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*Diamond: 150-200 pm
(Matsumoto Yushi Co. Ltd.)
«Cast-iron: 3.1 mass%C, 5 um
(Nihon Atomaizu Co. Ltd.)

Fig. 1 Schematic illustration of sintering a porous
cast-iron matrix diamond grinding stone (GS) and
Scanning Electron Micro (SEM) images of a fracture
surface of the GS.
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Power meter

Nd-YAG Laser
(532DQE, Quantronix)
Wave length: 532 nm,
Repetition: 1 kHz,
Pulse energy: 0.01 MJm2,
Pulse width: 48 ns.
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BD: Beam damper L:Opticallens «_ _ _ _ _ _ __ _ oo ______ i
BS: Beam splitter M: Mirror PF: Polarized filter

Fig. 2 Schematic illustration of a laser irradiation
system used in the present study. Green light (532 nm
wavelength) is irradiated to a sample on an automatic
X-Y stage. The irradiation period is controlled by a
shutter placed at a power meter. Laser-scanning is
achie- ved by moving sample.
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Dresser; GC180V

Water supply:
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10 mmis!z

Fig. 3 Schematic illustration of mechanical dressing
system. A sample grinding stone (GS) was fixed on a
holder and fed to a cup-shaped GC180V dresser
rotating 6 ms'l. A GS was fed by 5 um at each pass for
approximately 100 passes to achieve the GS removal by
50 pm in thickness.
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Ground matetial
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v Sam QIC GS
Grinding
4

GS surface obscrvation
Confocal Laser Microscope

Grinding Grinding . Grinding
speed, V. . pressure, P . period,
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Y ttrium-partially
stabilized zirconia |

(Y-TZP)

Fig. 4 A reverse constant pressure grinding system.
A dressed sample GS is fixed by a holder and pressed to
a rotating cup-shaped Y-TZP. A Y-TZP surface was
machin- ed by SD600V before each test.
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Fig. 5 The change of a surface section area, A, with
depth, z over-rapped on optical images for LGS (top
images) and MGS (bottom ones). A indicated as a
dark region increases with z for both LGS and MGS.
By observing these images, the diamond distribution at
each zis also measurable.

LGS ) "N

" LGS ____MGS |
<
‘}'E Q
£ ]
1059
> s
Z 10 8
2 k3]
] i}
o w
% 0.0 §
S £
(7}

0 : + : -0.5

0 100 200 300 0 100 200 300
Depth, z/um Depth, z/um

Fig. 6 Grain density, N; and surface section area,
A/Ao, as a function of depth, z for LGS (left) and MGS
(right figure). MGS showed a 30% lower Ny value and
the lower slope of zN; due to grain dislodgments
during dressing. A4/ of LGS gradually increases

rather than MGS.
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Fig. 7 Cutting edge density, AN; (difference of M),
and the difference of A/4s, A(A/40), as a function of
depth, z for LGS (eft) and MGS (right figure). LGS
shows twice higher AN, and much lower slope in A/,
than MGS. By fitting a Weible probability function,
peak values are obtained for AN, and A(4/44), and the
difference of the peaks in z is defined as an averaged
abrasive-grain protrusion height, A5, as indicated in the
figures?sl.
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Fig. 8 Surface topography of LGS (a) and MGS (b)
after constant pressure-grinding at 0.4 MPa. After
grinding, LGS has no grain dislodgment while N, of
MGS decreases by 1 mm2 from that of the as-dressed
surface (Fig. 3-11). The matrix surface of LGS
deforms after grinding as seen in increase of A(A/Aq).
As a result, an averaged grain protrusion height of LGS
increases, but that of MGS shows almost no change.

Wiz, Fig. 9 \CERBFEIREIZED hOE(LERT, P
DOEEITHEN, MGS IRERRTEITE S A, DA %2R/,
LGS 13T 0.4 MPa LI ET, BMOERIZHES b,
OEINEFEIRT, R, 0.6 MPa TORFEI#%IL LGS
DIEHH MGS KHRLVEWD 2T, ZORELE
F A THBIRBRERICOWVWTEERET S,

Fig. 101 PIZfE 5 WFEEGUL, F/F., OBLERT,
0.4 MPa ¥ CIZ LGS, MGS {2 0.3 BEDEEZ R LT
%73, 0.6 MPa T MGS @ F/F,1% 0.18 £ CIET$ 3,
LGS X 0.3 EEDLR, il 2 TH 0.6 MPa l2R0»
THEHICRERENELS (Fig. 11), LGS i P o#Em
VB ERE v OEMAERTH, MGS Tt w0
12 0.6 MPa & CTTEIET 5, MGS Tid, BRRIBLEICHEW
BEICEET 2 EHENIRELTH L L BEHLE
BB THZ LK o CHIEIEERBET L., AR BIT
veDORN, HIZWADLImEELD, 2, A= FL
T X o T LM REEER L 2WVO T K

WRXHLEGBEML2, ZhicH LT LGS Tk,
MOERIHENEES HUESENT 50T, PO
WERRLOEI DAL B LB LTV E  BIEIEBERITE TE3I
WFHREISERBEAICHEMUL T EEX D, e EET S
b BICEERHIFMEM CLGS XL v R EE SR L.,
MGS IZHAL Y SOBHEIBEERZER LT B 2 L3S h
3%, (Fig. 12)

PLEORERNS, b—H— R v oo FEEIIER & 1
LIS OFRRIZEE H LB ON S DI ERER
HEIMTEZERTAHI LN TED, £, BABMEES
FEC XD EBIZMI TE 3720, mVERIZREH LEE
BT 5, Efo. WEIEH OBV EG M BERT 5
DT, BEHLENBD TS EBEN, BRIV EE
RPFHMTEZERLS 5,

100 i . : T . T .
c £ L[ eLGs :
o 3 | COMGS .
] i
g o As|dressed v
w Y 1
S 3 s5¢ @f'ﬂ"g‘\ Pt -
Q c H i Treal e
® Y B B ~o L E
iy c i | i:! R e
w .S Y Pt 1
2 X AT TN
o 5 ¥ .
<% ]
a 0 Il i 1 i 1 { i
0 0.2 0.4 0.6 0.8
Grinding pressure, P/MPa
Fig. 9 The change of average abrasive-grain

protrusion height, 4., with grinding pressure, 2. MGS
shows decline of A, with increase of 22 However, LGS
shows h. increment with P by deformation of the
matrix.
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Fig. 10 Grinding force ratio, Fi/F, with grinding
pressure, . Both LGS and MGS show 0.3 of F/F}, at
low P, but Fi/F,: of MGS decreases to 0.18 at P of 0.6
MPa.
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Fig. 11 Removed volume rate, v, as a function of
grinding pressure, P. As A, increases with P, v of
LGS continuously increases as P increases. On the
other hand, as F/F: decrease at 0.6 MPa, MGS
decreases its grinding efficiency at high P, and so, the
increase of vrstops after 0.4 MPa.
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Fig. 12 The change in specific grinding energy, ¢, as a
function of grinding pressure, . In general, e values
become high at low P LGS shows lower e than MGS,
especially at high P Thus, LGS can achieve higher
grinding efficiency than MGS.
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