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Study on Damaged Surface Layers in Hot Machining (4th Report)

Masaki TaNicucHI

Abstract

The present report concerns the effect of cutting carbon steel S45C with carbide tool under Local
Electric Resistance Heating on surface roughness and work hardening.

The results are as follows:

(1) Fatigue life increases with increases with increasing heating current.
(2) The most hardned layer is formed about 0.1mm below the contact surface by repeating contact

stress.

(3) Hardness increments increase as contact stress increases.

1. #% §

ARPFFRDE 1 WY 1T 36\ Tl B RE S F R F2Smem#t
S 35C ST 850°C 1z 2 BRI L, FOHiL
FRBE L o b DDV THRE MBI 31T - 784,
TR EEE T BRI O R L ek 52 &,
ARIS I DR LT X B In TR L RS L BEMbE I A A 2 s
FEWKL, ZTOMBEMAT 0.1~0.2mm D L
TAHRHD, FloKAHX OB OEEENE I RIFT
FECOW TR RIS O/NIVCEE TS F
DB L b T

B2 B TULEAIER 1T » 72 S 35C R AEM
BUIHIL 084, KRBT Tiid s 08 b L <
WHZ L, EBEYHGRBR TISEANBEE S SR
E, FRMBERIAZIVEEEFHMIEL AT
WA T EROFEMBE OBIXFEKE S 0.2mm F T
BMUCITIBI L THET 5 2 & e Edlbh o e,

WIZE 3T\ TIiE S45C BT L, BEAR
RUOBEDL ELETT o 7o d D2 CHBEIMBYIY A 1T
W EHBUIHI & R U e NS in DB BT OV TR ES
L.

DR, BEE L oW EE S 0.1 mm
BEF Tl Tk, FmBERICHLE L CEiL
LTWw5b, BREEARMIT O TILEIEIZ O in T L
BBE hELR TR L, F 2 mEGIEIE O IT
FERBIE o T B LD EHETES Z L RO
* TR AT TRt

CAMHT CRAERMEDOT AN TIBEBIIE L /s -
TWB I L EAVHBL 72,

AW TILSE5CICBERE L, BMARRKUBEL L%
7o DIDWCTINBEIEI 2TV B & Cio ety
Tole L SWmBEROBE, TEBOES, BEL
ft, 5030 BROEHH S DONTEELYIT - 72

2. RERZH
KRBT LR, BB FOMOLKMEIRD &3
DTH5.

2.1 #W, EEBERUIR
AEBICHEA L g2, Fig LIGRTASE
SABPUINBEEY T, B, BEROITEZIARIED

Constant current
heating apparatus

Fig.1 Local electric resistance heating apparatus

HIMTHFBLADDLFL b DRMEMT 5D THM
T5%.

2.2 #WHElHt
BEHURF L AR 15 T IR SR SRS BT S55C % (L 7:-.

HORFE TR ®



2 Qi & H

DAL SO EY OB & T 5 7Dk
GAEE R, ARRIT 850°C ICHILL T ¥ 2 HF
RIRIEL, FOBIFIEEIL fo. T LR MO
BeptiREfE % Table. 1 1277

Table 1 Chemical composition and hardness of

workpiece.
C Si| Mo | P le
0.5¢ | 0.27 | 0.53 | 0.020 | 0.005 | 210

RER O FEELAME 30. 8mm N{E 16mm fi§ 8mm
CHEENE 7 ER 21T » 72 b DI O NI 2mm D
ML D 217 » 72, KIZ 2 % 800°C, 850°C, 900°C ic
104500, U165 RilnE L - HkEA R (0°C~5°C)
BTt BHA O S h Fig.2 1 id. Michohs &
5ICRERE IR X e & A3 DT 800°C A BEA I L
R L 2. T2 Fige 34k 800°C iZ1sfiim#al 72
wABEAR (0°C~5°C) HIT\y, YV R AAATH
DAL EST 2 BERIRFR L 728k, 7B Lo L & Ol
B BEL & UILIE L o tRA T, SAUSE DL TR

58“-3___,,_,15:::::::3
19
u
2 Holding time O 10min
g
£ 750 t @ 15min
1 1
800 850 900

Quenching temperature (°C)

Fig.2 Relationship between quenching temperature
and hardness

Holding time : 2hr
Quenching temperature : 800°C
600 I
E 500
n
0
o
c
T 400 |
151
©
=)
300 F
1 L 'l 1 Il

200 300 400 500 600

Temperring temperature (°C)

Fig.3 Relationship between tempering temperature
and hardness

Vol. 32 No. 2 (1982)

TIE !

FEMTIIEEL &L 550°C @ & X DR Hv 340 L HEL
FL 415°C D & 2O Hy 410 AL 72

3. SEEHE

IR ORI T TR LR (T -7 D8
Ao ETiHiXE 1~1.5 pum (Rmax) TH- 7.

Y&k D LB h THAH

YiAZ 0.4 mm

5D : 0. 045 mm/rev

10 M £ 112 m/min

IRAVERT 0 0, 250, 350, 450A

L0 ST I & BT A 1T, BRI 2
T OREREA L, BREpE I RERERE 27, SRl

Ly P IR R D R R AR A (T L 7.

PRy, EWRIATE T KLY 800 rpm, HIXSS
YRS 9%, FEEGEIY 1. 26m/sec THHIL b R 2 A
Ny Z R T T - 7o, 7o 3Ti L L ARHEA
K Fpsbiriiolitiiad 40ce/min T L7z, IO
51y D RRER - D HERRINTIC 31 A e 4RI ) Pm(ket
/mm?) (% Hertz ORMEREARGIC X b kA TR

Pm=Vm?EP/z (m®>—1) BR
TP BT ICinE Hhs AR kef

m:ET7VVH

B : BT OW mm

R : B} D4R mm

E : ¥ v /7% kgf/mm?
TH5. Iok m=10/3, E=21,000 kgf/mm? & LT
HEL?. Yy T v SRR E L Figd DX b
TN X B AN 7 T » 7 AVEU 7O 0. Imm LA
Loy y PERAUIEOEBERLEEY S > TE v 7
VRN E Ute. Te s AN U 7o B M O BR BN IR 57
RERR T, ARalhcrifinc L, BUNER %
FIU TR 2 B ORE IS A M@ U, InTRE LD IRTE
AP WEMEIIE 4 mm Odife b Z 2B

Fig.4 Photograph of cracks on the surface of
workpiece



FRVIMIC B3 2 M TE BB+ 2815 (4 8)

IZ 1mm BN 2T 3 0 TR Bl S % X 1mm
F CHlE L 7.

4. EBRERRUER

4.1 ®EHBZI(COWT

SIMIAT D TAE B X BhSIE LA L T S i21~1. 5
#m (Rmax) TH 2 23 mBY) IO TIrdy o £k X
33 3 WY D S45C L B 3~5um (Rmax) D%
ZHote. LUIMBER S TR & ORI X
DASR— 7 PRAE LI & ROTTHMEE L i aic
1210 pm BEEW 7g 5 705 6 um L E D 4 Ot B EIE Y,
ABIERA L7, SISO TS E L L 21T - 70 4
DDV TEEEIT - 785 RY, DE T

DMEM T CEEM L DA XV SIAHEMIMET L TV 5.

D EBR T BEAIE ) 90 kgf/mm? LIF T - 7=
DTEFED 3~5 pm (Rmax) DOHEIFIICH CIXEEEE
FCRIFTHEIRD LN e h - T

4.2 BEZE(

BEATLM Hv 340 DR EHC DU TR G4 TN %
v, MERCIZ bR s AR ERE ~ % 2 T THE
LA R~ DOKBIA Fig. 515757

WTROBA B EFES 0.1mm < Bk = A
RLBLL TR s, s, NEEmTs
APEA RS Hv 410 OB 4 A Eifi2» 6 0.1 mm
SBHVDEZANELEEL TV 5.

ISR D B i MR 1% - SR ERRT D F b RE R &

380

Hardness (Hv)
w
D
o

L]

Heating current :
: 121kgf/mm?

Contact stress

450A

(275) 3
Heating current : 250A
- i Contact stress : 121kgf/mﬁ
Z 360
(4]
1]
o -
<]
; III
340 } I
5 200 [ [fr.] 11 =11
1 1 A A L A A ).
0.5 1.0
Distance from cutting surface (mm)
(c)
_ I Heating current : OA
> 2
T 360 } Contact stress : 126kgf/mm
7]
@ -
o
G
1 ]lhll EERE
S
3 1 n A 3. 4 I\ i L
0.5 1.0

Distance from cutting surface (mm)
(d)

Fig.5 Vickers hardness distribution of cutting sur-
face

EXIMTELE (4Hv) LT, BEARMICOLThn
THECRE & B2hdit )y & DBIR% Fig.6 m.

K25 550°CBEDL KL DB L H 415°C a4, 2L
DEG DIy AdHv DK E\VZ Laibns. Zh
VAR O ST BRI ) DRR LA 2 T L o e
DT, TIEMIEHEBEEL TWDEDEEL LR

o IJJIII]1
llllllllll
0.5 1.0
Distance from cutting surface (mm)
(a)
Heating current : 350A
380 | Contact stress : 131kgf/m£
E J
= I
3360-1
g
3 i I
o
: I
340 | [ I [ I I I I

.
0.5 1.0
Distamce from cutting surface (mm)

(b)

B.

- 70 | Tempering temperature

2 : 550°C

q |- ——— Tempering temperature

7] : 415°C

B 50

5 -

E

o

~ -

v

b

30 | Ve

& el
@

rg b

5 el

= 10 ¢+ e

1 1 A A A
100 150

Contact stress (kgf/mm?)

Fig.6 Rerationship between contact stress and

hardness increments
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Fig.7 Effect of contact stress on the fatigue life
of workpieces
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Fig.8 Effect of contact stress on the fatigue life
of workpieces
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