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Abstract

. Plastic region tightening is widely used in critical bolted joints in internal combustion engines in order to

reduce the engine weight by maximizing the use of load-carrying capacity of bolt. Mechanical behavior of bolt
tightened in plastic region under external axial tensile load is investigated for various friction conditions using three
dimensional finite element analysis. The behavior of bolt tightened in elastic region as well as that in tensile test are
investigated for comparison. Tightening process is simulated by rotating the bolt in order to examine the friction effect
realistically. It isrevealed that the bolt tightened in plastic region can carry more external load until the joint is opened,
and yields at lower bolt load than the bolt tightened in elastic region. The friction coefficient has effect on the yield
load, but not on the load-carrying capacity. Moreover, the scatter in the bolt preload due to friction begins with plastic
deformation of bolt in the angle tightening control, whereas it begins with the onset of tightening in the torque
tightening control. The observations are interpreted with the residual torsional stress in the bolt generated during the

tightening.
Key words : Plastic region tightening(4x"d &} 11 2), Elastic region tightening(td & A Z2), Bolt preload(&E % 7]
A A Z=2), Yield(3), Finite element analysis(-+3F2 48l A1)
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Fig. 1 Finite element model
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Fig. 2 Stress-strain curve of bolts
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Fig. 3 Evalution of bolt load with (a) tightening torque and

(b) tightening angle. PRT and ERT mean plastic and
elastic region tightening, respectively
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Fig. 4 Evolution of bolt load with bolt elongation during
tightening followed by external tensile loading
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Fig. 6 Effect of friction coefficient onyield force of bolt

=] o) Hetgo] Bel A BERT A
= kel
=

o). webd o & &

¢
it
i

o}nm;ér%ﬁ
_E’O_L,l.‘)
£ ox
2 18
ﬁ“ﬁé
QLWI'ENE
oy 1M o
a Tom
uﬂﬂ—ﬁ
)
Lol u g

&

TR
N
tt
i)
H
o,
o
o

L e X

N
-~

% (m

T
[{@)
T
ki

B~
®
ol
i £
= m
o
o 2
Py
oy
o 2
2 2
o m
Lo

o185

wo] BE %ol g nel
A e om WEs

AN
u)
odt
ez
et
Q‘L
ofy
flo
o
b
X

ol
52
=
k3

R
=
o

>
o
o
)
>
o
2,
ot
Iz
off
O
ol
e
i—";

i

m
2
=
:°|1:1
B
o,
2
__)ﬂ‘
i
e b
{m
T

2
>
oot
Iz
o
o
-3
=3
[t ok
&
o
i)
e
2
5
N
N
%
I T

o )
o ople ox niz

e m 22 |m

m
lo M my oX mo o

A
a8
9
>
i
ox
o
v
2 7
ol m\m
il
2

_)ﬂ
ih)
it
T
(m
o,
O
N[
et

A
o
rlo
ro
X
>
e
o
I
_O|L
ol
lo 12
N
\‘
g
X
+
HN
©

PO
o
?1_',

ox
[
=5
e
o,
N
N
o

il
(N
>
I
2,
an)
oo
W)
o
(S
M
i)
f
[
i ol
2
N

B I

lo g
N
N

(RO
oo
JE g
o

2o
rtl‘.
)
o
utl

o

2

)
o

Bk ol ¥ S TUMAE
A3 F2] % 7] A A(Fig. 7(c))7HA A
= njmjsicizl, Alddoe] b4 B E

L

L

[

» Ho
4o
oo m

(Fig.

Q
~
_
o
=
=

L



Finite Element Analysis of Mechanical Behavior of Bolt Tightened in Plastic Region

et 3 Mo oRT ®MB T W PT RN T o T o
° — wuou.i,mu w7 Wl 4 oﬁo‘oliaﬂ;lwrpﬂﬂﬁa o) B A+ @rﬁ Wl o= W

3 1e © 7i_.mﬂlﬁ]a iaﬂﬂujdmmuﬂﬁaﬂhﬂﬂwxﬂoaaﬁo Hlaﬂﬁa
m o /@@ ® j E.xf_i:t%evull, W N 9 W N o

= — prd B o) A T

° =] o - T Br aﬁﬁﬂam&uﬂam_ox‘_ﬂhutiﬂWE ﬂMﬂﬂ

I 12 o ThE e w?® moar PR Tagg s > Ful T

£ Sf¥e PEXZLiET4CT G > 3

= 0 A %%dﬂr%ﬂé@.xé%lﬂrg © W g

! legg FEAWY wRRRT LT R gy 2D W
=5 MRENRT AT rUNTETNgaofs m oW

mi ud FEE LT xR R gy T TRl he o 5N

N ) w le .mm Eﬂlﬁﬁﬂ,é%mﬂ%ﬂwﬂ%ﬂo Euﬂevﬂo.djufrq.v N %mwi
_.m++ z WHEBEYVX g TN cFMs ¥ploro L < o Ny

iy Bf TEFT RS TN uUo R yE LR P d I

L wo g mm %o.E-WEQG.JEEaiaaﬂﬂ‘_ﬂﬂﬂoamomaﬂ‘mﬂﬂu G-
?e cE IR FT LN I Ty TP gwy TS

LL 2 Tyo T LT g BT AT =8 W oo T % o
: _ . =) o & o?ﬁaﬂtﬂim%qﬂﬂuTaTﬂplLtnmenznﬂ%__ooiwr,_El ,m_lo_,o,_.
§ 8 8 § 8 ° P DoapapRBUleiTERLygWS g Pg T T F o
lean] "2 % Vo mde®WEFTT 2 gohle sz o kw oI oy S
T BRI K BT WM oM oot R om o W R R op Lo 3V
€S g do WENTT BN T O OEW W M
58 _ _ . . 5 o G W Moy o o oo WO MR
053 g g =T TaemfidmmEdoNg .w

_ _S¢g5 3 o o No g o NN = % W
=2 SRR S p TEameatIREooudlay
82 i 2 = Ty MR Ty Ay
.Qn@ m o _6Tiaiaqﬁ7muiﬂraetﬂ«ﬂaﬂ
£5g i > 8 H OB XepidrenwE o
553 S5 0n RUEXE Xdgdms oy
SEs8 Fsm b ﬂ%wzﬁoﬁﬂﬁaﬂﬂa%%ﬂ
=35 = L RO B Ry M5 oo M m oo WM - do
2cS% mm T RN N g e N
2525 82 w4 RIS e TINTgRERT U T
7 522 ¢ §E MATERST oo b g dnad
: mmmm 2 g UETRN S Sy Bk
P ey §2 gzl deg¥ns TR
Yy Wbk Troz BE e B ool B g
e R 2 o H wr‘_v_uﬂMEﬂﬂiou%ﬂquoﬂﬂLtqm,Mow
o 2 TP Hppo g g o wE

[ [ THOEMW G R P T R TR

Transactions of the Korean Society of Automotive Engineers, Vol. 18, No. 3, 2010 41



2)

3)

4)

5)

1)

2)

3)

4)

42

R
1
r
rx
e
x

o m
o &
r do
Iz
=2

B>
o,
N

iy

)
0 5] 18
s

4
rr

)

2
N
X

o

8 -
i—'ﬂ

i)
tlo
o
)
o
o
Jz
lo
A%

W
Nl
olf
2

olN
o X
>

ot
tlo o
Nl

g m
o &
N
T
Ju %
e e =
v} ke

)

[“_Q U lm
oo =
L =2
o2,
oX,

do M &g
m o
o

3
_‘_‘ﬁr_?l_',

2
Ao
2,
—_>‘4-",
i
i

vom X Ao
2
e
m
iy

[o

B>
ox, %

=2

o

18 o
o

g
B>
oX,

e
N £

ROy
[o
fr
2 s
N
et
£

>,
)
N

il

mu ok pg
w2

e

I WC O b & omk X droy fo g mo N Mz omy wk
o X do [u
i)
)
RN
o
=2
Ly
2
(il BN
m o
Ay ot

e do -
)

e
Ay o
32
o

References

S.-S. Cho, H. Chang and K. W. Lee, “Procedure
for Computer-Aided Preload Selection of En-
gine Connecting-Rod Bolts,” Int. J. Automotive
Technology, Vol.8, No.3, pp.319-325, 2007.

[. Chapman, J. Newnham and P. Wallace, “The
Tightening of Bolts to Yield and Their Per-
formance Under Load,” Journal of Vibration,
Acoustics, Stress, and Reliability in Design,
Vol.108, pp.213-221, 1986.

T. Fukuoka and T. Takaki, “Elastic Plastic Finite
Element Analysis of Bolted Joint During Tigh-
tening Process,” Journal of Mechanical Design,
Vol.125, pp.823-830, 2003.

J. M. Monaghan, “The Influence of Lubrication
on the Design of Yield Tightened Joints,” The

A SRS =EE A1 35, 2010

5)

6)

7)

8)

9

10)

11)

Journal of Strain Analysis for Engineering
Design, Vol.26, No.2, pp.123-132, 1991.

Y. Jiang, J. Chang and C. Lee, “An experi-
mental study of Torque-Tension Relationship
for Bolted Joints,” International Journal of
Materials and Product Technology, Vol.16,
pp.417-429, 2000.

S. A. Nassar, H. El-Khiamy, G. C. Barber, Q.
Zou and T. S. Sun, “An Experimental Study of
Bearing and Thread Friction in Fasteners,”
Journal of Tribology, Vol.127, pp.263-272,
2005.

T. Fukuoka and T. Takaki, “Mechanical
Behaviors of Bolted Joint during Tightening
Using Torque Control,” JSME International
Journal, Series A, Vol.41, No.2, pp.185-191,
1998.

J. Newnham and L. Curley, “Bolted Joints
Under Tensile Service Loads: The Effect of
Torsion in the Bolt on In-Service Clamping
Loads,” Journal of Mechanical Design, Vol.115,
pp.36-40, 1993.

T. Okubo, S. Tanaka and K. Gorumaru,
“Reliability Evaluation of Bolts Tightened in
Plastic Region and Their Application to Diesel
Engines,” SAE 840505, 1984.

G. R. Toth, “Torque and Angle Controlled
Tightening Over the Yield Point of a Screw-
Based on Monte-Carlo Simuation,” Journa of
Mechanical Design, Vol.126, pp.729-736, 2004.
S. A. Nassar, P. H. Matin and G. C. Barber,
“Thread Friction Torque in Bolted Joint,”
Journal of Pressure Vessel Technology, Vol.127,
pp.387-393, 2005.



