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ABSTRACT: Interference fit joints are widely used to produce tight joints. Interference fit joints could be
applied under dynamics and statics design loads, successfully. Interference fit joints are always imperfect
and also affected by some parameters which directly affect the operation of these joints. For instance, the
contact surface of every manufactured joint part is not a perfect cylinder and always there are some form
defects. The variation of these parameters could affect the performance and strength of interference joints,
so these parameters should be considered. Some effective parameters on the strength of interference fit
joints are friction coefficient, roughness, materials properties, dimensions and geometric irregularities of
contact surfaces. In this study, the effect of diameter of shaft and interference value variation on the friction
coefficient in contact surface and strength of joints are investigated. Finite element results are interacted
with experimental ones to estimate friction coefficients. Also, factorial method, which is a statistical
method for design of experiments, is used to analyze the effects of pressure, which is vary by variation of
interference, and radius of contact surface curvature on friction coefficient and strength of joints. Results
indicate that the friction coefficient changes with diameter of interference surface, inversely and increase
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of interference and consequently, pressure leads to growth of friction coefficient.

1- Introduction

Todays, interference fit joints have a high degree of importance
in the industry and the application of this type of joints are
growing. These joints are easily balanced through the rotating
structure and can easily be used in conjunction with the rotating
machines. Interference joints can also be used to repair rotary
parts and to restore damaged surfaces in rotating machines [1].
examined the effects of form defects in the contact surface of
interference fit joints on the strength properties of them, and
Sogalad et al. [2] investigated the bearing load capacity of
interference fit joints, considering of form defects by means of
finite element method. Also, Boutoutaou et al. [3] considered
rough contact surfaces using the elastic contact model and
Fourier analysis of micro curvature in contact surface. So, it
is clear that the finite element method is the proper tools to
analyze interference joints.

The common method of estimating of stress field at the
interference fit joints is Lamé method [4]. In most of the previous
researches, a default value was applied for friction coefficient for
further investigations. Seifi and Abbasi [5] presented a method
to estimate the friction coefficient in the contact surface of
the interference fit joints; The estimated friction coefficient is
depended on the geometry of the contact surface.

In this research, it is tried to analyze the effect of pressure and
shaft diameter on the friction coefficient in the interference fit
joints using Finite Element Analysis (FEA) and experimental
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results. Also, the interaction of investigated parameters on
friction is analyzed statistically. The friction coefficient was
derived by Seifi and Abbasi [5] method.

2- Methodology

In this study shaft and the bush connection are considered,
that are widely used in the industry. AISI 4140 steel was
used to manufacture shafts. The shaft parts were made using
turning operations in two 30 and 15 mm diameters and 30
and 13 mm in length, respectively. For each diameter, two
shafts specimens are prepared with an interference diameter
of 0.02 mm and 0.03 mm. The inner ring of roller bearings
with designation numbers NA6906 and NA4902 are used
to create interference joints. The dimensions of these rings
are 30 mm and 15 mm for internal diameters, respectively,
and 35 mm and 20 mm outer diameters respectively. Bushes
dimensions are precise but form defects were observed in the
shafts. So, accurate optic scanner was used to extract actual
geometry of shafts. In next step, using ABAQUS software,
the exact models of the shaft were joined with the perfect
cylindrical model of the bush and analyzed for further Finite
Element (FE) investigations. In order to apply the material
properties in the software, the tensile tests were performed on
standard samples made from shaft and bush materials and the
properties of the materials were extracted and applied to the
software. Also, roughness was measured by a portable device.
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To assemble the joint parts, without damaging the interference
surfaces, the shafts were cooled down by liquid Nitrogen and
the bushes were heated in an industrial oven, and finally, the
parts were assembled without applying external force.

After that, a designed fixture with the universal testing
machine was used to extract shafts from bushes and push
out forces were measured. These forces are called extraction
strength.

Based on the method proposed by Seifi and Abbasi [5] to
extract friction coefficient it is necessary to calculate the
normal force on the interference surface using finite element
analysis. The value of this force can be derived from the
following equation:

Fy =|[o,d4 (1)

Since the amount of extraction strength in the finite element
analysis is obtained from the following equation:

ES = uxF, :,u.[ardA (2)

By dividing the extraction strength by default friction
coefficient, the value of normal force can be obtained. Finite
element model for 4 specimens was constructed and extraction
strength and normal force were derived from FE model.

3- Results and Discussion

It is clear that by dividing the empirical extraction strength
by the FE normal force a new estimation of the friction
coefficient will be yielded. This estimation could be corrected
through the repetition of FE analysis with improved values of
the friction coefficient. The repetition process continues until
the convergence to the certain value of friction coefficient.
Using this method, four friction coefficients were obtained for
samples with different diameters and different interferences.
Table 1 illustrated the experimental extraction strength
values, the initial finite element extraction strengths, the FE
normal force, the pressure at the interference surface and the
estimated friction coefficient.

In the next step, using Taguchi method, the effect of
interference and diameter on the experimental extraction
strength and the friction coefficient of the interference surface
can be statistically analyzed.

Table 1. Comparison of numerical and experimental results of
extraction strength and estimated friction coefficient of shaft

PartA PartC PartE PartG
Shaft
Diameter(mm) 15 15 30 30
interference value 15 10 15 10
(um)
Experimental
Extraction Strength 43733 23329 62228 28279
N)
FE Extraction
Strength (N) 11237.42 7472.25 16697.09 10473.94
Normal Force (N) 56187.11 37361.23 83485.44 52369.69
FE Pressure (Mpa)  59.12 30.65 21.09 10.77
Estimated Friction ) 775 600 0743 0.538
Coefficient
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Zero value of P-values indicates that the selected parameters
have a significant effect on the pressures and friction
coefficients. Also, the relationship between the diameters
and the amount of interference and the extraction strength
obtained from the factorial analysis was presented as follows:

ES =9439-1632xD +10156135 +192294D 6 3)

Using statistical analysis, the proposed relationship between
the amount of friction coefficient and the two parameters of
diameter and interference is presented as follows:

f =0.504-0.01253D +20.206 +0.6933D 6 4)

The Eq. (3) were validated by predicting the results of an
experimental extraction strength test. The predicted value
from the equation for a part with 30 mm diameter and the
20 pm radial interference was equal to 966167.66N, and
the experimental result was 91508 N. The relative error of
statistical prediction of the experimental test was around
5.09%, which is acceptable.

4- Conclusion

1. Generally, for interference fit joints that have the same
surface roughness, it is clear that by increasing the interference,
the pressure in the interference surface and the extraction
strength will increase. Also, it is concluded that the extraction
strength is grown by increasing the diameter of the shaft. On the
other hand, it is illustrated that the increase in diameter results
in the reduction of friction coefficient. Another important point
is that increasing the interference and consequently pressure
will result in the friction coefficient growth. Also, it is seen that
the variation in the pressure is not as effective as diameters on
the variation of friction coefficient.

2. Also, using a factorial analysis, it was clear that the
parameters of the radius of the contact surface (diameter) and
the pressure (interference) have a significant effect on the
friction coefficient and the extraction force.

3. Finally, the results of this study can be summarized in the
direct relationship between pressure and friction coefficient
at the interference surface of the interference fit joints and,
of course, the inverse relationship between radius of the
interference surface and the friction coefficient of in the
interference surface.
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Fig. 8. Diagram of force — movement of H and G sample
by redial interface 0.01 and 30mm Diameter
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Fig. 5. Diagram of force — movement of A and B sample
by redial interface 0.015 and 15mm Diameter
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Fig. 7. Diagram of force — movement of E and F sample
by redial interface 0.015 and 30mm Diameter
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Table 2.Mechanical properties measured of bushing and shaft
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Fig. 10. Diagram of force — movement of finite element for
extracting of A, B, C, D shaft
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Table 2. Comparison of numerical and experimental results of extraction strength and estimated friction coefficient of

shaft

s 6l (Foods Sasl o po ojlul gzl il ploiw! polie oy g e guli dwolio :Y Jous

G aslad E asxli C azks A axkai
30 30 15 15 DI
10 15 10 15 (M) cid 5 gy elads S5l
28279 62228 23329 43733 N) (%5 gl 5l 59508
10473/937 | 16697/088 | 7472245 | 11237/422 (N sl sgima Iy glyieial (59505
52369/685 | 8348544 | 37361225 | 56187/11 (N) adgl U5 el S3a8 5508
1077 21/09 30/65 59/12 (MPa) sgame 1yl ko 5| Jolsr J5h5 elas L2d
0538 01743 0/622 0775 o dpmaloms S5kl g,

A dzgi Lo ool &8 > tedis V ojlail 4 ey g Cals 9o
)90 S Adan Jolae glpinl plSovinl (raghy (nl )0 450l
S boglge w85 Sl o her po Cdd &S ol LS
Oyt 3,90 Cawd ar |y Jlade ol g e Sgr 5 Cakd SoS
Joe ol maw ;o wled sileJow slacgsgame 4 axg5 L
il ilotnd Pyo cid o8 > g b Sl S8 a5l
DAL wo 3 bl ek SO sgame oo ozl 5l
Sgazms szl oo 5l Jol> glula—g,0 jloges aslsl ;o
s 3 e LG g E C A cid dges gz gl 5l
Lol 0as0 8 1YV S 0 a5 wo S ol j55 0 sla,ki

33,5 oo 55l ol sl sas 5 @l 1 A IS o ol a4 Jlesl (5500
565 O 6 5 o0y plite 5 JalS i slls Sy ankad a5
g anlgs wlate
PRI VA PR

Jlaziialy (g 5l il gl gaial sgaoe clizl (gsla o sl
sl @ and 6098 B 00,5 oo M gl el (595 5 plSoin
ol sl 0gh Jleel Glakad 4y was o 7y 225 anld 0 aS
gz dhl S 4 e Gl gl 5 il JBg e e
Jlosl ol ey Slabad gl i s 90 5550 Laaly 5 035 5 oo el

Sliwly )0 Cdd g 0d atws Slex (oled jo g axhd 09l o

iy



TAYE B YAYY Clrio TR o A o)lad @Y 0,93 S yual SlSo owdigen & il

oy 3 JLl plSimid 8 5 515 slo bl 5 5055
gl Pl el 55 32 (opz Jol o5 50 -0 5 (o9, Sasl
SISl s 5o slagsly 5 26,5 ol fly 556 e 4
aS olo Lis b gwy g0 o281, sialesl o o Zely g0 &1
Sl 99 S 0l g 5lad g ooy Jgl 4 5o I yially (6,185
Gzl y @SS Bl 4 gom gloal> e o ,hd 5 Sl
g WMy Jloy slajloges 51 cllae ol aiils 13 yiagh oyl
&l el SIS sl loged rimren w05 Llctul (BB 555
YL OLS 695 2 oo Sy9e slayelly (285515 a5 sls las
pllousl g Sl Jlade g e o oo gl Sl alaly pooren
Oyge & Hge JBle s 50 el Jlos I Jel> gl Sl

ES =9439-1632x D+

®)
10156136 +192294D6

SIS Sl oy slp JpgS ()bl Julos IS5 (uizmen

s I g o SBasl oyl Bl skl sl )l
P polis g oM Jloy 5 57 glologed oy 5l 285 S50
eyl 2 6ok e @ JEI g kS LlL A s S (o)
oo el abasl e el ko 51 oolicial L oo IS 31 STk
25 Sge & S g k8 sl 90 g Stasl o pe ke (o

:A.lo)f 43‘)\

f=0.504-0.01253D +
20.206 +0.6933D6

*)

A D g yades o p elad JFI5 i 6 599 Ly 5o
Covo gy p &lpcalyd yo A3 oo LS peads o Iy Cads
eSSl oS lealaly 5 byt bl v 5l ol b
W) Ly, 305 s S @) gl il plSoxin g STShal o
23,5 oo Sl Gtales] S gy (i 50 00
2l sl plSixial (gl (F) alasl, Lawgs o (i iy o
oS Voo ool B (e 5 yiede Yoo jhd 4y (glaslad

1 P-Value

YIYY

Gy s 51V 238 iy SKElasl oy Jlosl @y azgi b
elem Jlee!l slawly jo o o plad a5 00 5 oo ,Sdie 0l ol
awdd 38 gilwdos 5 928 sl fdow sl colaiul b oslee
8o b P v dges (595w drwlne SLiul, jo (lalad
s 5 o5 5505 o3l lgicsm (s <85 Sgo YLz

sl 3gae 32| Jae jo w0l Slasl o po Jlos!

S ol oy g ySeianl —F
S92 2 gl el i a5 Zl 0,
rd Slp Shaz GresS Sgaze izl Llow I Jol> s35ee
DA o35 (I 5l e daldl o o gl Cans a4 Sl
o yd e Olgi o 'N?“‘ wyazme slizl Jolog o Shaol 0
ke Sy e gl Sen b1 1S5 an T 5 ogei ol 1) Sl
cays B Ll 5 g, ol 51 oaliial ks aalsl STShaol oy
s &y Sglite JS15 5 glite kb by sladigas sl SISaol
izl gl o5 w2 gl o polie 3 Jsaz sl
oo slizl Jolow 5l Jolo gl 2 d9es (950 sl Sgue
L oo sl |y cnes Sasl o g JSI0 da jo Lis
arkoa 10 5 b i (sl 555 e abirdle o5 sblas
NA g iy ay Slaol g po ladie ey Sie 0 9 Ve S35
B gV S g e Yo B b Slabad gl g el ol
U505 o o /YA 5 o /¥ SIShasl oy ks «yiog e
=56 g, 4 gkl cwyp bg aslsl jo ol Cws 4 OYLa]
il 1, b 5 51 slally S S b e
bl Sge 4 JHI gl Shaol oyl 5 (22 gl

1313 (w2 3590

S )bl oy -0
Ol 9 ka3 slo b Sl cwyp lp ol aiS o5 j5blen
el slagbs, Sl iy po 5 glisil el 3l
il p 15 sloyal )l (I8 5T (o 2 sl a5 ool
(JgSl 6 5 b by, il eolitul b« Shasl o8 5 Jlasl



VAT B YIYY Glxio AYAA Jlo A oylad D 093 S pual CSlSlo diges & it

S 008 orgy JugSl ilel ko 5l eolind b (prizeen
52k 53 (J315) Sl g () s el (sliowl glas (sl il
009 o/ )‘ )...AS).:QLQA u_v‘ GALQJ db)fsa .bl.u...w‘ 0L CIJDL..M:‘
oy byt p oyl cnlae 0 A0 5l w6855 5l olis
5 eolazanl b oo a8l gLl ko .osiwd gl ySeiul (59 9 Sl
G]a.w)oJ&Ia..o‘wfasC‘;M‘ﬁ%‘é‘f&abgb@;}ﬁ@b
Soslaiwl b izl penl alSociul (gl ooy 4l )l alayly s ges &3l JS1as
B b o oym Azl aS 00 8 i lel (Koo o iles]l SO
S Sged a1 oad zlyseind ala) 5| Jols o iy (oomlic
L giogi onl o Sl oo gl ool &l adayl; i Liel
oon el 5T axkd 585 coin oo &y (s pis &y 4z
Cblad gz g i
bl o lgen |y g nl Sl el azgi BB s (LG 5o
chw o Sl oo 5 W mhaw bl gl yugSas alai

ke Cow 08
eSSl 53
m’ cole A4
kgm's? (J3lw mhaw o Lis P
SbiS oy E
Ol SV
kgms? izl peel sl ES
kgms? 5 F
Sl g, S
Uy e
kgmls?. 5 6
mm . _clbed 55 Jaie 6

oW M)
N

s T

. e S

b

91.508

(KN i
g

0 5 10 15 20 25 30
mm) Ll

oMM +/+Y el JSI3 b digod (o1 p2xd (o lomiler g jlogod e JSC&
mm Y. ,k3

Fig. 5. Diagram of force — movement of A and B sample
by redial interface 0.015 and 15Smm Diameter
LAYAA Joleo (g laie o, gl g sl (555 ARNEVIEF Jolas
alayl, (S s slaz> . (VY &) A o Lis diged ol el
Jw)lau;c M)») «4/0 Q5~.\> )$ 6)‘.\.&9 cd)LAT JJ?U Ja..uy 0 43|)‘
ol azgs BB g Joiao|) ool il abal) i fn (Ul Jla 4 oS
Jol jlase b Sasl alal ) gl ool a8l oo im0 o0
5 ool 250 aigal 385 (sl Joo dr (g s pas Jedoy )l

RYRERVN L Y ESL Q] SKlasl o o

G5 Al g Sy -
b oyge Wiz Olgies Gaghn cnl 5l Jolb mls @ axg b
oSy s 1) s o 5l oYLl 4o sges bl
U105 el 5 5L (i S5 T30 b a8 ol g aia
ol Jlasl jgbss Jasl codyb o e 5 el 59505 5
oIPI L gl el g9y Gl il 4 4z i b Geizrea Wb (o
5V 50 ladSs laylogal auslin b aigy cnl ol (pg) 5l
lye @ 4y b opizes Sl blasd JBA 5 7 slass
Cely b aalpl 45 00,8 o blatl s gl il Skl
SISl a5 byl byl g c00,5 oo SlShao] gy il
e A5 aizad ansl ogSine L5 YLl 35 gl o
G il 8 el Les T Cdlate g Jolas aalidl a8 ol S0
e SISkl (o i b i alal) by b salss SISkl
2 k8 Sl Soml slayks )3 a8 (pl o0 az g JB 5ol
5o Losl gleds Gal8l b S ple & cwl 5L SKasl o o

YiYY



TAYE B YAYY Clrio TR o A o)lad @Y 0,93 S yual SlSo owdigen & il

80-88.

[11] M. Masjedi, M.M. Khonsari, On the effect of surface
roughness in point-contact EHL: Formulas for film
thickness and asperity load, Tribology International, 82
(2015) 228-244.

[12] M. Stembalski, P. Pres, W. Skoczynski, Determination
of the friction coefficient as a function of sliding speed
and normal pressure for steel C45 and steel 40HM, Ar-
chives of Civil and Mechanical Engineering, 13(4)
(2013) 444-448.

[13]Y.S. Kim, M K. Jain, D.R. Metzger, Determination of
pressure-dependent friction coefficient from draw-bend
test and its application to cup drawing, International
Journal of Machine Tools and Manufacture, 56 (2012)
69-78.

[14] R.C. Bowers, W.A. Zisman, Pressure Effects on the
Friction Coefficient of Thin-Film Solid Lubricants,
Journal of Applied Physics, 39(12) (1968) 5385-
539s.

[15] L. Xiao, S. Bjorklund, B.G. Rosén, The influence of
surface roughness and the contact pressure distribution
on friction in rolling/sliding contacts, Tribology Inter-
national, 40(4) (2007) 694-698.

[16] S. Timoshenko, Strength of Materials, Part II: Ad-
vanced theory and problems, Van Nostrand Reinhold,
1958.

[17] S.W. Lee, D.G. Lee, Torque transmission capability of
composite-metal interference fit joints, Composite
Structures, 78(4) (2007) 584-595.

[18] R. Seifi, K. Abbasi, Friction coefficient estimation in
shaft/bush interference using finite element model up-
dating, Engineering Failure Analysis, 57 (2015) 310-
322.

[19] R. Seifi, K. Abbasi, M. Asayesh, Effects of Contact
Surface Roughness of Interference Shaft/Bush Joints
on its Characteristics, Iranian Journal of Science and
Technology, Transactions of Mechanical Engineering,
42(3) (2018) 279-292.

[20] R. Seifi, K. Abbasi, Experimental and Numerical In-
vestigation on the Effect of form Defects in Contact
Surface of Interference Fit Joints on the Strength of
Joint, Journal of Mechanical Engineering of Tabriz
University, 48(1) (2018) 215-224 (In Persian).

YIYY

&=y

[1] M. Jafari, K. Abbasi, Restoring Scrapped Turbine Bear-
ing Supports of GM Turbochargers Through Optimized
Press-Fit Interference Bushing, Iranian Journal of Sci-
ence and Technology, Transactions of Mechanical En-
gineering, 42(1) (2018) 51-56.

[2] H. Boutoutaou, M. Bouaziz, J. Fontaine, Modeling of
interference fits taking form defects of the surfaces in
contact into account, Materials & Design, 32(7) (2011)
3692-3701.

[3] L. Sogalad, H. Ashoka, N.S. Udupa, Influence of cylin-
dricity and surface modification on load bearing ability
of interference fitted assemblies, Precision Engineer-
ing, 36(4) (2012) 629-640.

[4] H. Boutoutaou, M. Bouaziz, J.-F. Fontaine, Modelling
of interference fits with taking into account surfaces
roughness with homogenization technique, Internation-
al journal of mechanical sciences, 69 (2013) 21-31.

[5]R.L. Jackson, I. Green, On the modeling of elastic con-
tact between rough surfaces, Tribology Transactions,
54(2) (2011) 300-314.

[6] G. Gallio, G. Marcuccio, E. Bonisoli, S. Tornincasa, D.
Pezzini, D. Ugues, M. Lombardi, D. Rovarino, P. Fino,
L. Montanaro, Study of the interference contribution on
the performance of an adhesive bonded press-fitted cy-
lindrical joint, International Journal of Adhesion and
Adhesives, 53 (2014) 89-96.

[7] D. Croccolo, R. Cuppini, N. Vincenzi, Friction Coeffi-
cient Definition in Compression-fit Couplings Apply-
ing the DOE Method, Strain, 44(2) (2008) 170-179.

[8] D. Croccolo, M. De Agostinis, N. Vincenzi, Static and
dynamic strength evaluation of interference fit and ad-
hesively bonded cylindrical joints, International Journal
of Adhesion and Adhesives, 30(5) (2010) 359-366.

[9] D. Croccolo, M. De Agostinis, N. Vincenzi, Experimen-
tal analysis of static and fatigue strength properties in
press-fitted and adhesively bonded steel-aluminium
components, Journal of Adhesion Science and Technol-
ogy, 25(18) (2011) 2521-2538.

[10] D. Croccolo, M. De Agostinis, P. Mauri, G. Olmi, In-
fluence of the engagement ratio on the joint strength of
press fitted and adhesively bonded specimens, Interna-
tional Journal of Adhesion and Adhesives, 53 (2014)



	_Hlk471544953
	_GoBack

