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MACHINABILITY PARAMETERS IN FINISH FACE MILLING OF LOW
ALLOY Cr-Ni STEEL WITH THR K30 CARBIDE TQOL

PART [: CUTTING FORCES, SPECIFIC CUTTING ENERGY AND
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ABSTRACT

It is necessary to aware of the surface alterations Ihat can be produced by
grinding operations. This work deals with finish face miiling of low alloy
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steel in its hardened conditions with view to replace surface grinding . This
paper is lhe first of Iwo dealing with the use of submicron grain cemented
carbide with low percentage of cubic cabides of 2%. Three major
machinability - parameters were investigated; cutting force, speciflic cutting
energy and the temperature. The effects of fundamental cutting conditions
and the minor flank wear on the machinability parameters are
investigated. Further, the behavior of shear angle and aormal and shear
stresses as well as contact condition on the minor cutiing edge were
examined. The THR K30 tools were found to be capable of operating at
cutting speed up to 176 mfmin. Forces with the THR tools are relatively
lower than TTM tools at higher cutting speeds. It was also found that the
cutting ratio is almost constant at worn minor flank wear of value between
50 to 200 pm. The substantial increase in vertical component Fz, was
atiributed 1o the low coefficient of friction of approximate value of 0.4.
Descripancies of the findings of the calculated temperatures are also
discussed. The specific cutting energy was found to be a constant value of

order 2 o 2.5 Gh’m3 at high speeds and feeds respectively. This proved Lha
the finish face milling with THR K30 could be substituted for a vertical
spindle surface grinding when judged on the basis of specific cutting
energy.

NOMENCLATURE

ae width of cut; mm

f, feed: mm/tooth

ap depth of cut; mm

D cutter diameter; mm

Tr tool cutting edge angle; deg.

71 lrailing cutting edge angle; deg.

A Worn trailing end cutting edge angle; deg.
Tp radial rake angle; deg

Y axial rake angle; deg

%p radial clearance angle; deg.

of axial clearance angle; deg.

5 Setting angle, deg.

dg angle between tool entry and ool exil; decg.
OF entry angle; deg.

DA exit angle; deg.

£ angle of engagment; deg.

i initial contact angle; deg.

F), cutting force component; N

F; verlical force component; N

Np rolaling direction.
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1- INTRODUCTION

Wben a componeni is 1o be made from an alloy such as alloy steels
exhibiting high surface sensitivity, auention must be given 1o surface
integrity considerations. The quality of the machined surface camn be
decided by 1he surface integrity properties such as surface roughness,
hardness variations, structural chaages, residual stress eic. Various
grinding operations tended to develop teusile stress in the machined
surfaces. This agrees with the theory thar tensile stresses are caused by
high temperatures. These can cause an overtempered martensite to form at
a very thin layer at the surface and untempered martensite to form at the
surface.  Since, the later can crack and so affect the fatigue and stress
corrasion life of component, its presence is undesirable [1,2]. Clearly any
way of improving and correcting surface damage produced during grinding
operations would be most welcome.

The present study attemps to cary out investigations osn finish face milling
of a low alloy sieel in its hardened corditions with the THR K30 tools to
replace the vertical spindle surface grinding procedure. In this paper force
compenents are studied with the purpose of f{inding the coaditions to
improve the quality of machined surface. Cutling experiments were
couducted [o present in depth stedy the effects of cutting speed, feed, minor
flank wear oan force components. In order to arrive a better understanding
of the performance of 1he THR K30 inserts, we have paid particular
attension 1o the shear angle. specific cutting energy, normal and shear
stresses, conditior of contact on the minpr (ank area as well as
temperatures.

2- CONDSIDERATIONS ON THE CABIDE TOOLS

With recent develoments in tegl maierial technology, the application of cost
saving operation such as finish face milling in firished machining of steels
appears to be a practical altermative 1o grinding.

To achieve this substitution, cutting tools capable of machining the alloy
steel should combine good wear resistaace at high temperatures with
adequate thermal and mechanical fatigue strength and toughness.
Conventional sintered carbides of [SO TTM of grade P30 parially meet the
requirements and their modified compositicas of [SO THR of grade K3¢ to
provide lhe required properties arg suilable. Conventional and modified
compositions of each grade can be seen in"Table (I).

Treat [3), suggesied that the large improvements in (ool performance, in
terms of increasing the (ransverse rupture sireogth and toughness, can be
achieved by the introduction of the cubic carbides (Tic. Tac and Nbc) in
refatively small amounis. In this respect. the current research will be
conducted with Lhe steel cutting grades” TTM, 17.5%. and THR. 2%. of high
and low percentage of cubic carbides respectively.

The use of THR of grade K30 as a cunting tool suvitable for milling steet with a

tensile strength of up 1o 3500 Nimn12 especially titanium alloys. stainless,
heat resistance steels. nickle alloys, high temperatures alloys, non ferrous
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metais and aluminem and zink alloys. On account of its high binder metal
content, this fine grain We¢-Co alloys exhibits greater toughness and
excellent t(ransverse rupture strength, the THR is therefore suitable for
cutting " under adverse conditions.. ’

3- LITERATURE REVIEW

Most of the research work conducted in the past was concerned with the
performance of H.S5.8., carbides and sialon cutting tools in which the
workpiece ranged from nickle base alloys to titanium {4,5]. They presented
namorous valuable data on surface integrity. Later research work was
concerned with the optimum cutting conditions based on the tool behaviour
that led 1o significant understanding of machining process, the effecis of
culting parameters on surface integrity in turning were also investigated
[6.7]. Experiments on the finished surface produced by diamond turning
wools [8] and by Cubic Boron Nitride [9] were conducted. Imperfictions in the
finished surface were inspected and related to the form and behaviour of
the diamond tool [8], while turning with Cubic Boron Mitride did provide an
alternative to the cylinderical grinding of hardened tool steel {9]. However,
generally high costs are typical of Cubic Boron Nitride tools. Experiments
with face milling of a hardened sieel using a sintered carbide P20 and
sintred carbide of modified composition and structure THM KI10 based on the
tool wear behaviour have been carried out by Philip [10). This
investigation presented a very little information of a systematic kind in
which the relationships between the cutting forces, surface finish, tool life
and surface integrity was not clarified in face miiling. Previous work on
the machinability of metals were discussed from viewpoints of the chip
formation, cutting forces, temperatures and the surface integrity of the
workpiece [11-23]. So, sound understanding of the machinability faclors are
of prime importance for further development of machined surface quality
and better choise of cutting tool materials. Abo-Gharbia [24]  studied the
mechanism of surface generation in face milling of air craft alloys. The
surface topographical parameters were improved with an  increase in
cutting speed after 1he welded layers on the minor cutting edge had
disappeared. In the light of this work {24], it seems diserable 1 increcase the
frictional heating and subsequent softining of the workpiecce surface. Thus,
tools that are very refractory will be called for.

4- EXPERIMENTAL CONDITIONS

4.1- Choise of Tools

For the sake of comparison, the TTM grade was used in the present  lests as a
basis on which to determine an improvement in tool life based on culling
forces and surface roughness brought about by THR grades. Widia
indexable inserts for face milling [SO designation TPIN THR K30 were used
for the test program as well as TPIN TTM P30 inserts . Thesc throwaway
inserts were 6.5 mm in length, 3.18mm in thickness and the cuuing ecdge
was of a land width of 1.5 mm and having three possible cutting edges cach.
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One insert al a time was used throught Lhe present research, The method
used is not a new concept when swdying a face milling process, since a
aumber of other workers used a single tipe i.e. fly cutling.

4,2- Experimental Set-up and Design of Specimen

Fig.(1a,b) show Ihe experimental set-up with front and rear views. The as
received low alloy 1-1/4% Cr-Ni sieel were machined inte rectangular
shaped specimen shown in Fig. (lc¢) to dimensions according to standard
industrial practice and testing for face milling [25], recommended that the
ratio between the milling cutter diameter and he width of the workpiece is
1.6. The specimen used for force and wear measurements were held by
means of bolts to a quartz three componenl culting force dyaamometer,
Kistler type 9265B. The dynamomeler is normally used ia (he horizontal
piane and a fixture of a solid piece of gray cast iron had 10 be made 1o hold it
vertically as shown in Fig. (ld). It was necessary to raise lhe surface
roughness test specimen above the table to enable the cutter to make
contact with it. However, it was considered a beuer suppori for test peice (o
be bolted onite a bolster over hanging the rear of the machine table of abowt
150 mm and this raised the iest piece of about 170 mm above the table.

4.3- The Cutter

The cuuer selecied was a standard WIDAX MG&0D high shear milling cutter for
positive indexable inserts, having an enterence angle of 45° and a nrominal
diamfer of 125 mm. The face mill was mounted on a stub arbor and secured
in the mazin spindle of the FW 400-VI miliing machine of cutling moetor of
13.5 kW and feeding motor of 2.2 Kw.

4.4- Cutting Conditions

Three cuuting parameters were chosen, namely, cutling speed, feed per
tooth and cutting edge condition. The safe width of the minor wear that
could be produced without causing surface damages was 250 pm as a swandard
worn ool [253], provided the surface roughness of values 1 um should not
allowed to exceed. [n this work acluwal machinability tests were conducted in
order to dewermine the best use of the carbide tips type TTM P30 and THR
K30.

A summary of the culling conditions used in the experiments are given in
Table (2).

4.5- Contact Condition

The initial point of contact between (ool and workpiece was deiermined
using he Kronenberg graphical method [26]. Inilial contacl may occucs
any of 1he corners of the parallelogram defined by the iatersection of the
ol face by the uncul chip Fig. (le). [n the present 1ests, the condilions
werg adopted 1o produce conlact at lhe point V.

4.6- Cutting Action .
The technique of down milling as shown in Fig. {l¢) should bec used
whenever possible whea machining steel alloys because the ool life s
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higher, as the twol 18 required 1o cut immedialely on contact with the
workpiece when using this method.

5- EXPERIMENTAL PROCEDURE AND MEASUREMENTS

Cutting force measurements were carried out on every pass as well as the
wear, The effect of cutting speed, feed and the amount of minor flank on
cuuling force was investigaed for both TTM P30 and THR K30 carbide tips.
The cutting was carried out dry. The magnitudes of the vertical force Fz and
cutting force Fy, were measured as the average of the recorded values when
the tool was nearly approaching the end of the cutling pass.

Afier one pass along the length of the workpiece, the single insert was
removed from the cutter and the measurements of the minor wear width
were taker.  This procedure was repeated using the same cutting condition
untill the end of tool life reached, which defined onr the bases of surface
roughaess. Because of the comparison with surface grinding, a mean
surface roughness of 1 um was laken (0 define the end of the tool life.

6- EXPERIMENTAL RESULTS AND DISCUSSIONS
6.1- Cutting Forces

a- Effect of Cutting Speeds.

A serious of short time experiments were carried out (o determine the
variation of cuuing force Fy and vertical force Fz produced as a cesull of
changing cutting speed. It can be seen in Fig. (2}, that the force Fy and Fz
are dependent on the culting speed. Al the lower speeds from 70 o 90
m/min, the force components Fy, Fz for both TTM and THR tool slightly
increased and then decrease wilth a further increase in cuuing speed for
only THR tool tending to become constant at high cutting speeds. From Fig.
(2), it can also be scen that the THR 100l perform better than TTM 100l at
higher cuuting speeds.

b- Effect of Feeds

Two scts of results were oblained at cutting speed of 110 m/min, one set
using TTM and a second set using THR itpols. Successive cuis were laken
using feed varying from 0.05 1w 0.25 mmicoth in increments of 0.05 mm.
The graph of the force componems plotted against feed per wooth is shown
in Fig. (3). Within the range of feeds used. the results show a strong linear
relationship between Fy force and feed for both sets, The other Fz force
increased with increased feed but the rate of increases reduced as feed
incrased.  The exception is al the lower feed of 0.05 mmftooth where a

lendency to constant is appearant in the forces. The pattern for both sels
was  similar except that the THR ool produces slightly lower Fz force than
TTM tool. This means that the THR ool has lesser sliding comtact with

increasing feed per 1ooth compared with TTM 1ool.
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¢c- Effect of Minor Flank Wear

Fig. (4) indicates that up Lo about 100 pm minor wear, it appeares (hat the
force component almost independent of the wear, bul as the wear increased
it appeared that the force were direcily proportional to the -amount of flank
wear. It can be also seen thal, the minor flank wear increase the force
component Fy only a litle, whereas increases the vertical force Fz
remarkably in bath the TTM and THR inserts. An explanation was given by
Zorev[27) of this increases in vertical force to the effect of the elastic
reaction of the layer of machined material lying under ool provided that
the built up edge or secondary shear zone on the 1ol face were disappeared.
As the THR 1ools has a high resitance te failure lhrough mechanical fatigue
in addition to the resistance to flank wear and deformation, they are more
stable and offer some protection against adheasion by workpiece material.
With progress of cutting, the adheasion of workpiece material on mioor
flank decreased and this was confirmed by X-ray distribution image of iron
through all the tests conducted. This means that Lhe increase in vertical
force Fz of THR (ool was due 1o the increase of elastic reaction of (he
machined layer as the too! was more siable.

6.2- Shear Angie

The values of rc was measured and indicated in the upper part of Fig. (4). [t
can be seen that, in spite of the varialion of the minor flank wear width (50
to 200 pm), rc is atmost coonstant of about 0.6, Zorev(27] indicate that the
constancy of cuuing ratic means that the force acting on the minor flaok
do not take part in chip formation. The force increments must therefore be
attributed Lo an increase in the force acting on the minor face due to Lhe
minor flank wear. In addition, no change in the appearant coefficient of
friction at the ool rake nither the geometry of cutting as a result of
incicasing the minor wear. In order 10 achieve betler undersianding of the
relation between force and hardness with a worn tool, a short machinability
test was carried out on four different heat reatment weork maiterials in
respect of their hardness. The variaiion of force components with work
material hardness indicates that the increase of work hardness increases
the foree component Fy only a litlle, whereas the force component Fz was
subsiantially incrased as shown in Fig. (5). This can be explained by the
fact 1hat, the hard materials accelerale the wear on the cutting tool rapidly
and increase lhe florce components especially the wvertical force.

6.3- Normal and shear stresses

[n the following an awtempt will be made to determine both normal and
tangential swress on the minor flank. Figure (6) is a typical piot of
calculated normal stress, op,  and langential sitress. T on the minor
Mank. [n the calculation of both stresses, the ool f{orce conmiponents were
corrected  for the ploughing force where the [orcc components with using a
sharp woo! were deducted. The cesults of this test showed that normal
stresses, omf, on the minor face rises substantially with an increcase in Lhe
hardness, whiie the tangential stress, 1, rises slighdy. In addition, these

calculaled stresses were higher than the uliimate tensile strength of the
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material, approximately 1235-1389 N!mmz, indicating that the work
hardening effect of the material has exceeded the thermal softening effect
as the tool of 100 um minor flank wear was passed on Lhe machined surface.
The higher value of microhardness found on the deformed layer of the
machined surface is also evedent.

Considering the material properties in terms of ductility index vy/p as
suggested by Robenstine (28], where y is the surface free energy and p is
the hardness. He suggested that the crack propagations are the result  of
high stresses during cutting. Such considerabie siresses were produced on
the machined surface of the tested alloy as shown in Fig. (6). The
production of crack, however, consists in the generation of 1wo new
surfaces and this requires a certain amount of surface free energy of
material vy, [28], accordingly, the metal becomes less brittle and more
machinable. Thus, the stressed layer associated with high hardness in
addition to the cracks left in the machined surface due to the segmented
chip formation ([29], will have a higher surface free energy than with anr
unstressed region.  Therefore, the residual stress locked in the deformed
layer under such condition will be compressive. The ecvedence in support of
the suggestion that the trapped residual siresses are compressive can be
found in ref. [24].

6.4- Condition of Contact on the Minor Cutting Edge

In Fig. (7)., the change of coefficient of friction, p, at the minor flank of a
high value of 0.93 with low hardoess number to a low value of 0.2 with high
hardness number indicates that low hardness metals have an adhesive
nature friction. Whereas, the low coefficient of friction associated with
machining hard alloys will cause an increase of the verticla force
component Fz relative to other force component as in Fy. When machining
was carried out on the tested alloy of hardness of, 360-415 BH. with an
inserted tip of THR K30 having a minor flank wear breadeh of 100 pm, the
substantial ingrease in vertical componeat, Fz, can be azlribuled 10 the low
coefficient of friction of approximately 0.4,

6.5- Specific Cutting Enecgy
It is obtained by dividing he tengential force component, Fy, at any

instance by the corresponding chip-section. The relationship obtained for
the current material investigated and the THR tool show how the P, various
with the cutting speed and the feed as shown in Figs. (8) and (9

respectively.

3

The Py, tends o a constanl values, of approximalely 2.0 and 2.5 GJ/m” at the

higher vaiues of f[eed and speed respectively. This indicates that both speed
and feed had similar type of behaviour.

Figure (10) shows Ps plouied against cutling speed and feed on log log scale.
It can be seen hat \he specific culting energy various slightly with speed
while the feed bas more pronounced effect on the Py and yielding the

relationship;
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l:’s « —1- and Ps o ~1—
| v’ s"
where y and x lakes values of -0.0088 and -4.0 respectively, The indices
oblained by least square analysis.
For the sake of comparison, the specific cutling energy found in grinding
of order 20 GI/m3 for ailoy steels {38). This is about 10 Umes greater than
that required to cut similar material with face milling.  This substantial
increase i$ a result of the relatively smait depth of cul nermally used in
gringing which, in turn, leads (he stresses twards Lension due 10 the
increased cutting energy, Therefore grinding is an insufficient metal
cuiting process when judged on the basis of specific energy.

6.6- Computation of Temperatures -

Since the increasing cutting temperature ig considered to play a role 10
eliminate the surface iroubles associated with steels, thus the attension will
be paid to swdy the 1emperature rise in the well known three cutling zones.
The primary and secondary (emperature cise calculated by the method
proposed by Boothroyd [31).

[n maost practical circumstances, the cutting ool is not perfectly sharp and
therefore the theird heat source would be existed owing o a Iriction
beiween the tool and the new workpiece surface. However, more energy
dissipation and existence of wvery high instantanecus surface temperature
in milling was reported by Schmidit [32].

Figure (11) shows the calculated emperawre rise in the primary
deformation zone, Qp, the lemperalure rise along secondary deformation
zone, Qg, and the average maximum temperalure in surlce layer, lp. It can
be seen that at the lower part of Fig.(l1), 1he lemperature in the primary
and secondary deforamation zones reduces slightly with an increase in
cutting speed. This slight decreasing in temperature with increasing
culling speed can be explained in term of shear strzin y. [t 18 corfirmed by
the consideration of the fundamental aspects of chip formation that the
increasing of the cutting speed will increase the culting ratio 1z, and

accordingly the shear angle, ¢.. In machinring hard materials, the

inciination of cracks {33] is 10 bg determined only by the work material and
is expressed by;

Y
¢ 4 2

From this expression, smail shear strain, y, or less ductile work matecial,
gives large shear angle, ¢.. Since lhe temperalure rise at shear zone is
proportional to Ihe shear sirain, y, and since the 75 to 90% of the total heat
in the chip is due 1o the shear of Lhe chip. It lollows that the decrease in
culting speed increases he amount of shear zone heat becausc of the
increasc in shearing sirain.

As far as the workpiece temperature is concerned. there is more shear zone
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heat and more lime is allowed for heat transfe to the workpiece because a
contact for a longer time at low speeds, one would excepted more heat at
lower speed. The results of the calculated temperauce presented in Fig. (11)
may be held true as it was based on sharp tool. 1t is not possible 10 make
simitar  calculation with a (0ol having a minor flank wear. However, with
a tool having flank wear Zorev {27] siated that, most of the specific cutting
work consists primarily of the specific work of friction on the clearance
face. Smillar results had been obtained by Korig etzl[34]. Konig explains
that, this friction results in high levels of iemperatvres that will not to be
dissipate with the chip, bul moslL of it flows into workpiece.

In the light of this discussion it would be expecled that the high
temperawures would be auained at high speed, with (ools having minor
fMank wear. On the other hand, noteced that the chips produced, using a
worn toof of minor flank value of 100 um at the higher speed range between
140 to 176 m/min, were all segmented and less burned aL the edges compared
with chips produced al low speed rarge. In the light of this evedence, it is
now ciear that the THR K30 inserts performed betier at high speed range
because the tool temperalure was not allowed to reach ils sieady stale
value[35).

CONCLUSIONS

The surfaces of low alloy Cr-Ni steel in its hordened conditions were face
milled using conventional sinued carbides of TTM P30 and submicron grain
cemenied carbides with low percentage of cubic carbides of 2% of THR K30
o find il surface grinding can be replaced by fine face milling. On the basis
of the experimental results, the following conclusion can be made.

1- A short time face milling (ests carried out at culling speed up (o 176
m/min showed that the modified compositions THR K30 carbide performed

belter than the conventional TTM P30 carbide in terms of force

components. Wilth respect o the THR K30 tools, the force components were
found 10 be decrease with culting speed and then remain fairly consiant a1 3
higher cutling speed.

2- The THR K30 carbide inserts of minor wear values between 50 to 250 pm
can be successful applied in face milling al a high cutting Speed range up to
176 m/min in comparison wilh he conventional 1ools. This because they
provided stranger culling edge due to (he stabilizalion of the worn (ool
under the higher cutting conditions.

3- Minor flank wear caused by a brasion, the most likely wear mechanism,
was found 10 Dbe the predominart wear lupe observed in this swudy.
Therefore, in TMinish face milling, the cutting conditions has 1o be
determined on miner (lank wear.

4. The sudden increase in the verlical force Fz associated with THR K30 wools

was related 1w elastic deformatcion on the machined surface when the minor
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flank wear exceeds a ceriain value of aboul 100 um. This was atlribuied (0
the constancy of cutling rato of about 0.6 as well as the low coefficient of
friction_of about 0.4,

5- A smooth minor flank surface was found to exist in all (ests condulted
between cuding speed of values 110 w 176 and feed of 0.1 mm/tooth. While,
decreasing the cutting speed caused the minor flank wear conditions 0 be
severe. Since the minor flank wear affect the produced machined surface
during back cuuiag action, therefore a high surface quality values can be
achieved within the high speed range.

6- The value of calculated normal and shear stresses were found (0 be
higher 1han the ultimale tensile strength of the tested alloy. An explinalion
for this differences is thal the work hardening cffect of the tested alloy has
exceeds the thermal softening effect as the tool of a 100 pm flank wear
passed on the surface with a cutting speed of 110 m/min and feed or 0.1
mm/tooth.

7- The value of the specific cuuting energy in the current tests was found to
be almost the tenth as low as the value in surface grinding of simillar alloy
found in literatures.

8- The calculated iemperatures rise in primary and szcondary delormation
zone and workpiece iemperature using a sharp lool were found 1o decreased
with the increasing in cutting speed. This was explained by the rlaclt that the
high cuwting speed will shorten the healing cycle in interrupted culling.

9- Al higher cutting emperatures encountred when the worn ool s
applied at high speed range between 140 to 176 m/min. the chip produced
were  all segmented and less burned at the edges compared with chips
produced al low speed. This suggests a greawer stability of the tool
workpiece - machine sysiem where the 100l softening was not likely 1o
accurc.

10- In some cases, it is now possible w0 machine the tesied alloy using fine
face milling without the need for subsequent grinding operations.
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Table 1: *Composition and Physical Properties of WIDIA milling grades
Grade Composition % Density, | Hard |Trans- Modulus | Thermal Thrmal
designation We Ti+TaC+NbC Co g)’cm3 ness verse of Elas- Coaduc- Expan-
HV30Q| rp- ucity, livity sion

ture NfmmZ WimK 1076k
stren-
gth,
N/mm?

TTM™M P30 25 115 10 12.3 1500 | 2100 560000 45 6.7

(TPIN)

THR K30 86 2 12 14 1399 | 2450 580000 60 5.9

(TPIN)

*Data reproduced from an outlines of grades, Krupp, Widia,

Table 2 :

The culting conditions used in the experiments

Cutting Speed, Vo ., m/min
MNumber of revolution, N,
Feed, {t, mm/ftooth

Depth of cut, ap, mm
Cutter diameter, D, mm
Tool cuuting cdge angle, v, . degrees

rpm

Radial rake angle, yp. degrees
Axial rake angle. vf, degrees
Angle between ool entry and 100l
exit, ¢g, degrees
Entry angle, ¢g, degrees
Exit angle, ¢4 . degrees
Angle of engagement, degrees
Initial contact angle, i, degrees
Dist.from CL 10 the engaged plane,mm
Ratio of milling diam. to widlh of
workpiece,non dimensional
Work Malerial

70,90,110,140, and 176
(1803(224%,(280),(355)&(450)
0.05,0.1. 9.15,0.2 and 025
{
125
45°
-12
14
31
77
158
14
18
16
1.6
Low allpy steel 1-1/4 Cr-Ni
Steel,
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Fig(1) Experimental set up arrangement with(a) front view
ana(b) rear view.
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