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Abstract-Contact stresses in moving systems have a
significant effect on the contact areas. Various factors affect
contact stresses, and fatigue, wear and failure are the results
of these stresses. In this research, the effects of speed,
pressure, and friction coefficient parameters on contact
stresses in a linear sliding system have been investigated. In
this regard, a cylinder-piston set was simulated and the
results were validated using experimental data. The
parameters were selected at three different levels and the
experiments were designed using the response surface
method. The results of the simulations were evaluated using
the analysis of variance method. The investigations revealed
that the parameters of speed, friction coefficient and pressure
have a significant effect on contact stresses, and speed has the
greatest effect, while pressure has the least effect on surface
stresses. The evaluations also showed that surface stresses are
formed from the interaction of thermal and mechanical
stresses, and the contribution of thermal stresses is higher
than mechanical stresses

Keywords: Contact Stresses, Linear Sliding Motion, Finite
Element Method, Response Surface Method, ANOVA.

1. Introduction

In linear motion systems, contact stresses are among the
most influential factors affecting wear, fatigue, and failure
[1-4]. These stresses develop through both thermal and
mechanical mechanisms in the contact zone, and cause
mechanical damage and decrease system performance and
efficiency [5,6]. In this study examines the three
parameters - speed, pressure, and friction coefficient -
from the dual perspective of mechanical and thermal
stresses. The research methodology employed finite
element method (FEM), and the results validated with
experimental data. Results were investigated using
ANOVA analysis to evaluate the effect of the studied
parameters on the maximum contact stresses.

2. Materials and Methods
To investigate the effects of speed, pressure, and friction

coefficient on contact stresses, a cylinder-piston assembly
was simulated. The various components of this assembly
along with their material specifications are illustrated in
Figure 1.

To evaluate parameter effects, three operational levels
were considered for each parameter. The design of
experiments was configured using Response Surface
Method (RSM), with results subsequently analyzed
through Analysis of Variance (ANOVA). The numerical
simulation was performed using ABAQUS software
employing coupled thermo-mechanical analysis. The finite
element model utilized CAX4RT elements. A refined
mesh density of 0.5 mm was implemented in sensitive
contact regions. Figure 2 illustrates both the meshing
configuration and applied boundary conditions.

3. Results and Discussion

To validate the finite element analysis results, the model
was evaluated based on two critical parameters, The
generated temperature in the contact zone and induced
contact stresses. The temperature obtained in the
simulation is 64.1°C, which represents an 8.7% deviation
from the experimental measurement of 70.2°C. This is
indicated that the model has an acceptable accuracy. Also,
Based on the technical documentation and material
strength of PTFE 25% carbon, it can be concluded that the
failure of the pressure ring is not due to surface stresses or
mechanical yielding, as the maximum stress (5.34 MPa)
remains below the material's tensile strength (18 MPa).
Investigation of results shows the simulation results have
a positive agreements with the field observation and
performance data. The analysis of variance (ANOVA)
results indicated that speed, with the smallest p-value, has
the most significant influence on contact stresses. Due to
the sinusoidal motion of the piston, increasing speed leads
to higher acceleration, which, according to Newton's
second law, increases force and consequently stress.
Additionally, higher speed results in more work being

* Manuscript received 2024 October 28, Revised 2025 April 15, Accepted 2025 May 6
' Corresponding author. Assistant Professor, Department of Mechanical Engineering, Shahid Chamran University of Ahvaz, Ahvaz,

Iran, Email: F.nazari@scu.ac.ir

2 BSc. Student, Department of Mechanical Engineering, Shahid Chamran University of Ahvaz, Ahvaz, Iran.



https://mechanic-ferdowsi.um.ac.ir/article_46699.html?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://mechanic-ferdowsi.um.ac.ir/?lang=en
https://doi.org/10.22067/jacsm.2025.90513.1294
https://orcid.org/0000-0002-6685-2404

Farshad Nazari, Hossein Hosseini Nik

46

performed in the same time period, leading to greater
energy dissipation. This energy dissipation affects the
system by generating heat and thermal stresses [7].

The friction coefficient represents the second most
significant parameter affecting surface stresses. An
increase in friction coefficient leads to higher frictional
forces, which subsequently elevate both shear and surface

Number  Part name Material
1 Shaft Venl50
2 Conical bush Al-6061
3 Lower piston Al-6061
4 Pressure ring PTFE
5 Divider Al-6061 @
6 Guide bush PTFE \
7 Upper piston Al-6061 "‘
8 Lower bush AlL-6061 \
9 Shaft nut

stresses at the contact interface. Furthermore, increased
friction results in greater energy dissipation, causing
temperature rise in components. This temperature
increase, according to the thermal expansion coefficients
and engineering principles, induces additional thermal
stresses [8].

Figure 1- The exploded view and components of the piston assembly

(b)

Figure 2- (a) Boundary conditions and position of loads, (b) Meshing of the cylinder-piston assembly

Pressure constitutes the third influential factor on
contact stresses. Elevated pressure increases normal
surface forces, thereby raising the normal stress applied to
the assembly. This increased normal force simultaneously
enhances frictional forces, which in turn intensifies
thermal stresses. The increasing pressure improves the
quality of the cylinder-piston interface contact, and
promotes heat transfer efficiency. Consequently, this
effect results in a comparatively lower temperature rise
gradient relative to other operational parameters.

Analysis of temperature and stress distributions reveals
that under continuous high-speed operation, thermal
stresses have significantly greater influence on contact
stresses compared to normal and shear stresses. Figure 3
shows the comparison of contact stress contours and
temperature distribution in the compression ring.
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Figure 3- The trend of changes in contact stress to temperature on compression ring in test no. 2 at (a) 1 second, (b) 30
seconds, and (c) 60 seconds

5. Conclusions

This study investigated the effects of speed, pressure, and
friction coefficient on contact stresses in a reciprocating
system. The results are summarized as follows:

Study the effect of speed showed that speed has the
most influence on contact stresses. A 22% increase in
speed resulted in over 80% growth in contact
stresses.

The friction coefficient was identified as the second
most influential parameter. Higher friction
coefficients increased shear stresses and energy
dissipation, leading to elevated mechanical and
thermal stresses in the contact zone.

Increasing pressure enhances normal and shear
stresses, it also improving contact quality and heat
transfer, so thermal stresses reduces. Consequently,
pressure exhibited the least effect compared to other
parameters.

Investigating the results showed, thermal stresses
have a greater effect on contact stresses than stresses
induced by normal and shear forces.

Reference
[1] F. Hosseini, A. H. Meghdadi, M. Davazdah Emami,

E. Mohseni, and N. Najari, "Umerical Simulation of
Elbow Erosion with Circumferential Welding in
Two-Phase Gas Flow," Journal Of Applied and
Computational Sciences in Mechanics, vol. 31, no. 2,
pp. 141-156, 2020. (In Persian)
https://doi.org/10.22067/fum-mech.v31i2.84757

(2]

3]

[4]

[5]

(6]

S. J. Lorenz, F. Sadeghi, H. K. Trivedi, L. Rosado,
M. S. Kirsch, and C. Wang, "A continuum damage
mechanics finite element model for investigating
effects of surface roughness on rolling contact
fatigue,” International Journal of Fatigue, vol. 143,
p. 105986, 2021.
https://doi.org/10.1016/j.ijfatigue.2020.105986

R. Guan, D. Wang, W. Yu, C. Chen, and S. Yang,
"An analysis of gear wear and micro-pitting
evolution during contact fatigue," Journal of Physics:
Conference Series: 0P Publishing, vol. 2825, no. 1,

p. 012030, 2024. https://doi.org/10.1088/1742-
6596/2825/1/012030
M. Keshtgar, M. Shariati, and k. farhang dost,

"Prediction of High Cycle Fatigue Life with Variable
Loading Amplitude using Thermography Method,"
Journal Of Applied and Computational Sciences in
Mechanics, vol. 36, no. 2, pp. 59-76, 2024. (In
Persian)
https://doi.org/10.22067/jacsm.2023.83002.1189

W. D. Marscher, "Thermal versus mechanical effects
in high speed sliding," Wear, vol. 79, no. 1, pp. 129-
143, 1982. https://doi.org/10.1016/0043-
1648(82)90209-5.

F. Nazari and H. Hosseini Nik, "Investigating the
effect of speed, pressure, and friction coefficient on
temperature in a linear sliding system,” Journal of
Mechanical Engineering, University of Tabriz, vol.
54, no. 2, pp. 109-115, 2024. (In Persian)



https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.1016/0043-1648(82)90209-5
https://doi.org/10.1016/0043-1648(82)90209-5
https://doi.org/10.1016/0043-1648(82)90209-5
https://doi.org/10.1016/0043-1648(82)90209-5
https://doi.org/10.1016/0043-1648(82)90209-5
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf

Farshad Nazari, Hossein Hosseini Nik

48

[7]

[8]

J. L. Meriam, L. G. Kraige, and J. N. Bolton,
Engineering mechanics: dynamics. John Wiley &
Sons, 2020.

S.-M. Bae, K.-J. Seo, and D.-E. Kim, "Effect of
friction on the contact stress of a coated polymer
gear," Friction, vol. 8, pp. 1169-1177, 2020.
https://doi.org/10.1007/s40544-020-0363-6



https://books.google.com/books?hl=en&lr=&id=oB7zDwAAQBAJ&oi=fnd&pg=PA3&dq=J.+L.+Meriam,+L.+G.+Kraige,+and+J.+N.+Bolton,+Engineering+mechanics:+dynamics.+John+Wiley+%26+Sons,+2020.&ots=0ERV93RKcZ&sig=jeEzAp8gFZCIVfIZFipcjr1S4go
https://books.google.com/books?hl=en&lr=&id=oB7zDwAAQBAJ&oi=fnd&pg=PA3&dq=J.+L.+Meriam,+L.+G.+Kraige,+and+J.+N.+Bolton,+Engineering+mechanics:+dynamics.+John+Wiley+%26+Sons,+2020.&ots=0ERV93RKcZ&sig=jeEzAp8gFZCIVfIZFipcjr1S4go
https://books.google.com/books?hl=en&lr=&id=oB7zDwAAQBAJ&oi=fnd&pg=PA3&dq=J.+L.+Meriam,+L.+G.+Kraige,+and+J.+N.+Bolton,+Engineering+mechanics:+dynamics.+John+Wiley+%26+Sons,+2020.&ots=0ERV93RKcZ&sig=jeEzAp8gFZCIVfIZFipcjr1S4go
https://doi.org/10.1007/s40544-020-0363-6
https://doi.org/10.1007/s40544-020-0363-6
https://doi.org/10.1007/s40544-020-0363-6
https://doi.org/10.1007/s40544-020-0363-6

(FO-0A) N FeF F VSIS s u.fl:.wl:uj ‘;Jjg[f,ﬁ}iﬁ

Z

” \ SWllo 39 (Jlwlxo g (59 9, pols
%, . b http://mechanic-ferdowsi.um.ac.ir JAI 3L oS
A P ANt of

* ool BB 239 p ol g 50 § JLiS (as g Wi T Ao

<Y)&~3M¢M 0)6)1’;‘.’3[-5;:’
d- 10.22067/jacsm.2025.90513.1294

S s (sl 5y il folse s polad s (Sadim o U5 ol S i (s (Slomims 13 ela (sl 257 0y
o Sl 5 LS ot sl oyl Ty s ol s el Lo i ] slacboly 5 CanSE il o St 5 it
bamle s A (slotend O sty - oliles 45 s G el ol 2 Gl 48,8 )5 e o 20 ont 58 it (s pled (sl 25
el L el ol s i sl U s il s it A e e s Uszall b3S i lis] ot (slsosls i oslizu
s L 5 STsl oy it s (sl ol 5l DL s oty 5 8515 i) 350 pilisls el i b Uasjld)te
oo (Sl 25 3l DL s i e IS o Ly o oS LS s Ly st e Olow s il ek sls2

el iy (S (sla i Sl ol (ST s 5 208 o JKE SIS 5 L (sla 5 fele

ANOVA LT cmdas fealy sy e sidomn Ol s ot 358 08 m oaled sla i (Sl (S0 lg
kel SNl Sl sl 5 Gl S sz 4ole
(e 33 Saol Ol pwlad 3 45 L3 S Oly 5 sl J6 jyb S bl a3 wled el
Ll 395 ol Jloj glbals Lis Ll C]a.d 33 4;-J§ }‘wﬁfﬁb‘;&} Aol eled ol gl
wsls jio & polis Ll e e Wl 25 5l [1-4] vl o s i ) 5l Jols & das ol abesr
AL e 53 S 5 ol Gl e 4l
55 5 LA e 36 addlls 4 [8] 51, Kes 5 Zhang Lap 53l 033k 5 (SIS 3 Shas 2 Lil5 o 5 o 355
o3l alas i U 3 slge it Sl oo [5] aal 138 5t
s S RIS Wals OLES 5wty by - g o 3 e 0 e 4 [6] LIS 5 Deng
b slaad 05 5 e Sl sl 5L s e S sl Lyl s 5 Ga53) oS >~ ;3 CoCrReNiMoo osle ol 5L,
b e 4 [9] J5LKaa 5 Holemberg .ol o 2als o (Yo N Q) oS (slajl s sl 0L 5 sl S
DLC 0le oled s Lisle 5 SIasl yslse mbaw il 0L emen )l Sl Cupl  osSae LU L
53 Lsls Olis 5 aestls ,, Y 48 5 (Diamond-like carbon) obe Sl =5 63l sl oS - sla bl Lsls
Sy OS o as Cend Saeol o b Ol 5 Sl sla ulas « [7] J21a 5 Murugesan ..,ls CoCrFeNiMoo2

AL a VEETNE OT 5 sl 5 VETIANY s il b ®
Email: F.nazari@scu.ac.ir Sl Gleal Ol jem A ol &Sls (SO wrdign 03,5 < gans 5 a5 (V)

Sl Gl Ol emr digd oKl (SOl wdige 03,5 (V)

¥4


https://mechanic-ferdowsi.um.ac.ir/article_46699.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_44386.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_44386.html?lang=fa
https://mechanic-ferdowsi.um.ac.ir/article_44386.html?lang=fa
https://orcid.org/0000-0002-6685-2404

oo Sl 25 iy SUasl g o 5 L5 oty I aalle

s Gomes 5sh e S eligpd AST Gl 4 sl
33 olad S, by 5 e 3 e 4 [20] 1IKes
Rl L S sl Ol sty S o S S pelS
sNazari b o eSSl Jole ol s Coslie s
oo 5 L s 56 ey 4 [21] Hosseini Nik
O 5 ety et 558 e S s sy SIS
s poled b 3 by W5 1 G e S e i
S5 b s e 36 [22] Torabi s Sharifi Yalameh
Lsls 51E 250 Salin gy sV (K5 5o Jl
PR3 JUe PP VR W i FPCIPAC S S W
« [23] Shafei 5 Kouhbanani .,z SKksl s
Sl s SKhaol 5 wled Glas o olwans 5 g5lede
e Slys B, Al doled) SSL,
5 et s e JSE 5 oy (20 LIS
LS bl b SaY)
534S 3ph e adalie odd Oy Shagl ante 4 a5 b
Shsl b s b dos mi5 (ol sl )
5> sl e sl smably 5 S 1S a5 a5 i
ol aSl a5 L ssls i adllles 4 5L el - sl
s b Wl g Ol Sl olm o3 ot o3
B T B N T R PSPy
b Gl Sl b 5 LS (e e b L
o .28 5 53 250 ot S sy s eSS 2
53 el ele s SOl s SO sl A8l Sl
Al e U il e e sl S UK
ol 5 SOKe s oo 3l SBhsl oo 5 5Ll (s
Ol sy 5l oskie cp s 8 oLl (e gla 25 5
oLzl b 5 5 eslizal Latolel (g3luand Cogar 3 3ome
LT 3 sl bl s S i ltel o i (slaesls S|
wot r asdlas 355m sla il 36 5 45 o) ANOVA

GRS Sy 5 3l
55k o sl sl S Ol e st
St 5 plad mobw S5y N miS Sl
3 S esliial st g eSS O sty - sk 45 e

£ [10] _LKan 5 BAE ol S Vo7 s 238
o303 by Slaedisg el 15 Sl S (o)
o5 JB 5t Sl a8 wisls OLES 5 kst ls ek Lo
« [11] Decuzzi , Civarella .5,ls odd skl sla i3 5
03 Gllgad sae 93 Glamio pled SIS0 SIS s
o amls sl Jhe s dtlsy Sl O Lyl s
Sl Olse a pbed la bl il 5 A5 4l (iS5
oor % [12] (5LKan 5 He sy ) 35,5 slaosls
s s s Se e 3 el 5 b B
S5 s Sl el O el =l 53 4 Lals OLis 5 Al
Cygeo b eled 4l Hlis bage L Sl 51 50 L5
o p 4 [13] [ as 5 Abdullah ol e (il e
NS Glamio St Sl GBS s S
St 53 85 Ldow) ad pdy 5 dth Sl
A e a5 2 e Wil 51 SISl
Hussaini 5 Kennedy .5 s Sl >~ slbs i 5 (¢ SKedir
) St Gl - SO ST e« [14]
gy e 53 e sl (sla 25 45 Wil 0L 5wl
ol laa=e LB 5k a4 o 5 5L a8 L el el
ool slos glalasd s @ [15] sl Kan 5 Lin ool e
o a dols DL 5 destls a5 SSaol el
ot boa Gl il is el e 5 KL s
[16] Green  Vijaywargiya ..l . il 58l (T/H) Saw!
@l gl 35 Ol owlad 225 5 gdome Oladl anllae 5 (g5luand 4
sl b les el 55 S s Wsls Olis 5 dastls
[17] Savaskan s Hakimoglu .s 5.5 . s SKawl o o
S, O plad o L 5 s e M s p
SLis malslaS Ws S 0l 5 dastls , Zn-15A1-3Cu-1Si 31
338 0 65 les Il cnw o s oled 4l
2GSt b e RIS LS Ol mes
55 b asdles o [18] Li 5 Chen .5l Sl 21550
5 S, a5 Wl Ol 5 ksl A glacS o~ s
s LKl 6550 mss » 6ol U el Jlasl slasl
ST s Sl b 8l s & [19] 50K
5> Sl Lsls 0L 5 ezl hle a4 pslie 5 0SS
il g 51 Ye 00 o3l s NMA400 5 HTP slasUT

TFeF Oler )bt quiis 5 oo L

Sl o Gl 4 206 psle &l



o

S e e 3L

23 bgsleand Al anlis o glaesls L (giluand
Jhe 5l A3 plnil ABAQUS 35umme OLadl i3l 3
350 dde s S sl (g e 5 L ol o (Ssls
sshie 4 Cal 5JUT 5 s gdo 2e CAXART OLJIL L
Rl 23S bl Jie sy e Sl s DDl L)
Sl b L3 Ko oled e 3 e o 5SS el
ey Eds i s as § by /o mm ol o3l L
gl Ol Jue (V) Jﬁd Aol asls oo cu deoles

L ol Oty 4o gomme gl e Sl 5 (65 0 Lol 5

5 (V) UK 5 Oty - ks 48 semee Cilites gla
SO o 3 eslitad 5550 3l g0 Sl 5 K38 oy
sl 0

5 SEasl oy s gl fols U 6l
Ao i o a Jile s gl (A5 s lES
baoilesl st (b (sl s ol (2s5 31 A3 4 S
(ANOVA) il ls Jlont 51 eslizal b sl 5 43 oslicud
3 e peS GO Ll s (V) e L8 8 15 a5
s e OLES 1 bl a (sl axlllas 55 630

s oo OLS SUepiS mis s edd Ol la by 56 o)y S
@Lﬁ 4L5>9M)Ll€")}kﬂd 49 AL 4;.9J§ o & L_;J..«\f' LSJL“JJ“
Number Part name Material
1 Shaft Venl 50
2 Conical bush Al-6061
3 Lower piston Al-6061
4 Pressure ring PTFE
5 Divider Al-6061 @
6 Guide bush PTFE 8
7 Upper piston Al-6061
8 Lower bush Al-6061
9 Shaft nut Venl50
O gy 48 gozme Slil 5 olmil gled ) IS
QM 48 gezma 53 ol oslaiul Jl}A L}'i'f&‘ u.pb;— \ J}b
ol asle ol VCN150 | PFTE (25% carbon) | Al6061 | o3t
(GPa) LNl Jse Yoo /Y Ve V¥
RPN Y ¥ RO AT
(MPa) 25 ol VEO A VoA Y5
(Kg/m?) JI&x vV YoA YV . VYO
1/K) Sl bl \/YVE-0 \+/VE-O Y/YE-0 V/YE-O
(WImK) >~ b, v N 150 Y

D eSO Ll o g andlas 550 sla el slie Y Jgd

ALk oS $S Ll Lol
(rpm) cs ors 04+ FO+

(kPa) s Y/YoV Y/VY YoV

Slawl o /YN0 Y0 /YA

u@&ﬁ‘;@/’u,@ﬂ&fﬁ & i

VFOF Ol Slo uiis 5 oo Lo



oo Sl 25 iy SUasl g o 5 L5 oty I aalle

oy

(b)

O gt = ke 40 samee (s 20 (0) ol8asS 5 Lay 0 (6,501 3 e 5 (30 )2 (8) Y S

Al

Uw;;u\m;l,m;wA{@u}dz{ujf\,w}k Y Ul

sz | TS s e
Wit | (Pa) | (rpm) | (MPa)

\ +/0Y0 Y/eaY [\ f/v¥
Y /Y0 Y/eY 7O (VAR
¥ ORI Y/VY 7O /40
: e | vy | soe | vvo
> e v | or | oum
5 e | ves | oae | oex
\% EA RN Y/fov 04 \/¥A
A AR Y/eY [\ Y/VE
q /2 YAD Y/VYe oY AVAIA
Vo +/2YAD Y/VY. 7O O/AY
AR AR Y/VY. oY \/AY
VY /2 YAD Y/ YoV 04 A7AIN
VY VY0 Y/fov oy V/Y

5 3sdowe Ol slaggslud e 51 Jol> glaesls L5l

SR Sl 4 a5 Lol QL ANOVA 25 40 S Lo
(o yall an a S e 0 /00 5l S el L s P-value
S G5 s MBS Sl o 5 L

Cou g
b s ob 8 15 avlasl shse Il Jde andllas ol s
b S o oo Glaesls b i alas 5 Loy b5l 51 sk
SO sla bl Sl eslanad b (gluand sl opl oy ad
53 RS aiy 5 edel s 4 gles 5 23S pll 4 peme
et axdllas i aglin o olin b (g,Lis K ankad
PYN olid Ko gles adn (o8 Ll s s sls ol Les
Slis Sl Gla oy 55 oS Jl= 55 e g 3l S Sl ax s
Ol Lo alie anslie .l o &3 5 S Sli a3 V/Y
Gl Jie &8 ol 0 Sl 5 s o OLES 15 AV gllas
PTFE 25% olSoniul 4 55 L siead Tl 53 JG 255
s ble &S C3lys OlF e 23 Sl SLs,l s carbon
SO s 5 e Gl a3 (ol Sy
oS esle (S oSt 5l 0T 5wt oslpen 5 o
Sy 03 A5 iy A3 o OLES (G3lotnd il s
(VA MP) o3ls 258 olSoutul 31 45 ol OTF MPa 55 L25
Cillas olSaws s Shee 5l Slios Aalsd 5 Wosls b5 ol 28
313 2l (1) U 53 s ploil slagsslatnd mls 505
Sl (s Soslul glallas e 5l il e 5 5 .ol 0l
ek plil glagsluesle 5 3sdme Ol (S3lade 51 20

oS sesls 5 (gilua s @L:S Ol OV 54y e

TFF Glem Sl qiin s oo S

&'L(»J)J”@bu_;&.&u&fjla &l



oy

K e e =57 2L 5

b sl D Sl s SO a5 3l Sl
A S B s e

O wis 2 ALk A A Ol el e
(o e O ey S5 m o Slads i 51l s b
.«\ML’MG&MJ ooy a5 Hbols S 5 el
53 bt i 50 Oste ol 5 YU S e BB s s
e 035 el Lo S Ol Ol e 0558 30 050 (8 5 K
3ol5 Gy A3l i e 4y 2l Ol am e e il o
e S Rl BL Rl el Rl e same 4 0l
Golid Ky 5 0 g 48 pomn 3 03 3505 55 5 5500 il 3l
O Bl 5 05 o33 058 Jail gy (Y) ahslas [27] s dal
i A Mo, F Ol 55 oS das e 0L 15 e b
S s b e s e DL T e Ol s 'CJJdV/dt
b3 w550l o S8l 525 5 o ol % 5
s b S oo lalad s s (I 5 35 e S
Ol bl Lo [l 1 L ka3l bl oy o
Al (Kb lacgssdo 55 B s L aS Ll o
= ke s gaze 3 W 3 8 e LaOT L3 25 sl
ol At 53 g b Gl e S R O gy
D8 5 o sl (7)) S A sl Sl la i
o ol s S Jelse T 5 B
s o DL ) (o Gla 25 5 28 >

53 ol el 15 55 el G Ol s el
L e ‘Gﬂb G oar g Ll ol el QLS (F) Jgue
ot 535 55l L8b  xiy /e 0\ # P-value lade
JAYAY 50/ fY glaP-value L oCs g oa jlis s Sl
AL (S IS sl
L5145- Jde sls QLA (gode s sladus R
3 el el 5 aile 5 S Gl dly S Gk
et s L (e b bl Ols LU (V) dales
Wl pl 53 s o 0L 1 eled 5 36 i L SISl
by LaS Cod Cou C 4 5Lis B o Shawl i A
JB S35 1 slan l o0) I s e ) bl b
(V) sty P-value «(0) Jsd 4 a5 b oosl Hla 5 5 J o8
S das o 0L w\fsgf)\mj\ aS Sl /00 )Y
o JEE e 0330 5S35 Cmamen Sl oo S50 dolas ]
slie O 0351 5208 5 (F) o o e 51 (V4/OY) 35
b BB (/7)o o Sl 51 (4/079) ol 5ok s iy
S o aul 1 (1) Wislas O34

Stress = 2.86321E08(A) + 2512.82051(B) +
19439.58333(C) — 2.48061E07
M

Sla fass 5 dgdoe Ol slagsluass @Lg axJllzo
5 SOl slag 1S HL 5l iU e i das e OLES Lo e

F = ma dv
a=% F=mg M sl e sl 25 5SS 53 t;V‘JﬁL‘ﬁé)‘f
oo g sl e ele an a6 5, ol 5l [24-26]
gl 0> U5 g el B Ole ¥ s
source Sum of squares | df | Mean square F-value P-value
Model Y/YSAENY \y V/OSVENY \¥/84 «/+*\\ | Significant
A-friction AYEENY \ ASYSENY \¥/00 /ey
B-pressure Y/VSOEN Y \ Y/VSOEN Y $IAY /A YAY
C-speed \/vAAENY \ \/vAAENY V4V VERRY S
Vbl bl s 0 s
e oM | gl e
P-value 0= JARAR significant
IS 4< Ve /0¥ significant
Adj.R2; Pre.R2 v AR D44 significant
sgdoes Ol slie 4 ol ) daly gl - Sile VO/F .

;@'Lﬁj)‘j”p/;uj‘jgﬂjﬁfjlc & i

VEF Oler §lat qutia g oo Sl




oo Sl 25 iy SUasl g o 5 L5 oty I aalle

oY

S, Mises

—650 rpm (Avg: 75%)

+5.400e+06

590 rpm

530 rpm

Stress (MPa)

)

YD Sl s 5 ¥ Y KPR LIS s e 51 A s (5wt 80 5 et s ¢S

i sla i Julfl o o8 Ll Rl v
S8 Sl Rl e LS LI (F) sl a5 L a3 S
ool i 53 (b sl 15 O s 53 48 355 o SISass
P e Sl 55 Rl e b o 1
53 ol sl sl OF w53 5 edd W5 b S
ol gl S SUley B 3l Ll s S e les lea.ﬂ
Sl Ul 5 peled S 5 g o oled ab s LS
SRS GOl S L b el pl S sl e
)bf..}Q)y@l)f&,ﬂ&;}ﬁ)wgt(O)u&i.M:d«
e e hales A e 5 S 5
Slate ;o b o pas 4wt gy OS> s Ll o5 s
U b s 4 el ol sla i s S Ol Olg e YL
ol S 6 At S 6 5 e sl
O sbas 5 lalged ool 4 a5 b g gdpe cnl Ll
S5l ojlsen adsl b 55 Lh el sdalie LG
ﬂ\p\,omdfx”r}\xulw\&,ﬂ;@uf,p
B 5 33,8 e e Slo 5 am 5 S Ay o L
AL e Los Siuls3l 51 80 gla i Sl 50 5 ol stias
S 2o s 4 o w15 Dl iS5 (P) JS3

.M)Lfc Lf:ﬁ.ll.w LS‘)L':‘” ;<.2.:)

e Sl i NS Jale sy Sl 2

o () ol 4 a5 L Sl oyl Sl ol
chw » SU L ele nl o8 55 8 e Sl 55 Ll
2l b 5 2 GRS BB e il
o 550 Wl b Sasl il bl s b
bl coj w0 a5 L oS 353 0 Slalad gl il 3l
Sl s SRl e ki Bl 5 UL~
ol o3Lal el ploil Slalllas plo 53 pd 5 ) 03 8
Sl Shasl s U (1) aaly s [10] ol
2 35es G N OT 55 a8 ol osls Ol elaw gla 25
o Fr o S8aol o Bl 5l Jol e
Jelse b el ) 25 T el colas A (Sl
2 e gl 2 SKasl 5l L Sl s S

o3y Sialed i3 el 55 5 bsed s & (F) S

el oS
Ff=|J.N
N
_F fr=t0 )
T

b s S (5508 0 JLES L Ol oS 4b Oles

Sgas (S, olid L e e )13 SU a1y Jb

TR Oler Slot qatis 5 o Lo

Sl o Gl 4 ‘5JﬁJLTfjl; &l



00

K e e =57 2L 5

S, Mises

(Avg: 75%)
+5.400e+06
+4.500e+06
+3.800e+06

+2.500e+06

35
—COF 0.0385
3 COF 0.0315
25
=
¥ 2
=
= 1
9*’} -
aliz
11
0.5 :}
1, ek
03 '
0 10
FO
6 -
T 3.003 KPa
s 2457 KPa
a1
4T
= 1
a: +
2 1
2 3 T
PR
2 4
23
» I
L 1
1
01 "

S, Mises

(Avg: 75%)
+5.400e+06
+4.500e+06

+9.000e+05
+7.000e+05

+2.100e+05
+0.000e+00

30 40
Time (s)

M Co w5 YVYKPA jLis 55 SIasl 51 30 oebaw (25 4l 55518 5 o lases b IS

FOPM Cs s 50 /0 Y0 Sl o 5o 3

(a)

SEF () 5 b Y (0) sl ) @) ool 5 53 esled 0031 53 e lid Ky (g5 bod 0 o b (25 Sl i Xy, IS

40
Time (s)

w
o

0 021 035 05 07 09

1.1
Stress (MPa)

OLad gl AU eles a5 g e gl 0 IS

;@'Lﬁj)‘j”p/;uj‘j)jy&/;jlc & i

VEF Oler §lat qutia g oo Sl



oo Sl 25 iy SUasl g o 5 L5 oty I aalle

oF

shaft e
conical bush Sbo e o
lower piston ol O
pressure ring soled Ko,

divider EWAIRES
guide bush Laly o
upper piston Y O sy
lower bush o=l S
shaft nut s Sl o e
S g g

SolKer Gl 2 ST s Ol Sl g &8 50 5l s (s
Colex 5l asd e Sl 5 a5 e glaesls &1l
55 3l Ol e g o8l (go5ld 5 Eass Cisbe Jle
Sk ol ol L3 (SCUEM1402.73332) wilass, G

53,5 p SR

S S 4o
PRCK SN RN g CPPSYC IS M IC I PO
3 b Gk s B e il oS
ol o NS ales sla i ke sla el
2 Sl s 5 L s bl b s,
U}»Jzifﬁjg;é)&fb_w&ﬁwuéuﬂ
1l 5 ot bl S S S 1S e
il e mi e oS sl 0L e e 3l andlas )
e OT VYL 258l oS (614658 4 5)ls oled (la i
338 o olad Gla i p3 AT ) i L3
Sl 5« lad Gla 5 S S0 Jele s Y
SNy b sl i Sl Cy o Sl Ll e
LS 340 o o bl S L e Rl (65
Al il ales g s ol Sl
5l b i il e oo 4l s Las il Y
kS 3 o LS R Kes bl 5 e
Sl s Ad, als e s 5 o)l dlasl 5 el
Jolse bl & s SLEE ol ol oy a5 0 S0l
2,15 (6 S Jﬁfu
6@&,;5@%&)1?6&9@6:!:0&@&&«Uﬁ.\‘
2 S e B6 a5 Jl a5l 3G
sl el s 2

aaliol g
63 . :.w: ) LS-’ . LW:
U:SY o}b
)L’Lw‘ﬁ} o.L'w...l)J
ewled S contact stress eled sl 2
el

[1] F. Hosseini, A. H. Meghdadi, M. Davazdah Emami, E. Mohseni, and N. Najari, "Umerical Simulation of Elbow

Erosion with Circumferential Welding in Two-Phase Gas Flow," Journal Of Applied and Computational Sciences

in Mechanics, vol. 31, no. 2, pp. 141-156, 2020. (In Persian) https://doi.org/10.22067/fum-mech.v31i2.84757

[2] S.J. Lorenz, F. Sadeghi, H. K. Trivedi, L. Rosado, M. S. Kirsch, and C. Wang, "A continuum damage mechanics

TFeF Oler )bt quiis 5 oo L

Sl o Gl 4 ‘5JﬁJLTfjl; ETg


https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.22067/fum-mech.v31i2.84757
https://doi.org/10.1016/j.ijfatigue.2020.105986

ov

K e e =57 2L 5

(3]

(4]

(5]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

finite element model for investigating effects of surface roughness on rolling contact fatigue,” International Journal
of Fatigue, vol. 143, p. 105986, 2021. https://doi.org/10.1016/j.ijfatigue.2020.105986

R. Guan, D. Wang, W. Yu, C. Chen, and S. Yang, "An analysis of gear wear and micro-pitting evolution during
contact fatigue," Journal of Physics: Conference Series: IOP Publishing, vol. 2825, no. 1, p. 012030, 2024.
https://doi.org/10.1088/1742-6596/2825/1/012030

M. Keshtgar, M. Shariati, and k. farhang dost, "Prediction of High Cycle Fatigue Life with Variable Loading
Amplitude using Thermography Method," Journal Of Applied and Computational Sciences in Mechanics, vol. 36,
no. 2, pp. 59-76, 2024. (In Persian) https://doi.org/10.22067/jacsm.2023.83002.1189

W. D. Marscher, "Thermal versus mechanical effects in high speed sliding," Wear, vol. 79, no. 1, pp. 129-143, 1982.
https://doi.org/10.1016/0043-1648(82)90209-5

G. Deng et al., "Effects of normal load and velocity on the dry sliding tribological behaviour of CoCrFeNiMo00.2
high entropy alloy," Tribology International, vol. 144, p. 106116, 2020.
https://doi.org/10.1016/j.triboint.2019.106116

Y. Murugesan, S. P. Venugopalan, and L. Nicola, "On sub-surface stress caused by contact roughness in
compressible elastic ~ solids," Tribology International, vol. 159, p. 106867, 2021.
https://doi.org/10.1016/j.triboint.2021.106867

S.-y. Zhang et al., "Study on wear and rolling contact fatigue behaviours of defective rail under different slip ratio
and contact stress  conditions,”  Tribology International, wvol. 169, p. 107491, 2022.
https://doi.org/10.1016/j.triboint.2022.107491

K. Holmberg et al., "Topography orientation effects on friction and wear in sliding DLC and steel contacts, part 3:
Experiments under dry and lubricated conditions,” Wear, vol. 486, p. 204093, 2021.
https://doi.org/10.1016/j.wear.2021.204093

S.-M. Bae, K.-J. Seo, and D.-E. Kim, "Effect of friction on the contact stress of a coated polymer gear,” Friction,
vol. 8, pp. 1169-1177, 2020. https://doi.org/10.1007/s40544-020-0363-6

M. Ciavarella and P. Decuzzi, "The state of stress induced by the plane frictionless cylindrical contact. Il. The
general case (elastic dissimilarity)," International Journal of Solids and Structures, vol. 38, no. 26-27, pp. 4525-
4533, 2001. https://doi.org/10.1016/S0020-7683(00)00290-0

X. He et al., "Empirical relationship between interfacial shear stress and contact pressure in micro-and macro-scale
friction,” Tribology International, vol. 155, p. 106780, 2021. https://doi.org/10.1016/j.triboint.2020.106780

O. I. Abdullah, J. Schlattmann, A. Senatore, L. A. Sabri, and W. S. A. Al-Sahb, "Effect of sliding speed on the
thermal stresses of single-disk friction clutches,” Journal of Failure Analysis and Prevention, vol. 20, pp. 1534-
1540, 2020. https://doi.org/10.1007/s11668-020-00945-3

F. Kennedy and S. Hussaini, "Thermo-mechanical analysis of dry sliding systems," Computers & Structures, vol.
26, no. 1-2, pp. 345-355, 1987. https://doi.org/10.1016/0045-7949(87)90264-1

J. F. Lin, J. C. Chung, J. W. Chen, and T. C. Liu, "Thermal analysis of the transient temperatures arising at the
contact spots of two sliding surfaces,” Journal of Tribology, vol. 127, no. 4, 2005. https://doi.org/10.1115/1.2000983

L@'Kaj)‘;”pwj‘j)jy&fjlc & i TPoF Olgz dolasd ipids 5 o Sl


https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1016/j.ijfatigue.2020.105986
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.1088/1742-6596/2825/1/012030
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.22067/jacsm.2023.83002.1189
https://doi.org/10.1016/0043-1648(82)90209-5
https://doi.org/10.1016/0043-1648(82)90209-5
https://doi.org/10.1016/j.triboint.2019.106116
https://doi.org/10.1016/j.triboint.2019.106116
https://doi.org/10.1016/j.triboint.2019.106116
https://doi.org/10.1016/j.triboint.2021.106867
https://doi.org/10.1016/j.triboint.2021.106867
https://doi.org/10.1016/j.triboint.2021.106867
https://doi.org/10.1016/j.triboint.2022.107491
https://doi.org/10.1016/j.triboint.2022.107491
https://doi.org/10.1016/j.triboint.2022.107491
https://doi.org/10.1016/j.wear.2021.204093
https://doi.org/10.1016/j.wear.2021.204093
https://doi.org/10.1016/j.wear.2021.204093
https://doi.org/10.1007/s40544-020-0363-6
https://doi.org/10.1007/s40544-020-0363-6
https://doi.org/10.1007/s40544-020-0363-6
https://doi.org/10.1016/S0020-7683(00)00290-0
https://doi.org/10.1016/S0020-7683(00)00290-0
https://doi.org/10.1016/S0020-7683(00)00290-0
https://doi.org/10.1016/S0020-7683(00)00290-0
https://doi.org/10.1016/j.triboint.2020.106780
https://doi.org/10.1016/j.triboint.2020.106780
https://doi.org/10.1016/j.triboint.2020.106780
https://doi.org/10.1007/s11668-020-00945-3
https://doi.org/10.1007/s11668-020-00945-3
https://doi.org/10.1007/s11668-020-00945-3
https://doi.org/10.1007/s11668-020-00945-3
https://doi.org/10.1016/0045-7949(87)90264-1
https://doi.org/10.1016/0045-7949(87)90264-1
https://doi.org/10.1016/0045-7949(87)90264-1
https://asmedigitalcollection.asme.org/tribology/article-abstract/127/4/694/475771/Thermal-Analysis-of-the-Transient-Temperatures?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/tribology/article-abstract/127/4/694/475771/Thermal-Analysis-of-the-Transient-Temperatures?redirectedFrom=fulltext
https://doi.org/10.1115/1.2000983

oo Sl 25 iy SUasl g o 5 L5 oty I aalle OA

[16] R. Vijaywargiya and I. Green, "A finite element study of the deformations, forces, stress formations, and energy
losses in sliding cylindrical contacts,” International Journal of Non-Linear Mechanics, vol. 42, no. 7, pp. 914-927,
2007. https://doi.org/10.1016/j.ijnonlinmec.2007.03.017

[17] A. P. Hekimoglu and T. Savagskan, "Effects of contact pressure and sliding speed on the unlubricated friction and
wear properties of Zn-15AI-3Cu-1Si alloy," Tribology Transactions, vol. 59, no. 6, pp. 1114-1121, 2016.
https://doi.org/10.1080/10402004.2016.1141443

[18] Q. Chen and D. Li, "A computational study of frictional heating and energy conversion during sliding processes,"
Wear, vol. 259, no. 7-12, pp. 1382-1391, 2005. https://doi.org/10.1016/j.wear.2004.12.025

[19] C. Li, X. Deng, L. Huang, Y. Jia, and Z. Wang, "Effect of temperature on microstructure, properties and sliding
wear behavior of low alloy wear-resistant martensitic steel”, Wear, vol. 442, p. 203125, 2020.
https://doi.org/10.1016/j.wear.2019.203125

[20] J. Gomes, O. Silva, C. Silva, L. Pardini, and R. Silva, "The effect of sliding speed and temperature on the tribological
behaviour of carbon—carbon composites,” Wear, vol. 249, no. 3-4, pp. 240-245, 2001.
https://doi.org/10.1016/S0043-1648(01)00554-3

[21] F. Nazari and H. Hosseini Nik, "Investigating the effect of speed, pressure, and friction coefficient on temperature
in a linear sliding system,” Journal of Mechanical Engineering, University of Tabriz, vol. 54, no. 2, pp. 109-115,
2024. (In Persian)

[22] J. Sharifi Yalameh and A. Torabi, "Investigation of Slip Condition in the Elastohydrodynamic Lubrication,” Journal
Of Applied and Computational Sciences in Mechanics, vol. 36, no. 2, pp. 129-144, 2024. (In Persian)
https://doi.org/10.22067/jacsm.2024.84427.1203

[23] M. E. Yousefzadeh Kouhbanani and A. M. Shafei, "Modeling and simulation of contact and friction forces in flexible
robotic arms,” Journal Of Applied and Computational Sciences in Mechanics, vol. 36, no. 4, pp. 111-138, 2024. (In
Persian) https://doi.org/10.22067/jacsm.2024.88007.1256

[24] K. Chawla, "Grain boundary cavitation and sliding in copper/tungsten composites due to thermal stresses,"”
Philosophical Magazine, vol. 28, no. 2, pp. 401-413, 1973. https://doi.org/10.1080/14786437308217462

[25] F. E. Kennedy Jr, "Thermal and thermomechanical effects in dry sliding," Wear, vol. 100, no. 1-3, pp. 453-476,
1984. https://doi.org/10.1016/0043-1648(84)90026-7

[26] 1. Jasiuk, T. Mura, and E. Tsuchida, "Thermal stresses and thermal expansion coefficients of short fiber composites
with sliding interfaces,” Journal of Engineering Materials and Technology, vol. 110, no. 2, 1988.
https://doi.org/10.1115/1.3226036

[27] J. L. Meriam, L. G. Kraige, and J. N. Bolton, Engineering Mechanics: Dynamics. John Wiley & Sons, 2020.

’F'F4J%;Jw4p;@j‘j«vd[w u@&))f”@@j&)fjgfﬂ;%f@


https://doi.org/10.1016/j.ijnonlinmec.2007.03.017
https://doi.org/10.1016/j.ijnonlinmec.2007.03.017
https://doi.org/10.1016/j.ijnonlinmec.2007.03.017
https://doi.org/10.1016/j.ijnonlinmec.2007.03.017
https://doi.org/10.1080/10402004.2016.1141443
https://doi.org/10.1080/10402004.2016.1141443
https://doi.org/10.1080/10402004.2016.1141443
https://doi.org/10.1080/10402004.2016.1141443
https://doi.org/10.1016/j.wear.2004.12.025
https://doi.org/10.1016/j.wear.2004.12.025
https://doi.org/10.1016/j.wear.2004.12.025
https://doi.org/10.1016/j.wear.2019.203125
https://doi.org/10.1016/j.wear.2019.203125
https://doi.org/10.1016/j.wear.2019.203125
https://doi.org/10.1016/S0043-1648(01)00554-3
https://doi.org/10.1016/S0043-1648(01)00554-3
https://doi.org/10.1016/S0043-1648(01)00554-3
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf
https://mechanic-ferdowsi.um.ac.ir/article_46699_e0546772692f9451c80337f378cc5002.pdf
https://doi.org/10.22067/jacsm.2024.84427.1203
https://doi.org/10.22067/jacsm.2024.84427.1203
https://doi.org/10.22067/jacsm.2024.84427.1203
https://doi.org/10.22067/jacsm.2024.88007.1256
https://doi.org/10.22067/jacsm.2024.88007.1256
https://doi.org/10.22067/jacsm.2024.88007.1256
https://doi.org/10.22067/jacsm.2024.88007.1256
https://doi.org/10.1080/14786437308217462
https://doi.org/10.1080/14786437308217462
https://doi.org/10.1080/14786437308217462
https://doi.org/10.1016/0043-1648(84)90026-7
https://doi.org/10.1016/0043-1648(84)90026-7
https://doi.org/10.1016/0043-1648(84)90026-7
https://doi.org/10.1115/1.3226036
https://doi.org/10.1115/1.3226036
https://doi.org/10.1115/1.3226036
https://books.google.com/books?hl=en&lr=&id=oB7zDwAAQBAJ&oi=fnd&pg=PA3&dq=J.+L.+Meriam,+L.+G.+Kraige,+and+J.+N.+Bolton,+Engineering+mechanics:+dynamics.+John+Wiley+%26+Sons,+2020.&ots=0ERV93RKcZ&sig=jeEzAp8gFZCIVfIZFipcjr1S4go

	3-1294.pdf
	3--.pdf

