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AGICO GROUP

rail insulator

rail pad

flat washer

—

rail gauge block T J

rail resilient pad

plastic dowel

http://www.railway-fasteners.com/news/wj-8-rail-fastening-system-installation.html
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* n1suaalugl 1y Tie plate, Rail shoulder

24

¢ ﬂﬂﬁnuLLﬂz%'ﬂﬁugﬂ 111 Screw spike, Bolt nut LLaszaﬁmqgﬂmem Tie plate uay
Rail shoulder

* N15AnAUFLUTaU (Hot Forming) wiu Rail clip
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Bolt and Nut Screw spike

X

Materials: Low and medium carbon steel, low alloy steel

http://www.railway-fasteners.com
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Materials: 55Si7,60Si7 (Jis: supPs, SUP7)



Rail clip (S)
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Rail clip (L)




wanadsedwmsumswnan Rail clip

* nImradianasantignldvial

®* WANNAIANTLAULNUNA (0.3-0.6%C)

* SUP6, SUP7 (60Si7: 0.56-0.64 %C, 1.5-2.0 %Si, 0.7-1.1 %Mn) , SUP12
* SUP9, SUP 11 (0.52-0.60 %C, 0.15-0.35 %Si, 0.65-0.95 %Mn, 0.65-0.95 %Cr )
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Hardness
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Rockwell shnsfsananuaznmauviay
Brinell vinnax daiducinuguednany

Knoop,Vickers microhardness siailm
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Toughness
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(Toughness)
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. Strain Hardening . Necking

Stress ~~———  —

N /

Ultimate Strength

Yield Strength

Run

Young's Modulus = Rise = Slope
Run

Fracture

https://en.m.wikipedia.org/wiki/File:Stress_Strain_Ductile_Material.pdf



https://en.m.wikipedia.org/wiki/File:Stress_Strain_Ductile_Material.pdf
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Young's Modulus (E): muudaunsenasian
AINAFDNNTTUUINGIGATBIALI

Modulus of Resilience: anuaunmlunisiu
WANIUNAUNNIALITLLLLNNT avanudanilaas

PRI

-~  =-0.002 €y Strain

Energy of elasticity shown under the curve of the stress-strain curde.

Credit- Callister

Credit : Figure adapted from Callister



Fatigue
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Sag resistance

* fia ANAINITD NN LUNSIaTANLTIUNTITIaLE
WHBE N9 U]

* NARDLUNANAILAT Bauschinger torsion test ISR
hysteresis loop LARIDIAN Sag resistance

Torque

Hysteresis * NN9LAN 1.5% Si AN sag resistance 717

loop area ' @ : : a &
P * LUAUUNANTULANAIAN sag resistance AN

Strai ® NN9LAN V LAy Nb dQsiliiAN sag resistance
rain

o zﬂld [ . =
* JRauNUNAB® Bauschinger effect AB
Schematic diagram of bauschinger torsion test. o ANUNALNIGLAT

® AUNALNTL

Bauschinger effect Lﬂuﬂ?’m{]ﬂ’]imrStrain ° GﬂuqmLL@gﬂqjﬂquqgﬁqmrﬂqﬂqﬂuﬁ
softening watuinugnliusaduuuuiAnsd N uLLAN

Credit: Sangwoo choi Optimization of microstructure and properties of high strength spring steel, Ph.D. Thesis, Jan 2011
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* High tensile strength : Young's modulus

* Good sag resistance together with fatigue
* Fatigue strength
* sagresistance
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Crystalline Polycrystalline =~ Amorphous

www, substech.com
Crystal lattice examples

Cubic body centered (bcc) Cubic face centered (fcc) Hexagonal

Fe, V, Nb, Cr Al, Ni, Ag, Cu, Au Ti, Zn, Mg, Cd

https://www.substech.com/dokuwiki/doku.php?id=metals_crystal_structure
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https://nuclear-power.com/wp-content/uploads/2019/10/Grains-Grain-Boundaries.png



MWIINVRIATIas 19Uz vz noN

Polycrystalline Metal Grain boundary

Atomic arrangement within the grain

boundary is significantly different from

the periodical arrangement
atgrain interior.

100pm

J

https://www.researchgate.net/figure/a-Grain-boundaries-in-a-polycrystal-b-An-example-atomic-arrangement-at-triple_fig7a_322738368
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* qp
»da3319 (Vacancy)
»azmanunsn (Interstitials)
> azmanunuit (Substitutional)
* AU
»Dislocation (Edge, Screw)

¥

* WU
> qaauinsu vevreansazia ( Twin, Tilt Boundary, Twist Boundary,
Stacking Faults)
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substitutional impurity

self-interstitial

vacancy interstitial impurity

https://www.weizmann.ac.il/materials/igorl/sites/materials.igorl/files/uploads/4_-_defects_in_crystalls_3.pdf
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multicrystalline
material

f%?g,:'%
o

;,%

)
crystal 1 ‘ crystal 2
grain boundary

unit cell
direction

https://www.researchgate.net/figure/Grains-and-grain-boundaries-in-a-polycrystal-To-the-right-defect-in-atomic-structure_fig1_335054869
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Screw dislocation

https://physics.aps.org/articles/v11/78
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Stress

k
Necking . Fracture
: A

| Ultimate tensile strength __"VeCKing
Fracture strength | Fracture
Yield : i
 strength | |
i I |
| | |
[ [ |
'Young's Modulus | |
' = slope | :
| .
- stress/strain : |
= i | |
| | |
| | |
I | Non-Uniform |
Flastic | Uniform Plastic | Plostic |
Deformotion | Deformotion , Deformation
| Elastic F:‘ Plastic S[rg*in i Strain
| Strain |
|

https://www.simscale.com/docs/simwiki/fea-finite-element-analysis/what-is-a-stress-strain-curve/



Elastic
Deformation

* nMevAeNgNUIINIEYuAiuazetliange
28NANBTADNINAELN

* 1 HAUAALINAAN TUNULILNIVINAN

* ArAuTuaasnI el AaA1 Elastic
Modulus

https://msestudent.com/what-is-yield-in-materials-yield-stress-yield-strength-and-yield-point/

Atomic bonds stretch
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Plastic Deformation

* Hatlanuvaan avmanfldainisonauliagnanls asanniuseinnlaannliud

* Yield stress

* 0.002 Proof stress

e Ultimate Tensile Stress
* Ductility
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(W.G.Moffatt,The structures and properties of material,Vol.1,structure,P.140)
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https://www.ntci.on.ca/chem/schau/crystalpacking.pdf
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Macroscopic

Shear Load
Slip plane #2
2 (X%
I

https://www.continuummechanics.org/metalplasticity.html



Critical Resolved Shear Stress

~F _Tel Few
Ap
&
Normal to
slip plane
A+, 7\ “—Shearstress | o 4
iextensinn

Unslipped single crystal fixed Single crystal after plastic
at top end. deformation by tensile stress
in the direction of the arrow.
Slip occurs on distinct parallel
planes.

https://www.engineeringarchives.com/les_matsci_schmidslaw.html



Slip Bands and Slip Lines

=100 Atamic

Boundaries
Grains

https://www.nde-ed.org/Physics/Materials/Structure/deformation.xhtml
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Compression

Tension
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http://courses.washington.edu/mse17o/lecture_notes/RinaldiFos/Lecture11-MR2009.pdf
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Shear Shear Shear
stress stress stress

— — — — | —

— — — — -

Slip plane_,.

Edge '
dislocation
line

Unit step
of slip

http://courses.washington.edu/mse17o/lecture_notes/RinaldiFos/Lecture11-MR2009. pdf
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Slip Twinning
Slip Plane Twinning (g
(111) Plane .
(111) s 4 & 4
Slip Twinning g
Direction 44/ Direction 4

https://link.springer.com/article/10.1007/s40830-018-00195-1
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* Grain Size Refinement (Grain Boundary)
* Alloying

» Solution Hardening

» Precipitation Hardening
* Phase Transformation

* Work Hardening (Strain Hardening)
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http://courseware.cutm.ac.in/wp-content/uploads/2020/06/Ss-Perfect-and-real-crystals-converted. pdf



nalnnisuan Micro void

Dislocation Dislocations 09000900 O OO
e NEXNTITENN
00 00
00 00
00 00
o000 0O
o000 OO
o0 000 0O
Edge dislocations piling up at a barrier 00 000

Piled-up dislocations within crystal lattice
Mechanism of Crack Formation

https://practicalmaintenance.net/?p=113s
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https://pmpaspeakingofprecision.com/2010/06/15/5-engineering-aspects-of-austenitic-grain-size/



Solution Hardening

v

* ML UNLLAZHANIIURINANT ALLIEN

* JANNULATY AR A LN LT

* AalalAatiARaUNYINTL NN3daUNAA e

® NNFAZATNYLULILNTN HULULLNUA LU IMUTRARR A NLTIININNINT ?

® |9 ANFUAL LULAAN



Solution Hardening
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Precipitation Hardening

1Y
1 o/ o/

* Aa nenIayNIAIUNIALANANNANNIZANEE] ety

* Tguan I UNIIANNAN WA LARZLNTUAANHAN UL AT LT ?



walaazunsuiitmanzlumsanian

(M)

6N}

500

2

Temperature ('C)
e
=]

=

=

0
Al 2 4 6 N
Weight percent copper

https://in.pinterest.com/pin/529595237410229789/



Phase Transformation Hardening

Austenite Martensite




Work Hardening

Sources of Dislocations

Ty

ttt

D, D;

Dislocation fixed
at D,and D, by
obstructions

Frank-Read Sources

o ;D
1' \
xi, :,
f
!\

The application of
a stress makes
the dislocation
bow outward

J. Brittain, Met. Trans. 6A, 1975)

Formation of dislocations by a Frank-Read source, a-d: Schematic, e:
Transmission electron microscopy image



Pinning Effect

https://en.wikipedia.org/wiki/Frank%E2%80%93Read_source

/:—I




Y o Qy aiu q? (~ U 1 U o 1
* pnaInmsiduuniumstusdigulildnu Inaliluuaniindie
ARIVINae9Lls LNs1zazls ?



4.7m50u90u (Annealing)
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* 1 3 dunau Aa
1. Recovery

2. Recrystallization
3. Grain Growth

Activation energy

e Neqgative Al
Exergonic

G (kJ/mol)

— Heaction Coordinate —=

https://sceweb.sce.uhcl.edu/wang/biochem/thermodynamics/4_gibbs.html



Annealing

Annealing time

>
Ductility and
Strength .
o e formability e
__-h*"‘"*-—-—._._______-_‘_‘- /
-_--‘-_‘_-""‘—‘. e
Hardness
[ —————

{._.

Defarmed state Recovered Fully recrystallized Grain growth

High defect density Partial defect annihilation Moving grain boundaries Deformation substructure  Competitive coarsening
High internal stresses  and rearrangement Sweeping substructure removed



Recovery aanasniuanila ?

b} Annihilation of dislecatiens with cppozite sign

gy Polygonization of the lattice

https://www.linkedin.com/pulse/recovery-recrystallization-cold-worked-materials-gifty-francis



Recrystallization aanaINUHINTlA 2

> Initial microstructure Nucleation Recrystallized microstructure >




Recrystallization

Cold working Heating

Work hardened Subgrains Recrystallization Recrystallized
grains nuclei grains

https://www.researchgate.net/figure/Schematic-representation-of-the-discontinuous-static-recrystallization-dSRX-taking_fig1_259095501




Grain Growth AANAINIUANN 1A ?

Atomic diffusion
across boundary \\‘

Direction of grain
boundary motion

https://www.researchgate.net/figure/Main-annealing-processes-a-deformed-state-b-
recovery-c-nucleation-of-new-grains_figs_322291448
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Grain size - Ductility
Strength - Hardness
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Schematic Representation of the Cold-worked and Anneal Cycle showing the effects on Properties and Microstructure
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* [Hagruunigs avmnanazdulaIulaziindesing (Vacancies) auninung

* nalnnisulasuglasdudan auiuisuane 6nsan1sliies wieniuguun e ey

* Dislocation glide ﬂf;f]u%’fauﬂizr}’juﬂfmﬂ%@uﬁLﬁfamwuzﬁfmmqmu slip plane

* Dislocation creep AnuFauTaeliAstein Ty Rannsunsaesezneyldie alaeduiaeie
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» Diffusion creep azmauifinnisunslanuuuaLsms

e Grain boundary sliding ifiannaaaausagasingi
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o Y
1 - i —
o boundary } Boundary
diffusion fi"\ ilf-‘ diffusion
-—
™
i o
O —> «— 0 \‘ J
" .': e
/ J i
"/ bulk . | .
diffusion { T " . : 3 ! Lattice -
— f’ ?\‘ / :' \‘ — =
A i { A1 Xy ,_ S
bt s« Grain boundary sliding
a,+p e

Diffusion creep

http://courseware.cutm.ac.in/wp-content/uploads/2020/06/Ss-Perfect-and-real-crystals-converted.pdf
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