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Abstract: In the paper presented is the procedure for determination of the theoretical value of the tightening moment 
that represents the sum of the cutting resistance moments in threads and the friction resistance moment in the contact 
zone of the lower front surface of the nut and the shim, namely on the leaning surface of the nut. Besides the general 
equations also is given the review of expressions for the tightening moment with the screw that has the nut with the 
parallel leaning surface. Presented is as well the designed experimental device for study of the screws and nuts. 
Measured were the friction coefficient and the friction moment. 
In the experimental program we used the screw M10, M12, M14 and M16. The magnitude of the tightening force at 
beginning of the experimental program was determined according to Tochtermann. Investigation results show that the 
friction coefficients in the thread and between the nut and the learning surface are in the range 0.1 and 0.16 depending 
on the thread diameter. The choice of the optimal friction moment of screw tightening is possible to perform based on 
results obtained by realization of adequate experimental programs of this kind. 
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1. INTRODUCTION 
 
Under the concept of "friction" is understood in a wider 
sense, the process of opposing the movement of the body. 
This opposition to the movement of the body can be 
measured by deformation of the environment in which the 
body moves or during labor necessary for the movement 
realization[1,2]. 
Friction has multiple applications, and deserves special 
attention studying and analyzing in the technique[3]. One 
example is the phenomenon of friction in the threads and 
under the nut. In the theory of observed relationship of 
tightening torque between screw or its nut, and assembly 
force starts from the geometric size of the screw 
connection and the coefficient of friction in the threads 
and under the nut. 
Tightening the screws or nuts still in its assembly formed 
is resistances that grow more if tightening is higher. The 
resistance to friction is occurring in threaded screws and 
nuts and below nuts on tightening surface. 
 
2. DETERMINATION OF THE FRICTIONAL 

RESISTANCE WHICH OCCURS 
BETWEEN NUTS AND SURFACE 

 
Figure 1 shows axial cross-section of the screw and nut 
with square thread cross-section. In the case of tightening 
the nut, the tightening torque (Mt1) is the product of force 
(Fa) in the arm, measured from the key points of attack 
force (L) to the axis of the screw[4,5]. 
Tightening the nuts in the specified torque direction (Mt1) 
occur in point (c) the active force (Fh), which arises from 
the external torque (Mt1) and (Fo), which occurs along the 

screw, also known as the mounting force, which causes 
the tightening strain of the screw, and in the nut strain of 
pressure[6,7]. 
In addition to the active forces occur in the point (c) the 
reaction force (FN), which acts perpendicular to the 
surface of the thread and the friction resistance (F), 
which occurs in the plane thread touching surface, but 
opposite to the direction of sliding. 
The whole system is in force is balanced if the resultant 
active force is equal to the resultant reaction force, or 
when F’R = FR. 
From Figure l. it is evident that there is a relationship 
between the Fh and Fo. 
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Equation (1) represents the size of the torque wrench 
which overcomes the friction torque of the threaded screw 
and nut. 
This moment depends on the geometrical size of the 
screw and threads pitch (P), secondary thread diameter 
(d2), then the mounting force (Fo) that we want to 
accomplish in a screw connection and at the end, of the 
size of the friction coefficient (µ1) that exists in contact 
surfaces threading screws and nuts. 
In the metric thread profile is not square but equilateral 
triangle. Therefore, at the moment of finding the frictional 
resistance in the windings, which overcome the external 
torque (Mt1), with use of the Fig 2, result the following 
relationships: 
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Fig. 1. Tightening of nut with square cross section threads 

 
Fig.2. Tightening of the nut with metric threads 

 
 

Now can be written that is in the direction y-y 
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From the downed section of metric thread in the direction 
(y-y), the vertical load on the side profile (FND) is equal 
to: 
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The frictional resistance Fv is equal to the product of the 
vertical reaction force (FN) and the friction coefficient 
(µ1): 
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Relationship between the angle (α'/2) and angle (α/2) is 
determined from Figure 2: 
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represents derived (µ'1) friction coefficients that 
corresponding to the tan(ρ') (angle ρ' in Figure 2).  
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From Figure 2 we can establish the following 
relationship: 
 

   'tan/'tan   ohoh FFFF  
 

Moment circumferential force represents also the friction 
torque in the thread, that is: 
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Friction torque in the threads when clamping is equal to: 
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By analogy performing friction torque (Mt1) for tightening 
the nuts, performed was the friction torque for unscrewing 
the nut, bearing in mind that the frictional resistance is 
now directed opposite to the direction of sliding nuts: 
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From the equation (1) is possible to calculate the size of 
the derived coefficient of friction (µ1): 
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2.1. Analysis of the frictional resistance under 
the nut 

 

Figure 3 shows the differential of friction resistance 
(dFµ), which attacks the differential of nuts surface 

dA = ρ·dρ·dφ 

 
Fig. 3. Friction resistance differential 

 
The pressure on the nut: 
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Differential of vertical forces:  

dFN = p·dA = p·ρ·dρ·dφ 

Differential of frictional resistance: dFµ = dFN µ2 (µ2 - 
coefficient of friction at the interface of nuts and 
substrate). 
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Differential friction torque: 
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The total friction torque on the surface of the nut: 
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If the substitution: De = 2·Re and Di = 2·Ri will be: 
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From equation (9) can be calculate the size of the friction 
coefficient (µ2): 
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2.2. Determination of the coefficient of friction µ1 
and µ2 

 

Equation (7) can be written in the following form: 
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where is: A=Fo·P/(2π), B=Fo·d2/2, C=P/(π·d2) 

Equation (10) can be written in the following form: 

µ2 = E·Mt2      (12) 

Where is: 
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In order to determine the size of the coefficient of friction 
using the equation (11) and (12) it was necessary to make 
such a device which could measure the mounting force 
(Fo) versus the moment of friction (Mt1) and (Mt2) and 
total tightening torque Mt [8,9]. For the geometric size of 
screws and nuts was not difficult because they are usually 
the standard size, prescribed by JUS. 

 The device consists of the following parts, Figure 4: 
1- screw designed for testing; 2- nut screws; 3 
interchangeable pad that matches the size of the screw; 4- 
immutable pad; 5- two axial rolling bearing, type 5111; 6- 
ring clamp arm with a size of 100 mm; 7- two threaded 
studs placed on the track  6 and the carrier 19; 8- two nuts 
on the bolts 7; 9- stick (piston); 10- two annular seal; 11- 
body hydraulic devices; 12 two ring seals; 13- collar to 
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prevent rotation of the screw; 14- cylindrical fixing pin 
portion (13); 15- nut; 16-bolt clamps for clamping ring 
(6); 17- dynamometer "Tiedemann" H 685; 18- two 
screws for fixing the carrier 19; 19- dynamometer 

equipment (17); 20- threaded hole in which is screwed a 
pressure gauge; 21-bolt with nut (4 pieces) for fastening 
spring 23; 22- collar which is placed instead of the part 
(5); 23- cylindrical pin which is scheduled but unused.

 

 
 

Fig. 4. Device for experimental investigations of screws 

During study the bottom of the device was clamped with 
hand clamp.  Screw (see pos. 1) is placed under and 
through the ring 13 and bore interchangeable pad 3 and is 
tightened with nut 2. Tightening of the nut 2 is achieved 
with torque force (F). 
Through hole Ø 20 is poured liquid for hydraulic brake 
type "INA - UKA 2". When is bore with the threaded 20 
tighten manometer shore then tightening the screws 1, or 
its nut 2, causes more pressure in fluid under the rod 9 if 
is the greater tightening of the nut 2. If there was no 
friction between the rod and ring seals 12 and 10, the 
value of the assembly force to screw connection would be 
equal to the product of pressure. But how this friction is 
should not be ignored, was made prior calibration of 

hydraulic equipment to certified testing machine with 400 
kN. In order to achieve the torque of (Mn1), which 
overcomes the friction torque of the threaded nut 2 and 
screw 1 provided are two axial rolling bearings 5. Ring 
clamps 6 is tightened across the internal bearing 5 and 
have arm size of 100 mm. At the end of the arm is the pin 
7 by which is attached to a dynamometer 17, while his 
other arm attached to the carrier 19.  
Tightening the nut 2, which rests on a removable pad 3, 
cause a common rotation and the top ring of the roller 
bearing 5. Resistance under the nut does not occur 
because the nut rotates together with the upper bearing 
ring 5. However, the friction in roller bearings 5 exists 
and causes rotation of the arm clamps 6 and thereby 
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causes in the dynamometer 17 insofar (FdiN) greater force 
if the friction torque in the bearings 5 higher. Size of the 
friction torque in the thrust bearings 5 is determined by 
multiplying the force in the dynamometer arm (Fdin) and 
arm clamp (b): 

Mb. = Fdin·b 
To obtained friction torque in the threads (Mt1) only, 
necessary is from torque on the key (Mt1 + Mb.)  subtract 
the friction torque in the bearings (Mb). 

Mt1 =( Mt1+Mb.)- Mb. 

To prevent rotation of the rod 9 are two leaf springs 23 in 
the across position, so they are both attached to one end of 
the rod 9, while other end on the body device 11. The two 
leaf springs receive on themselves part of the tightening 
torque and in it appear two tension forces mutually ant 
parallel, and acting in the plane perpendicular to the axis 
of the screw. Due to the very small stiffness of leaf 
springs, and because of very little movement of rod due to 
incompressibility and liquids (as confirmed by 
measurements) to certain limits tests - 150 bar - can be 
considered to be caused by the force of the leaf springs 
practically negligible, it is shown and testing stiffness leaf 
springs 23. In order to obtain the overall tightening torque 
(Mt), it is necessary to replace the washer bearings 5 with 
ring 22 that can be attached to the removable ring 3, 
according to the size of the screws l. Because the base 
ring 22 is attached to the body 9 by pins (not shown in Fig 
4), between the nut and it appears frictional resistance 
when turning the nut 2. Tightening the nut 2, arises 
overall tightening torque (Mt), which can be read on the 
torque wrench that includes friction torque on nut (Mt1) 
and friction torque below nut (Mt2): 

Mt = Mt1 + Mt2 

If for the same assembly force nuts are tightening for the 
two cases: when there are a bearing 5 below 2, and when 
there are missing, there is base ring 22, then it is possible 
to get the friction torque under the nut (Mt2) using the 
following equation: 

Mt2 = Mt - Mt1 
 

2.3. Experimental testing of screws 
 

To determine the value of the friction coefficient in 
threaded (1) it was necessary to examine the 25 screws 
dimension Ml0, M12, M14 and Ml6. For each size of screw 
was first determined the size of the assembly force (Fo max)  

according Tochtermann: 
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Where is: 

doz=v/v N/mm2     (14) 

 

v = yield strength of screw material 
for M10: v =400; for M12, M14 and M16: v =640 (N/mm2) 

v = coefficient of safety 

v = 1.4 for M10; v = 1.3 for M12 and M14 ; v = 1.2 for 
M16 
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d1 = diameter of the thread core 
d2 = pitch diameter 

Based on equations (13), (14), (15) determined are values 
of the mounting force following: 
Fo = 10400, 28700, 39800 and 59000 N,  for M10, M12, 
M14 and Ml6 respectively. 
To measure the value of torque (Mt) used was torque 
wrench for a range up to 200 Nm, specially calibrated 
using weights from 20 to 500 N, which are hung at the 
end of the torque wrench (handles), whose arm was 40 
cm.  
Table l. gives the statistical analysis of the moment of 
weight (x) and read data on the comparator torque wrench 
(y). 
The values in Table 1 refer to the case where the 
constraints of the torque wrench were placed on a scale of 
200 Nm. Based on the above table determined are the 
following values: 

The mean value of the variable x: 

1.871
9

7840
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x  

The mean value of the variable y: 

2.57
9
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The slope m: 
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784011.87110384000

8.51411.871686060
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The cut-of on the y-axis: 

-1.03171.110.066848·8-57.2  xmyb . 

Equation direction will now vote: 

y = m x + b = 0.06685x - 1.031 

If instead of (y) put the number of data on the comparator 
torque wrench (N) instead of (x) tightening torque (Mt), 
we obtain the following equation for (Mt) as a function of 
the number of data (N): 
 

06685.0

031.1


N
M t , for Mt  200    (16)

 

Table 1. 
 

N x y (x- x ) (x- x )2 (y-ȳ) (y-ȳ)2 x·y x2 y2 

1 0 0 -871.1 758815.2 -57.2 3271.84 0 0 0 
2 200 13 -671.1 450375.2 -44.2 1953.63 2600 40000 169 
9 2000 133 1128.9 1274415.2 75.8 5745.64 266000 4000000 17689 
 7840 514.8 0.1 2554488.8 0 15891.46 686060 10384000 45338.02 
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On the basis of equation (16) we are able to release any 
information on the comparator get the actual value of 
tightening torque. 
 
3. FIGURES MEASURING OF THREAD 

FRICTION COEFFICIENT (µ1) 
 
Measurements were carried out for every 5 data of 
measured force starting from the 10-th to 150-th data on 
the gauge. 
Five measurements were done for every specific data. 
Here are a few values: for the tenth value of force Fo = 
5800 (N), the sixtieth value is Fo = 28700 (N), and one 
hundred and fifty value is Fo = 67300 (N). 
For example, if the determination of the coefficient of 
friction (µ1) on M10. M10 screw had to be put in the nut as 
indicated in Figure 4. 
Tightening with torque wrench (Mt1) overcome the 
friction torque in the threads i.e. moment of resistance in 
rolling bearing. Friction torque of the rolling bearings is 
measured using a dynamometer (17) on which comparator 
was read value of friction resistance force in rolling 
bearings. 
This force is multiplied by the arm clamps (6), which 
amounted to 100 (mm). Friction torque in the threads was 
determined, therefore, when the total torque on the torque 
wrench substract the friction torque in the bearing. 
A geometrical size in equation (11) gives the size of the 
coefficient of friction in the threads (µ1). 
 

3.1. The values of the nut coefficient of friction 
(µ2) 

 

Instead of rolling bearings was placed washer (22). When 
tightening the wheel nuts on the specified mounting force 
(Fo), which was measured on the pressure gauge devices, 
achieve tightening torque (Mtotal), which in itself includes 
friction torque in the threads, either the friction torque 
under the nut. To get just the size of the friction torque 
under the nut is required from the total torque read on the 
pressure gauge key (Mt total), subtract friction torque in the 
thread (Mt1): 

Mt2=Mt total-Mt1 

Substituting size (Mt2), Fo, and other geometrical sizes (De 
and Di) in equation (12) gives the size of the friction 
coefficient under the nut (µ2). 
All values of friction coefficient (µ1) and (µ2) for all 25 
screws, for each size of screws were analyzed by 
statistical method and the mean values and standard 
deviations were determined [10]. 
The test results gave the following values of the 
coefficient of friction: 

µ1 = 0.1058 for M10 x 120 mm;    
µ1 = 0.1266 for M12 x 120 mm; 
µ1 = 0.1241 for M14 x 135 mm;    
µ1 = 0.1561 for M16 x 140 mm; 

µ2 = 0.1036 for M10 x 120 mm;    
µ2 = 0.1145 for M12 x 120 mm; 
µ2 = 0.1106 for M14 x 135 mm;    
µ2 = 0.1067 for M16 x 140 mm; 

4. CONCLUSION 
 
In this work, the theoretical value of torque (Mt), based on 
the sum of the friction resistant torque in the thread (Mt1) 
and friction torque under the nut (Mt2) are determined, 
which is expressed by equations (7) and (8). 
In addition to the derived equations provides an overview 
of the equation for the tightening torque (Mt) of the screw 
which has a nut that has a flat glue surfaces. 
Meter of mounting force value on a hydraulic device on 
which the part of the experimental work was  carried out 
it is possible to perform error up to 1% since it is a device 
calibrated to the certified testing machine. 
The device allows testing of screws to a maximum 
diameter of 20 mm, what quite, cover the busiest area of 
the screw which is applied in mechanical engineering. On 
the device can be tested screws and other threads different 
than the metric. In addition, the device can be use for 
testing impacts of various washers’ materials with 
different surface roughness, and study their effect on 
friction at the screw tightening. 
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