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Abstract. Experimental research is conducted
followed by a comparative analysis of the results,
which are obtained in the process of theoretical and
experimental studies, to check the theoretical re-
search adequacy of the roller forming unit with the
crank drive.

We have developed the experimental research
program for the roller forming unit with the crank
drive. The research stand of roller forming with the
crank drive was used for experimental studies. This
research stand allows you to carry out full-value
experimental studies on the determination of dy-
namic loads unrestricted. The experimental re-
search program provides the determination of the
interaction force for the compaction roller with the
construction mixture, the force in the unit connect-
ing rod, the torque on the unit drive shaft and the
power, which is necessary for the realization of the
forming process. The determination of these loads
will make it possible to realistically assess the con-
dition of the forming unit and rationally carry out
its design and operation.

Plan, procedure and processing of experimental
research data have been developed. The measuring
and recording equipment were selected to deter-
mine the force loads of the research stand for con-
ducting experimental studies, which transforms the
received numerical data into Microsoft Excel for
their processing. The measurement of the force in
the connecting rod and the interaction vertical
force of the compaction roller with the construc-
tion mixture was carried out using strain gauges.
These are pasted according to the bridge scheme
on the connecting rod and the metal plate, which is
located in the form with the building mixture under
the compaction roller. RK 435 universal clamps,
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which make it possible to measure the line voltage,
the current strength and the power under unit dif-
ferent load modes, are used to measure the power
required for the forming process.

Keywords: unit, forming trolley, motion mode,
force, torque, power, experimental research, pro-
gram, procedure, measuring and recording equip-
ment.

INTRODUCTION

Significant dynamic loads occur in elements
of the drive mechanism and forming trolleys in
units for roller forming of products from con-
struction mixtures during the operation [1-10].
The motion dynamics of the forming trolley
and its influence on the forming process have
not been studied until now. This is despite the
rather extensive research into the technological
process of establishing reinforced concrete
products by the vibration-free roller method
[1-5]. Little attention was paid to the forces,
which arise in elements of the drive mecha-
nism and the forming trolley.

Design parameters and performance of ma-
chines for roller forming of reinforced con-
crete products are substantiated in existing
theoretical and experimental studies [1-5]. At
the same time, insufficient attention is paid to
the research of acting dynamic loads [6-10]
and motion modes [11-13], which significant-
ly affects the operation of the unit and the
quality of finished products. At the time of
constant start-braking motion modes, signifi-
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cant dynamic loads occur in elements of the
drive mechanism and forming trolley, which
can lead to premature unit failure [6-10]. Thus,
experimental determination of the interaction
force for the compaction roller with the con-
struction mixture, the force in the unit connect-
ing rod, the torque on the unit drive shaft and
the power necessary for the realization of the
forming process are an actual problem.

PURPOSE OF THE PAPER

The purpose of this paper is to develop the
program and experimental research procedure
of the roller forming unit.

RESEARCH RESULTS

As a rule, natural research objects or their
models are used for experimental research
procedures. In the natural experiment, means
of experimental research interact directly with
the research object, and in the model experi-
ment — with its simulated prototype. The mod-
el acts as the experimental research means and
the direct research object at the time of the
model experimental research procedure.

An experimental stand of roller forming
with the crank drive was used for experimental
research [1]. The diagram and the experi-
mental stand of roller forming with crank drive
are presented in Fig. 1 and Fig. 2.
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Fig. 1. Stand diagram: 1 — forming trolley; 2 — com-
paction roller; 3 — motion guides of the forming trolley;
4 — form; 5 — connecting rod; 6 — crank; 7 — drive shaft;
8 — worm reduction gearbox; 9 — electric motor
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Fig. 2. Experimental stand of the roller forming
with crank drive

The test stand of roller forming with crank
drive (see Fig. 1) consists of the forming trol-
ley 1 with the compaction roller 2, which
makes the reciprocating movement in the mo-
tion guides 3 above the form cavity 4. The
forming trolley is driven in the reciprocating
direction by the connecting rod 5 from crank
6, fixed on the drive shaft 7. The torque to the
drive shaft is transmitted from the electric mo-
tor 9 through the worm reduction gearbox 8.

The drive of the test stand for roller form-
ing with the crank drive is carried out by
4A112MA6U3 three-phase alternating current
electric motor with 3.0 kW power and 945 rpm
rotary speed through the worm reduction gear-
box with 24 gear ratio.

The presented research stand allows you to
carry out full-value experimental studies on the
determination of dynamic loads unrestricted.

Significant dynamic loads occur in the unit
and drive elements at the time of operation,
which can be several times higher than the
average static loads [1-10]. The determination
of these loads makes it possible to realistically
assess the condition of the forming unit and
rationally carry out its design and operation of
the developed structures.

The drive shaft with the crank, the connect-
ing rod, which is hinged at one end to the
crank and the other to the forming trolley, and
the working elements of the forming trolley —
compaction rollers are the most heavily loaded
elements of the roller forming unit. To deter-
mine the loads in these elements we have de-
veloped the procedure and scheme of measu-
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rements: interaction vertical force of the work-
ing element with the construction mixture;
force in the connecting rod; torque on the unit
drive shaft; power required for the forming
process. The scheme of the experimental re-
search procedure on the test stand for roller
forming with crank drive is shown in Fig. 3.

7 6 5 4 7 ik 7 Z

Fig. 3. Measurement scheme of dynamic loads
active on stand elements: 1 — forming trolley; 2 —
compaction roller; 3 — motion guides of the forming
trolley; 4 — form; 5 — connecting rod; 6 — crank; 7 —
drive shaft; 8 — worm reduction gearbox; 9 — electric
motor; 10 — strain gauge on the connecting rod; 11 —
strain gauge on the plate; 12 — amplifier-converter; 13 —
personal computer; 14 — universal clamps for engine
power measuring

The force measurement in the connecting
rod was carried out using strain gauge 10,
which according to the bridge scheme [14] is
glued on it (Fig. 4). The strain gauge 11 is also
used to measure the interaction vertical force
of the compaction roller 2 with the construc-
tion mixture, which is glued on the metal plate
according to the bridge scheme by the known
method [14] (Fig. 5). These plates are located
in the form under rollers.

Fig. 4. Location of strain gauges on connecting rod
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Fig. 5. Location of strain gauges on the plate

Force sensors 10 and 11 were calibrated
with the use of fixing equipment. For this, the
connecting rod was hung on the bracket at one
end (Fig. 6), and the load was attached to the
other end. The signal coming from the strain
gauge to the recording equipment has a vari-
ous value for different values of the gravity of
the load.

Fig. 6. Connecting rod calibration
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Fig. 7. Connecting rod calibration schedule
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The dependence of the signal value on the
gravity of the load at the time of loading and
unloading, and their mean, are shown on the
connecting rod calibration schedule (Fig. 7).

The plate was placed on a stand (Fig. 8) to
calibrate, which allowed the creation of loads
in the vertical direction. The signal coming
from the strain gauge to the recording equip-
ment has a various value for different values of
the load. The dependence of the signal value
on the load value at the time of loading and
unloading, and their average value, are shown
on the plate calibration schedule (Fig. 9).

Fig. 8. Plate calibration
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Fig. 9. Plate calibration schedule

RK 435 universal clamps, which make it
possible to measure the line voltage, the cur-
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rent strength and the power under unit differ-
ent load modes, are used to measure the power
required for the forming process (Fig. 10).

Fig. 10. Location of RK 435 clamps for engine
power measurement

SPIDER 8-FO5254 amplifier-converter and
HP 6100 personal computer (notebook) with
Catman Express 4.5 software (Fig. 11) are
used to read signals from strain gauges, which
transforms the received numerical data into
Microsoft Excel for their processing.

Fig. 11. SPIDER 8-FO5254 amplifier-converter
and HP 6100 personal computer (notebook) with
Catman Express 4.5 software

The peculiarity of this measuring equip-
ment is that the selected devices can read from
sensors and convert into numerical data up to
1,000 pulses per second and simultaneously
record measurement results on 6 parallel chan-
nels, taking into account calibration data.

The dynamic load assessment of the labora-
tory roller forming unit with the crank drive
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was carried out based on a full-factor experi-
ment thanks to the use of high-tech measuring
and recording equipment, which allowed to
quickly and without repetition obtain accurate
results from primary data.

The force measurement in the connecting
rod and the interaction vertical force of the
compaction roller with the construction mix-
ture were carried out in the operation mode.
The results of the force experimental data in
the connecting rod and the interaction vertical
force of the compaction roller with the con-
struction mixture on the recording equipment
were fixed in force units, in newtons, due to
the previous calibration of the strain gauges on
the connecting rod and plate.

The power measurement required by the
electric motor for the forming process was also
carried out in the operating mode.

The values of the line voltage and the elec-
tric motor power thanks to RK 435 universal
clamps were fixed in manual mode and did not
require processing after that.

The experimental data results of the dyna-
mic load of the laboratory experimental roller
forming unit with crank drive were processed
on personal computer using Microsoft Excel.
We developed the proper algorithm for this
purpose. It allows us to assess the dynamics of
the processes for force changes in the connect-
ing rod and the torque on the drive shaft based
on the data obtained.

CONCLUSIONS

The experimental research program was
developed for the roller forming unit with the
crank drive as a result of the conducted stud-
ies. The test laboratory stand of roller forming
was used for the experimental research proce-
dure, which allows you to carry out full-value
experimental studies on the determination of
dynamic loads unrestricted.

The experimental research program pro-
vides the determination of the interaction force
for the compaction roller with the construction
mixture, the force in the unit connecting rod,
the torque on the unit drive shaft and the pow-
er, which is necessary for the realization of the
forming process. The determination of these
loads will make it possible to realistically as-
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sess the condition of the forming unit and ra-
tionally carry out its design and operation.

Plan, procedure and processing of experimental
research data have been developed. The measuring
and recording equipment were selected to deter-
mine the force loads of the research stand for con-
ducting experimental studies. It transforms the
received numerical data into Microsoft Excel pro-
gram for their processing.
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MeTtoauka eKcriepUMEHTAJBHUX A0CTiIKEHb
POJIMKOBOI (POPMYBAJILHOI YCTAHOBKHU

Bauecnas Jloseiikin Y, Kocmaumun [ouka 2,
Maxcum Banaka 2, Onvea Houka *

Hayionanonuii ynisepcumem 6iopecypcie i
IPUPOOOKOPUCTNYBAHHA YKpaiHu,
234 Kuiscoruil nayionanbruii ynieepcumen
byOisHUYmMEA i apximekmypu

AHoTanisi. 3 METoI MepeBipKH aJeKBATHOCTI
TEOPETUYHUX JOCHTIHKEHb POJIUKOBOI (hOpPMYyBalIb-
HO{ YCTaHOBKH 3 KPUBOLIMITHO-IIATYHHUM IIPHBO-
JIOM TIPOBOJAATHCS €KCIIEPUMEHTAIBHI JTOCIIKEeH-
HSl 3 HACTYITHUM TIOPIiBHSUIBHUM aHaJi30M Pe3ylib-
TaTiB, OTPUMAHKUX B IPOIECI TCOPETHYHHUX 1 EKC-
MEPUMEHTAIBHUX JOCIIIKEHb.

Hnst ponukoBoi (QOpMyBalbHOI yCTAHOBKH 3
KPUBOIIMITHO-IIATYHHAM TPUBOJIOM PO3POOJICHO
porpaMy eKCIIEPUMEHTAJIbHUX IOCTIKeHb. Jlis
MPOBEICHHS  EKCIIEPUMEHTAIBHUX  JOCIHIIKEHb
BUKOPHUCTAHO JOCITIIHUI CTEH POJIMKOBOrO (hop-
MyBaHHS 3 KPHUBOIIMITHO-IIATYHHHM IPUBOJIOM.
Janwii mocmigHUN CTEHI MO03BOJSE IPOBOAWTH
MOBHOIIHHI EKCIIEPUMEHTAJIbHI JIOCIIDKEHHS 3
BU3HAYCHHS JMHAMIYHUX HaBaHTaXeHb 0e3 OyIib-
SIKMX 0OMexeHb. [Iporpamoro ekcriepuMeHTalbHIX
JOCIIDKEHb Tepe0adeH0 BU3HAYECHHS CUJIM B3ae-
MOJIii YKOUYBaJIBHOTO POJIMKa 3 OYyIiBEIBHOI Cy-
MIIIIIIO, 3yCHIIIS B IIATYHI YCTAaHOBKU, KPYTHOTO
MOMEHTY Ha MpPHUBIJHOMY Bally YCTaHOBKH Ta IIO-
TY)KHOCTi, HEOOXIAHOI JUIs 3AIHCHEHHS MpOIECy
¢dopmyBaHHg. Bu3HaueHHS 1MX HaBaHTaKEHb
JacTh MOXKJIMBICTH peasibHO OL[IHUTH CTaH (HopMy-
BaJIbHOI YCTAHOBKH 1 palliOHAJIbHO 3IHCHIOBATH 11
MPOEKTYBAHHS Ta €KCILTyaTAaIlifo.

Po3pobieHo mnaH, METOAWKY NPOBEACHHS Ta
00pOOKH JaHUX EKCIEPUMEHTAIbHUX AOCIHIIKEHb.
J11st mpoBeJICHHS! eKCIIEPUMEHTAIBHUX JOCITIPKEHb
migidpaHo BUMIpPIOBANBbHO-PEECTPYBAIbHE 00Ma-
HaHHA /A BHM3HAYEHHS CHJIOBHUX HaBaHTaKEHb
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JOCHIJHOTO CTEHHa, 0 TpaHcopMye OTpHUMaHi
uKciIoBi gaHi B maketu nporpamu Microsoft Excel
s ixHpoi 00poOku. BumiproBaHHS 3ycwis B
LIaTyHI Ta BEPTUKAIBHOI CHJIM B3a€MOi1 yKOUyBa-
JBHOTO POJNMKA 3 OYyIiBEIHHOIO CYMIIIIIIO 37iiic-
HIOBAJOCS 3a JOIIOMOIOI0 TEH30JaT4YHMKIB, SKi 3a
MOCTOBOIO CXEMOIO HAKJIEEHI Ha MIaTyHI Ta Ha
METAJICBIi TUIACTHUHI, 110 PO3MIIIYEThCS B opmi 3
OyAiBENBHOIO CYMIIIIIIO MMiJ] YKOIYBAJIbHAM POITH-
KoM. i1 BUMIpIOBaHHS TTOTYXHOCTI, 110 HE00Xi-
Ha JUIs 3IiHCHEHHS mpouecy QopMyBaHHS, BHKO-
pucToByroThCS yHiBepcanmpHi Kiimi PK 435, sxi
JAlOTh 3MOTY BHIMIPIOBATH HAIPYTy B MEpPExi,
CHJTy CTPYMY Ta MOTY>KHICTh OJJHOYACHO 3a Pi3HUX
PEKUMIB HABAHTAXKCHHS YCTAaHOBKH.

Jl1s 34uTyBaHHS CHTHAIIB 3 JATYHKIB 3aCTOCO-
By€ThCS MifcuiroBad-nieperBopioBad SPIDER 8-
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FO5254 ta nepconansnuii komm’torep HP 6100 3
mporpaMHuM npoayktom Catman Express 4.5, mio
TpaHcpopMye OTpHMaHI YWCIOBI JIaHI B TAaKeTH
nporpamu Microsoft Excel mns ixHpoi 00poOKH.
Oco0MHBICTIO JAHOTO BUMIPIOBAIBHOTO 00J1aTHAHHS
€ Te, MO MAIOpaHi mpuUiIagy 30aTHI 3YATYBATH 3
JATYMKIB Ta TICPETBOPIOBATH Y YHMCIIOBI JaHi JO
1 000 iMmysbCiB B CEKYHAY 1 MPOBOIUTH OAHOYAC-
HUI 3ammc pe3yNibTaTiB BUMIPIOBAHHS MO 6-TH
MapaJerbHIX KaHajax.

Karouosi cioBa: ycraHoBka, (opMyBanbHUN
Bi30K, PEXXHM PyXy, CHJA, KPYTHHA MOMEHT, TO-
TY>KHICTh, €KCIIEPUMEHTAIBHI JOCIIHKEHHS, TPO-
rpamMa, METOJHKa, BHUMipIOBAJIbHO-PEECTPYBAILHE
oOnagHaHHS.
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