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Abstract

The paper presents the influence of ceramic molds manufacturing parameters on the quality of small-scale
castings produced by the lost wax method. Seven ceramic coatings were applied to the prepared model kits.
Three kinds of binders (LUDOX aqueous, hydrolysed ethyl silicate, Remasol water binder) and two types of
molding sands (quartz and molochite) were used as ceramic material. Three types of ceramic molds were
made: LUDOX ceramic/hydrolysed ethyl silicate and quartz, LUDOX ceramic/hydrolysed ethyl silicate and
molochite, Remasol ceramic and quartz. After applying all of the coats, the ceramic form was dried under
constant humidity and temperature conditions. Finished ceramic molds were casted with high alloy steels.
Roughness tests of wax models, the first ceramic coat, initial shot blasting, sanding, and final shot blasting
were performed. The results are presented in form of graphs, tables and pictures.
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1. INTRODUCTION

Parts of jet engines with complex geometric shapes (such as low and high pressure turbine blades) [1] are
critical for flight safety. They are produced by the investment casting method [2-5]. The main unit processes
include production of a wax model, a wax model kit, and multilayer ceramic mold, and wax melting, molding,
liquid metal casting, post-processing and quality control.

Commercial software programs such as MAGMASOFT®, ProCAST®, Solid/FlowCAST® and author programs
[6-7] are used to support the design of casting processes. This type of software is able to simulate the flow of
metal in the mold while priming on the basis of the model kit image.

Quality of precision casting surfaces, defined by the roughness, the presence of foundry defects and the
different chemical compositions in relation to interior areas, mainly depends on the phenomena on the
boundary of the ceramic form - liquid metal, from the time the mold is submerged to the solidification of the
casting. Such processes may be of a thermal or thermo-chemical nature if they are present at the surface of
the mold and in the liquid phase of components with high chemical activity.

One of the key parameters is the quality of the surface of the castings, which is a resultant of parameters of
the production of the wax model, the mold and the mechanical processing of the castings of the cast.

The purpose of the paper is quantitative analysis of the influence of manufacturing and processing parameters
on the surface roughness of the wax model, the first ceramic coat and the surface of castings in the form of
the blades after initial shot blasting, sanding and final shot blasting.

2, METHODOLOGY

Wax models, model sets, molds and castings were manufactured under industrial conditions.
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For the production of wax casting models (Figure 1a) KC 4017B casting wax from Kindt-Collins Company LLC
company was used. Single models were combined into model kits (Figure 1b), where ceramic molds were
made, consisting of 7 coatings, differing in components according to the following specifications:

° Ludox binder, hydrolysed ethyl silicate with quartz flour, sprinkles - quartz sand of different grains,
designated 1 (Figure 1c),
o Ludox binder, hydrolysed ethyl silicate with molochite powder, sprinkles - molochite sand of different
grains, labeled as 2 (Figure 1d)
o Remasol binder with quartz flour, sprinkles - quartz sand of various grain size, labeled 3 (Figure 1e).
a) b) d) e)

Figure 1 Wax model of blade (a), model set (b), form 1 (c), form 2 (d), form 3 (e)

Subsequently, the molds were coated with chromium-nickel steels of grade 1.4825, with a content of about 18
% Cr, 9% Ni, 0.2 % C and 2 % Si. Once the metal is solidified, the molds are being broken (Figure 2).

NE i

Figure 2 Ceramic form after breaking down. A model shell (a), further molds (b-c)

Then, single castings of the blades were cut off from the flood system and subjected to post-processing. Initial
shot blasting (Figure 3) was made using a S280 spherical shotgun with a size of about 0.3-0.6 mm and a
hardness of about 500 HV.

a) b)

Figure 3 Blade 1 (a), 2 (b), 3 (c) after initial shot blasting and shot (d)

Sanding (Figure 4) was made using an electrolyte with a Mohs hardness of 9 and grain size of 0.2-0.5 mm.
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Figure 4 The blade 1 (a), 2 (b), 3 (c) after the sanding process and the electrolyte (d)

For the final shot blasting (Figure 5) Chronital was used with a hardness of about 450 HV and a grain size of
0.15-0.5 mm.

a) b) c)

Figure 5 Blades 1 (a), 2 (b), 3 (c) after the final blast process and chronital (d)

The evaluation of the surface quality of the wax model, the first ceramic coat before and after casting and
casting, prior to mechanical treatment and after shot blasting, sanding and final shot blasting were performed
on the basis of roughness measurements, expressed by parameters [8]:

° The Ra parameter is the average measure of the maximum surface roughness

° The Rt parameter is the total height of the profile: the sum of the height of the highest elevation of the
profile and the greatest depth of the profile depression within the measuring section is very sensitive to
single vertices and recesses

o The Rqg parameter is statistically equal to the standard deviation of the ordinate profile, and the single
high elevations and recesses of the profile affect its value more than Ra,

o The Rz parameter is the sum of the highest elevation and the largest recess within the elementary
section

Measurements were made using an optical profilometer WYKO NT9300 (Figure 6a). On each test piece, 5
measurements were taken in the zone shown in Figure 6b.

Figure 6 Optical profilometer WYKO NT9300

Research results are presented in the form of photographs, tables and graphs.
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3. RESULTS

The results of the surface roughness tests of the wax models, the first ceramic coat and the blades of the
blades after initial shot blasting, sanding and final shot blasting are shown in Figures 7-11.

Roughness parameters [um]

2D topography 3D topography R R R R
a q ¥4 t

2.95 3.99 51.92 73.49

Figure 7 Results of the roughness measurements of the wax blade model

Roughness parameters [um]

2D topography 3D topography R, ‘ Re ‘ R, ‘ R
First coat (1)

605 | 858 | 8.44 | 110.25
First coat (2)

623 | 969 | 80.22 | 130.01
First coat (3)

671 | 1158 | 8723 | 13545

Figure 8 Results of the roughness measurements of the first ceramic coat

Roughness parameters [um]

2D topography 3D topography R ‘ R ‘ R ‘ R
a q ¥4 t

Cast (1) after initial shot blasting

5.78 \ 7.33 \ 46.23 \ 50.83

Cast (2) after initial shot blasting

6.41 \ 40.03 \ 53.99 \ 61.53

Cast (3) after initial shot blasting

713 \ 7.08 \ 49.00 \ 55.22

Figure 9 Results of the roughness measurements after initial shot blasting

Roughness parameters [um]
2D topography 3D topography R, ‘ Re ‘ R, ‘ R

Cast (1) after sanding

528 | 671 | 4931 | 64.02
Cast (2) after sanding

587 | 749 | 5199 | 5807
Cast (3) after sanding

648 | 814 | 6145 | 7312

Figure 10 Results of the roughness measurements after sanding
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Roughness parameters [um]
2D topography 3D topography ~ ‘ R, ‘ = ‘ R

Cast (1) after final shot blasting

510 | 589 | 4078 | 4598
Cast (2) after final shot blasting

559 | 697 | 4102 | 4682
Cast (3) after final shot blasting

583 | 724 | 4416 | 4676

4.

Figure 11 Results of the roughness measurements after final shot blasting

CONCLUSIONS

Based on the result of the research, the following conclusions can be made:

The wax model has the greatest surface smoothness out of the materials studied.

The ceramic first coat is approximately 3 times larger than the wax model, with the smallest roughness
being variant # 1 made of Ludox binder and quartz molding sand.

For variants # 2 and # 3 on the casting surface there are residuals of the mold cavity which could be
removed only by sanding and final shot blasting.

The smallest roughness is found after the final shot blasting however the differences are minor with
respect to initial shot blasting and sanding.

In order to obtain a smoother blade surface the process of troweling i.e. vibration treatment using
metallic, ceramic or glass materials should be carried out.
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