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LICHARZ

EXACTLY YOUR SOLUTION:
We think with you from the beginning!

We offer advice on how to utilise plastics and develop your component 

together with you: 

•	 we check application conditions on your machine

•	 we check your design drawing

•	 we recommend the material and the process

•	 we manufacture a prototype for you if required

You will receive your product quickly and economically, exactly as you need it!

nominal charge 18.00 Euro



LICHARZ

PLASTIC SHEAVES
The competitive edge through engineered components made of plastic



1. Use of LiNNOTAM as a sheave material

Steel wire ropes are important and highly loaded machine elements in conveying technology. In 

many cases, large machines depend on their functioning not only for efficiency but also safety. 

As opposed to other machine elements, they must be replaced before they fail. 

The surface pressure that occurs at the point of contact between the sheave and the rope is decisive 

for the service life and loadability of ropes that run over sheaves. Sheave materials with a low modulus 

of elasticity lead to low surface pressures and consequently to a longer service life of the rope. For 

this reason, thermoplastics are used to manufacture sheaves.

The plastics need to offer the following properties:

• Rope conserving elasticity

• Adequate compression fatigue strength

• High wear resistance

• Adequate toughness, also at low temperatures

• Resistance to lubricants

• High resistance to weathering effects

Experience has shown that cast polyamide (LiNNOTAM) fulfils these requirements more than adequately. 

Other plastics such as PE-UHMW or PVC as shock-resistant modifications are only used in special cases 

due to their low degree of loadability and lower wear resistance. Because of this, we will only deal 

with LiNNOTAM as a sheave material in the following versions.

1.1 Advantages of sheaves made from LiNNOTAM

1.1.1 Low rope wear

Ropes that run over sheaves made from metallic materials are subject to high loads due to the 

surface pressure that occurs between the rope and the groove. When the rope rolls over the sheave, 

only the outer strands lie on the groove. The result of this is wear in the form of individual strands 

breaking or, more serious, rope breakage.

Sheaves made from LiNNOTAM prevent this due to their elastic behaviour. The pressure between 

the rope and the roller in the combination steel rope/polyamide roller is around 1:10 compared to 

steel rope/steel roller. This can be attributed to the visco-elastic behaviour of polyamide. It is not just 

the outer strands that lie in the groove, but almost the whole projected strand width. This reduces 

surface pressure between the rope and the roller and considerably extends the life of the rope.

1.1.2 Weight reduction

Polyamides are around seven times lighter than steel. Because of the weight advantage, a considerable 

weight reduction can be achieved by using polyamide sheaves with a similar load bearing capacity. 

A mobile crane with up to 18 polyamide sheaves can save approx. 1,000 kg and thus reduce the axle 

load. The lighter sheave weight also has a positive effect on the crane boom and considerably eases 

the handling and assembly of the sheaves.
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Plastic sheaves

1.1.3 Damping

The good damping properties of LiNNOTAM reduce vibration that metallic sheaves transfer from the 

rope via the sheave to the shaft and bearings. This conserves the rope, shaft and bearings and also 

reduces running noise.

1.2 Lubricating the rope

The use of viscous and adhesive rope lubricants can cause the rope to stick to the sheave groove. In 

combination with a dusty environment or dirt particles that are introduced to the sheave system, 

this forms an abrasive paste that can cause increased wear on the rope and the sheave. Therefore 

we recommend that the rope is lubricated with a low viscous corrosion protection oil, which keeps 

the rope and the sheave relatively clean.

1.3 Wear on sheaves made from LiNNOTAM

Essentially, wear is caused on polyamide sheaves through excess mechanical load or wheel slip, 

whereby the sheave groove is the most loaded point. The sheave groove is subjected to pulsating 

loads as the rope rolls over it and it becomes warm at high speeds.

Basically, wear on idler sheaves or sheaves that run over a taut rope is less than on driven sheaves. 

If stranded ropes are used, the individual strands can press into the base of the groove in highly 

stressed applications. For highly stressed, non-slipping sheaves in combination with an open stranded 

rope, the circumference of the groove base must not be an integral multiple of the wire strand. 

Thus, like the combing teeth of a cog wheel, it is prevented that the same points of the groove base 

are constantly in contact with a rope summit or valley. When closed ropes are used in combination 

with lubricants, pits can form, which are probably caused in the same way as pits form with gears. 

As a rule, under normal environmental conditions and when the limit load values are not exceeded, 

one can expect groove base wear of ≤ 0.1μm/km.

2. Construction Design information

2.1 Sheave groove profile

The radius of the sheave groove should be approx. 5-10% larger than half the diameter of the

rope. This ensures that rope tolerances are adequately considered and that the rope sits well in

the groove. The sheave groove depth h is given in DIN 15061 part 1 for steel sheaves as at least  

hmin = d√2. We recommend a sheave groove depth of h ≥ 1.5  d for polyamide sheaves. The V angle b 

is dependent on the lateral fleet angle (max. permissible fleet angle in the groove direction = 4.0°).

The following groove angles in combination

with the fleet angle have stood the test:

Fleet angle 	 0°-2.5°	 ➞	 b	 =	45°

Fleet angle 	 >2.5°-4.0°	 ➞	 b 	 = 	52°

A groove angle of < 45° should be avoided. DIN 15061 part 1  

recommends the dimensions in Table 1 as guiding values for  

sheave groove profiles. As a guiding value for the diameter of  

the rope groove base of rope disks made from cast polyamide,  

we recommend:

D1 = 22 · d1 [mm]

Groove angle β

Rounded

Rope ø d1

  mm

h

Groove radius r
D1
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2.2 Bearings

Due to the good sliding properties of LiNNOTAM, when sheaves are not subjected to undue stress, 

friction bearings can be used. Decisive is the pv limiting value. If high degrees of wear are expected 

on the bearing with an intact sheave groove, the use of a replaceable bearing bush can prevent the 

sheave having to be replaced prematurely.

For highly loaded sheaves, whose maximum load values are above those for a friction bearing, we 

recommend the installation of anti-friction bearings. These can be mounted by pressing them into a 

bearing seat produced according to the dimensions in Diagrams 1 and 2. If axial loads are expected 

on the anti-friction bearings, we recommend that the bearing is secured against falling out by  

securing elements commonly used in machine engineering, such as circlips according to DIN 472.

The following diagram shows several possible sheave designs.

Table 1: Guiding values for rope groove profiles in mm according to DIN 15061 Part 1

ø d1 r1 h m ø d1 r1 h m ø d1 r1 h m

3 1.6 8 2 21 11 35 7 39 21 60 11

4 2.2 10 2 22 12 35 7 40 21 60 11

5 2.7 12.5 2 23 12.5 35 7 41 23 60 11

6 3.2 12.5 3 24 13 37.5 8 42 23 65 11

7 3.7 15 4 25 13.5 40 8 43 23 65 11

8 4.2 15 4 26 14 40 8 44 24 65 12.5

9 4.8 17.5 4.5 27 15 40 8 45 24 65 12.5

10 5.3 17.5 4.5 28 15 40 8 46 25 67.5 12.5

11 6.0 20 5 29 16 45 8 47 25 70 12.5

12 6.5 20 5 30 16 45 8 48 26 70 12.5

13 7.0 22.5 5 31 17 45 8 49 26 72.5 12.5

14 7.5 25 6 32 17 45 8 50 27 72.5 12.5

15 8.0 25 6 33 18 50 10 52 28 75 12.5

16 8.5 27.5 6 34 19 50 10 54 29 77.5 12.5

17 9.0 30 6 35 19 55 10 56 30 80 12.5

18 9.5 30 6 36 19 55 10 58 31 82.5 12.5

19 10.0 32.5 7 37 20 55 11 60 32 85 12.5

20 10.5 35 7 38 20 55 11 – – – –

1 2 3 54

Design with bearing seat for antifriction bearings Design with friction bearings
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Plastic sheaves

When calculating and dimensioning the bearings, especially friction bearings, attention should be 

paid that the bearing load for idler sheaves corresponds to the rope tension, but for fixed sheaves 

the angle of contact forms a force equal to twice the cable tension at 180°. Section 3 »Calculating 

sheaves« provides more information on this subject.
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Diagram 1: Recommended bore undersize for antifriction bearing seats

Diagram 2: Recommended operating bearing play for friction bearings
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3. Calculating sheaves

For the calculation of sheaves, distinctions must be made regarding the load, the rope used and the 

type of operation.

A distinction is made between

•	Point loading on the sheave 	 •	 Circumferential loading on the sheave

	 (the sheave runs on a taut rope)  		  (rope encircles the sheave)

•	The type of rope	 •	 The type of operation

	 Open wire rope (stranded rope) 		  Loose sheave (e.g. sheave on a cableway)

	 Closed wire rope 		  Fixed sheave (e.g. deflection sheaves)

These criteria lead to different calculation procedures and force considerations for the individual 

load cases, rope types and types of operation.

3.1 Calculating the bearing compression

If the roller bearing is to be executed as a friction bearing, the pv values in the bearing must be 

calculated and compared with the permissible values for LiNNOTAM. The friction bearing should be 

considered in the same way as a press fit bearing bush. In other words, the calculation is the same 

as for dynamically loaded friction bearings. The expected bearing load is dependent on the type of 

operation of the sheave. For idler sheaves, the rope tension Fs can be used as the bearing load to 

calculate the pv value of the rope tension.

Thus the average surface pressure for radial bearings in idler sheaves is

p = –––––––   [MPa]

where

F 	 = rope tension in N

dW 	= shaft diameter in mm

L 	 = bearing width in mm

and the average sliding speed is

v = ––––––––––   [m/s]

where

dW 	= shaft diameter in mm

n 	 = speed in min-1	

F 

dW · L

dW · π · n

60,000
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Aggregated pvduration for idler sheaves with dynamic loading becomes:

pvduration =   ––––––––   ·   –––––––––––      [MPa · m/s]

In intermittent operation it is possible to correct pvduration by the process described in the section 3.2 

of the chapter on »Friction bearings«.

For fixed rollers, the bearing load is dependent on the angle of contact that the rope forms with the 

sheave. If the sheave is completely encircled (180°), the rope tension is doubled in the calculations. 

For an angle of contact a < 180°, a resulting force Fres must be calculated with the help of the angle 

and the cable tension.

This is calculated from the triangular relationship and is:

Fres = FS       2 - 2 · cos a     [N]

where

FS 	 = cable tension in N

a 	 = angle of contact

For sheaves made from LiNNOTAM, the determined pv values may not exceed 0.13 Mpa · m/s in  

dry running applications or 0.5 Mpa · m/s with lubrication. If the calculated values exceed these  

maximum values, an anti-friction bearing would be advisable.

3.2 Calculating the compression between the rope and the sheave groove

The main criterion for the load bearing capacity of sheaves is the compression between the rope and 

the sheave. To calculate the compression, the Hertz’ equations that have been modified for this case 

are used. The results of the calculations must be compared with the permissible values for LiNNOTAM 

shown in Diagrams 3 and 4. They must be considered in combination with the speed of the rope and 

may not exceed these values.

3.2.1 Point contact of closed wire ropes

If closed wire ropes with a small fleet angle are used (a < 10°), such as is the case with cableways, 

this causes concentrated loading. The area of pressure is elliptical.

Under these conditions the compression parameter p’ for sheaves made from LiNNOTAM is calculated 

from the equation.

FS

dw · L

dw · π · n

60.000
 (  (  

( 
 
( 
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p’ = –––––– ·          S –––    · F   [MPa]

where

ξ 	 = correction value

h 	 = correction value

Σ	 = total of the principle curvatures in mm-1

F 	 = sheave load in N

The sum of the principle curvatures of the bodies that are in contact with one another is calculated from:

S ––– = ––– - ––– - ––– + –––    [mm-1]

From the sum of the principle curvatures, the correction angle ϑ can be used to determine the

correction values ξ and h according to the following formula:

cos ϑ = –––––––––––––––––

where

d 	 = rope diameter in mm

r 	 = rope curvature radius (generally negligible as it is very large compared to other radii)

r 	 = groove radius in mm

D 	 = groove base diameter

The correction values ξ and h can be found in Table 1. If ϑ lies between the table values, the

correction values must be interpolated

3.2.2 Point contact of open wire ropes

It can be assumed for sheaves made from LiNNOTAM that because of the elasticity of the sheave 

in combination with an open stranded rope, that not one single wire from the strand lies in the 

groove but rather several wires and that these participate in the transmission of power. Therefore, 

the entire strand is regarded as a single wire and it is assumed that all loaded strands transmit the 

same power. In the calculation, a correcting factor is introduced that takes account of the power 

transmission of several strands (maximum 40%). With this consideration the compression parameter 

p‘ becomes:

p’ = p’e  ·       –––       [MPa]

and the compression parameter p‘e for one single wire in  

combination with a LiNNOTAM sheave is

p’e = 42 ·       1 - –––– + ––––    · –––      [MPa]

63,5
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1
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Sheave load F

ϑ 90° 80° 70° 60° 50° 40° 30° 20° 10° 0°

ξ 1.0 1.128 1.284 1.486 1.754 2.136 2.731 3.778 6.612 ∞

h 1.0 0.893 0.802 0.717 0.641 0.567 0.493 0.408 0.319 0

Table 1: Correction values ξ and h for different values of ϑ

Sheave load F
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where 

X 	 = correction factor in relation to p’e 

	    from Table 2

Z 	 = number of outer strands

d1	 = strand diameter in mm

r 	 = groove radius in mm

D 	 = groove base diameter in mm

F 	 = sheave load in N

3.2.3 Peripheral load with open wire ropes

In regard to the power transmission between the rope and the sheave, the same applies as to  

concentrated loading as described in item 3.2.2. The only difference is that the load on a completely 

encircled sheave is not a point load but a uniform load. Hence, the compression parameter p’  

becomes:

p’ = p’e      ––     [MPa]

and the compression parameter p’e for a single  

wire in combination with a LiNNOTAM sheave is

p’e = 55 ·    –––––––––––––     [MPa]

where

X 	 = correction factor in relation to p’e 

	    from Table 2

Z 	 = number of outer strands

d1	 = strand diameter in mm

r 	 = groove radius in mm

D 	 = groove base diameter in mm

FS 	 = cable tension in N

When determining the correction factor, it should be considered that when X > Z, Z = X must be in-

serted in the radicand of the correction factor so that the radicand is 1. If the value of p’e is between 

the values given in the table, the value for X must be interpolated accordingly.

Table 2: Correction factor X

X

Z

(2r - d1) · Fs

2r · d1 · D

Strand

d d1

Idler

FS FS

FS FS

Fixed sheave

Surface pressure p’e 

in MPa

Correction factor 

X

≤ 50 Z

150 6

300 4

≥ 450 2.5
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3.3 Maximum permissible surface pressures

The results from the calculations must be compared with the maximum permissible load parameters 

from Diagrams 3 and 4. It is not permissible to exceed these values.

Diagram 3:

Load limit in relation to the rope speed and ambient temperature for sheaves made from LiNNOTAM  

under peripheral loading

Diagram 4:

Load limit parameter p‘max in relation to the rope speed and ambient temperature for sheaves 

made from LiNNOTAM under concentrated loading.
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EXACTLY YOUR SOLUTION:
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We offer advice on how to utilise plastics and develop your component 

together with you: 

•	 we check application conditions on your machine

•	 we check your design drawing

•	 we recommend the material and the process

•	 we manufacture a prototype for you if required
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