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Fig. 1. A scheme of relative movements of workpiece and cutting tool in
1D UAT
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Fig. 2. Idealized 1D vibration-assisted turning
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Fig. 4. (a) Primary and secondary shear zone (b) maximum tempera-
ture occurs some distance along the tool face (A)
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Fig. 3. Cutting speed profiles generated for tool vibration set to 31.25 kHz
(a) vibration amplitude 8um and work velocity of 0.5, 0.75, 1 m/s
(b) work velocity 1 m/s and vibration amplitude of 8, 10, 12 pm
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Fig. 5. (a) Stress distribution and (b) Heat flux distribution on the tool-
chip contact length in Turning
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Table 2. Johnson-Cook Constants of 4140 steel [23]
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Fig. 6. Tool and chip meshing for finite difference modeling in case of
orthogonal cutting [9]
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Table 1. Physical Properties of 4140 steel [22]
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Table 3. Results of orthogonal cutting tests
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Fig. 8. Set up of the thermocouple (a) Schematic diagram (b) Experi-
mental set up
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Table 4. Thermocouple specifications used in experimental tests
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Fig. 7. Simulated results of temperature for 4140 Hardened steel work-piece
material at V/ =30 m/min (shear plane angle=23.75°).

(a) Simulated tool and chip temperature field. (b) Isotherm patterns and
Convergence in temperature fields of the tool and chip at the contact region.
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Table 5. Experiment factors and their levels
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Fig. 9. Ultrasonic Equipment (a) Tool fixture and horn, (b) Finite
Element Simulation of displacement distribution, and (c¢) Ultrasonic
assisted Turning Setup

Sigusl 5T LIS 1 KS a3 (6,15 ol g A S
(el 22595 9 092 §3lwoand() (g 9 513 S ()
83Likw13 y90 (5 ) W15 O3 (a 0929 ()



b JSew 32 53 i 5 glej g o0l (I3l ) Gialia oo o el )y
G Lyl caialy il33l b 3gy o Hlaml ol by amd e ialS
Uil ised lgieay b ialS Gls ds s dseiys g Al g
Ol & S i gled S il (e e plog e Ve 4 Al el

And o Gl YVINE a YYIVVL 511y (Jsese

300

250
150
50
o

Ve=0.5 m/sec
®a=0 pm Exp.
#a=8 pm Exp.
¥ a=10 pm Exp.

N
S

e

Temperature (°C)
[y
S

T
i

/f///:/

”;éf;//

/,,,,/
)
i

S
R

?g/

Ve=0.75 m/sec
B a=0 pm FDM
2 a=8 pym FDM
#a=10 pm FDM

Fig. 11. Comparison of the FDM simulation and experimental test results
for the steady state temperature of the Tool in accordance with Table 5
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Fig. 10. The influence of vibration domain (8 and 10 pm) at ¥ =0.5 m/s,

af=0.11 mm/rev on main maximum tool temperature during UAT and
CT: (a) experimental and (b) FDM simulation
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