W7 L 2P

BITBHXEAL D

%ﬁ%%%&@ﬁ7max@% AV

A
1L Lo

LSINY — K7 b—5L%0%0 5 —DiTIa EOFETERED
FROBBICEBVENI/ET LV ANTTE, SBEH
BB E BT VERENETL, TOMBRREMEEEELS
y, TEFAICED. 2REFGORBBEOR EOLDHIT,
SEIMOBESSOERADZALERLSMIL, BRSO
PAEREEBTAIENRDENT NS, HNIHTH ]S
NAMBINEWEESSEEREIES AN ZTLELT, U
NN TOABETIIERETOR Lz EORHEEBA HH#
WE ORI & - THEMOSEMNIERL, BESGSOHK
RO EEAETIELZERASNTNSY, Lk, 7
LZMIOLIICEFEBE EENTNEEOBEBESESDOE
EANZZARTHTHEINTEBST, TORAB LS
(RO WEEELT, DOVWREFIREEEEEZS
ns. 35ic, LEAMEDEZDIC, SBFEGOE_SY >
TREHMMEAOHFEDERENTNS.

AWETE, BEVANTICAWS NS SRMETH S
BESESEBNTIHME LU THIgERD BV, ThooMEo
BERBBIUOEBICE D U AMTERETS . BEEHR
THEBERNFAORELZHBHEAWTERETS. F/k,
ERERFICHTE OB VEREICARES 2HE L, T ORI
175, 2L C, MEMIBESSORTMREBCAITEE,
BEUERBEREEAEEB LOBRICONWTHANS. TLAM
ITHRCEAIEEORRL TV AMI 2T & AR ERL,
TUVAMTHICRET HAERBRET 3. 27 AER
BONF &5 ORAB L OHRBOWBEZHET 5. B
EEBETL 2NTRRICBITLSBESSOERBRENEL
CAEEREMNITHZETEEOZZADESSY Y T OH]
BEMEERETT B,

2. AEESICKBEZS Y IHE

REDBERERFICRAE T DAEFEBIIME OB N CEREIRED
BV T, TORBEEENBLT S NN TY
S. o, B, AEROMKAEEL T, UL T Vi
TANRS FEED D WIRMSEEERE DL S ICAEDFEEH
EPREZREDNRTA—IBEANENDE I ENREN. LAL
BAG, TREOIRT A3 5D X MNIEEICKE AR
ROEZSY D FOBEEE L TRIBALIZSWNT A—FTH
PLENPHERICL DN > TND. TR, MESHE
AEBRRIZH LT, ZOFEREEDBVERT —DOHIET
HBHAR (HTER) EFMEIF LT, 3 5IEBLNEAR
Hﬁinwiﬁﬂﬁ*ﬁif&%@mﬁ%” FRAHIIIEZE
BED —DT, RTOMEE S LT 2B OMHHSE
LIBLE, ZNERZRSOHNERERICERL, P

M s TRACRIE wx

DERICENTDFETHS.
AREFIVEAA TEBIINOHEREETINTH 5.

50) = (k) - S ayik— i) W
=1

EL, yEOERBBRI NIRRT — 03y k)& T
FEROHELET. NEAREF L ORE, albkENC B
DARGRETH 5.

ERAAWIETRTCOT— YO EMEL BT ERD, =
DITHOBEHEEBEFT XY MNVERODLZETHTHND. &
T, ARETHVOXRBEIORET S, BlEgSNehTh
DAEEBICH L TEHZEKI0D 1 HOARREMN B NS, &
5= TOARBREICH T2 HHEE A #ITHAE P (10X100
) &95%. A5 POIVECEEAEE A @EL, ZhilH
BT DEFENY MLEXMET 5.
ZOEE, BnERS AR

fn)=X(n),a, + X(n),a,....... + X(n),a,, @)
TRDODENS.
3. BEASOERHR

3.1 EERAE

Fig 1K EZRROEREBOEBR 27T, FRREBIL
BMTHCTHHHERZRE 2R SE5EE, LTRARK
ERAMATHERRBRAICHREOHETH LA 2RBRA %Y
W, TSR0 I ETERENS. TAR
BERATHICHA) TN EOTRT -2k D,
fLARMEEEBERAZHRNT S, TEARBRFOKIIZAEL
CHBA B, BEBROAEESEHETS.

Fig 2l &M THHBEASTEMR L TERR &R
9. Table IR TERBH OMETH 5BESSOEIRER
T, AnEBESRREE S L AMITIC—-RAICHW NS
JIS V-SHBHYS OB TH 5. Table 212 1Z#khn T o#igk
(SUYPL) THERLZHERAREDERERT. £, #
BEI3Table 3ICRT 9EEEH VL. Zhbid, T AEER

Personal computer

. A/D D/A
converier converler
1
]
S— Strain Poqu
amp. am
-~ Lubricant l P >

;*_hj L
Ball screw !

Rod specimen ( > ‘t‘;é ,___,,, —
| St —— ;I
y ».————-»,—:l / l
_/K /

Tool specimen /
Servo motor

Load cell for
friction force
and normal load

scnsor

Fig.1 Schematic diagram of experimental apparatus



CHWIEEmESEC, EEREERE L TEELNS T
4 2 OWBES3, 6, 9, 12% D 4FEE, MERMERELTHK
BTy B, NEEFAHE, EEemiE, o 3EE
EREERAMERCaRAREERNZES LzbOERAL
7.

BEEPESLT, BEOTERVEMBLERVHV LM
CHfie—E BV EBEETLIE0RLORBTERZT -
7. FOBABMAAKEIIDNICIOONE L. £/, B
TR I EMT300spm T 7 L AL T 44 0OSE & #INTH
& DEBREE & —BT 5E232mm/siZ72 5 £ 5 I BER O R
HADZELE. BIEVEREIZS0mELEZ. EOHDDOER
TIXEMIMADRICEH L WEERE (ULEES) SkRdk
S, TERBRFOEMIBO.ommAEZADSHEDE
0.6mm/rev.& L, FTEDE O EERICET S £ CTHERHR
FEXOFYKB400mmZAIELEBERER L. iz,
— BB EICIIEEES D OT, BEEGICHERER
BoEBEEYLE. BEHSEETICEAFMLRETLL.

W____ _._._A,xa_\cg e = U
o
N
5
10.75
135 [
145 L2
Fig.2 Tool specimen for wear test
Table 1 Properties of tool specimen
Roughness Chemical composition
Vickers (£t m) (wt%)
Material hardness
(MP2) Ry Ra c w Co
GTi20
(IS V-3) 14310 0.18 0.02 5.5 83.5 11.0
Table 2 Properties of cylinder specimen
Roughness Chemical composition
Vickers (£2m) (wt%)
Material hardness
MPa
( ) Ry Ra C w Co
GTi20 A
(IS V-3) 14310 0.18 0.02 5.5 83.5 11.0
Table 3 Properties of luburicants
Kinematic | ‘fotal acid Base ~
Lubricants viscosity | number | number (‘:‘v‘"";;’e Sv‘::f;;
(40°CcSt) | (mgKOH/g)| (mgKOH/g) ¢
A Base oil 27.86 0.02 < 0.01 < 0.1 < 0.1
B Chlorinated paraffin 3wt% 28.56 0.03 <0.01 1.5 < 0.1
C Chlorinated paraffin 6wi% 29.36 0., < 0.01 3.0 < 0.1
D Chlorinated paraffin 9wt% 30.19 0.04 < 0.01 4.5 < 0.1
E | Chlorinated paraffin 12wt% 31.22 0.03 < 0.01 6.0 < 0.1
¥ Polysulfide 8 wt% 28.62 0.02 < 0.01 < 0.1 3.0
G | Inactive salfurized oil 26wt}  76.65 0.41 < 0.01 < 0.1 3.0
H | Active sulfurized oil 26wt% 50.16 0.67 < 0.01 <0.1 3.0
Inactive sulfurized oil 10wt %)|
[ sucfactant of Ca origin 10Wr% 5171 0.89 50.60 < 0.1 1.0
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Fig.3 Coefficient of friction vs. sliding distance: no feed
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Fig.5 Coefficient of friction vs. lubricants
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Table 4 Results of EPMA qualitative analysis of tool specimen
(Chlorinated paraffin 12wt%)

before surface after surface

w Fe Co | Co/W| W Fe Co | Co/W

weight (%) 90.5 | 0.1 9.4 {0104 73.4 | 208 | 5.9 | 0.080

atomic (%) 75.3 0.3 | 24.4 | 0.324] 459 | 42.8 | 11.4 | 0.248
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Fig.10 Results of FFT analysis for AE signal
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Fig.11 A result of principle component analysis
no feed, Chlorinated paraffin 12wt%
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Fig.12 A result of principle component analysis: with feed
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Table 5 Results of EPMA qualitative analysis for die surface

before surface after surface

w Fe Co | Co/W| W Fe Co | Co/W

blanking (wt%)| 84.9 | 0.0 11.4 | 0.134| 78.7 | 5.7 11.1 | 0.141

shaving (wt%) | 76.7 | 0.0 102 1 0.133 ) 72.6 | 13.2 ¢ 7.2 | 0.099

(@) SEM

(d) EPMA: Fe

Fig.16 SEM photograph and EPMA analysis of shaving die
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Fig.17 "Change of the cutting surface zone of work: blanking
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Fig.18 Results of FFT analysis for AE signal. during pressing
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Fig.19 Results of principle component analysis for AE singnals during pressing
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