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ABSTRACT

In the last few years systematic fatigue studies are carrying out in Faculty of Forest In-
dustry. Fatigue analysis of a 3D-model of circular saw shaft is carried out by finite elements
method (FEA) with CosmosWorks® on the base of the fatigue curve (S-N curve) for carbon
steel 45. Different fatigue events are studied — with constant amplitude (stress ratio R=-1) and
with changeable amplitude. Plots for total life and damage, rainflow 3-D histograms and

damage 3-D histograms are obtained.
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INTRUDACTION

In the last few years systematic fatigue
studies of woodworking machines are carry-
ing out in Faculty of Forest Industry: [1, 5,
7] and especially the thesis [6], where so
called method IDD (Integration of Damage
Differentials) for fatigue life assessment at
any variable loading is applied. This method
starts from known fatigue curves, after that
gives full liberty of the stress condition: it
can be a multiaxial loading, with arbitrary
and non-proportional components of oscil-
lograms. Current study correlates with the
mentioned studies by question of how to
give an account for the local concentrate in
the concentrators, from which the fatigue
cracks initiate. It is known that the local
stresses can be excluded according to Saint-
Venant’s rule [4], but only at static studies.
In the textbook [4] the question for the con-
centrate stresses is referred to the modern
possibilities of the computer engineering
designing and calculations. Indeed, in the
last years with the computer’s expansion,
new methods and technologies are applied
to study fatigue of components and assem-
blies. The modern computer technologies
for fatigue prevention, Computer-Aided
Engineering (CAE) programs use three ma-
jor methods to determine the total fatigue

life: Stress Life (SN), Strain Life (EN) and
Linear Elastic Fracture Mechanics (LEFM).
Because of its ease of implementation and
the large amounts of material data available,
the most commonly used method is the
SN method. Although providing poor ac-
curacy for low cycle fatigue it is the easiest
to implement and offers a good representa-
tion of high cycle fatigue.

The primary tool of fatigue module of
CAE programs is the finite element analysis
(FEA). FEA can predict stress concentration
areas, and can help design engineers to pre-
dict components fatigue life and to prevent
fatigue cracks initiation. FEA is excellent
tools for studying fatigue with the S-N-
approach, because the input consists of a
linear elastic stress field, and FEA enables
consideration of the possible interactions of
multiple load cases. The approaches of FEA
can help designers to improve component
safety while reducing overengineered,
heavy, and costly designs. The new comput-
er technologies for fatigue prevention give
designers greater opportunities to design
new products instead of solving of unthink-
able problems before now.

The object of this study is fatigue inves-
tigation of a circular saw shaft by finite ele-
ment analysis for engineering analysis with
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CAD/CAE systems Solid Works®/Cosmos
Works®.

METHODS OF INVESTIGATION

Fatigue investigation with CAE system
CosmosWorks" is realized by finite element
analysis (FEA). Results of static study of the
3D model created with Solid Works® [10]
are used as the basis for defining the fatigue
study. The number of cycles required for
fatigue failure to occur at a location depends
on the material and the stress fluctuations —
S-N curve. Equivalent stresses (von Mises)
are chosen for calculating the equivalent
alternating stresses and for extracting the
number of cycles from the S-N curve (an-
other possibilities which the program offers
are stress intensity (P7-P3) and max. abso-
lute principal (P1)).

The software handles two different
types of fatigue events: constant amplitude
and variable amplitude. The Rainflow cycle
counting method extracts the composition of
a variable amplitude load history. If the am-
plitudes are more than one, the Miner’s Rule
is applied — the each amplitude damage is
calculated and picks are combined for de-
termining the total, cumulative damage. The
result is the total damage factor as a part
from 1,0, the part of component failure.
Failure due to fatigue occurs when the dam-
age factor reaches 1,0. This theory predicts
that the damage caused by a stress cycle is
independent of where it occurs in the load
history and the rate of damage accumulation
is independent of the stress level. This rule
is referred as the Linear Damage Rule or

Miner’s Rule [6].
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Gerber method (for ductile materials)
are chosen from offered by the software 4
possibilities (others: no correction, Good-
man method and Soderberg method) for the
mean stress correction of each cycle.

APPLICATION FOR FATIGUE
STUDY OF A CIRCULAR SAW SHAFT

The fatigue study is carried out with 3D
model of a real circular saw shaft, created
with SolidWorks® (Fig.1, b), which is de-
scribed in details in [2]. The model is gener-
ated by preliminary calculated shaft with
one circular disk (D=180 mm) for undercut-
ting of wooden materials boards with foil or
plastic coating [3].

The static study is carried out with
CosmosWorks® by FEA. The restrains
(fixed) and the follow moment and forces
are set according to Fig. 1, a: torque
7=5,59 N.m; total cutting force (included
feeding force and disk and flanges weight)
F=60 N (5,=28°); force from belts stretching
Fr=630 N (5,=60°) [3]. The created mesh of
finite elements has been described in [3].
From the Cosmos materials library steel
AISI 1035 is chosen with characteristics
closest to the Bulgarian carbon steel 45 ac-
cording BDS 2592:1971: tensile strength
585 MN.m?; vyield strength 282 MN.m™
elastic modulus 2,05.10** N.m™, shear mod-
ulus 7,9.10% N.m'z; Poisson’s ratio 0,29. S-
N curve for this material is presented on
Fig. 2. Resulted equivalent stress (von Mis-
es) distribution in the shaft model is pre-
sented on Fig. 3.

b

Fig. 1. Loading scheme of the shaft (a) and 3D model (b)
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Fig. 2. S-N curve of AISI 1035

Four independent fatigue studies are
carried out (no interaction and fatigue
strength reduction factor K; =1) — one con-
stant amplitude event and tree variable am-
plitude events are defined:

1. Constant amplitude event — symmet-
ric cycle with stress ratio R=-1 and cycles
number 1000 is studied. The results are
graphically represented on Fig. 4, a and b.
The life plot (Fig. 4, b) shows that failure
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due to fatigue is likely to occur at the shaft
shoulder next to the V-belt pulley, node Nel
(x=387 mm; y=9,1 mm; z=-5,2 mm), after
1.10° cycles. The results for the damage
factor (Fig. 4, a) indicate that the specified
event consumes about 0.1% of the life of the
shaft model. The minimum factor of safety
is 5,619¢+028 and biaxiality indicator is
0,0 — the stressed state is one-axial.

Fig. 3. Equivalent stresses
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Fig. 4. Damage factor (a) and total life (b) for constant amplitude event

2. Variable amplitude events: Three
load history curves, offered from the soft-
ware, are investigated. The following pa-
rameters are set: 25 bins for decomposition
of the variable amplitude record; filter load
cycles below given % of maximum range —
0 (this means that every cycle will be count-

ed no matter how small its alternating stress
is); infinite life — 1.10".

2.1. Load history curve ,, SAE Brack-
et — Fig. 5. This curve is closest by type to
the presumed curve, reflected alternating
stresses of a circular saw shaft according to
[5]. The results are represented in Fig. 6 a,
to d.
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It is obviously from Fig. 6 a, that the
maximum damage is 256,4: failure due to
fatigue is likely to occur after
1/256,4=0,0039 repeats of this load at node
Ne234 (x=320 mm; y=13,8 mm; z=-8 mm)
of the circular saw shaft. The maximum
total life is 3369 repeats (Fig. 6, b). Rain-
flow matrix chart (Fig. 6, c) and damage

118700 237400 3561.00 474800 5935.00

matrix (Fig.6, d) are obtained and displayed
for node with worst damage location — node
No234, localized in front of shaft shoulder,
where the bearing on the side of V-belt pul-
ley is assembled.

2.2. Load history curve ,,SAE Trans-
mission — Fig. 7. The results are presented
in Fig. 8.

Time [N/A)

Fig. 5. Load history curve ,,SAE Bracket*
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Fig. 6. Damage factor (a), total life (b), Rainflow matrix chart (c) and damage matrix (d)
for ,,SAE Bracket*
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Fig. 7. Load history curve ,,SAE Transmission“
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Fig. 8. Damage factor (a), total life (b), Rainflow matrix chart (c) and damage matrix (d)
for curve ,,SAE Transmission*

Damage plot (Fig. 8, a) shows that the This result is evident on the Fig. 8, b. The
maximum damage is 81,40 at node Ne13544 maximum total life is 11 710 repeats. The
(x=322,5 mm; y=12,5mm; z=-6,2 mm) and Rainflow matrix chart (Fig. 8, ¢) and dam-
fatigue failure can occur after 1/81,40 = age matrix (Fig. 8, d) are presented for the
0,0123 repeats of this load history curve. node with worst damage — Nel13544, loca-
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lized into shaft shoulder, where the bearing
on the side of V-belt pulley is assembled.
2.3. Load history curve “SAE Suspen-
sion — Fig.9. The maximum damage is
123,3 and fatigue failure can occur after
1/123,3=0,0081 repeats at node NelOl
(x*=323 mm; y= -10.4 mm; z= -6 mm), the
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maximum total life is 8019 repeats. 3D-
histograms of rainflow matrix (Fig. 10, a)
and damage matrix (Fig. 10, b) are present-
ed for node Ne 101 with worst damage, lo-
calized in front of shaft shoulder, where the
bearing on the side of V-belt pulley is as-
sembled.
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Fig. 9. Load history curve ,,SAE Suspension*
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Fig. 10. Rainflow matrix chart (a) and damage matrix (b) for curve ,,SAE Suspension“

CONCLUSIONS

Modern computer technology is applied
in Faculty of Forest Industry — the Fatigue
module of CAE system CosmosWorks® is
applied by FEA method on the created in
SolidWorks® 3D model of circular saw
shaft. The present paper can qualify as an
open page for application of CAE system
CosmosWorks® for fatigue calculations in
Faculty of Forest Industry.

The fatigue module offers possibilities,
typical for computer era and unthinkable
before now: the local stresses in the concen-
trators into 3D model of circular saw shaft,
where fatigue crack can be occur, are deter-
mined by FEA; endurance limit and fatigue
curve are generated by the computer; loads
with constant amplitude and variable ampli-
tude are generated; in the second case acci-
dental loads with different characteristics
concerning amplitudes, mean stresses, fa-
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tigue damage and others, which are present-
ed with 3D histograms, are generated. CAE
system CosmosWorks® can do all this for all
nodes of finite elements mesh of circular
shaft 3D model and for each other construc-
tive element.

Haw far these computer possibilities
can serve for adequate fatigue calculations
of constructive elements is a disputable
question according the critical analysis in
[6] and [8]. Computer systems are used for
generating of fatigue loads and fatigue cal-
culations. For example in [9] and chapter 3
of [6] calculations of fatigue life are pro-
duced from oscillograms of polish authors,
which are generated with a similar computer
system and are statistically presented with
similar 3D histograms. Used methods are
similar to these presented here. So, demon-
strated possibilities of CAE system Cos-
mosWorks® in this paper can be applied in
the fatigue investigations in Faculty of For-
est Industry.
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U3CJEJABAHE HA IMPKYJISIPEH BAJI OT IbPBOOBPABOTBAILA MAILIMHA
HA YMOPA C COSMOSWORKS®

Hean CraneBa
Jlecorexnnuecku ynuepcutet — Codusi; e-mail: nelly_staneva@yahoo.com

PE3IOME

Bba ®I'TI B nocienHNUTE TOOUHM CE TPOBEXKAAT CHCTEMAaTUYHU U3CIIEABAHUSI HA YMOPA, C
KOMTO HacTosIIaTa cTaTHs Kopenupa. 3D-Mozen Ha HUPKYJISIpeH Bajl OT IbpBOOOpaboTBala
MallliHa € M3CJIe[BaH Ha ymopa mo Metoja Ha kpainute enemeHtn (MKE) ¢ mporpamara
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CosmosWorks®, Bb3 ocHOBa Ha KpuBara Ha ymopa (S-N kpuBa) 3a BbIJIEpOIHA KauyeCTBEHA
cromana 45. M3cienBanu ca pa3iMvHU CIIydad Ha yMOpa — C KOHCTAaHTHA aMIUTUTyAa (Koedu-
IIUEHT Ha acuMeTpus R=-1) u ¢ npomennuBa amruiutyaa. [lonydyeHu ca rpaguku 3a AbIATOT-
paifHOCTTAa, MOBPEXKIAHETO, KAKTO M 3D-XMCTOrpaMu Ha Jb)KIAOBHOTO CTHYAHE U TTOBPEXKIAHE.

KarouoBu qymu: ymopa, apirorpaiiHoct, nupkyisipeH Bai, CosmosWorks®, MKE
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