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SPATIAL STRESS-STRAIN STATE OF BORING BAR FRONT-END
STRUCTURE OF HEAVY-DUTY HORIZONTAL BORING LATHE

Mechanical and mathematical models describing the spatial stress-strain state and frictional contacts between
elastic elements of the boring bar front-end structure of heavy-duty horizontal boring lathe were developed. All
the calculations were performed using the finite element simulation package ANSYS Workbench Mechanical.
Static formulation of the problem with the account of gravitational force and non-linear behavior of the materials
in the vicinity of the cutting surface of the cutter was considered. Four different statements of the problem were
analyzed. They illustrate the effect of the bolted connections pretension clamping the cutter on the stress-strain
state of the system. The effect of front-end structure’s loading on the boring bar during cutting was investigated.
The effect of the boring bar bending on front-end structure was analyzed. The carried out analysis showed
that the components of the stress-strain state of the studied systems have similar distributions, regardless to the
bending of the boring bar due to the force of gravity. Bending of the boring bar has significant influence only on
the displacements. Stress concentrators were present in many regions of the studied system. This complicated
the analysis of complex distributions of stresses and strains fields. Obtained results demonstrate the need of
movement from the local characteristics of damageability (stress tensor components) to the integral ones —
dangerous volumes.

Keywords: tribo-fatigue, multi-element system, stress-strain state, finite element modeling, heavy-duty boring
lathe, boring bar, front-end structure

Problem statement. The object of study is multi-
element tribo-fatigue boring bar front-end support
system, which is one of the most critical components of
heavy-duty horizontal boring lathe shown in figure 1.
Multiple contact interactions with friction between
its various elements and a non-contact bending of the
boring bar occur in this system [1-9].
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The purpose of work is the development of me-
chanical and mathematical models allowing des-
cription of the three-dimensional stress-strain state
and multiple contact interaction of the elastic elements
of the boring bar front-end support system.

The main methods of research are the ones of tribo-
fatigue, solid mechanics and computational mechanics.
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Figure 1 — Heavy-duty horizontal boring lathe

The boring bar has the shape of a hollow cylinder
with an outer radius of 200 mm and inner radius of
150 mm. Its loading scheme is shown on the figure 2.

Points A, B, C, D and FE are the starting points
of the areas fixed in all directions, / , is the distance
from the beginning of the section 7 to the beginning of
the section J, d is the length of the front-end system
of boring bar. The values of all the parameters are
presented in table 1.

The front-end support structure of the boring bar
consists of the upper support (1) where cutter is placed,
middle support (2), the lower support (3) and the
boring bar (4) (see figure 3).

The elements of the front-end support structure
of the boring bar are connected by the groups of bolts
shown in figure 4.

Within the current study four different calcu-
lations were made. Effect of bolts pretension clam-

Figure 2 — Boring bar loading scheme

Table 1 — Sections length

Section Name Length, mm
A 540
B 540
C 540
D 540
E 468
I, 1260
L. 2703,8
lep 3108
. 1400
d 166,7
L, 6488,2
[, 15596,7

Figure 3 — Elements of the boring bar front-end support system

ping the cutter as well as the impact of boring bar
were considered (see figure 5). The codification of
these calculations is shown in table 2 and mechani-
cal characteristics of the materials used [10] are
given in table 3.

Suppose that r* is the particular configuration
of the k-th body in space for calculated system (see
figures 5, 6). In this case the following relations that
determine the mechanical state of the particle of the
body (the elementary volume) can be formulated: the
continuity equation, the equations of equilibrium of the
body’s particles, dependency between displacements
and strains, and Hooke’s law [4, 9].

Boundary conditions of the first type for the sur-
faces S of the front-end support base of the boring bar
where displacements " (r*) are set in calculations #
and HN (see figure 6) are added to the equations that
determine the mechanical state:

uf =17i"*(rk), i=x,9,2, 1)

and boundary conditions of the second type for the
surfaces S of other elements of the system where the
distributions of tractions p, are set (see figures 5, 6):
o jof = p! (F,.r"), ()
where aj" are the direction cosines.
Interaction of the elements of the system consisting
from n deformable bodies can be described using the

Group A

Group D

Group C

Figure 4 — Groups of bolted connections
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F, €1

Figure 5 — Finite element mesh and loading scheme
for calculations FN and F

Table 2 — Codification of calculations

Bori

Boring bafl;’l«ri]tgh Front-end Front-end
. bar with . support with | support with

Loading tightened N
conditions loosed bolts bolt loosed bolts tightened
110N 0ItS

holding holdin holding bolts holding

the cutter € the cutter the cutter

the cutter
Calculation’s
FN F HN H
code

contact boundary conditions defined by the following
relationships:

u,

sm = 85::1) (flm ’rl " ’t)

=8, (f,,.r'x".1)

som Uy

u

stm ’ (3)
S;Im) > (4)

where S are contact surfaces for bodies / and m,
S 5, 00 < 5 5, = (7717 = (o))

D,

tm) - pm

(im)
c SU'

and u, ={&",@ i’} are vectors of tractions and
displacements on the surface of k-th body, p*, pl,, pt, are
normal and tangential components of surface tractions,
8, =8, 8, 8, 8l =18, .8, 8,0} are
vectors of displacements and tractions on the contact
surfaces, f, are friction coefficients for the corres-

ponding pairs of bodies.

Table 3 — Mechanical properties

0.00 150,00
L} ]
75,00 225,00

300,00 mm)

Figure 6 — Finite element mesh and loading scheme for calculations
HNand H

Calculations F and H describe the behavior
of the front-end support of the boring bar for the
bolts of group A clamping the cutter by maximal
bolts pretension force F, = 24949,5 N (see table 4
and figure 4). Calculations FN and HN describe the
behavior of the front-end support under absent bolts
pretension force F, = 0.

Friction coefficient fequals 0,18 forall calculations.

Methodology described in [11, 12] was used for the
calculation of bolts pretension force (see table 3). Main
assumption for this calculation is that this force should
produce stresses in the bolts which do not surpass the
yield limit.

Finite-element models with applied boundary
conditions are shown in figures 5, 6. For a correct
comparison of the obtained results calculations H
and HN were performed using the same mesh in the
vicinity of the front-end support of the boring bar as in
calculations FN and F.

Cutting load was defined according to the
data provided by Harbin University of Science and
Technology: Fv = {—3118; 3619; —8620} N. Force Fn
was applied to the three external faces of 4 mm length
of the cutter.

All calculationswere performed in the finite element
simulation program package ANSYS Workbench in
static formulation considering gravitational force field
and non-linear behavior of the materials in the vicinity
of the cutting surface of the cutter.

The calculations for all models were divided into
two steps: the first step took into account the bolts
pretension, the second one — cutting load.

Table 4 — Bolts pretension forces

Poisson’s Young's Yield Strength Screw type Group Bolt pretension, N
Material Rati modulus, | strength, | limit, o, —
MOV EGPa | o,MPa | MPa M8x1 — 6g 4 F,=24949,5
(for bolts) ’ M14x1,5 — 6g C F =382341,3
Steel 1ISHGT 0,3 211 730 980 M24x2 — 6g D F,=264903
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At the second step the distribution of forces and
displacements produced by bolts pretension were
applied as the boundary conditions.

Stress-strain state of full models. In all calcu-
lations before cutting maximum von-Mises stress o,
values were concentrated in the vicinity of the bolted
connections of group B (see figures 4, 7, 8). Such high
values (about 1,7 GPa for all calculations) are caused
by rather coarse mesh of the fillet under the bolt head.

During cutting the maximum stresses occur on the
cutting surfaces of the cutter while stresses of the bolted
connections of group B remain almost unchanged.
Outside the region of the bolted connections of group
B Oy do not exceed materials yield limit.

Comparison of von-Mises stress O for calcu-
lations with boring bar (FN and F) bending and without
it (HN and H) showed the same distribution pattern in
the cutter, upper and middle supports, bolts of A and B
groups for the same pretension of group A4 bolts. Only
lower support has different O distribution due to bo-
ring bar bending (see figures 7, 8).

Pretension of group A bolts does not change the
position of the maximal of von-Mises stress but causes
significant increase of o, in the upper support and
the cutter.
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Figure 7 — Distribution of von-Mises stress seqv after the first
loading step bolts (pretension): « — FN; b — F; c — HN;,

d— H, MPa
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Figure 8 — Distribution of von-Mises stress seqv after the second
loading step (cutting): a — FN; b — F; c — HN;d — H, MPa

Distributions of von-Mises strain € have the
pattern similar to the distributions of von-Mises stress
(see figures 9, 10).

In all calculations after bolts pretension the cut-
ter moves along the x axis with the displacement
u_ranging from 0,007 mm (calculations F, H) to
0,01 mm (calculations FN, HN) (see figure 11). During
cutting the largest displacements in the system occur
in calculations F (—1,67 mm) and FN (—1,68mm).
In both these calculations motion of all parts of the
system occurs in the negative direction along the x
axis which is caused by the bending of boring bar (see
figure 12). Rotation of the cutter counterclockwise
about the z axis occurs in calculations H and HN
during cutting.

Due to the lack of symmetry in the supports
and mainly due to the impact of gravity after bolts
pretension the whole front-end support system ex-
perienced rotation about the x axis counterclockwise
which follows from the distribution of displacements u,
and u_(see figures 13—16). Maximal u, displacements
in this case are 5,85 mm and 5,94 mm for FN and F
calculations respectively. During cutting maximal dis-
placements u_are 10,86 mm and 10,9 mm for FN and F
calculations respectively.
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Figure 9 — Distribution of von-Mises strain eeqv after the first
loading step (pretension): « — FN; b — F;c — HN;d — H
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Figure 10 — Distribution of von-Mises strain eeqv after the second
loading step (cutting): « — FN; b — F;c — HN;d — H
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Figure 11 — Distribution of displacements ux after the first loading
step (bolts pretension): a — FN; b — F; ¢ — HN; d — H, mm
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Figure 12 — Distribution of displacements ux after the second
loading step (cutting): « — FN; b — F;c — HN;,d — H, mm
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Figure 13 — Distribution of displacements uy after the first loading
step (bolts pretension): « — FN; b — F;c — HN; d — H, mm

The total displacements of the cutter after bolts
pretension are 5,85 mm and 5,95 mm for FN and F

calculations, respectively.

The total displacements of the cutter during
cutting are 11,01 mm and 11,04 mm for the FN and F

calculations, respectively.

In calculations HN and H the absolute values of
maximal u,_ displacements are 0,07 mm and 0,11 mm
after bolts pretension, 0,02 mm and 0,34 mm during
cutting respectively (see figures 15, 16).

The total displacements of the cutter after
bolts pretension are 0,26 mm and 0,15 mm for the
calculations HN and H respectively.

106

0,46019 Max I 046163 Max
035967 036079
0.25914 = 025994
015361 01591
055089 0058256
0042437 g 02587
014206 014343

o 024349 24427

l 03a401 I EETEIES
044454 0,44596

a b
0,77433 Max 0,18997 Max

g 052628 13 015868
027824 = 0278

e 0,030200 o 009609
021784 0064796
046588 0033503 1
-0,71393 00022093
096197 -0.029084
121 Q060378
~1.4581 Miin -0,091671 Min

c d

Figure 14 — Distribution of displacements uy after the second loading
step (cutting): a — FN; b — F; c — HN; d — H, mm
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Figure 15 — Distribution of displacements uz after the first loading
step (bolts pretension): « — FN; b — F,c — HN; d — H, mm
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Figure 16 — Distribution of displacements uz after the second loading
step (cutting): a — FN; b — F,c — HN;d — H, mm

The total displacements of the cutter during cut-
ting are 1,51 mm and 0,39 mm for the AN calculation
H respectively.

Thus, gravity has a significant (about 53 %) impact
on maximal deflection of the boring bar.

In calculations without boring bar the bolts pre-
tension together with gravity force contribute up to
17 % and up to 37 % in total deflection of the cutter,
upper, middle and lower supports in calculations HN
and H respectively.
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Conclusion. Mechanical and mathematical models
allowing description of the three-dimensional stress-
strain state of the boring bar front-end support structure
of heavy-duty horizontal boring lathe were developed.
Contact problems for the elements of the boring bar front-
end support multi-element system were formulated. The
effect of the bolts pretension on the upper support was
studied. The effect of boring bar bending on the stress-
strain state of supports was analyzed.

Computer modeling based on finite element
method was made for the boring bar front-end support
system considering multiple contact interactions of its
elements, bolts pretension, cutting process and non-
contact deformation due to boring bar bending.

Four different statements of the problem were
developed and analyzed. They showed how the stress-
strain state of the system was influenced by bolts pre-
tension clamping cutter and boring bar bending due to
the gravitational force.

In general, it should be noted that both bolts
pretension of bolted connections 4 and B and cutting
process had strong impact on stress-strain state of the
upper support in the area of cutter fastening. At the
same time, the middle support had the same von-Mises
stresses and strains after bolts pretension of group B
bolts and during cutting. It was shown that even under
absent bolts pretension of group A bolts the cutter was
held in the upper support during the cutting.

The carried out analysis showed that the com-
ponents of the stress-strain state of the studied system
had similar distributions (maximal von-Mises stresses in
the cutting region vary from 1,71 GPa to 1,72 GPa for
all calculations) regardless to the boring bar bending by
virtue of the Saint-Venant principle. Boring bar bending
had significant influence only on the displacements.

Gravity had significant (about 54 %) impact on
the maximal deflection of the boring bar in z direction.
Displacements u_and u, made insignificant contribution
to the total deflection of the boring bar.

In calculations without boring bar the bolts pre-
tension and force of gravity contributed up to 17 %
and up to 37 % to total deflection of the cutter, upper,
middle and lower supports in calculations HN and H
respectively.

Stress concentrators were present in many regions
of the contacting bodies. This complicated the analysis
of complex distributions of stresses and strains fields.

C.C. LIEPBAKOB, n-p ¢u3.-mar. HayK, AOLI.

This demonstrates the need to move from the analysis
of local characteristics of damageability (stress tensor
components) to the analysis of integral ones — dan-
gerous volumes [4, 13—17].

This work was supported by National special project
Jfor international scientific and technological cooperation
of the People’s Republic of China (2012DFR70840).
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NMPOCTPAHCTBEHHOE HANPAXXEHHO-OE(POPMUPOBAHHOE
COCTOSAHME PACTOYHOM OMNMPABKU LUNUHAENSA
CBEPXHAIPYXEHHOIO ro°PU30OHTAJIbHO-PACTOYHOIO CTAHKA

Paspabomanvr mexanuueckue u mamemamuyeckue mMooeau, ONUCbIBAIOUUe NPOCMPAHCIMEEHHOE HANPAICEHHO-
degpopmuposannoe cocmosnue U KOHMAKMHble 83aUMO0eliCmBUs ¢ mpeHuem mexncoy Yapyeumu 1eMeHmami
PACMOUHOU ONPABGKU WNUHOCASI CBEPXNPOUHOO 20PU3OHMANbHO-DACMOYHO20 cmaHKa. Bce gviuucaenus Oviau
BbINONHEHYI C UCNOAb308AHUEM NAKEMA KOHEUHO-31eMeHmH020 modeauposanusi ANSYS Workbench Mechanical.
Paccmompena cmamuueckas nocmanoska 3a0auu ¢ y4emom Cuabl MsadceCmu U HeAUHelH020 N08eOeHUs.
Mamepuanog 664u3u pexcyujeli nogepxHocmu uHcmpymenma. lIpoananusuposarvl yemvipe pa3AuyHviX 6apUAHMA
HOCMAHOBKU 3a0a4uU, UANOCIMPUPYIOWUe AUSHUE YCUAULL 3AaMANCKU OOAMOBbIX COeOUHEHULL, NPUNICUMAIOUUX
PeNCYWUil UHCIMPYMEHM, HA HANPSIICeHHO-0eopmuposanHoe cocmosiHue cucmemsl. Hccaedosano enusinue
Haepy3Ku pacmoyHoll ONPAKU Ha WNUHOEAb 80 épems pe3ku. TIpoanaiuzuposano eausnue uzeuda wnuHoes:
Ha pacmounyio onpaexy. Ilpoeedennulii anarus nokasan, 4mo KOMHOHEHMbl HANPANCEHHO-0edOPMUPOBAHHO20
COCMOSAHUS UCCACOYEMBIX CUCTEM UMEIOM CXOJCUE PACHPedeneHUst, He3A8UCUMO OM U32Uba WnuHOens U3-3a CUlbl
maxcecmu. M3eub wnundens oKasviéaem cyulecmeeHHoe eausiHue moabko Ha nepemeuerus. Bo mnoeux mecmax
U3y4aemoll cucmemvl NPUCYMCMB08AAU KOHUEHMPAMOPbL HANPANCEHUL. DMO 0CA0NICHUAO AHAAU3 CAOICHBIX
pacnpedeneHull HanpsJceHull u noaeil Hanpsaxcenui u degpopmauuil. Iloayuenrvie pesyivmamor 0eMOHCIMPUDPYIOM
Heobxo0umocms nepexooa Om AOKAABHBIX XAPAKMEPUCMUK nogpexcoaemocmu (KOMHOHEHmMO8 MeH30pa
HANPSAICEHULL) K UHME2PANbHBIM — ONACHBIM 006eMAaM.

Karouesvie caosa: mpubogpamura, MHOLOINEMEHMHAS CUCEMA, HANDPANCCHHO-0ehOPMUPOBAHHOE COCMOSHUE,
KOHEUHO-21eMeHMHOoe MOOCAUPOBAHUE, CBEPXHASPYICEHHBLI PACMOYHBLI CMAHOK, WNUHOeAb, PACOYHAS ONPABKA
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