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Optimization of Mechanical Machining for Heat-Resistance Ta-W Alloy
by Using Orthogonal Cutting Method
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Abstract: Tantalum and tantalum alloys, which have superior thermal properties, including a high melting
temperature, low specific heat, low thermal conductivity, and high density, are promising candidates for high-
performance parts exposed to high temperatures and hazardous environments in aerospace, defense, and
other industries. However, those alloys are hard to cut and mechanically machine, and the poor machinability
of tantalum alloys has precluded their wide use. This study investigates mechanisms for cutting Ta-10%W
alloys using orthogonal cutting methods for precision part manufacturing. During orthogonal cutting
processes, the cutting forces are increased dramatically because of the surface folding phenomenon of Ta-W
alloys. As a result of experiments and simulation calculations, the tool’s rake angle and depth of cut are critical
parameters for controlling the cutting shear angle, which makes a significant difference in chip thicknesses
and surface folding phenomenon. Based on the results, about 12 degrees of cutting shear angle is suitable
for the mechanical machining of a Ta-W alloy. Additionally, cutting speed may be one of the critical
parameters to consider for changing the mechanical responses of Ta-W alloys. With this perspective, the
mechanical properties of Ta-W alloys at high strain rates seem to be an important factor in orthogonal cutting.
Based on these results, the cutting mechanisms and optimal cutting parameters for Ta-W alloys are discussed.

(Received 2 September, 2024; Accepted 20 November, 2024)

Keywords: Ta-10%W alloy, Orthogonal cutting, Cutting mechanism, Cutting force

1.M B
B2 =2 W2 WisHd (&84 ~3020°0), 714
4 524 B & dAd A, 7k Asks, 291
g, B dxgAl 9 vE 5o 5HE 7R ATH1]
T BEEFS 9 s Uehdo| wet gaEe )

- AT AYATY, AL AP, BAR: A7, W AYATY,
YA, PYE: AYQTR, IS s

*Corresponding Author: Kyu-Sik Kim

[Tel: +82-42-821-4581, E-mail: kskim87@add.re kr]

*Corresponding Author: Hyung Wook Park

[Tel: +82-52-217-2332, E-mail: hwpark@unist.ac.kr]

Copyright © The Korean Institute of Metals and Materials

FgA77] S o R
gkl ¢ g3t 7hsst
(~3420°Cys JEbgol wet

gE-82d 9= &30l


http://crossmark.crossref.org/dialog/?doi=10.3365/KJMM.2025.63.1.23&domain=pdf&date_stamp=2025-01-05

24 ) gt=4 - A 58H3]A] A63H A1 (20259 19)

o2 FEn) a8y oF weE 2 vdE-Ead 3
2 MR THgo] ofE]e AAE dEA JdoH olF
Asr] 913k AFE] A&H oz 43
F ugg 9 ggg g9 7ol <
o] AAEIL Uk AAA R, SEFe AXo] 93}
ARE 7HeAl 7R Asib 3A A 1,818 HaE
BollA &xlje] AFo] wAE| "t o] FUHEATHI). T
HAZ geahge] W2 g A= (thermal conductivity) 2
olsf AAtA] WSl Atk o] o] g|A EaH1]E
o] gt Jo] wPETH10]. vA e, HAF Ak 7w
7h - W) wjEe] I3 Ame] whEo] ZA vy
tH10,11]. 23719 A2t AFS ody T FEHo=z 7}
TE e e 2 7 3, EFuE 9 dole i
k4, TRHCP) w53 ZEIle|7 5 YA ghEellA
T UeRA ok el 2 dFue] dah e S

j>=°.*=’nu

i)

o
4

= 27T
ojmly 7oz 4 i FAEHANCH T Adte] ¢
3 A A g2A 1H Z3F gl 9gsie] 3 FAVE
£ A3t AAEATH12,13]. ©] Aol H|Fo] &
, B 2 eE o] dat AsAllE 1 39
Fo] A= Aoz dAdds] B 4=
A3 A F sidatr] flste] dnkAel A
274 w4 WS Aol[10], A 7[1], 38 "t
gk Al=Ee] = Mizutani 5 [14]>
=5 BEF 2A9] Tkl gk e 2230, 28° B

33083 Ardlen 1 Ay, 3 Z4wrt vjwE &
28°%}1 Zhato|= F-E ARSEt] FHA HAlEy 3H AR
7182 AL D22 AL} Lazarus [10]E SEE-H

=’ = A9 TheE ATl A s At

20° oge] sk Al o 2A7F 2adhs wHth

ARl SEEF-HaE Y] R e 2 e AR

e 5 AR T R AA ST des e

A g B HASl iz A Lol BAE AL
A

ANe WAst] 1 A=
=

g Aofate] du=al

Al 7heE w7k HAHEE Areiint. oS flsiA
SEE el A sk daEe SAsa Ay
37 Wl me date wisls gdgE-gad e 2
43 AAste] 2 dele aFshaAt Ao

B ApoMe gedE e At 7y EAS gels)
7] 95t Ta-10.1wt.%W 24
F @ Aat AsS vl B4

28 AA91 AISI 4340 mlEEIXJO|EZFS U

plAEE R4S 918kl SiC WAl #400~#20005 ©
Ao Ansl o™ | pm tholoRZ= Al
g Agste] A Auls st F2old vt
(Colloidal silica) &2 HF AntE TP &, AT
& Az 31" ' EA7)(EBSD, MIRA 3, TESCAN)S
ol g3le] wM|Z=AS AT FHAEE A} 31EEA
< flste] OxfordAbe] HE715 ol&stiom 7R
15kV, 228 Alo]= (step size) 100 nm ZZALZ 100 um
x 100 um HEIE S48t EBSD &4 &, &4 Z=
29 (OIM analysis 8)2 ©|&st A3E A3t
g 9] 7R Wrke 29 194 AlAgE A

2ol
o] A3 7} (Orthogonal cutting) A& 02 3 =]t}
e 3 AIFHE 20mm* Smm” 4mm E A7

ol
ol
£
iy
oo

ol
o
38
o
)

N
&
IS
o
i
[92]
2
fru
2
%

ol
ol
£

N
&
el

7} 10°~20°, 7}
TE 5 mm/s ~ 10 mm/s, 7Fg Aol 0.02~0.04
mm HIZ WA o SEEF-H2E ok Al s
o] T FHA(Kistler, 9257b)2 AX|&le] 71 279
2 AAHe ¥iskE A6 2 9 T 3 38
4 20um, A= ©2" FpEbo]=(WC) &Aoo
AICIN 38 g5 Anom Alf W 9 212 Y
SHAl Aottt 7k 3 B4 38 v 7 (Keyence,
VHX-7000)2} o]r]A] &4 Z2 g o]g3te 3] T
2 e AT F I vRE flste] A<l
TEE A1 HIHAISI 4340y FUF 271elA st
T2 T 7 AsS vaskiTh
ShQ A S ol gsle] §EE el 7R BALSH

Jo



LELCRET

Flank face

Flank face
~

Rake face

Fig. 1. (a) Orthogonal cutting equipment and (b) three different WC tools used in this study.

Table 1. Thermo-physical properties of Ta-W alloy and tool
materials.

Properties Ta-W alloy  Tool
Density (kg/m®) 16,920 15,500
Young’s modulus (GPa) 208.5 550
Poisson’s ratio 0.3 0.21
Thermal Expansion coefficient (K™') 6x10°  5.80x10°

Specific heat (J/kg-K) 135 400
Melting Temperature (K) 3,300 -
Thermal conductivity (W/m/K) 50 -
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Table 2. Constituent parameters for plasticity and damage models.

Parameters Plasticity Parameters Damage
model model
A 535.124 Dl 0.3
B 1118.479 D2 0.8
n 0.881 D3 0.5
m 0.7 D4 0.02895
C 0.0321 D5 4
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Fig. 2. Initial microstructure of (a) Ta-10W alloy and (b) AISI 4340 steel.
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Fig. 3. Cutting force changes for Ta-W alloy and AISI 4340 steel
during orthogonal cutting experiments.
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Fig. 4. Typical cutting chip morphologies of (a, b) Ta-W alloy, and
(c) AISI 4340.
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Table 3. Cutting forces for a Ta-10W alloy according to orthogonal machining parameters.

Machining parameters Initial Cutting Force Final Cutting Force Delta Cutting Force
Rate (mm/s) Rake angle (°) Depth of cut (mm) (N) N) (N)

5 10 0.02 271+22 707+£163 436+162
5 10 0.03 328+16 971+129 642+129
5 10 0.04 408491 1107106 698+107
5 15 0.02 240+42 635+155 395+151
5 15 0.03 314+18 893+69 579460
5 15 0.04 342+10 1024+82 681+88
5 20 0.02 252+29 508+113 256127
5 20 0.03 292+9 521+£31 228+28
5 20 0.04 331+19 667+59 335+60
7.5 10 0.02 - - -

7.5 15 0.02 293+29 776+128 483+134
7.5 20 0.02 259+£10 494+29 235+32
10 10 0.02 332447 895+105 563+115
10 15 0.02 290+18 766+103 476+105
10 20 0.02 261+16 540+£56 279+62
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Fig. 5. Processing maps for the machining processes of Ta-W alloy. (a) initial cutting force, (b) final cutting force, and (c) delta cutting

force.
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Fig. 6. Chip morphologies of Ta-W alloy machined with different tool’s rake angles; (a) 10°, (b) 15°, and (c) 20°
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Fig. 7. Calculation results of (a) thermal and (b) strain analysis during orthogonal machining of Ta-W alloys.
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Fig. 8. Calculation results of cutting shear angles with different processing parameters; (a) machining rate, (b) depth of cut, and (c) rake
angle.
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Table 4. Cutting forces for a Ta-10W alloy according to orthogonal machining parameters.

Machining parameters Initial Cutting Force FEM
Rate (mm/s) Rake angle (°) Depth of cut (mm) N) (N)
5 15 0.02 240+42 252
7.5 15 0.02 293+29 257
10 15 0.02 290+18 288
5 15 0.02 240+42 252
5 15 0.03 314+18 294
5 15 0.04 342+10 362
5 10 0.02 271£22 272
5 15 0.02 240142 252
5 20 0.02 252429 242
60 — -
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