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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. In the mining industry, when breaking rocks, oversized pieces are
formed that exceed the dimensions of the technological equipment. To carry out
secondary rock fragmentation in quarries, it is proposed to use an electromagnetic
hammer. At the D.A. Kunayev Institute of Mining, a prototype of a medium-
class electromagnetic hammer with an impact energy of up to 6000 J has been
developed. The use of the electromagnetic hammer for breaking oversized pieces
in the mining industry will increase the efficiency, environmental friendliness, and
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automation of the technological processes of rock and ore fragmentation. To develop
a competitive prototype of a rock-breaking hammer, it is necessary to justify its
dynamic parameters. A microprocessor-based measurement system was developed
to measure the dynamic parameters of the prototype of the electromagnetic hammer,
followed by the calculation of the energy characteristics of the prototype using the
software “Matlab.” A digital sensor “HC-SR04” and a microprocessor controller
“Arduino Mega 2560 were used to measure the height of the moving part of the
electromagnetic hammer. To eliminate measurement errors, calculate the dynamics
of the plunger’s velocity, acceleration and impact energy values, and plot the
dependency graphs, the “Matlab” program version R2021b was used. Experiments
were conducted by supplying the power voltage to the upper coil with a current
value of 120 amperes, while the lower coils received the power voltage with current
values of 70, 100, and 120 amperes. The data obtained, after processing in the
“Matlab” software, allowed for the construction of dynamic parameter graphs for
the prototype. The analysis of the graphs revealed the design flaws of this prototype,
the elimination of which will improve the technological characteristics of new
developments.

Keywords: rock breaking, dynamic parameters, electromagnetic hammer,
microprocessor measuring system, digital sensor, acceleration, impact energy.
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AnHoTanusa Tay-keH eHepKaciOiHe Tay KBIHBICTAPBIH Oy3y Ke3iHAe TeXHO-
JIOTASUTBIK, YKAOMBIKTHIH OJIIIEMICPIHEH achIll TYCETiH KeJeMJeri ycaKTaaMaraH
KecekTep maifma Oomansl. Tay-keH KapbepiepiHAae Tay >KbIHBICTaphIH EKiHII
per Oy3y VOIH DJIEKTPOMArHWTTI OamFamapapl  KOJMAAHY  YCHIHBLIAIBL.
J.A. KonaeB arprHmarbl Tay-keH wWHCTHTYTHIHAA 6000 Ik meiiH COKKBI dHEp-
THSICBl Oap opTamra KJIAacThl 3JIEKTPOMArHWTTI OalFachIHBIH TXKIPUOEIiK yirici
JKacajFaH. OJIGKTPOMArHUTTI OajFaHbl Tay-KeH OHEpKOCiOiHAe ycakrai-
MaraH KeceKkTepAi Oy3y VIIiH KONIaHy TEXHOJOTHSUIBIK IPOIECTepAiH THIM-
TUTITIH, SKOJOTHSAJBIK Ta3ajbIFbIH JKOHE aBTOMATTAHABIPBUIYBIH apTTHIpyFa
MYMKiHAIK Oeperni. bacekere kaOineTTi Tay >KBIHBICTapBIH Oy3y OasFachIHBIH
YATiCiH 93ipriey VIIH OHBIH [IWHAMHUKAJIBIK TapaMeTpiiepiH HETI3Aey Kaxker.
ONeKTpOMarHuTTi OanFaHblH TOKIPUOETIK YATICIHIH AWHAMUKAJIBIK —Tapa-
METpJICpIH OJIIey VIIH MHKPOIPOIECCOPNIBIK OJIIIey J>Kyiheci jKacalblm,
«Matlaby OGarmapramanblK jkacakTaMachl apKbUIbI MPOTOTHUNTIH SHEPTETHKAIBIK
CUTIaTTaMaJIaphl €CeNTENIl. DIEKTPOMArHUTTI OalFaHbIH KO3FaJIMalbl OOJiriHiH
ouiktirin emmey ymriH «HC-SR04» mudpnsik cencopsl MeH «Arduino Mega
2560» MUKPOTPOIIECCOPIBIK KOHTPOIUIEPl KOMAAHBUIABL. OIIIey KaTeNKTepiH
KOI0, TUTYHXKEPIiH KO3FalbIC KbIIIaMIBIKTaPBIHBIH JMHAMUKACHIH €CENTEY, YIeY
MEH COKKBI SHEPTHSCHIHBIH MOHIEPIH >XKoHE TIYEIAUTIKTep TrpaduKTepiH Kypy
vy «Matlaby 6armapmamacer R2021b HYCKackl KOIIaHBUIIBI. DKCTIEPUMEHTTED
OapeIChIH/IA JKOFAPFHI KaTymikara 120 ammep TOK MOHIHAE KOPEKTEHIIpy KepHeyi
Oepinmi, anm temenri karymkanmapra 70, 100 >xome 120 ammep TOk MOHIEpiHE
KOpEKTeHIipy KepHeyi Oepinmi. «Matlaby OarmapmaManblK kacaKTaMachIHIa
OHJICNITeH JePEKTep TMHAMUKAIIBIK MMapaMeTpiep rpaduKTepiH KypyFa MYMKIHIIK
6epni. I'paduxrepai Tangay oCcsl YATiHIH KOHCTPYKTHUBTIK KEMIIUTIKTEPiH aHBIKTAIT,
oJappl KO0 JKaHa a3ipieMesepAiH TEXHOIOTHSIIBIK CUIIaTTaMalIapblH KaKcapTyFa
MYMKIHIIK O6epei.

Tyiiin ce3aep: Tay KbIHBICTAPBIHBIH OY3BUTYbI, JMHAMUKAJIBIK TTapaMeTpIiep,
ANEKTPOMATHATTIK OaliFa, MUKPOIIPOIICCCOPIBIK OJIIICY KYHeci, CAaHIbIK TaTdHK,
YA€y, COKKBI SHEPTHICHI.
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AHHoOTanusi. B ropHOmoOBIBalOmIEH MPOMBIIUIEHHOCTH MpPU pa3pylICHUN
TOpHOW MOpOoAbI 00pa3yloTcsi, HerabapuUTHBIC KYCKH HPEBBILIAIONINE pa3Mephl
TEXHOJOTHYECKOro obopynoBanus. st BTOPUYHOTO paspyLICHHs TOPOAbI B
Kapbepax Ipeiaraercsi NMPUMEHSITh JIEKTPOMarHuTHBI MonoT. B Mucturyte
ropHoro fena uMm. J{.A. KynaeBa H3roToBieH ONbITHBIH 00pa3el] 3JeKTPOMarHUTHOTO
MOJIOTAa CpeAHero kiacca ¢ sHeprue ymapa ao 6000 J[x. Ilpumenenue
3NEKTPOMArHUTHOTO MOJIOTA IS pa3pyLICHUs] HerabapuToB B TOPHOAOOBIBAIOIICH
MPOMBIIUICHHOCTH TIO3BOJHUT TIOBBICUTH 3P PEKTUBHOCTh, 3KOJIOTMYHOCTH U
aBTOMATH3ALMI0 TEXHOJIOTHYECKHX MPOIECCOB PAa3pyLICHUS! TOPHBIX IOPOA M
pya. Jist pa3paOoTKuM KOHKYpEeHTHOro 00paslia MOpOoAOpa3pyIlAIOIEero MoJIoTa
HEOOX0OMMO 00OCHOBAaTh €ro IUHAMHUYECKHE MapaMeTpel. [ wu3MmepeHus
JUHAMHYECKUX IapaMeTPOB OIBITHOIO 00paslia 3JIEKTPOMAarHUTHOTO MOJIOTa
Obuta pazpaboTaHa MUKPONPOLIECCOPHAs CHUCTEMa M3MEPEHHUS C MOCIEAYIOIINM
pacyeToM SHEPreTUYECKUX XapaKTEPHUCTHK MPOTOTHNA C HCIIOJIb30BAHHEM
nporpammHoro obecriedeHust «Matlaby. st m3MepeHuss BBICOTHI TOABUKHOU
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YacTH AIIEKTPOMArHUTHOTO MOJIOTa ObUTH TpuMeHeHbl udpoBor garank «HC-
SR04» m MUKpPOTPOIIECCOPHBINH KOHTpowiep «ApmyunHo Mera 2560». Jlms
YCTpAaHEHMsI TOTPEIIHOCTH W3MEPEHHUs, BBIUHUCICHHUS JMHAMHUKH CKOpoCTel
IBIDKEHUS TUTYHXKepa, 3HAYSHUH YCKOPEHHSI ¥ JHEPTUH yIapa, a TAaKKe TTOCTPOCHHUS
rpa)ukoB 3aBUCHMOCTEW ObLla HCIOJb30BaHAa mnporpamma «Matlab» Bepcuun
R2021b. Bt mpoBeieHbI 9KCTIEPUMEHTHI ITPH IT0J1a4e T TAIOIIETO HAPSHKEHS Ha
BEPXHIOIO KaTYIIKy MMPU BEIMYNHE TOKA paBHOM 120 ammiep, a Ha HIDKHHUE KaTYIITKA
M0JaBaJIOCh MUTAOIIEE HANPsDKEHUE MpHU BelnduHe Toka pasHoM 70, 100 u 120
amrmiep. [lomydeHHble MaHHBIE TIOCNIE OOpaOOTKH B MPOTPAMMHOM OOCCIICUCHHUH
«Matlaby, mo3BoaHMIM TOCTPOUTD TPaPUKN THHAMUYECKHX MTAPaMETPOB OIBITHOTO
oOpasia. AHanu3 rpaduKoB BBISIBUJI KOHCTPYKTUBHBIE HEIOCTATKH ATOTO 00pasia,
yCTpaHEHHe KOTOPBIX TO3BOJUT IOBBICUTH TEXHOJOTHYECKHE XapaKTePHUCTHUKU
HOBBIX pa3paboToK.

KutoueBble ciioBa: pa3pylieHrne TOPHOH MOPObI, THHAMHYECKHE MapaMeTphl,
JIEKTPOMArHUTHBIA  MOJIOT, MHUKpPOIIPOLIECCOpHAasl H3MEpUTEIbHasl CUCTEMA,
1 poOBOH TaTINK, YCKOPEHHE, SJHEPTUS yaapa.

Introduction. In the mining industry, there is the problem of secondary breaking
of rock in quarries. In particular, oversized pieces of rock must be destroyed to a
size adequate for processing equipment. To destroy brittle rocks, mechanical impact
methods are used by means of pneumatic, hydraulic and electromagnetic hammers
(EMH). The EMH has significant competitive advantages, since the electromagnetic
drive can operate in severe weather conditions (low temperatures) and has higher
efficiency due to the direct conversion of electrical energy into impact energy. In
addition, the EMH is more suitable for automation, is less demanding in terms of
precision in manufacturing, is more reliable and environmentally friendly, since it
does not need oil stations, high-pressure hoses, etc. (Deniz, et al., 2016; Wu, et al.,
2017; Lemos, et al., 2018; Zh, et al., 2023).

The Mining Institute after D.A. Kunaev works on creating mining machines
with electromagnetic power pulse systems, where electrical energy converted
into magnetic field energy performs mechanical work (Yedygenov, et al., 2011;
Yedygenov, 2018; Vasin, et al., 2018; Vasin, et al., 2019; Yedygenov, et al., 2021).
Currently, a prototype of a midrange electromagnetic hammer with a 6,000 J impact
energy has been manufactured (Yedygenov, et al., 2020; Vassin, et al., 2020).
The relevance of the EMH creation results from the need to destroy rocks in the
severe weather conditions of Kazakhstan and the development of domestic mining
engineering and reduction in import supplies of mining equipment.

The developed EMH is unique in that it can work as an attachment on any type of
excavators (electric, hydraulic). The novelty of the technical solution embodied in
the EMH is confirmed by copyright protection documents for intellectual property
(Patent of the Republic of Kazakhstan No. 34351) (Yedygenov, et al., 2020).

Figure 1 shows the EMH units as attachments on the HYUNDAI 210 wheeled
excavator and on a test bench equipped with a hydraulic lift.
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Fig. 1 - Photos of the EMH units as attachments on the HYUNDAI 210 wheel excavator and on a
test bench equipped with a hydraulic lift

The EMH includes three electromagnetic drives designed for the reciprocating
movement of three anchors and a striker attached to them. Two drives are designed
for forward (operating) stroke and one for reverse (idle) stroke.

To assess the real energy characteristics of the EMH prototype, it was necessary
to study its dynamic parameters.

Materials and methods. To conduct scientific research into the dynamics of
motion of the EMH moving part and to improve the accuracy of measurements,
a microprocessor system for measuring dynamic parameters was developed that
ensures the subsequent calculation of the energy characteristics of the prototype
using the Matlab software.

The microprocessor system for measuring dynamic parameters of the
electromagnetic hammer prototype consists of the Arduino Mega 2560
microprocessor controller and the HC-SR04 digital sensor measuring the height of
the EMH moving part, which are shown in Figure 2.
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Fig. 2 - Photos of the Arduino Mega 2560 microprocessor controller and the HC-SR04 digital sensor

The Arduino microcontroller and HC-SR04 digital sensor have been used in
many projects (Aitimov, et al., 2017; Abdulkhaleq, 2020; Buktukov, et al., 2020;
Turnip, et al., 2020; Abreu, et al., 2021; Sukri, et al., 2021; Buktukov, et al., 2023).

This sensor is mainly designed to estimate distance using a principle similar to
that of radar distance measurement, which is shown in Figure 3.

RECEIVER S R
} - Reflected signal
TRANSMITTER Original signal

Echo % i
Distance

Fig. 3 - Diagram of the radar distance measuring principle
Figure 4 shows the installation of the Arduino Mega 2560 microprocessor

controller and the HC-SRO04 digital sensor on the electromagnetic hammer
prototype.
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Fig. 4 - Photos of the installation of the Arduino Mega 2560 microprocessor controller and the HC-

SR04 digital sensor on the prototype of the electromagnetic hammer.

Below is given the program code for measuring and transmitting the current
time (in milliseconds) and plunger height (in millimeters) to the computer:

const int Trig = 12, const int Echo = 11; long t=0; // time in msec

void setup(){ pinMode(Trig, OUTPUT),; pinMode(Echo, INPUT); Serial.
begin(19200), accel.initialize(),}

unsigned int time_us=0; unsigned int distance=0;

void loop() {

digitalWrite(Trig, HIGH), // We send a signal to the output of the microcontroller

delayMicroseconds(10), // Hold for 10 microseconds

digitalWrite(Trig, LOW); // Then we remove

time_us=pulseln(Echo, HIGH), // We measure the pulse length

distance=time_us/5.8; // Convert to millimeters

t=millis(); Serial.print(t); Serial.print(“\t”), Serial.print(distance); // Output to
serial port }

A serial port monitoring program was run on the computer. Next, the
microcontroller and EMH prototype were switched on. After a series of impacts,
the equipment was turned off. The result of the experimental data was loaded into
the Matlab program to construct a graph of the dynamic movement of the plunger,
which is shown in Figure 5.
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Fig. 5 - Plotting the graph of the dynamic motion of the EMH prototype’s plunger

Figure 5 shows the up and down movement of the plunger and the moment of
impact as a peak signal. The peak burst of the sensor signal occurs at the moment
when vibration of the EMH metal structure reaches the piezoelectric elements of

the sensor.

Figure 6 shows a snapshot of the Matlab software window after processing data
arrays of the rise and fall of the EMH plunger in a single impact.
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V1=(£1d./X1d); % speed on the segment File Edit View Inset Tools Desktop Window Help ~| [ Figure 2 - o X
VIEVI(1); % inicial speed value T
VIsI(si & sl speed vtes Dede (3|08 (RE Fle Edt View lnsett Tools Deskiop Window Help
X1£=X1(1); % startc cimestamp Dedse |8/08|E
Xlu=Xl(end); % end vimestamp 25
Al=(Vu-V1f)*1000/ (X1u-X1£); % Acceleration of movemend 350
% working stroke — impact
X20-diff(X2); % timestamp difference = 300
f2d=abs (d1££(£2)); % position height difference
V2=(£2d./X2d); % speed on the segment £1s 250
V2EV2(1); % inivial speed value 3 E o
Vau=v2(end); % final spesd value 3
X2t=X2(1); % starc cimestamp & g 150
X2u=X2(end); % end cimestamp
A2=(V2u-V2£) *1000/ (X2u-X2£); % Acceleration of movement 100
E2u=115%V2u*2; % impact energy with a mass of 230 kg 05
>> 50
S >> figure; hold on: grid on; plot (V1); plot (V2); xlabel 5 o
< 0 5 10 15 20 25 3N B 4 2000 2200 2400 2600 2800
Time Time, ms

1 - Plotting the graphs of changes in plunger height (mm) versus time (ms); 2 - Plotting the
graphs of approximated dependences of the change in plunger height on time; 3 - Plotting the graphs
of the rate of change of plunger height versus time

Fig. 6 - Snapshot of the Matlab software window after processing data arrays
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Figure 6 shows the Matlab software window with the results of measurements
using the microprocessor system in the form of data arrays and plotting the
dependency graphs of the change in plunger height (mm) versus time (ms):

Y=[8;8;18;14,12;21;21;21;26,35;32;48,51,64;73;75;89,98,109;120,128,;145
J154:171,184,197;206,229,239,254,270;281,289,302,315;324,326];

XI1=[2111;2122;2132;2142;2152;2164,2174,2184,2194,2205,;2215;2225;223
5,2247;2257;2267,2277;2288,2298;2308,2318;2328;2339,2349;2360,2370;238
1;2391;2401;2411;2422,2431,2440;2450,2460,2470;2479];

Y2=[326,323;318;,318,;310;304,297;289,281;269,268;251,236,220;208,182;
162;145;124,101;84,57;42,19];

X2=[2479;2489,2500,2510;2519,2529,;2538;2548,2558,2567;2577,2588,;259
8,2609,2619,2630,2641;2651;2661;2672,;2682,2693,2703,2714];

hold on, grid on; plot(X1, Y1,X2,Y2); xlabel(‘Time, ms’); ylabel(‘Positon, mm’);

Y1, X1 — arrays of the idle stroke. Y2, X2 — arrays of operating stroke. Y — the
plunger’s Haight in mm. X — time marks in ms.

The graphs in Figure 6.1 show that the plunger height measurement sensor has
random errors. To eliminate them, data arrays are processed using the approximation
function by a 2nd order polynomial:

pl=polyfit(X1, Y1,2); fl=polyval(pl,X1), p2=polfit(X2,Y2,2);

f2=polyval(p2,X2);

Next, graphs of the approximate dependences of the change in plunger height on
time are plotted, which are shown in Figure 6.2:

figure; hold on; grid on; plot(X1, f1,X2,f2); xlabel(‘Time, ms’); ylabel( Positon,
mm’);

The data arrays are then processed to calculate changes in plunger speeds as
well as acceleration and impact energy values:
% idling - plunger lifiing
X1d=diff(X1),; % timestamp difference
fld=abs(diff(f1)), % position height difference
Vi=(fld./X1d); % speed on the segment
Vif=VIi(1l); % initial speed value
Viu=VI(end); % final speed value
XIf=X1(1); % start timestamp
Xlu=Xl(end); % end timestamp
Al=VIu-VIf)*1000/(X1u-X1f); % Acceleration of movement
% working stroke - impact
X2d=diff(X2),; % timestamp difference
2d=abs(diff(f2)); % position height difference
V2=(f2d./X2d); % speed on the segment
V2f=V2(1); % initial speed value
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V2u=V2(end); % final speed value
X2f=X2(1); % start timestamp
X2u=X2(end); % end timestamp
A2=(V2u-V2f)*1000/(X2u-X2f); % Acceleration of movement
E2u=115*V2u"2; % impact energy with a mass of 230 kg
figure; hold on; grid on; plot (V1); plot (V2); xlabel(‘Time’); ylabel(‘Speed,
m/s’);

Figure 6.3 shows the graphs of the rate of change in plunger height versus time.

Results. The following experiments were done:

Ist — the idle stroke operated at the supply of voltage to the upper coil at a
current value of 120 amperes, and during the working stroke, the voltage was
supplied to the lower coils at a current value of 70 amperes;

2nd — the idle stroke operated at the supply of voltage to the upper coil at
a current value of 120 amperes, and during the working stroke, the voltage was
supplied to the lower coils at a current value of 100 amperes;

3rd — the idle stroke operated at the supply of voltage to the upper coil at
a current value of 120 amperes, and during the working stroke, the voltage was
supplied to the lower coils at a current value of 120 amperes.

For each experiment, the data for five impact cycles was selected and loaded
into the working window of the Matlab program. The calculation results are shown
in Table.

Table - Calculation results

Acceleration UP, m/s"2 Acceleration Down, m/s"2 Impact energy , J

Down | Down | Down | Down | Down
Ne [ Upl | Up2 | Up3 | Up4 | UpS 1 2 3 4 5 Impl | Imp2 | Imp3 | Imp4 | Imp5

115414034 (39] 42 7,2 9,3 9,3 9,3 9,2 | 580 | 660 [ 710 | 678 | 669
2 153]126|32]34] 29| 91 134 | 12,4 | 134 | 13,5 | 712 | 956 | 949 | 940 | 1007
3158 (28| 13 (24|21 | 103 | 14,7 | 144 | 13,9 | 153 | 759 | 1090 | 1102 | 1031 | 1092

Using the obtained data and Matlab software, graphs of the dynamic parameters
of the prototype were constructed, which are presented in Figure 7.
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Fig. 7 - Plotting the graphs of dynamic parameters of the prototype of the electromagnetic rock-
breaking hammer

Figure 7.1 shows the changes in the acceleration of the plunger rise during the
first five impact cycles in different experiments.

Figure 7.2 shows the changes in the acceleration of the plunger fall during the
first five impact cycles in different experiments.

Figure 7.3 shows the changes in impact energy during the first five impact cycles
in different experiments.

Figure 7.4 shows the dependence of the average energy from the second
to the fifth impact cycles on the current value in the electrical windings of the
electromagnetic coils of the operating stroke.

Discussion. The graph in Figure 7.1 shows that the acceleration of the plunger
during the idle stroke of the first impact cycle has an almost equally high value, and
during the rest of the impact cycles the value decreases in proportion to the current
increase in the windings of the electromagnetic motors of the operating stroke.
This is due to the magnetization of the armatures of the lower electromagnetic
motors. The higher the current in the electromagnetic coils, the higher the residual
magnetization.

From the graph in Figure 7.2 it follows that the acceleration of the plunger
during the operating stroke of the first impact cycle has a low value; and during the
rest of the impact cycles the value increases in proportion to the current increase in
the windings of the electromagnetic motors of the operating stroke. This is due to
the magnetization of the armatures of the lower electromagnetic motors. Residual
magnetization increases the traction force of the armatures in the electromagnetic
coils.

The dependence shown in Figure 7.3 suggests that the impact energy of the first
technological cycle has a low value, and during the rest impact cycles the value
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increases in proportion to the current increase in the electrical windings of the coils
of electromagnetic motors of the operating stroke. This is due to the magnetization
of the armatures of the lower electromagnetic motors. Residual magnetization
increases the traction force of the armatures in the electromagnetic coils.

From the graph in Figure 7.4 it is clear that the dependence of the average energy
from the second to the fifth impact cycles on the current value in the electrical
windings of the electromagnetic coils of the operating stroke increases, but having
reached 100 amperes the growth in value decreases.

Conclusion. The results obtained show that the magnetization-demagnetization
time of electromagnetic motor armatures exceeds the duration of the production
operating cycle. This is connected with the armature material, which has a large
hysteresis loop. To increase the efficiency of the EMH, the selected armature
material should have a minimum hysteresis loop value. In addition, the decrease
in the impact energy growth as the current in the electrical windings of the
electromagnetic coils of the operating stroke increases and the nonlinearity of
accelerations of the plunger from the second to the fifth impact cycles give evidence
that the influence of the lateral attraction of the armatures on the friction forces in
the moving unit of the impact element.
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