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SUMMARY
Report 112 p., 33 figures, 15 tables, 21 sources, 7 app.

MODEL, MOLD, GEOMETRIC ACCURACY, QUALITY, COST, CASTING, RESIN, PRESSURE, SHELL
The object of research is the sand-resin mold.

The purpose of the work is to obtain competitive products in the foundry market and to provide the domestic market of the Republic of Kazakhstan with its own high quality casting.

The name of the stage of work for 2020 is “Developing the technology of manufacturing sand-resin molds with increased operational properties under non-stationary load”.

At this stage of the research work, production tests were carried out in accordance with the developed technological flow chart, the properties of the casting obtained in molds made on the basis of the technological flow chart were studied, the technological process was introduced into production (Appendix A).
Method or methodology of the work. Analysis and experimental research. Gas permeability tests, Compressive strength tests, determination of hardness, roughness.

Results of work and their novelty. A preliminary flow chart for manufacturing sand-resin molds with increased operational properties under non-stationary load has been developed. A pilot batch of castings in casting molds made using the new technology was made, a production test report was received (Appendix B)

The final technological flow chart has been generated (Appendix D).

Basic design, technological and technical and operational characteristics. Improving the technological and operational properties of shell molds, reducing their cost due to the consumption of a binder, reducing emissions of harmful gases in the areas of molding and pouring.
The degree of implementation. The technology has been introduced at the Parkhomenko KMZ LLP (Appendix D).

Recommendations for the implementation or the results of the implementation of research results. The technology can be introduced into the foundry industry when smelting steel and iron castings.
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INTRODUCTION
One of the most important technological processes that determine the quality of castings is manufacturing a casting mold. Sand-resin molds make it possible to produce high-quality castings with a minimum percentage of casting defects. The disadvantage of such molds is a high cost of the binder: the thermosetting resin of pulverbakelite. The research being carried out is aimed at working out technological modes that allow reducing the amount of binder used in the mixture due to the application of static pressure. This leads to decreasing the cost of the mold, and consequently, the casting as a whole.
Interim reports were registered for 2018 (Reg. No. 0118RK00710, Inventory No. 0218RK00456) and for 2019 (Reg. No. 0118RK00710, Inventory No. 0219RK00466) within the framework of the project AR05130026 / GF "Developing and implementing resin-bonded sand molds production under non-stationary pressure for improving the finished products quality”.

In 2019, the following types of work were carried out and the following results were obtained. The main technological parameters for the formation of sand-resin mixtures were determined. An experiment planning matrix was compiled, basic experiments were carried out. Selecting the formulation of the mixture composition was carried out, the main and auxiliary components of the mixture and their concentration were determined. The optimal composition of the sand-resin mixture is as follows: quartz sand of the 1K0315 grade - 70%; quartz sand grade 1K02 – 30 %; pulverbakelite SF-011A - 4.5 (over 100 %); kerosene - 0.2 - 0.4 (over 100 %); white spirit - 2 – 3 % (over 100 %); boric acid - 0 - 0.2 % (over 100 %). Samples of molds were made and studied under various laboratory conditions, dependences of properties of molds on production modes were obtained. The use of variable pressure has a positive effect on the quality of the casting surface. The resulting surface of the mold is the most even, since the immersion of the surface layer of sand reaches the edge of the molten resin and thus sufficiently smooth areas are formed. It has been shown that the additional static load application during the formation of the shell makes it possible to reduce the percentage of rejects of castings. After mixing, the sand-resin mixture was poured into the hopper of the machine. After that, the hopper with the mixture was overturned onto a match board heated to 230 °C with models of castings "Cover". At the same time, pressure of 0.25 MPa was supplied through the plate simultaneously. After 10-12 seconds, the pressure was increased to 0.35 MPa. After the next 10-12 seconds, pressure was reduced to 0.2 MPa. In this case, a shell mold with the thickness of 12-15 mm was formed. After that, the molds were sintered within 2 minutes at the temperature of 320-340 °C.

There was carried out industrial testing of the technology based on the Parkhomenko KMZ LLO and received the testing act.
MAIN PART OF THE RESEARCH REPORT
1 Developing the technology of manufacturing sand-resin molds with increased performance properties under non-stationary load
1.1 Drawing up the technological process chart of manufacturing sand-resin molds based on previously obtained results
Previously, the composition and technological modes of producing sand-resin molds were determined using the new technology. In production applications, consideration should be given to the sand drying and mixing time.

Samples were made in the conditions of the foundry of the Parkhomenko KMZ LLP (Karaganda). To study the samples, standardized methods and modern equipment of accredited (GOST ISO 17025-2009 "General Requirements for the Competence of Testing and Calibration Laboratories") laboratories of the International Center of Materials Science and the Engineering Testing Laboratory "KORMS" of Karaganda State Technical University were used.

The moment of gas permeability tests is shown in Figures 1.1, 1.2. Gas permeability was determined using a 04315M device, strength on floor set Instron-100 (Figure 1.3).
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Figure 1.1 – Sample for gas permeability testing
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 а – example of the sample testing,

b – result of the sample gas permeability when mixing components in the rollers within 2 hours

Figure 1.2 – testing for gas permeability
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                  Figure 1.3 – Floor set Instron-100 for determining mechanical properties
There was determined the effect of mixing time on the shell mold strength. Technological conditions and mixture composition were used previously defined. Mixing was carried out on industrial vertical rollers to produce an unclad mix. Mixing was carried out at the frequency of 30 minutes. The studies carried out have shown (Figure 1.4, Table 1.1) that 1.5-2 hours should be recognized as the optimal time, since shorter time does not give the needed strength, due obviously to the uneven distribution of the binder and the base. Subsequently, strength practically does not change, and with stirring within three or more hours, weakening is observed due to desmixing and obviously crushing of sand particles. The presence of these exfoliated sand dust particles also negatively affects gas permeability of the shell mold. Exceeding the mixing time of more than two hours is also impractical economically, since while maintaining (and even decreasing) the parameters of the mold properties, excess energy is spent for the work of the rollers.
Таble 1.1 – Mixing duration effect on compression strength and gas permeability of the shell
	Mixing duration, h
	Strength, МPа
	Gas permeability

	0.5
	10.6
	142

	1.0
	12.1
	135

	1.5
	14.5
	126

	2.0
	14.7
	118

	2.5
	13.9
	108

	3.0
	12.8
	89


Another subject of research was the time and the temperature of drying the sand used in the tests (fractions 1K02A, 1K0315A) (Figures 1.5, 1.6, Tables 1.2, 1.3). Obviously, the most optimal temperature for drying sand should be considered 30-50 0С, since less than 30 degrees moisture is not completely eliminated, and a high drying temperature leads to unnecessary energy costs with a slight decrease in strength properties. The drying mode in the studied range does not significantly affect the shell mold gas permeability.
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b
а – on compression strength, b – on the shell gas permeability

Figure 1.4 – Mixing duration effect
Таble 1.2 – Sand drying duration effect on compression strength and gas permeability of the shell
	Drying duration, h
	Strength, MPa
	Gas permeability

	0.5
	11.6
	109

	1.0
	13.7
	122

	1.5
	14.6
	139

	2.0
	14.8
	145

	2.5
	14.1
	127

	3.0
	12.9
	112


Таble 1.3 – Sand temperature effect on compression strength and gas permeability of the shell
	Drying temperature, , 0С
	Strength, MPa
	Gas permeability

	10
	12.9
	136

	30
	14.5
	138

	50
	14.6
	139

	70
	14.3
	139

	90
	13.5
	136


In studies presented in Figure 1.5, the drying temperature made 50 0С. In the plots of Figure 1.6 the drying duration was 1.5 hours.
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а – on compression strength, b – on the shell gas permeability
Figure 1.5 – Sand drying duration effect
[image: image10.png] —a— Strength, MPa
—#— Strength, MPa 50;14,6

30;14,5 —<— Strength, MPa
2;70;14,3

—#— Strength, MPa
90;13,5

Strength, MPa

—+— Strength, MPa
10;12,9

Drying temperature,o C




а
[image: image11.png]Gas permeability

gaz permeability| 2az permeability

—o— gaz permeability

10;136
Drying temperatnre,oC

0;139

70;139

gaz permeability

90;136




b
а – on compression strength.
b – on the shell gas permeability
Figure 1.6 – Sand drying temperature effect
The structures of shell molds formed using unsteady pressure and without pressure were also studied (Figure 1.7). The studies have shown that in molds in which pressure is not used, sufficiently large voids are formed, which in the future can lead to premature destruction of the mold on the one hand, and penetration of gas into the casting cavity, on the other hand. In shells formed using unsteady pressure, no such cavities are formed.
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                        а                                                                              b
а – without using pressure, b – using non-stationary pressure

Figure 1.7 – Shell molds structure produced
To exclude the adhesion of the finished shell to the model and the match board, the following separating composition was used: water – 100 %, utility soap - 3-4 % (over 100 %), silicone - 8-10 % (over 100 %). This parting mixture forms a thin but heat-resistant film at the time of application to the hot model, which remains after several removals of the casings from the models. The components were mixed in a container with two rotating rods on which the blades were fixed. Mixing was carried out within 30 minutes at the frequency of 120 rpm. This paering mixture allows eliminating the shell sticking and consequently providing a high frequency of the surface of the mold inner cavity, as well as high strength, excluding crumbling and as a consequence further blockages of the casting mold.
The developed flow chart is shown in Figure 1.8.
	 PRELIMINARY TECHNOLOGICAL CHART

	Casting sand-resin mold

	
	Technological flow chart 


	Field of use: casting molds for manufacturing ferrous and non-ferrous alloys castings
	Component name
	Percent content in the mixture, %
	Component name
	Percent content in the mixture,, %

	
	
	
	Large fraction quartz sand
	70
	Kerosene
	0.2-0.4 

(over 100%)

	
	
	
	Fine fraction quartz sand
	30
	White spirit
	2-3 

(over 100%) 

	
	
	
	Pulverbakelite
	4.5 

(over 100%)
	Boric acid
	0-0.2 

(over 100%)

	Initial materials
	Basic: quartz sand of different fractions, thermoactive resin
	Additives: kerosene, white spirit, boric acid
	Parting mixture: silicon, utility soap

	Equipment
	Molding machine 
	Heated facilities
	Mixing rollers
	Dryer

	Preliminary operations
	Sand drying at t=30-50 0С (if needed)
	Mixing within 1.5-2 hours
	Covering the match board surface with the parting compound

	Compositions per 100 kg
	Quartz sand grade 1К0315
	Quartz sand grade 1К0315
	Pulverbakelite SF-011А
	Kerosene
	White spirit
	Boric acid
	

	Concentration, kg
	68-70
	30-32
	4-4,5 

(over 100%)
	0,2-0,4

(over 100%)
	2-3

(over 100%)
	0-0,2

(over 100%)
	

	Parting compound
	Water 100 %
	Utility soap – 3-4 % (over 100 %)
	Silicon – 8-10 % (over 100 %)

	Basic technological operations
	Mounting matching-boxing facilities on the molding machine

	Facilities heating (match board) to 250 0С
	Pouring the sand-resin mixture to the facilities
	Applying the basic pressure on the mixture 0.25 МPа

	Keeping under pressure within 10-12 sec
	Increasing pressure to 0.35 МPа
	Keeping under pressure within 8-10 sec
	Decreasing pressure to 0.2 МPа

	Half-mold sintering at the temperature 350 0С
	Keeping in the furnace within 80-120 sec
	Removing half-mold from the match board

	Combining half-molds with clamps or gluing with resin
	Assembling finished molds, pouring the space between the molds with spilled sand


Figure 1.8 – Preliminary technological flow chart of the technological process of manufacturing sand-resin molds using variable pressure
Thus, there have been verified technological modes of manufacturing shell molds in industrial conditions.
1.2 Carrying out industrial testing in accordance with the technological flow chart

In the conditions of the foundry of the Parkhomenko KMZ LLP, a batch of shell molds was made according to the developed technology; steel 35L was poured into the molds to obtain castings. The resulting molds and castings were examined to assess their properties and the difference in performance from molds and castings obtained in the laboratory conditions.

A series of tests was also carried out using crushed fireclay bricks (Table 2.1). In practice, a significant amount of waste chamotte bricks used for lining furnaces and ladles is often formed in 
production conditions. Fireclay brick was ground in a mill to a fraction of 0.1-0.2 mm. Tests have shown that the most durable mold is obtained when using the ratio of quartz sand and chamotte chips in approximately the same proportion. Obviously, this is due to the densest packing of filler particles. The basic pressure used when molding was also different, the most rational was found to be 0.2 MPa. It should be noted that the use of only chamotte without pressure does not allow obtaining mold strength. The use of pressure in the process of forming a mold increases its strength several times, which indicates good compaction of chamotte chips.

Strength tests are shown in Figure 2.1. Figure 2.2 shows samples formed under different technological modes to determine mechanical properties.
Таble 2.1 – Results of testing  shell samples with adding chamotte chips 
	Composition
	Pulverbakelite
	Chamotte
	Sand grade 1К315А
	Pressure, МPа
	Gas permeability, 

(opening diameter)
	Compression strength


	
	
	
	
	
	1.5
	0.5
	МPа

	
	5 %
	95 %
	0 %
	0
	200
	34
	0.36

	
	5 %
	95 %
	0 %
	0,2
	145
	36
	2.2

	
	5 %
	95 %
	0 %
	0,3
	54
	69
	2.8

	
	5 %
	45 %
	50 %
	0
	75
	62
	5.36

	
	5 %
	45 %
	50 %
	0,2
	81
	50
	12.99

	
	5 %
	45 %
	50 %
	0,3
	80
	45
	7.06

	
	5 %
	0 %
	95 %
	0
	166
	62
	1.14

	
	5 %
	0 %
	95 %
	0,2
	81
	57
	7.45

	
	5 %
	0 %
	95 %
	0,3
	69
	37
	6.27
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а                                                                 b
а – set readings, b – plot in the compression-load coordinates

Figure 2.1 – Testing to determine compression strength of the samples
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Figure 2.2 – samples for determining compression strength
Tests in the production conditions at the Parkhomenko KMZ LLP were carried out in strict accordance with the developed and approved technological flow chart. The shaping was carried out on heated model equipment using thermoelectric heating devices mounted on the side of the match board opposite to the location of the models.

The molding machine for manufacturing shell molds according to the tested technology has been modernized on the basis of a molding semi-automatic model 51713. The diagram of the molding machine of the 51713 model is shown in Figure 2.3.
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Figure 2.3 – Scheme of the molding machine model 51713

The samples were made in accordance with the technology of manufacturing shell molds. Samples for strength testing (Figure 2.4, a, b, c) were made according to the technological process similar to the process of manufacturing shell molds and rods. The thickness of the samples h depended on the pressure value, the degree of heating of the match board, the holding time on the board, the thickness of the preliminary filling of the sand-resin mixture. The arithmetic mean of the results was considered the strength indicator. If the data of one sample differed from the arithmetic mean by more than 10 %, then the tests were repeated.
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                     а                                                 b                                            c
а – for burs, b – for compression, c – for bending

Figure 2.4 – Samples for strength testing
Figure 2.5 shows the dependence of the molding sand density on pressure. A field study showed an exponential relationship between density and base pressure. Pressure of 0.25 MPa makes it possible to obtain dense molds that can withstand transportation between workshops (for example, when moving from a molding section to a mold casting section).

Figure 2.6 shows the dependence of the bending strength on applied static pressure on the mixture. Experiments have shown that in industrial conditions, as well as in laboratory conditions, at 0.25-0.3 MPa the greatest bending strength is obtained, further increasing pressure does not give a significant increase in strength.
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1 – in laboratory conditions, 2 – in industrial conditions
Figure 2.5 – Molding mixture density dependence on pressure
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1 – in laboratory conditions, 2 – in industrial conditions
Figure 2.6 – bending strength dependence on applied static pressure on the mixture

Figures 2.7-2.9 show studying the effect of various factors on gas permeability. It has been determined that the temperature of 330-350 °C with the sintering time of 85-100 s makes it possible to obtain shells with the best gas permeability.
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1 – in laboratory conditions, 2 – in industrial conditions
Figure 2.7 – Sand-resin shell gas permeability depending on the shaping time
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1 – in laboratory conditions, 2 – in industrial conditions
Figure 2.8 – Shell gas permeability dependence on the sintering time
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1 – in laboratory conditions, 2 – in industrial conditions
Figure 2.9 – Shell gas permeability dependence on the sintering temperature
Figures 2.8, 2.9 show that long sintering time (more than 100 seconds) and a high sintering temperature (more than 350 oC) lead to decreasing gas permeability. Although, under these modes, resin burns out and it seems gas permeability should increase, but probably this is accompanied by shattering and cracking of sand particles, which ultimately clogs the pores and complicates the emission of gases from the mold.

An important indicator for the shape is shedding. It was determined on a device for determining the molding and core sands model 02212 (GOST 23409.9-78) shedding. The samples were pre-weighed, then loaded into the center of the machine drum, which was rotated within 60 seconds. The sample was removed and weighed again. The test results of samples obtained under different technological conditions are presented in Table 2.2.
Таble 2.2 –Results of testing a shell for sgedding
	Pressure, МPа
	Temperature , 0С
	Shedding, %

	
	shaping
	sintering
	

	P1=0,25, Р2=0, Р3=0
	250
	350
	4,9

	P1=0,25, Р2=0,35, Р3=0
	250
	350
	3,8

	P1=0,25, Р2=0,35, Р3=0,2
	250
	350
	1,2

	Continuation of table 2.2

	P1=0,25, Р2=0,35, Р3=0,2
	200
	350
	3,7

	P1=0,25, Р2=0,35, Р3=0,2
	300
	350
	4,1

	P1=0,25, Р2=0,35, Р3=0,2
	250
	250
	3,7

	P1=0,25, Р2=0,35, Р3=0,2
	250
	450
	4,2


Testing for shedding have confirmed that the most durable surface is formed in shell molds manufactured under the proposed modes. The variability of pressure depending on the change in the state of aggregation of resin makes it possible to obtain strong molds. The use of constant pressure increases shedding due to uneven distribution of sand and resin particles and weaker adhesion. Temperature conditions less or more certain lead to softening due to either insufficient meltability of resin, or to its partial burnout. In this case, it can also be concluded that the pressure modes have a greater effect on the shell mold strength than the used temperature ranges.

At the Parkhomenko KMZ LLP there were obtained two batches of castings “Cover” as light castings and “Body” as heavy castings (Figure 2.10).

Figure 2.10 – Cover casting
Based on the obtained castings, there were compared casting defects, the results of which are presented in Table 2.3.

Таble 2.3 – Comparison of casting defects 

	Types of defects
	Casting in sand-clay molds [20]
	Casting in shell molds made with the use of non-stationary load in industrial conditions

	Blown holes
	0.8 %
	1.2 %

	Soldering
	0.6 %
	0.4 %

	Underfilling
	1.7 %
	1.1 %

	Leaving metal in the mold connector
	0.2 %
	0.1 %

	Wall variation
	1.3 %
	0.2 %

	Swelling
	0.5 %
	-

	Mold crush
	1.5 %
	-

	Blockage
	2.1 %
	0.7 %

	Boiling
	1.8 %
	1.4 %


In total, the percentage of rejects when casting into sandy-clay molds in production is ~ 10-11 %, and when obtaining castings by casting into shell molds according to the proposed technology it is lower and amounts to ~ 4-5 %.

In general, the percentage of rejects in shell molds according to the proposed technology in comparison with sandy-clay molds decreased 2-2.5 times.

The effect of the drop height of the mixture on the strength and hardness of the shell shape was also studied (Tables 2.4, 2.5). In this case, variable pressure was subsequently applied.

The components were weighed on a Shimadzu AX-200 analytical balance. Mixing the molding sand was carried out on laboratory roller rollers.

The surface hardness of the sand-resin shell was determined using a 0731M hardness tester. Compression strength was determined using an Instron-100 floor-standing mechanical set.
 It is obvious that the greater the distance between the press plate and the mixture, the greater the impact energy. Low impact energy does not significantly affect strength and hardness of the mixture, high impact energy leads to cracking of sand particles and, as a result, to softening.

The change in the particle packing under the action of external pressure is affected by the shape, roughness and hardness of the particles. They determine the amount of friction when particles move relative to each other.

At the same time, compressive strength of the samples obtained without dynamic action but only with variable pressure was 14.5 MPa, and hardness in the center on the surface of the mold was 101, and at the fret of the mold 99.
Таble 2.4 – The board drop height on the shell mold hardness
	No
	Board drop height on the mixture, cm
	Hardness

	
	
	On the mold surface 
	On the peripheral mold surface
	On the mold in the model center
	On the mold in periphery

	1
	10
	84
	83
	82
	80

	2
	15
	89
	87
	88
	85

	3
	20
	92
	91
	90
	89

	4
	25
	109
	107
	105
	102

	5
	30
	111
	109
	108
	104

	6
	35
	108
	106
	107
	103

	7
	40
	106
	102
	101
	99

	8
	45
	99
	95
	94
	91

	9
	50
	95
	91
	91
	88


In the other series of experiments, the effect of the drop height of the board on the shell mold strength was determined. In this case, samples of molds obtained both with the use of pressure and without it (only thermal action) were examined. The results are shown in Table 2.5. 
Таble 2.5 – The board drop height on the mixture effect on the shell compression
	No
	Board drop height, cm
	Strength, MPa

	1
	10
	13.1

	2
	15
	13.6

	3
	20
	14.2

	4
	25
	15.1

	5
	30
	15.8

	6
	35
	15.9

	7
	40
	14.5

	8
	45
	13.9

	9
	50
	13.1


The tests have shown that the optimal drop height of the board is 25-35 cm.

The expediency of using a profile press board for the shell mold hardness was studied (Table 2.6). In this case, variable pressure was used.
Таble 2.6 – Method of compaction effect on the shell hardness
	No
	Shaping method
	Hardness, un.

	
	
	On the surface in the model center
	In peripheral mold surface
	On the mold in the center of the model
	On the mold in periphery

	1
	With a profile board
	108
	105
	106
	100

	2
	With a flat board
	107
	96
	104
	91


In the other series of experiments, the expediency of using a profile press board for the compression strength of a shell mold was determined. The results are shown in Table 2.7.
Таble 2.7 – Method of compaction effect on compression strength of the shell
	No
	Shaping method
	Compression strength, MPa

	1
	With a profile board
	15.1

	2
	With a flat board
	14.2


The tests carried out confirm the efficiency of the proposed method of manufacturing shell molds and prove the expediency of using a profile board. 
1.3 Studying the properties of castings obtained on the basis of the technological chart for manufacturing sand-resin molds
Both shell molds and castings samples were studied. Castings were made of 35L steel.

The mechanism of curing a shell mold under conditions of unsteady pressure is preliminarily considered.

The sand-resin mixture under conditions of simultaneous thermal action from a heated match board and applied static pressure by means of a press plate undergoes three-sided deformation. This leads to irreversible compaction of the mixture. In addition, as previously defined, unsteady pressure improves the quality of the inner cavity of the mold and consequently reduces the roughness and burn-on on the outer part of the castings. Since the studied mixture has elastic, viscous and plastic properties, it can be considered a rheological body.

It is necessary first of all to evaluate the behavior of the mixture components within the period of simultaneous static pressing and thermal heating.

 Under conditions of deformation at the beginning of the shell formation, the bonds inside the mixture between the sand and resin particles are destroyed. Later, upon reaching a certain degree of compaction, the SRM becomes elastic. Then, with increasing pressure, when reaching the ultimate shear stress, the mixture begins to deform irreversibly.

It is obvious that the compaction process significantly affects the pore air, which is contained in the mixture. Under the pressure of the press plate and the constraints of the flask walls and the match board, volumetric compression occurs. In this case, a significant amount of gases is squeezed out of the molding mixture, the air that is not removed turns out to be closed in cavities among the particles, where it remains due to the presence of pulverized bakelite shells around the sand particles, which contribute to the formation of a closed cavity.

As the mixture compresses, normal stress appears in such closed pores, besides, there is additional stress, which is caused by the presence of internal friction.

 Let us also consider the transformations in the mixture that occur under the conditions of shear deformation. It is known that at the beginning of deformation the mixture undergoes elastic deformation, and with increasing shear stresses, a certain limit is reached, exceeding which, a viscous flow of the mixture takes place, the rate of which increases in proportion to the applied shear stress. The heat from the heated match board changes the dry state of resin to the liquid (viscous) one. Therefore, increasing the temperature leads to increasing viscosity of the mixture, which changes smoothly and allows the resin being distributed evenly not only between the sand grains but also on the sand surface, that is, there is a kind of cladding of the mixture.

In the process of pressing the mixture, three main stages can be distinguished. One stage is determined under the effect of external forces, which causes structural changes in the density of the mixture layer due to the movement of the quartz sand particles and pulverized bakelite, squeezing out gases and filling the emerging pores with these particles in the entire volume of the mixture. The next stage of pressing is observed as increasing the density of the mixture layer through deformation of the particles themselves. This stage is observed after the stacking of all particles of the mixture components. The corresponding stresses are initially lower than the elastic limit, and with increasing force, the yield point is reached. In this case, there is observed relative sliding of particles along each other and along the flask wall. As a result, a part of the pressing energy is spent for overcoming internal and external friction. Here, the main energy amount is consumed as a result of elastoplastic deformation of particles. Therefore, the second stage of pressing will determine the formation of a strong porous shell. The third stage of the process is volumetric compression of the porous body.

The scheme of the sand-resin shell mold formation using variable pressure can be represented as follows:

1) Filling the sand on the match board (Figure 3.1)
Т=Т1, Р=0.
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Figure 3.1 – Sand-resin mixture at the moment of filling on the match board
Figure 3.1 shows that the particles of sand and resin are mixed randomly, resin being in the dry powdery state.

1) Applying pressure to the mixture (Figure 3.2)
Т=Т1, Р=Р1.
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Figure 3.2 – Mixture at the moment of applying pressure
Figure 3.2 shows that after starting the application of pressure on the mixture, the porosity decreases due to the denser packing of sand and resin particles, the resin is in a dry powdery state.

1) Effect of heat on the sand (Figure 3.3)
Т=Т1, Р=Р1.
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Figure 3.3 – Molding mixture at the moment of resin melting
Figure 3.3 shows that under the action of heat, the resin particles melt and join the sand particles.

1) Increasing pressure 
Т=Т1, Р=Р2.

[image: image29.jpg]



Figure 3.4 – Mixture at the moment of increasing pressure
 With increasing pressure there takes place enveloping sand particles with resin due to the particles movement and distribution the resin particles (Figure 3.4).

1) Decreasing pressure (Figure 3.5)

Т=Т1, Р=Р3
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Figure 3.5 – Mixture after decreasing pressure
Figure 3.5 shows that after decreasing pressure on the mixture, relaxation occurs, which leads to increasing the number of pores inside the mixture components.

Consequently, the idea is confirmed that under conditions of unsteady pressure, the process takes place that leads to cladding the mixture (rather uniformly enveloping the sand particles with a binder).

Figure 3.6 shows the structure of a shell mold with magnification x200. It is seen from the Figure that the use of unsteady pressure significantly increases the density of the mixture components.
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                         а                                                                       b  

а – with permanent pressure, b– with non-stationary pressure

Figure 3.6 – Shell mold structure obtained in different conditions
The results of experimental data of studying burn-in dependence on pressure on the mixture are given in Table 4.8 and in Figure 3.7. 
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1 – in laboratory conditions, 2 – in industrial conditions
Figure 3.7– Burn-in dependence on pressure in the shaping process
It is seen in the graph that application of a load during formation of a shell mold significantly affects the burn-in value towards its reduction. Pressure of 0.18...0.25 MPa determined as optimal for obtaining the molds of the Link castings, can be considered very satisfactory for the burn-in value. As pressure increases, the rate of burn-in on the castings decreases.
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1 – in laboratory conditions, 2 – in industrial conditions
Figure 3.8 – Dependence between the mold and the ingot surface roughness
Surface roughness is an important indicator of the casting quality. Additional costs for cleaning the surface of the castings call for its increased cost. In order to assess the quality of casting, the surface roughness of both the inner mold cavity and the surface of the castings were measured. The measurements were carried out using a TR220 roughness tester. Studies in different areas have shown that the difference between the roughness of the mold and casting surfaces is 45-60 microns (Figure 3.8). It is obvious that increasing roughness of the mold cavity leads to decreasing the surface finish of the casting. Large roughness in the cavity of the gating system is due to the presence of slag in it.

The effect of pressure variability on the mixture roughness was also considered (Figure 3.9, Tables 3.1, 3.2).
Таble 3.1 – Casting roughness depending on base pressure on the mixture when shaping a shell in industrial conditions
	Pressure on the mixture (base), MPa
	Casting roughness Rz, mcm

	0.15
	119

	0.2
	98

	0.25
	86

	0.3
	101

	0.35
	122


It is obvious that the most optimal for industrial conditions, as well as for laboratory conditions is base pressure of 0.25 МPа.
Таble 3.2 – Casting roughness depending on pressure on the mixture wjen shaping a shell in industrial conditions
	Pressure on the mixture (relative to base pressure), MPa
	Casting roughness Rz, mcm

	+0.20; -0.05
	112

	+0.10; -0.15
	92

	-0.20; +0.05
	123

	-0.10; +0.15
	119


From this it is seen that the most optimal for production conditions, as well as for laboratory conditions, is a base pressure of 0.25 MPa. The value of the pressure that is lower than indicated, reduces the mold strength, and large values lead to softening and increasing surface roughness due to more burnout of pulverbakelite and squeezing out sand particles and consequently, cracking of the hardened mixture.
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Figure 3.9 – Casting roughness dependence on pressure on the mixture when shaping
It has been experimentally established that the use of variable pressure in production conditions has a positive effect on the quality of the casting surface. The resulting surface of the mold is the most even, since the immersion of the surface layer of sand reaches the edge of the molten resin and thus sufficiently smooth areas are formed.

The microstructure of the castings obtained in the obtained shell molds was also studied. As studies have shown (Figure 3.10), the structure of the casting is fine-grained, dense and homogeneous, there are no gas and slag cavities.

Castings obtained in shell molds made without pressure had gas and slag cavities in their structure (Figure 3.11).
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Figure 3.10 – Microstructure of the casting obtained in the experimental industrial molds, ×500
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Figure 3.11 – Microstructure of the casting obtained in the molds without using pressure, ×500

Another important technological parameter of the casting manufacturing is the pouring temperature. It is known that it should be in a strict range, since a low temperature leads to underfilling, seams and increased porosity due to the fact that gases do not have time to leave the metal, and a high temperature also leads to casting defects and causes increased gas formation when interacting with the casting mold. In addition, blockages of the casting body by the components of the mold can occur when these particles are washed away by the flow of liquid metal. It was necessary to consider these factors in terms of the quality of the mold in practice. Measurement of metal temperature in the foundry of the Parkhomenko KMZ LLP was carried out using a Tn-A 212nT-12-1250 Thermal Converter. Smelting SCh 20 pig iron was carried out in DSP-0.5. The pore treatment was carried out according to the microstructure images of the casting samples using the Thixomet Pro software (Russia). The results are presented in Table 3.3.

Таble 3.3 – Casting “Cover” porosity obtained with different pouring temperatures
	No
	Pouring temperature, 0С
	Pores presence, %
	Pores nature

	1
	1300
	7
	Small

	2
	1320
	3
	Small

	3
	1340
	4
	Small

	4
	1360
	7
	Medium

	5
	1380
	11
	Large


It is obvious that the pouring temperature for this alloy into shell molds obtained using unsteady pressure is 1320-1340 °C. Figure 3.12 shows comparison of the structure of castings mold at different pouring temperatures
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                          а                                                                           b
а – 1380 0С; b – 1320 0С, ×400
Figure 3.12 – Casting structure obtained at different temperature of pouring
In Figure 3.12, a, several pores are visible including large ones; in Figure 3.12, b only a few micropores are similarly visible in the area. In this case, the area of the compared samples is the same.
The TSC-3M-12 stress concentration meter was used to evaluate mechanical stress in castings made in shell molds using the proposed technology (Figure 3.13, a, b).
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а
а – linear magnetogram

Figure 3.13 – Stress distribution on the casting Cover obtained in production conditions of casting in the shell mold , sheet 1
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b
b – volume magnetogram 
Figure 3.13 – Stress distribution on the casting Cover obtained in production conditions of casting in the shell mold , sheet 2
The source of stresses in the ingot can be cracks during metal shrinkage in case of poor compliance of the casting mold, slag inclusions formed during the mold interaction with the molten metal, etc. The meter makes it possible to determine, to register and to process the stress-strain state of metals and alloys by means of the metal magnetic memory method.
It can be seen from the diagrams that fluctuations in the concentration of mechanical stresses along the entire length of the sample are insignificant, which allows asserting the good casting qualities of the shell mold made at unsteady pressure, namely, good compliance, insignificant slag formation, reduced gas release, etc. Maximum stress in the sample is lower than 15 A/m.

A three-dimensional magnetogram of the sample was also studied (Figure 3.13, b). The distribution of the magnetic field of the Нр sample is on the whole uniform; there are minor negative anomalies with the amplitude of up to 60 A/m.

The maximum indicator of the magnetic field strength Нр is about 10 A/m, the intensity of the field change along the length dH/dx is within 10 (A/m)/mm.

Comparatively there was studied a similar casting "Cover" obtained in sandy-clay molds (Figure 3.14).

From the magnetograms (Figure 3.14, a, b) it can be seen that in the casting obtained in a sandy-clay mold, fluctuations in stress concentration are pronounced, which indicates an insufficiently good complex of properties when interacting with the liquid and solidifying metal. The maximum voltage in the sample is about 40 A/m.

The samples obtained in semi-industrial conditions were studied in the laboratory of KSTU. Strength, hardness and gas permeability of the molds were determined. The method of determining these properties is given above. The results are shown in Table 3.4.
 Таble 3.4 – Shell molds properties obtained in semi-production conditions
	Mold sample
	Strength, Mpa
	Hardness, un.
	Gas permeability, un.

	Laboratory
	12.4
	105
	119

	Semi-production
	11.9
	103
	108
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а
а – linear magnetogram

Figure 3.14 – Stress distribution on the Cover casting surface obtained in the sand-clay mold ,
sheet 1
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b
b – volume magnetogram
Figure 3.14 – Stress distribution on the Cover casting surface obtained in the sand-clay mold,
sheet 2
Comparison of the data of Table 3.4 shows that the proposed technological mode of obtaining sand-resin molds allows obtaining products with preset properties.
	 FINAL TECHNOLOGICAL CHART

	Casting sand-resin mold

	Parkhomenko KMZ LLP
	Technological flow chart 


	Field of use: casting molds for manufacturing ferrous and non-ferrous alloys castings
	Component name
	Percent content in the mixture, %
	Component name
	Percent content in the mixture,, %

	
	
	
	Large fraction quartz sand
	70
	Kerosene
	0.2-0.4 

(over 100%)

	
	
	
	Fine fraction quartz sand
	30
	White spirit
	2-3 

(over 100%) 

	
	
	
	Pulverbakelite
	4.5 

(over 100%)
	Boric acid
	0-0.2 

(over 100%)

	Initial materials
	Basic: quartz sand of different fractions, thermoactive resin
	Additives: kerosene, white spirit, boric acid
	Parting mixture: silicon, utility soap

	Equipment
	Molding machine 
	Heated facilities
	Mixing rollers
	Dryer

	Preliminary operations
	Sand drying at t=30-50 0С (if needed)
	Mixing within 1.5-2 hours
	Covering the match board surface with the parting compound

	Compositions per 100 kg
	Quartz sand grade 1К0315
	Quartz sand grade 1К0315
	Pulverbakelite SF-011А
	Kerosene
	White spirit
	Boric acid
	

	Concentration, kg
	68-70
	30-32
	4-4,5 

(over 100%)
	0,2-0,4

(over 100%)
	2-3

(over 100%)
	0-0,2

(over 100%)
	

	Parting compound
	Water 100 %
	Utility soap – 3-4 % (over 100 %)
	Silicon – 8-10 % (over 100 %)

	Basic technological operations
	Mounting matching-boxing facilities on the molding machine

	Facilities heating (match board) to 250 0С
	Pouring the sand-resin mixture to the facilities
	Applying the basic pressure on the mixture 0.25 МPа

	Keeping under pressure within 10-12 sec
	Increasing pressure to 0.35 МPа
	Keeping under pressure within 8-10 sec
	Decreasing pressure to 0.2 МPа

	Half-mold sintering at the temperature 350 0С
	Keeping in the furnace within 80-120 sec
	Removing half-mold from the match board

	Combining half-molds with clamps or gluing with resin
	Assembling finished molds, pouring the space between the molds with spilled sand


Figure 3.15 – Final technological flow chart of the technological process of manufacturing sand-resin molds using variable pressure
Based on the industrial tests carried out, the final flow chart was determined (Figure 3.15). Taking into account production volumes, in order to increase viscosity of pulverbakelite in the thermoplastic state (this is necessary to avoid reducing the rejection of shell molds and cores) in contrast to laboratory studies in small volumes, the presence of boric acid is required, which is reflected in the final technological flow chart. A slight increase in the holding time (up to 3 seconds) of the sand-resin mixture under pressure is included in the final flow chart, since in production conditions there is a delay in the pressure increase when pressure is received from the compressor section, and taking into account the dimensions of the casting and therefore, the technologically required thickness shell. Accordingly, with increasing the thickness of the shell mold, its sintering time in the furnace should increase (it is recommended to add 15 s). The rest of the characteristics of the technological process (mixture compositions and modes of pressure and sintering) are acceptable for use in industrial conditions.

There were also analyzed the costs for manufacturing the Cover casting (SCh grade) in the conditions of the Parkhomenko KMZ LLP per 1 ton of casting (Table 3.5).

Таble 3.5 – Summary table of costs for manufacturing the Cover casting
	Material
	Amount
	Price, tg/t
	Cost, tenge

	Cast iron, t
	0.7
	124 000
	86 800

	Pig-iron scrap, t
	0.2
	15 000
	3 000

	Return of cast iron, t
	0.4
	-15 000
	-6 000

	FeSi grade FS45, t
	0.07
	280 000
	19 600

	FeMn grade FM75, t
	0.01
	320000
	3 200

	Coke, t
	0.22
	132 000
	29 040

	Limestone, t
	0.04
	50 000
	2 000

	Refractory bricks, t
	0.02
	100 000
	2 000

	Steel, t
	0.12
	240000
	28 800

	Steel return, t
	0.07
	-18 000
	-1 260

	Sand, t
	0.6
	15 000
	9 000

	SFP-011A, t
	0.04
	2 100 000
	84 000

	White spirit, t
	0.03
	350 000
	10 500

	Kerosene, l
	0.004
	120 000
	480

	Electricity, kW
	10 500
	18.25
	191 625

	Water, l3
	6
	46.02
	276.12

	Salary, tenge
	5 prs
	5 000
	25 000

	Total:
	488 061.12


Taking into account the fact that a ton of cast iron casting into ordinary sand-clay molds costs about a thousand dollars, the data obtained make it possible to assert the economic feasibility of using the proposed technology in production.
CONCLUSION
The analysis of the modes of manufacturing products from sand-resin mixtures using a load is carried out. The basic mode of manufacturing products of sand-resin mixtures using a load has been determined. The most optimal is the use of a variable load changing in accordance with changing the aggregate state of resin.

A mathematical model has been developed for calculating the parameters of sand-resin molds. Mathematical dependences of density, porosity, heat quantity have been obtained.

The effect of pressing modes on the parameters of the mold porous structure has been investigated. The dependence of the effect of pressure on the parameters of the mold porous structure has bee obtained.

The effect of the structure on the operational properties of the mold has been studied. The relationship between the composition and structure of the form and its operational properties has been obtained.
Samples of molds were made and investigated under various laboratory conditions, dependences of the properties of casting molds on production modes were obtained. Studying the roughness of castings made in experimental shell molds shows that the accuracy of castings corresponds to the accuracy of 11-16 grades. This is achieved due to the good filling of the shell with melts, which facilitates manufacturing thin-walled castings. The use of variable pressure has a positive effect on the quality of the casting surface. The resulting surface of the mold is the most even, since the immersion of the surface layer of sand reaches the edge of the molten resin and thus sufficiently smooth areas are formed. It has been shown that the use of additional static load application during the formation of the shell makes it possible to reduce the percentage of rejects of castings. After mixing, the sand-resin mixture was poured into the hopper of the machine. After that, the hopper with the mixture was overturned onto the match board heated to 230 °C with models of radiators. At the same time, pressure of 0.25 MPa was supplied through the board simultaneously. After 10 seconds, pressure was increased to 0.35 MPa. After the next 10 seconds, pressure was reduced to 0.2 MPa. In this case, a shell mold with the thickness of 10-12 mm was formed. After that, the molds were sintered within 2 minutes at the temperature of 320-340 °C.

A preliminary flow chart for manufacturing sand-resin molds with increased operational properties under non-stationary load has been developed

A pilot batch of castings in foundry molds made using the new technology has been made, a test report will be received in production

The final technological map was formed, a monograph was prepared, one article was published, an application for a Eurasian patent was filed, an act of introducing the technology into the production process was received.

Industrial tests of the technology were carried out on the basis of the Parkhomenko KMZ LLP (Appendices B, D). The field of application is foundry.

Cost-effectiveness or value of work. The use of pressing allows reducing the content of an expensive binder by 30-40 %. As a result, the prime cost of castings is reduced by 20-25 %.

Forecast proposals for the development of the research object (R&D, business incubation, commercialization, etc.).The project can be commercialized.

There is presented the final report. The research results were published in ranking journals in Kazakhstan and abroad, such as "Metalurgija" (Croatia, IFScopus 0.388), "Foundry" (Russia, IF RSCI 0.225), "Casting and Metallurgy" (Belarus, IF RSCI 0.213), "University Proceedings" (Kazakhstan, IF 0.024), at the XXVII international conference and at the technical conference "FOUNDRY 2019" (Pleven, Bulgaria); International scientific and technical conference "Innovative technologies in foundry" (Moscow, Russia), International scientific and practical conference "Innovations in the field of natural sciences as a basis for export-oriented industrialization of Kazakhstan" (Almaty), International scientific and industrial conference "Innovative solutions in agricultural science - a look into the future” (May 28-29, 2019). (Maisky, Russia), in a foreign monograph published by Lambert (Germany).
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APPENDIX А
Working schedule
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TEXHAYECKASI CIELIU®UKAILIUS 1
KAJIEHJIAPHBII IUIAH PABOT

ITo moroBopy Ne /% ot 1663 2018 rona

1. Pecniybankanckoe rocyaapeTsenHoe NpeanpHsiTue
HA NpaBe X03s1HCTBEHHOr0 BeeHHS
«KaparanInHcKruii rocyapeTBeHHbIH TeXHHYeCKHIT YHHBEPCHTET»
Munucrepersa obpazosanns i Haykn PecnyGankn Kasaxcran

1.1 To mpropuTety: PalnonansHOe HCNOMb30BaHHE MPHPOIHBIX PeCYpcoB, mepepaboTka
CbIPbsi M [IPOYKLIHHU.

1.2 Tlo noanpuopurery: Ilpukiaisbie HaydHble HCCIIEOBAHUS: TEXHOJIOTHH IOTyYeHMS
HOBBIX MaTepPHaJIOB.

1.3 ITo Teme npoekta: Ne AP05130026 «Pa3paGoTka u BHEAPEHHE POH3BOACTBA [ECYAHO-
CMONAHBIX (JOPM TPH HECTallHOHAPHOM [aBJEHHH C LEJblO YIYYIIEHHS KadecTBa TOTOBOH
TPOAYKLHHY.

1.4 OGumas cymma 27 180 000 (dsadyams cemv MULIUOHOG CMO GOCEMbOCCIM MbICAY)
meHee, B TOM YHCIIE C pa3OMBKOH 110 rojiaMm, /Ui BBINONHeHUs paboT COrIacHO NMyHKTY 3:

- Ha 2018 rox - B cymme 9 000 000 (0esampb muniuonos) menze;

- Ha 2019 rox - ¢ cymme 9081 000 (dessimb MUANUOHOG BOCEMbOCCAM OOHA MbLCAYA)
mewee;

- Ha 2020 roa - B cymme 9099 000 (0egsime MuiIUOHO8 O€BAHOCMO O6AMb MbICAY)
menze.

2. Xapaxmepucmura Hayuno-mexnu4eckoil npooyKuu no Keanu@ukauoHHIM
HPUIHAKAM [ IKOHOMUHECKIUE NOKAZAMEN I

2.1 Hanpasnenne pabotel: PaspaboTka u BHEApEHHE NPOM3BOACTBA MECUAHO-CMOJIAHEIX
(opM 1IpH HECTALIMOHAPHOM [ABJICHHH C LEIBIO yIyuLIeH s Ka4ecTBA TOTOBOMH MPOYKIIHH.

2.2 ObnacTh npUMeHeHHs: MeTaulypris, JIMTeHHOe [IPOH3BOACTBO.

2.3 KoneuHbli pe3yibTat:

-3a 2018 rom: Byner nonan 1 nokman Ha MeskayHapoanyio koHdeperuuo. Byner nonana
| cTaThs B OTEUECTBEHHOE HAYYHOE M3/[aHUE C HEHYJIEBBIM HMITAKT-(HaKTOpPOM.

- 3a 2019 roa: Byayt omyGaukoBambl 1 CTaTes B OTEYECTBEHHOM HAaYYHOM H3JaHHH C
HeHyIeBbIM UMIIAKT-HAKTOPOM, | CTaThst B 3apy6ekHOM HayYHOM M3JaHHH C HEHYJICBBIM HMIIAKT-
akTopom.

- 3a 2020 rox: Bymyt omyGamKkoBaHb! | CTaTbsi B OTEYeCTBEHHOM HAyYHOM M3LAHHU C
HEHYNEBBIM UMMNAKT-(akTopoM, 2 CTaTbi B 3apyGeKHBIX HAYYHBIX H3NAHUSX, HHICKCHPYEMBIX B
Gaze namHLIX SCOpUS ¢ HeHyNeBBIM HMIAKT-(AKTOpOM, MOZaHBl 2 3asBKH Ha mareHt PK,
onydaukoBaHa | Monorpadus B 3apy0eKHOM H3JaTeNbCTBE, | MOHOrpaus B KasaxCTaHCKOM
M31aTeNbCTBE. ByIeT nosydeH akT BHEAPEHHS TEXHONIOTMH B POM3BOACTBEHHbIT mpoLece.

2.4 I'larenTocniocobnocTs: [larenTocnocobeH.

2.5 HayuHo-TexHMYeCKui ypoBeHb (HOBH3Ha): OTpeNe/IeHHe MPHPOAB TOBBILECHHS
[IPOYHOCTA  MECYAHO-CMOJISHBIX CMECeif 3a CYeT PpEeryJNpOBAaHMsl BEIHYMH JNABICHHS M
TeMmepaTypbl B Tipouecce  (popmMooGpasoBaHMs H CO3JaHHE HAa OCHOBE 3TOr0 TEXHONOIHH
NOJyYeHHs BHICOKOTOYHBIX OTIHBOK C MOHMKEHHOMH ce6eCTOMMOCTBIO.

2.6 Mcnonb3oBaHHE HAYYHO-TEXHHYECKOH NpPOAYKUMH OCYIUECTBNSeTCs: JIMTeHHBIMH
3aBO/IAMH.
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Appendix 1.6 

to Contract No__ of _______2018 

for grant funding

TECHNICAL SPECIFICATION AND WORKING SCHEDULE
Contract No_____ of __________________2018 

1. Republican State Enterprise on the Economic Management Right

“Karaganda State Technical University” of
The Ministry of Education and Science of the Republic of Kazakhstan

1.1 In the priority: Rational use of natural resources, processing raw materials and products.
1.2 In the sub-priority: Applied scientific research: technologies of obtaining new materials.
1.3 On the project subject: No АР05130026 “Developing and implementing resin-bonded sand molds production under non-stationary pressure for improving the finished products quality"

1.4 The total amount is 27 180 000 (Twenty seven millions one hundred and eighty  thousands) tenges including dividing into years for executing the works according to point 3:

- in 2018 in the amount of 9 000 000 (nine millions) tenges;

- in 2019 in the amount 9 081 000 (nine millions and righty one thousands) tenges;

- in 2020 in the amount of 9 099 000 (nine millions and ninety none thousands) tenges.

2. Characteristic of scientific-technical products according to qualification features and economic indicators
2.1 Area of work: Developing and implementing resin-bonded sand molds production under non-stationary pressure for improving the finished products quality.
2.2 Field of use: metallurgy, foundry.
2.3 Final results: 

- for 2018: There will be submitted one report to the International conference and one article to the domestic scientific edition with non-zero impact-factor;
- for 2019: There will be published one article in the domestic scientific edition with non-zero impact-factor, one article in the foreign scientific edition with non-zero impact-factor
- for 2020: There will be published one article in the domestic scientific edition with non-zero impact-factor, two articles in foreign scientific editions indexed in the Scopus database with non-zero impact-factor, submitted two applications for the RK patent, published one monograph in the foreign publishing house, one monograph in the Kazakhstan publishing house. There will be received the Act of implementation of the technology in the production process. 
2.4  Patentability. It is patentable.

2.5 Scientific-technical level (novelty): Determining the nature of increasing sand-resin mixture strength due to regulating the values of pressure and temperature in the course of shaping and based on it developing the technology of obtaining high-precious castings with low coast.

2.6 The scientific-technical product is used by the foundry plants.

2.7 The type of using the result of the scientific and (or) scientific-technical activity: Implementing the technology

.                     3. Name of works, terms of implementation and results
	Task, stage code
	Name of works according to the contract and basic stages of its implementing
	Terms of implementing
	Expected result

	
	
	starting
	completing
	

	1
	Studying the effect of the temperature and pressure conditions on the properties of the form.
	January

2018
	Till November 1, 2018
	The effect of the temperature and pressure conditions on the mold properties will be studied. The optimal parameters of the temperature and pressure modes will be obtained.

	1.1.
	Analyzing the modes of manufacturing products from sand-resin mixtures using a load.
	January

2018
	March

2018
	Analyzing the modes of manufacturing products from sand-resin mixtures using a load will be carried out. The basic mode of manufacturing products from sand-resin mixtures using a load will be determined. 1 report will be submitted to the International Conference.

	1.2
	Developing a mathematical model of the parameters of sand-resin forms.
	April

2018
	June

2018
	A mathematical model for calculating the parameters of sand-resin molds will be developed.

	1.3
	Studying the effect of pressing modes on the parameters of the porous structure of the mold.
	May

2018
	August

2018
	The effect of pressing modes on the parameters of the porous structure of the mold will be investigated. The dependence of the effect of pressure on the parameters of the porous structure of the mold will be obtained.

	1.4
	Studying the effect of the structure on the operational properties of the form. Report writing.
	August

2018
	October 

2018
	The effect of the structure on the operational properties of the form will be studied. An interim report will be written. The relationship between the composition and structure of the form and its operational properties will be obtained. 1 article will be submitted to a domestic scientific edition with a non-zero impact factor.

	2
	Determining the main technological parameters in the formation of sand-resin mixtures.
	January

2019 
	Till November 1, 

2019
	The main technological parameters of shaping and manufacturing sand-resin mixtures will be determined.

	2.1
	Drawing up an experiment planning matrix. Conducting basic experiments.
	January

2019 
	March

2019
	An experiment planning matrix will be drawn up. Basic experiments will be done.

	2.2
	Selecting the recipe for the composition of the mixture.
	April

2019 
	July

2019
	Selecting the formulation of the mixture composition will be carried out. The main and auxiliary components of the mixture and their concentration will be determined.

	2.3
	Manufacturing and research of mold samples under various modes in laboratory conditions.
	August

2019 
	October

2019
	Samples of molds will be made and tested under various modes in laboratory conditions. The dependences of the properties of the molds on the manufacturing modes will be obtained 1 article will be published in a domestic scientific publication with a non-zero impact factor, 1 article in a foreign scientific publication with a non-zero impact factor. An interim report will be prepared.

	3
	Developing the technology for the manufacture of sand-resin molds with increased operational properties.
	January

2020
	Till November 1, 

2020
	A technology of manufacturing sand-resin molds with increased operational properties will be developed. A technological flow chart will be developed.

	3.1
	Drawing up a map of the technological process of manufacturing sand-resin molds at unsteady pressure.
	January 

2020 
	March

2020
	A flow chart of the technological process of manufacturing sand-resin molds at unsteady pressure will be drawn up. A preliminary flow chart for the production of SRM will be developed.

	3.2
	Conducting production tests in accordance with the flow chart.
	April

2020 
	July

2020
	Production tests will be carried out in accordance with the flow chart. Prototypes of casting molds will be made using the new technology, testing act will be received in production conditions.

	3.3
	Studying the properties of casting molds obtained on the basis of the technological flow chart.
	August

2020 
	October

2020
	The properties of the molds obtained from the flow chart will be studied. The final technological flow chart will be generated. 1 article will be published in a domestic scientific publication with a non-zero impact factor, 2 articles in foreign scientific journals indexed in the Scopus database with a non-zero impact factor, 2 patent applications will be filed for the Republic of Kazakhstan, 1 monograph published in a foreign publishing house, 1 monograph in Kazakhstan. publishing house, an act of technology introduction into the production process will be received.


	From the Consumer: 

Chairman of the SA “Committee of Science of the Ministry of Education and Science of Republic of Kazakhstan”
______________ Аbdrasilov B.S.

Seal


	From the Executor:

First Vice-rector of the RSE on EMR “Karaganda State Technical University” of the RK MES 

________________ Issagulov A.Z. 

              Seal                

Familiarized:

Project manager

_____________ Кulikov V.Yu.

(signature)


APPENDIX B
List of works published in 2018-2020
List of published works on the topic for 2018

1 Isagulov A.Z., Kulikov V.Yu., Kvon Sv.S., Kovaleva T.V. Modeling the formation of sand-resin mixtures // International scientific-practical conference "Actual problems of agroengineering in the XXI century", dedicated to the 30th anniversary of the department of technical mechanics and design of machines FSBEI HE / Belgorod GAU im. V. Ya. Gorin, (January 24-25, 2018). - P. 249-254. (in Russian)
2 Kulikov V.Yu., Kvon Sv.S., Eremin E.N., Kovaleva T.V. Investigation of the hardness of shell molds obtained under variable pressure // XXV International Scientific and Technical Conference "Metal Casting 2018" / Pleven, Bulgaria, (18 - 20.04.2018). - P. 11-12. (in Russian)
3 Isagulov A.Z., Kulikov V.Yu., Shcherbakova E.P., Arinova S.K. Development of technology for the manufacture of sand-resin molds at non-stationary pressure in order to improve the quality of finished products // Proceedings of the XIV International Scientific and Practical Conference "SCIENCE WITHOUT BORDERS - 2018" / Sheffield, (March 30-April 07, 2018). - Volume 10.2018 - P. 3-7. (in Russian)
4 Kulikov V.Yu., Kvon Sv.S., Isagulov A.Z., Shcherbakova E.P., Kovaleva T.V. Development of technology for the manufacture of shell molds with uniform hardness throughout the volume // Bulletin of KazNTU. Publishing house of KazNRTU. Almaty, - 2018. - No. 3. - P. 388-393. (in Russian)
5 Kulikov V.Yu., Kvon Sv.S., Shcherbakova E.P., Kovaleva T.V., Isagulova D.A. Influence of the degree of sintering of the shell mold on its mechanical and technological properties // Foundry, Publishing House "Foundry", Moscow, 2018. No. 4. - P. 32-34. (in Russian)
6 Kulikov V.Yu., Kvon Sv.S., Eremin E.N., Kovaleva T.V. Investigation of the influence of pressing modes on the parameters of the porous structure of the mold // Foundry of Russia, All-Russian public organization "Russian Association of Foundry", Moscow, 2018. No. 8. - P. 9-14(in Russian)
7 Kulikov V.Yu., Isagulov A.Z., Kvon Sv.S., Shcherbakova E.P., Kovaleva T.V. Development of a mathematical model of the parameters of sand-resin forms // Proceedings of the University, Publishing house of KSTU, Karaganda, 2018. No. 1. - P. 18-21. (in Russian)
8 Kvon Sv.S., Kulikov V.Yu., Isagulov A.Z., Dostaeva A.M., Kovaleva T.V. Studying structure and properties of shaped ingots obtained in various conditions of crystallization // Metalurgija, Croatia, 2018, No. 57 (4), - pp. 313 - 316. In Scopus Percentile- 60, Web of Science – Q2 (in English)
9 Isagulov A.Z., Kulikov V.Yu., Kovaleva T.V. and others. A method of manufacturing sand-resin forms. Certificate of the author of the Republic of Kazakhstan No. 102063 Patent No. 32770, publ. 14.05.2018, bull. No. 17. - 4 p. (in Russian)
10 Kulikov V.Yu., Kwon Sv.S., Eremin E.N., Kovaleva T.V., Adamova G.Kh. Influence of variable pressure on the density and strength of sand-resin molds // Foundry, Publishing House "Foundry" Moscow, - 2018, - No. 9, - P 18-21(in Russian)
List of published works for 2019
1 Kulikov V.Yu., Kwon Sv.S., Eremin E.N., Kovaleva T.V. Investigation of the porosity of sand-resin forms obtained at variable pressure // XXV International conference and technical conference "FOUNDRY 2019" (April 10-12, 2019). - Pleven, Bulgaria, P. 15-16. (in Russian)
2 Kulikov V.Yu., Eremin E.N., Kovaleva T.V., Kvon Sv.S., Isagulova D.A. Development of the composition of the sand-resin mixture for shaping in the conditions of variable pressing // Foundry, Moscow: Publishing house "Foundry", 2019, No. 4, - P. 22-26. (in Russian)
3 Isagulov A.Z., Ibatov M.K., Kulikov V.Yu., Kvon Sv.S., Kovaleva T.V., Shcherbakova E.P. Improving the technology of making castings in sand-resin forms // Proceedings of the University, Karaganda: Publishing house of KSTU, - 2019. - No. 1, - P. 22-26 (in Russian)
4 Kulikov V. Yu., Issagulov A.Z., Ibatov M.K., Shcherbakova Ye. P., Kovaleva T.V. Shell forming mode effect on casting quality // Metalurgija, Croatia, - 2019. - № 58 (3-4). - P. 295 - 298.  In Scopus Percentile- 60, Web of Science – Q2 (in English)
5 Kovaleva T.V., Eremin E.N., Kvon Sv.S., Kulikov V.Yu. Investigation of the porosity of sand-resin molds made using non-stationary pressure // International scientific and technical conference "Innovative technologies in foundry" (April 22-23, 2019) / Moscow, Russia, - P. 260-263. (in Russian)
6 Isagulov A.Z., Ibatov M.K., Kulikov V.Yu., Shcherbakova E.P., Kovaleva T.V. Computer and mathematical modeling in training specialists and solving engineering problems in the field of metallurgy // International scientific and practical conference "Innovations in the field of natural sciences as the basis for export-oriented industrialization of Kazakhstan" / Almaty, (April 4-5, 2019). - P. 482-487. (in Russian)
7 Kulikov V.Yu., Kvon Sv.S., Shcherbakova E.P., Kovaleva T.V. Investigation of the roughness of agricultural machinery castings made by casting in sand-resin molds // Proceedings of the XXIII International Scientific and Production Conference "Innovative solutions in agricultural science - a look into the future" / Mayskiy, Russia, (May 28-29, 2019). - P. 82-84. (in Russian)
8 Kulikov V. et al. Manufacturing of sand-resin molds at unsteady pressure. - M .: Germany, Ed. LAP LAMBERT, 2019. ISBN 978-620-0-21714-1. (in Russian)
9 Kulikov V.Yu., Kvon Sv.S., Kovaleva T.V., Shcherbakova E.P., Eremin E.N. Influence of modes of formation of sand-resin shells on the quality of castings made in them // Casting and metallurgy. Minsk: Publishing House "Belarusian National Technical University", - 2019. - No. 2. - P. 13-18 (in Russian)
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The article deals with studying the properties of shell molds. A series of tests was carried out using ground broken
chamotte bricks. The tests show that the most durable mold is obtained using the ratio of quartz sand and fireclay
chips in approximately the same proportions. There were used different base pressures during shaping, the most
rational was recognized 0,2 MPa. A field study showed an exponential dependence of density on base pressure. The
pressure of 0,25 MPa allows obtaining dense molds that withstand transportation between workshops. The de-
pendences of the sand density on forging pressure, bending strength on the applied static pressure, gas permeabil-
ity of the sand-resin shell depending on the duration of the shaping, gas permeability of the mold on the sintering
time and gas permeability of the mold on the sintering temperature are considered.

Keywords: casting, shell mold, sand-resin mixture, pressure, quality.

INTRODUCTION

One of the most important technological processes
that determine the quality of castings is manufacturing
amold.

Sand-resin molds make it possible to produce high-
quality castings with the minimum percentage of cast-
ing defects [1-4]. The disadvantage of such molds is a
high cost of the binder: thermosetting resin of pulverba-
kelite [5-6]. The ongoing rescarch is aimed at develop-
ing technological modes that reduce the amount of the
binder used in the mixture due to using static pressure.
This leads to decreasing the cost of the mold, and, con-
sequently, the casting as a whole.

Using the proposed regulation of pressure and tem-
perature will help to obtain the most optimal mold
structure. This will subsequently make it possible to ob-
tain high-precision castings with a homogencous struc-
ture and low roughness due to equalization of the tem-
perature fields over the entire volume of the hardened
metal and outgassing through the shell [6-8].

However. the use of unsteady-state pressure will re-
duce the binder percentage. which will reduce the cost
of the obtained castings.

This will improve the culture of producing castings
in sand-resin molds, increase profitability of the found-
ries re-equipment.

METALURGIJA 59 (2020) 4, 499-502

RESEARCH METHODOLOGY

Earlier [7-9]. the main technological parameters
were determined during the shaping of sand-resin mix-
tures. After that, the hopper with the mixture was tipped
over onto the match board heated to 230 °C with radia-
tor models. At this, pressure of 0.25 MPa was supplied
through the board. After 10 - 12 seconds. pressure was
increased to 0,35 MPa. 10 - 12 seconds later, pressure
was reduced to 0.2 MPa. At this there was shaped a
shell mold 12 - 15 mm thick. After this, the molds were
sintered within 2 minutes at the temperature of 320 -
340 °C. There was selected the composition of the mix-
ture, defined the main and auxiliary components of the
mixture alld Lhelf concentration.

The optimal composition of the sand - resin mixture
is as follows: 1K0315 quartz sand 70 %: 1K02 quartz
sand 30 %: pulverbakelite SF - 011A 4.5 (over 100 %);
kerosene 0.2 - 0.4 (over 100 %); white spirit 2 - 3 %
(over 100 %); boric acid 0 — 0.2 % (over 100 %).

In the conditions of the Parkhomenko KMZ LLP
foundry (Karaganda, Kazakhstan) a batch of shell
molds was made according to the developed technolo-
gy. 35L steel was poured into the molds obtained to pro-
duce castings. The resulting molds and castings were
studied to evaluate their properties and differences in
performance from the molds and castings obtained in
laboratory conditions.

A series of tests was also carried out using ground
broken fireclay bricks (Table 1). In practice in produc-
tion conditions, a significant amount of used fircclay
bricks is often formed that is used for lining furnaces
and ladles. Fireclay bricks were ground in a mill to the
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Table 1 Results of testing shell molds samples with chamotte additive

Composi- | Puverbakelite | Chamotte | Grade 1K315A | Pressure / MPa | Gas permeability / (hole diameter) | Compressive strength
tion /% /% sand /% 15 05 /MPa
5 95 0 0 200 34 036
5 95 0 0.2 145 36 22
5 95 0 03 54 69 28
s 45 50 0 75 62 536
5 45 50 0.2 81 50 12,99
5 45 50 03 80 45 7,06
5 0 95 0 166 62 114
5 0 95 0.2 81 57 745
5 0 95 03 69 37 627
[moder | [ringor | [Fomsmg Fopper] [sand-resin mistre]
3
\ E.
| [ | _compmasenmmnly i
e | | Squesevourd g
a
Figure 1 Diagram of the 51713 model molding machine o o 0 o o
Pressure / MPa

fraction of 0,1 - 0.2 mm. The tests show that the most
durable mold is obtained using the ratio of quartz sand
and fireclay chips in approximately the same propor-
tions. It is obvious that it is caused by the most dense
packing of the filler particles. There were also used dif-
ferent base pressures during shaping, the most rational
was recognized 0,2 MPa. It should be noted that the use
of only fireclay without pressure does not allow obtain-
ing the mold strength. The use of pressure in the process
of shaping the mold increases its strength several times,
which indicates good compactibility of fireclay chips.

Tests in service at the Parkhomenko KMZ LLP were
carried out using a semi-automatic molding machine of
the 51713 model. The diagram of the molding machine
of the 51713 model is presented in Figure 1.

EXPERIMENTAL STUDIES
Equipment and tools

Figure 2 shows the dependence of the molding sand
density on pressure. A field study showed an exponen-
tial dependence of density on base pressure. Pressure of
0.25 MPa allows obtaining dense molds that can with-
stand transportation between workshops (for example,
when moving from the molding section to the mold
pouring section).

Figure 3 shows the dependence of bending strength
on the applied static pressure on the mixture. The ex-
periments show that in industrial conditions, as well as
in laboratory conditions. at 0,25 - 0,3 MPa the greatest
bending strength is obtained, further pressure increase
does not give a significant intensity increase in strength.

Figures 4 - 5 show the studies of various factors ef-
fect on gas permeability. It was determined that the tem-
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Figure 2 Molding sand density dependence on forging
pressure: 1 - in laboratory conditions, 2 - in
industrial conditions

T

Bending strength / MPa

o 01 02

Pressure / MPa

Figure 3 Bending strength dependence on applied static
pressure on the mixture: 1 - in laboratory conditions,
2 ~inindustrial conditions

03 04 06

Gas permeability / un

) s s

Shaping time / s

Figure 4 Sand-resin shell gas permeability depending on the
shaping duration: 1 - in laboratory conditions,
2-inindustrial conditions
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Table 2 Results of testing friability of a shell mold

Table 3 «Cover» casting samples porosity obtained at

perature of 330 - 350 °C with the sintering duration of
85 - 100 s allows obtaining shells with the best gas per-
meability.

An important indicator for the mold is friability. Tt
was determined on the model 02212 (GOST 23409.9 -
78) device for determining friability of molding and
core mixtures. The samples were pre-weighed. then
loaded into the center of the drum of the machine. which
‘was rotated within 60 seconds. The sample was recov-
ered and weighed again. The test results of the samples
obtained under various technological conditions are
presented in Table 2.

Another important technological parameter of man-
ufacturing castings is the pouring temperature. It is
known that it should be in a strict range, since a low
temperature leads to underfilling. junctions and in-
creased porosity due to the fact that gases do not have
time to leave the metal. and a high temperature also
leads to casting defects and causes increased gas forma-
tion when interacting with the mold. In addition, there
can occur clogging of the casting body by the mold
components when these particles are washed away by
the liquid metal stream. It was necessary to consider
these factors in terms of the mold quality in practice.
Measuring the metal temperature in the Parkhomenko
KMZ LLP foundry was carried out usinga Tn-A 212nT
— 12 - 1250 Thermoconverter. Smelting of grade SCh20
cast iron was carried out in the ASF - 0.5. Pore process-
ing was carried out using microstructural images of
castings samples using the Thixomet Pro software (Rus-
sia). The results are presented in Table 3.

It is obvious that the temperature of pouring the giv-
en alloy into shell molds obtained using unsteady - state
pressure is 1320 - 1340 °C. Figure 6 shows the com-

METALURGUA 59 (2020) 4, 499-502

; - T . different pouring temperatures
Sl ) Shaping Sintering_| oY No. | Pouring temperature | Pores presence | Pores nature
P,=025, 250 350 49 1C 1%

1 1300 7 Fine
2 1320 3 Fine

250 350 38 3 1340 4 Fine
4 1360 7 Medium
5 1380 n Large

250 350 12

200 350 37

300 350 41

250 250 37

250 450 42

b

Figure 5 Casting samples structure obtained at different
pouring temperatures: a - 1380 °C; b - 1320 °C

parison of the castings structure shaped at different
pouring temperatures.

In Figure 5. a few pores are visible, including large
ones. in Figure 5. b only a few micropores are visible
in the area. At this, the area of the compared samples
is the same.

CONCLUSION

The tests carried out confirm the effectiveness of the
proposed method of manufacturing shell molds and in-
dicate the feasibility of using a profile board.

It is shown that under industrial conditions, the best
mechanical (strength) and technological (gas permea-
bility) properties of the shell form are achieved using a
base pressure of 0.2 MPa with a subsequent increase to
0.35 MPa. In this case. the formation time is 45 s. The
sintering temperature of the shell is advisable in the
range of 330 - 340 °C for 90 s.

The smallest porosity of castings from cast iron of
the SCh 20 brand when casting into shell molds takes
place when casting at a temperature of 1 320 - 1 340 °C.
Porosity with this technological mode is 3 — 4 %.

The proposed method of using two - stage unsteady
- state pressing increases the shell molds strength.
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The article investigated both shell mold samples and casting samples. The castings were made of 35L steel. A
scheme of the formation of a sand-tar shell form using variable pressure was presented. As can be seen from the
graphs, the application of the load during the formation of the shell form significantly affects the size of the burn in
the direction of its decrease. The pressure of 0,18 ... 0,25 MPa, which is defined as optimal for obtaining the forms of
castings «Link», can be considered very satisfactory for the value of the burnout. As pressure increases, the rate of
decline of the burn on the castings decreases. Obtained in semi-industrial conditions, the samples were investigat-

ed in the laboratory of KSTU. The strength, hardness and gas permeability of the forms were determined.

Keywords: casting of steel, mold, sand-resin mixture, pressure, properties

INTRODUCTION

One of the most important technological processes
that determine the quality of castings is manufacturing
a mold. Sand-resin molds make it possible to produce
high-quality castings with the minimum percentage of
casting defects [1-3]. The disadvantage of such molds is
a high cost of the binder, thermosetting pulverbakelite
resin [6-10]. The ongoing studies are aimed at develop-
ing technological modes that reduce the amount of us-
ing the binder in the mixture due to applying static pres-
sure. This leads to decreasing the cost of the mold, and,
consequently. of the casting as a whole.

Earlier [11-14], the main technological parameters
were determined during formation of sand-resin mix-
tures. After that. the hopper with the mixture was tipped
over onto a plate pattern heated to 230 °C with radiator
models. At this, pressure of 0.25 MPa was supplied
through the plate. After 10-12 seconds, the pressure was
increased to 0,35 MPa. Still after 10-12 seconds pres-
surc was reduced to 0.2 MPa. At this, a shell mold with
the thickness of 12-15 mm was obtained. After this, the
molds were sintered within 2 minutes at the temperature
0f 320-340 °C.

Selecting the composition of the mixture was also
carried out, the main and auxiliary components of the
mixture and their concentration were determined. The
optimal composition of the sand-resin mixture is as fol-
lows: quartz sand of the 1K0315 grade — 70 %: quartz
sand of the 1K02 grade — 30 %: pulverbakelite SF-011A
— 4.5 (in excess of 100 %) kerosene — 0.2-0.4 % (in

V. Yu. Kulikov,

. Z. Issagulov, M. K. Thatov. D. A. Issagulova, T. V.
Kovaleva, Ye. P. Chsherbakova (e-mail va_1984@mail.ru,
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stan
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excess of 100 %): white spirit - 2-3 % (in excess of 100
%): boric acid - 0-0.2 % (in excess of 100 %).

Industrial tests of the technology were carried out on
the basis of the Parkhomenko KMZ.

Both shell mold and casting samples were studied.
The castings were made of 35L steel

The curing mechanism of the shell mold under con-
ditions of unsteady pressure was previously considered.

The sand-resin mixture under conditions of simulta-
neous heat action from a heated plate pattern and ap-
plied static pressure by means of a press plate experi-
ences tripartite deformation. This leads to irreversible
compaction of the mixture. In addition, as it was previ-
ously determined, unsteady pressure improves the mold
inner cavity quality and consequently reduces rough-
ness and the burn on amount on the outer part of the
castings. Since the studied mixture has inherent elastic,
viscous and plastic properties, it can be considered a
rheological body.

First of all, it is necessary to evaluate the behavior of
the mixture components under the conditions of press-
ing and thermal heating.

Under the conditions of deformation at the begin-
ning of the shell molding, the bonds between sand and
resin inside the mixture are destroyed. Subsequently,
upon reaching a certain stage of compaction, the mix-
ture becomes clastic. Then, with increasing pressure,
when the ultimate shear stress is reached, the mixture
begins to deform plastically.

It is obvious that the compaction process significant-
ly affects the interstitial air, which is enclosed in the
mixture. Under the conditions of volumetric compres-
sion, a significant amount of air is removed from the
mixture, while air that is not removed is trapped in the
closed cavities between the particles and held in them
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In the course of compaction, in the closed pores of
the mixture a normal stress appears; besides, there is an
additional stress, which is caused by the presence of in-
ternal friction

Let’s also consider the transformations in the mix-
ture that occur under the conditions of shear strain. It is
known that at the beginning of deformation the mixture
experiences elastic deformation, and with increasing
shear stresses a certain limit is reached, in excess of
which the viscous flow of the mixture takes place. Its
speed increases with increasing the applied shear stress.
Increasing the temperature changes the resin dry state to
the liquid (viscous) state. With increasing the tempera-
ture, viscosity of the mixture should change smoothly,
which will enable resin to be evenly distributed not only
between the grains of sand. but also on the sand surface,
that is, there is a kind of cladding the mixture.

EXPERIMENTAL STUDIES
Equipment and tools

In the process of pressing the mixture, three main
stages can be distinguished. The first stage of compac-
tion is determined by the external force and leads to
structural compaction of the mixture layer as a result of
the sand and resin particles movement, squeezing air
and filling the voids with these particles in the volume
of the layer. At the second stage of pressing. the layer is
densified as a result of deformation of the particles
themselves. The second stage takes place after laying
the particles of the mixture components. As the load in-
creases, deformations occur at the particle contact
points, propagating throughout the entire volume of
sand and resin particles. The corresponding stresses are
initially lower than the elastic limit, and with increasing
the force the yield strength is achieved. At this, there is
observed relative sliding of particles along each other
and along the flask wall. As a result, a part of the press-
ing energy is spent for overcoming internal and external
friction. At this stage of pressing, the elastic-plastic de-
formation of particles determines the main energy costs
of the process. Therefore, at the second pressing stage a
strong porous shell is obtained. The third stage of the
process is volumetric compression of the porous body.

The pattern of the formation of a sand-resin shell mold
using variable pressure can be represented as follows:

1 Filling the molding sand onto the plate pattern (Figure 1)

T=T,,.P=0,

Figure 1 shows that the particles of sand and resin
are mixed randomly, and resin is in the dry powder
state.

2 Applying pressure to the mixture (Figure 2)

T=T,,P=P,.

‘Where:

T - total temperature, °C,

T, — model plate temperature 230 °C,

P — total pressure on the mixture, MPa,
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Figure 1 Sand-resin mixture at the moment of filling onto the
plate pattern
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Figure 2 The mixture at the moment of applying pressure

Figure 2 shows that after applying pressure, the mix-
ture porosity decreases due to denser packing of sand
and resin particles, and resin is in the dry powder state.
3 The effect of heat on the molding mixture (Figure 3)

T=T;, P=Py

Where:

P, —0,25PMa

Figure 3 shows that under the action of heat the resin
particles melt and the sand particles combine with it.

4 Increasing pressure

T=T,:P=]

Y
>

Figure 3 The molding mixture at the moment of resin melting
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Figure 5 The mixture after reducing pressure

Where:

P,~035PMa

With increasing pressure, the sand particles are en-
veloped by resin due to the movement of particles and
distribution of the resin particles (Figure 4).

5 Reducing pressure (Figure 5)

T=T,, P=P,

Where:

P,~0.20 PMa

Figure 5 shows that after pressure is reduced. relaxa-
tion occurs in the mixture, which leads to increasing the
number of pores inside the mixture components.

Therefore, there is confirmed the idea that under
conditions of unsteady pressure there takes place the
process leading to cladding of the mixture (fairly even
enveloping sand particles with the binder).

Figure 6 The shell mold structure obtained in different
conditions: a — with steady pressure, b - with
unsteady pressure, X200
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Figure 6 shows the structure of the shell mold with
200 times magnification. It can be seen in the Figure
that the use of unsteady pressure significantly increases
the mixture components density.

Discussion of the results

The results of experimental data of the dependence
of the burn-on value on pressure applied to the mixture
are shown in the graph (Figure 7). It can be seen from
the graph that applying the load during formation of the
shell mold significantly affects the magnitude of the
burn on in the aspect of its decreasing. Pressure of

o (0,22

5 \
o \
2

s

5 ] .
£ < |
y [ 1]
2 S (e (|

= o1 o2 03 o4

Pressure to the mixture / MPa

Figure 7 The burn on dependence on pressure to the mixture
in the course of molding

0,18...0.25 MPa that is defined as optimal for obtaining
the «Link» castings can be considered very satisfactory
for the value of the burn on. As pressure increases. the
rate of reducing the casting burn on decreases.

An important indicator of the casting quality is the
surface roughness. The additional expenses for cleaning
the casting surface invoke its increased cost. In order to
assess the casting quality, the surface roughness mea-
surements of both the internal mold cavity and the sur-
face of the castings themselves were made. The mea-
surements were carried out using a TR 220 roughness
measuring device. The studies in various areas show
that the difference between the surface roughness of the
mold and the casting is 45-60 um (Figure 8). It is obvi-
ous that increasing the roughness of the mold cavity
leads to decreasing the surface finish of the casting.

130

125 ~ industrial conditions

120

laboratory conditions
10

115 }
i

105
7 70 68 66

Casting roughness / pm

Figure 8 Dependence between the mold and the ingot
surface roughness
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Figure 9 The microstructure of castings made in pilot
industrial casting molds, x 500

Large roughness in the cavity of the gate system is
caused by the presence of slag in it.

The microstructure of castings obtained in the studied
shell molds was investigated. As the studies have shown
(Figure 9), the structure of the casting is fine-grained,
dense and homogencous, there are no gas and slag shells.

The samples obtained in semi-industrial conditions,
were studied in the laboratory of KSTU. There was deter-
mined strength, hardness (hardness gage for dry forms
and cores model 04421) and gas permeability of the
molds. The methodology of determining these properties
is given above. The results are presented in Table 1.

Table 1 The properties of shell molds obtained in semi-

industrial
Mold sample Laboratory Semi-industrial
Strength / MPa 124 no
Hardness /H 105 103
Gas permeability / un. 19 108

Comparing the data in Table 1 shows that the devel-
oped technological mode of obtaining sand-resin molds
allows obtaining products with desired properties.

CONCLUSION

Thus, it has been determined that the proposed meth-
od of obtaining a casting shell is feasible in the produc-
tion environment. There is no need in additional costs for
the process of molding a shell, since at the plant pressure
is supplied from the compressor compartment through
the pneumatic pipe. For this technology. there is used
pressure that is lower than the main pressure (the main
pressure at the plant is 7 atmospheres).

The use of pressure in the molding a shell allows
obtaining a strong and solid mold, which subsequently
positively affects the castings obtained in them. Such
castings have lower surface roughness, a lower amount
of burn on and a more dense defect-free structure.
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Ta, NpOBEACHbI Dazosbie DKCHEPUMEHTDI. nP()I.YCAeH
I10A60p penentypnr cocrasa CMecH, ONpeAeAeHbl
OCHOBHBIC 1 BCIIOMOIATEAbHBIC KOMIIOHCHTBI CMeCH
U uX KOHICHTpars. OnrruMaabHBIl COCTaB I1ec-
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NarorosaeHsr 1 HCCACAOBAHBI oﬁpasum (I)OPM npu
PasAMYHBIX pEXuMax B AaﬁOpal'OthlX YCAOBUAX,
HOAYYEHBI 3aBUCHMOCTI CBOJICTB ANTEIHBIX (pOpM
OT PeXnMOB M3IOTOBACHMS. Venoanzosanne Bapu-
ATUBHOIO AABACHMS MOAOKHUTEABHO CKa3bIBaCTCA Ha
Kauecrse MOBEPXHOCTH OTAMBKM. (L‘OpMMplellla}lC}l
1P 3TOM HOBEPXHOCTH q)Othl noay4saercs Hanbo-
Aee POBHOIM, TaK KaK HOIPYKCHIE OBEPXHOCTHOTO
CA04 TIeCKa AOCTHUraeT Kpas paCll/lallACHHDﬂ CMOADL
" TeM CaMbIM (I)Olelp_‘{IO’l'Ol AOCIaTouHO rAapkne
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HPOIECC BHITASANT CACAYIONUM ODPasoM: 1OCAE
HEPEeMCIITIBAHIS TICCIaHO-CMOASIHAS CMECh 3achilia-
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KUABIBAHHE OYHKEPAa CO CMEChI0 Ha HATPETyio A0
230°C MOACABHYIO TIANTY C MOACASIMI PAaANATOPOR.
[Ipu 9TOM OAHOBPEMEHHO Yepes IANTY H0AABAAOCH
Aasaenne 0,25 MITa. Yepes 10-12 cekyna aasaenue
nosprmaan 40 0,35 MIa. A erme yepes 10-12 cexyna
Aasaenne crikaan 20 0,2 MTa. TMpu s1om dopmn-
posasach 06010ukoBas popma ToAmHOM 12-15 Mm.
Tocae 51010 POPMBI CHICKAATICH B TEYCHHE 2 MITHY'T
npu remueparype 320-340°C.

[MpumennTeabHo K MPOM3BOACIBY HEODXOAMMO
TAKKE PACCMOTPETH BOMPOC CYIIKI HECKA 1 BPEMeH
HepEeMEITTHBANIIS CMEeCH.

OOpas1ipt H3TOTABANBAAN B YCAOBHSIX AUTCITHOTO
exa TOO «KM3 1. TMapxomenko» (r. Kaparanaa).
Aas uccaeaopanns 0Opasion ObIAM HCHOAB3OBA-
Hbl CTAaHAAPTH3NMPOBAHHBIC METOAMKN M COBPEMEH-
Hoe obopyaosamie akkpeantopanibix (TOCT MCO
17025-2009 «Obmime TpeBOBaHIs K KOMIETEHTHOCTI
MCIBITATeALHBIX 1 KaAMOPOBOYHBIX Aa00PaTOPHil»)
Aabopatopuii. MexayHapoAHOTO 1ieHTpa marepna-
aoseaenns n Vicnprrareapnori aaboparopun miKe-
nepuoro tima «KOPMC» Kaparanamnckoro rocy-
AAPCTBEHHOTO TEXHMUECKOTO yHUBepCHTeTa.

MomenT MCIHITaHil Ha  Ta3ONPOHNTIACMOCT]
npeacrasaeH Ha pucynkax 1, 2. FazonponnmaemMocrs
omnpeaeasan Ha rpudope 04315M, nmpounocrs — Ha
HanoApHOI ycranoske Instron-100 (prcynox 3).

Onp(mezmzm BAMAHNE BPEMEHN CMENIHBAHNA Ha

€AA0BATEABHO, 1

PucyHok 1 — O6pasel, Ana UcbITaHUA
Ha ra3onpoHMLaemocTs

a~npumep ucnbitalus obpasia, 6 — pesynbrar rasonpo-
HMUaEeMOcTH 06pasa NPH CMeLUMBAHNH KOMMOHEHTOB
8 GeryHax NPOACAKUTENIBHOCTBIO 2 Haca

PUCYHOK 2 — cribiTaHNA Ha rasonpoHMLaemocTs

HPOYHOCTH 000409K0BOI (PopMBL. TexHoormIecKIe
PEAKNMBI 1 COCTaB CMeCH NCH0AB30BAAN OTIPEAeACH-
npie panee. CMermMBaHIe TIPOBOATATL HA TPOMBIITI-
ACHHBIX 6eryHax C BePTUKAALHBIMI KaTKaMM AAS M3~
TOTOBACHIMS Hen[laKPIpOBaHHOﬁ cvecn. Cvernmpanme
1posoanan ¢ yacroroit 30 munyT. [Tposeaenmbre 1c-
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CAeAOBaHMS TTOKA3aAN (PUCYHOK 4), U4TO ONTHMAaAb-
HBIM BpeMeHeM caeayer npusHars 1,5-2 qaca, Tak Kak
MEHBILIEE BPEMsI He AaeT HeOOXOAMMOIT POYHOCTH,
BCAGACTBIIE, OUYEBUAHO, HEPABHOMEPHOCTH pacipe-
AeAeHIs CBA3YIOIIEIO M OCHOBBL. B aaapmeiiiem
[POYHOCTD IIPAKTHUECKH HE MEHSIeTCs, a Ipu rnepe-
Mermsauny Tpu 1 604ee yaca HabAIOAaeTCA pasy-

IPOUYHEHIE BCAGACTBUE HECMEILeHMS I, OUEBMAHO,
pasaasausanus vacrui rnecka. Haamame otnx or-
CAOMBIITHXCS TIBLACBMAHBIX YaCTHIL [1ECKa TAKKe OT-
PpHUIIaTEABHO CKa3bIBACTCA U HA Ta30IIPOHMIIAEMOCTH
06020uk0B0It (popmbl. [Tpesbiienie BpemMeni cve-
nnisannst Goaee YeM B ABa vaca Takke HEleaecoo-
©OpasHO M PKOHOMUUECKH, TaK KaK MPU COXpaHEHHN
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a— Ha MPOYHOCTD Ha CHKATHU

PucyHok

(11 A@>Ke yMEHBITIeHHIT) TIOKa3aTeAeri CBOICTB popmb
3aTPAUMBACTCA ANIIHAS DHEPrisl Ha paboTy GeryHos.

Apyrim 1peAMeTom HecAeAOBaHIS ABUANCH Bpe-
M3l ¥ TeMIIepatypa CyIIKH [1ecKa, HCT0Ab30BaHHOIO B
ucnbrrannsx (ppaxmn 1K02A, 1K0315A) (prcynkn
5, 6). OuesnAHO, 4TO HaubOACE ONTUMAALHOI TeMITe-
parypoii cymiku necka caeayer canrars 30-50°C, rax
xak 1pu menee 30°C e HPONCXOAUT NOAHOE HCKAIO-
UEHIE BAATH, @ BHICOKAs TEMIepaTypa CYIIKH Ipi-

asonpoHMaemocTs 06onouKM

INAHUE NPOAO/IKUTENBHOCTM CMELINBaHUS

BOAMT K AMIIHHM DHEPIeTHYeCKNM 3arpatam mpu
HEKOTOPOM CHIDKEHIH [POYHOCTHEIX CBOTicTs. Ha
Ta30NPOHNIIAEMOCTH 0BOAOUKOBOI (POPMBI peskumM
CYIIIKIL B HCCAGAY@MOM AHATAa30HE He OKa3hiBaeT 3Ha-
AHTEABHOTO BAMSHIAL.

VIcx0oAst M3 MOAYYEHHBIX PE3yABTATOB, AAS HC-
C1eAyeMOro COCraBa MeciaHo-CMOASHOI CcvecH o1~
TUMAABHBIMI PEXKIMaMIt Ipu3Hanbt 1,5 gaca cymiku
neckos npu remmneparype 30-50°C.
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a— Ha MPOYHOCTD Ha CKATH! rasonpoHULaeMocTb 060N104KM

PucyHoK 5 — BausiH1e NpOAO/IKNTEIbHOCTY CYLLIKM Necka

B nccaesosaumsx, peACTaBAeHHBIX HA PUCYHKe
5, Temmieparypa CyIIKI IIPI BCEX PeXIMax Hpoj0a-
sKuteabnocru cocrasasiza 50°C. Ha rpaduke pucyn-
Ka 6 — IPOAOAKNTEABHOCTS CYIIKN cocTapasaa 1,5
uaca.

Aast uckA0ueHus: NPUANIIAHIS TOTOBOIT 000~
20YKH K MOAGAM 1 MOAEABHOIL IANTE UCTIOAB30BAAN
CACAYIOIIIIT Pa3AeANTeABHbII cocTas: Boaa — 100%,
MBIA0 X03siTicTBeHHOe — 3-4% (cBepx 100%), cuankon

—8-10% (cBepx 100%). Takas pasaeanteabHas cMech
oDpasyer B MOMEHT HaHECEHITsl Ha TOPSUYIO MOAEAD
TOHKYI0, HO >KapOCTOIIKYIO IACHKY, KOTOpas Coxpa-
HSETCS [10CAE HECKOABKIIX CheMOB 000104eK € MOAe-
2eit. Cocrasasionue nepeMensaiiuch 5 eMKOCrin
C ABYMSI BPAIIAIONIMMICS CTEPKHSIMHU, Ha KOTOPBIX
3akpeniaenst aonacru. CMmeminsanne nposoAnAOCh
B Teuenne 30 MunyT npu wacrore 120 oSoporos B

MHHYTY.
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@~ Ha NPOYHOCTb Ha CXKATH
PucyHok

Takast pasaeauteabHas CMech IO3BOASET UCKAIO-
4nTH HpHANTIAHKE 0DOAOUKH, a CAeA0BATEABHO, 0De-
CHEYHTh BRICOKYIO 4aCTOTY NOBEPXHOCTI BHyTPeH.He!?l
HOoAOCTH q)Opr.l, a TaKXKe BBICOKYIO MPOYHOCTD, UC-
KAIOUNTH OCBITIA@MOCTD I, KaK CACACTBIE, B AaAbHETi-
11eM 3aCOPbI AUTEITHOT POPMBL.

Paspaborannas TexHoaormueckas Kapra rnpea-
CrapaeHa Ha pucyHke 7.

Takum 0OpasoM, YTOUHEHBI TEXHOAOTHUCCKHE

6

rasonpoHMLaeMocTb 060NI0HKH

BnusHWe TemMnepaTypbl CyLIKM necka

PEKIMBI HBTOTOBACHISI 0D0A0UKOBBIX POPM B I1PO-
M3BOACTBEHHBIX YCAOBHSX.

AaHHbIE MCCACAOBAHMS HPOBEACHBI B PaMKax
peaanszanmu rpaura Komurera maykn MOH PK
AP05130026 «PazpaBoTka 1 BHEAPEHHEe HPOU3BOA-
CIBa MeCYaHO-CMOASHBIX (POPM HPH HECTalHoHap-
HOM AQBACHUI C IEABIO YAYUIIEHIIs KAUecTsa roTo-
BOTL TIPOAYKITHID .
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JIuTeiinas necuano-cMoasinas Gopma

TOO «KM3 1. |Texsonoriye- |O61acTh Hanvenopanne  (IIponentHoe cozep- [Hanverosanne (I[IponeHTHOE comep-
TIapXOMEHKO»  [cKasi KapTa  |IPHMEHEHHs — KOMIIOHEHTa KaHHe B cMecit, % |KOMIIOHeHTa KaHie B cmec, %
meitasie Gopmbl |KBapueBslii mecok 70 Kepocus 0,2-0,4 (cBepx.
JU1st H3TOTOBIIEHHS |KpYNHOIT (ppaKimm 100%)
OTMBOK epHBIX |KpapieBsiii Necok 30 Vaitr-cmpt | 2-3 (caepx 100%)
11 LBETHBIX MesKofi ppakti
CTIIABOB ITynsBepbakemnt | 4.5 (cBepx 100%) |Bophas kucnora | 0-0,2 (cBepx 100%)
Hexoonvte OcHoanbie: KBapIieBEIii lecok | [J0OABKIL: KepOCHH, yailT- | PaselTelbHas CMech: CIUIIKOH, XO3AiiCTBEHHOE
lymamepuanst Pa3HBIX (paKmii, CrmpnT, GopHAs KHCTOTa  [MBUIO
TepMopeaKTIBHas cMoTA
O6opydoeanue |DOPMOBOYHAA MaUINHA Harpepaemas  |CMecHTeIbHbIe GeryHsI Cynmo
ocHacTKa
\[Ipedeapumensrvie  |Cymka mecka npu t=30-50°C  |TTepemennmnBaniie cMecit |[TOKpbITIe TOBePXHOCTIH MOJE/TbHOI IUIHTBI
onepayut (mpn HeoGxomMMoCTH) B Tevenme 1,5-2 1 PA3IeTITe B HbIM COCTABOM
Cocmas na 100 | Ksapuessiit | Ksapuessiii | [lymssepbae-| Kepocin Vaitr- | BopHas Kiciora
K2 TIecOK Mapkn | mecok Mapku |t CO-011A CIHpHT
1K0315 1K0315
\Konyenmpaus, 68-70 30-32 4-4,5 (cepx |0,2-0.4 (cBepx | 2-3 (cBepx | 0-0,2 (cBepx
e 100%) 100%) 100%) 100%)
\PasnenmTensHas cocTan Boxa 100% MELTO X034ficTBeHHOE — (Crumkon — 8-10% (cBepx 100%)

3-4% (cBepx 100%)

OcHogHvle mexHono2uyeckue onepayun |y CTAHOBKA MOJIEITBHO-OMOYHOI OCHACTKI Ha (JOPMOBOTHYIO MATIHHY

HarpeB ocHacTKH (MOJIe/IbHAS ILTHTa) /10 |3achiNKa mecdaHo-cMoisHoii cMecn  (IToaua OCHOBHOTO jaBleHNs Ha cMmech 0,25 MITa
250°C Ha OCHACTKY

Boitepikka noj gasiaennem 10-12 cex |Vsemmdenne jgapnenns |Boiepika noj ganennem |CHibkeHne xasiaesns jo 0,2 MITa

10 0,35 MITa 8-10 cex
Criexartie 0TyOpMBI B miewn Tipi [Beizepia B newn B Custtie oMy OPMEI € MOZIeTBHOM IIITTH!
'Temnepatype 350°C Tegenne 80-120 cex
Coesmriertie oy opM cKoGam 1 CGopKa rOTOBEIX (OPM B KaKeTHI, 3aCHIIKA IPOCTPAHCTBA MEAY (OpMANIL
cxnensante cuoof otpaGoranHoii cvechio

PucyHok 7 — TexHONOrM4€ecKan KapTa TEXHONIOTMYECKOTO NPoLecca M3roTOBNEHNA NECYaHO-CMONAHBIX Gopm

€ MCNONb30BaHNEM BapUaTUBHOTO AABNEHNA
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CBoiicTBa 060J104KOBbIX DOPM,
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Properties of shell moulds made
under variable pressure conditions

B.H0. Kynukos, A.3. Ucarynos, MK. U6atos, Cs.C. KeoH, T.B. Kopanésa

B NpoM3BOACTBEHHbIX YCOBHUSX M3rOTORNEHb 060 n04KoBEIe popMbl (OD) seTann
KpbilLika. PacCMATPUBANIM BMSIHUE CNIOCODA YN/IOTHEHNS HA IPOYHOCTL U TBEPAOCTD
nonysenHbix 0. Takxe UCCNIER0BANN OTAMBKM, U3rOTOBAGHHbIE B TAKUX HOPMaX,

Ha HaNM4Me MEXaHWECKIX HanpsXeHuii. Onpeaenero, 4To KoneBaHms KoHUEHTPa-

LY MEXaHUYECKMX HanpsKeHWii Mo AikHe 06paalia HeaHauwuTeNbHeI, 4T0 Mo3BoAseT
YTBEPXKAATH O XOPOLLMX NUTeliHBIX KaiecTBax OD, M3roToBNIEHHOI NPU HECTAUMOHAPHOM
IABAIGHUM, @ UMEHHO, XOPOLLIEi MOATIMBOCTH, HE3HAUNTENIbHOM 06Pa30BaHIN INaKa,
TOHWKEHHOM ra3oBblAeneHM v Ap.

Knioyesbie cnosa
OBornoyka, popMa, OTIMBKA, NNIOTHOCTL, NPOYHOCTH, AABNEHMe, MyNbBepbakeswT, Kave-
CTBO.

In production conditions, shell shapes of “Cover” part are made. The effect of the com-
paction method on the strength and hardness of the resulting shell molds was consid-
ered. Castings made in such molds for mechanical stresses have also been investigated.
It has been determined that variations in the concentration of mechanical stresses along
the length of the sample are small, which makes it possible to claim good casting qual-
ities of the shell mold made at non-stationary pressure, namely good compliance, small
slag formation, reduced gas release, efc.

Key words
The shell, a form, casting, density, durability, pressure, pulverbakelit, quality.

HefocTaTok (hopM M3 Mec4aHo-CMOSHbIX
cmece# (MCC), KoTopble MO3BONAKT U3rOTOBNATL
KayecTBeHHble OTAMBKA C MUHUMANbHbIM GPakoM, —
BbICOKAA CTOMMOCTb CBA3YHOLLErO — TePMOPEaKTUB-
HoW cmonbl nynbBep6akenuta [1, 2]. Uccnenosanus
ObiNi HanpasneHbl Ha 0TPABOTKY TEXHOMOrUYECKMX
PEXUMOB, MO3BONAIOLIMX COKPATUTL  KOJMYECTBO
1CMONb30BAHHOrO CBA3YKOLIEr0 B CMECK 3a CHET
NPUNOXKEHNA CTAaTMHECKOTO JABMEHNs, YTO MpuUBeno
K CHUDKEHWIO CTOUMOCTM (DOPMbI, @, CNeA0BaTeNbHO,

NUTEWHOE NMPOM3BOACTBO

W OTMBKN B LenoM. [pUMeHeHMe perynupoBais
[iaBNeHNA 1 Temnepatypbl OyaeT cnoco6CTBoBaTh
ONY4EHMIO ONTUMAsbHOM CTPYKTYPbI (HOPMbI, 4TO
B [anbHeLLEM MO3BONUT NONY4aTh BbICOKOTOYHbIE
OTMIBKM C HU3KOIA LUEPOX0BATOCTbIO M OFHOPOAHON
CTPYKTYPOV 33 CHET BbIDABHUBAHUA TEMMEPATYPHbIX
nonedt No BCeMy 0GbeMy 3aTBEPAEBAIOLLEr0 MeTan-
n1a W BbIXOAA 06PA3YIOLLMXCA ra30B Yepes 060n04Ky
[2, 3]. Bmecte ¢ TeM, UCnonb3oBaHne HectalynoHap-
HOrO AAGBNEHUA MPUBEAET K CHUXEHWIO COAePXaHMA
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Puc. 1. Cxema hopMOBOHHON MaLLMHbI
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Puc. 2. 06paaubl Ans onpegeneHins TBEPAOCTH 060N04KI

CBA3YIOLLE0, YTO CHU3UT CeBecTo-
MOCT NONY4aeMbIX OTIMBOK. Bee
370 NO3BOMNT MOBBICHTb KyMLTYPY
npon3BOACTBA OTNMBOK NUTbEM
B (hopmbi 13 MNCC, NOBbICUTL PeH-
TabenbHOCTb  MEPEBOOPYXKEHNS
TIUTEHbIX NPEANPUATHI.

Beinu onpepenexs! [3, 4] oc-
HOBHbIE ~ TEXHOMOrMYeckue na-
pameTpbl  MpU  U3rOTOBIEHMM
cdopm u3 MCC. 3arem GyHkep
CO CMECbI0O  OMPOKMAbIBANK  HA
HarpeTyio fo 230°C nauty ¢ Mo-
LensmMu [ns OTIMBOK paguaro-
poB. OBHOBPEMEHHO 4epes nauTy
nogasanu fjasneque 0,25 MMa.
Yepes 10...12 ¢ gaBneque nosbl-
wanu #o 0,35 MMMa, a ewe 4epes
10...12 ¢ cHmxanu go 0,2 MMa.
Mpu atom, chopmuposanacs 0D
TonwmHow 12...15 wmm, nocne
4ero (hopmbl CrieKanu B TeyeHue
2 muH npu 320...340°C.

Takke noa6upanu peuenty-
py COCTaBa CMECH, Ompegensnv
OCHOBHbIE ¥ BCMOMOraTesbHble

KOMMOHEHTBI CMECK 1 UX KOHLEH-
Tpauwio. ONTUMAnbHbIA  COCTaB
NCC (ceepx 100%): kBapuesbIit
necok 1K0315— 70; kBapuesblit
necok 1K02 — 30; nynbBep6ake-
T CO-011A — 4,5, kepocuH —
0,2...0,4; vait-cnuput - 2...3;
6opras kucnota—0...0,2.

Ha 6a3e TOO «KM3 um. Map-
XOMeHK0» (r. Kaparanga) chopmo-
BOMHYIO MalMHy ANA W3rOTOBMe-
Hu 0P Ha 0CHOBE (HOPMOBOYHOTO
nonyasTomata mog. 51713 mogep-
HU3NPOBANK N0 Pa3paboTaHHOM
TexHonoruu. Cxema (hOPMOBOY-
HOW MawmHbl mod. 51713 npea-
cTasnexa Ha pue. 1. Viccnegosany
BINSIHUE BBICOTbI MafieHUs CMecH
Ha NpoYHOCTb M TBEpAOCTs O
(CM. HWXe, /1 — BbICOTA MajeHus
NAUTbI HA CMECh, CM). Mpu aTOM,
B JlanbHeViLIEM Npunarany sapua-
TUBHOE JaBIIEHME.

04eBUAHO, 4TO, Yem Gomblue
PaccTosHue MEX[y MPeCcCoBOit
NAUTOA U CMECbIO, Tem Gonblue

Ne6/2020 [PH]

aHeprvA ypapa. Manas aHeprus
yAapa He OKa3biBAeT CYLUECTBEH-
HOTO  BAWAHWS HA MPOYHOCTb
nTBEPAOCTL  CMecH,  Gonbluas
QHEPryA yaapa NpuBOAMT K pacTpe-
CKVBAHMIO 4aCTWL, Mecka W, Kak
CNEAiCTBME, K PA3yNpO4HEHMIO.
Ha n3mMeHeHue ynakoBku 4acTuiy
MO/} [e/iCTBUEM BHELLHEro fasne-
HUA OKa3bIBAKT BAMAHME hopma,
LUEPOXOBATOCTb 1 TBEPAOCTL  4a-
cTL. OHu ONPEAensioT BENu4MHy
TPEHUA MPU  MepemeLleHMn  4a-
CTAL, Apyr OTHOCUTENbHO [pyra.
[Mpn 3TOM, NPOYHOCTb HA CxaTve

h,cm .
A/BIB/T

8

89/87/88/85

109/107/105/102

111/109/108/104
108/106/107/103
106102/101/99.
99/95/94/91

35
i
45

50

* A — Ha nosepxHocTu opmbl, b — Ha
NOBEPXHOCTH (HOPMbI Ha nepucbepum, B —
Ha nafe thopmbl B LEHTPe Moenu, I — Ha
nafe hopmbl Ha Nepucbepun

NINTEAHOE NPOU3BOACTBO




[image: image78.jpg]06pasuoB  (pHC.2), NOMYYEHHbIX
663 AMHaMWYECKOro BO3AENCTBUS,
aTOfbKO C BAPUATUBHbIM JABNEHN-
em, coctasuna 14,5 MMMa, a Teep-
[IOCTb B LIGHTPE HA MOBEPXHOCTY
dopmbl — 101, Ha nage Hopmbl —
99.

B Apyroit cepun akcnepumeH-
TOB ONPeAENsi BIMAHUE BbICOTbI
nafeHns NANTbI Ha NPOYHOCTL 0D,
ANA 4ero Mccneposana 06pasubl
(hOPM, MONYYEHHbIX KaK MpU WC-
noNb30BAHNN JABNEHNA, TaK 1 Ge3
HEro (TONbKO MpU TEPMUYECKOM
BO3/eiCTBMN). 1pK BbICOTE Naje-
HUA nauTel Ha cmeck 10; 15; 20;
25; 30; 35; 40; 45 1 50 cm npoy-
HOCTb chopMbl Gbina pasHa 13,1;
13,6; 14,2; 15,1; 15,8; 15,9; 14,5;
13,91 13,1 MMa, COOTBETCTBEHHO.

VcnbiTaus  mokasanu,  4to
ONTUManbHas BbICOTA MafeHus
nautl pasHa 25...35 cm. Uc-
CrefioBanA  Lenecoo6pasHocTb
MCNONb30BaHNA npocunbHoi
NPeccoBOi NAWTLI Ha TBEPAOCTH
opMmbl (CM. HUXeE). [pu 3TOM, 1C-
nonb30Bannb BapuaTWBHOE [AaB-
neHue.

A/B/B/T*
n 107/96/104/91
* CM. BblLLE.

Mpumevanue
1= ¢ NpotMnLHOM, I/ — ¢ NNOCKOA NANTOM.

®opmoobpazosaHme:

B apyroit cepun akcnepu-
MEHTOB  OMpefensnu  Leneco-
06pasHoCTb 1CNONb30BaHNA
npOMALHOA MPECccoBOi MANTHI
Ha npoyHocTb  Ha coxate 0@
(puc. 3). MMpo4HOCTL Ha Cxa-
Tie coctasuna 15,1 n 14,2 MMa
AN opmoo6pasosanvs [ n I,
COOTBETCTBEHHO ~ (CM.  BbIlLE).
VcnbiTanst  NOATBEPXAAKT  Lie-
716C006pa3HOCTb  Mpejnaraemo-
ro cnoco6a wusrotosnenns 0P

NUTENHOE NPOW3BO/CTBO

s

Puic. 3. Pacnpesienetvie HanpsXeHuit Ha NOBEPXHOCTI OTIUBKY KpbILLiKa:
a— NWHeNHas, 6 — 0GbeMHas MarHuTorpamMma

C UCNONb30BaHNEM NPOdUNLHON
NAUTLI.

B ycnosusx nuUTEiHOrO Lexa
TOO «KM3 wm. MapxomeHko»
6bina narotosfeHa naptus 0P
N0 pa3paboTaHHO TexHoNoruM,
BKOTOpble Gbina 3anuTa cranb
3571 @ns nonyyeHus OTNNBOK.
DopMbI 1 OTIMBKM UCCNIEA0BATIN
N5 OLYEHKY UX CBOVCTB 1 OTNY NI
nokasatenei ot hopM ¥ OTMBOK,
nONy4eHHbIX B NaBOPATOPHBbIX YC-
nosuAx. smeputenem KOHLEH-
Tpauun Hanpsxxeruin VKH-3M-12
OLEHUBANY MEXaHNYECKYHO Hanpsi-
KEHHOCTb B 0TNNBKAX, U3roToB-
neHHbix B8 OO no npegnaraemoit
TeXHoNoru (pue. 3, a, 6).

VicTo4HnKOM HanpsKeHuit
B CNATKE MOrYT ObiTb TPELMHbI
npu ycagke Meranna B cnyvae
NNoXoi NOAATAMBOCTM  (HOPMBI,

N26/2020

LUNaKoBbIe BKMIOYEHNS, 06pasyo-
LLMecs Npy B3aMMOLeACTBUM op-
Mbl C pacnnaeneHHbiIM MeTannom
W Ap. VamepuTenb JaeT BO3MOX-
HOCTb OMPeAensiTb, PerucTpupo-
BaTb 1 06pabaTbiBaTh HaNPAXKEH-
HO-AechOPMIPOBAHHOE COCTORHME
METassoB ! CNNaBoB U3MeEPEHMem
WX MarHUTHON NamaTy.

W3 puarpamm BUZHO, YTO KO-
neGaHns  KOHLEHTpaLuM  Mexa-
HUYECKUX HaNpsXXeHWid no Beei
LNnHe 06pasua He3HaYuTenbHbIE,
470 FOBOPHUT O XOPOLUMX JINTEMHbIX
KayectBax O®, W3roToBNEHHOM
npyU HECTALMOHaPHOM JaBieHuy,
a MMEHHO, XOPOLUEl MOAATANBO-
CTW, HE3HauMTeNbHOM 06pasosa-
HUW WNaKa, NOHMKEHHOM ra3oBsbl-
JeneHnn U T.M.

MakcumansHoe Hanpsxe-
Hue B obpasue < 15 A/M. Takxe




[image: image79.jpg]Puc. 4. Pacnpesienesye HanpsmXeHuit Ha NOBEPXHOCTI OTAMBKY KpbILLK,
NONY4eHHO B NecyaHoit chopme: a, 6 — no puc. 3

V1CCNEA0Bani TPEXMepHYlo Mar-
HuTorpamMmy o6pasua (pue. 3, 6).
Pacnpezienee MarHuTHoro nons
obpasua Hp, B L|eNIOM, — PaBHOMEp-
HOE, WUMEIOTCA HE3HauUTenbHble
OTPULATENbHBIE aHOMaNMK C am-
nnuTypoit o 60 A/m. Makcumane-
HbI MOKa3aTenb HanpsHKEHHOCTH
MarHuTHOro  mons HD~10A/M,
VHTEHCVBHOCTI W3MEHEHMA nons
no AnuHe dH/dx- B npepenax
10 (A/m)/mm.

[ina cpasHeHus, uccneposa-
N OTNUBKY KPbILUKE, NONYYeH-
HYI0 B NECYaHOi chopme (pue. 4).
13 marsutorpamm (puc. 4, a, 6)
BUHO, 4TO B OTNUBKE, NONYYEH-
HOW B necyaHoi dopme, Koneba-
HUSL KOHLIEHTPALMN HanpsXeHuit
BbIpaXKEHbl APKO, YTO CBUAETENb-
CTBYET 0 HEZl0CTATOYHO XOPOLLEM

KOMMAEKCe CBOMCTB NPy B3aMMO-
HEACTBUN C XMIKAM 1 3aCTbIBA-
folem metanne. MakcumanbHoe
HanpsXxeHune B o6pasue ~ 40 A/m.

Pa6ota BbinonHeHa B pamkax
rpauTa «Pa3paboTka u BHeApeHue
PON3BOACTBA  MECYaHO-CMOMIS-
HbIX GDOPM MpH HECTALMOHAPHOM
JaBIGHNN C LieTbI0 YITyYILEHNS Ka-
Y€CTBa roTOBOI MPOAYKLMH>.
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MCCJIENOBAHUE MEXAHUYECKHX U TEXHOJIOT'MYECKHUX
CBOUCTB OBOJIOYKOBBIX ®OPM ITPM1 HECTAITHOHAPHOM
JAABJIEHWH

OnHUM N3 BAKHEHIIMX TEXHONOTHYECKUX MPOLECCOB, ONPEAENAIOLNX
Ka4eCTBO OTIHBOK, SIBJISICTCA HM3rOTOBNeHHE mureiiHoi ¢opMbl. [lecuano-
CMONAHBIC (l)()prl NO3BONAKT U3rOTAB/NIUBATE KAYCCTBCHHLIC OTJIMBKH, C
MHUHUMANBHBLIM  NPOLECHTOM ﬂe(l)eKTOB JIUTbA. He,EI,OCTaTKOM TAKUX (l)()pM
SBJIAETCS BBICOKAA CTOMMOCTBH CBA3YIOIIEIO — TEPMOPCAKTHBHOH CMOJBI
nynbeepOakennTa. [1poOBOAMMEIC UCCAEA0BAHWA HANPABIEHbI HA OTPAGOTKY
TEXHONOTHYCCKHX ~ PEXUMOB,  [O3BOJLAIOIIMX  COKPATHTh  KOJHYECTBO
MCMOMbL30BAHNE CBA3YIOIIETO B CMECH 34 CUET MPUIIOHEHUS CTATHYECKOrO
JIaBIeHHs. DT0 NPUBOAUT K CHIDKCHHIO CTOMMOCTE OPMBLA, CIICAOBATENBHO, H
OTJINBKH B ULIOM.

B ycnosusax smreiiHoro nexa TOO «KM3 um. IlapxomeHko» Oblia
M3rOTOBJIEHA NapTHs 000M0UYKOBLIX (OPM MO Pa3pabOTAHHOH TEXHONOrMM, B
nofayycHHbBIe (GopMBl OBUM 3aimTa cTanb 35JI i MONydeHHsS OTIMBOK.
MonyueHuble Gopmbl M OTNUBKH OblIM NCCNEAOBAHBI A1l OLEHKH UX CBOWHCTB N
OTIHYMA IMoKasaTenelt oT (GopM H OTIMBOK, HONYYCHHBIX B JIAOOPATOPHBIX
YCNOBUAX.

OO0pa3ubl  W3roTaBNUBaNKHCL B COOTBETCTBHH € TEXHONOTHEH
H3TOTOBNEHUA 0060TOYKOBBIX (opM. OOpasibl AT HCHBITAHHA HA HPOYHOCTH
(pucynok 2.4, a,0,8) W3rOTOBNANNHCH MO  TEXHONOTHUYECKOMY Tpoueccy,
AHATOTHYHOMY TIPOLIECCY H3TOTOBICHHS OOOJIOUKOBEIX (JOPM H CTEpXKHEI.
Tomuuna 0Opasues /4 3aBUceNa OT BENHYWHBL JAABJICHWA, CTEMEHW Harpesa
MOJICNBHOM [UTUTHI, BPeMEHH BBUICP:KKU Ha IUTHTE, TOJIIHHE MpeABapHTeIbHOM
3aCBIMIKH MECYAHO-CMONTAHOI cmech TlokaszaTenieM MPOYHOCTH CUNTATH CpeHee
apudMeTHIeckoe TONYYCHHBIX pes3yibTaToB. Eciu gaHHBIE ojHOro obpasua
OTIIMYANKCH OT Cpeanero apupmeriueckoro Gonee uem Ha 10 %, To nenbitaHns
TIOBTOPSUTUCE.

Ha pucynke 1 mpeacTaBneHa 3aBUCHMOCTb NNOTHOCTH (HOPMOBOUHOI
cMecCH OT BENHYHHEL AaBiicHus. Hccnenopanne B POU3BOACTBCHHBIX YCIOBHAX
NOKa3alliH IKCMOHCHUHANBHY K 3aBUCHMOCTE TUIOTHOCTH OT GazoBoro JIABJICHHUA.
Jasnenne wsenuunnoii 0,25 Mlla no3soiseT noiydars TIOTHbIE (OPMBI,
BBUICKUBAIONHE  TPAHCIOPTHPOBKY MEXAy IeXaMH (HATIpHMEp, IIpH
nepeMerieHnn N3 GOPMOBOYHOIO YUACTKA HA Y4aCTOK 3aniBKN Bopm).

Ha pucyHke 2 mpeicTaBlicHA 3aBHCHMOCTb IIPOYHOCTH Ha H3THO OT
NPUIAragMoro CTaTHYECKOrO JABNECHUS HA CMECh. DKCHEPHMEHTHI NOKa3aiu,
YTO B MPOMBIIUIEHHBIX YCJIOBHSX, TAK %K€, KaK M B TaGopaTopHbIX, mpu 0,25-0,3
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PucyHok 1 — 3aBHCHMOCTB IJIOTHOCTH (POPMOBOYHOI CMECH OT JABICHUS
npeccoBaHus: | — B 1abOPaTOPHEIX YCIOBUSX, 2 — B TPOMBIILICHHBIX YCIOBUSIX
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MpoytocTb Ha u3rMb, o, MMa

0 0,1 0,2 03 04 0,5 0,6
[Masnenve, MlMa

PucyHok 2 — 3aBUCHMOCTb MPOYHOCTH HA U3THO OT MPHUIIAraeMoro
CTAaTHYECKOTO JIABJICHHS HA CMeCh: | — B 7a0OPATOPHEIX YCIIOBHSIX,
2 — B MPOMBIILICHHBIX YCIOBHSX

Taloke BOKHBIM MMOKasateneM ATt GOpMBI SBISIETCS OCHIMAeMocTh. E¢
ONpeAeNsid Ha TPHOOpEe UTs OMPEACTCHHS OCHIMAEMOCTH (OPMOBOUHBIX M
cTepokHeBbIX  cmecelt  moxemn 02212 (IOCT  23409.9-78).  OGpasubl
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[image: image83.png]NpeaBapUTENLHO B3BELIMBANY, 3aTEM 3arpyikand B LEeHTP 0apadaHa MalliMHbl,
KOTOpBIH Bpamand B TeueHHe 60 cexyHi. OOpasel U3BICKAIM M CHOBA
B3BELIMBANN. Pe3ynbTaThl NCNbITAHMA 00Pa3LOB, MOAYYEHHBIX MPH PA3IHUHAIX
TEXHOJIOTHUECKUX PEKIMAX, HPEICTaBICHE! B TabmuIe 1.

Tabmuua 1 — PesynsTaTsl HecIeJOBAHHS OCHITIAEMOCTH 000I04KOBOI GopMBI

Jasnenne, MIla Temneparyp , 'C OchInaemMocts, %
($opMooOpa3oBaHus |  CHEKaHUA

P,=0,25, P,=0, P:=0 250 350 4.9
P,=0,25, P,=0,35, 250 350 33
P

P,=0,25, P,=0,35, 250 350 12
P:=0,2

P,=0,25, P,=0,35, 200 350 37
P:=0,2

P,=0,25, P,=0,35, 300 350 4.1
P:=0,2

P,=0,25, P,=0,35, 250 250 37
Pi=02

P,=025, P,=0,35, 250 450 42
Pi=02

MceneaoBaHns Ha OCHINAEMOCTb MOATBEPAMH, YTO HauGonee NpouHas
[OBEPXHOCTE oOpasyeTcss Yy  OOONOYKOBEIX (JOPM, USTOTOBICHHBIX IIPH
NpeIaraeMbIX  peKMMax. BapuaTiBHOCTL JaBACHWS B 3aBUCHMOCTH  OT
M3MEHCHHs arperaTHOro COCTOAHHA CMOIBI MO3BOJISIET MONYYaTh HPOYHBIE
tdopMel. Hcrons3opaHne MOCTOSHHOTO IABNCHUA IIOBBINIACT OCHIIACMOCTBIO
BCJICACTBUC HEPABHOMEPHOCTH PACTPEAETIEHHS YACTHL NECKA U CMOITBI U GoJiee
crnabolt anresun. TeMmepaTypHbIe PEKUMBl MeHee WM GOIee ONMpENCIeHHBIX
NPUBOAST K DPA3yNPOUHEHMIO  BCNEGACTBME  JMGO  HEAOCTATOUHOI
PACINIABIAEMOCTY CMOJIBL, IGO0 K e€ YacTHYHOTO BhITopaHus. [Ipy 3ToM Takke
MOKHO CAENATH BBIBOA, UTO PEXKHUMBbI AABICHHS B GOMIBLLEH CTEMSHH OKA3bIBAIOT
BJIMSHME HA IIPOYHOCTH OOGONOYKOBOH (QOPMBI, 4YEM HCMONB3OBAHHEIE
AMANA30Hbl TEMTICPATYPHBIX PEIKHMOB,

DKCIIepUMEHTANBHO YCTAHOBICHO, YTO HCIIONB30BAHHE BApHATHBHOTO
NABNCHUS B MPON3BOACTBEHHBIX YCTOBHAX MONOXKUTENLHO CKA3bIBACTCS HA
KadecTBE MOBEPXHOCTH OTIMBKY. DopMHUpYIOMAscS MPH 3TOM IIOBEPXHOCTH
dbopmbl nonyuaercs HanGonee POBHOI, Tak Kak MOTPYKEHHE MOBEPXHOCTHONO
CII0S IIecKa JJOCTUTaeT Ipast pacilaBliecHHON cMOJIBI H TeM caMbIM (OPMEPYIOTCS
J0CTAaTOYHO IMIAJKUE YHACTKH.

Ha OCHOBE NpPOBEACHHBIX MPOMBILIICHHBIX WCMLITAHWA OnpeaeneHa
OKOHHATEIbHAA TEXHOJNOTHYECKas KapTa.
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AnHotamust:  IlomoGpaH  cOCTaB  OCHOBHBIX M BCIIOMOTaTENIBHBIX
COCTABJDIIONTUX TIECYAHO-CMOJAHOM CMECH ¢ TOUKH 3peHHs 00ecHeueHHs BHICOKOH
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OJIHOBPEMEHHO C 3aCHINKOH NECYaHO-CMONAHOM CMECH Ha HArpeTyro ao 230-250 'c
MOJENBHYI0 IUTHTY MOCPEACTBOM IUTHTHL, BMOHTHPOBAaHHOH B OyHKEp, Ha CMeECh
nopasamm fgasiaeHue 0,25 MITa. Cmycts 10 cexyHA AaBneHHe mobimamH ao 0,35
MIIa. A ewe uepe3 10 cexyna gaBnenue cmkaercs g0 0,2 MlTa.

KunueBnsle ¢/1oBa: 060104Ka, TYJIEBEPOAKEITHT, IECOK, OTIMBKH, IPOYHOCTE

Kulikov V. Yu., Professor, Kovaleva T.V., doctoral student,
Karaganda State Technical University,Karaganda, Kazakhstan
Eremin E.N., Professor
Omsk State Technical University, Omsk, Russia

SAND-RESIN MIXTURE COMPOSITION FORMULATION
DURING PRODUCTION OF SHELL MOLDS FOR CASTING OF
PARTS OF AGRO-INDUSTRIAL COMPLEX

Abstract: The composition of the main and auxiliary components of the sand-
resin mixture is selected in terms of high strength and gas permeability and low
roughness of the molds. A feature of the technological mode is the use of variable
pressure: at the same time as the sand-resin mixture is filled on the model plate
heated to 230-250 °C by means of the plate mounted in the bin, the mixture was
pressurized with 0.25 MPa. After 10 seconds, the pressure was raised to 0.35 MPa.
And after 10 seconds the pressure is reduced to 0.2 MPa.

Keywords: shell, pulverbakelite, sand, castings, strength

TMecuaHo-cMONAHBIE  JHTeliHble  GOpPMBI  O0ECHEUMBAIOT — MONMydYeHHE
KaYeCTBCHHBIX  OTIHMBOK  JeTaiell, HOTpeOIseMBIX B TOM  4HCIE H
arpoNpOMBLUIEHHBIM ~ KOMIUIEKCOM [1-5]. OCHOBHBIMH KOMIOHEHTAMH CMECH
SIBJIAIOTCS KBAPLEBHIH TECOK M cBa3yiomee — nynabBepOakenut [6-7]. HaubGonee
PacmpoCTpaHEHHBIM sABNAeTCA MyabBepOakemut Mapkn C®D-011. Kpome Toro, B
COCTAB CMECH BXOIAT KEPOCHH H PACTBOPHTENb (TexHwdeckuii cmupt) [8-10]. B
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[image: image89.png]CEepUN  DKCMEPHMEHTOB  onpeaenann  Hanbonee uenecoo0pasHOE NpUMEHEHHe
peuentypsl coctasa cmech (Tabnunua 1).

Tabnnua 1 — Ucnonb30BaHHbIC B MCCNEAOBAHUSIX COCTABbI CMECH

HaumeHoRaHHE KOMIIOHEHTA TTponenTHOE CosepkKaHUE B cMecH, Y%
Keapuessblii necok mapkn 1K0315 0-100

Keapuebiii mecok mapku 1K0315 0-100
Mynbeepbakenur CO-011A 1-8 (cBepx 100%)

Kepocun 0-1 (cBepx 100%)
YalT-ciupur 1-5 (cepx 100%)

bophas kucnora 0-0,5 (ceepx 100%)

B CEPHNU IKCMEPHMEHTOB ONPEALTIANN BIUAHNE COACPIKAHNA nyanep6aKenwra
Ha MEXaHH9ECKUE H TEXHOTOTHYECKUE CBOMCTBA cMecH. TeXHOMOTHIECKHIT TIPOIiecc,
panee onpeaeneHHblii [11-15], BbIrNAANT Tak: nocae mnpouecca CMELHNBaHus
KOMIOHEHTOB (OPMOBOYHOI ITECUaHO-CMOJLTHON CMECH, OHA 3achlacIcs B OyHKEp
(opmoBouHoii  mawmnbl. [locne ocylecTeaserca nepesopaunanne OyHkepa,
HAMONHEHHOTO ~ CMECBHI0 HAa  MOJCNBHYH IUIHTY € MOJENAMH  OTJIHBOK,
IPeIBapHTENBHO HArpeTyio Ao 230 “C. BMecTe ¢ TeM, 0HOBPEMEHHO MOCPENCTROM
NANTLL, BMOHTHPOBAHHOH B OyHKep, HA cmech noaasanu aasneune 0,25 Mlla.
Coyctsa 10 cexynn napnenue moppimamy o 0,35 MIla. A emie yepe3 10 cexyHn
naenexue cripkaerca Ao 0,2 MIa. B pe3synbtate TakuX TEXHONOTMUECKNX PEHKNMOB
topmupyercst obonouka TonmmHoi 10-12 mM. Tlocne CHATHSA ¢ MOACTHHOMN IUIHTHI,
ofonouka cnekanack npu Temneparype 320-340 °C B Teuenne 2 MuHyT.

Hccnenopain  3aBHCHMOCTH IIPOYHOCTH U [A3OMPOHHIACMOCTH II€CHAHO-
cMongHol Gopmbl OT KOHUEHTpauuK nyabBepdakennTa B cmecH (Tabniua 2), 4ro no
JaHHOM TEXHOJIOTHH COJACpKaHHE CBBIMIC 4-5 MpOLEHTOB clabo BIUACT Ha
YBENHYEHHE  MPOYHOCTH.  [a30MpPOHHUAEMOCTE ke  OCTaéTes B Mpesenax
TEXHOJTOTHIECKH HEOOXO0AHMOM IIPH BCEX HCMOMB30BAHHBIX KOHIIEHTPALIMAX CMOJBL.

Tabmuma 2 - BimssHue cofepxkaHus CBA3YIOIIETO Ha TIPOYHOCTE H
Ta30IPOHHIIAEMOCTE
Coaepxanne [poynocTs Ha cxxaTue, [a30npoOHHLIAEMOCTD,

nyneBepbakennTa, % Mlla e

3 10,9 158

4 13,9 144

5 143 133

6 14,7 126

7 14,9 119

OueBHAHO, YTO JUIS  JOCTHXKCHHSA  HEOOXOMMMEBIX  TEXHOJIOTHUSCKHX
nokasaresnei cmecu npu HCNONB30BAHHON TEXHONIOTMH 10CTATOYHO HCNOJTL30BaTh 4-
5% CBA3YHIOILECTO. OYeBHAHO, 9TO UCIIONIB3YA B CMECH MCHBIIEC COICPKaHUE
CBA3YIOLLETrO, AAre3ud U KOre3nus €cC COCTABIAWNX HEAOCTATOUYHO BEJIMKA AU TOTO,
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[image: image90.png]4TOOBl BBLAEPKATH 3aMBKY (OPMBI pacinaBoM. bBosee BEICOKOE K& cOmepKaHHE
HELEIecoo0pasHo, TaK KaK TEXHOIOTHUYSCKUE MOKa3aTeIH GopMBI He MOBBILIAKTCS, &
CTOMMOCTh Takolf (opMbl OyayT Bo3pactare. CoaepikaHue NynbBeplakenuTa e
cBble 7-8 % OyOeT NPUBOAUTE K 0OPAa30BAHUIO M3OBITOYHON JKUAKOH asel U
IPOHHOCTH CUCTEMBI HPH 3TOM OYIyT CHIDKATBCSL.

Hanbonee nenecoobpasHEIM ONpPEEICHO HCIOIB30BAHNE KBAPLEBBIX MECKOB
pasHBIX (paxnmit (Tabmamma 3). Bonbimas ¢paxima — 70%, MeHbmas — 30 %.
Ornpenensiy BIHAHAE KOHIEHTpayH $pakimit mecka (1K0315 u 1K02) B cmecu Ha
XAPaKTePHCTHKM IPOYHOCTH M TA30HPOHHLIASMOCTH. 37ech  KOHICHTpALUs
cBs3ytowero (mynpsepdakenut) — 4,5 %. ONTUMaNbHOE COOTHOIUCHHE, OUEBHIHO
CB3aHO ¢ HamOonee MUIOTHON YMAKOBKOH YAcTHIl MECKa M HAUOOMBIUMM YHCIOM
KOHTAaKTOB B TAaHHOH yKiazke. ITIpH 3TOM razonpoHHIAEeMOCTh OCTAaeTCsa B Npeaenax
TEXHOJIOTHYECKH HEOOXOIMMBIX ToKa3zaTeneit (nopanka 100 equHuL). 3TO CBA3aHO B
LEJIOM € TeM, YTO IeCHaHO-CMOJIIHASL CMech, VIUIOTHEHHAS ¢ TIOMOIIBI0 A0CTATOUHO
XOPOIIO M PABHOMEPHO CHOCOOHA NPOIMYCKATE T3kl

Tabmuna 3 — 3aBHCHMOCTE IPOYHOCTH U TA30NPOHALAEMOCTH 0G0JIOUKE OT
COOTHOIIEHH (ppakIinii mecka

CoOTHOIIEHHE IIpouHOCTE Ha CKaTHe, T"azonpoHULAEMOCTE,
opakuuii 1K0315 u MITa en.
1K02 B cMecH
100:0 12,5 148
30:70 11,9 111
50:50 13,3 118
70:30 14,6 129
0:100 10,7 102

Takke MCCIeIOBAH  KOJNHMYECTBEHHOE CONCPKAHIE KEPOCHHA B CMECH
(tabmuua 4). M3BecTHO, YTO HA3HAYEHHE KEPOCHHA — YMEHBIIEHHE NPUIUNAEMOCTH
KOMIIOHEHTOB CMECH K TIOBEPXHOCTH MOJeNell 1 MoAebHOM IUTEL. COCTaB CMECH B
3THX 3KCTIEpUMEHTaX ObUT cleAyromuii: kpapueprli necok 1K315 — 70%; xpapuesbrii
necok 1K02 — 30%; nymeepbakenut — 4,5 % (coime 100%), xepocun — 0-1 %
(cBeinze 100%).

Tabmuna 4 — BausHue colepkaHud KEPOCHHA Ha MPOYHOCTh, FA30MPOHULIAEMOCTE H
IIEPOXOBATOCT

ConeprkaHue IIpounocte HAa | ["azonpoHuUaeMocTs, | [lepoxoBaToCTh
KepocuHa,% cxarue, MIa e DOPMEL, MKM
0 14,5 132 165
02 14,6 130 106
04 14,7 128 96
0.6 14,5 122 95
08 13,8 115 95
1,0 13,0 106 94
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[image: image91.png]HanGonee nonosunTenbHYo AWHAMUKY MOKA3BIBAET COACPIKAHME KEPOCHUHA
0,2-0,4 %. Bonbwige coaepKaHue NPUBOANT K MOBBLILIEHHOMY a3000pa30BaHHIO,
MEHbIIEE — MPHBOJUT K TIOBBIICHHIO TIPHIMNAEMOCTH H, COOTBETCTBEHHO,
NOBCPXHOCTH (l)Oprl npu €€ Cbeme ¢ MOﬂCJ’IbHOﬁ NJINTbl, CTAHOBHUTCA 3HAYNTEC/ILHO
Gomee HepoBHOH. IIpH 9TOM 3HAUMTENBHOTO BIHAHHA HA TNPOYHOCTH H
ra3onpoHULIAEMOCTbL KEPOCHH HE OKA3bIBACT.

Takoke B KauecTBe YBIAKHUTENS HCTIONB30BATH yalT-cruput. HccneaoBanus
NOKa3anu, uTo Uenecoo0pasHo Wcnonb3osaTh 2-3 % yenaxuutena. TTpesbilieHne
JIAHHOTO MOKA3aTeslsd MPHUBO/MT K PasyNPOUHEHHIO H TIPH 3AMBKE K MOBHIICHHOMY
ra3oo0pa3oBaHuio, a 0ONee HU3KOE €ro COAEPKAHNE CHOCOOCTBYET 3aMONHCHHUIO
TIBLIEBHAHON (DpakiMK TIecKa TPOCTPAHCTBA MEKIY YACTHIIAMHM IeCKa H CMOJBL H,
CNIGAOBATENBHO, 3HAUNTENLHO YXYAILALD rA30MPOHHUAEMOCTD, YTO B KOHEUHOM HTOre
Taloke MPHBOAMT K ra3oBol mHopucTocTH B omiuBKax. I1lepoXoBaTocTh TakkKe B
YKa3aHHBIX ~TIpfieNiaX — COMCPKAHHA  YBIAKHHTENA  yoydmaerca. Mensbinee
KOJIHUCCTBO yaﬁT-cnupuTa NPHABOANT K HANTHYMKO HA NPUITPAHUYHOM K OTIIUBKE CNOC
(OpMBI MOBBINEHHOTO COAEP/KAHHS TOHKOAMCTIEPCHOH (paKimu mecka, 60NbIIoe JKe
KOJUYECTBO NPHUBOANT K MOBBILLCHHOMY rasooGpasosaHmo U BO3HMKHOBCHUK Ha
TIOBEPXHOCTH OTJIHBKH BCIIEACTBHE 3TOTO HEPOBHOCTEHA.

Taxnum 00pazom, Hanbonee ONTHMANLHBIM COCTABOM A1 (JOPMOOOPA30BaHUs C
HCIOJIL30BAHHEM BAPHATHBHOTO JAB/ICHHUA TIPH3HAH clieyrommii: KpapueBslii necok
mapkn 1K0315 — 70 %; xsapuesbiii necok mapkn 1K02 — 30 %; nynbeepbakennt
CO-011A - 4,5 (ceeiie 100%); kepocud - 0,2-0,4 (cepime 100%); yalit-cnupurt - 2-3
(cBbiwwe 100%).

JlaHHBIE McCIETOBAHNS MPOBEACHH B paMKax peausaliy rpanta Komurera
Haykn MOH PK AP05130026 «Pa3pa0oTka W BHEAPEHHE MPOW3BOACTBA MECUAHO-
CMOJIHEIX (hOPM TPH HECTAIIMOHAPHOM JABICHHH C NIENBIO YIyulleHHs KauecTBa
TOTOBO#H TIPOIYKITHID.
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APPENDIX D

Testing act at the Parkhomenko KMZ LLP
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"KMZ them. Parkhomenko "

Surina V.V.

_________________

"___" ______ 2020

ACT OF TEST

This act is drawn up in the fact that on the industrial base of LLP "KMZ im. Parkhomenko ”, industrial melting of the“ Kryshka ”castings into sand-resin molds, made according to the tested technology, were carried out.

The purpose of the test was to manufacture castings in experimental shell molds.

The technological process for the manufacture of sand-resin molds was as follows. Components of the following composition were mixed in the mixer for 1 hour: quartz sand of fraction 1K0315A - 70%; quartz sand of fraction 1K02A - 30%; pulverized bakelite brand SF-011A - 4.5% (over 100%); kerosene - 0.3% (over 100%); white spirit - 2% (over 100%). After mixing, the mixture was poured into the hopper of the molding machine. After that, the hopper with the mixture was overturned onto a model plate heated to 230 ° C with models of the "Cover" part. At the same time, a pressure of 0.25 MPa was supplied through the plate in the hopper. After 10-12 seconds, the pressure was reduced to 0.35 MPa. And after another 10-12 seconds, the pressure was reduced to 0.2 MPa. The resulting molds were sintered in an oven for 2 minutes at a temperature of 330-340 ° C.

The manufactured forms had a gas permeability of 115-125 units, a hardness of 118-125 units, a flexural strength of 12.9-13.4 MPa, and a compressive strength of 4.6-4.8 MPa.

Further, a batch of "Cap" parts from steel grade 35L was cast into shell molds. Visual inspection showed that the castings had no surface defects, the surface roughness of the castings was Rz 90-110.

The act was tested within the framework of the agreement between KSTU and KN MES RK No. 198-6 dated March 16, 2018 on the topic "Development and implementation of the production of sand-resin molds under non-stationary pressure in order to improve the quality of finished products."

Commission consisting of:

From LLP "KMZ im. Parkhomenko "

Technical Director Yu.I. Bulgakov

Leading designer S.A. Kuripko

From KSTU

The first vice-rector A.Z. Isagulov

Project manager V.Yu. Kulikov

Professor of the Department of STM St. S. Kwon
APPENDIX E
Technological flow chart
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Technological flow chart
	Casting sand-resin mold
	

	Parkhomenko KMZ LLP
	Technological flow chart 

No. 0112/1

	Field of use: casting molds for manufacturing ferrous and non-ferrous alloys castings
	Component name
	Percent content in the mixture, %
	Component name
	Percent content in the mixture,, %

	
	
	
	Large fraction quartz sand
	70
	Kerosene
	0.2-0.4 

(over 100%)

	
	
	
	Fine fraction quartz sand
	30
	White spirit
	2-3 

(over 100%) 

	
	
	
	Pulverbakelite
	        4.5 

(over 100%)
	Boric acid
	0-0.2 

(over 100%)

	Initial materials
	Basic: quartz sand of different fractions, thermoactive resin
	Additives: kerosene, white spirit, boric acid
	Parting mixture: silicon, utility soap

	Equipment
	Molding machine 
	Heated facilities
	Mixing rollers
	Dryer

	Preliminary operations
	Sand drying at t=30-50 0С (if needed)
	Mixing within 1.5-2 hours
	Covering the match board surface with the parting compound

	Compositions per 100 kg
	Quartz sand grade 1К0315
	Quartz sand grade 1К0315
	Pulverbakelite SF-011А
	Kerosene
	White spirit
	Boric acid
	

	Concentration, kg
	68-70
	30-32
	4-4,5 

(over 100%)
	0,2-0,4

(over 100%)
	2-3

(over 100%)
	0-0,2

(over 100%)
	

	Parting compound
	Water 100 %
	Utility soap – 3-4 % (over 100 %)
	Silicon – 8-10 % (over 100 %)

	Basic technological operations
	Mounting matching-boxing facilities on the molding machine

	Facilities heating (match board) to 250 0С
	Pouring the sand-resin mixture to the facilities
	Applying the basic pressure on the mixture 0.25 МPа

	Keeping under pressure within 10-12 sec
	Increasing pressure to 0.35 МPа
	Keeping under pressure within 8-10 sec
	Decreasing pressure to 0.2 МPа

	Half-mold sintering at the temperature 350 0С
	Keeping in the furnace within 80-120 sec
	Removing half-mold from the match board

	Combining half-molds with clamps or gluing with resin
	Assembling finished molds, pouring the space between the molds with spilled sand

	Developers:
	CTS, professor Kulikov V.Yu.
	Signature____________
__________________
	
	


APPENDIX F
Implementing act at the Parkhomenko KMZ LLP
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AKT BHEJAPEHUSI
B [IPOM3BOICTBEHHBIH NpoLiecc
pe3yabTaToB rpaHToBoro npoekra NeAP0513026 «Pa3paGotka U BHenpeHue
MPOU3BO/ICTBA NECYAHO-CMOSHBIX (hOPM NMPH HECTALHOHAPHOM JaBIICHHH C
LEJIBIO YITy4IlIeHHs Ka4eCcTBa FOTOBOM MPOLYKLIHKY

Hacrosimmi  akT cocTaBleH B TOM, YTO pe3ylnbTaThl HCCIeIOBaHM,
BBINOJIHEHHBIE B paMKax rpaHtoBoro npoekta NeAP0513026 «PaspaGotka u
BHEJIPEHHE MPOM3BOJACTBA I€CYAHO-CMONSHBIX (OPM MPH  HECTALHMOHAPHOM
NaBIEHUH C LEJIBIO YIyUIIeHHs] Ka4eCTBA FOTOBOH IPOAYKLIMI, BBITOIHEHHOTO B
KaparannHckoM rocyaapcTBeHHOM —TexHu4eckoMm yHuBepcutere (Kap['TV),
ucnonesytores Ha TOO «KM3 um. [lapxomenko» (r. Kaparanma) npu
M3rOTOBJEHMH  JMTEHHBIX  (OpPM B COOTBETCTBUM ¢  pa3paboTaHHOI
TEXHOJIOTMYECKOH KapToii.

Bompoc  ucronb3oBaHHS — TEXHONOrMM OblL1  PacCMOTPEH UM pelueH
MOJIOKUTENEHO Ha HAY4YHO-TEXHUYECKOM COBETE MPEAPUSITHS.

Pexomennauumu 1o coctaBy  (DOPMOBOYHOH  CMeCH M peKHMam
(bopmoobpazosanus BOCTpeOOBaHBI M IOKas3alM CBOIWO I(PGEKTHBHOCTb IpU
IPOM3BOACTBE 000NOUKOBBIX (GOPM (CHHKEHHE KONHYECTBA CBS3YIOLIETO B CMECH
NpH COXPaHEHHWM TEXHOJIOTHYECKHX MapaMeTpoB (OPMBI, a TaAKXKe CHUKEHHE
11EPOXOBATOCTH OTJIMBOK, MOTYYeHHbIX B (JOpMax ¢ MpHMeHeHHe BapHaTHBHOIO

JlaBJICHHS).
J/b//g 10.U. Byarakos

I1aBHBIH KOHCTPYKTOP Cmf— C.A. Kypunko

TexHu4ecknii AMPeKTOP G





APPROVED

Director of 

the Parkhomenko KMZ LLP
______________V.V. Surina
_________ ____, 20__ 

ACT OF IMPLEMENTATION 
in the production process of the results of grant project 

No. АР0513026 “DEVELOPING AND IMPLEMENTING RESIN-BONDED SAND MOLDS PRODUCTION UNDER NON-STATIONARY PRESSURE FOR IMPROVING THE FINISHED PRODUCTS QUALITY”
This act is to certify the fact that the results of research carried out within the framework of the grant project No. AP0513026 DEVELOPING AND IMPLEMENTING RESIN-BONDED SAND MOLDS PRODUCTION UNDER NON-STATIONARY PRESSURE FOR IMPROVING THE FINISHED PRODUCTS QUALITY carried out at NJSC Karaganda Technical University" (NJSC "Kartu), are used at the Parkhomenko KMZ LLP (Karaganda) in manufacturing casting molds in accordance with the developed technological flow chart.

The issue of using the technology was considered and resolved positively at the scientific and technical council of the enterprise.

Recommendations on the composition of the molding sand and shaping modes are in demand and have shown their effectiveness in the production of shell molds (reducing the amount of binder in the mixture while maintaining the technological parameters of the mold, as well as reducing the roughness of castings obtained in molds using variable pressure).
Technical director




Yu.I. Bulgakov  

Chief designer




          S.A. Kuripko
APPENDIX G
Figures that have not been included in the Report
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