
Shaft misalignment

Shaft misalignment is the result of displacement during 
assembly and operation and, where machines const-
ructed with two radial bearings each are rigidly coupled, 
will cause high loads being placed on the bearings. Elastic 
deformation of base frame, foundation and machine 
housing will lead to shaft misalignment which cannot be 
prevented, even by precise alignment. 

Furthermore, because individual components of the drive 
train heat up differently during operation, heat expansion 
of the machine housings causes shaft misalignment. 
Poorly aligned drives are often the cause of seal, rolling 
bearing or coupling failure. Alignment should be carried 
out by specialist personnel in accordance with operating 
instructions. 

TECHNICAL INFORMATION

Depending on the direction of the effective shaft misalignment a distinction is made between:

Single-joint couplings 

Couplings with flexible elements mainly made of elas-
tomer materials. Shaft misalignment results in deforma-
tion of the elastomer elements. The elastomer elements 
can absorb shaft misalignment as deformations in an axial, 
radial and angular direction. The degree of permissible 
misalignment depends on the coupling size, the speed and 
the type of elastomer element. 
Single-joint couplings do not require an adapter and are 
therefore short versions.

Example:
In the case of a RUPEX RWN 198 coupling with an outer 
diameter of 198 mm and a speed of 1500 rpm, the permitted 
radial misalignment is ΔKr = 0.3 mm.
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Couplings can be categorized into one of the following groups:

Axial misalignment Radial misalignment Angular  misalignment

Two-joint couplings

Two-joint couplings are always designed with an adapter. 
The two joint levels are able to absorb axial and angular 
misalignment. Radial misalignment occurs via the gap 
between the two joint levels and the angular displace-
ment of the joint levels. The permitted angular misalign-
ment per joint level is frequently about 0.5°. The permitted 
shaft misalignment of the coupling can be adjusted via 
the length of the adapter. If there are more than two 
joint levels, it is not possible to define the position of the 
coupling parts relative to the axis of rotation. (The less 
frequently used parallel-crank couplings are an exception).

Example:
N-ARPEX ARN-6 NEN 217-6 with a shaft distance of 
140 mm with a permitted radial misalignment of 
ΔKr = 2.2 mm (angle per joint level 1.0°). 

E/8

FLENDER STANDARD COUPLINGS | INTRODUCTION

E E

4 4

5 5

6 6

7 7

8 8

9 9

10 10

11 11

12 12

13 13

A A



Balancing

Balance quality levels
The so-called quality level G to DIN ISO 21940 indicates 
a range of permitted residual imbalance from zero up to 
an upper limit. Applications can be grouped on the basis 
of similarity analysis. For many applications a coupling 
balance quality of G 16 is sufficient. On drives susceptible 
to vibration the balance quality should be G 6.3. Only in 
special cases is a better balance quality required.

Balancing standard in accordance with DIN ISO 21940-32
Besides the required balance quality, it is necessary to set 
standards which define how the mass of the parallel key is 
to be taken into consideration when balancing. In the past, 
motor rotors have frequently been balanced in accordance 
with the full parallel key standard. The "appropriate" 
balance condition of the coupling hub was described 
as "balancing with open keyway" or "balancing after 
key seating". Today it is usual for the motor rotor, as well as 
the gear unit and driven machine shaft, to be balanced in 
accordance with the half parallel key standard.

Full parallel key standard 

The parallel key is inserted in the shaft keyway, then 
balancing is carried out. The coupling hub must be 
balanced without parallel key after keyseating. 

Marking of shaft and hub with "F" (for "full").

Half parallel key standard 

The balancing standard normally applied today. Before 
balancing, a half parallel key is inserted in the shaft and 
another in the coupling hub. Alternatively, balancing can be 
carried out before cutting the keyway. 

The balanced parts must be marked with an "H". This 
marking can be dispensed with if it is absolutely clear 
which parallel key standard has been applied.

No parallel key standard 

Balancing of shaft and coupling hub after keyseating, but 
without parallel key. Not used in practice. Marking of shaft 
and hub with "N" (for "no"). 
The length of the parallel key is determined by the shaft 
keyway. Coupling hubs may be designed considerably 
shorter than the shaft. 

To prevent imbalance forces caused by projecting parallel 
key factors when balancing in accordance with the half 
parallel key standard in the case of applications with high 
balancing quality requirements, grooved spacer rings can 
be fitted or stepped parallel keys used.

Flender Balancing Standard

The balancing quality level, together with the operating 
speed, results in the maximum permissible eccentri-
city of the center of gravity of the coupling or the coupling 
subassembly. In the Flender article number the balancing 
quality can be preset with the help of the order code. Addi-
tionally, also the balance quality level to DIN ISO 21940 can 
be preset together with the operating speed belonging to it, 
which then be taken as priority.

eperm = 9550⋅―

ecoupl ≤ eperm

G
n

Permitted eccentricity of center of gravity eperm in µm 
Eccentricity of center of gravity of coupling ecoupl in µm 
Balancing quality level G in mm/s 
Coupling speed n in rpm

Eccentricity of center of 
gravity of coupling ecoupl

Flender  
balancing quality

Order code 

maximum 100 μm standard balancing without specification
maximum 40 μm fine balancing W02
maximum 16 μm micro-balancing W03
better than 16 μm special balancing on request
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TECHNICAL INFORMATION
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Coupling speed in rpm

On request

Micro-balancing

Fine balancing

Standard balancing

Example:
Coupling speed = 1450 rpm
required balancing quality level G 6.3

eperm = 9550⋅― = 9550⋅― µmG 6.3
n 1450

Thus, the required eccentricity of center of gravity is 
41.5 μm. The fine balancing with a maximum eccentricity of 
center of gravity of 40 mm fulfills this requirement; there-
fore, the order code W02 has to be specified when orde-
ring.

For many applications the following balancing quality 
recommendation applies:

Coupling standard balancing fine balancing
ν = DA ⋅ n/19100

short version with LG ≤ 3 × DA ν ≤ 30 m/s ν > 30 m/s
long version with LG > 3 × DA ν ≤ 15 m/s ν > 15 m/s

Peripheral speed ν in mm/s 
Coupling outer diameter DA in mm 
Coupling speed n in rpm 

Coupling length LG in mm

The following standards on balancing must be observed:

• couplings are balanced in subassemblies.
• hub parts without finished bore are unbalanced.
• the number of balancing levels (one- or two-level 

 balancing) is specified by Flender.
• without special specification balancing is done in ac-

cordance with the half-parallel-key standard. Balancing 
in accordance with the full-parallel-key standard must 
be specified in the order number.

• For FLUDEX couplings special balancing standards spe-
cified in Section 13 apply.

• ARPEX couplings in standard balancing quality are un-
balanced. Thanks to steel components machined all over 
and precisely guided adapters the balancing quality of 
standard balancing is nearly always adhered to.
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Shaft-hub connections

The bore and the shaft-hub connection of the coupling 
are determined by the design of the machine shaft. In the 
case of IEC standard motors, the shaft diameters and 
parallel key connections are specified in accordance with 
DIN EN 50347. For diesel motors, the flywheel connections 
are frequently specified in accordance with SAE J620d or 
DIN 6288. Besides the very widely used connection of shaft 
and hub with parallel keys to DIN 6885 and cylindrically 
bored hubs, couplings with Taper clamping bushes, clam-
ping sets, shrink-fit connections and splines to DIN 5480 
are common. 

The form stability of the shaft/hub connection can only be 
demonstrated when shaft dimensions and details of the 
connection are available. The coupling torques specified 
in the tables of power ratings of the coupling series do not 
apply to the shaft-hub connection unrestrictedly.

In the case of the shaft-hub connection with parallel key, 
the coupling hub must be axially secured, e.g. with a set 
screw or end washer. The parallel key must be secured 
against axial displacement in the machine shaft. 

All Flender couplings with a finished bore and parallel 
keyway are designed with a set screw. Exceptions are 
some couplings of the FLUDEX series, in which end 
washers are used. During assembly, Taper clamping 
bushes are frictionally connected to the machine shaft.
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TECHNICAL INFORMATION

Standards

Machines
2006/42/EG EC Machinery Directive 

2014/34/EU ATEX Directive – Manufacturer

1999/92/EG ATEX Directive – Operator – and ATEX Guideline to 
 Directive 1999/92/EC

DIN EN 80079-36 Non-electrical equipment for use in potentially explosi-
ve atmospheres

DIN EN 1127 Explosive atmospheres, explosion prevention and 
 protection

DIN EN 50347 General-purpose three-phase induction motors having 
standard dimensions and outputs

Couplings
DIN 740 Flexible shaft couplings Part 1 and Part 2

VDI Guideline 
2240

Shaft couplings - Systematic subdivision according to 
their properties VDI Technical Group Engineering   
Design 1971

API 610 Centrifugal Pumps for Petroleum, Chemical and  
Gas Industry Services

API 671 Special Purpose Couplings for Petroleum, Chemical  
and Gas Industry Services

ISO 10441
Petroleum, petrochemical and natural gas industries – 
Flexible couplings for mechanical power transmission-
special-purpose applications

ISO 13709 Centrifugal pumps for petroleum, petrochemical  
and natural gas industries

Balancing
DIN ISO 21940 Requirements for the balancing quality of rigid rotors

DIN ISO 21940-32
Mechanical vibrations; standard governing the type of 
parallel key during balancing of shafts and composi-
te parts

Shaft-hub connections

DIN 6885 Driver connections without taper action –  
parallel keys – keyways

SAE J620d Flywheels for industrial engines ...

DIN 6288
Reciprocating internal combustion engines  
Dimensions and requirements for flywheels and flexible 
couplings

ASME B17.1 Keys and keyseats

DIN EN 50347 General-purpose three-phase induction motors with 
standard dimensions and output data

BS 46-1:1958 Keys and keyways and taper pins Specification
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Key to symbols

Name Symbols Unit Explanation 
Torsional stiffness, dynamic CTdyn Nm/rad For calculating torsional vibration
Excitation frequency ferr Hz Excitation frequency of motor or driven machine 
Moment of inertia J kgm2 Moment of inertia of coupling sides 1 and 2 
Axial misalignment ∆Ka mm Axial misalignment of the coupling halves 
Radial misalignment ∆Kr mm Radial misalignment of the coupling halves
Angular misalignment ∆Kw ° Angular misalignment of the coupling halves
Service factor FB Factor expressing the real coupling load as a ratio of the nominal coupling load
Frequency factor FF Factor expressing the frequency dependence of the fatigue torque load

Temperature factor FT Factor taking into account the reduction in strength of flexible rubber  
materials at a higher temperature

Weight m kg Weight of the coupling
Rated speed nN rpm Coupling speed
Maximum coupling speed nKmax rpm Maximum permissible coupling speed 
Rated power PN kW Rated output on the coupling, usually the output of the driven machine 
Rated torque TN Nm Rated torque as nominal load on the coupling
Fatigue torque TW Nm Amplitude of the dynamic coupling load
Maximum torque Tmax Nm More frequently occurring maximum load, e.g. during starting
Overload torque TOL Nm Very infrequently occurring maximum load, e.g. during short circuit or blocking conditions

Rated coupling torque TKN Nm Torque which can be transmitted as static torque  
by the coupling over the period of use.

Maximum coupling torque TKmax Nm Torque which can be frequently transmitted  
(up to 25 times an hour) as maximum torque by the coupling.

Coupling overload torque TKOL Nm Torque which can very infrequently be transmitted as maximum  
torque by the coupling.

Fatigue coupling torque TKW Nm Torque amplitude which can be transmitted by the coupling as dynamic torque at a frequency 
of 10 Hz over the period of use.

Resonance factor VR Factor specifying the torque increase at resonance
Temperature Ta °C Ambient temperature of the coupling in operation
Damping coefficient Ψ psi Damping parameter
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