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USING ANSYS WB FOR OPTIMIZING PARAMETERS OF A TOOL
FOR ROTARY FRICTION BORING

Abstract. The authors developed a special design of a rotary friction tool with a self-rotating cup cutter
for rotary friction boring of large holes. This paper presents the results of parametric optimization of stressed
components of the rotary friction tool by virtual experiments in ANSYS WB. The authors predicted the
cutting force components at the worst position of the cup cutter, which was 20 degrees as contact forces
in the process of boring a large diameter hole, and built a design model. Using the Johnson-Cook model
as the failure criterion for the elements of the mesh, projections of the cutting forces resulting from the
hole processing were obtained. The relation between input and output parameters (stresses) is established,
optimization criteria are specified, and optimal parameters of the tool stresses components are chosen. It was
also found that the averaged values of the force at the initial moment (cutting into the workpiece) change
linearly, then becoming practically constant. The idea of parametric optimization consisted in carrying out
several virtual experiments, in which the possible range of variation of the basic dimensions was indicated and
the optimization criteria were set, the optimal parameters of the tool design were selected from the presented
candidates. The optimization method bypasses the design cycle, which is costly and time-consuming due to
prototype testing and subsequent refinement.

Key words. Rotary friction tool, large hole machining, cup cutter, parameter optimization, cutting force,
bearing fit, design model, stress.

Introduction. In  modern  mechanical
engineering, one of the pressing problems is the
processing of large holes. Engineering practice sets
high requirements to the accuracy of size, shape
and location. Most often, large holes are processed
with boring tools. The processing of these tools
involves a number of difficulties, primarily due to
the low rigidity of the tool and difficulty of supplying
cutting fluid and removing pulp (a mixture of chips
and cutting fluid) to the cutting zone. This leads to
a decrease in the accuracy and performance of the
machining and durability of the tool. As part of the
government-funded research, the authors studied and
developed resource-saving combined methods of
thermal frictional processing [1,2,3,4], in particular
the rotary friction boring of large holes [5,6]. For =
rotary friction boring of large holes, the authors E ~ y @7 8
developed a special design of a rotary friction tool
with a self-rotating cup cutter. Figure 1 shows the b)
general view of the rotary friction tool and its parts.

The performed experimental research has
shown that correct choice of the tool parameters
and dimensions has a direct impact on the quality
and accuracy of processing. In this regard, Figure 1 - The rotary friction tool and its parts

finding optimal parameters and dimensions of the

1 - nut; 2 - sealing washer; 3 - bearing; 4 - shaft;
5 - holder; 6 - head body; 7 - engraved washer;
8 - clamping nut
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proposed special rotary friction tool with a self-
rotating cup cutter is a relevant task.

Techniques to optimize parameters. Designing
a tool structure is a long process in which design
parameters are constantly changing until they meet
the performance criteria, while the mass must be
minimal at a low cost [7,8,9]. An initial design
undergoes many changes and improvements before
reliable geometric parameters are found (Figure 2)

0.00 s0.00
26.00 75.00

10000 ()

Figure 2 - Initial scheme of the tool design

The designing stages are expensive and time-
consuming. Due to time and cost limitations, the
decision is made on the basis of the most satisfactory
option and experience of designing [10,11,12]. For
today's problems, it is proposed to use optimization
techniques to save time and consider the largest
number of options, taking into account the spread
of parameters, thereby ensuring stability of the
solution to external factors. The idea of parametric
optimization consists in carrying out several virtual
experiments which take into account the spread of the
input parameters (geometric parameters of the tool),
i.e. the possible range of change in basic dimensions.
We established the relation between input and output
parameters (stress). Then, having set the optimization
criteria and based on calculated data, we chose optimal
parameters of the tool design from the candidates
(variants). The optimization procedure consists of
the following steps [8,12,13,14]: building a design
model, determining the parameters, planning the
experiment, building the response surfaces, building
an optimization model, launching an optimization,
viewing the results.

At each stage, additional settings may be required
that can significantly affect the calculation results.

Building a design model. Tobuild adesign model,
at first, we determined the predicted components
of the cutting force (figure 3) at the worst position
of the cup cutter, which was 20 degrees as contact
forces in the process of boring a larger diameter
hole of 30CrMnSiA. We made the calculation by the
finite element method. As the failure criterion for the
elements of the mesh, we chose the most widely used
Johnson-Cook model. The cutting force projection
data were obtained for the following cutting mode:
spindle speed - n = 660 rpm, feed - s = 0.42 mm/rev,
cutting depth t = 1.0 mm.

BBl contact Force2 BB contact Foree 3

B contact Foree

0. 2.5e-4 S.e4 7.5e-4 1.e-3

[s1

1.25e-3 1.5e-3

Figure 3 - The predicted change in the projection of
the cutting force during rotary frictional boring

It should be noted that actually due to the discrete
model the predicted cutting force is not definite,
but experiences some fluctuations in the process of
rotary friction boring (Figure 3). Therefore, we will
determine the value of the cutting force projection by
an average value. The average values of the cutting
force are presented in the graph (Figure 4).

IH Force [¥) ] E Force (¥} | E Force (Z)
0. 25e4 5e4 75e4 1e3 1.25-3 1.5e-3 2.e-3
[=]

Figure 4 - Average values of cutting force

Reliability of the model is confirmed by the
sensitivity of the cutting force and temperature to
the change in the cutting speed in accordance with
modern concepts: with increasing cutting speed, the
cutting force decreases and the temperature rises.

Determining the parameters. planning the
experiment. To perform the optimization calculation,
the computer applications are used. The main
parameters of the shaft geometry are (Figure 5): V10
- projection height (default 4 mm); H11 - projection
width (default 10 mm); V13 = V8 - radius of the
bearing fit (default 8 mm). The output parameter of
the shaft (a parameter obtained after the solution) will
be von Mises stress (461.6 MPa). Choose a plan for
planning a virtual experiment. In the planning of the
experiment, we must specify the range of change for
each parameter and select the scheme. In our task, the
main composite project is chosen (Figure 6). When
choosing design points with a set of parameters, we
use this scheme of experiment design which allows
improving the efficiency of calculations.
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Figure 5 - Basic parameters of the shaft geometry

Properties of Outline A2: Design of Experiment

1 Property Value
2 %
Preserve Design Points After DX Central Cumposw_te i)
3 an Optimal Space-Filling Design
Box-Behnken Design
c Custom
5 Number of Retries Custom + Szmpling
Sparse Grid Initialization
& Latin Hypercube Sampling Design
7 Design of Experiments Type Central Composite Design 5
8 Design Type Rotatable =
[ Template Type Standard Zl

Figure 6 - Virtual experiment design Plan

In this task, the following spreads of parameters
were set: radius of the bearing fit from 15 to 25,
projection width from 5 to 20, projection height, also
discrete, from 3 to 8.

For calculation, using the main composite
project, we have got 75 design points which will be
determined by the finite element method. This point
is very important and should be considered when
optimizing. The experiment with the design points is
presented in Figure 7.

Table of Schematic C2: Desian of Experiments (Central Composite Design : Rotatable : Standard)

1| Name

2 TE 20 55 125 37%6.52
3 2 15 55 125 7238
1 R 25 5.5 125 238.25
5 RE 2 3 125 315.07
5 5 | 2 8 125 3718
7 RE 2 55 5 7.3
8 IRE S 55 2 42601
f E 17,027 40135 8.0405 41622
n | 9 [n 2573 40135 80405 200.9%
u| n s 17027 69865 8.0405 369.4
| 0 |B 0573 6.9865 8.0405 07.52
| 2 |3 17027 40135 169 5101
u| 5 |n& 2573 40135 1696 23892
IEE 17027 6,985 1696 46326
| 5 |® 2573 6.9865 16 2.7

Figure 7 - Plan of the experiment with the
design points

Building the response surfaces. Response
surfaces are functions of a different nature which
describe output parameters as a function of the input
parameters. The response surfaces represent the
approximated values of the output parameters in the
entire analyzed space without the need for a complete
calculation at all points. There are several types of
response surfaces: a second-order polynomial,

Kriging, nonparametric regression, a neuron network,
a sparse grid [15,16,17,18,19]. Figure 8 shows the
response surfaces.

Response Chart for P27 - Equivalent Stress 2 Maximui m

[od] Wnuwpey  ssang u3(eARb3 - 174

a - the width and height of the projection;

NSYS)|

lent Stress 2 Maximum

Respons

e Chart for P27 - Equivalent Stress 2 Maximu m

b - radius of the bearing fit and the projection width
Figure 8 - Surface response:

Different approximation for the same set of data
is given below. In order to make sure the choice of
approximating the design data is correct, we use the
method of estimating the distribution of design points
on the response surface, as well as the coefficients:
the determination coefficient (R-squared, it shows
how well the response surface reflects the variability
of the output parameter), the root-mean-square
error, relative root-mean-square error, relative error
of the absolute maximum. In our case, the Kriging
approximation was the most suitable technique
[20,21,22].

Building an optimization model. Viewing
results. The optimization approach is an approach
in which the search for the "best" possible design
takes into account limitations on a set of parameters.
We establish a series of target design conditions that
will be used to form the optimal version: desired
values of input values and response parameters are
set, parameters are given the ranks of importance,
a set of design options is generated, the most
promising candidates are selected [23,24,25].
There are four methods for optimizing the response
surface in DX: Shifted Hammersley, MOGA (Multi-
objective Genetic Algorithm), NLPQL (Nonlinear
Programming by Quadratic Lagrangian), MISQP
(Mixed-Integer Sequential Quadratic Programming).
In our case, the stresses should be in the range from
152 to 160 MPa. As a result of the calculation, 5
variants were obtained among which we choose
the appropriate one. Similarly, the remaining tool
components are optimized, becoming robust and
effective. As a result, for the selected shaft parameters
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and taking into account the bearing dimensions, we
perform a dynamic strength analysis and hence obtain
the following picture of the change in the maximum
stress (Figure 9).

B: Transient Structural

Eqquivalent Stress 2

Type: Equivalent [von-Miges) Sress
Uinit: MPa

Tirre: 2.e-003
13/02/2018 2213

4515 Max

. 30468
0776
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15392

h TE.9%3
0,077943 Min e —

B: Tranghant Structural
Equivalesii Sires 2
Type: Equivalent fvon -Mises] Stress
Unil: WPy

Time: 22003
15022016 0252

l 16245 Max
14578
12756

1834
anar
il

(b)

Figure 9 - Stress state of the shaft before (a) and
after (b) optimization

This completes the shaft optimization and then
we proceed to build a design model of the tool body
(bearing), changing the parameters obtained after
optimizing the shaft design. Using the components of
the reference reactions from the strength calculation,
we obtain the design scheme of the bearing assembly
(Figure 10).

.n Force Reaction (¥
I Farce Reaction )
IE Farce Reaction (2}

17929

12000
= 8000,
4000,
0.
-3180.6
1.e-3 J.e4 1.e-3 1.5e-3 2.e-3
[s]

(@)

IH Force Reaction 2 [¥)
.E Force Reaction 2 (1)
IE Force Reaction 2 [Z)

T04.83

500,

250.

[N]
[=]

(b)

a) the first bearing; b) the second bearing
Figure 10 - Diagram of reaction forces

By the same algorithm, we determine the
response surfaces (the maximum Mises stresses)
from the main parameters (Figure 11).
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a - from the bottom thickness and neck thickness;
b - from the bottom thickness and wall thickness

Figure 11 - Response surfaces
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On the figure below, the first option is the most
optimal from the presented candidate points since the
input parameters in it, namely the dimensions of the
tool body, are minimized and the resultant stress is

In this regard, a part of the tool parameters for
hole boring (which significantly affects the stress
state) has been optimized, meeting the strength
requirement.

in the specified limit of allowed values (Figure 12).

Conclusions

1. Using the Johnson-Cook model as the failure
criterion for the elements of the mesh, projections
of the cutting forces resulting from hole processing
were obtained.

2. The predicted changes in the projection of the
cutting force and the cutting temperature are sensitive
_ to changes in the cutting speed in accordance with
Rk Sy modern concepts: with increasing cutting speed, the
cutting force decreases and the temperature rises.

3. Itis found that the averaged values of the force
at the initial moment (penetration into a workpiece)
vary linearly, then becoming practically constant.

4. The idea of parametric optimization consisted
in carrying out several virtual experiments in which
the possible range of variation of the basic dimensions
and optimization criteria are specified, and optimal
parameters of the tool design from the candidates are
chosen.

5. The optimization method outstrips the design

Table of Schematic D4: Optimization , Candidate Points

P27 -Equivalent Stress
Pi3- | Pl Mainm (Fz)
Reference | Name = top ¥ roop ¥
2 (mm) (m)

Parameter f Parameter
Value o Value

s Candidate * A
3 $ Paint 1 6 5.8618 N 35 0.01% ,’{".’{ 163
Candidate
Paint 2

s Candidate
5 % Point 3
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6 ki Point 4

50005 | 50005 f:ﬁ.( 35,003
X3
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A Candidate % i
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Figure 12 - Candidate points of the body parameters
Figure 13 shows the Mises stress in the body
after optimization.

B: Transient Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress
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Figure 13 - The Mises stress in the body after
optimization
B.C. Jlonenoaes’, K.T. lllepos?, M.P. Cuxuméaes?,
b.H. A6ocaapikos?, H.JK. Kapcakosa®

-

12SKaparaH/Ipl TEXHHKAIBIK YHUBepcuTeTi, Kaparaupl, Kasakcraun
’Kasryreinyonarsl Kaparanibl 95KOHOMHKaNBIK YHHBepcuTeTi, Kaparanpl, Kasakcraun
*9.B. BekTypOB aTbIHAaFbl XUMUsI FBUIBIMIAPBI MHCTHTYThI, AnMathl, Kasakcrau

POTAIUAJIBIK-OPUKIIUAJIBIK BYPEBIJIAYFA APHAJIFAH KYPAJI
KOHCTPYKIHUSACBIH ANSYS WB KOMEI'TMEH

HAPAMETPJIIK OHTAUJIAHABIPY

AHHOTanuUs. ABTOpJiap YJIKEH TECIKTep/i aifHaIMaibl YUKEJIC YIIiH ©3/IriHeH aliHaIaThlH IIBIHBIASK,
Keckimi Oap alHaiManbl YHKeNiC KYpalblHBIH apHaibl Mu3aiHbIH jkacanpl. Maxkamama ANSYS WB-
Je BUPTyaJAbl SKCIIEPUMEHTTEP apKbLIbl alHAIMalbl YHKETIC KYpaJIbIHBIH KEPHEYJ KOMIIOHEHTTEPiH
napaMeTpiliKk OHTAWIaH IBIPY HOTHIKENEP] KeNTipijreH.

ABTropiiap Kecy KYUIHIH Kypamjaac OeJIKTepiH YIJKEH JUaMeTplli TEeCIiKTi OypFbuIay IpOLECiHIe
Oaitnanpic Ky petiae 20 rpaayc OonaThIH MIBIHBIASK KECKIITIH €H Haliap KyiiHae 0opkar, ecenTelreH
Mozenb kacanasl. JxoHcoH-KyK MoneniH TOp 3JIeMEHTTEpiH Oy3y KpUTEpuii peTiHAe KOJiaHa OTBIPBIIL,
TECIKTI OHJCY HOTWXKECiH/IEe Maijaa OoJaTblH Kecy KYIITEePiHIH MPOEeKIUsICHl aublHAbl. Kipic jkKoHE HIBIFBIC
napaMmeTpiiepi (KepHeylep) apachlHIarbl KaTbIHAC OPHATBLIA/IBI, OHTAHIAHBIPY KpUTEpUidiepi Oenrineneni
KOHE KYpaJlIbIH KepHEYiHi1H OHTaibl mapaMmeTpiepi Tanaanaasl. Conpaii-ak, 6acTarkbl COTTE KYLITIH OpTalia
MOHI (aliblHAaMara Kecy) ChI3BIKTBIK TYPAE ©3repil, COAaH KeHiH TYPaKThl OOJIBIN KATaTbIHbI aHBIKTAJIIbL.

[lapamerpiik OHTaWIaHIBIPY HAESACHI OipHEIIe BUPTYaIbl 3epTTEyJep JKYprizy OOJJIbI, OHJAa HEri3ri
OJIIIeM/IEP/IiH ©3repyiHiH MYMKIH JHara3oHbl KOPCETUITeH MXOHE OHTaWIaHIBIPY eJIeMiepi OepiireH,
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KaHAWAaTTapAaH Kypajl IU3aiHbIHBIH OHTAMIIBI TapaMeTpiiepl TaHaaJFaH.

OHrTalnanaplpy oIiCi NPOTOTHNTEPAl CHIHAKTAH OTKI3yre >KOHE OJaplbl KEHiHHEH KeTinmipyre
0almaHBICTBI KBIMOAT KOHE Y3aK 00JaThIH XK00anay IUKIIBIH aifHAJIbIN OTe/l.

Tyiiin ce3nep: alfHamymIbl yiKesic Kypal, YJIKEH TeCiKTepAi oHIey, TadaKIaibl KeCKill, TapaMmeTpiaepai
OHTaMNIaHBIPY, KECY KYILi, MOMBIHTIPEK KOHIBIPFBICHI, €CEIITEY YITiCi, KepHey.

B.C. lonen6aen', K.T. llepos?, M.P. Cuxumo6aes?®,
B.H. Adcanpixos?, H.2K. KapcakoBa®

!25KaparaHMHCKHI TeXHHUYeCKui yHuBepceuteT, Kaparanna, Kazaxcran
’KaparanauHCKuii s5koHOMIYeckuil yHuBepeuTeT Kasnorpeocorosa, Kaparanna, Kazaxcran
‘UMuctutyT XuMuueckux Hayk umenu A.b. bekrypoBa, Anmarsl, Kazaxcran

& 9

IHAPAMETPUYECKASA OIITUMU3ALIUA CPEACTBAMHU ANSYS WB KOHCTPYKIIMH-
HUHCTPYMEHTA JJIs1 POTAIMOHHO-®PUKIIMOHHOT'O PACTAUNBAHU A

AHHOTauus. B coBpeMeHHOM MalIMHOCTPOSHHU OHOW U3 aKTyaJbHBIX MpobieM sBisieTcs 00padoTKa
OONIBIINX OTBEPCTHIL, K KOTOPBIM NPENBSBISIOTCS BHICOKME TPEOOBAHUS IO TOUHOCTH paszmepa, Gpopmbl U
pacronoxeHus. Yaiie Bcero Ha Ipou3BOACTBE 00padoTKa OOIBIINX OTBEPCTUH OCYLIECTBISECTCS pACTOYHBIMU
nHcTpyMeHTaMu. O0paboTKa 3TUMH MHCTPYMEHTaMH CONpsDKEHA C PSIOM TPYIHOCTEH, 00yCIOBIEHHBIX,
MpEKEe BCEro, HU3KOW KECTKOCTbIO MHCTPYMEHTA, CIOKHOCTBIO IOABOAA B 30HY pE3aHUS CMa304HO-
oxnaxaaromeit xuakocta (COX) u orBoga mynbIiel (cMecu cTpyxku 1 COXK). ITo NpUBOAUT K CHUKEHUIO
TOYHOCTH U NIPOU3BOJAUTEILHOCTH 00pabOTKH, a TaK)Ke CTOMKOCTH HHCTPYMEHTA.

ABTOPBI CITPOTHO3UPOBAJIM COCTABIISIIONINE CHIIBI PE3aHUs B HAUXYALIEM MOJIOKEHUN YalIeqYHOH (hpessl,
KoTOpasi cocTaisiia 20 TpalycoB KaK KOHTaKTHBIE CHIIBI B IIPOLIECCE PACTOUKM OTBEPCTHS OOJIBILIOT0 JHaMETpa
U TIOCTPOWJIM pacdeTHyr0 Monenb. Mcnonb3ys monens [xoHcoHa-Kyka B kauecTBe KpuUTepus pa3pylLIeHUs
9JIEMEHTOB CETKH, OBUIM IOJYYEHBI MPOEKIUHM CHJI Pe3aHMs, BO3HUKAIOMIMX B pe3yinbTare 00paboTKu
OTBEPCTHA. YCTAaHABIMBAETCS COOTHOIICHNE MEK Ty BXOJHBIMH 1 BBIXOAHBIMU [TapaMeTpaMu (HaPSKSHUSIMHE),
3aJal0TCsl KPUTEPUU ONTUMH3ALUHU M BHIOMPAIOTCSI ONTUMAJIbHBIE MTapaMeTPhl COCTABIISIFOIINX HANPSLKEHUH
HHCTpyMeHTa. Tak ke yCTaHOBJIEHO, YTO YCPEAHEHHbIE 3HAYCHUSI CHIIbI B HaYaJbHBII MOMEHT (Bpe3aHus B
3aroTOBKY) MEHSIOTCS JIMHEHHO, 3aTeM CTaHOBACH MPAKTHYECKH [TOCTOSHHBIMH.

JlocToBEepHOCTH MOJIENN MOATBEPKAAET UyBCTBUTEIBHOCTD CUIIBI M TEMIIEPATyPhl Pe3aHMs K U3MEHEHHIO
CKOPOCTH pE€3aHMsl B COOTBETCTBUM C COBPEMEHHBIMH IIPEACTaBICHUAMU: C YBEJIWYEHHEM CKOPOCTHU
pe3aHus cuila pe3aHus YMEHBLIAETCs, a TeMIeparypa MOBbIIIaeTcs. MeTon ONTUMHU3AUU OOXOAUT LHUKII
MIPOEKTUPOBAHUS, KOTOPBIA SBISIETCA AOPOTOCTOSIIMM U JUIMTEIbHBIM M3-3a IPOBEACHUSA HCIBITAaHUH
MPOTOTHUIIOB M MOCIENYIOLIEH UX J0PaOOTKH.

KioueBble cioBa: Bpamaromuiicss (GpUKIHOHHBIA HMHCTPYMEHT, 00paboTka OOJBIIMX OTBEPCTHUH,
YallleyHbld pe3ell, ONTUMHU3AIM [1apaMeTpPoB, CUJa Pe3aHus, M0CaJKa MOAIINITHUKA, PacyeTHas MOJEIb,
HanpsKeHHE.
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