Sudan University of Science and Technology
College of Graduate Studies

Surface Hardening of Carbon Steels by
High power CO; Laser

Thesis Submitted for the Partial Fulfillment for Requirements of Master

Degree in Laser Applications in Mechanical Engineering

By
Abdel Salam Elshiekh Idris Ahmed

(B.tech Honour-Mechanical Engineering)

Supervised by

Prof.Dr. Nafie Abd Al-Lattief

Sudan University of Science and Technology
Institute of Laser

Prof.Dr. Sabir Mohammed Salih

Sudan University of Science and Technology

Institute of Laser

May 2006



ezl paz )l alll o

3
(u.g,o.iggl L5§
W5 V] ol )

85) &Y sl wVl)



DEDICATION

I dedicate this work to...

My parents...

My wife ...

My teachers...

And to all those I love



i

AKNOWLEDGEMENT

Praise be to Allah and his bless and peaceful be to Prophet of Allah.

Iam here to gratitude Prof.Dr.Nafie Abd Al-Altif my supervisor, for his
encouragement, advice, supervision and continuous to provide support and help at
any time through out this work.

My gratitude goes also to Prof.Dr.Sabir Mohammed Salih the supervisor,
for his advice and useful remarks.

I would like also to thanks Dr. Mubarak Al-Mahal and Dr. Babiker my
teachers, for their advices and beautiful cooperation through out this work.

Also, I would like to thanks Eng.Ahmed Altahir at Alyarmok Industrial
complex, Eng. Babiker at Alzakhira Industrial Complex and Eng. Hamed
Abdallah at Sudan University of Science and Technology- Department of
Mechanical Engineeing, for their fine and useful cooperation.

Finally, I would to extend my thanks to Aam-Abd Al-Athim and to the

Libarary staff, at Institute of Laser, for their useful assistant.

Those are the real team of this work.



ii

ABSTRACT

In this work surface hardening treatment of carbon steel specimens, that
having a carbon contents ranging between 0.25 and 2.44%, was done using CO-
laser having 10.6pm wavelength, 100pm spot size and with powers ranged between
100-300 W.

The dependence of the surface hardness on laser power (laser intensity),
scanning speed (exposure time), specimen carbon content and specimen thickness
were performed. It was shown that the enhancement in target surface hardness
increased with laser power and decreased, with increasing the scanning speed for
fixed power. Also it was found that, the enhancement in target surface hardness was
increased with the increasing in carbon percentage and decreased when the target
was thicker.

High power laser hardening technique proves the possibility of controllable

hardness enhancement via controlling the laser interaction parameters.



iii
oo Al

colfa Pl SVl el aled] sl Blec el 5 cnad) a0
gl e gl Sl U i) dlasiul (%244 5 %0.25 o L g Sl sgiae
o el dlac depn Ol 8)8 e Sy Bakid) saMall o 88 M) cnjgial
530w el adiai (3 i) )l o ) ol 8 L al) 8Slewg 83l g ogine
o cpndll i ol ang IS g i) Slec s Balyjo 808 I cugiy L i ag sl 8 )
Badlrall 8l 8Slews 83b) ae J8 29 83l o M) sgine Sabjo wp Aadl 830
5308] il 8,08 ) Jle g a8 U8 i) alassial sadall saby 8365 )
bl o il Jelis dos Jolge (sl 8l JUA po Lgod wSaio 88 3 oy 833aal) 30



iv

Table of Contents

DEAICALION ..eeiuirieiieeiieeiteeeee ettt ettt et e et e sbeesbeesabeesaseesaseesaseessaeenseesnsaenas i
ACKNOWIEAZEMENL .....ccoeuiiiiiiiieiiieeeieeert ettt ettt e et e st e e s tae e s ssbeessasaee e ii
ADBSIract (ENGLISH) ...veiieiiiieiie ettt et iii
ADSITACE (ATADIC) .uvvieeeiieeceiie ettt ettt e tte e e te e e s e e e s eabee e rbeessaeeesnssaesnsaeanns iv
Table Of CONEENLS .....ccceeeciieeiieeieeeieeete et e e ete e e ae e e ae e e e e saae e saeesaeeenseassseennns \%
IS o) =1 ) (<L TSRS vi
LSt Of FIGUIS ...eeeeiieiieee ettt ettt st s e et esateesane s vii

Chapter one

Introduction and Basic CONCEPLS ..............ccocveereieieieieieieeeteeeeteee e 1
1.1 INETOAUCTION «.eetiiiieiieeeite ettt et ettt ettt e et e esat e et e s beesbeessaesabeenaeeas 1
1.2 Fundamentals Of LaSETIS ........ccceevirrirriiniiieeeee et 2
1.2.1 The nature of radiation ..........cccceeeceerrieeieeecieeeeeee e 2
1.2.2 The principles of 1aser Operation ............cceceeeeeeecieeeieeseereeeie e 4
1.3 Exploitable characteristiCs Of 1aSers ........cccccervirriiiirriieniieinieerie e 5)
1.3.1 MONOCHTOMALICILY ..veeeeivieiriieeiiiieeriieeeiiee st e e eireessree s eaeessaaeessaaaeesnnessnnnaeennns 5)
1.3.2 CONBIEIICE ..ccoevveeeiiieieiieeecieeeete e et e e tae e s staeeesateeeeseaesssbeesessteassssaassssseessssaeanns 6
1.3.3 DiIreCtionality ......ccecveerieiniiinieiteeie ettt sttt et e e e e b e sbeenas 7
1.3.4 BIIGRINESS ..eeeeiiiiiiiieieiieeerie ettt essite e s st e e sate e ssbaessbeeesssbaeesssaaesssaeanns 7
1.4 Important practical parameters Of LaSers .........ccceeeveeeveeeriieescieenieerreeeeesseeeseeeens 7
1.4.1 BandWidth ...ooeeeieiieieeeeeeeee e s s s e 8
1.4.2 Output POWET and ENETEY ......cccecuveerrueerriiiereiieeerreeessrreesssreesssseessssseesssseessssseens 8
1.4.3 Power density Or irTadi@nCe ..........ccccveeeriiieeeiieeenieeeeereeseieeeeireeesreeesnneessannens 8
1.4.4 FOCAl SPOL SIZE .eeeeevieeiiieeeiee ettt e evee e vae e e rae e e ere e e eaaee e vaesesseeennnneas 9
1.5 Laser components and aCCESSOTIS .........ccccerrrrreerrrrerssueessireeessueesssseeesssseennes 10
1.5.1 Laser active Meditm ........ccccceeiieriieniieenieenieeetee et et et et e et eeeeeenees 10
1.5.2 LaSer TeSOMALOTS .. ..cccueeiriuriiiirieiiitieeitieeeireeeirte st eesireeserae s ssaeeesaneeesaneesnns 10
1.5.3 The excitation MEChANISITI .. ...cccccuerrriiierriieeritte ettt e e e e eaeeesanas 11
1.6 TYPES OF JASEIS ....neeeiieiieceeetie ettt et eeee e e e e st e s sae e snaesnee s 13

1.6.1 SOLiA STALE LASOIS  weeeeeeeeeeeeeeeeteeeeee et e eeetteeeeeeeeeeeeteaeeeeeeeeseeseaaennaeeesseseesnnnnns 13


file:///E:%5C..%5C..%5CGlossary.html#Brightness
file:///E:%5C..%5C..%5CGlossary.html#Coherence

v

1.6.1.1 RUDY LASET ..cueviiiiiiieiieeeteeee ettt s s e 13
1.6.1.2 INA: YAG ST . . .ttt ettt ettt ettt ettt 14
1.6.2 SemicoNdUCLOrS 1ASETS ....ccceevuerruirriirieeieeie ettt 14
1.6.3 LiqQUid LASETS .. .eeivuiieieiiiiiiie ettt ettt et aa e e e e s 16
1.6.4 GAS 1ASEIS ...ttt ettt ettt st sa e e 16

1.6.4.1 Neutral atom gas [aSers ........ccccecierierriiiirieeieeie ettt 16

1.6.4.2. TON LASETS ...ttt ettt s 17

1.6.4.3 EXCIMET 1ASETS ... uutiiiieiiieiiieeieeetee ettt ettt sttt e 17

1.6.4.4 Molecular gas LaSers ........ccccovierriernieniieeiee et esie ettt e saeesae e 18
1.7 Laser - Matter interaction in materials processing ..........cccecceeerveeerrueernvunennnns 21
1.7.1 Reflection and absorption of laser beams ..........cccccceevveercieecieeceeecee e, 21
1.7.2 The factors that affected reflectivity and absorptivity .......c.ccccceeveeeveeneennnene 21
1.7.2.1 Wavelength .. .....cooiiiiiiiiiiieeeeeeteeetee ettt 21
1.7.2.2 TOMPETALUTE ....eettiiiiieiiiiiiteteiiiiiieeeeeeeeeesrirrrreeeeeeeesssssnnnseneeeeeesessannnns 22
1.7.2.3 Angle of incidence and plane of polarization ........c..cccceeverreerreeneeneennenne 22
1.7.3 Laser heating of the material 1attice .........ccccceeveereieriieerieeeecceeeeeeeeeeen 22
1.8 Surface hardening of Steels ........cccecueeeieeeieeiieeee e 24
1.8.1 Steel MEetTOIOGY . ...eeeecieerieirieeie ettt ettt et sre et e e e s saae s beesnaeeas 24
1.8.2 Numerical coding of Steels ........ccceceeriiieciiirieeeeeee e 25
1.8.3 The Iron - carbon transformation phases diagram ..........cccccceeveeevieesieennnene 25
1.8.4 Steels' hardening techniqUES .........cccccoveerierienienienieeeeeeeee e 27
1.8.4.1 Heat treatment (through hardening) techniques ........cc.cccccovvieiniiiinniiennnns 28
1.8.4.2 Surface hardening techniques .........ccccceeveeeviieeieeecieee e 28
1.9 The aim 0f the WOTK ....ccoiiiiiiiiieieece e 30

Chapter Two

Materials and Methods ................c.oooiiiiiiioiceeececeecee e 31
2.1 INETOAUCHION . ...ceeivviieeeeiiiee ettt eeeree e eeere e e e eetrreeeeeessreeeeeensaseeeeennnes 31
2.2 Equipments, tools and materials .........cccoccueerrieerniieriiieeciie e 31
2.2.1 CO; laser WOTK StAtiOn ......ccceeeeeeeirveeeeeeiireeeeeeireeeeeecreeeeeeerreeeeeeennreeeeennneeas 31
2.2.2 THE tAI@eLS. ...« eeeeeeeeeeeeerieeeieesteeste st e esteesteesseessseessseesssessseesseesseessseesnseenns 32

2.2.3 BIinell Dardness TOSTOT . . ..ounneeeeeeee ettt e e e e eeeeeeeeeeeeeeeneeeeaennaaaaaes 33



2.3 The samples GroUPING ......cccocceeriuerriiienieerieerte ettt e st et e st e sareeseeesaee s 34
2.4 The Steps against the G0als .......cccoccuieiriiiiiiiiiiece e 35

Chapter Three

Results and DiSCUSSION ...............c.ocoeoviiiiiiiiiiiceeeeceeeeceeeee e 39
3.1 INITOAUCHION .. euviiiviiiieeeee ettt eeeeetre e e e e eeeeearbreaeeeeeeeeeeeeassssrraeeeeeeeenns 39
3.2 Effect of 1aSer POWET .....ccooiiiiiieiieiieeeeteee ettt e 40
3.3 Effect of scanning Speed ..........cccooieeeieriiinnieeeeeeeee e 41
3.4 Effect of sample thiCKNESS .......cccceieiiieiiece e 42
3.5 Effect of carbon CONtENt. . .......c.uueeieeeiiiieeceeee et 43
3.6 CONCIUSIONS ....cooiriieeeeciiieee ettt eeeree e e e eeetrreeeeeetreeeeeeaaaeeeeeennsaeeeseennnneas 44
3.7 FULUIE WOTK .. .oeeiiiiiiieeteeeeee ettt ettt e e e e e e e eeeeaassaaeeeeeeeeeeeennnnns 44

APPENAIX ... 45

REL@Y@INCES........... oo 47



Table 1-1
Table 2-1
Table 2-2
Table 3-1
Table 3-2
Table 3-3

Table 3-4

Table 3-5

List of Tables

Permitted transition of the P-branch

The CO, laser work station technical data

The steel targets chemical structure

The targets hardnesses before the CO; laser treatments

Surface hardness corresponding to different CO, laser powers
The resulted surface harnesses at 250 watt CO, laser power
corresponding to different laser exposure time /scanning speed,
The resulted surface harnesses, at 250watt CO, laser power,
corresponding to different target thickness

The resulted surface harnesses at 250watt CO, laser power

corresponding to difference in targets carbon content.



Fig. 1-1
Fig. 1-2
Fig. 1-3
Fig.1- 4
Fig.1- 5
Fig.1-6
Fig.1-7

Fig.1- 8
Fig.1-9

Fig.1-10

Fig. 1-11
Fig. 1-12

Fig.1-13

Fig. 2-1
Fig. 2-2
Fig.: 2-3 (a)
Fig.: 2-3 (b)
Fig.3-1
Fig.3-2

List of Figures

The electromagnetic spectrum.

Basic laser operation

Partial temporal coherence

Common laser resonators configuration

Stable and unstable resonators

Principles of semiconductor lasers

The most important transitions in vibration-rotation energy scheme
of the CO, molecule

Energy levels relevant to the operation of 10.6 pm CO, laser
Uneven rotational level of the (001) vibrational state with a
relative population density at 400° K

The arrangements of the BCC, FCC, and BCT crystalline
structures

Iron-Iron Carbide transformation phases diagram

Time temperature transformation diagram for steel with 0.8% carbon.
RC denotes Rockwell Hardness

Process map (schematic) in terms of laser power density as a
function of interaction time

Schematic diagram of the portable Brinell tester

The experimental set up

[lustration of the CO, laser scanning of the target
Photograph taken for the samples surfaces after the scanning
Influence of increasing the laser power on surface hardness
Influence of increasing the scanning speed on the resulted

surface hardness



Fig.3-3 Influence of target thickness on the resulted surface hardness
Fig.3- 4 Influence of the carbon percentage within the Target on the

resulted surface hardness

vii



	1.4.2 Output power and energy................................................................................. 8

