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Temperature Distribution on the Wear Land
of Cutting Tools

by Takeaki Kitacawa, Katsuhiro MAEKAWA
and Akihiko Kuso

The paper proposes a special model for the chip forming process based on a simple
shear plane cutting model, which determines temperature distribution on the wear land
of cutting tools. The propriety of the model is verified by comparing the calculated
temperature with the measured one, which is obtained by means of a special micro-
thermocouple technique. The results obtained are as follows:

(I) Moving the shear plane forward and downward from the cutting edge makes
it possible to take into account the distributions of heat sources and velocities in the
primary shear zone.

(2) The profile of temperatures on the wear land is the same as that on the rake
face, while both the maximum temperature and the difference between max. and min.
temperatures are lower than those on the rake face.

(3) The distribution of frictional stress on the wear land is uniform, and the
magnitude is nearly half the maximum frictional stress on the rake face.

(4) When cutting 0.46%C carbon steel with a worn carbide cutting tool having
a wear land length of 0.6 mm, the temperature on the workpiece surface rises 60 K
at a cutting speed of 3.33 m/s.

(5) The temperature on the wear land fluctuates by about 200 K when tool vibra-

tion occurs.
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(a) Model 1. @, x and A indicate the nodes having heat sources

in the primary zone, on the rake face and on the flank wear
land respectively.
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(b) Model 2. Nodal velocity (c) Model 3. Nodal velocity
at cutting edge is cutting at cutting edge is V/2.
speed V.
Fig. 1. Finite difference mesh used for calculation and specification
of nodes having heat sources in the primary zone.
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Fig. 2. Specification of frictional stress distribution on tool face.
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Table 1. List of models for calculation and figure numbers

J Distribution of frictional stress =, on
Distribution of nodes having heat flank wear land

sources in primary shear zone R &=
Uniform (Fig. 2)

Linear (Fig. 2)

| |
Model 1 (Fig. 1(a)) ‘ Fig. 4(a) “
anie B o Tl R N - — — {
Model 2 (Fig. 1 (b)) . Fig. 4(b) “ Fig. 4(b)
iy L Memgtpome—— i | U ‘
Model 3 (Fig. 1(c¢)) i Fig. 4(c), Fig. 5(b),(c) } Fig. 4(c)
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Table 2. Cutting conditions, experimental data and thermal
properties used for calculation

Experimental data ‘ Thermal properties
— Lo ) ® T i 1 T \
Cutting speed V (m/s) 1.67--1-43:33 | Material cut Tool
— i P Loy | | |
Cutting force Fe (N) | 1079 | 961 |
— &g B e oinT_~rg Thermal ‘
Feed force F, (N) ‘ 785 | 608 | conductivity 502%x10-2 | 6.70%10-2
—————Hf - | A (W/mK) |
Shear angle ¢ (deg) | 184 20.5 ; ‘
~Chip contact ;v | qen ‘ ~ o I
length le (mm) ; 160 | 140 ‘ Specific heat
— e A s 0460 | 0.398
Shear velocity Vs (m/s) “ 1.76 ‘ 357 ¢ (Jkg K)) ‘
S R w0 A || | gl
- ; ‘ \
7 - |
Chip velocity Ve (m/s) | 053 ’ 120 Density |
TR R 7.84%103 i 11.2x103

iy vdecir} , 3
Shea plang o TPy | o | s | (el

Cutting conditions: material cut, 0.46%C carbon steel; tool, carbide P 20 (0,0,6,6,15,15,0.5);
depth of cut, 2mm; feed, 0.2 mm/rev; cutting speed, 1.67 m/s, 3.33 m/s; cutting fluid, dry.
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Fig. 3. Schematic diagram of temperature measurement
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Fig. 4. Calculated temperatures on tool face. Calculated values do not
concider temperature rise on work surface mentioned in Sec. 4. 1.
Measurement of 0, is done with non-wearing tool.
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Fig. 5. Temperature distributions obtained from the FDM.
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(a) Schematic diagram of experimental set-up.
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(b) Temperature-time diagram for (b), V=23.33 m/s, Vp=0mm,
(b, V=3833m/s, Vg=0.6mm, (b)s V=1.67m/s, Vz=0.6 mm.
The other cutting conditions are same as in Table 2.

Fig. 6. Measurement of temperature rise on machined surface.



28 JEINRS « FOTERT « ARBIZ

S LI h b, HEEEYIHIRE O YHIERE X ohcfift EEREAME S hicbo L ks, HiE
DO B LV O OFRPERZ D X 5 ehitt EEREZGORETH -7, —F, EREZC
REOHBEEEL TRV OTEFERADME - Tk, 2OMEXHBE LT, o
VX 1 1R o A b TR EE A3 1 (B8R 5 o0 U) IR @ B i R R B L, feshEdlo
BT EERE OV EE2AE T, CoMoBEBC X 58EHORE FRIEHCcE54L0
EBz I,

Fig. 6 () w_7 X 51c, ER 160 mm O # 441 245 %} & B4 &, Table 2 & [f]— D) Hi
FHCHREFHMEN %I 2 7t - 72, Fig. 6 (b) (285 - liE- BB CcH 5, BRESH
O 1S HEIF O 1RO EZ s L, Y N E 26T 5 Lk - Tl
WE3fE %, Fig. 6 (b © V=333 m/s TOFEFTEROEE O Ll o LAz 25K,
Fig. 6 (b), ® V=06 mm DO EFE T H TI1I# 60K, ¥ 7= Fig. 6 (b); ® V=1.67m/s O ELET L
TIRRAOKFHRTH D, ZhbOEMERE X EOGEE (Fig. 4 3 X0 Fig. 5) whi+5c
L X b, HHIM ORI EERESZE IR EENL SRS, TR BUEF I BEM M
HADBEINT =R T IR B E L T2 57, BEBOREEREORL, WAt G
e EDHFID I DICFTEIT B E B % 2 Ieh - T2,

4.2 ITERBICKZEREEEDEH

R HEREHLHETT L, Vi 210.3mm Ll ke 7 duE i@ o e ) T ¢k Ui Lig 0.5~5 #m
OfxiE, B KHz O &\ CIRBIB CTEAREIT 5, = OIRBIRIE B 728 A 150 i B EE
BELCREL, BoaNERORBEERE, UNIZARTIECWES Ls, EBrETh
E, BERERO B BRES D OEBIIEROER D E LCTRENT S, —HEEEHOLS)
TEFEIR OB K gr OB, T b TANOIRELET & 75, WO QM2 F 7B
BB D D\ IBIE N R R ESRBY, 20X RIENOEBAES T, TEMTEYSS
b5 Liciennt, TOMERBERT Tl MERESETTAE55 2 LA 5
BEhad, LosLiendib OO DiRBIR OIRIBIZB/NTH 05, MiktOIEoLE= v 74 o
CHRAETS X5 e REBMMER Y xMffcEicwn, TEBBILLABEEIE 0
LI REHCE - TLANCAETAEY 1 7 L OFERTRIME BRI, X5k
BEDD, IREC XD r0EBHE T AL, Zhicd & DO CERENE OB L o/
WCiehhiie LA, WERBEO DI, THEE TIEY & ORHKHZER A3 i B FEE 1 T
E7L, LabIEskiRB A MET 5, Fig. 7R+ X 5 IS o 1% 0~215 MPa o i ¢4
HToHb0LT5, KL =215 MPa X BIRBIFORKIGHIETH S, %71z Fig. 7 OR5H
bty TRERRSHE A HHIM A SRS 0 LT3, LTI DR F i L, oo
FEMEIIRBOMARIC L b - THA L TP 2 bicie s, REIEL 3KHz & Lz, FF5,
FEFBIR 2 HIM 2 5 MER AU Z O W TR B R DR & Licfiig, IRBIo 784 & e
BT eote, Fig. 8 @M IECE Uiz 1AMk THPIREE O Al (F0) & /Ml (45



G T 1 T R AR 0 T BE 4 A 29

Thb, KETCIRELETIEREE X b A~ 0.15 mm BE RS h, MWME2EDRKE 200K
T B LB,

IRAE LIIRE) & 7 A DSKIGIE L\dsE 5 iR B i, OOV iREIZ4AECTW556
O T B OIEBIRIRE & BEREREEE 2 E L <R, Fig. 3 KR LLEBRBHTEO»b Y, FHIL
BLRALX S TRAEMMBCIMEE Yy 727 » 7RI fol# TH (JIS31 Bl A+ AHY)
% M\, Table 2 OYIHIG&HD & & TIEEEEZRE T2 77, 4.1 8 TR 7o) @ H 2

1 cycle
A %
' Sine
1 curve
= |
B |
¥ |
= I
“ {
v 21 Bl
0 |
o 1% ]
& |
- = |
0 1 =
Time

T1t021/3 period: non-stressing
state

Fig. 7. Assumption of stress change on the wear land when tool vibration exists.
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Fig. 9. An example of measurements of tool vibration and
temperature change on wear land.

200 K OREZEBNE, EfHi 7 74 AH b 7 & Ot I 313 2 TR I O Z B fiti H
300K #i® Th s & LT, RABECkERbDEVLZD, £ TZOMREERIC
I0AETHBIENOAEIEHRE L Thic, MEROKZ S LT AHIC LD, BEFHROM
EHECDLBEEE T HHEOBIET on iy, WEZLA AT HHIPH2EFHICR E S
h, DoABMcREZ b E Cic b KE LT, HoMBREEHR TS LKA THFZbID,

i = i’“ (Om—0) (6)
T E AREHMELREL a (XARBZ IR EREL, v 7V v, O IO BT OISR, 0 13
DEBELAORETH S, ﬂﬂmﬁﬁﬂ;xr$éﬁ¢mﬁmtEzamcnﬁ,a:60x10*K—a»:022&
|6, —0|=200K % (6) cfRATIUE oin=1822MPa hifEb N 5%, HIRTOBEA SO W #E

MR |38 [ IE M X 23 1500 MPa, FEff#R X A% 5000 MPa B TH B0 b, ThbOEAREI X -



YI) T B 6 T REREIE o TR EE 4 AT 31

TRELEDLL SO ETHUE, BEREMTC R4 T 5 £800 MPa 25 O UG I EHE DR
HWTeRMBCHEZ AL KIBIET S LB LRV, T LATERICERKNT % B
EOEEEETHGHOME Lyd UXE, ZoE LAEEYEBWEY S5, £LTIZO
X5 e B T i b bIERR ML O MBS RTHER L (R S o), &5\ ITERERE
CRERATYFHIRLTOLEELZDZRELDOD LI CBbh%,

5. ¥ i

(1) G o e T FE RIS & AT B fodic, Bl AMTRI GIHI B A A L LT
W IO = FARIRE L, TOZSHEENRE &L OBIC X W%k Lic, T7abb,
HAMEEZ TENEDRIF RS IO THCBEHS®S LI XD, HAMIRD BN 5k X O
FE o3 Al % B 18 L el B BRRT AT RE & T %

2 BERERRE O S AHRE T VEO TR ERETH S0, KEE R X OREZ{LD
BAMEE ST WHIOER I h/E W,

3) MEREEEIC L HOMTH Y, TORZXIRHARCET AT VCEHEEILEHOG
x1/2 TH 5,

@) EFmEREI T T, Bl ot EERE A EH TE VB E ERT AL
& LRI HER LT,

(5) PERBE A MHIM & BB ABRT X 5 OO IR BI 2N REA T HUE, BEEEEIEE 1 200 K
BEOREZAHNETAHZ LEFIC L VWL Lz, ELOBGIIRE LCUEl 71
CX RS EFAZHELTCY I a V- THIENTES,

Eil i
73y ZTRIEREL ) oFBC X 0FIICEE LT einwie, EELTHLEBL
FF B, FHERERIIER53~56 £ Ot B TERKFEMH BT ESXZEADOE Ntk b e
ARKRE, FRGTERAERTERFE T AEBEE ACOS300 it X YR ltote, BARE L
CHLELETS,

X ik

1) B. T. Chao and K. J. Trigger: Temperature Distribution at the Tool-Chip Interface in
Metal Cutting, Trans. ASME, 77, 7, (1955) 1107.

2) FIE, BEERE, JUIRY 0 = KICYINIRE & 1 o BEMHT, K% B, 41, 12 (1975) 1141,

3) G. Bothroyd: Temperatures in Orthogonal Metal Cutting, Proc. Inst. Mech. Engrs., 177,
29, (1963) 789.

4) B. T. Chao and K. J. Trigger: Temperature Distribution at the Tool-Chip and Tool-Work
Interface in Metal Cutting, Trans. ASME, 80, 2, (1958) 311.

5) EFTEME, TSR ORY, B —PE: TRGEUTTE O BERETNC d 1 B TREE S A, KRB, 42, 4 (1976) 268.



32

~

© o
S NE e

10)

11)
12)
13)

14)

15)
16)

RS - wNTER - ARPIE

T. Kitagawa, T. Shirakashi and E. Usui: Experimental Measurement of Temperature
Distribution in Tool-Chip Interface, Bull. Japan Soc. Prec. Engg., 9, 3, (1975) 83.

SR : Mgk BN S R T R o BEREREE, B ARBSI A &R UK, 35, 280 (1969) 2427.

el —E, EELOBS, BA B 910 < Fofdic o T, K%K, 27, 10 (1961) 681,

Sk B, EHBER: YN TR EIC kT 5 EREE R, HHRK, 23, 8 (1957) 404.

J. F. W. Bishop: An Approximate Method for Determining the Temperatures Reached in
Steady Motion Problems of Plane Plastic Strain, Quart. J. Mech. and Appl. Math., 1X,
pt. 2, (1956) 236.

=4, i gl TEBERIC X S HRBIO B (5 3 ), KWK, 44, 3 (1978) 359.

B HE, BEEX: YN o EIH NS ORES i o T (882 W), HERK, 35, 12 (1969) 775.

H. Wu and J. E. Mayer Jr: An Analysis of Thermal Cracking of Carbide Tools in Inter-
mittent Cutting, Trans. ASME, B, 101, 5, (1979) 159.

FIF3A, R &, BBENE: RN sT 2 9h N KRB O @GBS 2 0% (55 3 #), K
IR, 46, 8 (1980) 983.

WERYE: ACHMEOE ), BARBEMKE£GE, 65, 525 (1962) 1454

JeRE, AEERE, TR, EHFER:  EN TR ORE A K T EEFEC KE T, 55 E K
R S 2 BRZR O 2 5 1l Al U 2 B R SR (1980) 677.



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16

