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1 Elastic interaction

2 Cross talking

3 Embedding of the contact surfaces
4 Rotational Loosening
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! Fretting and wear



¥y YA-YY S (WAS ) FA 8l psige liios gy — sole dalllad o) Kan 5 (g ,plb g (pueo

Joe 30« K oo (3L 4 Canns Loy dod (gl dlold &y angi
o b i o sle A ol &0 2559 815 o o i 50
Joo 33 o 3l o dlold Cons 4 wpde & amd Fy S
o oo GU e b e ) alg e (BB o
Vo USG5 00 5 Y lag ggeme )3 39y (o sl ol ply
Oljpe Cpl &5 A8 @58 365 olBhans Joo 3 1) (o (554
36 anatin 8 oliee bl Candy wsin Slusloe b lgs o o 34)
oleds p8 oply elad Looply 51 Sl Jolee (jiesho +,+¥5)
SR O8> wl (21‘[R) ).g]).g OT Ja:m &5 cowl ()“"‘:‘L:‘ Y'Y')LQ;L:J
Oliee 4l anad by iyl alold 51 2R okl 4w 0 5 ¥
& parko <AV m Cull dinlgs (033 ojlal (U A g
SIS U 9 298 (o gex (iedlee +VEF) (o (AL i
oS Aliold 4y g b oy plo ad o Gty 1y siaulis <,V VAR
9V sl lp oS Kalg 45 ) peS (o3 o Jore
VL 290579V Sleomn Sl g srerke £V (534l Hlade ¥
2 (8 i MmO 9 Y slazmy 39y (oo HaDl L ol yieddes
(S Caod )3 88 398 w1 (y903] L Al g A28l Ay b S

Sl 03 L (edse HWAT) S leS lise sl
o Conl gl aigS 4 (U g o (A & el (290 (poslee +504Y)
(o HLal 51595 (5938 Jluin b &S )bl 22 S35 g0
eyt 4 lom (253 M S el 90,35 (o Sl (554

A5 ales B gV sleoey D50y
e 3 8F8 1) JLb £33 33 (o Elyge’ a1 1>
b oo IR VA & yladles VPP L £52 50 G Al
F d yiaddee A GI0 5V o)led Slogmn )3 5 o

S92 g (e JLal (gl 45 5,5 Smlgs 035 e (590 AT LV (o
sl Aol J 1S (B9, byt pogeaio 3l 42 5l 1o 9 391 (oo
@ geSee ¥ kb 52 e ) glojer jslar STl
e 3,5 lalyd 55 Jlail 3 08 Cuws iy 8 119500 ) ¢

(A JSd)an o5 &5 G830 (S 99 m)9ige

60

50

. 1R

30

20

10

0 I

Preload variation Total Requirement Embeddingloss

W 3590 sl b (a8ly jlidiy dun o A JSCS

kN

45

» T
35
30
25
20
15
10
5
0 I

Preload variation Total Requirement Embedding loss
@6400 rpm - 2 bar

b b pulid alals S 39y )3 (Bly jluiin auslie A S5
S A 593 balyd )3 5L3 3590

kN

Sl GhjH Al

o o5 ol bl e Ll ) e Jlasl ol o ot o b
5 ool b lgus ol & gy (sl Solomily gy s o & ilgs
A]93)5 (o dsmlons Gl (B33 (liee (V) dole

_AT(2Lc + Leng) | Fopysld - (')
e Leng 6Eglp
S — 0.032x(2x8.8+11.2) , 58.7x0.12x8.83
cr — 11.2 6x206000%325.8

= 0.094 mm

g b yloalee <50 AF I iy (i3 lise JLasl o ST dm oy
O IL ol g ol plo 305 o (i 2 0SSl ke
Shoo o3 51 a8 (gan B g o8 (b5 akal b 09 (6 S gl

! Tolerance



ve YA-YY doxis (VRS ) FA blecd ygige linions hngy = sole daliuad () SKod 5 (5l (sl (puna

iy o Jb cel A8 jelos Sl (o33 ST K
Pt ob g iy b S8BT e ol 28 e
ol oanlie LB L] g

st il cul (oo o) hon (238 ) oS &S yrasds
o Jb Juasl o3ad s s s opl 3 el
2 Cadld dn g5 LU andl o saless &) o 1 S g 0 S
U2 4 5 (5 2 ey <8 055 e o & 3330 o8 550

29 Sigejl -€
ey bl 53 G il sise 0 Sl 90 9ol el Bam
2 g0 Ay Gy 3l b o Ve Yaare &5 Cunl Sl
03l &5 (s HB B s (9ol sl 3 25 o 4B )S L
o Ll gy sise b igeil st ) alisl L pgeil cal il
D)5 ooliiwl Cladad Jod P laylys b oi yoige I Wb g 2,5
@l plg> Slasge]l 2o 55 35 3,90 vl 9 65 o) i
S b g 203 YYee yod 15 a8 canl celo ¥ g0l e .l
J)JJ.J ° SOy (BMEP=Y bar)

0503l Fr (895 32 00D e gige V) SO

Vo) gt balpd b Gl g opses]
o dbul s 4 905l s a5l sl 6 dgas €ISl
9V o)led Slogmn b pastie (g | e M Bgie B)leiel
Lol ] 05 L MelS 555 5 ¥ ol gy (1Y ISe) 3] s
P92 5 Sbo T promen (1) Wil U lonen ¥ 9) e
g 2 (Saole j)b (Ui &5 [A] BT 4 Bgjme ST (gl ogrd
WG oS ailon (VF 5 1¥) ol snlio b5 g 4wl JLuss]
ol il 3 ) 0aimilis ! g 3 Sdiplas 15 oL
B O 0 Nk ed (e pomle (A3 8 b JS 4

! Fired Testbench



Yo VATV doxis (VRS ) FA bled ygige linions hngy = sole dalilad () SKod 5 (5l (Sl (puna

oanlis 18 US55 o jshailen Lol (00 JS3) 91 0t 3y LSl
Ob opl &S s ed Jlasl o aile S 409y (gbd)y ob 5L D9 0
092035 oy O 5 ¥ o)led sz 2 il osn 0!

A5 5k o8 Sl ysliS L0 5 ¥ slezmn oz 005 b el
{F Jsie)eledl g2 S sage oS

A odaliio )L 22 9 S e )3 2909 4 (Snlo BT ien
(A 5V JSs)

S5 90 0931 bl 3l e kb 2 Sl 0SS

2 Yield Controlled tightening

L 18T g ol 0 odmliie im0 590 daxie (slodge;l y> il o)
2 D)5 plgd Slaggol )3 Lol cunl 35 ol yon Loz plos s
sy 0 55 (5o Lyl Sago 2l 45 [VF] )5 3939 3,90 o)
09y 5l oolatwl b lomo Hlds o905l by o] Slusle
23l 65 o3l BB s 4 el s S5 b ad Gl Sl 8

Gl odaliie BB (V) Jods o o gls oS

S 393 Jol 9ol > 53 e sl Sl Hib s I Jois

(US-mm) g0l 51 e Jsbo
(US-mm) osilesdly Jobo yuis
Gu o)‘-ow)

(US-mm) 4l Jobo
(US-mm) o i 3l o Jobo
(US-mm) ¢y 5l o Jobo puis

(US-mm) s o 3l g Jsbo
(US-mm) (i & 3l g Jsbo yueis

VEYY | YEOY | ¥y | YRar | - | YRR | v
VEVe | YRRV | oYY [ YERS | —e) | - | ass
YEVA | Y0,5 | YA | YO,F | =¥ | YEA | o,e¥
YESY | YEAY | oy | YEAY | .| YRar | .y
VEAE | YO | oY | o, | —eey | - | ass
VEVe | Y0,e | e | YERA | —eeY | YEVE | L%

—

vl e | %] 2| =

2 sgse a5l ey sl pasiio (V) Jgio 51 &S pshailan
ol Conedis S (22 08 Jlediy Sl )lEe ¥ 9 ) sloomn
Lol el Jgu 390 g Conmnss d g5 B )] 0 Lol sl 00 sl
5 42aS 0 5 Y (sl Sl 590 Ligeil S 255 3l
ey g3 F 5 ) slaom Lol ol o L kS § 4 ¥ (slozm

s (g B
ez plod (Sl g ol b 90l 4ol y90 3 Canngpy
Sl el Gl 593 (sleigeil el )3 o lizman 295,z 5l 50

Caol 03> &)

e iy ORI L Sl )93 g (ge5l plox]

29LiS S he) jl g Ot byt SeS & Hledy Wil 8]
Y odgame )3 lozy 1 ealatul ¢ el dai S g,
Somy bl 4 Culdga b jals 4 ygeil opl 085 )00 plSoxial
A5 oanlie o3 4e5oun ygejl celw 93 by g

Llod I Jlail g 05 (655 o5l bame Job cygail plosl 51
4 ol g 2392 Wl WalS” oo 85 518 oy 0 3)90 (5,5

1 Ultrasonic



04 VATV doxis (VRS ) FA bled ygige linions hngy = sole dalilad () SKod 5 (5l (Sl (puna

etz gad Jb 5l Qs 3 65 o)l &8l oad 2 (Sl
5 smeS a3 oo (i) aiely Jb ol 4,81 050 Lo bt
el il (9 05 Clu Sa g8 Sloedid bl og Sl (55
2 ety <85l Gy Jlail gglaw > (Saple & 358
U6 el bl ol @l il aolsl b owtly ol 1, s o

D98 o w2l 55 S 5 g 2 oM

oy IS8 4 )Lk 2 g hgw pesd NS

S99 pow el o g sl Ol Gl @i D Joa

(US-mm)eJ) Jsb

(s alails )3 25

(US-mm) iy 5 g Jsbo
Z oplad

(US-mm)& b.ﬁlo{..sl.g J9.|o ).:.:.v

YEv5 A | FY [ ovaxy | e | vraa | ayr | avaA
YEYE Ay s | ovaxy | SFA | YEAS | ey )
YEV- | Ve A |y | ovoas | ooxs | vEA Yoloves
YE£5 av | gy YEA | F | YEYS Xl At
YA | R | YRAY | e | vESE | £
YEFA RV I S 2 IR KU SR 2 T IR A /Y ) vy

v|leo|w|| |-

=W g9y om0
& AD dw e om  g Ge 8 Sl I eolatal b
opl d> &S )l (g (b b Jamsly B 9 ¥ 0)led (Slon
2 b Gl Sl 9 lisesl e Slialie b ggoge

S e kb £ Jlail aws 5> (Sl BT NS

S 93 p9d 903l > e e Sl Gl s ¥ Jous

(US-mm)aJy) Jsb

(e dalls 1> a5

(US-mm) gy 5l g Jsbo
&2 °)l.o..«;

(US-mm) 903l oL 51 g Jobo
(US-mm)@ o L5lasdly Jslo

AAAYd AdY Y AAAAY - FY Y¥oF A YA
YF¥Y MY v YFA- + YA Y¥¥5 ¥ Yo
Y¥,00 Al Y A A YFAY EARY \tg
YF¥- AYS ya Y¥vY LAY A r AR soY
A S MY Y YFAA EArd Y¥.0F ¥ Yy
YF,-0 YAA v Y¥¥Y LAY YV WY Yy

v|leo| w2 <| -~

Grow & el jludy o ¥e il a5 <L ol (oo clple
Sl i bl 09 (o il 3340 StlS g Loy 08 J (o
Voshem oS 08 JS 4 dagi b pames ST 6555l (853
oMb b el g amslS Gloo (83 5yl B el @
398 4y 3 ey 4l )3 )Ly Cal 00 gy 93 (pl oS (o83 2

ol s 6 5leT SUis 48 sy adgl lade caas

b &2 o 8 i b Sl 593 pow 903l plos

IS5 @ o Ehaw i LS IS o lp ogeil )
ol Lo a3g350n > ool b sl b 5 (8 JS5) b
W)

bl & S g g 9e] Jb ol SIS (Slesgail M
b o5 45 odalie oy a8 5l y955e (15 M 1y s,



v YA-YY dovao (WWAF 50L) YA bjloss (ygige Cliuios byl — cole dolilad o)) Kan 5 (g ol (gl (puxo

5 b o g3l nl 5 sl ol al 2 () o g (1905
Obizmed Lol il dols] Lol b cunsls oy g Cudbgo b O&aﬂ (o
5 g 3 5 3 g 3] sl Sl

plgd saxie clasges] gl b odal Cunds gl dwslio b uicen
ey Sl @y Jlasl y o)ly (sla)l 3y50 )3 00l 4i8)S IS, ans )b
e 4 55 Ju sl b 5 S st ] o5
ol ygige o5 )l g 3bj slayed p I

S35 ol
b &2 o o Jlail (b )3 85 ST b gk ol
@ yglidS ) ) b @ e B9y e S Sl S e
Joslimal g o (b S 9 )b i GBI eales dali b,
Jlail cul (2l ad sl (6595 Sluslne 4SS L (alog) Elygw
el Cawd 4 35 ol 503, 1 dgupy
> 9 S e 4 )b £ Jlal iy il npny e
ol 08 5L 9 0L Slyed s o)) aliie Y Las]
i Sl Jols 5k &g 4 JLasl oo o Jlisl joluzs e
25 )3 by 9 JUail ()b e 1L ST e
b ly (lio Jlns y9i9e (293 bwgie jouiS e
o 5liiS 5l jiSesS Jles 5 Cond JLb 22 Jlall
sl Nl gl
51 3125l 4 ol i eyl ploo 1B
5 oo ol Lilidl 4 5l a8 sl o Jlail o
Olee (il L cunl oy sl gy sldy G138
sl p5Y g (658 AT 5 108 Sy b (2]
Iz glas g Jlasl o 0 SWlaisl o s disle Joloe @
o il Jlail ploxal > Sl (i85 ey 651,58
b oo Gl lisebl o i gl G331 L oS a8
IS g e lp oo g gy Sbl e
G5 4y ol b g 293 3 ale Wl (oo iy conlie
9 ke dali JyuS (Sg) mly sleedyy o ) 28k
Ceslalyy (e 3 (S Al ye vz )3 by (e
b aw (S el & (b @ gy sld GLIF1 @
ohalS Oud 1) g Casll g s b Jleis] @ guls
R
Jlasl (B33 ()5 35800 9 )bk £ om A G @
aaly JialS L > gamd o GialS ) is s ad b
o b Jlail g (Sanle ()5 gm0 9 <S5 >
Grow ly Jlail (o3 9 ST (0 dgaome | (iS 2 d
..))"JJ‘ &

b5 &ygo ggofl Jail ol ok 53 s g 4 gl 9]
A &S LA Gl 5l B 5 ¥ ojledd (slozry a5 A sdaline
5 Sy sledl el 3y o > g sl <l 5 1b S

Gl (S
o5 4 515 095 Ly 0 8 8o o 29y sl ol
31 455) 6y Wl ol gy oo s b g il 5l 5 ool
Yo ol b g (el g adlllas Jlasl ) )5 sl (al3E)
b ks oo oyg0)l 5 el a5 0 plool jldin 9y (g0
il Sanlo I LSl b ayy ogef] sl b 4l Ll
b oly Sygar ogoil cal 0 e g S 2 sy

B 4

po 05e3l 2 B3 Bl 3 kb & e (Sl )BTV S

b i ot Jb Jlenl s & JLal 3 3 008 st
a8 WS o 3ga0 35 |y lddad o (Saple aSl ey o ials



YA YA-YY doxio (ITAF 50L) YA 5)loss pgige liins iyl — sode doliliad ¢y, San 5 (6 alb (sal puino

[5] B. S. M. a. X. Y. S. A. Nassar, "Effect of Threaded
Fastener Condition on Low Cycle Fatigue Failures in
Metric Bolts Under Transverse Loading," in 2008 SAE
World Congress, Detroit, Michigan, 2008.

[6] R. Kumar, "CAUSES AND PREVENTION OF
LOOSENING IN PRESTRESSED BOLTS," Mechanica
Confab, vol. 2, no. 4, pp. 11-16, 2013.

[7] W. Eccles, Tribological Aspects of the Self-
Loosening of Threaded Fasteners, University of
Central Lancashire, 2010.

[8] V. D. Ingenieure, VDI 2230, Systematic calculation
of high duty bolted joints-Joints with one cylindrical
bolt, Duesseldorf, Germany: Verein Deutscher
Ingenieure, 2003.

[9] T. Sakai, Bolted joint engineering fundamentals
and applications, Berlin, Germany: DIN Deutsches
Institut fuer Normung e. V., Beuth verlag GmbH, 2008.
[10] E. Unger, "The status of engineering knowledge
concerning the damping of built-up structures,”
Journal of Sound and Vibration, vol. 26, p. 141-154,
1973.

[11] E. Y.,.]. B.,. S. R. ].F. Ferrero, "Analysis of a dry
friction problem wunder small displacements:
application to a bolted joint," Journal of Wear, vol.
256, p. 1135-1143, 2004.

[12] D. H. N.G. Pai, "Influence of fastener placement on
vibration-induced loosening," Journal of Sound and
Vibration, vol. 268, pp. 617-626, 2003.

[13] Ortjohann, T., Rebbert, M., Maassen, Robers, M. "
Kurbelwellensimulation" MTZ Motortech Z (2006)
67: 394.

[14] Dipl.-Ing. K. Maassen, " Development of the 1.71
NA Bi-Fuel Engine, Mechanical Testing 800 Hours
Durability Run Standard Cycle", October 2006.

13,38 9 ;S

M5 g (2lb (3aioS Sy (S s 5 liwgd (oles
rl plsl Gl ailoses (g)len bl (50)) 9355 olnl Hige
oy B glyS dime oine (SBT 5l 09 2 o)l Ssliws g3,
Gl cie S g (ool 33 e odige U]
25 BT (lguge (Sl a3 GBI gy55 Jguy oiine
olenl poiie GBI el Jadlgl porge GBI o)y G
oo Bl g ke uladl GBI (gygaio puldgl BT (5L
8 ot slele> lp lbo ol posine BT piiman 5 (B8
Co e | izmed wyld 1y S5 JWoS 355l Jolpe (ol )3
b &2 sl diges (el sl lalew caoy ulbol 855 p oo
sl (5592) 9998 Gnl sgise Mg 5 (Phb (Bios <S5
pled (o St (Jlo g (ale coles

&l»
[1] C. P. RA. Ibrahim, "Uncertainties and dynamic
problems of bolted joints and other fasteners,"
Journal of Sound and Vibration, vol. 279, p. p 857-
936, 2005.
[2] G. H. JUNKER, "New Criteria for Self-Loosening of
Fasteners Under Vibration," SAE Technical Paper, vol.
78, p. 22, 1969.
[3] DIN, "DIN 65151- Dynamic testing of the locking
characteristics of fasteners under transverse loading
conditions (vibration test)," DIN, 2002-08.
[4] K. T. M. C. Shriram Dravid, "Role of Washers in
Controlling loosening of Full Threaded Bolted Joints,"
in 2nd International Conference on Innovations in
Automation and Mechatronics Engineering, ICIAME,
2014.



M. Asadi Taheri et al, The Journal of Engine Research, Vol. 48 (Autumn 2017), pp. 27-39 39

The Journal of Engine Research

THE JOURNAL OF

Engine B

Journal Homepage: www.engineresearch.ir

S

ociety
of Engine

EF7 engine flywheel bolted joint design improvement by theoretical and
experimental investigations

M. Asadi Taheri?", A. Hajiali Mohammadi?, S. Alizadehnia3

Irankhodro Powertrain Company (IPCo), Tehran, Iran, mo_asadi@ip-co.com

2Mechanical Engineering Department, Semnan University, Semnan, Iran, ahajiali@semnan.ac.ir
3Irankhodro Powertrain Company (IPCo), Tehran, Iran, s_alizadehnia @ip-co.com
"Corresponding Author

ARTICLE INFO ABSTRACT
Article history: Bolted joints are of the m(.)sjc importance in engine connections. On(? of
Received: 22 December 2017 important engine bolted joints is the flywheel-crankshaft connection
Accepted: 21 February 2018 which transmits the engine output torque. Any failure or loosening of
flywheel bolts may result in a catastrophic engine damage due to the
Ié;};”g;rgdiie fact that this joint is considered as a safety issue because of its location
Flywheel and high rotational speed. The most known failure mechanism of
Crankshaft flywheel joint is the “Bolt Loosening” due to joint slippage which starts
Fo?lrft with micro slip and propagates to macro slip causing surface fretting

and preload loss and ends up with fatigue fracture of the bolts. Many
factors may cause or jeopardize flywheel bolts failure e.g. surface
roughness, friction coefficient at the interface, flywheel pin and bolts
clearance, threads pitch, bolt preload and external loads acting on the
joint. In this study, besides defining and validation of the transmitted

torque in the joint, using the general bolted joints equations and
combining general rules of such joints, at first it was shown that it
needs basic changes in the joint to avoid slippage completely. Then, by
calculating the critical slip and comparing it with the probable joint
slippage, it was proved that the joint slippage can be limited to a value
lower than the critical slip in order to prevent the rotational loosening
of the bolts by designing the flywheel pin hole to a proper value. At the
end, the theory was validated by performing three “Engine Over-
Speed” tests.
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