THE INFLUENCE OF THE BASIC CONDITIONS OF THE FORCED FEED
OF ABRASIVE COMPOUND ON THE SURFACES ROUGHNESS OF FLAT
CERAMIC ELEMENTS AFTER LAPPING

Wptyw podstawowych warunkéw wymuszonego dawkowania zawiesiny sciernej
na parametry chropowatosci powierzchni ptaskich elementéw ceramicznych po
docieraniu

Adam BARYLSKI
Maciej GNIOT

ORCID 0000-0003-1672-8445
ORCID 0000-0002-2707-0696
DOI: 10.15199/160.2021.1.2

Abstract: In standard lapping, the abrasive compound is feed to the machining zone in a continuous manner — either by
flooding or by droplets — which generates significant loss of the abrasive. The paper describes an innovative method of dosing
and applying the abrasive compound onto the surface of a lapping disc, which eliminates this drawback. Additionally, the results of
the examination of the influence of the compound feed on the selected parameters of the surface roughness of ceramic elements
after lapping. In the conducted experiments the Authors examined the influence of the percentage content of grinding grains in the
carrier, as well as the size of the compound dosage and viscosity of a liquid carrier on the values of particular surface roughness
parameters of the lapped sealing elements.
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Streszczenie: W docieraniu standardowym zawiesina $cierna dostarczana jest do strefy obrobki w sposéb ciagty
— zalewowo lub kroplowo, co powoduje duze straty $cierniwa. W artykule opisano innowacyjny system dozowania i nanoszenia
zawiesiny $ciernej na powierzchnie docieraka tarczowego, ktéry eliminuje tg wade. Przedstawiono wyniki badan wptywu
warunkéw dawkowania zawiesiny na wybrane parametry chropowatosci powierzchni elementéw ceramicznych po docieraniu.
W przeprowadzonych eksperymentach badano wptyw procentowej zawarto$¢ ziaren sciernych w nosniku oraz wielkosci
dawki zawiesiny i lepkosci no$nika ptynnego na wartosci poszczegélnych parametréw chropowatosci powierzchni docieranych
uszczelnian.

Stowa kluczow e: docieranie powierzchni ptaskich, zawiesina $cierna, dawkowanie wymuszone

Introduction

Lapping process covers not only shaping of the
surfaces of metal elements but also the surfaces of
ceramic elements [3, 9, 11]. In practice, in case of flat
surfaces, machine lapping on a single-disc machines with
ring actuator system is prevailing [13, 16, 18]. Machined
elements, placed in separators are being set in motion
by guiding rings cooperating abrasively with the active
surface of the lapping disc (Fig. 1) [4].

On the surface of the lap (1) guiding rings (5) rotate
with the rate of rotation ns. Lapping disc rotates with the
rate of rotation n, driving the rings in which separators
(4) are placed freely, enabling, usually negligible,
additional rotary motion of the machined elements (3).
Load is exerted onto the machined elements through
a felt pad. The guiding ring rotates under the influence of

Fig. 1. Kinematic system of a single-disc lapping machine

the friction force torque and the rotations depend on the
velocity of the lapping disc, friction conditions, load and
location of the separator in relation to the lapping disc.
Realization of the correct course of machining requires,

8

among others, the appropriate value of unit pressure on
the element and dosage of abrasive compound which is
usually fed with certain excess. The outcome of lapping
is influenced by a number of factors connected with the
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lapping disc, components of the abrasive compound
(type and size of abrasive micro-grains, concentration
of the abrasive and size of the dosage), kinematic and
technological conditions (mostly relative velocity and
value of acceleration in the actuator system and unit
pressure) [5,10]. Method and intensity of feeding the
abrasive compound into the lapping zone is also of
significant importance. In standard configuration the
compound is fed continuously by means of flooding or
droplets. This causes an excessive loss of abrasive, since
some abrasive micro-grains become quickly removed
from the working surface of the lapping disc by rotating
guiding rings with separators and do not participate in
the machining process. This significantly increases the
machining costs and, indirectly, has a negative influence
on the environment [7, 14]. Application of a system of
forced feed of the abrasive compound on the working
surface of the lapping disc eliminates these drawbacks to
a large extent [1, 12].

Lapping station and methodology of the research

In order to conduct the research on the influence
of the basic conditions of the forced feed of abrasive
compound on the parameters of the geometric structure of
the surface after lapping flat ceramic elements, a system
of forced feed and dosage of abrasive compound was
applied (Fig. 2) [6].

Application of a system of the forced feed of abrasive
compound ensures an even distribution of the layer of
abrasive compound, which can be seen in Fig. 3.

In experimental research a static, determined,
selective, multi-factored quasi-rotable second rank plan
developed by Box and Hunter with spherical distribution
of information was applied. This ensures the stability of
estimating the regressive function in certain surroundings
of the central point of the plan PS/DS-P: A [8, 15, 17].
Values of the output factors Y are variables of random
character. Such an assumption allows to assume that
occurring distortions U and constant conditions C

Fig. 2. System of the forced feed of abrasive compound

Fig. 3. Covering the surface of the lapping disc with abrasive
compound after the application of the system of forced feed of
the compound (1 — coruscant working surface of the lap)

constitute parameters that are seemingly constant with
the assumed conditions of the research. In the paper
the function of an object has been defined in multi-
dimensional factor space as an equation of regression:

Y=f(xp, Xp5 X5500 5Xp) (1)

where:
k — number of the analyses variables,

Determined coefficients B = [b,, b,,..., b,] apply to the
regression equation:

+bexi + by (x1x2) + by (x2%4) + by (x3%4)

where:

Y = Rz is the value of the input factor from the model

(surface roughness parameter),

while independent variables are, respectively: x, = 1, x,

=K x;=V, x,=L,

whereby:

K — percentage content of the abrasive grains in a carrier,

V, — dosage of the abrasive compound [mI/20min],

L, — viscosity of the carrier of abrasive grains [mPa-s].
Experimental research has been conducted while

lapping sealing elements made of Al,O, ceramics.

Correlations between the dosage parameters for the

abrasive compound and other (selected) roughness

parameters: Ra, Rq, Rt, Rv, Rz, Rp, Rku, Rsm and Rsk

of the lapped surfaces have also been analysed.

Results of the research
Table 1 contains the results of the experiments.

Surface charts (Fig. 4-6) has been built. Several
characteristic points have been marked in these graphs.
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Table 1. Conditions of the forced feed of abrasive compound
and results of the measurement of roughness parameter Rz
(mean values of 3 measurements have been listed)

K v, . Rz
[%] [m1/20min] [mPa-s] [pum]
1 15 10 23 5.4954
2 15 50 23 5.2069
3 15 50 23 5.2567
4 15 50 23 5.225
5 15 50 23 5.2269
6 15 50 23 5.2869
7 15 50 23 5.2673
8 15 90 23 6.0191
9 5 50 23 6.5775
10 25 50 23 6.064
1" 21 74 29.5 6.1754
12 21 26 29.5 6.1458
13 9 74 29.5 6.7796
14 9 26 29.5 6.1509
15 15 50 34 5.8279
16 15 50 10.3 5.8783
17 21 74 16.5 6.0677
18 21 26 16.5 5.9464
19 9 74 16.5 6.3593
20 9 26 16.5 5.3033

Necessary calculations and spatial graphs showing
the influence of the input factors (K, V, and L,), on surface
roughness parameter Rz were conducted in Statistica
software.
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Fig. 4. Surface chart of the height of Rz surface roughness
parameter in relation with the input factors K and V,
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Fig. 6. Surface chart of the height of Rz surface roughness
parameter in relation with the input factors V, and L,

Processing the results of research

The obtained results confirm the efficiency of the
operation of a forced dosing system. Values of the
roughness parameter Rz recorded in the research are
close to the values of Rz parameter for elements lapped
with the conventional method of dosing the abrasive
compound [2].

Rz, = 5.21 ym obtained for: K= 15%, V= 50 ml/20
min and L, = 23 mPas

as well as Rz,,,, = 6.78 ym for: K = 9%, V=74 ml/20
min and L, = 29.5 mPa's

A statistical analysis of the obtained results has also
been conducted. SS test for model (2) has been con-
ducted on the basis of data contained in Tab. 1. Multiple
correlation factor and determination factor (Tab. 2) have
been determined.

Next, unidimensional formula significance tests were
performed for Rz = f(K, V,, L,) (Tab. 3).

For the analysed regression equation, the value of F
coefficient was 20.40820. This value corresponds with
the significance level p-value = 0.000059. Low value of
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Table 2. Model analysis results

Dsgﬁggﬁnt SS Test for a complete model
Multiple Multiple Corrected  Model Model  Model Rest Rest Rest F p
R R? R? ss df mMS SsS df MS
Rz
0.9763 0.9532 0.9065 4,3843 9 0.4871 9 0.0238 0.0233 20.4082 0.00005
Table 3. Unidimensional test of regression formula significance
Unidimensional significance tests for Rz
Parametrization with sigma-limitations
Effect Decomposition of effective hypotheses; Standard error of the assessment: 0.1545
Degrees
= of freedom il F p
Absolute term 1.8450 1 1.8450 77.2947 0.00001
K 0.4388 1 0.4388 18.3867 0.0020
K? 2.2961 1 2.2961 96.1924 0.000004
V, 0.0002 1 0.0002 0.0094 0.9246
VA2 0.5926 1 0.5922 24.8118 0.0007
L, 0.2044 1 0.2044 8.5635 0.0168
82 0.8478 1 0.8478 35.5205 0.0002
K-V, 0.2257 1 0.2257 9.4581 0.01323
K-L, 0.0781 1 0.0781 3.2743 0.1038
VgL, 0.212 1 0.0212 0.8918 0.3696
Error 0.2148 9 0.2338
Table 4. Values of the regression coefficients and their level of significance
Assessment of parameters
Parametrization with sigma-limitations
Effect o o
R Rz Rz Rz C-g_r;__go% c-g.ggf;__go% Rz Rz -95.00% +95.00%
z onfidence onfidence i
Stat. Error t p boundary boundary  Beta (B) Stat(bI)Error C.;’J‘J'.{’o?a",‘;e Cﬁg‘f.f'cfa"&e
Absolute  g7241 09354 87917 000001  6.1080 10.3403
K -0.2213 0.0516 -4.2879 0.0020 -0.3381 -0.1045 -2.1899 0.5107 -3.3452 -0.0346
K? 0.0114 0.0016 9.8077 0.00004 0.0088 0.0140 3.4561 0.3523 2.6559 4.2533
V, 0.0012 0.0122 0.0973 0.9246 -0.0267 0.0291 0.0476 0.4894 -1.0595 1.1547
VA2 0.0003 0.00007 4.9811 0.0007 0.0001 0.0005 1.4752 0.2961 0.8052 2.1452
Le -0.1467 0.0501 -2.9263  0.0168 -0.2601 -0.0333 -1.6432 0.5615 -0.9135 -0.3729
(L2 0.0050 0.0008 5.9599 0.0002 0.0031 0.0069 2.5617 0.4298 1.5894 3.5341
KV, -0.0013 0.0004 -3.0754  0.0132 -0.0023 -0.0003 -0.9975 0.3243 -1.7312 -0.2637
KL, -0.0029 0.0016 -1.8095 0.1038 -0.0066 0.0007 -0.8841 0.4886 -1.9894 0.2211
V. L, -0.0003 0.0004 -0.9443 0.3696 -0.0013 0.0005 -0.,4365 0.4622 -1.4822 0.6091

TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 1/2021 1 1



the significance level indicates a high significance of the
constructed regression equation. Standard error of the
test assessment is 0.1545, which indicates that all the pa-
rameters of the model were estimated with sufficient pre-
cision. The model was assessed as positive. The analysis

of the regression equation was extended with testing the
significance of the equation's coefficients (Tab. 4).

On this basis, a mathematical mode was obtained,
being a quadratic polynomial with three input variables
(K, Vg, L)

Rz =8.2241 - 0.2213K + 0.0114K? + 0.0012V, + 0.0003V,? — 0.1467L, + 0.0050L > (3)

—0.0013KV,—0.0029KL, - 0.0003V L,

Comparison of the real results of Rz parameter and
predicted Rzt (from a model) parameter is presented in
(Tab. 5).

Utility function parameter notion has also been
introduced (Tab. 6). The maximum value of the parameter
obtained as a result of optimization was Rzt = 6.81 um,
while Rzu,, =1, in case when Rzt = 4.79, Rzu,,,= 0.

Table 5. Comparison of Rz values (observed vs anticipated)

List of the replies regarding the predicted value of the
roughness parameter Rz is presented in Tab. 7.

Profiles of the approximated and theoretical values
(in the function of input coefficients K,, V,, L.,) have been
presented in Fig. 7. In this case, the dependent variable
is Rzt = Rz,,,,, while predicators are K, V, and L. Fig.

8-10 present the surface charts Rz, = f(K, Vst, L,).

uzyt ~

Observed, anticipated and rest values

No. Parametrization with sigma-limitations

Observed Rz Predicted Rz Rest Rz
1 5.4954 5.4892 0.0061
2 5.2069 5.2361 -0.0292
5 5.2567 5.2361 0.0205
4 5.2250 5.2361 -0.0111
5 5.2269 5.2361 -0.0092
6 5.2869 5.2361 0.0507
7 5.2673 5.2361 0.0311
8 6.019 6.1462 -0.1271
9 6.5775 6.5226 0.0548
10 6.0640 6.2397 -0.1757
1" 6.1754 5.9397 0.2356
12 6.1458 6.0588 0.0870
13 6.7796 6.7331 0.0464
14 6.1509 6.0628 0.0839
15 5.8279 6.0628 -0.2349
16 5.8783 5.7900 0.0882
17 5.8783 5.7900 0.0882
18 5.9464 5.908 0.0375
19 6.3593 6.3623 -0.0030
20 5.3033 5.4549 -0.1516

Table 6. Parameters of the utility function of the roughness parameter Rz
Utility function parameters
Settings of the utility function for each dependent variable
Variable
Low Useful Intermediate Useful High Useful s t
value value value value value value Parameter Parameter
Rz 4.7886 0.00 5.7996 0.5000 6.8105 1.0000 1.0000 1.0000
1 2 TECHNOLOGIA | AUTOMATYZACJA MONTAZU nr 1/2021




Table 7. List of the replies regarding the predicted value of the roughness parameter Rz

Levels of the coefficient and predicted replies
Predicted replies for all the levels of each coefficient with set values
of all the other coefficients

Coefficient
Level of the Predicted -95% P +95% P
.. Useful value
coefficient Rz Rz Rz
K 4.6830 6.5865 0.8891 6.1354 7.0376
K 9.6836 5.6255 0.4139 5.2460 6.0050
K 14.6842 5.2371 0.2218 4.8598 5.6144
K 19.6848 5.4214 0.3129 5.0422 5.8007
K 24.6853 6.1784 0.6873 5.7331 6.6237
Vv, 8.7321 5.5137 0.3586 5.0626 5.9648
V, 28.7345 5.2300 0.2183 4.8505 5.6095
Vv, 48.7368 5.2371 0.2218 4.8598 5.6144
V, 68.7391 5.5351 0.3692 5.1559 5.9143
A 88.7415 6.1239 0.6604 5.6786 6.5692
L, 11.9308 5.6079 0.4052 5.1792 6.0366
L, 17.5917 5.2619 0.2341 4.8825 5.6414
L, 23.2526 5.2371 0.2218 4.8598 5.6144
L, 28.9135 5.5335 0.3684 5.1528 5.9142
L, 34,5744 6.1511 0.6738 5.6962 6.6059
K Vs Le Theoretical
7.5000
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: 1.4
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b Fig. 8. Surface chart of the predicted value of roughness pa-
rameter Rz in relation to K and V coefficients
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Fig. 7. Profiles of the approximated and useful values of the
examined coefficients K, V, and L,, influencing the value of the Fig. 9. Surface chart of the predicted value of roughness pa-
surface roughness parameter Rz rameter Rz in relation to K and L, coefficients
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Analysing the graphs presented above, it is possible to
see the influence exerted by predicators on the explicated
variable. With this method it is possible to predict replies
regarding the roughness parameter Rz in the function of
input coefficients.

In the experimental research, roughness parameter
Rz assumed the following values: i:

Rz, = 5.225 pym for input parameters K = 15%,
V=50 ml/20 min and L, = 23 mPa-s and

Rz,. = 6.777 pym for input parameters K = 9%,
Vi =74 ml/20 min, L, = 29.5 mPas.

Conducting the optimization of the predicted re-
plies, it was determined that the roughness parameter
Rzt,,, = 5.237 um corresponds with input parameters:
K =14.6%, V,=48.7 ml/20 min i L= 23.2 mPa's.

On this basis it can be stated, that after the optimi-
zation the following values were corrected: Rz- by 0%,
K — conservation of the abrasive grains by 2,7%,
V, — conservation of the dosage by 2,6%.

It is also advised to slightly change the viscosity of the
compound from 23 to 23.2 mPa-s.

Table 8. List of the parameters determined for P2D(i) outline

He assessment of the influence of the parameters of
forced dosing on the quality of the surface should be con-
ducted in conjunction with the efficiency of machining. An
optimum solution consists in obtaining high efficiency of
machining while maintaining a high quality of the surface.
This is a complex issue, since it is difficult to have a simul-
taneous influence on a number of roughness parameters.
Concentration on a single parameter can cause the dete-
rioration of other parameters, such as, for example, surfa-
ce bearing capacity. The most important roughness para-
meters should result from the relationship between specific
2D parameters (such as location of the tips) in mutually
perpendicular directions, due to the fact that the shape
and location of the contact areas of contacting surfaces
are of particular importance. To assess the influence of
the conditions of forced dosing on selected 2D roughness
parameters, their measurements were conducted. The re-
sults of the measurements have been presented in Tab. 8.

Next, analysis of the correlation of the influence of exa-
mined (variable) coefficients on selected roughness para-
meters (Tab. 9).

No. K Vs . L. Ra Rq Rv Rz Rp Rku Rsm Rsk
[%] [mI/20min] [mPa-s]
1 15 10 23 0.9171  1.4636  6.5887  3.4616 54954  2.0363  4.0670  48.0559  -0.5857
2 15 50 23 0.6329  0.9371  7.0647  3.0876 52069  2.1886  4.3347  36.0138  -0.4355
3 15 50 23 0.6361 09372  7.0124  3.0851 52567 21841 43110 36.0850 -0.4386
4 15 50 23 0.6361 09333  7.0321  3.0967 52250 2.1833  4.3387 36.0429 -0.4366
5 15 50 23 0.6255  0.9353  7.0345  3.0303 52269 21815  4.3550 36.0934  -0.4375
6 15 50 23 0.6381  0.9329  7.0579  3.0716 52869 21852  4.3110  36.0811 -0.4357
7 15 50 23 0.6328 09381  7.0078  3.0786 52673 21887  4.3013  36.0246  -0.4350
8 15 90 23 0.8107  1.0716  8.8133  3.8043  6.0191 22154 95737  39.6956 -1.3440
9 5 50 23 0.6868  0.9582  10.0875 4.2833  6.5775 22943  9.7350  35.1398 -1.5710
10 25 50 23 0.7956  1.0345  7.3878  3.7032  6.0640  2.3608  4.1340 42,5203  -0.4247
1 21 74 29.5 0.7429 09713  7.7281  3.5886  6.1754 25869  3.9137  43.4665 -0.3703
12 21 26 29.5 0.7431  0.9649  7.8105  3.9819 61458 21639  4.5010 41.2469 -0.7273
13 9 74 29.5 0.7034  0.9077  8.8420  4.2404  6.7796  2.5391 54597  6.0630  -0.7630
14 9 26 29.5 0.7697  0.9941  7.7722  4.0603  6.1509  2.0906  4.5857  6.0630  -0.8240
15 15 50 34 0.7391  0.9583  7.4016  3.3392 58279 24887 3.6740 60630 -0.3223
16 15 50 10.3 0.6884  0.9023  7.1104  3.4198 58783 24585  3.6877  41.7411  -0.3997
17 21 74 16.5 0.6876  0.9030  8.0437  3.7786  6.0677 22891 53783  40.5722  -0.8247
18 21 26 16.5 0.7438  0.9833  7.3874  3.6503 59464 22960  4.4053 411710 -0.5543
19 9 74 16.5 07796  1.0073 81021  4.0598  6.3593 22995  4.3187 453597 -0.7023
20 9 26 16.5 0.6444  0.8546  6.2794 35118 53033  1.7916  4.8453  36.4907 -0.8787

14
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Table 9. Levels of significance for the significance tests of correlation coefficients between the following variables: K, V,, L., Ra, Rq,

Rt, Rv, Rz, Rp, Rku, Rsm, Rsk (red is indicated for statistically significant dependencies)

Variable

Ra

Rq

Rt

Rz

Rp

Rku

Rsm

Rsk

Analysing the influence of the conditions of forced
dosing (K, V and L,) on correlation with surface roughness
parameters (Ra, Rq, Rt, Rv, Rz, Rp, Rku, Rsm and Rsk)
it was determined that dosing conditions influence only

K
1.0000
p= ...

.0000
p=1.00

.0000
p=1.00

1624
p=.494

.0934
p=.169

-3196
p=.196

-.2753
p=.240

-1400
p=.556

2478
p=.292

-.3831
p=.095

4137
p=.070

4936
p=.027

Vs
.0000
p=1.00

1.0000
p=...
.0000

p=1.00

1327
p=.577

-3321
p=.153

5067
p=.023

1548
p=.515

3405
p=.142

5705
p=.009

3670
p=.111

-.0168
p=.944

-1783
p=.452

Le
.0000
p=1.00

.0000
p=1.00

1.0000
p=...
1516

p=.524

.0989
p=.678

.2006
p=.396

A1
p=.641

A779
p=.453

2301
p=.329

-.0068
p=.977

-.6051
p=.005

.0624
p=.794

Marker correlation coefficients are significan with p < 0.05000

N = 20 (lack of data mitigated with specific cases)

Ra
.1624
p=.494

-1327
p=.577

1516
p=.524

1.0000
p=...
8141

p=.000

1694
p=.475

4820
p=.031

4467
p=.048

.0888
p=.710

0974
p=.683

1080
p=.650

-1955
p=.409

Rq
0934
p=.169

-.3321
p=.153

.0989
p=.678

8141
p=.000

1.0000
p=...
-.0955
p=.689

0673
p=.778

-.0048
p=.984

-1729
p=.466

0187
p=.938

2716
p=.247

-.0491
p=.837

Rt
-3196
p=.196

5067
p=.023

2006
p=.396

1694
p=.475

-.0955
p=.689

1.0000
p=...
7651

p=.000

.8085
p=.000

4334
p=.056

7807
p=.000

2067
p=.382

-.7498
p=.000

Rv
-.2753
p=.240

1548
p=.515

A1
p=.641

4820
p=.031

0673
p=.778

7651
p=.000

1.0000
p=...
.9318

p=.000

2194
p=.353

4897
p=.028

-2072
p=.381

-6820
p=.001

Rz
-.1400
p=.556

3405
p=.142

A779
p=.453

4467
p=.048

-.0048
p=.984

.8085
p=.000

9318
p=.000

1.0000
p=...
5563

p=.011

3976
p=.083

2514
p=.285

-5023
p=.024

Rp
2478
p=.292

5705
p=.009

.2301
p=.329

.0888
p=.710

- 1729
p=.466

4334
p=.056

2194
p=.353

5563
p=.011

1.0000

-.0464
p=.846

-.2060
p=.383

.2086
p=.378

Rku
-.3831
p=.095

3670
p=.111

-.0068
p=.977

0974
p=.683

0187
p=.938

7807
p=.000

4897
p=.028

3976
p=.083

-.0464
p=.846

1.0000
p=...
.0130
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Fig. 11. Correlation of the input coefficient K and roughness parameter Rsk
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certain parameters of roughness. Statistically significant
correlations of the examined coefficients occur for the
following pairs: K - Rsk (Fig. 11), V, - Rt (Fig. 12), V.- Rp
(Fig. 13) and L, - Rsm (Fig. 14).
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Fig.12. Correlation between input coefficient K and roughness parameter Rt
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Fig. 13. Correlation of the input coefficient K and roughness parameter Rp
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Fig. 14. Correlation of the input coefficient K and roughness parameter Rsm
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Final conclusions

On the basis of the conducted research and analyses,
the following general conclusions can be formulated:

* Developed and constructed innovative system of
dosing the abrasive compound onto a disc lap brings
significant savings in terms of the level of wear of
micro-grains, thereby reducing the tool costs of this
process of highly-precise machining,

* Analysed conditions of forced dosing, such as
percentage content of the abrasive grains in the
compound K, dosage of the compound V, and
viscosity of the liquid components of the compound
have a significant influence on the basic parameters
of the surface roughness of the machined technical
ceramics,

* Regression equation developed in the result of the
conducted research allows predicting the surface
roughness parameter Rz for lapped sealing elements
made of Al,O ceramics.
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