AREFH S I 2b—va v VA5 A O

v (%5 2 )
— YHI TE RGN —

HIJSERE Y, K Eakd™
(FHL3 4 8 B3LEEH)

Finite Element Simulation Systems for Metal Machining

(2nd Report) —Thermal Analysis of Cutting Tools—

Katsuhiro Maekawa ™ and Tkuya Onsuma *

Abstract —This paper describes the formulation of the finite element method which has been
successfully employed to analyze thermal problems relating to cutting tools in metal machining.
The analysis is three-fold: the effects of coolant on tool temperature have been examined both
theoretically and experimentally, showing that values of the coefficient of heat transfer from the tool
to the coolant range from 10°to 5X10° Wm™?K™'. Secondly, supposing that a micro heat pipe is
embedded within the tool to reduce tool temperature, the optimum shape and position of the coolant
path have been analyzed by the finite element method. Finally, using realistic material properties
and friction characteristics at the tool-chip interface as input data, a complete simulation of
oblique cutting by the elastic-plastic finite element method in conjunction with the thermal analysis
has been carried out. The calculated temperature and stresses on the tool face could serve to

predict tool wear.

Too & I, UTHIRE T BB LT HREE TR

. #a7rsg HTCahh, HEICamEaz B8y 50T,

WHINL BT CFETHEES TH B0, Z0
A AR I LT O MEIR TE ORI BT 5, R/
FOCE, TV STYY ST = AF—Ya v kT
TURTEEN Y & FERGEBTRE & R & BT 2RI oW
Tik~7z, E512, T F YHMOUE ZHI, LiEE
OYEI&ME GEREM) LT, HEEMNICET, W
HiREE, TEERELZECOPHEELFUTELILERL

FOFHMEMMEERETH L 2 2R L
REETIE, R D OB FEL S S ICERSE,
FICOH TEOREMATICERE BT, WY I 2L
—Yarv7ursIanikRts, KETREEFENL
HREZEOERAICOVTEE L, 3ZURICZOH
Bl LT, SEmE oRmERKoEE, NEEAIT
BEofFshEs X CEFAIEIEO TERE 2T 5,

* RS LM ISR (B SLHBRET)

Department of Mechanical Engineering, Faculty of Engineering, Ibaraki University, Hitachi

316, Japan



68 SR LI ER  5839% (1991)

2. BEEMOBREREEXL

2.1 ERARCEREN

ARFFE TR L 3 ARMEIR, FICTXRTEFEWENICE
AT RETRKRVS —, 810 F, HEMOREN
OFETH B, BRIWH K THROBMRE L TE-YY
CTREOBBICL > THEAL, TELTEFRVY—N
TRERED AL - T, TH LT EHHMATIIEE
WY BEEICL - TED B,

BOFEE, B1 0¥ AWES, 1238 v CHARE:Y
72 ONEBEEE S g =R, BEERES. 1BV T
KRG, =t UTEHEIZbNA, 22T, RIZWH LTD
EAMREIET, U3 ANEE,  RBEIEH, U
B TOEBEETHL, ZOLH) BEPOD &T,
Hl1ol, I, DOo=2>08MICE5EFAEENE
oZEFENIE, AR THLON5,

T 2T oT oT
K=+ —pCl. == +uv,= | +q.=0
ax* oy’ dx Oy

(1)
7222, KIZBURESR, TIZRE, e 3%E, Cldhl#k,
v, & o, By FROEERS TH S, X)L TD
L) BBRAMHEEONS,

(i) T=T, BEHRS L)
i) —KoT~/ on=0 (ERS.L)
i) — (KoT -7 9n)y — (KT 7 dn)u =q:

2

(EBRS,. L) @
tw —KoT/ dn=h* (T—T,) (ERS.L)
(V) "Ka T 7o n=h (T_ To) (i%??Sh_t)

ZIC, THEERE, ndERECTONmER, A
R FNFNBERS, & BRSw L OBITERE, T2
FRECTH %,

BREH (2iv) & (2v) OBRFEEARTEOERT
b, TRLTEKRVT—ONED BV IENE~DEH
WL DBEERRL T b, ERICE, DY <P e
Hitt ORE» 5 BAA~OBRESEL S, LAL, 1
ST LHEHIMIBEIT B 72012, ZREOHHNTER
FIREITHEIERTEIA O EL, W RS
fE(2i1) ) ELTEW o7z, T2, TET XL D IC
KRERE0CE L, K, p, C, A*B X UThIGIRE K
FLEW D ELEFEL,

===

Sqo

X, Vy . 1

Fig. 1 Regions and boundaries of thermal
finite element method
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Fig.3 Chip shape, and friction stress vs. dis-
tance from cutting edge when turning
plain carbon steel

Table 1 Measured and calculated data from
machining test

Cutting speed 61 m/min
Feed rate 0.254 mm/rev
Width of cut 2.54 mm
Rake angle 15°
Clearance angle 6°
Cutting fluid wet
Cutting force 1200 N
Thrust force 550 N
Shear plane angle 27°
Shear stress 500 MPa
Shear velocity 60 m/min
Chip velocity 28 m/min
Chip contact length 1.4 mm

Table. 2 Constants used in cooling analysis

Work Tool
(0.43%C)H (HSS)
Thermal conductivity 43.6 22
K wmlk?l
Heat capacity 4.3 e
pC MJIm™3
Heat transfer coeffi- — 103
cient h Wm2k!
Thermal expansion — 1075
coefficient o K71
Young's modulus —_ 206
E GPa
Poisson's ratio v —_— 0.3
Yield stress oy GPa — 1
Work hardening rate —_ 2.06
H' GPa
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Fig.4 Influence of cooling on tool temperature
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Fig.5 Temperature contours near cutting edge
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Fig. 6 Isotherms near cutting edge as function
of heat transfer coefficient of coolant
path

h*=10%m 2K "1

Fig.7 Isotherms at various shapes and sites
of coolant path
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Table. 3 Characteristic equations and constants used in 3 -D machining

Flow stress characteristics:

,0.00714

0=3. 02¢ {45400/ T+58. 4

+a(1180~T)Eb [MPa] where for £<0.5, a=0.871 and b=0.8;
and for £>0.5, a=0.574 and b=0.2

Friction characteristics: T/ hk=1- exp(-uxo,/k)

Young's modulus E=206 GPa, Poisson's ratio v=0.3, Friction

constant p=l.6, Wear constants C;=22.45 MPa"l, C,=21770 K

Thermal Density Specific

conductivity o} heat C

K wmlk? kg m™ Jkgtkl
Material cut (18%Mn) 13.8 7950 545
Carbide tip (P20) 66.9 11200 356
Tool shank (0.55%C) 36.0 7750 461
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Fig.9 Isotherms on (a) workpiece and chip and (b) cutting tool:

cutting speed V=80m ~ min,

normal rake angle «,=15",

inclination angle i= 5", undeformed chip thickness ¢t=0.13mm

and width of cut w=3.Tmm
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Fig.10 Etched specimens of (a) quick stop test
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200um
—
Displacements

Fig.12 Deformation of cutting edge and yield-
ed zone: Poisson’s ratio v=0.3, Young’s
modulus E = 206 GPa, yield stress
o,=1GPa, work hardening rate H =
2.06GPa, coefficient of thermal expan-
sion o« =10"*K™*
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Fig.13 Contours of equivalent stress within tool
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Fig.15 Contour lines of crater wear rate
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Fig.16 Distribution of stresses and tempera-
ture along flow lines on rake face
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