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DESIGN OF CONTROL FOR THE DEVICE USING FOR THE DETERMINATION
OF RESIDUAL STRESSES BY RING-CORE METHOD

Urgency of the research. Residual stresses in machine parts and constructions greatly affect their service life and reliabil-

ity. They are introduced into the manufactured object at each production process and their level can change significantly due to
the operation of the product. Their main risk lies in the fact that they add up to the external load and can be the cause of the
failure of the construction. Residual stresses can not be determined by simulation methods. They can only be determined using
experimental methods. One of these method is the Ring-Core method, the principle of which is to form an annular groove around
the strain gauge. Creating of annular groove releases the internal stresses, which can be recorded by a strain gauge. The quality
of the formed groove has a significant impact on the overall results of residual stress determination, so it is important to make it
as accurate as possible. For this reason, it is necessary to have the most reliable device to form an annular groove.

Target setting. Our goal was to design the drive and control for the measuring device for milling the annular groove.
This will make it possible to mill the annular groove more precisely, and the resulting residual stresses will be minimally
affected by the inaccuracy of the groove.

Actual scientific researches and issues analysis. When designing the control of the device and preparing this paper, we
took into account not only current sources — publications and papers dealing with the current state of existing measuring
devices used for determining residual stresses by Ring-Core method, but — we also took into account our practical experience
gained in numerous residual stress determinations by experimental methods.

Uninvestigated parts of general matters defining. A modified device requires thorough testing, which has not been im-
plemented during the research for this paper.

The research objective. The goal of the research was to create a control for the existing mechanical measuring device
used for creating annular groove for determining residual stresses by Ring-Core method.

The statement of basic materials. The original mechanical device was supplemented by actuators, which were designed to au-
tomate the movement in horizontal axes as well as in the vertical axis. Thanks to this, we have achieved greater precision when posi-
tioning the work tool above the center of the strain gauge. At the same time, the original equipment was completed with a servo
motor that serves to drive the cutter. For all these elements, control by Programmable Logic Controller was proposed.

Conclusions. Our task was to design control for the original device used for residual stress measurement by the Ring-
Core method. We needed to design drives to automate the device. For our needs, we decided to apply linear actuators select-
ed according to the requested criteria. After designing of the electric drives and modifying of the original device, we pro-
ceeded to implement control by Programmable Logic Controller. After that, we created a control program in the Automation
studio software. This modified measuring device is able to achieve a much higher precision of the annular groove milling,
which makes it possible to deter-mine the residual stresses in the structures more precisely.

Keywords: residual stresses, Ring-Core method, control, actuator, servomotor, Programmable Logic Controller.
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The current state of the problem

Our aim was to modify the original device used to determine residual stresses by the Ring-
Core method (Fig. 1) [1; 2]. Residual stresses have a significant impact on the overall life of each
construction. Therefore, they need to be given sufficient attention. Residual stresses can not be
determined by simulation methods, they can only be determined by experiment. To make the ex-
periment, a reliable measurement device is needed to get the most accurate measured values.

The original device had a relatively simple design, and since no electronic components
were used, all processes were manually controlled [3]. This resulted in several disadvantages
of this system.

Disadvantages of the original system:

* Manual positioning,

» Manual feed control in the vertical direction,

* Manual controlling of the rotation speed of the milling process,

* Significant impact of human factor.

Design of components

The main purpose of our design was to modify the original system so that it is possible to
manage individual processes such as positioning and milling of the annual groove. For this
purpose, actuators have been designed to provide positioning and drive for the milling cutter
itself. For our needs, we have to consider the optimal type of drives according to the require-
ments. Addition of the actuators requires the modification of the original device. It was neces-
sary to create a control unit capable of communicating with a personal computer. Finally,
completing of the measuring chain was needed.
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Fig. 1. Original design solution

Actuator requirements:

* Positioning accuracy,

* Repeatability of positioning,

* Sufficient load capacity,

* Sufficient movement range,

* Effectiveness of management,

* Low financial costs.

Design of the drive in horizontal direction

For the design, an electric drive was chosen whose accuracy ranges in um. The most suit-
able type of electric drive has proved to be a linear actuator, namely, we chose the CXS6050-
S2NN-ND [4]. Such an actor was used for positioning in x and y axes.

Actuator CXS6050-S2NN-ND is a linear drive type with single axis positioning. The max-
imum possible ejection is SO0mm, which is sufficient, because only the fine positioning of the
cutter will be realized in this way. The actuator’s carrying capacity is 7kg, the weight carried
will be 5.2kg. A positioning accuracy of 25um is also sufficient. It is a two-step stepper motor
and the supply voltage is 24V. The EE-SX498 optical sensor is also part of the actuator [4].

Design of the drive in vertical direction

In the next step it was necessary to solve the positioning of the device in the vertical direc-
tion. As in the previous case, we used a linear actuator, but it was necessary to create an addi-
tional structure that would allow the drive to be placed in the vertical direction. For vertical
movement, we needed an actuator with a greater range of motion, so we chose the linear actu-
ator CXN5075-S1VN-ND-P1 [5].

Again, this is a two-step stepper motor with 24V supply and a load of 10 kg. The accuracy
for this type of device is reported at 0.25um, which is sufficient for our needs [5]. Locations
suitable for attaching the actuator to the auxiliary construction have to be designed so that the
actuator and the construction do not prevent positioning in the axes x and y Therefore, we
placed the construction on a platform that is attached to an x-axis actuator.

The next step was to fix the linear actuator to the original system. On the actuator, we
connected the auxiliary piece with screws and we connected it to the top of the gearbox. In
this way, we have ensured that it is also possible to position the device in the z-axis. The mod-
ified construction is visible in Fig. 2.
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Fig. 2. Positioning mechanism in axis z

Selection of the cutter drive

The original device used a drill mounted in the rack as a drive, and the torque was trans-
mitted through the gearing to the milling cutter. In principle, we designed a similar system,
but not using a drill whose speed is controlled manually, but we used an electric motor con-
trolled by a PLC. An important question was the type of electric drive. We have selected the
B&R 8LVA33.ee021ffgg-0 servo motor. It is a synchronous electric servo drive with self-
cooling with a nominal speed of 2200rpm and the power of 539W [6]. For the selected elec-
tric drive it was not necessary to change the structure of the device.

Assembling of the device

The original device was supplemented by two linear actuators designed to provide a hori-
zontal displacement in the direction of the x and y axes. Due to the location of the individual
electrical components, we had to adapt the original construction. We have placed three linear
stepping motors for positioning in the vertical axis (z) and two horizontal axes (x, y). We used
a servo motor to drive the milling cutter itself, with which we transmit the torque through the
gear. We put the engine in the casing together with the gear. The complete device is shown in
Fig. 3. The working range of the device allows us to move 50mm in the x axis direction and
also 50mm in the y-direction. A working range of 75mm is available for z-axis positioning.
The positioning accuracy in x and y axes is 15um and 25pum in the z-axis.

Fig. 3. Final modified device

Design of control unit

We have selected a Programmable Logic Controller (PLC) to control each element of the
system. It is a small industrial computer that is used to automate industrial processes in real
time. It is used in various branches of industry and automation. The difference between a mi-
crocomputer and PLC is that for a microcomputer, the length of the program depends on the
number of commands, in the PLC it depends on the loop length setting and not on the number
of commands in the loop [7; 8].
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We used the PLC 4PPC70.0702-20W, B&R Modular Programmable Logic Controller. It
is a device with a power panel and belongs to the C-series. It has a touch-screen display, and
works at a maximum work cycle speed of up to Ims. The PLC has 256MB of RAM. 2GB of
FLASH memory and the processor Intel E620T, which operates at 333MHz. [9]

For the system, we also used PowerLink, Ethernet, USB, and two X2X bus. Each con-
nector has its specific role. Ethernet provides communication with PC. Via the X2X bus, oth-
er bus cards are connected to the bus controller.

Using the PowerLink connector, a bus controller is attached to the PLC to connect addi-
tional cards.

The bus controller has two PowerLink ports, one is connected to the PLC and the other to
the servo driver. A servo driver is a device that contains a controller for drive control and is
powered by 230V.

The last steps were to connect the PLC to the PC with an Ethernet connector and to set the
correct IP address of the PC and the PLC. The complete control system is shown in Fig. 4.
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Fig. 4. Hardware Configuration

Software control was developed in Automation Studio 4. It is software designed for B&R
logic automation programming (Fig. 5) [10].

—— 52 e ——— ST o ——
e v - 2

Eadses

IE w
R Sk
T S— T

o B e L

Fig. 5. Realization of control in the Automation Studio 4 software

In Fig. 6 we can see a preview of the created control program.
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Fig. 6. Demonstration of the control program

Finalization of the measurement chain

The final step was to complete the measurement chain. We have added additional compo-
nents to the modified measuring device with newly created control.

The final version of the measuring chain consists of the following components (Fig. 7):

* Measuring device,

* Control unit (PLC),

* QuantumX MX 840,

* QuantumX SCM-SG-120,

* Strain gauge RY 51,

* PC.

Measuring device

QuantumX MX840 QuantumX
uan SCM-SG-120

Control unit
Fig. 7. Final measuring chain

Conclusions

Our task was to design control for the original device used for residual stress measurement
by the Ring-Core method.

We needed to design drives to automate the device. For our needs, we decided to apply
linear actuators selected according to the requested criteria. The advantage of these drives is
their relatively simple control. For the drive of the cutter we used a 537W servo motor.

After designing of the electric drives and modifying of the original device, we proceeded
to implement PLC control, completed the components to control the selected drives and creat-
ed a control unit. After that, we created a control program in the Automation studio software
and we also designed visualization on PLC panels where we can control the operation of the
device using the programmed buttons.
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The last part of the work was the completion of the measuring chain, which includes, in ad-
dition to the measuring device and the control unit, the QuantumX MX 840 measuring device
with the necessary reduction to the SCM-SG-120 bridge, the RY 51 strain gauge and the PC.

Our improved automated measuring device is able to achieve much greater accuracy of
ring groove milling, which makes determination of the residual stresses in the constructions
more precise.
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PO3POBKA CUCTEMMU KEPYBAHHS ITPUCTPOEM JJISA BUBHAUYEHHSA
3AJIMIIKOBUX HAIIPYKEHb METOJOM KLJIBIIEBOI KAHABKH

Axkmyanvnicms memu 00CniOHCEHHA. 3ANUUIKOBI HANPYICEHHS 8 0eMAAX | KOHCMPYKYIAX MAWUH CUTLHO GNIUBAIOMb
Ha mepmin ix cayacou i nadilinicme. Bonu 3’ansiomscs 6 06 °ekmax aupoOdHUYMEa npu KOJICHOMY 8UPOOHULOMY npoyeci, i ix
Ppisenb Modice 3HAUHO 3MIHIO8AMUCS 6 pe3yivmami pobomu 06 ’ekma. Ix ocrosnull pusuk nonseae 6 Momy, wo 60HU 000a-
10MbCs 00 308HIUNHBO2O HABAHMAICEHHS | MOJICYMb OYMU NPUHUHOIO 8IOMOBU KOHCMPYKYIi. 3anuwikosi HanpysiceHHs ne Mo-
Jicyms Oymu eusnayeni memooamu Mooenosants. Bonu moocyme 6ymu usHaueni minbku 3 GUKOPUCMAHHAM eKCNepuMeH-
manbHux memoois. OOHUM 3 MAKUX Memoois € Memoo Kinblyegoi KaHasKu, NPUHYUN K020 NONA2AE Y POPMYBaNHI Kinblyegoi
Kanasku nagkono menzooamuuxa. Cmeopenus Kinvyegoi KanagKuy 3HiMAe GHYMPIWHI HANPYIICEHHS, K MOJICYMb Oymu 3anu-
cani menzooamuuxom. HAxkicme cgpopmosanoi kanasku poobums iCmomnull 6NAUG HA 3A2ANbHI PE3VILIMAMU GUSHAYEHHS 3aU-
WIKOBUX HANPYIICEHb, MOMY 8AJCIUBO 3pobumu ii aKomoaea 6invut mounoto. 3 yici npuuunu HeoOXiono mamu HAUHAOIUHIWULL
npucmpiil 01 popmyeanHs Kinbyegoi KaHasKu.

Ilocmanogxa npoonemu. Memoio yici pobomu 6yn0 po3podaents npueooa il cucmemu Kepy8amnHs UMIpIO8ANIbHUM NPU-
cmpoem 0na ghpesepysanns Kinvyesoi kanagku. Lle dacme 3moey binbur mouno gpezepysamu Kinbyegy KaHasxy, i pe3ynvmy-
1041 3anUWKO8I Hanpyicents: 6Y0Ymb MIHIMANbHO 3a1eJiCHI 8i0 NOXUOKU 0OPOOKU KAHABKU.

Ananiz ocmannix docniocens i nyonikayii. Ilpu po3pobyi cucmemu Kepysanms npUCmMpoem i niocomosyi yiei cmammi
6ynu 8paxosami He MinbKU HAAGHI Odicepena — nyonikayii ma cmammi, NPUCEAYEHi ICHYIOUUM BUMIPIOBANLHUM NPUNAOAM, SKI
BUKOPUCIOBYIOMbCSA 018 BUSHAUEHHS 3ATUWIKOBUX HANPYICEHb MEMOOOM KiNbye8oi KaHABKU, ale MAKOoIC 83Amo 00 Y8a2u Hawl
NpaKmu4HuLl 0oc8io, OMPUMAHUIL Y YUCTIEHHUX BUIHAYEHHAX 3ANUWKOBUX HANPYICEHb eKCHEPUMEHMATLHUMU MEMOoOamu.

Buoinenns neoocnioycenux uacmun 3azanvnoi npoonemu. Moougikosanuii npucmpiil gumazac pemenbHo20 mecmy-
8aHHs, sIKe He OY10 peani3o8ano nid 4ac 00CAi0NHCeH s Ol yiei cmammi.
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Ilocmanogka 3ae0annsn. Memoio docniodicents 610 CMBOPEHHs cUCeM Kepy8ans Os iCHYI0Y020 MeXaHiuHO20 8U-
MIPIOBALHO20 NPUCIPOIO, WO BUKOPUCMOBYEMbCA Oil CIMBOPEHHS. KIblYe8oT KAHABKU Ol USHAYEHHS 3QIUUKOBUX HANp)-
JiCEHb MemoOOM Kilbye8oi KaHABKU.

Buknao ocnoenozo mamepiany. Icnyouuil mexaniunuii npucmpiii 6y10 00ON08HEHO BUKOHAGHUUMU MEXAHIZMAMU, AKi Oyau
Ppo3podneni Ons asmomamuzayii pyxy no opu30HMAbHIll OCi, @ MAKOAC NO BePMUKANbHIL OCi. 3a80aKu Ybomy Mu 00caeiu
binvwoi mounocmi npu posmiwgenHi pooo1o2o iHcmpymMeHma Hao YeHmpom menzooamyuxa. Boonouac icuyoue obnaonanus
6Y10 YKOMNIEKMOBAHO CEPBOOBUSYHOM, AKULL CIYICUMb Oid Npuooy pisys. J[na cix yux enemenmis Oyn0 3anponoHo8aHo
VIPABNIHHA 34 OONOMO20I0 HPOSPAMOBAHO20 02IUHO20 KOHmMPOiepa.

Bucnogxu gionogiono oo cmammi. Hawum 3a80annam 0yno po3podoumu cucmemy Kepy8aHHs GUMIPIOGANbHUM NpU-
CMPOEM, WO BUKOPUCTNOBYEMBCSA Ol BUMIPIOBAHHS 3ATUWKOBUX HANPYICEHb 3d MeMOOOM Kinbyegoi kanagku. Ham nompiono
6yn0 cnpoekmygamu npusooa O AGMOMAMU3AYIL npUcmporo. Jis Hawux nompe6 Mu UpiULY 6UKOPUCMOBYBAMU JIHITHI
npusoou, obpawi 8ionogiono 0o neobxionux kpumepiis. Ilicia npoexmyesanus enexmponpusoois i moougikayii icnyouoeo
npUCMpoI0 Mu RPUCMYRUIU 00 peanizayii ynpagninHa 3a 00NOMO2010 HPOSPAMOBAH020 N02iuH020 Konmponepa. 1licis yvoeo
MU CMBOpUNU Kepylouy npoepamy 6 npozpamuomy sabesnevenni Automation studio. Lleii yoockonanenuil sumipiogansHuil
npucmpitl 0038015€ docsiemu Habazamo Oibul BUCOKOI MOYHOCHE (Ppe3epy8anHs Kilblyesux KAHABOK, Wo 00380.5€ OiLnblu
MOYHO BUSHAYAMU 3ATUKOB] HANPYIHCEHHS 8 KOHCIPYKYISX.

Kniouosi cnoga: 3anuwikogi Hanpysicens; Memoo Kinblyegoi Kanasku, ynpasiinus, npueoo; cepgoosucyt,; Ilpoepamosa-
HULL 102TYHULL KOHMPOJep.
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