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PRACTICE OF IMPROVING A SPRING TESTING MACHINE

The article deals with the practical issues of modernizing the machine for testing springs MIP 100-2 in order to be able to
perform laboratory research. Using the methods of the theory of mechanisms and machines, in particular the contour method, the
design of equipment for testing three- and four-point bending is substantiated, thereby eliminating extraneous loading of the samples
through redundant connections. For the loader carriage drive motor, it is planned to use power from a single-phase network via a
frequency converter, enabling smooth adjustment of the carriage speed over a range of up to 9. To eliminate the influence of the weight
of the device on the value of the measured force, a plate-type strain gauge is installed on the moving carriage of the machine. The
output of the strain gauge signal to its load indicators is carried out by using an amplification unit, indication and transmission of
indicators, which can be displayed on its display and via a converter to a PC. The described measures have been tested in practice
and have shown a positive result. An electrical circuit has been developed that can also provide the movement of the carriage in manual
and automatic modes using limit switches, which allows you to reduce the time spent on performing multi-series tests and creates
reserves for the development of automation of the testing process through the use of special loading and feeding devices. The proposed
technical solutions are quite simple and accessible for practical implementation by means of repair shops. Provided that simple
retrofitting is performed on the machine, it is possible to perform compression, shear, and other tests. UMM-5 and similar tensile
machines can be improved using a similar strategy

Keywords: testing machine, bending, compression, equipment, strain gauge, circuit method, redundant constraint.

MPOIEHKO BJIAJJUCJIAB, PYCAHOB CEPT'Ti, KACSTH OJIEKCIV

XepcoHChbKHUIT HallIOHAIbHUI TEXHIYHUI YHIBEPCUTET
MNPAKTUKA YIOCKOHAJIEHHS MAIIWHU JJIS1 BUTTPOBYBAHHS ITPYKUH

Cmamms npuceésvena npaKmuyHumM NUMAHHAM MOOepHi3ayii mawunu ons eunpodysanna npyycurn MUIT 100-2 3 memoio moxciusocmi
BUKOHAHHSA 1A00PAMOPHUX 00CTiOMNCeHb. I3 guKopucmannam memooie meopii Mexanizmie i MautuH, 30Kpema NOKOHNYPHO20 Memoody, 002pYHIMOBAHO
KOHCMPYKYII0 OCHAWeHHs 05l GUNPOOYSAHHs HA MPU- MA YOMUPUMOUKOBULL 32UH, WO BUKTIOUAE NO3AUIMAMHE HABAHMAICEHHS 3DA3KIE 3a PAXYHOK
BUKTIIOYEHHS HAOTUWKOBUX 38'513KI6. [Isl 08USYHA NPUBOOY PYXY KAPEmKU HABAHMANCYBAYA NepeddaieHo BUKOPUCIAMU HCUBTEHHS 810 00OHOPa3HOT
Mepedici uepes nepemeoprosay Hacmomu, wo 0de MONCIUBICIb 3a0e3neueH s NIAGHO20 Pe2yI0BaAHHA WEUOKOCIU PYXY KapemKu i3 0ianazonom 00 9.
Jna euxkontovenns 6naugy 6azu npuCMOCYBaHHA HA 6EIUNUHY BUMIPIOBAHO20 3YCUNIAL HA PYXOMIll Kapemyi MAuuHy 6CMAHOBIEHO MeH30MempPUYHULL
CUNOBUMIPIOBAY MAPIIYACMO20 Muny. BeusedenHs cueHay meH300a8aua HaA NOKA3HUKU U020 HABAHMANCEHHS BUKOHAHO 3A PAXYHOK GUKOPUCMAHHS
On10Ka niocunenns, iIHOuKayii ma nepeoasants NOKAHUKIS, SAKI MOJCYMb 8UBOOUMUCH HA 11020 Mab.io ma uepe3 nepemsoprosay na I1IK. Onucani 3ax00u
anpoboeani na npakmuyi i noxasaiu nosumusHull pesyrbmam. Pospobnena enekmpuuna cxema, uwjo modce 3abesneuumu maKodxic pyx Kapemxu He
PYUHOMY Ma A6MOMAMUYHOMY PEXCUMI NO KIHYeBUX BUMUKAYAX, WO OO0360J51€ CKOPOMUMU SUMPAMU 4YACy NpU BUKOHAHHI Oa2amocepiuHux
6UNPOBYBAHL MA CMBOPIOE pe3epeU Ol PO3BUMKY AGMOMAMuU3ayii npoyecy sunpobysanHs 3a paxyHoK 3acmoCy6anHs CneyianbHux 3a86aHMAaAiCy6a1bHO-
n00asanbHuUx npucmpois. 3anpononoeani mexuiuni piuienHs 0OCMamubo npocmi i QoCmynHi 00 peanizayii Ha npakmuyi 3aco0amu pemoHmHUX
Mmaticmepenb. 3a yMOBU BUKOHAHHS HECKIAOHO20 OOOCHAUJEHHS HA MAWUHI MOXCIUBO 8UKOHYBAMU 6UNPOOYBAHHS HA CMUCKAHHA, 3pi3 ma iHwi. 3a
nooibHoI0 cmpamezielo Moxcymu 6ymu yoockonaneti pospusni mawunu YMM-5 i nooi6ui.

Kniouosi cnosa: sunpobysanvra mawuna, 32ut, CmucKanHts, OCHAWenHs, men300a6ay, NOKOHMYpHUI Memoo, HAOTUWKOBULL 36 SI30K.
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Introduction

The development of new materials and products manufactured from them requires precise knowledge of their
properties, as well as the influence of processing technologies and operating conditions, which ultimately determine
production cost [1]. Of particular importance is the study of plastic materials, which enable the implementation of
resource-saving approaches and thereby reduce the cost of finished products.

Literature review

In study [2], the mechanical behavior of Acrylonitrile-Butadiene-Styrene (ABS), one of the most important
amorphous thermoplastics, was investigated to determine the influence of testing conditions on the elastic properties of
the material. ABS is widely used due to its high impact toughness, strength, and thermal resistance; however, its flexural
behavior-especially under varying loading conditions-required detailed examination to predict failure zones and energy
absorption characteristics. The authors conducted a series of four-point bending tests at different deformation rates and

Herald of Khmelnytskyi national university, Issue 3, 2026 (365) 613



https://orcid.org/0000-0002-3468-4952
mailto:1904pvo@gmail.com
https://orcid.org/0000-0002-1003-4867
mailto:serg.a.rusanov@gmail.com
https://orcid.org/0009-0008-2039-6096
mailto:kasyan.aleksey@ukr.net
https://creativecommons.org/licenses/by/4.0/

Technical sciences ISSN 2307-5732

two support span lengths to evaluate their influence on mechanical parameters. Comparative data were also obtained
through numerical modeling. The experiments made it possible to measure reaction forces versus deflection, assess
flexural strength, and characterize the material’s behavior under bending loads. It was established that the elastic
properties of ABS significantly depend on span length and loading rate. For shorter spans, the post-peak force decreased
more abruptly, indicating more severe internal damage accumulation under such conditions.

Article [3] focuses on the effect of strain rate on the elastic properties of a material reinforced with continuous
carbon fibers in a polyamide 6 matrix (CF-PA6). This plastic is gaining popularity in lightweight structures where a
combination of high strength and low weight is critical, for example, in automotive applications. Under near-service
conditions, materials may experience loads applied at different rates; therefore, understanding rate-dependent behavior is
essential. Four-point bending tests were performed at three strain rates: quasi-static, intermediate, and high. The results
demonstrated that the flexural strength of CF-PA6 does not exhibit a clear dependence on strain rate within the
investigated range. Similarly, the strain at failure (~1.05-1.10%) and the elastic modulus (~101-102 GPa) showed no
significant variation. Using digital image correlation and high-speed video recording, the authors traced the failure
mechanism. Regardless of loading rate, failure initiated with compressive fiber fracture and delamination of outer layers,
followed by crack propagation into the tensile zone. Statistical analysis showed that the strength distribution follows a
two-parameter Weibull model without a pronounced dependence on loading rate.

In study [4], the authors examined the influence of aggressive environments on the elastic properties of
polyoxymethylene, an important thermoplastic widely used in bearings, gears, and mechanical components, where the
material may be exposed to liquids or ultraviolet radiation. Ten samples were exposed to five different environments:
ambient atmosphere, distilled water, lubricating oil, ultraviolet radiation, and saline solution. After prolonged exposure,
four-point bending tests were performed to determine the maximum flexural stress. The results indicated that exposure to
distilled water, cooling oil, and saline solution led to a reduction in maximum bending force, demonstrating material
degradation in these environments. Ultraviolet radiation caused an increase in flexural stress, suggesting increased
stiffness due to UV-induced structural changes.

Article [5] investigated the influence of Fused Deposition Modeling (FDM) process parameters on the elastic
properties of samples made from polyethylene terephthalate glycol (PETG) and recycled PETG (rPETG). The main
objective was to determine which printing parameters affect maximum flexural strength and whether recycled material
can be used in engineering practice without significant loss of mechanical properties, which is important for recycling
and zero-waste manufacturing concepts. Samples were subjected to three-point bending tests using a universal testing
machine to determine maximum flexural stress under standard testing conditions. Regression analysis was applied to
evaluate the statistical significance of printing parameters. Based on the experiments, it was concluded that rPETG used
in the FDM process exhibits competitive mechanical properties, particularly at high infill densities, highlighting the
feasibility of using recycled materials for part production. This not only reduces manufacturing costs but also reduces
environmental impact by utilizing plastic waste.

Study [6] is devoted to the development and implementation of an automated system for conducting three-point
bending tests of PLA/TPU polymer blends with TPU content ranging from 0% to 100%. The primary objective was to
ensure high-throughput automated testing to obtain large datasets on mechanical and physical properties with minimal
human intervention, which is particularly relevant for modern research on composite and hybrid polymers. The study
involved the creation of a robotic setup consisting of a robotic manipulator, a sample storage table, and a testing machine.
The system enabled continuous sample feeding into the testing machine and automated three-point bending tests of
standardized samples in accordance with ISO 20753:2019-01. A total of 628 PLA/TPU samples with varying TPU content
(0%, 10%, 25%, 40%, 70%, 90%, 100% by weight) were tested. It was shown that flexural strength and modulus of
elasticity decrease monotonically with increasing TPU content. This is explained by the transition from rigid
thermoplastic PLA to more elastic TPU, which reduces the material's ability to sustain high bending loads. The processed
results demonstrated high coefficients of determination (R? = 1) for regression curves, indicating a strong correlation
between TPU concentration and flexural characteristics. Thus, the study demonstrates the high efficiency of the robotic
testing system, enabling rapid data acquisition and high-precision results.

Therefore, a review of current research shows that the determination of elastic modulus and ultimate flexural stress of
plastic samples is typically performed using three- or four-point bending schemes with the sample supported on spans [7-9].

The implementation of modern laboratory research in mechanics and materials science using outdated testing
machines and equipment commonly available in Ukrainian laboratories has significant drawbacks. These are primarily
related to the remoteness of the force-measuring element (usually a spring) from the loading device within the force-
measuring chain, which introduces measurement errors due to the lever system's friction and joint clearances. Another
disadvantage is the obsolescence of the electrical system, including power supply from a three-phase network in some
cases via a bulky external unit, and the lack of smooth speed control of the loading carriage.

The analysis of practical case studies has shown that modernization of such equipment is carried out in several
directions. The first involves retaining the standard force-measuring chain while installing a resistive sensor to measure
the angular displacement of the force-indicating pointer [10], or recording acoustic emission signals [11], without upgrading
the loading drive. This allows data transmission to a personal computer (PC), but it does not eliminate the effects of
clearances and friction in the lever joints, nor does it provide smooth speed control of the loading device. The second, more
advanced approach involves the use of strain gauges positioned directly near the tested sample, with data transmission to a
PC [12], again without modernizing the loading drive. This eliminates the adverse effect of the lever-based force-measuring
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system but still does not enable smooth speed regulation. An even more advanced third option [13] includes the use of strain
gauge force sensors located directly near the sample, combined with a stepper motor driving the loading mechanism.
Problem statement

In the latter configuration, where a stepper motor enables smooth speed control, several disadvantages remain.
Such modernization requires modifying the motor-to-transmission connection, fabricating an adapter plate, and, if
necessary, a coupling. Another drawback is the possibility of non-standard (misaligned or unintended) loading of the
tested sample when using the implemented fixture.

This can be demonstrated using the example of four-point bending tests of plastic samples to determine ultimate
flexural stress or elastic modulus. The mechanism of the MIP-100 testing machine applied in [13] includes carriage 1
(Fig. 1), which moves via a chain drive along the prismatic guides of its frame 0. Mounted on carriage 1 is the upper plate
2, to which an adapter plate 3 is attached. On spacer 4, the upper pair of rollers 5 is installed; these apply load to the
sample 6. The sample rests on the lower pair of rollers 7, which are mounted on spacers 8 fixed to the lower plate 9. The
lower plate 9 is installed on the lower platen 10, which transmits the force to the force-measuring mechanism.

Sample 6 must be loaded by forces applied along the axis of symmetry of its cross-section through the cylindrical
rollers 5 and 7. To ensure correct loading conditions, these rollers must provide linear contact with the sample (Fig. 2a).

The described mechanism contains # = 6 movable links (carriage 1 with parts fixed to it, two pairs of rollers 5
and 7, sample 6). The number of fifth class kinematic pairs here Ps = 5 (45, Bs, Cs, M5, Ns), number of second class
kinematic pairs P, =4 (R>, S>, O2, T>), other class pairs are absent P, = P;=P;=0.

The total kinematic pairs number is:

P=Ps+P;+P;+P,+P;=5+0+0+4+0=09. (1)
The sum of the kinematic pairs movabilities:
f=1Ps+ 2P;+ 3P, + 4P+ 5P;=1x5+2x0 + 3x0 + 4x4 + 5x0 = 21. 2)
Number of independent locked circuits by Gohman formula:
k=P—-n=9-6=3. 3)

Independent locked circuits are: MsQ>T>NsMs; BsR»S>CsBs; N5T>S>CsAsNs.
Total mechanism mobility by Voinea and Atanasiu equation:
W= f-3rn=21-G+5+4)=7, 4)
where r; — independent locked circuit axes rank.
W=Wy+W=0+7=17, )
where Wj, = 0 — mechanism basic mobility;

W; =7 — links local mobilities (rollers 5, 7 around Z axis (4 mobilities), sample 6 along X and Z axes, and also
around Y axis (3 mobilities)).

Then the redundant constraints number in the basic variant by Somov and Malyshev formula:

=74+5%x54+4%x04+3%x0+2%x44+0—-6X%6=4.
Redundant constraints number by Ozols formula:
Qoz=W+6k—f=74+6%x3-21=4, (7

Using the circuit method of L.N. Reshetov confirms the presented calculations (table 1) [14, 15] (table. 1), it allows
to set redundant constraints location.
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Fig. 1. General view of the mechanisms and equipment of the MIP-100 machine Fig. 2. Properly (a) and possible (b) options for
during the four-point bending test in the basic version applying load to the sample
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Redundant constraints ¢; and g2 do not usually affect the load on the specimen, as gaps in the kinematic pair 4
along the X and Z axes usually level them. Redundant constraints g3 and ¢4 can lead to point contact of the rollers with
the sample at the edges of the cross-section (Fig. 2, b) instead of the center, as it should be. This can occur, for example,
with manufacturing errors of spacers 4 and 8 (Fig. 1) in height, angular deviation Ay of the roller axes from the Z axis in
the ZY plane, non-alignment of the roller axes of each pair to the same plane, roller taper (d; # d>), non-planarity of the
supporting surface of the sample, or a combination of these factors. As a result, the sample can undergo torsion
deformation and unforeseen contact loads.

Table 1.
Circuit method application of to the loading mechanism of a prismatic sample
in four-point bending in the basic version
Planar movabilities f p ‘ Non-planar movabilities f,
Circuit ' ' " 1" " '
L L F ho b 1
M50:TsNsMs S A O g s s
wis Yy Yws §e
Bs5RS:C5Bs R O BRLS g R K

A1 *qj
w6l W,(7/ f fW!/7/ W6/ W, (6)

N5T55,CsA5N5 Lﬁf g Mng @ LAILT %

A1 ) M
W=7, g=4

Aims of the article

The main task of the article is to improve the MIP-100-2 testing machine available in the laboratory of the
Kherson National Technical University to ensure:

- reducing the number of redundant constraints in the equipment of testing samples for bending according to
four-point and three-point schemes, and thereby eliminating the possibility of abnormal loading of the tested samples;

- improving the loader drive to ensure the possibility of power supply from a single-phase network, smooth start-
up, and adjustment of the carriage speed in manual or automatic mode;

-excluding the lever system from the force measuring circuit in order to increase the accuracy of determination
and avoid the influence of the weight of the device on the value of the measured force;

-achieving the connection of the machine with a PC for the purpose of data transfer and remote control.

Methods

To improve the structural efficiency of the machine equipment by determining the locations and eliminating
redundant constraints, methods of the Theory of Mechanisms and Machines were applied, in particular, the L. Reshetov
circuit method, as well as the methods of Ozols and Voinia-Atanasiu. The calculations were performed using the Maxima
computer algebra system, graphical constructions were created in SolidWorks, Paint, graphs built in MS Excel, the search
for information on samples bending tests in modern researches and using equipment was conducted using ChatGPT-5.

Main material presentation

To achieve the first point, equipment was developed for testing plastic samples in four- and three-point bending.
Next, we will estimate the number of redundant constraints when using the proposed equipment for testing in four- and
three-point schemes.

The MIP-100-2 machine is somewhat different from the MIP-100 machine, it contains a carriage 1 (Fig. 3),
which moves vertically along vertical cylindrical guides fixed to the frame 0. A plate 2 with a strain gauge is rigidly fixed
to the carriage 1. When testing in a four-point scheme, it is proposed to attach a traverse 3 to the strain gauge with a
rotating hinge, where the upper pair of rollers 5 is fixed in the rotary housings 4, which press on the sample 6. The sample
6 is placed on the lower pair of rollers 7, which are rigidly mounted on the frame of the machine 0; one of these rollers is
mounted on a hinged support 8.

The described mechanism contains 7 = 10 movable links (carriage 1 with parts fixed to it, traverse 3, housings
4, two pairs of rollers 5 and 7, sample 6, hinged support 8). The number of fifth class kinematic pairs here Ps =5 (Is, Js,
Es, Ks, Ms, Ns, Os, Us), number of fourth class kinematic pairs Ps = 2 (44, B4), number of second class kinematic pairs P
=4 (R>, S2, Q2, T»), other class pairs are absent P; = P; = 0.

The total kinematic pairs number is:

P:P5+P4+P3+P2+P]:8+2+0+4+0:]4.
The sum of kinematic pairs movabilities:
f=1P5s+2P;+ 3P; + 4P+ 5P; = 1x8 + 2x2 + 3x0 + 4x4 + 5x(0 = 28.
Number of independent locked circuits by Gohman formula:
k=P—-n=14-10 = 4.
Independent locked circuits are: A4O5IsMsR>THEsUsA 4, B405J5N552Q2K534; M;515J5N5S2RMss; U5E5T2Q2K5U5.
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Total mechanism mobility by Voinea and Atanasiu equation:
W= f—Zri=21—(5+5+4)=7.
W=Wy+W=0+7=1,

where W), = 0 — mechanism basic mobility;
W; =T — links local mobilities (rollers 5, 7 around Z axis (4 mobilities), sample 6 along X and Z axes, and

also around Y axis (3 mobilities)).
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Fig. 3. General view of the mechanisms and equipment of the MIP-  Fig. 4. General view of the mechanisms and equipment of the MIP-

100-2 machine during the four-point bending test in the improved 100-2 machine during the three-point bending test in the improved
version version

Redundant constraints number in the basic variant by Somov and Malyshev formula:
Qsy =W +5Ps + 4P, +3P; + 2P, + P, —6n=7+5%X8+4%x2+3%x0+2%x4+0—-6x%x10=3.
Redundant constraints number by Ozols formula:
Qoz = W+6k—f=74+6%x4—-28=3.
The presented calculations confirm the use of the circuit method (Table 2), where it is seen that there are no
redundant constraints directly in the contours formed by the kinematic pairs of equipment that provide the load on the

sample.

Table 2.
Circuit method application to the loading mechanism of a prismatic sample
in four-point bending in the improved version
Planar movabilities f, ‘ Non-planar movabilities f,
Circuit ' ' " " " [
A oo L
A405IsM5R,T>EsUsA4 I A 0 /AT
g B 0 g Br 0
B40s5J5N55:0:K5B4 ¥ {2 o U—A
Wis) Wi Wi Wi W 16)
RS MRNS 4 YRS &%
M;15J5N5S2RMss T_|_| Q. . L_r |_|_T
W7/ L.—. ywiim
UsEsT20:K5Us a @ Emka v q
A 1 1
W=7, g=3

When testing for three-point bending, we will have a scheme according to Fig. 4. Here, on carriage 1, in the
strain gauge fixed on the upper plate 2, a holder 3 is installed, on which the support 4 of the upper roller 5 is hingedly
mounted. The roller 5 presses on the sample 6, which is mounted on the lower pair of rollers 7, which are rigidly mounted
on the machine frame 0; one of these pair of rollers is mounted on a hinged support 8.

Described mechanism contains # = 7 movable links (carriage 1 with parts fixed to it, hinged support 4, rollers 5
and 7, sample 6, hinged support 8). The number of fifth class kinematic pairs here Ps =5 (Es, K5, M5, Os, Us), number of
fourth class kinematic pairs Ps = 2 (44, B4), number of second class kinematic pairs P> = 3 (R, O>, T>), other class pairs

are absent P; = P;=0.
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The total kinematic pairs number is:
P=Ps+P;+P;+P,+P;=5+2+0+3+0=10.

The sum of kinematic pairs movabilities:

f=1Ps+ 2P;+ 3P; + 4P, + 5P; = 1x5+2x2 + 3x0 + 4%x3 + 5x0 = 21.
Number of independent locked circuits by Gohman formula:

k=P—-n=10—-7=3.

Independent locked circuits are: A+OsMsR>T>E5UsA4; BsOsMs5R>0:K5By; UsEsT>0:K5Us.
Total mechanism mobility by Voinea and Atanasiu equation:

W= f—Zri=21—(5+5+5)=6.
W=Wy+Wi=0+6=6,

where W), = 0 — mechanism basic mobility;
W; = 6 — links local mobilities (rollers 5, 7 around Z axis (3 mobilities), sample 6 along X and Z axes, and

also around Y axis (3 mobilities)).
Redundant constraints number in basic variant by Somov and Malyshev formula:
Qsy =W +5P; + 4P, +3P; + 2P, + P, —6n=6+5X54+4%Xx2+3%x0+2%x34+0—-6%x7=3
Redundant constraints number by Ozols formula:
Qoz = W+6k—f=6+6%x3—-21=3.
The presented calculations confirm the use of the circuit method (Table 3), where it is seen that there are no
redundant constraints directly in the contours formed by the kinematic pairs of equipment that provide the load on the sample.
Table 3.
Circuit method application to the loading mechanism of a prismatic sample
in three-point bending in the improved version

Planar movabilities f° p ‘ Non-planar movabilities f,
! !

Circuit ' ' " "

W A
AOMsRToEsUsA 7 A 0 M A T
g B 0 g Br O

I Wi V7- W) LE

UsEsT>0:K5Us 67 g [7_/\/67 U g Q
A 1 1
W=6 gq=3

B4OsM5R>Q:K5B4

To ensure the possibility of power supply from a single-phase network, soft start and adjustment of the carriage
speed in manual or automatic mode, the machine loader drive was generally left unchanged, but a VFC-M0701S
frequency converter was used (Fig. 5, Table 4), which provides power to the basic three-phase electric motor from a
single-phase 230 V network. The basic AOL 12/4 motor was reconnected from a “delta” to a “star” connection and
equipped with fuses (3.0 A at a nominal current of 0.6 A) for each phase.

Fig. 7. Indication unit general view

Fig. 5. Frequency converter general view Fig. 6. Load cell general view

The change in current frequency with such an improvement can be performed smoothly manually or controlled
from a PC via the RS485 interface. In this case, the speed /' (mm/min) of the machine loading carriage movement with
changes in current frequency is calculated by the formula (Fig. 8):

_f [1 s ] Zs g
V= p 100%] z,, Zsctses ( )
where f— motor supply current frequency, Hz; p = 2 — number of pairs of poles of the electric motor winding;
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s = 6,7 % — slip; z; — number of steps of the worm gear reducer; z. — number of teeth of the worm wheel
(zs/ zw = 1/12); zgc = 2 — number of steps of the lead screw; t,. = 5 mm — lead screw thread pitch.

Table 4.

Technical characteristics of the frequency converter VFC-M0701S
Model VFC-M0701S
Maximum operating power 1,5 kW
Supply voltage 200 - 240 V AC, 50/60 Hz
IRange of possible output frequency change 1-99 Hz
IPulse width modulation reference frequency 8 kHz
IMaximum output current 3,86 A
Own consumption <20W
Built-in active cooling system (fan) +
Communication protocol RS-485/Modbus
Built-in potentiometer +
Dimensions 130x105x60 mmxmmx>mm
Mass 335¢g

To eliminate the influence of the weight of the device on the magnitude of the measured deformation force, a
plate-type strain gauge is installed on the upper plate of the moving carriage of the loader (Fig. 6, Table 5). The output of
the transformation of the change in the parameters of the strain gauge into its load indicators is performed by using the
KV-4A RS485 amplification, indication, and transmission unit (Fig. 7, Table 6) on its display and through the converter
to the PC. The verification of the devices installed in the force-measuring chain is planned to be performed with a sample

dynamometer of the DOSM 3-0.2 type.

Table 5.
Technical characteristics of the LCF-2D load cell
Model LCF-2D
Type of load Compression and tension
Maximum load, Fiuax 200 kg
Measurement error, % Fax +0,03
Zero return error, % Finax +0,03
Minimum load, Fx 0
Maximum overload,% Fux 150
Maximum excitation voltage, Upax 10-15B
Input resistance 750420 Om
Output resistance 700+5 Om
Insulation resistance >5000 Om
Operating temperature range -20...+80 °C
Housing material Steel
IDimensions 88%34 mmxmm
Table 6.
Technical characteristics of the KV-4A RS485 amplification, indication, and transmission unit
Model KV-4A RS485
Supply voltage 24V DC or 220 V AC
Load Capacity Supports up to 8 x 350Q sensors
Own consumption 5W
Sampling frequency 1000 Hz
IHousing material Plastic
Communication protocol RS-485/Modbus
Operating temperature range -25-+45°C
IDimensions 96x48x110 mmxmmxmm
Mass 0,3 kg
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The connection of the frequency converter, strain gauge, and carriage displacement sensor with a PC is possible
via the RS485 interface, which allows for automated reading and recording of the indicators taken during testing, as well
as loading of samples subjected to testing according to a predetermined program.

To install the new machine equipment, a steel adapter washer was made on the upper plate for installing the
strain gauge, and a new adapter panel was also made using 3D printing (Fig. 9). The result of the change in spring force
over time, obtained during its testing, is shown in Fig. 10.

If high repeatability of experiments is required, the electrical circuit of the loader drive can be improved
according to Fig. 11, which provides the possibility of moving the loader carriage in manual or automatic mode using
limit switches or programmed from a PC.
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Fig. 8. Graph of the dependence of the carriage speed V on the
current frequency f
in the improved machine

Fig. 9. Photo of the improved
MIP 100-2 machine
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Fig. 10. Diagram of the change in spring elastic force over Fig. 11. Electrical diagram of the loader drive of the improved machine
time MIP 100-2
Conclusions

By analyzing the experience of modernization of Soviet-built testing machines in the laboratories of Ukrainian
research institutions, an improvement of the MIP 100-2 spring testing machine was proposed and implemented. The
design of the equipment for testing three- and four-point bending was substantiated, which eliminates the extraneous
loading of samples. It is planned to power the drive of the loader carriage from a single-phase network through a frequency
converter, which makes it possible to ensure smooth regulation of its speed with a range of up to 9. To eliminate the
influence of the weight of the device on the value of the measured deformation force, a plate-type strain gauge was
installed on the upper plate of the moving loader carriage. The output of the signal of the transformation of the strain
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gauge parameters into its load indicators was performed by using an amplification, indication, and transmission unit,
which can be displayed on its display and via a converter to a PC. The developed electrical circuit also provides for the
movement of the loader carriage in manual and automatic modes using limit switches, which allows reducing the time
spent on performing multi-series tests and creates reserves for the development of automation of the testing process
through the use of special loading and unloading devices.
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