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Deviation on torque in industrial applications

(Abstract from French Standard NF E 25-030 reproduced by permission of AFNOR.)

Table 2

Accuracy range of torque  
tightening method

Equipment type 
Manual hand tool

 
Portable power tool Non-portable power tool

Usage limits 

D  –20% to –50% Simple shock wrenches � 50 Nm

Power tightening tools  
with positive clutch

� 50 Nm 

C  –10% to –20% Power tightening tools  
with pneumatic adjustment

� 10 Nm

Power tightening tools  
with electric adjustment

� 10 Nm

Impact wrenches with stored energy 
(torsion bar or other means)

� 10 Nm

Adjustable wrenches with angle drive � 20 Nm

Calibrated wrenches  
with simple release device

� 400 Nm

Simple air-driven tools No limits

B  –5% to –10% Hydraulic screwing tools �

Calibrated wrenches  
with release device and 
automatic resetting

� 800 Nm

Calibrated wrenches  
with dial gauge

� 2 000 Nm

Wrenches with angle drive and 
release device

� 80 Nm

Air-driven tools  
with controlled torque

No limits

Air pulsed tools No limits

A  < –5% Electric power tightening tools No limits

Electronic calibrated wrenches � 400 Nm

Dual-speed motors No limits

Servo controlled motors No limits
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Tightening with hydraulic bolt
tensioners

Description
This tightening method uses Pilgrim HYDROCAM
bolt tensioners († fig. 11).

The bolt must have an end that protrudes
above the tightening nut. Cold extension is
applied to the bolt by means of an annular
hydraulic cylinder placed around it. The bolt
undergoes an axial traction load only.

The stress-free nut is then turned
down with very little effort and does not
transmit any torque to the bolt. When the
fluid pressure is released in the tensioner,
the major part of the hydraulic load on the
tensioner is transferred into the nut, and
tightening is completed († fig. 12).

For optimum accuracy, it is recommended
to perform traction of the bolt and turning-
down of the nut twice.

In effect, the first turning-down operation
compensates for clearances, compresses the
roughness of the surfaces and sets the load
balance, while the second operation serves
primarily to obtain the required accuracy of
residual load inthe bolt.

This double turn-down operation simply
consists of repeating stages 3, 4 and 5
(† fig. 12).

When performed in a workmanlike
manner, this method represents the best
method of meeting the quality requirements
of correct tightening, as defined in the
introduction.

Pilgrim HYDROCAM bolt ten-
sioner

Fig. 11
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Operating principle of the HYDROCAM bolt tensioner
1	 The turndown socket is placed over the nut and the hydraulic tensioner grasps the bolt.
2	 The brace/retraction unit is screwed onto the protruding end of the bolt.
3	 After the hydraulic connections, the tensioner is pressurised and applies the required tractive force on the bolt.
4	 While the pressure is maintained, the nut is turned down without loading, using the socket and the tommy bar.
5	 Their pressure is released and the piston is pushed back. The tightening load is now exerted through bolt tension.
6	 The tensioner and the socket can be removed.

Fig. 12
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Tightening with hydraulic bolt tensioners

Advantages of hydraulic 
bolt-tensioning
No torsion stress
The method eliminates all �parasite� torsion 
or bending stress in the bolt († fig. 13).

Good accuracy
It is accurate because the most important 
parameter, namely the traction load, is 
perfectly controlled through the hydraulic 
pressure in the tensioner. The load does not 
depend on the various friction coefficients 
in the assembly. The only uncertainty in the 
method arises from the degree of torque 
applied when driving down the nut. However, 
this torque�s influence is, by definition, of 
secondary importance.

Through simple precautions of good 
workmanship, good uniformity can be 
obtained in the driving-down operation. In 
addition, the Fh/F0 ratio must be taken into 
account (hydraulic load/residual load after 
pressure release). This ratio is described in 
detail on († page 21). Proper understanding 
of this ratio is important, for there are means 
available to obtain an accurate ratio for each 
assembly.

Easy implementation
This method is easy to perform and requires 
no physical effort, even for very large bolts. 
Occupational hazards and physical exertion 
are significantly reduced.

Suits a wide range of bolt 
diameters
The method can be used for a very wide 
range of bolt diameters, from 5 to 500 mm !

Material Variety
Many different bolt materials, such as 
stainless steel, titanium, composite materials 
and others, can very easily be tightened with 
the hydraulic tensioning.

No damage to components
Internal stresses are controlled, and no 
friction is generated under heavy bearing 
pressure. Therefore this method protects 
the individual components of the assembly 
(† fig. 14).

Fig. 13

No damage to components
Tightening with a hydraulic bolt tensioner preserves 
the condition of the components, no matter how 
many successive tightening and untightening 
operations occur.

Fig. 14

During  tightening
FH = hydraulic tension load  ¢
sH = traction stress due hydraulic tension FH

After tightening
F0 = final tension load in the bolt  ¢
s0 = final traction stress after turning down at the nut and pressure release

Easy untightening
The untightening operation is extremely 
easy: generally the required hydraulic effort is 
approximately one percent greater than that 
required in the previous tightening phase.

Simultaneous tightening is 
possible
The HYDROCAM tensioner tightening method 
allows simultaneous tightening of several or 
all of the bolts in a given assembly.
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Technical analysis  
of bolt-tensioning

Whatever the method used to tighten a 
bolt  such as the assembly shown in fig. 18, 
the goal is in fact to apply a traction load 
to the bolt, and a compression load to the 
assembled components. In general, the bolt 
has a relatively low stiffness compared with 
that of the structural parts on which the 
compression stress is applied.

Diagram 4 shows that line D1, which 
corresponds to the bolt, has only a slight 
slope, whereas the slope for line D2 , which 
corresponds to the structure († diagram 5) 
is steep.

Tensile diagram of the boltExample of bolted assembly

Fig. 18 Diagram 4

(See diagram 14) 

F0	= tightening pre-load
dB = �elongation of the bolt under 

load F0

Lines D1 and D2 can be drawn on the
same graph, and the final tightening load F0
is shown by the intersection of the two lines
(† diagram 6).

Naturally, the tension in the bolt has the
same value but exactly the opposite sign as
the compression of the structure († fig. 19).

The elongation of the bolt is dB and the
compression of the structure is dS.

As soon as external traction load FE is applied
to the assembly, the tension in the bolt is not
increased by FE but only by F1 because the

compression of the structure is reduced by 
F2, this gives († fig. 20):

FE = F1 + F2

It can be seen on the graphs that not all of 
the external load is applied to the bolt, but 
only a fraction of it († diagrams 7 and 8).

Function 
of bolt 
stiffness

Load, F (bolt traction load)

A very elastic bolt

DØformation, d

A very stiff bolt Bolt 
M20 ¥ 2,5
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Technical analysis of bolt-tensioning

Compression load/deformation diagram of the structure

Diagram 5 Diagram 6

Fig. 19

Bolted joint tightened to a pre-load F0

Load/deformation diagram of a bolted joint

Bolted joint with tightened pre-load F0 and external traction load FE

Fig. 20

F1	= �increase of tension load applied to the 
bolt

F2	= �reduction of compression load applied to 
the structure

FE	= �F1 + F2 = �external traction load on the 
assembly

F0 + F1	= traction load on the bolt
F0 � F2	 = �compression load between 

assembled parts

F0	= tightening pre-load
dS	= compression of the structure

F0	= tightening pre-load
dB	= bolt elongation
dS	= compression of the structure 

Strain, d

Load, F

Strain, d

Load, F (compression on the structure)

Function of 
the structure 
stifness

Bolt StructureBolt Structure
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