TE Y 0002 A oplashs A 093 A 3T (gl Suss 9 il w iy adxe

g3 sole asliolo

+f 1 W o3 g > lw .
Q' PT9 § e lw (wengo /

www.smeir.org

oploly by sy ism (59 &l (6, itw wiulyd 2 lojl 9 (goue o)y

o p5 S ST ini L oo T ST o yo T o0 SLblib e s Bl pmunadle
b olo s Lolf cows y ATdoze FEl;

Ol ey a3 o8l (Sl casiige 008zl el -

Ol olils al8uils slgz (o308 olge 2alSs Limgl 09,5 ¢ Luiils Y

OIS Olpl Caro g ple olKadls ¢ conds saSails 5 5Ss -Y

O Olnl oy (ooidite 5 oot o293y 5257 -F

Ol olKzsls al8uils sloz o318 slge pAISE Lingls 09,5 )l wlis IS -0
ghlia530@modares.ac.ir A FAVO-VVY l 65 %

PR Ao wleMb!
1) g )l calise prswapn JLaJl c)L'>| LQ,;' ASIP o GL) J& g oo ot Lngu..:u PR )| é.\ LJ'“M) J.’) LSL“u)ﬁ""‘ o5 gy allas
by s g pllin 4 laryd 5 ooled Slasgyes Sl Ll oo IS Gl 5 s pdydllanil el ol (e g a3 A
3,5 ] 53 Lo STy S0 slacond 4y (asm slaan3p Juozs pogdle a5 Wl e 3524 Ll jo Slgl (5o 53 5 tal b dayiem Ve s YV sadsl g sl
Ceaglin Wb o S 5 Hops slo )l Cov (53,95 5 Seidl G S ks | 65T ola (6lp e S o Hlizgs | Sl 5008 Ve ORI Sy
O basgite job 4 b abgy e lagy g Joe p3 0hag kel o) gl (s gzge (slad bl B S gy (I8N (g el 1 5lganls
oo g goae o gkl g lrall (6 s cqz p3Y (655 ke anilons 3l u ol ieghy je bl YA--YY. HB 6ol (s,
o dee B owbes a5 col sols (i gove ot ol ol 48,5 & jgo S el )l cnyp o pslej] b b anslie jo s iy 039
Jose e AR oo u...;‘,ﬁ‘ [EIRWrY) \) o ‘,.I.aol..a ¥ )| ).aYL 0 yPriie Ao Cwles a5 l):> el Lg)Li“.:}c...: 6‘)‘? L;b:u Cwls eode ulos

Sl ioles] dzes el Caled (s 548 pots g (o pelin LSS aloly aabid gl s e V 9 0 slacelies a5 ols o)lis goae
SVTYHB 4 jloxisl 51 L3 VPVHB I s e o (69, staidee V Caalius b Corg i aomior loniil b ol ()i ¢yj9m dnkad (g4,
Al oo Sl el gyt Gl o b Cou oS adles Caond BYPAHB 5 iem Sl Cand

Experimental and Numerical investigation of explosive work hardening process
on railway frogs

Gholamhosein Liaghat'”, Seyed Ali Tabatabei Ghomi?, Morteza Aghaei®, Hamidreza Hafizi

Atabak?, Keyvan Nosratzadegan®*, Mohammad Taghi Rahiminezhad?, Sahar Saedghi?

1- Faculty of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran

2- Research Group of Metallic Material Processing and Forming, Academic Center for Education, Culture and Research (ACECR), Tehran
Organization, Tehran, Iran.

3- Department of Chemistry, Iran University of Science and Technology

4- Chemistry and Chemical Engineering Research Center

* P.0.B. 14115-111, Tehran, Iran, ghlia530@modares.ac.ir

Article Information Abstract
Original Research Paper In the railway transportation system, frogs play a crucial role. Frogs provide flexibility in the transportation
Received: 2 September 2021 system due to their intersecting different paths. During the transition of the rail, contact and impact forces are

EézteDégﬂ%”;\é%;i’;t:r’%ezrlzoz1 applied to the main body and nose of the frog, causing degradation and wear. Furthermore, impact forces
pted: cause extensive wheel damage and higher maintenance costs. As a result, the frog's wear resistance needs to

Keywords: be improved in order to prevent unusual plastic deformations and wear degradation under cyclic loadings.

Explosive work-hardening Eprosn\_/e work-hardening is one of the_most ef_fectlve and z_:ost-effectlve methods for increasing the hardnes_s

Railway switches of Hadfield's steel to match the properties of railway materials. The har_dness of the frog's running surfac_e is

FEA between 320 and 390 HBW, accqrdmg to rel_evant Standargis. The expe_rlmental results were validated against
FE analysis after calculating optimal explosive energy using a numerical approach, and then the DOI were
adopted based on numerical results. According to the FE model, the critical thickness of explosive material is
4 mm, and increasing the thickness of explosive plate significantly increased the hardness. Furthermore, the
FEM results revealed that the 5- and 7-mm thicknesses of explosive plate produced the best results in the rail
hardening process. The hardness of railway frogs was increased from 161 HBW to 326 HBW and 347 HBW,
respectively, by using 7 mm thick explosive plate in the hardening process.
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Table 1 Standards of explosive work-hardening[7].
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Table 3 Chemical composition of the Hadfield steel
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Table 4 Mechanical properties of the Hadfield steel
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Fig. 5 Meshed specimen a) side view b) front view
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Fig. 6 Exploded specimen
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Table 2 Residual stress in the exploded specimen and calculated
hardness
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Fig. 7 Position of specified points to obtain hardness values.
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Table 5 Identification of three different steps of the experiment
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Fig. 8 individual parts of the rail a) upper part, b) the lower part and c)
the middle part
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Table 6 DOE characteristics related to first step of experiment
procedure
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Table 8 work hardening results corresponding to side part of the
specimen

sglee @b 4o Eus
Position Hardness before test Hardness after test
Alt \led YOY
A2t V¥ YEY
A3t VPV Y¥a
B1lt Vv vy
B2t \PY Y-q
B3t \#Y YeY
Cit \ld| Yoy
(0743 \VY Yoy
C3t \YY Y-
D1t A Yy-
D2t \oF ARR
D3t VYo Ang

N i

Fig. 13 Measuring the hardness of he specimens
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Table 9 Work hardening results corresponding to explosion adjacent part

Slexiil 4 o3 aggly Helore als yo s

Position Hardness before test Hardness after test
Alb VAN YvYy
A2b \Y# Y#A
A3b \YY YEA
Blb \YY Y-
B2b \YY Y.r
B3b Yva Y\
Clb \l1 Ty
C2b VFA Yy
C3b \la YYA
Dib \la AN
D2b \#e. ARld
D3b \FY Yv#

\a|

2 s ol cwloas gl sual el 4 ooy als gl 4
Sldos 5l oms axkad gl gl iloals (5,5 0;lusl alais Y
Sl 5l Jols alize >l 05 oo cmline VY JSS Ll
G50l oges VY S yo ok cosline LB SIS 4

Cawloads ools ylis SBvw

Sl jo solatul 090 Culig ;e sladasie Y Jaus
Table 7 Hex sheets characteristics utilizing in explosion process
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Table 10 work hardening results corresponding to replica of the
railway specimen

Position Hardness before Hardness Sheet thickness
test after test (mm)
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Fig. 15 Measuring the contact surface of the frog
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Fig. 14 Schematic of the rail specimen and division of its areas for
explosion
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Fig. 17 Specified points for obtaining the hardness related to the
railway frog after one explosion
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Table 11 Obtained hardness values of the railway frog after one
explosion
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Fig. 18 Specified points for obtaining the hardness related to the
railway frog after two explosions
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Table 12 Obtained hardness values of the railway frog after two

explosions
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Fig. 19 Specified points for obtaining
railway frog after one explosion
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Fig. 16 The railway frog work-hardening process
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