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ABSTRACT

This study is to understanding the corrosion bedravi deformed automobile parts,
the effect on the mechanical properties and algx#mine the microstructure changes due
to corrosion. The methodology for this study sthrédth preparing the sample which is
deformed and undeformed steel for the immersiatingg&xperiment and finished with the
microstructure observation using optical microscdpesult is where all the data collected
are analyzed and discussed with detailed explamatiastly, it covers the conclusion for
the study. The study is hopefully will help autorelmanufacturer in producing a better
product for the automobile industry.
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ABSTRAK

Kajian ini adalah bertujuan untuk memahami periulgkengaratan sesebuah
bahagian automobil, kesannya terhadap sifat-sifsitamkal dan juga untuk menyelidik
perubahan struktur mikro disebabkan oleh pengardfaedah-kaedah untuk kajian ini
bermula dengan penyedian sampel iaitu sampel yatagdan yang mempunyai bentuk
untuk eksperimen rendaman dan disudahi dengan peatien mikro struktur
menggunakan mikroskop ilusi. Data-data yang dikungpanalisi dan dibincang dengan
huraian-hurainan yang jelas dan diletakan di bgukesan. Yang terakhir ialah konklusi
untuk kajian ini. Kajian ini diharapkan akan memtoapengilang-pengilang menghasilkan
produk yang lebih baik untuk kegunaan industri endbil.
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CHAPTER 1

INTRODUCTION

11 INTRODUCTION

Corrosion is degradation of materials’ propertiege do interactions with their
environments, and corrosion of most metals (and ynaaterials for that matter) is
inevitable. The corrosion behavior of car body lsteeservice has been studied over many
decades. Coating seems to be a good resolutionweutshould know that in car
manufacturing, the deformation process during cadybstamping also have a great
contribution for development of corrosion on cartpaDue to that, galvannealed steel has
been developed and has been used to reduce tle efffeorrosion. They perform good
formability and high strength at the same time galtvannnealed steel is not suitable or

practical to be used at all parts due to cost aodgsties some part required.

It is essential to do more study in corrosion b@raand performance of the
material in order to evaluate and improve the desigst effectiveness and reliability of
each material used. Study on the corrosion beha¥ideformed steel for automobile parts
in various environments shall be discussed furithénis thesis.



1.2 PROJECT OBJECTIVE

There are three main objectives that have to breeaeth in this research.

1. To study the corrosion behavior of deformed andeforned steel of a car steel
sheet body

2. To determine the corrosion effect on mechanicaperies of car steel sheet
body.

3. To examine the microstructure changes which oatuesto deformation and

corrosion.

1.3 PROJECT SCOPES

There are three main scopes in this research.

1. To perform corrosion immersion testing.
2. To perform Rockwell Hardness testing.

3. To observe the microstructure changes using opti@oscope.

1.4 PROBLEM STATEMENT

In automobile industry, deformations of a stdetet due to the applying external
forces change the shape of metal and also altearthagement of the atom. These changes
more or less may affect the properties of by imprguihe strength of the part and at the
same time may develop more reactive region fordbeosion to occur. Generally, the
deformed parts will show more corrosion damage @regb to the flat part. It is also said
that it tends to corrode rapidly as reported in ynurnals. Usually coating the part with
paint may retain the part from corrosion for a pérof time. However there is still a
tendency for the corrosion to develop underneaghpéint due to a lot of causes such as

strain, residual stress or microstructure altenatioring the stamping process and others.



Therefore, it is essential to understanding theroston behavior of deformed
automobile parts to avoid producing a low qualitpquct due to short life cycle than

specification. Proper study on this matter is higicessary.

1.5 THESIS ORGANIZATION

This thesis consists of five chapters raging fatrapter 1 to chapter 5. Chapter 1
gives an overview of the study conducted. It afstudes objective, scope of the project
and problem statement. Chapter 2 reviews the pusviesearch works that was conducted
by other people. All the relevant material incluglbechnical paper, journals, and books
taken from those researches will be discussedsrctiapter. Chapter 3 is the methodology.
This chapter is about the method used and the ggegf the project. It will discuss about
the experiment conducted and flow in details of tieisearch. Results of the experiment
conducted and discussion of it will be discussechiapter 4. Chapter 5 which is the last

chapter concludes the entire thesis.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION

This chapter consists of an overview about carl stbeet which is used in
automotive industry to manufactured car part andybpanels. The following includes a
brief explanation about properties of sheet megdiew about it and concept of steel sheet
used in automotive industry. The information and taview are taken from the journals,
books, and information from websites.

2.2  STEEL SHEET

The thickness of a steel sheet raging from 0.8tmfh5 mm is the most frequently
used in vehicle body construction. Obtainable iaes$ or rolls, this material has specific
gravity of 7.8. The steel normally used is the loavbon steel with average carbon content
0.8% and it is, therefore, a good welding materidie permitted phosphorus (P) and
sulphur (S) contaminations are, respectively 0.G34% 0.045%. In recent years, copper
(Cu) or nickel (Ni) and chromium (Cr) are often addto improve the anti-corrosive
properties of the sheet metal. All steels sheetsr dfot rolling go through a pickling
process which removes the iron oxides or scale ftmnsurface since this scale is a poor
electric conductor which would prevent spot weldiAdter pickling, the sheets are cold
rolled. The number of passes determines an impogizadity of the sheets, the smoothness
of the surface. Apart from purely metallurgical smrerations, for instance, the sheets used

for deep pressings are made from certain parthefirigots. The formability of a sheet



depends upon its surface, and even small seamgfacs irregularities cause cracking of
the drawn material. Therefore, the sheets usedidep pressing are kept for as long as
possible in packing paper and later transferredht press very carefully. The basic
deviations or grades of sheet steel are shown lneTa1 (where Rr is tensile strength, Qr
is shear strength and A10 is elongation and tha&imébility measured according to
Erichsen in Table 2.2. A common workshop trial fioe formability of the sheet metal is
the bend test. After bending around 180 degreesdh®le of the sheet should not show
any cracks, tears or separation (J. Pawlowski antidbury 1969).

Table 2.1 Thin Steel Sheet

Description Rr (kg/mm?) Qr (kg/mm?) A10 (%)

Very deep pressing 28-40 19 28-29

Deep pressing 28-42 20 27-28

Pressing 28-42 20 25-26
Shallow pressing not given

Source: J. Pawlowski and Guy Tidbury (1969)

Table 2.2 Sheet Steel durability according to Erichsen

Type Thickness (mm)

0.80 0.90 1.00 1.25 1.50
IB(B9) 10 10.3 105 11.1 115
NG @B7) 95 99 101 10.7 11.2
mT@d5 93 96 99 105 11
nmP@B3) 78 82 86 869 9.2

Source: J. Pawlowski and Guy Tidbury (1969)



2.2.1 Steel Sheet Used in Automobile Industry

Excellent press formability and weldability durimgsembling, fatigue resistance,
corrosion resistance as complete vehicle, crasimmas$s when involved in collision and
other strength as component are some of the typexrglired characteristic of ferrous
material used for outer body. Although these chargstics are required of the steel sheets
themselves, many of the characteristics also nedzktevaluated for the assembled auto
body as a whole. Ferrous materials are generallysidered to be general-purpose
materials, but the required characteristics agtuddipend on the positions where they are
used, and ferrous materials of different thicknesgngth, and formability are used with or
without galvanizing. Accordingly, almost no idemticmaterials are used at different
positions (K. Sakata, S. Matsuka and K. Sato 2003).

In addition to the essential functions of transgibon and comfort, high fuel
efficiency and emission control from the viewpoiritglobal environmental protection and
safety and durability as people-friendly featuremveh nowadays become necessary.
Automobile weight reduction, improvement of crashivmess and extended life of body
parts are considered as the main approaches tevawhithese goals. Respond to those
needs in the automotive industry, steel manufardunave been paying great efforts in

developing suitable steel products for each autvaqiart.

2.2.2 Hot Rolled and Cold Rolled Steel

At first steel are classified as hot rolled antdaolled. The thickness of hot rolled
steel usually greater than 1.83 mm for unexposddeel Cold rolled steel was initially hot
rolled steel at 4.0 mm and then cooled down ta@®or less.

Hot rolled steel are used in making chassis amgtoody component that are about
25% of the total weight of the car. For some congmbncrashworthiness is requir&ince

relatively thick sheets are used for these compsneonsiderable weight reductions are



expected. Safety is a major concern for the chasgh durability and reliability are
required as well as good press formability to tloeimplicated shapes. The application of
hot rolled high-strength steel sheets to the chassnponents, which leads to considerable
weight reduction, is expected to expand rapidlythe coming years. It is, therefore,
demanded to be developed as hot rolled high-stnesgtel sheets with good press
formability and fatigue strengiM. Takahashi 2002).

Cold rolled sheet steels are available in seveuaface finishes that is, surface
smoothness or luster. Matte finish is a dull finighthout luster. Commercial bright is a
relatively bright finish having a surface texturgermediate between that of matte and
luster finish. Luster finish is a smooth, brightih. Normally these finishes are furnished

to specified surface roughness values (Automotteel®esign Manual 2002).

An increased demand of formability and uniformity steel properties from the
automotive industry has led the Society of Autom®tEngineers to classify the properties,
formable steels into property classifications. Belre types of properties of steel available
for automotive industry. One should have a totallaratanding of each material listed

before choosing it for particular automobile papplication.

2.3 MECHANICAL PROPERTIES

Topics such as elastic properties of materialactiire toughness, fatigue crack
propagation, plastic yielding at room temperatateglevated temperatures, creep, viscous
flow etc. all belong to the concept of “Mechani€abperties”. Furthermore, several metal
families are involved, of which the main ones drese based on steel, on aluminum, on
copper, on titanium and on magnesium. The numbeesdarchers working in all these
fields, and the number of industries involved istvdn this sub chapter, focus will be
mainly on metals and on plastic properties at rdemperature, including strength and
ductility. Even then the variety of activities, Wseand potentialities is great. The present
discussion is written with an eye to the futured avill therefore take the future needs of

society as its starting point, rather than the gmestate.



2.3.1 High Strength Steels

High Strength sheet steels cover a broad speabfusteels designed and used for
higher yield and tensile strength applications thas low carbon formable steels. Many
different high strength steels have been develdpethe various steel producers and are

available in hot rolled, cold rolled, and coateddrcts.

2.3.2 Material Characteristics of High Strength Stels

Flat rolled steels are versatile materials. Theyige strength and stiffness with
favorable mass to cost ratios and they allow higged fabrication. In addition, they
exhibit excellent corrosion resistance when coategh-energy absorption capacity, good
fatigue properties, high work hardening rates, @giapability, and excellent paint ability,
all of which are required by automotive applicaiorThese characteristics, plus the
availability of high strength steels in a wide edyi of sizes, strength levels, chemical
compositions, surface finishes, and various organgtinorganic coatings have made sheet
steel the material of choice for the automotiveustdy. Sheet steels have been reclassified
in recent years by the Society of Automotive Engmse(SAE), both the formable low
carbon grades (SAE J2329) and the higher strenggdeg (SAE J2340). There are
differing opinions as to what determines a higersiith steel and at what strength level the

classification begins.

The SAE specifies low carbon formable materialsemghthe formability is the
prime consideration in making a part, whereas ghtitrength steels the yield and tensile
strength level is the prime consideration. Higheergth steels are desirable for dent
resistance, increased load carrying capability,rawed crash energy management or for
mass reduction through a reduction in sheet méiakriess or gauge. An increase in
strength generally leads to reduced ductility emfability. Care must be taken in designing
parts, tooling, and fabrication processes to obthin greatest benefit from the higher

strength sheet steels. Strength in these steatshisved through chemical composition, or



alloying, and special processing. Special procegssincludes mechanical rolling
techniques, temperature control in hot rolling, atnthe/temperature control in the
annealing of cold reduced steel. Table 2.3 showsstyof high strength steel and grades

available.

Table 2.3 Types of High Strength Steels and grades availatd shown

Steel description SAE Available Strengths Yield or Tensile
Grade MPa
Dent Resistant Non Bake A 180, 210, 250, 288 (YS)
Hardenable
Dent Resistant Bake Hardenable B 180, 210, 250, 280 (YS)
High Strength Solution S 300, 340 (YS)
Strengthened
High Strength Low Alloy X&Y 300, 340, 380, 420, 490, 550 (YS)
High Strength Recovery Anneale R 490, 550, 700, 830 (YS)
Ultra High Strength Dual Phase DN & DL 500, 600, 700, 800, 950, 1000 U(TS)
Ultra High Strength Low Carbon M 600, 700, 800, 1000 U(TS)
Martensite
Transformation-Induced Plasticitt NONE 800, 900, 1000, 1100, 1200, 1300, 1400,
(TRIP) 1500 U(TS)

Source: High strength steel stamping design ma(20&i8)

2.3.3 Dent Resistant Bake Hardenable and Non-Bakearbdable Sheet Steels

There are two types of dent resistant steels, bake-hardenable and bake
hardenable. SAE has classified them as Type A ape B, both of which are available in
grades with minimum vyield strengths of 180 MPa. Desistant steels are cold reduced
low carbon (0.01-0.08%), typically deoxidized armhtinuous cast steel made by basic

oxygen, electric furnace, or other processes tmatycte a material that satisfies the



10

requirements for the specific grade. The chemigainmosition must be capable of
achieving the desired mechanical and formabilitgperties for the specified grade and
type. For grades 180 and 210, using an intersfitesd (IF) base metal having a carbon
content less than 0.01%, an effective boron addittd <0.001% may be required to
minimize secondary work embrittlement (SWE) and cantrol grain growth during

welding.

2.3.3.1 Dent Resistant Type A

Steel is a non bake-hardenable dent resistaritastereving the final strength in the
part through a combination of initial yield strengind the work hardening imparted during
forming. Solid solution strengthening elements sashphosphorus, manganese and/or
silicon are added to increase strength. Work haniéity depends upon the amount of
carbon remaining in solution, which is controlledraugh chemistry and thermo-
mechanical processing. Small amounts of columbuanadium, or titanium are sometimes

used, but are limited because they reduce ductility

2.3.3.2 Dent Resistant Type B

Steel is a bake-hardenable dent resistant staehtakes up a relatively new class of
sheet steel products. They offer a combinatioroohfbility in the incoming steel and high
yield strength in the application that is not at&ml in conventional high strength steels.
They can potentially be substituted for drawinglguaheet at the stamping plant without
requiring major die modifications. The combinatmiformability and strength makes bake
hardenable steels good options for drawn or steetepplications where resistance to dents
and palm printing is important in applications sashhoods, doors, fenders, and deck lids.
Bake hardenable steels may also assist in vehiats meduction through downgaging. The
forming operation imparts some degree of straimér@ng which increases yield strength
in bake hardening Type B steels. The paint bakyodec typically 175°C (350°F) for 20 to
30 minutes provides another increase in yield gtferdue to moderate “carbon strain
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aging”. Material properties are generally stablepehding on the process. Figure 2.1

illustrates the hardening process with bake hardgsteels.

e
- s
c f" Eake
{" Bake Hardening l'mmm't,rgy
Indeac, Lower Yiid (B H L]
8f J ed{BHL) :
A F Strain
I Haroeening
ﬁ i Index {3 H Iy
L=
i 2% Presirain
.

Figure 2.1 Schematic lllustration Showing Strain Hardening 8ake Hardening Index
and the Increase in Yield Strength that Occursmyutine Bake Cycle

Source: High strength steel stamping design manual (2008)
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Table 2.4 shows the required mechanical propeftieshe Type A and Type B
bake-hardenable and non bake-hardenable dentamgssieels as described in the SAE

J2340 specification. Mechanical property requiretsienf dent resistant, cold reduced,

uncoated and coated sheet steel grades are baséeé omnimum values of as-received
yield strength (180, 210, 250, and 280 MPa) and rthealue of the sheet steel, the

minimum yield strength after strain and bake amgite strength.

Table 2.4 Required Minimum Mechanical Properties of Typawd Type B Dent
Resistant Cold Reduced Sheet Steel

SAE J2340 As As Received As Yield Yield
Grade Received Tensile Received  Strength Strength
Designation Yield Strength n value After 2% After 2%
and Type Strength MPa Strain MPa  Strain and
MPa Bake Mpa
180A 180 310 0.20 215
180B 180 300 0.19 245
210A 210 330 0.17 245
210B 210 320 0.18 275
250A 250 355 0.16 285
250B 250 345 0.16 315
280A 280 375 0.16 315
280B 280 365 0.15 345

Source: High strength steel stamping design manual (2008)
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2.3.4 Solution Strengthened, High Strength Low Allp (HSLA) and High Strength
Recovery Annealed Hot Rolled and Cold Reduced SheSteel

High strength, HSLA, and high strength recoveryesied categories include steel
grades with yield strengths in the range of 30830 MPa. Steel made for these grades is
low carbon, deoxidized and continuous cast steélenyy basic oxygen, electric furnace, or
other process that will produce a material thatsBas the requirements for the specific
grade. The chemical composition must be capabé&loieving the desired mechanical and

formability properties for the specified grade dyyke.

Several types of high strength steel based on istignfall in the above group.
Solution strengthened high strength steels areetlivst contain additions of phosphorus,
manganese, or silicon to conventional low carbo@2®.13% carbon) steels. HSLA steels
have carbide formers such as titanium, niobium u@dlium), or vanadium added to
conventional low carbon steels along with solidusohs strengthening from P Mn and Si.
High strength recovery annealed steels have cheesistimilar to the above varieties of
steel, but special annealing practices preventyseaiization in the cold-rolled steel.
Classification is based on the minimum yield sttbngf 300 to 830 MPa. Several

categories at each strength level are definedllasvia

Type S High strength solution strengthened steels usdoca and manganese in
combination with phosphorus or silicon as solutgirengtheners to meet the minimum
strength requirements. Carbon content is restri¢ted.13% maximum for improved

formability and weldability. Phosphorus is reseittto a maximum of 0.10%. Sulfur is
restricted to a maximum of 0.02%.

Type X: High Strength Low Alloy steels, typically refedréo as HSLA, are alloyed with
carbide and nitrite forming elements, commonly niab (columbium), titanium, and
vanadium, either singularly or in combination. Téeslements are used with carbon,
manganese, phosphorus, and silicon to achieve gheifed minimum yield strength.

Carbon content is restricted to 0.13% maximum figproved formability and weldability.
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Phosphorus is restricted to a maximum of 0.06%. 3jecified minimum for niobium

(columbium), titanium, or vanadium is 0.005%, wtlsldfur is restricted to a maximum of
0.015%. A spread of 70 MPa is specified betweenrégeired minima of the yield and
tensile strengths.

Type Y: Same as Type X, except that a 100 MPa spregueisfed between the required
minimum of the yield and tensile strengths.

Type R: High strength recovery annealed or stress-reiehealed steels achieve
strengthening primarily through the presence ofl aebrk. Alloying elements mentioned
under Types S and X may also be added. Carbonstacted to 0.13% maximum for
improved formability and weldability. Phosphorusréstricted to a maximum of 0.10%.
Sulfur is restricted to a maximum of 0.015%. Thsteels are best suited for bending and
roll-forming applications since their mechanicaloperties are highly directional and

ductility and formability are limited.

Table 2.5 shows the required mechanical propeftiethe Type SA, Type X, and
Type Y of the High Strength Low alloy steels. Th&ESSpecification of these properties is
described in SAE specification J-2340.

Table 2.5 Required Mechanical Properties of High Strengtth HSLA Hot Rolled and
Cold Reduced, Uncoated and Coated Sheet Steel

SAE Yield Strength MPa Tensile %Total Elongation
J2340 Strength MinimumbDesignation(ASTM.L)
Grade MPa

and Type
Minimum Maximum  Minimum Cold Reduced Hot Rolled
300 S 300 400 390 24 26

300 X 300 400 370 24 28
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300Y
340 S
340 X
340Y
380 X
380Y
420 X
420 Y
490 X
490'Y
550 X
550Y

300
340
340
340
380
380
420
420
490
490
550
550

400
440
440
440
480
480
520
520
590
590
680
680

400
440
410
440
450
480
490
520
560
590
620
650

21
22
22
20
20
18
18
16
14
12
12
12

25
24
25
24
23
22
22
19
20
19
18
18

Source: High strength steel stamping design manual (2008)

Table 2.6 shows the required mechanical propeidiethe Type R, Recovery Annealed

steels. The SAE Specification of these propertiegescribed in SAE specification J-2340.

Table 2.6 Required Mechanical Properties of Type R Higle&gth Recovery Annealed

Cold Reduced Sheet Steel

SAE J2340 Grade
Designation and type

Yield

Tensile
Strength MPa  Strength MPa

490 R
550 R
700 R
830 R

Minimum

490
550
700
830

Maximum

590
650
800
960

%Total
Elongation(ASTM.L)
Minimum Minimum
500 13
560 10
710 8
860 2

Source: High strength steel stamping design manual (2008)
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2.3.5 Ultra High Strength Cold Rolled Steels; DuaPhase, Transformation Induced
Plasticity, and Low Carbon Martensite

The ultra high strength dual phase (DP), transétion induced plasticity (TRIP),
and low carbon martensite (LCM) categories inclsteel grades with minimum tensile
strengths in the range of 500 to 1500 MPa. Thesetdieels may be ordered and supplied
as uncoated or zinc coated. Coating availabiliffeds among the various steel suppliers.
Special heat treating practices that involve quergchnd tempering treatments are used to
generate a martensite phase in the steel microsteucrhe volume fraction and carbon
content of the martensite phase determines thagitrdevel. These steels are primarily
alloyed with carbon and manganese. Boron may bedaddsome cases. Specification of
chemical limits for low carbon martensitic gradeaynbe found in ASTM A980 “Standard
Specification for Steel, Sheet, Carbon, and UltighHStrength Cold Rolled”. The typical
mechanical properties of ultra high strength slsestls are specified in Tables 5 thru 7 on
pages 11-13. Classification is based on the minirtemaile strength of the sheet steel: 500
to 1500 MPa. The formability and weldability reqgritents of these ultra high strength

steels are determined upon agreement between gercéiad supplier.

2.3.6 Dual Phase (Type D)

The ultra high strength dual phase steel microgire is composed of ferrite and
martensite, with the volume fraction of low-carbmartensite primarily determining the
strength level. Two types of dual phase steelsaaeslable; a high yield ratio (YS/TS)
product designated DH and a low yield ratio prodiesignated DL. Table 2.7 shows the
required mechanical properties for the Type D, Rizdse High Strength steels. The SAE
Specification for these properties is included AESJ-2340.
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Table 2.7 Required Mechanical Properties of Ultra High Bgth Dual Phase Hot Rolled
and Cold Reduced Sheet Steel

SAE J2340 Grade Yield Strength Tensile Strength  Total Elongation in

Designation and MPa Minimum MPa Minimum 50 mm %

Type Minimum

(ASTM.L)
500 DH 300 500 22
600 DH 500 600 16
600 DL1 350 600 16
600 DL2 280 600 20
700 DH 550 700 12
800 DH 500 800 8
950 DH 650 950 8
1000 DH 700 1000 5

Source: High strength steel stamping design manual (2008)

2.3.7 Martensite (Type M)

Martensitic high strength steel is a low carbooxigized steel made by basic
oxygen, electric furnace, or other process that pribduce a material that satisfies the
requirements for the specific grade. This steelc@tinuously cast. The chemical
composition is capable of achieving the desiredhaeical and formability properties for
the specified grade and type. The steel suppliest ahefine the chemical composition range
that will be furnished on a production basis. Therostructure is low carbon martensite,
with the carbon content determining the strengtvelleThese materials have limited
ductility. Table 2.8 shows the required mechanpraperties for the Type M, Martensitic
Ultra High Strength steels. The SAE Specificationthese properties is included in SAE
J-2340.
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Table 2.8 Required Mechanical Properties of Low Carbon klastte Hot Rolled
and Cold Reduced Sheet Steel

SAE J2340 Grade  Yield Strength  Tensile Strength  Total Elongation in 50

Designation and MPa Minimum MPa Minimum mm % Minimum
Type (ASTM.L)
800 M 600 800 2
900 M 750 900 2
1000 M 750 1000 2
1100 M 900 1100 2
1200 M 950 1200 2
1300 M 1050 1300 2
1400 M 1150 1400 2
1500 M 1200 1500 2

Source: High strength steel stamping design manual (2008)
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2.3.8 Transformation Induced Plasticity Steels (TRP) (Typically 600-1000 MPa

Tensile)

Trip steels have improved ductility by virtue opesial alloying and thermal
treatment, or annealing after rolling. The microsture of TRIP steels contains residual
austenite in a ferritic-bainitic matrix that traoshs into martensite during forming.

Availability of these steels is currently very liedl.

Tenslle Strength (ksl)
40 5060 80 100 150 200 250
50 i I i l 1

i 8 |
SN (G qﬂss.lF
40 | Bake Hardenable
pa——=" _solid Solution HSS

30 — Rgpho:ﬁ:&“

h Heat Treatable
(Hardened)
10

% Elongation

Recovery Anneal

I 1 I 1 T I ] I T
-0 200 400 600 -800 41000 41200 4400 1600 41800
Tenslle Strength (MPa)

Figure 2.2 A Comparison of Tensile Strength and % Elongatmrvarious Grades of

Automotive Sheet Steels

Source: High strength steel stamping design manual (2008)
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Table 2.9 shows the typical mechanical propertiyesa and available width and
thickness of numerous dent resistant, high streragttl ultra high strength grades of sheet

steel used in the automotive industry

Table 2.9 Compilation of Typical Mechanical Property Valumsd Limited Steel Sheet
Thickness and Width Availability

Material SAE Grade Yield strength Tensile Elon rvalue n Hard | Widthrange | Thickness
Class SAE OLD Mpa/Ksi Mpa/Ksi % r n Rb mm mm
CR SAE J2340 180A Dent Resist 200/29 350/490 40 22 63 610-1829 0.64-2.7
CR SAE J2340 210A Dent Resist 210/30 375/94 9 10621 65 610-1829 0.64-2.7
CR SAE J2340 250A Dent Resigt 270/39 400/98 36 1620 68 610-1829 0.64-2.79
CR SAE J2340 280A Dent Resigt 300/43 430/62 36 048 70 610-1829 0.64-2.7
CR SAE J2340 180B Brake Harfl 200/29 320/46 39 020 52 610-1829 0.64-2.74
CR SAE J2340 210B Brake Harfl 221/32 352/51 41 00 54 610-1829 0.64-2.74
CR SAE J2340 250B Brake Harfl 255/37 379/95 39 47 58 610-1829 0.64-2.74
CR SAE J2340 280B Brake Hard 324/47 421/61 37 016 67 610-1829 0.64-2.74
HR SAE J2340 300S HSS 331/48 407/5p 35 N/A  0[1772 610-1829 0.64-3.75
CR SAE J2340 300S HSS 303/44 379/56 37 1.0 011763 610-1829 0.64-2.79
HR SAE J2340 340S HSS 407/59 483/7p 31 N/A 011775 610-1829 0.64-3.75
CR SAE J2340 340S HSS 379/55 455/6p 30 1.3 011676 610-1575 0.64-2.79
HR SAE J2340 300X HSLA 350/51 407/59 35 N/A  0.17 72 610-1829 0.64-3.75
CR SAE J2340 300X HSLA 350/51 469/69 2 1.1 0.6 70 610-1829 0.38-3.30
CR SAE J2340 300Y HSLA 610-1829 0.38-3.30
HR SAE J2340 340X HSLA 407/59 483/70 3] N/A  0.17 75 610-1829 0.64-3.75
CR SAE J2340 340X HSLA 610-1524 0.76-3.18
CR SAE J2340 340Y HSLA 610-1524 0.76-3.18
CR SAE J2340 380X HSLA 610-1524 0.76-3.18
CR SAE J2340 380Y HSLA 610-1524 0.76-3.18
HR SAE J2340 420X HSLA 476/69 531/77 27 N/A  0.15 87 610-1524 0.76-3.18]
CR SAE J2340 420X HSLA 610-1524 0.76-3.18
CR SAE J2340 420Y HSLA 610-1524 0.76-3.18
HR SAE J2340 490X HSLA 531/77 600/87] 26 N/A 0.13 90 610-1524 0.76-3.18
CR SAE J2340 490X HSLA 610-1524 0.76-3.18
CR SAE J2340 490Y HSLA 610-1524 0.76-3.18
HR SAE J2340 550X HSLA 558/85 676/99 22 N/A 0.12 96 610-1524 0.76-3.18
CR SAE J2340 550X HSLA 610-1524 0.76-3.18
HR/CR SAE J2340 550Y HSLA 610-1524 0.7683
CR SAE J2340 490R Rec Anneal 490/71 500/12 13 NKXA N/A 610-1524 0.76-3.18
CR SAE J2340 550R Rec Anneal 550/80 560/81 10 10-1624 0.76-3.18
CR SAE J2340 700R Rec Anneal 700/101 800/115 8 610-1524 0.76-3.18




CR SAE J2340 830R Rec Anneagl 830/120 960/1B9 2 610-1524 0.76-3.18
HR/CR SAE J2340| 500DH Dual Phage 340/49 550/80 P8 /A NN/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340/ 600DH Dual Phage 550/80 710/103 PON/A  N/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340, 600DLl Dual Phage 390/57 650/94 PAN/A  N/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340, 600DLZ  Dual Phage 340/49 660/96 PIN/A  N/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340| 700DH Dual Phage 600/87 760/110 LeN/A  N/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340 800DL Dual Phase 580/84 860/125 LAN/A  N/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340 950DL Dual Phase 680/98 1050/152 LN/A  N/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340, 1000DY Dual Phage 810/117 1070/1559 N/A N/A N/A 610-1524 0.76-3.18
HR/CR SAE J2340 800M Martensite N/A N/A N/A N/AN/A N/A 610-1575 0.51-1.52
HR/CR SAE J2340 900M Martensite 900/130 1025/149 5N/A  N/A N/A 610-1575 0.51-1.52
HR/CR SAE J2340 1000M Martensitg N/A N/A N/A N/AN/A N/A 610-1575 0.51-1.52
HR/CR SAE J2340 1100M Martensite 1030/149 1180/1714 N/A N/A N/A 610-1575 0.51-1.52
HR/CR SAE J2340 1200M Martensite 1140/165 1340/184 6 N/A N/A N/A 610-1575 0.51-1.52
HR/CR SAE J2340 1300M Martensite 1200/174 1400/2035 N/A N/A N/A 610-1575 0.51-1.52
HR/CR SAE J2340 1400M Martensite 1260/183 1480/2145 N/A N/A N/A 610-1575 0.51-1.52
HR/CR SAE J2340 1500M Martensitg 1350/196 1580/2295 N/A N/A N/A 610-1575 0.51-1.52

Source: High strength steel stamping design manual (2008)
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2.4 CORROSION

Corrosion is usually defined as the deterioratiba metal or its properties caused
by a reaction with its environment. Most metalswataturally in the form of oxides and
are usually chemically stable. When exposed to emyand other oxidizing agents, the
refined metal will try to revert to its natural dei state. In the case of iron, the oxides will

be in the form of ferrous or ferric oxide, commokhown as rust.

Metallic corrosion generally involves the losswdtal at a particular location on an
exposed surface. Corrosion occurs in various faamging from a generalized attack over
the entire surface to a severe concentrated attackost cases, it is impossible or
economically impractical to completely arrest tlerasion process; however, it is usually
possible to control the process to acceptable devel

2.4.1 Corrosion Behavior of Steel Sheet

Every car user a facing a major problem of comosvhich affect almost all part of
the car bodyCorrosion of a motor car body is the result of floev of electricity from one
region of the metal (of the car) which is not wedygenated (which acts as negative
electrode) to another region which is plentifullypplied with oxygen (which is the positive
electrode) and in the presence of water or anrelgte (E. Hamzah and M. Kanniah,
2005). Bad design consideration is the major cadismrrosion of car body. Usually car
body designer address sales potential by desigatirgctive shapes and accountants
monitor costs to meet price competition. Therefdagk of consideration on corrosion
prevention occurs. This factor increases the piatieot corrosion to occur (E. Hamzah and
M. Kanniah, 2005).

Car body normally suffers from crevice and generarosion. Crevice corrosion
usually occurs when constricted gaps are fillechwiater. When sheet metal component
are welded together or onto members, brackets, mdctow gaps are almost invariably

formed between the sheets. General corrosion maicgyrs in vehicles in large areas of
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uncoated steel, often wheel arches, where gravewthup by the wheels has worn away
the protective surface coating of paint and undgyboompound. General corrosion also
occurs in underbody members and pillars that aretpated by dampness (M. Hugh,
1988).

Thus coating plays a major role on the protectodrcar body from corrosion.
Various types of coating are used by car manufacsuto produce better car bodies to

fulfill the customers need. However, cost factarits this protection.

2.4.2 Corrosion of Deformed Steel

Deformation of metal causes the stress cells. Taayexist in single a single piece
of metal where the portion of the microstructuregesses more store strain energy then the
rest of the metal. Metal atoms are at their lovststin energy state when situated in a
regular crystal array. Deviations from this lowseskin state can occur due to the

followings:

1. Grain boundaries: metal atoms situated along dgraimdaries are not located in a
regular crystal array (i.e. a grain). Their inceghstrain energy translates into an
electrode potential that is anodic to the metahim grains proper. Thus, corrosion

can selectively occur along grain boundaries.

2. High localized stressRegions within a metal subject to a high local ssreill
contain metal atoms at a higher strain energy .séetea result, high-stress regions
will be anodic to low-stress regions and can carselectively. For example, bolts

under load are subject to more corrosion than ambiblts that are unloaded.

3. Cold worked Regions within a metal subjected to cold-work conta higher
concentration of dislocations, and as a result ball anodic to non-cold-worked

regions. Thus, cold-worked sections of a metal wilirode faster. For example,



24

nails that are bent will often corrode at the bendt their head where they were
worked by the hammer (J. Pawlowski,1961)

In many published literature, it is reported thdgformed galvanneal sheets
exhibit rough surface, the extent of which degendpon the degree of
deformation. Saccaet.tals, who carried out polarization resistance studiés o
uniaxially deformed galvanneal steel, showed are@se in the corrosion rate with
an increase in the degree of deformation. Thiscéfivas related to an increase
in the actual surface area of the coating ancthieation of the cathodic reaction
because of galvanic coupling between the coatitlae exposed steel substrate.
An almost linear relation has been found to exisbetween the effective strain
applied to the specimen and damage caused to dagng. The degree of
delamination/flaking of the coating are plotted in

Figure 2.3. These plots show the dependence ofisewd flaking/ delamination on the

nature of strain paths.

&
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Figure 2.3 Degree of delamination vs effective strain fdfetiently

deformed sample

Source: Ezah Hamzah and Maiiyeaalagan Kanniah §2005



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter will describe further on the studytlos project which is immersion
test and Rockwell Hardness test. This chapterwlbdriefly describe about the hardness
test and immersion test and all machine or appsiidiat are involved. The objective of

methodology is to ensure the flow of the projecdsording to schedule.

In this chapter, all the details and related dis@ns on the process involved will be
explained. There is a flow chart that shows thecgge timeline. The chart will explain
every step that is followed to ensure the objectvethe project will be successfully
achieved.



3.2 FLOW CHART OF THE RESEARCH
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3.3 PREPARING THE MATERIAL

Type of the material used in this study is higlesgth low alloy ste. The material
is used to producener part of a car in this case panel spring ho&sgure 3.1 belov

shows the picture of the mater

Figure 3.1 Specimen before been cut.

The materialvas in shape that required it to be cut into pieresrder to do that a certa

tools has been used to cut it. Figure2 shows the desired shape to be used in this ¢
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Figure 3.2 Sample shape wanted: bend (a), stamp (b) roynédic(d)

3.3.1 Cutting Process

The plasma cutter (model: Cutmaster 101) was tseat the material into small
piece. The material was mark by marker as a gumdefor the cutting process. The small
pieces was then became the sample to be use expleeiment later on. Figure 3.3 shows

the plasma cutter used in the cutting processlamgieces wanted.

il

Guideline
-—

%

(b)

Figure 3.3 Plasma Cutter (a), pieces wanted (b)
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3.3.2 Grinding process

The grinding machine (model: D-70745 Leinfeldenswized to remove any sharp
edge at the sample that was cut previously usiegotasma cutter. Figure 3.4 shows the

grinding machine used in this process.

Figure 3.4 Grinding machine

3.3.3 Coating removing process

The sample coating was removed using sand paperder to prepare it for

laboratory experiment. Figure 3.5 shows the maltafter coating removing process.

Figure 3.5 Samples after coating removing process
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3.4. PREPARING SAMPLE FOR LABORATORY EXPERIMENT

For laboratory corrosion tests that simulate eypmdo service environments, a
commercial surface, closely resembling the onewmatid be used in service, will yield the

most meaningful results.

Procedure
The sample was cleaned from any kind of dirt. Tlleea sample was rinsed
thoroughly using tap water and dried using hot Biext, the sample was stored in the

desiccators. Finally, the sample was weighted hadlata was recorded.

Figure 3.6 shows the sample used in immersiomigstkperiment.

Figure 3.6 Samples: flat (a), stamp (b), round (c), bend (d)
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3.4.1 Corrosion Experiment (Immersion Testing)

Immersion testing is the most frequently condudesd for evaluating the corrosion
of metals in agueous solutions. Totally immersesa $pecimen in a corrosive solution for
a period of time and then remove the specimen %amgnation. Figure 3.7 shows the

experimental setup for the immersion testing.

Wi cover
LN L

<1 specimen

solution f“"’%

Figure 3.7 Experimental setup

3.4.2 Immersion Testing

Apparatus: beaker, supporting holder and string
Chemical reagent: acid sulfuric 5% concentration.

Temperature: 37°C

Procedure

First of all, the apparatus was set up accordinipé figure 3.7. Next, the beaker is
filled with acid sulfuric 5% concentration until #all (about 1L). On the third step, the
sample is tied with wire. The sample is hang in beaker (make sure sample does not

touch the bottom of the beaker). Next, the samplaved in the beaker for two days.
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After two days, the sample is lifted and dried gsimot air. Lastly, the sample is weighed
and the measurement is recorded.

Figure 3.8 shows the overall preparing processrfonersion test. Figure 3.8 (a)
shows the process of cleaning the beaker. Fig8ré3.shows the beaker is filled with acid
solution. Figure 3.8 (c) shows the beaker is rdadymmersion testing experiment. Figure

(d) shows the experimental setup for immersiorirtgsgxperiment.

Figure 3.8: Preparing process for immersion test
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For the microstructure changes
Apparatus: Meiji Techno metallurgical microscope
Model: IM7200

Procedure
First of all, the sample is placed on the platextNdesired lens was chose and it
was used to focus the image until clear. The imags capture after it was clearly seen.

Lastly the data was recorded.

Figure 3.9 shows process of capturing the image fsarface morphology of the sample

using the Meiji Techno metallurgical microscope.

Figure 3.9:Image capture (a), Meiji Techno metallurgical mggope (b)
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3.5 ROCKWELL HARDNESS

Rockwell hardness testing is a general methodreasuring the bulk hardness of
metallic and polymer materials. Although hardnessting does not give a direct
measurement of any performance properties, hardriessnaterial correlates directly with
its strength, wear resistance, and other propertiesdness testing is widely used for
material evaluation because of its simplicity ama cost relative to direct measurement of
many properties. Specifically, conversion chantsrfiRockwell hardness to tensile strength

are available for some structural alloys, includsteel and aluminum.

3.5.1 Principal of Rockwell Hardness Test

The Rockwell hardness test method consists ofniiralg the test material with a
diamond cone or hardened steel ball indenter. Ei§utO shows the Rockwell principle of
measuring. The indenter is forced into the testentunder a preliminary minor lodeh
(Fig 3.10A) usually 10 kgf. When equilibrium hasebereached, an indicating device,
which follows the movements of the indenter andragponds to changes in depth of
penetration of the indenter, is set to a datumtjposiWhile the preliminary minor load is
still applied an additional major load is appliedhamesulting increase in penetration (Fig
3.10B). When equilibrium has again been reachatiditional major load is removed but
the preliminary minor load is still maintained. R&ral of the additional major load allows

a partial recovery, so reducing the depth of patietn (Fig 3.10C).

The permanent increase in depth of penetraticultieg from the application and
removal of the additional major load is used ta@gkite the Rockwell hardness number.
HR =E-e
Fo= Preliminary minor load in kgf
F.= Additional major load in kgf
F=  Total load in kgf
e= Permanent increase in depth of penetrationtaugjor load Fmeasured in units
of 0.002 mm
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E= A constant depending on form of indenter: 10@sufior diamond indenter, 130

units for steel ball indenter

HR = Rockwell hardness number

D = Diameter of steel ball
A B c
Minor load FY "'"";,'::'" K Minor load FO
* Major load F1 = Total load F

i

Figure3.1Q0 Rockwell Principle

!

Table 3.1 shows the scale, indenter user, mindmaegor applied, total load applied

and the constant value E

Table 3.1Specimen Scale

Scale Indenter Minor Load Major Load Total Load Value of

Fo F. F E

kgf kgf kgf
A Diamond cone 10 50 60 100
B 1/16" steel bal 10 90 100 130
C Diamond cone 10 140 150 100
D Diamond cone 10 20 100 100
E 1/8" steel ball 10 20 100 130
F 1/16" steel ball 10 50 60 130
G 1/16" steel ball 10 140 150 130
H 1/8" steel ball 10 50 60 130
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K 1/8" steel ball 10 140 150 130
L 1/4" steel ball 10 50 60 130
M 1/4" steel ball 10 90 100 130
P 1/4" steel ball 10 140 150 130
R 1/2" steel ball 10 50 60 130
S 1/2" steel ball 10 90 100 130
V 1/2" steel ball 10 140 150 130

3.5.2

HRA
HRB
HRC
HRB
HRD
HRE
HRF
HRG

HRK
HRM

3.5.3

Typical Application of Rockwell Hardness Scales

-Cemented carbides, thin steel and shallow basgened steel
-Copper alloys, soft steels, aluminum alloysjleable irons, etc.

-Steel, hard cast irons, case hardened stdadthrr materials harder than 100

-Thin steel and medium case hardened stegbaaditic malleable iron
-Cast iron, aluminum and magnesium alloys, ihganetals

-Annealed copper alloys, thin soft sheet metals

-Phosphor bronze, beryllium copper, malleatdas HRH. Aluminum, zinc,
lead

-Steel, copper alloy, brass of medium thickness

-Soft bearing metals, plastics and other verfy material

Matsuzawa Rockwell Hardness Tester

The apparatus for this experiment is MatsuzawakRelt Hardness tester (Model:

RMT-3). Figure 3.11 shows the tester that been usehis experiment. Table 3.2 shows

some features of the Matsuzawa Rockwell Hardness$srte
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Figure 3.11Matsuzawa Rockwell Hardness tester

Table 3.2Features of Matsuzawa Rockwell Hardness tester

(http://www.mitsg.com/English/Products/MatsuzawadReellHardnessTester.him

Liquid crystal

Loaded with a LCD display with backlight. The haedn tester secureg

display touch- very clear and high visibility
panel
Auto start After setting the reference load, the test loaapiglied automatically.
(Manual start is also possible)
Reference load can easily set with a bar grapHadism the bright scree
Easy setting and electronic sound. Moreover, an error-preverdigngce is also

mounted.

=

Plastic measuring

Specific measuring method for plastic in compliangn ASTM and JIS
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system

is activated by one-touch easy operation. Timedading the value afte
unloading the test load can be set freely

Various Data
processing
functions

It makes acceptance and rejection judgment, coiorets other scales,
and tabulation and computing for data memory (2&&)J] maximum
value, minimum value, variation, average, standawlation etc.

Traditional dial
change-over
system

Dial changeover systems make change the test ksly &y turning the
dial. Accordingly the design is dust-proof includitne weights for test
load.

Applicable to CE
and safety

Safety design applicable to EU low voltage comm&iMC command
and machine command. In addition to high-rigidibdip, overturn-
preventive metal fittings are attached as stanttapiievent overturning
by earthquakes etc

3.5.4 Rockwell Hardness Test Procedure

Apparatus: Matsuzawa Rockwell Hardness tester

Procedure for the hardness test

The machine was set up according to the sample. sid@ae sample was put onto the

anvil. Next, the elevating handled is rotated idlesrto bring the sample close to the

indenture. The elevating is rotated until the serebow the sample is in maximum

condition (do not overload the rotation). The maehwas set to test the sample. Finally,

the measurement was recorded.



CHAPTER 4

RESULT AND DISCUSSION

4.1 INTRODUCTION

This chapter will discuss about the result fromperikment that has been conducted.
The corrosion rate was determined from the immarsésting experiment. The samples
were observed before and after the immersion tedtlieen done. The hardness test had
been conducted using Matsuzawa Rockwell tester.a Oditain from the test and

experiments were analyzed.

4.2 MATERIAL

There were 4 types of sample consist of deformasdi tndeformed sections as
shown in figure 3.6. The samples have undergonectspreter analysis using
Spektranalyse Foundry —Master (model: Wellesweg ®i)determine its chemical

composition. Table 4.0 below shows the data takem the spectrometer analysis.
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Table 4.2 Chemical composition of material used in study

Chemical Composition C Si Mn P Cr Ni Al Nb Ti V W

Spectrometer (%o wt) | 0.0203 | 0.087] 0.247 0.014p 0.0538 0.0713 0.0609 78.070.0442| 0.0067 0.117

From the table 4.0, it can be identified that saenple type is high strength low
alloy steel (http://www.materialsengineer.com/Eefgéntm). Low carbon content allows
the material to have high percentage of elongatbich is suitable for highly formable
part. Manganese, Mn is effective for strengthening sisesls through both solid solution
hardening and transformation hardening, but it adgs spot weldability and
galvanizability. SiliconSi and phosphorus, P can economically strengtheet steels, but
both degrade galvanizability. Thus, their contamése suppressed to the possible extent.
Titanium, Ti and vanadium, V is either elementallyin combination alloyed with other
composition. On the other hand tungsten, W was tadops strengthening element to
increase the strength of the specimens. As a résalmaterial is suitable for parts which
required excellent mechanical properties, crashvimess and anti-corrosion such as cross

member and side member.



41

4.3 MICROSTRUCTURE ANALYSIS

Figure 4.1 (a) bend sample, have martensite amtdgphase. The needle like
shape is bainite that consist ferrite and cemenptii@se. Martensite phase is also can be

found in figure 4.1 (b) flat sample, 4.1 (c) rowsample and 4.1 stamp sample (d).

Figure 4.1 Optical micrograph (Mag: 50x) before immersiostidend sample (a), flat

sample (b), round sample (c), stamp sample (d)
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The microstructure analysis of the sample revéas there is martensite phase.
Martensite is form when austenitized iron-carbdayal are rapidly cooled (quenched) to a
relatively low temperature (in the vicinity of tlzenbient). Martensite is a nonequilibrium
single-phase structure that results from a diffioleiss transformation of austenite. It may
be thought as a transformation product that is @gitiye with pearlite. Martensite is the
hardest and strongest compare to other phase sufdrrde or austenite. Its hardness is

dependent on the carbon content, up to about @& wt

Another phase that can be detected here is baiffie microstructure of bainite
consists of ferrite and cementite phases and tifissidnal process are involved in this
formation. Because bainitic steels have a finencstire, they are generally stronger and
harder than pearlitic ones yet they exhibit a dd& combination of strength and ductility.
However they are not harder or denser than matén$he results of microstructure
observation from the immersion experiment upon 5%@®j are shown in Figure 4.1 (a, b,
c and d).

4.4  ANALYSIS OF HARDNSESS TEST

Table 4.2 shows hardness reading from the samfli@ssample has average HRC
value of 56.6. Bend sample has the average HRG=waillur2.6. Meanwhile stamp and

round sample has the average HRC value 35.1 ag6d 27.

Table 4.2Hardness Reading

Specimen  Hardness Reading (HRC)
1 2 3 4 | Ave
Flat 56.0/ 58.1| 56.0| 56.0| 56.6
Bend | 68.5 71.6|74.2|76.2|72.6
Stamp | 34.4 36.9| 33.7| 35.3| 35.1
Round | 27.5 28.3| 26.9| 27.7| 27.6
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Table 4.2 shows that bend sample has the highedhéss value compared to flat
sample follow by stamp sample and round sampleo Aoty sheet metal has the property
of withstanding much bending or distortion withdaaring or breaking. Where the folds
occur, the plastic deformation has been so gredt ttie metallurgy structure has been
forced out of alignment. When this happens the Ineta been cold worked (it could
happen during the forming of the body panels bywvddses, or in automobile collision).
Whenever this cold working occurs, the metal haobw “work hardened”. The metal has
been physically changed for a soft pliable conditim that of being hardened and
strengthened. It is well known that any strain mtaftion within the lattice increases its
resistance to plastic deformation and so incre@sebardness and strength. Hence, the
metal became strong in term of hardness. It is ¥eelhote that the areas that were not
affected during the bending are still in the perf@ggnment. These areas are still plastic,
having the same properties as the bent areas Hatklibey were distorted. Figure 4.2
shows the dislocation occurring at bent area wimierostructure at the area that are not
affected by the bending operation are remainedamgéd. Source: (M. Fauzi, 2008)

o i S S

Figure 4.2: Dislocation of bent area
Source: (M. Fauzi, 2008)
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4.5 ANALYSIS OF CORROSION IMMERSION TESTING

The results of the immersion test for all 4 sarmplpon exposure of 5%,80, are
shows in table 4.1 below. Corrosion rate were datexd using corrosion rate formula
which is

Where:

K =1.00x10x D

T = Time of exposure in hours
A = Area in cnf

W = Weight loss in grams

D = 7.85 g/cri(low alloy steel)

Table 4.3 shows bend sample has corrosion rate \dl9.00 g/crhh meanwhile
flat stamp and round sample has corrosion rateevale 7.70, 5.50 and 7.48 gfcm

respectively.

Table 4.3 Corrosion Rate (CR)

Sample| Area (cnf) | Weight Loss (g) CR (g/cnf.h)

Bend 10.5 3.595 9.00
Flat 3.8 1.108 7.70
Stamp 3.6 0.752 5.50

Round 7.5 2.115 7.48
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Table 4.3 shows that bend sample specimen hakatgest corrosion rate value
followed by round sample, flat sample and stamppdarapecimens. The result indicates
that deformed sample has higher corrosion rate aosapto undeformed. This is primarily
because metal atoms situated along grain boundareesiot located in a regular crystal
array (i.e. a grain). Their increased strain endérgyslates into an electrode potential that is
anodic to the metal in the grains proper. Thustosion can selectively occur along grain
boundaries. Regions within a metal subject to & hlegal stress will contain metal atoms at
a higher strain energy state. As a result, highsstregions will be anodic to low-stress
regions and can corrode selectively. When the sam@s being immersed in,850,
solution, the grain boundary tends to react aneé lioself to surrounding as corrosion
product. Unlike the flat sample, the grain boundayin relax condition. Hence, the
corrosion rate is a little lower compare to benasiz.

Figure 4.3 shows the graph of corrosion rate elaftom lowest corrosion rate
value to highest corrosion rate value.

Corrosion Rate

__ 10

<

~ 8

§

< 6

29

o 4

=]

€ 2

c

Qo 0+

(7]

g Stamp Round Flat Bend

S .
Specimens

Figure 4.3: Graph of Corrosion Rate for each sample
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Figure 4.4 shows the sample after being immers&80, solution for 2 days. All

samples are fully corroded.

VLRI

| Uniform corrosion [l Uniform corrosion

s

Crevice corrosion

Crevice corrosion

Figure 4.4 After immersion test: bend sample (a), flat sa(pl), round sample (c),

stamp sample (d)
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In this experiment, no optical micrograph can bendeecause the sample surface is
fully corroded. When place under the optical micagge, no image can be seen because the
sample surface cannot reflect back the light thas \woint to it. According to a study
related to this case, all micrographs that showptealite matrix was dissolved. It was also
observed that corrosion attacks were concentrdtedyayrain boundary penetrated from
the surface for flat sample. Elongated grains wabeerved on deformed sample due to
severe corrosion attack. Generally, the corrosi@cthanism was a uniform corrosion.
There was also crevice corrosion which were locatetie O-ring of the sample: example
figure 4.4 (c) and 4.4 (d).

4.6 RELATION BETWEEN CORROSION AND HARDNESS

Figure 4.5 shows bend sample (deformed) has thedahardness value compared
to flat sample (undeformed).

Hardness

72,6

Hardness Value HRC

Round Stamp Flat Bend

Sample

Figure 4.5 Graph of Hardness Value
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As discussed in 4.4, auto body sheet metal haprthygerty of withstanding much
bending or distortion without tearing or breakirig.has been established that a very
desirable feature in auto body metals is the gbibt become hardened when worked or

bent in any desired area.

Hardness Corrosion Rate
80 10
70 4 9
. / g /
£ 5o pd
£ 6
n O / o~ /
Sx 40 E S
5T 30 L~ / = 4
© 3
T 20
2
10 1
0 T T T 1 0 T T T 1
Stamp Round Flat Bend Stamp Round Flat Bend

Figure 4.6: Relationship of Hardness and Corrosion Rate

Figure 4.6 shows that as the hardness of the saimgriease the corrosion rate will
also increase. In the previous discussion, bendglgaspecimen has the highest hardness
value. This is because there is presence of maeguizase on the specimen alongside the
bainite phase. As been studied, martensite is #rdest and strongest phase. So bend
sample will shows the highest hardness value comoptr the 3 others samples. Although
flat, round and stamp sample have martensite ptratkem, it is not as much as the bend
sample’s one. On the corrosion rate site, the Isigleerrosion rate also goes to bend
sample. As discussed in section 4.5, the grain ¢baynof the bend sample is in stress
condition. It tends to lose itself to the surrourgdivhen it reacts with $¥$0,.



CHAPTER 5

CONCLUSION

5.1 INTRODUCTION

This chapter will discuss the conclusion of theeggch and the finding based on the
literature review and from the experiment conductBae objectives of the research will
also be evaluated in this chapter. The recommendain improving the research for the

future will also be discussed.

5.2 OBJECTIVES ACHIEVED

Results obtained from the experimental works hadassfully fulfilled the

objective of this project. The study establishesftilowing:

The first objective of the study which is to stutig corrosion behavior of deformed
steel of a car steel sheet body has been achigvaslthe result from the experiment

showed that all specimens was undergoing unifonrosmn.

The second objective is to determine the corrosféect on mechanical properties
of car steel sheet body. It is achieved from theeement result. The result follow the

theory which is deformed parts has higher corrosat@ compared to undeformed part.
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The last objective is to examine the microstrugdtchanges due to formation of
corrosion. Unfortunately this objective is not asted. All the specimens were fully
corroded. Hence, it became impossible to obsermenibrostructure changes under the

optical microscope.
53 RECOMMENDATION

1. Usage of different types of solution as recomaesl by ASTM G31
should be conducted.

2. To further understand the corrosion behavighefautomotive system,
different parts of automobile parts made of défe alloys should be

tested.
54 Overall Conclusion

This study has achieved the objective in undedstgncorrosion behavior of
deformed automobile parts. As the automobile ingudevelops, the need for a better
product that has excellent mechanical propertieashavorthiness and can withstand
corrosion is extremely essential. By this study dfajy it will help automobile

manufacturer in producing a better product forabomobile industry.
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APPENDIX C

Sample of Corrosion Rate Calculation

For bend sample.

_ KW
CR=""/arp
Where:

K =1.00x10x D

T = Time of exposure in hours
A = Area in cnd

W = Weight loss in grams

D = 7.85 g/cm(low alloy steel)

CR="W/rp

1.00x10)( 7.85)][3.595
cr = [(LOOO(TEN ]/[10.5][48][7.85]

= 9.0 g/lcnf.h
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APPENDIX D

Spectrometer Analysis Result

WORLDWIDE ANALYTICAL SYSTEMS AG
WAS Sample Testing of different Qualities

Probe Nr. / sample ID :1

Kunde / customer :chandran laa

Kom.-Nr. / commision :10%

Labor Nr. / lab-no. :foundry UMP

PTQ-Nr. / PTQ-no. :

Spektralanalyse Foundry-MASTER

Fe
99,6
99,3
98,3
Ave 99,1

w N =

Ni
0,0376
0,0518
0,124
Ave 0,0713

w N

Pb

0, 0500
0,0500
0,0519
Ave < 00,0500

1 <
2 =
3

Ort / town

Worldwide Analytical Systems AG

Wellesweg 31

0,0149
0,0123
0,0338
0,0203

Al
0,0216
0,0608
0,100
0,0609

Datum / date
22/09/2010

AANAA

Chemical Results

Grundwerkstoff / material :Cu300

Abmessung / dimension :copper ingot

Zusatzwerkstoff / filler metals :no

Warmebehandlung / heat treatment :no

Schmelze-Nr. / heat-no. :no

Werkstoff / grade :

[s el Ne ]
o HO
@ B
S 0o O
o

Co

0,0100
0,0100
0,0100
0,0100

0,123
0,187
0,432
0,247

Cu

0,0050
0,050
0,0053
0,0050

P
< 0,0100
< 0,0100
0,0332
0,0142

Nb
0,03%98
0,0679
0;124
0,0773

Prufer / tester

0,0100
0,0100
0,0177
0,0100

b |

0,0209
0,0342
0,0775
0,0442

Worldwide Analyiical Systems AC

(\\

A

Cr

0,0232
0,0464
0,0817
0,0538

\Y

0,0050
0,0050
0,0197
0,0067

Mo

0,0100
0,0100
0,0128
0,0100

W
0,08250
0,0250
0,332
0,117

Sachverstandiger / engineer
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