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Friction is a factor not to be ignored when it comes to tensioning bolts. Always present in a bolted joint, 
friction can be part of the problem – or part of the solution.
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Friction:  
A force of nature
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F
riction is a force that appears whenever two objects 
come in contact with each other. It is the opposite 
of all motion. No matter which direction something 
moves in, friction pulls it the other way. Yet, we  
need friction. Without it, we would not be able to 

walk, sit in a chair, or climb stairs. Everything would just keep 
slipping around.

Frank	Naumann	(pictured	
left),	former	managing	director	
of the German Fasteners 
Association and with more 
than	fifty	years	of	expertise	in	
the	field	of	friction,	explains	
that friction always exists in 
a bolted joint. On the one 
hand,	it	limits	the	efficiency	
to transform the torque into 
the desired preload, on the 
other hand it is necessary to 
keep the preload in the joint to 
prevent loosening of the parts.

“There	are	two	coefficients	that	describe	the	friction	
between the rotating parts during the tightening process,” 
Naumann	says.	“First,	it	is	the	coefficient	of	friction	between	
bearing surfaces under the screw head or under the nut: µb 
(μb	=	washer	friction)	and	second,	the	coefficient	of	friction	
between	the	threads:	µth	(μth	=	thread	friction).	Both	of	them	
are consuming a big amount of energy, which is converted into 
useless	heat.	For	example,	in	the	case	that	µb	=	µth	=	0.10,	
only 16% of the torque is transformed into preload. One can 
influence	the	size	of	the	coefficients	by	controlled	lubrication.	 
In the automotive industry, a range between 0.08 inches and 
0.16 inches is used.” 

In terms of bolted connections, friction is sometimes part  
of the solution as well as part of the problem. Of course, 
the clamp load in a bolt is mainly determined by the torque 
required	to	tighten	the	bolt.	But	it	is	also	a	function	of	aspects	

such as bolt diameter and length, the geometry of the threads 
and	–	not	to	be	forgotten	–	the	coefficients	of	friction	that	exist	
in the threads and under the bolt head and nut.

The	coefficient	of	friction	is	necessary	in	calculating	
tightening torques and the resulting bolt tensile forces and 
stress, and in calculating the resulting friction force between 
the connected surfaces. However, the approximate values 
of	friction	coefficients	found	in	charts	are	only	representative	
values.	They	should	be	confirmed	against	other	sources	of	
information and preferably testing.

The torque value is dependent on the friction, present in the 
threads and between the torqued bolt head and nut, and the 
fastened material or washer if used. In fact, during tightening 
almost all of the input energy is lost in overcoming the friction 
under the head, nut and threads. Just a small fraction of the 
torque is converted into the clamp load or tension.

Torque wrenches do not give a direct measurement of the 
preload in the bolt. As the torque is applied, it must overcome 
static friction under the head of the bolt and nut, depending  
on which end is being torqued, and also in the threads. 

Much of the torque applied, around 50%, is lost overcoming 
friction under the torqued bolt head and nut, and about 40%  
is lost in thread friction. Only the remaining 10% of the applied 
torque does useful work in stretching the bolt and providing  
the preload.

Friction is frequently used as a method for locking bolted 
joints. The most common examples include deformed thread  
or	nylon	insert	lock	nuts,	or	serrated/teeth/star	washers.	In	
these solutions, the principle of friction locking is based on 
increased friction in the thread or under the bolt head and nut.

However, factors such as torsion, seizing and galling may 
impact these friction based solutions in a negative way. There 
can also be problems because of increased torsion stress in  
the joint in friction based locking methods. High torsion may 
cause the fastener to yield at a lower preload than expected.  
As friction conditions are uneven, the necessary preload may  
not be reached.
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Fasteners made of stainless steel, aluminium, titanium and 
other alloys can also sustain unpredictable thread galling  
(cold	welding).	In	bolting,	thread	galling	appears	during	
fastener tightening as pressure builds up between the 
contacting and sliding thread surfaces. 

In extreme cases galling leads to seizing, which is the actual 
freezing together of the threads and bolt lock-up. Continued 
tightening may cause the fastener to be twisted off or result in 

ripped out threads.
Lubricants are 

often used to reduce 
friction and to obtain 
uniform clamp 
load. Lubricating 
the internal and 
external threads 
frequently can also 
eliminate thread 
galling. According 
to Michael Stähler, 
product manager  

at Dörken, the current trend is to have the bolt or nut coated 
with the right coating for the task it is expected to perform.  
This is mainly a coating with an integrated lubrication; a 
separate lubrication added after a coating is not preferable  
any longer as it is an additional step. Also coatings that are  
not stable against temperature can cause self-loosening of  
the joint. 

Nonetheless,	lubrication	will	significantly	reduce	or	even	
discharge the locking ability of any friction-based method. 
Lubrication should never be used in conjunction with friction 
based locking because it will counteract the locking capabilities.

Controlling the clamp load is vital, and this can be achieved 
by reducing the spread of friction. When using bolted joint 
solutions that are not based on friction for locking, lubrication 
can be used.

By	reducing	the	friction	through	lubrication,	the	preload	
control	is	increased	and	the	spread	is	significantly	lowered.	
Then the bolt’s full capacity can be used and the life cycle 
of the bolted joint is extended. A bolt that fails due to fatigue 
causes unwelcome production stoppages. 

This wedge effect prevents the bolt from rotating loose. 
The bolted joints only lose some initial preload due to normal 
settlements between the contact surfaces. Reducing thread 
friction while safely securing the joint is often considered 
impossible. However, with the tension-based wedge-locking of 
Nord-Lock this can be achieved with lubrication.

“The wedge-locking method is based on tension instead  
of friction,” says Lena Kalmykova, application engineer at  
Nord-Lock. “The most common example of the wedge-locking  

system is a pair of washers which have cams with a rise greater 
than the thread pitch of the bolt. The washer pair is installed 
cam	face	to	cam	face.	When	the	bolt/nut	is	tightened,	teeth	
grip and lock the mating surfaces, allowing movement across 
the	cam	faces	only.	Any	rotation	of	the	bolt/nut	is	blocked	by	
the wedge effect of the cams. The wedge-locking ability is not 
affected by lubrication. Moreover, by using it you can utilise 
each bolt to its full capacity.” 

Friction with a 
Nord-Lock view
Nord-Lock washers secure bolted joints with tension instead of friction. 
The washers are designed to create a wedge effect and the proof of 
this can be seen by the increase in tension during untightening.


