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A Study on the Grinding Machining of Engineering Ceramics with High Efficiency
Using “In-process Dressing”
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ABSTRACT

Engineering ceramics have some excellent properties as the material for the mechanical components,
It is, however, very difficult to grind ceramics with high efficiency because of their high strength,
hardness and brittleness. In this paper, experiments are carried out to obtain the effect of “In-process
dressing” to grind the Engineering ceramics with high efficiency. To save running time for dressing
process and obtain restraint effect of diamond grain wear, “In-process dressing” system using WA
stick type honing stone is proposed. Representative Engineering ceramics, such as AlQ, SiN,, are
ground with diamond wheel. Also bending strength test is carried out to check upward tendancy of
mecahnical properties as the result of machining defact restraint through the grinding machining me-
thod using “In-process dressing” process. Some results obtained in this study provide useful information
to attain the high efficiency grinding and the high mechanical properties of Engineering ceramics.
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Table.1 Material properties
material . Silicon

. Alumina o
properies Nitride
Density{g/cm®) 38 32
Thermal conductivity | 0.05(RT) | 0.05(RT)
(cal/em.s.C)
Young's modulus 40 (RT)| 28 (RT)
(X10™*kg/mm?®)
Poission’s ratio 0.25 0.28
Vicker's hardness | 1,990(RT)| 1,800(RT)
(kg/mm?)
Bending Strength 30(RT) 85(RT)
(kg/mm?)
Fracture toughnessg| 3.5(RT) 6.7(RT)
(MPa m"?)
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(a) Photograph of experimental system
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WA stick type
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(b) Diagram of experimental system

Fig.1 Photograph & diagram of experimental

system
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Table.2 Grinding condition

Grinding wheel SDC140N100RW-3.0
(D180X d37 X W100mm)

Peripheral wheel |1,400, 1,700

speed Vw{(m/min)

Table speed Tf 3.0, 6.0, 100

(m/min) '

Depth of out 5, 10, 20

(#m/pass)

| Cross-feed rate 4.0

(mm/pass)

Cutting type down-cut, up-cut
(dry type, wet type)

Table.3 Truing & Dressing condition

Truing |Brake  type|C8ON wheel(D80d10X
truier 25mm)
Wheel speed | 1,700
(m/min)
Table speed|3.0
(m/min)
Depth of cut |10(total 2004m)
(#m/pass)
Cutting type | down-cut(wet type)
Dressing | Stick type ho- | WA200M (20X 21X 200
ning stone mm)
Wheel speed (1,700
(m/min)
Table speed |15
(m/min)
Depth of cut]100(total removal vo-
(#m/pass) lume 1000mm®/mm)
Cutting type | down-cut(wet type)
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diamond grinding wheel . #300 WA stick type honing stone

Alumina ceramics workpiece
/ grinding direction D

(down-cut type)

-, . — g ——

(a) (b) )
one side fixed dresser type both sides fixed dresser type side by side fixed dresser

(d) Photographs for comparison of variable “In-
process dressing” types

(e) Photograph of variable fixtures for “In-pro-

. hid
cess dressing

Fig.2 Fixtures for |D process
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Fig.3 Truing process & Dressing process
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Fig.4 Comparison of grinding ratio (Silicon
Nitride ceramics vs. $45C steel)

* grinding condition :
grinding wheel : SDC140N100RW-3.0
(D180% d37 X W10 mm)
peripheral wheel speed : 1,700 m/min
table speed : 10 m/min
depth of cut : 5 um/pass
cutting type : down-~cut (wet type)
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* Experimental condition:
grinding speed; 1,700 m/min
lable speed; 3 m/min
cross-feed rate; 4 mm/pass
depth of cut; 10 micron/pass
down-cut & dry type
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Fig.6 Effect of “ID” on the grinding force in

the case of initial dressed condition

ID (In-process dressing)

* injtial dressed condition
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Fig.7 Effect of “in-process dressing" on the

grinding force for various depth of cut
in the case of initial dressed condition
* Experimental condition
grinding speed; 1,700 m/min
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cross-feed rate; 4 mm/pass
down-cut & wet rype
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Fig.9 Effects of table speed & grinding speed
on the efficiency of “In-process dres-
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* Expenymenial condition:
depth of cut  20micron/pass
cross-leed rg  dmm/pass
crinding speed 1400, 1.700 mymin
wble speed 6, 10 m/min
down-eut & wel Lype
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Fig.11 Weibull plotting of bendihg bending strength values for comparison

of “Inprocess dressing” effect

* notation

1: In-process dressed testpiecc (one side  fixed)
2: In-process dressed testpiece (both sides fixed)
3: no-"In-process dressing” case
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(a) In the case of no-“In-process dressing”
-—- variable conditions of defected ground su-

rface layer

(b) In the case of “In-process dressing”

--- ground surface layer with no defects

Fig.13 Photographs for variable ground surface layers using Stereoscopic microscope

(* Silicon Nitride workpiece)

(a) In the case of no-“In-process dressing”

(Alumina workpiece)

(b) In the case of “In-process dressing”
(Alumina workpiece)

Fig.14 SEM photographs of variable ground surface layers
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