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Prediction of Cutting Temperature at High Speed Steel in
Orthogonal Turning based on Finite Element Method

Tae-Ok Jun,* Choon-Eek Bae**

ABSTRACT

Temperature distribution on the rake face and flank face in orthogonal turning with
cutting tool of high speed steel is studied by using a finite element method and experi-
ments. Experiments are carried out to verify the validity of the temperature measure-
ment by using a thermoelectric couple junction imbedded in a cutting tool of high speed
steel. Good agreement is obtained between the analytical results and the experimental
ones for the temperature distributions on both the rake face and flank face of cutting
tool with high speed steel. The analytical results show that the temperature on the top
flank face of a tool is higher than it on the top rake face of the tool because of the dif-
ference of the friction velocity on each face of the tool.

Key Words : Orthogonal Turning(2zH1414}), Rake Face(%’*?‘%/‘}‘?‘;), Shear Flow Stress(3&#-5¢
#), Temperature Distribution(€%%¥), Flank Face(Z79#%), Finite Element
Method (F3+2.4:%)

Nomenclature v : y Component of velocity
w : width of chip
h - heat transfer coefficient X,y : cartesian coordinates
k . thermal conductivity A : uncut chip of area
) : contact length F : force
t, : undeformed chip thickness N  : shape function
t, : deformed chip thickness T ' temperature
u : x Component of velocity VvV velocity
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Table 2 Cutting conditione and messured data

Table 1 Physical properties

Metals Handbook 1
KS D: 1020 York piece (SHSC) ool (Hagh speed steel )
Specifleo [Denat t Thermal Specific | Average conductivity
el e e
7.857143[0.26000] _ 0.0774936 | 0,109 0. 0000E-03
A4E7] 93 5% (flow chart)e Fig. 39 2t}
LERIE 4579 4 dolHe F 844
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He HHukE o) 89l AL Yo g el

dug oz AsdsE Lo ue dssine AR
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1o veEli™ 9HE EoeE 7|22s 4734 WE

g2 (H)& Adetn, 1 49948 Adaea v
X (T}E ¥},
A 8F e, 4 (302 2HIYANY B

Fo2 A4l 4 (14)e A=A, FA2A 590
A L O71LE 2208 JIECE §1, A s
Ao EAGe A F7o nEEEA 2N YHH
k. a3 AA sl dFdALE drIeEE
ZNEeg B AN P 4 (10022 98 HY

AA selAEe 9d9Z dHHY dake v E
Kcal/min cm?e]th,

: THot - —
Tectf CHEE oot of ‘o~ jmponent of re-{PoP off Uncut chip Tool-chip co-| Shear
No- /iy [ Sultant force jsultant force | (mm) | (rmmvrev) | ¢ (degrees)| |
0L| 79257 | %05 705 1674 18765 98| 2.063
| 02 | 101.562 32052 6.873 1.527 51258 | 133) 2420
03 [119023 | 30921 6.204 10 | 020 1.402 356 | 49800 | 164] 2590
04 | 136.257 29.168 8.877 1.106 46137 | 2241 2.921
05 | 162.426 29024 5,516 0.982 46035 ) 286] 3251
11 3125 9.206 120 1.184 3872 | 57984 | 306) 3930
17| 34072 5002 106 120 3164_| 62730 | 261 3802
13 | 134274 308% 7076 0.90 .20 1.25] 2845 | 804701 224 | 3461
14 25687 5934 0.81 1.273 2545 | 52850 | 185| 3.005
5 2684 412 07 1273 | 207 | 532 156] 2607
21 30522 6.804 0.20 1.200 48494 | 238| 3.124
22 27.040 5.886 0.15 1.262 568561 198| 2.856
(28 | 142506 | 2275 4275 1» [ 010 %7 | %5 |To429| 1%6] 2876
24 17.552 3.202 0.07 1.305 82277 116| 2462
26 11515 2423 0,04 1.305 91846 | 80| 2.261
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Table 3 Temperature distribution on the node
Points'in case of Test No.3 ‘
W, | Tmy, {0, | Tew, |, | Tup, 100, ( Towp
| o mel oM | 512802 75 | ez ) e | 4B ue
47 | son 35| am | we3m| e | 450,061} 400 | - 40 225
Ans | o8 26| w2 | 425 157| 3| 26000 4 | 214, 70M
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5% | me.0z7| 508 | a17.7ve| w7 | oenne| 508 | ziemn
o8 | 214 583 e, 0| 511 | s 51z | et
53| sam 21,78f 515 | mooam| 518 | Se 508
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driedrird V120 m/rain
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Fig. 5 Effect of cutting speed on rake face temper-
ature
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Fig. 8 Effect of depth of cut on rake face temper-
ature
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Table 4 Mechanical properties and chemical composition of materials

Mechanical properties Chemical composition (wt. %)
Yielding|Tensile Elonga-
Materials |strength| stress (Hardness|tion c Si | Mn P s Cr {Ni | Mo | ¥ ¥
(kgimt) | (kg el ) (
SM45C 22 38.75 |115 HRB| £5.5 [0.43(0.25(0.65(0.022(0.024; - . - . -
H 8.8 92 182 64 HRC 14 0,828(0,37|0,2310,020]0.021 ;4.2710.28|5.28[6.56!1, 98
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A g w2} FA7E(C.N.C wire cut electrical
discharge drilling)stdew, o Zo &AA =HoA]g
23 ¢40.5mme AN (constantan-wire)< 43
st WES 442 Y 2 do2N 99 /52
A4 sPen, AgdMe oge F& 7Y Ze
27 dANAL domas Ad 9@ FaAFTY
A7 2543 odoye exgd & olEgd
Bl mat oAt #ot,

PN E 37 HEEE JA S, REEXE
FEs] A% AFERY HEFZoE 0.2mm A=
T3 AYE Pt

Fig. 1394 F7HeEe SUTAE e},
T THEY Ase EHEdo| tEEE R
o Wizl @t Fiere] WEEHoR iy FF
He ARsE d4Ee AEY £ g w2-9d
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7}(measuring computer 8047 AT system)s] &
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Az A7 e2ge & 4 Sl
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Mage ex&Ad I8 A Ho et £3o
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& At
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