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The article describes the device to control the strength of brittle materials under dynamic load. A design was de-
veloped and an electromagnetic accelerator was manufactured. It allows to perform mechanical strength tests of brittle
materials at speeds up to 10 m/s. It was defined that the device on the basis of the Hopkinson measuring cores can also
be used while studying the energy characteristics of the solid alloys destruction and the investigation of the cutting
process. The obtained experimental results on the strength of solid alloys can be used to predict the probability of inci-

sors destruction.
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Introduction

The research on the changes of metals and alloys
under high-speed deformation has a great scientific and
practical interest in connection with the development of
a number of new technology branches, as well as in
connection with the development and introduction of
new perspective technological techniques of material
cutting on the industry.

During the process of processing, the cutting tool
receive both static and dynamic load. The presence of
various structural elements in details: holes, slots,
ledges, etc., leads to the impact load of the cutting tool
during their processing. The dynamic component of
cutting power can be 1.5-2 times higher than static.
Such processing conditions are very dangerous for a
tool equipped with hard-alloyed or diamond- hard-
alloyed plates. To predict the working capacity of tools
operating in such conditions, it is necessary to test an
instrumental material withing conditions that are as
close as possible to the actual process of cutting.

The strength determining system of metals and
alloys under dynamic load conditions

For the determination of the strength of metals and
alloys under dynamic load conditions (from 0.1 to 10
m/s), pendular and rotational coppers [1] are usually
used, which differ in design features and methods of
load-deformation diagrams handling. One of the most
suitable devices for testing of small samples of brittle
materials under dynamic load systems are systems based
on the Hopkinson-Kolsky dimensional cores.

In the IHAM named after Bakul V.M. NAS of
Ukraine the vertical "Copper" is used to determine the
characteristics of the brittle materials strength under

dynamic load. The basis of the "Copper" is the meas-
urement cores of Hopkinson-Kolsky's. This type of
device is one of the most suitable for testing of small
samples of brittle materials under dynamic load. The
speed that can be achieved under the load is from 0.5 to
3 m/s [2].

The basis of the Kolsky method is the one-
dimensional theory of the elastic waves propagation in
long thin cores [3]. The testing system consists of two
long cores (load and support) with a rather high bound-
ary of elasticity and a thin sample in the form of a disk
that is located between their ends. With the help of a
falling from a height of 1-2 m peen, the first core excites
an elastic momentum of compression with amplitude
proportional to the speed of peen. The corresponding
deformation wave £'(z) extends along the core with the
speed of sound. When approaching the sample, the
compression wave is separated due to the difference in
cross sections and acoustic impedances of the materials
of the cores and sample. In this case, the part of the
wave reflects from the boundary and returns to the first
core with a wave of tension £°(¢), and the other part
passes through the sample into a supporting core with a
compression wave &' (z). Assuming the homogeneity of
the stress-strain state of the sample along its axis (due to
the long duration of the load impulse, in comparison
with the time of the wave pass along the sample length),
on the basis of these impulses of Kolsky's formulas [3]
it is possible to determine the parametric dependences
of the voltage development (1), deformation (2) and the
speed of deformation (3) of the sample during the test:

oy (1) =%Asf(t> (1)
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To obtain parametric dependencies G¢(t), €(¢) 1
£4(?) the time ¢ excludes as a parameter and a diagram
of the sample deformation in the form of dependencies
is constructed og ~&; n &£ ~¢; [4]. The second de-
pendence is used to control the change of deformation
rate in the process of deformation or to evaluate the
influence of the change history of the deformation rate

on the resulting diagram with a impulse load of complex
form.

The device for strength tests with a dynamic load
"Copper" and a pattern of wave propagation are de-
picted on the Fig. 1.

In the main version of the copper, the basis of the
measuring system of the device was a two-beam digital
oscilloscope C9-8, which was launched from the in-
creasing amplitude of the measured signal that inleted at
the input of the oscilloscope after the previous amplifier
of the strain gauge signal. The maximum amplitude of
the signal was about 2.5 V. But the system worked
unstable because it was not possible to shield the strain
gauges that were glued on the cored.

It would load the core and disrupted its efficiency.
An additional source of interferences was the supply
chain of an electromagnet that raises the peen. The peen
was dumped while the break of the power supply circuit
of the electromagnet, which led to the occurrence of
injuries on to strain gauges.

——

top
strain gauge

sarnple

bottom
strain gauge

Fig. 1. « Copper» device and a pattern of wave propagation

To solve this problem, the measurement system
was started with the help of independent source signal,
namely a piezoelectric plate. The sensor was made of
piezoceramic PCR-8, mounted on the side surface of the
core, near the end, which perceived the impact. The
design of the sensor is shown on the Fig. 2.

The epoxy lining 1 has a radius that is equal to the
radius of the measuring core, which increases the con-
tact area of the sensor with the core. On the foil glass
textolite lining there are contact pads, where the outputs

of the piezoelectric plate are soldered. The signal from
the piezoelectric sensor was sent to the external oscillo-
scope input. This allowed to increase the reliability of
the start of the measuring system.

The development of electromagnetic accelerator

Technology of sintering of hard alloys improve-
ment has led to the manufacturing possibility of prod-
ucts of various shapes and sizes.
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Fig. 2. Piezo sensor: 1 — epoxy lining , 2 — lining, 3 — piezoelectric plate

This allowed to expand the scope of the use of
solid alloy from the cutting plates to the bushings in
turbines at nuclear power plants. At the same time, the
speed of dynamic loads increased to 10 m/s. It is very
important to know what border strength has the solid-
strength product from solid alloy precisely at those
speeds at which the operation is foreseen. The "Kopper"
device has a loading speed of up to 3 m/s [5]. Therefore,
it was decided to increase the load speed on the vertical
copper to 7-10 m/s. This will allow to test the product's
hardness from solid alloys in conditions that are as close
as possible to the operating conditions. In this case it
was decided to upgrade the copper to an electromag-
netic accelerator, or Gauss gun.

The principle of Gauss gun action is based on the
fact that the magnetic field created by the electric coil
begins to push inside the solenoid iron cylinder, which
begins to speed up. If at the moment when the cylinder
appears inside the winding, the current is going to be
turned off, then the pushing magnetic field will disap-
pear and the speeding cylinder will freely flies through
the other end of the winding. The stronger the magnetic
field and the faster it is turned off - the stronger the
cylinder flies out.

The parameters of the winding, mass and cylinder
dimensions, the parameters of the condensers should be
chosen in such a way that during the acceleration to the
moment of the flight of the cylinder to the middle of the
winding current in the last would have time to reduce to
the minimum value, so the charge in capacitors would
have been completely consumed. In this case, the effi-
ciency of a single-stage magnetic accelerator will be
maximal.

To increase the efficiency and the speed of the peen
on the device for controlling the strength of solid alloys
under dynamic load, a special control scheme was devel-
oped for electromagnetic accelerators [6, 10].

The electromagnetic accelerator can be divided
into the following parts: start-up sensor, inductor coil,
control unit and capacitor block.

To control the electromagnetic accelerator, a
scheme based on a comparator was developed, which is
implemented on a microcircuit LM311.

An important advantage of the control scheme on
the comparator over the trigger is the noise immunity.

This setting is important for devices that operate under
industrial conditions where there are many sources of
noise.

The sensor for switching on of the electromagnet is
an optical pair K170P, which triggers on reflection. In
optical pairs of this type, the light emitter and the re-
ceiver are made in the same frame. The monolithicity of
the case eliminates the need for a mechanical adjust-
ment of the optical system, a slight deviation of the peen
from the vertical axis did not affect the operation of the
optical pair. The foregoing is the advantage of the opti-
cal pair, which triggers on reflection, than the optical
pair that triggers on the lumen. Reflecting element is
peen.

The final principal electric circuit with all neces-
sary nominal, power and protection circuits is shown on
the Fig. 3.

At the initial moment, the phototransistor of the
optical pair is closed and the potential at the inverting
input of the comparator (output 3) is greater than the
voltage of the hysteresis provided by the divider R6, R7
(Fig. 3) on the non-inverted input of the comparator
(output 2). The negative voltage at the inverting input
leads to a positive voltage at the output of the compara-
tor (output 7), this positive voltage closes the transistor
keys that are implemented on the transistors T1, T2. T3.

When the reflected beam of light appears, the pho-
totransistor opens and starts the saturation mode.

Then the positive voltage through the chain R2 and
the phototransistor enters the inverting input of the
comparator. This voltage exceeds the voltage of the
hysteresis and leads to the switching of the comparator.
As a result of switching the negative voltage appears on
the output of the comparator. Transistors T1, T2, T3 are
opening and all accumulated charge on capacities C6
and C7 through T3 discharges to inductance L1. Each
key has a local negative feedback on the current to ex-
acerbate the fronts by reducing the Schmidt effect, and
as a consequence of reducing the switching time of the
transistor. For T1, T2, T3 the element which provides
local negative feedback on current is respectively R11,
R19, R120. T1 and T2 transistors should be medium
power and high-frequency to reduce the time of opera-
tion, T3 of high power, also high-frequency, with the
ability to withstand the impulse current up to 100A.
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Fig. 3. Electromagnet control scheme

In the circuit base-emitter of the output keys on the
T2, T3 transistors the diodes D4, D5 are installed
(KI213A), to provide protection of transistors against
pulse overload.

On the elements D2, D3, C1 — C5, R3, R5 the
voltage stabilizers are connected for power supply of the
chip LM311.

Particular attention was paid to the choice of type
of capacitors C6 and C7 with the capacity of 100000uF
and voltage up to 63V. They must have low parasitic
inductance, operate in a wide range of frequencies (this
enables to switch short pulses). According to these re-
quirements  the capacities Evox Rifa  type
PEH200MV6100M 100000 pF, 63 volt were selected.
The L1 inductance coli was manufactured as a single
element, with 250 turns of copper wire 2.5 mm in di-
ameter in varnish insulation with additional insulation
between layers.

The inductance coil was installed directly on the
device. An optical pair of control circuit startup was
installed before the coil, and optical pair was installed
after the coil to measure the speed and start of ADC.

The electromagnetic accelerator was design and
manufactured, it allows to conduct mechanical tests on
the strength of brittle materials at speeds up to 10 m/s
[6]. The device on the basis of the Hopkinson dimen-
sional rods can also be used to study the energy charac-
teristics of the destruction of solid alloys and to simulate
the process of cutting the tool into a billet.

The application of the device to study the tensile
strength at the diameter compression
The load diagram while determining the tensile

strength at the diameter compression 6’;" [7] is shown
in the figure 4.

P

Fig. 4. Load diagram

Disc samples of one batch of VK3 alloy were
tested on the modernized device for testing the strength
of solid alloys under dynamic load. Before the start of
the test, the dimensions of the samples were determined,
namely, the diameter d and the thickness t.

The strength at the diameter compression was cal-
culated according to the formula (4) [8].

G()C B 2P

P mdt

“

The strength at the uniaxial stretching was calcu-
lated according to the formula (5) [9].
1.28c c
G, =— < (5)
no, —5.930,
where o, — contact strength, o, — strength limit at
uniaxial compression.

Geometric sizes of samples d = 7,8 mm, ¢ =
2,95 mm.

The results of the tests depicted that all 10 samples
were destroyed according to the classical scheme
(Fig. 5) and there was not any failure of the measuring
system.
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Fig. 5. Type of sample destruction

Test results VK3: G;‘ =576 £ 95 MPa,
c, =620 £ 165 MPa with confidence probability 0,9.

Samples tests of experimental hard alloys obtained
by vacuum sintering during 40 minutes at temperature
1550 °C were also carried out [11]. The blend before
sintering was subjected to intense grinding during 120
hours with bullets 5-10 mm. Alloys of the first group
included except WC up to 19% Ni3Al, and the second -
except TiC up to 19% NizAl Test results: the strength

limit of alloys of the first group, G(;)U =435 £ 28 MPa,
of the second group G:C =290 £ 15MPa[10].

Thus, solid alloys obtained by vacuum sintering
with an additive Ni3Al, have high mechanical character-
istics, although their strength under dynamic loads is
less than the strength of solid alloys WC — Co - group.

Conclusions

The modernization of the control device of the
solid alloys strength under dynamic load was carried
out. A design was developed and an electromagnetic
accelerator was manufactured, which allows to perform
mechanical tests on the strength of fragile materials at
speeds up to 10 m/s.

The basic scheme was developed and a control and
synchronization unit for the start of an electromagnet
was manufactured.

It was defined that the device on the basis of the
Hopkinson measuring cores can also be used while
studying the energy characteristics of the solid alloys
destruction and the investigation of the cutting process.

The obtained experimental results on the strength
of solid alloys can be used to predict the probability of
incisors destruction.
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CUCTEMA JUUI1 KOHTPOJIXO MINHOCTI ITPU JUHAMIYHOMY HABAHTAJKEHHI 3
EJIEKTPOMATHITHUM ITPUCKOPIOBAYEM

B crarTi onrcaHo yCTaHOBKY JJIsl KOHTPOJIIO MIITHOCTI KPUXKUX MaTepialliB IpU AMHAMIYHOMY HaBaHTaXxeHHIi. Po3po0-
JIeHa KOHCTPYKIIiSl Ta BUTOTOBJIEHO €JIEKTPOMArHITHUH IPUCKOPIOBAY, KU J03BOJISIE IPOBOIUTH MEXaHIYHI BHITPOOY-
BaHHS Ha MIIHICTh KPUXKUX MaTepialiB 31 IBUAKICTIO 10 10 M/c. BcTaHOBIIEHO, 110 YCTAaHOBKA Ha 0a3i MipHUX CTPHK-
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HiB ['ONKHHCOHA MOXE OYyTH TaK0X BHKOPUCTaHA [l BUBYCHHS CHEPTeTHMYHNUX XapaKTEePUCTUK PYHHYBAHHS TBEPIUX
CIUTaBiB Ta JOCIILKSHHS TIpoliecy BpizaHHs. OTpuUMaHi eKCIIepUMEHTANbHI Pe3yNIbTaTH MPO MIIHICTh TBEPAMX CIUIABIB
MOXYTb OyTH BUKOPUCTaHI JUIsl IPOrHO3YBaHHS BIpOTiTHOCTI pyHHYBaHHS Pi3LiB.

Kio4oBi ci1oBa: aBroMaTH30BaHa CHCTEMA, MIIHICTh, €JIEKTPOMArHiTHUH NPHCKOPIOBAY, AMHAMIYHE HABAaHTAXKEHHS,
HA/ITBEP/II MaTEpiam.

DA. A. Ocaguuid, DE. JI. IMucapenko, Y1 H. JleBuH

" Hayuonanonuiii mexnuueckuii yHusepcumem Yxpaunvt "Kuesckuti noiumexnuyeckui uHcmumym
umenu Heops Cuxopckozo”, Kues, Ykpauna

Z)HHcmumym ceepxmeépovix mamepuanos um. B. H. baxynas HAH Yxkpaunwvi, Kues, Yxpauna
CUCTEMA MJId KOHTPOJIA IMPOYHOCTU IIPU NMHAMUYECKUX HAIPY3KAX C
OJIEKTPOMATHUTHBIM YCKOPUTEJIEM

B craTtpe ommcana ycTaHOBKA JJIs1 KOHTPOJISI IPOYHOCTH XPYIKAX MaTepUaIoOB IPpH JUHAMHUYEecKoi Harpy3ke. Pazpabo-
TaHa KOHCTPYKIMSI M M3TOTOBJICH 3JIEKTPOMArHUTHBIN YCKOPHUTENb, KOTOPBIA ITO3BOJIIET MPOBOJAUTH MEXaHUYECKHE
WCTIBITAaHUS HA MPOYHOCTH XPYIKUX MAaTEPUAIOB CO CKOPOCTHIO 0 10 M/c. YcTaHOBIECHO, UTO YCTaHOBKA Ha 0a3e Mep-
HBIX CTepykHEH ['OmKMHCOHA MOXKET OBITh TaK)KE UCIOJIB30BaHA JUIA M3YYCHUS SHEPTCTHICCKUX XaPAKTEPUCTHK Pa3py-
IIeHUsT TBEPABIX CIJIAaBOB M HCCIENOBaHUS Tpollecca Bpe3zaHus. llomyueHHbIe HKCIEPUMEHTaJbHBIE PE3yJbTaThl O
MPOYHOCTHU TBEPJIBIX CILIABOB MOTYT OBITh UCIIOJIB30BAHbI JIJIs IPOTHO3UPOBAHUS BEPOSTHOCTH PA3PYIICHHS PE3IIOB.
KuioueBble ¢Jj10Ba: aBTOMaTU3UPOBAHHASA CHCTEMA, MPOYHOCTb, DJIEKTPOMArHUTHBIN YCKOPUTENb, TUHAMUYECKas Ha-
rpy3Ka, CBepXTBepble MaTepUasbl.
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Jlana cmamms nosicHIO€ HeoOXIOHICMb PO3POOKU MemOodie NIOBUUEHHS OOCMOBIPHOCIIE OiAZHOCMUKU CINAHY pi3a-
JIBHO20 THCMPYMEHMY, ONUCYIOUU NPOYeC PI3aHHA HA MIKpOCMPYKMYPHOMY Di6HI, 34 00NOMO2010 SIKO20 BUSHAYAEMbCSA
npobiema 3HOUuleHHs PI3aibHO20 THCMPYMEHMY Ma MOXCIUBUL WIAX i1 8upiuieHHs. 3anponoHosano memood diazHocmu-
KU CMawny pi3anbHO20 IHCMPYMEHMY 8 YMO08AX A8MOMAMUZ08AH020 BUPOOHUYMEA, AKULL O0A3YEMbCA HA SUMIPIOBAHHI
cueHamy akycmuunoi emicii ma nomyacnocmi pizanns. Lleitl Memoo 00360186 KOHMPOLOBAMU THMEHCUBHICMb 3HOULY-
6AHHs PI3ANLHO2O THCMPYMEHMY MA RPOSHO3Y8AMU U020 CMIUKICMb, WO 0A€ MONCIUBICMb RIOSUWUMU TMOYHICTD,
AKicmb ma epexmuHicms MexanoooOpooOKu.

Knrouosi cnosa: diacnocmuxa, npoyec pisants, agmomMamu3ayis, pizaibHull iHCMpPYMeHm, 3HOUWEHHs, CIITIKICMb
PI3aNbHO20 IHCMPYMEHM).

Beryn

[Ipu cepiiiHoMy aBTOMaTH30BaHOMY BHPOOHHIITBI
JeTaJiell Ty)e Ba)KITMBO TPOBOJIUTH NiarHOCTHUKY pi3a-
JLHOTO THCTPYMEHTY, TaK K HaldJacTilie 3a Bce, a caMme
63% Bix 3ara’dbHOi KiIBKOCTI HECHPAaBHOCTEH, sSIKi BH-
HUKAIOTh B TEXHOJIOTIYHO-OOpOOIIOBAHUX CHUCTEMax
(TOC), npunamaroTh caMe Ha BiIMOBY pi3ajbHOTO iH-
ctpymenty. Ilpu mpomy Ui BUSABICHHA Ta YCYHEHHS

BiIMOB He0OXimHO 3aTpatuth Oinsg 10% Bix 3araiabHOTO
yacy poOoTH BepcTariB. 3 BIIMOBH I1HCTPYMEHTY Ha
OJIHIN omepallii 9acTo CIiaye i BUXiJ 3 JIaay iIHCTPYMEH-
TiB Ha IHITUX TO3MIIAX, MO0 CIPUYUHSIE BiIMOBH 1HITUX
BY3JIiB BepcTaTa Ta BHITyCK OpakoBaHOi mpoayKiii [1].
[Ipu BincyTHOCTI JAOCTOBipHOI iH(OpPMAIi mpo BCi
BUJIM BIUIMBY HAaBKOJUIIHBOTO CEPEIOBUINA HA Pi3alib-
HUH IHCTPYMEHT Ta 0e3 MOHITOPHHTY HOTO CTaHy MOXeE
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