
LIFT-REPORT  34. Jahrg. (2008)  Heft 1 29

Steel wire ropes for traction elevators

Barthel, Thomas; Scheunemann, Wolfgang; Vogel, Wolfram 

Steel wire ropes are among the oldest 
and most widespread machine elements, 
and are used in the form of stationary 
ropes, lashing and suspension ropes and 
travelling ropes. Travelling ropes of the 
kind used for instance in elevators, 
cranes, shaft conveyors and hoisting 
devices are bent during operation under 
tension over sheaves and coiled onto 
drums. During these processes, steel 
wire ropes are exposed to a complex 
collective of stress factors comprising 
fl exure, tension and compression which 
bring about wear.

In an application with such high safety 
relevance as the traction elevator, special 
importance is attached to the steel wire 
rope, as it is required to comply with safe-
ty requirements appertaining to 

� An adequate service life,

� Timely recognition of discard age be-
fore a hazardous state can arise and 

� Suffi cient but simultaneously limited 
traction capability 

At the same time, the steel wire rope as a 
means of suspension infl uences the en-
tire elevator system over all phases of its 
utilization period. This includes for in-
stance the utilization characteristics of 
the elevator system. In respect of the sus-
pension means, these depend on the rope 
design, but also on the installation and 
operational maintenance. 

The few examples listed here already 
illustrate  the closely-meshed network of 
dependency factors and mutual infl u-
ences which affect the application of steel 
wire ropes. Given this complexity, it is 
hardly surprising that rope manufactur-
ers advising elevator producers, elevator 
planners and operators are confronted 
with such wide-ranging and diverse 
issues  which affect not only the rope as a 
machine element but increasingly also 
the entire elevator system. These issues, 
which have arisen over many years of 
work in the fi eld of technical consultancy 
and sales at the company Pfeifer Drako 
Drahtseilwerk GmbH & Co. KG based in 
Mülheim an der Ruhr, have been collated 
and arranged systematically according to 
topic areas. 

The six-part essay series entitled “Steel 
wire ropes for traction elevators” ad-
dresses these topic areas in the form of 
frequently asked questions and answers. 
In the fi rst part of the series of essays, the 

emphasis is on questions relating to the 
fundamental building blocks of the rope 
such as the wire, strand, core and lubrica-
tion, the structure and design of the steel 
wire rope and the valid technical regula-
tions. The following sections contain 
questions relating to 
� rope terminations, 
� assembly and handling, 
� mechanical characteristics such as 

rope elasticity module, vibration char-
acteristics etc., 

� prestretching and shortening of ropes, 
� relubrication, 
� recognition of discard age and its crite-

ria, 
� drive capability and rope grooves and
� Elevator-typical rope damage. 
Finally, an explanation is provided on the 
right choice of steel wire rope for traction 
elevators. 

Why are wire ropes used 
in elevators?
Due to its construction and the structure 
made up of many individual steel wires, 
the steel wire rope offers advantages 
which clearly qualify it for use on eleva-
tors. Its benefi ts are
a) its redundancy and

b) The capacity to identify the possibility 
of the end of service life or preferably 
the correct time for discarding the rope 
before its condition becomes danger-
ous by means of externally visible cri-
teria  such as wire breakages. 

In what way are wire ropes 
exposed to stress when travelling 
over the traction sheave?
When running over the traction sheave 
and the defl ection sheaves, the wires in 
the ropes are exposed to a high complex 
of stress factors comprising tension, fl ex-
ural stress, torsion and compression, 
which contribute towards material fa-
tigue. During fl exural stress, the wires 
bend in relation to each other. The fric-
tion created between the wires results in 
additional abrasive wear. Added to this is 
the infl uence of corrosive media. With in-
creasing use, the abrasion characteristics 
become more pronounced, for example, 
the number of wire breakages over de-
fi ned reference lengths increases. Regular 
inspection permits the correct time for 
exchanging the rope to be determined or 
the remaining service life to be estimated.

What is meant by redundancy?
Redundancy actually means superfl uity, a 
factor which is of extreme importance in 
the case of safety-relevant applications. 
A basic distinction is drawn here between 
active and passive redundancy. Active re-
dundancy is provided by the interaction 
between wires laid jointly to create a rope 
or the multiple arrangements of suspen-
sion ropes in elevator systems. If one 
component fails, the remaining compo-
nents take on its functions in line with 
their confi guration. Passive redundancy Fig. 1: Fibre core, strand, wire
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relates for example to safety gears which 
only move into action in the event of an 
uncontrolled travel movement. 

Structure and components 
of steel ropes 
Why do the wires in the strands and the 
strands in the rope have a helical 
structure?
The helical structure (Fig. 1) addresses the 
fact that an elevator rope is bent over a 
sheave. This effect becomes evident if we 
imagine fi rst a parallel wire bundle being 
bent over a sheave (Fig. 2). The inner wires 
lying on the sheave are too long and the 
outer wires too short. 
Premature failure is the anticipated re-
sult. In a wire rope (Fig. 3), the areas with 
excess length and those with insuffi cient 
length lie one next to the other when 
running over a sheave, i.e. the strand only 
needs to shift marginally to achieve 
length compensation. For the individual 
wires in the strands, the same principle 
applies. When running over the sheave, 
all components – strand against strand 
and wire against wire – are in continuous 
movement. 

tremel y high strength levels by a process 
of manufacture which combines forming 
with heat treatment. This entails passing 
rolled wire with a diameter of between  5 
and 10 mm through “nozzles” (wire draw-
ing dies) by repeated drawing when cold 
to gradually reduce the dia meter. During 
this process, its tensile strength increases 
by a factor of 3 to 6. Between the drawing 
processes, the material is exposed to con-
trolled heat treatment, which performs a 
process known as patenting. The relative-
ly high tensile strength of the steel wires 
– characterized by extreme microstruc-
ture banding – is consequently not the re-
sult of factors such as a high content of 
alloying elements, but of material form-
ing which has occurred when in a cold 
condition, Fig. 4 and 5.

Infl uence of temperature
Heat damages the wire. It is said that the 
high-strength banded forced microstruc-
ture regains its original strength of around 
400 N/mm2. The period of exposure to 
heat by fi re, friction heat, radiated heat, 
light arcs; heat from welding etc. also ex-
erts an effect on the residual serviceability 
properties of the wire. At a temperature of 
480°C, a complete microstructure trans-
formation takes place after  15 – 30 min-
utes. At higher temperatures, just seconds 
can be enough to cause permanent dam-
age to thin wires of the kind used in prod-
ucts such as elevator ropes. 

Special material
Consideration is being given in different 
quarters to the possible use of alternative 
wire materials made of stainless steel. 
However, ropes made of these material s 
have little to recommend them for use in 
traction elevators due to their inferior fa-
tigue bending properties compared to 
ropes made of carbon steel wires. They 
command an extremely high price and 
also  come with a note of caution: The 
ropes supplied from stock by dealers 
generally  lack a good geometry and the 
carefully controlled lubrication essential 
for elevator ropes.

What is the signifi cance of wire 
nominal tensile strength?
The nominal tensile strength of wires can 
be set within broad limits. What is fi nally 

used depends on a range of factors, often 
also determined by traditional values. 
These include low sheave hardness levels 
and also locally applicable regulations 
and customs, Fig. 7. If the sheave has a 
low hardness level, it must be borne in 
mind that the hardness of the wire de-
pends upon its tensile strength. Experi-
ence has shown that by using soft sheave 
materials together with “non-hard” wires, 
rope impressions can be avoided in the 
grooves. But in seeking an explanation, it 
is not suffi cient to state that, for instance, 
wires with a nominal strength of 1370 
N/mm2 are simply not as hard as those 
with a strength of 1570 N/mm2. In this 
case, the wire strength drops only from 
470 HV (445 HB) to 410 HV (390 HB). Even 
the “softest” wire in a rope of strength 
class 1370/1770, i.e. having outside wires 
with a nominal tensile strength of 1370 
N/mm2, is still twice as “hard” as a good 
sheave with a hardness of between 210 
and 230 HB.

Fig. 4: Material microstructure, cross section

Fig. 5: Material microstructure, 
longitudinal  section

Fig. 3: Rope running over a sheave
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What makes steel wire 
so special? 
The raw material for steel wire is unal-
loyed carbon steel with carbon content 
of 0.4 or better 0.6 to 0.8 % by weight. 
Other materials such as silicon and man-
ganese are only present in minimal quan-
tities as regulated by EN 10 016 [1]. 
Steel wires for elevators have nominal 
tensile strengths of 1370, 1570 and 1770 
N/mm2. Higher strength levels of up to 
2500 N/mm2 are possible with special 
approval.  A steel wire achieves these ex-

One reason why low rope grades are cus-
tomary in certain localities can be region-
ally applicable regulations permitting low 
rope safety factors. Due to high levels of 
contact pressure, a higher degree of 
groove wear or the effect of rope impres-
sions occurs. This can be alleviated by us-
ing ropes with “non-hard” outer wires. 

Rope grade
European and international elevator rope 
standards EN 12385 – Part 5 [2] also 4344 
[3] have coined the term Rope grade to 
describe rope strength. It defi nes the 
nominal tensile strengths of the outer 
and inner wires, and assigns the rope a 
defi ned minimum breaking force. Rope 
grade 1370/1770 means that a rope has a 
“mixed strength” (termed “dual tensile” 
in ISO 4344) in which the outer wires of 
the outer strands have a nominal tensile 
strength of 1370 N/mm2 and the inner 
wires of the rope have a strength of 1770 
N/mm2. Rope grades used for suspension 
ropes and governor ropes are summa-
rized in Fig. 7. Based on a suitable wire 
material (carbon steel content and purity 
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level matching the targeted wire nominal 
tensile strength), wires in the rated 
strength range of 1350 to 1800 N/mm2 
demonstrate practically the same fatigue 
bending properties under the same de-
gree of stress.  
For elevators in high-rise buildings with 
the greater rope weight from the need to 
have a large number of ropes at lower 

tensile strengths, then higher rope grades 
of 1770 are frequently used to reduce the 
number of ropes without reducing the 
safety factor. 1770 rope grades are also 
preferred for the operation of drum-driven 
elevators and roped hydraulic elevators. 
In some cases, suspension ropes with 
wires of rope grade 1960 are manufac-
tured. However, these are no longer regu-

lated in accordance with EN 81-1/1998 [5] 
and require special approval (Certifi cate 
of Conformity). For governor ropes, these 
restrictions do not apply, and here 1960 
grade ropes are used in combination with 
hardened sheaves. 

What is the correlation between 
the strength and hardness of 
wire?
Wire hardness rises on a linear basis with 
nominal wire strength (Fig. 6), which is 
lower in elevator ropes compared to for 
example crane ropes. The limited nomi-
nal wire strength and consequently limit-
ed wire hardness should protect the trac-
tion sheave against wear. However, Fig. 6 
also shows that the wire is always far 
harder than the unhardened sheave 
(Brinell hardness HB). Measurement of 
the wire micro-hardness (Vickers hard-
ness HV), which is occasionally requested 
by elevator producers in the Far East, only 
makes sense if soft sheave material and 
low rope safety factor necessitate the use 
of a “non-hard” wire material. Generally 
speaking, the correlation between wire 
tensile strength and wire hardness fol-
lows the progression shown in Fig. 6 for 
all carbon steel wires with a certain scat-

Country National name of 
rope grade Type

Equivalent rope grade

Traction
elevator

Roped hydraulic 
elevator

Governor 
rope

Europe 1370/1770 Dual tensile 1370/1770

Additionally 
in France, 
Germany, 
Italy, 
England

1570 **) 1570 – 1570

1770 **) 1770 1770 1770

1960 **) – – 1960

England 1180/1770 Dual tensile 1180/1770 – –

USA

Traction Steel Dual tensile Appr. 1180/1770 – Appr. 1180/1770

Extra high strength 
traction steel Dual tensile Appr. 1570/1770 – –

IRON Dual tensile – – Appr. 700/1180

Japan
Grade E to JIS (3525) Dual tensile 1320/1620

Grade A **) 1620 1620

* See section 2.2.1
** Rope comprises wire with just a single nominal wire tensile strength

Fig.7: Internationally customary rope grades
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cross over each other in the strand. In 
these strands, the wires make contact 
with each other at specifi c pressure 
points, resulting in high levels of pressure 
between the wires and secondary fl exu-
ral stress. Due to the increased wear and 
the risk of internal wire breakage, the 
standard construction is little suited for 
elevator ropes, but is still found in some 
cases in the form of thin ropes, for exam-
ple in dumb waiters and speed limiters. 
When designing a strand, it is important 
to take into consideration the fact that 
most wires in the strand cross-section ap-
pear in the form of ellipses. Consequently 
the process of designing and monitoring 
the structure of high-performance eleva-
tor ropes is performed nowadays using 
the latest data processing methods. 

What is a Seale strand?
The world’s most frequently used strand 
construction for elevator ropes is the 19-
wire Seale strand (1-9-9). Because of the 
thick outer wires, the Seale strand offers 
a higher degree of resistances against ex-
ternal wear in use when running over the 
traction sheave and the defl ection points. 

What is a Warrington strand?
The Warrington strand features far thin-
ner wires in the outer wire circle than a 
Seale strand. This makes for a marked re-
duction in fl exural stress. During fatigue 
bending tests on round grooves, ropes 
made of Warrington strands with a 1-6-
6+6 construction achieve around a 20 to 
40% longer service life than comparable 
ropes made using Seale strands. Ropes 
made from Warrington strands are popu-
larly used in traction elevators with 
double  wrap drives and in roped hydraulic 
elevators. Consequently both Seale and 
Warrington are encountered as strand 
constructions for elevator ropes in coun-
tries such as Germany and the UK. 

What is a fi ller strand? 
Ropes made using the fi ller strand con-
struction also offer very good fatigue 
bending properties. Based on fatigue 
bending tests, the 8 x 21 fi ller strand with 
fi bre core (strand: 1-5-5F-10) has been 
adopted by Canadian elevator standards. 
Elevator ropes with a diameter of over 
16 mm (5/8”) should be designed with a 
fi ller construction (1-6-6F-12) due to their 
improved fl exibility, see illustration. The 
fi ller construction is particularly well suit-
ed for 6-strand ropes. The fi ller strand is 
sensitive to geometrical distortion. This 
applies in particular in where the wire di-
ameter deviates from the nominal diam-
eter. In the case of ropes with rope diam-
eters lower than 10 mm, a fi ller construc-
tion is not advisable due to the extreme 
thinness of the fi ller wires. 

What is a Warrington-Seale strand?
Warrington-Seale strands are used where 
large rope diameters are involved in 
which the outer wires of a Seale strand 
would become excessively thick, but a 
high abrasive resistance is imperative. 
This applies in the case of compensating 
ropes with a diameter of around 24 mm 
and for suspension ropes with a diameter 
around 22 mm. It is advisable to change 
over to this strand construction when us-
ing rope diameters in this range. In some 
cases, well lubricated ropes with a 6x26 
Warrington-Seal construction (strand 
structure 1-5-5+5-10) have proven the ide-
al solution for elevator drive systems with 

ter range. More detailed information is 
provided in DIN 50 150 [4].

How are wires protected against 
corrosion?
The elevator rope is customarily made 
from bright wires. The light lubricant 
coating on the wires in elevator ropes is 
generally suffi cient as a protection 
against corrosion in dry lift shafts. For 
outdoor elevators, elevators operating in 
extremely damp or humid climates or in 
aggressive environments, the ropes 
should be made of galvanized wires. This 
type of rope has proven successful in lifts 
over decades. Water-resistant lubricants 
should be used in their manufacture and 
for relubrication. In the tropics, where tor-
rential downpours of rain pose the ever-
present risk of water penetration in the 
lift shaft, the governor rope should be 
galvanized even for indoor elevators. The 
only drawbacks of galvanized ropes are a 
price mark-up of around 10% and in some 
cases prolonged delivery periods. Due to 
the higher costs involved, the lower fa-
tigue bending strength and so on, stain-
less steel ropes are little suited for use as 
elevator ropes. 

Strands
Suspension ropes for traction elevators 
are regularly produced using Seale, War-
rington and Filler strand constructions. 
The diagrams illustrate the strand con-
structions for a Seale (1-9-9), a War-
rington (1-6-6+6) und a Filler (1-6-6F-12) 
rope, each with 19 strands. Less common-
ly used, and then generally for larger rope 
diameters, are Warrington-Seale strands.
The above listed strands in a so-called par-
allel strand construction are characterized 
by the fact that the lay length of the wires 
in the wire plies is identical, with one wire 
from the outer ring positioned in linear 
formation in the channel provided be-
tween two wires below. No wires cross 
over each other in the strands, so markedly 
reducing the incidence of abrasion. 
In standard strand constructions known 
today as cross lay constructions, wires 

Fig. 8: Position of strand wires in parallel 
constructions



LIFT-REPORT  34. Jahrg. (2008)  Heft 1 33

a large number of sheaves positioned closely with one behind 
the other and reverse bending. Ropes produced using a War-
rington-Seale construction is sensitive to disturbances to the 
rope geometry and/or running on traction sheaves with V-
grooves or U-groove with undercut. They should preferably be 
used with round grooves.

Authors
Dr.-Ing. Wolfgang Scheunemann is Technical Director and Head of the Technical 
Competence Centre at Pfeifer DRAKO Drahtseilwerk GmbH & Co. KG
Dr.-Ing. Wolfram Vogel is Head of Research and Development at Pfeifer DRAKO 
Drahtseilwerk GmbH & Co. KG
Dipl.-Ing. Thomas Barthel is Head of Testing for Elevator Technology at Pfeifer 
DRAKO Drahtseilwerk GmbH & Co. KG

Bibliography:
[1] EN 10016, Non-alloy steel rods for drawing and/or cold rolling 
[2] EN 12385 – Part 5 (2003), Steel wire ropes – Safety Part 5: Stranded ropes for 

lifts
[3] ISO 4344 (published 2004), Steel wire ropes for lifts – Minimum require-

ments
[4]  DIN 50150, Conversion table for Vickers hardness, Brinell hardness, Rockwell 

hardness and tensile strength, December 1976, Beuth Verlag GmbH, Berlin
[5] EN 81-1/1998, Safety rules for the construction and installation of lifts – Part 1: 

Electric lifts
[6] TRA 003, Technical rules for elevators – calculation of traction sheaves, Septem-

ber 1981, Verein der Technischen Überwachungsvereine e. V., Essen
[7] DIN EN 81, Safety rules for the construction and installation of lifts – Particular 

applications for passenger and goods passenger lifts Part 1: Electric lifts, Oc-
tober 1986

[8] EN 12385 – Part 1 (published 2003), Steel wire ropes. Safety. – Part 1: General 
requirements

[9] ASME A 17.1 Safety Code for Elevators and Escalators. The American Society of 
Mechanical Engineers, New York

[10] EN 13411 – Part 4 (2002), Terminations for steel wire ropes. Safety. Part 4: 
Metal and resin sockets. 

[11] DIN 3093, wrought aluminium alloy ferrules; Part 1 and 2, December 1988, 
Beuth Verlag GmbH, Berlin

[12] EN 13411 – Part 3 (2003), Terminations for steel wire ropes. Safety – Part 3: 
Ferrules and ferrule-securing 

[14] EN 13411 – Part 1 (2002), Terminations for steel wire ropes. Safety – Part 1: 
  Thimbles for steel wire rope slings
[15] DIN 15315, Wire rope grips for elevators, May 1983, Beuth Verlag GmbH, 

Berlin
[16] EN 13411 – Part 7 (2004), Terminations for steel wire ropes. Safety – Part 7: 

Symmetric wedge socket
[17] DIN 1142, Wire rope grips for rope terminations, January 1982, Beuth Verlag 

GmbH, Berlin
[18] EN 13411 – Part 5 (2003), Terminations for steel wire ropes. Safety – Part 5: U-

bolt wire rope grips
[19] EN 13411 – Part 6 (2003), Terminations for steel wire ropes. Safety – Part 6: 

Asymmetric wedge socket
[20] Czitary, E., Seilschwebebahnen [Cable pulleys], Springer Verlag, Vienna, 1951
[21] Wyss, Th., Stahldrahtseile der Transport- und Förderanlagen [Steel wire ropes 

in transport and conveyor systems]  Schweizer Druck- und Verlagshaus AG, 
Zürich 1956

[22] TRA 102, Technische Regeln für Aufzüge – Prüfung von Aufzugsanlagen, 
[Technical rules govern ing lifts – inspection of lift systems] April 1981, Verein 
der Technischen Überwachungs vereine e. V., Essen

[23] DIN 15020, Principles Relating to Rope Drives sheet 2, monitoring of rope in-
stallations, April 1974, Beuth Verlag GmbH, Berlin

[24] ISO 4309, Wire ropes for lifting appliances – Code of practice for examination 
and discard, 1990

[25] EN 12385 – 3 (2003), Steel wire ropes – Safety – Part 3: Information for use and 
maintenance

[26] Wire Rope Users Manual, American Iron and Steel Institute, Washington
[27] Babel, H., Metallische und nichtmetallische Futterwerkstoffe für Aufzugschei-

ben [Metallic and non-metallic fi ller materials for elevator sheaves], Disserta-
tion University of Karlsruhe, 1979

[28] Hafenbautechnische Gesellschaft e. V., Hinweis für den Einsatz von Seiltrie-
ben mit Kunststoff-Seilrollen in Kranen, fördern und heben 33 (1983) [Notes 
on the use of rope traction systems with plastic sheaves in cranes, transport 
and lifting], No. 1, p. 33

[29] DIN 15063, Lifting appliances; sheaves, technical conditions, see explanations 
on 5.4 December 1977, Beuth Verlag GmbH, Berlin

[30] Hymans, F./Hellbronn, A. V., Der neuzeitliche Aufzug mit Treibscheibenantrieb 
[The modern lift with traction drive], Springer Verlag

[31] SR Kunststoffrollen, Sicherheitstechnische Richtlinien für Aufzüge – Seilrol-
len aus Kunststoff [SR plastic sheaves, safety guidelines for lifts – plastic 
sheaves], Dezember 1984, Carl Heymanns Verlag KG, Köln, Berlin

[32] Molkow, Michael, Stahlseile und neuartige Tragmittel [Steel ropes and new 
means of suspension], LiftReport 27. Year of publication (2001), Volume 5, 
p. 6-12



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /PDFX1aCheck false
  /PDFX3Check true
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [72 72]
  /PageSize [2806.155 2806.155]
>> setpagedevice


