycle

Options Response Count Response Percentage (%0)
Paddle Powered 12 22%
Electric 09 16%
User can select 34 62%
= Paddle
Powered
= Electric

62%

Figure 2.7: Type of the cycle
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If there is a detachable mechanism in your newly improved lawn mower, how much will you be

benefitted on a scale of 10?

1 2 3 4 5 6 7 8 9 10

Table 2.8: Detachable mechanism

Options Response Count Response Percentage (%0)
5 10 18%
7 12 22%
8 09 16%
9 24 44%

=5
m7
=8
=9

44%

22%

16%

Figure 2.8: Detachable mechanism
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How comfortable will you be in switching between cycle and push lawn mower?

a. Very much comfortable
b. Somewhat Comfortable

c. Neutral

d. Uncomfortable

Table 2.9: Comfort

Options Response Count Response Percentage (%0)
Very much comfortable 23 35%
Somewhat comfortable 17 38%
Neutral 7 13%
Uncomfortable 8 14%
= Very much

13%

42%

Figure 2.9: Comfort
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comfortable

= Somewhat
comfortable

= Neutral

= Uncomfortable




10. How much are you willing to pay for the super handy lawn mower?

a. Less than 10k
b. 10-20k
c. More than 20k

Table 2.10: Price of the machine

62%

Options Response Count Response Percentage (%0)
Less than 10k 02 04%
10-20k 19 34%
More than 20k 34 62%
4%
34% m Less than
10k
= 10-20k

Figure 2.10: Price of the machine

Thus we carried out our survey and used the results to understand customer requirements
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2.4 Customer Requirement Evaluation:

Customer requirements were categorized in nine groups and each were evaluated on a scale of 10. The

results are shown below:

Table 2.11: Relative importance of customer requirements

Customer Requirement Relative Importance
(Scale of 10)

Easy to move 9
Good Stability 8
Easy conversion 7
Comfortable 7
Low cost 8
Easy to maintain 7
Reliability 9
Operating speed 7

After collecting all the necessary data, we moved on to construct our House of Quality diagram, which
is show in the following chapter.
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Chapter-03

Incorporating the VVoice of Customer in Product Design with Quality

Function Deployment (QFD)

3.1 Introduction:

The “voice of the customer” is a process used to capture the requirements/feedback from the customer
(internal or external) to provide the customers with the best in class service/product quality. This
process is all about being proactive and constantly innovative to capture the changing requirements of
the customers with time. The “voice of the customer” is the term used to describe the stated and
unstated needs or requirements of the customer. The voice of the customer can be captured in a variety
of ways: Direct discussion or interviews, Surveys, Focus groups, Customer specifications, Observation,

Warranty date, Field reports, Complaint logs, etc.

The house of quality is a voice of customer analysis tool and a key component of the quality function
deployment technique. It starts with the voice of the customer. It is a tool to translate what the customer
wants into products or services that meet the customer wants in terms of engineering design values by

way of creating a relationship matrix.

House of Quality is a part of a larger process called QFD, which stands for Quality Function
Deployment. QFD is a planning process with a quality approach to new product design, development,

and implementation driven by customer needs and values.

Since we have already collected customer needs by conducting a survey, the next step in the QFD
technique is to evaluate the importance of each of the customers’ requirements (out of 10 scales). This
is accomplished by generating a weighting factor.
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3.2 Customer Requirements and Engineering Requirements Relationship:

From the house of quality, we can explain the relationship between customer requirements and

engineering requirements.

Table 3.1: Relationship Explanation

Customer Engineering _ ) _
_ ) Relationship Explanation
Requirement Requirement
Strength of main Weak Detachable mechanism depends on
ea
body the strength of the main body.
Detachable frame is the medium of
Detachable i
Strong detaching the mower from the
frame .
bicycle.
Detachability
Proper material selection ensures
Material Moderate good linkage of the detachable
frame to the main frame.
Manufacturing Detachable mechanism increases the
Strong ]
cost manufacturing cost.
Strength of main Stability increases with the strength
Strong )
body of the main body.
The better the detachable
Detachable ) )
Strong mechanism, the greater is the
frame -
Stability stability.
The better the design of the cutter,
Cutter Moderate _ -
the greater is the stability.
Stability increases with the strength
Back wheel Strong

of the back wheel.
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Customer Engineering ) ) )
_ ) Relationship Explanation
Requirement Requirement
_ The better the material quality, the
Material Moderate ) o
greater is the stability.
Stability
Manufacturing Greater stability means higher
Moderate )
cost manufacturing cost.
Strength of main Stronger main body means longer
Moderate o
body service life
The greater the cutter strength, the
Cutter Strong ) o
longer is the service life.
Long service life
_ Proper material selection ensures
Material Strong o
long service life.
Manufacturing Longer service life requires greater
Moderate _
cost manufacturing cost.
Detachable Weak Easily detachable frame ensures fast
ea
frame cutting operation.
Better cutter design means faster
Cutter Strong ) )
cutting operation.
Fast cutting
. Optimum weight of the back wheel
operation
Back wheel Moderate ensures greater speed and hence,
faster cutting operation.
) Faster cutting operation means
Operational cost Moderate _
lower operational cost.
Detachable Detachable frame increases the
Moderate _ _
frame complexity of the design.
Simple design
Manufacturing Simpler design means lower
Strong )
cost manufacturing cost.
) Detachable Detachable frame has an impact on
Aesthetics Moderate )
frame aesthetics.
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Customer Engineering ) ) )
_ ) Relationship Explanation
Requirement Requirement
) Cutter of good design improves
Aesthetics Cutter Weak )
aesthetics.
Strength of main Stronger main body is more
Weak _
body repairable.
Detachable Better detachable frame is more
Strong ]
frame repairable.
Cutter made of higher quality
Cutter Moderate o _
material is more repairable.
Repairable
If back wheel is damaged, it can be
Back wheel Moderate ) )
easily repaired.
_ Material has an impact on
Material Weak o
repairability
) Less repairable means greater
Operational cost Moderate _
operational cost.
Sharper cutter blades mean easier
Easy to operate Cutter Strong )
operation.
Strength of main st Fracture of the main body could lead
rong )
body to a severe accident.
Detachable A severe accident could occur if the
Moderate _ )
frame detachable mechanism fails.
The operator could be injured if the
Safety Back wheel Strong
back wheel breaks.
_ Any crack in the material could lead
Material Strong ) )
to fracture in the main body.
Manufacturing Lower manufacturing cost means
Moderate

cost

safety is compromised.
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Customer Engineering ) ) )
_ ) Relationship Explanation
Requirement Requirement
Detachable Installation of the detachable mechanism
Moderate _
frame increases cost.
] ] Higher quality material means greater
Low price Material Moderate
cost.
Manufacturing Proper selection of manufacturing
Strong
cost process could reduce cost.
Strength of main Weak Main body frame requires proper
ea
body maintenance to have e good service life.
Detachable It requires a modified mechanism to be
Moderate
frame detachable.
The cost of replacing the back wheel tyre
Low Back Wheel Weak _ )
maintenance cost IS @ maintenance cost.
) Specific kinds of materials need proper
Material Weak ) ]
maintenance to be resist wear.
Higher operational cost increases
Operational cost Weak

maintenance cost.
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3.3 House of Quality

¥
i i -
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t -
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c c —
sg |g| 8 | & _ g8 | 8 |22
[} b= c — I
L o — E 2 3 ; 5 5 c &) S
D @ — = = = 2 ) ~ >
o e S © S X o =] =
i= < S < = 8 © s §
21 2 | 3 @ s | & |£]|3
Customer © 2 a) s O A
Requirements ? -
Detachability 9 . N A N 0 0 Relationships
ili N N N N
Functionality Stabll-lty . 8 A A A 7 8 Strong 9
Long Service Life 7 N N A 8 8 A Moderate 3
Fast Cutting Operation 8 . N A A 9 8 . Weak 1
- - S - -
Appearances Simple D?SIgn 6 A 6 7 No Relationship 0
Aesthetics 5 A . 7 7
i . N ° -
Physical Repairable 7 A A A 8 8 Correlatlons_ _
Easy to Operate 8 N 7 8 I Strong Positive
Safety Safety 10 N A N N A 9 8 T Weak Positive
Price Low Price 9 A A N 6 6 No Correlation
Low Maintenance Cost 8 . A . o . 7 6 - Weak Negative
Importance Rating 207 338 257 215 246 291 53 - Strong Negative
Percent Score 12.9 21.0 16.0 134 15.3 18.1 3.3

Figure 3.1: House of Quality



3.4 Importance Rating Table:

From the house of quality, we arranged the technical requirements by their importance.

Table 3.2: Importance Rating

Observation Number Engineering Requirement Importance Rating (%)

1 Strength of the main body 12.9
2 Detachable frame 21

3 Cutter 16

4 Back wheel 13.4
5 Material 15.3
6 Manufacturing cost 18.1
7 Operational cost 3.3

QFD reduces the likelihood of late design changes by focusing on product features and
improvements based on customer requirements. Effective QFD methodology prevents valuable
project time and resources from being wasted on the development of non-value-added features

or functions.
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Chapter- 04

Functional Decomposition

4.1 Introduction

Functional decomposition is a method that decomposes a system into smaller subsystems and removes
the complexity of the system. By decomposing, it fosters a better understanding of the overall system.
Functional decomposition takes something complicated and simplifies it. A good functional
decomposition is very useful for complex systems. A functional decomposition diagram contains the
overall function or task as well as the necessary sub-functions or tasks needed to achieve the overall

object.

There are four basic steps in applying the techniques and several guidelines for a good functional

decomposition. These are given below:
Step 1: Find the Overall Function That Needs to Be Accomplished

All design problems have one or two major functions. These are reduced to a simple clause and put in a
black box. The inputs to this box are all energy, material, and information that flow into the boundary

of the system. The outputs are what flow out of the system.

Step 2: Create Sub-function Descriptions:

This step focuses on identifying the sub-functions that will be needed.
Step 3: Order the Sub-functions

The goal is to add order to the function generated in the previous step. The goal here is to order the

functions found in step 2 to accomplish the overall function in step 1.
Step 4: Refine Sub-functions

The goal is to decompose the sub-function structure as finely as possible. Here we examine each sub-

function if it can be further divided into more sub-functions.
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4.2 Black Box Model of Functional Decomposition

The black box model is an abstraction representing a class of concrete open system which can be

viewed solely in terms of its stimuli inputs and output reactions without any knowledge of its internal

working. Its implementation is “opaque”. The flow of inputs (material, energy, and information) to

outputs is sufficient to describe a technical system or product.

The Black Box Model for Super Handy Lawn Mower is given below:

Mechanical
Energy

Grass

Super Handy

Lawn Mower

Energy —l

Material —_—
Information — — —
Mechanical and

Kinetic Energy

Grass clippings

Figure 4.1: Black Box Model of the Super Handy Lawn Mower

There are generally three types of flows that are shown in the black-box model. These are:

> Energy flow
> Material flow

» Information flow

Our product has no Information flow. The other two types of flow are discussed below:

1. Energy flow: Our product will receive maneuvering from the operator and the received

mechanical energy will be used to move the bicycle.

2. Material flow: A set of helical blades are mounted on the front of the super handy lawn mower.

As bicycle moves forward, grass comes in contact with the blades. The fast-spinning reel of

blades force the grass past the cutting bar and produces grass clippings.

24



4.3 Component Hierarchy

Component hierarchy is a very effective method of listing the components required to design a
product. The component hierarchy methodology simply distinguishes between the core portions of
the product and then lists the components for those portions. The portions are simply termed as
sub-assembly. When the function of all sub-assemblies are satisfied, the prime function
(compacting the trash in our case) is satisfied. This can be repeated iteratively down several levels
developing a function tree. Function trees are fast and easy to construct, but this ease of

construction comes at the expense of understanding interactions between sub- assemblies.

The component hierarchy of the Super Handy Lawn Mower is shown on the following page:
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Super Handy

Lawn Mower

Bicycle

Lawn Mower

Moving Parts Nonlsglr(t)s\/ing Cutting Parts Norllz;;:ﬁ[tsting
Axle e — Frame Blade Reel |} - Bucket
Chain - - Saddle Bed-knife |- - Frame
Pedal | || Handlebar Grip || Wheel
Wheel = —  Brake

Crank-arm =

Sprocket =

—  Seat post

Figure 4.2: Component Hierarchy of Super Handy Lawn Mower
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4.4 Cluster Function Structure of Super Handy Lawn Mower

Mechanical Energy =——>
Pedal .
Energy > Bicycle Material
Crank Arm
Sprocket
Kinetic
Chain |y Axle —p  Wheel > Energy
Lawn
Mower
Kinetic
Energy
L Grass
Wheel Blade Reel > L
ee _: ade Ree > Clippings
Grass

Figure 4.3: Cluster Function of Super Handy Lawn Mower
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4.5 Functional Analysis System Technique (FAST) Diagram

Functional Analysis System Technique (FAST) is a technique to develop a graphical
representation showing the logical relationships between the functions of a project, product,
process or service based on the questions “How” and “Why.” The FAST diagram of Super Handy

Lawn Mower is shown below:

How —>»
Mowed
Lawn N
<—Wh
v '
Grass passing Rotation Rotation Rotation
b?‘rween blade < 5 of bicycle < of axle of chain
reel al}d bed wheels sprocket
knife When
- A \L
Grass
clippings |
collected [ "
by bucket Rotation
of pedals
by user’s
feet

Figure 4.4: FAST diagram of Super Handy Lawn Mower

These four methods are very useful for the functional decomposition of a product. The Black Box
model provides an idea about three types of inputs and outputs but without the knowledge of
internal workings. The component hierarchy and cluster functions show detailed processes within
the system with the material, energy, and information flow. FAST diagram helps to define,

simplify and clarify the problem as well as identify missing functions.
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Chapter- 05

Qualitative Analysis of Material, Manufacturing Process & Joining

Process Selection

As the conceptual development and design are finalized for the Super Handy Lawn Mower, now it
IS important to assign specific materials and their manufacturing process for every part of the
product. A qualitative analysis of the material, manufacturing process, and joining method
selection is performed with the basic knowledge of material properties, manufacturing process,

and their availability among the possible alternatives.

5.1 Selection of Materials for Different Sections

5.1.1 Cycle Body:

The qualitative analysis of material selection for the parts of cycle body is shown on the following

page:
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Table 5.1: Qualitative analysis of material selection for the parts of cycle body

_ Reasons
_ Options for _
Section Parts Types Selected Behind
other Types ]
Selection
Aluminum, Durability, Long
Body Frame AISI 4130 Steel Carbon Fiber Lasting,
Inexpensive
Fiber .
_ Leather, Less Expensive,
Saddle Reinforced ) )
Polyurethane Light Weight
Polymer
cha AlISI 4140 AISI 1095 ; RUSt_
ain . reventive,
Alloy Steel High Carbon .
Steel Long Lasting
) Cast Iron, Strength,
Sprocket Mild Steel _
Aluminum Cheaper
] . Light Weight,
Pedal Plastic Mild Steel _
Less Expensive
Cycle Body
Lighter for the
same strength,
Carbon Better heat
Wheel Rim Aluminium fiber, Mild conduction,
Steel Improved
cosmetic
appearance
Natural and Less Expensive,
Back wheel ) Nylon )
synthetic rubber Long Lasting
] Durability, High
Aluminum,
) Strength,
Axle AISI 4130 Steel Carbon Fiber )
Corrosion
Resistance

30




5.1.2 Detachability System:

The qualitative analysis of material selection for the parts of detachability system is given below:

Table 5.2: Qualitative analysis of material selection for the parts of detachability system

_ Reasons
) Options for _
Section Parts Types Selected Behind
other Types ]
Selection
Low weight,
Aluminum Available,
Stainless Steel ’
Clamp Mild Steel Strength to
weight ratio is
very good
Detachability - -
Clamp Holder Stainless Steel Aluminum, Mild Cost-effective
System Steel
Handlebar Mild Steel A_Iumlnum, Lighter, I_dea_ll
Stainless Steel ergonomic fit
N . Mild Steel, Good impact
Joining Screw Stainless Steel . resistance and
Aluminum
Strength
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5.1.3 Mower Body:

The qualitative analysis of material selection for the parts of mower body is given below:

Table 5.3: Qualitative analysis of material selection for the parts of mower body

) Reasons
i Options for _
Section Parts Types Selected Behind
other Types _
Selection
Corrosion
Aluminum resistance,
Helix Blade Stainless Steel ' Durable, Impact
Carbon Steel .
resistance and
High strength
Durable, High
Front Wheel | Stainless Steel Aluminum, | strength, Good
Mild Steel impact
resistance
Corrosion
resistance,
Mower Bod minum
Y Bed Knife Stainless Steel Aluminum, D“r"_"ble1 Good
Carbon Steel impact

resistance and
High strength

Easy to handle,

r llector Nylon HDPE, PV } .
Grass Collecto ylo C Light weight
Good impact
Grass Collector ) HDPE, Cast ]
Joining Rod Stainless steel Iron resistance and
: Strength
Bed Knife _ HDPE, Cast | ©00dimpact
Stainless Steel resistance and
Holder Iron
Strength

We prioritized the materials based on their availability, cost and certain

required for our product.
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5.2 Selection of Manufacturing Processes for Different Sections

5.2.1 Cycle Body & Detachability System:

The qualitative analysis of the manufacturing process selected for the cycle body and the parts of

the detachability system are given below:

Table 5.4: Qualitative analysis of the manufacturing process selected for the cycle body and the

parts of the detachability system

Part Make or Buy Possible Reason Behind
ar
Decision Alternatives Selection
Cost-effective to buy
Cycle Body Outsourced - _ _
it than to make it
More accurate
Clamp Die Casting Forging dimensions can be
reproduced
More accurate
Clamp Holder Die Casting Forging dimensions can be
reproduced
o Upsetting & Cost-effective to buy
Joining Screw Outsourced ) ] ]
Threading it than to make it
Roll Forging, Cost-effective to buy
Handle Bar Outsourced ) ) ] ]
Centrifugal Casting it than to make it
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5.2.2 Mower Body:

The qualitative analysis of the manufacturing process selected for the parts of the mower body are

given below:

Table 5.5: Qualitative analysis of the manufacturing process selected for the parts of the mower

body
Options for other Reasons Behind
Parts Types Selected )
Types Selection
) Cost-effective to buy
Helix Blade Outsourced Forging ] ]
it than to make it
o ] Cost-effective to buy
Front Wheel Outsourced Injection Molding _ _
it than to make it
) ] ] Cost-effective to buy
Bed Knife Outsourced Die Casting, Forging ] )
it than to make it
out q Injection Molding, | Cost-effective to buy
utsource
Grass Collector Rotational Molding it than to make it
Roll Forging,
Gras.s 'Collector Turning ) g ) Cheaper to produce
Joining Rod Centrifugal Casting
) Roll Forging,
Bed Knife Holder Turning _ _ Cheaper to produce
Centrifugal Casting

We decided to outsource the cycle body as a single product (including all the parts shown in table
5.1). According to our analysis, it would be more convenient to outsource majority of the parts

instead of makingthem.
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5.3 Selection of Joining Process

5.3.1 Detachability System:

The qualitative analysis of joining process selection for the parts of detachability system is given

below:

Table 5.6: Qualitative analysis of joining process selection for the parts of detachability system

) Reasons
o _ o Alternative _
Joining Part(s) | Type of Joint | Joining Process Behind
Process _
Selection
Frame & ) Arc Welding,
Permanent MIG Welding ) Good strength
Handlebar TIG Welding
Clamp Holder & ) Arc Welding,
Permanent MIG Welding ) Good strength
Handlebar TIG Welding
Clamp & Clamp ) Easy removal,
Temporary Nut-Bolt Rivet S
Holder Firm joint
Clamp & Front ] MIG Welding,
Permanent Arc Welding ) Good strength
Wheel TIG Welding
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5.3.2 Mower Body:

The qualitative analysis of joining process selection for the parts of mower body is given below:

Table 5.7: Qualitative analysis of joining process selection for the parts of mower body

_ Reasons
o ) o Alternative )
Joining Part(s) | Type of Joint | Joining Process Behind
Process )
Selection
Helix Blade & ) )
Permanent Arc Welding TIG Welding Good strength
Front Wheel
Blade & Bed ) Easy removal,
) Temporary Screw Rivet S
knife Firm joint
Grass Collector )
Temporary Screw Nut, Rivet Easy removal
& Clamp
Clamp and Bed ] Arc Welding,
) Permanent MIG Welding _ Good strength
knife Holder TIG Welding

Since cycle body would be outsourced as a single product, no joining process is involved there.

The other joining processes are selected as per the reasons described in the tables 5.6 and 5.7.
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Chapter- 06

Material, Manufacturing Process and Joining Process Selection

Using Weighted Average method

6.1 Introduction

Material selection is an important part of the product design process. The design of engineering
components is limited by the available materials and selection of the wrong material can lead to
catastrophic failures. In the previous chapter, a qualitative analysis of material, manufacturing
process, and joining method selection has been carried out. But qualitative analysis is nothing but
applying intuitive knowledge. Therefore, quantitative analysis for selection criteria is imperative

to manufacture a good product.

There are several methods for quantifying the properties of a material or manufacturing process.
Here, in this chapter, we are using the “Digital Logic Method” for selecting material based on

their performance indices.

6.2 List of Parts for Each Sub-assembly

6.2.1 Cycle Body:

e Body Frame
e Saddle

e Chain

e Sprocket

e Pedal

e Wheel Rim
e Back Wheel
o Axle

6.2.2 Detachability System:

e Clamp
e Clamp Holder
e Handlebar

e Joining Screw
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6.2.3 Mower Body:

e Helix Blade
e Front Wheel
e Bed Knife

e Grass Collector
e Grass Collector Joining Rod
e Bed Knife Holder

6.3 Equations:

No. of positive decisions acquired by a criteria

Relative Emphasis Coefficient, a =

For properties to be maximized,

Scaled Property, ﬁ — Numeri?al valueof .the pro.perty
Maximum value in the list

c. For properties to be minimized,
Mini lue in the list
Scaled Property, ﬁ = m'Lmum pamem e s x 100
Numerical value of the property

d. Weighted Score = Relative Emphasis Coefficient (a) x Scaled Property (B)
e. Performance Index, y = XWeighted Score (aff)

Total no.of positivge decisions

x 100

6.4 Likert Scale

Likert scale is a psychometric scale commonly involved in research that employs questionnaires.
This scale is used for rating different categories according to their significance or intensity. When
responding to a Likert item, respondents specify their level of agreement or disagreement on a
symmetric agree-disagree scale for a series of statements. Thus the range captures the intensity of

their feelings for the given item.

In this chapter, we are going to use the Likert scale for those criteria that can’t be assigned with

numerical values. The scale is given below:

Table 6.1: Likert Scale

Very Good
Good
Moderate
Poor
Very poor

RPIN WO
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6.5 Quantitative Analysis of Material Selection of Super Handy Lawn Mower

6.5.1 Material selection for frame and axle:

Table 6.2: List of selection criteria with numerical values or values from Likert Scale for Frame

and Axle:
Selection Criteria AISI 4130 Steel Aluminum Carbon Fiber
Fatigue Strength
(MPa) 350 103 200
Cost/kg (BDT) 650 180 1750
Corrosion Resistance
(Likert Scale) 4 4 3
Weldability (Likert
Scale) 5 4 2
Vibration Resistance 4 2 4
Availability 4 4 2

From these selection criteria, we want to maximize Fatigue Strength, Corrosion Resistance,

Weldability and Vibration Resistance; and to minimize Cost.
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Table 6.3: Determination of relative importance of material selection criteria for Frame and Axle using Digital Logic Method:

Number of Positive Decisions, N=n(n—1)/2=6(6—1)/2=15 Relative
Selection Positive | EMPhasis
Criteria | 1 | 2 3| 4|5 | 6| 7|8 | 9| 10| 11 |12 |13 | 14 |15 | Decisions Coefficient,
a
Fatigue
Strength 1 1 1 1 1 5 0.333
Cost 0 1 0 1 1 3 0.200
Corrosion
Resistance 0 0 0 1 10 1 0.067
Weldability 0 1 1 1 1 4 0.267
Vibration
Resistance 0 0 0 0 1 1 0.067
Auvailability 0 0 1 0 0 1 0.067
Total Number of Positive Decisions 15 Ya=1

Table 6.3 shows the digital logic method for different components of the Frame and Axle. Of these criteria, cost has the highest number of positive

decisions i.e. highest relative co-efficient.
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Table 6.4: Calculation of the performance index for material selection of Frame and Axle:
Relative AISI 4130 Steel Aluminum Carbon Fiber
Selection Emphasis ) ) _
o o Scaled Weighted Scaled Weighted Scaled Weighted
Criteria Coefficient,
Property,3 Score,of3 Property,3 Score,of3 Property,3 Score,af
a
Fatigue
Strength 0.333 100 33.3 29.43 9.8 57.14 19.03
Cost 0.200 27.69 5.54 100 20. 10.29 2.06
Corrosion
_ 0.067 100 6.7 100 6.7 75 5.03
Resistance
Weldability 0.267 100 26.7 80 21.36 40 10.68
Vibration
_ 0.067 100 6.7 50 3.35 100 6.70
Resistance
Availability 0.067 100 6.7 100 6.7 50 3.35
Material Performance Index 85.64 67.91 46.84

Table 6.4 shows the weighted score for different selection criteria for three different materials and the performance index for each of the materials.
Among the three materials, AISI 4130 Steel has the maximum performance index. Therefore, for Frame and Axle, AISI 4130 Steel should be

selected as material which we also selected in the previous chapter.
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6.5.2 Material selection for Saddle:

Table 6.5: List of selection criteria with numerical values or values from Likert Scale for Saddle:

Selection Fiber Reinforced
Criteria Polymer Leather Polyurethane
Cost/meter (BDT) 22 155 345
Tensile Strength 1720 o5 96
(MPa)
Density (kg/m°) 1500 860 80
Elastic Modulas
(GPa) 53 0.172 0.151
Durability (Likert
Scale) 4 2 3

From these selection criteria, we want to maximize Tensile Strength, Elastic Modulus and
Durability; and to minimize Cost and Density (for lightweight).
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Table 6.6: Determination of relative importance of material selection criteria for Saddle using

Digital Logic Method:

Number of Positive Decisions, Relative
Selection N=n(n—1)/2=5(5-1)/2=10 Positive Emphasis
Criteria lolalalslel 708! 9! 10 Decisions Coeff;cient,
Cost 111111 4 0.4
Tensile
Strength 0 1110 2 0.2
Density 0 00 110 1 0.1
Elastic
Modulus 0 0 0 1 1 0.1
Durability 0 1 1 0 2 0.2
Total Number of Positive Decisions 10 Ya=1

Table 6.6 shows the digital logic method for different components of the saddle. Of these criteria,

cost has the highest number of positive decisions
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Table 6.7: Calculation of the performance index for material selection of Saddle:

Relative Fiber Reinforced Polymer Leather Polyurethane
Selection Emphasis _ _ )
o o Scaled Weighted Scaled Weighted Scaled Weighted
Criteria Coefficient,
Property,3 Score,af Property,3 Score,af Property,3 Score,of3
@
Cost 0.4 100 40 14.19 5.68 6.38 2.55
Tensile
Strength 0.2 100 20 1.45 0.29 5.58 1.12
Density 0.1 5.3 0.53 9.3 0.93 100 10.00
Elastic
Modulus 0.1 100 10 9.12 0.91 8.00 0.80
Durability 0.2 100 20 50 10 75 15.00
Material Performance Index 90.53 17.81 29.47

Table 6.7 shows the weighted score for different selection criteria for three different materials and the performance index for each of the materials.

Among the three materials, Fiber Reinforced Polymer has the maximum performance index. Therefore, for Saddle, Fiber Reinforced Polymer should

be selected as material which we also selected in the previous chapter.
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6.5.3 Material selection for Chain:

Table 6.8: List of selection criteria with numerical values or values from Likert Scale for Chain:

AISI 1095 High Carbon
Selection Criteria AISI 4140 Alloy Steel Steel
Cost/kg (BDT) 115 130
Tensile Strength (MPa) 655 658
Corrosion Resistance (Likert
Scale) 5 2

Fatigue Strength (MPa) 480 370
Brinell Hardness 197 192

From these selection criteria, we want to maximize Tensile Strength, Corrosion Resistance,

Fatigue Strength and

Brinell Hardness;
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Table 6.9: Determination of relative importance of material selection criteria for Chain using
Digital Logic Method:

Number of Positive Decisions, Relative
Selection N=n(n—1)/2=5(5-1)/2=10 Positive Emphasis
Criteria 1 ) 3l 4 ; 5 , I R Decisions Coeff;cient,
Cost 1 1 111 4 0.4
Tensile
Strength 0 0| 0|1 1 0.1
Corrosion
Resistance 0 1 1] 1 3 0.3
Fatigue
Strength 0 1 0 0 1 0.1
Brinell
Hardness 0 0 0| 1 1 0.1
Total Number of Positive Decisions 10 Ya=1

Table 6.9 shows the digital logic method for different components of the Chain. Of these criteria,

cost has the highest number of positive decisions i.e. highest relative co-efficient.
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Table 6.10: Calculation of the performance index for material selection of Chain:

Relative AISI 4140 Alloy Steel AISI 1095 High Carbon Steel
Selection Emphasis _ )
Criteria Coefficient Scaled Weighted Scaled Weighted
. Property,f3 Score,af Property,3 Score,of3
Cost 0.4 100 40 88.46 35.38
Tensile
Strength 0.1 99.54 9.95 100 10
Corrosion
Resistance 0.3 100 30 40 12
Fatigue
Strength 0.1 100 10 77.08 7.71
Brinell
Hardness 0.1 100 10 97.46 9.75
Material Performance Index 99.95 75.04

Table 6.10 shows the weighted score for different selection criteria for two different materials and
the performance index for each of the materials. Among the two materials, AISI1 4140 Alloy Steel
has the maximum performance index. Therefore, for Chain, AISI 4140 Alloy Steel should be

selected as material which we also selected in the previous chapter.
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6.5.4 Material selection for Sprocket:

Table 6.11: List of selection criteria with numerical values or values from Likert Scale for

Sprocket
Selection
Criteria Mild Steel Aluminum Cast Iron
Cost/kg (BDT) 65 180 110
Tensile Strength
(MPa) 420 240 276
Compressive
Strength (MPa) 250 400 650
Weldability (Likert
Scale) 5 4 2
Corrosion Resistance
(Likert Scale) 4 4 2
Density (kg/m°) 7870 2690 7150

From these selection criteria, we want to maximize Tensile Strength, Compressive Strength,

Weldability and Corrosion Resistance; and to minimize Cost and Density (for lightweight).
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Table 6.12: Determination of relative importance of material selection criteria for Sprocket using Digital Logic Method:

Number of Positive Decisions, N=n(n—1)/2=6(6—1)/2=15 Relative
_ Positive | Emphasis
Selection - -
L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 | Decisions | Coefficient,
Criteria
a
Cost 1 1 1 1 1 5 0.333
Tensile
Strength 0 1 1 1 1 4 0.267
Compressive
Weldability 0 0 1 1 0 2 0.133
Corrosion
Resistance 0 0 1 0 1 2 0.133
Density 0 0 0 1 0 1 0.067
Total Number of Positive Decisions 15 La=1

Table 6.12 shows the digital logic method for different components of the Sprocket. Of these criteria, cost has the highest number of positive

decisions i.e. highest relative co-efficient.
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Table 6.13: Calculation of the performance index for material selection of Sprocket:

Relative Mild Steel Aluminum Cast Iron
Selection Emphasis _ _ )
Criteria Cosfficient Scaled Weighted Scaled Weighted Scaled Weighted
. Property,3 Score,af Property,3 Score,af Property,3 Score,of3
Cost 0.333 100 33.30 36.11 12.02 59.09 19.68
Tensile
Strength 0.267 100 26.70 57.14 15.26 65.71 17.54
Compressive
Strength 0.067 38.46 2.58 61.54 4.12 100 6.70
Weldability 0.133 100 13.30 80 10.64 40 5.32
Corrosion
Resistance 0.133 100 13.30 100 13.30 50 6.65
Density 0.067 34.18 2.29 100 6.70 37.62 2.52
Material Performance Index 91.47 62.04 58.41

Table 6.13 shows the weighted score for different selection criteria for three different materials and the performance index for each of the materials.
Among the three materials, Mild Steel has the maximum performance index. Therefore, for Sprocket, Mild Steel should be selected as material which

we also selected in the previous chapter.
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6.5.5 Material selection for Pedal:

Table 6.14: List of selection criteria with numerical values or values from Likert Scale for Pedal:

Selection Criteria Plastic Mild Steel
Cost/pair (BDT) 90 300
Density (kg/m°) 1350 7870

Tensile Strength (Mpa) 62 420
Comfortability (Likert Scale) 5 3

From these selection criteria, we want to maximize Tensile Strength and Comfortability; and to

minimize Cost and Density (for lightweight).

Table 6.15: Determination of relative importance of material selection criteria for Pedal using
Digital Logic Method:

Number of Positive Decisions, Relative
) N=n(n—1)/2=4(4-1)/2=6 Positive | Emphasis
Selection .. .
o Decisions | Coefficient,
Criteria 1 2 3 4 5 6
a
Cost 1 1 1 3 0.5
Density 0 1 0 1 0.167
Tensile
Comfortability 0 1 0 1 0.166
Total Number of Positive Decisions 6 Ya=1

Table 6.15 shows the digital logic method for different components of the Pedal. Of these criteria,

cost has the highest number of positive decisions i.e. highest relative co-efficient.
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Table 6.16: Calculation of the performance index for material selection of Pedal:

Relative Plastic Mild Steel
Selection Emphasis Scaled Weighted Scaled Weighted
Criteria Coefficient, Property,B Score,of3 Property,p Score,af3
a
Cost 0.5 100 50.00 30 15.00
Density 0.167 100 16.70 17.15 2.86
Tensile
Strength 0.167 14.76 2.46 100 16.70
Comfortability 0.166 100 16.60 60 9.96
Material Performance Index 85.76 44,52

Table 6.16 shows the weighted score for different selection criteria for two different materials and
the performance index for each of the materials. Among the two materials, Plastic has the
maximum performance index. Therefore, for Pedal, Plastic should be selected as material which

we also selected in the previous chapter.

6.5.6 Material selection for Wheel Rim:

Table 6.17: List of selection criteria with numerical values or values from Likert Scale for Wheel

(Likert Scale)

Rim:

Selection Criteria Aluminum Carbon Fiber Mild Steel
Cost/kg (BDT) 180 1750 65
Density (kg/m°) 2690 1750 7870
Braking (Likert

Scale) 5 4 3
Corrosion Resistance
(Likert Scale) 5 4 4
Surface Finish
5 5 3

52




From these selection criteria, we want to maximize Braking, Corrosion Resistance and Surface

Finish; and to minimize Cost and Density (for lightweight).

Table 6.18: Determination of relative importance of material selection criteria for Wheel Rim
using Digital Logic Method:

Number of Positive Decisions, Relative
Selection N=n(n—1)/2=5(5-1)/2=10 Positive Emphasis
Criteria L 5 3l 4l s 6 . s lo |10 Decisions Coeff;cient,
Cost 1,0 0] 1 2 0.2
Density 0 0 1 1 2 0.2
Braking 1 1 1,0 3 0.3
Corrosion
Resistance 1 0 0 1 2 0.2
Surface
Finish 0 0 1] 0 1 0.1
Total Number of Positive Decisions 10 Ya=1

Table 6.18 shows the digital logic method for different components of the Wheel Rim. Of these

criteria, braking has the highest number of positive decisions i.e. highest relative co- efficient.
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Table 6.19: Calculation of the performance index for material selection of Wheel Rim:

Relative Aluminum Carbon Fiber Mild Steel
Selection Emphasis
Criteria Coefficient, Scaled Weighted Scaled Weighted Scaled Weighted
¢ Property,3 Score,af Property,3 Score,af Property,f Score,aff
Cost 0.2 36.11 7.22 3.71 0.74 100 20.00
Density 0.2 65.06 13.01 100 20.00 22.24 4.45
Braking 0.3 100 30.00 80 24.00 60 18.00
Corrosion
Resistance 0.2 100 20.00 80 16.00 80 16.00
Surface Finish 0.1 100 10.00 100 10.00 60 6.00
Material Performance Index 80.23 70.74 64.45

Table 6.19 shows the weighted score for different selection criteria for three different materials and the performance index for each of the materials.

Among the three materials, Aluminum has the maximum performance index. Therefore, for Wheel Rim, Aluminum should be selected as material

which we also selected in the previous chapter.
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6.5.7 Material selection for Back Wheel:

Table 6.20: List of selection criteria with numerical values or values from Likert Scale for Back

Wheel:
Natural and Synthetic
Selection Criteria Rubber Nylon

Dynamic Friction Coefficient 0.7 2

Abrasion Resistance (Likert
Scale) 5 3

Impact Resistance (Likert
Scale) 5 4
Heat Resistance (Likert

Scale) 4 3
Cost/kg (BDT) 80 40
Tensile Strength (MPa) 31.6 50

From these selection criteria, we want to maximize Abrasion Resistance, Impact Resistance, Heat

Resistance and Tensile Strength; and to minimize Dynamic Friction Coefficient and Cost.
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Table 6.21: Determination of relative importance of material selection criteria for Back Wheel using Digital Logic Method:

Relative
. Positive Emphasis
Selt.actl'on Number of Positive Decisions, N=n(n—1)/2=6(6-1)/2=15 Seciions | Coefficient
Criteria
5} 6 7 8 9 10 11 12 13 14 15 !
Dynamic
Friction
Coefficient ! 3 0.2
Abrasion
Resistance 1 1 1 1 5 0.333
Impact
Resistance 0 1 0 1 2 0.133
Heat
Resistance 0 0 0 0 1 067
Cost 0 1 1 1 3 0.2
Tensile
Strength 0 0 0 1 0 1 067
Total Number of Positive Decisions 15 Ya=1
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Table 6.21 shows the digital logic method for different components of the Back Wheel. Of these
criteria, abrasion resistance has the highest number of positive decisions i.e. highest relative co-

efficient

Table 6.22: Calculation of the performance index for material selection of Back Wheel:

i Natural and Synthetic
_ Relative y Nylon
Criteria Coefficient, Scaled Weighted Scaled Weighted
a Property,3 Score,aff Property,f3 Score,a
Dynamic
Friction 0.2 100 20.00 35 7.00
Coefficient
Abrasion
) 0.333 100 33.30 60 19.98
Resistance
Impact
) 0.133 100 13.30 80 10.64
Resistance
Heat
) .067 100 6.70 75 5.03
Resistance
Cost 0.2 50 10.00 100 20.00
Tensile
.067 63.2 4.23 100 6.70
Strength
Material Performance Index 87.53 69.35

Table 6.22 shows the weighted score for different selection criteria for two different materials and
the performance index for each of the materials. Among the two materials, Natural and Synthetic
Rubber has the maximum performance index. Therefore, for Back Wheel, Natural and Synthetic

Rubber should be selected as material which we also selected in the previous chapter.

57



6.5.8 Material Selection for Bedknife Holder and Grass Collector Joining Rod:

Table 6.23: List of selection criteria with numerical values or values from Likert Scale for

Bedknife Holder and Grass Collector Joining Rod:

Selection Criteria Stainless Steel HDPE Cast Iron
Tensile Strength (MPa) 696 40 276
Compressive Strength (MPa) 365 20 650
Density (kg/m3) 7860 958 7150
Cost (BDT/kg) 145 100 110
Corrosion Resistance (Likert Scale) 5 5 2

From these selection criteria, we want to maximize Tensile Strength, Compressive Strength and

Corrosion Resistance and minimize Density and Cost.
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Table 6.24: Determination of relative importance of material selection criteria for Bedknife Holder and Grass Collector Joining Rod

using Digital Logic Method:

_ o Number of Positive Decisions, N = n(n - Positive Relative Emphasis
Selection Criteria 1)/2=5(5-1)2=10 Decisions Coefficient, a
112,34 |5|6|7]8|9]| 10
Tensile Strength 111111 4 0.4
Compressive Strength 0 1101 2 0.2
Density 0 0 111 2 0.2
Cost 0 1 0 0 1 0.1
Corrosion Resistance 0 0 0] 1 1 0.1
Total Number of Positive Decisions 10 Ya=1

Table 6.24 shows the Digital Logic Method for Bedknife Holder and Grass Collector Joining Rod. Among these criteria, Tensile
Strength has the highest number of positive decisions i.e. highest relative emphasis coefficient.
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Table 6.25: Calculation of performance index for material selection of Bedknife Holder and Grass Collector Joining Rod:

Stainless Steel HDPE Cast Iron
Selection Criteria Relativg
Cir:fgiz?:rll%[, p?;;é??y' Weighted p?gs(ﬁ?y' Weighted pfgs;?y, Weighted
o B Score, aff B Score, aff B Score, aff
Tensile Strength 0.4 100 40 5.75 2.30 39.66 15.86
Compressive Strength 0.2 56.15 11.23 3.08 0.62 100 20
Density 0.2 12.19 244 100 20 13.40 2.68
Cost 0.1 68.97 6.90 100 10 90.91 9.09
Corrosion Resistance 0.1 100 10 100 10 40 4
Material Performance Index 70.56 42.91 51.63

Table 6.25 shows the weighted score of different selection criteria for three different materials and the performance index for each of the
materials. Among the three materials, Stainless Steel has the highest performance index. Therefore, it is mathematically justified that

Stainless Steel should be selected for Bedknife Holder and Grass Collector Joining Rod.
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6.5.9 Material Selection for Clamp, Clamp Holder and Front Wheel:

Table 6.26: List of selection criteria with numerical values or values from Likert Scale for Clamp,
Clamp Holder and Front Wheel:

Selection Criteria Aluminium Stainless Steel Mild Steel
Tensile Strength (MPa) 240 696 420
Compressive Strength (MPa) 400 365 250
Density (kg/m3) 2690 7860 7870
Cost (BDT/kg) 180 145 65
Corrosion Resistance (Likert Scale) 4 5 4

From these selection criteria, we want to maximize Tensile Strength, Compressive Strength and

Corrosion Resistance and minimize Density and Cost.
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Table 6.27: Determination of relative importance of material selection criteria for Clamp, Clamp Holder and Front Wheel using Digital
Logic Method:

Number of Positive Decisions, N = n(n -
_ o 1)/2=5(5-1)2=10 Positive Relative Emphasis
Selection Criteria Decisions Coefficient,
1123|4567 8|9]10
Tensile Strength 111111 4 0.4
Compressive Strength 0 1111 3 0.3
Density 0 0 10 1 0.1
Cost 0 0 0 1 1 0.1
Corrosion Resistance 0 0 110 1 0.1
Total Number of Positive Decisions 10 Ya=1

Table 6.27 shows the Digital Logic Method for Clamp and Clamp Holder. Among these criteria, Tensile Strength has the highest number

of positive decisions i.e. highest relative emphasis coefficient.
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Table 6.28: Calculation of performance index for material selection of Clamp, Clamp Holder and Front Wheel:

Aluminium Stainless Steel Mild Steel
Relative
Emphasis Scaled _ Scaled _ Scaled _
Selection Criteria Coefficient, | property, | Weighted | property, | Weighted | property, | Weighted
o B Score, af B Score, af B Score, aff
Tensile Strength 04 34.48 13.79 100 40 60.34 24.14
Compressive Strength 0.3 100 30 91.25 27.38 63 18.75
Density 0.1 100 10 34.22 3.42 34.18 3.42
Cost 0.1 36.11 3.61 44.83 4.48 100 10
Corrosion Resistance 0.1 80 8 100 10 80 8
Material Performance Index 65.40 85.28 64.31

Table 6.28 shows the weighted score of different selection criteria for three different materials and the performance index for each of the
materials. Among the three materials, Stainless Steel has the highest performance index. Therefore, it is mathematically justified that
Stainless Steel should be selected for Clamp, Clamp Holder and Front Wheel.
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6.5.10 Material Selection for Joining Screw:

Table 6.29: List of selection criteria with numerical values or values from Likert Scale for Joining

Screw:
Selection Criteria Stainless Steel Mild Steel Aluminium
Tensile Strength (MPa) 696 420 240
Compressive Strength (MPa) 365 250 400
Cost (BDT/kg) 145 65 180
Corrosion Resistance (Likert Scale) 5 4 4
Shear Strength (MPa) 335 250 207

From these selection criteria, we want to maximize Tensile Strength, Compressive Strength,

Corrosion Resistance and Shear Strength and minimize Cost.
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Table 6.30: Determination of relative importance of material selection criteria for Joining Screw using Digital Logic Method:

Number of Positive Decisions, N = n(n -
_ o 1)/i2=5(-1)/2=10 Positive Relative Emphasis
Selection Criteria Decisions Coefficient, o
1123456789 10
Tensile Strength 11,10 3 0.3
Compressive Strength 0 0/1|0 1 0.1
Cost 0 1 0|0 1 0.1
Corrosion Resistance 0 0 1 0 1 0.1
Shear Strength 1 1 1] 1 4 0.4
Total Number of Positive Decisions 10 Ya=1

Table 6.30 shows the Digital Logic Method for Joining Screw. Among these criteria, Shear Strength has the highest number of positive
decisions i.e. highest relative emphasis coefficient.
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Table 6.31: Calculation of performance index for material selection of Joining Screw:

Stainless Steel Mild Steel Aluminium
Selection Criteria Relative_z
CEor:f?ir(]:?::i[, pfgs;?y, Weighted p?;;é?asy' Weighted p?;;é?asy' Weighted
o B Score, of B Score, of B Score, aff
Tensile Strength 0.3 100 30 60.34 18.10 34.48 10.34
Compressive Strength 0.1 91.25 9.13 62.5 6.25 100 10
Cost 0.1 44.83 4.48 100 10 36.11 3.61
Corrosion Resistance 0.1 100 10 80 8 80 8
Shear Strength 04 100 40 74.63 29.85 61.79 24.72
Material Performance Index 93.61 72.20 56.67

Table 6.31 shows the weighted score of different selection criteria for three different materials and the performance index for each of the
materials. Among the three materials, Stainless Steel has the highest performance index. Therefore, it is mathematically justified that

Stainless Steel should be selected for Joining Screw.
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6.5.11 Material Selection for Handlebar:

Table 6.32: List of selection criteria with numerical values or values from Likert Scale for

Handlebar:
Selection Criteria Aluminium Stainless Steel Mild Steel
Density (kg/m°) 2690 7860 7870
Cost (BDT/kQ) 180 145 65
Corrosion Resistance (Likert Scale) 4 5 4
Weldability (Likert Scale) 4 5 5

From these selection criteria, we want to maximize Corrosion Resistance and Weldability and

minimize Density and Cost.
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Table 6.33: Determination of relative importance of material selection criteria for Handlebar using Digital Logic Method:

Number of Positive Decisions, N = n(n
Selection Criteria -12=4(4-1)2=6 Positive Relative Emphasis
Decisions Coefficient, a
1 2 3 4 5 6

Density 0 1 0 1 0.17

Cost 1 0 0 1 0.17
Corrosion Resistance 0 1 0 1 0.169

Weldability 1 1 1 3 0.5
Total Number of Positive Decisions 6 Ya=1

Table 6.33 shows the Digital Logic Method for Handlebar. Among these criteria, Weldability has the highest number of positive
decisions i.e. highest relative emphasis coefficient.
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Table 6.34: Calculation of performance index for material selection of Handlebar:

Relative Aluminium Stainless Steel Mild Steel
Selection Criteria Cir:fm?;l‘st’ Scaled ) Scaled ] Scaled )
a Property, | Weighted | property, | Weighted | property, | Weighted
B Score, aff B Score, aff B Score, aff
Density 0.17 100 16.67 34.22 5.70 34.18 5.70
Cost 0.17 36.11 6.02 44.83 1.47 100 17
Corrosion Resistance 0.17 80 13.33 100 16.67 80 13.33
Weldability 05 80 40 100 50 100 50
Material Performance Index 76.02 79.84 85.70

Table 6.34 shows the weighted score of different selection criteria for three different materials and the performance index for each of the
materials. Among the three materials, Aluminium has the highest performance index. Therefore, it is mathematically justified that Mild

Steel should be selected for Handlebar.
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6.5.12 Material Selection for Grass Collector:

Table 6.35: List of selection criteria with numerical values or values from Likert Scale for Grass

Collector:
Selection Criteria Nylon HDPE PVC
Density (kg/m3) 1140 958 1300
Cost (BDT/kg) 40 100 140
Corrosion Resistance (Likert Scale) 4 5 5
Tensile Strength (MPa) 85 40 60

From these selection criteria, we want to maximize Corrosion Resistance and Tensile Strength and

minimize Density and Cost.
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Table 6.36: Determination of relative importance of material selection criteria for Grass Collector using Digital Logic Method:

Number of Positive Decisions, N = n(n -
Selection Criteria 1)/2=4(4-1)/2=6 Positive Relative Emphasis
Decisions Coefficient, a
1 2 3 4 5 6
Density 1 1 1 3 0.5
Cost 0 0 1 1 0.17
Corrosion Resistance 0 1 0 1 0.17
Tensile Strength 0 0 1 1 0.17
Total Number of Positive Decisions 6 Ya=1

Table 6.36 shows the Digital Logic Method for Grass Collector. Among these criteria, Density has the highest number of positive
decisions i.e. highest relative emphasis coefficient.
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Table 6.37: Calculation of performance index for material selection of Grass Collector:

Nylon HDPE PVC
Relative
Selection Criteria EmphaSIS Scaled Scaled Scaled
a B Score, aff B Score, aff B Score, aff
Density 0.5 84.04 42.02 100 50 73.69 36.85
Cost 0.17 100 16.67 40 6.67 28.57 4,76
Corrosion Resistance 0.17 80 13.33 100 16.67 100 16.67
Tensile Strength 0.17 100 16.67 47.06 7.84 70.59 11.76
Material Performance Index 88.68 81.18 70.04

Table 6.37 shows the weighted score of different selection criteria for three different materials and the performance index for each of the
materials. Among the three materials, Nylon has the highest performance index. Therefore, it is mathematically justified that Nylon

should be selected for Grass Collector.
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6.5.13 Material Selection for Helix Blade and Bedknife:

Table 6.38: List of selection criteria with numerical values or values from Likert Scale for Helix
Blade and Bedknife:

Selection Criteria Stainless Steel Mild Steel Carbon Steel
Brinell Hardness 138 120 380
Heat Resistance (Likert Scale) 5 4 3
Density (kg/m3) 7860 7870 7540
Cost (BDT/kQ) 145 65 45
Corrosion Resistance (Likert Scale) 5 4 3

From these selection criteria, we want to maximize Heat Resistance and Corrosion Resistance and

minimize Brinell Hardness, Density and Cost.
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Table 6.39: Determination of relative importance of material selection criteria for Helix Blade and Bedknife using Digital Logic

Method:
Selection Criteria umber 01)720 S:Ité\ég D f)c/izs ignlsé N=n(- Pos:it_ive Relative E.mphasis
Decisions Coefficient, o
11234 |5|6|7]8]9]10
Brinell Hardness 17011]0 2 0.2
Heat Resistance 0 1110 2 0.2
Density 1 0 00 1 0.1
Cost 0 0 1 0 1 0.1
Corrosion Resistance 1 1 1] 1 4 0.4
Total Number of Positive Decisions 10 Ya=1

Table 6.39 shows the Digital Logic Method for Helix Blade and Bedknife. Among these criteria, Corrosion Resistance has the highest
number of positive decisions i.e. highest relative emphasis coefficient.
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Table 6.40: Calculation of performance index for material selection of Helix Blade and Bedknife:

Stainless Steel Mild Steel Carbon Steel
Selection Criteria ERrs:)a;;\;?s _ _ _
Cortictentu | SO | Weghe | sl | weighted | sl | g
Brinell Hardness 0.2 86.96 17.39 100 20 31.58 6.32
Heat Resistance 0.2 100 20 80 16 60 12
Density 0.1 95.93 9.59 95.81 9.58 100 10
Cost 0.1 31.03 3.10 69.23 6.92 100 10
Corrosion Resistance 0.4 100 40 80 32 60 24
Material Performance Index 90.09 84.50 62.32

Table 6.40 shows the weighted score of different selection criteria for three different materials and the performance index for each of the materials.
Among the three materials, Stainless Steel has the highest performance index. Therefore, it is mathematically justified that Stainless Steel should be
selected for Helix Blade and Bedknife.
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6.6 List of Manufacturing Processes and Joining Processes

6.6.1 Manufacturing Processes:
1. Die Casting of Clamp and Clamp Holder
2. Turning of Grass Collector Joining Rod and Bed Knife Holder

6.6.2 Joining Processes:
1. Permanent Joint

2. Temporary Joint

6.7 Quantitative Analysis of Manufacturing Process Selection

6.7.1 Manufacturing Process Selection for Clamp and Clamp Holder:

Table 6.41: List of selection criteria with numerical values or values from Likert Scale for

manufacturing the Clamp and Clamp Holder:

Selection Criteria Die Casting Forging
Cost 5 4
Strength 4 3
Defect rate 5 3
Dimensional Accuracy 3 4
Operational complexity 5 3

From these criteria, we want to maximize strength and dimensional accuracy; and minimize cost,

operational complexity and defect rate.
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Table 6.42: Determination of relative importance for manufacturing process selection for Clamp and

Clamp Holder using Digital Logic Method:

Number of Positive Decisions, N = n(n-1)/2 = Relative
5(5-1)/2 =10 i
Selection 1) Positive Empha}ms
Criteri Decisi Coefficient
riteria 11 2131alsle6l 718!l 910 ecisions "
Cost 0O 1]1]1 3 0.3
Strength 1 1111 4 0.4
Defect rate 0 0 1,0 1 0.1
Dimensional
0 0 0 1 1 0.1
Accuracy
Operational
) 0 0 110 1 0.1
Complexity
Total Number of Positive Decisions 10 Ya=1

Table 6.42 shows the digital logic method for manufacturing processes of Clamp and Clamp Holder.

Of these criteria, Strength has the highest relative emphasis coefficient.
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Table 6.43: Calculation of performance index for manufacturing process selection of Clamp and

Clamp Holder:
Relative Die Casting Forging
lecti Emphasis : :
Sérei(t::rci)z Coefficient Scaled Weighted Scaled Weighted
o Property, B Property, aff Property, B Property, of
Cost 0.3 100 30 80 24
Strength 0.4 100 40 75 30
Defect rate 0.1 100 10 60 6
Dimensional
0.1 75 7.5 100 10
Accuracy
Operational
_ 0.1 100 10 60 6
Complexity
Process Performance Index 97.5 76

Table 6.43 shows the weighted score for Die Casting and Forging. Since the performance index of

Die Casting is higher, it should be selected as the manufacturing process for Clamp and Clamp

Holder.
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6.7.2 Manufacturing Process Selection for Grass Collector Joining Rod and Bed Knife Holder:

Table 6.44: List of selection criteria with numerical values or values from Likert Scale for

manufacturing Grass Collector Joining Rod and Bed Knife Holder

Selection Criteria Turning Roll Forging Centrifugal Casting
S“rfa‘(‘ﬁlrnocuh%h”ess 16-125 100-250 300-600
Tolerance (pInch) 0.001 0.03 0.03
Cost 2 5 2
complexity 2 i 3
cor'\rﬁlsgiirlla?llity 4 2 S
ouracy 5 3 2

From these criteria, we want to maximize Dimensional Accuracy, Tolerance and Material

Compatibility; and minimize Surface Roughness, Cost and Operational complexity
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Table 6.45: Determination of relative importance of manufacturing process selection criteria for Grass Collector Joining Rod and Bed

Knife Holder
Number of Positive Decisions, N = n(n-1)/2 = Relative
6(6-1)/2 =15 i
Selection (1) Positive Emphe'ms
. . Coefficient
Criteria 1|2 |3 |4|5|6/|7]|8|9|10]|11]|12]13| 14| 15 | Decisions u
Surface finish | 1 1 0 0 0 2 0.133
Tolerance 0 0 0 1 0 1 0.067
Material
o 0 1 1 0 0 2 0.133
Compatibility
Operational
_ 1 1 0 1 0 3 0.200
Complexity
Cost 1 0 1 0 0 2 0.133
Dimensional
1 1 1 1 1 5 0.334
Accuracy
Total Number of Positive Decisions 15 Ya=1

Table 6.45 shows the digital logic method for manufacturing processes for Grass Collector Joining Rod and Bed Knife Holder. Among

these criteria, Dimensional Accuracy has the highest relative emphasis coefficient.
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Table 6.46: Calculation of the performance index for manufacturing process of Grass Collector Joining
Rod and Bed Knife Holder

) Turning Roll Forging Centrifugal Casting
Selection | Relative
Criteria | EMPhasis | gealed | Weighted | Scaled | Weighted | Scaled | Weighted
Coefficient | property, | Property, | Property, | Property, | Property, | Property,
¢ p off p off B off
Surface
roughness 0.133 100 13.3 40.28 5.357 15.67 2.083
Tolerance 0.067 3.33 0.223 100 6.7 100 6.7
Material
compatibility 0.133 80 10.64 40 5.32 100 13.3
Operation
complexity 0.200 100 20 40 8 66.67 13.3
Cost 0.133 100 13.3 40 5.32 100 13.3
Dimensional
accuracy 0.334 100 33.4 60 20.04 40 13.34
Process Performance Index 90.86 50.74 62.02

Table 6.46 shows the weighted score for Turning, Roll Forging and Centrifugal Forging. Since the
performance index of Turning is highest, so it should be selected as the manufacturing process of Grass

Collector Joining Rod and Bed Knife Holder.
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6.8 Quantitative Analysis of Permanent Joining Process Selection

6.8.1 Joining Process of Clamp and Helix Blade with Front Wheel:

Table 6.47: List of selection criteria with numerical values or values from Likert

Scale for Permanent Joints:

Selection Criteria Arc Welding TIG welding
Cost (BDT/Product) 15 35
Surface Finish 3 5
Strength 4 5
Operation Time (Sec) 30 40
Defect Rate (%) 3 1

From these criteria, we want to maximize strength and surface finish; and minimize cost, operation time and

defect rate.
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Table 6.48: Calculation of the relative emphasis coefficient for joining process selection of Clamp and Helix
Blade with Front Wheel using Digital Logic Method:

Number of Positive Decisions, N = n(n-1)/2 = 5(5-1)/2 = .
Relative
10 i
Selection Positive Empha.lsw
Criteri Decisi Coefficient
riteria | , |, 3 4 5 6 v sl 9 | 10 ecisions "
Cost 110 1 1 3 0.3
Surface
o 0 0 1 0 1 0.1
Finish
Strength 1 1 111 4 0.4
Operation
] 0 0 0 1 1 0.1
Time
Defect
0 1 0 0 1 0.1
Rate
Total Number of Positive Decisions 10 Ya=1

Table 6.48 shows the digital logic method for joining process selection of Clamp and Helix Blade with Front

Wheel. Among these criteria, strength has the highest relative emphasis coefficient.
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Table 6.49: Calculation of performance index for joining process selection of Clamp and Helix Blade with

Front Wheel:
Relative Arc Welding TIG welding
. Emphasis . .
Selection - Scaled Weighted Scaled Weighted
Criteri Coefficient
ritena a Property, B Property, of3 Property, Property, af3
Cost 0.3 100 30 42.85 12.71
Surface
. 0.1 60 6 100 10
Finish
Strength 0.4 80 32 100 40
Operation
) 0.1 100 10 75 7.5
Time
Defect rate 0.1 33.33 3.33 100 10
Process Performance Index 81.33 80.21
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joining process of Clamp and Helix Blade with Front Wheel as permanent joints.

Since the performance index for Arc welding is larger than TIG welding, Arc welding will be selected the




6.8.2 Joining Process of Frame and Clamp Holder with Handlebar, Clamp and Bed Knife Holder:

Table 6.50: List of selection criteria with numerical values or values from Likert Scale for Permanent Joints

Selection Criteria MIG Arc Welding TIG
Welding Welding
Cost (BDT/product) 20 15 35
Surface Finish 5 3 5
Strength 5 4 5
Operation Time (S) 20 30 40
Defect Rate (%) 1 3 1

From these criteria, we want to maximize strength and surface finish; and minimize cost, operation time and

defect rate.
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Table 6.51: Calculation of the relative emphasis coefficient for joining process selection of Frame and Clamp

Holder with Handlebar, Clamp and Bed Knife Holder using Digital Logic Method:

Number of Positive Decisions, N = n(n-1)/2 = 5(5-1)/2 = Relative
10 .
Selection Positive | EmPhasis
Criteri Decisi Coefficient
riteria | | 2 3 4 5 6 7 8 9 | 10 ecisions "
Cost 1 0 1 1 3 0.3
Surface
.. 0 0 1 0 1 0.1
Finish
Strength 1 1 1 1 4 04
Operation
- 0 0 0 1 1 0.1
Time
Defect
0 1 0] 0 1 0.1
Rate
Total Number of Positive Decisions 10 Ya=1

Table 6.51 shows the digital logic method for joining process selection of Frame and Clamp Holder with
Handlebar, Clamp and Bed Knife Holder. Among these criteria, strength has the highest relative emphasis

coefficient.
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Table 6.52: Calculation of performance index for joining process selection of Frame and Clamp Holder with
Handlebar, Clamp and Bed Knife Holder:

_ Relative MIG Arc Welding TIG welding
Selection | Emphasis [™"geaiaq™ [ Weighted | Scaled | Weighted | Scaled | Weighted
Criteria Coefficient

o Property, Property, Property, | Property, | Property, | Property,
p af p af p af
Cost 0.3 75 22.5 100 30 42.86 12.86
Surface
o 0.1 100 10 60 6 100 10
Finish
Strength 0.4 100 40 80 32 100 40
Operation
) 0.1 100 10 83.33 6.67 50 5
Time
Defect rate 0.1 100 10 33.33 3.33 100 10
Process Performance Index 92.5 78 77.86

Since the performance index for MIG welding is highest among all so, MIG welding will be selected as our

joining process of Frame and Clamp Holder with Handlebar, Clamp and Bed Knife Holder.
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6.9 Joining Process Selection for Temporary Joints:

6.9.1 Joining Process of Clamp & Clamp Holder:

Table 6.53: List of selection criteria with numerical values or values from Likert Scale for Temporary Joints:

Selection Criteria Nut-Bolt Rivet
Cost 5 5
Strength 5 4
Availability 5 4
Surface Finish 4 5
Design Flexibility 5 4

From these criteria, we want to maximize strength, surface finish, weldability and design flexibility and

minimize cost.
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Table 6.54: Calculation of the relative emphasis coefficient for joining process selection of Clamp and Clamp

Holder using Digital Logic Method:

Number of Positive Decisions, N = n(n-1)/2 = 5(5-1)/2 .
Relative
=10 i
Selection Positive Empha}SIS
Criteri Decisi Coefficient
riteria 1 >l 3l al5]|6 71819l 10 ecisions "
Cost 01| 0 1 1 2 0.2
Strength 1 0|11 3 0.3
Availability 1 1 1 0 3 0.3
Surface
o 0 0 0 1 1 0.1
Finish
Design
o 0 0 1 0 1 0.1
Flexibility
Total Number of Positive Decisions 10 Ya=1

Table 6.54 shows the digital logic method for joining process selection of Clamp and Clamp Holder. Among

these criteria, strength and availability have the highest relative emphasis coefficient.
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Table 6.55: Calculation of performance index for joining process selection of Clamp and Clamp Holder:

Relative Nut-Bolt Rivet
. Emphasis
Selection p_ . Scaled Weighted Scaled Weighted
Criteri Coefficient
riterna a Property, Property, af Property, B Property, of
Cost 0.2 100 20 100 20
Strength 0.3 100 30 80 24
Availability 0.3 100 30 80 24
Surface
o 0.1 80 8 100 10
Finish
Design
o 0.1 100 10 80 8
Flexibility
Process Performance Index 98 86

Since the performance index for Nut-bolt is larger than Riveting, so Nut-bolt will be used for the temporary

joint between Clamp and the Clamp Holder.

6.9.2 Joining Process of Blade & Bed knife:

Table 6.56: List of selection criteria with numerical values or values from Likert Scale for Temporary Joints:

Selection Criteria Screw Rivet
Cost 5 5
Strength 5 4
Availability 5 4
Surface Finish 5 5
Design Flexibility 5 4
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From these criteria, we want to maximize strength, surface finish, availability and design flexibility and

minimize cost.

Table 6.57: Calculation of the relative emphasis coefficient for joining process selection of Bed and Bed knife

using Digital Logic Method:

Number of Positive Decisions, N = n(n-1)/2 = 5(5-1)/2 Relative
=10 .
Selection Positive Emp_ha_15|s
Criteri Decisi Coefficient
riteria 112131l als5!16!l 7181 9]l 10 ecisions "
Cost 01| 0 1 1 2 0.2
Strength 1 0|11 3 0.3
Availability 1 1 110 3 0.3
Surface
. 0 0 0 1 1 0.1
Finish
Design
o 0 0 1 0 1 0.1
Flexibility
Total Number of Positive Decisions 10 Ya=1

Table 6.57 shows the digital logic method for joining process selection of Bed and Bed knife. Among these

criteria, strength and availability have the highest relative emphasis coefficient.
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Table 6.58: Calculation of performance index for joining process selection of Bed and Bed knife:

Relative Screw Rivet
. Emphasis
Selection p_ . Scaled Weighted Scaled Weighted
Criteri Coefficient
riterna a Property, Property, of Property, B Property, of
Cost 0.2 100 20 100 20
Strength 0.3 100 30 80 24
Availability 0.3 100 30 80 24
Surface
o 0.1 100 10 100 10
Finish
Design
o 0.1 100 10 80 8
Flexibility
Process Performance Index 100 86
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Since the performance index for Screw is larger than Riveting, so Screw will be used for the temporary joint
between Bed and Bed knife.




6.9.3 Joining Process of Grass Collector & Clamp:

Table 6.59: List of selection criteria with numerical values or values from Likert Scale for Temporary Joints:

Selection Criteria Screw Nut Rivet
Cost 5 5 5
Strength 5 5 4
Auvailability 5 5 4
Surface Finish 5 4 5
Design Flexibility 5 5 4

From these criteria, we want to maximize strength, surface finish, availability and design flexibility and

minimize cost.
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Table 6.60: Calculation of the relative emphasis coefficient for joining process selection of Grass Collector &

Clamp using Digital Logic Method:

Number of Positive Decisions, N = n(n-1)/2 = 5(5-1)/2 .
Relative
=10 i
Selection Positive Empha}SIS
Criteri Decisi Coefficient
riteria 1 >l 3l al5]|6 71819l 10 ecisions "
Cost 01| 0 1 1 2 0.2
Strength 1 0|11 3 0.3
Availability 1 1 1 0 3 0.3
Surface
o 0 0 0 1 1 0.1
Finish
Design
o 0 0 1 0 1 0.1
Flexibility
Total Number of Positive Decisions 10 Ya=1

Table 6.60 shows the digital logic method for joining process selection of Grass Collector & Clamp. Among

these criteria, strength and availability have the highest relative emphasis coefficient.
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Table 6.61: Calculation of performance index for joining process selection of Grass Collector and

Clamp:
Relative Screw Nut Rivet
Selecti Emphasis Scaled | Weighted | Scaled | Weighted | Scaled | Weighted
election .
Criteria Coefficient | property, | Property, | Property, | Property, | Property, | Property,
o
p op p op p ap
Cost 0.2 100 20 100 20 100 20
Strength 0.3 100 30 80 24 100 30
Availability 0.3 100 30 80 24 100 30
Surface
o 0.1 100 10 100 10 80 8
Finish
Design
o 0.1 100 10 80 8 100 10
Flexibility
Process Performance
100 86 98
Index

Since the performance index for Screw is largest, so Screw will be used for the temporary joint

between Grass Collector & Clamp.
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Chapter 07

Design Analysis

7.1 Introduction

The goal of this chapter is to establish an intelligent support system to design a product through
managing variety. The Interpretive Structural Model (ISM) technique is applied to visualize the
hierarchy of component interactions within a product. To fulfill different market requests this
approach renders the design priority and related design dimensions for helping designers to create

variant design solutions in a product like Super Handy Lawn Mower.

The designer must define the specific motion of each part and the sequence in which
components are added to the base, they are more likely to understand how parts fit together as

well as realize the purpose of the assembly.
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7.2 Parts of Super Handy Lawn Mower

1. Body Frame:

Figure 7.1: Body Frame

2. Pedal:

Figure 7.2: Pedal
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3. Saddle:

Figure 7.3: Saddle

4. Detached Helix Blade with Clamp:

Figure 7.4: Detached Helix Blade with Clamp
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7.3.1 Static Structural Analysis (ANSYS)

7.3.1 Static Structural Analysis of Body Frame:

0.000 0.250 0.500 (m) ZA ¥
I ..

0125 0.375

Figure 7.5: Body Frame

Load:
Types Force
X-Component ON
Y-Component -1096.3 N (ramped)

Z-Component 488.08(ramped)
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1. Total deformation:

0.000 0.300 0,600 (rny ZAX
I 20 O a0

0150 0450

Figure 7.6: Total Deformation

Result:
Range Total Deformation
Minimum Om
Maximum 1.6844e-5m
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2. Equivalent Stress:

3.9408:6
1.9748:6
0.0021836 Min

0.000 0.250 0.500 (rm)
I 20O a0

0125 0.375

Figure 7.7: Equivalent Stress

Result:
Range Equivalent (von-Mises) Stress
Minimum 0.0021836 Pa
Maximum 1.7774e7 Pa
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3. Safety Factor:

0.000 0.250 0,500 {m) ZAX
I 2 ..

0125 0375

Figure 7.8: Safety Factor

Result:

Range Safety Factor
Minimum 4.8497
Maximum 15
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4. Fatigue Life:

0.000 0250 0500 {rm) ZAX
I .00

0123 0.373

Figure 7.9: Fatigue Life

Result:
Range Life (cycles)
Minimum 1e6
Maximum 1e6
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7.3.2 Static Structural Analysis of Pedal:

0.000 003 0.070 {m) z/Ll ¥
I 0O

0.018 0.053

Figure 7.10: Pedal

Load:
Types Force
X-Component 0 N (ramped)
Y-Component -600 N(ramped)
Z-Component 0 N (ramped)
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1. Total Deformation:

4.8714e-5
4175%-5
3.4805e-5

2,0808e-5
1.3%42e-5
6.9871e-6

1.2622e-8 Min

0.8 0.053

Figure 7.11: Total Deformation

Result:
Range Total Deformation
Minimum 3.2622e-8 (m)
Maximum 6.2623e-5 (M)
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2. Equivalent Stress:

189886
1.6878:6
135676
1.0856e6
814565
5.435e5
2.724de5

1372.5Min

oma 0.3

Figure 7.12: Equivalent Stress

Result:
Range Equivalent Stress
Minimum 1372.5 Pa
Maximum 2.4409¢e6 Pa
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3. Safety Factor:

0.8 0.053

Figure 7.13: Safety Factor

Result:
Range Safety Factor
Minimum 15
Maximum 15
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4. Fatigue Life:

1e6 Min

0.8 0.053

Figure 7.14: Fatigue Life

Result:
Range Life (cycles)
Minimum 1e6
Maximum 1e6
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7.3.3 Static Structural Analysis of Saddle:

0.000 0.050 0,100 {m)
. ..
0.025 0.075

Figure 7.15: Saddle

Load:
Types Force
X-Component 0 N (ramped)
Y-Component -1200 N(ramped)
Z-Component 0 N (ramped)
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1. Total Deformation:

0.0771e-6
6.8070:-6
4,5386e-6
2.2683e-6
0 Min

0.000 0.050 0.100(m)
N

0.025 0.073

Figure 7.16: Total Deformation

Result:
Range Total Deformation
Minimum 0 (m)
Maximum 2.0424e-5 (m)
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2. Equivalent Stress:

1.6684=7

119177
9.5336e60
7.1502e6
4, 766826
2383426
50.812 Min

0.000 0.050 0.100 (m)
I

0.025 0.073

Figure 7.17: Equivalent Stress

Result:
Range Equivalent Stress
Minimum 50.812 Pa
Maximum 2.1451e7 Pa
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3. Safety Factor:

0.000 0.030 0100 rm)
I .

0.025 0.075

Figure 7.18: Safety Factor

Result:
Range Safety Factor
Minimum 4.0185
Maximum 15
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4. Fatigue Life:

0.000 0.050 0.100 (m)
I

0.025 0.073

Figure 7. 19: Fatigue Life

Result:
Range Life (cycles)
Minimum 1e6
Maximum 1e6
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7.3.4 Static Structural analysis for Detached Helix Blade with Clamp:

I
QA
0.000 0.200 0.400 {rm) "
e — aaa—

0.100 0.300

Figure 7. 20: Detached Helix Blade with Clamp

Load:
Types Force
X-Component 0 N (ramped)
Y-Component -50 N(ramped)
Z-Component 0 N (ramped)
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1. Total Deformation:

4.2351e-6
152936
28236
21176e-6
14H17e-6
7.0585-7
0 Min

7.—&
0.000 0.200 0400 (m) ¥
I a0

0.100 0300

Figure 7.21: Total Deformation

Result:
Range Total Deformation
Minimum 0 (m)
Maximum 6.3527e-6 (m)
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2. Equivalent Stress:

B.1656e 5 Max
725835
6,351e5
544375
4536425

3629223
272195
1.8146e5
o072
0 Min
ki
%—&
0.000 0.200 0400 (m) X
I .00
0.100 0.300
Figure 7.22: Equivalent Stress
Result:
Range Total Deformation
Minimum 0 Pa
Maximum 8.1656e5 Pa
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3. Safety Factor:

7’—&
0.000 0.200 0400 (m) X
I a0

0.100 0300

Figure 7.23: Safety Factor

Result:
Range Safety Factor
Minimum 15
Maximum 15
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4. Fatigue Life:

Z'_é.
0.000 0.200 0400 () bs
I a0

0.100 0,300

Figure 7.24: Fatigue Life

Result:
Range Life (cycles)
Minimum 1e6
Maximum 1e6

The ANSYSS analysis showed insignificant deformation, thus supporting our choice of materials.
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Chapter-8

Cost Analysis

8.1 Introduction

Cost is directly related to a product’s design because cost largely varies with the decisions related
to its design. Cost being an important factor has the vital role in the acquisition of a product for

the following cases:

e Apart from the technology and aesthetics, Cost becomes the main driving agent in this era
of competition.
e A customer has also some financial limitations that may shift the acquisition decision

toward affordability as an important factor.

In both cases, a successful product supplier must give more attention on the product cost. Design
to cost is a vital strategy of management. An approach to make the product affordable for the
customers is to set target cost as an independent design parameter which must be ensured during

the product development phases.
The cost analysis method consists of the following elements:

e Identification of the product's cost drivers and consideration of cost drivers in detailing
product specifications and emphasizing on cost reduction;

e Balancing customer requirements with affordability;

e Establishment and allocation of target costs down to a level of the components where cost
scan be effectively managed;

e Exploration of concept and design alternatives for the purpose of developing lower cost
design approaches;

e Active consideration of costs during development as an important design parameter
appropriately weighted with other decision parameters;

e Access to cost data to support this process and empower development team members;

e Consistency of accounting methods between cost systems and product cost models as well
as periodic validation of product cost models; and
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e Continuous improvement through process value engineering to improve product value in

the long run

In designing our “Super Handy Lawn Mower”, we have performed the required cost analysis from
the viewpoint of a mass production system. A break-even analysis & sensitivity analysis is also

done.

8.2 Demand Forecast

Forecasted Number of Products Per Year: 7,000 Pcs.

8.3 Manufacturing Costs

Manufacturing cost is the cost of production that is directly incurred during the production

process. It includes direct labor, direct material and manufacturing overhead costs.

8.3.1 Cost of Machineries:

1. Name: Lathe machine (Brand Name: WMT CNC Industrial Co., China)
Buying cost: 6, 00,000 Tk.

Effective working life: 22 years

Salvage value: 50,000 Tk.

Quantity: 1

2. Name: MIG welding setup (Brand Name: ESAB, United Kingdom)
Buying cost: 3, 00,000 Tk.

Effective working life: 20 years

Salvage value: 35,000 Tk.

Quantity: 2
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3. Arc welding machine (Chicago Electric Welding Systems 98233 240 Volt Inverter ARC/TIG
Welder with Digital Readout):

Buying Cost: 2, 00,000 TK
Effective working life: 10 years
Salvage value: 50,000 TK

Quantity: 1

4. Permanent Mold Casting Die
Buying Cost: BDT 1, 50,000
Effective working life: 10 years
Salvage value: BDT 20000
Quantity: 2

Total Cost of Machineries: 12, 50,000 Tk.

8.3.2 Cost of Raw Materials (per unit of product):

1. Stainless Steel Sheet (2 mm)
Required Quantity: 0.5 sq ft
Market price: 100 Tk/sq ft

Total Cost Per Product: 50 Tk.

2. Stainless Steel Rod (2 mm diameter)

Required Quantity: 0.1 kg
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Market price: 220 Tk/ kg

Total Cost Per Product: 22 Tk.

3. Mild Steel Sheet

Required Quantity: 0.75 sq ft
Market price: 56 Tk/ sq ft
Total Cost Per Product: 42 Tk.
4. Nylon Plastic

Required Quantity: 50 gm
Market price: 400 Tk/ kg

Total Cost Per Product: 20 Tk.

5. Epoxy Adhesive
Market price: 800 Tk/ container

Total Cost Per Product: 5 Tk.

6. Color
Required Quantity: 100 gm
Market price: 150 Tk/ kg

Total Cost Per Product: 15 Tk.

7. Lubricating Oil

Required Quantity: 5 ml
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Market price: 200 Tk/ liter

Total Cost Per Product: 1 Tk

Total Cost of Raw Materials Per Product: 155 Tk.

Total Cost of Raw Materials Per Year: 10, 85,000 Tk.

8.3.3 Cost of Labor:

1. Name of job: lathe machine operator
Number of workers: 1
Wage rate: 12000 Tk.

Total labor cost: 12000 Tk.

2. Name of job: MIG welder
Number of workers:1
Wage rate: 10000 Tk.

Total labor cost: 10000 Tk.

3. Name of job: Casting operator
Number of workers: 2
Wage rate: 10000 Tk.

Total labor cost: 20000 Tk.
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4. Name of job: Arc welder
Number of workers:1
Wage rate: 9000 Tk.

Total labor cost: 9000 Tk.

5. Name of job: Color operator
Number of workers: 1

Wage rate: 7000 Tk.

Total labor cost: 7000 Tk.

Total Cost of Labor Per Month: 58,000 Tk.

Total Cost of Labor Per Year: 6, 96,000 Tk.
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8.3.4 Purchasing Cost per Unit of Product:

Table 8.1: Purchasing cost per unit

Price Per Unit

Parts (Tk) Quantity Total Cost (Tk.)

Cycle Body 10000 1 10000

Joining Screws 5 20 100
Handlebar (Cycle) 500 2 1000

Handlebar (Push

Lawn Mower) 500 ° 1000
Helix Blade 3000 1 3000
Front Wheel 2000 2 4000

Bed-knife 550 1 550
Grass Collector 1000 1 1000

Nut/Bolt 10 15 150
Total Purchasing Cost Per Unit (Tk.) 21400

Since we are going to buy these parts in bundle offer, we can get a handsome amount of
discounts. After analyzing the current market, we estimated that about 30% discount will be

available.
So, total purchasing costs of outsourced parts (per unit product): BDT 21400x0.7 ~ 14980 BDT

Total purchasing costs of outsourced parts per year. BDT 14980x7000 = BDT 10,48, 60, 000
BDT
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8.3.5 Manufacturing Overhead Cost (per month):

Table 8.2: Manufacturing Overhead Costs

Salary/person
Cost Item No. of Post Total cost (BDT)
(BDT)
Production
1 40,000 40,000
Manager
Manufacturing
) 1 40,000 40,000
Engineer
Design Engineer 1 40,000 40,000
Supply Chain &
Quality Control 1 45,000 45,000
Manager
Power
) 15000
Consumption
Factory Rent 50000
Total Manufacturing Overhead per month 2,30,000

Factory insurance: 20,000 Tk./ year
Material handling cost: 15,000 Tk./year
Packaging Cost: 20,000 Tk./year

Yearly manufacturing overhead = BDT 32, 55,000

8.3.6 Total Manufacturing Cost:

Total Cost of Raw Materials Per Year: 10, 85,000 Tk.

Total Cost of Purchasing Per Year: 10, 48, 60, 000 Tk.
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Total Cost of Labor Per Year: 6, 96,000 Tk.
Total Manufacturing Overhead Cost Per Year: 32, 55,000 Tk.

Total Manufacturing Cost Per Year: 10, 98, 96, 000 Tk.

8.4 Non-manufacturing Costs

Non-manufacturing costs are the costs that are not directly related to manufacturing, but these are
needed to maintain the supply chain properly. Generally, these include selling and administrative

cost. Non-manufacturing costs are generally incurred at the later portion of the supply chain.
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8.4.1 Administrative Cost (per month):

Table 8.3: Administrative costs

Salary/person

Post No. of post Total Cost (BDT)
(BDT)
Chief Executive
] 1 80,000 80,000
Officer
HR Manager 1 35,000 35,000
Accountant 1 25,000 25,000
Secretary 1 15,000 15,000
Clerk 2 6000 12,000
Guard 1 5000 5,000
Office Rent 15,000
Power
) 2,000
Consumption
Water Bill 1,000
Total 1,90,000

Yearly administrative cost: BDT 1, 90,000x12 = BDT 22, 80,000
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8.4.2 Selling Expenses (per month):

Table 8.4: Selling Expenses

Salary/person

Cost Item No. of post Total Cost (BDT)
(BDT)
Marketing
) 2 30,000 60,000
Executive
Advertisement 20,000
Total 80,000

Yearly Selling Expenses: BDT 80,000x12 = BDT 9, 60,000

8.4.3 Total Non-manufacturing Cost:

Total Administrative Cost Per Year: 22, 80,000 Tk.

Total Selling Cost Per Year: 9, 60,000 Tk.

Total Selling and Administrative cost (or non-manufacturing cost): BDT 32, 40,000

8.5 Bank Loan & Interest

Total bank loan= 43, 00,000 Tk.
Interest rate, i= 14%

Repayment periods, n= 20 years

Amount to be paid to the bank annually, A= P (A/P, 14, 20)

=6, 50,400 Tk.
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8.6 Total Cost

Total Manufacturing Cost Per Year: 10, 98, 96, 000 Tk.
Total Non-manufacturing Cost Per Year: 32, 40,000 Tk.
Total Bank Loan Repayment Per Year: 6, 50,000 Tk.

Total Cost Per Year: 11, 37, 86, 000 Tk.

8.6.1 Break Even Analysis:

For the first year,
Fixed Cost:
Bank payment: BDT 6, 50,000
Machine Cost: BDT 12, 50,000
Factory Insurance: BDT 20,000
Manufacturing Overhead: BDT 32, 55,000
Selling and Administrative Costs: BDT 32, 40,000
Total amount of fixed costs: BDT 84, 15,000
Variable Cost:
Total raw material cost: BDT 10, 85,000
Total purchase cost of outsourced parts: BDT 10, 68, 60,500
Total labor cost: BDT 6, 96,000
Total variable cost: BDT 10, 86, 41,500
Variable cost per unit: BDT 10, 86, 41,500 + 7000 = BDT 15520
Selling Price: BDT 15520 + 40% of 15520 ~ BDT 21700

At break even,
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Selling price x break even unit (x) = Fixed cost + Variable cost
Or, 21700x = 8415000 + 15520x
Or, x = 1362 units

So, the break-even quantity (Qgep) for the first year is 1362 units.

Break Even Analysis

e Fixed Cost Variable Cost == Total Cost Revenue —@—BEP Approx.
45000000
40000000
35000000
(1362,2,95,55,400
& 30000000 .
=
@
z
* 25000000
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0
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Quantity

Figure 8.1: Break Even Analysis of Super Handy Lawn Mower

Here, we have only considered the first year where we had a major investment in machinery and
other accessories. That’s why the break-even is very large. But for the following years, there will
be a very small amount of fixed cost (comprising of only factory insurance, manufacturing
overhead, and non-manufacturing costs) compared to the first year. So, with the proper marketing
strategy and quality products, our company can hope for crossing the break-even point and gain

profit.
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8.7 Sensitivity Analysis

Sensitivity analysis gives an insight about how sensitive the break-even point is with respect to a
particular cost or revenue parameter. In this sensitivity analysis, a change of 8% is made for each
cost parameter separately and then break-even point is computed. This analysis will provide the

list of sensitive parameters.

8.7.1 Sensitivity of Demand:

At Break Even Point,
Selling price x Qggp = Total Fixed cost + (Variable cost X Qggp)
Or, 21700 x Qgep x 1.08 = 84, 15,000 + (15520 x Qgep X 1.08)
. Qpep = 1261
AQgep = ((1362 -1261)/ 1362) x100%
=7.42%

So, Demand is very sensitive. The break-even point changes almost proportionally with change in

demand. So, any change in demand will have a direct impact on the break-even quantity.

8.7.2 Sensitivity of Direct Material:

At Break Even Point,
Selling price x Qggp = Total Fixed cost+ (Variable cost X Qggp)
Or, 21700 x Qgep = 84, 15,000 + ((99.2+ ((10, 79, 45,500%1.08)/7,000)) X Qgep)
. Qpep = 1702
AQgep = ((1702 -1362)/ 1362) x100%
=24.96%
So, Direct Material is also very sensitive. The cost of direct material can significantly dominate

on the break-even quantity.
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8.7.3 Sensitivity of Direct Labor:

At Break Even Point,

Selling price x Qggp = Total Fixed cost+ (Variable cost X Qggp)

Or, 21700 x Qgep = 84, 15,000 + ((15420.6+ ((6, 96,000 x 1.08)/7,000)) % Qgep)
. Qpep = 1364

AQgep = ((1364 -1362)/ 1362) x100%
=0.15%

So, direct labor is not very sensitive. The break-even point changes about 0.15% with 8%
change in direct labor. This indicates that if somehow cost of direct labor goes up and other cost

parameters stay stable, then only 0.15% production is to be increased in order to attain break-even
point.

8.7.4 Sensitivity of Manufacturing Overhead:

At Break Even Point,

Selling price x Qgep = Total Fixed cost+ (Variable cost x Qggp)

Or, 21700 x Qgep = = ((51, 60,000+ (32, 55,000x 1.08)) + (15520 x Qgep)
.. Qpep =1404

AQgep = ((1404-1362)/ 1362) x100%
=3.08%

So, manufacturing overhead is not very sensitive. The percentage change in break-even point is
less than half of percentage change of Manufacturing Overhead.
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8.7.5 Sensitivity of Administrative Cost:

At Break Even Point,
Selling price x Qggp = Total Fixed cost+ (Variable cost X Qggp)
Or, 21700 x Qgep = ((61, 35,000+ (22, 80,000 x 1.08)) + (15520 x Qgep)
. Qpep = 1392
AQgep = ((1392 -1362)/ 1362) x100%
=2.20%
So, administrative cost is slightly sensitive but it does not influence the break-even quantity.

The percentage change in break-even point is almost quarter of percentage change of

administrative cost.

8.7.6 Sensitivity of Selling Cost:

At Break Even Point,

Selling price x Qgep = Total Fixed cost+ (Variable cost x Qggp)

Or, 21700 x Qgep = ((74, 55,000+ (9, 60,000 x 1.08)) + (15520 % Qgep)
. Qpep = 1374

AQgep = ((1374 -1362)/ 1362) x100%
=0.88%

So, selling cost is not sensitive at all. The break-even point changes about 0.88% with 8%
change in selling cost. This indicates that if somehow cost of selling goes up and other cost

parameters stay stable, then only 0.88% production is to be increased in order to attain break-even

point.
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The cost analysis shows that the system developed for the manufacturing of Super Handy Lawn
Mower is capable of producing units just over the break-even point. This means if any major
sources of cost include in any phase of value addition, the system may lag below the break-even
point. From the sensitivity analysis, it is shown that increasing any cost parameter doesn’t

significantly affect the break-even point. This is a measure of the process stability.

135



Conclusion

Super Handy Lawn Mower is a great tool to reduce the labor and hassle involved in mowing
lawns. It has the flexibility of operating as the both push and pedal powered mower. It is 4 to 5
times more efficient than the conventional one. Further mechanization of the product is possible

by using motors. Currently, no local company manufactures such a product in our country.

It has been a privilege for us to be a part of the course where we have learned to connect dots
between the customers and engineers. Also, this course taught us to utilize our theoretical
knowledge in practical life, analyze a market situation, and put our potential together to bring out

something useful for the welfare of humankind.
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Appendix

1. Appendix A: Mechanical Properties of Some Heat-Treated Steels

4 5 6 7 8
Tensile Yield
Temperature  Strength Sh'EIE.PII Elongation, Reduction  Brinell
Treatment °C ["F) MPa (kpsi) MPa (kpsi) % in Area, % Hardness
1030 Q&T* 205 (400 848 (123 648 (94) 17 47 495
Q&T* 315 (600 800 (116) 621 (90) 19 33 41
Q&T* 425 (8000 731 (106) 379 (B4) 23 ik 302
Q&T* 340 (1000 B68 (97) 317 (73) 28 %] 2535
Q&T* 650 (1200} 386 (B3) 441 i64) 32 70 2007
Normalized 025 (1700) 521 (75) 345 (50) 32 fil 149
Annealed 70 (1600) 430 162) 317 (46) 15 fd 137
{101 Q&T 205 (4000 779 (113) 593 (B&) 19 45 262
Q&T 425 (B0 758 (1100 552 (B 21 54 241
Q&T 650 (12000 634 (92) 434 (63) 29 63 192
Normalized Oy (1650 590 (B&) 374 (54) 28 55 170
Annealed 790 (14500 319 (75) 353 (31} 30 57 149
1050 Q&T* 205 (4000 1120 (163) BOT (117 9 7 514
Q&T* 425 (8000 1090 (158) 793 (115) 13 36 i
Q&T* 650 (12000 TIT (104) 338 (78) 28 %] 235
MNormalized OO0 (16300 T48 (108) 427 (62) 20 o 217
Annealed TO0 (14500 636 (92) 365 (33) 24 40 187
(i Q&T 425 (800 1080 (156) T65 (111 14 41 3l
Q&T F40 (10000 D65 (1407 669 (97) 17 45 2
Q&T 650 (12000 BOO (116) 324 (76) 23 34 229
Normalized OOy (16300 776 (112) 421 (al) 18 KY) 229
Annealed TO0 (14300 626 (91) 372 (54) 22 38 179
1045 Q&T 315 (600 1260 (183) 813 (118) 10 30 375
Q&T 425 (8000 1210 (17a) T2 (112) 12 32 363
Q&T 340 (1000 1090 (158) 676 (98) 15 K7 321
Q&T 650 (12007 806 (1307 352 (BO) 21 47 269
Nommalized OO0 (16300 1010 (147) 0 (73) 9 13 203
Annealed TO0 (14500 638 (93) 380 (33) 13 21 192
1141 Q&T 315 (600 1460 (212) 1280 (1846) 9 32 415
Q&T 340 (10000} 806 (1300 T63 (111 18 57 262
(continued)
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K 4 5 6 7 8
Tensile Yield

Temperature Strength  Sirength, Elongation, Reduction  Brinell
AlSI No. Treatment  °C('F)  MPa (kpsi) MPa (kpsi % in Area, % Hardness

4130 Q&T* 205 (400) 1630 (236) 1460 (212) 10 41 467
Q&T* 315 (600) 1500 217y 1380 (200) ) 4 435
Q&T* 425 (800) 1280 (186) 1190 (173) 13 4 380
Q&T* 540 (1000) 1030 {150) 910 (132) I7 51 313
Q&T* 630 (1200) 814 (118) 703 (102) 2 b4 N
Normalized 870 (1600) 670 (97) 436 (63) fal 59 197
Annealed 863 (1583) 60 (81) 361 (52) ph 56 156
140 Q&T 205 (400) [770°(257) 1640 (238) 8 3 510
Q&T 315 (600) 1350 (2"5] 1430 (208) 9 43 445
Q&T 425 (300) 1250 (181) 1140 (163) 13 49 370
Q&T 540 (1000) 031 (138) 83 (121) 8 3 285
Q&T 630 (1200) 158 (110) 655 (95) 2 63 20
Normalized 870 (1600) 1020 (148) 655 (93) 8 47 302
Annealed 815 (1500) 635 (93) 417 (61) 26 37 197
140 Q&T 315 (600) 1720 (250) 1590 (230) 10 40 486
Q&T 425 (300) 1470 (2|3J 1360 (198) 10 i 430
Q&T 540 (1000) 1170 (170) 1080 (136) 13 3l 360
Q&T 650 (1200) 963 (140) 855 (124) 19 60 280
*Water-quenched
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2. Appendix B: Results of Tensile Tests of Some Metals

Strength (Tenslle)
Yiald Utimate  Fracture,  Coafficlent Strain
S Su o, a0, Strength,  Fracture
Material ~ Condition  MPa (kps) MPa (kps) MPa (kpsl) MPa (kpsl) Exponentm Strain ¢
1018 Steel Annealed 220 (320) 341 493) 68 OL" 620 (900) 025 1.03
1144 Steel Annealed 358 (320) 646 (93.7) 898 (130) 992 (144) 0.14 049
1212 Steel HR 193 (280) 424 (6L) 729 (106) 158 (110) 0.4 085
1043 Steel Q&TE00°F 1520 (220) 1380 (2300 2380 (345) 1880 (273) 0041 081
4142 Steel Q&T600F 1720 (230) 1930 (210) 2340 (340) 1760 (253) 0.048 043
303 Stainless — Annealed U1 (350) 601 (873) 1520 (20 1410 (20) 031 .16
steel
J4 Stainless — Annealed 276 (40.0) S68(824) 1600 (3" 1270 (185) 045 167
steel
M Amiwm 6 95 U@ W@ o) 08 010
alloy
U Aluminm T4 29 (43.0) 446 (648) By 689 (100) 0.15 .18
alloy
073 Aluminm o M1 (786) 593 (86.0) T06 (102 882 (128) 0.13 .18
alloy
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3. Appendix C: Typical Properties of Gray Cast Iron

ASTM
Number

|
A
30
3
il
l
bl

Tensile
Strength

Sut kpsi
2
i
1l
363
415
313
b1

Compressive
Strangth

Sue ksl

8
Ui
109
4
140
I6d
[875

Shear
Modulus
of Rupture

S kpsl
i
b))
4
143
3
i
883

Modulus of
Elasticity, Mpsi
Tension!  Torslon
06-14 39-36
[15-48 46460
3164 526
43112 5849
|6-20 64-18
[88-28 7240
0435 1835

Endurance
Limit*
o ksl

Brinell
Hardness

Hs

i

26

0

Fatique
Stress-
Concentration
Factor
]
100
105
110
.15
(WA
135
150

*Polished or machined specimens.

“The modulus of elasticity o cat iron in compession corresponds closely t the uper value in (herange given for ension and is a more consant value than ha for tension.
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