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Heat Partition in Wet Grinding of Fine Ceramics
—Studies on Grinding of Hard-brittle Materials (2nd Report)—

Akira HOSOKAWA, Heiji YASUI, Koji HIGUCHI and Kaoru SATO

This report deals with the grinding heat partition into workpiece for two kinds of fine ceramics —normally sintered silicon
carbide (SSC) and normally sintered silicon nitride (SSN)— in wet grinding. Based on a simple model of heat transfer in wet
grinding in such that some portions of the total grinding energy (=q) is conducted into workpiece as heat (=gw) and part of gw
flows into grinding fluid by convection (=gr) through the ground surface in the wheel-work interference zone, the heat
partition into workpiece Rw is calculated. The heat partition of SSC is not affected so much by both table speed and wheel
depth of cut with water-based grinding fluid. In the case of SSN, on the other hand, Rw increases from approximately 5% to
35% as table speed increases from 0.2 to 15 m/min. At lower table speed below approximately 1 m/min, however, the heat
partitions are little influenced by table speed, in which the fragmented finished surface like SSC is dominant. The
abrasive-workpiece interaction of SSN is affected by the grinding zone temperature, so that the surface morphology varies
with grinding conditions as well as grinding heat partitions under the conventional grinding conditions.
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Table I Experimental conditions

Grinding wheel : SDC140N75B * Truing (SD100Q75M)
d=200 mm, bg=10 mm V=2 m/min
$=50 pm/rev_
Wheel speed 1 vg=25 m/s a=2 pm
Work speed 1 vw=0.2-20 m/min Soluble (1:50)
Depth of cut : a=2-70 pym

* Dressing (WA600H7V

Grinding fluids : & #600-loose abrasives)
Water-based soluble (W2-1-1, 1:50) Vw=2 m/min
Straight oil (2-12) a4=50 pm/pass
Flux : 10 L/min Soluble (1:5)

Table 2 Characteristics of workpiece materials

Workpiece ( bw=8 mm, /,=20 mm ) SSC SSN
Density ipy  gem’ 3.15 3.20
Specific heat I Cy J/(kg'K) 650 712
Thermal conductivity : k,,  W/(mK) 100 16.7
Fracture toughness . K, MN/m*? 4.0 5.0
Hardness : HV 2500 1600
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Fig.2 A simplified model of heat transfer in the vicinity of cutting
grain without film boiling of grinding fluid in wheel-work
interference zone
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Fig.3 Thermal analysis of the heat partition into workpiece
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Fig.d A schematic representation of grinding temperature as a func-
tion of stock removal rate
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Fig.5 Typical output signals of grinding temperature 6(x, z) of the
infrared radiation pyrometer
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Fig.6 Determination of the fraction of heat into workpiece R« and
the maximum grinding zone temperature Om
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removal rate for two kinds of fine ceramics
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