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he question in the title could sound ab-

surdly to the reader. How is it possible

that the wheel can move faster than
the automobile to which it belongs? But still,
these cases really occur and they are not so
unusual. Nearly 70% of the asked drivers
during their driving had some experienc-
es with loosened fasteners, respectively
with the wheel nuts of cars or lorries. Even
some respondents stated that one or more
nuts were missing after finishing the drive.
Recorded were also worse cases, unfortu-
nately, with tragic consequences. The rolling
wheel cannot only destroy but also kill. Give
the answer to the questions why can this
happen and how to prevent it is the role of
this article.

Theory

The frequent cause of bolted joints fail is
their spontaneous self-loosing during the op-

eration including the car driving. The cause is
on the side of vibrations and cyclical dynamic

stressing of responsible structural nodes. If
transversal force FT fulfils the condition:

Fr> Fryu,
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when p is a friction coefficient, then it comes
to the relative movement in partition lines
(Fig. 1), to the loss of the joint self-locking
and progressively towards its total decay or
fatigue fracture (Fig. 2) occurs.

The relative movement may be in the axial or
radial direction. Representative for automo-
biles is radial.

The process of screw release occurs at three
known stages:

I. Seating of material it means the micro-
plastic deformation of roughness on the
contact surfaces (s. Table Nr. 1)

Il. Spontaneous unscrewing as a result of
vibration or dynamic stressing (Fig. 1)

IIl. Decay of bolting as total unscrewing or
fatigue fracture (Fig. 1 and 2)

The decrease of bolted joint clamp force to zero
is the side effect which is, e.g. for automobiles

Fig.2 - Sekil 2

accompanied by depletion of holes for fasten-
ers on wheels disks (Fig. 3). This is very danger-
ous because there is an impulse of progressive
self-loosening of all the nuts/screws and the
wheel could fall off during the ride and besides
such disks are no more usable.

Fig.3 - Sekil 3

Often the question of when spontaneous un-

screwing and when of fatigue fracture occurs.

The answer is in hand. Critical is what happens
>

Tekerlek Arabadan Hizli Olabilir mi?

asliktaki soru okuyucuya
B sacma gelebilir. Tekerlegin

ait oldugu otomobilden
daha hizli hareket etmesi nasil
mdmkun olabilir ki? Ama iste,
gercekten de oluyor, hem de
bunlar o kadar da sira disi olaylar
degil. Gérlisme yapilan sdrdculerin
neredeyse %70’i sirus esnasinda
araba ya da kamyonlarinda bijon
somunu gevsemesi yasadiklarini

soyltyor. Hatta bazilari, surts biti-
minde bir ya da daha fazla somu-
nun kayip oldugunu belirtiyorlar.
Trajik sonuclar doguran daha koti
durumlar da kaydedilmis bulunu-
yor. Ddnen tekerlek sadece yikim
degil éltim de getirebilir. Bunun
hangi nedenle oldugu ve nasil
6nlenecegine cevap vermek bu
makalenin rolddar.
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Teori

Civatali baglantilardaki basarisiz-
ligin nedeni siklikla, araba sirlisi
dahil olmak tzere ¢calisma esna-
sindaki kendi kendine spontane
gevsemedir. Bunun nedeni ilgili
yapisal bogumlarda titresimler ve
cevrimsel dinamik strestir. | sur-
tiinme katsayisi iken enlemesine
kuvvet FT su kosulu sagliyorsa:

Fr> Fryu,

birlesme hatinda bagil devinime,
birlesim kilitlenmesinde ve yani
sira artan oranda toplam bozu-
numa veya yorgunluk kirilmasina
(Sekil 2) neden olur.
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after the prestressing force decrease to zero.
Either the free turning of the nut continues until
complete disintegration of joint or protection
against disintegration, as DIN 985 (Fig. 4) or
alternatively cotter pin, stops the next turn of
the nut. In the latter case, favorable conditions
for fatigue fracture are created.

There is one more dangerous phenomenon in
the case of transport, namely the overloading
of vehicles. All motor vehicles, especially lorries
and trailers, have a limit of the acceptable
loading determined by the producer. This limit
is a result of difficult calculations and longitudi-
nal tests. Mainly the axle is a critical construc-
tion component which transfers the vehicle
weight and its external load onto the road. It
also concerns screw connections which are de-
formed (Fig. 6) and with simultaneous rotation

the nuts. Both cases would have the same
catastrophic consequences - the wheel slip.
Preventive measures are simple, they consist in
respecting prescribed loading capacity.

Causes of wheel release

In the case of the automobile wheels the
following specific factors have the influence on
self-loosening of bolted joints:

1. Vehicle overload

Fig.4 - Sekil 4

Explanation provides Fig. 5 - the DIN 985 stop
nuts are not able to prevent the loss of the
prestressing force. They serve as protection
against disintegration only. The same applies to

cotter pins.

Bagil devinim eksenel ya da yanal
yénde olabilir. Otomobiller igin
temsili hareket yanaldir (Sekil 1
Sekil 2)

Vida bosalmasi, bilinen li¢ asama-
da olusur:

Malzemenin oturmasi, yani temas
ylizeylerindeki pirtizlerin mikrop-
lastic deformasyonu (Tablo No 1)

Titresim ya da dinamik stres
sonucu spontane vida gevsemesi
(Sekil 1)

Toplam ¢6ztlme ya da yorgunluk
kirilmasi olarak civata zayiflamasi
(Sekil 1 ve 2)
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Vidali baglama kelepge kuvvetinin
sifira diismesi, érnegin otomobiller
icin; tekerlek diskleri Uzerindeki
baglanti elemani deliklerinde zayif-
lamanin eslik ettigi bir yan etkidir
(Sekil 3). Bu, oldukga tehlikelidir
¢linku tim somuny/vidalarin artan
oranda kendi kendine gevsemesi-
nin bir etki noktasi vardir ve slrtis
esnasinda tekerlek c¢ikabilir ve
ayrica bu diskler bir daha kullani-
lamaz.

Spontane vida gevsemesi ne za-
man, yorulma kirilmasi ne zaman
olur sorusunun cevabi bellidir.
Onemli olan 6ngerilim kuvveti sifi-
ra dustlikten sonra ne olacagidir.
DIN 985 (Sekil 4) veya alternatif

It would be clear if the drive continued that
the wheel would fell off, either by the fatigue
fracture or by the uncontrolled loosening of

extremely complicated stressed.

2. Damaged threads and damaged and con-

taminated contact surfaces
3. Wheel bearings overheating

4. Poor road conditions

olarak kamali pim, somunun bir
sonraki dontsint durdururken,
birlesim tamamen dagilana veya
parcalanmaya karsi koruma
saglanincaya kadar, somunun
serbest dénlisti devam eder. ikinci
durumda yorulma kirilmasinin
kosullari yaratilir.

Sekil 5 agiklamasi- DIN 985 stop
somunlari 6n gerilim kaybini
Onleyemez. Sadece pargalanmaya
karsi koruma gorevi yapar. Ayni
sey kamali pim i¢in de gecerli.

Nakliyede bir tehlikeli olgu da
aracin asiri ytiklenmesidir. Tim
motorlu araclar, 6zellikle kamyon
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5. Different heat expansion of the joint com-
ponents

6. Intensive wheel vibrations and dynamic
stressing of bolted joints

7. Low hardness of bolts and nuts
8. Nuts or bolt threads out of specification
9. Too much interfaces

10. Incorrect installation/assembly

ve tirlar ureticinin belirledigi kabul
edilebilir ylikleme limitine sahip-
tirler. Bu limit zor hesaplamalar

ve boyuna testlerin bir sonucudur.
Kisaca, dingil 6Gnemli bir yapi kom-
ponenti olup arag agirligini ve dis
yukunu yola aktarir. Ayni zamanda,
deforme olmus ve simultane dén-
me ile son derece gerilmis vidali
baglantilari da ilgilendirir (Sekil 6).

Yorulma kirilmasi ya da kontrol digi
somun gevsemesiyle tekerlegin
ctkacagi aciktir. Her iki durum

da ayni felaket sonucunu getirir:
patinaj. Belirlenmis ylukleme kapa-
sitesine uymak kadar da basit bir
O6nlemi vardir.
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All these cases are important, but extra
attention deserves point 10 - tightening. The
seemingly simple operation conceals many
tricks. In the diagram in Fig. 7 is defined the
so called force security rubikon (FSR). All force
changes during tightening and during operation
must take place within this FSR. Otherwise,
the screw connection will occur. An important
role is played by friction too. It does not matter
whether they are tightened by the new or rusty
screws (Fig. 8). Similarly, aluminum discs must
be tightened differently than steel.

TIGTHENING DIAGRAMM
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The accuracy of the tightening is also very im-
portant (Table Nr. 2). The worst is tightening per
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hand with factor A = 2,5 - 4 and scattering
+/-43 - +/- 60%.

Table Nr. 2 Accuracy of tightening method

and bolts o,

Scattering| Owversizing
in %
Dagilma

Tightening
method
Sikma Metodu

in %
Boyut Asimi

and bolts 1

+5 -+12 0

Yield strength
Stinme dayanimi

12-18

1.4-18

+8 - +23

17 -+23 |

20-60 Hydraulically

Hidrolik

40-60

Torque wrench
Tork anahtari

25-4

43 -+ 60

150 - 300

per hand
El icin

Table No 2 Sikilastirma metodunda tamiik

Applied torque 650 Nm

Fig.8 - Sekil 8

Tekerlek kurtulmasinin nedenleri

Otomobil tekerleklerinde su belirgin faktérler
civata birlesimlerinin gevsemesinde etkili olurlar:

1. Araci asiri ylikleme

2. Hasarli disler ile hasarli ve kirli temas
ylizeyleri

3. Tekerlek rulmani isinmasi
4. Kotu yol kosullari

5. Birlesim komponentlerindeki farkli isi
genislemeleri

6. Yogun tekerlek titresimi ve civata
birlesimlerinin dinamik gerilimi

7. Civata ve somunlarin dusuk sertlikte
olusu

8. Spektlere uymayan somun ve civata
disleri

9. Asiri sayida ara ylz
10. Yanhs kurulum/montaj

Tdm bu durumlar 6nemli olmakla birlikte 10.
Madde ézellikle dikkat etmeyi hak ediyor: sikma.
Gérunuste basit olan bu islem pek ¢ok inceligi
icinde barindiriyor. Sekil 7’deki semada kuvvet
guvenlik rubikonu (FSR) tanimlanmaktadir.
Sikma esnasinda ve calisma esnasindaki tim
kuvvet degisiklikleri FSR dahilinde olmalidir. Aksi
takdirde vida baglantisi olusacaktir. Stirtiinme
de 6nemli bir rol oynar. Yeni ya da pasli vidalarla
stkistiriimis olmasinin 6nemi yoktur (Sekil 8).
Benzer sekilde aliiminyum diskler celikten farkli
olarak sikilmalidir.

Sikmanin tamligi da oldukca 6nemlidir (Tablo No
2). En koétiisu, el igin 0A = 2,5 - 4 faktor ve + 43 -
+/-% 60 dagilim ile sikilastirmadir.

Onleyici tedbirler

Otomobil treticileri vida gevseme sorunlarini,
kire ya da konik yatak seceneklerinden biri ile,
ya da entegre flansli somunlar ile temas ylizey-
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lerinde surtinme katsayisini artirarak ¢ozmeye
calismaktadirlar.

Boéyle ¢oziimler genellikle iyi sonug verir ve sU-
ricdler, tekerlegin diismesinden endise etmek
zorunda kalmazlar. Ancak, garajda amatérce
ya da egreti bir sekilde yolda tekerlek degistir-
meden sonra durum koétiye gider. Deneyimler,
aracin ilk 50 ila 100 km’sinin kritik asama
oldugunu gosteriyor. Bu da dis sigortaya ilave
unsurlarin gelistirilmesi icin itici gugttr. Mevcut
piyasa, kama pullari, kontrol noktalari vb. cesitli
tdrde drdinler sunmaktadir. Ferodom gelistirme
atolyesinin son (riini de dikkate deger: TaTrim
kilit noktasi (FEM analizi Sekil 9'da). Guvenilir
islevine ek olarak buyuk avantaji, strtlinme kat-
sayisindan ve sikma seviyesinden bagimsizliktir.
TaTrim Kilit noktalarinin bu bagimsizligi tekerlek
montajindaki insan hatasi faktorini kompanse
etmektedir.

fastenereurasia.com



» Preventive measures

The automobiles producers try to solve the
problems with loosening screws with the in-
crease of the friction coefficient on the contact
surfaces by the choice of ball or cone seating,
or rather by nuts with integrated flange.

Such solutions are usually satisfying and the
drivers do not have to be worried, that the

wheel will fall off. However, it is worse after sev-

eral tyre changes in the garage or amateurishly
or provisionally on the road. The experience
indicates that critical phase is after driving first

ca. 50 to 100 km. That’s the impulse for the de-
velopment of supplementary external insurance

elements. The current market offers several
such types as wedge washers, check points
etc. Respect also deserves the latest product

from the Ferodom development workshop - the

lock point TaTrim (s. FEM analysis on Fig. 9). In
addition to reliable function, its big advantage
is independence from the friction coefficient

Sonuc

Otomobillerde civatali birlesimler 6nemli oranda
guvenlik riski olusturur. Yanlis montaj ve ¢alis-
tirma esnasinda davranis ilkelerinin g6z ardi
edilmesi sadece ilgili aracin ¢alisan icin degil
civarindaki ilgisi olmayanlar icin de tehlikeli ola-
bilir. Belirtildigi gibi, arac tekerlegi gercekten de

TaTrim

a) one-to-one (mutual) locking

Main advantages:
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and from the tightening level. This indepen-
dence of TaTrim lock points makes it possible
to compensate for the failure of human factor
by the wheel assembly.

Fig.9 - Sekil 9

Conclusion

The bolted joints of automobiles present signif-
icant safety risk. The incorrect assembly and

ait oldugu aractan daha hizl olabilir. F1 yarisinda
oldugunu dustindirtecek her firsati kullanacaktir.
Gorev kaygly! kafalardan silmektir. Korkmaya ge-
rek yok. Onemli olan tekerlek montajinda 6nerilen
kurallari gozetmek ve siirekli olarak kontrole za-
man ayirmaktir. Geri ddemesi kesinlikle olacaktir.

disrespecting the principles of their behaviour
during the operation could be dangerous not
only for the crew of the incriminated vehicle
but also for the unsuspecting surroundings. As
shown, the vehicle’s wheel can be really faster
than the car it belongs to. It will use every op-
portunity to think he’s in the F1 race. The task
is to get the chimer out of his head. There is no
need to be afraid. It is important to observe the
recommended rules of the wheels assembly
and do not regret the time for their continuous
check. It will surely pay.

The author and the editorial staff wish in
New Year all the readers a safe journey
and in conclusion one appeal: Share your
own experience with loosened automobile
screws with Fastener Eurasia. Contribute
this way to the increased safety on the
roads because it will be the source of the
instruction for the others. =

Yazar ve yazi kadrosu tiim okurlara Yeni Yil'da
giivenli yolculuklar dilerken arzu ederseniz
otomobil vidasi gevsemesi deneyimlerinizi
Fastener Eurasia’da paylasmanizi istiyor. Bu
sekilde baskalari icin bir egitim kaynagi olus-
turarak yollarda giivenligin artmasina katkida
bulunacaksiniz..

b) supporting (assistance) locking

e safety of a drive (not only to check the position of the nuts!)

® casily replacement by a new one with the original characteristics
® no dependence on the friction coefficient and on the tightening
® simple assembly and low cost
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