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ABSTRACT

The project was applied from the observation on how Leaf Vacuum and
Shredder Machine were useful in Polytechnic Mukah. There are a lot of trees in
Polytechnic Mukah which causes the abundant of dried leaves that litters the ground.
One of the conventional method to get rid of the dried leaves in Polytechnic Mukah is
usually blow them by blower in one place then raking/swiping then and collect into
bags. However, this method takes time and requires major effort. To solve this
problem, there is where Leaf Vacuum and Shredder Machine is created. By
vacuuming the dried leaves using Leaf Vacuum and Shredder Machine, the work of
cleaning up dried leaves easy to implement. This machine also functional to shred the
dried leaves until they turns into small pieces of debris. The purpose of shredding the
dried leaves that had been vacuum is to reduce the storage of dried leaves. The scopes
for this machine are, this machine is for use in small-scare like around Polytechnic
Mukah area. The storage space can accommodate about 0.5 x 0.8m size of sack. This
machine is only for vacuum and shred the dried leaves and cannot be run in rainy day.
In literature review, the products that available in the market is compared to improve
the product capability. Methodology research is done to create a planning, selection,
flow chart as a guide for fabrication process and design of the machine. A test run is

done for data analysis.

vii
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ABSTRAK

Projek ini dibuat melalui pemerhatian di mana ‘Leaf’ Vacuum and Shredder
Machine™ ini amat berguna di Politeknik Mukah. Terdapat banyak pokok di Politeknik
Mukah yang menyebabkan banyak daun kering yang berguguran di tanah dan tepi
jalan. Anatara salah satu kaedah konvensional untuk membersihkan daun kering di
Politeknik Mukah ialah dengan membawanya ke satu tempat dengan mesin “blower”
dan menyapu lalu dikumpul ke dalam beg . Walau bagaimanapun, kaedah ini
mengambil masa yang panjang. Bagi menyelesaikan masalah ini, “Leaf Vacuum and
Shredder” telah dicipta. Dengan vakum daun kering menggunakan “Leaf Vacuum and
Shredder”, kerja membersihkan daun kering mudah dilakukan. Mesin tersebut juga
berfungsi untuk mengisar daun kering sehingga menjadi serpihan yang lebih halus.
Tujuan mengisar daun kering selepas divakum adalah untuk mengurangkan tempat
penyimpanan daun kering. Mesin ini boleh digunakan di tempat yang berskala kecil
sperti di Politeknik Mukah. Tempat penyimpanan dapat menampung kira-kira 0.5 x
0.8m saiz guni. Mesin ini hanya untuk vakum dan mengisar daun kering sahaja dan
tidak boleh digunakan semasa hari hujan. Dalam kajian literatur, produk yang
terdapat dalam pasaran sekarang ini telah dibandingkan bagi meningkatkan keupayaan
mesin yang hendak dicipta. Metodologi dilakukan bagi membuat perancangan,
pemilihan, carta aliran sebagai panduan untuk proses fabrikasi dan reka bentuk mesin.

Satu ujian telah dilakukan untuk analisis data.

viii
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CHAPTER 1

INTRODUCTION

1.1 ABSTRACT

Hardenability is an ability of a material to harden in specific depth by using heat
treatment until it form martensite on cooling process to achieve specific hardness.(Taufiq
Rokhman)

A machine named Fabrication of End Quench Machine was planned with the
concept of Jominy Test ( Van Black, 1991). This machine will combine the end quench
machine with a furnace above it. Jominy Test is the method used to measure the hardenability
of a metal. which is a measure of the capacity of steel to harden in depth. Furnace is a tool
used for heating the metal in high temperature.

Specimen use in this machine is a cylindrical shape metal with 100 mm long, Smm
diameter and the distance between water and the end of the specimen is 65mm following the
method of ASTM A225.. Then the specimen will transfer to the end quench machine beside

the furnace and will be cool with water,

1.2 RESEARCH BACKGROUND

Hardenability is ability of material to be hard until a specific depth by using
heat until martensite is form when doing cooling process to reach certain hardness.

One of the ways to test the hardenability is through Jominy test ( Jominy Test) ( Van

CamScanner
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Black, 1991), to study the hardenability of a metal. In Jominy test, the sample will be
heated at first on a specific temperature ( 900C ) and then will be cool by water which

will cool the bottom end of the specimen until all of the metal is cool down.

1.3 PROBLEM STATEMENT

The problem statement to our project is student lack of understanding on the nature of
the hardenability of metal. Besides, hardenability of a metal is an important aspect in
understanding the properties of materials. After that, the lecturer was not enough equipment to
carry out the teaching and process due to equipment constrains. Finally, to do the teaching
about hardenability both the lecturer and the student require a machine to test the

hardenability of materials.

1.4  OBJECTIVES

For our project, there are several things that we need to achieve while doing this
project.
1. Able to design the End Quench Machine.
2. To fabricate the End Quench Machine.
3. To study about the End Quench Machine.

1.5 SCOPE

There are a few scopes that we had set on this project.

CamScanner
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1. This model is use as teaching and learning tools for lecturer and student
2. Limited used by higher education institution that need teaching aids related to
hardenability tests.

3. Used by Material Science student during practical sessions.

1.6 CONCLUSION

By the end of the project, we are able to learn how a certain temperature and
instant cooling could change the hardness properties of a material. This project only
undergoes heating and cooling process which heating is done by our furnace and
cooled by our End Quench Machine. During the process in making the End Quench
Machine, we are able to come up with some ideas on the fabrication of our machine
which led us to our latest design. We are able to fabricate the machine design to make
the End Quench Machine much easier to access for the students to use inside the
laboratory. The reason on building this machine is for the student from Mechanical

Engineering Department to learn and used this machine in Material Science subject.
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CHAPTER 2

LITERATURE REVIEW

2.1 CHAPTER INTRODUCTION

Literature review is a research that is done about the result of past
experiment that was done by the past researchers before and also looking for
the information that will be used when doing this project. Literature reviews
also help us to know this project more. Besides that, it can help us to design
the project better by referring to the past review on the researchers. We are
also able to identify the problem that will be face when doing the project.

From the start, we had faces many problem and difficulties as we go
through the process of making our project. From what we observe, we have
identified some problems which are found as the past experiment that we have
studied about. Most of the problems came from the design of the project and
how we could make the furnace hot enough to make sure our project run
smooth. By referring to the last experiment, we have come up with some new
design and ways to ensure that the project that we will build is safe and easy
for the lecturer and student to do teaching and learning sessions without any
problem.

Literature reviews help us to solve problem that had already occur at
the past and make us prepare for any possibility problem that will come when
we build our project. It also helps us in designing the suitable design for us to
make our End Quench Machine to be able to operate inside the Material

Science laboratory.
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2.2 PAST RESEARCH

One of the past researchers, Taufiq Rokhman, states that a hardenability of a metal is
one of the main conditions when choosing material of a machine. Hardness of a metal can
be modified by using heat treatment. A hardenability is ability of a material to be harden
until is reaches a specific depth using heat treatment. This process will change the
mechanical properties of a material.

He also said that not all material can be hardens by using that process and to prove the
statement is by doing the hardenability test. One of the hardenability test is the Jominy
Test (Jominy Test) ( Van Black, 1991). In Jominy test, the specimen will be heated in
specific temperature and be cooled by using water which will cool the bottom end of the

specimen first. This cooling process will be carried out until the specimen is cold entirely.

2.3 END QUENCH MACHINE

The development of Induction Furnaces starts as far back as Michael Faraday, who
discovered the principle of electromagnetic induction. However it was not until the late
1870’s when De Ferranti, in Europe began experiments on Induction furnaces. In
1890,Edward Allen Colby patented an induction furnace for melting metals. The first practical
usage was in Gysinnge, Sweden,by Kjellin in 1900 and was similar to the Colby furnace with
the primary closest to the core. The first steel made in an induction furnace in the United
States was in 1907 in a Colby furnace near Philadelphia. The first induction furnace for three
—phase application was built in Germany in 1906 by Rochling-Rodenhauser. Original designs
were for single phase and even two phases were used on the three phase furnace.

The two basic designs of induction furnaces, the core type or channel furnace and the
coreless, are certainly not new to the industry. The channel furnace is useful for small
foundries with special requirements for large castings, especially if off-shift melting is
practiced. It is widely used for duplexing operations and installations where production

requirements demand a safe cushion of readily available molten metal. The coreless induction

5
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furnace is used when a quick melt of one alloy is desirable, or it is necessary to vary alloys
frequently. The coreless furnace may be completely emptied and restarted easily, makes it
perfect for one-shift operations. Induction furnaces have increased in capacity to where
modem high-power-density induction fumnaces are competing successfully with cupola
melting. There are fewer chemical reactions to manage in induction furnaces than in cupola
furnaces, making it easier to achieve melt composition. However, induction melting is more
sensitive to quality of charge materials when compared to cupola or electric arc furnace,
limiting the types of scrap that can be melted. The inherent induction stirring provides
excellent metal homogeneity. Induction melting produces a fraction of the fumes that result
from melting in an electric arc funace (heavy metal fumes and particulate emissions) or
cupola (wide range of undesirable gaseous and particulate emissions as a result of the less
restrictive charge materials).

A new generation of industrial induction melting furnaces has been developed during
the last 25 years. The development of flexible, constant power-tracking, medium-frequency
induction power supplies has resulted in the widespread use of the batch melting methods in
modern foundries. These power units incorporate heavyduty silicon-controlled rectifiers that
are able to generate both the frequency and the amperage needed for batch melting and are
able to achieve electrical efficiency levels exceeding 97%, a substantial improvement over the
85% efficiency typical of induction power supplies of the 1970s. The new designs allow
maximum utilization of fumace power throughout the melting cycle with good control of
stirring .Some of the largest commercial units are capable of melting at nearly 60 tons per
hour and small furnaces with very high power densities of 700 to 1,000 kWh/ton can now

melt a cold charge in 30 to 35 minutes.

2.4 FURNACE

The development of Induction Furnaces starts as far back as Michael Faraday, who
discovered the principle of electromagnetic induction. However it was not until the late
1870's when De Ferranti, in Europe began experiments on Induction furnaces. In
1890,Edward Allen Colby patented an induction furnace for melting metals. The first practical

usage was in Gysinnge, Sweden,by Kjellin in 1900 and was similar to the Colby furnace with

CamScanner


https://v3.camscanner.com/user/download

the primary closest to the core. The first steel made in an induction furnace in the United
States was in 1907 in a Colby furnace near Philadelphia. The first induction furnace for three
~phase application was built in Germany in 1906 by Rochling-Rodenhauser. Original designs
were for single phase and even two phases were used on the three phase furnace.

The two basic designs of induction furnaces, the core type or channel funace and the
coreless, are certainly not new to the industry. The channel furnace is useful for small
foundries with special requirements for large castings, especially if off-shift melting is
practiced. It is widely used for duplexing operations and installations where production
requirements demand a safe cushion of readily available molten metal. The coreless induction
furnace is used when a quick melt of one alloy is desirable, or it is necessary to vary alloys
frequently. The coreless furnace may be completely emptied and restarted easily, makes it

perfect for one-shift operations

2.5 CONCLUSION

At the end of this chapter, we are able to learn more about the hardenability of
a material by doing research on the topic. We are also able to identify the
weakness and the strength of the project when doing the literature review. Besides,
we are able to learn how to find information by doing literature review. It helps us
a lot in doing this project. Literature review can help us by reviewing the last
researches by other researcher which provide us information about the End
Quench Machine. They also inform us about how to do the test and which

temperature is suitable for this test.
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CHAPTER 3

METHODOLOGY

3.1 CHAPTER INTRODUCTION

This chapter explained about method or steps that will be used when doing this project.
There are a few aspect that were bring forward such as the methodology and progress of the
project including technique and ways to get the result from the experiment, suitable design,
project and specification.

By referring to the literature review before, we are able to prepare some steps and
suitable equipment that we need to make sure the building process is running smooth. We are

also able to avoid possibility error that can occur during the process.

3.2 DESIGN REVIEW

Design review is a plan act that shows how the research been done ( Sabitha, 2006). It
also used as guide for researchers for collecting, analysing and getting result process for the

research that had been done. Design review also becoming the model to help researchers to

find about the changes on the research. Review is made by accessing the intemet to find

information about the End Quench test machine.
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Design review is as shown in Figure 3.1

Review design is to identify the information that is needed to produce this experiment. For

example, material use to build the machine.

B . &
PR e i

Figure 3.2 : End Quench Machine

Jominy End _ “ E agpé?]tclion

Quench Design

! Quench
machine

Machine

Figure 3.3 : Design process of Fabrication of End Quench Machine.
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3.4 PROJECT TOOLS

Table 3.1 : Tools needed to use while working.

Tools

Function

Measuring tape

To measure work piece dimension.

To measure the inner and outer diameter

of pipe.

1

Safety Google

To protect eye when doing welding and

cutting work.

Hand Grinder

To grind and cut metal and pipe.

Spirit Level

To make sure the straightness of work

piece.

10
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Grinder Cutting Disk To cut metal and steel.

Metal Siccor To cut and shape aluminium plate.

To drill hole on work piece.

11
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3.4FUNCTION ANALYSIS

Function analysis is important to make sure that our machine work as we planned.

We can learn more about its function and could help us manage our machine

better to avoid any error or mistake while operating the machine.
Simple Hardenability Machine

Furnace
(S el ~ e e = ]
| Totreat | | To improve the |
| brittle | | hardenability of |
: metal I : the metal :
| 1 |
L A o) e e L |

N

Quenching

o BN ety |
| Tocool | | Toimprove |
| the metal { | the hardness |
| afterheat | : of the metal |
| treatment | :
pLEd LN ) [

FIGURE 3.4 : FUNCTION ANALYSIS
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3.5DESIGN CONSIDERATION

Design considerations are section where we started to come up with some designs which are

suitable with our machine and our surrounding.

TO TEST THE HARDENABILITY OF A METAL

PRODUCT DESIGN

Y

ERGONOMICS MATERIALS

i

MEDIUM SIZE TO MAKE SURE LIGHT MATERIAL WHICH CAN
THE WORK PLACE IS EASIER WORK UNDER HIGH
TO ACCESS TFMPFRATIIRE

FIGURE 3.5 : DESIGN CONSIDERATION

3.6PRODUCT SPECIFICATION

TABLE 3.2 : PRODUCT SPECIFICATION

Metric Value
Number of butanols tank needed 1 tank
Amount of wheels used 3 pairs
Number of person needed to operate 1 person
Amount of specimen that can be test per time | 1 piece only

13
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3.7 CONCLUSION

After going through this chapter, we are able to build our project smoothly with small
amount of problem. This chapter helps us to know more about our project from the aspect
of it function, the right way to operate the machine, the right tools to build our project, the
suitable size that we can design, and way to collect our data.

We also able to identify the right design which can reach the needs of ergonomics in
the laboratory and the safety of the lecturer and the student while operating the machine.
the safe and ergonomics in the laboratory are important for our project to avoid accident

when operating our machine.

14
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CHAPTER 4

DATA ANALYSIS

4.1 CHAPTER INTRODUCTION

Hardenability is the capacity of a material to be hardened by heat treatment
(quenching). Hardenability of steels can be measured using the end-quench test. The end-
quench test testifies the incidence of the composition of the alloy and heat treatment
i procedures for manufacturing purposes. We will test the machine in the Metallurgy
Laboratory in order for us to obtain the result from heating and cooling the specimen.

After we go through both of the process, we will proceed the experiment by testing the
| hardness of the specimen using the Rockwell C Hardness test machine,

4.2 EXPERIMENT

Experiment need to carry out in order for us to study about the hardenability of a metal in
the Metallurgy Laboratory. By doing this experiment, we can find out the difference in

hardness at different position on the specimen.

15
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4.2.1 EXPERIMENT PLAN

4140 steel was used and heated to 850°C, 900°C and 950°C. At 900°C and 950°C the
heat times are as follows a half hour, two hours, and four hours, At 850°C two bars the heat times
are a half hour, and four hours. Through the heating and quenching process the desired result is to
see a change in hardness data but the expectation is to see higher Rockwell C numbers towards
the quenched end of each jominy bar and lower values towards the other end There should also
be a difference of rate of chance of the hardness values in the bars heated to 850°C and the bars
heated to 950°C. The austenitic grain size should be smaller for the 850°C bars and larger in the
950°C bars.

4.2.2 PROCEDURE
1. Prepare a specimen solid bar following the ASTM E112 standard.

Heat the furnace for 30 minutes.

Insert the specimen.
Close the furnace and let it heat for 1 hour.

After 1 hour, check the specimen and to see if it has turn red or orange in colour.

oS L e W

Once the specimen has turmed red or orange in colour, remove the specimen from the

furnace and transfer it into the End Quench Machine.

7. Open the water pipe until the water reach the distance needed.

8. Wait until the specimen is fully cool to room temperature.

9. After the specimen is fully cool, test the hardness of the specimen in the Rockwell
Hardness Test Machine.

10. Obtain the result from the machine.

16
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4.3 DATA AND ANALYSIS

TABLE 4.1 . DATA AND ANALYSIS

POSITION SIDE 1 SIDE 2 AVERAGE
15875 58 58 57

79375 68 57 625 N
4.7625 52 52 52

635 54 52 53

79375 55 52 535

9.525 62 52 57

11.1125 68 52 60

127 63 52 575
142875 62 49 555

15875 61 56 58.5
174625 57 56 56.5

19.05 54 55 54.5
206375 48 48 48

564.515 49 57 53

17
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FIGURE 4.1 : ROCKWELL C HARDESS DATA GRAPH

4.4 CONCLUSION

At the end of the chapter, we are able to obtain the data that we needed to prove the
hardenability of a material. Each point have different amount of hardness as we get from the
test. It is because of the cooling rate when the specimen is cooled by using the water. What
we can conclude here is, the faster the cooling rate, the harder the properties of the material.

18
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CHAPTER 5

CONCLUSION

5.1 CHAPTER INTRODUCTION

In this chapter the conclusions derived from the findings of this study on the hardenability
test machine are described. The conclusions are based from the purpose, research, designing,
fabrication and data analysis of this study. The implications of these findings and
recommendation will also be explained. Recommendations were based on the conclusions and

purpose of the study.

5.2 DISCUSSION

Hardenability is a measure of the capacity of a steel to be hardened in depth when
quenched from its austenitizing temperature. Hardenability of a steel should not be confused with
the hardness of a steel. The Hardness of a steel refers to its ability to resist deformation when a
load is applied, whereas hardenability refers to its ability to be hardened to a particular depth
under a particular set of conditions. Information gained from this test is necessary in selecting the
proper combination of alloy steel and heat treatment to minimize thermal stresses and distortion

when manufacturing components of various sizes.
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First, a sample specimen cylinder either 100mm n length and 25mm n diameter, or
altematively, 102mm by 25 4mm is obtained Second, the steel sample 15 normalized to elimnate
differences in microstructure due to previous forging, and then it 15 austenitised This 13 usually at
a temperature of 800 to 900°C. Next, the specimen is rapidly transferred to the test machine,
where 1t 1s held vertically and sprayed with a controlled flow of water onto one end of the sample
This cools the specimen from one end, simulating the effect of quenching a larger steel
component 1n water. Because the cooling rate decreases as one moves further from the quenched
end, you can measure the effects of a wide range of cooling rates from vary rapid at the quenched
end to air cooled at the far end.

Next, the specimen is ground flat along its length to a depth of .38mm (15 thousandths of
an inch) to remove decarburized material. The hardness is measured at intervals along its length
beginning at the quenched end. For alloyed steels an interval of 1.5mm is commonly used where
as with carbon steels an interval of .75mm is typically employed. And finally the Rockwell or
Vickers hardness values are plotted versus distance from the quenched end
The test data illustrates the effect of alloying and microstructure on the hardenability of steels
Commonly used elements that affect the hardenability of steel are carbon, boron, Chromium,
Manganese, Molybdenum, Silicon, and Nickel.

Carbon is primarily a hardening agent in steel, although to a small degree it also increases
hardenability by slowing the formation of pearlite and ferrite. But this affect is too small to be
used as a control factor for hardenability.

Boron can be an effective alloy for improving hardenability at levels as low as .0005%.
Boron is most effective in steels of 0.25% Carbon or less. Boron combines readily with both
Nitrogen and Oxygen and in so doing its effect on hardenability is sacrificed. Therefore Boron
must remain in solution in order to be affective. Aluminum and Titanium are commonly added as
"gettering" agents to react with the Oxygen and Nitrogen in preference to the Boron.

Slowing the phase transformation of austenite to ferrite and pearlite increases the
hardenability of steels. Chromium, Molybdenum, Manganese, Silicon, Nickel and Vanadium all
effect the hardenability of steels in this manner. Chromium, Molybdenum and Manganese being

used most often.
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5.3 RECOMMENDATION

For heat treatment, hardenability is a very useful and important property of steel It
determines the rate at which the given steel should be quenched. This also tells about the
maximum hardness that can be achieved on the surface of steel of larger cross section bars,
subjected to drastic quenching. A steel of high hardenability will show a uniform, high hardness
along the whole length of the bar. This is because the cooling rate, even at the far end of the bar,
is greater than the CCR; and the whole bar transforms to martensite. A steel of medium
hardenability gives quite different results. Steels with high hardenability are needed for large high
strength components, such as large extruder screws for injection moulding of polymers, pistons
for rock breakers, mine shaft supports, aircraft undercarriages. High hardenability allows slower
quenches to be used (e.g. oil quench), which reduces the distortion and residual stress from
thermal gradients. Steels with low hardenability may be used for smaller components, such as
chisels and shears, or for surface hardened components such as gears. High hardness occurs where

high volume fractions of martensite develop. Lower hardness indicates transformation to bainite

or ferrite/pearlite microstructures.

5.4 CONCLUSION

In this study we have review the important of end quench machine in metallurgy and
change in hardenability of different steels due to change in alloying elements in steels using the
end quench machine. The data obtained from the test can be used to determine whether particular

steel can be sufficiently hardened in different quenching media for the section diameter.
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APPENDIX

Appendix 1 : Past Review

Figure | and 2 shows the past review on End Quench Machine.

Kevwords apng aluminum alioyw, best veatmaent. Jonsiny
qenching

1. Literature Review

In thiz section. a bmef review of the nvulable Litersturs on
mmlofthlﬂnmveldqmnchmﬂbedumbedm
previows use of the k end h text for nonferrous
,um-mdbodamaimdh'pulﬁ:m-uhhkmmy
end quench tezt for alumumm alloys will be shown.

2. Jominy End Quench

In the ongmal clasac work by Jomuny and Boegehold ™!
they dezaribed 2 cylmdneal specimen 100 mm long by 25 mm
m dazmeter The specimen was austemitized and then removed
from the furnace and placed m a fixtwe. where the speamen
waz exposed at ore end to a specifisd verncal syeam of watsr
The rexu!tng coolng 15 one dimen=onal and 12 wranant oo
the compozinion of the steel But the resnlting hardesability
of the steel. a3 measured by hardness, 1= dependent cn the
compoziton and gramn z1ze of the steel The simple dezign of
the specumen. aznd the relatve eace of the test procedure, has
made this test the preferred method to mea-ure the hardenabihity
of steel. The populanty and vepeatabihity of the test has re-ulted
1n the test procedure bemg adopted m ASTM.P! SAE ¥ and
othar agencies’ test mathods, A schemanc of the method 1o
shownm Fig L

Jormumy'!) 2lso0 dezenbed a text zpectmen wath a shehtly
dafferext configuration that was desizned for shallow hardeniny
steels. It provided for much faster coolmg rates. This specimen
waz called the “type L specmmer” and had a comeal sechon
removed from the quenched end to a depth of approxunately
25 mm The quenchmg conditions were charnzed shightly. requer-
inz 3 free mmmpeded water nse of 100 mm. Becanse of difSicult-
103 m machmme azd the senmmmaty to zmll dunenzomal

J.W. Newlirk snd D S. MacKeane, Unverury of Missoun - Rolla
Rolla MO 63439

change:, thi; geomeny war oever adoptad 25 3 stamdard tent
methed

Heazar" descnbed precaunons that should be takez
achieve 2 | HRC preciiion when conducting the %ot Thews
unprovements wnclude makmg wure that the mackinad flats oo
the specimen are puallel and that the operator enor mdnced
dunng hardne:: testing 15 reduced by the use of emetomanc
hardne-: mackmes kuﬂmmrmyhmhh—pon—
men 2 1z 3 fixhme that and frmly
hold:hmhn'foud{hah\/du'hh"rr
provided much bettes repeatadiiaty Brown/*! alis foumd that
Vicker: bardnes: mea-wement: provided omuck befter repeat-
abality and allowed for more data to be taken bacace the
indentation: could be spaced mach clozer together. mpronizg
the 2znal-to-notse rano. 1t was fouzd that the precon of the
text was also mmproved by the we of 2 calibrated poustiomzz
device that held the »pecimen frmly m place Oxe of the advan-
tage: cited for the uze of Vickers bardness 1o that the meanwre-
memkmmm&dhnmwgm
azan ot by phanz an addinenal 1 de the daz-
puted readmgz He found that the repeatability of the tandasd
Rockwell-type test was typcally 2 HRC. Usmg 2 15 kg load.
he found that the vanabristy of the bardness measwred by Vickers
was roaghly half that of the Rockwell tact. Iz iz comcludez
comments, he wnéicated that accurately determuned harderabid-
ity cuves often <how that the test introduces the scaster rather
thin does the steel

The zature of the hardnezs diztnbunon at speafic distances
m the Jommy exd quench test was mmemngated by Shedh ™
Tiee different zreel: were exarmred, utth the mtert of under-
stnding the scarer that occurs whan testnz Probabiliry plo=
waze created from the Exrdness dam on the three sreals a=d
interpreted. Ir was desermmed that the hardmszs scsfter at each
locahon an the Jomny end quench 1= normally distnbuted 2=d
herefore would be bounded by a 3-z1gma around the mem
The expected probalibity dizmibution can be used to predact
and estabhch upper and lower cortrol lmurs for heat treatment.

Kua and Leng™ " meacured cooling rates = 2 fimener of
austenitzIng temperature, quenchant temperature. ComposIRon.
and plate thickness. They desonbed hupher quench rates at the
quenched end of the test bar than that of Jommy This 1z prodably
due to the age of the m-trumernanon. Several coolmz carves

Figure 1
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are provided. Plates from 12.5 10 100 o tinck wese examined.
The seventy of quench using Grossman queach factors was
estmsted for water and il and correlated to plate thickness
for the Jommy end quench tect condinens. It was deterpumad
that the hardness withm e Cross section of a plaze closely
Fppeoximates that mesured by the Yominy end queach st at
aquvalent cooling ratss. This is appheabls rezardless of the
quenchant or thickness of the plate, smee i3 & fimerom of
coollnz mre.

3. Jominy End Quench of Nonferrous Alloys

There bas been scme pubtlished work on the use of the
Jornixy end queach tast for nonferroas alloys. Toda!™ measired
the eniacal cooling rares for Cu-Cr Cu-Be, and Cu-CoSi mamz
the Jonuimy end quench method The cooling raras of these tests
were determuned usimz a pen-recordme oscilloscope. It was
determinad that the aincal coolme mte for te alloys mvest-
gated was the cooling rate that cansed a decrease in propaties.
It was defined a5 the coolinz rste necessary to obtam a supenat-
maed solid sohution st room tempesstre Both as-quenched
znd agad hardnesses were taken In a stady sponscrad by Rolls

rae for specific spplications He showed whemancally how
the microsemc fye of vanow ttweam alloys varied s & Smenes
of coolmg rare

A. Jominy End Quench—Aluminum Alloys

There hos been himirad published work ca the me of the
Jornny end quench st for aberimm alloys. Lering er alf'“!
suthorad tha first publisbed paper on the tse of e Joumay end
mmh;mmmnwuwn-
e Jomiry specimen The coslng curres st vamiows distances
1D 0 25 mm were messured Different types of afunzomm
(145, 245, 615, R-301, mmd 755) wers test=d. Hardoesses were
measured at 3 mn intervals using the Rockwell B. F 2zd
Vickers (5 kg) scales. Further. 3t was seen that higher quench
rates yielded dacreasing hardoess in the ss-quenched condinen
Low cooling rates produced relzzively small chmgzes @ the
bardoess. Only 755T extubited 3 senssussty to quexch ras
afte azme

In the work by ‘Gart er of.* the Jorzizy end quench test
was appled to exruded tods of 2024 md 7075. The bars were
ozed to tha 2024-T4. 2024-T6, and 7075-T73 conditions. The
Jonuny bers were evalmred by cumsmission elecron micros-
copy (TEM) xd comrosion tastns to examme the relanonshp
between quanch rats, corrosion propemmas, and muCosTXTTE.
Te coclmg rate of Jormmy specimens fabricazed from 2024
aad 7075 were mexawzed Vickers hardnesses were taken @ 5
rem imrervals. It was found thar 7075 was stongly quesch
sepsrive and that herdnecs mcreoses were only found m cthe
£rst 60 mm of tae bax It was fomd thar the queach mat2 znd
tempering operabon influenced the widths of the precpite
free zome (PFZ). With oply two dam potnts. it was shown tar
faster cooling raves made for thimmer PFZ.

The suthors also evalumazed 7010 and PM 7001 ahunzmum
alloys heat treated to the T6 =md T73 tengpers! 4 Comoston
propertes and microstucture were deterzined as 8 fimcnon of
cooling rate. Ik was found thae 7010 wms quze quench-msensi-
tive corpared to 7075 |t was found that tha alloys were msensy-
gve w SOC and EXCO. No effect relared to quanch rat2 was
found B was also observed that the PFZs m 7091 and 7075
were more dependent on quench rate than that of 7010.

Usmz = sppamatns smmilsr to 3 Jomuny end quanch
Hecker''® evainsted azing cycles as a funcnon of ome for
AlMe-Si alloy It was shown that silicoa has a marked effet
on the age hardening of Al-Za-Me-Cu alurinnm aflgys.

Alternztive methods of end quencieng, stenlar m prmcps!
to the Jorzny end quanch ks been med Boemasi'™l dater-
mined the ame-temperature-property dueram of m Al-Za-Mz
ailoy. This was acconplithad uemz 3 recrangnlar specimen 15
% 140 % 300 mm with the 15 < 140 o £ace of the specrmen
eposed o the quenchant steam This ensbles the specmen
1 be expozed to onedmensicas] heat wemsfer m the some
fashion a5 the Jomsay ond quench tect. Tensile specimens were
laid out perpendiculay to the axis of the gquench mediom znd
emblad to be taken 35 2 fenon of coolnz rate Gurmez quanch.
Artar ¢ ! used an apparsios sivyiler 1o Bomas to davelop

Figure 2
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Appendix 2 : Furnace building process
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Figure 3

Figure 4
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appendix 3 : Final design of product.

Figure 1 shows final design of product.
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Appendix 4 : Gantt Chart
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