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p : pressure (MPa) , I:current (A)

Copper electrode

Test piece

Current distribution

Copper plate

Fig.2.1 Model of resistance heating

p : pressure (MPa) , 1:current (A)

Copper electrode
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Nominal contact area : S

Fig.2.2 Touching point of actual contact condition test piece
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Punch holder
Copper plate ‘__’
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Fig.3.2 Local hardening method using resistance heating
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Fig.3.3 Size of copper electrode

—ERFRER ILEWAR



Fig.3.5 Spring for balance adjustment of load
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Fig.3.6 Way of connecting electric cable and electric current pass
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Fig.3.7 Line for electrifying voltage measuring
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Fig.3.8 The test piece surface without sparking

Fig.3.9 The test piece surface with sparking
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Fig.3.10 Example of Vickers indentation on the test piece surface
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Fig.3.11 Local hardening with copper electrode of 5.0mm diameter
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Fig.3.12 Hardness distribution of depth direction at resistance heating area
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Copper electrode

Test piece

Copper plate

AN |

Fig.3.13 Example of progressive treatment for line or plane hardening (1)
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P Robotic arm

Copper electrode

Test piece

Copper plate

Fig.3.14 Example of progressive treatment for line or plane hardening (2)
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Fig.3.15 Progressive treatment for line or plane hardening
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Fig.4.1 Outbreak condition of sparks as a function of contact pressure of electrode and electrifying

voltage
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Fig.4.2 Outbreak condition of sparks as a function of contact pressure of electrode and applied
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Fig.4.3 Hardness development in contact area, showing influence of electrifying voltage
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Fig.4.4 Surface of test piece after heating treatment
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Fig.4.5 Hardness development in contact area, showing influence of contact pressure
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Fig.4.6 Surface of test piece after heat treatment
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Fig.4.7 Hardness development in contact area, showing influence of electrode diameter

Fig.4.8 Surface of test piece after heat treatment (electrode diameter 5.0mm)
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Fig.4.9 Hardness development in contact area
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. Hardened area

Fig.4.10 Hardness distribution with electrode diameter 5.0mm
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Fig.4.11 Hardness distribution in depth direction
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Fig.4.12 Cross section of test piece after local hardening

EARPRER LTEHEH




40

4-2-5 HFEFEANCETLIEL

RIEE COEBBEANIZOVWTE LD THD. ki REMFTRETHIREEMELZIT> T
T, BEANES ECTERELZEMIEROND. K 413 IZBRANBELFTRESRGEZ L L O
. fER L U CEMHEST /) 9.8MPa DEBAITEFEE 120A -mm™ 3T THEANNTHET
H Y, BIGEME S 19.6MPa, 29.4MPa DHA TIX, TR ENERELED 135 , 220 A-mm”
IECTHEANRAIRETH D Z ERbh otz OFNIBEANDFEE, XHEHUIBEAILSHRZR
WZ & BN

<300 - ! - . - T -

=

g | _
< A

2200} A o .
5 | o X _
5 5 X

5 100

E O Hardening possible

& I X Hardening impossible||

& A Spaking

Z 0 s | . | . | .

0 10 20 30 40

Contact pressure of electrode [MPa]

Fig.4.13 Local hardening using resistance heating for or against

B NN N W R




41

A= PRI LIRWREIR & FAET D AR L OREFHEDORMETNET 22 LT
DRI ETREETLZ ENbhrote. L, EME 3.5mm D4 3.5mm OFiFH LA
W3 20 TIERER 2.0mm OFHFATHEIT L. 22T, REBES, RSIFAOES L
BUIEBICBRLTRY, IR/ OLNTWIHE, BEEXEL, BIRELN
TWRWEEIZIIRBAEMENEEZ OND. Lo TREEI D5, RS HFROME
ERMCL VRO & TREKD. RBANEBOBSMOMENZK 414 IR LTz, £
REOBESFICE L CRIEE CORENOHEINIMEE Y TIHTT I 7Lz
bOEX 4151 T Y. K414, K415 LT, B35 LIEMATERE 3.5mm TEMR
BEfilJE7) 29.4MPa, BEEE 2.5V, WERHE 2.0 W CEEMAZITo2HDTHD.

K 414 1ZBIL T, EANISER, TANTEBRA 2L TEY, RBRANBOAIIREE
DEARE ST D722 503T . BEOET CILBEREBENE DI LD, B L b
LTWAHEHOP LR ERBENEGRY, BREREIRD. £LT, MUITRD

CERBEMES 2D, BIEMELTWRVWOTREAENMRVMEIZRD. 2, B’S
HNedh 2ET &, EIEMELTWARVWO TREARITEVWMEIZZRD. LizdosTZ
DESRETNIRDZ DD, £z, M415 ICHALT, EaIpmbdysens e
IA—2A7F 4 MUBEETER L TNWA LW ZLIZERD DT, REIREDHAMITE
ANNBSIBAGD 7 77 LRTRD 7 T 712725, L L TV HEBITBEATIREICEEL
THY, FHAIZER 2.0mm OHFEATHD. £ L0 IMUICN S LS IEA ELTWRWN
EWVND T EDD, RAIZBENRTRo THRIEBIZRD EEZLNS.

CIEKE N LSRR




42

Copper electrode

Test piece

Heat value : high

Fig.4.14 Estimate figure of development of fever during resistance heating

SEHERKFRFR LFEHAR




1000 ——————7——— 17—

N

-

S
|

Temperature [C]

] ]
-3 -2 -1 0 1 2 3

Distance from heating center [mm]

Fig.4.15 Estimate temperature distribution in surface of test piece from hardness distribution
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Fig.4.16 Model of cooling after resistance heating (outside)
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Copper electrode

Test piece

Fig.4.17 Model of cooling after resistance heating (inside)
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Fig.4.18 Variation of current with time during electrification
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Fig.4.19 Variation of voltage with time during electrification
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Fig.4.20 Influence of subsequent treatment upon hardness developed by preceding treatment (2mm

in pitch)

Fig.4.21 Surface of hardened test piece (2.0mm in pitch)
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Fig.4.22 Influence of subsequent treatment upon hardness developed by preceding treatment (1mm
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