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STUDY OF STRESSES IN MATERIALS WITH REGULAR
MICROSTRUCTURE FOR THEIR APPLICATION IN THE DESIGN OF
POLYGRAPHIC CUTTING MACHINES
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Modern polygraphic equipment is required to be designed with minimum weight and
dimensional parameters. The optimal modes of their operations are also very important. These
requirements can be met by using cellular materials with regular microstructure, which are
manufactured using special technologies. To design the links of the mechanisms of polygraphic
equipment from new materials, first it is necessary to study the strength properties of cellular
materials. This exploration will show how the stress will be distributed in the microstructure
of the material. It is also important to find the points in the unit cell of the microstructure,
where stresses will get their maximum values. This paper presents the influence of the
geometrical parameters of a unit cell on the stress distribution inside the material of a regular
microstructure. Studies have been carried out by modeling the stress state of a unit cell using
the numerical method. A numerical method is proposed for the estimation of the stress
concentration factors (SCF) on the cell wall junctions of the cellular structure. The SCF was
defined by multiplying the nominal stress components applied to the sides of the unit cell to
the stress components at the filleted cell wall junction.

The use of materials with a cellular regular microstructure in the design of polygraphic
equipment will save material resources. In addition, this will open up new opportunities to fill
the cells of the microstructure with piezoactive materials, which are a source of high-frequency
vibrations that improve the performance of machines.

Keywords: cellular material, regular microstructure, stress concentration factor,
polygraphic equipment, high- frequency vibration.

Introduction. In the present stage of science, with the development of Additive
Manufacturing techniques, the study of the mechanical behavior of this material has
become more actual. 3D printing processes permit to obtain products with high
dimensional accuracy, so it is possible to accurately control the geometry of each
single cell. The cell shape plays a very important role in the mechanical behavior of
the material [1,2]. The geometrical parameters that characterize each cell are the strut
length L, the strut thickness ¢ and the fillet radius R (at the joints of the cell walls). The
objective of this research is to determine the influence of radius R, thickness ¢ and the
type of the applied load on the Stress Concentration Factors (SCF), which is the ratio
between the maximum equivalent stress and the equivalent stress calculated by using
the nominal stress components, acting on the unit cell. The fillet radius R and the cell
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wall thickness ¢ were normalized to the cell wall length L.The SCF was calculated in
large domains of the geometric parameters: wall thickness to the edge length ratio in
the interval [0.01, 0.2] and fillet radius to the edge length ratio in the interval
[0.01, 0.15]. All these studies allowed us to assume that the cells can be filled with
piezo active material, so that we get high frequency vibrations [3]. Specifically,
application of high frequency vibration ensures the improvement of the three knife
polygraphic cutting machine technical parameters.It improves the cutting accuracy, as
well as reduces the energy consumption [4].

Modeling. The 2D cellular structure with staggered square cells is discussed.
The aim is to obtain a model, which will allow to calculate the values of the SCF as a
function of the unit cell geometrical parameters, namely the cell-wall thickness ¢ and
the fillet radius R at the cell junctions and the type of the load applied. This was
achieved by applying the Finite Elements (FE) method to the unit cell for wide
intervals of # and R to calculate the SCF for each couple of parameters. As there is a
certain symmetry and periodicity in the structures, it is possible to identify the unit
cell, which is the building block that builds up the whole structure. Thus, it is only
necessary to model the unit cell in order to obtain the properties of the whole structure.
The staggered square structure and the unit cell are shown in Fig.1.

The main goal of this paper is to find the relationship between the SCF and the
unit cell geometric parameters ¢ and R. Here the Stress Concentration Factors is
defined as the ratio between the maximum equivalent stress that exists at the joint and
the equivalent nominal stress applied to the unit cell (1):

K,, == (1)

Fig. 1. The staggered square structure and the unit cell

The relationship between the components of the nominal stress tensor and the
components of the maximum stress tensor is expressed by Eq. (2):
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Each element of the matrix of the coefficients Kjj represents the SCF due to the
junction that multiplies the nominal stress cj, and contributes to the maximum stress
ci. Each element of the matrix of the coefficients represents the SCF due to the
junction that multiplies the nominal stress and contributes to the maximum stress [5].

The elements of the SCF matrix can be calculated by applying the appropriate
boundary conditions. The model of the unit cell was built in ANSYS. The periodicity
of the structure was enforced with constraint equations that couple the displacement of
the sides of the unit cell. The components of the stress concentration factor’s matrix
can be calculated by applying monoaxial nominal loads on the unit cell. The X
component of K is calculated by applying a monoaxial load in direction X on the unit
cell (Fig. 2).

O,
H

Fig.2. Monoaxial load in Fig.3. Monoaxial load in Fig.4. The unit cell is
direction X direction Y loaded under pure shear

The Y component of K is calculated by applying a monoaxial load in direction
Y on the unit cell (Fig. 3).The third component of K is calculated by applying pure
shear 12 (Fig. 4).

The non-triviality is related to the fact that what is needed is the maximum Keq
and the point on the fillet where it is reached, both depend on the combination of the
nominal stresses.

To calculate the stress concentration factorA, B,C,D fillets were considered
(Fig.5).

As the structure is periodic, stress is also distributed with some periodicity. The
comparison of behavior of stress components in A, B, C, D fillets showed that the
results in fillet A are the same as in C, and the results in fillet B are the same as in D.
Thus for further studies only 2 fillets can be considered. In some cases, mostly when
the load along direction X prevails, the point where the highest stress occurs is out of
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the fillets, on the horizontal line (as shown in Fig.6). Stresses on the horizontal line are
also distributed equally in the 1,2,3,4 areas. So for further analysis, fillets A, B and
area | in the horizontal line were considered.

Fig. 5. Unit cell of the structure Fig. 6. Stressed areas Fig. 7. Fillet radius

Results. A numerical method was used to get the values of the local stress
components on the cell wall junctions and horizontal line of cellular structure. Data
are obtained that show the relationship between the position of the node where
maximum SCF occurs, and the ratio between the nominal stresses.

Referring to Fig. 7, the maximum equivalent stress occurs in a point close to A
in the case of a prevalently monoaxial load along direction Y, close to location C in
the case of a prevalently pure shear. In most cases, when the load along direction X
prevails, the point maximum stress occurs out of the fillets. Stress concentration
factors as a function of the geometrical parameters of the structures / L and R/ L are
shown in Fig. 8. and Fig. 9.
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Fig. 8. Stress concentration factors as a function of the geometrical parameters of the structure
t/L
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Fig. 9. Stress concentration factors as a function of the geometrical parameters of the structure
R/L

Conclusion. The SCFs were calculated via the FE method for each couple of
the cell-wall diameter ¢ and the fillet radius R at the joints varied in a wide interval of
their value. An equivalent SCF K.q based on the von Mises equivalent stress criterion
could be then obtained. This K¢q is basically a factor that gives the maximum
equivalent stress on the cell wall junctions by multiplying the von Mises stress
calculated from the nominal stresses on the unit cell. The SCF was calculated in large
domains of the geometric parameters: wall thickness to the edge length ratio in the
interval [0.01,0.2] and the fillet radius to the edge length ratio in the interval
[0.01, 0.15]. The model allowed to efficiently calculate the optimum geometrical
parameters of the structure.The results plotted in Fig. 8.and Fig. 9. show that the cell
wall thickness has a greater effect on SCF than the fillet radius. Looking at the graphs
we can conclude that in order to avoid high values of SCF, it is recommended to
choose the cell wall thickness to the edge length ratio interval [0.01, 0.2], and the
fillet radius to the edge length ratio in the interval [0.12, 0.15]. All these studies allow
us to assume that it is possible to use cellular materials to design polygraphic
machines with improved technical parameters.
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L.4. bphgyuu

Mnihgpwhwywu  dbpbuwubph  Uwhwgddwu  dwdwuwlywyhg  wwhwuoubpp
ubpwnnut Gu npwug pwop b qwpwphwnwiht swthubipp bWwquanyuh hwugubp, huswbu twb
owhwgnpddwt owwnhdw| nbdhdubiph wwwhnynuwp: Lowd wwhwugubpp pwdwpwpbint
Gnwuwlubphg dtyp unp, Ywunuwdnp dhypnywnnigudpny unyebinh oguwgnpdnuiu k:
Ldwuwwnhy ujnipbipp unbndynw tu hwwnndy nbfuuninghwutiph Yhpwndwdp:Wu unyetipny
wnihgnwdhwlwu dbpbuwgh onwlubn twiuwgdtint hwdwp twju wuhpwdbon £ Yuwnwpb
uneh  wdpngywu  hwpywnly,  nwnWuwuhplp jwpdwdwihu JhGwyp  ujnieh
dhypnywnnigwdpnid: Utuhpwdtipm £ uwlb npnobip wju Juwuquynp  Ybwnbpp, npuintin
wnwowunw U wnwybugnyu  qwpnwiubiph  Ynugbunpwghwubiph  gnpdwyhgutipp:
Lbpywjwgynd Gu pdwihu dbpnnny ujneh poonid jwpywdwiht yhtwyh dnnbjuynpdwt
wpryntupubipp: Uintindwd dnnbp peny) £ wwihu unwuw) jwpnwutiph Ynugbunmpwghwutiph
gnpdwyhgutiph Yutunudp dhynpnlwnnigywdph pooh wwinh hwuwnnieyniuhg U pooh wwnbiph
dholt  wnwowgnn dnpndwt  swnwynhg ‘Upneh  wwppbp  pbnujwdpubph  nbwpnud:
Luwpwynpnipiniu £ unbindynud® gquubine unyeh Jhypnywnnigdwdph  Bpypwswihwywu
owuinhdw| ywpwdbkwnbipp:

Ywunuwynp dhypnyuwnnigwdpny Unieh tdwuwwhw nunwuwuhpnipniubpp Ny
GU nwihu unwuw| dEfuwuhywlywu gwulwih hwwnyniegniuubnny unietin, npnup htwpwynp
Yihuh  ogquwgnpdty  wnhgpwdhwlwu bnwnwuwy dhptuwubpnu:  Mnthgpwdhwywu
dbpbuwutiph onwlubiph Uwhuwgdnip' poowiht dhypnywnnigudpny Unipbiph Yhpwndwdp,
hwugbgunu £ Unipwlwu nbunipuubiph wyuhwyn futuwnnnggniuttiph: <uwpwynp £ uwb

64



Uniph  pohgutinp |guti  whtignwlwhy  Unetipnd, npnup  Gdwnwibt  npwbu - pupap
hwéwhwlwunipjwu  wwwnwudwtu — wnpniputip: - Unwgdwd  uneny ywwnpwunywd
nwuwyny wfuwwbint nbwpnwd  pwpbudynd Gu  dbpbuwih Jdh pwpp  puniypwagpbpp:
QYwuwyhtu  hwnnpnynn  wwwnwunwubph ounphhy  pwpdpwund Bu Yupdwu npwlyu nt
Gownnieniup: Unnbjwynpdwu wpnyniupubipp gnyg Gu tiwihu, np mwwwunwubiph Yhpwnndp
thnppwguntd £ uwl wuhpwdtion Yunpdwt nidp, hugp hwugbgunid k Eubipquitutiwgnnnipjw:

Unwugpuyhti pwnbip. poowihu Unie, Ywunuwynp dhypnjunnigywdp, wpnuiubph
Ynugbunpwghwih gnpdwlhg, wnhgpuwbhwlwt uwppwynpnwiutip, pwpdpwhwiwfuwywu
wnwwnwunwubin:

WCCJENOBAHUE HATMPSI)KEHUI B PETYJISIPHBIX
MHUKPOCTPYKTYPUPOBAHHBIX MATEPUAJIAX C MIEPCIEKTHBOM UX
NPUMEHEHUSA ITPU ITIPOEKTUPOBAHUU 3BEHBEB INOJUT'PA®UYECKHUX
MAIIUH

JI.B. EpuusnH

CoBpeMeHHble TPEOOBaHUS K NPOEKTUPOBAHUIO NOJUrpadUuecKuX MalluH BKJIIOYAIOT
MHUHHMH3AIAI0 WX BECOBBIX W TabapuUTHBIX NapaMeTpoB M oOecredeHHe ONTHMAaIbHBIX
peKIMOB UX (YHKIMOHMpOBaHMSA. ONHMM U3 TyTeH yJOBIETBOPEHHS 3TUX TpeOOBaHUH
ABJISIETCS TPUMEHEHHE HOBBIX PEryJIApHBIX MHKPOCTPYKTYPHPOBAHHBIX MaTepHasoB, CO3IaHne
KOTOPBIX CBSI3aHO C MCIOJIb30BAaHUEM CIELUAIbHBIX TE€XHOJIOrMH. IIpoexTupoBaHue 3BEHbEB
MEXaHU3MOB NOJMrpauuecKuX MallUH U3 HOBBIX MaTepUaloB IPeAoJiaraeT IpoBeleHUE
MPOYHOCTHBIX PACUYETOB, YUUTHIBAIOIINX MOBEICHHE HAMPSHKEHNH B UX MUKPOCTpyKType. [Tpu
9TOM CYLIECTBEHHOE 3HAUEHME MOJIydaeT OIpeleeHHe ONAcHbIX TOUEK U KOd(pQULUEHTOB
KOHLEHTpAUUU HaNpsDKEHUH B MaTepualle su€eK MUKPOCTPYKTYpbl. B nannoit paGorte
HPEJCTaBIEHbl  Pe3yJbTaTbl UYMCIEHHOIO  MOJEIMPOBAHUS  HANPSDKEHHBIX — COCTOSIHUM
Mmarepuanga  SMEHKM ~ MHKPOCTPYKTYPBI,  BBISBJSIONIME  3aBHCHMOCTb  KOHIIEHTPAIUH
HanpsDKEHUH OT ee TeOMeTPUUYECKHX MapaMeTpoB MPH Pa3IHYHBIX BUIAX HArpy)KEHUS 3BEHA.

ITpumeHeHne NpU HPOEKTUPOBAHUU 3BEHbEB HOJUrpaUUecKUX MAallMH SYEUCTBIX
PEryJIsipHBIX MHKPOCTPYKTYPHBIX MAaTepHaaoB, HOMHMO OYEBHIHOI YKOHOMHM MaTepPHUATbHBIX
PecypcoB, pacKpbIBaeT HOBBIE TEPCIEKTHBEI BHEAPEHUs ThE30AKTUBHBIX MATEPHANOB B BHIE
KOMIIOHEHTOB MUKPOCTPYKTYP, 3alOIHSIOMINX MPOCTPAHCTBO sfUeeK, B KaUeCTBE MCTOYHHKOB
BBICOKOYACTOTHBIX BUOpANNH, yITydIIAlONIMX XapakTepUCTHKH MaIliH. Peannsanus mpouecca
pe3aHus ¢ MPIMEHEHHEM HOKel ¢ BBICOKOYACTOTHBIMU BHOPAIMSIMHU MPHBOJMT K MOBHIIICHUIO
TOYHOCTH PE3KH M KadecTBa KOHEUHOW MPOIYKIWH, MOHIKEHHIO MOTPEOHOW CHIBI pe3aHHs.
Kak cneicraue, yMeHbIIAIOTCS Takxke HEOOXOJMMas MOIIHOCTb IPUBOJA M DHEPro3arparbl
MallMHbl. MoJenupoBaHye IPOLEcca pe3aHust B pe3albHbIX HOIUrpagUuecKUX MallluHaX
[0Ka3aJ10, 4YTO IPUMEHEHUE SUEUCTBIX PEryJSIPHBIX MUKPOCTPYKTYPHBIX MaTepUaloB
obecreunBaeT yTydlIeHHe TEXHHIECKAX U TEXHOJIOTMYECKNX MapaMeTpPoB pe3abHbIX MAIIH.

Kniouesvie cnosa: sueuctblii MaTepual, peryysipHas MUKPOCTPYKTYpa, koddduuuent
KOHILIEHTPALMU HaNpshkeHUH, nonurpaduieckoe 000pyJ0BaHUE, BLICOKOUACTOTHBIE BUOpaLUu.
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