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CREATION OF DAMPING ALLOYS
WITH OPTIMUM PHYSICAL-MECHANICAL PROPERTIES
FOR GEOLOGICAL EXPLORATION EQUIPMENT PARTS

Abstract. One of the effective methods of reducing noise is to quench it at the source of occurrence. Such
methods include replacement of percussion mechanisms with without impact ones, replacement of gears with
V-belts, etc. The most acceptable method of reducing noise at the source of occurrence is the use of damping
materials. Non-metals (plastics, wood, polyethylene, etc.), non-ferrous metals can be used. However, the most
relevant to reduce noise at the source of occurrence in geo-exploration production is the use of iron-based damping
metallic materials. In this work, the task was to assess the acoustic and vibration characteristics of standard steels
I5XTH2TA, 15X2H2TA, 15X2TH2TPA, 20XTHTP, 25X2I'HTA, which are used to manufacture parts of geo-
exploration equipment, new damping alloys GGR-1, GGR-2, GGR-3. The choice of the chemical compound of the
GGR-1 alloy made it possible to obtain an anti-vibration damping alloy having a quenching martensite structure. It is
recommended to use it for exploration equipment parts (drilling rigs, drill rod, drilling blade, adapters for drilling
head, drill pipe, etc.).

Keywords: noise, vibration, damping, geological exploration, mechanical properties, acoustic and vibration
characteristics, chemical compound, equipment, experimental alloys.

Introduction. The noise of impact origin is the most common and harmful industrial factor of
industry.

One of the high-performance and efficient production is geological exploration production. The
equipment for geological exploration production is characterized by intense vibration and increased
radiated noise (drilling rigs, drill rod, drilling blade, adapters to the drill head, drilling pipe, etc.). Indu-
strial noise and sound vibration worsen working conditions, negatively affect the health of workers.
Intense vibration is the cause of damage to the structures of machines and mechanisms and reducing their
service life. All these problems pose to designers and technologists the task of reducing the parameters of
noise and vibration.

Frequently, geological explosive production is dominated by percussion and final noise, characterized
as the most harmful to workers health. At short impulses the likelihood of hearing loss increases.

Very often, intense noise is emitted by parts made of 15XIT'H2TA, 15X2H2TA, 15X2T'H2TPA,
20XTHTP, 25 X2I'HTA steels (standard steels) (gear wheels, gear rims, connecting rods, shaped castings
and other parts of geological explosive equipment) [1, 13].

One of the effective methods of reducing noise is to quench it at the source of occurrence. Such
methods include replacement of percussion mechanisms with without impact ones, replacement of gears
with V-belts, etc. The most acceptable method of reducing noise at the source of occurrence is the use of
damping materials. Non-metals (plastics, wood, polyethylene, etc.), non-ferrous metals can be used.

However, the most relevant to reduce noise at the source of occurrence in geo-exploration production
is the use of iron-based damping metallic materials.
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The aim of the work is the development and research of new grades of damping steels for castings,
reducing the noise of impact origin, generated in parts and assemblies during the operation of geological
prospecting equipment.

Research objectives:

- to evaluate the vibration and physical-mechanical properties of well-known steels (15XITH2TA,
15X2H2TA, 15X2I'H2TPA, 20XT'HTP, 25 X2I'HTA) used for parts subjected to shock loads;

- to develop new alloys for parts subjected to shock loads, differing in chemical composition, but not
inferior in terms of mechanical and technological characteristics to known standard grades of alloyed
steels.

As an object, both standard and newly smelted alloys were considered. The purpose of these steels is
given in table 1. Table 2 presents the chemical compounds of the investigated steels. The acoustic charac-
teristics (sound level, level of sound pressure) and vibration (vibration acceleration level, overall vibration
acceleration level) characteristics of the alloys were investigated.

For the study, standard alloy steels were selected for castings of grades 15XI'H2TA, 15X2H2TA,
I5X2T'H2TPA, 20XTHTP, 25 X2I'HTA and melted alloyed alloys GGR-1, GGR-2 and GGR-3, whose
mechanical characteristics are shown in table 3.

In this work, the task was to assess the acoustic and vibration characteristics of standard steels
I5XTH2TA, 15X2H2TA, 15X2I'H2TPA, 20XTHTP, 25X2I'HTA, which are used to manufacture parts of
geo-exploration equipment, new damping alloys GGR-1, GGR-2, GGR-3.

Standard alloyed casting steels 15XTH2TA, 15X2H2TA, 15X2I'H2TPA, 20XTHTP, 25 X2I'HTA in
the form of a plate were investigated.

The damping ability of metallic materials is characterized by a combination of vibration and physical-
mechanical characteristics, such as vibration acceleration level, internal friction, electrical resistivity,
density, shear modulus, Young's modulus and a number of metallographic features. In the present study, a
series of experiments were aimed at establishing patterns that determine the relationship of structurally
sensitive factors and microstructure with the optimization parameter — the level of vibration acceleration
of low-alloy structural steels, the composition of which was specified by the experiment planning matrix.

Experimental alloys were smelted in a crucible induction furnace with a capacity of 12 kg with the
main lining. The source material was sheet metal of steel 10. Doping was carried out with 97,6% metallic
manganese, 77,5% FeSi and 99,98% metallic nickel. Carbonaceous additive served as synthetic cast iron
with a carbon content of 3,9%. Steel was cast into a metal mold with dimensions of 210x115x115 mm.

Samples before forging were heated in a laboratory oven to a temperature of 1200 °C with a holding
time¢ of 1 hour. Ingots were forged using a forged hammer to stripes with final dimensions of
700x90x10 (12) mm. After each pass, the strips were placed in an oven to achieve a temperature of
1200 °C.

One of the objectives of this work is the development of new damping metallic materials based on
iron. In this regard, by adding alloying elements to the chemical compound of standard steel grades, new
alloys with enhanced damping properties were obtained. The principles of alloying of alloys in the work
are based on the study of the phase diagrams of Fe — C, Fe — Si, Fe — Mn, Fe — Cr, Fe — La, Fe — Ca,
Fe — V, Fe — Ni. State diagrams determine in equilibrium the phase composition of the alloy depending on
the temperature and concentration of the components and allow qualitatively characterizing many
physical-chemical, mechanical and technological properties of the alloys.

Casting was made in the chill mold. Casting in the chill mold compared with the sand form has
several advantages: the relative durability of the form and accelerated cooling of the casting in it, a sharp
reduction or almost complete elimination of the consumption of molding materials; an increase in the
removal from the molding site by 2-6 times, an increase in labor productivity by 1.5-6 times, a decrease in
surface roughness, an increase in the accuracy of castings, an increase in the density of castings, a
reduction in profit margins and often even their elimination [15].

Based on the analysis of installations for the study of vibration (level of vibration acceleration, total
level of vibration acceleration) properties of the alloys, the device “KazNTU” -2 was selected for a com-
prehensive study of the vibration properties of plate steel samples [6] (figure 1).
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Table 1 — Purpose and general characteristics of standard steels [7]

Steel Purpose
15XTH2TA Disks, sprockets, gears, connecting rods, crosses, forks, fingers, gears, shafts, cam couplings, covers and
15X2T'H2TA | other parts of geological exploration techniques.
15X2TH2TPA
20XTHTP Responsible details of exploration equipment, gears, crosses, levers, etc.
25 X2T'HTA
Table 2 — The chemical compound of the investigated steels
Chemical compound, %
Mark of steels, g P
alloys ¢ Si Mn Cr Ni Ti Fe
no more
15XT'H2TA 00,13-0,18 00,17-0,37 | 10,7-1,0 | <0,7-1,0 - - 0,035 | 00,035 The rest
20XTHTP 00,18-0,24 00,17-0,37 | 10,8-1,1 | <0,4-0,7 - - 0,035 | 00,035 The rest
GGR-1 00,2 00,2 00,8 11,0 00,35 | 00,15 | 0,045 00,04 The rest
GGR-2 00,3 00,3 00,75 11,0 00,45 | 00,18 | 0,045 00,04 The rest
GGR-3 ,0,3 00,3 11,0 11,0 00,55 | 00,20 | 0,045 00,04 The rest
Table 3 — The mechanical properties of the investigated steels
i < 6., MPa
No Mark of steel s, Impact stren%th KCU, % >
Jem
not less
1 15XTH2TA 1330 127 11,5 59,5 1180
2 20XTHTP 1200 80 9 50 1000
3 15X2TH2TA 1380 127 12 58 1190
4 15X2TH2TPA 1320 120 14 62 1190
5 GGR-1 1400 140 13 25 1300
6 GGR-2 1350 145 14 30 1250
7 GGR-3 1400 140 12 35 1320

The installation works as follows. The ball-drummer 6 was installed on an inclined plane 5. The ball-
drummer 6 rolls down from the inclined plane 5 and makes a free fall into the geometric center of the plate
sample 3. The ball-drummer 6 rebounds from it and enters the receiver of the balls 11. The noise from the
impact of the striker ball 6 and sample 3 is recorded by the OCTAVE-101A sound level meter 12. Sample
(plate) 3, oscillating in the interweaving of nylon yarns 1 creates a vibration, which is estimated by the
device model "Bruel & Kjer" model 22048. The tension of the sample nylon threads 1 is always constant,
since the load 10 controls this tension. The height of the fall of the ball can be changed using the screw
mounting rack drummer 15. The entire system of mounting the sample 3 and the ball-striker 6 is installed
on the frame 2, which with the help of the uprights 13 is located at a certain height above the floor.

In the measurements, steel (ILIX15) impact balls of the following diameters were used: 9,5 mm; 12,7 mm;
15,2 mm; 15,8 mm and 18,3 mm (mass of balls, shock, respectively: 2,5 g: 5g; 9 g and 25 g).

At the installation, steel lamellar (50x50x5 mm) specimens were examined.

The vibration acceleration levels were measured in the range of 31,5-31500 Hz, the total vibration
acceleration level - according to the "Lin" characteristic.

The mass of the ball, the density of the sample, the distance from the point of impact to the sample,
the thickness of the sample are interrelated according to [8]:

m{46-p-1-h’, (1)

where m — mass of lamellar-sample, g; p — density of material lamellar-sample, g/cm’; / — distance from
impact point to nearest edge of sample plate, cm; /s — thickness of material lamellar-sample, cm.
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Figure 1 — Device "KazNTU-2" for the study of the vibration properties of solid plate (lamellar) samples [0, 18]:
1 — nylon thread; 2 — frame; 3 — lamellar (50x50x5 mm) sample; 4 — frame stand; 5 — inclined plane; 6 — ball-drummer;
7 — Vibration sensor of “Bruel&Kjer” vibrometer model 2204; 8 — vibrometer “Bruel&Kjer” model 2204;
9 —oscilloscope C-18; 10 —load; 11 — ball receiver; 12 — noisemeter “OCTAVE -101A™; 13 — frame stands;
14 — microphone of noise meter “OCTAVE -101A™; 15 — fastening pin rack screw

The correction for the change in the vibration signal from atmospheric pressure was carried out using
a pistonphone of the brand PF-101. The air temperature and humidity in the laboratory were kept constant.
Vibration measurements were found as the average of five measurements.

We also carried out mathematical processing of the experimental results and the determination of
confidence intervals in accordance with the method [9]. Before starting, the adjustment of the measuring
path was carried out by checking the sound pressure levels of the reference sample.

Vibration characteristics of the investigated standard steels 15XITH2TA, 20XTHTP, 15X2I'H2TA
and new damping alloys GGR-1, GGR-2 and GGR-3 are presented in tables 4, 5 and in figures 2, 3.

Table 4 presents the vibration characteristics of the samples (plates with size 50x50x5 mm) from
standard steel 15XTH2TA, 20XTHTP, 15X2I'H2TA, I5XTH2TPA after collision with impact balls with
diameters d = 9,5 mm, d = 12,7 mm, d = 15,5 mm and d = 18,3 mm of steel I1IX15.

The nature of vibration acceleration levels (VAL) of standard steel 15XTH2TA, 20XT'HTP,
I15X2T'H2TA, 15X2I'H2TPA has the following features:

- vibration acceleration levels of the samples studied vary in the range of 61-128 dB;

- maximums of vibration acceleration levels are observed at frequencies of 31,5 Hz, 63 Hz and 125 Hz;

- minimum levels of vibration accelerations of samples are typical for frequencies of 250-31500 Hz
(61-68 dB);

- maximum values of the vibration accelerations of the compared samples are characteristic in
collisions with a hammer-ball with a diameter of d = 18,3 mm;

- minimum values of the vibration acceleration levels of the compared samples are typical in colli-
sions with impact balls with diameters d = 9,5 mm and d = 15,2 mm;

- maximum levels of vibration acceleration according to the “Lin” characteristic for samples
I5XTH2TA, 20XTHTP, 15X2IT'H2TA, 15X2I'H2TPA are observed during collision with impact balls
with diameters d = 12,7 mm and d = 18,3 mm (125-129 dB).

In the study of the sound emission characteristics of alloys, amplitude-dependent damping of vibra-
tion acceleration was found. Amplitude-dependent damping of vibration acceleration (ADDV) consists in
the fact that when a ball striking a larger mass hits a sample, it generates a level of vibration acceleration
of a smaller value than when a ball striking a smaller mass collides.
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Table 4 — Vibration characteristics of standard steels (plates 50x50x5 mm) after casting

Mark Diameter of Vibration acceleration levels, dB, in octave bands with geometric average
of steel ball-drummer, frequencies, Hz T\ggL’
d, mm 31,5| 63 125 | 250|500 | 1000 | 2000 | 4000 | 8000 | 16000 | 31500
9.5 85 | 104 8 | 65| 64 | 63 61 64 65 70 68 105
12,7 90 | 106 88 | 68 | 69 | 65 65 63 68 69 70 107
15XTH2TA
15,2 88 | 106 90 | 67| 75 | 68 67 62 67 68 71 108
18,3 91 | 109 8 | 68| 77 | 69 68 63 68 69 72 110
9.5 91 | 108 8 | 71| 75 | 68 65 64 61 62 72 110
12,7 91 | 114 8 | 73|76 | 69 69 65 62 64 77 115
20XTHTP
15,2 93 | 116 8 | 75| 77| 70 70 66 64 68 78 118
183 94 | 122 & | 8| 75| 72 72 67 68 70 80 124
9.5 88 | 104 | 78 | 62| 69 | 70 62 67 66 65 64 106
12,7 85 | 109 8 | 72| 71 | 69 66 68 67 64 66 110
15X2H2TA
15,2 8 [ 117 | 91 |66 | 74 | 65 68 68 69 66 68 118
183 90 | 120 9 | 67| 73| 64 69 70 70 66 71 122
9.5 91 [ 117 | 92 |70 | 66 | 71 60 62 66 71 72 118
12,7 97 | 122 9 | 71| 72| 68 64 69 67 72 73 125
15X2T'H2TPA
15,2 98 | 126 98 | 72| 77 | 66 65 70 67 73 74 128
18,3 98 | 128 | 100 | 74 | 78 | 65 69 72 68 74 77 129

In steel 15XTH2TA ADDYV it is observed at frequencies of 31,5 Hz (drummers 12,7 mm and
15,2 mm); 63 Hz (drummers 12,7 mm and 15,2 mm); 125 Hz (drummers 15,2 mm and 18,3 mm); 250 Hz
(drummers 12,7 mm and 15,2 mm); 4000 Hz (drummers 9,5 mm and 12,7 mm); 8000 Hz (drummers
12,7 mm and 15,2 mm); 16,000 Hz drummer 9,5 mm; 12,7 mm; 15,2 mm; 18,3 mm).

In steel 20XTHTP ADDYV is observed at frequencies of 31,5 Hz (drummers 9,5 mm and 12,7 mm);
125 Hz (drummers 9,5 mm; 12,7 mm; 15,2 mm and 18,3 mm); 500 Hz (drummers 15,2 mm and 18,3 mm).

In steel 15X2I'H2TA ADDV it is observed at frequencies of 1000 Hz (drummers 9,5 mm and
12,7 mm); 500 Hz (drummers 15,2 mm and 18,3 mm); 4000 Hz (drummers 12,7 mm and 15,2 mm);
16,000 Hz (drummers 9,5 mm; 12,7 mm; 15,2 mm and 18,3 mm).
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Figure 2 — Characteristics of vibration accelerations of the sample 15XT'H2TA at impact
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In steel 15X2I'H2TPA ADDV it is observed at frequencies of 31,5 Hz (drummers 15,2 mm and 18,3 mm);

1000 Hz (drummers 12,7 mm; 15,2 mm and 18,3 mm); 8000 Hz (drummers 12,7 mm and 15,2 mm).

Figure 2 shows the characteristics of the vibration accelerations of the 15XI'H2TA sample at impact.
In accordance with figure 2, it is maximum at a frequency of 31,5 Hz, 63 Hz, 125 Hz at impact
I5XTH2TA sample with a hammer-ball with a diameter of d = 15,2 mm and 18,3 mm VAL = 90-109 dB,

and minimal with a 15XT'H2TA impact with a ball-drummer with a diameter of d = 15,2 mm VAL = 62 dB.

In figure 3 shows the characteristics of the vibration accelerations of the developed alloy sample

GGR-1 at impact.

Table 5 — Vibration characteristics of the developed steels (plates 50x50x5 mm) after casting

Vibration acceleration levels, dB, in octave bands with geometric average

Mark Diameter ; TVAL,
of steel of ball-drummer, frequencies, Hz dB
d, mm 31,5 63 125 250|500 | 1000 [ 2000 | 4000 | 8000 | 16000 (31500
9.5 80 99 81 65 | 65 62 62 65 66 68 64 100
GORAL 12,7 82 100 79 | 66 | 68 | 64 65 68 69 70 65 102
i 152 83 104 8 [ 68| 70| 66 67 69 71 71 66 105
18.3 85 107 83 70 | 72| 67 68 71 72 73 68 108
9.5 81 100 80 [ 66| 66 | 64 65 64 68 70 67 102
12,7 83 102 8 [ 68 69| 65 67 66 70 71 68 103
GGR-2
152 85 106 83 69 | 71 66 67 66 70 71 69 108
18.3 86 108 85 70 | 73 68 69 67 71 78 70 110
9.5 80 109 79 | 67 | 65 63 66 66 69 71 68 110
12,7 79 111 79 |69 | 66 | 65 67 68 70 73 69 112
GGR-3
152 82 113 80 [ 70 | 67 | 68 69 70 72 74 70 115
18.3 85 117 &8 (72169 70 71 71 73 75 72 119
115
x
105 f
95
VAL,
dB 85
75
= ‘&%;o—"ﬁf%s‘
65
—
55
315 63 125 250 500 1000 2000 4000 8000 16000 31500 Lin
Frequency, Hz
—— 95 = 127 —h— 15,2 —— 183

Figure 3 — Characteristics of vibration accelerations of the sample GGR-1 at impact
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Conclusion. The choice of the chemical compound of the GGR-1 alloy made it possible to obtain an
anti-vibration damping alloy having a quenching martensite structure. It is recommended to use it for ex-
ploration equipment parts (drilling rigs, drill rod, drilling blade, adapters for drilling head, drill pipe, etc.).

1. K. Cyaees', [E. B. Yrenos]*, XK. O. Kymazxinora®, J. b. Ten*

!Ceiicmomnors HHCTHTYTHI, AnMatel, KazakcTas,
2 A3aMATTHIK ABHALWS AKATEMISICH, AMarhl, KasakcTas,
K. 1. Cot6aeB aTsiHmarsl Kazak YITTHIK TEXHHKANBIK 36PTTEY YHHBEpCHTETI, AmMatsr, Kazakcran,
¥ ITTHIK TEXHOMOTHAIBIK 3epTTey yHHBepCcHTeTI - MB:KKH, Mackey, Peceit

TEOJOTHSLIEIK BAPJIAY KABJBIKTAPLIHBIH BOJIMIEKTEPTHE APHAJIFAH
THUIMAI ®U3UKAJIBIK-MEXAHUKAJIBIK KACHETTEPTE HE
JEMII®EPJIK KOPBITHAJIAPLI TAWBIHIAY

Tyxer 6acenaeTyiH €H THIML *KOIIAPBIHEIH Oipi 0 myAs! makiaa 0omy Ke3iHzae TeMeHaeTy. MyHma# omic-
TEpre COKKBUIBI MEXAHU3MIEPl COKKBICHI3 TYpPIE aIMAacTHIPY, TiCTi OepimicTepal peMeHal OepiricTepre ay bICTBIPY b
skatkpri3yFa Oomamsl. Llyner matima Oony kesiHAe OSCECHACTY TOCIMACPiHAS ACMII(PEPIIK MATCPHATAAPABI KOJIIAHY
yreMabl Oomem TaOBIIAMBL bBefimerammap aa (mmactMaccamap, arami, HOJHATHICH JKOHE T.0.), TYCTI Meranmap
KOJIAAHBLTY bl MYMKIH.

Bipak Ta, TeoNOTHAIBIK Oapiay canachlHAA IMyAbl maiina 00y Ke3iHme OOCCHACTY VINIH TeMip HETi3iHACTi
JeMI(EPaiK METAIAB MATCPHATAAPIBI KOITAHY 63CKTi OOITBIM TAOBLIAIBL

JKympIcTa Kemeci Herisri MiHACTTCP KOHUBLIABL TCOIOTHAIBIK Oapiay >KaOIbIKTAPBIHEIH OOIICKTCPIiH JAWBIH-
mayaa xonamausoiateiH 15SXTH2TA, 15X2H2TA, 15X2TH2TPA, 20XTHTP, 25 X2THTA crasmaprtel Oomarrap-
aeH, coHbMeH Katap [TP-1, TTP-2, ITP-3 kaHa memMmndepsi KOPHITIATAPBIHBIH AKYCTHKAJBIK JKOHC MipLTAiK
KACHCTTEPiH Oaranay Ke3aeIai.

I'TP-1 xopHITHACHHBIH XHMHAIBIK KYPaMbl IMBIHBIKTHIPY APKBUIBI MAPTCHCHTTI KYPBUTBIMMCH TIpiIre KApChI
JeMr(epaik KOPHITIIA anyFa MYMKIHAIK Oepai. ATalafaH KOPBITIAHBI TEOOTHSUIBIK Oapay »KaOmbIKTaphl O6ImeK-
Tepine (OYpreUIay KYPBUFBLIAPHL, OYPFBUIAY INTAHTACH, OYPFBUIAY Kyperi, Oypreutay OAChIHBIH ©TKI3TIIITEPI,
OYPFBLTAY KYOBIPHI )KOHE T.0.) KOJMIAHYFA YCHIHBLIABL.

Tyiiin ce3mep: mry, mipin, aemmdepicy, TCOTOTHUIBIK KAaOJBIKTAP, MEXAaHUKAJBIK KACHETTEP, AKyCTHUKAIBIK
JKOHE TIPLITIK KACHSTTEP, XUMHUSAIBIK KYpaM, Ka0IbIK, TOKIPHOCTIK KOPBITIATIAP.
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*KajaxCcKuil HAIMOHANBHBIN HCCIICIOBATEIBCKHII TeXHIUCCKHH yHIBepcuTeT mv. K. Y. Catnaesa,
AmvaTsr, Kazaxcran,
"HaumoHaIbHBIH HCCICA0BATCILCKHIT TEXHOIOTHUCCKHiT yHIBepCcHTeT - MUCHC, Mocksa, Poccust

CO3JAHHE JEMIIOUPYIOIUX CILTABOB C OITUMAJIBHBIMHU ®U3HKO-MEXAHUYECKUMH
CBOUCTBAMMU JJIAA AETAJEHU I'EOJOI'OPA3ZBEJOYHOI'O OBOPYJ1OBAHUA

Annotamus, OqgHuM U3 3(Q(PCKTHBHBIX MCTOA0B CHIDKCHHSA IIIYMA IBJHICTCA TAIICHNIC €T0 B HCTOYHHKE BO3HHK-
HOBEHM. K TakmM MeTOmaM CleayeT OTHECTH 3aMCHY VAAPHBIX MEXaHW3MOB Ha O€3yJapHbIC, 3aMEHY 3yO4arhIxX
mepenay Ha KIMHOPEMEHHbIC U T.11. Hanbosiee mprueMaeMbIM METOIOM CHIDKEHHS IIyMa B MCTOUHHUKE BO3HHKHOBC-
HUS SIBIIETCS HCIIOIb30BAHAE JAEMIIDHUPYFOIMMX MaTepHanoB. MoryT ObITh HCIOI630BAHBI HEMETAILTHI (IUTACTMACCHI,
JPEBECHHA, TIOJIU3THIICH U JP.), IIBETHBIC METAJIIBL

Ozanako HamOoOee aKTYaIbHBIM JJSI CHIDKCHHS IIyMa B MCTOYHHMKE BOSHHKHOBCHHS B TCOJOTOPA3BEIOTHOM
0TpacJie SBISCTCS MPUMEHEHHE AeMIIPHUPYIOMIX METAITMUECKUX MATEPHAIOB HA YKEIC3HOH OCHOBE.

B macrosmeit paboTe Opla MOCTABICHA 33a4a — OLCHUTh AKYCTHYCCKUEC W BHOPAIMOHHBIC XaPAKTCPUCTHKHU
crarmaptHeIx cTaiach 15XTH2TA, 15X2H2TA, 15X2TH2TPA, 20XTHTP, 25 X2I'HTA , KOTOPBIC HCTIONB3YIOTCA IS
H3rOTOBJICHHUS JCTANCH T€0J0r0Pa3BeI0MHOTO 000PY IOBAHMS, HOBBIX AcMIiupyromux crutagos [ TP-1, ITP-2, ITP-3.

Br16op xumuueckoro cocrasa cruasa I'TP-1 no3sosmur monyyuuTts AeMrnupyomuid aHTHBHOPATHOHHBIH CIUIAB,
HMCIOIIMH CTPYKTYPY MapTEHCHUTA 3aKaiuku. Ero pekoMeHIyeTcsl HCTIOIb30BaTh ML IETAJCH Ie0I0TOPa3BEI0THOTO
ob0opymoBanus (OYpOBBIC YCTAaHOBKH, OypoBas IITaHra, OypoBas JOMATKA, MCPSXOTHHKH HAa OYPOBYIO TOIIOBKY,

TpyOa GypoBas u ap.).
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KmodeBnie ciioBa: myM, BHOpanud, IeMI(HPOBAHAC, TCOJIOTOPA3BCIOUYHBIC 000PYIOBAHHA, MCXAHHICCKOC
CBOfICTBa, AKCTHYCCKUC H BI/I6paI.[I/IOHHI>Ie XAPAKTCPUCTHKH, XHMHYCCKHH COCTaB, YCTAHOBKA, 3KCIICPUMCHTAJIBHBIC
CILJIABBI.
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DYNAMIC ANALYSES OF A CLUTCH OF CRANK PRESS

Abstract. The paper studies the dynamic of a clutch of crank press. At present, the dynamic study of clutch of
the crank presses, with account of interaction with other blocks, is a priority. The crank press contains movable parts
and assemblies, the mass of which is from one hundred kilograms to several tons. These parts and assemblies are
connected cyclically by clutch of crank press with high speeds and they are subject to large dynamic loads. To simu-
late and analyze the movement of crank press with clutch, a software package: SimulationX is used. SimulationX is a
software package for modeling and analyzing the dynamics and kinematics of cars, industrial equipment, electric,
pneumatic and hydraulic drives, hybrid engines, etc. As a result of dynamic calculation, important dynamic para-
meters of the crank press clutch and working slide are determined. It is shown that dynamic loads sharply increase
almost in all blocks of the crank press when the clutch is switched on.

Key words: dynamics, crank press, clutch, slide, moment, oscillations, SimulationX.

Introduction. Crank press is a machine with a slide-crank mechanism, designed for stamping various
parts [1-5]. During the work of crank press, significant dynamic loads occur in blocks and mechanisms,
especially when it is turned on. These dynamic loads are associated with operational feature of the crank
press, which includes shock cyclic loads with sudden, almost immediate stops. In this connection, the
study of the dynamics of clutch of the crank presses, is of great interest. Figure 1 shows block diagram of

the press [1].
B

\nr
3

Figure 1 -
Block diagram of crank press:
1 - slide, 2 - crank rod,

3 - brake of crank mechanism,
4 - flywheel brake, 5 - flywheel,
6 - sheave, 7 - electric motor,
8 - drive shaft, 9 - drive gear,
10 - crank shaft, 11 - clutch,
12 - driven gear, 13 - crosshead

13 12 guide,

= 14 - wedge-type platten,
14
1
B
— = 15

15 - press board
Operating principle of the crank press (see figure 1): the crankshaft 10 rotates about an axis and
activates through the crank rod 2 a slide 1 with punch. The press drive consists of an electric motor 7, a
V-belt drive and a flywheel 5. The press clutch 11 is located on the end of the crankshaft 10. Brake 4
serves to stop the press. Brake 3 serves to stop the crank mechanism of the press.
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The drive of the press is carried out from an electric motor with a flywheel. Since the parameters of
motion of the actuating link — tool slide, depend only on the kinematic links of the main working mecha-
nism, crank presses are referred to uncontrolled machines with limited movement of the tool slide, equal
to the double radius of the crank or double eccentricity of the eccentric. Asynchronous electric drive
accelerates with power flywheel and all the guide links with the corresponding moment of inertia to the
steady angular velocity during the technological cycle and dispatches kinetic energy of the rotational
motion of the flywheel to it. In this case, the crank shaft and all driven members of the crank-slider
mechanism are fixed, the slide is in the upwardmost (initial) position. When the clutch 11 is turned on, the
crank shaft (cranked axel 10) is rotated, driving and driven members move together, the slide with fixed
upper die make a working stroke. After completion of the working stroke, the slide makes a return stroke.
If the press works by single stokes, then when the slide reaches its initial position, the clutch 11 is turned
off and at the same time the brake 3 is turned on. The slide stops in the upper (initial) position and the
work cycle is completed.

Feed clutch of the crank press. Coupling clutches and brakes are provided in the press drive system,
which make it possible to transmit motion to the actuator (operating mechanism) from the drive, but at the
right time, vice versa, to stop the slide of mechanism without turning off the electric motor [1].

Switching on and off, and interlocking of the clutch and brake are performed using the control system
[1]. The clutch, brake and control system form the so-called press start system, on the performance of
which the reliability and safety of operation of the press as a whole is depended. The press start system
works under difficult conditions — a large number of tuming on per unit of time, on-off limited time
(<0.1¢), absolute security in operation.

Crank press’s clutches should transmit moment of rotation up to 16 MNm and at the same time
ensure the life of the structure and dampen vibrations, arising during the coupling [2]. The presses start
systems and friction disc clutches most fully meet these requirements.

Disc clutches may be — single and multiple disc. Single-disc compact clutches with friction inserts are
widely used, manufactured from retinax ®K-16A, ®K-24A or ferodo (figure 2). In pair with inserts, discs
of steel 5, cast iron CY25 are working.

Gedyuas 4acme

/" (maxobuk)
Ongowsid Guck )
| HOXUMHOU GLCK
q.
a1 —_ gpukyuorHas Brmabka
pra N ' = tedonii ducx

Bedoras wacme
{Ban/

Figure 2 — Scheme of a single-disc friction clutch

The moment transferred by the one-disk frictional clutch (figure 2):
Mm :2fqm 'Rcr 'n'Fbc’
where f— friction coefficient /= 0.35; ¢,, — friction surface pressure g, = 0,6-1,2 Mna; R, — average insert
radius; » — number of inserts; ;. — work surface area of insert. Single-disc clutches transfer moment up to
140000 Hm, multiple-disc — up to 100 MNwm with ferodo coverings.
The scheme of the multi-disc friction clutch is shown in figure 3.
Moment, transferred by the clutch:

R
1 3 3 3
M, = I27rf-mp-dp-pqm = Eﬂ(Rl —-R;) fq,,m
RZ
where ¢, =0.4-0.6 Mna (at 7, <180 06/min); ¢, =0.3Mmna (at 72, >180 06/min); f=0.35; m
— 15—
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Figure 3 — Scheme of the multi-disc friction clutch

b Bedareti

Calculation of disc friction clutches. Calculation of disc friction clutches made on the transmitted
torque, specific force on the rubbing surfaces and the value of the wear rate (calculation for heating).

Original for the calculation is the nominal moment A/ 7 , operating on the main shaft, which is
driven to the clutch shaft. The required torque transmitted by the clutch [1]:

H
Mmp — ﬂMK
m P
lmnm
where = 1.1-1.3 is a factor of safety, taking into account the inertia and oscillation of the coefficient of
friction;

H H
My =mg -P,,
m? - reduced (modified) shoulder corresponding to the nominal angle ¢, ; P,, - nominal force; i -
K H H mnm

gear ratio and transmission efficiency from the coupling shaft to the main shaft (when installing the
coupling on the main shaft 777 = 1).

It is necessary that the torque transmitted by the coupling A/ . >M ;np . Based on the moment
(torque) transmitted by the clutch (coupling) press M, determine the force (effort) on the slider:
M

m

Pm =
&

The results of the calculation P, are entered in the table and build a graph of efforts on the slider
based on the moment transmitted by the clutch P, = f(«). When the clutch is turned on, part of

expended energy goes into heat, causing heating of parts, friction inserts and linings. As an indirect
thermal calculation, a performance calculation is applied in terms of wear. For this, the work balance is
made when the clutch is turned on (at the initial moment, the speed of the driven disks due to slippage is
somewhat less). Over a period of turn-on of the coupling 7 - the leading part transmits the moment M,

moreover, during this time it turns for angle &, . The balance of work when the clutch is turned on is as
follows:

1, ®

_ “bm“"H
M, « —T+Mca2+Amp,

m1

where 7,,, — moment of inertia of clutch’s driven parts, reduced to clutch (coupling) shaft; M, — moment of
resistance of the driven parts; &, - the angle of rotation of the driven parts in a time 7; 4,,, — work spent on
friction in the clutch (coupling). Angles ¢&; and &, can be determined from the equation of dynamics for
the driven parts.
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da

dt
M ” M . as a constant for the period 7 (turn-on):

]bma)M :(Mm _Mc)t

I, “=+M, —M,

take up /

bm >

from where:
(M, =M )
]bm a)M

!

Angular rotational rate of the driven part (at a known time f):
(M, — M)t

®,, = —24——=—

1

Turning angle of driven disks (substituting instead ¢ its value):

bm

I, o}
o, =0, =—22
Mm - MC
Turning angle of driven part:
t t 2 2
M —-M M —-M_ t I, o
— — m e . — m c .- _ bm M
az—fa)Mt—I— tdt——] WET TR
0 0 bm bm ( m c )
substituting in the equation of the balance of work &; u &, will get:
2
A = Mm . ]bma)M
mp
M, -M, 2
Taking ———= ¢, , = 1,05-1,16 (coupling on the main shaft) ¢, =1,25-1,35 (coupling on a

M —M,
transmission shaft).

If the friction work is divided by the area of friction surfaces F [m’] and multiplied by the actual

number of turn-ons per minute, we get the wear rate [1]:
2

Kizn :aM ]b;%pnhf S[[{l'Zi’l]’

where p - use factor of number of moves, #;; - calculated speed of the press, the values are given in table 1.

Table 1
Type of equipment n P

1. Sheet-plate stamping press, ventilating, bending, high capacity cutoff <15 0.7-0.85
2. Also of average capacity 20-40 0,50-0,65
3. Horizontal forging machine, plate cutter (sheet metal shears), shearing and multi-function,

sheet metal press of average capacity 25-60 0,55-0,70
4. Hot forging crank driven press, embossing, high capacity varietal shears 70-110 0,30-0,45
5. Also of average capacity 40-70 0,45-055
6. Multi-operated sheet-plate stamping and shearing presses, high speed 90-120 0,20-0.45

[Ki.n] =0.7-0.8 M J/m” min — single disk clutches with retinax inserts.
[Kin] =0.4-0.5 M J/m* min — multi disk clutches with ferodo plates.

— 17—
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Formula shows that with decreasing @ the wear is reduced (but the moment is growing). After
checking the wear rate, the piston diameter is selected based on the pressure in the pneumatic cylinder.
pe=0,3-0,4MPa.

To improve the operation of the clutch, two-stage feed is made, and the pressure increases until the
time of the working operation. [1].

Dynamic model of a crank press with feed clutch. When modeling the dynamics of a crank press
with the feed clutch and simulation of the operation of the feed clutch, various software systems are used
[6-17].

To simulate and analyze the movement of a crank press with the feed clutch, this work uses a soft-
ware package: SimulationX [18].

SimulationX — is software for modeling and analyzing the dynamics and kinematics of automobiles,
industrial equipment, electric, pneumatic and hydraulic actuators, hybrid engines, ¢tc. It is used for the
design, modeling, simulation, analysis and virtual testing of complex mechatronic systems. It simulates
the behavior and interaction of various physical objects of mechanics (1D and 3D), driving equipment,
electrical, hydraulic, pneumatic and thermodynamic systems, as well as magnetism and analog and digital
control systems. It performs the following tasks: system modeling in the time and frequency domains;
simulation of transient processes in linear and nonlinear systems or stationary simulation to calculate a
model in a periodic state (nonlincar or linear). Model libraries are divided by simulated physical
applications. Tools and interfaces complement SimulationX for integrated analysis of systems and
structure.

Figure 4 shows dynamic model of a crank press with feed clutch on the SimulationX software
package [19-22].

machirel = switchSignal
inertial
;19—‘—| B
beltDrivel springDamperl gearl

- inertia2 inertia3 = Ij_,;
p—
—= (¢ %E,.‘_‘ o
= !1‘ =5 inertifddClutchl

A==y ——

springDamper2

inertiab inertias
SN,

1 I_C)_I |
loacFunction crankl
cel powerSensmdssl
nnn d; Y i { = e 1
B ALA T v F E i ‘m \ c,
T

—\sensorl
|

Figure 4 — Dynamic model of a crank press with feed clutch on the SimulationX software package

The elements of the SimulationX library that were used to compile the model are shown in figure 3.
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Figure 5 — The elements of the SimulationX library

List of symbols (see figure 5) and description of the elements of the SimulationX library:

1 — Asynchronous motor. This element simulates the simple asynchronous motor. The model is
based on the stationary characteristics of the motor. This element models the asynchronous motor with
sufficient accuracy when simulating the drive of a machine. It simulates engine starting, transient and
steady-state processes, depending on the load and the speed of rotation of the shaft.

2 — Belt drive. This element models the operation of belt transmission, with the account of elastic-
dissipative characteristics. The model takes into account the reactions and movements in the bearings of
the pulleys of the belt drive that allows you to simulate the interaction of the transmission with the base.

3 — Spring - Damper — backlash. The model represents elastic and / or damped behavior between the
rotational links, with the possibility of taking into account backlash. Springs always acts in parallel with
the dampers.

4 - Inertia. This element models the moment of inertia of a rotary link. It is also possible to simulate
a variable moment of inertia.

5 — Gear. The Transmission element is an ideal converter of rotational movements and forces
operating between two components in a rotating mechanical system. It works as an ideal converter without
taking into account dissipation and, fulfills the specified gear ratio or the conditions of power balance in
input and output. The Transmission element allows you to model fixed and variable ratios for angles or
velocities in input and output.

6 — Disc clutch. The Model Disc Clutch is a component that turns on or interrupts the flow of torque
(and therefore power transmission) between the drive components. The model can be used to simulate
multi-plate clutch of machines or gearboxes. In addition, it is possible to simulate the friction of the brakes
(for example, an automatic transmission). Elasticity, damping and clutch friction parameters can be
considered. In transmission of the models, the clutch can be activated by a signal from the switch.

7 — External force. This type of element allows you to simulate the forces between two components,
or only on one component of the mechanical model. It provides universal, functional power transfer in the
mechanical model.

8 — Crank mechanism. The clement models a slide-crank mechanism, taking into account the
backlash in the hinges, the elastic-dissipative properties of the connecting rod.

9 — Mass. This element models the mass of a linear link. Variable mass modeling is also possible.

Initial parameters of the model:

Crank press motor power W=0.5 kBt, rated engine speed n=450 rpm. The numerical values of the
dimensions, moments of inertia of the nodes of the crank press and the stiffness of the shafts are taken
from [1].

The nominal force developed by the slide of the slide-crank working mechanism in the area before
the extreme low point of the slide's stroke is modeled by a sine-wave signal generator (loadFunction) and
linear force (load) (figure 6). This load force depends on the angle of the crank. The maximum force is
reached at the lower point of the slide’s stroke and is equal to 4000n.
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Figure 6 — The nominal force, developed by the slide of the slide-crank working mechanism
Parameters of the feed clutch of the crank press are shown in figure 7.

= Properies Z diccitchl (Model =S

Paramelers |

Control
Clutch Control by kindCon: * EB | w
Switching Signal W inl -
Max. Press-On Force FpMax: 7200 N -
Force Build-Up Time s 0.2 H -
Clutch
Friction Surface Quter Dia. [: 11 mm -
Friction Surface Inner Dia. dic B8 mm -
Disk Thickness o F mm -
Mao. of Friction Surfaces ns: & L
Friction Surface
Sticking Friction Coefficient mul: 012 -
Slipping Friction Coefficient mu: 0.08 -

Figure 7 — Parameters of the feed clutch of the crank press

Simulation results: Feed clutch of the crank press is activated on the 10" second and connects the
moving flywheel to the actuator. Figure 8§ shows the moment transmitted by the feed clutch.
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Figure 8 — moment transmitted by the feed clutch
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Figures 9 and 10 show the various data of the feed clutch of the crank press
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Figure 9 — Calculated data of the feed clutch a) relative angular displacement of the discs; b) relative angular velocity of the disks
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Figure 10 — Calculated data of the feed clutch a) turn-on power loss; 6) potential energy change of the clutch

Figure 11 a, b, ¢ shows movement, speed, acceleration and load of the press slide.
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Figure 11 — Estimated data of the press slide a) movement; 6) speed; B) acceleration; r) load
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Conclusion.

1. The SimulationX software package allows one to simulate the dynamics of the feed clutch of the
crank press, taking into account its design parameters as part of the crank press, and the interaction with
all its nodes.

2. As the result of the dynamic calculation following is determined; moment transmitted by the feed
clutch, relative angular displacement of disks, relative angular velocity (speed) of the disks, turn-on power
loss and potential energy change of the clutch. The displacement, speed, acceleration, and load of the slide
of the crank press are determined at the moment of clutch turn-on and after movement.

3. Dynamic loads in the nodes of the crank press sharply increase at the moment of clutch turn-on.

4. When studying the dynamics of a crank press, it is necessary to take into account the design fea-
tures of the feed clutch, especially plate wear and adjustment, which requires further research of this unit.

5. Visibility of the models and graphical results are especially useful for students and engineers in the
study of the feed clutches of the crank presses.

A. K. Tysemos', A. A. Jzxomapror', M. K. Kyarora', P. Xaimcnornr

'Axamemuk ©. A. JKon1acOCKOB aThIHIAFHI MCXAHHKA JKOHC MAIIMHATAHY MHCTHTYTHI, AnMaThl, KasakcTas,
*Typik MarmmHA 5xacay KaybIMAACTHIFSL, [ asuanTen, TypKus

KOCHIHAI BACITAKKA KOCBLIFAH KAJTFACTBIPFBIIITHIH ANWHAMUKAJIBIK 3EPTTEYI

Annoramma., XKympicta KOoC wWiHAI 0AaCTmaKKa KOCBUFAH >KAIFATHIPFBINTH TUHAMHKAJBIK TYPAC 3CPTCIAL
Kazipri ke3ae 6acka TYHIHACPAIH e3apa 9CepiH eCKepim, KOoc miHl 0ACTaKKa KOCHUFAH JKAFACTHIPFBIITH THHAMH-
KaJbIK 3€pTTEY MaHbI3AbI Macene 0omxbim oTeip. Koc minai 6acnak maccacsr 100 kuinorpamMMHaH OipHEIE TOHHAFA
JCHiH OONATHIH KO3FAaIMAbl O6IIICKTSp MCH TYHIHACPACH TYPAABL Y IKCH JTUHAMHKAIBIK KYKTCMEMEH YIIKCH JKbLT-
JAMIBIKICH 9CCP CTCTIH KOC WiHAI 0acTmaKKa KOCHUTBLIFAH JKAJFACTHIPFBINIKA OCHI OOMICKTCPMCH TYHIHAC IHKIT
TYPAC KOCBUIBIN OTHIpaabl. KOCBITBUIFAH KAJFACTBHIPFBINITEL KOC HiHAI OACHAKTHIH KOBFAIBICHIH MOJACTICH KOHE
tamaay ymir SimulationX OarpapmamanbIK KOMIUIEKC KoImaHbsumibl SimulationX OargapramamibK KOMITICKCI -
OHEPKACINTIK KaOMBIKTAp, 3MCKTP,- MHEBMO,- THAPOXKETEKTCP, THOPUATI KO3FANTKBII, ABTOKONIKTCPAIH KHHEMA-
THKACHl MCH AWHAMHKACHIH TATIAMN KOHC MOJACTACY YIUIH MadAanaHbUiasl /IHHAMHKANBIK €CCNTEYy HOTHKECIHIC
SKYMBICIIBI OYIFAKTBIH SKOHE KOC MiHAI 0AacakKa KOCBUTBLIFAH YKATFACTBHIPFBINITEIH MAHBI3IBI JHHAMHKATBIK Hapa-
MeTpJiepi aHBIKTANAbL. JKaaFacTHIPFBIITEI KOCKAH COTTE KOC MiHAL OAacHaKThIH OapIiblk TYHIHACpAC AMHAMHKAIBIK
JKYKTEME YIIFast OacTaraHbl KOPCETLITEH.

Tyiiin ce3aep: IMHAMAKA, KOCHIH/I OacTak, >KaIFacThIPFBINI, OyIFak, MOMEHT, Tepoeric, SimulationX.

A. K. Tyaemos', A. A. :xxomapros', M. K. Kyarosa', P. Xammcuoranr®

1I/IHCTHTyT MCEXAHUKH U MAIMHHOBeACHUA UM. Y. A. JhxommacOekoBa, Amvatel, Ka3axcraH,
*Typenxas Accommanus Teopun Mammun, Tasmanren, Typus

JUHAMHAYECKOE HCCIEJOBAHHUE MY®TbI BKIIOUYEHHWA KPUBOHINITHOT' O MIPECCA

Annoramusi. B paborte mccienyercss nuHaMuKa My(THI BRKIFOUCHWS KPHBOIIMITHOTO Hpecca. B Hacrosimee
BpeMs JWHAMHYCCKOE HCCJICTOBAHMS My (T BKIFOUCHHS KPHUBOIIMITHBIX MPECCOB C YUCTOM B3aMMOACHCTBHSA C OC-
TaJbHBIMH Y3JIAMH ABACTCA aKTyaabHOH 3a1a4ed. KpHBOINMITHBIN MpecC COACPIKHUT MOABHYKHBIC ACTANH M Y3JIBL,
Macca KOTOPBIX OT CTa KIJIOTPAMM J0 HECKOJBKHUX TOHH. JIaHHBIC JETaXH U y37Ibl HUKINYCCKH ITOIKIFOUAI0TCS My (-
TOW BKIFOUCHMS KPHBOIIHITHOTO MPECcca C OOJBIIMMH CKOPOCTSIMH M HA HUX ACHCTBYIOT OOJbBIIHE THHAMHYUCCKHC
HArpy3ku. [ MOAEIMPOBAHMS M AHAIN3A ABIDKCHUS KPHBOIIUITHOTO IPecca ¢ My (PTOH BKIIOUYEHHS HCIIOIb3YETCA
mporpaMMHBIH KoMIrieke: SimulationX. SimulationX — mporpaMMHBIH KOMITIEKC I MOJCIUPOBAHUS M AHAIN3A
JUHAMHUKH W KHHEMATHKH aBTOMOOWICH, WHIYCTPHATIBHOTO O0OPYIOBAHMS, JJICKTPO-, MHEBMO- U THIPOIPHBOIOB,
THOPUIHBIX JBUraTelei u T.0. B pesyibrare JUHAMHYECKOTO pacdeTa OIPEICICHBI BAKHBIC TUHAMHYCCKHE Mapa-
MeTpBl My()THI BKIIOUYEHH KPUBOIIMIIHOTO IIpecca W padouero mom3yHA. [10Ka3aHO, 4TO JMHAMHYECKHE HATPY3KH
MPAKTHYECKH BO BCEX Y3/IaX KPHBOIIMITHOTO IPECCA PE3KO BO3PACTAIOT B MOMCHT BKIIFOUCHHS MY (DTHI.

KimoueBnbie c/1oBA: THHAMHUKA, KPHBOIIMITHBIN ITpecc, My $Ta, MOI3YH, MOMEHT, KoJiebanms, SimulationX.
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