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Studies on Thermal Partition Coefficient in Surface Grinding of Steel

Takashi Uepa, Akito Tori1 and Keiji Yamapa

In surface grinding of steel, the temperature in the surface layer of the workpiece and the temperature of cutting
grains on wheel surface are measured by means of a new method, in which an optical fiber accepts the infrared flux
radiated from the object and transmits it to an infrared detector InAs cell. This I.LR.P. is suitable for measuring the
temperature of a very small object whose temperature changes rapidly. The influence of the physical properties of
workpiece and grinding conditions on the grinding temperature and the thermal partition coefficient are investigat-
ed. A carbon steel, a stainless steel and a cast iron are used as work materials. The thermal partition coefficients
obtained by experimental results are compared with those obtained theoretically.
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Fig. 1 Temperature distribution in workpiece of S55C

Ll h, Bwik
b (D' T o
5“::*"vrf:tz”' @
TRDBZENTES.

2.2 MBHYINhNEE

X hN & Lo BB &2 ER dkoME L, »odh
KA P - LT 7 514 ZAEEIL T b ERET
e, —00YY K FHAERT B IDICLE P = F L F —
eg 13Y,

_ Ftdg
BT nb
Lleh. 1L, FOGBHSIEBERS ), by (M 1IWIRTH
5.

—Jj, BFEIBGC X BU RN O MBUCBI L Tiemk 9) & [Akk
DEFARH B LTS, Tichh, MR A ERE L
L, EEE | KTOMZERBE LTRSS ZLedT5h&, Yh
MHn Lz YEI LTSy - ki A 2 H 8
FLHGREIYE 72 b —SE DB Qu AMHERINEE xe H RN AT 5 1,
DREAESRY (WIHIREIED o 8 O RN o 45 i ik K T 5
b b,

T (xg, ) = k?;l[ 752 GXD{ <?>z} *.\'g{l 'Aerf< xg)H

@
T, E=2(gm) P TH B, Licho T, HREEORE
K WIEBVTx=0 &L TRANTHZOLNS.
ZQH(agTh)HZ (r

T keA 5

3

e,

T(O, ) =

—7, 108 h < FHAEWT 50+ 2R o ik o=
20/ V=(DO"/V X b, BARSIICHURICH AT 5 PRk
Qe 1K (3) T

Ou= Beee _ Bedsl' V.
T n nbw(DE)'?

Lo T, 1Y) < FaEml L BTN ORE
Toix, X6 % G RALTA=dS/4, m=n LiEL 2
Lizk,

6

8Bs(ae V)'*Fy

782 kb ndg (DI @

Ty=

F 703

8- 58 - WB | OTEMHIC ST DRRASE

Bu= 7" kgbwnde (D"
§ 8(ag V)V F, &
tich.
2.3 UInC¥IRE
Y0 < T OFHRE Temean (ZH)H < FADBBAENE D Le
Lh,

X

o BeCo I BeEV !
Tcmcan‘“ pwcw(bwl‘v) B f)wa(bth) (8)
ES IS
BC:79%§€WtU) Tcmcﬂﬂ (8)’
Liss.

2.4 BT RXILF—DFRAEEOERAESH
Bz i A ¥ —-DMAEEGERDI S ETHEE,  “DIHIFEK
R, A, T8, 910 FORENELV" L WiHHE
EXHCBLERD B, R (), (D OB TEEHTE I\,
T, M1k T, 2=00 &L X0RE T ¥RIFEE X 2/
ZDo\WTWVHT 5 &, BFEISEER O T %% E OBk E
Tomean 3R E D, ©—27RE TWHOTKATEINS.

Twmean=0.854 To
O L X OB EARE RN U e S o YN o G)EIfER
L TR T B ERIET T ENTE S, LT, PHHE
PRI BT A OO FHEE T LT, ZoMEEL =%
KON HNDFERE Tamean THPTE B L4 5L, XD
D Ty GFEIHIEET K O SEHRIER DY M NEE XKL T b &
b, X6 REICEYT X <,

- 2

[gmean: 3 Tg
Thzbhb.
F 2T, BRI s,

Twmean= Tgmean = Temean
D DI ERET S, EbIL,

But Bt =1
OBFEHGS L, BIRAEIG IR TE IR S.

pu=LADO /5 @
pe=tCl /5 an
L,

3.  BIHIRRE O RERAIIRET

3.1 £8B F &

311 REGTOIARE

X 2 2R3 X 5 i BIER S h SRS S e ikiHE A 1 A
K7 74 ATERLTUBEEL, EHv v e L OLELEE
FInAs CEX L CESES LR L%, WMIELTH DT
5. InAs OIGEEE I 1 us TH v, HEIEFE 10~100 kHz
TIRIE7 7 v P e RBEBEE 2R - TR b, AP t+58EH
T5ZEMTE DY,

BEHOMIKIER, BSMC—ERECMAIR TV SR
Bh 0 bR S h bR R RET CHE ST 2 HETfT- e

BRI S| Vol. 60, No. 11, 1994 1617



EB - RE - WB  BOTERHICSIT DRRABE

t v
C; Ry
¢ Gy
F—
> — Output
Core 0P amp.2
~
Ry
Object =

Fig. 2 Pyrometer system

Table 1 Characteristics of optical fiber

Core diameter ym 49
Numerical aperture NA 0.212
Relative index difference 4 9% | 1.0
Acceptance angle 2&n 24 .4°
InAs cell
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Fig. 3 Calibration curves of pyrometer
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Table 2 Summary of experimental conditions

Grinding conditions
Peripheral wheel speed V 1 655 m/min
Workpiece speed v 10 m/min
Wheel depth of cut / 10-75 pzm
Up grinding with no fluid
Grinding wheel
Designation, A 36 K7 VC(3)B
Structure, V5—40.09%, Vi=49.1%, 11,=10.1%
Wheel diameter D 282 mm
Wheel width 13 30 mm
Workpiece
S55C, FC20, SUS 304
Work length / 50 mm
Work width by 6 mm
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Fig. 4 Schematic illustration of experimental arrangement
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Fig. 7 Typical output wave of grinding temperature of cutting
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Fig. 8 Mean temperature of cutting grains measured

Fig. 9 Cutting grain size and cutting-edge spacing
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Table3 Thermal properties of materials

0 C k a
10°kg/m® | 102J/(kgK) | 10 W/(m*K) | 10°m?*/s
Al20; 3.9 7.5 3.0 1.0
S55C 7.8 4.9 5.9 1.6
FC 20 7.3 5.5 5.3 1.7
SUS 304 8.0 5.2 1.6 0.45

Table4 Experimental results for calculation
t ym | Fi. N |de um|n 1/m| Tg °C| Tw °C

S55C 20 80.8 77 77.1 1200 950
FC20 30 97.6 31 43.6 1080 890
SUS 304 20 61.2 140 41.9 1040 1090
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Fig. 10 Comparison of thermal partition coefficients which are
obtained experimentally and theoretically
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Fig. 11 Effect of grinding conditions on thermal partition
coefficient (workpiece S55C)
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Fig. 12 Influence of grinding conditions and work materials on
value of W

(2) BRRMEIHRMAE B L KL Tk h, HHNE
WMDREMTH oo bz B,

(3) WEARERE, MTHEREOBRIEAREG~DEE LN
<, WABRBEINAE L I EmIH~DEIELREL L,
BRI ~DE G A 2 5.

Bz, BOCRELT T I ARICE#LET.

[+ &)

12 30T, MIWEE v, 3L OCHEATRALZRE t O
WADEBLRNICHERETH S MEEKLEORENKE
<, BAVRXZE, vdVNEWIRE, DK ELTIBIZE W
BAEXL DT Ehbnb.

& £ X ®

D ESRER BHIBOM LH~OWAES, FEEMK, 30, 12 (1964)
914.

2) S. Ramanath and M. C. Shaw : Abrasive Grain Temperature at
the Beginning of a Cut in Fine Grinding, Trans. ASME,, J. Eng.
Ind., 110, (1988) 15.

3 @AY, BB BN D RO SRCEIG,  H AR
e G 3D, 43, 373 (1977) 3500.

4) T.Ueda, A. Hosokawa and A. Yamamoto . Studies on Tempera-
ture of Abrasive Grains in Grinding - Application of Infrared
Radiation Pyrometer, Trans. ASME.,, J. Eng. Ind., 107 (1985) 127.

5) T. Ueda, A. Hosokawa and A. Yamamoto : Measurement of
Grinding Temperature Using Infrared Radiation Pyrometer with
Optical Fiber, Trans. ASME.,, J. Eng. Ind., 108, (1986) 247.

6) T. Ueda, K. Yamada and T. Sugita : Measurement of Grinding
Temperature of Ceramics Using Infrared Radiation Pyrometer
with Optical Fiber, Trans. ASME,, J. Eng. Ind., 114, (1992) 317.

D B, BEPAA, FETEE, P 0 dORE  BEEISE D o BRI BT
(B 23, RyWHERL, 45, 1 (1979) 83.

8) KR, MWL, BMBA KT 7 A SRR RS R
B X AP o pHge (RERIUR N ORI & WD, HAK
Lop o tE, C B, 55, 516 (1989) 2251

9) LB, MW, A B R BEENC 3513 B HRRL B h K o> B
2, KRB, 51,9 (1985)1732.



