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DISCLAIMER
Names, descriptions and numbers of engines, vehicles, products, manufacturers, etc. are mentioned solely for the purpose of 
comparison. The parts contained in the catalogue are spare parts for the applications listed.

IMPORTANT INSTRUCTIONS

All information in this catalogue is non-binding. We can accept 
no responsibility for its correctness and completeness. We 
always welcome feedback about any errors in the catalogue, and 
will correct them in future editions.

We reserve the right to change the product specifications, 
materials, the appearance and the scope of supply of our 
products at any time. The figures in the catalogue are therefore 
non-binding.

Before the installation, always check whether the purchased 
product is suitable for the intended purpose. Please note that the 
products offered in the catalogue are not intended for use in 
aircraft and spacecraft.

The installation must also always be carried out by qualified 
personnel. Illustrations, schematic diagrams and other data are 
provided for the purpose of explanation and depiction, and 
cannot be taken as the basis for installation.

Reprinting, imitation and reproduction of this catalogue in whole 
or in part is permitted only with our written consent and with 
reference to the source.

On publication of this catalogue, all previous versions become 
invalid.

CERTIFICATIONS

Motorservice has a quality management system certified 
according to ISO 9001 and a certified environmental manage-
ment system in accordance with ISO 14001. 
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MOTORSERVICE GROUP
QUALITY AND SERVICE FROM A SINGLE SOURCE
The Motorservice Group is the sales organisation for the global aftermarket activities of Rheinmetall. It is a leading supplier of engine 
components for the independent aftermarket. With the premium brands Kolbenschmidt, Pierburg, TRW Engine Components and the BF 
brand, Motorservice offers its customers a wide and comprehensive range of top-quality products from a single source. Motorservice is 
also a sales partner for maintenance-free and low-maintenance KS PERMAGLIDE® plain bearings and other components for industry 
and technical trade.

KS GLEITLAGER
Within Rheinmetall, KS Gleitlager GmbH is the specialist for high-precision sliding elements. The introduction of new technologies in 
production and surface finishing, innovative developments and a clear customer focus have made KS Gleitlager into one of the world's 
leading suppliers of engine bearings and dry plain bearings (KS Permaglide®).

RHEINMETALL
TECHNOLOGIES FOR THE MOBILITY OF THE FUTURE
As a global automotive supplier, Rheinmetall’s expertise in air supply systems, emission control and pumps and in the development, manufac-
ture and spare parts supply of pistons, engine blocks and plain bearings puts it right at the top of the relevant markets. Product development is 
carried out in close cooperation with well-known automotive manufacturers.
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SALES SUPPORT AND TECHNICAL CUSTOMER SERVICE
• Expert advice for order and delivery processing
•  Online catalogue with calculation tool, CAD drawings and 3D views
•  Product catalogues and product information – on request as personalised version 

with your address and logo
• Sales promotion: trade fair presentations, product samples, promotional items 

and give-aways
• Always stay up to date with our newsletter and website: www.permaglide.com
• Individual advice, calculations and plain bearing design
• Special designs according to your  requirements

OUR EXPERIENCE IS YOUR GAIN
• Over 30 years of expertise in the  manufacture of KS Permaglide® plain bearings
• Top quality standards of the German  automotive industry
• Practical test rigs according to your requirements
• Material and process development

LOGISTICS PERFORMANCE
• High availability and warehouse storage
• Quick order processing and  commissioning

COMPREHENSIVE TECHNICAL SERVICE

CONSISTENTLY HIGH QUALITY

HIGH AVAILABILITY AND WAREHOUSE STORAGE

1 MOTORSERVICE – YOUR PREMIUM SUPPLIER

KS PERMAGLIDE® PLAIN 
BEARINGS – TO ENSURE 
THAT EVERYTHING RUNS 
SMOOTHLY.

1 MOTORSERVICE – YOUR PREMIUM SUPPLIER



* On request
** Discontinued 

Characteristics
Properties

Unit P180 P14** P147* P10, P11

Lead-free – yes yes yes no

pvmax. MPa · m/s 2.2 1.6 1.4 1.8

pmax.stat. MPa 250 250 250 250

pmax.dyn. MPa 56 at v = 0.035 m/s 56 at v ≤ 0.029 m/s 56 at v = 0.025 m/s 56 at v ≤ 0.032 m/s

vmax. m/s 2 at p ≤ 1.10 MPa 1 at p ≤ 1.60 MPa 0.8 at p ≤ 1.75 MPa 2 at p ≤ 0.90 MPa

T °C -200 to +280 -200 to +280 -200 to +280 -200 to +280

KS PERMAGLIDE® P1 PLAIN BEARINGS

• Maintenance-free
• Suitable for dry running

KS PERMAGLIDE® P1 MATERIALS

2 MATERIAL OVERVIEW

Standard material P10

• Contains lead
• Very low stick-slip tendency
• Little wear
• Good chemical resistance
• Low friction value
• No tendency to fuse with metal
• Largely resistant to swelling
• Does not absorb water

Standard material P11

• Contains lead
• Improved corrosion resistance
• Very good thermal conductivity and 

therefore greater operational safety
• Anti-magnetic
• All other properties as P10 

Standard material P14**

• Lead-free
• Compliant with Directive 2011/65/EU 

(RoHS II)
• Very low stick-slip tendency
• Little wear
• Low friction value
• No tendency to fuse with metal
• Largely resistant to swelling

Special material P147*

• Lead-free
• Compliant with Directive 2011/65/EU 

(RoHS II)
• Very good corrosion resistance
• All other properties similar to P14

NEW  Standard material P180

• Lead-free
• Compliant with Directive 2011/65/EU 

(RoHS II)
• Very low stick-slip tendency
• Extremely resilient, especially with 

edge wear 
• Low and constant friction value
• Very good wear resistance in dry 

running and wet running
• Can be used universally:  

suitable for rotary, oscillating and 
axial applications

• Excellent chemical resistance
• High resistance to erosion
• Largely resistant to swelling
• Compatible with all common 

dry-running steel shafts
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PAP P14**, PAP P147* PAF P14**, PAF P147* PAW P14**, PAW P147* PAS P14**, PAS P147*

PAP P180 PAF P180 PAW P180

PAP P11 PAF P11 PAW P11 PAS P11

PAS P180

PAP P10 PAF P10 PAW P10 PAS P10

2 MATERIAL OVERVIEW

MODELS KS PERMAGLIDE® P1

PAP bushes PAF flange bushes PAW thrust washers PAS strips

* On request
** Discontinued 



KS PERMAGLIDE® P2 MATERIALS

KS PERMAGLIDE® P2 PLAIN BEARINGS

• Low-maintenance
• For grease or liquid-lubricated applications

Special material P202*

• Lead-free
• Compliant with Directive 2011/65/EU 

(RoHS II)
• Smooth sliding surface, with machin-

ing allowance
• All other properties similar to P200

Special material P203*

• Lead-free
• Compliant with Directive 2011/65/EU 

(RoHS II)
• Smooth sliding surface, ready to 

install
• All other properties similar to P200

Characteristics
Properties

Unit P200, P202*, P203* P20**, P22*, P23*

Lead-free – yes no

pvmax. MPa · m/s 3.3 3

pmax.stat. MPa 250 250

pmax.dyn. MPa 70 at v ≤ 0.047 m/s 70 at v ≤ 0.042 m/s

vmax. m/s 3.3 at p ≤ 1.00 MPa 3 at p ≤ 1.00 MPa

T °C -40 to +110 -40 to +110

* On request 
** Discontinued 

Standard material P20**

• Contains lead
• With oil distributing pockets, ready 

to install
• Lifetime lubrication possible
• Low wear
• Low sensitivity to edge loading
• Good damping characteristics
• Insensitive to impact loads
• Good chemical resistance

Special material P22*

• Contains lead
• Smooth sliding surface, with machin-

ing allowance
• All other properties as P20

Special material P23*

• Contains lead
• Smooth sliding surface, ready to 

install
• All other properties as P20

Standard material P200

• Lead-free
• Compliant with Directive 2011/65/EU 

(RoHS II)
• With oil distributing pockets, ready 

to install
• Lifetime lubrication
• Low wear
• Very good emergency running prop-

erties
• Insensitive to edge and impact loads
• Good damping characteristics
• Good chemical resistance
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PAP P200, PAP P202*, PAP P203*
PAP P20**, PAP P22*, PAP P23*

PAW P200, PAW P202*, PAW P203*
PAW P20**, PAW P22*, PAW P23*

PAS P200, PAS P202*, PAS P203*
PAS P20**, PAS P22*, PAS P23*

2 MATERIAL OVERVIEW

MODELS KS PERMAGLIDE® P2

PAP bushes PAW thrust washers PAS strips

* On request
** Discontinued 



3 DESCRIPTIONS AND UNITS

Unless otherwise expressly noted in the text, the descriptions, 
units and meaning of the values used in this catalogue are as 
 follows.

Symbol Unit Meaning

B mm Liner length, total strip width

B1 mm Usable strip width

Ci mm Inside bevel of bush (bevelled edge)

Co mm Outside bevel of bush

DFL mm Flange diameter

Di mm Inside diameter of bush
Inside diameter of thrust washer

DiE mm Bush inside diameter in pressed-in state

DO mm Outside diameter of bush
Outside diameter of thrust washer

dch mm Diameter of test holder (adjusting mandrel)

dG mm Diameter of housing bore

dH mm Inside diameter of auxiliary ring

dK mm Diameter of calibrating mandrel

dL mm Oil hole diameter

dW mm Shaft diameter

d1 mm Diameter of mounting hole in thrust washer

dGa mm Diameter of housing recess for thrust washer

F N Bearing stress, press-in force

Fch N Test force

FE N Press-in force per mm of liner length

Ftotal N Total press-in force

fG mm Chamfer width on housing

fA – Load type correction factor

fL – Linear movement correction factor

fp – Load correction factor

fR – Roughness depth correction factor

f T – Temperature correction factor

f v – Sliding speed correction factor

f W – Material correction factor

Symbol Unit Meaning

H mm Stroke on linear movement

Y mm Pitch circle diameter of thrust washer

L mm Strip length

LN h Nominal service life

m g Weight

n rpm Engine speed

nosc rpm Oscillating frequency of oscillating movement

p MPa Specific bearing stress

pv MPa · 
m/s

pv value, product from specific bearing stress 
and sliding speed

R, r mm Radius

Rz, Ra µm Roughness depth

s1 mm Thickness of steel or bronze back

s3 mm Wall thickness of bush

sFL mm Flange thickness

T °C Temperature

tGa mm Depth of housing recess

v m/s Sliding speed

x mm Measuring line distance

z mm Distance between test holder halves

αBz K –1 Thermal expansion coefficient of bronze

αSt K –1 Thermal expansion coefficient of steel

Δs mm Theoretical bearing clearance

Δz mm Measured value in test holder

λBz W(mK)–1 Coeff. of thermal conductivity, bronze

λSt W(mK)–1 Coeff. of thermal conductivity, steel

µ – Coefficient of friction

τS N/mm2 Shear strength

φ ° Swivel angle
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3 DESIGNATIONS AND UNITS

Plain bearings are used to absorb and convey forces between 
components that move relative to one another. They determine 
the position of the moved components in relation to one 
another and ensure accuracy of the movement. Plain bearings 
must satisfy many requirements. They must be capable of 
tolerating high mechanical loads to the greatest possible 
extent, while suffering only minimal wear throughout their 
service life. They must also withstand high sliding speeds and 
be insensitive to disturbances from the bearing environment. 
Fig. 1 shows just how complex a tribolo gical system can be, at 
the centre of which a plain bearing is working.

Fig. 1: Tribological system

Ambient conditions
• Temperature, medium, dirt
Stress
• Amount and load type (static, dynamic)
• Load time (constant, with intervals), circumferential load, 

concentrated load
Interacting sliding part
• Material, hardness, surface roughness, thermal  conductivity
Relative movement
• Rotating, oscillating, linear
• Sliding speed, duration of movement
Intermediate material
• Solid lubricant, grease, liquid, viscosity,
• Ageing resistance
Base body
• Material, hardness, surface roughness, wear resistance, 

limp-home capability, 
• Chemical resistance

In terms of the operating mode, we distinguish between three 
different functional systems:
• Dry-running, maintenance-free plain bearings
• Grease-lubricated, low-maintenance plain bearings
• Hydrodynamically operated plain  bearings

Plain bearings that work on the principles of hydrodynamics 
can satisfy the various requirements comparatively well. In this 
way, oil-lubricated plain bearings in particular can be designed 
for optimum, reliable operation with the aid of modern 
calculation methods. Low-maintenance plain bearings are 
generally lubricated with grease. The quantity of grease 
applied during installation is normally sufficient for the entire 
service life. If a grease-lubricated plain bearing is used in 
difficult conditions, subsequent lubri cation is recommended. 
Correctly timed relubricating intervals can considerably 
lengthen the service life. 

Due to the many influencing factors,  however, calculating the 
expected service life of grease-lubricated plain bearings is 
fraught with uncertainty and can only be used as a guide.
But in many cases, lubrication using oil or grease is not possible 
or not permitted. In cases like this, maintenance-free, dry-run-
ning plain bearings are employed. Here, too, calculating the 
service life is not sufficiently precise. The common practice of 
calculating service life using simple methods and taking into 
account influencing factors (such as specific load, sliding speed, 
temperature, etc.) can provide only approximate standard values. 
It is therefore recommended to verify the design and layout of 
both maintenance-free, dry-running plain bearings and low-main-
tenance ones through field-oriented tests. 

The sections that follow discuss the special functional models 
of maintenance-free and low-maintenance plain bearings.

Influences in a tribological system

01 Intermediate material
02 Stress
03  Interacting sliding part

04 Relative movement
05 Base body
06 Ambient conditions
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Fig. 2: P1 layer system
01 Solid lubricant
02 Bronze sliding layer
03 Bearing back

Materials in the P1 group consist of a steel or bronze back, a sintered sliding layer of 
special bronze with a layer thickness of 0.2 mm to 0.35 mm and a solid lubricant 
mass. The bronze sliding layer is sintered in such a way as to achieve a porosity 
volume of approx. 30 %. A solid lubricant mixture – usually PTFE with bulking agents 
– is rolled in and sintered through the gaps in the porous sliding layer. The solid 
lubricant mixture completely fills the cavities and forms a running-in layer up to 
0.03 mm thick above the bronze sliding layer (Fig. 2).

Fig. 3: Wear curve of P1 plain bearing (schematic) /1/

Fig. 4: Condition of sliding surface in the 
initial state

The P1 material group includes the materials P10, P11, P14, P147 and P180. P10 and 
P11 contain lead in the bronze sliding layer and the lubricant mass. P14, P147 and P180 
are unleaded.

4.1 INTRODUCTION MATERIAL P1

Initial state
The cavities in the bronze sliding layer 
are completely filled with solid lubricant, 
and the running-in layer above the 
bronze sliding layer is still in perfect 
condition (Fig. 4).

01 Initial condition
02 End of run-in
03 During service life

04 End of service life
05 Maximum permissible wear

Maintenance-free, dry-running P1 plain bearings go through four phases during their 
overall service life (Fig.  3).

4.1.1 GENERAL

4.1.2 MATERIAL COMPOSITION

4.1.3 FUNCTION DESCRIPTION

W
ea

r

Running-in phase
TimeDurability
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Fig. 5: Condition of sliding surface at end 
of the run-in

Fig. 7: Oscillation characteristic of friction value and temperature
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Fig. 6: Material transfer
01 Initial condition
02 End of run-in

Run-in
As the sliding movement commences, parts of the running-in layer are transferred to the 
moving interacting sliding partner (Fig. 6). During this process, a sealed film of solid 
lubricant forms on the interacting sliding partner, which considerably reduces the 
friction. This run-in causes material to be removed from the sliding layer of the bearing 
amounting to between 0.005 mm and 0.030 mm. The condition of the sliding surface at 
the end of the running-in period can be seen in Fig. 5.

Continuous operation
Once the run-in is complete, the plain bearing commences its actual useful life. This is 
determined by the load collective and ambient conditions, but also by the ratio of the 
bronze sliding layer volume to the solid lubricant volume. During the period of opera-
tion, new solid lubricant is constantly entering the contact zone, replacing the used bits 
of solid lubricant. This process is triggered, above all, by the different coefficients of 
thermal expansion of the bronze sliding layer and the solid lubricant (ratio approx. 
1 : 5.5). When the sliding layer heats up due to the friction work in the contact zone, the 
solid lubricant expands to a greater extent, lubricating the interacting sliding partner. 
This lowers the friction value and the bearing temperature. When the lubricant is used 
up, a new cycle commences. A typical curve is shown in Fig. 7. The condition of the 
sliding surface at the end of the service life can be seen in Fig. 8.

End of service life
The solid lubricant in the plain bearing system is only available to a limited extent 
(determined by the pore volume of the porous, sintered bronze sliding layer). If the 
lubricant volume is used up due to a longer period of use, the friction value rises and 
wear intensity increases. In most cases, this also causes the permitted wear limit to be 
exceeded. In P1 plain bearings, this is normally > 0.05 mm. At high sliding speeds, in 
particular, this may also result in overheating of the bearing and shaft seizure. The 
condition of the sliding surface at the end of the service life can be seen in Fig. 9.

Fig. 8: Condition of the sliding surface 
during service life

Fig. 9: Condition of sliding surface at end 
of service life



P10, P11

0,03 m/s < v ≤ 2 m/s

0,1 MPa < p ≤ 56 MPa

P14

0,03 m/s < v ≤ 1 m/s

0,1 MPa < p ≤ 56 MPa

P147

0,03 m/s < v ≤ 0,8 m/s

0,1 MPa < p ≤ 56 MPa

P180

0,03 m/s < v ≤ 2 m/s

0,1 MPa < p ≤ 56 MPa

0,001 0,01 0,1 1 10

140

1000

100

10

1,6
1

0,1

Specific bearing stress
At the maximum permitted specific bearing stress and the 
respective maximum permitted sliding speed, the following 
threshold values apply to a maintenance-free, dry-running P1 
plain bearing:

Maximum specific bearing stress p[MPa] Sliding speed v [m/s]

P10, P11 P14  P147 P180

Static 250 MPa – –

Concentrated load at rest, uniform movement 140 MPa
160 Mpa

≤ 0.013 m/s ≤ 0.011 m/s ≤ 0.010 m/s  
≤ 0.013 m/s 

Concentrated load at rest, rotating, oscillating 56 MPa ≤ 0.032 m/s ≤ 0.029 m/s ≤ 0.025 m/s ≤ 0.035 m/s

Concentrated load, circumferential load, increasing, 
rotating, oscillating

28 MPa ≤ 0.064 m/s ≤ 0.057 m/s ≤ 0.050 m/s ≤ 0.070 m/s

Tab. 1: Threshold values of specific bearing stress

Service life and operational safety are determined by many 
different influences, which also interact with one another. The 
most important influencing factors and limit values are explained 
below.

Maximum permitted pv value
The pv value is the product of specific bearing stress p [MPa] and 
sliding speed v [m/s]. These two variables interact with one 
another. Fig. 10 shows the maximum permitted pv value for P1 
plain bearings in the form of a limit curve. If the specific bearing 
stress and sliding speed lie within this limit curve, it is basically 
safe to assume that the P1 plain bearing is suitable for use.

Here, the limit curve indicates that at the respective specific 
bearing stress pmax. [MPa] and associated sliding speed v [m/s], 
thermal equilibrium is reached during operation, i.e. the plain 
bearing system still works reliably and safely. If the load or 
sliding speed increases beyond the limit curve, there is no 
thermal equilibrium. The wear intensity and temperature 
increase, and the plain bearing may fail within a short time.

Fig. 10: pv value [MPa · m/s], limit curve (values apply at room 
temperature)

Sliding speed v [m/s]
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4.1.4 LIMIT VALUES AND INFLUENCING FACTORS
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Sliding speed
For maintenance-free, leaded P1 plain bearings, the sliding 
speed v during dry running is limited to max. 2 m/s. For unleaded 
P1 plain bearings, the maximum sliding speed vmax. is 1 m/s for 
P14, 0.8 m/s for P147 and 2 m/s for P180. In a plain bearing 
assembly, the sliding speed is understood as the relative speed 
in m/s between the bearing and the shaft. It is of paramount 
importance in a tribological system, and in combination with the 
specific bearing stress is a determining factor for the area of 

Friction, bearing stress, sliding speed
These three variables interact with one another. This relationship 
tends to manifest as follows:

application of a plain bearing assembly. See also Fig. 10: pv 
value limit curve. A high sliding speed exerts a particular 
influence on bearing wear. The long sliding distance during the 
operating period gives rise to correspondingly high wear. 
However, the bearing temperature is also dependent upon the 
sliding speed. If the tribological system no longer enjoys a state 
of thermal equilibrium as the result of an excessive sliding 
speed, the permitted stress limit is exceeded.

Friction and interacting sliding parts (material and surface)
The operational safety and service life of a maintenance-free 
bearing position depend not only on the load collective, but also 
on the material and surface of the interacting sliding part. The 
materials of the interacting sliding parts may exert a considerab-
le influence on the wear properties and thus the service life of a 
maintenance-free, dry-running P1 plain bearing. It is basically 
advantageous in terms of service life to employ interacting 
sliding parts with a hardened sliding surface, or one featuring 
a special coating. This is particularly the case under higher 
stresses or at higher sliding speeds.

The surface roughness of the interacting sliding part is also 
extremely important in respect of the reliability and service life of 
the tribological pairing. The most favourable friction conditions 
are achieved with a surface roughness of Rz 0.8 to Rz 1.5. If the 
surface is excessively smooth, insufficient solid lubricant is depo-
sited on the interacting sliding part. Adhesion repeatedly occurs 
during the sliding movement, resulting in stick-slip effects, 
squeaking noises and problems during operation.

If the surface of the interacting sliding part is too rough, on the 
other hand, the available solid lubricant in the plain bearing is no 
longer adequate for producing a sealed film of lubricant on the 
interacting sliding part. The consequence is abrasion, together 
with increased friction, a rise in temperature and increased wear.

Tab. 2: Friction coefficient (all values apply at 20 °C, interacting sliding surface steel, roughness depth Rz 0.8 to Rz 1.5)

Specific bearing stress
p [MPa]

Sliding speed
v [m/s]

Coefficient of friction
μ [1]

140 up to 250 high up to 0.001 low 0.03 low

140 up to 60 0.001 up to 0.005 0.04 up to 0.07

60 up to 10 0.005 up to 0.05 0.07 up to 0.1

10 up to 1 0.050 up to 0.5 0.10 up to 0.15

up to 1 low 0.500 up to 2 high 0.15 up to 0.25 high
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Fig. 11: PTFE shear strength τS versus temperature
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Friction and temperature (ambient temperature)
The operating temperature range within which a mainte-
nance-free plain bearing system works is important for operation-
al safety and service life. This is particularly the case because the 
mechanical properties of the solid lubricant so vital to the 
performance of a plain bearing change with variations in 
temperature. Thus, the friction value is slightly lower at an 
operating temperature of approx. 100 °C than at room tempera-
ture. If the operating temperature rises much over 100 °C, this 
effect is reversed. The friction value rises and can be up to 50 % 
greater than the value at room temperature. This causes a change 
in the bearing temperature, and consequently the mechanical 
properties of the solid lubricant. The element of solid lubricant 
important for friction is the polymer PTFE. The shear strength of 
PTFE, above all, is responsible for forming and maintaining the 
lubricating film on the interacting sliding part. However, the 
shear strength of PTFE is temperature-dependent (Fig. 11).  
If the operating temperature rises, the shear strength diminishes 
proportionately. /2/

If the shear stress occurring in the contact zone due to the friction 
process is greater than the shear strength of PTFE, the lubricating 
film in the contact zone shears off, which can lead to rapid 
failure.

Sliding movement and load type
The load type – concentrated or circumferential – is also a factor 
in combination with rotating or swivelling motion. Concentrated 
load is the result of a moving shaft and stationary housing and 
bearing bush. With circumferential load, the housing and bearing 
bush move around the stationary shaft or axle. Rotating or swivel-
ling movements under uniform stress principally produce wear, 
whereby the wear rate for bearing positions with circumferential 
load can be much lower than for bearing positions subject to 
concentrated load. If the bearing position is subject to high-fre-
quency load changes or vibrations, this effect can be intensified 
by material fatigue.

Where movements are linear, the bearing generally slides against 
a longer area of the interacting sliding part. This causes more 
friction heat to be dissipated via the interacting sliding part. 
Therefore, higher sliding speeds are possible here than with 
rotating or swivelling movements.

Hydrodynamic operation
P1 plain bearings may also run under hydrodynamic conditions.
Motorservice offers the relevant calculations as a service.
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The material in P2 plain bearings consists of a steel back, a 
0.2 mm to 0.35 mm thick bronze compound layer and a thermo-
plastic resin with bulking agents as a sliding layer. The resin 
sliding layer is embedded in the cavities (pore volume~50 %) of 
the bronze compound layer, and forms a sliding surface 0.08 mm 
to 0.2 mm thick above the compound layer, depending on the 
intended purpose.

Low-maintenance P2 plain bearings are generally used in 
applications with lifetime lubrication. For this purpose, the oil 
distributing pockets in the sliding surface are completely filled 
with lubricant (grease) during assembly.

Run-in
At the beginning of the sliding movement, the grease in the 
sliding surface is transferred onto the interacting sliding partner 
(shaft). The two sliding surfaces are therefore separated by a thin 
layer of lubricant. The friction value decreases during the sliding 
movement, assuming values of between 0.02 and 0.15.  
The sliding surfaces of the bearing and interacting sliding part 
simultaneously adapt accordingly, i.e. unevenness in the 
material is worked off. This rubbed off material is largely 
deposited in the oil distributing pockets, and is initially no longer 
relevant to wear.

Fig. 12: P2 layer system
01 Sliding layer
02 Compound layer
03 Bearing back

Continuous operation
Due to the design of the oil distributing pockets (in conformity 
with DIN ISO 3547), sufficient lubricant is available for the 
expected period of operation. The friction value and tempera-
ture remain virtually constant for a longer period. The wear rate 
is minimal. This applies to low to medium strain. At higher 
stress or in difficult operating conditions, however, regular 
relubrication of the bearing position is recommended. Correctly 
timed relubricating intervals reduce the wear rate and increase 
oper ational safety and service life accordingly.

Fig. 13: Wear curve of P2 plain bearing (schematic)
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Relubricating interval 250 h

Relubricating interval 500 h

4.2.2 FUNCTION DESCRIPTION

4.2.1 MATERIAL COMPOSITION

Two different sliding layer compositions exist within the P2 
material group:
• P20, P22, P23 with lead
• P200, P202, P203 unleaded
The thickness and contours of the sliding layer may also vary. 
Details on this subject can be found in the material data sheets 
of this catalogue.

4.2 INTRODUCTION MATERIAL P2
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The service life and reliability of a low-maintenance plain bearing 
assembly are influenced not only by operating and ambient 
conditions, but also the lubricating conditions (grease, oil). As a 
rule, several influencing factors occur simultaneously and are 
also interdependent. The most important influencing factors and 
limit values are explained below.

Maximum permitted pv value
The pv value is the product of the specific bearing stress p[MPa] 
and the sliding speed v [m/s]. These two variables interact with 
one another. Fig. 14 shows the maximum permitted pv value for 
grease-lubricated P2 plain bearings in the form of a limit curve. 
If the specific bearing stress and sliding speed lie within this 
limit curve, it is basically safe to assume that the P2 plain bearing 
is suitable for use.

The limit curve indicates that at the respective specific bearing 
stress p [MPa] and associated sliding speed v [m/s], thermal 
equilibrium is reached during operation, i.e. the plain bearing 
system still works reliably and safely. If the stress or sliding 
speed increases beyond the limit curve, no thermal equilibrium 
can be reached. The wear intensity and temperature increase 
and the bearing may fail within a short time. P2 plain bearings 
must be lubricated. Depending on the lubricant, service life 
may be lengthened. The limit curve shown here applies to 
lithium-soap grease, mineral oil-based grease and a tempera-
ture of 20 °C. 

Fig. 14: pv values, limit curves for P20, P200*, grease-lubricated at 
20 °C

End of service life
After a longer period of operation and corresponding depth of 
wear, the lubricant volume of plain bearing applications with 
lifetime lubrication is used up. The type of lubricating grease and 
ambient conditions may also adversely affect the performance of 
the lubricant (ageing). Consequently, the friction value, bearing 
temperature and wear all rise disproportionately. The bearing 
overheats and fails. Similar behaviour can also be expected in 
bearing assemblies requiring relubrication. Relubrication may 

Range of application of  
service life calculation:

4.2.3 LIMIT VALUES AND INFLUENCING FACTORS

considerably extend the service life of the bearing position, but 
even here, the depth of wear drastically reduces the capacity of 
the oil distributing pockets. Sufficient lubricant can no longer be 
deposited. The effect is worsened by rubbed off material, which 
enters the oil distributing pockets and further limits their volume. 
Failure symptoms similar to those of lifetime lubricated plain 
bearings then occur.
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* On request

Specific bearing stress
At the maximum permitted specific bearing stress and the 
respective maximum permitted sliding speed, the following 
threshold values apply to a low-maintenance P2 plain bearing:

Sliding speed
For low-maintenance, plumbiferous P2 plain bearings, the 
maximum permitted sliding speed v with grease lubrication is 
limited to 3.0 m/s. For the low-maintenance unleaded P2 plain 
bearings, the maximum permissible sliding speed is 3.3 m/s. In 
this case, the sliding speed refers to a relative speed between a 
bearing and interacting sliding part. It is of paramount impor-
tance in a tribological system, and in combination with the 
specific bearing stress p is a determining factor for the area of 
application of a plain bearing. A high sliding speed exerts a 
particular influence on bearing wear. The long sliding distance 
during the operating period gives rise to correspondingly high 
wear. If the sliding speed rises above the permitted value, the 
plain bearing system is no longer in a state of thermal equilibri-
um. Operational problems and even failure can arise.

Grease lubrication
The service life of a P2 plain bearing is also influenced by the 
type of grease used. The friction value, load carrying capacity 
and permitted operating temperature, in particular, are 
dependent upon the lubricating grease. Ageing resistance is 
also  n important factor for problem-free function. Types of 
grease that are basically suitable are:
Grundsätzlich geeignete Fette sind:
• Lithium-soap grease (ageing-resistant)
• Barium-soap grease (good adhesion)
• Aluminium-soap grease (good wettability)

Correctly timed relubricating intervals extend service life and 
improve operational safety (Fig. 13).

Maximum specific bearing stress p[MPa] Sliding speed v [m/s]

P20, P22*, P23* P200, P202*, P203*

Static 250 MPa – –

Concentrated load at rest, uniform movement 140 MPa ≤ 0.021 m/s ≤ 0.024 m/s

Concentrated load at rest, rotating, oscillating 70 MPa ≤ 0.043 m/s ≤ 0.047 m/s

Concentrated load, circumferential load, increasing, 
rotating, oscillating

35 MPa ≤ 0.086 m/s ≤ 0.094 m/s

Load limit (Fig. 14) 1.0 MPa max. 3.0 m/s max. 3.3 m/s

Tab. 3:  Threshold values of spec. bearing stress

Friction and interacting sliding parts (material and surface)
The operational reliability and service life of a low-maintenance 
bearing position depend not only on the load collective and 
lubricant, but also on the material and surface of the interacting 
sliding part. The materials of the interacting sliding part may 
exert a considerable influence on service life (see Tab. 27). The 
surface roughness of the interacting sliding part is also extremely 
important in respect of the reliability and service life of the 
tribological pairing. The best conditions are provided by 
roughness depths of Rz 0.8 to Rz 1.5. With larger roughness 
depths, abrasion occurs with increased wear despite the use of 
grease as a lubricant.

Temperature
P2 plain bearings are extremely insensitive to operating 
temperatures up to approx. 70 °C. If temperatures rise 
considerably above this level, however, the bearing’s perfor-
mance drops abruptly. The practical operating limit is reached 
at a temperature of 110 °C. An operating temperature of 140 °C 
is possible for brief periods, but only if bearing stress is very 
low. The thermal resistance of the lubricant used (e.g. type of 
grease) must also be taken into consideration.



Sliding movement and stress
The load type – concentrated or circum ferential – is also a 
factor in combination with rotating or swivelling motion. 
Concentrated load is the result of a moving shaft and stationary 
housing and bearing bush. With circumferential load, the 
housing and bearing bush move around the stationary shaft. 
Rotating or swivelling movements under uniform stress 
principally produce wear. If the bearing position is subject to 
high-frequency load changes or vibrations, this effect can be 
intensified by material fatigue.

Where movements are linear, the bearing generally slides 
against a longer area of the interacting sliding part. This causes 
more friction heat to be dissipated via the interacting sliding 
part. Therefore, higher sliding speeds are possible here than 
with rotating or swivelling movements.

Hydrodynamic operation
P2 plain bearings may also run under hydrodynamic conditions. 
To this aim, a sliding layer without oil distributing pockets is 
required. Plain bearings without oil distributing pockets can be 
supplied ready to install or, on request, the inside diameter of 
bearings can be machined accordingly. As calculation of 
hydrodynamic plain bearings is a complex task, Motorservice 
offers this service.
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5 MATERIAL SELECTION, MATERIAL INFORMATION

Material selection plan
Applies to dry-running and grease-lubricated plain bearings. For hydrodynamic operation, Motorservice offers calculation and material 
selection as a service.

1) P1 group bushes cannot be re-machined. Non-cutting calibration is possible, but this reduces durability (Tab. 37)
2) Applies to P20/P200 material only
* On request
** Discontinued 

Input variables

The adjacent input variables are normally set out in the specification or are 
calculated (shaft). As an initial approximation, the overall length must be 
provisionally determined as a function of the shaft in this plan.

• Bearing load
• Shaft diameter
• Speed
• Swivel angle
• Oscillating frequency
• Overall length

[MPa]
[mm]
[min–1]
[°]
[min–1]
[mm]

P1 group (maintenance-free) P2 group (low-maintenance)

Maintenance-free?
yes no

Check:max.perm.
Operating temp.[°C] –200 to +280 –40 to +110

Unleaded 
required?

yes no yes no

Improved 
corrosion 
protection

yes no yes no

Inquiry Inquiry

Calculate
(Sect. 6.1):
p [MPa]
v [m/s]

pv [MPa · m/s]

 
[ 4 ], [ 5 ]

 [ 6 ], [ 7 ],
[ 8 ], [ 9 ]

[ 10 ]

 
[ 4 ], [ 5 ]

 [ 6 ], [ 7 ],
[ 8 ], [ 9 ]

[ 10 ]

 
[ 4 ], [ 5 ]

 [ 6 ], [ 7 ],
[ 8 ], [ 9 ]

[ 10 ]

 
[ 4 ], [ 5 ]

 [ 6 ], [ 7 ],
[ 8 ], [ 9 ]

[ 10 ]

 
[ 4 ], [ 5 ]

 [ 6 ], [ 7 ],
[ 8 ], [ 9 ]

[ 10 ]

 
[ 4 ], [ 5 ]

 [ 6 ], [ 7 ],
[ 8 ], [ 9 ]

[ 10 ]

Check:
v [m/s] perm.

pv [MPa · m/s] 
perm.

≤ 0.8

≤ 1.4

≤ 2,0

≤ 2,2

≤ 2.0

≤ 1.8

≤ 2.0

≤ 1.8

≤ 3.3

≤ 3.3

≤ 3.0

≤ 3.0

Re-machine 
bearing bore after 
assembly? 
(reduce clearance)

1) 1) 1) 1)

yes no yes no

Suitable material P147* P180 P11 P10 P202* P200
  P203* P22* P20**

P23*

Available bearing 
dimensions
Section:

10.1
10.2
10.3
10.4

10.1
10.2
10.3
10.4

10.1
10.2
10.3
10.4

10.1
10.2
10.3
10.4

10.5
10.7

10.5
  10.62)

10.7

10.5
10.7

10.5
  10.62)

10.7



Overview
P180 is a lead-free high-performance material with outstanding 
tribological performance. It is designed for maintenance-free 
applications under dry-running conditions. In addition, it can be 
used in both grease- and liquid-lubricated systems. P180 is a 
further development of the tried and tested P14 material with 
improved resilience and wear resistance whether in dry or 
lubricated applications. The material can also be used in 
tribological systems that were previously only operated with 
materials containing lead, such as P10.

Material manufacture
The solid lubricant mass is produced in a specially adapted 
mixing process. In a parallel, continuous sintering operation, 
bronze powder is sintered onto the steel back as a sliding layer. 
This produces a sliding layer with a thickness from 0.2 mm to 
0.35 mm and a pore volume of approx. 30 %. Next, the cavities 
are filled with solid lubricant by means of impregnating rollers. 
This process step is controlled in such a way that a running-in 
layer of solid lubricant up to max. 0.03 mm thick is produced 
above the sliding layer. In further thermal treatments, the 
characteristic properties of the material system are adjusted, and 
the required thickness tolerances of the composite material are 
produced using controlled roller pairs.

Plain bearing production
Sliding elements in a great variety of designs are produced from 
P180 in cutting, stamping and shaping processes. Standard 
designs are: 
• Cylindrical bushes
• Flange bushes
• Thrust washers
• Strips

In a final step, plain bearings manufactured from P180 undergo 
corrosion protection treatment on the bearing back, face reliefs 
and striking faces. 
Standard version: Tin
Layer thickness: approx. 0.002 mm

Properties of P180
• Lead-free
• Compliant with Directive 2011/65/EU (RoHS II)
• Very low stick-slip tendency
• Extremely resilient, especially with edge wear 
• Low and constant friction value
• Very good wear resistance in dry running and wet running
• Universally applicable: suitable for rotary, oscillating and 

axial applications
• Excellent chemical resistance
• High resistance to erosion
• Largely resistant to swelling
• Compatible with all common dry-running steel shafts

Preferred areas of application
• Operation under dry and lubricated running conditions, 

where lead-free is required
• Rotating or oscillating movements up to a velocity of 2 m/s
• Linear movements
• Temperature range -200°C to 280°C

Hydrodynamic operation
Use in hydrodynamic conditions is possible without problems up 
to a sliding speed of 10 m/s. The material has a high resistance 
to erosion and cavitation. Motorservice offers the calculation of 
hydrodynamic operating states as a service.

NOTE
Tin is used as temporary corrosion protection and an assembly 
device.

5.1.1 P180 …  HIGHLY RESILIENT AND RESISTANT – THE SUSTAINABLE AND LEAD-FREE 
P1 MATERIAL OF THE FUTURE

The material P180 is suitable as a substitute for materials 
containing lead and in some cases can exceed their 
performance limits.

5.1 P1 PLAIN BEARINGS
NEW



22 | 23

02

03

01

5 MATERIAL SELECTION, MATERIAL INFORMATION

Material composition P180

Tab. 6: Material characteristics P180 

Characteristic values, load limit Designation Unit Value

Permissible pv value pvperm. MPa · m/s 2.2

Permitted specific bearing stress

• Static pperm. MPa 250

• Concentrated load, circumferential load at sliding speed ≤ 0.013 m/s pperm. MPa 160

• Concentrated load, circumferential load at sliding speed ≤ 0.035 m/s pperm. MPa 56

•  Concentrated load, circumferential load, increasing at a sliding speed 
of ≤ 0.070 m/s

pperm. MPa 28

Permitted sliding speed

• Dry running at p ≤ 1.10 MPa vperm. m/s 2

• Hydrodynamic operation vperm. m/s 10

Permitted temperature Tperm. °C -200 to +280

Coefficient of thermal expansion

• Steel back αSt K–1 11 · 10–6

Coefficient of thermal conductivity

• Steel back λSt W(mK)–1 40

Fig. 15: Layer system

Tab. 5: Chemical composition

Running-in layer

Components % weight

PTFE 60

BaSO4 16 

Other bulking agents 24

Sliding layer

Components % weight

Sn 9 to 11

Cu Remainder

Bearing back

Material Material information

Steel DC04

DIN EN 10130

DIN EN 10139

Tab. 4: System composition

01 Running-in layer

PTFE matrix with 
bulking agent¹)

Layer thickness [mm]: max. 0.03

02 Sliding layer

Tin bronze
Layer thickness [mm]:
Pore volume [%]:

0.11-0.26
Approx. 30

03 Bearing back

Steel
Steel thickness [mm]:
Steel hardness [HB]:

Variable
100-180

1) The pores of the sliding layer are also filled with this lubricant mass.

SUSTAINABILITY



Brief description
P14 is an unleaded special sliding material with a high tribologi-
cal performance. It is designed for maintenance-free, dry-running 
applications, particularly in areas subject to increased corrosion. 
It may also be employed in systems with liquid lubrication, 
however. The use of grease as a lubricant with P14 is only 
possible to a limited extent, and is not recommended.

Material manufacture
The solid lubricant mass is produced in a specially adapted 
mixing process. In a parallel, continuous sintering operation, 
bronze powder is sintered onto the steel back as a sliding layer. 
This produces a sliding layer with a thickness from 0.2 mm to 
0.35 mm and a pore volume of approx. 30 %. Next, the cavities 
are filled with solid lubricant by means of impregnating rollers. 
This process step is controlled in such a way that a running-in 
layer of solid lubricant up to max. 0.03 mm thick is produced 
above the sliding layer. In further thermal treatments, the 
characteristic properties of the material system are adjusted, and 
the required thickness tolerances of the composite material are 
produced using controlled roller pairs.

Plain bearing production
Sliding elements in a great variety of designs are produced from 
P14 in cutting, stamping and shaping processes. Standard 
designs are: 
• Cylindrical bushes
• Flange bushes
• Thrust washers
• Strips

In a final step, plain bearings manufactured from P14 undergo 
anti-corrosion treatment on the bearing back, face reliefs and 
striking faces. 
Standard version: Tin
Layer thickness: approx. 0.002 mm

Properties of P14
• Unleaded
• Compliant with Directive 2011/65/EU (RoHS II)
• Very low stick-slip tendency
• Low wear
• Low friction value
• No tendency to fuse with metal
• Very low tendency to swell

Preferred areas of application
•  Maintenance-free operation in dry-running conditions where 

unleaded parts are required
•  Rotating or oscillating movements up to a speed of 1 m/s
• Linear movements
• Temperature range –200 °C to 280 °C

Hydrodynamic operation
Use in hydrodynamic conditions is possible without problems up 
to a sliding speed of 3 m/s. In continuous operation above 3 m/s, 
there is a risk of flow erosion or cavitation. Motorservice offers the 
calculation of hydrodynamic operating states as a service.

NOTE
Tin is used as temporary corrosion protection and an assembly aid.

5.1.2 P14 … MAINTENANCE-FREE AND ENVIRONMENTALLY FRIENDLY

P14 cannot be used in water
(alternative: P10, P11, P147, P180)

NOTE
In comparable applications, the material P180 has proven itself.
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Material composition P14

Tab. 9: Material characteristics P14

Characteristic values, load limit Symbol Unit Value

Permitted pv value pvperm. MPa · m/s 1.6

Permitted specific bearing stress

• Static pperm. MPa 250

• Concentrated load, circumferential load at sliding speed ≤ 0.011 m/s pperm. MPa 140

 • Concentrated load, circumferential load at sliding speed ≤ 0.029 m/s pperm. MPa 56

• Concentrated load, circumferential load, increasing at sliding speed ≤ 
0.057 m/s

pperm. MPa 28

Permitted sliding speed

• Dry running at p ≤ 1.60 MPa vperm. m/s 1

• Hydrodynamic operation vperm. m/s 3

Permitted temperature Tperm. °C –200 to +280

Coefficient of thermal expansion

• Steel back αSt K–1 11 · 10–6

Coefficient of thermal conductivity

• Steel back λSt W(mK)–1 40

Fig. 16: Layer system

Tab. 8: Chemical composition

Tab. 7: System composition

1) The pores of the sliding layer are also filled with this lubricant mass.

01 Running-in layer

PTFE matrix with bulking 
agent ¹)

Layer thickness [mm]: max. 0.03

02 Sliding layer

Tin-bronze
Layer thickness [mm]:
Pore volume [%]:

0.20–0.35
approx. 30

03 Bearing back

Steel
Steel thickness [mm]:
Steel hardness [HB]:

Variable
100–180

Running-in layer

Components % weight

PTFE 62

ZnS 38

Sliding layer

Components % weight

Sn 9 to 11

Cu Remainder

Bearing back

Material Material information

Bronze DC04

DIN EN 10130

DIN EN 10139

SUSTAINABILITY



Brief description
P147 is an unleaded special sliding material with a high 
tribological perfor mance. It is designed for maintenance-free, 
dry-running applications, particularly in areas subject to 
increased corrosion. It may also be used in systems with liquid 
lubrication. The use of grease as a lubricant with P147 is only 
possible to a limited extent, and is not recommended.

Material manufacture
The solid lubricant mass is produced in a specially adapted 
mixing process. In a parallel, continuous sintering operation, 
bronze powder is sintered onto the steel back as a sliding 
layer. This produces a sliding layer with a thickness from 
0.2 mm to 0.35 mm and a pore volume of approx. 30 %. Next, 
the cavities are filled with solid lubricant by means of impreg-
nating rollers. This process step is controlled in such a way that 
a running-in layer of solid lubricant up to max. 0.03 mm thick is 
produced above the sliding layer. In further thermal treat-
ments, the characteristic properties of the material system are 
adjusted, and the required thickness tolerances of the 
composite material are produced using controlled roller pairs.

Plain bearing production
Sliding elements in a great variety of designs are produced from 
P147 in cutting, stamping and shaping processes. Standard 
designs are:
• Cylindrical bushes
• Flange bushes
• Thrust washers
• Strips

In a final step, plain bearings manufactured from P147 undergo 
special anti-corrosion treatment on the bearing back, face reliefs 
and striking faces.
Standard version: Tin 
Layer thickness: approx. 0.002 mm
•  Increased corrosion protection requirements (on request)
• Version: Zinc, transparent passivated
• Layer thickness: 0.008 mm to 0.012 mm
• Higher layer thickness available on request

Properties of P147
• Unleaded
• Compliant with Directive 2011/65/EU (RoHS II)
• Very low stick-slip tendency
• Low wear
• Good chemical resistance
• Low friction value
• No tendency to fuse with metal
• Very low tendency to swell
• Does not absorb water
• Very good corrosion resistance

Preferred areas of application
• In aggressive media ¹)

•  Outside machines and systems ¹)

•  Maintenance-free operation in dry-running conditions where 
unleaded parts are required 

•  Rotating or oscillating movements up to a speed of 0.8 m/s
• Linear movements
• Temperature range –200 °C to 280 °C

Hydrodynamic operation
Use in hydrodynamic conditions is possible without problems up 
to a sliding speed of 3 m/s. In continuous operation above 3 m/s, 
there is a risk of flow erosion or cavitation. Motorservice offers the 
calculation of hydrodynamic operating states as a service.

NOTE
Transparent passivated zinc is an especially effective anti- 
corrosion agent. An inclined mounting of the bush must be 
avoided during installation (press-in procedure) of the bearing 
bushes, as there is a risk of damaging the zinc coating.

NOTE
The material P147 is available on request.

5.1.3 P147 … MAINTENANCE-FREE AND CORROSION-RESISTANT

1)  P147 satisfies the requirements of the salt spray test to DIN 50021
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Characteristic values, load limit Symbol Unit Value

Permitted pv value pvperm. MPa · m/s 1.4

Permitted specific bearing stress

• Static pperm. MPa 250

• Concentrated load, circumferential load at sliding speed ≤ 0.010 m/s pperm. MPa 140

• Concentrated load, circumferential load at sliding speed ≤ 0.025 m/s pperm. MPa 56

•  Concentrated load, circumferential load, increasing at sliding speed 
≤ 0.050 m/s

pperm. MPa 28

Permitted sliding speed

• Dry running at p ≤ 1.75 MPa vperm. m/s 0.8

Permitted temperature Tperm. °C –200 to +280

Coefficient of thermal expansion

• Steel back αSt K–1 11*10–6

Coefficient of thermal conductivity

• Steel back λSt W(mK)–1 40

Tab. 12: Material characteristics P147

Tab. 11: Chemical composition

Fig. 17: Layer system

Material composition P147

Tab. 10: System composition

1) The pores of the sliding layer are also filled with this lubricant mass.

01 Running-in layer

PTFE matrix with bulking 
agent ¹)

Layer thickness [mm]: max. 0.03

02 Sliding layer

Tin-bronze
Layer thickness [mm]:
Pore volume [%]:

0.20–0.35
approx. 30

03 Bearing back

Steel
Steel thickness [mm]:
Steel hardness [HB]:

Variable
100–180

Running-in layer

Components % weight

PTFE 82

BaSO4 18

Sliding layer

Components % weight

Sn 9 to 11

Cu Remainder

Bearing back

Material Material information

Steel DC04

DIN EN 10130

DIN EN 10139

SUSTAINABILITY



Overview
P10 is a leaded, robust bearing material that has the highest 
levels of tribological performance. It is designed for mainte-
nance-free, dry-running applications, but can also be employed 
in systems with liquid lubrication. The use of grease as a 
lubricant with P10 is only possible to a limited extent, and is not 
recommended.

Material manufacture
The solid lubricant mass is produced in a specially adapted 
mixing process. In a parallel, continuous sintering operation, 
bronze powder is sintered onto the steel or bronze back as a 
sliding layer. This produces a sliding layer with a thickness from 
0.2 mm to 0.35 mm and a pore volume of approx. 30 %. Next, the 
cavities are filled with solid lubricant by means of impregnating 
rollers. This process step is controlled in such a way that a 
running-in layer of solid lubricant up to max. 0.03 mm thick is 
produced above the sliding layer. In further thermal treatments, 
the characteristic properties of the material system are adjusted, 
and the required thickness tolerances of the composite material 
are produced using controlled roller pairs.

Plain bearing production
Sliding elements in a great variety of designs are produced from 
P10 in cutting, stamping and shaping processes. 
Standard designs are:
• Cylindrical bushes
• Flange bushes
• Thrust washers
• Strips

In a final step, plain bearings manufactured from P10 undergo 
corrosion protection treatment on the bearing back, face reliefs 
and striking faces.
Standard version: Tin
Layer thickness: approx. 0.002 mm

Additionally, P10 plain bearings can be supplied with improved 
corrosion protection coating “Zinc, transparent passivated”, on 
request. 

NOTE
Tin is used as temporary corrosion protection and an assembly 
device.

Properties of P10
• Very low stick-slip tendency
• Little wear
• Good chemical resistance
• Low friction value
• No tendency to fuse with metal
• Largely resistant to swelling
• Does not absorb water

Preferred areas of application
• Maintenance-free operation under dry-running conditions
• Rotating or oscillating movements up to a velocity of 2 m/s
• Linear movements
• Temperature range -200°C to 280°C

Hydrodynamic operation
Use in hydrodynamic conditions is possible without problems up 
to a sliding speed of 3 m/s. In continuous operation above 3 
m/s, there is a risk of flow erosion or cavitation. Motorservice 
offers the calculation of hydrodynamic operating states as a 
service.

5.1.4 P10 … MAINTENANCE-FREE AND ROBUST

The material P10 contains lead and must not be used in 
the food sector.
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Material composition P10

01 Running-in layer

PTFE matrix with bulking 
agent ¹)

Layer thickness [mm]: max. 0.03

02 Sliding layer

Tin-lead-bronze
Layer thickness [mm]:
Pore volume [%]:

0.20–0.35
approx. 30

03 Bearing back

Steel
Steel thickness [mm]:
Steel hardness [HB]:

Variable
100–180

Tab. 13: System composition P10 Fig. 18: Layer system P10

Running-in layer

Components % weight

PTFE 44

Pb 56

Sliding layer

Components % weight

Sn 9 to 11

Pb 9 to 11

Cu Remainder

Bearing back

Material Material information

Steel DC04

DIN EN 10130

DIN EN 10139

Characteristic values, load limit Symbol Unit Value

Permitted pv value pvperm. MPa · m/s 1.8

Permitted specific bearing stress

• Static pperm. MPa 250

• Concentrated load, circumferential load at sliding speed ≤ 0.013 m/s pperm. MPa 140

•  Concentrated load, circumferential load at sliding speed ≤ 0.032 m/s pperm. MPa 56

•  Concentrated load, circumferential load, increasing at sliding speed 
≤ 0.064 m/s

pperm. MPa 28

Permitted sliding speed

• Dry running at p ≤ 0.90 MPa vperm. m/s 2

• Hydrodynamic operation vperm. m/s 3

Permitted temperature Tperm. °C –200 to +280

Coefficient of thermal expansion

• Steel back αSt K–1 11 · 10–6

Coefficient of thermal conductivity

• Steel back λSt W(mK)–1 40

Tab. 15: Material characteristics P10

Tab. 14: Chemical composition P10

1) The pores of the sliding layer are also filled with this lubricant mass.



Overview
P11 is a leaded, robust bearing material that has the highest 
levels of tribological performance. It is designed for mainte-
nance-free, dry-running applications, but can also be employed 
in systems with liquid lubrication. The use of grease as a 
lubricant with P11 is only possible to a limited extent, and is not 
recommended.

Material manufacture
The solid lubricant mass is produced in a specially adapted 
mixing process. In a parallel, continuous sintering operation, 
bronze powder is sintered onto the steel or bronze back as a 
sliding layer. This produces a sliding layer with a thickness from 
0.2 mm to 0.35 mm and a pore volume of approx. 30 %. Next, the 
cavities are filled with solid lubricant by means of impregnating 
rollers. This process step is controlled in such a way that a 
running-in layer of solid lubricant up to max. 0.03 mm thick is 
produced above the sliding layer. In further thermal treatments, 
the characteristic properties of the material system are adjusted, 
and the required thickness tolerances of the composite material 
are produced using controlled roller pairs.

Plain bearing production
Sliding elements in a great variety of designs are produced from 
P11 in cutting, stamping and shaping processes. 
Standard designs are:
• Cylindrical bushes
• Flange bushes
• Thrust washers
• Strips

NOTE
P11 does not require any additional corrosion protection.

Preferred areas of application
•  Maintenance-free operation under dry-running conditions
•  Rotating or oscillating movements up to a velocity of 2 m/s
• Linear movements
• Temperature range –200°C to 280°C

Properties of P11
Material P11 is recommended for more stringent requirements in 
terms of corrosion resistance or for use in aggressive media. It 
has some advantages over P10 in this respect:
•  Very good thermal conductivity and therefore greater 

operational safety
• Anti-magnetic

Hydrodynamic operation
Use in hydrodynamic conditions is possible without problems up 
to a sliding speed of 3 m/s. In continuous operation above 3 
m/s, there is a risk of flow erosion or cavitation. Motorservice 
offers the calculation of hydrodynamic operating states as a 
service.

5.1.5 P11 … MAINTENANCE-FREE AND ROBUST

The material P11 contains lead and must not be used in 
the food sector.
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Material composition P11

Tab. 16: System composition P11

Tab. 17: Chemical composition P11

Characteristic values, load limit Symbol Unit Value

Permitted pv value pvperm. MPa · m/s 1.8

Permitted specific bearing stress

• Static pperm. MPa 250

• Dynamic pperm. MPa 140

•  Concentrated load, circumferential load at sliding speed ≤ 0.013 m/s pperm. MPa 140

•  Concentrated load, circumferential load at sliding speed ≤ 0.032 m/s pperm. MPa 56

•  Concentrated load, circumferential load, increasing at a sliding speed 
of ≤ 0.064 m/s

pperm. MPa 28

Permitted speed

• Dry running at p ≤ 0.90 MPa vperm. m/s 2

• Hydrodynamic operation vperm. m/s 3

Permitted temperature Tperm. °C –200 to +280

Coefficient of thermal expansion

• Bronze back αBz K–1 17 · 10–6

Coefficient of thermal conductivity

• Bronze back λBz W(mK)–1 ≤ 70

Tab. 18: Material characteristics P11

Fig. 19: Layer system P11

01 Running-in layer

PTFE matrix with bulking 
agent ¹)

Layer thickness [mm]: max. 0.03

02 Sliding layer

Tin-lead-bronze
Layer thickness [mm]:
Pore volume [%]:

0.20–0.35
approx. 30

03 Bearing back

Steel
Steel thickness [mm]:
Steel hardness [HB]:

Variable
80–160

Running-in layer

Components % weight

PTFE 44

Pb 56

Sliding layer

Components % weight

Sn 9 to 11

Cu Remainder

Bearing back

Material Material information

Bronze CuSn 6

DIN 17662



Brief description
P200, P202 and P203 are unleaded, environmentally friendly 
sliding materials with a very high performance. Thanks to 
a special combination of bulking agents, high wear resistance is 
achieved with simultaneously very good dry-running behaviour. 
They are therefore ideally suited to low-maintenance grease or 
liquid-lubricated applications subject to more stringent 
requirements. The standard P200 version features oil distribu-
ting pockets to DIN ISO 3547 in the sliding surface and a 
pre-finished wall thickness. The P202 versions (smooth sliding 
surface, suitable for remachining) and P203 (smooth sliding 
surface, ready to install) are also available on request.

Material manufacture
The bronze compound layer is sintered onto a prepared steel 
surface (strip) in a continuous sintering process in such a way as 
to produce a pore volume of around 50 % at a layer thickness of 
approx. 0.3 mm. Next, the sliding layer is applied in powder form 
and rolled into the cavities in the compound layer under a high 
temperature. The result is a sliding layer thickness of approx. 
0.08 mm or approx. 0.2 mm above the compound layer, depen-
ding on the intended purpose. At the same time, the oil distribu-
ting pockets are produced, if required. A further rolling calibrati-
on process ensures the necessary thickness tolerance of the 
composite.

Material Versions

Ready to install Oil distributing 
pockets

Machining 
allowance

P200 • •

P202 •

P203 •

Tab. 19: Material versions P202 and P203 available on request

Plain bearing production
Sliding elements in a great variety of designs are produced from 
the composite material in cutting, stamping and shaping 
processes. Standard designs are:
• Cylindrical bushes
• Thrust washers
• Strips

Plain bearings manufactured from P200, P202 or P203 undergo 
corrosion protection treatment on the bearing back, face reliefs 
and striking faces.
Standard version: Tin
Layer thickness [mm]: approx. 0.002

Additionally, the plain bearings can be supplied with improved 
corrosion protection coating “Zinc, transparent passivated”, on 
request.

NOTE
Tin is used as temporary corrosion protection and an assembly aid.

Characteristics
• Lifetime lubrication
• Low wear 
• Very good dry-running properties
• Insensitive to edge loading and impacts
• Good damping characteristics
• Good chemical resistance
• Unleaded 
• Compliant with Directive 2011/65/EU (RoHS II)

Preferred areas of application
• Food sector
• Special requirements for environmental protection
• Low-maintenance operating with lubrication, more stringent 

requirements
• Rotating and oscillating movements up to a sliding speed of 3.3 m/s
• Linear movements up to 6 m/s
• Temperature range –40 °C to 110 °C

P202 and P203 feature smooth sliding surfaces and can be used 
under hydro dynamic conditions. P202 is suitable for remachin-
ing. Motorservice offers the calculation of hydrodynamic 
operating states as a service.

NOTE
Materials P202 and P203 are available on request.

Fig. 20: P200 – Plain bearings with oil distributing pocket and 
oil hole

5.2.1 P200, P202, P203 … LOW-MAINTENANCE, UNIVERSAL

5.2 P2 PLAIN BEARINGS
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Tab. 22: Material characteristics P200, P202, P203

Characteristic values, load limit Symbol Unit Value

Permitted pv value pvperm. MPa · m/s 3.3

Permitted specific bearing stress

• Static pperm. MPa 250

• Concentrated load, circumferential load at sliding speed ≤ 0.024 m/s pperm. MPa 140

• Concentrated load, circumferential load at sliding speed ≤ 0.047 m/s pperm. MPa 70

•  Concentrated load, circumferential load, increasing at sliding speed 
≤ 0.094 m/s

pperm. MPa 35

Permitted sliding speed

• Grease-lubricated, rotating, oscillating vperm. m/s 3.3

• Grease-lubricated, linear vperm. m/s 6

• Hydrodynamic operation vperm. m/s 6

Permitted temperature Tperm. °C –40 to +110

Coefficient of thermal expansion

• Steel back αSt K–1 11*10–6

Coefficient of thermal conductivity

• Steel back λSt W(mK)–1 40

Sliding layer

Components % weight

PTFE 9 to 12

Wear and friction- 
reducing bulking 
agents

22 to 26

PVDF Remainder

Intermediate layer

Components % weight

Sn 9 to 11

P max. 0.05

sonstige max. 0.05

Cu Remainder

Bearing back

Material Material information

Stahl DC04

DIN EN 10130

DIN EN 10139

Tab. 21: Chemical composition

Fig. 21: Layer system

Material composition P200, P202, P203

Tab. 20: System composition

01 Sliding layer

PVDF matrix with 
bulking agents¹)

Layer thickness [mm]: 0.08–0.20

02 Intermediate layer

Tin-bronze
Layer thickness [mm]:
Pore volume [%]:

0.20–0.35
approx. 50

03 Bearing back

Steel
Steel thickness [mm]:
Steel hardness [HB]:

Variable
100–180

1) The cavities of the intermediate sliding layer are also filled with this mass.

SUSTAINABILITY



Brief description
P20, P22 and P23 are leaded standard sliding materials with a 
high performance. They are designed for low-maintenance 
grease or liquid-lubricated applications. The standard P20 
version features oil distributing pockets to DIN ISO 3547 in the 
sliding surface and a pre-finished wall thickness. The P22 
versions (smooth sliding surface, suitable for remachining) and 
P23 (smooth sliding surface, ready to install) are also available 
on request.

Material manufacture
The bronze compound layer is sintered onto a prepared steel 
surface (strip) in a continuous sintering process in such a way as 
to produce a pore volume of around 50 % at a layer thickness of 
approx. 0.3 mm. Next, the sliding layer is applied in powder form 
and rolled into the cavities in the compound layer under a high 
temperature. The result is a sliding layer thickness of approx. 
0.08 mm or approx. 0.2 mm above the compound layer, depend-
ing on the intended purpose. At the same time, the oil distribut-
ing pockets are produced, if required. A further rolling calibration 
process ensures the necessary thickness tolerance of the 
composite.

Material Versions

Ready to install Oil distributing 
pockets

Machining 
allowance

P20 • •

P22 •

P23 •

Tab. 23:  Material versions P22 and P23 available on request

Plain bearing production
Sliding elements in a great variety of designs are produced from 
the composite material in cutting, stamping and shaping 
processes. Standard designs are:
• Cylindrical bushes
• Thrust washers
• Strips

Plain bearings manufactured from P20, P22 or P23 undergo 
corrosion protection treatment on the bearing back, face reliefs 
and striking faces.
Standard version: Tin
Layer thickness [mm]: approx. 0.002

NOTE
Tin is used as temporary corrosion protection and an assembly aid.

Characteristics
• Lifetime lubrication possible
• Low wear 
• Low sensitivity to edge loading
• Good damping characteristics
• Insensitive to impact loads
•  Good chemical resistance

Preferred areas of application
• Low-maintenance operation with lubrication
• Rotating and oscillating movements up to a speed of 3 m/s
• Linear movements up to 6 m/s
• Temperature range –40 °C to 110 °C

P22 and P23 feature smooth sliding surfaces and can be used 
under hydrodynamic conditions. The bearing bore of P22 is 
suitable for remachining. Motorservice offers the calculation of 
hydrodynamic operating states as a service.

NOTE
Materials P22 and P23 are available on request.

NOTE
In comparable applications, the material P200 has proven itself.

5.2.2 P20, P22, P23 … LOW-MAINTENANCE STANDARD SOLUTIONS

The materials P20, P22 and P23 contain lead and must 
not be used in the food sector.

Fig. 22: P20 plain bearing with oil  distributing pockets and oil hole
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Tab. 26: Material characteristics P20, P22, P23

Characteristic values, load limit Symbol Unit Value

Permitted pv value pvperm. MPa · m/s 3

Permitted specific bearing stress

• Static pperm. MPa 250

• Concentrated load, circumferential load at sliding speed ≤ 0.021 m/s pperm. MPa 140

•  Concentrated load, circumferential load at sliding speed ≤ 0.043 m/s pperm. MPa 70

•  Concentrated load, circumferential load, increasing at sliding speed 
≤ 0.086 m/s

pperm. MPa 35

Permitted sliding speed

• Grease-lubricated, rotating, oscillating vperm. m/s 3

• Grease-lubricated, linear vperm. m/s 6

• Hydrodynamic operation vperm. m/s 6

Permitted temperature Tperm. °C –40 to +110

Coefficient of thermal expansion

• Steel back αSt K–1 11*10–6

Coefficient of thermal conductivity

• Steel back λSt W(mK)–1 40

Tab. 25: Chemical composition

1) The cavities of the intermediate sliding layer are also filled with this mass.

Fig. 23: Layer system

Material composition P20, P22, P23

Tab. 24: System composition

01 Running-in layer

PVDF matrix with bulking 
agents¹)

Layer thickness [mm]: 0.08–0.20

02 Intermediate layer

Tin-bronze
Layer thickness [mm]:
Pore volume [%]:

0.20–0.35
approx. 50

03 Bearing back

Steel
Steel thickness [mm]:
Steel hardness [HB]:

Variable
100–180

Running-in layer

Components % weight

PVDF 51

PTFE 8

Pb 41

Intermediate layer

Components % weight

Sn 9 to 11

Cu Remainder

Bearing back

Material Material information

Steel DC04

DIN EN 10130

DIN EN 10139



Based on the above information about the influences on the service life and operational safety of KS Permaglide® plain bearings, 
the equations below can be used to achieve an estimate of the expected service life.

[ 1 ] Movement: rotating, oscillating

[ 2 ] Movement: linear

[ 3 ] Movement: rotating, oscillating

Movement: linear

The calculation of the nominal service life during linear move-
ment under lubrication is not particularly useful due to influences 
which cannot be precisely recorded (e.g. soiling, ageing of 
lubricant etc.). Motorservice offers an advisory service here, 
based on practical experience.

[ 4 ] Specific bearing stress, bush

[ 5 ] Specific bearing stress, thrust washer

[ 6 ] Sliding speed, bush rotating

[ 7 ] Sliding speed, thrust washer, rotating

6.1 SERVICE LIFE CALCULATION FORMULAE

Nominal service life LN for maintenance-free P1 plain bearings

Nominal service life LN for low-maintenance, grease-lubricated 
P2 plain bearings

6 NOMINAL SERVICE LIFE CALCULATION

LN =
400

fA · fp · fv · fT · fW · fR [ h ]
(pv)1.2

LN =
400

fA · fp · fv · fT · fW · fR · fL [ h ]
(pv)1.2

p =
F

[MPa]
Di · B

p =
4 · F

[MPa]
(Do

2–Di
2) · π

v =
Di · Π · n

[m/s]
60 · 103

v =
Do · Π · n

[m/s]
60 · 103

LN =
2000

fA · fp · fv · fT · fw · fR [ h ]
(pv)1.5
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φ

A
B

6 NOMINAL SERVICE LIFE CALCULATION

pvperm. for    P10, P11      ….. ≤ 1.8 MPa · m/s
      P14  ….. ≤ 1.6 MPa · m/s
      P147  ….. ≤ 1.4 MPa · m/s
      P180 ….. ≤2,2 MPa · m/s
      P20  ….. ≤ 3.0 MPa · m/s
      P200 ….. ≤ 3.3 MPa · m/s

Correction factors P1 P2

fp = specific bearing stress Fig. 25 Fig. 29

f T = temperature Fig. 26 Fig. 30

fv = sliding speed Fig. 27 Fig. 31

fR = roughness depth Fig. 28 Fig. 32

fA = load type Fig. 33 Fig. 33

f W = material Tab. 27 Tab. 27

fL = linear movement [ 11 ] Fig. 34 –

[ 8 ] Sliding speed, bush, oscillating

[ 9 ] Sliding speed, thrust washer, oscillating

[ 10 ] Calculation of pv value

φ

A
B

Fig. 24: Swivel angle φ
The oscillating frequency nosc is the number of movements from A 
to B per minute.

v =
Di · Π

·
2φ · nosc

[m/s]
60 · 103 360°

v =
Do · Π

·
2φ · nosc

[m/s]
60 · 103 360°

pv = p [MPa] · v [m/s] [MPa · m/s]
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Correction factors for P10, P11, P14**,  P147* and P180
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Fig. 25: Correction factor load fp

Fig. 26: Correction factor temperature f T

Operating temperature T [°C]

Specific bearing stress p [MPa]

* On request
** Discontinued 
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6 NOMINAL SERVICE LIFE CALCULATION

Correction factors for P10, P11, P14**,  P147* and P180

Fig. 28: Correction factor roughness depth fR
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Fig. 27: Correction factor sliding speed fv

Roughness depth of interacting sliding part Rz [µm]

Sliding speed v [m/s]

* On request
** Discontinued 
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Correction factors for P20**, P22*, P23* and P200, P202*, P203*

Fig. 30: Correction factor temperature f T
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Fig. 29: Correction factor load fp

Specific bearing stress p [MPa]

* On request
** Discontinued 
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6 NOMINAL SERVICE LIFE CALCULATION

Fig. 31: Correction factor sliding speed fv
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Roughness depth of interacting sliding part Rz [µm]

Fig. 32: Correction factor roughness depth fR

Sliding speed v [m/s]

Correction factors for P20**, P22*, P23* and P200, P202*, P203*

* On request
** Discontinued 



0201

Hmax
= 2,5 x B

B

Fig. 34: Linear movement, stroke Hmax. 

B = Liner length [mm]
H = Stroke [mm]

fL = 0.65
B

[ 1 ]
H + B

[ 11 ] Calculating the correction factor linear movement fL:

Correction factor interacting sliding part materialLoad type correction factor

No. (see Fig. 32) Load type fA

01 Concentrated load 1

02 Circumferential load 2

– Axial load 1

– Linear movement 1

Tab. 27: Correction factor material f W 
(with roughness depth Rz 0.8 to Rz 1.5)

Material of interacting sliding surface f W

Steel 1

Nitrided steel 1

Corrosion-resistant steel 2

Hard chrome-plated steel (min. layer thickness 0.013 mm) 2

Galvanised steel (min. layer thickness 0.013 mm) 0.2

Phosphated steel (min. layer thickness 0.013 mm) 0.2

Grey cast iron Rz 2 1

Anodised aluminium 0.4

Hard anodised aluminium
(hardness 450 +50 HV; 0.025 mm thick)

2

Copper-based alloys 0.1 to 0.4

Nickel 0.2Fig. 33:  Correction factor stress fA

Linear movement correction factor

F

F

n

n
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Operating conditions Influence on service life Reason

Dry running; Sometimes interrupted Lengthens service life The bearing position occasionally has time to cool down. This has a 
positive effect on expected service life.

Alternate dry running, running in 
water

Shortens service life Hydrodynamic conditions can only be achieved to a limited extent in 
water. This and the changeover to dry running increases wear.

Continuous operation in liquid 
lubricants

Greatly lengthens service life Here, mixed friction or hydrodynamic conditions predominate. The 
lubricant conveys the frictional heat out of the contact zone. In the 
hydrodynamic state, the plain bearing runs practically without wear.

Continuous operation in lubrica-
ting grease 
(materials KS Permaglide® P1)

Reduces or lengthens service life Solid additives such as MoS2 or ZnS encourage the formation of 
paste and can shorten service life. Nominal service life can be 
increased through design measures (bore/grooves in the run-out 
zone) and through regular relubrication (section 7, “Lubrication”).

Special operating conditions
Special operating conditions can both lengthen and shorten the 
calculated service life. The impact of such influences can often 
only be estimated. Tab. 25 shows some typical values based on 
experience.

Evaluating calculated service life
As already discussed in the section Basics, the calculation of the 
service life of P1/P2 plain bearings is still subject to uncertainty. 
It depends on the many influencing factors and their interactions 
on the one hand, and influences such as corrosion, lubricant 
ageing, chemical reactions and soiling on the expected service 
life are also impossible to calculate exactly.

NOTE
The calculated service life can therefore only be a rough guide.  
We recommend verifying the use of KS Permaglide® plain 
bearings through field-oriented tests.

Tab. 28: Special operating conditions



In addition to the wear factors of bearing stress, sliding speed, 
temperature, shaft material and shaft surface, plain bearings 
are subject to further stresses arising from the operating 
conditions, which may have considerable impact on reliability 
and service life.

Tribochemical reaction, corrosion
KS Permaglide® plain bearings are basically resistant to water 
(except P14), alcohol, glycol and many mineral oils. However, 
some media have an aggressive effect on the composite, 
particularly the bronze parts. This risk mainly comes into play at 
operating temperatures in excess of 100 °C. This can have 
adverse effects on function.

The P1 material group is not resistant to acidic media (PH < 3) and 
alkaline media (pH > 12). Oxidising acids and gases such as free 
halides, ammonia or hydrogen sulphide damage the bronze back 
of P11.

If corrosion would pose a risk to the sliding surface of the 
interacting sliding part (shaft), the following materials are 
recommended:
• Corrosion-resistant steel
• Hard chrome-plated steel
• Hard anodised aluminium

These corrosion-resistant materials also lower the wear rate.

Tendency to swell
In the presence of certain media and at operating temperatures > 
100 °C, the running-in layer (solid lubricant) of leaded materials 
of the P1 material group can swell. Depending on the medium, 
the wall thickness of the plain bearing may increase by up to 
0.03 mm.

Remedy: 
• Increase bearing clearance
• Use lead-free plain bearings made of P14/P147/P180.  

Here, the tendency to swell is much lower, at < 0.01 mm.

Please note that P14 should only be used at sliding speeds of up 
to 1 m/s and P147 up to sliding speeds of 0.8 m/s.

Electrochemical contact corrosion
Local elements may form under unfavourable conditions, 
reducing operational reliability.

Remedy: 
Select appropriate material combination.

Micro sliding movements
If very small sliding distances take place during swivelling or 
linear movements, a film of lubricant is unable to form on P1 
bearings. Consequently, after the run-in, metal contact zones are 
produced between the bronze sliding layer and the surface of the 
shaft. This results in increased wear, with a risk of shaft seizure.

Remedy: 
Lubricate the bearing position. Please note the following section, 
“Lubrication”.

Lubrication
In certain applications, it may be necessary to provide grease or 
oil lubrication for the contact surface between the P1 plain 
bearing and the interacting sliding part. This may result in 
considerable deviations from the expected service life. The use 
of grease or oil can both lengthen and shorten service life. 
(Tab. 28: Special operating conditions). Firstly, service life is 
shortened by the transfer of solid lubricant during the run-in. 
Secondly, the presence of grease or oil gives rise to the 
formation of a so-called paste. This paste consists of an 
accumulation of grease or smaller quantities of oil together with 
material removed from the contact zone. This paste deposits 
itself on the run-out zone in the direction of rotation, hampering 
the dissipation of heat. Some of the paste is carried back into 
the contact zone, where it encourages wear. Solid lubricants 
with zinc sulphide or molybdenum disulphide additives 
increase the tendency towards paste formation. In cases where 
lubrication of P1 plain bearings with grease cannot be avoided, 
the following steps can be taken to counter paste formation:
• Regular relubrication (e.g. with lithium-soap grease)
• Insert bores or grooves in the run-out zone, so that the 

paste can deposit itself there.

Fig. 35: Damage due to the action of chemicals

7 TYPICAL PLAIN BEARING DAMAGE
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ATTENTION
Bores or grooves reduce the cross sectional area of the bush wall. 
If they amount to >10 %, this must be taken into account in the 
calculation (reliable fit, pressfit).

P2 plain bearings must be lubricated. For suitable grease types, 
see section 4.2 “Low-maintenance KS Permaglide® P2 plain 
bearings”, “Grease lubrication”.

Cavitation, erosion
KS Permaglide® plain bearings can run in hydrodynamic condi-
tions.

Advantage:
• Higher sliding speeds are possible than with dry running or 

grease lubrication.
• Virtually wear-free operation, as above the transition speed 

the two sliding surfaces are separated by the lubricating 
fluid. Conditions of pure liquid friction prevail.

• Plain bearings have a self-lubricating effect during mixed 
friction (below transition speed).

Despite this, the sliding surface of the plain bearing can suffer 
particular damage under hydrodynamic conditions, caused 
above all by cavitation and erosion.

Cavitation and erosion mostly occur simultaneously. These dama-
ge symptoms are particularly evident at a high sliding speed.

Remedy:
• Lower the sliding speed (if possible)
• Use a different lubricant (viscosity, load carrying capacity in 

relation to temperature)
• Avoid flow disruptions in the lubricating gap provoked by oil 

grooves, oil bores, oil pockets, etc.).

Motorservice offers the calculation of hydrodynamically operated 
KS Permaglide® plain bearings as aservice.

Cavitation damage
Cavitation damage is local destruction of the sliding surface due 
to pressure. In plain bearings that run hydrodynamically, vapour 
bubbles may be produced in the fast moving lubricating film as 
the result of a drop in pressure. When pressure increases in the 
fluid, the vapour bubbles break down. The released energy 
aggressively attacks the sliding surface and hollows out the 
sliding material in places.

Erosion damage
Erosion is mechanical damage to the sliding surface due to the 
rinsing action of a liquid, which may also contain solid particles. 
The distribution of pressure in the lubricating film of a hydrody-
namic bearing assembly is disturbed by turbulence and narro-
wing of the cross section, resulting in mechanical damage to the 
sliding surface.

Fig. 37: Damage due to erosion in the running-in layer of a P1 plain 
bearing

Fig. 36: Local damage caused by cavitation



Damaged caused by dirt
If dirt particles enter the contact zone between the bearing and 
the shaft, the sliding surface of the bearing is damaged by 
abrasion with scoring. This has negative effects on service life 
and operational safety.

Remedy:
• Seal the bearing
• Place a filter upstream if using liquid lubrication

Damage due to installation errors
The sliding surface may be damaged when the plain bearing 
bush is being press fit. In addition, seizures frequently occur 
between the surface of the bearing jacket and the housing bore. 
This leads to local bulges in the sliding surface of the bearing. 
Both the above types of damage can considerably shorten 
service life.

Remedy: 
• Force-fitting device with pre-centring (auxiliary ring)
• Optimised pressfit between housing bore and bearing 

outside diameter
• Avoid dirt
• Make sure bush is not inclined when force-fitting
• Use suitable lubricant

Fig. 39:  Local extreme wear due to installation errors

Fig. 38:  P2 plain bearing, grooves in the sliding surface
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Bushes
KS Permaglide® bushes are pressed into the housing and fixed 
radially and axially. No further measures are required.
For the housing bore, we recommend:
• Roughness depth Rz 10
• Chamfer fG 20° ±5° 

This chamfer facilitates force-fitting.

Tab. 30: Chamfer width fG in the housing bore for flange bushes 
(Fig. 41)

Flange bushes
In the case of flange bushes, the radius on the transition from the 
radial to the axial part must be borne in mind.
• Flange bushes must not be in contact in the radius area.
• The flange must have sufficient support 

when under axial loads.

Tab. 29: Chamfer width fG in the housing bore for bushes (Fig. 40)

Bore diameter dG Chamfer width fG

dG ≤ 30 0.8 ± 0.3

30 < dG ≤ 80 1.2 ± 0.4

80 < dG ≤ 180 1.8 ± 0.8

180 < dG 2.5 ± 1.0

Bore diameter dG Chamfer width fG

 dG ≤ 10 1.2 ± 0.2

10 < dG 1.7 ± 0.2

Fig. 41: Chamfer in housing for PAF bush

Fig. 40: Chamfer in housing for PAP bush

8.1 HOUSING

Securing thrust washers
Recommendation:
• A concentric fit is ensured by the recess in the housing 

(Fig. 42)  
 •  See table of dimensions for the diameter and depth of 

free cuts (section 10)
• Unwanted rotation with the shaft is prevented by means of a 

register pin or countersunk screw (Figs. 42 and 43)
 •  The screw head or register pin must be recessed by min. 

0.25 mm from the sliding surface (Figs. 42 and 43)
 •  See table of dimensions for size and position of bores 

(section 10).

8 DESIGN AND LAYOUT OF BEARING POSITION
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• If no recess can be made in the housing: 
 • Secure with several register pins or screws (Fig. 42).
 • Use other methods for fastening.

Rotation prevention is not always required. In various cases, the 
static friction between the back of the washer and the housing is 
sufficient.

Other fastening methods
If the press fit of the bush is insufficient or pinning or screwing is 
uneconomical, low-cost fastening methods can be used as an 
alternative:
• Laser welding
• Soft-soldering
• Gluing; please see the note below

ATTENTION 
The temperature of the running-in or sliding layer must not 
exceed +280 °C for the KS Permaglide® P1 and +140 °C for 
KS Permaglide® P2. Adhesive must not reach the running-in or 
sliding layer. Recommendation: Obtain information on gluing 
from adhesive manufacturers, particularly concerning the choice 
of adhesive, preparing the surface, setting, strength, temperature 
range and strain characteristics.

Fig. 43: Attaching a PAW thrust washer without a recess in the housing

Fig. 42:  Attaching a PAW thrust washer in a recess in the housing

R

min. 0.25

min. 0.25

R
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The following generally applies:
In a tribological system, the shaft (in the case of radial bearings) 
or the pressure shoulder (in the case of thrust bearings) should 
project over the sliding surface to maximise the contact ratio and 
prevent running-in with deposits in the sliding layer.

Shaft
Shafts must be chamfered and all sharp edges rounded, which:
• Simplifies mounting
• Prevents damage to the bush sliding layer

Shafts must never have grooves or pricks in the area of the 
sliding zone.

Interacting sliding surface
Optimum service life thanks to correct roughness depth:
• Optimum service life is achieved when the interacting slid.

ing surface has a roughness depth of Rz 0.8 to Rz 1.5:
 • with dry-running KS Permaglide® P1
 • with lubrication on KS Permaglide® P2.

ATTENTION 
Smaller roughness depths do not prolong the service life and 
may even cause adhesive wear. Larger roughness depths are 
significantly reduced.

• With KS Permaglide® P1 and P2, corrosion on the interacting 
sliding surface is prevented by:

 •  sealing,
 • use of corrosion-resistant steel,
 • suitable surface treatment.

With KS Permaglide® P2, the lubricant is also effective against 
corrosion.

Surface quality
• Ground or drawn surfaces are preferable
• Precision-turned or precision-turned and roller burnished 

surfaces, even with Rz 0.8 to Rz 1.5, can cause greater wear 
(precision turning produces spiral scores)

• Spheroidal graphite iron (GGG) has an open surface 
structure, and should therefore be ground to Rz 2 or better. 
Fig. 44 shows the direction of rotation of cast shafts in use. 
This should be the same as the direction of rotation of the 
grinding disc, as more wear will occur in the opposite 
direction.

Hydrodynamic operation
For hydrodynamic operation, the roughness depth Rz of the 
interacting sliding surface should be less than the smallest 
lubricating film thickness. Motorservice offers hydrodynamic 
calculation as a service.

Fig. 44: Grinding a cast shaft

01 Direction of rotation of shaft during use
02 Direction of rotation of grinding disc
03 Direction of rotation of shaft during grinding optional

8.2 DESIGN OF THE INTERACTING SLIDING PART
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ATTENTION 
Machining temperatures that exceed the following limits are 
hazardous to health: 
+280 °C for KS Permaglide® P1 
+140 °C for KS Permaglide® P2 
Chips may contain lead.

Gaskets
Protecting the bearing position is recommended in the event of 
greater exposure to dirt or in the case of an aggressive environ-
ment. Fig. 45 shows recommended gasket types:
•  01 The surrounding gasket 
•  02 A gap gasket
•  03 A shaft seal
• A ring of grease

Heat dissipation
Thorough heat dissipation must be assured.
• In hydrodynamic operation, heat is mainly conveyed away 

by the lubricating liquid.
• In dry and grease-lubricated plain bearings, the heat is also 

dissipated by the housing and shaft.

Machining the bearing elements
• KS Permaglide® plain bearings can be cut or can be 

machined in other ways (e.g. shortening, bending or boring)
• KS Permaglide® plain bearings should preferably be cut 

from the PTFE side. The burrs produced during cutting would 
impair the sliding surface.

• Bearing elements must be cleaned after machining.
• Bare steel surfaces (cut edges) must be protected against 

corrosion with:
 • Oil, or
 •  Galvanic protective layers 

At higher flow densities or with longer coating times, the 
sliding layers must be covered to prevent deposits.

Fig. 45: Gaskets
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Axial orientation (precise alignment)
Precise alignment is important for all radial and axial plain 
bearings. This is particularly the case for dry-running plain 
bearings, in which the load cannot be distributed via the 
lubricating film. Misalignment over the entire liner length must 
not exceed 0.02 mm (Fig. 46). This figure also applies to the 
overall width of bushes arranged in pairs, and of thrust washers. 
Bushes arranged one behind the other may need to have the 
same width. The joints must be flush during mounting.

Edge load on the installed plain bearing
Excessively high stresses around the edges of the plain bearing 
may occur as the result of geometric inaccuracies or under 
special operating conditions. This type of “high edge loading” 
can cause the bearing to become jammed. This stress can be 
reduced through design measures (Fig. 47).
• Enlarged chamfers on housing
• Enlarged bore diameter in edge region of housing bore
• Allow liner length to project beyond width of housing.

In addition, edge loading can be relieved by housing with an 
elastic design.

Fig. 46: Permitted misalignment

Fig. 47:  Reducing peak stresses on edges

max. 0.02 mm

max. 0.02 mm

max. 0.02 mm

2+1

1+1 1+1

15°

2+1

+1 
+0.5

Do



s3

Di dW dG

Δs

Do

Theoretical bearing clearance
Bushes made from KS Permaglide® P1 and P2 are pressed into 
the housing and fixed in place radially and axially. No further 
measures are required. With the fitting tolerances from Tab. 31, 
the following applies for rigid housing and shafts:
• The press fit
• The bearing clearance in accordance with Tab. 37

The theoretical bearing clearance is calculated as follows:

[ 12 ] Δsmax = dGmax – 2 · s3min – dWmin

[ 13 ] Δsmin = dGmin – 2 · s3max – dWmax

Press fit and bearing clearance
The bearing clearance and press fit can be influenced by the 
measures shown in Tab. 38:
• At high ambient temperatures
• Depending on the housing material
• Depending on the housing wall thickness

Smaller clearance tolerances require narrower tolerances for the 
shaft and bore.

ATTENTION 
When using shafts with tolerance zone position h, the bearing 
clearance for 5 ≤ dW< 80 (P10, P14, P147, P180) and dW < 80 (P11) 
must be verified using equations [12] for Δsmax and [13] for Δsmin.

ATTENTION 
Widening the housing bore is not taken into consideration in the 
bearing clearance calculation.

For calculating the pressfit U, the tolerances of the housing bore 
are shown in Tab. 31 and the bush outside diameter DO in 
Tab. 32.

Δsmax [mm] Maximum bearing clearance

Δsmin [mm] Minimum bearing clearance

dGmax [mm] Maximum diameter of housing bore

dGmin [mm] Minimum diameter of housing bore

dWmax [mm] Maximum shaft diameter

dWmin [mm] Minimum shaft diameter

s3max [mm] Maximum wall thickness

s3min [mm] Minimum wall thickness (Tab. 35)

Tab. 31: Recommended fitting tolerances

Fig. 48: Theoretical bearing clearance Δs

Diameter range KS Permaglide®

P10, P14, 
P147*, P180

P11 P20, P200

Shaft

dW < 5 h6 f7 h8

5 ≤ dW < 80 f7 f7 h8

80 ≤ dW h8 h8 h8

Housing bore

dG
≤ 5.5 H6 – –

5.5 < dG H7 H7 H7

8.3 BEARING CLEARANCE, PRESS FIT

* On request
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Fig. 49: Outside bevel Co and inside bevel Ci with metric dimensions

Tab. 36: Outside bevel Co and inside bevel Ci (Fig. 49) for 
bushes with metric dimensions to DIN ISO 3547-1, Table 2

Wall thickness
s3

Outside bevel, 
without cutting
Co

Inside bevel
Ci

Min. Max.

0.75 0.5 ± 0.3 0.1 0.4

1 0.6 ± 0.4 0.1 0.6

1.5 0.6 ± 0.4 0.1 0.7

2 1.0 ± 0.4 0.1 0.7

2.5 1.2 ± 0.4 0.2 1.0

Tab. 35: Wall thickness s3 for bushes made from KS Permaglide® 
P20/P200

Inside diameter Wall  
thickness

Dimensions as per DIN ISO 3547-1, 
Table 3, Row D, P20, P200

Di s3 Upper Lower

8 ≤ Di < 20 1 –0.020 –0.045

20 ≤ Di < 28 1.5 –0.025 –0.055

28 ≤ Di < 45 2 –0.030 –0.065

45 ≤ Di < 80 2.5 –0.040 –0.085

80 ≤ Di 2.5 –0.050 –0.115

Tab. 33:  Wall thickness s3 for P1 bushes and flange bushes

Inside diameter  
of bush
Di

Wall 
thick-
ness
s3

Dimensions as per DIN ISO 3547-1, Table 3, 
Row B

P10, P14, P147*, 
P180 

P11

Upper Lower Upper Lower

Di< 5
0.75 0 –0.020 – –

1 – – +0.005 –0.020

5 ≤Di< 20 1 +0.005 –0.020 +0.005 –0.020

20 ≤Di< 28 1.5 +0.005 –0.025 +0.005 –0.025

28 ≤Di< 45 2 +0.005 –0.030 +0.005 –0.030

45 ≤Di< 80 2.5 +0.005 –0.040 +0.005 –0.040

80 ≤Di< 120 2.5 –0.010 –0.060 –0.010 –0.060

120 ≤Di 2.5 –0.035 –0.085 –0.035 –0.085

Tab. 32:  Dimensions for outside diameter Do

Outside diameter  
of bush
Do

Dimensions (test A to DIN ISO 3547-2)

P10, P14, P147*, 
P180, P20, P200

P11

Upper Lower Upper Lower

  Do≤ 10 +0.055 +0.025 +0.075 +0.045

10 < Do≤ 18 +0.065 +0.030 +0.080 +0.050

18 < Do≤ 30 +0.075 +0.035 +0.095 +0.055

30 < Do≤ 50 +0.085 +0.045 +0.110 +0.065

50 < Do≤ 80 +0.100 +0.055 +0.125 +0.075

80 < Do≤ 120 +0.120 +0.070 +0.140 +0.090

120 < Do≤ 180 +0.170 +0.100 +0.190 +0.120

180 < Do≤ 250 +0.210 +0.130 +0.230 +0.150

250 < Do≤ 305 +0.260 +0.170 +0.280 +0.190

Surface roughness Ra (μm) Rz (μm)

Bearing bore Di 6.3 25.0

Bearing back Do 1.6 6.3

Other surfaces 25.0 100.0

Tab. 34: Surface roughness, roughness depth Ra and Rz

* On request



Theoretical bearing clearance

Bush diameter Bearing clearance Δs

P10, P11, P14, 
P147*, P180

P20, P200

Di 
(mm)

Do 
(mm)

Δsmin 
(mm)

Δsmax 
(mm)

Δsmin 
(mm)

Δsmax 
(mm)

2 3.5 0 0.054 – –

3 4.5 0 0.054 – –

4 5.5 0 0.056 – –

5 7 0 0.077 – –

6 8 0 0.077 – –

7 9 0.003 0.083 – –

8 10 0.003 0.083 0.040 0.127

10 12 0.003 0.086 0.040 0.130

12 14 0.006 0.092 0.040 0.135

13 15 0.006 0.092 – –

14 16 0.006 0.092 0.040 0.135

15 17 0.006 0.092 0.040 0.135

16 18 0.006 0.092 0.040 0.135

18 20 0.006 0.095 0.040 0.138

20 23 0.010 0.112 0.050 0.164

22 25 0.010 0.112 0.050 0.164

24 27 0.010 0.112 0.050 0.164

25 28 0.010 0.112 0.050 0.164

28 32 0.010 0.126 0.060 0.188

30 34 0.010 0.126 0.060 0.188

32 36 0.015 0.135 0.060 0.194

35 39 0.015 0.135 0.060 0.194

40 44 0.015 0.135 0.060 0.194

45 50 0.015 0.155 0.080 0.234

50 55 0.015 0.160 0.080 0.239

55 60 0.020 0.170 0.080 0.246

60 65 0.020 0.170 0.080 0.246

65 70 0.020 0.170 – –

70 75 0.020 0.170 0.080 0.246

75 80 0.020 0.170 0.080 0.246

80 85 0.020 0.201 0.100 0.311

85 90 0.020 0.209 – –

90 95 0.020 0.209 0.100 0.319

95 100 0.020 0.209 – –

100 105 0.020 0.209 0.100 0.319

105 110 0.020 0.209 – –

Fig. 50: Theoretical bearing clearance Δs

Tab. 37: Theoretical bearing clearance after press-fitting bushes 
or flange bushes with metric dimensions, without consideration of 
possible widening of the bore

Bush diameter Bearing clearance Δs

P10, P11, P14, 
P147*, P180

P20, P200

Di 
(mm)

Do 
(mm)

Δsmin 
(mm)

Δsmax 
(mm)

Δsmin 
(mm)

Δsmax 
(mm)

110 115 0.020 0.209 – –

115 120 0.020 0.209 – –

120 125 0.070 0.264 – –

125 130 0.070 0.273 – –

130 135 0.070 0.273 – –

135 140 0.070 0.273 – –

140 145 0.070 0.273 – –

150 155 0.070 0.273 – –

160 165 0.070 0.273 – –

180 185 0.070 0.279 – –

200 205 0.070 0.288 – –

220 225 0.070 0.288 – –

250 255 0.070 0.294 – –

300 305 0.070 0.303 – –

* On request

Do Di dW

s3
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Press fit and bearing clearance

Tab. 38: Errors, consequences and measures in relation to press fit and bearing clearance at high ambient temperatures, with special 
housing materials or housing wall thicknesses

Design and environmental 
influences

Consequence Measure Note

Aluminium alloy or thin-walled 
housing

Extensive widening
Excessive clearance

Reduce housing bore dG The housing is under greater 
strain; the permitted housing 
tension must not be exceeded.

Steel or cast iron housing at high 
ambient temperatures

Smaller clearance Reduce shaft diameter dW by 
0.008 mm per 100 °C above room 
temperature

Bronze or copper alloy housing at 
high ambient temperatures

Poor press fit Reduce housing bore dG, 
recommended change to diameter 
per 100 °C above room tempera-
ture:
dG –0.05 %

Reduce shaft diameter dW

by the same value, in order to 
retain the same bearing 
clearance.

Aluminium alloy housing  
at high ambient temperatures

Poor press fit Reduce housing bore dG, 
recommended change to diameter 
per 100 °C above room tempera-
ture:
dG –0.1 %

Reduce shaft diameter dW by the 
same value, in order to retain the 
same bearing clearance. The 
housing is under greater strain at 
temperatures below 0 °C; the 
permitted housing tension must 
not be exceeded.

Bushes with thicker layer of 
corrosion protection

Outside diameter Do too large
Insufficient clearance

Enlarge housing bore dG

For example:
Layer thickness 0.015 ± 0.003 mm
producing dG +0.03 mm

The bush and housing are subject 
to greater strain unless appropria-
te measures are taken.
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KS Permaglide® bushes can simply be pressed into the housing 
bore. Applying a little oil to the back of the bush or the housing 
bore facilitates the press-fitting operation.

Recommended press-fitting methods
For outside diameters DO up to around 55 mm:
• Flush press-fitting with mandrel, without auxiliary ring, as 

per Fig. 52
• Recessed press-fitting with mandrel, without auxiliary ring, 

as per Fig. 53.

For outside diameters DO from around 55 mm:
• Press-fitting with mandrel and auxiliary ring, as per Fig. 54.

01 Bush
02 Press-in mandrel
03 Housing

01 Bush
02 Press-in mandrel
03 Housing

Fig. 51: Press-fitting with moving housing

Avoid an inclined position or axis offset

Fig. 52:  Flush press-fitting DO ≤ 55 mm Fig. 53: Recessed press-fitting DO ≤ 55 mm

ATTENTION
Ensure cleanliness during mounting. Dirt reduces the service life 
of the bearing assembly. Take care not to damage the sliding 
layer. Note the installation position, if given. Do not position the 
joint in the main load zone.

01 Bush
02 Press-in mandrel
03 Housing
04 System diameter

9 PLAIN BEARING INSTALLATION
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9 PLAIN BEARING MOUNTING

Tab. 39 allows you to calculate the required inside diameter dH of 
the auxiliary ring on the basis of the stated outside diameter DO 

of the bush.

Tab. 39: Inside diameter dH of auxiliary ring

Do (mm) dH (mm)

55 ≤ Do ≤ 100 Do +0.28

+0.25

100 < Do ≤ 200 Do +0.40

+0.36

200 < Do ≤ 305 Do +0.50

+0.46

01 Bush
02 Auxiliary ring
03 Press-in mandrel

04 Housing
05 System diameter
06 O-ring

Fig. 54: Press-fitting bushes, Do ≥ 55 mm, with auxiliary ring

F

AA
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Di
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Calibration of bearing bore after installation 
(applies to P1 plain bearings only)

Calibration
KS Permaglide® plain bearings are ready to install on delivery, 
and should only be calibrated if a bearing clearance with a 
narrower tolerance cannot otherwise be reached.

ATTENTION 
Calibration considerably shortens the service life of   KS Permaglide® 
P1 bushes (Tab. 40).

Fig. 55 shows calibration using a mandrel. Tab. 40 contains 
standard values for the diameter of the calibrating mandrel dK. 

Precise values can only be ascertained through tests.

Better possibilities
The bearing clearance tolerance can be reduced through the 
following measures, which do not adversely affect service life:
• Narrower tolerances for housing bore
• Narrower shaft tolerances.

Tab. 40: Standard values for the calibrating mandrel diameter and the reduction in service life

DiE  Inside diameter of the bush in press-fit state.
1)  Standard value, based on steel housing.
2)  Standard value for dry running.

Desired inside diameter of the bush Diameter of calibrating mandrel1) dK Service life2)

DiE – 100 % LN

DiE +0.02 DiE +0.06 80 % LN

DiE +0.03 DiE +0.08 60 % LN

DiE +0.04 DiE +0.10 30 % LN

Fig. 55: Calibration

01 Calibrating mandrel, case hardening depth  
Eht > 0.6, HRC 56 to 64

02 KS Permaglide® P10 bush
03 Housing
B Liner length
DiE Diameter of the bush in press-fit state
dK Diameter of the calibrating mandrel
r Edge, rounded

Rz1

Rz1

r

≈30΄

≈30΄

DiE

B

B+10

dk6±2

dk
–0.1
–0.4
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9 PLAIN BEARING MOUNTING

Determining the bush press-in force
Fig. 56 below shows the maximum required press-in force per 
mm of liner length. The curves represent the bush outside 
diameter DO and the bush wall thickness s3 in accordance with 
DIN ISO 3547. This calculation assumes a steel housing with a 
diameter of DG that has been adapted to the bush outside 
diameter DO. The selected ratio is DG: DO ≈ 1.5...2. 

Press-in force and joint pressure
Press-in force and joint pressure are interdependent. The joint 
pressure occurs between the housing bore and the surface of the 
bush jacket. It can be understood as a measure of how reliably 
the bush fits in the housing. Together with other factors, the joint 
pressure influences the amount of press-in force.

Calculating the press-in force
The press-in force depends upon many factors, which are 
extremely difficult to measure accurately, for example:
• Actual press-fit
• Coefficient of friction
• Scoring
• Press-in speed

Motorservice offers the calculation of the press-in force as a 
service. In most cases, the estimate of press-in force as per 
Fig. 56 is sufficient. 

Example of estimate of press-in force Ftotal

Given:   Bush        PAP 4030 P14
    Bush outside diameter    Do = 44 mm
    Liner length      B = 30 mm
    Bush wall thickness    s3 = 2 mm

F E =
 m
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DO = bush outside diameter [mm]

Determining the overall 
press-in force Ftotal

Ftotal  = FE · B [N]
B =  Liner length [mm]

FE = 340 N/mm (from Fig. 56, Do = 44 mm, s3 = 2mm)

[ 14 ] Ftotal = FE · B = 340 N/mm · 30 mm = 10200 N

Fig. 56: Press-in force FE

s3 = 1 mm

s3 = 1.5 mm

s3 = 2 mm

s3 = 2.5 mm



Thrust washers Strips

Maintenance-free KS Permaglide® plain bearings P10, P11, P14**, P147*, P180Bushes

Technical data P20, P22*, P23* P200, P202*, P203*

Designation Unit

pvmax. [MPa · m/s] 3 3.3

pstat. [MPa] 250 250

pdyn. [MPa] 70 70

vmax. [m/s] 3 3.3

T [°C] –40 to +110 –40 to +110

Low-maintenance KS Permaglide® plain bearings P20**, P22*, P23*, P200, P202*, P203*

KS Permaglide® P10 with steel back, KS Permaglide® P11 with bronze back

Technical data P10, P11 P14 P147* P180

Designation Unit

pvmax. [MPa · m/s] 1.8 1.6 1.4 2,2

pstat. [MPa] 250 250 250 250

pdyn. [MPa] 56 56 56 56

vmax. [m/s] 2 1 0.8 2

T [°C] –200 to +280 –200 to +280 –200 to +280 –200 to +280

Fig. 60: Strips

P10, P11, P14**, P147*, P180
• Length 500 mm
• For widths see tables of dimensions
• For wall thicknesses see tables of 

dimensions

P20**, P22*, P23*, P200, P202*, P203*
• Length 500 mm
• Width 250 mm
• For wall thicknesses see tables of 

dimensions

Fig. 59: Thrust washers

P10, P11, P14**, P147*, P180
• With an inside diameter of 

10 mm to 62 mm

P20**, P22*, P23*, P200, P202*, P203*
• With an inside diameter of 

12 mm to 52 mm

Fig. 58: Flange bushes

P10, P11, P14**, P147*, P180
• For shafts from 6 mm to 40 mm

Flange bushes

P10, P14**, P147*, P180
• For shafts from 2 mm to 300 mm

P11
• For shafts from 4 mm to 100 mm

P20**, P22*, P23*, P200, P202*, P203*
• For shafts from 8 mm to 100 mm

Fig. 57: Bushes

10 MODELS AND TABLES OF DIMENSIONS

* On request
** Discontinued 
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Example order and example designation

Bush of KS Permaglide® P10 with steel back:

Inside diameter (Di) 16 mm
Width (B) 25 mm
Order designation:  PAP 1625 P10

Thrust washers of KS Permaglide® P20:

Inside diameter (Di) 12 mm
Order designation:  PAW 12 P20

Strips of KS Permaglide® P20:

Width (B) 180 mm
Wall thickness (s3) 1 mm 
(Order information: s3 · 10)
Order designation:  PAS 10180 P20

Fig. 61: Example order, P10 bush

Fig. 64: Example order, P20 thrust washer

Fig. 62: Example order, P20 strip

Flange bush of KS Permaglide® P10: 

Inside diameter (Di)  25 mm
Width (B)  21.5 mm
Order designation:  PAF 25215 P10

Fig. 63: Example order, flange bush P10

Di

B
PAP 1625 P10

500

B

s3

PAS 10180 P20

Di

Do

B

PAF 25215 P10

Di

PAW 12 P20



Recommended fitting tolerance:

Table of dimensions (dimensions in mm)
Shaft diameter Order designation 

P10, P14**, P147*, P180
Weight
g

Dimensions
Di Do B ±0.25

2 PAP 0203 ...  P10/… P14**/… P147*/… P180 0.15 2 3.5 3
PAP 0205 ...  P10/… P14**/… P147*/… P180 0.25 2 3.5 5

3 PAP 0303 ...  P10/… P14**/… P147*/… P180 0.2 3 4.5 3
PAP 0304 ...  P10/… P14**/… P147*/… P180 0.26 3 4.5 4
PAP 0305 ...  P10/… P14**/… P147*/… P180 0.33 3 4.5 5
PAP 0306 ...  P10/… P14**/… P147*/… P180 0.4 3 4.5 6

4 PAP 0403 ...  P10/… P14**/… P147*/… P180 0.25 4 5.5 3
PAP 0404 ...  P10/… P14**/… P147*/… P180 0.33 4 5.5 4
PAP 0406 ...  P10/… P14**/… P147*/… P180 0.5 4 5.5 6
PAP 0410 ...  P10/… P14**/… P147*/… P180 0.84 4 5.5 10

5 PAP 0505 ...  P10/… P14**/… P147*/… P180 0.72 5 7 5
PAP 0508 ...  P10/… P14**/… P147*/… P180 1.1 5 7 8
PAP 0510 ...  P10/… P14**/… P147*/… P180 1.4 5 7 10

6 PAP 0606 ...  P10/… P14**/… P147*/… P180 1 6 8 6
PAP 0608 ...  P10/… P14**/… P147*/… P180 1.3 6 8 8
PAP 0610 ...  P10/… P14**/… P147*/… P180 1.7 6 8 10

7 PAP 0710 ...  P10/… P14**/… P147*/… P180 1.9 7 9 10
8 PAP 0808 ...  P10/… P14**/… P147*/… P180 1.7 8 10 8

PAP 0810 ...  P10/… P14**/… P147*/… P180 2.1 8 10 10
PAP 0812 ...  P10/… P14**/… P147*/… P180 2.6 8 10 12

10 PAP 1008 ...  P10/… P14**/… P147*/… P180 2.1 10 12 8
PAP 1010 ...  P10/… P14**/… P147*/… P180 2.6 10 12 10
PAP 1012 ...  P10/… P14**/… P147*/… P180 3.1 10 12 12
PAP 1015 ...  P10/… P14**/… P147*/… P180 3.9 10 12 15
PAP 1020 ...  P10/… P14**/… P147*/… P180 5.3 10 12 20

12 PAP 1208 ...  P10/… P14**/… P147*/… P180 2.5 12 14 8
PAP 1210 ...  P10/… P14**/… P147*/… P180 3.1 12 14 10
PAP 1212 ...  P10/… P14**/… P147*/… P180 3.7 12 14 12
PAP 1215 ...  P10/… P14**/… P147*/… P180 4.7 12 14 15
PAP 1220 ...  P10/… P14**/… P147*/… P180 6.2 12 14 20
PAP 1225 ...  P10/… P14**/… P147*/… P180 7.8 12 14 25

13 PAP 1310 ...  P10/… P14**/… P147*/… P180 3.3 13 15 10

For bearing clearances, wall thicknesses and chamfer tolerances, 
see section 8, “Design and layout of bearing position”, “Theoreti-
cal bearing clearance”. Bushes in special dimensions available 
on request (section 10.8).

Shaft Housing bore

dW <  5 h6 dG ≤ 5.5 H6

5 ≤dW < 80 f7 5.5 <dG H7

80 ≤dW h8

Joint

10.1.1 MODEL RANGE P10, P14**, P147*, P180 WITH STEEL BACK

10.1 KS PERMAGLIDE® BUSHES, MAINTENANCE-FREE

Di Do

B

* On request
** Discontinued 
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Table of dimensions · continued (dimensions in mm)
Shaft diameter Order designation 

P10, P14**, P147*, P180
Weight
g

Dimensions
Di Do B ±0.25

14 PAP 1410 ... P10/… P14**/… P147*/… P180 3.6 14 16 10
PAP 1412 ... P10/… P14**/… P147*/… P180 4.3 14 16 12
PAP 1415 ... P10/… P14**/… P147*/… P180 5.4 14 16 15
PAP 1420 ... P10/… P14**/… P147*/… P180 7.1 14 16 20
PAP 1425 ... P10/… P14**/… P147*/… P180 9 14 16 25

15 PAP 1510 ... P10/… P14**/… P147*/… P180 3.8 15 17 10
PAP 1512 ... P10/… P14**/… P147*/… P180 4.6 15 17 12
PAP 1515 ... P10/… P14**/… P147*/… P180 5.7 15 17 15
PAP 1520 ... P10/… P14**/… P147*/… P180 7.6 15 17 20
PAP 1525 ... P10/… P14**/… P147*/… P180 9.5 15 17 25

16 PAP 1610 ... P10/… P14**/… P147*/… P180 4 16 18 10
PAP 1612 ... P10/… P14**/… P147*/… P180 4.9 16 18 12
PAP 1615 ... P10/… P14**/… P147*/… P180 6.1 16 18 15
PAP 1620 ... P10/… P14**/… P147*/… P180 8.1 16 18 20
PAP 1625 ... P10/… P14**/… P147*/… P180 10.1 16 18 25

18 PAP 1810 ... P10/… P14**/… P147*/… P180 4.5 18 20 10
PAP 1815 ... P10/… P14**/… P147*/… P180 6.8 18 20 15
PAP 1820 ... P10/… P14**/… P147*/… P180 9.1 18 20 20
PAP 1825 ... P10/… P14**/… P147*/… P180 11.3 18 20 25

20 PAP 2010 ... P10/… P14**/… P147*/… P180 7.8 20 23 10
PAP 2015 ... P10/… P14**/… P147*/… P180 11.7 20 23 15
PAP 2020 ... P10/… P14**/… P147*/… P180 15.6 20 23 20
PAP 2025 ... P10/… P14**/… P147*/… P180 19.5 20 23 25
PAP 2030 ... P10/… P14**/… P147*/… P180 23.4 20 23 30

22 PAP 2215 ... P10/… P14**/… P147*/… P180 12.7 22 25 15
PAP 2220 ... P10/… P14**/… P147*/… P180 17 22 25 20
PAP 2225 ... P10/… P14**/… P147*/… P180 21.3 22 25 25
PAP 2230 ... P10/… P14**/… P147*/… P180 25.5 22 25 30

24 PAP 2415 ... P10/… P14**/… P147*/… P180 13.8 24 27 15
PAP 2420 ... P10/… P14**/… P147*/… P180 18.5 24 27 20
PAP 2425 ... P10/… P14**/… P147*/… P180 23.1 24 27 25
PAP 2430 ... P10/… P14**/… P147*/… P180 27.7 24 27 30

25 PAP 2510 ... P10/… P14**/… P147*/… P180 9.6 25 28 10
PAP 2515 ... P10/… P14**/… P147*/… P180 14.4 25 28 15
PAP 2520 ... P10/… P14**/… P147*/… P180 19.2 25 28 20
PAP 2525 ... P10/… P14**/… P147*/… P180 24 25 28 25
PAP 2530 ... P10/… P14**/… P147*/… P180 28.8 25 28 30
PAP 2540 ... P10/… P14**/… P147*/… P180 38.4 25 28 40
PAP 2550 ... P10/… P14**/… P147*/… P180 48 25 28 50

28 PAP 2820 ... P10/… P14**/… P147*/… P180 29.1 28 32 20
PAP 2830 ... P10/… P14**/… P147*/… P180 43.7 28 32 30

Joint

Di Do

B

* On request
** Discontinued 



Table of dimensions · continued (dimensions in mm)
Shaft diameter Order designation 

P10, P14**, P147*, P180
Weight
g

Dimensions
Di Do B ±0.25

30 PAP 3015 ... P10/… P14**/… P147*/… P180 23.3 30 34 15
PAP 3020 ... P10/… P14**/… P147*/… P180 31.1 30 34 20
PAP 3025 ... P10/… P14**/… P147*/… P180 38.8 30 34 25
PAP 3030 ... P10/… P14**/… P147*/… P180 46.6 30 34 30
PAP 3040 ... P10/… P14**/… P147*/… P180 62.1 30 34 40

32 PAP 3230 ... P10/… P14**/… P147*/… P180 49.5 32 36 30
PAP 3240 ... P10/… P14**/… P147*/… P180 66 32 36 40

35 PAP 3520 ... P10/… P14**/… P147*/… P180 35.9 35 39 20
PAP 3530 ... P10/… P14**/… P147*/… P180 53.9 35 39 30
PAP 3540 ... P10/… P14**/… P147*/… P180 71.8 35 39 40
PAP 3550 ... P10/… P14**/… P147*/… P180 89.8 35 39 50

40 PAP 4020 ... P10/… P14**/… P147*/… P180 40.8 40 44 20
PAP 4030 ... P10/… P14**/… P147*/… P180 61.2 40 44 30
PAP 4040 ... P10/… P14**/… P147*/… P180 81.5 40 44 40
PAP 4050 ... P10/… P14**/… P147*/… P180 102 40 44 50

45 PAP 4530 ... P10/… P14**/… P147*/… P180 87 45 50 30
PAP 4540 ... P10/… P14**/… P147*/… P180 116 45 50 40
PAP 4550 ... P10/… P14**/… P147*/… P180 145 45 50 50

50 PAP 5020 ... P10/… P14**/… P147*/… P180 64 50 55 20
PAP 5030 ... P10/… P14**/… P147*/… P180 96 50 55 30
PAP 5040 ... P10/… P14**/… P147*/… P180 128 50 55 40
PAP 5060 ... P10/… P14**/… P147*/… P180 192 50 55 60

55 PAP 5540 ... P10/… P14**/… P147*/… P180 140 55 60 40
PAP 5560 ... P10/… P14**/… P147*/… P180 210 55 60 60

60 PAP 6030 ... P10/… P14**/… P147*/… P180 114 60 65 30
PAP 6040 ... P10/… P14**/… P147*/… P180 152 60 65 40
PAP 6060 ... P10/… P14**/… P147*/… P180 228 60 65 60
PAP 6070 ... P10/… P14**/… P147*/… P180 266 60 65 70

65 PAP 6530 ... P10/… P14**/… P147*/… P180 123 65 70 30
PAP 6540 ... P10/… P14**/… P147*/… P180 164 65 70 40
PAP 6550 ... P10/… P14**/… P147*/… P180 205 65 70 50
PAP 6560 ... P10/… P14**/… P147*/… P180 246 65 70 60
PAP 6570 ... P10/… P14**/… P147*/… P180 288 65 70 70

70 PAP 7040 ... P10/… P14**/… P147*/… P180 176 70 75 40
PAP 7050 ... P10/… P14**/… P147*/… P180 221 70 75 50
PAP 7070 ... P10/… P14**/… P147*/… P180 309 70 75 70

75 PAP 7540 ... P10/… P14**/… P147*/… P180 189 75 80 40
PAP 7550 ... P10/… P14**/… P147*/… P180 236 75 80 50
PAP 7560 ... P10/… P14**/… P147*/… P180 283 75 80 60
PAP 7580 ... P10/… P14**/… P147*/… P180 377 75 80 80

Joint

Di Do

B

* On request
** Discontinued 
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Table of dimensions · continued (dimensions in mm)
Shaft diameter Order designation 

P10, P14**, P147*, P180
Weight
g

Dimensions
Di Do B ±0.25

80 PAP 8040  ... P10/… P14**/… P147*/… P180 201 80 85 40
PAP 8060  ... P10/… P14**/… P147*/… P180 301 80 85 60
PAP 8080  ... P10/… P14**/… P147*/… P180 402 80 85 80
PAP 80100  ... P10/… P14**/… P147*/… P180 502 80 85 100

85 PAP 8560  ... P10/… P14**/… P147*/… P180 319 85 90 60
PAP 85100  ... P10/… P14**/… P147*/… P180 532 85 90 100

90 PAP 9050  ... P10/… P14**/… P147*/… P180 281 90 95 50
PAP 9060  ... P10/… P14**/… P147*/… P180 338 90 95 60
PAP 90100  ... P10/… P14**/… P147*/… P180 563 90 95 100

95 PAP 9560  ... P10/… P14**/… P147*/… P180 356 95 100 60
PAP 95100  ... P10/… P14**/… P147*/… P180 593 95 100 100

100 PAP 10050  ... P10/… P14**/… P147*/… P180 312 100 105 50
PAP 10060  ... P10/… P14**/… P147*/… P180 374 100 105 60
PAP 100115  ... P10/… P14**/… P147*/… P180 717 100 105 115

105 PAP 10560  ... P10/… P14**/… P147*/… P180 392 105 110 60
PAP 105115 ... P10/… P14**/… P147*/… P180 752 105 110 115

110 PAP 11060  ... P10/… P14**/… P147*/… P180 411 110 115 60
PAP 110115 ... P10/… P14**/… P147*/… P180 787 110 115 115

115 PAP 11550  ... P10/… P14**/… P147*/… P180 357 115 120 50
PAP 11560  ... P10/… P14**/… P147*/… P180 429 115 120 60
PAP 11570  ... P10/… P14**/… P147*/… P180 500 115 120 70

120 PAP 12060 ... P10/… P14**/… P147*/… P180 447 120 125 60
PAP 120100 ... P10/… P14**/… P147*/… P180 745 120 125 100

125 PAP 125100 ... P10/… P14**/… P147*/… P180 776 125 130 100
130 PAP 13060  ... P10/… P14**/… P147*/… P180 484 130 135 60

PAP 130100 ... P10/… P14**/… P147*/… P180 806 130 135 100
135 PAP 13560  ... P10/… P14**/… P147*/… P180 502 135 140 60

PAP 13580  ... P10/… P14**/… P147*/… P180 669 135 140 80
140 PAP 14060  ... P10/… P14**/… P147*/… P180 520 140 145 60

PAP 140100 ... P10/… P14**/… P147*/… P180 867 140 145 100
150 PAP 15060 ... P10/… P14**/… P147*/… P180 557 150 155 60

PAP 15080 ... P10/… P14**/… P147*/… P180 742 150 155 80
PAP 150100 ... P10/… P14**/… P147*/… P180 928 150 155 100

160 PAP 16080 ... P10/… P14**/… P147*/… P180 791 160 165 80
PAP 160100 ... P10/… P14**/… P147*/… P180 989 160 165 100

P180 PAP 180100 ... P10/… P14**/… P147*/… P180 1110 P180 185 100
200 PAP 200100 ... P10/… P14**/… P147*/… P180 1232 200 205 100
220 PAP 220100 ... P10/… P14**/… P147*/… P180 1354 220 225 100
250 PAP 250100 ... P10/… P14**/… P147*/… P180 1536 250 255 100
300 PAP 300100 ... P10/… P14**/… P147*/… P180 1840 300 305 100

Joint

Di Do

B

* On request
** Discontinued 



10.1.2 MODEL RANGE P11 WITH BRONZE BACK

Table of dimensions (dimensions in mm)
Shaft diameter Order designation

P11
Weight
g

Dimensions
Di Do B ±0.25

4 PAP 0406 P11 0.8 4 6 6
5 PAP 0505 P11 0.8 5 7 5
6 PAP 0606 P11 1.1 6 8 6

PAP 0610 P11 1.8 6 8 10
8 PAP 0808 P11 1.9 8 10 8

PAP 0810 P11 2.3 8 10 10
PAP 0812 P11 2.8 8 10 12

10 PAP 1005 P11 1.4 10 12 5
PAP 1010 P11 2.8 10 12 10
PAP 1015 P11 4.2 10 12 15
PAP 1020 P11 5.7 10 12 20

12 PAP 1210 P11 3.3 12 14 10
PAP 1212 P11 4 12 14 12
PAP 1215 P11 5.1 12 14 15
PAP 1220 P11 6.7 12 14 20
PAP 1225 P11 8.4 12 14 25

14 PAP 1415 P11 5.8 14 16 15
15 PAP 1515 P11 6.2 15 17 15

PAP 1525 P11 10.3 15 17 25
16 PAP 1615 P11 6.6 16 18 15

PAP 1625 P11 11 16 18 25
18 PAP 1815 P11 7.4 18 20 15

PAP 1825 P11 12.3 18 20 25
20 PAP 2015 P11 12.8 20 23 15

PAP 2020 P11 17 20 23 20
PAP 2025 P11 21.3 20 23 25
PAP 2030 P11 25.5 20 23 30

22 PAP 2215 P11 14 22 25 15
PAP 2220 P11 18.6 22 25 20
PAP 2225 P11 23.3 22 25 25

24 PAP2430 P11 30.3 24 27 30
25 PAP 2525 P11 26.2 25 28 25

PAP 2530 P11 31.5 25 28 30
28 PAP 2830 P11 47.9 28 32 30

For bearing clearances, wall thicknesses and chamfer tolerances, 
see section 8, “Design and layout of bearing position”, “Theoreti-
cal bearing clearance”.

Bushes in special dimensions available on request (section 10.8).

Shaft Housing bore

5 ≤dW < 80 f7 H7

80 ≤dW h8

Recommended fitting tolerance:

Joint

Di Do

B
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Table of dimensions · continued (dimensions in mm)
Shaft diameter Order designation

P11
Weight
g

Dimensions
Di Do B ±0.25

30 PAP 3020 P11 34.1 30 34 20
PAP 3030 P11 51.1 30 34 30
PAP 3040 P11 68.2 30 34 40

35 PAP 3520 P11 39.4 35 39 20
PAP 3530 P11 59.1 35 39 30

40 PAP 4050 P11 112 40 44 50
45 PAP 4550 P11 159 45 50 50
50 PAP 5030 P11 105 50 55 30

PAP 5040 P11 140 50 55 40
PAP 5060 P11 211 50 55 60

55 PAP 5540 P11 154 55 60 40
60 PAP 6040 P11 167 60 65 40

PAP 6050 P11 209 60 65 50
PAP 6060 P11 251 60 65 60
PAP 6070 P11 293 60 65 70

70 PAP 7050 P11 242 70 75 50
PAP 7070 P11 339 70 75 70

80 PAP 8060 P11 331 80 85 60
PAP 80100 P11 552 80 85 100

90 PAP 9060 P11 371 90 95 60
PAP 90100 P11 619 90 95 100

100 PAP 10060 P11 411 100 105 60
PAP 100115 P11 788 100 105 115

Joint

Di Do

B



Flange bushes in special dimensions available on request 
(section 10.8).

Table of dimensions (dimensions in mm)
Shaft diameter Order designation

P10, P14**, P147*, P180
Weight
g

Dimensions
Di Do DFL ±0.5 B ±0.25 sFL –0.2

6 PAF 06040 ... P10/… P14**/… P147*/… P180 0.9 6 8 12 4 1
PAF 06070 ... P10/… P14**/… P147*/… P180 1.4 6 8 12 7 1
PAF 06080 ... P10/… P14**/… P147*/… P180 1.6 6 8 12 8 1

8 PAF 08055 ... P10/… P14**/… P147*/… P180 1.7 8 10 15 5.5 1
PAF 08075 ... P10/… P14**/… P147*/… P180 2.1 8 10 15 7.5 1
PAF 08095 ... P10/… P14**/… P147*/… P180 2.5 8 10 15 9.5 1

10 PAF 10070 ... P10/… P14**/… P147*/… P180 2.5 10 12 18 7 1
PAF 10090 ... P10/… P14**/… P147*/… P180 3 10 12 18 9 1
PAF 10120 ... P10/… P14**/… P147*/… P180 3.8 10 12 18 12 1
PAF 10170 ... P10/… P14**/… P147*/… P180 5 10 12 18 17 1

12 PAF 12070 ... P10/… P14**/… P147*/… P180 3 12 14 20 7 1
PAF 12090 ... P10/… P14**/… P147*/… P180 3.6 12 14 20 9 1
PAF 12120 ... P10/… P14**/… P147*/… P180 4.5 12 14 20 12 1
PAF 12170 ... P10/… P14**/… P147*/… P180 5.9 12 14 20 17 1

14 PAF 14120 ... P10/… P14**/… P147*/… P180 5.1 14 16 22 12 1
PAF 14170 ... P10/… P14**/… P147*/… P180 6.9 14 16 22 17 1

15 PAF 15090 ... P10/… P14**/… P147*/… P180 4.4 15 17 23 9 1
PAF 15120 ... P10/… P14**/… P147*/… P180 5.5 15 17 23 12 1
PAF 15170 ... P10/… P14**/… P147*/… P180 7.3 15 17 23 17 1

16 PAF 16120 ... P10/… P14**/… P147*/… P180 5.8 16 18 24 12 1
PAF 16170 ... P10/… P14**/… P147*/… P180 7.8 16 18 24 17 1

18 PAF 18120 ... P10/… P14**/… P147*/… P180 6.5 18 20 26 12 1
PAF 18170 ... P10/… P14**/… P147*/… P180 8.7 18 20 26 17 1
PAF 18220 ... P10/… P14**/… P147*/… P180 10.9 18 20 26 22 1

20 PAF 20115 ... P10/… P14**/… P147*/… P180 11.4 20 23 30 11.5 1.5
PAF 20165 ... P10/… P14**/… P147*/… P180 15.1 20 23 30 16.5 1.5
PAF 20215 ... P10/… P14**/… P147*/… P180 18.9 20 23 30 21.5 1.5

25 PAF 25115 ... P10/… P14**/… P147*/… P180 14 25 28 35 11.5 1.5
PAF 25165 ... P10/… P14**/… P147*/… P180 18.6 25 28 35 16.5 1.5
PAF 25215 ... P10/… P14**/… P147*/… P180 23.5 25 28 35 21.5 1.5

30 PAF 30160 ... P10/… P14**/… P147*/… P180 30.5 30 34 42 16 2
PAF 30260 ... P10/… P14**/… P147*/… P180 45.5 30 34 42 26 2

35 PAF 35160 ... P10/… P14**/… P147*/… P180 35 35 39 47 16 2
PAF 35260 ... P10/… P14**/… P147*/… P180 53 35 39 47 26 2

40 PAF 40260 ... P10/… P14**/… P147*/… P180 61 40 44 53 26 2

Joint
1)  Inside diameter Di Radius R 

≤ 8 mm    –0.5 mm 
> 8 mm    ± 0.5 mm

      R = s3

10.2.1 MODEL RANGE P10, P14**, P147*, P180 WITH STEEL BACK

10.2 KS PERMAGLIDE® FLANGE LINERS, MAINTENANCE-FREE

B

R1)
sFL

DFL Di Do

* On request
** Discontinued 
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10.2.2 MODEL RANGE P11 WITH BRONZE BACK

For bearing clearances, wall thicknesses and chamfer tolerances, 
see section 8, “Design and layout of bearing position”, “Theoreti-
cal bearing clearance”.

Flange bushes in special dimensions available on request 
(section 10.8).

Shaft Housing bore

f7 H7

Table of dimensions (dimensions in mm)
Shaft diameter Order designation

P11
Weight
g

Dimensions
Di Do DFL ±0.5 B ±0.25 sFL –0.2

6 PAF 06080 P11 1.8 6 8 12 8 1
8 PAF 08055 P11 1.8 8 10 15 5.5 1

PAF 08095 P11 2.7 8 10 15 9.5 1
10 PAF 10070 P11 2.7 10 12 18 7 1

PAF 10120 P11 4.1 10 12 18 12 1
PAF 10170 P11 5.5 10 12 18 17 1

12 PAF 12070 P11 3.2 12 14 20 7 1
PAF 12090 P11 3.9 12 14 20 9 1
PAF 12120 P11 4.9 12 14 20 12 1

15 PAF 15120 P11 6 15 17 23 12 1
PAF 15170 P11 8 15 17 23 17 1

16 PAF 16120 P11 6.3 16 18 24 12 1
18 PAF 18100 P11 6.1 18 20 26 10 1

PAF 18220 P11 11.8 18 20 26 22 1
20 PAF 20115 P11 12.4 20 23 30 11.5 1.5

PAF 20165 P11 16.6 20 23 30 16.5 1.5
25 PAF 25215 P11 25.5 25 28 35 21.5 1.5
30 PAF 30160 P11 33.5 30 34 42 16 2

PAF 30260 P11 50 30 34 42 26 2
35 PAF 35260 P11 58 35 39 47 26 2
40 PAF 40260 P11 67 40 44 53 26 2

1)  Inside diameter Di Radius R 
≤ 8 mm    –0.5 mm 
> 8 mm    ± 0.5 mm

      R = s3

Recommended fitting tolerance:

Joint
B

R1)
sFL

DFL Di Do



10.3.1 MODEL RANGE P10, P14**, P147*, P180 WITH STEEL BACK 
AND MODEL RANGE P11 WITH BRONZE BACK

Table of dimensions (dimensions in mm)
Order designation
P10, P11, P14**, P147*, P180

Weight
g

Dimensions Connection dimensions
Di +0.25 Do 

–0.25
s3 –0.05 J ±0.12 d1  +0.4 

+0.1
tGa ±0.2 dGa +0.12

PAW 10 … P10/… P11/… P14**/… P147*/… P180 2.7 10 20 1.5 15 1.5 1 20
PAW 12 … P10/… P11/… P14**/… P147*/… P180 3.9 12 24 1.5 18 1.5 1 24
PAW 14 … P10/… P11/… P14**/… P147*/… P180 4.3 14 26 1.5 20 2 1 26
PAW 16 … P10/… P11/… P14**/… P147*/… P180 5.8 16 30 1.5 22 2 1 30
PAW 18 … P10/… P11/… P14**/… P147*/… P180 6.3 18 32 1.5 25 2 1 32
PAW 20 … P10/… P11/… P14**/… P147*/… P180 8.1 20 36 1.5 28 3 1 36
PAW 22 … P10/… P11/… P14**/… P147*/… P180 8.7 22 38 1.5 30 3 1 38
PAW 26 … P10/… P11/… P14**/… P147*/… P180 11.4 26 44 1.5 35 3 1 44
PAW 28 … P10/… P11/… P14**/… P147*/… P180 13.7 28 48 1.5 38 4 1 48
PAW 32 … P10/… P11/… P14**/… P147*/… P180 17.1 32 54 1.5 43 4 1 54
PAW 38 … P10/… P11/… P14**/… P147*/… P180 21.5 38 62 1.5 50 4 1 62
PAW 42 … P10/… P11/… P14**/… P147*/… P180 23.5 42 66 1.5 54 4 1 66
PAW 48 … P10/… P11/… P14**/… P147*/… P180 38.5 48 74 2 61 4 1.5 74
PAW 52 … P10/… P11/… P14**/… P147*/… P180 41 52 78 2 65 4 1.5 78
PAW 62 … P10/… P11/… P14**/… P147*/… P180 52 62 90 2 76 4 1.5 90

1) Maximum 4 free cuts on outside diameter, location optional

Thrust washers in special dimensions available on request (section 10.8).

10.3 KS PERMAGLIDE® THRUST WASHERS, MAINTENANCE-FREE

Di Do

s3

J
dGa

tGad1

X1)

Detail X
max. R 0.2

max. 0.3
max. 4.0

max. R 0.2

* On request
** Discontinued 
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Strips in special dimensions available on request (section 10.8).

10.4.1 MODEL RANGE P10, P14**, P147*, P180 WITH STEEL BACK – 
MODEL RANGE P11 WITH BRONZE BACK

10.4 KS PERMAGLIDE® STRIPS, MAINTENANCE-FREE

Table of dimensions (dimensions in mm)
Order designation
P11

Weight
g

Dimensions
s3

–0.04
B
+1.5

B1 L
+3

PAS 10160 P11 658 1 160 148 500
PAS 15180 P11 1132 1.5 P180 168 500
PAS 20180 P11 1523 2 P180 168 500
PAS 25180 P11 1915 2.5 P180 168 500

Table of dimensions (dimensions in mm)
Order designation
P10, P14**, P147*, P180

Weight
g

Dimensions
s3

–0.04
B
+1.5

B1 L
+3

PAS 05180 … P10/… P14**/… P147*/… P180 330 0.5 P180 168 500
PAS 07250 … P10/… P14**/… P147*/… P180 703 0.75 250 238 500
PAS 10250 … P10/… P14**/… P147*/… P180 948 1 250 238 500
PAS 15250 … P10/… P14**/… P147*/… P180 1439 1.5 250 238 500
PAS 20250 … P10/… P14**/… P147*/… P180 1930 2 250 238 500
PAS 25250 … P10/… P14**/… P147*/… P180 2420 2.5 250 238 500
PAS 30250 … P10/… P14**/… P147*/… P180 2970 3.06 250 238 500

B overall width
B1 useful width

s3

B

2.0 A

A

L

B1

* On request
** Discontinued 
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10.5.1 MODEL RANGE P20**, P200

For bearing clearances, wall thicknesses and chamfer tolerances, 
see section 8, “Design and layout of bearing position”, “Theoreti-
cal bearing clearance”.

Shaping the lubricating bore by roll bending is permitted.

Bushes P22, P23, P202 and P203 available on request. Bushes 
in special dimensions available on request (section 10.8).

Shaft Housing bore

h8 H7

Recommended fitting tolerance:

10.5 KS PERMAGLIDE® BUSHES, LOW-MAINTENANCE

01 Joint
02 Oil distributing pocket

1) No oil hole
** Discontinued 

Table of dimensions (dimensions in mm)
Shaft diameter Order designation

P20**, P200
Weight
g

Dimensions
Di Do B ±0.25 dL 

8 PAP 0808 … P20**/… P200 1.6 8 10 8 – 1)

PAP 0810 … P20**/… P200 2 8 10 10 – 1) 

PAP 0812 … P20**/… P200 2.4 8 10 12 – 1)

10 PAP 1008 … P20**/… P200 2 10 12 8 – 1)

PAP 1010 … P20**/… P200 2.4 10 12 10 3
PAP 1015 … P20**/… P200 3.7 10 12 15 3

12 PAP 1210 … P20**/… P200 2.9 12 14 10 3
PAP 1212 … P20**/… P200 3.5 12 14 12 3
PAP 1215 … P20**/… P200 4.4 12 14 15 3
PAP 1220 … P20**/… P200 5.9 12 14 20 3

14 PAP 1420 … P20**/… P200 6.8 14 16 20 3
15 PAP 1510 … P20**/… P200 3.6 15 17 10 3

PAP 1515 … P20**/… P200 5.4 15 17 15 3
PAP 1525 … P20**/… P200 9 15 17 25 3

16 PAP 1612 … P20**/… P200 4.6 16 18 12 3
PAP 1615 … P20**/… P200 5.7 16 18 15 3
PAP 1620 … P20**/… P200 7.7 16 18 20 3

18 PAP 1815 … P20**/… P200 6.4 18 20 15 3
PAP 1820 … P20**/… P200 8.6 18 20 20 3

20 PAP 2015 … P20**/… P200 11.2 20 23 15 3
PAP 2020 … P20**/… P200 15 20 23 20 3
PAP 2025 … P20**/… P200 18.8 20 23 25 3
PAP 2030 … P20**/… P200 23.1 20 23 30 3

22 PAP 2220 … P20**/… P200 16.4 22 25 20 3

B

Di Do

dL
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10 MODELS AND TABLES OF DIMENSIONS

Table of dimensions · continued (dimensions in mm)
Shaft diameter Order designation

P20**, P200
Weight
g

Dimensions
Di Do B ±0.25 dL 

25 PAP 2515 … P20**/… P200 13.9 25 28 15 4
PAP 2520 … P20**/… P200 18.5 25 28 20 4
PAP 2525 … P20**/… P200 23.1 25 28 25 4
PAP 2530 … P20**/… P200 27.8 25 28 30 4

28 PAP 2830 … P20**/… P200 42.6 28 32 30 4
30 PAP 3020 … P20**/… P200 30.3 30 34 20 4

PAP 3025 … P20**/… P200 37.8 30 34 25 4
PAP 3030 … P20**/… P200 45.4 30 34 30 4
PAP 3040 … P20**/… P200 60.6 30 34 40 4

32 PAP 3230 … P20**/… P200 48.2 32 36 30 4
35 PAP 3520 … P20**/… P200 35 35 39 20 4

PAP 3530 … P20**/… P200 52.5 35 39 30 4
PAP 3550 … P20**/… P200 87.5 35 39 50 4

40 PAP 4020 … P20**/… P200 39.7 40 44 20 4
PAP 4030 … P20**/… P200 59.6 40 44 30 4
PAP 4040 … P20**/… P200 79.5 40 44 40 4
PAP 4050 … P20**/… P200 99.3 40 44 50 4

45 PAP 4540 … P20**/… P200 113 45 50 40 5
PAP 4550 … P20**/… P200 142 45 50 50 5

50 PAP 5025 … P20**/… P200 78 50 55 25 5
PAP 5040 … P20**/… P200 125 50 55 40 5
PAP 5060 … P20**/… P200 188 50 55 60 5

55 PAP 5540 … P20**/… P200 137 55 60 40 5
60 PAP 6030 … P20**/… P200 112 60 65 30 6

PAP 6040 … P20**/… P200 142 60 65 40 6
PAP 6060 … P20**/… P200 224 60 65 60 6
PAP 6070 … P20**/… P200 254 60 65 70 6

70 PAP 7040 … P20**/… P200 173 70 75 40 6
PAP 7050 … P20**/… P200 216 70 75 50 6
PAP 7070 … P20**/… P200 303 70 75 70 6

75 PAP 7540 … P20**/… P200 185 75 80 40 6
PAP 7580 … P20**/… P200 370 75 80 80 6

80 PAP 8040 … P20**/… P200 197 80 85 40 6
PAP 8055 … P20**/… P200 271 80 85 55 6
PAP 8060 … P20**/… P200 295 80 85 60 6
PAP 8080 … P20**/… P200 394 80 85 80 6

90 PAP 9060 … P20**/… P200 331 90 95 60 6
100 PAP 10050 … P20**/… P200 305 100 105 50 8

PAP 10060 … P20**/… P200 366 100 105 60 8

** Discontinued 

B

Di Do

dL

01 Joint
02 Oil distributing pocket



Table of dimensions (dimensions in mm)
Order designation
P20**, P200

Weight
g

Dimensions Connection dimensions
Di

+0.25
Do

–0.25
s3

–0.05
J
±0.12

d1

+0.4
+0.1

tGa 
±0.2

dGa

+0.12

PAW 12 … P20**/… P200 3.8 12 24 1.5 18 1.5 1 24
PAW 14 … P20**/… P200 4.2 14 26 1.5 20 2 1 26
PAW 18 … P20**/… P200 6.1 18 32 1.5 25 2 1 32
PAW 20 … P20**/… P200 7.8 20 36 1.5 28 3 1 36
PAW 22 … P20**/… P200 8.4 22 38 1.5 30 3 1 38
PAW 26 … P20**/… P200 11 26 44 1.5 35 3 1 44
PAW 28 … P20**/… P200 13.3 28 48 1.5 38 4 1 48
PAW 32 … P20**/… P200 16.5 32 54 1.5 43 4 1 54
PAW 38 … P20**/… P200 21 38 62 1.5 50 4 1 62
PAW 42 … P20**/… P200 22.5 42 66 1.5 54 4 1 66
PAW 48 … P20**/… P200 37.5 48 74 2 61 4 1.5 74
PAW 52 … P20**/… P200 40 52 78 2 65 4 1.5 78

10.6.1 MODEL RANGE P20**, P200

Thrust washers of P22, P23, P202 and P203 available on request.
Thrust washers in special dimensions available on request (see section 10.8).

10.6 KS PERMAGLIDE® THRUST WASHERS, LOW-MAINTENANCE

1) Maximum 4 free cuts on outside diameter, location optional
** Discontinued 

Detail X
max. R 0.2

max. 0.3
max. 4.0

max. R 0.2

Di Do

s3

J
dGa

tGad1

X1)
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10.7.1 MODEL RANGE P20**, P200

B overall width
B1 useful width

B overall width
B1 useful width

1) Machining allowance: 0.15 mm.
** Discontinued 

Table of dimensions (dimensions in mm)
Order designation
P22, P202

Weight
g

Dimensions
s3

–0.04
B
+1.5

B1 L
+3

PAS 10180 … P22/… P202 988 1.11 180 168 500
PAS 15180 … P22/… P202 1375 1.61 180 168 500
PAS 20180 … P22/… P202 1833 2.11 180 168 500
PAS 25180 … P22/… P202 2279 2.63 180 168 500

Table of dimensions (dimensions in mm)
Order designation
P20**, P200, P23, P203

Weight
g

Dimensions
s3

–0.04
B
+1.5

B1 L
+3

PAS 10180 … P20/… P200/… P23/… P203 640 0.99 180 168 500
PAS 15180 … P20/… P200/… P23/… P203 986 1.48 180 168 500
PAS 20180 … P20/… P200/… P23/… P203 1332 1.97 180 168 500
PAS 25180 … P20/… P200/… P23/… P203 1678 2.46 180 168 500

Supplied on request.

Without lubrication pocketsWith oil distributing pockets

P20   With oil distributing pocket, ready to install
P22   Without oil distributing pocket, with machining allowance 1)

P23  Without oil distributing pocket, ready to install
P200  With oil distributing pocket, ready to install
P202  Without oil distributing pocket, with machining allowance 1)

P203  Without oil distributing pocket, ready to install

Strips P22, P23, P200, P202 and P203 available on request. 

Strips in special dimensions available on request (section 10.8).

10.7 KS PERMAGLIDE® STRIPS, LOW-MAINTENANCE

s3

B

2.0 A

A

L

B1

s3

B

2.0 A

A

L

B1



10.8 KS PERMAGLIDE® PLAIN BEARINGS, SPECIAL PRODUCTION 
ACCORDING TO CUSTOMER SPECIFICATION

Motorservice manufactures KS Permaglide® plain bearings with 
custom widths or diameters, as well as special adaptations such 
as lubricating bores or internal grooves.

• Special productions are available in all standard materials: 
P10/P11/P14/P147/P180, P20/P22/P23/P200/P202/P203

• Special materials on request
• Production is carried out in accordance with the highest 

quality standards with tolerances to meet DIN ISO 3547.

• Benefit from our established know-how on the materials 
and production methods of KS Permaglide® plain bearings.

Possible specifications Special production of plain bearings Machining

Custom width, diameter 8 to 160 mm. Shortening or dividing standard plain 
bearings (plain bearing bushes and flange 
bushes)

Custom diameter, any intermediate sizes from  
80 to 650 mm diameter.

Rolling of plain bearing plates.

Plain bearings with recesses, such as
Round hole bores
Oblong hole bores
Lubrication bores
Internal grooves
etc.

Milling of standard plain bearings or special 
productions, production in accordance with 
your drawing.

Individual flange dimensions, individual wall 
thicknesses and other designs. Depending on 
the requirement, different materials can be used 
for the bush and the cylindrical part of the 
flange liner.

Welded flange liners.

Individual shapes, individual dimensions,
intricate contours, bent parts, bearing shells, 
spherical sliding elements and customer- 
specific components.

Precision cutting and sheet metal working.

Special shapes with mounting holes, recesses, 
individual moulded parts and sliding elements. 

Cutting blanks, drilling and sinking, 
nibbling or punching moulded parts, 
reshaping through bending, edging and 
deep drawing.

Our sales team are happy to advise you on special 
productions and individual solutions for your application.
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11 TEST METHODS

Fig. 66: Measuring lines for the wall thickness test (example)

Unlike a cylindrical pipe section, wrapped bushes are produced 
from a level section of material through shaping. They 
therefore feature a joint that may be open when free. The 
wrapped bush only has a closed joint and the required 
dimensional and contouring accuracy after it has been pressed 
into the bearing housing. Before mounting, the outside 
diameter Do and inside diameter Di of wrapped bushes can only 
be measured using special test methods and testing devices. 

Bush outside diameter DO

Test A, DIN ISO 3547 Part 2
Here, the wrapped bush is placed into a two-piece test holder 
with defined test diameter dch, with the joint facing upwards. The 
test holder is subjected to a test force Fch. The distance z between 
the dies changes under the test force. The bush diameter DO is 
then calculated from this measured value Δz.

Test D, DIN ISO 3547 Part 2
Wrapped bushes with an outside diameter Do > 180 mm are 
tested using a precision tape measure. Here, the tape measure is 
placed around the centre of the bush, and sufficient tension 
applied to close the joint. The measured circumference Δz 
indicates the difference between the adjusting mandrel and the 
bush. From this value, the bush outside diameter DO is calculated.

Bush inside diameter Di 

Test C with gauge, DIN ISO 3547 Part 2
The wrapped bush is pressed into a gauge ring with a test 
diameter defined according to DIN ISO 3547 Part 1, Tab. 14. The 
bush inside diameter Di is checked using a go/no go plug gauge 
or a 3-point touch probe.

Wall thickness test of the wrapped bush (following agreement)
The wall thickness test is set out in DIN ISO 12036.
The bush wall thickness s3 is tested on one, two or three 
measuring lines, depending on the liner length B. Following 
agreement, the test can be performed in accordance with the 
aforementioned standard:

ATTENTION 
The wall thickness s3 and bush inside diameter must not be given 
simultaneously as a test dimension.

NOTE
The section on the testing of wrapped bushes describes the most 
important processes in a generalised fashion. It is to be used 
purely for the purpose of information. The exact procedure is set 
out in the respective current standards. These standards alone 
must be used to determine the dimensional and functional 
quality of wrapped bushes. 

Fig. 65: Test of bush outside diameter DO

01 Joint
02 Test holder
03 Bush 01 Measuring lines

11.1 TESTING WRAPPED BUSHES

11 TEST METHODS

dch

Fch

Z

B

(Di)Do

s3

x

x



The sliding layer of KS Permaglide® P22 and P202 has a machin-
ing allowance of around 0.15 mm. This can be machined by 
turning, drilling or reaming to:
• Achieve smaller clearance tolerances
• Compensate for misalignments

Tried and tested methods are turning and boring with:
• Dry cutting
• Cutting speeds from 100 to 150 m/min
• Feed rate of 0.05 mm/rev
• Cutting depth of max. 0.1 mm
• Carbide tools (Fig. 67)

ATTENTION 
• Machining temperatures above 140 °C constitute a health 

hazard.
• P22 chips contain lead. Lead is hazardous to health.
• Changes in colour may occur on the polymer sliding layer 

due to high-energy radiation e.g. UV-light. To protect the 
surfaces, exposure to direct sunlight should be avoided.

• Removing more material reduces service life.
• Inexpert machining will have a negative impact on service 

life and load bearing capacity.
• Parts must be cleaned after machining.

Fig. 67:  Cutting tool for KS Permaglide® P22 and P202

ENVIRONMENTAL ISSUES, HEALTH & SAFETY, REFERENCES

11.2 MACHINING THE SLIDING LAYER 

DELIVERY CONDITION, STORAGE
Delivery condition
• Packed in a bag in a cardboard box, or
• packed in a cardboard box.

Storage
KS Permaglide® plain bearings should be stored:
• In a dry, clean place
• At a constant temperature, as far as possible
• At a relative humidity of max. 65 %.

ATTENTION 
Keep packaging closed, where possible. KS Permaglide® plain 
bearings should only be removed from the original packaging 
immediately before installation.

ENVIRONMENTAL ISSUES, HEALTH & SAFETY
In your own interests, please observe legislation and other 
regulations concerning
• protection of the environment
• health and safety and similar issues.

REFERENCES
/1/  Damm, Höne, Reinicke, Skiadas: Gleitlager im Automobil. 

(Plain bearings in cars) Moderne Industrie publishing house, 
Volume 322, 2009

/2/  Berger: Untersuchungen an wartungsfreien Verbundgleit lagern 
(Tests on maintenance-free compound plain bearings). 
 Shaker publishing house, Aachen, 2000

Further reading:
• Broichhausen: Schadenskunde, Analyse und Vermeidung von 

Schäden (Investigation, analysis and prevention of damage). 
Hanser publishing house, Munich, Vienna, 1985

• Stork: Lebensdauervorhersage wartungsfreier, dynamisch 
belasteter Verbund gleitlager mit Hilfe neuronaler Netze 
(Service life prediction of maintenance-free, dynamically 
loaded compound plain bearings using neural networks)  
Shaker publishing house, Aachen, 2003
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1. Geltungsbereich
1.1 Die Verkaufs- und Lieferbedingungen der MS Motorservice Deutschland GmbH (im Folgenden 
„Verkäufer“ genannt) gelten ausschließlich. Entgegenstehende oder von diesen Verkaufs- und 
Lieferbedingungen abweichende Bedingungen des Käufers werden nicht anerkannt, es sei denn, der 
Verkäufer hat ausdrücklich und schriftlich der Geltung abweichender Bedingungen zugestimmt. 
Diese Verkaufs- und Lieferbedingungen gelten auch dann, wenn der Verkäufer in Kenntnis 
entgegenstehender oder von den eigenen Verkaufs- und Lieferbedingungen abweichender 
Bedingungen des Käufers die Lieferung an den Käufer vorbehaltlos durchführt.
1.2 Die Verkaufs- und Lieferbedingungen gelten auch für alle zukünftigen Geschäfte mit dem 
Käufer. Durch Bestellung des Käufers, spätestens aber durch Annahme der Ware, werden diese 
Verkaufs- und Lieferungsbedingungen vom Käufer anerkannt.
1.3 Diese Verkaufs- und Lieferbedingungen gelten nur gegenüber Unternehmern.

2. Angebot und Auftragsbestätigung
2.1 Angebote des Verkäufers sind stets unverbindlich. Eine Bestellung des Käufers, die rechtlich 
als Angebot zu qualifi zieren ist, gilt erst dann als angenommen, wenn sie vom Verkäufer innerhalb 
von vier Wochen schriftlich bestätigt wird. Spätestens kommt der Vertrag mit Absendung der 
bestellten Ware, bei Teillieferung mit Absendung der ersten Lieferung zustande.
2.2 Änderungen und sonstige Vereinbarungen sind nur dann verbindlich, wenn sie vom Verkäufer 
schriftlich bestätigt werden.
2.3 Soweit der Käufer individuelle Kostenvoranschläge verlangt, sind diese vergütungspfl ichtig. 
Wird die Wirksamkeit des geschlossenen Vertrages aus irgendeinem Rechtsgrund beseitigt, bleibt 
die Vergütungspfl icht für den Kostenvoranschlag bestehen.
2.4 Die in den Angeboten enthaltenen Unterlagen, Zeichnungen, Gewichts- und Maßangaben, 
Muster etc. sind nur ungefähre Angaben und stellen keine Beschaff enheitsmerkmale dar. Der 
Verkäufer ist berechtigt, von den Beschreibungen im Angebot abzuweichen, sofern diese 
Abweichungen nicht grundlegender oder wesentlicher Art sind und der vertragsgemäße Zweck nicht 
wesentlich eingeschränkt wird.
2.5 Soweit Waren nach Käuferzeichnungen gefertigt werden, sind die vom Käufer erstellten und 
vom Verkäufer genehmigten Zeichnungen maßgeblich. Abweichungen von genehmigten 
Zeichnungen sind besonders zu vereinbaren und etwaige Mehrkosten hierfür sind dem Verkäufer zu 
vergüten.

3. Schutzrechte
3.1 Der Verkäufer behält sich an allen Abbildungen, Zeichnungen, Kalkulationen und sonstigen 
Unterlagen das Eigentums- und Urheberrecht vor; sie dürfen ohne vorherige schriftliche Zustimmung 
des Verkäufers weder für andere als die vom Verkäufer angegebenen Zwecke verwendet noch Dritten 
zugänglich gemacht werden. Dies gilt insbesondere für solche schriftlichen Unterlagen, die als 
„vertraulich“, „geheim“ oder ähnlich bezeichnet sind.
3.2 Erfolgen Lieferungen nach Zeichnungen oder sonstigen Angaben des Käufers und werden 
hierdurch Schutzrechte Dritter verletzt, stellt der Käufer den Verkäufer im Innenverhältnis von 
sämtlichen Ansprüchen frei.
3.3 Der Verkäufer haftet für Ansprüche, die sich bei vertragsgemäßer Verwendung der Waren aus 
der Verletzung von Schutzrechten und Schutzrechtsanmeldungen (Schutzrechte) ergeben, von 
denen mindestens eines aus der Schutzrechtsfamilie entweder vom Europäischen Patentamt oder in 
einem der Staaten Bundesrepublik Deutschland, Frankreich, Großbritannien, Österreich, China, 
Japan oder USA veröff entlicht ist.

4. Empfehlungen, Informationen und Auskünfte
Empfehlungen, Informationen und Auskünfte sind unverbindlich, soweit sie sich nicht auf die Ware 
selbst beziehen. Ersatzansprüche, gleich aus welchem Rechtsgrund, sind ausgeschlossen, es sei 
denn, sie beruhen auf vorsätzlichem oder grob fahrlässigem Handeln des Verkäufers.

5. Preise
5.1 Alle Preise sind Nettopreise und gelten „ab Werk“ (Incoterms 2010, „EXW“) ausschließlich 
Verpackung. Die gesetzliche Mehrwertsteuer in der jeweils gültigen Höhe wird hinzugerechnet.
5.2 Etwaiger Mehraufwand, der durch Änderungswünsche entsteht, kann dem Käufer vom 
Verkäufer in Rechnung gestellt werden.
5.3 Treten nach Abschluss des Vertrages Ereignisse ein, die die Selbstkosten des Verkäufers beim 
Einkauf, der Herstellung und/oder dem Versand der Ware verteuern, so ist der Verkäufer zu 
entsprechender Preiserhöhung berechtigt.

6. Zahlungsbedingungen
6.1 Rechnungen sind innerhalb von 14 Tagen ab Rechnungsdatum ohne Abzug zur Zahlung fällig. 
Skonto gilt nur bei ausdrücklicher schriftlicher Vereinbarung.
6.2 Der Verkäufer ist berechtigt, selbst bei entgegenstehender Zweckbindung des Käufers eine 
Zahlung zunächst auf die jeweils älteste, nicht titulierte Schuld anzurechnen. Sind bereits Kosten 
oder Zinsen entstanden, ist der Verkäufer berechtigt, Zahlungen zunächst auf die Kosten, dann auf 
die Zinsen und zuletzt auf die Hauptleistung anzurechnen.
6.3 Das Recht zur Aufrechnung steht dem Käufer nur zu, wenn und soweit seine Gegenansprüche 
rechtskräftig festgestellt, unbestritten oder vom Verkäufer schriftlich anerkannt sind. Das 
Zurückbehaltungsrecht des Käufers ist auf Ansprüche aus dem Vertragsverhältnis beschränkt.
6.4 Der Verkäufer ist berechtigt, Verzugszinsen in Höhe des jeweils gültigen gesetzlichen 
Verzugszinssatzes zu verlangen. Das Recht, einen höheren Verzugsschaden nachzuweisen, bleibt 
ausdrücklich vorbehalten.

7. Lieferung / Lieferzeit / Verzug
7.1 Lieferfristen und Liefertermine gelten nur dann als verbindlich vereinbart, wenn diese vom 
Verkäufer ausdrücklich schriftlich zugesagt werden. Der Verkäufer ist an den Liefertermin bzw. die 
Lieferfrist nicht gebunden, wenn der Käufer seinen Obliegenheiten (Zahlung von Abschlägen, 
Beibringung erforderlicher Unterlagen etc.) nicht rechtzeitig nachkommt. Die Einrede des 
nichterfüllten Vertrages bleibt vorbehalten.
7.2 Lieferfristen beginnen frühestens an dem Tag, an dem der Vertrag schriftlich geschlossen 
wurde und alle technischen Fragen geklärt sind.
7.3 Bei Änderungswünschen des Käufers ist der Verkäufer von der Einhaltung des Liefertermins 
bzw. der Lieferfrist befreit. Die Parteien werden in diesem Fall einen neuen Liefertermin oder eine 
neue Lieferfrist vereinbaren.
7.4 Sofern nichts Abweichendes vereinbart wird, ist der Liefertermin bzw. die Lieferfrist 
eingehalten, wenn der Verkäufer die Ware an dem vereinbarten Ort bereitgestellt hat.
7.5 Wegen Lieferverzögerungen, die nicht auf Vorsatz oder grober Fahrlässigkeit des Verkäufers 
beruhen, kann der Käufer keine Ansprüche geltend machen. Dies gilt insbesondere für 
Lieferverzögerungen aufgrund von höherer Gewalt, Arbeitskämpfen, Unruhen, behördlichen 
Maßnahmen, Ausbleiben von Zulieferungen der Zulieferanten und sonstigen unvorhersehbaren, 
unabwendbaren und schwerwiegenden Ereignissen. Der vereinbarte Liefertermin bzw. die Lieferfrist 
verschiebt sich in diesen Fällen entsprechend der Dauer des Lieferhindernisses. Der Ersatz von 
entgangenem Gewinn und Schäden aus Betriebsunterbrechung ist auf Vorsatz beschränkt.
7.6 Kommt der Käufer in Annahmeverzug oder verletzt er sonstige Mitwirkungspfl ichten, so ist der 
Verkäufer berechtigt, den insoweit entstandenen Schaden einschließlich etwaiger 
Mehraufwendungen ersetzt zu verlangen. Der Verkäufer ist darüber hinaus berechtigt, dem Käufer 
eine angemessene Annahmefrist zu setzen und nach deren fruchtlosem Verstreichen vom Vertrag 
zurückzutreten und Schadensersatz statt der Leistung zu verlangen.
7.7 Teillieferungen sind in zumutbarem Umfang zulässig. Insofern sind Ansprüche des Käufers 
wegen der Teillieferung oder einer verspäteten Lieferung der Restmenge ausgeschlossen.

8. Eigentumsvorbehalt
8.1 Der Verkäufer behält sich das Eigentum an sämtlichen gelieferten Waren bis zum Eingang aller 
Zahlungen aus der Lieferbeziehung, auch der zukünftig entstehenden Verbindlichkeiten, vor. Bei 
vertragswidrigem Verhalten, insbesondere bei Zahlungsverzug, ist der Verkäufer berechtigt, die 
Waren zurückzufordern.
8.2 Der Käufer ist verpfl ichtet, die gelieferten Waren pfl eglich zu behandeln und während der 
Dauer des Eigentumsvorbehaltes auf eigene Kosten gegen jede Form des Untergangs zum Neuwert 
zu versichern. Der Verkäufer bleibt berechtigt, die Ware auf Kosten des Käufers selbst zu versichern.
8.3 Bei Pfändungen oder sonstigen Eingriff en Dritter hat der Käufer den Verkäufer unverzüglich 
schriftlich zu benachrichtigen, damit dieser Drittwiderspruchsklage oder andere Rechtsmittel 
erheben kann. Soweit der Dritte die hierdurch entstehenden gerichtlichen und außergerichtlichen 
Kosten nicht erstattet, haftet hierfür der Käufer.
8.4 Der Käufer ist berechtigt, die Ware im ordentlichen Geschäftsgang weiter zu verkaufen; er tritt 
dem Verkäufer jedoch bereits jetzt alle Forderungen in Höhe des Faktura-Endbetrages (einschließlich 
gesetzlicher Mehrwertsteuer) der Forderung ab, die ihm aus der Weiterveräußerung gegen seine 
Abnehmer oder Dritte erwachsen, und zwar unabhängig davon, ob die Ware ohne oder nach 
Verarbeitung weiter verkauft wurde. Zur Einziehung dieser Forderung bleibt der Käufer auch nach 
Auslieferung berechtigt. Die Befugnis des Verkäufers, die Forderung selbst einzuziehen, bleibt 
davon unberührt. Der Verkäufer verpfl ichtet sich jedoch, die Forderung nicht einzuziehen, solange 
der Käufer seinen Zahlungsverpfl ichtungen aus den vereinnahmten Erlösen nachkommt, nicht in 
Zahlungsverzug gerät und insbesondere ein Antrag auf Eröff nung eines Insolvenzverfahrens nicht 
gestellt ist oder Zahlungseinstellung nicht vorliegt.

8.5 Wird die gelieferte Ware mit anderen, nicht dem Verkäufer gehörenden Gegenständen 
untrennbar vermischt oder verbunden, so erwirbt der Verkäufer das Miteigentum an der neuen oder 
verbundenen Sache im Verhältnis des Wertes der gelieferten Ware (Faktura-Endbetrag, 
einschließlich gesetzlicher Mehrwertsteuer) zu der oder den anderen Gegenständen zum Zeitpunkt 
der Vermischung oder Verbindung. Der Käufer verwahrt das so entstandene Allein- oder 
Miteigentum für den Verkäufer.
8.6 Übersteigt der Wert der gegebenen Sicherheiten die Forderungen des Verkäufers insgesamt 
um mehr als 20 %, so ist der Verkäufer auf Verlangen des Käufers verpfl ichtet, die überschießenden 
Sicherheiten nach Wahl des Verkäufers freizugeben.
8.7 Sofern und soweit die Registrierung und/oder die Erfüllung anderer Erfordernisse 
Voraussetzung für die Wirksamkeit des Eigentumsvorbehalts ist, ist der Käufer verpfl ichtet, auf 
seine Kosten alle hierzu notwendigen Handlungen unverzüglich vorzunehmen und alle erforderlichen 
Mitteilungen zu machen. Falls und soweit die maßgebliche Rechtsordnung keine Vereinbarung eines 
Eigentumsvorbehalts zulässt, wird der Käufer den Verkäufer bei Inanspruchnahme von Warenkredit 
angemessene andere Sicherheiten stellen.

9. Versand, Gefahrenübergang
9.1 Der Versand erfolgt auf Gefahr des Käufers. Die Gefahr geht stets spätestens mit Absendung 
der Ware, auch wenn weitere Leistungen von dem Verkäufer übernommen werden, auf den Käufer 
über.
9.2 Verzögert sich der Versand infolge von Umständen, die der Verkäufer nicht zu vertreten hat, so 
geht die Gefahr vom Tage der Anzeige der Versandbereitschaft auf den Käufer über. Auf schriftlichen 
Wunsch des Käufers wird die Sendung von dem Verkäufer gegen Bruch-, Transport-, Feuer- und 
Wasserschäden auf Kosten des Käufers versichert.
9.3 Transport- und alle sonstigen Verpackungen nach Maßgabe der Verpackungsverordnung 
werden nicht zurückgenommen; ausgenommen sind Paletten. Der Käufer ist verpfl ichtet, die 
Entsorgung der Verpackung auf eigene Kosten zu besorgen.

10 Fertigungsmittel
10.1 Soweit der Käufer dem Verkäufer Fertigungsmittel (z.B. Werkzeuge, Formen) zur Verfügung 
stellt, sind diese dem Verkäufer kostenfrei zuzusenden. Für deren Untergang, Verschlechterung 
oder unvollständige Rücklieferung und daraus resultierende Schäden übernimmt der Verkäufer eine 
Haftung nur für grobe Fahrlässigkeit oder Vorsatz. Dies gilt nicht, soweit gesetzlich zwingend 
gehaftet wird.
10.2 Wenn Fertigungsmittel vom Verkäufer im Auftrag des Käufers angefertigt oder beschaff t 
werden, stellt der Verkäufer hierfür anteilige Kosten gesondert in Rechnung. Die Fertigungsmittel 
bleiben Eigentum des Verkäufers. Zur Herausgabe an den Käufer ist der Verkäufer nicht verpfl ichtet. 
Vorstehendes gilt auch für Folgewerkzeuge. Die nachfolgende Regelung in Ziff er 10.3 bleibt hiervon 
unberührt.
10.3 Im Falle der Amortisation der Kosten der Fertigungsmittel über den Teilepreis übernimmt der 
Käufer bei Nichtamortisation eines Werkzeuges die nicht gedeckten Kosten einschließlich der 
Kosten der sonstigen typengebundenen Einrichtungen. Kosten für Modelle gehen stets in vollem 
Umfang zu Lasten des Käufers.
10.4 Vom Verkäufer dem Käufer ausgehändigten Zeichnungen und Unterlagen sowie Vorschläge 
des Verkäufers für die Gestaltung und zur Herstellung der Ware dürfen an Dritte nicht weitergegeben 
und können vom Verkäufer jederzeit zurückverlangt werden.

11. Sachmängelhaftung / Haftung
11.1 Der Verkäufer haftet nicht für Schäden, die durch Verletzung von Bedienungs-, Wartungs- und 
Einbauvorschriften, ungeeignete, nicht bestimmungsgemäße oder unsachgemäße Verwendung, 
fehlerhafte oder nachlässige Behandlung, natürlicher Verschleiß, falsche Lagerung oder vom Käufer 
oder Dritten vorgenommene Veränderungen der Ware auftreten. Die Waren dürfen vom Käufer oder 
Dritten nur durch unterwiesenes Fachpersonal eingebaut werden.
11.2 Dem Verkäufer steht das Wahlrecht zwischen Nachbesserung und Neulieferung zu.
11.3 Die zum Zwecke der Nacherfüllung erforderlichen Aufwendungen werden nicht vom Verkäufer 
getragen, soweit die Aufwendungen sich dadurch erhöhen, dass die Ware nach der Lieferung an 
einen anderen Ort als den ursprünglichen Lieferort verbracht worden ist.
11.4 Der Verkäufer haftet nicht für Aufwendungen, die dem Käufer im Zusammenhang mit dem 
Ausbau mangelhafter Waren und dem Einbau neu gelieferter bzw. nachgebesserter Waren entstehen.
11.5 Ansprüche aus Sachmängelhaftung verjähren in einem Jahr ab Übergabe der Ware, es sei 
denn, die Sachmängelhaftungsansprüche beruhen auf einer grob fahrlässigen oder vorsätzlichen 
Pfl ichtverletzung des Verkäufers oder seines Erfüllungsgehilfen oder auf einer Verletzung von 
Leben, Körper oder Gesundheit.
11.6 Der Käufer ist verpfl ichtet, seiner Untersuchungspfl icht nach § 377 HGB auch bei 
Weiterveräußerung der Ware nachzukommen.
11.7 Das Rückgriff srecht des Käufers gegen den Verkäufer wegen solcher Ansprüche aus 
Sachmängelhaftung, die dem Käufer von dessen Abnehmern entgegengesetzt werden, ist 
ausgeschlossen, wenn der Käufer seiner Untersuchungs- und Rügepfl icht nicht nachgekommen ist 
oder die Ware durch Verarbeitung abgeändert wurde.
11.8 Die Haftung des Verkäufers nach den gesetzlichen Bestimmungen auf Schadensersatz ist 
uneingeschränkt gegeben, wenn eine dem Verkäufer zurechenbare Pfl ichtverletzung auf Vorsatz 
oder grober Fahrlässigkeit beruht. Soweit die dem Verkäufer zurechenbare Pfl ichtverletzung auf 
einfacher Fahrlässigkeit beruht und eine wesentliche Vertragspfl icht schuldhaft verletzt ist, ist die 
Schadensersatzhaftung auf den vorhersehbaren Schaden beschränkt, der typischerweise in 
vergleichbaren Fällen eintritt. Im Übrigen ist die Haftung ausgeschlossen.
11.9 Die Haftung nach den Bestimmungen des Produkthaftungsgesetzes oder vergleichbarer, 
unabdingbarer Rechte ausländischer Rechtsordnungen bleibt unberührt. Unberührt bleibt auch die 
Haftung wegen Verletzung von Leben, Körper und Gesundheit.
11.10 Soweit eine Haftung nach Tatbeständen der Ziff er 11.9 begründet wird, ist die Haftung des 
Verkäufers bei ausländischen Rechtsordnungen im Verhältnis zum Käufer insoweit beschränkt, als 
es nach dem jeweiligen ausländischen Recht zulässig wäre.
11.11 Soweit die Schadensersatzhaftung des Verkäufers ausgeschlossen oder eingeschränkt ist, 
gilt dies auch im Hinblick auf die persönliche Schadensersatzhaftung der Mitarbeiter, Vertreter und 
Erfüllungsgehilfen des Verkäufers.

12. Abtretungsverbot
Sämtliche Ansprüche des Käufers gegen den Verkäufer sind nicht abtretbar.

13. Produkthaftung / Hinweispfl ichten
13.1 Der Käufer darf die Ware nur bestimmungsgemäß verwenden und muss dafür sorgen, dass 
diese Ware nur an mit den Produktgefahren und -risiken vertraute Personen weiterveräußert wird.
13.2 Der Käufer ist verpfl ichtet, bei Verwendung der Ware als Grundstoff  und Teilprodukt von 
eigenen Produkten beim Inverkehrbringen des Endprodukts seiner Warnpfl icht auch im Hinblick auf 
die von dem Verkäufer gelieferte Ware nachzukommen. Im Innenverhältnis stellt der Käufer den 
Verkäufer von der Geltendmachung von Ansprüchen bei Verletzung dieser Obliegenheit auf erstes 
Anfordern frei.

14. Geheimhaltung
Der Käufer muss alle geschäftlichen und technischen Informationen, die er vom Verkäufer erhalten 
hat, Dritten gegenüber wie Geschäfts- und Betriebsgeheimnisse behandeln, soweit diese nicht 
allgemein bekannt sind. Derartige Informationen dürfen ausschließlich zum vertragsgemäßen 
Zweck an Dritte, die über eine entsprechende Geheimhaltungsvereinbarung eingebunden sind, 
weitergegeben werden.

15. Sonstiges
15.1 Erfüllungsort ist der Ort des jeweiligen Verkäuferwerkes.
15.2 Gerichtsstand für sämtliche Streitigkeiten aus dem Vertrag ist Stuttgart. Der Verkäufer ist 
jedoch berechtigt, den Käufer auch an dessen allgemeinen Gerichtsstand zu verklagen.
15.3 Für die Abwicklung von Verträgen auf Grundlage dieser Verkaufs- und Lieferbedingungen gilt 
ausschließlich deutsches Recht unter Ausschluss des Kollisionsrechts und des UN-Kaufrechts.
15.4 Die Parteien sind verpfl ichtet, im Rahmen der Durchführung der Vertragsbeziehung sämtliche 
geltenden gesetzlichen Bestimmungen einzuhalten (Compliance with laws).
15.5 Von diesen Verkaufs- und Lieferbedingungen abweichende oder sie ergänzende separate 
Vereinbarungen zwischen den Parteien gelten vorrangig.
15.6 Soweit eine oder mehrere der vorstehenden Bestimmungen ganz oder teilweise unwirksam 
sein sollte, so bleibt die Gültigkeit der übrigen Bestimmungen hiervon unberührt. Die ungültige 
Bestimmung ist dann durch eine gesetzlich zulässige Bestimmung zu ersetzen, mit der Sinn und 
Zweck dieser Verkaufs- und Lieferbedingungen in möglichst gleicher Weise erreicht werden. 
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1. Scope of Application
1.1 The Terms and Conditions of Sale and Delivery of MS Motorservice Deutschland GmbH 
(hereinafter referred to as the „Seller“) shall apply exclusively. Opposing terms of the Buyer or terms 
that deviate from these Terms and Conditions of Sale and Delivery shall not apply unless the Seller 
has expressly agreed to the validity of deviating terms in writing. These Terms and Conditions of 
Sale and Delivery shall also apply if the Seller effects delivery to the Buyer without reservation in full 
knowledge of opposing terms of the Buyer or terms that deviate from its own Terms and Conditions 
of Sale and Delivery.
1.2 The Terms and Conditions of Sale and Delivery shall also apply to future business transactions 
with the Buyer. By placing an order and at the latest upon acceptance of the goods, the Buyer accepts 
these Terms and Conditions of Sale and Delivery.
1.3 These Terms and Conditions of Sale and Delivery shall only apply in B2B-relations.

2. Offer and Order Confirmation
2.1 Offers by the Seller shall in all cases be non-binding. An order from the Buyer that legally 
qualifies as an offer shall only be accepted once this has been confirmed in writing by the Seller 
within four weeks. The contract shall come into effect at the latest once the ordered goods have been 
dispatched, and in case of partial delivery, once the first delivery has been dispatched.
2.2 Modifications and other agreements shall only be binding once they have been confirmed by 
the Seller in writing.
2.3 Insofar as the Buyer requests cost estimations, these shall be subject to a charge. If the 
contract concluded is invalidated on the basis of any legal grounds, the obligation to pay for the 
quotation shall remain.
2.4 The documents, drawings, details relating to weight and dimensions, samples etc. contained 
in the offers are only approximate specifications and shall not constitute guaranteed qualities. 
The Seller shall be entitled to deviate from the descriptions in the offer to the extent that these 
deviations are not of a fundamental or significant nature and the purpose according to the contract 
is not substantially restricted.
2.5 Insofar as goods are manufactured according to Buyer‘s drawings, the drawings created by 
the Buyer and approved by the Seller shall be decisive. Deviations from approved drawings must be 
separately agreed and any additional costs in this regard shall be reimbursed to the Seller.

3. Industrial Property Rights
3.1 The Seller shall reserve industrial property rights and copyright to all illustrations, drawings, 
calculations, and other documents; these items may neither be used for purposes other than those 
stipulated by the Seller, nor made accessible to third parties without the prior written consent of 
the Seller. This shall apply in particular to written documents that are designated as „confidential“, 
„secret“, or similar.
3.2 Where deliveries are effected according to drawings or other specifications from the Buyer 
and where third-party property rights are breached as a result of this, the Buyer shall indemnify the 
Seller against any claims internally.
3.3 The Seller shall be liable for claims relating to violation of industrial property rights and 
applications for industrial property rights resulting from contractual use of the goods, if at least 
one property right from the family of industrial property rights has been published by the European 
Patents Office or in one of the following states: Federal Republic of Germany, France, United 
Kingdom, Austria, China, Japan, or the USA.

4. Recommendations and Information
Recommendations and information shall be non-binding insofar as they do not refer to the goods 
themselves. Claims for compensation, irrespective of the legal grounds, shall be excluded unless 
they are based on willful or grossly negligent action on the part of the Seller.

5. Prices
5.1 All prices are net prices and shall be quoted „ex works“ (Incoterms 2010, „EXW“) excluding 
packaging. Statutory VAT shall be added at the current applicable rate.
5.2 Any additional costs incurred as a result of modification requests may be charged to the Buyer 
by the Seller.
5.3 Where events occur after conclusion of the contract that result in increased costs for the Seller 
in terms of primary purchasing costs, manufacture, and/or shipment of the goods, the Seller shall be 
entitled to increase its prices accordingly.

6. Conditions of Payment
6.1 Invoices shall be due for payment within 14 days of the invoice date without any deductions. 
Discounts shall only apply where expressly agreed in writing.
6.2 The Seller shall be entitled to offset a payment against the oldest, not specifically titled debt, 
even where the Buyer has earmarked the payment for a different purpose. Where costs or interest 
have already been incurred, the Seller shall be entitled to offset payments, in the first instance, 
against the costs, then against the interest, and finally against the principal debt.
6.3 The Buyer shall only have the right to offset insofar as its counterclaims are legally binding,  
are uncontested, or have been acknowledged in writing by the Seller. The right of retention on the 
part of the Buyer shall be limited to claims arising from the contractual relationship.
6.4 The Seller shall be entitled to charge default interest in the amount of the statutory default 
interest rate as amended from time to time. The right to prove a higher default damage shall be 
expressly reserved.

7. Delivery / Lead Time / Delay
7.1 Delivery periods and delivery dates shall only be deemed to have been agreed with binding 
effect where these are expressly confirmed in writing by the Seller. The Seller shall not be bound to 
the delivery date or delivery period where the Buyer does not meet its obligations in due time (to 
make anticipated payments, to provide required documents etc.). The plea for non-fulfillment of the 
contract shall remain reserved.
7.2 Delivery periods begin at the earliest on the day of written conclusion of the contract and once 
all technical issues have been clarified.
7.3 In the event of change requests from the Buyer, the Seller shall be exempt from compliance 
with the delivery date or delivery period. In such cases, the parties shall agree a new delivery date or 
a new delivery period.
7.4 Unless otherwise agreed, the delivery date or delivery period shall be deemed to have been 
adhered to when the Seller has made the goods available at the location agreed.
7.5 The Buyer may not assert claims due to delivery delays that do not result from intent or gross 
negligence on the part of the Seller. In particular, this shall apply to delivery delays caused by force 
majeure, labor disputes, unrest, official measures, failure to deliver by suppliers, and any other 
unforeseen, unavoidable, and serious events. In such cases, the delivery date or delivery period 
agreed shall be extended according to the duration of the delivery impediment. Compensation for 
loss of profit and stop of production shall be limited to intent.
7.6 Where the Buyer delays acceptance or violates any other obligation to cooperate, the Seller 
shall be entitled to demand compensation for damages suffered in this respect, including any 
additional costs. Furthermore, the Seller shall have the right to set an appropriate acceptance period 
for the Buyer and to withdraw from the contract where this period has expired to no avail, and to 
demand compensation for damages instead of the performance.
7.7 Partial deliveries shall be permitted to a reasonable extent. In this regard, claims made by the 
Buyer due to partial delivery or delayed delivery of the remaining goods shall be excluded.

8. Retention of Title
8.1 The Seller shall reserve title of all goods delivered until all payments pertaining to the 
delivery, including any dues as shall arise in the future, have been effected in full. In the event of 
conduct contrary to contract, in particular as regards payment default, the Seller shall be entitled to 
claim back the goods.
8.2 The Buyer shall be obliged to handle the delivered goods with care and to insure them at 
original value against any kind of loss at its own expense during the period of retention of title. The 
Seller shall remain entitled to insure the goods itself at the expense of the Buyer.
8.3 In case of pledge or other third-party intervention, the Buyer shall immediately notify the 
Seller in writing so that the latter can initiate a third-party action or other legal remedies. Where the 
third party fails to reimburse the legal and extrajudicial costs arising from this, the Buyer shall be 
liable for such costs.
8.4 The Buyer shall be entitled to sell on the goods in the ordinary course of business; it hereby, 
however, assigns to the Seller all receivables arising from the resale to its customers or third parties 
to the value of the final invoice amount (including statutory VAT) of the receivables, irrespective 
of whether the goods were sold without or following further processing. The Buyer shall remain 
entitled to collect these receivables even after delivery. The Buyer‘s right to collect the receivables 
itself shall remain unaffected by this. The Seller shall, however, undertake not to collect the amount 
receivable as long as the Buyer fulfills its payment obligations arising from proceeds collected, 
does not default on payments and, in particular, no application for the initiation of insolvency 
proceedings has been filed or payments suspended.

8.5 Where the goods delivered are inseparably mixed or combined with other items not belonging 
to the Seller, the Seller shall acquire joint ownership of the new or combined product in proportion 
to the value of the goods delivered (final invoice amount, including statutory VAT) in relation to the 
value of the other items at the time of combination or mixing. The Buyer shall safeguard the resulting 
sole ownership or joint ownership on behalf of the Seller.
8.6 Where the value of the securities granted exceeds the claims of the Seller by more than a total 
of 20 %, the Seller shall be obliged to release the excess securities upon request of the Buyer, at the 
Seller‘s option.
8.7 Insofar as and to the extent that registration and/or fulfillment of other requirements are 
prerequisite for the effectiveness of retention of title, the Buyer shall be obliged to perform at its 
own cost all actions required in this regard without delay and to provide all necessary notifications. 
If and to the extent as an agreement on the retention of title is not permitted under the relevant 
legal system, the Buyer shall provide the Seller with alternative appropriate securities on taking 
advantage of credit on goods.

9. Shipment, Transfer of Risk
9.1 Shipment shall be carried out at the risk of the Buyer. The risk shall pass to the Buyer at the 
latest on dispatch of the goods, even if additional services are performed by the Seller.
9.2 Where shipment is delayed due to circumstances beyond the Seller‘s control, the risk shall 
pass to the Buyer from the day of notification of readiness for shipment. Upon written request of the 
Buyer and at the Buyer‘s expense, the Seller shall insure the shipment against breakage, damage in 
transit, as well as fire and water damage.
9.3 In accordance with the Packaging Regulations (Verpackungsverordnung), transport packaging 
and any other packaging shall not be taken back, with the exception of pallets. The Buyer shall be 
obliged to dispose of the packaging at its own expense.

10. Manufacturing Equipment
10.1 Insofar as the Buyer provides manufacturing equipment (e.g. tools, templates) to the 
Seller, these shall be sent to the Seller at no charge. The Seller shall only assume liability for loss, 
deterioration or incomplete return and damages resulting therefrom in case of gross negligence or 
intent. This shall not apply in cases of legally mandatory liability.
10.2 Where manufacturing equipment is produced or procured by the Seller at the Buyer‘s request, 
the Seller shall invoice pro rata costs for such equipment separately. The manufacturing equipment 
shall remain the property of the Seller. The Seller shall not be obliged to hand over said equipment 
to the Buyer. The above shall also apply in respect of follow-on tools. The following provision in Item 
10.3 shall remain unaffected by this.
10.3 In the event of amortization of costs for the manufacturing equipment in excess of the part 
cost, the Buyer shall assume the costs not covered in case of non-amortization of a tool, including 
the costs for other type-specific equipment. Costs for models shall in all cases be for the account of 
the Buyer.
10.4 Drawings and documents provided to the Buyer by the Seller as well as recommendations by 
the Seller in respect of design and production of the goods may not be forwarded to third parties and 
can be claimed back by the Seller at any time.

11. Warranty / Liability
11.1 The Seller shall not be liable for any damages caused by non-compliance with specifications 
regarding operating, maintenance, and installation, inappropriate or improper use, faulty or 
negligent handling, natural wear and tear, incorrect storage, or modification of the goods by the 
Buyer or third parties. Installation of the goods by the Buyer or a third party may only be carried out 
by trained and qualified personnel.
11.2 The Seller shall have the right to decide whether to remedy a defect or provide new goods.
11.3 Expenses required for purposes of cure shall not be borne by the Seller in the event of 
increased expenses as a result of subsequent relocation of the goods to a location other than that of 
the original place of delivery.
11.4 The Seller shall not be liable for any expenses incurred by the Buyer in connection with 
disassembly of defective goods or installation of newly supplied or reworked goods.
11.5 Warranty claims shall expire one year after handover of the goods unless the warranty claims 
are based on grossly negligent or willful breach of obligation on the part of the Seller or one of its 
vicarious agents or on injury to life, limb, or health.
11.6 The Buyer shall also undertake to fulfill its obligation of examination pursuant to § 377 HGB 
(Handelsgesetzbuch – German Commercial Code) in the case of resale of the goods.
11.7 The Buyer‘s right of recourse against the Seller as a result of such claims based on liability 
for material defects made against the Buyer by its customers shall be excluded if the same has not 
fulfilled its obligation of examination and notification or if the goods have been modified by means 
of processing.
11.8 The Seller‘s liability for compensation according to statutory provisions shall apply without 
limitation if the same is responsible for breach of obligation based on intent or gross negligence. 
Insofar as a breach of obligation based on ordinary negligence is attributable to the Seller and an 
essential contractual obligation has been culpably violated, compensation for damages shall be 
limited to the amount of foreseeable damage that typically occurs in comparable cases. In all other 
cases, liability shall be excluded.
11.9 Liability according to the provisions of the Product Liability Law or similar, non-derogable 
rights of foreign jurisdiction shall remain unaffected. Liability resulting from injury to life, limb, and 
health shall also remain unaffected.
11.10 Insofar as liability arises according to the facts in Item 11.9, the liability of the Seller in case 
of foreign jurisdiction shall be limited in relation to the Buyer to the extent permissible according to 
the relevant foreign law.
11.11 Where the Seller‘s liability for compensation is excluded or limited, this shall also apply with 
regard to personal liability for compensation on the part of the Seller‘s employees, representatives, 
or vicarious agents.

12. Non-assignment Clause
All claims by the Buyer against the Seller shall be non-assignable.

13. Product Liability / Notification Obligation
13.1 The Buyer shall only use the goods according to their purpose and shall ensure that these 
goods are only resold to persons familiar with the hazards and risks associated with the goods.
13.2 The Buyer shall also undertake to fulfill its obligation to issue warnings in respect to the goods 
delivered by the Seller where the former uses these goods as base material or components for its 
own products when placing the final product on the market. The Buyer shall indemnify the Seller 
internally against assertion of claims arising from breach of this obligation upon first request.

14. Confidentialityframe
The Buyer shall treat as trade and company secret all business and technical information received 
from the Seller to the extent that this information is not public knowledge. Information of this 
nature may only be forwarded for the purposes of the contract to third parties who are bound by an 
appropriate non-disclosure agreement.

15. Miscellaneous
15.1 The place of performance shall be the location of the relevant plant of the Seller.
15.2 The place of jurisdiction for all disputes arising from the contract shall be Stuttgart. The Seller 
shall, however, be entitled to file suit against the Buyer at its general place of jurisdiction as well.
15.3 Contracts based on these Terms and Conditions of Sale and Delivery shall be solely subject 
to German law excluding its conflict-of-laws provisions and the UN Convention for the International 
Sales of Goods (CISG).
15.4 The parties shall be obliged to comply with all statutory provisions within the framework of the 
contractual relationship (compliance with laws).
15.5 Separate agreements between the parties deviating from or supplementing these Terms and 
Conditions of Sale and Delivery shall take precedence.
15.6 Should one or several of the above provisions be ineffective in whole or in part, the validity 
of the remaining provisions shall remain unaffected by this. The invalid provision shall in that case 
be replaced by a legally valid provision that most closely approximates the meaning and purpose of 
these Terms and Conditions of Sale and Delivery.
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