
KONEC.,RANES® 
Lifting Businesses"' 

Date: 2/14/18 

U.S. Nuclear Regulatory Commission 
ATIN: Document Control Desk 
Washington , DC 20555-0001 

Konecranes Nuclear Equipment & Services 
5300 S. Emmer Drive, New Berlin, WI 53151 

P 262.364.5700 F 262.364.5701 

Cc: Chief, Quality Assurance Vendor Inspection Branch-2 , Division of Construction Inspection 
and Operational Programs, Office of New Reactors . 

Ref.: NRC letter dated December 6, 2017 to Konecranes Nuclear Equipment & Services, LLC. 

This letter serves as the Konecranes Nuclear Equipment & Services, LLC (KNES) 
official response to NRC letter dated December 6, 2017 which addressed areas of concern by 
the NRC staff. 

KNES believes the areas of concern have been addressed in this official final response. 

Enclosures include an affidavit for your consideration with a detailed listing of "proprietary 
documents" as deemed applicable by KNES. These include an attachment and revised 
calculations. 

Excerpts from December 6, 2017 NRC letter to KNES referencing concerns a, b, and c 
followed by KNES official responses: 

1. Your response to NON 99901451/2017-201-01 failed to address several areas of 
concern to the NRC staff. Clarify your response as follows: 

a. The response states, in part, that Konecranes Nuclear Equipment and Services (KNES) 
has updated proprietary calculations to clearly show that the stresses within the bottom 
block sheaves are within the allowable limits set by the original equipment manufacturer. 
Section 10.0, "Quality Assurance," of NUREG-0554, "Single-Failure-Proof Cranes for 
Nuclear Power Plants," states, in part, that a quality assurance program should be 
establ ished to the extent necessary to include the recommendations of this report for the 
design, fabrication , installation, testing, and operation of crane handling systems for safe 
handling of critical loads. In addition , Section 5150 and Table 7200-1 in NOG-1-2004, 
identify the sheaves as critical items subject to special considerations for material , 
design , control of manufacturing processes, and examination of final product. Describe 
the quality measures that have been employed to ensure the allowable limits are 
applicable to the polymer sheaves as fabricated and appropriate for the design, given 
the difference in material properties between polymers and steel. 
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KONECRANES RESPONSE TO ITEM A 

Table 7200-1 in NOG-1 -2004 requires the sheaves be supplied with a "Certificate of 
Conformance from the Item Manufacturer." A Certificate of Conformance for the sheaves was 
supplied by the manufacturer and is shown in Attachment A. Coupled with this defined 
deliverable, special considerations were made for material , design , control of manufacturing 
processes and examination of final product as shown below. 

Material & Design - A detailed design study was performed by Konecranes to determine a 
lighter product that would handle the nuclear power plant environmental conditions and would 
also enhance wire rope life. The protection of the wire rope is paramount as clearly illustrated 
in multiple NRC documents that have identified rope failures. NUREG-1774 (Reference 2) 
states: "Among events occurring during the period 1968 through 2002 involving cranes suitable 
for an upgrade to a single-failure-proof design, most load drop events have been the result of 
poor program implementation or human performance errors that led to hoist wire rope or 
below-the-hook failures." 

Although there are multiple types of plastics available, Nylatron GSM is the most commonly 
used grade for sheaves due to its impact resistance and enhanced load bearing capabilities. 
Nylatron sheaves have been used by manufacturers including P&H (Konecranes) in cranes for 
decades for multiple reasons (Attachment B). In addition to the significant weight savings, one 
of the important benefits of the Nylatron is longer wire rope life since the Nylatron sheaves 
impose less pressure on the wire rope as documented in Attachment C. As shown in these 
papers, at loads equal to 10% and 20% of the ultimate strength of the wire rope, the rope on 
the Nylatron-type sheave endured 4.5 and 2.2 times as many cycles as compared to the wire 
rope on the steel sheaves; note the Konecranes safety factor is 10:1 for the wire rope per 
NOG-1 or 10% of the ultimate strength. 

The mechanical design of the sheave is also a vital part of the "health" of the wire rope. The 
Konecranes' sheaves were designed to satisfy the requirements of NOG-1-2004, Sections 
5427 & 5426 plus all other mechanical requirements applicable to sheaves in the Standard. 
Konecranes then further verified the sheaves met the technical requirements of Quadrant 
(Original Equipment Manufacturer of the Nylatron) by documenting the pressure and 
dimensions in our reeving calculations (References 3 and 4), which has been previously 
submitted to the NRC. 

Control of the Manufacturing Process - Manufacturing was performed by an ISO 9001-2000 
certified company. They have an extensive testing process internally to ensure their product 
continues to meet requirements including proprietary methods for Nitrogen purging when 
casting the Nylatron to ensure a uniform material with no voids or layers in the plates. The 
vendor also ensured they met the design requirements with a detailed dimensional inspection 
prior to shipping to Konecranes (Attachment B.) 
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As an additional safe guard / defense-in-depth check to ensure the material we received from 
the vendor meets the needs of the design , Konecranes is going to perform material testing on 
one of the sheaves from the lot of material that was received . We are going to randomly select 
an Auxiliary sheave to sample. The relevant mechanical characteristics in the sheave 
calculations will be compared to the actual test results to ensure they are enveloped. Once a 
test coupon has been taken from this one Auxiliary sheave, we will perform a 125% rated load 
test of the sheave to ensure the structural integrity of the sheave has not been adversely 
affected. Note that on any future sheaves that are made, Konecranes will also take a sample 
from the lot to ensure the material meets the minimum requirements of our design. 

Examination of Final Product - Once received by Konecranes, a detailed dimensional check is 
performed by our QA department to verify the product designed by Konecranes Engineering 
has been received. After the Konecranes Quality Department has released the sheaves to 
Manufacturing, a 125% load test of the crane (and thus the Nylatron sheaves) has been 
performed per NOG-1-2004, Section 7000. A final detailed inspection of the sheave grooves 
was performed after the load test to document the sheave conditions. The 125% load test and 
the post inspection were all performed satisfactorily with no adverse indications observed . 

b. Section 5.35 of both the APS Main Hoist Reeving Calculation #36676-01, Revision 7, 
and APS Aux Hoist Reeving Calculation #36676-26, Revision 5, include the following 
statement: Although NOG-1-2004 ... . 

However, Section 4.3 of NUREG-0554 states that the individual component parts of the 
[dual] vertical hoisting system should each be designed to support a static load of 200 percent 
of the maximum critical load. Also, as stated previously, NOG-1-2004, Sections 5150 and 
Table 7200-1, identify the reeving system sheaves as critical items on a Type I crane that are 
subject to special considerations for material, design, control of manufacturing processes, and 
examination of final product. Reconcile the statement drawn from Section 5.35 of the reeving 
system calculations with the requirements specified in the purchase order with respect to 
conformance with NUREG-0554 and ASME NOG-1-2004. 

KONECRANE RESPONSE TO ITEM B 

Section 5.3.5 of both the APS Main Hoist Reeving Calculation #36676-01, Revision 7 
(Reference 4), and APS Aux Hoist Reeving Calculation #36676-26, Revision 5 (Reference 4) 
will be revised to include the following statement to be consistent with NUREG 0554 
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• Sheaves are designed per Section 4.3 of NUREG-0554, which states that the 
individual component parts of the [dual} vertical hoisting system should each be 
designed to support a static load of 200 percent of the maximum critical load. 

In addition, the statement preceding the calculations in the same section will be revised to 
state the following , 

• The following section of this calculation provides justification that the sheaves 
meet the design intent of NUREG 0554 and the design requirements provided by 
the original equipment manufacturer of Nylatron and that the material is being 
properly used. 

c. Noting that the use of sheave materials other than steel was not considered in NUREG-
0554, the use of steel sheaves is required for Type I cranes by Section 5427 .1 of ASME NOG-
1-2004, and Section 5150 of ASME NOG-1-2004 states that sheaves are subject to special 
considerations in the selection of materials, provide justification that the polymer material is not 
subject to failure modes different from steel. At a minimum, address the potential for polymer 
creep over time and the potential for sudden , catastrophic failure under high load compared 
with the energy dissipating yielding of steel sheaves. 

KONECRANE RESPONSE TO ITEM C 

The manufacturer of Nylatron did consider other failure modes for their product and a 
discussion paper on their analysis is in Attachment D with material specific data. Specific 
failure modes that are applicable to the APS application are: 

Overload of Material - Konecranes performed calculations to show the pressures on the 
Nylatron sheaves are well below the allowables for the material (References 3 and 4.) In 
addition, since these sheaves are part of a Single Failure Proof NOG-1-2004 crane, there are 
numerous independent and redundant system to prevent overload including a load weighing 
system and an energy absorbing hydraulic system. 

Catastrophic Failure Under High Load - Per NOG-1-2004, Section 5210, elongation of 
mechanical components shall be .::15%. Nylatron's elongation is listed as 30% (Attachment D, 
data in red box), which is twice as conservative as the requirement of NOG-1. When 
compared to steel such as A36 or A572 which has an elongation of approximately 20%, the 
Nylatron sheaves are approximately 50% more ductile than a steel sheave. Thus, during 
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shock loads, the Nylatron would be more forgiving and better able to handle the loading than a 
less ductile steel sheave. 

Temperature - Material properties for the Nylatron vary when temperatures are below -25°C (-
130F) or above 93.3°C (200°F); the properties are relatively stable when inside that band . 
Since the operation of these sheaves will never occur outside this band , this failure mechanics 
is not applicable. 

Creep - When a force is applied to a perfectly elastic material, it stretches a set amount until 
the force is removed. The material then returns to its original condition . No material is 
perfectly elastic, and thermoplastics such as Nylatron are actually viscoelastic. A viscoelastic 
material will have a higher modulus (stiffness) when a load is applied for a short period than 
when it is applied over a long duration; hence the stiffness of the Nylatron will depend on the 
how long the material is under load. This loss of stiffness under load over time is known as 
creep. A material specific graph for creep for different temperatures of Nylatron is in 
Attachment D (last page.) This linear-log graph clearly shows that creep is not an issue for the 
sheaves based on the duration the crane will be holding a load (normally hours) . Even if a 
load is stuck on the hook for 4 days (:::::100 hours), the change in the dynamic modulus is only 
about 12% and would have no effect on the load holding capabilities of the crane. 

Attachments: 

A - C of C from Cope and Quadrant & related design criteria (considered as proprietary by KNES) 
B - Product Data sheets from Quadrant 
C - Papers verifying wire rope improvement with nylon sheaves 
D - Failure Modes and specific material data for Nylatron 
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Excerpt from December 6, 2017 NRC letter to KNES referencing concerns detailed in letter 
section 2.a followed by KNES official responses: 

2. Your response to NON 99901451/2017-201 -02 failed to address several areas of concern to 
the NRC staff. The response states, in part, that "Based on the reason for the 
nonconformance, as the action to prevent recurrence we are now implementing a process 
change going forward with a plan to test weld filler metal that will be used on safety related 
components. Testing will be done [to] verify the critical characteristics established by KNES 
engineering and quality to meet design requirements based on the applicable sections of 
AWS code by a KNES 3rd party lab accredited to ISO/IEC 17025 and/or 10CFR50 App. B 
KNES audited laboratory. " Clarify your response as follows : 

a. Confirm whether Konecranes plans on buying the weld filler metal as safety-related or as 
commercial grade and then perform commercial-grade dedication of the weld filler metal for 
its use on safety-related components. 

KONECRANE RESPONSE TO ITEM 2.a 

Currently, the heat lot controlled weld filler metal is being purchased commercial grade by 
our approved fabrication supplier and then dedicated in accordance with AWS A5.20. A 
heat lot controlled weld filler metal test coupon is prepared for the test in accordance with 
the AWS test specification by our Konecranes approved fabrication supplier. 

The dedication testing of the heat lot controlled weld filler metal sample coupon is done 
only by an approved KNES audited 1 OCFR50 Appendix B supplier: Currently, using 
Anderson Laboratories (audit was reviewed during the recent NRC inspection at 
Konecranes) . 

If at some time in the future, KNES decides to do a 1 OCFR50 Appendix B audit of the weld 
filler metal supplier, we would take appropriate credit for same at that time. 

Attachments: E 
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Konecranes Nuclear Equipment and Services, LLC. 
State of Wisconsin 
County of Waukesha 
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I, Jay Douglas Edmundson, depose and say that I am a Vice President of Konecranes Nuclear 
Equipment and Services, LLC., duly authorized to execute this affidavit, and have reviewed or caused 
to have reviewed the information which is identified as proprietary and referenced in the paragraph 
immediately below. I am submitting this affidavit in conformance with the provisions of 10 CFR 2.390 of 
the Commission's regulations for withholding this information. 

The information for which proprietary treatment is sought is listed below: 
• Calculation #36676-01 - Main Hoist Reeving Calculation , Rev. 08 
• Calculation #36676-26 -Auxiliary Hoist Reeving Calculation, Rev. 06 
• Attachment A - Certificate of Conformance from Vendor 

These documents have been appropriately designated as proprietary. 

I have personal knowledge of the criteria and procedures utilized by Konecranes Nuclear Equipment 
and Services, LLC in designating information as a trade secret, privileged, or as confidential 
commercial or financial information. 

Pursuant to the provisions of paragraph (b) (4) of Section 2.390 of the Commission's regulations, the 
following is furnished for consideration by the Commission in determining whether the information 
sought to be withheld from public disclosure, included in the above referenced document, should be 
withheld. 

I) The information sought to be withheld from public disclosure involves specific design details which 
are owned and have been held in confidence by Konecranes Nuclear Equipment and Services, LLC. 
including but not limited to: 

All information on how we use the Nylatron® sheaves and the research/calculations we have 
developed to show they are acceptable. 
The hydraulic upper block that is used for our energy absorption system to prevent two-blocking 
events. This patented assembly is very unique in the industry and separates us from our 
competitors. This unique system is being considered for the new era of cranes in Europe and is 
very valuable to us. 
Design of the drum and other trolley components to reduce weight and maximize the strength of 
the material to distributing our loadings without creating high stress areas. 

1/2 
........................... .. ... ... ..... .. .. ...... .. ................................ ........ ..... ....... .. .......................................... .. ........ ...................... ............ 



I . .................................................... .. .. ............ ....................................................... .. ........... .......... ........................... .................... .. ................................. . 

~ ,-. KO EC.,RANES" 

···· ... 
' • ·· .. .. 

Lifting Businesses·· 

Use of the Magnatorque® for emergency lowering and providing additional breaking in the drive 
train. 
The specialty Python® wire rope we use and the subsequent calculations which provides us a 
weight and reduction in drum/sheave size advantage to our competitors. 
Where we source our hooks and the subsequent calculations which provides us a weight and 
price advantage to our competitors. 

2) The information is of a type customarily held in confidence by Konecranes Nuclear Equipment and 
Services , LLC. and not customarily disclosed to the public. Konecranes Nuclear Equipment and 
Services, LLC. has a rational basis for determining the types of information customarily held in 
confidence by our corporation. 

3) Public disclosure of the information is likely to cause substantial harm to the competitive position of 
Konecranes Nuclear Equipment and Services, LLC. because the information consists of descriptions of 
the design and analysis of a Single Failure Proof crane with special weight considerations, the 
application of which provide a competitive economic advantage. The availability of such information to 
competitors would enable them to modify their product to better compete with Konecranes Nuclear 
Equipment and Services, LLC., take marketing or other actions to improve their product's position or 
impair the position of Konecranes Nuclear Equipment and Services, LLC.'s product, and avoid 
developing similar data and analyses in 
support of their processes, methods or apparatus. 

Further the deponent sayeth not. 

Subscribed and sworn before me this 16th day of February, 2018 

Notary Public 
My Commission Expires: ~ \ 9. \ \ 9'0a \ 

········· ... 

··. 
'• ,, 

COPY 

Jay D. Edmundson, P.E. 
Vice President of Engineering 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-(1001 

December 6, 2017 

Mr. Thomas P. Mccann, Quality Manager 
Konecranes Nuclear Equipment 

& Services LLC 
5300 S. Emmer Dr. 
New Berlin, WI 53151 

SUBJECT: KONECRANES NUCLEAR EQUIPMENT & SERVICES LLC'S RESPONSE TO 
THE U.S. NUCLEAR REGULATORY COMMISSION INSPECTION REPORT 
NO. 99901451/2017-201 , AND NOTICE OF NONCONFORMANCE 

Dear Mr. Mccann: 

Thank you for your October 9, 2017, and October 18, 2017, letters in response to the Notice of 
Nonconformance (NONs} that was discussed In the subject U.S. Nuclear Regulatory 
Commission (NRC) inspection report (IR). 

We have reviewed your letters and the associated attachments and found that they are not fu lly 
responsive to NONs 99901451/2017-201-01 and 99901451/2017-201-02. Specifically: 

1. Your response to NON 99901451/2017-201-01 failed to address several areas of concern to 
the NRC staff. Clarify your response as follows: 

a. The response states, in part, that Konecranes Nuclear Equipment and Services (KNES) 
has updated proprietary calculations to clearly show that the stresses within the bottom 
block sheaves are within the allowable limits set by the original equipment manufacturer. 
Section 10.0, "Quality Assurance," of NUREG-0554, "Single-Failure-Proof Cranes for 
Nuclear Power Plants," states, in part, that a quality assurance program should be 
established to the extent necessary to include the recommendations of this report for the 
design, fabrication, installation, testing, and operation of crane handling systems for safe 
handling of critical loads. In addition, Section 5150 and Table 7200-1 in NOG-1-2004. 
identify the sheaves as critical items subject to special considerations for material, 
design, control of manufacturing processes, and examination of final product. Describe 
the quality measures that have been employed to ensure the allowable limits are 
applicable to the polymer sheaves as fabricated and appropriate for the design, given 
the difference in material properties between polymers and steel. 

b. Section 5.35 of both the APS Main Hoist Reeving Calculation #36676-01, Revision 7. 
and APS Aux Hoist Reeving Calculation #36676-26, Revision 5, include the following 
statement: 

Although NOG-1-2004, Section 5427.1 states that a sheave shall be 
steel, it goes on to only require sizing based on the wire rope plus 
discussion on lubrication of the center bearing. No structural 
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requirements are required of the sheave and Section 7000 has no 
requirements for a sheave other than certificate of Conformance from the 
manufacturer. 

However. Section 4.3 of NUREG-0554 states that the individual component parts of the 
[dual] vertical hoisting system should each be designed to support a static load of 
200 percent of the maximum critical load. Also, as stated previously, NOG-1-2004, 
Sections 5150 and Table 7200-1, identify the reeving system sheaves as critical items 
on a Type I crane that are subject to special considerations for material, design, control 
of manufacturing processes, and examination of final product. Reconcile the statement 
drawn from Section 5.35 of the reeving system calculations with the requirements 
specified in the purchase order with respect to conformance with NUREG-0554 and 
ASME NOG-1-2004. 

c. Noting that the use of sheave materials other than steel was not considered in 
NUREG-0554, the use of steel sheaves is required for Type I cranes by Section 5427.1 
of ASME NOG-1-2004, and Section 5150 of ASME NOG-1-2004 states that sheaves are 
subject to special considerations in the selection of materials. provide justification that 
the polymer material is not subject to failure modes different from steel. At a minimum, 
address the potential for polymer creep over time and the potential for sudden, 
catastrophic failure under high load compared with the energy dissipating yielding of 
steel sheaves. 

2. Your response to NON 99901451/2017-201-02 failed to address several areas of concern to 
the NRC staff. The response states, in part, that "Based on the reason for the 
nonconformance, as the action to prevent recurrence we are now implementing a process 
change going forward with a plan to test weld filler metal that will be used on safety related 
components. Testing will be done [to] verify the critical characteristics established by KNES 
engineering and quality to meet design requirements based on the applicable sections of 
AWS code by a KNES 3rd party lab accredited to ISO/IEC 17025 and/or 10CFR50 App. B 
KNES audited laboratory." Clarify your response as follows: 

a. Confirm whether Konecranes plans on buying the weld filler metal as safety-related or as 
commercial grade and then perform commercial-grade dedication of the weld filler metal 
for its use on safety-related components. 

In accordance with Title 10 of the Code of Federal Regulations (10 CFR) 2.390 UPublic 
Inspections, Exemptions. Requests for Withholding." of the NRC's "Rules of Practice, "a copy of 
this letter, its enclosure(s), and your response will be made available electronically for public 
inspection in the NRC Public Document Room or from the NRC's Agencywide Documents 
Access and Management System, accessible from the NRC Web site at 
http://www.nrc.gov/reading-rm/adams.html. To the extent possible, your response should not 
include any personal privacy, proprietary, or safeguards information so that it can be made 
available to the Public without redaction. If personal privacy or proprietary information is 
necessary to provide an acceptable response, then please provide a bracketed copy of your 
response that identifies the information that should be protected and a redacted copy of your 
response that deletes such information. If you request that such material is withheld from public 
disclosure, you must specifically identify the portions of your response that you seek to have 
withheld and provide in detail the bases for your claim (e.g., explain why the disclosure of 
information will create an unwarranted invasion of personal privacy or provide the information 
required by 10 CFR 2.390(b} to support a request for withholding confidential commercial or 



T. Mccann - 3 -

financial information). If safeguards information is necessary to provide an acceptable 
response, please provide the level of protection described in 10 CFR 73.21 "Protection of 
Safeguards Information: Performance Requirements ." 

Please contact Mr. Yamir Diaz-Castillo at 301-415-2228, or via electronic mail at 
Yamir.Diaz-Castillo@nrc.gov, if you have any questions or need assistance regarding this 
matter. 

Docket No.: 99901451 

Sincerely, 

IRA/ 

John P. Burke, Chief 
Quality Assurance Vendor Inspection Branch-2 
Division of Construction Inspection 

and Operational Programs 
Office of New Reactors 
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1. PURPOSE 

Cale = 36676-26 Authorl2£:..Da:e 2115,2018 
Rev ;; 06 Checker..K.E_Da:e 2115:2018 

Evaluate the aux hoist reeving system for the 35 ton Single Fa ilure Proof containment building 
polar crane and verify that it meets the requirements of the specification as given in Ref. 9. 
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Monocast® Cable Sheaves have great advantages over metal 

( WEAR OF METAL SHEAVES AND WIRE ROPE )1--------------~0 
For many years' manufacturers of heavy duty lifting equipment have sought ways to increase wire rope 
endurance life and decrease wear on metal sheaves. Early attempts included lining the grooves of metal 
sheaves with resilient materials and mounting rims made of these materials on metal hubs. 

( WEIGHT AND CORROSIVE PROPERTIES OF METAL )>---------------<0 
The growth of mobile lifting equipment added a new design requirement as the dead weight of metal 
sheaves on a boom or mast must be reduced for improved lifting and over-the-road performance. The 
expansion in offshore exploration has generated a need for lifting equipment with corrosion resistant parts. 

( MONOCAST® CABLE SHEAVES - 4 SOLUTIONS IN ONE )1------------0 
With the development of MONOCAST® Cable Sheaves, we have achieved greatly improved wire rope life, 
improved lifting and transport with reduced weight , non-corrosive benefits for land or sea use and easier 
handling. 

( AID TO ENGINEERING EVALUATION AND DESIGN )>----------------<0 
This leaflet is intended to help engineers evaluate and design MONOCAST® cable sheaves for their 
particular type of equipment. However one should always consider load capacity for specific operating 
conditions under which the equipment will be used. 

( ABOUT MONOCAST® GSM )1----------------------<0 
MONOCAST® GSM Is a high strength cast nylon containing finely divided particles of molybdenum 
disulphide (MoS2) solid lubricant for increased lubricity. Its superior strength enables to support bearing 
loads greater than other thermoplastics. Because of its inherent resilience, non-uniform or rapidly applied 
working stresses cause no permanent deformation. Wear resistant MONOCAST® is capable of reducing 
overall equipment weight while protecting mating metal surfaces. 

( TEMPERATURE FLUCTUATIONS )f-----------------------<0 
Typical room temperature mechanical properties for MONOCAST® nylon are shown on page 11 . At lower 
temperatures , ultimate strength and modulus increase, while Impact strength and elongation decrease. 

( UNIQUE MONOMER CASTING PROCESS )>-----------------0 
MONOCAST® nylon Is made by a unique monomer casting process In which liquid monomer Is directly 
polymerised into nylon in metal moulds. Parts of virtually unlimited size and thickness can be produced 
while retaining internal soundness. 

( PROPERTIES AND CAPABILITIES )1------------------0 
The properties and production capabilities offered by MONOCAST® provide particular advantages for 
sheaves when compared to metal. MONOCAST® sheaves extend wire rope life, reduce weight, are 
corrosion resistant and Improve service life. 

( WITH MANY APPLICATIONS GLOBALLY ))----------------0 
MONOCAST® cable sheaves are widely used in mobile and offshore lifting equipment, offshore & shipping, 
automotive, military, chemical & petrochemicals, building & construction, railways & transport and 
agriculture. 
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Advantages of MONOCAST ® Cable Sheaves 

Extended wire rope life 

Quadrant Engineering Plastic Products in conjunction with an 

internationally recognised inoependent research instrtute, has been 

conducting wire rope endurance tests to obtain a comparison of the 

fatigue life of wire rope used with MONOCAST® sheaves and hardened 

steel sheaves under the same conditions. 

Test resutts al stress levels of 10%, 20% and 28,6% of uttimate wire rope 

strength indicate dramatic improvements in the endurance life of wire 

MONOCAST® nylon is approximately one seventh (1 /7) the weight of 

conventionally used cast steel. Although the desig'l has to be c anged 

when converting steel into plastic, weight usually drops to 40 - 60% of 

the steel sheave weight; thus MONOCAST® nylon sheaves reduce dead 

weight at the end of a boom. This provides mobile cranes with greater 

stability and lifting capacity. 

rope when used with MONOCAST sheaves. Table 1 summarises resutts MONOCAST® sheaves also reduce weight over lne axles on mobile 

of tne wire rope life testing. The tests prove MONOCAST sheaves cranes making it easier to comply witn highway weight regulations. Large 

substantially increase rope cycle life; especially at higher sheave ratio's. cranes equipped with cast MONOCAST® sheaves can be m oved 

between job sites with less chance of damage to axles and tyres. 

The retirement criteria used for the wire rope are covered by Dutch spec. 

NEN 3233. The failure criteria for test purposes were taken to be visible The reduced weight of MONOCAST® sheaves makes handling , 

strand and/or core separation. However, conventional rope retirement installation and replacement significantly easier than with comparable 

criteria based only upon visible wire breaks may prove inadequate in metal sheaves 

predicting rope failure. The user of MONOCAST® sneaves is, therefore, 

caJtioned that retirement criteria should be estab~sheo based on trie 

user's experience and the demands of his application. 

More information regarding retirement criteria is mentioned in report 

number 8g_3.TL255g of dr.ir.L Wiek of the Technical University of Delft. 

A detailed description of the test procedures used can be found in 

Polymer Technical Bulletin WR-2 'Comparison of Wire Rope Fatigue Life 

and Margin Cycles When Using Nylatron® (MONOCAST®) and Steel 

Sheaves. 

Table 1 - Wire rope lift testing results 

Sheave ratio Rope tension for test Design factor 

24/i 10.0% 10.0 
of breaking strength 

24/1 20.0% 5.0 
of breaking strength 

24/1 28.6% 3.5 
of breaking strength 

18/1 28.6% 
of breaking strength 

Quadrant Engineering Plastic Products 

Approximate 
duration of test 

136,000 cycles 

68,000 cycles 

Increase in rope life 
attained with 
MONOCAST® GSM sheaves 
compared to hardened 
steel sheaves 

4.50 times 

2.20 t imes 

1.92 times 

1.33 times 

global leader In engineering plastics for machining 
--------------------------------------www. quadrantplasti c s.eom 
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Virtually unal1ected by lhe corrosive elemenls found in marine MONOCAST® sheaves can also be custom made to meet specific size 

environments, MONOCAST® sheaves eliminate Irie rust and corrosion requirements. 

that occurs wilh steel and cast iron. In addition, MONOCAST® sheaves 

provide wear life comparable to unhardened steel a'ld cast iron It is only necessary to provide a drawing of the sheave or key 

sheaves under normal operating conditions. Initial lubrication in the dimensions including rope diameter, oulside diameter, groove diameter, 

rope groove is recommended for optimum resulls hub width and rim width. The required type of bearing musl also be 

supplied to determine the proper press fit dimension for the bore and 

validate maximum loading. 

Competitive price To obtain optimum serviceability from either custom or standard 

sheaves, certain considerations should be observed by equipment 
MONOCAST® nylon sheaves can be economically cast-to - engineers when designing sheaves for a particular application. Of 

configuration in a wide range of sizes with a minimum of machining special importance are groove configuration, bore configuration, rib 

required. configuration, bearing retention and lead capacity. 

This economical production permits MONOCAST® sheaves to be 

priced competitively witn cast and forged steel sheaves. 

Standar.d sh·eaves Quality guaranfie.ed 

MONOCAST® nylon standard sheaves are available in a range of 250 Whatever product we produce, quality is always number one. Our 

up to 1260 mm outside diameter. people are trained and educated to test and inspect the product during 

They are cast as semi-finished blanks and can be machined to specific production . QC people inspect the production processes on a regular 

customer dimensions as ordered. basis and take care of the final inspection before shipping the goods to 

our customers. 

This dimension flexibility, along with reduced price and delivery for small 

quantities, is aimed at servicing OEM needs for initial prototype and Our production facility is ISO 9001-2000 certified. 

production runs. Specific products can be supplied under type approvals from U oyd's, 

DNV, American Bureau of Shipping, RINA, German Lloyd's and others. 

Small series with an outside diameter greater than 1260 mm can be 

obtained by machining solid cast discs. 

Quadrant Engineering Plastic Products global leader In engineering plastics for machining 
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Design of MONOCAST ® Cable Sheaves 

When designing wnh custom or standard sheaves, certain considerations 
should be observed by equipment engineers Of special importance are 
groove configuration, bore configuration, bearing retention and load 

capacity. Figure 1 should help to clarify important parameters. The basic 

design of any sheave should conform with the appropriate minimum (07 
/ Dr (=rope diameter)), which is relerred to as sheave ratio. For increasing 
rope lile time, 1his ratio should be minimum 18, but most European rope 
mariufacturers preler a ratio of 24. 

Rim configuration 
Tne rim widlf-i (W1), outside (01) and groove (02) diameter are typically 
fixed design dimensions. The rim fiat (T2) between the groove wall and 
rim edge should, according to DIN 15061, be minimum 3 mm to provide 
adequate side load stability. For the same reason, the rim edge thickness 
(T1) should be minimum 70% ol the cable diameter. 

Groove configuration 
The groove radius for a MONOCAST® sheave should be approximately 
5% greater than the nominal rope diameter to accommodate rope 
tolerances while giving adequate rope support. 
Experience indicates that a groove angle of 45° will generally provide 
optimum rope support for crane sheaves. Unless otherwise specified , 
MONOCAST® sheaves are supplied with a 45° groove angle. 
Sizes and tolerances of the groove are covered by DIN 15061-2. 
Typical American and European practice requires that the depth of the 
rope groove for mobile crane sheaves be made a minimum of 1, 75 times 
the rope diameter. MONOCAST® sheaves are supplied with a 
corresponding groove depth unless otherwise specified. 

Figure 1 - Cable Sheave Nomenclature 
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Web configuration 
Practical experience with crane sheaves has shown tnat the required 
design strengtn can be maintained wnh a minimum web width that is 
20% greater tnan the rope diameter. The benefit of reducing the web 

width is weight savings. Addnional strength can be obtained by adding 
ribs to the design. 

Rib configuration 
All MONOCAST® cast sheaves are designed as standard wi th ribs , 
depending on the outside diameter, in order to wnhstana the sidewards 

deflection of the sheaves as the resutt of side forces encountered during 
operation. 
Validating of the total design can be done wnh assistance of a unique 
computer program. Displacements and stresses can be visualised; this 
analysis shows how the ribs assist in absorbing the stresses. 

Hub configuration 
The hub width (W2) is generally a design requirement specified by the end 
user. In mast cases n should be equal to or greater than the rim for 
stability of the sheave in use. The minimum hub diameter (04) is 1 ,5 times 
the bearing outside diameter (05) for adequate wall support of the 
bearing. The wall tnickness between the bearing and hub d iameter 
should be always greater than 25 mm. 
The transitions from the hub diameter ta the web and the web diameter 
to the rim must be tapered and radiJsed as appropriate based upon the 

design thickness and diameter. 

A 

1 
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Bore configuration 
MONOCAST<E> sheaves for heavy-duty applications should be installed 

with anti-friction bearings. Cylindrical or needle roller bearing are generally 

recommended as they provide a continuous contact area across the 

width of the bore. 

As tile coefficient of thermal expansion of MONOCAST® nylon is several 

times that of metal, the press fit allowance must be large enough for tne 

bearing to maintain contact witn the bore at temperatures up to 50 C. A 

satisfactory press frt allowance for heavy-duty anti-friction bearings ca., 
be obtained from Table 2 or by using equation 1 : 

The press fit allowance should be reduced somewhat for light duty thin 

walled bearings and by use at extreme low temperatures to preven t 

possible close in of the bearings on the shaft 

Bronze bearings are not recommended for main load applications. Their 

use should be limtted to moderate unit loads to avoid excessive fric tional 

heat build up a'ld possible movement of the bearing in the bore. 

For lightly loaded applications where pressure-velocity (PV) values a re not 
excessive, tt may be possible to plain bore MONOCAST® sheaves for 

running directly on the shaft . Detailed description of calculating PV-values 

can be found in the 'Quadrant Engineering Plastic Products' design & 
fabrication reference guide. 

A=0,04fiis (1) Recommended snafl running clearance can be obtained from Tab le 3. 

Where A = Press fit allowance (mm) 

Table 2 

D5 = Bearing outside diameter (mm) 

OD 
mm 

50 

75 

100 

125 

150 

i75 

250 

275 

300 

Press Fit Allowance A 
VS 

Bearing OD 

A* 
mm 

0.28 

0.35 

0.40 

0.45 

0.49 

0.53 

0.66 

0.70 

Table 3 

The diameter of the sheave bore will be the OD of the bearing minus the press fit allowance 

•· The diameter of the sheave bore will be the diameter of the shaft plus the shaft running dearance. 

D 
mm 

Shaft Running Clearance C 

vs 
Shaft Diameter D 

The recommended shaft finish should be comparable to that of commercially hardened and ground shafting. 

C** 

Quadrant Engineering Plastic Products global leader In engineering plastics for machining 
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Design of MONOCAST ® Cable Sheaves 

Bearing retention 

Circumferential bearing retention can be achieved using the press fit 
allowances recommended in Table 2 and pressing directly into the bore 

of tne MONOCAST® sheave. A hydraulic press call be used or the 
sheave can be heated up to 85-95°C and the bearing dropped into the 
expanding bore. 

Thrust washers, thrust plates or snap rings should be placed on either 
side of the sheave hub lo maintain sideways bearing retention. Tnis is 

necessary to restrict bearing movement which may occur as the result of 
side forces encountered during operation. See Figure 2. 

There are two exceptions lo bearing retention using the above procedure-

• The use of bronze bearings in idler sheaves where the sheave is free lo 
move from side-to-side on a shaft. In this case, positive retention can 
be accomplished by extending the length of the bearing beyond the 
hub and placing external retaining rings on the bearing on each side of 
the hub. 

• Under conditions where the use of steel inserts are recommended due 
to heavy loading A positive retention method is lo place a steel sleeve 
insert in the bore of the MONOCAST® sheaves into which the bearing 
is pressed. The insert is held in the bore by external retaining rings of 
the WRE-type on eacfi side of the hub. 

If thrust washers or thrust plates cannot be used , other means of 
retention must be found to restrict sideways movement of the bearing. 
Metal plates bolted lo the hub and overlapping the ends of the bearing 
can be used for this purpose. See Figure 3. 
Quadrant's technical engineers can assist you in designing and 
assembling the bearing construction. 

Figure 2 - Bearing retention 

Load capability of MONOCAST® sheaves 
(with bearings) 

Industry standards for cranes specify sheave ratio 0 7/Dr and d esign 

factor Fd as two variables that affect crane design and sheave 
application. 

When MONOCAST® sheaves are used irl heavy-duty service, the user 
should first determine the sheave ratio and design factor which are 
appropriate for tne application. Using specific values for the variables, 

nominal static pressures can be calculated for evaluation of sheave load 
carrying capacity. The maximum groove pressure of the rope for any 
sheave can be calculated from equation 2 

Where 

2 ( Fro11e,11/t) 
p - r.1 

g - Dr ·D2 

Pg= 

F,ope, utt = 

Fd = 

F,ope. u / Fd = 
Dr = 

02 = 

Max. groove pressure (N/mm2) 

Breaking strength of wire rope (N) 

Safety factor for wire rope 

Max. nominal single line pull (N) 

Rope diameter (mm) 

Groove base diameter (mm) 

(2) 

Tne formula above does not include wrap angle w (see Figure 4 ) and so 
groove pressure is independent of this value. Calculation of individual 
thread pressure is not necessary if sheave ratio is 18:1 or larger. 

Figure 3 - Bearing retention using side plates 

Quadrant Engineering Plastic Products global leader In engineering plastics for machining 
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The bore pressure consists of two factors: the first caused by radial Figure 4 - Wrap angle w 
component or the loading, the second by tne axial component ...------------------------~ 
(sidewards pull dJe to fleet angle). 

Pb,total,max = Pb.radial + Pb,axial,max (3) 

The radial component cari be calculated using equation 4: 

Where 

Pb.radial 

05 = 
W5 = 

W= 

((J)) ( Fro,,., 111t ) 
2 ·sin 2 · ~ · cos (8) 

D5·W5 

bore diameter (mm) 

Total sum of individual beanng width (mm) 

wrap angle (see Figure 4) 

(4) 

The radial component has a constant value over the bearing width, The 
axial component has a maximum at the outer width of the bearing, arid 
can be calculated with equation 5: 

Pb,mial,max 

. " (~ ) (m) ((J)) 4 ·sm(u) ·\ Fj ' \2 ·cos 2 (5) 

D5 · Wbearing, max2 

Where Wbearing, max = Maximum outer distance between outside of 

(both) bearing(s) (mm) 

(1):::: 

fleet angle (see Figure 5) 

wrap angle (see Figure 4) 

Under normal operation conditions, at room temperature and normal 
humidity, MONOCAST® sheaves equipped with anti-friction bearings 
sho Id periorm satisfactorily when both groove and surface are kepi 
below the values given below. 

Table 4 

Operating condition 

Static 

Remark 

More than one week 

Up to one week 

,, 

J 

./ 

/ 
I 

Figure 5 - Fleet angle 6 

~ope 

•\ ', 
'r,~ 

The pressure and load capacity limits recommended above are based on 
intermittent cyclical loading as in typical mobile hydraulic crane operation. 
If operation involves continuous cycling or loading, high speeds and 
acceleration, or heavy impact forces, the limits should be reduced and 
the applications thoroughly evaluated. 
Excessive loads and/or speeds may cause distortion of the bore and loss 
of press fit with the bearing . Accelerated groove wear may also result. 

Maximum surface pressure 

Static/Dynamic 

Dynamic Short term use: a few minutes 

< 10 N/mm2 

< 25 N/mm2 

< 60 N/mm2 

Quadrant Engineering Plastic Products global leader In engineering plastics for machining 
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MONOCAST ® Technical data ------0 

Load capacity plain bored sheaves 

The load capacity for a plain bored MONOCAST sheave is based on the 
ability of the bore to act as a bearing. To determine the recommended 
load capacity, refer to 'Quadrant Engineering Plastic Products ' design & 
fabrication reference guide, and make calculations as follows assuming 
that the bore of the sheave is a MONOCAST® bearing. 
First, obtain the recommended pressure velocity value PVa for the given 
operating conditions from the manual. Then calculate the maximum bore 
pressure using equation 6 

Hertzian pressure 

The nominal values calculated for groove pressure are based on the 
assumption that the area of contact is the projected area of the rope 
groove and that the wire rope makes intimate contact with the groove. 
Actual contact values for surtace pressure will be higher than nominal, 
however, as the individual strands make point contact wi1h the groov e. As 
shown below, the point contact pressure for a steel sheave will be much 
higher that for a MONOCAST sheave. The resilience o1 the 
MONOCAST® nylon results in a larger contact area and greater support 
for the wire rope. 

The maximum contact pressure q0 that can occur at the centre of the 
Pb= PVa 

V 
(6) contact surtace is a function of the modulii Et and E2 of the two 

contacting materials as shown by the Hertzian equation: 

Where Pb = 

PVa = 

V = 

Ds = 

Max. bore pressure N/mm2 

Pressure velocity value from manual 

(N/mm2 x mm/sec) 

Shaft surface speed (mm/sec) 

n x (shaft rpm/60) x Ds (mm/sec) 

Shaft diameter (mm) 

Bore pressure Pb should not exceed 7 N/mm2. Take tne calculated value 
for Pb or 7 N/mm2, whichever is less, and substrtute in the following 
equation to obtain the maximum load capacity for the condrtions 
specified: 

Where 

qo=.r( 3 4/EI . E2Y) 
\EJ-1E2 } 

(8) 

El= 
E2 = 

Maximum contact pressure (N/mm2) 
Geometrical and force factor; a constant in this 

case 

Modulus of elasticity for rope {N/mm2) 
Modulus of elasticity for sheave (N/mm2) 

Substituting E1 and E2 = 220,000 N/mm2 as unity for a wire rope and 
steel sheave. the value in the brackets becomes 1 . 

Where 

LC= Pb · Ds · Wh 

LC= 
Wh= 

Max. load capacrty (N) 

(7) Substituting E1 = 220,000 N/mm2 for a wire rope and E2 = 2,850 N /mm2 
for a MONOCAST® sheave. as the ratio of 1 to 0.013, the numerical value 
in tne brackets of the equation becomes 0.087. This means that the 
maximum contact pressure with a steel sheave is 11 .5 times the contact 
pressure with a MONOCAST® sheave. 

Width of hub in contact with shaft (mm) 

The pressure and load capacity limits recommended above are based on 
practical experience wi1h bearings and sheaves. If operation is higher 
than recommended limits, thorough service evaluation should be made, 
taking into account the special characteristics of the application. 
Excessive loads and/or speeds may cause accelerated wear and 
increased clearance in the bore. 

Equipment operation 

MONOCAST® sheaves provide definite advantages for cranes and similar 
equipment when designed for use within the parameters outlined. 
To obtain optimum results, equipment should also be operated using 
accepted industry practices. Situations to be avoided include: 
(1) two-blocking hook block and sheaves against boom point sheaves 
(2) pulling hook and ball with exposed rope end irrto sheaves, and 
(3) excessive fleet angle or side angle pull. Anti two blocking sheave 

guards are recommended for both multiple and single reefing systems. 
Use original OEM-specified type of cable. 

Quadrant Engineering Plastic Products 

Above certain stress levels, plastic deformation and cold working of the 
MONOCAST® groove surface will take place. The resulting w ire rope 
imprint, however, does not cause abrasion of the wire rope as would be 
the case with a steel sheave. In effect, it increases the groove surface 
area supporting the wire rope. This demonstrates the capabilities inherent 
in the resilience and strength of MONOCAST cast nylon, lightweight 
MONOCAST sheaves can support cyclical loads while providing 
extended wire rope endurance life. 

Publications 

A special loose lead manual containing detailed test data, case h istories, 
technical articles and other material pertinent to MONOCAST ® nylon 
sheaves is available upon request. 

global leader In engineering plastics for machining 
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MONOCAST ® Physical properties --0 

(indicative values,,..) 

PROPERTIES Tes! melhods Units 
ISO/ QEC) ASTM 

Colour - -

Density 1183 D 792 g/cm3 

Water absorption: 
- aner 24h / 96h immersion in water of 23"C (1) 62 mg 

62 % 
- at saturation in air of 23°C I 50% RH - % 
- al salm,tion in waler of 23°C - % 

Thermal Properties r21 -
Mellino temoeralure - ·c 

l.'11f1Mt 

~ 
ratural (ivory 

black 
1.15 

44 / 83 
0.65 / 1.22 

2.2 
6.5 

220 

fl,Jft1 .. . 

~ 

grey-black 

1.16 

52/98 
0.76 / 1.43 

2.4 
6.7 

220 

Legend 
, : values refeMng lo diy malenal 
.+ . values referring 1o maleral in eql.ilboom 

with the standard a1,rosphere 23-c i 50 % 
RH (Jnost~J derived lrom literature) 

(1 J Acco,d;ng lo met too 1 o1 ISO 62 and done 
00 discs O 50 X 3mm. 

(2) The figures gr,en lor these P'opertes arolor 
the most part de""8d lrom raw matn31 
supplier data and other pubfications. 

(3) Only lor short time exposure (a few too,,;)"' 
applicaboos where no o< only a w,y low 
load is applied to the ma1e<iaf. 

Thermal conduclivitv at 23°C - W/(K·m) 0.29 0.30 
(4) Temperature resistance <Ne! a period ol 

5,000 / 20,000 houfS_ Alter these IXlflOOS ol 
trne. there is a decrease il tensile strong1h 
ol about 50% es compared with the original 
value. The temperature values giwo 

CoefflCienl of linear thermal expansion: 
- averaqe value between 23 and oo·c -
- aver~e value between 23 and 1oo•c -

Temoeralure of deflection under load: 
- method A: 1.8 MPa + 75 0 648 

Max. allowable service temperature in air: 
- for short periods f3l -
- conlinuouslv: for 5.000h I 20 000l1 f4l -

Min. service temoerature (5): -
Flammability (6): 

- ·o~nen index" 4589 02863 
- accordina to UL 94 r3 / 6 mm thickness) - -94 

Mechanical Prooerties at 23°C m 
Tension test (Bl: 

- tensile stress al yield / tensile slress at break (9) + 527 0638M 
++ 527 0 638M 

- tensile slrain al break (9) + 527 0638M 

++ 527 0638M 
- tensile modulus of elasticity (1 0) + 527 0638M 

++ 527 0638M 
Compression test (11 ): 

- compressive stress at 1 / 2 / 5% nominal strain (101+ 604 0 695 
Creep lesl in tension (8). 

- stress to produce 1% strain In 1,000h (0111 ,000) + 899 0 2990 
++ 899 0 2990 

Charpv impact slrenalh - Unnotched (1 2) + 179/1 eU 

Charpy Impact strength - Notched + 179/leA 

++ 179/leA 

lzod impact strenght - Notched + 1B0/2A 0 256 
++ 1B0/2A 0256 

Ball indenlation hardness (13) + 2039-1 

Rockwell hardness f1 3l + 2039-1 0 785 
Chemical Resistance at 23°0 
Acids -weak - -
Acids - strona - -
Alkalies - weak - -
Alkalies - strono - -
Aromatic hydrocarbons - -
Aliohatic hvdrocarbons - -
Ketones, esters - -
Ethers - -
Chlorinaled solvents - -
Alcohols - -
lnoraanlc salt solutions - -
Hot water - - -
W Resistance 
Outside applications - -

Note: 1 g/cm3 = 1,000 kg/m3; 1 MPa = 1 N/mm2 

m/(m·K) 
m/(m · K) 

•c 

·c 
·c 
·c 

% 
-

MPa 
MPa 

% 
% 

MPa 
MPa 

MPa 

MPa 
MPa 
kJ/m2 
kJ/m2 
kJ/m2 
kJ/m2 
kJ/m2 
N/mm2 

-
-
-
-
-
-
-
-
-
-
-
-
-
-

80 x 10-6 80x 10- 6 
90 X 10-6 90 X 10- 6 

BO BO 

170 170 
105 / 90 105 / 90 

-30 -30 

25 25 
HB / HB HB/HB 

85/- 78 /-
55/- 50/-

25 25 
> 50 > 50 
3 500 3 300 
1 700 1 600 

26 / 51 / 92 25 / 49 / 88 

22 21 
10 9 

no break no break 
3.5 3.5 

3.5 3.5 
7 7 

165 160 
MB8 M84 

B B 
C C 
A A 

8 -C 8 -C 
A A 
A A 
A A 
A A 
B B 
A A 
A A 
B B 

B / Black: A A 

are thus based oo the thennal-oxidahve 
degradatoo Vlhoch takes place and causes 
a rech.lci)O(l in properties Note, ho.ve,er, 
that, as lor all thermoplas1ics. the maximum 
allowable S8MC6 temperature depcrds il 
many cases essentially on the duration and 
the magnrtude ol the mecharical strosses to 
which lhe ma1erial is subJected 

(5) Impact strength decreasing wrth decreasing 
temperature, the minimum allowablo servK:e 
temperatu,e is practically mainly detemiined 
by the extent to wtuch the material is 
subjected to mpact The YoJlues given here 
are based on unfavoura~o Impact 
condrbons and may consequent ly no1 be 
considered as being the absolute practical 
imits 

(6) These estlffia1ed ratings, def1Ved f rom raw 
ma1erial supplier data, am not intended lo 
reflect hazards p,esented by the m:rtenals 
urder actual In condilxlns. There are no 
UL-yeHow cards available lor these stock 
shapes 

(7J The figl<OS given for the propertio6 ol dry 
material (+) are for the most part average 
values of tests run on test 51:>ee1mens 
machined out ol rods o 40 - 60 mm. 

(8) Test specimens: lype 1 B 
(9) Test speed: 20 mm/min (5 mm/min lor 

ERTALON 66-GF30, ERTACETAL l+TF and 
ERTALYTE TX). 

(10) Test speed· 1 mmllTllfl. 
(11 ) Test speclm80S: cylirders o 12 x 30 rrm. 
(12) Pendulum used. 15 J. 
(13) 10 nvn track test specttnens. 

Chemical resistance 
k acceptable service 

8. limited se!Vice 
C: unacceptable service 

... This table is a valuable help in tho cl,oic,, of 
a ma1erial. The data listed here fall wrthin 
the normal range ol product properties. 
However, they are not guaranteed and 
they should not be used to establish 
material specffication limits nor used 
alone as the basis of design. 

A 'lf<nooton s:ipp,ed by or oo oeha of 0Jadra'1t Eng,neerng Past<: f'-od.ds " '1!8100 to ss products, vnehY n ,.,. 'Btf!! o! data, ~ o, otne'\',,;e, s 5..l)Wled oy -esearcn and t>e'e-18d 
re\aoe. ().Jadrant Erig '188mg Paste ProduC1s ass.irnes no ly wnatsoever -o •esoect o! appcabo-1, processng or use rrode ol the afore-cneotooed nfO<'Tlat.on or products, or arrt conseqaence 1h&ool. Tne 
buyer unds1akes a'I wly 1r1 "'50!lct of the aoQlcaton. process,ng or "5EI ol tre a!ore-rne<1tor.ed nforrootoo or D'O(>JCt . vnose (!2•1y and otoer P'()P6<tes oe soa• ve,-1), or a<r/ conseq.,er,c;e tne,eol. No ioooly 
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790904 

Comparison of Wire Rope 
Life Using Nylon and 

Steel Sheaves­
Pa rt 1: Test Methodology 

and Comparison of Wire Rope 
Endurance Life 

TI )BJECTIVES 
r· . . . Compare 

of this test project are to: 
the cyclic fatigue life to re-

\~lval criteria of ~rire rope speci~ens operating 
under the very same loading conditions and 
cycled over nylon and steel sheaves having iden­
tical dimensions. 

. Compare the condi t ion of the nylon and 
steel sheaves resulting from identical loading 
and cyclir_g . 

HISTORICAL BACKGROUND 

Manufacturers, owners, and operators of 
lifting devices have historically searched for 
means of increasing wir e rope life by .lining 
rope grooves on sheaves with protective mate­
rials, such as wood, leatner, rubber, plastic, 
anc hemp. Such linings have not received wide 
acceptance, since they do not have sufficient 
durability . 

A methodology was developed to test wire 
rope endurance characteristics to ANSI B30.5 
removal criteria . Under field simulated loads , 
~ rope was cycled so that each rope section 

_ 180° contact with one nylon sheave and one 
\ .. ...:eel sheave until the rope replacement crite­

ria designated by wire breaks was attained . 

John H. Chen 
The Polymer Corp. 

Reading.PA 

C. R. Ursell 
Southwest Research Inst. 

San A ntonio, TX 

Deve oprrent of plastic-li ned s~eaves 
started as early as 1954 in Europe. (1) Dif­
ferent types of nylon and high density poly­
ethylene were tried as oachined linings on wire 
rope sheaves in the field. The trials illus­
trated that linings rrade from block polymerized 
nylon were particularly wear resistan'.: . (2) 

The availability and flexibility of the 
new nylon monomer casting process led to the 
use of all nylon sheaves in the late sixties. 
Alicke reported favorable results with the use 
of cast nylo~ sheaves in buc~et, crane, and 
e l evator applications . (3) 

The growing use of mobile hydraulic cranes 
in the early 1970's provided additional impetus 
for nylon sheaves with the need for reduced 
boom weight as well as increased wire rope life . 
Nylon sheaves are now widely used by crane manu­
facturers in both England and Germany. (4) 
They have gained acceptance in the Un i ted States 

At a load equal to 10% and 20% of the 
ultimate s tre~gth of the wire. rope , t he rope 
at the nylon sheave s i de endured 4.5 and 2.2 
times as many cycles as compared to the wire 
rope on the steel sheave side . 

0148-7191 /79 /0910-0904$02.50 
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for use on cranes ranging in size fron 15 to 
100 ton capacity . They are also being evalu­
ted for a variety of ether lifting devices in­

_lud::_ng mobile lattice boon cranes, locomotive 
cranes, oil well drill and service rigs, dock 
and offshore cranes, and overhead traveling 
cranes . 

A research prograrr. ,,,as ini-:iated by the 
,.;j re Rope Technical Board and the 'lire Rope 
Producers Co~ittee of the A.~erican Iron and 
Steel Institute to investigate performance and 
replacement criteria of wire rope when used 
,;ith steel sheaves . (5) 

The test equipmen t built for the '\,,'RTB tests 
was offered to inves igate the per formance and 
replacement criteria of wire rope when used ·with 
both steel and nylon sheaves. This comparative 
tesL, which is s;:ill continuing, is the basis 
f or this report. 

TEST t-'iATERIALS 

Early experience gained in Europe illus­
trates that monomer cast type 6 nylon is the 
most suitab]e materia] for n,dudng wire rope 
stress while providing sheave life comparable 
to cast steel sheaves. This high strength 
therr.ioplastic has been ;irocessed for molecular 
-..ieight and crystal J inity to provide the °:)est 

ombination of proper ties for sheave applica­
tions. It has been carefully tailored by addi­
tives such as molybden~m disulphide for improved 
lubricity and wear resistance. Typical proper­
ties for nylon sheaves used in this test project 
are listed in (Table 1). The traditional cast 
steel sheaves used on lifting cranes are gener­
ally cast oversize in Lhe rope groove and ma­
chined to a smooth surface. Tne steel sheaves 
used for this test project were rr.achined from 
1040 steel and then hardened to Rockwell C32 to 
conform to typical incustry usage. The groove 
on the nylon and steel sheaves were identical. 

The solid nylon and steel sheaves were both 
machined to 20 11 (508 nm) outside diameter and 
17-3/8" (441 rnm) tread diameter for use with 
3/4 11 (19 mm) dia:neter wire rope. (Figure 1) 
The sheave ratio (pitch diameter to rope diam­
eter) was 24 to 1 with t he rope groove provid­
ing a 140 ° contact angle. The design of the 
test sheaves corresponds to the design of nylon 
main loac sheaves now used in production on a 
60 ton mobile boom crane.* 

The wire rope specimens were taken from a 
single 1,000 ft. (305 ~) spool of U. S. Steel 6 
~ 25 IWRC (independent wire rope core) wire 

ope. Ultimate tensile strength of the new 3/4 11 

wire rope from three specimens averaged 65,147 
lbs. or 290,000 N. The IWRC wire rope rep-re­
sents a basic construction used for load hoist­
ing applications . 

790904 

Table 1 - ?rop~rties of c~st nylon sheaves 

ASTM ( 
Property Units No. Value 

Specific Gravity D-792 1.15-1.17 
Tensile Strength psi D-638 11,000-14 ,000 
Elongation % D-638 10-60 
Modulus of 

Elasticity psi D-638 350,000-450,000 
Compressive 

Strength psi D-695 
@ 0.1% Offset 9,000 
@ 1.0% Offset 12,000 

S::-iear Strength psi D-732 10,500-11,500 
Hardness 

(Rockwell) D-785 112-120 
Tensile Impact ft .lb .I 8()..130 

in.2 

Deformation 
Under Load 
122°F, 2000 psi % D-621 0.5-1 .0 

Stiffness psi D-747 200,00Q..400,000 
Heat Distortion 

Temp. 
66 psi OF D-648 400-425 
264 psi •f D-648 200-425 

Melting Poin1 OF D-789 430=10 
Flammability D-635 S elf-

extinguishing 
Coefficient of 

Linear Thermal in./ C~. Expansion in . °F D-696 5.0 X 10-5 
Water 

Absorption-
24 hours % D-570 .6-1.2 

Water 
Absorption-
Saturation % D-570 5.5-6 .5 

Resistant to: 
Common solvents . hydrocarbons. esters, ketones , 
alkalis. dilute ac:ds . 

Not Res istant to: 
Phenol. .formic acid. concentrated mineral acids. 

TEST EQUIPKENT AND METHODOLOGY 

The test equipment consists of a horizon­
tally mounted machine equipped with two in-line 
testing s~eaves, one nylon and one sLeel, at 
opposite ends. A wire rope loop made of two 
ten-foot sections passes over the sheaves. 

Fixed end links were used to connect two 
rope sections to prevent rope rotation . Load­
ing was introduced by a hydraulic servo load 

*The Polyme r Corporation has applied for patents 
on the design of their Nylatron® nylon sheaves . 

s 
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Fig . 1 - Configuration of nylon and steel sheaves 

control system on t ne sheave at one end while 
the sheave at the other end was anchored. Cy­
clir.g of the wire rope was accomplished by ar. 
oscillating ram, whi c:h was linked to an E>.ccen­
tric rotat ing aTI!l . As in the applicat ion of 
ho i st ing equipment, t h e rope is dr.ive!J and not 
the sheave . A schematic of the test set- up is 
illustrated in (Figure 2). 

During cycling of the machine, one section 
: _,ie rope passes over t h e Nylatron s:ieave and 

· ·~ne o t her section over t h e steel sheave. As the 
crank arm of 28" (17-3/ 4" x rr /2) rotates 360 
degr ees, the wire rope Ir.oves in one direction 
56" and reverses t o the oppos ite direction the 
same distance and stops at t he starting point 
i n approxii:iately 1.2 seconds. The time varies 
with load. 

The loading was conducted using wire rope 
s t rengtb factors of 10 and 5, i.e., 10% and 20% 
of ult imate tensile strength of the rope. Si nce 
two rope cross-sections bear the load, the pull 
on the servo load controller is twice t hat of 
the wire rope tension. The machine is pro­
grar:Jl!led for loading , halting, wire rope rever­
sals, halting and unloading . This loading cycle 
was repeated every six seconds. (Fig. 3) This 
methodology simulates the actua l application o f 
loads and cycles used on lifting c ranes. 

The machine is automated to periodically 
stop for inspection of both wire ropes and 
sheaves until the removal criteria is attained. 
The removal criteria for wire rope cyclic 
fat igue is t he same as that used for WRTB tests. 
This is covered by A..~erican National Standard 
Inst i tute (ANSI) B30.5 which states that in run­
ning ropes, six randomly distributed broken 
w , in one lay or three broken wires in one 

._ Jnd in one lay are reason f or replacenent. 
Each level of loading for each test phase 

was considered complete wh en a combined total 
of seven (7) rope sections were replaced fro~ 
two sides . 

I ns?ection freq uency was set f or 2 ,500, 
1,000 , and thereafter 500 cycle i ntervals. I f 
a broken wire was found, the next i:ispection 
intervals were reduced to 200 cycles until the 
rep l acement criteria of the wire rope was 
reached. Us ing a magnifying gla ss arid h i gh­
intensity light, wear , deformation, crown 
breaks (due to contact between rope a:id s heave 
surfaces), and tangential breaks (caused by 
strand-to-strand f ri ction) can be detected dur­
ing routine i nspections. Conditions of sheave 
grooves and temperature of the s h eaves were 
examined at each inspection i nterval. 

The ret i red wire r ope sections were tens~le 
tested to fa ilure and the percent of r emaining 
strength determined. 

The exper i men t al part of this paper was 
conduc ted at Southwes t Research Institute. 
(Ref. 6) 

TEST RESCLTS 
1. ~IRE ROPE ENDURANCE LIFE - The first 

phase o f the test, conducted at a stress level 
of 10% of the ultirr.ate strength of the 'Wire 
rope (strength factor of 10), ran for approxi­
mately 13 6 ,000 cycles . (Figure 4) Six wire 
ropes were retired from the steel sheave sice 
and only one f rom t r.e Nylatron sheave side. 
The wire rope endurance l ife on the Nylatron 
sheave side was 4. 5 time s that on the steel 
sheave side . The second phase of the test, con­
ducted at a stress level of 20% of the u l timate 
strength . of t he wire rope (strength faclor of 
5), ran f o r approxima t ely 68,000 cycles. (Fig­
ure 5) Five wire ro?es were retired from the 
steel sheave side and two from the Nylatron 
sheave side . The wire rope endurance life on 
t he nylon sheave side was 2.2 times that on the 
steel side. 

2. CO NDITION OF WIRE ROPE - Inspection of 
the wire rope during the test revealed that 
after several thousand test cycles , a slight 

' 
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A end------
'-­

n end 

B-shcave 

No . Description 

1 Oscillating ram-inertial 
2 Ram clamp to wire rope specimen at bridge (rope attached 

to drive mechanism) 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 

Connecting link-eccentric dr.ive arm to ram 
Eccentric drive arm-output from 60:l gearbox 
Electric clutch 
10 hp. electric motor 
30 hp hydraulic electric pump - 3000 psi 
Automatic load controlled servo system esir.g load cell output 
Strain gaged load cell 
Lead input bridle 
Connecting link or swivel 
Zir~ poured soc~ets 
Wire Rope test samples two 10 ft specincns 
Special test sheaves:Polymer sheave on fixed end, steel sheave 
on loading end 
Anchor end or stationary bridle 
Adjustable end on stationary bridle for var ia t i ons in l engths 
and connecting links. 

Fig. 2 ~ Schematic of tes t set-up 
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Fig. 3 - Recording of cyclic loading on dual 
test specimens 

wearing of each wire rope occurred on the steel 
sheave side compared to a polishing of each rope 
on the nylon sheave side. The frictional wear 
on the steel sheave side progressed with addi­
tional cycles until wire breaks occurred. The 
polishing on the nylon sheave side progressed 
mucr. more slowly leading to eventual wire 
breaks. 

At a load level of 10%, all wire failures 
on the steel sheave side were croW::l breaks due 
to crown wear while both crown breaks and tan­
gential breaks occurred on the nylon sheave 
sice. At a load level of 20%, the incidence of 
crown breaks remained predominant on the steel 
sheave side. The incidence of tangential breaks 
became predominant on the nylon sheave side. 

3. CO'DITIONS OF SHEAVES - Inspection of 
the nylon sheaves after the first 1 , 000 cycles 
of t, at both load levels, revealed an im-

, .. . _ .1.on of the wire r ope in the bottom contour 
the sheave groove. Little change was ob­

served thereafter. Inspection of the steel 
sheaves after the fi.rst 2, 000 to 3,000 cycles 
of test at the same stress levels revealed that 

some ridges were found along with observable 
wear and debris. Forma ti.on of the ridges and 
abrading away of the ridges are repeated on the 
steel sheave side. Both the nylon and steel 
sheaves were still in serviceable condition 
after completion of the cyclic load tests. 
(Figures 6 and 7) show condition of the rope 
grooves of the nylon and steel sheaves at com­
pletion of the test conducted at 20% of rope 
breaking strength. 

SUMMARY 

A wire rope endurance test machine was con­
structed and a test methodology was developed. 
The test methodology simulates the actual ap­
plication of loads and cycles used in lifting 
cranes . Nylon and steel sheaves were installed 
for this comparative testing. 

Nylon sheaves imparted as much as 220% and 
450% longer endurance life to wire rope compared 
with steel sheaves at rope strength factors of 
5 and 10, respectively. 

g 
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IMPROVED WIRE ROPE ENDURANCE LIFE WITH NYLON SHEAVES 

by John H .. Chen and Paui E. Gage, 
The Polymer Corporation 

©Copyright 1981 Q!fsho:e Technology Confe;ence 
This paper was prosen\ed at the 13:h Annual OTC In Housto-,, TX, May 4 7, 1981. Tr.e material is su~:ect to co·rection by the au!hor. Per­
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"3STRACT well as cable wear. 1 •2 

The endurance life of a 3/4" diameter wire rope 
was tested using nylot ar.d steel sheaves on a si~ulated 
lifting device at design factors of 3.5, 5 and lQ 
e~ploying sheave ratios of 18/1 and 24/1. 

The nylon sheaves imparted a distinctively longer 
endurance life of 1.33 to 4 .5 times to the wire rope 
compared witt steel sheaves depending on load level 
a:::id sheave ra!::io employed. The performance of wire 

·peon nylor. sheaves was consistent with only a small 
.viation of data. After retiring a total of seven (7) 

ropes from both the nylon and steel sides, the nylon 
and steel sheaves were still in operational condition. 

The substantially longer endurance life of wire 
ropa against nylon sheaves, as compared to steel 
sheaves, can be attributed to the unique properties of 
nylon including resiliency and elasticity. It was 
demonstrated that drastically reduced contact pressure 
a~d bet ter rope support with nylon sheaves resulted 
in delay of initiation of crow-r. breaks as well as 
tangential breaks. 

A linear relationship of remaining strength vs. an 
introduced fatigue factor was found. This linear 
relationship can be utilized to evaluate the 
reliability ofwire rope/sheave syste:ns . If the test 
results from a wire rope/sheave system yield small 
deviations from the linear relation, it is feasible 
to precict tte reoaining strength of cycled ropes for 
optimal retirement. Test results indicate that a 
minimum sheave ratio of 24 /1 is an important criterion 
for rope end~rance life. 

nTRODUCTION 

Historically, manufaclurers and operators of wire 
rope/sheave devices have l ooked for means of increasing 
rope life by inserting protective materials in ro pe 
grooves. In the early 1950's, attempts were made to 
use wear resistant plastics by strip lining metal 

ooves and ty mounting grooved rings on metal hubs . 
. /lon was found to be particularly effective . Nylon I grooved rings were used on cableways to r educe noise as 

Tne availability of the nylon mono~er casting 
process in the 1960's led to the development of cast­
to-size nylon sheaves. With this process, the roller 
bearing is pressed directly into the nylon bore. 
Early install ations on lifting equipment inc111ded clam 
shell buckets, bridge cranes, and tower cranes.3,4 

Tne growing use of mobile lifting equipoeul has 
provided an additional need =or cast nylon sheaves to 
reduce dead weight at the end of the boom and over t he 
axles . The expanded use of offshore lifting equlpmenl 
has also t.ighl~ghted the advantages of nylon sheaves 
for corrosion resistance. 

Cast nylon boom point sheaves are now offered by 
a growing number of equipment manufacturers io both 
Europe and the U.S.A. They are widely used to improve 
wire rope life, reduce weight, and eliminate corrosion 
in a variety of applications including mobile con­
struction cranes, mobile oil-field rigs, and offshore 
pedestal crqnes. 

Service experience with mobile lif~ing equipment 
has shown that wire rope life is definitely improved 
witt nylo~ sheaves. To qualify tbe degree of improve­
ment , a series of cooparative wire rope endurance 
life tests have been conducted with nylon and steel 
sheaves iL a simulated lifting device. Partial test 
results and initial findings were reported previously. 
5,6 , 7 Complete test results have been summarized and 
analyzed for the first time in this paper. 

WIRE ROPE ENDURANCE TtST 

The wire rope specimens were taken from a single 
1 ,000 ft. (305m) spool of 3/4" 6 x 25 FW PRF RRL 
EIPS r,rRC wire rope. Ult imate tensile strength of 
t he new wire rope from three specimens averaged 65,100 
lbs. or 290,000 N. The IWRC wire rope represents a 
bas i c construc tio~ used for load hoisting applications 

References and illustrations at end of paper 
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The nylon sheaves used for test were mono~er cast 
by anionic polymerization of capro lacta~ in the 
-esence of a catalyst and initiator. Typical prop-

steel sheave side , while co~s istent results were 
obtained at the nylon sheave side. 

ties =or this t ype 6 cast nylon, containing moly­
bdenum disulphide solid lubricant, are listed in Table 
1. The steel s heaves used were machined from 1040 
steel and hardened to Rockwell C32 to conforn to typ­
ical industry usage for surface hardened cast steel 
sheaves . 

Inspection of the wire rope during the tests re- ,.,.,.,. 
vealed tnat, on the steel sheave side, wear on each 
wire rope occurred after a few thousand test cycles. 
The abrasive wear between ,,ire rope and steel sheave 

The solid nylon and steel sheaves were bot h 
machined to desired dimensions , s o that the sheave 
ratios (pitch diameter to r ope diameter) were 18/1 or 
24/1 wi th the rope groove providing a 140 ° contact 
angle. T!'le design of the test sheaves corresponds to 
the design of ny)on main load sheaves now used in pro­
ductior. on a 60 ton mobile hydraulic crane.* 

then p~og~essed with additional cycles ur,til wirel · 
breaks occurrec . On the nylon s~eave side, a slight 
polis}1ing of the wire rope was i::1i tially observec: . The 
polishing progressed slowly until an eventual ~~re 

A cast nylon and a steel sheave were installed 
at each end o= the test machine for comparative tes ting 
(Fig. 1). The machine was programmed for load i..~g, 
halting, wire r ope reveTsal, halting and unlaoding. 
During cycling of the machine, one section of the r ope 
passed only over the nylon sheave and the other sec tion 
over the steel sheave . The two rope sections were 
connected by fixed enc links to prevent rope rotation . 
The loading was applied u13ing design facto rs of 10 , 5 
and 3.5, fo, the 24/1 sheave ratio sheaves and a design 
factor of 3.5 for tbe 18/1 sheave ratio sheaves. A 
minimum design factor of 3.5 is specified for running 
ropes in /II;Jerican National Standard Ins titute (ANSI) 
B30 . 5. 

The mactine was stopped periodically for i nspect ­
~n of wear , deformation, and wire breaks until the 
iplace~ent criteria for the wire rope was attained. 

The replacenent cr iteria used is covered by ANSI B30.5 
w:iich states that in running ropes , "six randorJ.y 
distributed broken wires i n one lay or three broken 
wires in one strand in one lay" a r e reason for re­
placement. Tests at -each load level were cons idered 
complete when a com'vined t otal of seven ropes were 
removed from both sides. ~he re tired wire r ope 
sections were tensile tested to failure and the percent 
of re-rnaining strength determined. 

The experimental part of this paper was conducted 
at Sout·:iwest Research Institute. 8 

TEST RESULTS 

Re?ults of the wire r ope endurance t ests , in­
cluding nu~ber of ropes retired, low, average and high 
values of wire rope life cycles, and relative wire 
rope life at the tv!O sheave sides for four (4) test 
phases, are summarized in Table 2. Six wire ropes 
were retired from the steel sheave side and only one 
from the ny lon s t eave side at a stress level of 10% 
of t he rope breaking strength. At 20% of the breaking 
strength, 5 r opes were retired fro~ t he steel sheave 
side and 2 from the nylon sheave side . At 28.6% of 
the breaking strength, mor e ropes were retired from 
the steel sheave side at both sheave ratios teste~. 
At 10%, 20% and 28.6% (D/d = 24 and 18 ) of the rope 
breaking strengtt , the wire rope endurance life on the 
nylon sheave side was 4.5, 2 .2, 1.9 and 1.3 t imes that 

break occurrec. 

Inspection of the nylon sheaves after the first 
10DO cycles at all load levels revealec an impression 
of the ~'ire rope in the bottom of the sheave groove. 
Little change was observed t·nereafter. Inspection of 
the steel sheaves after the first 2,000 to 3,000 cycles 
of test, revealed that sone ridges were for-med along 
with. observable wear and denris. Formation of t he 
ridges and abrading away of the ridges were repeated 
on the steel sheave side . Both the nylon and steel 
sheaves were still in servjceable condition after a 
total of 7 ropes were retired at each l oad level of 
the cyclic test. Figure 2 (a) and (b) show the con­
dition of the rope grooves of the nylon and steel 
sheaves at completion of the test conducted at l0% of 
the rope breaking strength. It should be noted that 
the wire rope impression on a nylon sheave wil l have 
little effect on t he perfor:r.ance of the sheave or Lhe 
\sire rope. 

MODES OF WIRE BREAKS 

Under cyc:ic loading and unload~ng over a sheave , 
rcipe wires are subj ect t o tensile, tors ional, and 
b~,ding forces as well as abrasion and contact 
pressure. Wear areas on 61 retired hoist and drag 
ropes from various surface coal nines were examined by 
Be~n9. By dismantling the ropes into individual 
wires, it was found that ~ost wear occurred at con­
tact r egions of rope/sheave , strand/IWRC and strand/ 
strand at averages of 15 . 3%, 8.9% and 3. 5%, respect­
ively. The o~ter wear due to rope/sheave contact was 
by far the most severe. 

Visible breaks can be c lassified as crc-wn breaks 
and tangential breaks due to contact cf rope/sheave 
and s t rand/strand respectively. Examples of crown 
breaks are shown in Figures 3 and 4 and examples of 
t angential breaks are illustra ted in Figure 5 from 
present test work. The type and average number of 
wire breaks at r ope replacement are sumnarized in 
Table 3 . 

On the steel s~eave side at a sheave ratio of 
24/1 and a design factor of 10 , the wire breaks were 
exclusively crown breaks. At design factors of 5 and 
3. 5, the wire breaks remai nec predominately crow--n 
breaks. On the nylon sheave side, the incidence of 
crown br eaks was drastically reduced at all load 
levels. At design factors of 5 and 3.5, tangential 
breaks were the main reason for retirereent . 

On the steel sheave side at a sheave ratio of 
18 / 1 and a design factor of 3 . 5, the average numbers 

' .-

n the steel sheave side respect i vely . It was noted 
!~hat rope l i fe cy~le da:;a was q~ite s cattered at the 

of crown and tangentia l breaks are approximately equal . 
On toe nylon sheave side, tange~tial breaks r emain the 

The Polymer Cor poration has applied for patents on 
the design of nyl on sheaves . 

main reason for rope retiremen t. t,._. . · 
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I l 
The types of firs~ wire breaks found during l The reduction in strength of a wire rope in 

1~esting are depicted in Figure 6 where a stress factor \service is caused by tensile, bending , torsion, and 
,. (to be described later) is plotted against the llocalized comp,ressive stresses. The remaining strengtn 
· , __ .,;rsber of load cycles on a semi-1::igarithmic scale . !in such a rope can ·De described in terms of stress 
!The stress factor incorporates the effects of both ifactor and fat~gue factor. 
load level and sheave ratio . Tie data illustrates that\ 
nylon sheaves retard tr.e iniciation of bctn crown The degree of stress in a wire rope loaded over 
breaks and tangential breaks at all conditions tested. a sheave can be expressed by a stress factor Fs as 
It is also shm..-n. that the tendency to·.-ards cro,m breaks follo"'s : 
decreases with ~Ilcreasing sheave ratio and design 
:actor. 

CO~TACT PRESSURE 

The test data de~::instrates that cyclic stressing 
associated with highly concentrated contact pressure 
resulting in wear, def::iroation, and crack fcrmation is 
the major factor causir.g wire breaks . The wire breaks 
shorLen the useful life of. a wire rope. 

Contact pressure bet~ecn two elastic: solids can be 
eva:uated by employing Hertzia.~ equations.lo 1ne 
maximum pressure at the center o: the contact surface 
q0 is a function of rr.oduli E1 and E2 of the two 
contacting rr.aterials, i . e . 

c_o f . . . . . . • . . (1 l 

' 
At the steel sheave side, substituting E1 = E2 as 

unity, the value in ~he brackets becomes 1. Sub-
. ·ituting E1 z 30 ,000 ,000 psi for the wire rope and E2 

( ·\ 400,000 psi for nylon, as the ratio is 1 to 0 . 013, 
\__,' 

1 the nUI:1erical value in the brackets of the equation 
be-comes .087 . This neans that the maximum contact 
pressure at the s~eel sheave side is 11.S ti~£s the 
contact ?ressure at the nylon sheave side. 

where 

f (P, D/d,8) • . . . . . . • [ 2J 

Fs Stress factor 

P Line pull at operation 

D/d ~ Sheave ratio where Dis sheave 
pitch diameter and dis rope 
diameter 

8 Arc of .contac t of wire rop e over 
sheave 

As the angle 8 is kept constant i n this investi­
gation , the stress factor can be expressed as: 

Fs ~ aP (24 c/D)P - [3] 

i..rhere a and pare constants 

7he identity 24 d/D is unity for a sheave ratio of 
24/1 and decre·ases with increasing sheave ratio. Tne 
line pull P can cc expressed as: 

where 

p Pb/Fe. • · · · · ( l, j 

P0 ~ Breaking strength of new uncycled 
rope 

Fa= Design factor 

On the steel .sheave ~nder pressure, rope wires 
~-ill n:ake diamond-shaped contact . Because of localized _As the breaking strengt~ of a new rope Pb can be 
pressure concentration on the steel groove, there is a ,._onsiderec a constant in a wire ro?e lifting systen, 
repetitive process of fine ridge fo::nation an.d ridge che stress factor Fs can be expressed as : 
abrasion that takes place as observed during these b (24 d/D)P 
tests . The debris adds to abrasion at the contact Fs = ~~F~c--~~~ . - - [S l 

surfaces . Under the high contact pressure with 
addition of flexing, the wire rope tends to wear, 
deform and crack with resulting crown breaks. 

Because of the resiliency and elasticity of a 
nylon sheave, a larger sur:ac:e area of t he wire rope 
makes contact with the groove and the magnitude of the 
unit contact pressure is significantly reduced. Above 
certain stress and endurance levels , the nylon will 
permit plastic deformation and cold working of the 
groove surface. The resulting imprint, however, does 
not cause abrasion and cracking of the wire rope as 
would be the case with an ir.lprint in a steel sheave. 
The lack of abrasion and improved rope support re­
duces t he incidence of crown breaks and tangential 
breaks . 

STRESS FACTOR A.i~D FATIGUE FACTOR 

"E..,durance life cycle" for a wire rope is a s-.ib-
1 -,~ ective term as a variety of replacenent criteria are 
~- , ' used by different organization and individuals. Re­

maining s trength , however, should be one of the most 
useful cri teria for judging serviceabil ity . 

"1here bis a constant 

T"nis expression shows that the degree of stress in 
a wire rope decreases as the sheave ratio and design 
~actor increases . 

The degree of fatigue in a wire rope cyclically 
toaded over a sheave can be expressed by a fatigue 
lractor Ff as fo l lows: 

where 

n 

f (P, D/d, 8, n, S) · · • · · . [6J 

Fatigue factor 

Number of cycles over sheave t o 
replacement 

S Stroke amplitude 

The fatigue factor F: can be written in terms of 
~tress factor Fs and numb~r of cycles n as fo llows, if 
Sis ke?t constant: 
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J. 

c (24 d/D)P (n)q , ........ [7] 

Fa 

where c and~ are constants 

Evaluation of the test data shows that the constants 
have values of cc 1, p = 1 . 51 and q = 1/2 . The 
fatigue factor Ff, of a rope undergoing various l oad 
cycles can then be expressed as: 

Ff = (24 d/;:i)1· 51 · L ( .fn/ Fd) · · · · [8 ) 

NOMEKCLATURE 

Crowri. Breaks 

Design Factor , Fd 

To equate fatigue factor with renaining strength, Fati gue Factor , F.: -
values for Ff have been calculated and plotted against 
% re~aining strength in Fig~re 7 for each rope tested . 
This data shows that e linear rela1:ionship exists 
between fatigue factor and renaining strength . Linear 
regression anelys~s of all 28 tests points indicates 
t~at there is a certainity of linearity of better than 
99 . 0% . T~e test points for nylon sheaves are very Re~a ining S~rength -
close to the linear relationship whil e the :est points 
for steel sheaves are scattered. One poin t each at a 
design factor of 10 and 5 is unusually low an:1 three 
po~nts at a design factor of 3.5 are high as shown by 
arrows . It was observed, that the forner two points 
were due to irregular friction and abrasion processes 

Outer wire b:reaks caused by 
contact of \,ri.re ro~e crov.-n an.C 
sheave groove surface often 
accompanied by abraided press 
:narks . 

The ra t io of new rope breaking 
strength to design operating 
load . It is expressed also as 
Strength Factor or Safety Factor . 

The terru introduced to express 
red~ction in rope strength due 
Lo bend-over-sheave fatigue . It 
can be expressed as a function of 
design factor , sheave ratio, and 
nunber of cycles to retirement . 

The ultimate tensil e st r ength of 
a r e'.:ired w:ire rope, which has 
beer. cyclicly loaded . It is 
conveniently expressed as per­
centage of new rope tensi1e 
strength. 

betweet ropes and steel sheaves, while the latter were Sheave Ratio, (D/d)­
caused by large amounts cf grease ex~ding from the ~'ire 

The ratio of sheave piLch dianeter 
to wir e rope nomi nal c:iameter. 

r ope duri.:lg the test . 

I 
If the above points are substituted by points 

representing remaining strength at ff= 0, the certain­
ty of l inear rel ationship wil l become very close to 
,00% . The linear relationship can then be expressed 
as: 

y a 99 . 6 - 0 . 619 Ff . ... .. [9) 

where y = % re~.aining strength 

lo"':er limits o:: 99% confidence 

Ot 2 .114.x 2.508 = 5 . 30% 

o • Standard deviation about t he 
regression line 

t c Student t 

The linear relationship in Figure 7 demonstrates 
that it is feas ible to predict with r easonable con­
fidenca t he remaining strength of a wire rope whi ch 

as been subjected to a num,er of single bends over 
sneave under known loading provided a suf ficien t 

umber of da ta points have been obtained. It also 
'ndicates that the degree of scattering obtained can 

Stress Factor, F5 

Tangential Breaks 

3/4" 6 x 25 FW PRF -
EIPS IWRC 
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TABLE 1 
Typical Properties of Cast Nylon S~eaves 

I ASTM 
_!"roperry· I Units No. Value 

Specific Gravity D-792 1.15-1.17 
Tensile Strength psi l D-638 11,000-14,000 
Elongation % i D-638 10-60 
Modulus o: I 

Ei2sticity psi I D-63B 350,000-450,000 
Compressive 

Strang th psi D-695 
@ 0.1% O:iset 

I 
9 ,000 

@ 1 .0% Offset 12,000 
Shear Strength psi I D-732 

I 
10,500-11,500 

Hardness 
[Rockwell) I D-~85 112-:20 

Ter.sile lmpact ft.lb ./ i 80-130 
in. 2 I De:ormation I 

Under Load ! 
122°F, 2000 psi % I D-621 0.5-1.0 

Stiffness psi I D-747 200,000-400,000 
He:at Distortion I 

I 

Temp. I 

66 psi OF I D-648 400-425 
I 

264 psi OF ! D-648 200-425 
Melting Point OF i D-789 430±10 
Flammability ! D-635 Self-

I exr.nguishing I 
Coefficient of i 

Linear Thermal : i n.I I 
Expansion · in. °F ·, D-696 5.0 X 10-5 

Water I 
I 

Absorption- I 

24 hours % ID-570 .5-1.2 
'\Nater 

Absorption- I 

Saturation % ID-570 5.5-6.5 
I 

! 

Resistant to: 
Common soivents, hydrocarbons, esters , ketones , 
alkalis, dilute acids. 

Not Resistant to: 
Phenol, fornic acid, concentrated mineral acids. 

l 

I' Beeman, G. H. , " Factors Affecting 'Iha Service Life 
of Large- Diamete= Wire Rope", Batteile Nort:nwest 
Laboratory fo= U. S . Dept . of E:iergy under 
Contract EY=76- C-06-i830, }lE.rch 1978 . 

10. Timoshenk::;, S., "Strengtl: of Naterials, :Par II -
Advanced Theory and Problens", Van Nostrand, 
Pricetcn, Third Edition 1956. 

TABLE 2 

Wire Rope Li::e Using Nylon or St:cel Sheaves 

SYE/\VE 

I 
ROPE STEEL NYLON 
DIA. LOAD,% ROPE BREAKING STRENGTH SHEAVE SHEAVE 

RATIO (D~SIGN FACTOR) SIDE SID:: 

No. of Ropes Retired 6 1 

Wire Rope Low 18,947 103,106 
24 :i 10% Life Cycles Average 22,694 

(10) High 28,953 

I Relative Wire 1.0 4.54 I I Rope Life 

I No. of Ropes Retired 5 2 
I Wire Rope Low 12,784 28,676 

2!, :1 20% Life Cycles Average 13,539 29,208 
(S) High 15,347 29,739 

Relative Wire 1.0 2 .16 Rope Life 

No . o-:' Ro pes Re-:ired 5 2 

Wire Rope Low 11,748 27,070 
24:l 28.6% Li fe Cyc l es Average 14,137 27,193 

(3.5) High 18,957 27,316 

Relative Wire 
1.0 1. 92 Rope Life 

fio. of Rcpes Retired 4 3 

Wire Rope I Low 8 ,376 12, 120 
18: 1 28.E% Life Cycles I Average 9,626 12,834 

(3.5) Hi gh 10 ,075 13,763 

Relative ~lire 1.0 1.33 Rope Life 



TABLE 3 

Type anci Average N-..milier of Wire B::ea:<:s at: 
Rope ~eplacement:s 

I 
SHEAVE 1' D::SIG~ ; A1/::RASE 
R.t.TIO :'ACTOK NUMBER Of 

,iIRC: R'.lPi::S Qt; 
STEL , NYLO!, 

5HEAVES !SHEAVES 

\ 2A/1 

l 1~Fe Cycles 122 , 700 103,100 

I 
\ Cro~:n Breaks \ i I 10 17 .5 7.0 

I i 

I''"'"'·, 
I 

\ I I I 0 2.0 

\ 
I I breaks 
I 

I Life Cycles h 3,500 29,200 

I 24/1 
I 5 Crown Brea·~s 10.4 1 .o 

Tang2ntial 0.4 
\ 

6.0 

\ breaks I 

I Life Cycles 14,100 \ 27,200 

24/1 3 .5 Crown Breaks! 12.0 I 1.C 

\ 
Tangentia 1 1.0 

\ 
9 . 0 

breaks 
I 

\ 
\ Life Cycles r ,6DD 

12,800 

lB/1 3.5 I c~owr. B"'eak 8. 5 

\ 

1.0 

I Tang er. ti a 1 8 . 7 21. 0 I breaks 

Fig . l - Set-up for fa t i gue life testing 
of wi.:::e r opes with nylon and steel sheaves. 
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(a ) Nylon gr oove (1::) Steel groove 

Fi g. 2 - Cond ~t ion of nylon and steel 
sheave grooves a f t er 67 , 700 cycles ~t 
a l oad of 20% of rope hr eaking str P. ngT.h. 

Fig . 3 - A crown break showing 
:1eavily worn and deforrr.ed area 
on steel sheave side. D/ d = 18 . 
Wire ciameter = . 050" (1 . 27 mm) 

r 
~- ' 

Fig . 4 - Con c en t r a t ion of Cont ac t 
Pressure initiated t h is crown 
break on s t eel sheave s ide . 
D/d = 18 . Wire di a~eter 
.050" (1. 27 mm) . 



(a) on nylon sheave side . 

(b) on stee l sheave side. 

( c) on steel sheave side. 

Fig . 5 - (a)-(c) - Indentation 
marks of strand/s trand contact 
are shown close to tangen t ial 
wire breaks. Sheave ratio= 
18/ 1 . Design factor= 3.5. 
Wire diameter .050" (1.27 rnrn) . 
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Fig. 6 - Nylon sheaves retard the 
initiat~on of crown and tangential 
breaks . 
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Operating instructions for Monocast cable sheaves 

If nominal load capacity of any type of crane allows it, Monocast polyamide cable sheaves 
can mainly be used to increase rope lifetime and reduce weight. Although originally 
designed for mobile cranes, Monocast sheaves are currently used for all kind of lifting 
devices like harbour cranes , drilling rigs, elevators etc. 
Due to the difference in operating frequency between mobile and other cranes , and since 
operating frequency has increased over the last years, a review on safety and lifetime is 
needed . 

Known failure modes of nylon sheaves are: 
• Overload causing deformation of the groove 
• Overload causing deformation of the bore 

For safety reasons, it is strongly suggested to have the shaft fixed on both sides of the 
sheave. When a sheave failure occurs , the rope will be supported by the shaft. 

1 Sheave lifetime 

When Monocast cable sheaves are used, they will have to be replaced due to change of 
geometry effects (wear and deformation) and material effects (material degradation). The 
combination of these effects will determine the lifetime. 
Sheaves should be inspected at least every 6 months regarding damage, cracks, wear and 
deformation. 

Sheave lifetime can be negatively influenced by: 
• Wrong bearing . Quadrant advices clearance class minimum C3 
• Wrong cable. Quadrant advices to use rotation-resistant ropes. 
• Fleet angle too big, causing the sheave to deflect or break outer flange. For a groove 

angle of 45°, maximum fleet angle is 3°. Larger fleet angles require design changes. 

2 Wear and deformation 

Monocast cable sheaves are designed as idle pulleys. However due to friction in the 
bearings and acceleration of the cable, the initial cable speed may differ from the sheave 
speed. This will cause a sliding effect and could cause higher wear. 
Groove depth is easy to measure but will not indicate wear in axial direction of the groove. 
Therefore Quadrant recommends to use T1 , 
which is the minimum wall thickness of the 
flange. Sheaves are produced T1 between 80% 
and 100% of the nominal cable diameter, and 
should be replaced when it has been reduced to 
60% of the nominal cable diameter. 
When a cable sheave is overloaded due to one 
of the failure modes mentioned above, elasticity 
limit is exceeded and plastic deformation will 
occur. Sheave will show signs of buckling or a 
deformed bore surface. In that case , a sheave 
must be replaced immediately. 

Figure 1: Thickness T1 in worn sheave 
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Figure 2 - cable sheave nomenclature 

3 Material degradation 

(") 

0 0 
s s 

Polyamide is a strong engineering plastic, but mechanical properties deteriorate due to 
environmental effects, time under load , UV degradation, temperature and/or moisture. 
• Due to the risk of creep, caused by long term static loads, loading time and conditions 

should be known at time of designing a sheave. Generally sheaves are calculated for 
use in dynamic conditions, meaning that the sheave will keep rotating and only stop 
shortly when subjected to high loads. 

• Mechanical properties will vary with temperature: below -25°C the material is very stiff 
and brittle, above +40°C the material becomes too flexible and buckling may occur. 

• Absorption of moisture out of surrounding air is a very slow process. Since this 
penetration starts at the outside surface, it will (dependant on the cross section) take 
more than 10 years before the core is saturated. Sheave stiffness will reduce , but 
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toughness will increase due to the absorbed water. 
• UV radiation will stop at the outside surface of the material and can not penetrate deep 

into the material. 
• Sheaves are designed according to the circumstances mentioned above. Changing 

circumstances need to be verified or communicated to Quadrant. 

4 Cleaning and chemical resistance 

Sheaves can be cleaned, but one should be careful with chemicals . Also cleaning with hot 
water could result in accelerated moisture absorption. A summary of chemical resistance (at 
23°) is given below. A separate brochure with an extended list is available upon request. 

Resistant: 
• Both aromatic and aliphatic hydrocarbons (petroleum, petrol , kerosene, diesel fuels) 
• Weak alkali 's 
• Ketones, esters and Ethers 
• Inorganic salt solutions 
• Mineral oils and greases 

Partially resistant: 
• Weak acids 
• Chlorinated solvents 

Non resistant: 
• Strong mineral and organic acids 
• Strong alkali 's 

5 Maintenance 

Initially, bearings are mounted using a press fit allowance and for cylindrical roller bearings a 
snap ring in addition. Since arising forces of this press fit are below the limit of creep, the 
dimensions of the bore will return to their original values after removing the bearing. 
Therefore the bore should not be re-machined when replacing bearings. 
During the disassembly and later assembly of a new bearing, perfect alignment and 
supporting of the sheave hub must be assured to prevent permanent deflection/deformation 
of the sheaves or the bore. 

6 Conclusion: 

• Standard Monocast cable sheaves can be used in temperature range of -25°C up to 
+40°C. Material for other temperature ranges is available upon request. 

• Monocast cable sheaves can standard be used in relative humidity of 30% - 70%. 
• In normal use, the lifetime of Monocast cable sheaves is minimum 10 years. 
• Monocast cable sheaves are designed for dynamic loading; long term static loading 

should be avoided . 
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TEST 
PRODUCT DESCRIPTION UNIT METHOD 

Extruded Extruded Extruded Cast Cast Cast 

1 Spicifrc Gravity 73°F. ASTMD792 us 1.\6 , .21> 1.15 1.15 t.16 

Tensile Slrer.gth. 73°F. psi ASTMD638 i2.ooo 12.500 13,500 \2,000 12,000 11,000 

Tens~e: Modulus of Ela&itcily. 73°E psi ASTMD63B 425,000 480,IJOO 1>75,000 400,000 400,000 400,000 

Tensile Elongation (al break), 73°F. % ASTMD638 50 25 5 20 20 30 

Flexural Strength. 73,F. psi ASTMD790 15,000 17,000 21 ,000 16,000 16,000 16,000 

Flexural Modulus of Elas1ici!y, 73°F. psi ASTMD970 450,000 460,000 650,000 500,000 500,000 500,000 

Shear Streng1h, 73°F. psi ASTM0732 10,000 10,500 10,000 11 ,000 11,000 10,500 

Compressive Streng1ll, 10% De1ormation. 73°F. psi ASTM0695 12,500 16,000 18,000 15,000 15,000 14,000 

Compresslve Modulus of Elasl1ci!y, 73°F. psi ASTM 0695 420,000 420,000 600,000 400,000 400,000 400,000 

Hardness. Rockwell , Scale as noted, 73°F. ASTM 07B5 M85 {R115J M85 (R115) M75 M85 (R115) M85 (R115) M80 (R11 

Hanlness. Ourometer. Shore "D" Scale, 73°F. ASTM 02240 080 085 085 085 D85 

lzo<l Impact (notched), 73°F ft. lbJtn. of notch ASTM 0256 T)'!le "A' 0.6 0.5 0.4 0.4 0.5 

Coeflicient of Friction (Dry vs. Steel) Dynamic QTM 55007 0.25 0.2 0.2 0.2 0.2 

Limiting PV (with 4:1 satety factor applierJ'J ft tbsJln.' min QTM 55007 2,700 3,000 3,000 3,000 3,000 

ln.3·mln/lt. lbs. hr. QTM 55010 BO 90 100 100 90 

Coeft1c1ent of Linear Thennal Expansion (· 40"F to 300°FJ in./in./°F ASTM E·831 (TMA) 5.5 X 10 ' 4 X 10 ' 2.0 X 10 5.0 X 10 ' 5.0 x 10 ' 5.0 X 10 

Heat Deflection Temperature 264 psi •F ASTM 0648 200 200 400 200 200 200 

T g-Glass transition (amorphous) •F ASTM D3418 N/A N/A N/A N/A N/A N/A 

Melting Point (crystalline) peak •F ASTM 03418 500 500 500 420 420 420 

20 Continuous Service Temperature in Air (Max.) (1) •F 210 220 220 200 260 200 

BTU in./hr. ft .2 °F E 1530-11 1.7 1.7 1.7 2.37 

Dielectric Strength. Short Tenn Volts/mil ASTM 01 49 400 350 350 500 500 400 

Surface Resistivity ohm/square EOS/ESO S11.11 >10 ' >10 >10 ' >10' >10'" >10' ' 

o,etectric Constant. 1 O' Hz 01 50 3.6 3.7 3.7 3.7 

Dissipation Factor, 1 oo Hz 0150 0.02 

Flammabil ity (ii 3.1 mm (l'!! in.) (5) UL 94 V-2 V-2 V-2 HB HB HB 

Water Absorption Immersion. 24 Hours o/o by wt. ASTM D570 (2) 0.3 0.3 0.3 0.6 0.6 0.6 

28 Water Absorplioo Immersion, Saturation % by wt. ASTM 0570 (2) 7 7 5.5 7 7 7 

29 Acids, Weak, acetic, dilute hydrochloric or sulfuric acid @73 °F L L L L L L 

30 kids, Strong, cone. hydrochloric or sulfuric acid @73 Of u u u u u u 
31 Alkalies, Weak, dilute ammonia or sodium hydroxide @73 °F L L L L L L 

32 Alkalies, Strong, strong ammonia or sodium hydroxide @73 °F u u u u u u 
33 Hydrocarbons-Aromatic, benzene, toluene @73 °F A A A A A A 

34 Hydrocarbons-Aliphatic, gasoline, hexane, grease @73 °F A A A A A A 

35 Ketones, Esters, acetone, methyl ethyl ketone @73 °F A A A A A A 

36 Ethers, diethyl ether, tetrallydroturan @73 Of A A A A A A 

37 Chlorinated Solven1s, methylene chloride, chloroform @73 °F L L L L L L 

38 Alcohols, methanol, ethanol, anti-freeze @73 °F L L L L L L 

Continuous Sunlight @73 °f L L L L L L 

FDA Compliance y N N y N N 

Relative Cost (4) ss ss S$ $$ S$ ss 
Relative Machinability (1-1 O, 1 =Easier to Machine) 4 

14 800-366-0300 I auadrantolastics.com '. 



I tlylatron• 
UG I LFG 

l '"'ill"'" LFG is FDA 
Ccmpliant 

Cast 

1.t4 

2 9,900 

3 465,000 

4 50 

5 15,000 

6 525,000 

7 9,300 

8 13,500 

9 330,000 

10 M85 (R120} 

11 

12 1.0 

13 0.14 

14 6,000 

15 72 

16 5.6 X 10·' 

17 200 

18 NIA 

19 420 

20 220 

21 

22 

23 >10'' 

24 

25 

26 HB 

27 0.3 

28 6 

29 L 

30 u 
31 l 

32 u 
33 A 

34 A 

35 A 

36 A 

37 l 

38 L 

39 L 

40 NIY 

41 ss 
42 

A= Acceptahle Service l = Lim£tBd Service U = Unacceptahle 

(1) Oa1a represents Quadrnnl's estirna1.ed maxlfOOm long 1Cfm service lemperature based oo pracnca! tield expe11ence 

(2J Specimens V'S,. thick x 2- diaileler or square 

CUM = QuadrantTest Method 

(3) Chem:c.al reslS1aOCe data are 1or lm!e or no appl+ed stress Increased stress especally k>cahzed may resu~ m more Se'/Cfe a:1ack. Exarnples ot common chemlC31s also 1t1cluded 

(4) Retatr,e cost of malenal prnNed in this tx"ochure (S = Least Expens,ve and SSSSSS =-- Most Expensive) 

(SJ Es1ima\ed ,ating basetl on avai~ble data.The UL 94 l est is a tabora!ory test and ooes not relate w at'.ual 1Jre haza.-d 

• ! l •I .~ " 

Nylatron' tlylatrone 
Acetron• 

Acetron• Acetron• Af 
Quadrant" Semitron• 

rlylatron' Nylatron' GP PC ESd 
GS~'. Bice NSI.' 703XL 4.6 POM-C POM-H POM-H 

1000 :225 

Mos, a~,d Oil ?ffr.iium. S:,\ij Prcm:um. sorJ Heat Premium Un1illed PTFE F1ll~d St:tir 
Fil:ed u':)ric:rnt Filled Lutti:G11: Fi!:::c! Resist3r,t Porosity-free 

Unfilled 
OlsSi>X1ti'.it: POt,1-H POM-H PC 

PA6 PA5 ?A6 PA46 POM-C POM 

Ertal11e• Ertalyte" 
PET-P TX 

-· -··· ----- - --- --

Semi- P1cmium, 
crysiJlE~e S~l:d Lubric.ant 

PET Filled PET 
-·--·-· ··-···· - ···-· ... ···-·· ·· 

Cast Cast Cast Extruded Extruded Extruded Extruded Extruded Extruded Extruded Extruded 

1.15 t .t5 1.11 1.19 t 4t 1.41 l .5 1.2 1.33 1.41 1-44 

10,000 11,000 9,000 15,000 9,500 ll,000 6,000 10,500 5,400 12,400 10,500 

500,000 410,000 400,000 470,000 400,000 450,000 435,000 320,000 200,000 460,000 500,000 

30 20 15 25 30 30 15 100 15 20 5 

15,000 16,000 13,000 17,000 12,000 13,000 12,000 13,000 7,300 18,000 14,000 

500,000 475,000 360,000 450,000 400,000 450,000 445,000 350,000 220,000 490,000 360,000 

10,000 8,000 9,000 7,600 9,200 6,000 8,000 8,500 

13,000 14,000 10,000 16,000 15,000 16,000 16,000 11,500 8,000 15,000 15 ,250 

425,000 400,000 360,000 325,000 400,000 450,000 350,000 300,000 175,000 420,000 400 ,000 

M80 (Rll7) M80(RHO) M65 M97 M88 (R120) M89(R122) M85 (Rl15) M75 (R126) M50 (R10B) M93(R125) M94 

D85 D85 Dllo DB3 D80 076 087 080 

0.9 0.5 0.7 0.6 0.7 1.5 1.5 0.5 0.4 
0.18 0.18 0.14 0.25 0.25 0.19 0.29 0.2 0.19 

5,500 15,000 17,000 2,700 2,700 2,700 8,300 2,000 2,800 6,000 

65 12 26 100 200 200 60 30 60 35 

5.5x 1~ 5.5 X 10_,, 4.9 x 10-' 5.0 X 10-• 5.4 X 10-' 4.7 X 10-' 5 X 1Q·• 3.9 X 10' 9,3 X 10-> 3.3 X 1Q·5 4.5 X 10 .. 

200 200 200 320 220 250 244 290 225 240 180 

NIA NIA NIA NIA N/A NIA NIA 293 NIA N/A NIA 

420 420 420 554 335 347 347 NIA 320 491 491 

200 200 200 300 180 180 180 250 180 210 21 0 

2.1 1.6 2.5 1.29 2 1.9 

400 420 450 400 400 385 533 

>1013 >10" >10" >1013 >10'3 >10'3 >10" >10'' 10' - 10'" >1013 >10" 

3.8 3.7 3.1 3.17 4.31 3.4 3.6 

0.005 0.005 0.01 0.0009 0.036 0.02 0.02 

HB HB HB HB HB HB HB HB HB HB 

0.3 0.3 0.47 0.6 0.2 0.2 0.2 0.2 2 0.07 0.06 

6 7 7 7 0.9 0.9 1 0.4 B 0.9 0.47 

L L L L L L L A L A A 

u u u u u u u u u L L 

L L L L A A A A A A A 

u u u u u u u u u u u 
A A A A A A A u A A A 

A A A A A A A L A A A 

A A A A A A A u A A A 

A A A A A A A u A A A 

L L l L L L L u L u u 
L L L L A A A A A A A 

L L L L L L l L L L l 

N N N N y y N N N y y 

ss SS+ SS+ ss ss ss S$$ SS+ SS+ SS+ SS + 
1 1 1 3 1 2 2 ' • 



NYLATRON GSM CREEP 
MODULUS vs. TIME and TEMPERATURE 
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Jl ANDERSON 
ULABORATORIES, INC. 

Specialists in Materials Evaluation 

Mr. Jett Mueller 

Original October 2, 2017 
Revised October 3, 2017 
Revised October 6, 2017 

Weldall Manufacturing, Inc. W019 
2001 South Prairie Avenue 
Waukesha, WI 53189 

Dear M,. Mueller: Project Numbar: P17·1416B 
Supplement to Project Number P 17 -1418 & P17 -141 BA 

We have completed the evaluation of the weld plate submitted to us recently. This work was 
done according to your Purchase Order dated September 181 2017. This work will be invoiced 
against your purchase order number 57018-00. 

Objective 

We were requested to provide an electrode qualification of the submitted weld plate. The 
testing was performed according to the American Society for Mechanical Engineers (ASME} 
Boiler and Pressure Vessel Code, Section II, Part C, AWS A-5.20. One (1) plate was submitted 
and identified as UltraCore 712ABO·H Plus, SFA-5.20, E71T·12M·JH4, lot number 15288198. 

Procedures and Data 

Prior to testing the plate was radlographed and the plate met the requirements of the 
specification. The NOT reader's report appears In the Appendix of this report. 

The chemical composition was performed according to AWS A-5.20, Clause 10. The results, 
expressed in weight percent, are as follows: 

1'F-lle.Number. · 17-42114' ~AWS A!.S:20 
HSamDle . we1a1Pad EttT ... 1x 
Silicon 0.42 0.90 max. 
Sulfur. 0.006 0.03 max 
PhosDhorus 0.012 0.03 max 

ti,Manaanese. 1.45 1.75 max, 
Carbon 0.05 0.12 max 
Ghromlum 0!04 0.20.max• 
Nickel <0.01 o.50 max 
MolVbdenum c:O.Ort o.30,max 
Copper 0.02 0.35 max 
If.on Base Base 
Vanadium <0.005 0.08 max 

The material met the chemical requirements of the specification. 

Established 1939 
6330 Industrial Loop, Greendale, WI 53129-2434 

(414) 421-7600 (800) 950-6330 FAX (414) 421-6540 
www.andersonlabs.com 
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Tensile testing was performed according to AWS A-5.20, Clause 12. The test specimen 
conformed to the requirements of AWS B4.0:2016, Figure 4.1. The results of this test were as 
follows: 

The mechanical properties met the requirements of the speclflcatlon. 

Charpy V-notch testing was performed according to AWS A-5.20, Clause 14. The test 
specimens were machined and tested according to AWS 64.0:2016, Clause 7 and ASTM A370. 
The results of this test are as follows: 

Specimen Location: Weld Metal Laboratory ID: 17-42106 

Soeclmen Size mm} 10x 10 10x 10 10 X 10 10 X 10 10 X 10 
!lmnacuEnen;m tt;n>s\ 117 110 98 105 110 
Impact Enerav Jl 159 149 133 142 149 
uTestiTerrn5Ei~JUre -40.'1F -40 ~F -4QIIF -40 11F ·40 _gF 

The impact values met the requirements of the specification. The test specimens are being 
returned under a separate cover. 

The material was tested under Quality Procedure Manual Rev. N dated 01/30/17. 10CFR21 
and 1 OCFR50 Appendix B applies. 

Rick Pearson 
Mechanical Testing Group Leader 
AWS Certified SCWI 10080028 

Lori Felber 
Quality Assurance Manager 

The above teslS were performed using one or more of the foUowiOQ specifications: ASTM A48, A247, A262, A370, 8117, 9328, 
6368, 6748, E2 (SM 11 ·22), E3 , ES , E9 , E10, E18, E21 , E23, E34, E45. E92, E112, E212, E290, E340, E350, E352, E.353, E381 . 
E384, E404, E407. E415, E562, Eee.3, E766, E883, E986. E1019, E1024, Elon. E1086, E1251, E1508, G053, G154, ASME IX, 
AWS D1 .1, MIL·S-867A, NAVSEA S9074-AO-GIB·010/248, SAE J81 , EN \0002 Pan 1, EN 10045 Pans 1 & 2, EN 10204 Section 
3.1.C and Anderson Laboratories Quality Manual Revision N dated 1/30/17. This report Is conlldenllal and &hall not be reproduced 
except !n full, without the wntten approval of Andefson Laboratories, Inc. 

ANDERSON LABORATORIES, INC. P17-1418B Page 2 of 4 



APPENDIX 

NDT Reader's Report 
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NDT Specialists, Inc. 
7365 S. Hawtll Ave., Oak Crmc, WI 53154 

Phont 414 .. 13-9700 www.oc/twdobts,cpm Fax 414-762-S447 

'-'"' 
1~::ndale, WI 

l'IJT-•-
111-0299 

·-
Anderson LaboAtorles Weld Qualification Plate 
......, .. I....,,_ -·- . ..-- 1-
3l0Kv .222• 1.0• .001• NDT·S-RTl 1401 
........,... SFD/fH> lllil(j,,...,,... 1-- ~ ........ ........ 
lOmA 43" NA .001• AWSAS.20 Currant 
Tla,r INlffll"" -- ,,_ , __ 

··- ·--· ·-· 

:28 Seconds 04 RedlPak NA Auto 12 Minute 4.5 IC 17° lSL 
,_...J}'pf 

, __ _.,,. --- --SWE/SWV <.020• ASTM E102.5 #20(2) A36 1709262 
,..,., ..... --. - .... ---

I I j t J I ! I f i I I i .M j i I I I 
P17·1418 7UA80-HPlus 

0-1 i/ / 2fi-~·o 

•ea-----...-.-....... ___ - .. _...,.. ___ .....,. __ -·- _"" _ __._ ....... _.. ........ ___ ...,...._ .. ,_ .... 
...................... ..._ .. ta ........... a--........ ., .......... _., ........... ..._ ........ _ ........................ - ....... ..._ 
....... ................................. ..... ........... .._ ..... ., ... _. ..... .,._ ...... .......,~ ... o.-.- .. ~ ... ----------...... - ... --.....-
.- ...... ...,,. ..... ._............... ....... ............................... u.. ............................. ~ .. ---. ......... a....., ................ .. 

-77'.:;,l:ll~"'"F"' .. --

Stephanie Sclunill n 9.22.2011 
--.o1r..-i 
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THE LINCOLN ELECTRIC COMPANY 
22801 St Clair Avenue 

Cleveland, Ohio 44117-1199 

CERTIFICATE OF CONFORMANCE 
& 

CERTIFIED MATERIAL TEST REPORT 

1/16 ULTRACORE® 712A80-H PLUS 33SP 2,376 Lbs. 

Supplled To: MACHINERY & WELDER CORP 
2225 S. 116™ STREET 

Customer PO: M3008 
Q2 Lot®: 15288198 

WEST ALLIS, WI 53227-1007 

This material was manufactured under lot control In accordance with ASME Sectlon II Part C SFA 5.01, lot class 
T 4, and tested per Schedule I to the requirements of SFA 5 .20 classification E71 T-12M JH4. Material and tasting 
In accordance with ASME Section II Part C, 2015 Edition. No weld splicing with filler material was conducted on 
this product. This product was manufactured In the U.S.A. using steel that was melted In Canada. 

This product was manufactured in accordance with Lincoln Electric's Quality System Manual SSW50 Rev. R 
dated 1/12/17. Lincoln Electric's Quality System meets the requirements of ASME NCA-3800, confom,s to au 
applicable requirements of 10CFR 50 Appendix B, and meets the basic requirements of NQA-1 . 10CFR Part21 
and 10CFR 50.55(e) apply to this order. 

The product stated herein was manufactured and supplied In accordance with the Quality System Program of 
The Lincoln Electric Co., Cleveland, Ohio, U.S.A., as outlined in our Quality Assurance Manual. The Quality 
System Program of The Lincoln Electric Company has been accredited by ASME as evidenced by Certificate 
Nos. QSC-489, QSC-489·1, and QSC489-2 which expire on March 30, 2020, and Is certified to ISO 9001 as 
evidenced by Certificate No. 30275. 

Test Condltlons 
Electrode Size (Inches\ 1/16 
Process / Electrode PolaritV FCAW-G / DCEP 
C1WD Cinches) 1 
Wire Feed Soeed liDml 300 
Current (Amps) 320 
A.re Voltaoe (Volts) 28 
Heat Input (kJ/inch) 37 
Passes/Lavers 15/7 
Preheat/lnteroass Temo. t·F\ 82/300 

1 Gas Type 75% Amon/25% CO, 
Plate ID 84696 

Plate 84696 
66 000 
77 000 

29 

Plate 84696 SFA5.20 
136 111 110=119Av . 20 ft-lbs. minimum Avera e 

1 



02 LOT® 15288198 

Deposit Chemistry Plata 84696 SFA6.20 
% Carbon .05 .12 max. 
% Manaanese 1.39 1.75 max. 
% Silicon .41 .90max. 
% Sulfur . 01 .03 max . 
% Phosphorus . o, .03 max . 
% Chromium .02 .20 max. 
% Nickel .01 .50 max. 
% Molvbdenum . 01 .30 max . 
%Vanadium <.01 .OB max. 
% Coooer . 02 .35 max . 

3.4 3.9, 4.2 4.0 = 3.9 Av . 4.0mU10 maximum 

Radiographic Inspection Results: Met Requirements 

This ls to certify that the contents of this report are correct and accurate and that all test results and operations 
performed by The Lincoln Electric Company or its subcontractors are in compliance with the requirements of the 
material specification and the specific applicable requirements of the Coda as specified by the customer. We do 
not use mercury in the design and formulation of our consumable products. In the manufacturing and testing of 
our products, our equipment meets mercury exclusion requirements. 

~v· iD~Eior1 
L t{./ / Jf:)l?z.17 

lim Peck DATE 
Manager, Quality Assurance Manager, Special Products 

"Note: The recording of false, fictitious or fraudulent statements or entries on this document may be 
punished as a felony under Federal Statutes Including Federal Law, Title 18, Chapter 47." 

g 



On Slte-SUrvelllance: 

Qu1flty: l/-1~-/f' 

Date: _1_11_1_4/_2_01_7 _____ suppt1er: _W_e_ld_a_ll_M_fg_._ln_c_. ___ _ 
2001 S. Prairie Ave 

WaukNlla. WI. 53~7307 

Sc:ope of Survey/SUrvelllance: 
Cfllldl weld 111h ~. Mlddngl, and Tracubllly 

tconecr.mes/MMH Drawlol reference: Lot# 15288198 Quantity: N/ A -----
Crltlal characteristics to be verlffed during sUM!llfance. Acceotance Method Comrm!flts (If anv} A--L~eled 

Chtc:kad ,or Ngfllgallan Vlsull Sl!lds- aegrageled AcCllpl 

Chedlad for Ld llllnlH" la IRltdl Ille CMTR'a 1/bual Lalf SRI 1529SflNI AccapC 

ctiedled cann1 or~ ... r« fobs ..., JuolOUlllg ... lpecllc ... and lat noc.d Al;z:apt 

Chtdied for .... bellr,g apaMd lo Iha lltllllffll Vllull MIP(Jllls-.ca,llllad al r1C1 nposed ~ 

Sltn·Off for CompletJon of Surveflance. 

Konecrane.s/MMH: ~ ~ 
I 

customer (If applicable): .Al/A,-

Date: 1/-J'/-J'[ 

Date: #/,f-

SuMiilance-Rev. 12-10 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Part 54380723 
Number: 

CHARACTERISTICS LOC 

Inspected for NIA 
suspect or 
counterfeit 
indications 

Inspect for the NIA 
material number. 
712ABO-H PLUS 
Inspect for the lot NIA 

number. 
15288198 

- QA-I07S, REV 4 

0 

#1 

OK 

OK 

OK 

INSPECTION DATA COLLECTION FORM 

OK OK 

OK OK 

OK OK 

4 
#4 

OK 

OK 

OK 

Order Number: 
#5 #6 

US52-00222 
4500950543 

#7 #8 

Page 1 of 1 

Part SRI-Welding Wire 
Name: 

INSP DATE REMARKS 

J.F. 10/12/17 No signs of being 

f. a:£ 
suspect or 
counterfeit. 

J.F. 10/12/17 Part number is 

f. a:£ 
written on the 

box tag. 
J.F. 10/12/17 Heat number Is 

f.a:£ 
written on the 

box tag. 

06/2011 
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Weld Wire supplier survelltance "WELDALL" supporting evidence 11 /14/17 

SRI Wire 
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I KONEvRANES 
\ Lifting Businesses 
l 
I Weld Wire supplier surveillance "WELOALL" supporting evidence 11/14/17 

\ NON·SRI Weld Wire 
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Qty I.ti 0pero1tfon DeKrfptfon Crew 
~----~- -- -----------

c.A'5 ! 75S - l5X M - CDl 

> ":e~ i!.\'~ Gas verH1c.ttfon J5 Required 
a,, A 5&11Nrvtsor or ~11ty 11epresmutfve 
DERJE weldtng c- aegtn. 

> ~Mer'$ IIIU$T ec..rlc Ttwtr IWNf'.c.AHE.5 issued Nuaber 
on ALL 11eld5 11ley eoapleu,. tN IAIITE liWUtlll 

> l«JS Ff1t·"'1 IMpet:don MqUtred, 
> Rl!Conf Df-5f- on ~rtnts . 

> verify ~r-ts Prior To 1ten Strafghte,,fng. 
> Clflt.T cold straforn:ant11g Allowd Aft1tr s.11. 
> ~ weld l>f'ilWfngs Along wtth weldlollnts To Maehinf nv 

1.1.8600 

-------·------------------------------------------------- NOCESS: 

t«:lDtNG _,,::EMINE (Sat) 

WPS: ZT-JD..-..FC-1• 

WS:: 2T-J0-SR-FC-J2 

'"111E: LDQll.lf ut.TUC.IIM: 'l712AIO-ff ft.US .Qll,O 
Ql &.Dr: lSDIJSe 
GAS: ~ - l5S M - c:a2 
:-w-;;;----:-;:-. ~-----------
---------------------------------------------~------
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