MATERIALS TESTING


MEETING MINUTES

APRIL 21-22, 2004
MAEVA HOTEL
TOULOUSE, FRANCE
These minutes are not final until confirmed by the task group in writing or by vote at a subsequent meeting.  Information herein does not constitute a communication or recommendation from the task group and shall not be considered as such by any agency.

WEDNESDAY APRIL 21, 2004 (P.M. SESSION)
1.0 OPENING COMMENTS

1.1  Call to Order/Quorum Check

The meeting was called to order by Chairperson Keith Kastner.  A quorum of Primes was present;  a quorum of Supplier Voting Members was not present.

1.2 Introductions were made by all attendees.

1.3 Attendance

An attendance roster was distributed for all to sign.  The following attendance list includes all present during the open meetings on Wednesday (04/21) and Thursday (04/22).


Keith Kastner



Cessna


Jason Jackson



Vought Aircraft


Larry Casillas



Honeywell

Zdenek Sitar



Honeywell (Czech Republic)

Mark Hermes



Honeywell


Neil Clarke



Rolls-Royce plc


Fran Azzarto



GE Aircraft Engines


Andreas Mastorakis


GE Aircraft Engines


Mehmet Demir



GE Aircraft Engines


Emilio Lopez-Vioriero Nata

Airbus


Uta Dietrich



Airbus


Fabrice Della Martina


Airbus


Camille Valmy



Airbus


Mehmet Doner



Rolls-Royce Allison


Andy Iesalnieks



Rolls-Royce Allison


Shen Yeh




Northrop Grumman


Dianna Berube



United Technologies

Frank Lennert



The Boeing Company

Ronald Bodemeijer


The Boeing Company

Christian Schwaminger


MTU Aero Engines GmbH

Ben Clark




Eaton Aerospace

Laurence Potez



SNECMA Moteurs

Gerard Aubert



Centech

Carl Barrett



Timet UK (Witton)

Yang Joon Jin



Korean Air
David Kluk



NSL Analytical Services

Roger Ng




Sulzer Metco (Canada)

Kwan Kyu Park



Korean Air

Neil Poyner



Westmoreland Mechanical Testing & Research Ltd.

Tony Reed



Goodrich Aero Structures

James Rossi



Westmoreland Mechanical Testing & Research Inc.
Michael Rossi



Westmoreland Mechanical Testing & Research Inc.

Jim Scannell



Dickson Testing 

Edenek Sitar



Honeywell (Czech Republich)

Jim Stokes



PRI

Gregor Tokarenko


Stork FDO B.V.
David Yates



Alcoa Fastening Systems (France)

Total attendees = 37.
1.3
MINUTES – The January 2004 meeting minutes were not approved, due to a lack of a quorum.

1.4
NACLA ISO/IEC 17025 FREQUENCY
In 2005, the NACLA regulations require that full assessments to the ISO/IEC 17025 requirements must be conducted every two years; or a full assessment must be conducted every five years, with on-site visits required on an annual basis.  The Nadcap Task Group Operating Procedure (NTGOP), Appendix 2 (Materials Testing), must be revised to comply with this change in requirements.  Discussion concerning the Mutual Recognition Agreement with NACLA ensued, with the issue deferred to Closed Session for further discussion.
1.5
HARDNESS TESTING CHANGES/ISSUES 
Bob Ellis of the David Ellis Company gave a presentation regarding the changes introduced to ASTM E 18-03 for Rockwell Hardness testing.  There will be additional changes to this document this year.  Over the last several years, changes have included the requirements for manufacturers of test blocks to state uncertainties, allowing the use of carbide balls while requiring proper identification of type, not mixing the use of carbide balls, blocks not certified with carbide balls, and requiring the certification of test equipment by loading parameters rather than blocks.  The last item will result in improved confidence of results, but will cause the elimination of older machines.  The PowerPoint presentation is attached as Attachment 1 of the minutes. 

[image: image1.emf]Microsoft PowerPoint  Presentation


THURSDAY, APRIL 22, 2004 (OPEN SESSION)
2.0 OPENING COMMENTS

2.1  Call to Order/Quorum Check

The meeting was called to order by Chairperson Keith Kastner.
2.2  Introductions were made by all attendees.

2.3  Attendance (see Wednesday, April 21, 2004)
2.4
TASK GROUP OPERATION

The Staff Engineer, David Luoni, presented information regarding the general operation of the Nadcap accreditation program, specific to the Materials Testing Task Group.  This included information regarding business meetings, audit report review,  the controlling documents – SAE AS7101 and NTGOP-001, Appendix II; and the eAuditNet process.  This presentation is attached as Attachment 2. 
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2.5
NADCAP IPT STATUS

Discussion concerning the 4th quarter summary and the upcoming round of testing.  The next round was delayed slightly to complete the testing of the on-line registration and data submittal process through eAuditnet.  The next round of testing will be handled electronically.  

Honeywell will supply a set of qualified metallographic specimens to address metallographic Round Robin concerns for an upcoming round of testing.

The GE representative requested that time on the July agenda be reserved for discussion of an alternate methodology to the IPT program.  A presentation describing a program GE, SNECMA and Airbus have established with Centech Laboratories (France) and Dirats Laboratories(US) will be made.  Two hours will be reserved on the agenda for the presentation and questions/answers.

ACTION ITEM:  GE representative will supply an executive summary to the Staff Engineer for distribution prior to the July meeting.

2.5
NON-METALLICS/COMPOSITES REQUIREMENTS
15.1.4 A review of all work accomplished by the subteam at the March 11-12, 2004 meeting in long Beach, CA at the Boeing facility.  A copy of the AS7101 draft document, based on the changes agreed to by the subteam, was provided.  This document is available as Attachment 3.  The next subteam meeting is scheduled for May 20-21, 2004 at the Boeing facility in Long Beach, CA.  Two and a half days are to be added to the agenda and the end of the week for the July meeting to continue the work on the document by the subteam and any interested participants.
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2.6 AECMA-PRO/ PRI AGREEMENT
Arshad Hafeez, the program director of Industry Managed Programs for PRI, gave a brief presentation concerning the agreement the was signed between AECMA-PRO and PRI .  A presentation was also made at the Nadcap Management Council meeting concerning the agreement.    Fluorescent Penetrant Inspection and Heat Treating are the two processes currently being reviewed.
2.7 ADJOURNMENT
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AEROSPACE




STANDARD




LINE 1 NATIONAL AEROSPACE AND DEFENSE CONTRACTORS



ACCREDITATION PROGRAM (Nadcap)


GENERAL REQUIREMENTS FOR


MATERIALS TEST LABORATORY ACCREDITATION PROGRAM






SAE    AS7101    DRAFT Revision C






1.






SCOPE:


1.1 This standard establishes the minimum requirements for materials testing laboratories (MTL) accredited by Nadcap.  The standard encompasses the common requirements for all laboratories in section I and the unique test requirements as they apply to metallic and non-metallic materials in sections II and IIII.


Section I: All laboratories









GENERAL REQUIREMENTS, ALL LABORATORIES


Section II: Metallic testing


a. Chemical Testing


b. Mechanical Testing

c. Metallography and Microhardness

d. Hardness

e. Corrosion

f. Mechanical Testing Specimen Preparation

g. Differential Thermal Analysis

h. Heat Treating

i. X-Ray Diffraction

j. Fastener Testing

Section III: Non-Metallic Testing


Class A: Composites


Class B: Adhesives/Sealants


Class C: Elastomers


Class D: Plastics


Class E: Fibers


Class F: Ceramics

Class G: Honeycomb

2.






References:


2.1






Applicable Documents


2.1.1





SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.








AS7001
National Aerospace and Defense Contractors Accreditation Program (Nadcap) – 







Program Description








AS7002
National Aerospace and Defense Contractors Accreditation Program (Nadcap) – Rules 






for Implementation








AS7003
National Aerospace and Defense Contractors Accreditation Program (Nadcap) – 







Program Operation


2.1.1





Continued









AMS 2248
Chemical Check Analysis Limits – Wrought Corrosion and Heat 









Resistant Steels and Alloys, Maraging and Other Highly-Alloyed 









Steels









AMS 2249
Chemical Check Analysis Limits – Titanium and Titanium Alloys









AMS 2259
Chemical Check Analysis Limits – Wrought Low-Alloy and Carbon 








Steels









AMS 2268
Chemical Check Analysis Limits – Cast Nickel and Nickel Alloys









AMS 2269
Chemical Check Analysis Limits – Wrought Nickel and Nickel Alloys









AMS 2280
Trace Element Control, Nickel Alloy Castings









AMS 2750
Pyrometry









SAE J784
Residual Stress Measurement by X-Ray Diffraction









SP 453
Retained Austenite and its Measurements by X-Ray Diffraction


2.1.2





PRI Publications: Available from PRI, 161 Thornhill Road, Warrendale, PA 15086-






7527.









PRI AC7101/1A
General Requirements









PRI AC7101/2A
Chemical Analysis









PRI AC7101/3A
Mechanical Testing









PRI AC7101/4B
Metallography & Microhardness









PRI AC7101/5A
Hardness









PRI AC7101/6A
Corrosion









PRI AC7101/7A
Mechanical Testing Specimen Preparation









PRI AC7101/8A
Differential Thermal Analysis









PRI AC7101/9A
Heat Treating









PRI AC7101/11A
Fastener Testing









PRI AC7108

Chemical Processing









PRI AC7109/5

Coating Evaluation Laboratory Practices


2.1.3





ASTM Publications:  Available from ASTM, 100 Barr Harbor Drive, West 








Conshohocken, PA  19428









ASTM B 117

Method of Salt Spray (Fog) Testing









ASTM B 214

Test Method for Sieve Analysis of Granular Metal Powders









ASTM E 3

Methods of Preparation of Metallographic Specimens









ASTM E 4

Standard Practices for Load Verification of Testing Machines









ASTM E 8

Test Methods of Tension Testing of Metallic Materials









ASTM E 10

Test Methods for Brinell Hardness of Metallic Materials









ASTM E 18

Test Method for Rockwell Hardness and Rockwell Superficial 









Hardness of Metallic Materials









ASTM E 21

Test Methods for Elevated Temperature Tension Tests of 










Metallic Materials









ASTM E 23

Methods for Notched Bar Impact Testing of Metallic Materials









ASTM E 29

Practice for Using Significant Digits in Test Data to Determine 









Conformance With Specifications









ASTM E 45

Practice for Determining the Inclusion Content of Steel





2.1.3





Continued









ASTM E 74

Standard Practice of Force-Measuring Instruments for 










Verifying the Load In Direction of Testing









ASTM E 82

Method for Determining the Orientation of a Metal Crystal









ASTM E 83

Standard Practice for Verification and Classification of 










Extensometers









ASTM E 92

Test Method for Vickers Hardness of Metallic Materials









ASTM E 112

Methods for Determining Average Grain Size









ASTM E 139

Practice for Conducting Creep, Creep-Rupture, and Stress-









Rupture Tests of Metallic Materials









ASTM E 140

Hardness Conversion Tables for Metals









ASTM E 220

Method for Calibration of Thermocouples by Comparison 










Techniques









ASTM E 228

Test Method for Linear Thermal Expansion of Solid Materials 









with a Vitreous Silica Dilatometer









ASTM E 290

Test Method for Semi-Guided Bend Test for Ductility of 










Metallic Materials









ASTM E 292

Practice for Conducting Time for Rupture Notch Tension Test 









of Materials









ASTM E 340

Method for Macroetching Metals and Alloys









ASTM E 384

Test Method for Microhardness of Materials









ASTM E 399

Test Method for Plane-Strain Fracture Toughness of Metallic 









Materials









ASTM E 407

Methods for Microetching Metals and Alloys









ASTM E 466

Practice for Conducting Force Controlled Constant Amplitude 









Axial Fatigue Tests of Metallic Materials









ASTM E 606

Practice for Strain-Controlled Fatigue Testing









ASTM E 647

Test Method for Measurements of Fatigue Crack Growth









ASTM E 743

Standard Guide for Spectrochemical Laboratory Quality 










Analysis









ASTM E 851

Standard Practice For Evaluation of Spectrochemical 










Laboratories









ASTM E 876

Practice for Use of Statistics in the Evaluation of 











Spectrometric Data









ASTM E 915

Method of Verifying the Alignment of X-Ray Diffraction 










Instrumentation of Residual Stress Measurement









ASTM E 930

Methods of Estimating the Largest Grain Observed in a 










Metallographic Section









ASTM E 975

Practice for X-Ray Determination of Retained Austenite in 










Steel with Near Random Crystallographic Orientation









ASTM E 1012

Practice for Verification of Specimen Alignment Under 










Tensile Loading









ASTM Volume 3.01
Metals – Mechanical Testing:  Elevated and Low-Temperature 









Tests; Metallography









ASTM Volume 3.02
Wear and Erosion; Metal Corrosion









ASTM Volume 3.05
Chemical Analysis of Metals and Metal Bearing Ores


 NON-METALLIC MATERIAL TESTING ASTM’S


		ASTM-C-297

		Tension Test of Flat Sandwich Constructions in Flatwise Plane.



		ASTM-C-393

		Flexure test of Flat Sandwich Constructions.



		ASTM-D-256

		Impact Resistance of Plastics and Electrical Insulating Materials.



		

		



		ASTM-D-395

		Rubber Property – Compression Set.



		ASTM-D-412

		Rubber Properties in Tension.



		ASTM-D-430

		Rubber Deterioration- Dynamic Fatigue.



		ASTM-D-471

		Rubber Properties—Effect of Liquids.



		

		



		ASTM-D-543

		Resistance of Plastic to Chemical Reagents.



		

		



		

		



		ASTM-D-570

		Water Absorption of Plastics.



		ASTM-D-573

		Rubber – Deterioration in an Air Oven.



		ASTM-D-621

		Deformation of Plastics Under Load.



		ASTM-D-624

		Rubber Properties – Tear Resistance.



		ASTM-D-635

		Rate of Burning and/or Extent and Time of Burning of Self-Supporting Plastics in a Horizontal Position.



		ASTM-D-638

		Tensile Properties of Plastics.



		ASTM-D-648

		Deflection Temperature of Plastics Under Flexural Load.



		ASTM-D-671

		Flexural Fatigue of Plastics by Constant-Amplitude-of-Force.



		ASTM-D-695

		Compressive Properties of Rigid Plastics.



		ASTM-D-696

		Coefficient of Linear Thermal Expansion of Plastics.



		

		



		ASTM-D-746

		Brittleness Temperature of Plastics and Elastomers by Impact.



		ASTM-D-747

		Apparent Bending Modulus of Plastics by Means of a Cantilever Beam.



		

		



		

		



		ASTM-D-785

		Rockwell Hardness of Plastics and Electrical Insulating Materials.



		ASTM-D-789

		Determination of Relative Viscosity, Melt Point, and Moisture Content of Polyamide (PA).



		ASTM-D-790

		Flexural Properties of Unreinforced and Reinforced Plastics and Electrical Insulating Materials.



		ASTM-D-792

		Specific Gravity (Relative Density) and Density of Plastics Displacement. 



		ASTM-D-797

		Rubber Property – Young’s Modulus at Normal & Subnormal Temperatures.



		ASTM-D-882

		Tensile Properties of Thin Plastics.



		ASTM-D-885

		Testing of Tire Cords, Tire Cord Fabrics, Industrial Filament Yarns made from Man-Made Organic-Base Fiber.



		ASTM-D-897

		Tensile Properties of Adhesive Solids.



		ASTM-D-903

		Peel or Stripping Strength of Adhesive Bonds.



		

		



		ASTM-D-955

		Measuring Shrinkage from Mold Dimensions of Molded Plastics.



		

		



		

		



		ASTM-D-1002

		Standard Test Method for Apparent Shear Strength of Single-Lap-Joint : Adhesively Bonded Metal Specimens by Tension Loading (Metal-to-Metal)



		ASTM-D-1004

		Initial Tear Resistance of Plastic Film & Sheeting.



		ASTM-D-1044

		Resistance of Transparent Plastics to Surface Abrasion.



		

		



		ASTM-D-1238

		Flow Rates of Thermoplastics by Extrusion Plastometer.



		ASTM-D-1242

		Resistance of Plastics Materials to Abrasion.



		

		



		

		



		ASTM-D-1329

		Evaluating Rubber Property – Retraction Low Temperature (TR Test).



		

		



		

		



		ASTM-D-1414

		Test Method for Rubber O-Rings



		

		



		ASTM-D-1456

		Rubber Property – Elongation at Specific Stress.



		

		



		

		





		

		



		

		



		

		



		

		



		

		



		

		



		ASTM-D-1781

		Climbing Drum Peel for Adhesives



		ASTM-D-1790

		Brittleness Temperature of Plastics Sheeting by Impact.



		ASTM-D-1824

		Viscosity, Apparent, of Plastisols and Organosols at Low Shear Brookfield Viscometer.



		

		



		ASTM-D-1876

		Peel Resistance of Adhesives (T-Peel Test)



		

		



		ASTM-D-1895

		Apparent Density, Bulk Factor, and Pourability of Plastics Materials.



		ASTM-D-1938

		Tear Propagation Resistance of Plastic Film & Thin Sheeting by a Single-Tear Method. 



		

		



		ASTM-D-2240

		Rubber Property – Durometer.



		

		



		ASTM-D-2343

		Tensile Properties of Glass Fiber Strands, Yarns, and Roving Used in Reinforced Plastics.



		ASTM-D-2393

		Viscosity of Epoxy Resins and Related Components.



		

		



		

		



		

		



		ASTM-D-2583

		Indentation Hardness of rigid Plastics by Means of a Barcol Impressor.



		

		



		ASTM-D-2734

		Void Content of Reinforced Plastics.



		

		



		

		



		

		



		

		



		ASTM-D-2095

		Tensile Strength of Adhesives by Means of Bar & Rod Specimens.



		

		



		

		



		

		



		ASTM-D-3039

		Tensile Properties of Fiber-Resin Composites.



		

		



		ASTM-D-3166

		Fatigue Properties of Adhesives in Shear by Tension Loading (Metal/Metal).



		ASTM-D-3167

		Floating Roller Peel Resistance of Adhesives.



		ASTM-D-3171

		Fiber Content of Resin-Matrix Composites by Matrix Digestion.



		

		



		ASTM-D-3417

		Heats of Fusion and Crystallization of Polymers by Thermal Analysis.



		ASTM-D-3418

		Transition Temperature of Polymers by Thermal Analysis.



		ASTM-D-3518

		In-plane Shear Stress-Strain Response of Unidirectional Reinforced Plastics.



		ASTM-D-3529

		Resin Solids Content of Carbon Fiber-Epoxy Prepreg.



		ASTM-D-3530

		Volatile Content of Carbon Fiber-Epoxy Prepreg.



		ASTM-D-3531

		Resin Flow of Carbon Fiber-Epoxy Prepreg.



		ASTM-D-3532

		Gel Time of Carbon Fiber-Epoxy Prepreg.



		

		



		ASTM-D-3850

		Rapid Thermal Degradation of Solid Electrical Insulating Materials by Thermogravimetric Method.



		

		



		

		



		

		



		ASTM-D-4440

		Rheological Measurement of Polymer Melts Using Dynamic Mechanical Procedures.



		

		



		ASTM-D-4476

		Flexural Properties of Fiber Reinforced Pultruded Plastic Rods.



		

		



		ASTM-E-472

		Thermoanalytical Data (TGA).



		ASTM-E-595

		Total Mass Loss & Collected Volatile Condensable Materials from Outgassing in a Vacuum Environment.



		ASTM-E-831

		Linear Thermal Expansion of Solid Materials by Thermomechanical Analysis. 



		ASTM-E-1269

		Determining Specific Heat Capacity by Differential Scanning Calorimetry. 



		ASTM-E-1356

		Glass Transition Temperature by Differential Scanning Calorimetry or Differential Thermal Analysis.



		ASTM-E-1421

		Describing & Measuring Performance of Fourier Transform Infrared (FT-IR) Spectrometers.



		

		



		

		



		

		





2.1.4





Military Publications:  Available from Naval Publications and Forms Center, Attn: 








NPODS, 5801 Tabor Avenue, Philadelphia, PA 19120-5099.









MIL-H-6875
Process for Heat Treatment of Steel









ISO 10012-1
Quality Assurance Requirements for Measuring Equipment









ANSI Z540-1
General Requirements for Calibration Laboratories and Measuring & 








Testing Equipment


2.2 





Definitions



ACCEPTANCE TESTS/PROPERTIES:  Tests/properties which are required to 
be included on each certification for acceptance of the delivered product 
(for 
example:  Tensile, stress rupture, hardness, and metallographic tests).



CAPTIVE LABORATORY:  A laboratory that belongs to a material supplier, with 
systems that are dependent on those of the supplier, and with testing 
capabilities that are limited to those required by the supplier's material.



CERTIFICATE OF CONFORMANCE:  Document issued by the Laboratory which 
confirms conformance of material to the material specification and which may 
describe the testing performed, but does not include the numerical values of 
results obtained.



CERTIFICATE OF TEST, TEST REPORT:  Document issued by the Laboratory 
describing the testing performed, the specific results obtained, and whether 
results conform to the material specification.



CHECK ANALYSIS:  An analysis made by the purchaser or supplier of the metal 
after it has been worked into semi-finished or finished forms or fabricated into 
parts.  This analysis is either for the purpose of verifying the composition of a 
heat or lot or to determine variations in the composition within the product on 
the basis of this check analysis.  In the analysis of finished parts, these values 
do not apply to elements whose percentage can be varied by fabricating 
techniques employed (e.g., surface hydrogen in steels and titanium alloys) 
unless the sample is taken in such a manner as to exclude such changes.  [This 
definition taken from AMS Check Analysis specifications.]



CUSTOMER:  The company who places the order for testing with the laboratory.



INDEPENDENT LABORATORY:  A laboratory whose systems are not 
dependent on those of specific material suppliers.  (Ownership by a material 
supplier does not exclude a laboratory from being considered `Independent'.)



INSTRUMENTAL ANALYSIS:  Includes SELF-CALIBRATING TESTS, and other 
testing which is essentially controlled by the equipment but which may not be 
independent of operator technique and/or interpretation.  Restrictions, 
requirements, and examples are given in the sections for test families.


2.2 
Continued



INVALID TEST VALUE:  A test value considered to be untrue because it does 
not fit the population of other values from the same sample and the non-validity 
is evaluated and reported per Appendix B.



LOW CYCLE FATIGUE (LCF):  Fatigue test characterized by hysteresis 
behavior from loading-unloading in plastic region.  Generally strain control per 
ASTM E 606, but may include load-control and torsional LCF testing.  Note:  
Hysteresis behavior may only be exhibited during the first full cycle.



LOW STRESS GRINDING (LSG):  Grinding/polishing under controlled 
conditions to minimize and produce required compressive surface stresses.



MATERIAL CERTIFICATION:  The certificate of Test or Conformance issued by 
the laboratory.



MATERIAL SPECIFICATION:  The document(s) describing which tests are to be 
performed and the conformance limits required/expected, and (sometimes) the 
test specification(s) to be used.  This definition can include drawings or other 
purchasing documents.



MATERIAL SUPPLIER:  A company who supplies material under the 
Purchaser's order (e.g., under Purchase Order or cooperative agreements).



NIST:  National Institute of Standards and Technology.



NON-CONFORMING TEST RESULT:  A test result that does not conform to the 
material specification.



PROCUREMENT DOCUMENT:  The Purchase Order (P.O.) that establishes 
contractual quality requirements for the material.  In certain business 
arrangements which do not include issuance of P.O.s (e.g., revenue share 
agreements) imposition of this specification is by way of the Quality Plan.



PURCHASER:  The procuring activity that issued the procurement document, for 
material or services, which invoked this document.



QUALITY SYSTEM DOCUMENT:  A manual prepared by the laboratory, that 
contains the guidelines for establishment and maintenance of Quality-related 
activities and procedures, which is approved by the Quality function and 
company management.



RE-TEST:  A repeat of a TEST by the same laboratory, using the same method, 
equipment (of equivalent accuracy or better), and sample.  Usually performed in 
response to suspect or non-conforming results from the original test(s).


2.2
Continued



REFEREE TEST:  A repeat of a TEST from the same laboratory, using the same 
method, equipment (of equivalent accuracy or better), and sample.  Usually 
performed in response to suspect or non-conforming results from the original 
test(s).



REPLACED TEST ("NO-TEST):  A test whose results are considered to be 
untrue because of identified causes other than properties of the material being 
tested (e.g., errors in specimen machining or testing).



REPLACEMENT TEST:  A test made as a result of a Replaced Test.



RESIDUAL ELEMENT:  An unspecified element, originating in raw materials, 
melting equipment (e.g., furnace refractory lining), or melting fluxes-slags-
atmospheres defined by the melting practice, or as defined by specification.



ROUND ROBIN TESTING:  Testing of specimens from the same sample by 
different laboratories and/or by different test methods or equipment.  
Requirements and restrictions are given in the sections for the generic test 
types.



SAMPLE:  Material supplied for testing.  (See also "SPECIMEN".)



SELF-CALIBRATING TEST METHOD:  Testing that is essentially controlled by 
and results reported by the equipment, independent of operator technique (other 
than specimen loading), for which equipment is calibrated by testing certified 
standard specimens prior to and after testing required specimens.  Examples, 
requirements, and restrictions are given in the sections for the generic test types.



SIGNIFICANT OUT OF TOLERANCE CONDITION:  A condition in the 
laboratory that results in the change of the disposition of material (e.g., from 
conforming to nonconforming).



SPECIMEN:  A portion of the SAMPLE selected for testing to accurately 
represent the entire SAMPLE.



SQA:  Software Quality Assurance.  A program to ensure software used to 
control tests and/or generate data is not altered without adequate validation and 
documentation control.



SUBSTANTIATION:  All of the following terms mean the same thing.


· Substantiation


· Source Substantiation (SS, S.S., or S/S)


· VSE (Vendor Substantiation Engineering)


2.2
Continued



SUBSTANTIATION TEST:  Any test whose result is required for Substantiation.  
These include (but are not limited to) all Acceptance and Capability tests 
established by drawing.



SUB-TIER LABORATORY:  A laboratory which does not belong to a direct 
material supplier.  Systems for such laboratories must qualify as 
"INDEPENDENT".



TEST CODE:  The single-letter or double-letter code denoting the specific test 
type qualified.  NOTE:  Double-letter codes will have "X” prefixes.



TEST RECORDS:  Records maintained by the laboratory; to be available for 
review, but not required to be furnished with cert unless specified.



TEST SPECIFICATION:  Document describing the method(s) and procedures(s) 
by which material is to be tested.



TRACE ELEMENT:  A residual element that occurs in very low concentrations, 
generally less than 0.01%.



WORKING STANDARD:  Standardized material used during routine testing to 

ensure that testing equipment is properly calibrated for the material which 
requires testing.


NON-METALLIC MATERIAL DEFINITIONS


Ambient - The surrounding environmental conditions such as pressure


or temperature.


















ASTM - American Society of Testing and Materials


Autoclave - A closed vessel for conducting a chemical reaction or


other operation under pressure and temperature.


Batch - A measured mix of various materials processed at one time


under same conditions. (See lot).














Cure - To change the properties of a resin by chemical reaction,


which may be condensation or addition, usually accomplished by the


action of either heat or catalyst, or both, and with or without


pressure.


Delamination - The separation of plies of material in a laminate.








Elongation - The increase in gage length or extension of a specimen


during a tension test, usually expressed as a percentage of the


original gage length.






Fiber - A general term used to refer to filamentary materials.


Often, fiber is used synonymously with filament. It is a general


term for a filament of finite strength.


Fiber Direction - The orientation or alignment of the longitudinal


axis of the fiber with respect to a stated reference axis.












Homogeneous - Descriptive term for a material of uniform composition


throughout; a medium which has no internal physical boundaries; a


material whose properties are constant at every point, i.e., con-


stant with respect to spatial coordinates (but not with respect to


directional coordinates).


Interlaminar - Descriptive term pertaining to some object (e.g.,


voids), event (e.g., fracture), or potential field (e.g., shear


stress), referenced as existing or occurring between two or more


adjacent laminae.








Laminate - A product which is evolved by bonding together two or


more layers of materials.


Lot - A specific amount of material produced at one time and offered


for sale as a unit quantity.


Moisture Content - The amount of moisture in a material determined


under prescribed condition and expressed as a percentage of the mass


of the moist specimen, i.e., the mass of the dry substance plus the


moisture present.


NIST (National Institute of Standards and Technology): formerly NBS


(National Bureau of Standards) - The highest level international or


national organizations or agencies responsible for standardization


of weights, measures, and chemistry standards.




.








Polymer - A high-molecular-weight organic compound, natural or


synthetic, whose structure can be represented by a repeated small


unit, the "mer". Synthetic polymers are formed by addition or con-


densation polymerization of monomers. Some polymers are elastomers,


some are plastics. When two or more monomers are involved, the


product is called a copolymer..


Replacement Test - A test performed as a result of a failed test due


to an assignable cause.


Resin - A solid, semi-solid, or pseudo-solid organic material which


has an indefinite and often high molecular weight, exhibits a


tendency to flow when subjected to stress, usually has a softening


or melting range and usually fractures in a brittle fashion. Most


resins are polymers. In reinforced plastics, the material used to


bind together the reinforcement material; the "matrix".


Roving - A number of yarns strands tows or ends collected into a


parallel bundle with little or no twist.


SACMA - Suppliers of Advanced Composite Materials Association.


Selvage - The narrow edge of woven fabric that runs parallel to the


warp. It is made with stronger yarns in a tighter construction than


the body of the fabric to prevent raveling.


















.


Specimen - A portion of the SAMPLE selected for testing to accur-


ately represent the entire SAMPLE.


Specimen Set - All specimens made from the same SAMPLE and repre-


senting identical testing variables.


Strand - A primary bundle of continuous filaments combined in a


single compact unit without twist.








Tow - A loose, untwisted bundle of filaments.






Warp - The yarns running lengthwise and parellel to the selvage in


a woven fabric..


Voids - Gaseous pockets that have been trapped and cured into a


laminate; an unfilled space in a cellular plastic substantially


larger than the characteristic individual cells

ASTM procedures related to definitions and terms used in non-metallic testing.


		Definitions of Terms Relating to Thermal Analysis

		ASTM E 473



		Terminology of Adhesives

		ASTM D 907



		Terminology of Plastics

		ASTM D1600



		Terminology of Rubbers

		ASTM D1566



		Terminology Relating to Fatique and Fracture Testing

		ASTM E 1823



		Terminology of High-Modulus Reinforcing Fibers and their Composites

		ASTM D3878



		Terminology of Conditioning

		ASTM E 41



		Terminology of Structural Sandwich Constructions

		ASTM C 274



		Terminology of Corrosion and Corrosion Testing 

		ASTM G 15



		Terminology Relating to Sampling 

		ASTM E 1402



		Terminology Relating to Metallography 

		ASTM E 7



		Terminology Relating to the Development and Evaluation of Method for Chemical Analysis 

		ASTM E 1914



		Terminology Relating Natural and Artificial Weathering Testing of Non-metallic Materials 

		ASTM G 113



		Terminology Relating to Dynamic Mechanical Measurement on Plastics 

		ASTM D 4092



		Terminology Relating to Methods of Mechanical Testing  

		ASTM E 6



		

		





3.
SURVEY REQUIREMENTS:


3.1
Survey information has been divided into parts as follows:


Section I: All laboratories



PRI AC7101/1   GENERAL REQUIREMENTS, ALL LABORATORIES






This section contains general information regarding quality 




systems that would be collected for a survey of any laboratory


Section II: Metallic material testing



PRI AC7101/2A   CHEMICAL TESTING



PRI AC7101/3A  MECHANICAL TESTING



PRI AC7101/4B   METALLOGRAPHY & MICROHARDNESS



PRI AC7101/5A   HARDNESS



PRI AC7101/6A   CORROSION



PRI AC7101/7A   MECHANICAL TEST SPECIMEN PREPARATION



PRI AC7101/8A   DIFFERENTIAL THERMAL ANALYSIS



PRI AC7101/9A   HEAT TREATING



PRI AC7101/11A  FASTENER TESTING


Section III: Non-Metallic material testing


PRI TBD Class A: Composites


PRI TBD Class B: Adhesives/Sealants

PRI TBD Class C: Elastomers


PRI TBD Class D: Plastics


PRI TBD Class E: Fibers



PRI TBD Class F:  Ceramics


PRI TBD Class G: Honeycomb

3.1.1
These PRI Audit Criteria form a part of this standard to the extent referenced 
herein.



This information package will be reviewed by Nadcap and approval to schedule 
the audit will be obtained.  PRI will coordinate with the laboratory to obtain any 
additional information in support of the audit.


Section I: All laboratories

4.
REQUIREMENTS: ALL LABORATORIES


4.1a
All laboratories shall meet the requirements of ISO/IEC17025.


4.1b
Laboratory Accreditation



Initial laboratory accreditation is for a three year period.  After this initial 
accreditation, an annual Reduced Scope Audit must be successfully completed 
to continue the accreditation term of qualifying laboratories.  If a laboratory does 
not qualify for a Reduced Scope Audit, a complete re-audit must be successfully 
completed yearly to continue the accreditation term for the laboratory.  
Accreditation requires all of the following:


a. 
Conformance to applicable provisions of this standard.



b. 
Completion by the laboratory of matrices describing facilities and 



calibration practices.



c. 

Acceptable evaluation to NADCAP checklists for the applicable codes 



which are derived from this standard, from standard testing 




specifications (e.g., ASTM), and from recognized standards of good 



laboratory practice.


4.1.1
Checklists for each test type are designed to utilize "YES/NO" questions.  All 
"No" answers require an explanation.  A "not applicable" explanation is not 
acceptable without further information.



Corrective action is required for any NADCAP Standard violation.


4.2
Quality Organization



The Quality Assurance function shall report directly to the highest level of 
management within the laboratory, and this shall be documented via a company 
flow chart.  Quality Assurance shall be operationally independent from other 
functions of the laboratory, and shall have “stop work” authority (“shipment hold” 
for captive laboratories) to the degree necessary to ensure that data released 
conforms to the applicable Quality requirements.  The laboratory shall be 
organized in such a way that confidence n its independence of judgment and 
integrity is maintained at all times.



The Q.A. function shall participate in the organization and planning of the 
following:






a. Definition and selection of equipment






b. Maintenance and calibration of facilities and equipment






c. Test procedures (revision and implementation)






d. Training and qualification of personnel






e. Selection and survey of sub-contractors


4.2.1
Quality System Document (QSD)



Each laboratory is required to have a Quality System Document, which is 
approved by the Q.A. authority and laboratory management.  The Quality 
System Document shall comply with either a national or international standard.  
Captive laboratories may be covered by the quality manual of the material 
supplier plus detailed manuals covering laboratory operations.  The manual and 
documents referenced therein shall cover all requirements of this standard 
including approval of non-traditional and alternate procedures permitted by this 
standard.  Changes shall be approved by the Q.A. authority and recorded on a 
revision page; any changes which might affect conformance to this standard 
require a notification to NADCAP for evaluation of accreditation status.  Changes 
shall be made available for the NADCAP audit.  Distribution of the manual shall 
be controlled to assure currency of the revisions used within the laboratory


4.3
Facility



The following factors will be considered in NADCAP accreditation of the 
laboratory, and may be cause for accreditation to be refused.



a. Testing environment free from external vibrations, electrical transients, voltage 

fluctuations, RF pollution, and atmospheric contamination.  These factors shall 

have been considered in design of the facility itself or of individual equipment 


sets.



b. Temperature and humidity control.  (See specific tests or non –metallic material class.)



c. Cleanliness, housekeeping, and orderly handling of material.



d. Facility must have a basic safety program.



e. Sensitive electrical equipment shall not be subjected to corrosive 



environments (e.g., analytical computers are not to be located in the sample 


dissolution area).


4.4
Systems


4.4.1
Laboratory systems shall include provisions for self-audit.  A routine, internal 

audit program shall be described in writing and carried out according to a written 
format and to a published schedule.  Internal audits are carried out to check:



a.
Correct application of testing methods



b.
Compliance with customer orders



c.
Correct application of procedures



d.
Correct preparation of certificates



e.
Cause and corrective actions for revealed discrepancies


4.4.1
Continued



Internal audit reports shall be transmitted to the laboratory management with the 
application of corrective action controlled.  The Q.A. function shall:



a. Use a central log to record deviations and corrective actions



b. Investigate to determine probable cause



c. Participate in the development of corrective actions



d. Control the application of corrective actions


4.4.2
The laboratory shall maintain a system which ensures access to current issues 
of applicable specifications.


4.5
Personnel



A central file shall be maintained convenient to the laboratory, containing the 
names and relevant qualifications (education + training + experience) of 
laboratory personnel responsible for test results reported on certifications.  If 
degreed personnel "or equivalent" are required, justification for "equivalent" shall 
be documented.  The Quality System Documents shall define equivalency 

requirements.  Records shall identify key personnel (i.e., personnel whose 
knowledge or techniques are essential to proper performance of the test); 
records shall be made available for audit.  Notification of NADCAP is required for 
changes in specific key personnel.


4.6
Procedure System



The laboratory shall maintain controlled, written procedures for the following:





a.  Issue and control of quality-related documents





b.  Sub-contracting activities





c.  Procurement activities





d.  Calibration functions





e.  Records of calibration results





f.  Records of job orders and follow-up of samples





g.  Detailed testing methods (specific for the laboratory)





h.  Transmission of results





i.  Records of results





j.  Record retention





k.  Validation of data analysis and presentation software





l.  Disposition of samples (e.g., retain, return to customer)


4.6.1
Test Procedures



Written procedures or computer programs, under revision control and (as 
applicable) Software Quality Assurance control, shall be issued and followed for 
all applicable tests.  Procedures shall reference testing specifications from which 
they are derived, and shall include specimen location and preparation.  They 
shall be sufficiently detailed so that the test can be consistently reproduced in 
that laboratory.  
General procedures (e.g., ASTM E 8) which contain two or more 
optional methods for individual operations are not satisfactory for this purpose.  
Each procedure shall evidence the individual/organization responsible for issue 
and control.  A procedure shall ensure that changes to a testing method are not 
applied without authorization, in writing, and provide for removal of obsolete test 
methods.


4.6.2
Non-Standard Test Procedures:  Work completed in support of special 
investigations shall be fully documented using test logs per paragraph 4.12 and 
test reports per paragraph 4.13.  All procedures used during these non-standard 
tests shall be documented to the extent that the test could be reproduced.


4.6.3
The laboratory shall have a procedure which ensures that the information 

required by Appendix A of this standard, as applicable, is received prior to 
commencing work.


4.7
Specimen Identification and Tracking



A unique set of identifying numbers shall be assigned to each test, to ensure 
traceability from the certificate issued to the customer order, material tested, test 
methods used, test results and original cutting plan.  The laboratory's systems 
shall provide for tracking and accountability of all specimens.  Specimens shall 
be stamped, tagged or otherwise identified to avoid inter-mixing, and shall 
remain identifiable until disposal.  In addition, the Laboratory's system shall provide positive location identification (photo or sketch) of specimen layout prior to cutup as per customer requirements. .


4.7.1
Specimen Handling



A procedure shall define specimen handling policies which include internal 
processing, shipping of specimens and specimen protection for possible future 
examination.  Provisions for handling in accordance with contract requirement 
shall be included in the procedure.  Shipping documents shall be prepared to 
accompany specimens, and shall include sufficient traceability to correlate the 
document with the specimens.  The shipping document shall be checked prior to 
issuance.








4.7.3 





4.8
Equipment Calibration and Maintenance



The laboratory shall establish a calibration schedule for each piece of equipment.  
This schedule shall include frequencies, recalls and responsibility for calibration 
(source).  This section is applicable to both internal and external calibrations.  All 
calibrations shall be documented by calibration certificates.  The certificates shall 
contain the following information, as a minimum:





a.  Description of equipment and operating range, including the 





precision of the instrument being calibrated.





b.  Agency/individual performing the calibration





c.  Traceability of primary standards and their accuracy





d.  Identification of the calibration procedure used





e.  Date of calibration and recall





f.  The as found condition of the instrument





g.  Signature of authorized calibration personnel





h.  Environmental conditions at time of calibration



Written procedures, referenced in the Quality System Documents, shall be 
provided and utilized for calibration of all measuring and testing equipment and 
measurement standards which are pertinent to certified results (ref. ISO 10012-
1, ANSI Z540-1).  Calibrations shall be traceable to NIST or other sources as 
described in ISO 10012-1 or ANSI Z540-1.  If an outside agency performs 
calibration, they shall be required to provide such procedures.  As a minimum, 
the procedures shall specify the precision of the instrument being calibrated, the 
accuracy of the standards used and their traceability to primary standards, the 
minimum frequency of calibration, and detailed calibration instructions (e.g., for 
laboratory furnace calibration, the thermocouple type and placement, and rules 
for temperature stabilization).  Calibration shall be summarized for each 
laboratory using a matrix located in the applicable checklist.  All equipment not 
under calibration control shall be explained and so identified.  New or repaired 
equipment shall be calibrated prior to being released for testing purposes.  All 
calibrated equipment shall be handled and stored in a manner that prevents 
damage.  A procedure shall define the method used to protect pre-set equipment 
from tampering.  Computer-controlled equipment shall be calibrated as a system.


R
Calibration cycles may be extended as defined by the NCSL (National Conference of Standards Laboratories), Recommended Practice 1, or other recognized statistical review process to support the extended time interval. Calibration frequencies defined by standard methods or supplier requirements shall not be extended.   Calibration extension shall be allowed only if documented historical data and standard calibration practices substantiate the extension of calibration frequencies.  


4.8.1
Preventive maintenance shall be in accordance with a written plan, and shall be 
logged.  There shall be evidence that this plan has been implemented.  The plan 
shall discuss any major equipment.  Calibration may be considered part of the 
laboratory's plan.  Preventive maintenance is not required if Statistical Process 
Control 
indicates no deterioration in equipment performance.  Equipment shall 
be maintained in such a condition so as not to introduce testing error.


4.8.2
 Calibration and maintenance records shall be available upon request.


4.8.3
Calibration Identification: Calibration status stickers (last/next) should be posted 
on each test machine.  "Calibration Not Required" or “For Reference Only” 
stickers should be used where applicable.


4.8.4
Standards shall be clearly identified to prevent mixing between calibrating 
(primary), and calibrated (working) and non-calibrated equipment and standards.


4.8.5
Out of service equipment shall be identified and segregated from equipment in 
use.


4.8.6
A procedure shall address the calibration and usage of “employee-owned” 
equipment used for acceptance purposes.


4.8.7
The Q.A. function shall document the review and acceptance of calibration 
certificates, and ensure that the procedures are followed.


4.9
Replacement Testing and Re-Testing:



A written policy for replacement testing and re-testing in accordance with 
customer requirements, shall be established and referenced through the Quality 
System Document.


4.9.1
Accountability:  All specimens provided to the laboratory shall be accounted for 
on the Certificate or (for Captive Laboratories) the test report, whether tested to 
completion or failure, or replaced.  When sufficient material is available for 
replacement specimens to be made by the laboratory from the same sample, 
replaced specimens need not be reported on the Certificate, but should be 
documented in the laboratory’s internal records.


4.9.2
Invalidation of test results is permitted only when authorized by the material 
specification, or other contractual documents.  Invalid test results shall be 
evaluated and reported per Appendix B for metallic testing, and as required in the applicable sections of this document for non-metallic testing.


4.9.3
The laboratory’s procedures and training shall provide for recognition of invalid 
test data.


4.10
Errors in Testing



A written policy shall be established and referenced through the Quality System 
Documents which includes designation of individuals (or job titles) responsible 
for action and notification (if required).  When errors in testing are detected 
which could result in a significant out-of-tolerance condition (ISO 10012-1, ANSI 
Z540-1), the suspect population shall be defined and documented.  If all affected 
material is not contained and correctness of results verified, all customers to 
whom the laboratory sent incorrect or suspect test results shall be notified within 
five (5) working days.


4.10
Continued



Example:  “Significant out-of-tolerance” conditions might include excursions 
exceeding chemical check analysis limits, exceeding the precision claimed by 
capability matrices, or exceeding 25% of the tolerance band.  All tests since the 
last correct calibration are suspect unless the population can be further 
restricted.


4.11
Certificate of Test/Conformance



Tests performed shall be documented and all valid results shall be reported in a 
test report or certification.  For captive laboratories, this is controlled by a Q.A. 
function.  The certification shall be signed and released, only after a review of 
the data for completeness and accuracy.


4.11.1
Contents:  The following items shall be included in each Certificate, in addition to 
requirements established by the applicable specification:



a.

The laboratory’s identification: Name and Address.



b.

The company for whom the testing was performed.



c.

The number(s) and issue(s)/revision(s) of the specification(s) against 



which material was tested.



d.

The testing specification used, if not called out by the material 




specification.  Any non-standard practices must be disclosed.



e.

Certificate of Test: Include the numerical results of all tests and 




inspections performed for which the material specification establishes 



numerical requirements.  When certifying to a specific specification (as 



opposed to all certifications which may later be referenced against many 


individual specifications), the certificate shall show that the results are in 


accordance with the requirements of that specification or the tests 



performed.





EXAMPLE:  Specification limits should be included on the certificates 



(either by the laboratory or material supplier), in such a manner as to 



facilitate comparison of material specification requirements versus test 



results, and to ensure that all items (e.g., all chemical elements) have 



been evaluated.



f.

Description of the results (e.g., conform/non-conform) of all tests for 



which the material specification does not establish numerical 




requirements.  Report any unusual observations (identify as 




“Observation”).  The separation of conforming and non-conforming 



results on separate certificates is not permitted.



g.

Unique identification on each certification shall distinguish the original 



from a copy. 



h.

The certificate or report shall contain a statement that it shall not be 



reproduced except in full without the written approval of the laboratory, 



and that the recording of false, fictitious, or fraudulent statements or 



entries on this document may be punished as a felony under federal 



law.


4.11.2
Preparation of Certificate: Each page of the cert shall be numbered "page __ 
of__ ", and shall have unique identification traceable to the job and laboratory 
identification.  Use of `white-out' or erasures on the signed certificate, test record 
documents or copies thereof is prohibited; corrections may be lined out and 
initialed.  Test results for all specimens in the same set shall be included on the 
same certificate; that is, separate certificates shall not be issued for conforming 
versus nonconforming material.  Re-test values, and values known to be 
nonconforming (i.e., when compared against mandatory specification values), 
shall be clearly identified as such.  All specimens provided to the laboratory must 
be accounted for; e.g., by stating "Specimen 4A253: No Test - broke in grips." 
Test values from replaced specimens need not be reported.



Computer generated certificates require either (a) an actual or facsimile 
signature, or (b) a letter accompanying the certificate, signed by the laboratory's 
manager attesting that the laboratory is using a computerized system, the typed 
name on the document is an authorized employee, and the laboratory is 
responsible for the information it contains.  


4.11.3
Certificate of Conformance (in lieu of a Certificate of Test) shall not be provided 
unless specifically required by the material specification.


4.11.4
Statement of Conformance: When testing is performed against material 
specifications that require certificates to state that a test "conforms to 
specification", conformance shall be clearly noted; statements to the effect that 
"values are true and accurate" are not sufficient.


4.11.5
Appendix C lists errors  most frequently found on certificates.  This Appendix 
should be used for audit by both the laboratory and the material supplier.


4.11.6
Electronic Data Interchange (EDI) will be controlled in accordance with ANSI 
Standard ASC X12 (when implemented).


4.11.7
When custom software is used for data compilation, it shall be subjected to 
Software Quality Assurance.


4.11.8
Revisions to certificates shall be handled in one of the following manners, or a 
procedure shall specify the method used by the laboratory:




a.  A new certificate number is issued, and referenced to the erroneous 



certification.




b.  The same certification number, with errors identified, the certification 



marked as “corrected”, initialed and dated.


4.12
Test Logs



A numbered and bound log, or equivalent system that prevents substitution or deletion of data, shall be used.


4.12.1
Logging – All Tests:  All tests shall be logged against the unique identifying 
numbers assigned for traceability, and shall be traceable to the specific testing 
procedure used and test data generated.


4.12.2
Logging – Replaced Tests, Invalidated Tests, Nonconforming Tests, and Re – 
Tests:  Such tests shall be identified as such, and cross-indexed against each 
other where applicable.  Reason(s) for replacement testing or re-testing shall be 
noted.  Laboratory management authorization shall be noted for re-tests not 
specifically authorized by the laboratory’s customer.  Logs shall be reviewed at 
least quarterly for trends which could indicate deterioration in testing disciplines.


4.13
Test Records



Records shall be maintained, traceable to each certificate issued, which would 
permit reproducing the test method in that facility, or permit identification of 
suspect tests if any element of testing were found to be incorrect at a later date.  
Examples of items which should be recorded are: location of specimen(s) within 
the sample, equipment set (test stand, tooling, recorders, etc.), temperature and 
dimensional tolerances (if not reported on the certificate), comparison standards, 
personnel.


4.14
Retention and Recovery



Minimum retention times are separate from requirements that may be placed on 
the material supplier by the Purchaser, and apply after the certification is issued 
to the customer.  Recovery shall require a maximum of 3 working days.



a.

Test Data (including metallographic exhibits) relevant to material 




certification, including Test Logs which relate test results to the material 



tested, supporting data (e.g., tensile test printouts), and Calibration data 



shall be defined via the Quality Systems Documents, and shall be retained 



as specified by the customer.  NOTE:  The material supplier is required to 



retain test data relevant to certification of substantiated material for 30 



years minimum, or as specified by the customer.



b.

Test material (specimens and extra sample material) not returned to the 



laboratory's customer shall be retained for 6 months.  Special requirements 
may be established for the retention of hazardous materials if required by 



local or company safety codes. Upon completion  of testing, both halves of specimen shall be securely stored together and properly identified. Tested specimens shall be packaged to ensure that fracture faces are preserved. Specimen halves shall be retained for a minimum of six months. 



c.

The laboratory shall implement a system to provide back-up storage of 



certificates and/or test reports, in case of fire, water damage, or other 



cause which could destroy the originals.


4.14.1
The following information, as a minimum, is considered to be part of a test 
record, and as such, is required to be maintained and recoverable:





a.  Customer and order identification





b.  Part or sample identification





c.
Identification of tests conducted





d.  Applicable specifications





e.  Test results





f.
Copy of the certification issued to customer





g.
Copy of certifications for nonconforming results





h.  Copy of revised certifications issued





i.  Identification of subcontractors


4.15
Round Robin Testing



Each laboratory shall participate in Round Robin (R/R) program(s).  While participation in external laboratory programs is desired, intra-laboratory programs may be acceptable unless otherwise specified (e.g., non-metallic testing, chemical and LCF laboratories require inter-laboratory programs).  Round Robin Programs shall be administered in accordance with Appendix E of this standard.  Some expected elements of R/R programs are as follows:



a.

Material supplied by one source and controlled for uniformity. Specimens 



sets prepared by one or more participants, with duplicate specimens from 



each set tested by each participant and/or test method.



b.

(External Laboratory Program) Participating laboratories identified by code 



to minimize the possibility of bias during data analysis.



c.

Statistical analysis and correlation performed on results.



d.

Results used to identify and correct problems, and/or to initiate changes in 



testing methods or practices (e.g., action taken if laboratory's results are 



more than 2 sigma from mean value).



e.

Frequency of Round Robin testing is defined in Appendix E.



f.

Round Robin programs require documentation and evidence of corrective 



action implementation.


4.15.1
Internal Round Robin programs shall be structured to evaluate the following:





a.  Data obtained from different machines used for the same test.





b.
The same test performed by different technicians.


4.16
Security



Security shall be provided to protect the confidentiality of customer 
specifications.


4.17
Audit



All procedures and records required by this standard are subject to audit at the 
laboratory facility.


4.18
SUB-CONTRACTING



The laboratory shall utilize qualified sources for all sub-contracted processes.  
The source shall be approved by the Quality function based on NADCAP 
accreditation, or at least three (3) of the following attributes:




a.

Documentation




b.

Documentation and initial survey




c.

100% inspection of product/service




d.

Sampling inspection of product/service




e.

Periodic on-site survey by the Q.A. function


4.18.1
The laboratory shall have access to sub-contractor facilities for the purposes of 
Quality Audits.


4.18.2
Quality Assurance requirements specified in the contract shall be transmitted to 
the sub-contractor.


4.18.3
All qualified sub-contractors shall be listed on the laboratory’s Approved Vendors 
List.


4.19
Training and Qualification



Definitions of technical personnel functions shall be documented, which describe 
special skills required for the position.  Testing, data review and preparation 
personnel shall be qualified through the following, as applicable:




a.

Training by individual with a technical degree and/or related experience.




b.

Periodic overcheck of work (documented for testing personnel).




c.

Round Robin comparison among personnel (testing staff).



Training activities shall be documented in the Q.A. files, and technical personnel 
shall be listed in Figure 1B of AC7101/1A.


4.20
Testing Personnel



All personnel shall be trained in accordance with a written plan, which shall 
include general and specific aspects of the procedure to be performed.  
Operators shall be trained to recognize proper operation of equipment.



Laboratory management shall assign responsibility for review and approval of 
tests, training and qualification of technicians, standards and procedures.


Section II: Metallic material testing

5.
CHEMICAL TESTING


5.1
Test Types/Codes



D

Wet Chemistry (Gravimetric)



F

Atomic Emission Spectroscopy





F1

Direct Current Plasma (DCP)





F2

Inductively Coupled Plasma (ICP)





F3

Spark/Arc (OES)





F4

Glow Discharge



G

Elemental Analysis (Combustion or Fusion)





G1

Carbon





G2

Hydrogen





G3

Nitrogen





G4

Oxygen





G5

Sulfur



S

X-Ray Fluorescence



V

Mass Spectroscopy



W

Atomic Absorption





W1
Flame





W2
Graphite Furnace


5.1.2
Alloy Families for Chemical Testing



Ni Base


Mg Base



Co Base

Cu Base



Ti Base


Fe Base, Low Alloy




Al Base


Fe Base, High Alloy


5.1.3
Additional Chemistry Definitions:  Definitions of and requirements for the 
following terms relevant to chemical analysis are given in AMS 2248, AMS 2249, 
AMS 2259, AMS 2268, and AMS 2269.



CHECK ANALYSIS, VARIATION LIMIT, REMAINDER, OTHER ELEMENTS 
EACH (MAXIMUM), OTHER ELEMENTS TOTAL (MAXIMUM).


5.1.4
Self-Calibrating Tests:  Equipment shall have demonstrated statistical capability 
(precision) for each alloy family to be tested.


5.2
Test Methods and Procedures:


5.2.1
Source of Chemical Test Procedures: Methods and procedures for chemical 
analysis shall be as called out by the material specification.  If none are 
specified, the applicable ASTM Method or Procedure from Volume 3.05 
"Chemical Analysis of Metals and Metal Bearing Ores" shall be used.  Gas fusion 
method shall be used for test codes G1-G5, or other methods as approved by 
the customer and verified by round robin and proficiency testing.


5.2.2
Working Procedures:  Written procedures are required which are sufficiently 
detailed for each type and sequence of analysis to insure accurate and 
repeatable results.


5.3
Chemistry Laboratory Matrix



A Matrix located in checklist AC7101/2 (Figure 1) shall be completed for each 
family of tests conducted by the laboratory.  The matrix shall evidence 
capabilities/precision data (e.g.; detection levels, range capacities, etc.).  The 
data used to formulate the matrix shall be generated by the laboratory, using the 
applicable equipment, and shall be documented.  The use of manufacturer’s 
data is not permitted.


5.3.1
Analytical calibration curves shall be traceable to NIST, foreign standards 
institutes, natural physical constants, or generated or derived from standardized 
laboratory methods using multiple laboratory analysis programs.


5.4
Personnel



Personnel shall be trained commensurate with their degree of control over 
testing.  Required training shall be documented via the Quality Manual.


5.4.1
Operators of laboratory instrumentation shall have sufficient training to recognize 
proper versus improper operation of the equipment.


5.4.1a
Operators shall be trained to recognize valid versus invalid data obtained from a 
properly executed analysis.


5.4.2
Laboratory Management shall be responsible for completing or assigning the 
following functions:



a.


Review and approval of data to be analyzed.



b.


Wet chemical analysis.



c.


Interpretation of data from equipment that does not provide direct 




numerical read-outs.



d.


Authorization of re-testing for nonconforming test values.



e.


Preparation or approval of detailed testing procedures (other than those 




issued by the equipment manufacturer).



f.


The above functions are performed by a degreed chemist or equivalent


5.5
Standards and Reagents – Chemical Testing


5.5.1
Analytical methods shall utilize reference materials which have documented 
traceability of analysis.  Non-certified reference materials require documented 
multiple analyses against certified reference materials or wet chemical analysis.



Calibration for testing shall be established using reference materials, preferably 
certified reference materials or standard reference materials.  All standards used 
for calibration shall be traceable to NIST, or other nationally or internationally 
recognized sources.



For analysis methods that do not use analytical curves, calibration is required 
before each test using Certified Reference Materials.



For analysis methods using analytical curves, verification of curves shall be 
performed periodically to assure optimum analytical precision.  Documentation 
shall be maintained supporting the frequency of verification activities.



Frequency of drift corrections shall be documented for each instrument that 
utilizes this technique.  Documentation shall be maintained supporting the 
frequency of established drift corrections.


5.5.1a
CALIBRATION REFERENCE MATERIALS DEFINITIONS



a.

Reference Material (RM):  A materials of definite composition that closely 



resembles in chemical and physical nature the material which the analyst 



expects to analyze, and is employed for calibration or standardization.  



Requires documented analysis against CRMs.



b.

Certified Reference Material (CRM):  A reference material, the composition 



or properties of which are certified by a recognized standardizing agency or 


group.



c.

Standard Reference Material (SRM):  A certified reference material issued 



by the National Institute of Standards and Technology (NIST).


5.5.2
Analytical reagents which take part in a reaction or end up in the analyzed 
sample, e.g., solvents and diluents, shall be of the highest quality necessary to 
ensure the integrity of the analysis results.  Consumable reagents shall be 
changed on a scheduled basis, to avoid adverse impact on analytical precision.


5.5.3
The laboratory shall have a procedure addressing standards having a shelf life.  
Standards having a shelf life shall be properly labeled to ensure they are not 
used after the expiration date.  Shelf life disciplines shall be documented and 
maintained for standards susceptible to deterioration (e.g., evaporation of liquid 
standards, reaction with glass storage container).


5.5.4
The laboratory shall have appropriate support equipment, such as volumetric 
flasks, graduated cylinders, analytical balance, etc.


5.5.5
The laboratory shall have standards that encompass their anticipated analytical 
range.


5.5.6
Sample preparation procedures shall be detailed enough to provide for 
consistency among multiple technicians.


5.6
Test Specimens


5.6.1
Chemical Specimen Preparation:  Written procedures shall be used which clearly 
define the proper preparation technique to avoid contamination or loss of sample 
integrity, and to provide for consistency among technicians.


5.6.2
Hydrogen in Titanium: Unless the laboratory is informed otherwise by its 
customer, specimens shall be taken to include the processed surface(s).


5.6.2a
Preparation procedures for hydrogen shall provide for avoidance of overheating 
of samples.


5.7
Rounding



An observed value or a calculated value shall be rounded off "to the nearest unit" 
in the last right hand place of numbers used by the material specification in 
expressing the limiting value, in accordance with ASTM E 29.  Exception:  for 
trace elements, an observed value may be reported to the precision level of the 
analysis method used.


5.8
Re-Testing


5.8.1
Nonconforming Chemical Test Values: When the original test value does not 
conform to requirements, and the material specification does not address 
retesting, three (3) retests shall be performed, and evaluated in accordance with 
Appendix B of this standard.  All specimens shall be logged, and all results 
recorded.


5.9
Check Analysis



The customer shall define the specification used for material certification.  Check 
limits may not be used by the laboratory to extend specification acceptance 
limits.  If requested by the customer, a comparison to check analysis limits of the 
appropriate specification may be made, but the certificate must contain the 
following statement:





“The material failed in accordance with paragraph X, of specification X, 



revision X, but is within tolerance of the check analysis limits of the 




specification.”


5.10
Equipment Calibration



Calibration requirements and methods shall be documented and referenced in 
the Quality Manual.  Calibration frequency, standardization, and requirements 
shall meet the minimum requirements of Appendix D.


5.10.1
Where the lower analytical limit is established by a “blank” sample, the 
instrument blank setting shall be verified as part of the calibration.


5.11
Chemical Round Robin Testing



Round Robin testing shall be conducted in accordance with Appendix E.


5.12
“All Other” Elements – Residual and Trace Elements


5.12.1
Qualification to Trace Element Analysis requires demonstration of ability to 
analyze to the limits of AMS 2280 (as called out by the material specification).


5.12.2
Required Analyses: Analysis for specific residual and trace elements is required 
when called out by supplemental specifications referenced in the material 
specification (ref. AMS 2280), and when the material supplier informs the 
laboratory of known or suspected residual and trace elements (ref. Appendix A).


5.12.3
Acceptance of Unspecified Elements:  Analysis is not required for such elements 
except as described above.  If, however, analysis is performed and such 
elements are found, reporting and acceptance shall be as described below.



a.

If the specification has allowable limits for "All Other" elements, acceptance 


shall be to these limits.  (Such notes will be present in most titanium alloy 



specifications)  Elements having specific percents determined should be 



reported.



b.

Other elements found need not be reported if they do not exceed the 



following limits:





All Alloy Families: Elements reported as "< O.xxx", where "O.xxx" 




represents the minimum (calibrated) detection limit of the test method.  For 



such cases, when this minimum detection limit is higher than 0.001 and the 


element is detected, it should be recorded in the laboratory's analysis 



records.
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Iron, Nickel, Cobalt Alloys:  (Maximum for each element and maximum total 


of all elements within that group.)




Total   
Each



----    
0.005%  B (in Fe alloys)




0.015%  
0.015%  B (in Ni, Co alloys), Mg




0.010%  
0.05%   Al, Zr




0.30%   
0.15%   Ti, V, Cr, Cu, Fe, Cb[Nb], Hf, Ta, W, Mo (in Ni alloys)




----   
0.50%   Mo (in Co alloys)




1.00%   
1.00%   Ni, Co



c.

Uncalibrated (semi-quantitative) Values:  If instrumental analysis detects 



and reports unspecified elements above background levels, but the 




analysis procedure is not calibrated for those elements, the laboratory shall 


develop a documented procedure for disposition.  Procedures should be 



sensitive to significant trends or abnormally high levels of indicated results; 



data should be included in the laboratory's records.


5.13
Operating Parameters



The laboratory’s procedures shall provide for control of operating parameters 
which may affect test data.  Listed below are minimum requirements for the 
following techniques:


5.13.1
OPTICAL EMISSION SPECTROSCOPY



a.

Pre-burn.



b.

Integration time.



c.

Number of burns per sample.



d.

Burn placement.



e.

Electrode selection, preparation, and cleaning.



f.

Sample/standard surface preparation.


5.13.2
SOLUTION ANALYSIS (AA/ICP/DCP)



a.

Graphite furnace/drying temperatures.



b.

Interference lines and matrix effects.



c.

Verification of linearity of two (2) point curves.



d.

Drift correction per ASTM-E-1097 (ICP/DCP).


5.13.3
X-RAY FLUORESCENCE



a.

Samples and standards are prepared in the same manner.



b.

Surface finish is controlled, as applicable to the longer wavelength 




elements.


5.14
Test Records and Certifications



The test records shall reflect the standards used, and traceability to the 
analytical curve.  The test certificate shall list the method of analysis.


6.
MECHANICAL TESTING:


6.1
Test Types, Codes, Methods and Procedures



Codes are as follows for mechanical property tests.  The noted test 
specifications and standards apply unless otherwise specified or approved.



Code Test Type



Test Specification/Standard


A

ROOM TEMPERATURE TENSILE

ASTM E 8



B

ELEVATED TEMPERATURE TENSILE
ASTM E 21



C

STRESS RUPTURE



ASTM E 139 (Smooth)













ASTM E 292 (Notched)



XA
CREEP





ASTM E 139



N

IMPACT TESTING



ASTM E 23



O

HIGH CYCLE FATIGUE (HCF)


ASTM E 466



P

FRACTURE TOUGHNESS


ASTM E 399



Y

LOW CYCLE FATIGUE (LCF)


ASTM E 606



XE
CRACK PROPAGATION MEASUREMENT
ASTM E 647



XH
CYCLIC RUPTURE



ASTM E 139



XN
BEND TEST




ASTM E 290



COATINGS (AC7109/5)




MECHANICAL THICKNESS




BOND STRENGTH






1.  
Tensile (ASTM C 633)






2. 
Bend Testing


6.2
Mechanical Testing Procedures



Written procedures are required which are sufficiently detailed to be followed for 
the specific test equipment to be used and specific test to be performed, and 
shall conform to the applicable ASTM test method.


6.3
Mechanical Testing Laboratory Matrix



A matrix in checklist AC7101/3 (Figure 1) shall be completed for applicable tests, 
and shall include reference to applicable Round Robin programs.


6.4
Mechanical Testing Equipment



It is preferred that the tensile testing equipment automatically plots the 
stress/strain curve and maintains a constant strain rate.  When this is not done, 
the laboratory shall have documented substantiation for the alternate method 
used.  Tensile machines shall be equipped with a method of strain rate control.


6.4.1
Calibration Frequencies shall be per Appendix D unless otherwise noted.


6.4.2
Tensile, Stress Rupture, and Creep test machines shall be calibrated per ASTM 
E 4; calibration equipment shall be per ASTM E 74.


6.4.3
Extensometers shall conform to ASTM E 83, Class B-2 or better.  Calibration 
shall be per ASTM E 83 or equivalent.  Extensometers shall be calibrated for a 
particular machine and electronics set-up.


6.4.4
Temperature Measuring Devices shall be either a Group B precision 
potentiometer or alternate device calibrated and traceable to a NIST standard.


6.4.5
Specimen Furnaces shall be resistance, circulating hot air, or other types and 
approved during qualification via documentation per matrix located in the 
applicable checklist.  Induction heating shall not be used for tensile, stress 
rupture, or creep tests unless permitted by the customer; for other tests, 
calibration studies shall demonstrate that differences in response between the 
thermocouple and specimen do not introduce temperature errors.  Furnace 
design and practice shall prevent over-temperature outside the measured 
section.  A sufficient number of thermocouples shall be used to ensure that the 
temperature gradient requirements of ASTM E 21 are satisfied.


6.4.6
Loading Weights shall be calibrated to produce a loading accuracy (including 
leverage effects if applicable) of 0.5% or better.  Re-calibration frequency shall 
be per Appendix D, NOTE (b).  Weights which are checked on a calibrated scale 
prior to each use do not require a separate calibration program.


6.4.7
Calibration and Maintenance Records: Applicable information shall be supplied 
on the matrix.  Records shall include:



a.

Machine identity, including type, manufacturer’s name, serial number, and 



capabilities or capacity.


6.4.7
Continued



b.

Calibrating procedure.  Standards used to calibrate instruments must be 



traceable to NIST.  Calibration equipment records shall include type, 



manufacture’s name, serial number, date of last calibration and next 



scheduled calibration, and accuracy.



c.

Name and address of the calibrating organization.


6.4.8
If testing is interrupted due to power outage, equipment failure, etc., test records 
shall document the following:  Date and time interruption occurred, equipment 
malfunction explanation, current status of test, data recorded prior to interruption, 
corrective action taken, if required.



The laboratory shall notify customer(s) of test interruption as applicable.


6.5
Thermocouples (T/C) shall be selected in accordance with customer criteria.  
T/Cs used for elevated temperature tests shall be reported.  Prior to re-use of 

any T/C, kinked wire shall be removed and that junction replaced; all obviously 
oxidized or damaged junctions shall be removed and replaced.  There shall be 
no twisting of the wires prior to the junction point.  If thermocouples are attached 
by tack welding, they are to be located in the radius interface, and not in the test 
section.  The laboratory shall have a procedure addressing reuse of 
thermocouples.


6.5.1
T/C calibration:  Wire shall be calibrated to the requirements of ASTM E 220 
(including limits of error) at the maximum and minimum temperatures, and at the 
maximum intervals given below.  Individual T/Cs may be calibrated in lieu of wire 
calibration.  The calibration procedure of the laboratory or outside agency shall 
be documented.



INTERVALS


200° F (111° C):
Type “R” and “S”



50° F (28° C):

Type “N” above 1000° F (538° C)



50° F (28° C):

All other types (except “K” as required below)


6.5.2
Type “K” Thermocouple Calibration



a.
Only “premium” grade wire is permitted.



b.
Each spool shall be certified at both ends and at 2000 feet intervals, per 


ASTM E 220 (including limits of error) at the maximum and minimum 



temperatures.
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c.
A certification data point within 150° F of the test temperature shall be 



required for test temperatures between 950° F and 1550° F.   For example, a 


T/C certification at 1100° F and 1400° F will allow the T/C to be used for test 


temperatures from 950° F to 1550° F.



d.
A certification point within 50° F is required for temperatures below 950° F to 


1550° F.


6.5.3
Type “K” Thermocouple Restrictions:  Thermocouples may not be re-used unless 
all wire previously exposed at temperatures above 1000° F (538° C) has been 
removed and a new junction made.



a.
Type “K” may not be used for testing above 1800° F (982° C) unless the 


laboratory has demonstrated wire stability in the testing environment (typically 


thin T/C).  Wire is subject to rapid deterioration.  Stability is defined as 



thermocouple performance per ASTM E 220 (premium wire) for the test 


duration.



b.
Thermocouple Junctions:  Above 1600° F (870° C), compression bonded 


junctions are preferred; welded junctions may be used if data for the welding 


process used demonstrates that progressive corrosion of the joint does not 


result in drift outside the limits noted below.  (Note:  Welded junctions in Types 

“R” and “S” may be used at any temperature.)



c.  Wire stability for creep and stress rupture testing above 1600° F (870° C) 


shall be determined by the comparison method of ASTM E 220.  The 



exposure temperature must equal or exceed the maximum temperature at 


which the wire will be used; exposure time shall be 25 hours minimum.  The 


wire is acceptable provided the indicated temperature does not drift more than 

5° F (3° C) during exposure.


6.6
Mechanical Testing Specimens


6.6.1
Configuration shall be in accordance with the applicable test method/procedure.  
If not specified, the laboratory may select specimen configuration for requested 
test which is documented in its internal manual.  Specimen drawing shall be 
recorded.


6.6.2
Preparation:  Specimen preparation shall be as called out in Section 10.  The 
laboratory shall ensure that specimen configuration and preparation procedures 
are documented.  All specimens are prepared to laboratory or customer 
drawings.  If a preparation is done by an outside source, the outside source shall 
be identified, and is an approved subcontractor to the laboratory.


6.6.3
Specimen Dimension Control:  Statistical Process Control shall be used by the 
testing facility when 100% measurement is not used for gage section dimensions 
or other dimensions which might affect testing axiality or stress concentration.  
Examples: uniformity, concentricity, required taper, undercut of radii at gage 
section.



Test specimens shall be visually inspected by the testing function, for surface 
finish, and surface damage prior to the test, and if a magnification other than 1X 
is used, it shall be recorded.  When NDT methods are used, they are to be noted 
as well.  Any observed surface irregularities shall be listed in the test record, if 
the test is to still be performed.



Notch surfaces are to be inspected at a minimum of 10X magnification.


6.7
Specimen Heat Treatment



Heat treating of material to be tested requires qualification to Laboratory Test 
Code "XG".  Specific specimen heat treat method used shall be noted on the 
certificate.


6.8
Thermocouple Attachment



Thermocouple attachment by spot welding directly on the reduced section of the 
specimen is prohibited.  Methods of attachment are test type and material type 
dependent.  The T/C junction shall be in intimate contact with the test specimen. 
 
Procedures shall identify standard attachment practice.


6.9
Extensometer Attachment



Extensometers shall be attached directly to the reduced section of the test 
sample.  Standard specimens with integral external notched lips at the ends of 
the reduced section (shoulders)  to prevent slippage are permitted, provided that 
correction factors are used.  Extensometers attached to grips, pull bars, or the 
load train assembly shall not be used for required measurements.  Extensometer 
attachment practices are test type and material type dependent.  Procedures 
shall identify attachment practices.


6.10
Alignment Capability



Calibration of alignment capability per Appendix E is required for tests requiring 
axial loading.  Calibration of elevated temperature test equipment may be 
performed at room temperature due to strain gage temperature limitations.  For 
assurance of alignment disciplines, and analysis of test results, reference 
ASTM E 1012.  For additional information; however, requirements of this 
specification take precedence.


6.10.1
Required Capability:  Maximum bending capability shall be demonstrated as 
follows:   ("Brittle materials" are those with expected percent elongations less 
than five percent in 4D.  Reference ASTM E 606 for techniques).



Static Tests:  10% (non-brittle materials)


                





8% (brittle materials)



Cyclic Tests:   5%



Tests, as defined by the customer, requiring specific maximum bending strain 
(i.e., specific equipment and fixtures) shall require alignment verification
 
immediately prior to test and demonstrate repeatable capability to the above 
limits.



Percent bending strain is the greatest difference in axial strain under load 
between the average strain (of 3 or 4 strain gages in any circumferential set) and 
any individual gage in that set, divided by the average strain, times 100.  Percent 
bending strain shall be calculated in accordance with ASTM E 1012.


6.10.2
Loads During Evaluation:  For the test conditions described below, "lowest 
maximum load" is as follows, considering the material strengths and specimen 
cross-sections to be evaluated.



·
Tensile tests:  Lowest load for required yield strength.



·
Constant load tests:  Lowest load for producing specified stress.



Cyclic tests:  Load representing the minimum stress or strain, tensile and/or 
compressive, specified for the test.


6.10.3
Static Test Equipment:  Test set-up shall include the test machine, grips, and 
selected pull train.  Strain readings shall be taken at zero load, at the lowest `
maximum load of the set-up for which the machine is being qualified, and two 
step loads at higher values.


6.10.4
Cyclic Test Equipment:  Test set-up shall include the test machine and grips.  
Calibration is performed under static load conditions, but must include two or 
more test repetitions.  Strain readings shall be taken at zero load, at the lowest 
maximum load/strain (both tensile and, if used, compressive) of the set-up for 
which the machine is being qualified, and two step loads at higher values.


6.10.5
Calibration Specimen(s):  Bars shall represent the minimum and typical reduced 
section lengths to be tested.  A strain gage set comprises axial strain gages 
located at either 90( or 120( intervals around the circumference of the specimen 
reduced section.  The number of sets is dependent on the length of the reduced 
sections, as follows:
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a.

Specimens with reduced sections of 0.75 in (19 mm) or shorter:  One set at 


center.



b.

Specimens with reduced sections longer than 0.75 in (19 mm):  One set 



each at center and each end.


6.11
Replacement Mechanical Property Tests:



Specimens and test set-ups shall always be visually checked for damage prior to 
testing, to preclude subsequent replacement of tests insofar as possible. 
Accepted reasons for replacement of mechanical tests are as follows:



a.

Original specimen had a poorly machined surface or had other visible 



surface damage prior to testing.



b.

Original specimen had incorrect dimensions.



c.

Incorrect preparation procedures were used which may have affected 



properties (e.g., grinding without lubricant).



d.

The test procedure was incorrect, or was performed incorrectly.



e.

Failure of mechanical test specimens occurred outside the reduced area or 


gage length.



f.

For elongation determinations, the fracture was outside the middle half of 



the gage length.



g.

Malfunction of the testing equipment, including thermocouple malfunctions.



h.

Improper heat treatment of the specimen, when the specimen heat 




treatment does not represent the product condition ordered (e.g., 




"capability" tests on aged specimens for products which are ordered in the 



annealed condition).



These conditions shall be reason to replace either conforming or non-conforming 
test results, and shall not be used as a convenient way to conduct replacement 
tests when non-conforming conditions exist.


6.12
Re-Testing



Re-testing (as opposed to replacement testing) for product acceptance is 
permitted per Appendix B (three re-tests) or as authorized by the material 
specification or other contractual document.  Nonconformance of a re-test 
specimen precludes further re-testing.  All specimens shall be logged and all 
results recorded; analysis of results and reporting results on the Certification 
shall be in accordance with Appendix B.


6.12.1
Re-tests for Information:  After material has been found to be nonconforming, 
additional re-testing may be performed at the option of the material supplier and 
results reported in the nonconformance document, as an aid for disposition of 
the nonconforming condition.


6.13
Round Robin Testing – Mechanical Properties



Round Robin testing shall be conducted in accordance with Appendix E.


6.14
Tensile Testing



All tensile tests shall be conducted in accordance with ASTM E 8 or E 21, unless 
other specification is specified.



If the specification does not reference a specific strain rate, the strain rate for 
both room and elevated temperature tensile testing is to be .003 to .007 
inch/inch/minute through yield, and .05 inch/inch/minute after yield, with the yield 
point being determined at 0.2% offset, unless specified otherwise.



Percent elongation shall be measured and reported in accordance with the 
material specification.



For elevated temperature tensile testing, the minimum soak time at temperature 
shall be 30 minutes.


6.14.1
Tensile Test Records: As a minimum, test records shall include the requirements 
listed in ASTM E 21 or ASTM E 8, as applicable, and the following information if 
applicable.  Upon request, records shall be furnished to the Purchaser within 
three working days.



·

Failure location.



·

Identification of equipment used including make, model and capacity of 



testing machine; make, gage length and class of extensometer, make and 



size of furnace, test temperature, type of controller, and description of 



thermocouple including material, wire size, attachment technique and 



shielding.  The number of thermocouples used shall be recorded.



·

All applicable test data (YTS, UTS, %EL, R/A).



·

Name of individual performing test and date of test.


6.14.2
Conversion from SI (Metric) Stress Into English Units:  When strength values are 
determined in the SI (metric) system, SI data are to be tabulated in MPa, then 
converted into psi per ASTM E 380 Method A.  Rounding off may then be done 
in the English system as provided herein.  Conformance shall be determined 
against the English limits of the specification, unless SI units are specified.


6.14.3
Rounding of Test Data



When test data is rounded, it shall be in accordance with ASTM E 8, ASTM E 21, 
and ASTM E 29.


6.15
Stress Rupture / Creep Testing (Codes C – XA)



The laboratory’s procedures shall conform to ASTM E 139, and shall require that 
sufficient thermocouples are used to assure that the temperature gradients of 
ASTM E 139 are met.  If the laboratory temperature varies by more than + 3° C 
(+ 5° F), then data acquisition will conform to the requirements of ASTM E 139.  
If extensometer shoulder attachment is used, the laboratory shall address this in 
the Quality System Documents, and provide for the use of correction factors.   
Specimen soak time is 1 hour after stabilization.



For cyclic rupture, the ramp up, hold time and ramp down are to be verified using 
a digital timer, and the loading cycle shall be monitored once per working shift.



The notch root radius is to be measured to the nearest .0005 inch (.01 mm) prior 
to testing, and a smooth notch profile shall be verified using an optical 
comparator.


6.15.1
Creep Test Records: As a minimum, test records shall include the following 
information:



The make, model and capacity of the machine.  Identification of temperature 
measuring equipment, including the controller, thermocouple wire size, type and 
grade, as well as the number of thermocouples, and their attachment method.  
The type of shielding used on the thermocouples shall be listed.  The 
extensometer make and identification shall be recorded, along with the class, 
gage length and distance between and location of attachment points.



The following testing variables are to be recorded:



a.

Incremental loading curves or data showing specimen strain on loading, 



elastic and plastic components, zeroing the curve to exclude extraneous 



movement within the pull train.



b.

Tabulated creep strain vs. time data from which creep strain and time to 



corresponding minimum creep rate may be obtained.



c.

Time to failure or discontinuation of test.



d.

Plot of creep strain vs. time with X-axis labeled HOURS and Y-axis labeled 



STRAIN.  NOTE: Plots provided to the Purchaser shall be "log-log"; a 



combined curve of total elastic strain [(a)+(d)] is desired.



e.

Weight and lever ratios, if adjustable ratio machines are used.



f.

Time/temperature history of specimen heat-up.



g.

Ambient temperature in the laboratory.



h.

For creep, the date, time of day of each temperature measurement and 



extension observation.


6.15.1.1
Additional Requirements for Notched Bars



a.

Initial shoulder diameter for round specimens.



b.

Initial notch diameter.



c.

Initial notch root radius



d.

Failure location


6.15.2
Test certificates for creep testing shall contain the following information:



a.

Test temperature and tolerance.



b.

Applied stress.



c.

Test duration.



d.

Percent elongation (if required).



e.

Percent Reduction of area (if required).



f.

Plot of creep strain versus time (if required).



g.

Initial incremental loading curves, or data which can be added to the 



strain/time curve to permit calculation of total plastic deformation.


6.15.3
Rounding of Stress Rupture and Creep Data:  Rounding as follows may be used 
to report observed or calculated test values for determining conformance to 
specified limits.  Reference ASTM E 29, E139, E 292.



For This Property
If In This Range

Round to Nearest


Test Stress

Must be within 1% of

Round to specified









Specified

stress



Time




Below specified min. time  
0.1 hour









Above specified min. time
1   hour



Elongation and
5% or above


whole percent



Reduction of Area
Below 5%


half percent


6.16
Fatigue Testing - Additional Requirements (Codes Y-XH):



The following requirements are in addition to requirements of standard test 
methods.  Modern hydraulic fatigue test machines may also be capable of 
performing other types of high cycle fatigue testing.



The tests shall be controlled per ASTM E 606.  The temperature throughout the 
uniform gage section shall be maintained within 1% of the test temperature, or 2° 
C, whichever is greater.  Extensometers shall be free from “drafts” which may 
affect the reading.  The laboratory must have a written procedure for 
extensometer attachment to prevent damage or bending strain on the specimen. 
 
The hot gage length and hot area are to be used in all calculations.


6.16
Continued



The diameter of the gage section shall be measured, using a non-contacting 
measurement technique, prior to testing.  The surface of each specimen is to be 
inspected at 20X magnification prior to loading, and any discrepancies shall be in 
accordance with customer specification.  All specimens are to be individually 
protected until testing to prevent surface damage.  Failed specimens are 
preserved to protect the fracture faces, and retained for 1 year minimum, if not 
returned to the customer.



Strain ratio and cyclic frequencies shall be in accordance with specimen drawing 
or material specification.


6.16.1
Facility Temperature and Humidity:  Temperature and humidity shall be 
measured and recorded continually.  The temperature of the test facility shall be 
maintained in the range of 15 – 29° C (59 – 84° F).  More stringent limits shall be 
used if necessary to ensure consistent operation of equipment.


6.16.2
LCF Equipment:  Each test machine shall be capable of controlling wave shape, 
and shall provide for and guarantee limits for at least one of the following:  piston 
displacement, force, specimen displacement.  The testing machine shall be 
calibrated to control strain within 1% of the range between the maximum and 
minimum control limits, and load within 1% of the difference between the 
maximum and minimum control limits.  The test stand shall be capable of 
detecting and monitoring crack initiation.  Extensometers shall be a minimum of 
Class B-2.



Machine alignment shall be within 5%, and shall be repeatable.


6.16.3
Test Continuation and Failed Specimen Retention:  Fatigue tests shall be 
continued until failure unless otherwise specified.  Upon completion of testing, 
failed bars shall be preserved to protect the fracture faces and returned to the 
customer as required.


6.16.4
LCF, Strain Control to Load Control:  Tests shall be run in strain control mode 
until failure.  Switching from Strain Control mode to Load Control is permitted  
only when authorized by the appropriate material specification, part specification, 
or written customer direction.  The laboratory shall comply with conditions 
established for switching, and shall have an internal procedure addressing this 
function.  Strain control switching shall be listed on the certificate.


6.17
Cyclic Rupture Testing – Additional Requirements (Code XH)


6.17.1
Testing shall be performed to the requirements of this standard, and the 
applicable Material Specification.


6.17.2
Cycle Times:  Ramp up, hold time, and ramp down shall be verified using a 
digital timer.


6.17.3
Temperature and cycle time monitoring shall be at 8 hour (maximum) intervals.  
Checks should be made more frequently during the first day.


6.17.4
Test Report – Cyclic Rupture shall, as a minimum, include the applicable 
requirements listed in ASTM E 139.


6.17.5
Round Robin programs shall be established in accordance with Appendix E.


6.18
Impact Testing


6.18.1
Impact testing shall be conducted to ASTM E 23, unless specified by the 
customer.


6.18.2
Notched-bar impact testing shall be completed by either the Charpy or the Izod 
method.


6.18.3
The test report shall contain the following information:




a.

Specimen type and size, if not standard.




b.

Test temperature.




c.

Absorbed energy.




d.

Lateral expansion, if required.




e.

Fracture appearance, if required (% shear fracture).


6.19
Fracture Toughness


6.19.1
Fracture toughness testing should be conducted to ASTM E 399, unless 
specified by the customer.


6.20
Crack Propagation


6.20.1
Crack propagation testing should be conducted to ASTM E 647, unless specified 
by the customer.


6.21
Bend Testing


6.21.1
Bend testing should be conducted to ASTM E 290, unless specified by the 
customer.


 7.
METALLOGRAPHY AND MICROHARDNESS


7.1
Test Types – Codes



Codes are as follows:



L

METALLOGRAPHY (GENERAL MICRO)





L1

MICROHARDNESS (INTERIOR)



XL
METALLOGRAPHY (MACRO)



LS
MICRO: SURFACE CONDITIONS





L2

ALLOY DEPLETION





L3

OXIDATION/CORROSION





L4

CASTING (MOLD) REACTIONS





L5

MICROHARDNESS (SURFACE)





L6

DIFFUSION COATINGS





L7

IGA/IGO





L8

ALPHA CASE: WROUGHT TITANIUM





L9

ALPHA CASE: CASTINGS TITANIUM
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METALLOGRAPHY








1.  High/Low Temperature Hard Coats








2.  Anti-Fretting Coatings Evaluations








3.  Thermal Barrier








4.  Abrasive Seal








5.  Abradable








6.  Dimensional Build-up








7.  High Temperature (LPPS)








8.  Diffusion Coatings Evaluations








9.  PVD Coatings Evaluations







THICKNESS








Metallographic







MICROHARDNESS


7.1.1
Metallographic Laboratory Matrix:  A matrix shall be completed for applicable 
tests, including reference to all specific evaluations which are required by this 
standard to be referenced.


7.1.2
Code "L1" MICROHARDNESS (ASTM E 384) applies to microhardnesses at 
applied loads less than 1 kgf performed on mounted and metallographically 
polished specimens.  Test Code "M" HARDNESS includes Vickers hardness 
(ASTM E 92) at applied loads of 1 kgf to 120 kgf.


7.1.3
Test Code "XL" (Macro) is intended to apply to macroetch of material sections 
(as would be performed by a laboratory).


7.1.4
Metallographic and microhardness testing by other sources (e.g., heat treat, 
plating, metal spray, diffusion coating sources) may be approved and 
documented for the applicable special process.


7.2
Test Methods and Procedures



Methods and procedures for metallographic testing and examination shall be as 
called out by the material specification. 



Detailed written procedures for preparation and etching of specimens and 
required metallographic comparison standards as required for proper evaluation 
shall be convenient to the operator.



The following ASTM Methods shall be used as a reference in preparing detailed 
procedures:





a.

ASTM E 3 – Preparation of metallographic specimens





b.

ASTM E 407 – Microetching of metallographic specimens





c.

ASTM E 340 – Macroetching of metallographic specimens



For Microscopic evaluations, a written procedures shall cover selection of the 
area to be evaluated, and measurement techniques for surface layer 
evaluations, which shall address low magnification scans to locate area of 
concern, and then examination at the required magnification.  If grain size 
measurement are in accordance with ASTM E 112, and Titanium microstructures 
are examined in accordance with AMS 2380, an evaluation of the general 
microstructure is mandatory.


7.3
Metallographic Personnel



All personnel shall be trained in accordance with a written plan, which shall 
include general and specific aspects of the procedure to be performed.  
Operators shall be trained to recognize proper operation of equipment.



Laboratory management shall assign responsibility for review and approval of 
tests, training and qualification of technicians, standards and procedures.


7.3.1
Degreed metallurgists or equivalent are required for the approval of acceptance 
standards generated by the laboratory. "Equivalency" requires formal training in 
metallurgy plus extensive applicable experience and shall be controlled by the 
Quality Systems Documents.


7.4
Equipment and Calibration



Microscope design shall satisfy the minimum equipment requirements outlined 
by the standard test specification.



Dimensional measurement calibration of filar eye-pieces is to be done against 
stage micrometers ad shall be documented.  Special eye-pieces used for grain 
size determination shall be calibrated and documented.



Video equipment used for numerical evaluations is to be verified at the time of 
evaluation as a system, to ensure the full screen evaluation is correct.  Records 
of verification shall be maintained in a log book, or equivalent.


7.5
Specimen Material Supply



The laboratory shall maintain a supply of materials or specimens for the purpose 
of operator training in preparation and interpretation and for metallographic 
process verification.  Alloys shall be of the appropriate type and form (wrought or 
cast) as alloys generally examined; photographic standards may be used for 
interpretation.  A written procedure shall be maintained which describes 
standards and their use.


7.6
Specimen/Surface Preparation



The method of sectioning the sample shall be such that it does not create 
surface damage to the specimen which could lead to errors in evaluation.  A 
diamond wheel, using a slow cutting rate, or a fluid-cooled wheel which enters, 
but does not exit the piece, may be used for this purpose.  Sufficient material 
removal may also be accomplished by polishing after cutting.



Preparation method procedures shall ensure perpendicularity suitable for 
measurement of surface condition dimensions in accordance with applicable 
specifications.  Mounting practices shall no damage the surface to be evaluated.  
Specific surfaces to be evaluated are to be identified by the metallographer 
during the examination.



If multiple specimens are contained in the same mount, provisions are made to 
ensure positive identification of each specimen.



Surface preparation method(s) shall produce a uniform texture.  The prepared 
specimen shall show no evidence of smearing, machining or grinding marks, or 
overheating from preparation (either before or after etching).



Electropolish methods may be used for removal of mechanically stressed 
surface layers prior to mechanical polishing.  When used for final polishing prior 
to etching, electropolished surfaces shall be sufficiently free from scratches and 
pits (prior to etch) to permit proper evaluation (before or after etch, as required.)  
Electropolishing shall not be used when microexamination of edges is required.


7.7
Etching


7.7.1
Etchant Control: Any container of an etchant which is to be stored (i.e., not used 
immediately) or re-used shall be identified with regard to composition, make-up 
date, shelf life and storage considerations, and precautions for use.  Macroetch 
tanks shall be controlled by chemical analysis and/or etching response on known 
material.


7.7.2
Fixed Etching Practices: The etching method shall be selected and described 
with respect to its purpose (e.g., segregation, grain flow, relative grain size).  As 
a minimum, procedures shall define the following: intended purposes, material 
surface preparation, etchant types and concentrations, material and etchant 
temperatures, etchant time and application, agitation, rinsing and drying, 
electrical current and voltage (if used), known defect and comparison standards. 
 
Changes in procedure shall be documented, with reason for change.


7.7.3
Etched Surface Appearance: Zones to be evaluated shall be essentially free 
from evidence of mechanical stress from specimen preparation, and from 
staining and water spots.


7.8
Metallographic Standards and Photographs


7.8.1
Standards:  The laboratory shall maintain controlled metallographic standards, 
which are convenient to the operator, for evaluations to be performed under 
contract requirements.  These standards are to be controlled by written 
procedures regarding their representations (e.g., microscope reticules for grain 
size measurements).  When standards are not established by the material 
specification or by the material supplier, initial or supplemental standards may be 
issued by the laboratory at the time the evaluation is performed.  These 
standards shall be approved by the chief metallurgist or equivalent.


7.8.2
Photographs (including replicas) provide permanent records of the material 
evaluated.  When made, they shall be identified with respect to the job, 
specimen number, material location represented, magnification, and etchant 
used.


7.8.3
Metallographic features not covered by acceptance standards shall be referred 
to a metallurgist, or equivalent.


7.9
Microexamination at Near-Surface Sections and Microhardness



Typical surface conditions requiring special precautions during evaluation include 
those listed below.





a.

Alloy depletion





b.

Oxidation/corrosion layers, including alpha case





c.

Casting surface reactions (mold reactions)





d.

Microhardness: Vickers (Diamond Pyramid Hardness: DPH), Knoop





e.

Diffusion coatings (e.g., carburizing, nitriding)





f.

Intergranular Attack (IGA), Intergranular Oxidation (IGO)





g.

Alpha Case:  Wrought





h.

Alpha Case:  Cast


7.9.1
The following requirements apply to the applicable surface condition:



A.

Alloy Depletion


The laboratory shall have an internal procedure for alloy depletion evaluation, 
which identified selection of specimen areas to be evaluated, as well as 
measurement techniques.  The procedure must dictate scanning entire surface, 
at low magnification, to locate areas of maximum depletion, then require 
examination of these areas at the specified magnification.  The absolute 
maximum depth is to be reported, and grain boundary effects are considered in 
the examination.



The etching procedure is to be alloy-specific, and address alloy form (cast vs. 
wrought).  The heat treat condition shall also be taken into account.



Representative specimens, with known alloy depletion are to be used for both 
training, and etching verification purposes.



B.

Oxidation/Corrosion Layers


The laboratory shall have an internal procedure for corrosion/oxidation layers, 
that ensures retention of layers to be evaluated, as well as measurement 
techniques.  This procedure may include provisions for low magnification 
examination prior to mounting, polishing to remove cutting damage, and/or 
surface coating (plating) to protect the layer.  Mounting prior to sectioning, to 
facilitate obtaining the specific area of examination.



Procedures shall define whether the examination is to be performed in the 
etched and/or un-etched condition.  Initial examinations are done in the un-
etched condition to avoid preferential attack which may remove the affected 
layer.  The procedure must dictate scanning the entire surface at low 
magnification, to locate areas of maximum corrosion/oxidation, then require 
examination of these areas at the specified magnification.  The absolute 
maximum depth is to be reported.


7.9.1
Continued



C.

Casting Mold Reaction Layers


The laboratory shall have an internal procedure for casting mold reaction layers, 
as well as measurement techniques.  The procedure must dictate scanning 
entire surface, at low magnification, to locate areas of maximum depth of mold 
reaction, then require examination of these areas at the specified magnification.  
The absolute maximum depth is to be reported.



The etching procedure must be alloy-specific and address alloy form (e.g., cast 
or wrought).  The heat treat condition shall also be taken into account.



Representative specimens with known surface conditions are to be used for both 
training and etching verification purposes.



D.

Microhardness Testing


Microhardness testing shall be performed in accordance with ASTM E 384, in an 
environment that is essentially free from vibration.  Test specimen surface finish 
is to be sufficiently polished to provide a good contrast of the perimeter of the 
indentation against the specimen surface.  Specimen flatness and alignment are 
to be such that indentations closest to the edge are clearly defined, and that the 
length of the legs of the diagonals are within 20% of each other for Knoop, and 
that both legs of the same diagonal are not noticeably different in length for 
Vickers.  Indentations for Vickers hardness testing, which are closer to the edge 
than the length of the indentation diagonal perpendicular to the edge, are to be 
disregarded.  At least two (2) indentations shall be made on the test block and 
compared for repeatability.



Written procedures shall cover the selection of the area of the specimen to be 
examined.



There shall be no indication of metal distortion produced by specimen 
preparation.  If specimens are etched, the etch is to be light enough so that the 
indentations remain clearly defined.



Equipment shall be verified to ASTM E 384, and shall be dictated by a written 
procedure.  Verification is to be performed using five (5) indentations, with 
repeatability and maximum error conforming to ASTM E 384.  Hardness test 
blocks used for verification shall be certified for mean hardness number, test 
load and magnification.  The block shall be identified with a serial number, 
traceable to the certifying agency.


7.9.1
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Prior to taking measurement indentations, two (2) preliminary indentations shall 
be made and compared for repeatability to ensure proper seating of the 
specimen.  If microhardness values are converted to other scales, the laboratory 
shall have data available for each alloy and hardness range.  The test load shall 




be up to 1kgf and shall be reported.  Material homogeneity shall be considered 
when selecting test load.  The test load application and removal is done 
smoothly, and shall be applied for a period of 10 – 15 s, unless required 
otherwise by the product specification.  Non-standard durations shall be 
documented.



E.

Diffusion Coatings


The laboratory shall have an internal procedure for diffusion coating that ensures 
retention of layers to be evaluated, as well as measurement techniques.  This 
procedure may include provisions for low magnification examination prior to 
mounting, polishing to remove cutting damage, and/or surface coating (plating) 
to protect the layer, and mounting prior to sectioning to facilitate obtaining the 
specific area of examination.



Procedures shall define whether the examination is to be performed in the 
etched, and/or un-etched condition.  Initial examinations are done in the un-
etched condition, to avoid preferential attack which may remove the affected 
layer.  The procedure must dictate scanning entire surface at low magnification 
to locate areas of maximum corrosion/oxidation, then require examination of 
these areas at the specified magnification.  The absolute minimum and/or 
maximum depth at any one point is to be reported.



F.

Intergranular Attack – Intergranular Oxidation (IGA – IGO)


Examinations for IGA/IGO are to be performed in accordance with customer 
specifications in the as-polished condition, unless directed otherwise.  The 
laboratory shall have a written procedure that covers selection of the specimen 
areas to be evaluated, which provides for scanning of the entire surface at low 
magnification, to locate the areas of maximum IGA/IGO.  The procedure must 
address measurement techniques, and specify that absolute maximum depth is 
reported.


7.9.1
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G.

Alpha Case on Titanium Alloys (Cast/Wrought/Thermal Processes)


Written specimen preparation procedures shall ensure retention of surface layers 
to be evaluated, and provisions made in the procedure, to utilize at least one of 
the following methods of preservation:






1.

Edges examined at low magnification prior to mounting.






2.

Sufficient polishing to remove layer damage by cutting.






3.

After mounting, view at 50X to confirm lack of edge gap.






4.

Surface coating (plating) applied over surface to be examined.






5.

Sample mounted-sectioned-remounted and polished.



Cast and wrought material, with known presence of alpha case, is to be used for 
developing etch procedure.  Each etchant is to be stored in acid-resistant 
container, no glass, and shall not be returned to the container after usage.  
Etchant containers are to be labeled with the date of preparation, and etchant 
shall be discarded when it fails to reveal case on the “know” specimen.



Etching is to be performed to the laboratory’s procedure, or customer 
requirement, until white layer appears or over-etch occurs.  This may be 
accomplished by either the two-step, or one-step etch process, as defined in 
Table 5 of AC7101/4.  The “known” specimen shall be run at the beginning and 
end of each process batch.  If it fails to yield the white layer, the etchant is to be 
discarded, and all specimens re-etched and evaluated with a fresh etchant.



After etching, the entire edge of the specimen shall be scanned at 40 – 50X, 
100X or 500X, as required to locate the white layer.  The maximum depth is to 
be determined at 400 – 500 X, or in accordance with customer requirements, 
and the case depth is to be reported to the nearest .001 inch (cast or wrought 
product), .0001 inch for thermal processes, or in accordance with customer 
requirements.



When bend testing is required, the minimum angle shall be 105° around a 
diameter of 10 times the nominal thickness of the specimen.



The auditor shall witness the processing of alpha case specimens with “known” 
case for cast, wrought and thermal processes, as part of the audit of 
metallography.


7.9.1.1
Carbide Inclusion Rating:  the laboratory shall have specific charts or plates for 
Method D of ASTM E 45, for materials with expected low inclusion content.  A 
detailed written procedure shall establish specific preparation and examination 
practices.


7.9.2
Edge Retention:  Specimens shall be cut, mounted, and polished to produce a 
surface cross-section examination zone that is free from distortion of the metal 
structure and within the same focal plane at the magnifications required.  There 
shall be no gap between the surface and the mounting material that would 
subsequently result in bleed-out of etchant.


7.9.3
Surface Layer Etching:  Because ASTM E 407 etching practices are not 
generally designed for evaluating surface reaction effects, the laboratory must 
have its own detailed procedures for any such evaluation it performs.  
Specimens with known surface conditions of the type to be evaluated shall be 
available for personnel training and process verification.


7.9.4
Magnification:  Minimum magnification for evaluation shall be:



·
Layers up to 0.001 in (0.03 mm)         
400X



·
Layers thicker than 0.001 in (0.03 mm)  
100X



·
Layers thicker than 0.010 in (0.25 mm)   
40X


7.10
Micro Evaluation



A written procedure and/or customer specification shall cover selection of the 
specimen areas to be evaluated, and measurement techniques for surface 
layers.  For example: (1) For grain size, scan the entire specimen at low 
magnification and select a "typical", and "extreme" area for detailed 
characterization; (2) For surface layer thickness, examine 5 to 10 areas at 
random and report minimum – maximum – average.


7.11
Macro Examination of Cross Sections:


7.11.1
Surface Preparation: Method(s) used shall produce a uniform texture, free from 
surface conditions (e.g., grind marks, stresses, overheating) that could affect 
etching response or interpretation.  Chemical methods may be used to remove 
mechanically-stressed surface layers prior to etching.


7.11.2
Macro Etching:  The etching method shall be selected and described with 
respect to its purpose.  For example: detection of chemical segregation, grain 
flow, relative grain size.


7.12
Round Robin:



Round Robin testing shall be conducted in accordance with Appendix E.


7.13
Certificate/Test Report



In addition to information required by Section 4 and the applicable specification, 
the Cert shall describe:



a.

Etchant used.



b.

Magnification used.



c.

Specimen number.



d.

Material location represented.



e.

Characteristic(s) evaluated.



f.

One of the following:





·  Numerical values (e.g., grain size).





·  Reference to established standards (e.g., specification


   



microstructure levels).





·  Specimens or photographs (including replicas) identified


   



with respect to the job.



g.  
For microhardness, the hardness type and load.


7.14
Replication



Written procedures  for replication shall cover cleaning, polishing, etching and 
examination.  The procedures address avoidance of surface damage of 
dimensional discrepancies on the finished part.  When required, the procedure 
ensures refinishing of replicated area to drawing requirements.  The procedures 
are to be approved by the customer, if required.  Prepared surfaces shall be free 
from scratches and artifacts, to permit proper evaluation.


8.
Hardness


8.1
Hardness Test Types/Codes



M 
HARDNESS (General)




M1 
HARDNESS (Brinell)




M2 
HARDNESS (Rockwell)




M3 
HARDNESS (Vickers)
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HARDNESS (Rockwell)


8.1.1
Hardness testing by other sources (e.g., heat treat, plating, metal spray sources) 
may be approved as documented.


8.2
Test Methods and Procedures


8.2.1
The following apply unless otherwise specified:



ASTM E 10   Brinell Hardness



ASTM E 18   Rockwell Hardness



ASTM E 92   Vickers Hardness



ASTM E 140  Hardness Conversions


8.2.2
Written instructions shall cover the following testing variables.



a.

Number of impressions for each test value reported.



b.

Reading techniques for non-digital-readout testing



c.

In-process calibration procedures and recording.


8.2.3
Hardness testing equipment shall be designed to ensure that the force of the 
indenter is applied smoothly, and without impact (overload) forces being applied.  
The base of the equipment shall be constructed such that it is sufficiently rigid to 
react the test load, with no rocking or lateral movement of the specimen.  The 
angular alignment of the indenter to the anvil shall be 90° + 2°.



For Brinell hardness testing the system utilized shall eliminate, or dampen 
acceleration of the load as it approaches the intended level.


8.2.4
Rockwell hardness machines used for acceptance testing of material shall fall 
within the + tolerance for the standard test block.  Correction factors to 
compensate for machine error shall not be used.  If observed values exceed the 
tolerance of the test block, the equipment is adjusted and re-calibrated prior to 
use.


8.2.5
For Brinell, the measuring microscope shall have the accuracy to measure the 
diameter to 0.1mm and to estimate the diameter to 0.05mm.  For Vickers, the 
accuracy to measure the diagonals shall be within + 0.0005mm or + 0.5%, 
whichever is larger.  On manual systems two readings shall be taken at 90 
degrees apart around the diameter.


8.2.6
Hardness block identification shall consist of the following:



a.

An official mark on the test surface (traceable to its certification) or the 



thickness to an accuracy of + 0.0005 inches, to verify the original surface 



has not been ground.  The surface shall be uniformly polished, and free 



from scratches that may affect current indentation.



b.

The side of each block shall be marked with the serial number, the mean 



hardness value, tolerance (if given) and the supplier’s identification.


8.2.7
Spacing of indentations on hardness test blocks shall be no less than 2 ½ 

times the diagonal/diameter of the indentations from center to edge of 

indentation for Vickers/Brinell.  For Rockwell the center to center spacing 

shall be no less than three (3) times the diameter of the indentation.  The 

laboratory shall have a means of dispositioning test blocks which show 

evidence of spacing closer than allowed.  Test blocks have indentations 

made only on the certified surface.


8.2.8
Whenever the anvil or indenter is changed, and before the machine is checked 
with a test block, the technician shall visually inspect the anvil and indenter.  
Preliminary indentations (may be on scrap stock) shall be made to ensure 
seating of the anvil and indenter.



Brinell and Vickers:
1 indentation minimum



Rockwell:

2 indentations minimum


8.3
Hardness Test Matrix



Figure 1, or equivalent, in checklist AC7101/5, shall be completed to include all 
equipment which is used for acceptance testing of material.  It shall include 
reference to applicable Round Robin programs.


8.4
Hardness Test Personnel



Operators who read test machine dials or microscopically measure indentations 
shall be evaluated against other operators for consistency.  Such evaluations 
may also be used to satisfy Round Robin requirements.


8.5
Test Specimens


8.5.1
Optimum specimens have all of the following characteristics, and should be used 
for all tests which require both minimum and maximum limits.



a.

All specimens





·
Specimen center of gravity supported by standard anvil.





·
Smooth test surface finish; max. roughness. 






Brinell


125 μin (3.20 μm)






Rockwell


63 μin (1.60 μm)






Rockwell superficial

32 μin (0.80 μm)






Vickers


16 μin (0.40 μm)





·
Sufficient thickness so that testing is confined to the specimen (i.e., so 




that no bulge or other markings are present showing the effects of the 




test force on the specimen opposite the indentations).  A general rule for 



thickness is 10 times the depth of the indentation for Brinell testing.





·
No local protrusions on anvil-side surface.


8.5.1
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b.

Flat Specimens





·
Test surface and opposite surface machined or ground flat, with no local 



protrusions (such as mechanical marking) on the anvil-side surface; and 



parallel within 2.0(.





·
Mounted specimens should be used for Rockwell superficial or Vickers 




hardness only.



c.

Contoured specimens





·
Cylindrical and spherical material (e.g., ball bearings, ground bar) with 




proper surface finish, tested in proper holding fixtures, and with 





appropriate correction factors.


8.5.2
Non-Optimum specimens, such as large parts which require special fixturing or 
parts of irregular geometry, may be used only for tests which require minimum 
limits only.  A minimum of two indentations shall be made and compared for 
consistency to + 3% to ensure that the specimen did not move.


8.6
Routine Calibration Checks:



Routine periodic checks shall be made on standard test block(s) representing 
the hardness range(s)/loads/indenters to be tested.  The results shall be 
recorded such that it is possible (if necessary) to retest those tests between the 
periodic checks.


8.6.1
Periodic checks shall consist of 2 indentations for Brinell and Vickers and 3 
indentations for Rockwell.  The results must be within the tolerances on the test 
block.


8.6.2
Frequency:  Check once each working shift during which the tester will be used.  
Equipment that can be changed by the operator (e.g., Rockwell testers with 
several loads/indenters):  check prior to each test run, defined as testing of 
material using the same equipment set-up while the machine is under the control 
of the same operator.


8.6.3
If the periodic check reveals an out of tolerance condition, all tests since the last 
acceptable check shall be retested, unless the suspect population can be 
identified and segregated.  For Vickers hardness, if the measurement in either 
direction differs more than 2% from the mean, the equipment shall be adjusted 
and re-verified.


8.6.4
The operator shall inspect the equipment prior to the periodic check, to ensure 
that there is no damage.  This inspection shall include the anvil and indenter.


8.7
Hardness Re-Testing and Referee Tests:


8.7.1
Hardness Re-Test:  Because problems such as specimen wobbling may occur 
which are apparent only to the operator and only at the time of testing, operators 
may choose to disregard test impressions they suspect of being irregular.  
Provided two additional impressions are made, both of which give conforming 
values and whose variations are typical for the material and hardness procedure, 
the suspect test may be disregarded and need not be recorded in the log or on 
the certificate.


8.7.2
Hardness Referee Tests:



The laboratory shall have a procedure addressing Hardness Referee tests, 
which includes at least one of the following:



a.

Re-preparation of the specimen to improve surface finish, parallelism, 



and/or flatness.



b.

When "alternate" test methods are permitted, use of a hardness method or 



scale that best represents the material being tested: for example.





·

Use of spherical indenter methods when material is work-hardenable.





·

Use of Brinell hardness on castings or other large-grain material.





·

Use of Brinell hardness when "Brinell or alternate" is specified.





·

Selection of load which produces maximum sensitivity of readings 





(higher loads for higher hardnesses).



c.

Use of direct-reading digital equipment instead of equipment requiring 



human interpretation of readings.



d.

Make three or five impressions.  All readings should conform to 




specification; report the median value.


8.8
Hardness Round Robin Testing



Round Robin testing shall be conducted in accordance with Appendix E.


8.9
Alternate Hardness Methods



Alternate hardness methods may be used when permitted by the material 
specification or otherwise accepted as a "non-standard practice" for the 
applicable application; (ref. Table 1).  Hardness conversions shall be reported 
per ASTM E 140.  When Rockwell hardness is converted from Brinell, Brinell 
indentation diameters shall be measured to give an equivalent sensitivity of ½ 
Rockwell number. Prior to use of ASTM E 140 or other conversions, a calibration 
report is required (primary versus equivalent method) for the following:



·

Alloy groups not covered by ASTM E 140.



·

Work-hardenable materials.



·

Castings and other coarse-grain materials.



·

Microhardness in lieu of Rockwell or Brinell; or vice versa.


8.10
Hardness Test Reports



Hardness test reports shall include the following:



a.

The Rockwell hardness number followed by the scale (i.e., HRC, HRB, 



HRA).



b.

The time of application of the total test force if greater than three (3) 



seconds (Rockwell).



c.

Vickers hardness number, followed by “HV”.



d.

The test load used (Vickers).



e.

The loading time, if other than 10 – 15 seconds (Vickers).



f.

The test condition and test force application, if other than 3000Kgf with a 



10mm ball for 10 – 15 seconds (Brinell).


8.10.1
Rounding shall be performed in accordance with ASTM E 29.


8.11
Operating Parameters



The laboratory’s procedure shall provide for control of operating parameters 
which can affect test data.  The procedures shall address the attributes listed in 
this section.


8.11.1
Brinell Hardness Testing



a.

A 10 mm ball is used with the standard loads (500, 1000, 1500, 3000 kgf), 



unless required by the product specification.



b.

The load shall be selected to produce an indentation diameter in the range 



of 2.50 to 6.00 mm.



c.

Standard time of load retention is 10 – 15 s, unless specified by the product 


specification.
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d.

If equipment is to be used at conditions other than standard, periodic 



verifications shall be performed and documented.



e.

Equipment is checked against standard test blocks which are certified for 



the load, indenter and time to be used.


8.11.2
Rockwell Hardness Testing



For manually controlled equipment:



a.

The “minor” load shall be applied smoothly, to within + 5 divisions of the set 


position.



b.

The major load shall be applied smoothly, and shall be removed in the 



following manner, dependent on material characteristics:





1)

For materials with some time-dependent plasticity, the load shall be 





removed within three (3) seconds.





2)

For materials with greater time-dependent plasticity, the load shall be 





removed three (3) seconds after the major load is applied.





3)

Dwell times greater than three (3) seconds shall be as specified in the 




product specification, and shall be documented.



c.

When equipment uses an analog dial for reading the value, operator 



training and inspection aids shall be used to avoid the introduction of 



parallax error.


8.11.3
Vickers Hardness Testing



a.

The test load shall be from 1 to 120 kgf and shall be reported.



b.

Material homogeneity shall be considered when selecting the test load.



c.

The test load application and removal is done smoothly, and shall be 



applied for a period of 10 – 15 seconds, unless otherwise required by the 



product specification.  Non-standard durations shall be documented.


9.
CORROSION


9.1
Corrosion – Codes



Q

CORROSION



Q1
STRESS CORROSION


9.1.1
Corrosion testing by other sources (e.g., diffusion coating sources) may be 
approved and documented for the applicable process.


9.2
Test Methods and Procedures:



Methods and procedures for corrosion testing shall be as called out by the 
material specification.  If none are specified, the applicable ASTM Method or 
Procedure from Volume 3.02 "Erosion and Wear; Metal Corrosion" shall be 
used.  Reference specification:  ASTM A 262 and ASTM B 117.



Written procedures shall be issued to identify the methods and procedures used, 
and to relate details of the test specification to the actual equipment and 
practices in that laboratory.  Instructions shall incorporate lessons learned with 
regard to invalidation of testing.


9.3
Personnel:



Personnel shall be trained in preparation and handling of specimens, in 
maintenance of equipment, and in corrosion theory as it applies to corrosion 
testing.


9.4
Test Specimens:



Specimens shall be prepared and handled so as to preclude the introduction of 
foreign materials or non-representative stresses to surfaces.  Specimens shall 
be cleaned within one hour of testing.  After cleaning, specimens will be handled 
with lint-free gloves.  Handling of specimens shall be kept to a minimum to avoid 
contamination.  If detergent is used for cleaning, the specimens are to be rinsed 
in de-ionized water, followed by an alcohol rinse, and dried.  For stress corrosion 
specimens, the pre-test examination for mechanical cracking shall be performed 
using the same magnification, or higher, as will be used during and after the 
exposure.


9.4.1
Test Specimen Racks and Supports



The racks and supports used in specimen restraint are to be kept from 
contacting each other, or any material which may act as a wick.  Placement shall 
be such that the atmosphere will circulate freely and evenly around the 
specimens.  Racks and supports shall be constructed to provide sample 
suspension at an angle of 15 – 30 degrees from the vertical orientation, and 
parallel to the principle direction of the horizontal flow of the medium through the 
chamber.  Specimens are to be arranged to prevent “pooling” of solutions in the 
chamber.


9.5
Salt Spray Testing



The cabinet shall conform to the requirements of ASTM B 117, and satisfy the 
following parameters:



a.

Constructed of materials that will not affect the corrosion properties of the 



specimens.



b.

Provide a means to prevent condensate from the chamber ceiling or 



fixturing falling onto test specimens.



c.

Ensure that solution which has contacted specimens does not return to the 



reservoir, unless specified otherwise.



d.

Provide a compressed air supply that is cleaned of oil and dirt via 2 feet 



(610 mm) of suitable cleaning material, such as sheep’s wool, excelsior, 



slag wool, activated alumina or a commercial cartridge.  All cleaning media 



shall have an expiration indicator.



e.

Chamber venting shall minimize back pressure, and extreme air currents at 


the opening of the vent pipe are to be avoided.



f.

The solution reservoir level is to be automatically maintained, to ensure 



consistent fog delivery, or constant humidity levels.


9.5.1
Test Chamber Conditions



The following conditions are applicable to all test chambers:



a.

Distilled or de-ionized water is used.



b.

Chamber temperature is recorded while the chamber is closed.



c.

Immersion heaters are not used in the chamber, nor in the reservoir.



d.

The chamber temperature is maintained to avoid overheating which causes 


evaporation of condensation, followed by condensation of that moisture on 



other specimens.
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e.

The test chamber is kept sufficiently clean to avoid introduction of corrosive 


agents (e.g., salt concentrations).



f.

The temperature within the exposure zone shall be 95° F +2°/-3° F.



g.

Atomization nozzles shall be made from inert material.



h.

Compressed air supply pressure shall be between 10 and 25 psi.



i.

Two clean fog collectors are required within the exposure zone, so that no 



drops of solution from the test specimen or other source are collected.



j.

The quantity of fog shall be such tat for each 80 cm2 of horizontal collecting 


area, a collector will collect between 1.0 – 2.0 ml of solution per hour, 



based on an average of at least 16 hours.


9.5.2
Salt Solution



Salt solutions shall conform to the following parameters, unless otherwise 
required by contract:



a.

The solution shall be 5% + 1% salt, by weight, in 95 parts distilled or de-



ionized water.



b.

Only reagent grade salt may be used (shall be free from copper and nickel, 


and contain less than 0.1% of Sodium Iodine).  Total other impurities are 



not greater than 0.3%).



c.

The pH of the solution, atomized at 95° F, is in the range of 6.5 – 7.2, and 



shall be measured electrometrically, colorimetrically or with short range 



litmus paper.  Daily checks are required.



d.

The pH of the solution is adjusted using only reagent grade Hydrochloric 



Acid or Sodium Hydroxide.



e.

The salt concentration is checked using a hydrometer, or equivalent, that 



has been tested in accordance with ASTM E 126.


9.5.3
Specimen Examination



The specimens shall be examined immediately after exposure.  If necessary, 
cleaning is to be done in clean, warm running water, with a temperature not 
exceeding 100° F to remove salt deposits.


9.6
Recorded Data



The following data shall be recorded in the test record, if not inherent in the 
procedure or operating specification:



a.

The type of salt water used in the solution.



b.

All temperature readings within the exposure zone of the test chamber.



c.

All corrective maintenance performed on the chamber.



d.

All types of specimens, dimensions of specimens and number or 




description of specimens.
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e.

Method of specimen cleaning before and after exposure.



f.

Method of supporting or suspending the specimens.



g.

Method of protecting all cut edges.



h.

All interruptions in the exposure of the test specimens, including cause, 



length and time.



i.

Total exposure time.


9.6.1
Reported Data



The following information is to be reported on the test certificate:



a.

The temperature within the exposure zone, if it is other than 95° F, +2/-3°F.



b.

Specimen type, description, quantity and dimensions.



c.

Total exposure time.



d.

All results obtained during post-exposure examination.


9.7
Intergranular Attack in Austenitic Stainless Steel (ASTM A 262)



The laboratory shall have the capability of performing the examinations in 
accordance with the practices defined in ASTM A 262 (A, B, C, D, E, F), as 
applicable to their facility.


9.7.1
General Equipment/Operations



The following is required for performance of IGA testing:



a.

Heat treating capability for sensitization of specimens in accordance with 



AC7101/9.



b.

Machining capability to prepare the appropriate specimen configuration.



c.

Heating device to maintain the solution at a constant boiling level for the 



required exposure time.



d.

Analytical balance with an accuracy of 0.001 gram.


9.7.2
Practice A Requirements and Reportings



a.

The laboratory shall have metallographic capability, including electrolytic 



etching, in accordance with AC7101/4.



b.

The certificate shall evidence the etched structure found, and the 




acceptance/rejection of the screening process.


9.7.3
Practice B Requirements and Reportings



The laboratory shall have the following equipment:



a.

Four bulb Allihn or Soxhlet condenser, or equivalent.



b.

Glass cradle, Erlenmeyer flask and boiling chips.



c.

Sulfuric acid of the appropriate concentration.



d.

The appropriate grade of Ferric Chloride.


9.7.3.1
The following items are to be evidenced on the certificate:



a.

Condition of the specimen (as received or sensitized, time and temperature 


of thermal treatment).



b.

Weight of specimen prior to exposure.



c.

Exposure time.



d.

Weight of specimen after exposure.



e.

Results of the exposure in inches/mil per month/year.


9.7.4
Practice C Requirements and Reportings



The laboratory shall have the following equipment:



a.

1000ml Erlenmeyer flask, with a coldfinger type condenser or equivalent.



b.

Glass hooks, stirrups or cradles.



c.

Nitric Acid of the appropriate concentration.


9.7.4.1
The following items are to be evidenced on the certificate:



a.

Condition of the specimen (as received or sensitized, time and temperature 


of thermal treatment).



b.

Weight of specimen prior to exposure.



c.

Exposure time.



d.

Weight of specimen after exposure.



e.

Results of the exposure in inches/mills per month/year for each period, as 



well as the average for the number of exposures.


9.7.5
Practice D Requirements and Reportings



The laboratory shall have the following equipment:



a.

PVC test cylinders.



b.

TFE fluorocarbon holding devices.



c.

Constant temperature water bath.



d.

Nitric and Hydrofluoric Acid of the appropriate concentrations.


9.7.5.1
The following items are to be evidenced on the certificate:



a.

Condition of the specimen (as received or sensitized, time and temperature 


of thermal treatment).



b.

Weight of specimen prior to exposure.



c.

Exposure time.



d.

Weight of specimen after exposure.



e.

Results of the exposure showing the corrosion rate ratio.


9.7.6
Practice E Requirements and Reportings



The laboratory shall have the following equipment:



a.

1000ml Erlenmeyer flask, or four bulb Allihn condenser, or equivalent.



b.

Electrolytic grade copper shot or grindings.



c.

Facilities to perform the bend test in accordance with ASTM E 290 (Ref. 



AC7101/3, Code XN).



d.

Sulfuric acid of the appropriate concentration.



e.

Copper Sulfate.



f.

A 5X – 20X magnification device.


9.7.6.1
The following items are to be evidenced on the certificate:



a.

Condition of the specimen (as received or sensitized, time and temperature 


of thermal treatment).



b.

Angle of bend, if other than 180 degrees is used.



c.

Observations after bending (presence/absence of fissures/cracks, etc.).


9.7.7
Practice F Requirements and Reportings



a.

1000 ml Erlenmeyer flask, or four bulb Allihn condenser, or equivalent.



b.

Glass cradle.



c.

Electrolytic grade copper shot or grindings.



d.

Sulfuric Acid of the appropriate concentration.



e.

Copper Sulfate.


9.7.7.1
The following items are to be evidenced on the certificate:



a.

Condition of the specimen (as received or sensitized, time and temperature 


of thermal treatment).



b.

Weight of specimen prior to exposure.



c.

Exposure time.



d.

Weight of specimen after exposure.



e.

Results of exposure in inches/mils per month/year.


9.8
Alternate Immersion Stress Corrosion



Alternate Immersion Stress Corrosion shall be conducted in accordance with 
ASTM G 44.



The test apparatus shall be constructed of materials that will not affect the 
corrosion of the test specimens, and do not cause galvanic corrosion.  
Safeguards are to be in place to prevent condensation from other specimens or 
fixtures to deposit on the test specimens.  Back-pressure within the set-up is to 
be kept to a minimum, and the air temperature maintained at 80° F + 2° F, and 
relative humidity at 45% + 10% for the entire test cycle.



The test apparatus shall be equipped with an alternate immersion mechanism, 
that provides for 10 minutes of immersion, and 50 minutes of drying time.  If a 
Ferris wheel apparatus is used, temperature of the test chamber shall be 
maintained within tolerance at all height levels.  There shall be a mild circulation 
of air around all specimens; forced blast and heated are to be avoided.  The rate 
of immersion shall not exceed 2 minutes, from initial contact to total immersion.



Pockets or recesses in the test specimens shall be such that they are able to 
drain and dry within 50 minutes.  Only like alloy families shall be exposed 
simultaneously in the same solution.  All specimens are to be protected from 
exposure to fumes, or airborne contamination.


9.8.1
Salt Solution



The salt solution shall be 3.5% by weight, in 96.5 parts distilled or de-ionized 
water, with chlorides of less than 200 ppm.  The salt solids shall be free from 
Nickel, Copper and other impurities.  The pH of the solution, when measured 
weekly at 75° F + 5° F, is in the range of 6.5 – 7.2, and shall be measured 
electrometrically, colorimetrically, or with litmus paper.  Adjustments are made 
using only analytical reagent grade materials.



The concentration of salt shall be checked using a hydrometer that has been 
tested in accordance with ASTM E 126.  The solution shall be replaced at least 
once a week.  Evaporation losses are to be replaced with water of the required 
purity.  When changing the salt solution, all parts of the apparatus which contact 
the solution require cleaning by flushing with distilled, or de-ionized water.  The 
ratio of salt solution to specimen are shall be at least 200 ml/in2 (32 ml/cm2).


9.8.2
Recorded Data



The following data shall be recorded in the test record, if not inherent in the 
procedure or operating specification:



a.

Alloy, temper and section thickness of material.



b.

Size and orientation of test specimen, relative to the as-fabricated material.



c.

Method of stressing and level.



d.

Test duration.



e.

Any interruptions in the test procedure.



f.

The pH level.



g.

Concentration of the salt solution.



h.

Fluctuations in temperature outside of the prescribed range.


9.8.3
Reported Data



The following information is to be reported on the test certificate:



a.

Alloy, temper and section thickness of material.



b.

Size and orientation of test specimen, relative to the as-fabricated material.



c.

Stress level.



d.

Test duration.



e.

Any interruptions in the test procedure.



f.

Results from any metallographic examinations.


9.9
Bent Beam, C-Ring, Direct Tension and U-Bend Stress Corrosion


9.9.1
Sample Preparation (applies to all Section 9.9 tests)



Orientation of test specimens, as cut from parent material, shall be defined.  
Sample preparation operations are done in stages, so that the final surface cut 
leaves a finish of 30µinches (762µm) or better.  Excessive heating during 
preparation, that may induce undesired residual stresses and 
metallurgical/chemical changes, is to be avoided.



Test specimens shall be identified on both ends, in such a way as not to interfere 
with stressing or corroding of the specimens, and is affixed in a manner that will 
not be obliterated by the corrosion.  Solutions used to degrease the test 
specimens are to be non-reactive to the material and shall be residue-free.  No 
chemical or electrochemical treatments, which produce hydrogen, or react with 
hydrogen to form hydrides, are permitted, as their use may induce hydrogen 
embrittlement in some materials.



Precautions shall be taken after final preparation, to prevent contamination or 
marring of the test specimen surface.  The specimens are to be intr4oduced into 
the environment as soon as possible after degreasing, stressing and inspection. 
 
Inspections for mechanical cracking prior to testing are to be performed at the 
same or higher magnification as used during the test.
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Periodic inspections performed during testing shall ensure that the stress is not 
grossly relieved during testing due to crack propagation or test fixture relaxation. 
 
If the inspections require that the specimens be removed, they shall be returned 
to the test chamber uncontaminated by any non-test specimen.  The time 
outside the test chamber shall be kept to a minimum, and is not to be included in 
the total exposure time.  Cleaned specimens are not to be returned to the test 
environment unless it is the intention of the test  to evaluate this variable.



Galvanic reactions between the specimen, the stressing bolt and the exposure 
rack are to be avoided.  Specimens shall be supported in such a manner that 
nothing but the corrosive medium comes into contact with them.


9.9.2
Bent Beam Testing (ASTM G 39) – Method Particulars



If alternate immersion, salt spray, humidity or any other method of testing is used 
in conjunction with bent beam testing, specifications for the test environment are 
in accordance with the appropriate procedure.  Bent beam tests are designed for 
testing at stress levels below the elastic limit, while avoiding tests performed in 
the plastic range.



Specimen holders shall be made of a material that will withstand the effects of 
the test environment, without deterioration or deformation, and be sufficiently 
rigid to retain the applied stress on the specimen.  If tests are performed in an 
electrolyte, galvanic reaction between the specimen and the holder is to be 
avoided.  When an electrolyte is used and crevice corrosion may occur at 
contact points, hydrophobic fillers shall be packed into these areas, or specially 
designed holders are to be utilized.



Specimen preparation must conform to ASTM G 39.  Specimens shall be 
machined into flat strips of uniform rectangular cross section and thickness.  If 
stenciling is used for identification, it shall be performed prior to any hardening 
heat treatments.  Unless specified otherwise, specimens shall be excised so as t
o retain the original material surface.  When surface material removal is 
required, it shall be performed in staged operations, so that the final surface 
finish is at least 30µµ(0.7µm) or better, with at least 0.01 inch (0.25 mm) of 
material removal from each side and the edges of the specimen.  If cold working 
is present, these edges are ground or machined to remove the effect.  The 
specimen surface condition is recorded and reported.


9.9.3
C-Ring Stress Corrosion (ASTM G 38) – Method Particulars



If alternate immersion, salt spray, humidity or any other method of testing is used 
in conjunction with C-Ring testing, specifications for the test environment are in 
accordance with the appropriate procedure.



Specimen preparation must conform to ASTM G 38.  Specimens shall be cut 
from the original stock so that the direction of principal stress is in the direction of 
minimum resistance to stress corrosion cracking.  Operations such as lapping or 
mechanical polishing, which produce flow of the metal are prohibited.  If strain 
gages are used to measure strain, they are to be placed in the center of the arc 
to detect maximum strain.  A correction for the displacement of the gage  from 
the surface of the ring is permitted.



The strain gage adhesive shall be completely removed from the specimen prior 
to testing.



If etchants are used, they shall be of a type that will not induce hydrogen 
embrittlement in materials that are susceptible, and do not selectively attack 
constituents in the metal.  Only etchants that do not leave an undesirable residue 
on the sample surface are permitted.  All surface preparation, except for final 
degreasing when required, shall be completed prior to stressing of the specimen.



The date and time of the first evidence of cracking is to be noted while the 
specimen is kept in the test environment.  Exposure shall be discontinued, and a 
metallographic examination of the cross section taken to confirm cracking.


9.9.4
Direct Tension Stress Corrosion (ASTM G 49) – Method Particulars



If alternate immersion, salt spray, humidity or any other method of testing is used 
in conjunction with Direct Tension testing, specifications for the test environment 
are in accordance with the appropriate procedure.



Specimen preparation must conform to ASTM E 8, wherever possible.  If 
possible, the specimens are to be stressed while already in the corrosive 
environment.  Care shall be exercised in the construction of stressing frames to 
avoid bending stresses.  An alignment check shall be performed and the results 
maintained on file.


9.9.5
U-Bend Stress Corrosion (ASTM G 30) – Method Particulars



If alternate immersion, salt spray, humidity or any other method of testing is used 
in conjunction with U-Bend testing, specifications for the test environment are in 
accordance with the appropriate procedure.
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Specimen preparation methods shall be consistent, unless the intent of the test 
is to evaluate this variable.  If comparison studies are conducted, specimen 
dimensions are to be kept constant, especially the thickness to bend radius ratio. 
All thermal treatments are to be performed before final preparation, and the 
edges of specimens shall have the same finish as the specimen face.



When final surface preparation requires chemical dissolution, the solution used 
is not permitted to induce Hydrogen embrittlement, selectively attack constituents 
nor leave any residue on the specimen surface.



When specimen preparation requires no metal removal, the specimen edges are 
mechanically removed.



The single stage, or two-stage method of stressing, in accordance with ASTM G 
30, is required to stress the specimens.  When the two-stage method is used, 
care shall be taken to prevent pre-straining greater than the final test strain, and 
to avoid “spring back” of the legs, after achieving final plastic strain.



The apparatus used to maintain the required stress level shall be insulated from 
the tests specimen, to prevent any galvanic reaction.


9.9.6
Recorded Data



The following data shall be recorded in the test record, if not inherent in the 
procedure or operating specification:



a.

Time and date of each observation, initiation of failure and failure.



b.

Specimen dimension and surface preparation.



c.

Magnitude of the applied stress.



d.

Specimen orientation and identification.



e.

Time outside the test environment used for examination.



f.

Composition of the test lot.



g.

Details concerning the material.



h.

Test medium.



i.

Remarks about the size and appearance of cracks.


9.9.7
Reported Data



The following information is to be reported on the test certificate:



a.

Specimen dimension and surface preparation.



b.

Method of stressing each specimen.



c.

Time cracking becomes visible, if applicable.



d.

Magnification used to view the cracks and defects.
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e.

The percentage of specimens cracked, if multiple specimens are tested.



f.

Pitting or surface defects.



g.

Explanation of any interruptions in testing.



h.

Total exposure time.



i.

Test medium



j,

Failure criterion.



k.

Composition, temper and alloy of the test lot.


9.10
Exfoliation Corrosion Susceptibility in 2XXX & 7XXX Aluminum Alloys.



Exfoliation Corrosion testing shall be conducted in accordance with ASTM G 34.


9.10.1
Test Chamber



The test chamber, and rods or racks which hold the specimens, shall be 
constructed of materials that will not affect the corrosion of the specimens, and 
shall have a loose fitting lid to minimize evaporation.


9.10.2
Test Solution



The solution is to consist of the following reagent-grade constituents:





a.

Sodium Chloride (NaCl), 4.0M





b.

Potassium Nitrate (KNO3), 0.5M





c.

Nitric Acid (HNO3), 0.1M



Distilled or de-ionized water that conforms to ASTM D 1193, Type IV, shall be 
used for the solution.  The temperature shall be maintained at 77° F +5° F.


9.10.3
Specimen Preparation



Care shall be taken when excising specimen blanks from extrusions or forgings, 
to avoid locations beneath flanges, ribs and other areas where the grain 
structure may vary.  The edges of sheared or blanked specimens are to be 
machined to remove any cold worked material.  Degreasing is done with a 
suitable solution that leaves no residue, and will not affect the test.  Non-test 
areas of the specimen are to be masked to minimize corrosion in these areas, 
and the coating should have good adherence to avoid crevice corrosion.  
Protective coatings shall be free of leachable ions, or protective oils which may 
influence corrosion of the test surface.


9.10.4
Exposure



The same solution shall be used for the duration of the exposure, and be of 
sufficient volume to provide a volume-to-metal ration of 65 to 200 ml/in2 (10 to 30 
ml/cm2).  The specimen surface areas shall face upward to prevent loss of 
exfoliated material.  The exposure of alloys containing less than 0.25% Copper, 
along with alloys containing greater than 0.25% Copper, is not permitted.



A control specimen, of known resistance, is to be used regularly to standardize 
the test conditions.



Specimens shall be inspected periodically for exfoliation, in accordance with 
ASTM G 34, Section 12.  The maximum exposure period for 2XXX alloys is 96 
hours, and for 7XXX alloys is 48 hours.



The specimens are to be inspected and rated immediately after discontinuation 
of exposure, while they are still wet, or moist.  Loose products of exfoliation shall 
be taken into account.  If desired, specimens may b cleaned in Nitric Acid after 
inspection and rating.  If added exposure time produces more corrosion, but no 
evidence of delamination, metallographic examinations are to be conducted to 
determine whether the initial effect is truly exfoliation.  When exfoliation occurs in 
isolated areas, the worst localized condition is to be rated, and the final rating of 
a specimen is to be determined by the poorest classification observed during the 
exposure.  When it is difficult to classify a specimen, it shall be placed in a 
category of greater susceptibility.



Specimens are to be classified by visual ratings in accordance with ASTM G 34, 
Section 12.  The laboratory shall have glossy prints of exfoliation examples, 
which shall be used for visual rating comparisons.  The ratings are classified as 
follows:





a.

“N” (No appreciable attack) Surface is discolored or etched, and 





shows no evidence of pitting or exfoliation.





b.

“P” (Pitting) Specimen had discrete pits, sometimes with a tendency 





for undermining and slight lifting of metal at the edge of the pit.





c.

“EA” (Superficial) Specimen shows exfoliation with tiny blisters, thin 





slivers, flaked or powder, and slight separation of metal.





d.

“EB” (Moderate) Specimen shows exfoliation with notable layering 





and penetration into the metal.





e.

“EC” (Severe) Specimen shows exfoliation with penetration to a 





considerable depth into the metal.





f.

“ED” (Very Severe) Specimen shows exfoliation with much greater 





penetration into the metal than “EC”.


9.10.5
Recorded Data



The following data shall be recorded in the test record, if not inherent in the 
procedure or operating specification:



a.

Size and type of each specimen.



b.

Alloy, temper, mill product and material thickness.



c.

Any deviations from ASTM G 34.



d.

Method of specimen edge preparation.



e.

Volume to surface ratio.


9.10.6
Reported Data



The following information is to be reported on the test certificate:



a.

Size and type of each specimen.



b.

Alloy, temper, mill product and material thickness.



c.

Any deviations from ASTM G 34.



d.

Rating of each specimen in accordance with ASTM G 34, Section 12.



e.

Method of specimen edge preparation.



f.

Volume to surface ratio.


9.11
Visual Standards



When the laboratory is responsible for acceptance of test results (rather than 
simply performing the tests), visual or photographic standards shall be 
maintained for acceptance to specifications which permit acceptance of some 
degree of visible corrosion.


9.12
Continuation of Testing (Corrosion/Stress Corrosion):



If nonconformance to required life is noted in one specimen among multiple 
specimens from the same set, it is recommended that testing of remaining 
specimens be continued beyond 1.5 times the required life or until failure, 
whichever time is less.  For proposed acceptance of unexplained 
nonconformances, a set should contain at least three acceptable tests for each 
nonconformance.  All results should be reported on the nonconformance 
document.


10
MECHANICAL TESTING SPECIMEN PREPARATION:


10.1
Specimen Preparation Codes



Z   STANDARD PREPARATION



Z1  LOW STRESS GRINDING



Z2  LOW STRESS GRINDING AND POLISHING



Z3  CAST SPECIMENS



Z4  SPECIAL PURPOSE SPECIMENS



Codes "Z1 and Z2" apply to Test Codes "Y, XH", and to any other test specimen 
for which the material specification requires low stress grinding (LSG).  Other 
requirements of this section apply to preparation of all mechanical test 
specimens.


10.2
Preparation Procedures:



Written procedures shall be maintained and followed which establish specific 
values for each combination of specimen and material, for each process variable 
(e.g., speed, feed, grinding wheel type); these may include reasonable 
tolerances to recognize limits of process controllability and material response.  A 
100% verification or SPC is required for all gage section dimensions or other 
dimensions which might affect testing axiality or stress concentration.


10.3
Technical Objective and Requirements:



Ideally, specimen preparation techniques eliminate any effects of preparation on 
the properties resulting from the test.  Factors that must be considered include:



·

Distortion of specimen dimensions.



·

Physical damage (e.g., cracks, tears, scratches).



·

Residual stresses (tensile or compressive).



·

Metallurgical damage (e.g., local overheating, melting, decarburization, 



alloy depletion).


10.3.1
Straightening:  Mechanical straightening of specimens prior to testing is not 
permitted.  Exception: Castings and as-cast test bars which permit straightening 
followed by solution treat and age.


10.3.2
Blanking:  Blanking may be done by machining, grinding, Electrical Discharge 
Machining (EDM), pressing (flat specimens), or other methods which do not 
distort the material or produce surface effects deeper than would be removed by 
final finishing.  A minimum of 0.010 in (0.25 mm) shall remain on blanked 
surfaces for final finishing operations.  For sheet specimens, as-finished sheet 
surfaces should remain intact.


10.3.3
Special Purpose Specimens: For testing of weld and braze joints, tubes, 
miniature bars, and other material conditions which are not suitable for standard 
flat or cylindrical specimens, blanking and finishing operations shall be covered 
by written procedures.


10.3.4
Inspection:  Visual inspection (20X) of finished specimens is required for Code 
Z2 and is recommended for other specimens.


10.3.5
Test specimen conditions which may affect the results shall be recorded prior to 
the test.


10.4
Notch Machining



The surface finish of notches shall conform to customer requirements, or to 
parameters established by the laboratory.  The notch shall be free from 
scratches or nicks which may cause premature fracture.  Notch dimensions shall 
be provided with the specimen drawing.


10.4.1
Inspection of Specimens



Each specimen shall be inspected prior to testing, except for the notch.  The 
inspection shall be at 1X minimum.  Magnifications other than 1X shall be noted 
in the test record.  If inspection is achieved by NDT methods, this must be noted 
in the test record.


10.4.2
Test Specimens shall be inspected for the following attributes:


10.4.2.1
The surface has a uniform surface texture, free from machining irregularities 
such as undercuts or high spots.


10.4.2.2
Critical dimensions are inspected using one of the following plans:



a.

100% of all machined dimensions are inspected and recorded.



b.

100% inspection of all reduced section dimensions; sample inspection of 



other dimensions.  Measurements are to be recorded.


10.4.2.3
Sample inspection of specific dimensions conforming to the parameters listed 
below, with the measurements being recorded:



a.

Sampling plans, in the laboratory, are based on documented procedures.



b.

Sampling plans of outside source are approved by the laboratory.



c.

When sampling plans are used, Statistical Process Control is used for data 


analysis and control.


10.4.3
Notched sample inspection shall be performed at 10X magnification minimum, 
with the following characteristics documented:



a.

Notch radius



b.

Notch angle



c.

Diameter/dimension at root of the notch


10.5
Grinding of “Z2” Specimens



Final grinding of smooth section specimens shall be performed in accordance 
with values specified by the customer/specification.  As a minimum, the lubricant, 
surface speed (sfm) and down feed (pass per revolution) shall be specified.


10.6
Final Polishing of “Z2” Specimens



Final polishing activities shall conform to customer/specification requirements, 
and shall encompass the following attributes:



a.

For titanium alloys, silicon carbide abrasives are required; for all other 



alloys, aluminum oxide abrasives are required.



b.

Round bars shall be polished with automated equipment, unless specified 



by customer. Automated equipment shall ensure that contact between the 



specimen and a specific area on the abrasive is one (1) stroke on the 



paper in the axial direction.



c.

Paper is backed with a rubber pad, 3.16 inch minimum thickness, and an 



applied force of 6 pounds (2.7 kg) maximum.



d.

Circumferential grinding marks are to be removed using 180 – 240 grit 



abrasive prior to proceeding with the finer grits.



e.

Subsequent grit paper polishing is continued until all evidence of previous 



grit polishing has been removed.



f.

Surfaces shall not be polished to a “mirror” finish.


10.6.1
The polishing process aims for material removal in specific increments as listed 
below, as required to meet final dimensions:



a.

180 – 240 grit = 0.0005 inch (12.7 µm)



b.

400 grit = 0.0003 inch (7.6 µm)



c.

600 grit = 0.0002 inch (5.1µm) 



d.

The final polished surface finish shall be 8 – 12 Ra µ in. (0.2 - .03 µm) or as 


specified by the customer.


10.6.2
Code “Z2” specimens shall be inspected at 20X magnification, and shall exhibit 
no cracks or transverse indications.


10.7
Round Robin, Code “Z2” Low Cycle Fatigue (LCF) Specimen Preparation



Laboratory Accreditation shall include participation in a NADCAP sponsored 
Round Robin program; see Appendix E.


10.8
Residual Stresses (Code Z1 and Z2 specimens only)



It is recommended that residual stresses be determined initially for each 
preparation procedure: thereafter, an audit plan should provide for evaluation of 
a minimum of one procedure per year, with all procedures being evaluated in the 
shortest possible time.  Residual stresses shall be measured by X-Ray 
Diffraction, and be within the range of 20 – 85 ksi (140 – 590 MPA) compression, 
or as specified by the customer for the specific process.



Note:  At least 5 measurements (1 surface and 4 below) are needed to obtain a 
valid surface measurement.


11.
DIFFERENTIAL THERMAL ANALYSIS (DTA):


11.1
Test Types - Codes (DTA):



XJ  DIFFERENTIAL THERMAL ANALYSIS (DTA)


11.2
DTA Test Methods and Procedures



Methods and procedures for DTA shall be developed by the laboratory and 
validated against metallographic methods.  Procedures shall include 
photomicrographs which define the metallurgical transformations to be 
evaluated.


11.2.1
Written procedures shall identify the specific equipment, parameters and 
procedures used.


11.2.2
Procedures shall be consistent with validation studies for each alloy tested.


11.2.3
Procedures shall include the following:



a.

Gas type and flow



b.

Heating rate



c.

Cooling rate


11.2.4
When applicable, procedures or standards provided by the material producer 
shall be used.


11.2.5
Procedures for titanium alloys shall list the applicable heating rates for each 
specific alloy.


11.2.6
Specimen Re-Cycling: Each specimen shall be subjected 
to heating and 
cooling through the phase transformation cycle only once, unless otherwise 
specified or permitted by the customer's testing instructions.


11.2.7
Procedures or standards from the material producer or material customer shall 
be used whenever available.


12
HEAT TREATING:


12.1
Test Types – Codes



XG HEAT TREATING OF SPECIMENS



COATINGS (AC7109/5)





HEAT TREATING OF SPECIMENS







Bonding of Specimens (Adhesives)



This code applies to heat treatment other than production heat treatment of the 
material represented.  For example: Heat treatment of specimens, partially 
machined blanks, separated samples (test rings, prolongs); sample parts heat 
treated in the laboratory rather than in production facilities;  specimen material 
aged for capability properties when material is to be supplied in the solution 
treated condition.  If the laboratory heat treats production parts, they shall also 
be qualified to AS7102.


12.2
Personnel



Personnel shall be trained in handling of specimens and use of equipment 
commensurate with applicable requirements, including furnace loading and 
specimen quenching.


12.2.1
Material Identification and Control



Test material shall be identified by a unique number, and handled in a manner 
which maintains traceability to this number throughout all processing.  The 
information required to be traceable to this number shall be specified in Appendix 
A of this standard.


12.3
Furnaces



Furnaces shall be surveyed to the requirements of AMS 2750 Class 1 or by an 
equivalent procedure approved by the Purchaser.  For captive laboratories of 
material sources, surveys may be conducted per the applicable  alloy heat treat 
specification (e.g., MIL-H-6875 for steels).  Working zones shall be established 
by furnace survey and defined by a procedure.  The zones shall be posted near 
the furnace.  Minimum frequency of temperature uniformity surveys shall be per 
AMS 2750, except that minimum frequency shall be initial (new equipment) with 
annual verification.


12.3.1
Furnace type shall be in compliance with customer/contract/specification 
requirements, and shall be equipped with time/temperature recorders.


12.4
Time and Temperature



Heat treat times, temperatures and ramp rates shall be as specified by the 
customer, or applicable specification.  Temperature shall be set to achieve the 
nominal specified value as closely as possible.  Furnaces shall be equipped with 
over-temperature sensors.  Metal temperature tolerances are intended only to 
limit maximum furnace tolerances.  Times and temperatures shall be recorded 
on the certificate of test.  If time tolerances are not given, specified time is 
minimum, minus zero, plus 10%.  Time is measured from the time that the 
thickest section of the metal reaches the required temperature; the laboratory 
shall have a written rationale for determining this time (e.g., for light loads of a 
few well-spaced specimen blanks, time cycle might begin when the furnace 
recovers to temperature).


12.5
Quench Method



When options are permitted in quench rate (e.g., specification states “air, oil, or 
water quench”), the slowest method shall be used unless otherwise specified by 
the customer.  Specimen racking, when required, shall provide for proper 
quenching and minimum distortion/damage to specimens.  Facility shall be 
arranged to provide for expedient quenching.



RATIONALE:  Slower quench rates tend to produce lower tensile strength in 
Quench & Temper and Solution & Age alloys.  For example, properties of water 
quenched specimen material may not adequately represent oil or air quenched 
parts.  (In most cases, specimen material has less effective thickness – hence a 
naturally faster cooling rate than the parts represented even when the same type 
quench is used.)


12.6
Specimen Condition



Unless otherwise specified, specimens shall be heat treated in the blanked or 
rough machined condition.


12.6.1
Heat Treatment of Finished Specimens: If heat treating of finished specimens is 
specified, specimens shall be inspected for evidence of distortion prior to testing.


12.6.2
Written procedures shall describe in detail instructions for precleaning, 
pretreating and postcleaning.


12.7
Certificate of Test



The following items shall be described:



a.

Heat treat times and temperatures.





NOTE:  Test records shall document metal time at temperature (heaviest 



section), including tolerances, and temperature tolerances.



b.

Quench methods.



c.

If heat treating was performed on finished specimens, document this fact 



and describe the atmosphere.


12.7.1
All heat treat cycles are to be logged against a unique number.


12.8
Distortion Control



Heating and cooling shall be controlled to minimize stresses that could cause 
distortion or dimensional instability during machining or testing.  Mechanical 
straightening of specimens after heat treatment is not permitted.


12.9
Calibrations



Calibration of thermocouples and pyrometry equipment shall conform to the 
requirements of AMS 2750 and shall be documented.


12.10
Furnace Atmosphere



Furnace atmosphere shall be controlled in accordance with customer 
requirement, or applicable specification.


13.
X-RAY DIFFRACTION EVALUATION (XRD):


13.1
Test Types, Codes, Methods and Procedures



Codes are listed below.  The test specifications and standards are listed for 
information only.  Specific methods are to be specified by the customer; or, if not 
specified, by the laboratory.



Code




Test Type


Test Spec/Standard


XB


Residual Stress Measurement

ASTM E 915/SAE J 784



XC


X-Ray Crystallography


None - /ASTM E 82



XR


Retained Austenite Measurement
ASTM E 975/SAE SP-453



The laboratory shall have the appropriate support equipment as required for this 
discipline.  The equipment shall be maintained in good working order.


13.2
Personnel and Training



Laboratory management shall assign responsibility for review and approval of 
test procedures, test results and authorization of retesting.  Operators are to be 
trained to recognize proper versus improper operation of the equipment.  
Training should include examples of past problems.



Degreed engineers, or equivalent, are required for the following functions:



a.

Review and approval of data to be certified.



b.

Interpretation of raw data from equipment with non-numerical readouts.



c.

Authorization of retesting for nonconforming values.



d.

Preparation or approval of detailed internal testing procedures.


13.3
Specimen Preparation



Written procedures shall be established which preclude the introduction of 
foreign materials, altering of physical form or phases present, or altering or 
abrading the surface prior to measurement.  For retained austernite 
measurements, the amount of surface material removed shall be in accordance 
with the testing specification.


13.4
Alignment Verification



Alignment of X-Ray Diffraction equipment shall be checked regularly, and 
refreshed as necessary.  Alignment shall be documented, and 
alignment/verification methods and records are to be defined in an internal 
procedure.  Standards shall be properly documented, and referenced to a 
governing body (NIST, Round Robin, etc.).


13.4
Continued



The laboratory shall have a documented procedure to maintain and align the 
system, and shall have a reference specimen to serve as an alignment check 
standard.  This specimen must produce an identical pattern to the reference 
original, prior to running unknown specimens.


13.5
X-Ray Diffraction Residual Stress Measurement



Measurement Method



Initial measurements shall be made by the sine-squared-psi technique.  The 
linearity of the lattice spacing shall be + 3 ksi for samples under consideration.



In general, the psi angles shall be between 0° and 45°.  When this is not 
possible, the difference in the psi angle must be greater than 30°.



Data shall be collected to determine the background intensity, and slope, for the 
purpose of correcting the diffraction peak intensity measurements.  The 
diffracted intensity shall be determined for at least five (5) points, spaced at even 
increments across the diffraction peak, or by step scanning.  The time shall be 
recorded at each point, to assure collection of well-defined peaks.



The operator shall be familiar with the potential sources of error associated with 
grain size, stacking faults, twinning and texture of the specimens.



The residual stress shall be calculated directly from the strain in the crystal 
lattice, rather than diffraction peak position shift.  The laboratory must have a 
method of assuring that the incident beam height and width do not deviate more 
than 0.002 inches from a flat surface.


13.5.1
Subsurface Residual Stress Measurements



Material shall be removed by electopolishing or acid etching of thin layers.  If a 
combination of machining or grinding and electropolishing is used, a minimum of 
0.008 inches of material shall be removed by electropolishing, to ensure 
complete removal of residual stresses induced by the machining/grinding 
operation.



A stop-off coating shall be used to protect all but the measurement area of the 
specimen.  Etching and pitting shall be controlled by the use of appropriate acid 
solution and current density, and the electropolishing operation documented in a 
procedure.  Caution shall be exercised to avoid abrading the surface prior to 
measurement.


13.5.1
Continued



Radiation Penetration Correction


X-Ray Diffraction data obtained as a function of depth shall be corrected for the 
exponential weighting of the measured lattice spacing caused by the penetration 
of the X-Ray beam into the subsurface lattice spacing gradient.  The gradient 
correction shall be performed independently for each of the psi angles employed 
for measurement, before re-calculation of the gradient corrected stress.



Stress Relaxation Correction


When it is necessary to section a specimen, to expose the stress measurement 
site, or to reduce the overall size of a specimen to manageable proportions, the 
sectioning strain relaxation shall be monitored at the stress measurements site, 
using a three-grid strain gage rosette.  A Biaxial rosette may be used, if the 
directions of principal stress relaxation are known.



XRD residual stress measurements shall be corrected using the sectioning 
stress relaxation data.



The determination of residual stress by XRD, and strain gaging operation shall 
be clearly defined in a written procedure, and abrading of the strain gage 
location is not permitted prior to measurement.  When material is to be removed 
by electopolishing to determine the subsurface residual stress distribution, the 
residual stress distribution is corrected for stress relaxation which occurs as a 
result of layer removal, in accordance with Moore and Evans (SAE Transactions, 
Vo. 66, 1958).



All raw data shall be stored for calculation at a later time.


13.6
Calibration/Certification of Technique and Data Reduction Methods



The X-Ray elastic constants, E/(1+v), shall be determined empirically for each 
material in the (hkl) direction used for XRD residual stress measurement, and 
shall be contained in a written procedure.  This is to be accomplished by 
measuring the change in the (hkl) lattice spacing for a fixed rotation, as a 
function of applied stress.



Systematic errors in the XRD instrumentation and sample positioning technique 
are to be monitored in accordance with ASTM E 915.



The equipment manual shall be available for retrieving precision alignment 
instructions.  The alignment shall be performed at a designated time interval, 
when there is an X-Ray tube change, or other major adjustments.  Alignments 
shall be recorded.


13.6
Continued



The slit axes, the axes of the center of rotation, and the axis of the focal spot 
shall be coplanar, parallel within this plane, and perpendicular to the plane of the 
goniometer.



The specimen platform shall be adjustable in three (3) different directions, so 
that the specimen surface coincides with the true axis of rotation.  The specimen 
holder shall have a psi = + 60° tilt ability, and there shall be a locating tool for the 
specimen alignment/fixturing.



A 325 mesh or finer powder specimen (zero stress) shall be on file for each base 
material (and crystal structure) in which the stresses will be measured.  Zero 
powder checks are to be performed at least weekly, in accordance with a written 
procedure that addresses ASTM E 915, and are at a minimum, logged at the 
initiation and conclusion of each protect.  Records of zero stress checks shall be 
maintained in the same manner as other calibration records.


13.7
Report Requirements



One copy of the final report shall be archived, and one sent to the customer.  
The data shall be traceable to the equipment and operator, and shall be 
sufficiently detailed, so as to provide enough information to repeat the test.  The 
report shall contain the following information for each category:


13.7.1
Technique Description



a.

Incident beam divergence.



b.

Receiving slit.



c.

Detector type.



d.

Peak location and stress measurement technique.



e.

Psi rotations.



f.

Irradiated area.



g.

Direction and location of measurements.



h.

Material removal method for subsurface work.



i.

Radiation and lattice planes used.


13.7.2
Surface Measurement Data



a.

Two-theta angles selected.



b.

Raw intensity and/or corrected (for LPA & background) data.



c.

Lattice spacing (D).



d.

Peak vertex calculated estimated random error.



e.

E/(1+v) and estimated random error.



f.

Calculated stress and estimated total random error.


13.7.3
Subsurface Measurement Data



a.

Depth of measurement.



b.

Measured stress and estimated total random error.



c.

Gradient corrected stress.



d.

Stress relaxation corrected stress.



e.

Sectioning stress relaxation, if used.



f.

Linear absorption coefficient used for gradient correction.


13.8
Retained Austenite Measurement



Austenite measurements shall be performed in accordance with ASTM E 975 
and/or SAE SP453, and the laboratory shall have a documented internal 
procedure.



A sufficient number of austenite and martensite reflections, shall be available to 
the operator, as well as intensities and resolution of the reflections.


13.8.1
Sample Preparation



The laboratory shall have a documented sample preparation procedure, which 
assures that specimens are cut with sufficient cooling to minimize heat effects, 
and that standard metallographic wet grinding and polishing methods are used to 
obtain correct surface finishes.  Progressive grit reductions, from 60 through 600 
grit silicon carbide, or alumina abrasive shall be used.  A final surface of 6µm 
diamond, or equivalent, is required.  If the laboratory develops an alternative 
procedure, the results of such procedure shall be compared to the results 
achieved using this standard, to demonstrate validity of the alternate procedure.



A method shall be established for measuring the thickness of the specimen to 
determine the amount of material removal.  The sample size shall be large 
enough to contain the X-Ray beam at all angles to two-theta.


13.8.2
Test Method



Multiple austenite and martensite/ferrite peaks shall be used to independently 
calculate austenite content, unless near random crystallographic orientation of 
the analyzed specimens has been initially demonstrated.  Spectral scans are to 
be taken of the austenite and martensite peaks, to check for interferences, and 
corrections made for carbide content.


13.8.2
Continued



Background measurement positions, and peak integration ranges shall 
encompass the whole peak, and avoid carbide interferences.  Background 
subtracted integrated intensities are to be obtained for each reflection measured, 
with the whole peak being included in each integration.  The procedure shall 
make provisions for determination of whether the specimen contains a random 
arrangement of crystals, or if preferred orientation exists.  Austenite and 
martensite peak ratios shall be monitored to detect texture and grain size effects.  
Exceeding the limits on variation for austenite or martensite pairs is cause for 
measurement rejection.  Relative intensity factors (“R”) are to be calculated 
independently, to allow for differences in the volume of austenite and martensite 
unit cells.



The laboratory shall have evidence that for each new specimen type, the 
scanning ranges, texturing effects, carbide interferences, sample positioning and 
“R” values have all been taken into account.  The standards shall be used to 
verify instrument alignment and method validity, with a Relative Standard 
Deviation of no more than 6% allowed.  The frequency of standard checks shall 
be performed at a frequency specified by the laboratory’s procedure.  The results 
of the standards and specimens shall be retained as specified in the procedure.


13.9
X-Ray Diffraction Single Crystal Orientation Measurement



Single crystal orientation shall be performed in accordance with ASTM E 82 – 
74.  The following equipment/materials are required, as a minimum:



a.

Laue camera system, or equivalent



b.

X, Y, Z fixture tracking platform, and compatible fixtures for each specimen 



/component tested.



c.

A shutter system on the X-ray tube port, as well as a radiation enclosure on 


the X-ray system.



d.

A Wulf Net, tracing paper and a Geninger chart.


13.10
Sample Preparation



The surface to be analyzed shall be progressively polished to a 3 µm diamond, 
or electropolished.


13.11
Fixturing



Fixtures shall be set on the platform using pre-aligned pins or equivalent.  The 
fixtured specimen’s stacking axis shall be held parallel to the x-ray beam, and 
identical specimens shall be mounted on the fixture in the same manner each 
time.


13.11
Continued



The platform shall be capable of moving the fixture/specimen in the X, Y, and Z 
direction.  The tracking system must contain a pre-aligned X-ray locator arm, to 
set the correct film-to-specimen distance.  The locator arm shall indicate beam 
location.  Specimen placement and marking shall be such that the North-South 
axis of the Laue pattern can be related to the specimen crystal orientation.


13.12
Camera and Shutter Operations



The laboratory shall have a procedure to address camera operation, and 
specimen exposure to the x-ray beam.  The laboratory shall also have a 
procedure for the safe use of the x-ray shutter and enclosure system.


13.13
Pattern Inspection



The laboratory shall have a procedure for the following functions, and the 
operator must demonstrate proficiency in these areas:



a.

Determination of what poles and zones are present in the Laue system.



b.

Determination of primary and secondary orientation of a given pole and 



direction, respectively.



c.

Use of stereographic projection to determine the major poles and zones in 



the pattern, when necessary.


13.14
Low Angle Boundary Misorientation



The laboratory shall have a procedure for determining the misorientation 
between adjacent grains, which accomplishes inspection of both grains without 
altering specimen alignment, relative to the x-ray beam and the plane of the film.


R
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Appendices


A. Flow Chart for Analyzing Materials by EPMA and EDS


14.1  

Scope


This Nadcap document establishes the minimum requirements for materials-testing laboratories performing x-ray microanalysis of aluminide and aluminide-derivative coatings. This document is applicable to laboratories performing x-ray microanalysis using either quantitative energy-dispersive spectroscopy (EDS) or wavelength-dispersive spectroscopy (WDS), on either a SEM or EPMA and using appropriate reference materials. It is the intent of this document to provide requirements and also recommendations for practices that will lead to comparable results from a variety of laboratories, equipment, and operators.


14.2 

Technical References

The following technical references should be used as guides for good laboratory practices:


ASTM E691  
Standard Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test Method

ASTM E766  
Standard Practice for Calibrating the Magnification of a Scanning Electron Microscope


ASTM E986 
Standard Practice for Scanning Electron Microscope Beam Size Characterization


ASTM E1508  
Standard Guide for Quantitative Analysis by Energy-Dispersive Spectroscopy


ASTM E1622  
Standard Practice for Correction of Spectral Line Overlap in Wavelength-Dispersive X-Ray Spectrometry


Scanning Electron Microscopy and X-ray Microanalysis, 2nd ed. Goldstein, J., Newbury, D., Echlin, P., Joy, D., Romig Jr., A., Lyman, C., Fiori, C., Lifshin, E. (1992) New York, Plenum Press.


14.3 

Definitions

· Absorbed Current: The current flowing from the specimen or sample stage to ground


· Accelerating Voltage: The high voltage between the cathode and the anode in the electron gun (ASTM E1508).


· Beam Current: The current of an electron beam measured with a Faraday cup.


· Certified Reference Material (CRM): A reference material, the composition or properties of which are certified by a recognized standardizing agency or group.


· Dead Time: The time during which the detector cannot process incoming x-rays (ASTM E1508).


· EDS: Energy-Dispersive X-ray Spectrometer.


· EPMA: Electron Probe Microanalyzer, also known as an Electron Microprobe.


14.3 (continued)


· K-ratio: The ratio of x-ray intensity for a given element measured on a sample to the x-ray intensity measured on the pure element, corrected for any differences in measurement conditions


· Major Element: Element present at concentrations of 10 weight percent or greater


· Minor Element: Element present at concentrations of 1 weight percent to less than 10 weight percent.


· Multi-element Reference Material: A reference material composed of two or more elements.


· Mutual Consent Reference Material:  A reference material produced within a laboratory and verified by outside laboratories: see section 8.3


· Pure Element Reference Material: A reference material composed of a single element.


· Reference Material (RM): A material of defined composition that closely resembles in chemical and physical nature the material that the analyst expects to analyze, and is employed for calibration or standardization.


· SEM: Scanning Electron Microscope.


· Standard Reference Material (SRM): A certified reference material issued by the National Institute of Standards and Technology (NIST).


· Test Location: A defined area on a test article on which the analysis will be performed


· Trace Element: Element present at concentrations less than 1 weight percent (ASTM E1508).


· WDS: Wavelength-Dispersive X-ray Spectrometer.


14.4 

Personnel

The following section outlines recommendations for analysts and operators. Either an analyst or operator shall perform all quantitative microanalyses. It is not the intent of this document to prescribe academic requirements. They do not substitute for years of experience and proven ability.



Analyst: It is recommended that an analyst have at least a B.S. degree in a relevant field such as analytical chemistry, metallurgy, material science or physical science, or equivalent training and experience. In addition the analyst should have participated in a quantitative x-ray microanalysis course. Attendance at professional seminars such as the M&M (Microscopy and Microanalysis) Conference is recommended. An analyst must approve analytical and sample preparation procedures.


Operator: It is recommended that an operator have a minimum of two years of relevant undergraduate course work, such as analytical chemistry, metallurgy, material science or physical science, or equivalent training and experience under the supervision of an individual with qualifications as described for an analyst.


14.5 

Equipment 

This section documents the basic SEM or EPMA requirements for EDS or WDS quantitative microanalysis.

14.5.1 

Electron Microscope


The instrument shall be capable of:


· An accelerating voltage with a minimum range of 5-20kV.


· Beam current measurement using a Faraday cup (either at stage, in column or both) readable to 0.01 nA precision or better.


· Beam current stability to less than 1% relative variation during typical analysis times.


· Beam current range sufficient to fully utilize the detectors


· For EDS analysis the current range is typically approximately 0.1 to 10 nA.


· For WDS analysis the current range is typically approximately 10 nA to 1 milliampere.


· Electron optics control including condenser lens setting (spot size), stigmation, and objective lens focus


· Scan control: Control of the raster area dimensions. I.e. changing the magnification by changing the scanning coil potentials.


· Reproducible stage control:


· SEM with WDS or EDS: Control of; working distance, take-off angle, spectrometer distance, and stage tilt.


· EPMA with WDS: Light optical focus, specimen holders with a top referenced surface.


14.5.2 

X-ray Detector Systems


14.5.2.1 
EDS


The EDS system shall have the following characteristics:


· A 20keV spectral range with a minimum of 1024 channels (preferably 2048).


· A minimum resolution of 155eV at FWHM for the Mn Ka peak at 1000 cps and 5.89keV.


· Monitor of dead-time, count rate, vertical full scale, and live-time.


· Software enabling characteristic x-ray peak, escape peak, and double energy peak identification (qualitative analysis) for all elements above boron; peak integration and/or fitting; background subtraction; full quantitative comparison to standards; and matrix correction to yield quantitative elemental analysis.


14.5.2.2 
WDS


The WDS system shall have the following characteristics:


· Spectrometer with crystals (e.g. LiF, PET, TAP, etc) appropriate for all elements to be analyzed.


· Spectrometer peak positioning with a precision of better than or equal to 0.01mm or five significant figures in degrees theta.


· Preferably the instrument will have at least three wavelength spectrometers for simultaneous elemental data acquisition.


· Detectors: sealed gas and/or gas flow proportional counters with gas (P10 or equivalent), voltage power supply and controller.


· Controls and software for peak finding, peak and background counting.


· Pulse height analysis (PHA) control.


· Available oscilloscope or equivalent to monitor detector outputs.


· Table of peak positions for crystals used and multi-order peak positions.


· Software for full quantitative analysis using peak intensity, background subtraction, comparison to standards, and matrix correction to yield quantitative elemental analysis.


14.6 

Equipment Calibration


14.6.1 

Microscope



The magnification of the microscope shall be calibrated annually and after each servicing. This is important for accurate knowledge of the raster size during analysis. The specifics of the calibration routine vary from machine to machine and information is available in the operator manuals. ASTM standard E766 should be used as a guide. It is also important to know the beam size when a defocused beam is being used for analysis. ASTM E986 describes how to calibrate the beam size.


14.6.2 
Energy-Dispersive Spectroscopy (EDS) 


Optimum performance requires that the EDS spectrometer be calibrated for peak intensity and alignment prior to analysis. Typical calibration routines call for using pure Al and Cu standards or the K and L peaks of Cu. The calibration of low energy (Cu L and Al K) and high energy (Cu K) peaks produces a calibration of the whole spectrum. These routines are specific to each EDS system and are documented in the operator manual. The spectrum calibration and machine conditions shall be recorded.


14.6.2 (continued)


Detector efficiency may be specifically calculated in many EDS systems to correct for increased absorption of light elements by materials in the detector itself.  Sets of efficiency calculations are made with spectra collected from samples of known composition under carefully fixed stage positions (tilt, working distance, detector position and detector angle), excitation potentials, and beam currents. Where software permits, the detector efficiency shall be recorded on a semi-annual basis, or whenever the detector window is cleaned or altered. One method of documenting detector efficiency variations over time is to record a pure Ni spectrum under a given set of conditions, and to note the ratio of the Ni L to Ni K peaks. If the detector becomes coated in a layer of ice or otherwise contaminated there will be a decrease in this ratio when a spectrum is collected under the same conditions.


14.6.3 

Wavelength-Dispersive Spectroscopy (WDS) 


Calibration of the peak positioning of wavelength-dispersive spectrometers and crystals on reference materials shall be performed prior to analysis. The WDS system should be serviced annually or as recommended by the manufacturer. All parts shall demonstrate smooth motion particularly the spectrometer movements, crystal movements and crystal switching. Further calibration should be carried out in accordance with manufacturer instructions.


Routine measurement and recording of appropriate peak positions, peak count rates, and detector settings (e.g. bias voltage and gain) will demonstrate the stability of each spectrometer.


14.7 

Sample Preparation


Cross sections of the samples shall be prepared metallographically and the sample preparation procedure documented. For analysis the samples should be in the as-polished condition. Samples shall be flat, with no evidence of rounding in the region of interest. 


A layer of plating of sufficient thickness on the sample prior to polishing may help promote edge retention, reduce rounding of the sample, and prevent charging along the sample edge.


Sample preparation should minimize contamination by the polishing media. It is also important that the final polishing medium not contain any elements that might interfere with the quantitative analysis (e.g. Al2O3 polishing compounds). A final 1m diamond polish would be preferable.


14.7 (continued)


To prevent charging, the sample and mount must be conductive. The samples and reference materials shall be as similar as possible in conductivity. This can be achieved using a conductive mounting material or by using a conductive coating upon the sample (e.g. carbon evaporation coating). The conductive coating thickness must be consistent between sample and reference material. Ideally, they should be coated simultaneously. Carbon conductive mount material is preferred. The sample mounts must make electrical contact with the microscope stage; this may be achieved using conductive tape or paint.


14.8 

EDS and WDS Reference Materials


Pure element or multi-element reference materials shall be used to calibrate the x-ray intensities of the elements of interest. The requirements for multi-phase reference materials are not addressed in this document. Reference materials may also be used as quality checks to determine the validity of a given calibration (section 14.11).


14.8.1 

Pure Element Reference Materials


Pure element reference materials may be used to calibrate EDS and WDS x-ray detectors. These reference materials are commercially available with a supplier-documented purity of 99.9% or better.


14.8.2 

Multi-Element Reference Materials


Multi-element reference materials useful for both WDS and EDS quantitative analyses shall contain all the major elements, and as many of the minor and trace elements, as are likely to be encountered in the typical samples. The concentrations of these elements within the multi-element reference material(s) should fall within the ranges likely to be encountered in the aluminide or aluminide-derivative coatings.


14.8.3 

Mutual Consent Reference Materials


The multi-element reference material may be produced in-house but must be checked by two or more electron microprobes to qualify as a mutual consent reference material. The procedure by which the reference material composition was determined shall be documented and kept on record. The multi-element reference materials must be single-phase, with the regions of the reference material used for the calibration routine being homogeneous on the micron scale ((5% relative for the major elements). 


14.9 

Analytical Conditions


The following analytical conditions shall be used during x-ray intensity calibration and sample analysis.


14.9.1 

Accelerating Voltage


The accelerating voltage shall be sufficient to excite the x-ray lines of the elements of interest. The K lines should be used where possible, resorting to L and M lines for the higher atomic number elements or when peak overlaps occur. Accelerating voltages of 15 or 20kV are usually adequate for typical aluminide and aluminide-derivative coatings. It is important that the accelerating voltage remain constant throughout the analyses and that it be consistent between the intensity peak calibrations and the sample analyses.


14.9.2 

Beam Current


Beam current must remain at a known and reproducible value for at least the time periods of reference calibrations and of sample analyses. SEM and electron microprobe current meters must resolve current values ranging from tens of nanoamps (10-9) to tens of picoamps (10-12). For example, the current may be measured in the column with a Faraday cage, or as absorbed stage current providing that the entire beam is collected by the stage. This may be achieved simply by focusing the beam into the center of a deep screw hole on the stage. 


The operator must also be aware of the varying impacts filament age, filament saturation, hysteresis, and lens resistance have on beam current stability.


In EDS systems, the beam current shall be adjusted to obtain a reasonable number of counts per second (cps) and to optimize the dead time on the element which is the most highly excited (usually Al in typical aluminide coatings). This beam current should remain constant for all reference material calibration and sample analyses. Alternatively, the beam current may be adjusted to achieve optimum dead times for each reference material and sample, providing the beam current can be accurately measured and entered into the quantitative calculations. The count rate should be selected so that the best resolution can be obtained; particularly when there are peak overlaps. A dead time of <30% is usually the optimum for maximum throughput of x-ray counts. High count rate may result in peak shifts and loss of spectral resolution. Further information can be found in ASTM 1508 or Goldstein et al, 1992 (p289 WDS, p298-304 EDS).


In WDS systems it is preferable that the beam current remain constant for both peak intensity calibration and sample analyses. However, EPMA systems are usually designed with reliable current measuring devices and any changes in beam current between analyses can be accounted for in the correction routines. The upper and lower limits for spectrometer count rates on given crystals may be found in the manufacturer documentation.


14.9.3 

Take-off Angle and Working Distance (EDS)


The take-off angle and working distance of the energy-dispersive spectrometer (EDS) setup can be optimized for spectrometer counting efficiency.  This optimum is usually designed with zero stage tilt.  It is important to maintain consistent take-off angles and working distances for both peak intensity calibration and sample analyses. 


14.9.4 

Magnification and Beam Size


The area of material analyzed can be controlled either by varying the magnification or by defocusing the beam.  Commonly, for the EPMA, the beam is defocused to increase the cross-sectional area of the beam incident on the sample. Alternatively, the beam may be rastered across a certain area. Either method is acceptable although some rastering systems may dwell longer in one corner of the area. It is important to maintain the same beam size or magnification when analyzing the samples as that used to calibrate the peak 


intensities on the reference materials.


14.9.5 

Counting Precision

When performing intensity peak calibrations and sample analyses a minimum of 10000 counts shall be collected for the maximum peak. Collecting a higher number of counts will improve the counting statistics.


14.10 

Intensity Peak Calibration


Pure element reference materials or a multi-element mutual consent reference materials (as described in section 8) shall be used to calibrate the x-ray intensities. A minimum of five points shall be analyzed on the reference material(s). All major and minor elements in the sample material shall be calibrated with appropriate reference materials.

14.11 

Quality Check


A quantitative analysis performed on pure element reference materials or a multi-element reference material of similar composition to the aluminide or aluminide-derivative coatings is useful as a quality check to determine how well the peak intensity calibration performs. This quality check is required for EDS quantitative analyses but optional for WDS analyses. The requirements for these reference materials are outlined in section 8. If the quality check is not within 5% relative (wt%) for the major elements corrective steps must be taken prior to analysis. 


14.12 

Sample Analysis


The sample analysis procedure shall be documented, kept on record, and be available for review. Sample analysis shall be performed using the same machine parameters as used for the intensity peak calibration on the reference materials. A data point shall be collected using a beam or rastered area 10-15(m across at a depth in the coating defined by the customer. A minimum of seven, non-overlapping data points shall be analyzed at each test location in order to characterize a coating, unless the customer specifies otherwise (see example in figure 1).


All major and minor elements present in the coatings must be included in both the x-ray intensity peak calibrations and sample analyses.  In either EDS or WDS analyses, neglecting one or more elements that account for a significant percentage of the specimen will produce errors due to the matrix correction routines. In addition, when elements present in the sample are not included in EDS analyses, the resulting normalized weight percent totals will be inaccurate.


Peak overlaps should be avoided, whenever possible, by the use of the L and M x-ray lines.


14.13 

Data Reporting


14.13.1 
Required Data


The quantitative data for each element analyzed at each data point at each location, along with the mean values and the standard deviation for each element analyzed, shall be reported to the customer unless specified otherwise.


14.13.2 
Optional Data


The customer may also request the following information:


· Accelerating voltage.


· Beam current.


· Location of each data point on the sample.


· K-ratios


· Acquisition time (peak and background for WDS).


· Take off angle and tilt (EDS).


· Reference materials used for x-ray peak intensity calibration.


· Precision of analytical data.


· Correction routine and correction factors.


· The data from the reference material analyses and quality check analyses may be reported to the customer to demonstrate the quality of the calibration and the stability of the machine conditions. 


14.14 

Records


The following data shall be recorded and be easily accessible:


· All analyzed data


· Reference material composition documentation


· Sample preparation procedure


· Sample analysis procedure


14.15 

Proficiency and Interlaboratory Testing


Proficiency testing is used to determine competence to perform the method and comparability with other testing laboratories.


Interlaboratory testing is designed as an ongoing quality check of an approved supplier. 


14.15.1 
Test Samples


The following section describes test samples used in proficiency and interlaboratory testing. The requirements for these materials are the same as those for multi-element reference materials as discussed in section 14.8.3.


Simple Aluminide Coatings: Samples of the same base material, coated at the same time, shall be used for testing. These samples shall represent Al concentrations typical of OEM specifications.

Platinum Aluminide Coatings: Samples of the same base material, coated at the same time, shall be used for testing. These samples shall represent Pt and Al concentrations typical of OEM specifications.


Test Sample Homogeneity check: Each test sample shall be checked for homogeneity within the test location.


Test Location: The test location shall be marked on the test specimen. One acceptable method is to identify the boundaries of the analysis area using microhardness impressions. It is recommended that an area approximately 100m across be used for analysis.


14.15.1 (continued)


Test Location Chemical Composition: The chemical composition of the test location shall be determined by testing on at least two independent electron microprobe units. Overlapping or adjacent analyses shall be conducted parallel to the coating surface, an example is shown in figure 1. Each set of microprobe measurements shall be performed three times. The grand average and standard deviation for Pt and/or Al shall be determined together with all minor and major elements analyzed.


14.15.2 
Supplier Testing Procedure



Sample Preparation: Test specimens shall not be metallographically re-prepared.  A solvent such as acetone or alcohol may be used to clean off the specimens prior to testing.


Quantitative Analyses: A data point shall be collected using a beam or rastered area 10-15(m across at a depth defined in the test instructions. Seven data points shall be analyzed within the defined test location (e.g. fig. 1). These measurements shall be repeated for three setups, one setup being loading of the sample, filament saturation, analysis, and sample removal. For proficiency testing the measurements shall be performed on each machine in use and also by each analyst and operator requiring approval.
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Figure 1.  The blue arrow indicates the additive layer of the coating where the analyses are to be run.  The red arrow shows the diffusion zone.  The green arrow depicts the entire thickness of the coating.  The aqua Vickers indentations in the Mar-M247 base material are spaced approximately 150 microns apart and the data points (represented by the red boxes) are to be taken randomly spaced as shown.


14.15.3 Reporting Results 


The following data shall be reported:


· Accelerating voltage.


· Beam current (EPMA).


· K-ratios.


· Weight percent data for each element at each data point.


· Beam size or raster area dimensions.


· Correction routine, if multiple correction procedures are used in the laboratory, data produced using each routine should be reported.


14.15.4 
Evaluation of Test Results: 


Test results are acceptable if it is determined they fall within the control limits of the test sample.



R  15.
COMPOSITES TESTING   Section III: Non-Metallic material testing


15.1 General Requirements for Non-metallics


15.1.1 Strain Gages


Unless otherwise specified or restricted by specimen size the strain gage grid size


shall be a minimum of 6 mm.


15.1.2. Specimen Dimension Control


Statistical Process Control shall be used by the testing facility when 100% measurement is not used for gage section dimensions or other dimensions which might affect testing axiality or stress concentration.  Examples: uniformity, concentricity, required taper, undercut of radii at gage section.



Test specimens shall be visually inspected by the testing function, for surface 
finish, and surface damage prior to the test, and if any magnification is used, it shall be recorded.  When NDT methods are used, they are to be noted as well.  Any observed surface irregularities shall be listed in the test record, if 
the test is to still be performed.


15.1.1 Replacement Testing and Re-Testing


Retesting and replacement testing shall be


in accordance with the general guidelines of Para. 4.9. In addition, the following assignable causes shall be accepted for replacement testing:


a) Original specimen had a poorly machined surface or had other visible surface damage      prior to testing.


b) Original specimen had incorrect dimensions.


c) Incorrect preparation procedures were used which may have affected properties (e.g.,        grinding without lubricant).


d) The test procedure was incorrect, or was performed incorrectly.


e) Failure of mechanical test specimens occurred outside the  reduced area or gage length.


            f) Malfunction of testing equipment, including thermocouple malfunctions.



g) Tab and strain gage failures



h) Incorrect lay-up or cure


            i) Any other causes that can be reasonably, technically explained.


15.1.2 Accountability


Retest and initial values including failed values shall appear on the captive lab’s certificate. All replacement testing shall be assigned a probable cause and be stated on the certificate of test. A failure of a specimen assignable to a non-material related cause shall be considered a "no test" and be treated in accordance with the requirements of Para. 4.9.


Unless otherwise specified, the following mechanical test procedures shall apply for testing non-metallic materials.


Thermocouples (T/C) shall be selected in accordance with customer criteria. Wherever criteria are not specified type J or K are recommended. T/Cs used for elevated temperature tests shall be reported.  Prior to re-use of 

any T/C, kinked wire shall be removed and that junction replaced; all obviously 
oxidized or damaged junctions shall be removed and replaced.  There shall be 
no twisting of the wires prior to the junction point.  The laboratory shall have a procedure addressing reuse of 
thermocouples.


T/C calibration:  Wire shall be calibrated to the requirements of ASTM E 220 
(including limits of error) at the maximum and minimum temperatures, and at the 
maximum intervals given below.  Individual T/Cs may be calibrated in lieu of wire 
calibration.  The calibration procedure of the laboratory or outside agency shall 
be documented.



INTERVALS


200° F (111° C):
Type “R” and “S”



50° F (28° C):

All other types (except “K” as required in section 6.5.2)

15.1
Materials



Composite pre-preg



Adhesives



Elastomers



Fibers



Honeycomb core



Testing



Mechanical Testing



Physical Testing



Chemical Testing


15.1 Class A: Composite Material Testing Requirements


15.1.3 Environmental Requirements


Unless otherwise specified by a test procedure/customer requirement composite material testing shall be performed in an atmosphere of 60% maximum relative humidity and 65-80°F (18-27°C).


15.1.4 































15.1.5 



15.1.4  Round Robin Testing Requirements


One of the following options may be used:


Option 1


Participants shall test a standard panel of a chosen material for the following properties: Tensile strength and modulus per ASTM TBD, Compression strength and modulus, per ASTM TBD, Transition temperature (Tg) by TMA (Thermo-mechanical Analysis) per  ASTM E831.. Transition temperature testing shall only be performed by labs approved for TMA testing.. Standard panels for mechanical specimen preparation may be procured from the approved TBD material  sources. In  the event of a failure to meet the specified material properties  the lab shall notify PRI and all material acceptance testing shall be discontinued until satisfactory corrective action is in place. All Round Robin test results shall be made available for review by the labs customers.

 







15.1.6 





























































15.1.6.1 

Establish a generic preconditioning policy per ASTM or customer requirement

Include in a slash sheet for GE labs only.























15.1.4.3   Strain Gage Application


Strain gages shall be applied in accordance with a gage manufacturer's recommended procedure or other internal procedure.. Service temperature of gage adhesive should be compatible with test conditions (temperature, humidity etc.). If there is a question of possible specimen damage, due to excessive heat required to 

cure, contact requestor prior to gage application. All chemicals and adhesives used for strain gaging shall be properly identified and stored. Use of strain gage supplies past shelf life is prohibited.

Include in handbook a provision to ensure that specimen is not postcured as a result of strain gage adhesive cure.

15.1.4.4   Strain Measurement Device Attachment


Strain measuring devices (extensomet ers/compressomenters etc.) shall be attached directly to the uniform gage section of the specimen. The extensometer shall not induce any moments (bending) into the specimen.

 Extensometer class shall be as defined in customer specifications..In the absence of a requirement Class B2 or better shall apply.

15.1.4.6.5.1 Temperature Gradient Profile for Furnace/Oven Verification


A temperature profile shall be performed to demonstrate test set-up capability on an annual basis as follows:


A dummy specimen of the same material and of the same dimensions as the actual specimen to be tested shall be prepared with three thermocouples attached to the face of the specimen at the top, center and bottom of the planned extensometer gage section. The dummy specimen shall be placed into the furnace/test fixture configuration, and the controls set on the furnace at a position expected to cause the temperature reading of the three thermocouples to


reach the desired test temperature. The temperature of the three thermocouples shall remain at the


desired temperature, ±3°C  for temperatures up to 260°C (500°F) or ±1% of test temperature above 260°C (500°F), for 10 minutes minimum. If the tolerance/time requirement is not met on each of the three thermocouples, then the above procedure shall be repeated (starting with the setting of the furnace controls) until conformance is acquired. The set points on the controls and the temperature reached by each of the three thermocouples shall be recorded as well as the time to reach the test temperature.  In addition to the annual verification, each test specimen shall have one thermocouple attached to the center of the planned gauge section, using a method specified by the material specification/purchaser.


As an alternate to the above requirement the test supplier shall have the option, where possible, of attaching multiple (minimum 2) thermocouples evenly distributed in the gage section of each test specimen.  For specimens with a gage length less than 13mm, one thermocouple may be used.  The temperature indicated by the thermocouples shall remain at the desired test temperature, ±3°C for temperatures up to 260°C (500°F) or ±1% of test temperature above 260°C (500°F).

15.1.4.6.5.2 



15.1.4.5  Thermocouple Attachment


The thermocouple (T/C) shall be directly attached to the specimen in a manner that will not interfere with the test results or as required by the customer. Standard attachment techniques are:glass tape, tied, and bailed. 




15.1.4.6  Alignment Capability


Equipment used for mechanical testing of composite materials must have successfully demonstrated compliance to the alignment requirements of this specification. Test stand


alignment capability shall be performed at room temperature. All alignments shall be in accordance with applicable industry specifications for the type of test being performed. The test stand alignment shall be verified as follows:


1) After a time interval not to exceed 6 months.


2) Following any system disassembly/ reassembly.


3) The system alignment is in question.

15.1.4.6.1 Tension Alignment


The alignment specimen's geometry and strain gage locations shall be as shown in GEAE drawing 4013367-071. The alignment specimen shall be made from a high strength alloy with a modulus between 28 to 30 Msi (193.1 to 206.8 GPa). A document verification of the alignment specimen's capability is required prior to use. Suggested alignment specimen source:


Cincinnati Testing Labs 417 Northland Road Cincinnati, Ohio 45240 (513) 851-3313


The alignment specimen shall have all strain gages "zeroed out" in the free state prior to installing in machine. Re-zeroing of strain gages after installing the specimen


is not permitted. A minimum of 3 repetitions shall be performed. A repetition shall include the loading of the alignment specimen to the required strain levels, unloading the specimen and then removing the specimen from the test set-up; and, shall include turning the specimen end to end and side to side. The load level at which the values for percent bending are determined shall be reported. If any portion of the load train is removed during test set-up, it shall also be removed


and reinstalled in the course of the alignment verification. Strain outputs at the free state (should be zeros), clamped (installed in the test stand at zero load), at 1000 microstrain and 1500 microstrain shall be documented. See Tensile Alignment Guide, Appendix A.


15.1.4.6.1.1 Tension Alignment Strain Calculation


The maximum bending strain and the percent bending shall be calculated separately for each


plane of bending and each of the three axial locations. The equations for bending are as follows:


| |


| (e3-((e1+e2)/2)) |x 100 < 8% e1 = The strain measured from


|-------------------| strain gauge No. 1.


| eAVG |


and e2 = The strain measured from


strain gauge No. 2.


| |


|e1-e2 | x 100 < 8% e3 = The strain measured from


|----------| strain gauge No. 3.


|(e1+e2)/2 |


| |


eavg = The average strain


calculated from e1,


e2, e3


.


15.1.4.6.1.2 Tension Alignment Maximum Allowable Bending


Maximum allowable bending in either plane shall be 8 percent at 1000 microstrain and


1500 microstrain.


15.1.4.6.2 Compression Alignment


Parallelism of the Load  surfaces shall be checked as follows: 


1. Check platens to ensure they are flat within .001".


2. Check the surfaces using a 0.001 inch (0.025 mm) feeler gage between the platens with a minimal applied load of 10 to 20 pounds (4.5 to 9.1 kg).


15.1.4.6.3 Specimen Grip Method: 


The test specimen shall be gripped on its faces with a controllable dynamic force exerted equally across each face. The specimen shall be gripped in such a manner that ensures that neither the grip face texture or the exerted grip pressure contributes to specimen failure within or at the grips. The addition of other materials between the grip faces and the specimen (e.g., sandpapers,


etc.) are permissible as long as they are utilized in the alignment verification. (NOTE: Hydraulic actuated grips are recommended to obtain the required gripping of the test specimen.)


15.1.4.6.4 Hydraulic Gripping 


When hydraulic grips are used, the lightest gripping force without causing slipping should be used. A log of pressure versus material   and specimen size shall be maintained for reference.


NOTE: Gage pressure versus the pressure seen by the specimen is different between grip manufacturers and grip size.


15.1.4.6.4 Crosshead Rate


Unless otherwise specified by a contractually invoked test method, crosshead rate shall be maintained at .05 ±.01 inches per minute for all tensile and compressive testing including


short beam shear. Crosshead rate for flexural test- ing shall be .05 ±.01 inches/min. or in accordance with the table of ASTM D790, based on the specimen depth and Span-to-depth ratio. Tensile machines shall be capable of monotonic load application.


















15.1.4.6.5.3 









15.1.4.6.5 Compression Fixture 


The compression fixture shall be in accordance with SACMA SRM 1 Load bearing surfaces


during compressive tests shall not incur any permanent deformation. Compression fixtures shall be permanently serialized and used as matched sets. Fixture ID's shall be recorded on test data sheet. Compression fixture support plates shall be torqued to 6-10 inch pounds (or as specifiedin the test method) using a calibrated torque wrench.


15.1.5 Preparation of Mechanical Test Specimens


15.1.5.1 Specimen Lay-out, Identification and Tracing:


Panel number, lot number, specimen location and fiber direction shall be transferred


(drawn) directly on the panel. Each specimen shall be uniquely identified with a permanent ID number. Prior to blanking, a photograph or sketch shall be taken to document specimen location. This photograph or sketch shall become part of the permanent record. Method of locating and maintaining 0° orientation shall be documented.


15.1.5.2 Specimen Machining


Unless otherwise specified water based coolant shall be used for all machining operations. Coolant shall be applied continuously during machining. Good machining practices shall be followed maintain coolant cleanliness, use of fine mesh filtering is suggested.


15.1.5.2.1 Rough Machining/Blanking:


Specimens should be rough machined from panel or laminate, using a diamond saw or equivalent


15.1.5.2.2 Specimen Tabbing: 


Tabbing shall be performed using either a press or an autoclave. The pressures and temperatures


recommended for curing, by the adhesive manufacturer, shall be followed. Tab material shall


be specified by the Purchaser or by the applicable material specification. See Appendix B for complete tabbing requirements.


15.1.5.2.3 Finish Machining/Grinding:


a) Straight Sided Specimens


Grinding shall be used when additional machining is required to obtain specified surface finish. No routing or hand polishing is permitted.

b) Reduced Gage Section Specimens 


Machining of reduced gage sections shall be performed with a grinder No routing or hand polishing is permitted


15.1.5.3  Quality Assurance Provisions


Prior to testing, all specimens shall be visually and dimensionally inspected. Particular attention shall be paid in the control of specimen characteristics that might affect test results such as: gage section, undercut of radii, taper, parallelism, etc.


15.1.5.3.1 Dimensional Inspection


The machining source shall perform and document 100% dimensional inspection on all specimens until process capability has been demonstrated. Sampling inspection of specimens may then be implemented. A micrometer with a .125 to .157 radius double-ball interface


shall be used to measure specimen gage dimensions.


15.1.5.3.2 Visual Inspection


All finished specimens shall be visually inpected. Machined surfaces shall be free of visible imperfections and meet the specified surface finish requirements. Surface finish standards or a profilometer shall be used as necessary to demonstrate specimen conformance. Finished specimens shall periodically be examined under 10-20X magnification for conformance.


15.1.5 Physical Testing: Unless otherwise specified, the following


physical test procedures shall apply for testing composite


materials:


TEST TYPE SPECIFICATION


Hardness Testing (Barcol) ASTM D2583


Specific Gravity/Density ASTM D792


Resin/Fiber Content By:


Acid Digestion ASTM D3171


Burn Off ASTM D2584


MEK Wash Mat'l Spec.


Water Absorption ASTM D570


Volatile Content Mat'l Spec.


Fiber Areal Weight Mat'l Spec.


Flow Mat'l Spec.


Gel Time Mat'l Spec.


15.1.5.1 Barcol Hardness Testing


The Barcol hardness calibration standards (hard and soft aluminum discs) supplied by the manufacturer of the instrument shall be the only approved standards for indentor calibration check. Other discs may not be used even if they are of the same alloy and temper. Aluminum discs shall be used for indentor calibration  only on one side. Discs bearing indentations on both sides shall no longer be valid for calibration. 


15.1.6 Chemical/Analytical/Thermal Testing


The following test methods and/or equipment manufacturer's instructions shall be


used for chemical/analytical/thermal testing of composite materials:


TEST TYPE SPECIFICATION


High Pressure Liquid Chromato- Equipment


graphy (HPLC)/Gel Permeation Instructions


Chromatography (GPC)


Infra-Red Spectroscopy (IR) Equipment


Instructions/


ASTM E168/E275


Dynamic Mechanical Analysis (DMA) Equipment


Instructions/


ASTM D4440/


D5023/D5024/


D5026


Thermal Oxidative Stability E50TF534


Thermogravimetric Analysis (TGA) Equipment 

Instructions


Thermomechanical Analysis (TMA) Equipment 

Instructions/


E50TF536


Differential Scanning Calorimetry Equipment


(DSC) Instructions/


ASTM D3418


Wet Chemical Analysis Lab Procedures


15.1.6.1 Thermal and Analytical Testing Calibration Frequency


Unless otherwise specified, all Thermal-Analytical equipment shall be calibrated in accord-


ance with the following schedule:


a. Prior to use if the equipment has not been used for over 1 week.


b. On a monthly basis when equipment is in continuous use.


c. Every time suspect results are obtained.


Equipment calibration shall be conducted in accordance with equipment manufacturer's recommended procedures and/or as specified here-in. Calibration logs shall be maintained for all equipment. Logs shall include records of all scheduled and unscheduled calibrations and report as a minimum:


a. Calibration date.


b. Procedure used.


c. Technician's name.


d. Actual and required calibration results.


e. Pass/Fail statement.


Calibration of all thermal equipment shall be conducted using standards whose melt points include the sample predicted test temperature.


15.1.6.1.1 High Performance Liquid Chromatography


The liquid chromatography set-up is usually composed of a mobile phase and pump, an injector that introduces the sample into the detection system; a column that separates the constituents of the sample and a detector/recorder that detects and reports the results of the analysis. The following calibration requirements shall apply to HPLC equipment independent of the test method used.


15.1.6.1.1.1 Mobile Phase Flow Rate Accuracy


The flow rate of each pump shall be measured separately and in combined operation. When the pumps are operated simultaneously, the controller shall be set at 50 percent flow for each pump. Pump accuracy testing shall be performed at least every 6 months using the procedure outlined


below or equivalent:


a) Prime the pump with degassed 50 percent CH3CN (acetonitrile) and 50 percent H2O (water).


b) Set the flow rate at 2ml/minute and measure the time required to fill a 10 ml graduated cylinder. Repeat three times and report the individual values.


c) Unless otherwise specified by the equipment manufacturer, acceptable individual values shall be 285 to 315 seconds. If these are not reached repair pumps as necessary and repeat test.


15.1.6.1.1.2 Detector Wavelength Calibration:


The ultraviolet detector wavelength shall be calibrated to ensure the wavelength indicated on the instrument is the actual wavelength being monitored. Calibration shall be performed at least every 6 months and in accord- ance with the instrument manufacturer's


instructions or  material specification.


15.1.6.1.1.3 Column Efficiency Determination


Column efficiency shall be determined at least every six months or whenever analysis results are suspect. Column plate count shall be determined in accordance with the column manufacturers recommended procedure or the applicable material specification.


15.1.6.1.2 Infra-red Spectroscopy (IR or FTIR):


Infra-red spectroscopy is a qualitative method of identifying (finger printing) materials by


the use of electromagnetic radiation. Specimen molecules absorb the infared radiation and produce a unique absorption spectrum. This spectrum is subsequently compared to known material spectrums to identify the material. A polystyrene film (usually supplied with the


equipment) shall be used to verify equipment


calibration prior to each use.


15.1.6.1.3 Dynamic Mechanical Analysis (DMA)


DMA is the most useful thermal analysis technique in accurately identifying transition temperatures in the polymer matrix. DMA instruments apply a sinusoidally varying load and measure the sinusoidally varying response. The ratio of the amplitude of the stress and strain sine waves determine the "storage" or elastic modulus of the specimen, while the phase angle between the two waves is called the loss angle and is a function of the internal friction of the material. Commonly the glass transition is determined by measuring the specimen storage modulus and loss as a function of temperature. The ratio of the loss modulus to the storage modulus is defined as tan ó. As the thermal analysis community has not agreed as to the definition of Tg, it is critical when reporting Tg to state which parameter has been used. The frequency of the oscillation is related to the storage modulus of the sample and the power needed to maintain its oscillation is related to the loss in the sample.


15.1.6.1.3.1Calibration Requirements


DMA equipment shall be calibrated using equipment manufacturer's instructions. In addition, a plastic polycarbonate sample (with known Tg) shall be run to ensure the equipment is capable of reproducing the sample's known Tg value.


15.1.6.1.4 Thermal Oxidative Stability


A conditioned cured laminate specimen is placed in a pressurized test chamber located inside an air-circulating oven. The specimen is subjected to a pressure temperature environment. The weight of the specimen, prior to and after the exposure, are measured to estimate the average weight loss. Chamber design and test approval shall be performed in accordance with customer requirements. All instruments used shall be calibrated.


15.1.6.1.5 Thermo-gravimetric Anaylysis (TGA)


TGA is used to determine the weight loss or gain of specimens as a function of temperature in a specified environment, heated at a prescribed and controlled rate.


15.1.6.1.5.1 Calibration Requirements:


TGA equipment shall be calibrated in accordance with equipment manufacturer's instructions. Oven temperature calibration shall be performed using standards that have melting points that include the test temperature that the specimen is subjected to. Standards such as Calcium Oxalate that have a well defined weight loss with temperature input may be used to assess equipment performance. Weight balance accuracy shall be evaluated either with the equipment's internal calibration system or by the use of NIST traceable weight standards.


15.1.6.1.6 Thermo-mechanical Analysis (TMA)


TMA is utilizing a probe of known weight and diameter to evaluate material glass transition temperature as well as coefficient of thermal expansion. The probe is rested on top of a specimen (usually a laminate) while the specimen is subjected to a controlled heat-up rate. A plot is generated as the material advances through its glass transition.


15.1.6.1.6.1 Calibration Requirements:


Standards with known melting points shall be used to calibrate TMA equipment temperature profile.


15.1.6.1.7 Differential Scanning Calorimetry (DSC)


A technique where the difference in energy inputs into a substance and a reference material is


measured as a function of temperature while the substance and reference material are subjected


to a controlled temperature program. The specimen is heated or cooled at a controlled rate in a controlled atmosphere. The difference in temperature or heat input (between the reference and


the test material) due to energy changes in the material are continuously monitored. A transition is marked by the absorption or release of energy by the specimen resulting in a corresponding


endothermic or exothermic peak or baseline shift in the heating or cooling curve. This test method is used for qualitative analyses of components, cure behavior and related processing information, degree of advancement, melting point and glass transition temperature (Tg) determination.


15.1.6.1.7.1 Calibration Requirements


The temperature scale of the DSC calorimeter must be calibrated using appropriate heat standard reference materials that include the temperature range of the test material. Standard materials such as Benzoic Acid (melt point 122.4°C) Indium (156.4°C), Tin (231.9°C), Lead(327.4°C) and


Zinc(419.5°C) may be used to obtain the suitable range. Additionally, baseline and reference standards such as aluminum and sapphire shall be run in accordance with the equipment manufacturer's instructions.


15.1.6.1.8 Standards and Reagents


Chemical testing shall be conducted using standards available from NIST. When not available, secondary standards may be used but must be supported by wet chemical analysis. The wet

chemical analysis will take the form of a documented permanent record showing test date, test technician's signature, analysis results and test procedure (ASTM or other applicable method). The wet chemical data must be traceable to the source. Wet Analysis reagents which take part in the reaction shall be of analytical grade of better. Shelf life disciplines shall be documented and maintained for standards susceptible to deterioration (e.g., evaporation of liquid standards, reaction with glass storage container).

15.1.7 Flamability Testing


15.1.7.3  Test Specimens


15.1.7.3.1 A minimum of three specimens shall be tested for each material or part subjected to flammability testing.


15.1.7.3.2 The edge of the specimen to which the burner is applied shall not be finished or have a protective edge.


15.1.7.4   Test Cabinet


15.1.7.4.1 Tests shall be conducted in a draft-free cabinet.  The cabinet shall be constructed in accordance with specification requirements.


15.1.7.4.2 The test cabinet shall be placed under a fume hood to allow removal of dangerous fumes and to aid in the clearing of smoke after each test.


15.1.7.5   Burner


15.1.7.5.1 The burner shall be a Bunsen type, having a nominal 3/8” (9.5 mm) inside diameter barrel, with a needle valve to adjust gas flow rate.


15.1.7.5.2 Methane gas with a minimum 99% purity shall be used as the burner fuel.


15.1.7.5.3 A properly adjusted burner flame will be nominally 7/8 in. tall for the bright yellow inner cone, and 1 ½ in. tall for the very faint blue outer cone.


15.1.7.6  Timer


15.1.7.6.1 A calibrated stopwatch or other device having a minimum resolution of 0.1 seconds shall be used.

15.2 Class B: Adhesive Material Testing Requirements


15.2.1. CLASS B ADHESIVES


15.2.1.1 Round Robin Testing Requirements


Adhesive testing laboratories shall participate in a round robin test program on an annual basis. The program shall be designed in accordance with the guidelines of Para. 4.15. Approved independent test labs may be used to comply with this requirement. The following tests shall be covered, as a minimum, by the round robin testing program:


1. Tensile lap shear per ASTM D1002.


2. T-Peel per ASTM D1876.


Round robin test results shall be reported in accordance with the report requirements of the ASTM method used. GE specification A50TF218 may be used as a guidelines for specimen preparation and evaluation of test results.


15.2.1.2 Mechanical Property Testing


As the accuracy of the results of strength tests of adhesive bonds is greatly dependent upon


the bonding process, the manufacturer of the adhesive shall furnish the following:


1. Surface preparation procedure.


2. Adhesive mixing procedure.


3. Adhesive application and assembly conditions.


4. Cure cycle and any prior to testing conditioning.


Approval of mechanical testing of adhesives shall in general be based on the following tests and methods:


TEST TYPE/ SPECIFICATION


Tensile Shear ASTM D1002


Flatwise Tension ASTM C297


T-Peel ASTM D1876


Roller Peel ASTM D3167


Double Overlap Shear ASTM D3528


Lap Shear ASTM D3165


Climbing Drum Peel ASTM D1781


Strength & Shear Modulus ASTM D3983


15.2.1.3 Replacement Testing and Retesting:


A written procedure (through the written quality system) for replacement testing and retesting


shall be established and referenced through the Quality manual. When the material specification or other con- tractual documents do not establish criteria, the following retest policy shall apply: When one of the test specimens from the initial panel/sample fails to meet a given property, two additional specimens from the same initial panel or lot shall be tested for the failed property. The lot shall be accepted if both additional specimens meet the given property. When two or more test specimens from the initial panel fail to meet a given property, a new panel shall be made from the same lot of material as the initial panel and the same number of specimens as originally required shall be tested. The lot shall be accepted if all the specimens from the second panel meet the given property. No further retesting is permitted beyond the second panel. Replacement testing shall be in accordance with the general guidelines of para. 4.9. The following assignable


causes shall be accepted for replacement testing of adhesives:


a. Evidence of improper surface preparation.


b. Cure cycle problems such as autoclave malfunction, vacuum bag failures, etc.


c. Wedged bondline - the bondline thickness varies across the bondline.


d. Cocked bondline - the overlap varies from one end of the specimen to the other. Panel may          have slipped before the adhesive gelled.


e. Inadequate fillet formation. Blockage of adhesive flow during the cure.


f. Improper mixing or application of adhesive to substrate.


g. Specimen machining imperfections.


h. Improper reticulation (honeycomb climbing drum).


15.2.1.4 Accountability 


Supplier records shall clearly identify all retesting and replacement testing. Retests shall state a probable cause (based on best judgement) for the initial test failure. Replacement tests shall clearly state the assignable cause that led to the invalidation of the original test results.


15.2.1.5 Physical Property Testing: Physical testing of adhesives


shall, in general, conform to the ASTM standards listed below.


Additional methods may be used as referenced in the various


material specifications.


TEST TYPE SPECIFICATION


Specific Gravity ASTM D891


Density ASTM D1875/D1963/D1622


Viscosity ASTM D1824/D2393


Shore Hardness ASTM D2240


Barcol Hardness ASTM D2583


Transition Temperature ASTM D3418


Analytical balances used in the performance of physical testing shall meet the accuracy required by the pertinent ASTM procedure. Barcol hardness calibration standards (hard and soft aluminum discs) supplied by the manufacturer of the instrument shall be the only approved standards for calibration. Other discs may not be used even if they are of the same alloy and temper. Aluminum discs shall be used for indentor calibration only on one side. Discs bearing indentations on both sides shall no longer be valid for calibration.


15.2.1.6 Thermal and Analytical Testing


All thermal analytical testing performed on adhesives shall meet the requirements of paragraph 15.1.6 of Class A (composites).


15.3  Class C: Elastomeric Material Testing Requirements

15.3.1 Round Robin Testing


Elastomeric testing laboratories shall participate in a round robin test program on an annual basis. The program shall, as a minimum, compare results from the following tests:


1. Tensile strength and elongation per ASTM D412.


2. Hardness per ASTM D2240.


3. Specific gravity per ASTM D297.


Additional tests may be evaluated at the discretion of the lab. Participation in rheometric Round Robin testing is recom- mended for all captive labs that use these results to determine optimum material processing parameters. One of the following options may be used to comply with the Round Robin requirement.


Option 1


Participation in an accredited collaborative interlaboratory test program that performs elastomer proficiency testing such as Collaborative Testing Services  at http://www.collaborativetesting.com/


Option 2


A self designed program in accordance with the guidelines of Para.4.15. 


15.3.2 Mechanical Property Testing


The following ASTM methods shall form the basis for mechanical testing of elastomers.


TEST TYPE SPECIFICATION


Tensile Testing ASTM D412/D1414


Compression Set ASTM D395


Tear Resistance ASTM D624


Testing of Coated Fabrics ASTM D571


Temperature Retraction (TR-10) ASTM D1329


Flexural Testing ASTM D813


Rubber Property Resilience by Vertical Rebound ASTM D2632


Elongation measurements of elastomers are exempt from compliance with the requirements for Class B1 extensometers per ASTM E4. However, tensile test equipment must be capable of accurately recording elongation values and be calibrated to ASTM E4.


15.3.3 Tensile Specimen Preparation


Dumbell specimens shall be either injection molded or die-cut. When die-cut, a single impact stroke shall be used to ensure smooth cut surfaces. Cutting edges of dies shall be maintained sharp and free of nicks at all times. All specimens shall be visually inspected prior to testing. Unless otherwise specified, all specimens shall be cut so that the lengthwise portion of the specimen is parallel to the grain direction. Straight and cut ring specimens shall conform to the


requirements of ASTM D412. O-ring specimens shall be inspected to ensure that flash removal has not resulted in any surface flaws that could impair test outcome.


15.3.4 Elevated Temperature Testing: 


When testing at an elevated temperature, a calibrated thermocouple shall be located near the spindles or grips for measuring the actual specimen temperature. Unless otherwise specified, specimen temperature shall be maintained within 4°F of the specified test temperature.


15.3.5 Physical Property Testing: The following ASTM methods shall


form the basis for physical testing of elastomers.


TEST TYPE SPECIFICATION


Durometer Hardness ASTM D2240


Specific Gravity ASTM D792


Effect of Liquids on Rubber ASTM D471


Low Temperature Resistance ASTM D2137


Air Oven Aging ASTM D573


Rheometrics ASTM D2084


Viscosity ASTM D1646


Flammability E50TF526 ASTM D635


Durometer spring calibration shall be verified on all durometers at scale readings 20 through 90. The measured force of durometer spring calibration shall conform to the limits of ASTM D2240. Indentor extension measurement is an approved alternate calibration method. Test blocks (rubber


or spring type) are not to be relied upon as calibration standards.


Specific gravity of elastomers shall be performed by the pycnometer or the hydrostatic method.


15.3.6 Chemical Properties


The procedures of the following ASTM's shall be used in conjunction with equipment manufacturer's instructions for qualitative and quantitative analysis of rubber:


TEST TYPE SPECIFICATION


Infrared Spectrophotometry ASTM D3677


Chemical Analysis of Rubber ASTM D297


Spectrophotometers shall be adjusted according to the manufacturer's directions for optimum performance. Polysterene films provided by the equipment manufacturer are acceptable for checking equipment calibration. A calibration log  shall be maintained for I.R. calibration.


15.4 Class D: Plastic Material Testing Requirements

This class covers testing of reinforced or un-reinforced thermoplastics and thermoset plastics including but not limited to Acrylics, Fluoroplastics, Nylons, Polyamide-imides, phenolics,


epoxies, cross-linked polyesters and various alloys and blends that are typically molded into parts.


15.4.1 Environmental Requirements: Unless otherwise specified in the


test method, all testing of plastics shall be conducted in a


controlled atmosphere of 73 ±3°F and 55% max relative


humidity.


15.4.2 Round Robin Testing


Laboratories approved for testing of plastics shall participate in a Round Robin test program on


an annual basis. The program shall, as a minimum, compare results for the following tests:


1. Tensile strength, elongation and modulus per ASTM D638.


2. Hardness per ASTM D2240 or D785 or D2583.


3. Specific gravity per ASTM D792 method A.


Additional tests may be evaluated at the discretion of the laboratory. Participation in flow rate Round Robin testing is strongly recommended. One of the following options may be used to comply with the Round Robin testing requirement.


Option 1


Participation in an accredited collaborative interlaboratory


test program that performs proficiency testing of plastics. A


list of GEAE accredited programs may be obtained from the


assigned PQE/FPQE.


Option 2


A self designed program in accordance with the guidelines of


Para. 4.15


15.4.3 Mechanical Property Testing


The following ASTM methods shall form the basis for mechanical testing of plastics.


TEST TYPE SPECIFICATION


Tensile Strength ASTM D638/D1708/D1710


Tensile Impact ASTM D1822


Compressive Properties ASTM D695


Flexural Properties ASTM D790


Izod Impact Notched ASTM D256


Stiffness ASTM D747


Compression Set ASTM D395


Specimens shall be molded as specified by the resin supplier. Highly hygroscopic plastics, such as Nylons, shall be tested in a "dry as molded" state. Maximum moisture content of Nylon


specimens shall be .30%. No moisture shall be intentionally added to reach this level. Nylon specimens shall be conditioned in sealed containers at 73 ±3°F for a minimum of 24 hours prior to testing. Tensile specimens shall be free of visible flaws, scratches or imperfections. Unless otherwise specified, the speed of tensile testing shall be determined in accordance with table 1 of ASTM D638.


15.4.4 Physical Property Testing


The following test methods shall form the basis for testing the physical properties of plastics.


TEST TYPE SPECIFICATION


Specific Gravity/Density ASTM D792


Melt Index/Flow Rate ASTM D1238


Heat Deflection Temperature ASTM D648


Dielectric Strength ASTM D149


Viscosity ASTM D2857/D789/D2393


Rheology of Thermoplastics ASTM D3835


Hardness ASTM D2240/D785/D2583


Transition Temperature ASTM D3418


Ignition Loss ASTM D2584


Water Absorption of Plastics ASTM D570


Analytical balances used in testing for specific gravity, density, and water absorption shall have a precision within .1 mg., accuracy within 0.5 percent of the weight of the specimen in air. Dielectric strength specimens shall be brought to equilibrium within an atmosphere of controlled


temperature and humidity prior to testing. Viscometers shall be calibrated at least annually using the procedures and materials specified in ASTM D789. Durometer spring calibration shall be verified on all durometer at scale readings 20 through 90. The measured force of durometer spring calibration shall conform to the limits of ASTM D2240. Indentor extension measurement is another approved calibration method. Test blocks provided for checking durometer operation are not to be relied upon as calibration standards. Rockwell hardness testers shall be calibrated in accordance with the procedure of ASTM D785.


15.5 Class E: Fiber Material Testing Requirements

This section covers the requirements for testing carbon, para-aramid and glass fibers.


15.5.1 Environmental Requirements


Unless otherwise specified, the general environmental requirements of  65-80 degrees F and 60% maximum humidity shall apply for all fiber testing except for para-aramid fibers. Organic para-aramid fiber yarns (such as Dupont's Kevlar) shall be tested at 75 ±2°F and 55 ±2% relative humidity. Para-aramid rovings shall be tested at 55 ±5% relative humidity and 73 ±3°F.


15.5.2 Round Robin


Laboratories approved for testing of fibers shall participate in a Round Robin test program on an annual basis. The program shall, as a minimum, compare results for the following tests:


1. Strand Tensile Strength and Modulus per SACMA


SRM 16.


2. Tow Density per SACMA SRM 15.


A program conforming to Para. 4.15 shall be implemented to comply with this requirement.


15.5.3 Retesting


Up to one suspect test specimen (per test set) may be retested using double the number of specimens from the same sample unit. The average result of the retest specimens shall replace the original value. However, all values must be recorded.


15.5.4 Mechanical Property Testing


The following test methods shall form the basis for mechanical testing of fibers.


TEST TYPE SPECIFICATION


Strand Tensile Strength & Modulus SACMA SRM 16/


ASTM D4018/ASTM D2343


ASTM D885


Twist of Carbon Fibers SACMA SRM 17


The use of non-contact measurement techniques (such as laser extensometers) is recommended for strand tensile modulus measurements. When a conventional (knife edge) extensometer is used, a separate specimen shall be tested for measurement of strength, unless capability studies have been conducted to prove that there is no reduction in strength as a result of the extensometer use. Unless otherwise specified, tensile specimens shall have a 10 inch gage length. Strain rate


application shall be at 10% per minute for fibers (ref ASTM D885) and .5±.01 inches per minutes for rovings (ref. ASTM D2343). Specimens shall be conditioned, prior to testing, in accordance with the requirements of the applicable test method.


15.5.5 Physical Testing


The following test methods shall be used as a basis for physical testing of fibers:


TEST TYPE SPECIFICATION


Mass Per Unit Length SACMA SRM 13


Percent Sizing SACMA SRM 14


Tow Density SACMA SRM 15/ASTM D3800


Thermal Oxidation Resistance ASTM D4102


Analytical balances shall have a precision within .1 mg. The same balance shall be used any time a "before" and "after" determination of weight is required.

15.6 Class F: Hoenycomb Material Testing Requirements

This section details the test requirements for non-metallic honeycomb core material


used in composite sandwich type constructions.


15.6.1 Environmental requirements Unless otherwise specified all honeycomb core material


testing shall be performed in a controlled atmosphere of 50 4% relative humidity and 72


2F (231°C). Laboratories shall ensure that these conditions are met prior to initiating core


mechanical testing. If the properties of the material being tested are affected by moisture


specimens shall be brought to constant weight (1%) prior to testing, preferably in a


conditioning chamber.


15.6.2 Round Robin


A round robin test program shall be developed with a minimum of 3 participants. The


program shall compare results of the following tests:


Flatwise Compressive Strength per: ASTM C365


15.6.3 Mechanical/physical Properties


Core properties shall be evaluated using the following ASTM methods:


Core Shear Strength: ASTM C273


Flatwise Compressive strength ASTM C365


Density ASTM C271


15.6.4 Report of test results.


The report of each test shall include a complete description of the material tested.


Cores shall be described in detail as to the type of material configuration, orientation,


and density. Descriptions of sandwich constructions shall include the type, size, and


orientation of the facings, the procedure and materials used to bond the facings to the


core, and detailed description of the core and its orientation. The report shall give


information on the previous conditioning of test specimens and the conditions during


testing. The report shall include a description of the testing machine.


The report shall include a brief description of testing procedures and shall give


detailed descriptions and discussions of procedures which differ from those prescribed


in this or the material specification. Test results shall be presented in concise form including tables and graphs, where necessary, and descriptions of test failures, graphs, if necessary.

15.2 Testing Matrix
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		Tensile 

		ASTM D638/ D3039

		ASTM C297

		ASTM D412/ D1414

		ASTM D4018/ D2343/ D1710

		



		Compression

		ASTM D3410/ D695

		

		ASTM D395

		

		ASTM C365



		Shear

		ASTM D5399/ D3846/ D3518/ D2344

		ASTM D1002/ D3983

		

		

		ASTM C273



		Flex

		ASTM D790

		

		ASTM D813

		

		



		Impact Strength

		ASTM D1822/ D256

		

		

		

		



		Double Shear

		

		ASTM D3528

		

		

		



		Lap Shear

		

		ASTM D3165

		

		

		



		T-peel

		

		ASTM D1876

		

		

		



		Climbing Drum Peel

		

		ASTM D1781

		

		

		



		Bond Strength

		

		ASTM D952

		

		

		



		

		

		

		

		

		





15.2
Testing Matrix (continued)


		Physical

		

		

		

		

		



		Density/ Specific Gravity

		ASTM D792

		ASTM D891/ D1875/ D1963

		ASTM D792

		

		ASTM C271



		Resin/Fiber Content by:

		

		

		

		

		



		a. Acid Digestion

		ASTM D3171

		

		

		

		



		b. Burn off

		ASTM D2584

		

		

		

		



		c. Solvent wash

		

		

		

		

		



		Water Absorption

		ASTM D570

		

		

		

		



		Volatile Content

		

		

		

		

		



		Viscosity

		ASTM D2857

		ASTM D1824/ D2393

		ASTM D1646

		

		



		Transition Temperature

		

		ASTM D3418

		

		

		



		Flammability

		Matl Spec

		

		

		

		



		Rhometrics

		

		

		ASTM D2084

		

		



		

		

		

		

		

		



		Chemical

		

		

		

		

		



		HPLC

		

		

		

		

		



		IR

		

		

		ASTM D3677

		

		



		DMA

		ASTM D4440/ D5023/ D5024/ D5026

		ASTM D4440/ D5023/ D5024/ D5026

		

		

		



		TGA

		

		

		

		

		



		TMA

		

		

		

		

		



		DSC

		ASTM D3418

		ASTM D3418

		

		

		



		

		

		

		

		

		





15.7   Testing Matrix


		Mechanical  Tests

		Composites

		Adhesives

		Elastomers

		Plastics

		Fibers

		Honeycomb



		Tensile 

		ASTM D638 ASTM D3039


ASTM D6742

		ASTM C297


ASTM D2095

		ASTM D412 


ASTM D1414


ASTM D430


ASTM D1456

		ASTM D882


ASTM D897

		ASTM D4018


ASTM D2343


ASTM D1710


ASTM D885

		



		Compression

		ASTM D3410


ASTM D695


ASTM D6484


ASTM D5766

		

		ASTM D395


ASTM D575

		ASTM D621

		

		ASTM C365


ASTM C364


ASTM D5467



		Shear

		ASTM D5399


ASTM D3846


ASTM D3518


ASTM D2344


ASTM D5379

		ASTM D1002


ASTM D3983


ASTM D3163


ASTM D3164


ASTM D3165


ASTM D3166

		

		

		

		ASTM C273


ASTM C394


ASTM D



		Flexural

		ASTM D790

		

		ASTM D813

		ASTM D648


ASTM D4476


ASTM D671

		

		ASTM C393



		Tear resistance

		

		

		ASTM D624

		ASTM D1004

		

		



		

		

		

		

		

		

		



		Tear Propagation resistance of plastics

		

		

		ASTM D624

		ASTM D1938

		

		



		Impact Strength

		ASTM D1822


ASTM D256

		

		

		ASTM D6110


ASTM D5420

		

		



		Brittleness Temperature

		ASTM D746

		

		ASTM D746

		ASTM D746

		

		



		Double Shear

		ASTM D732

		ASTM D3528

		

		ASTM D732

		

		



		Lap Shear

		

		ASTM D3165

		

		

		

		



		T-peel

		

		ASTM D1876

		

		

		

		



		Peel 

		

		

		

		ASTM D903

		

		



		Climbing Drum Peel

		

		ASTM D1781

		

		

		

		



		Floating Roller Peel

		

		ASTM D3167

		

		

		

		



		Bond Strength

		

		ASTM D952

		

		

		

		



		Static and Kinetic Coefficients of plastic

		

		

		

		ASTM D1894

		

		



		

		

		

		

		

		

		



		Bending Modulus 

		

		

		

		ASTN D747

		

		



		Young’s Modulus

		

		

		ASTMD797

		

		

		



		Bearing Strength

		ASTM D 5961

		

		

		ASTM D953

		

		



		

		

		

		

		

		

		





Testing Matrix (continued)


		Physical Tests

		Composites

		Adhesives

		Elastomers

		Plastics

		Fibers

		Honeycomb



		Density/ Specific Gravity

		ASTM D792

		ASTM D891/ D1875/ D1963

		ASTM D792

		ASTM D 1895

		

		ASTM C271



		Resin/Fiber Content by:

		

		

		

		

		

		



		a. Acid Digestion

		ASTM D3171, Procedure  A & B

		

		

		

		

		



		b. Burn off

		ASTM D2584 


ASTM D3171 Procedure G

		

		

		

		

		



		c. Solvent wash (Soxhlet Extraction)

		ASTM D3529


ASTM C 613

		

		

		

		

		



		Water Absorption

		ASTM D570

		

		

		

		

		



		Volatile Content

		ASTM D3530

		

		

		

		

		



		Gel Time

		ASTM D3532

		

		

		

		

		



		Flow

		ASTM D3531

		

		

		

		

		



		Areal Weight

		

		

		

		

		

		



		Void Content

		ASTM D2734

		

		

		

		

		



		Viscosity

		ASTM D2857

		ASTM D1824/ D2393

		ASTM D1646

		ASTM D1238


ASTM D789

		

		



		Transition Temperature

		

		ASTM D3418

		

		

		

		



		Flammability

		ASTM D635


ASTM E162

		

		ASTM D635

		ASTM D635


ASTM E162

		

		



		Rhometrics

		

		

		ASTM D2084

		

		

		



		Brittleness Temperature

		

		

		

		ASTM D1790

		

		



		Effects of Liquids

		

		

		ASTM D471

		

		

		



		Resistance to Chemical reagents

		

		

		

		ASTM D543

		

		



		Water Absorption

		

		

		

		ASTM D570

		

		



		Deterioration in Air Oven

		

		

		ASTM D573

		

		

		



		Moisture Content

		

		

		

		ASTM D789

		

		



		Shrinkage 

		

		

		

		ASTM  D955

		

		



		

		

		

		

		

		

		



		Physical Tests (cont’d)

		Composites

		Adhesives

		Elastomers

		Plastics

		Fibers

		Honeycomb



		Resistance Abrasion

		

		

		

		ASTM D1044


ASTM D1242

		

		



		Retraction Low Temperature (TR)

		

		

		

		ASTM D1329

		

		



		Thermal Analysis Tests

		Composites

		Adhesives

		Elastomers

		Plastics

		Fibers

		Honeycomb



		DMA

		ASTM D4440 ASTM D5023 ASTM D5024


ASTM D5026


ASTM D1640

		ASTM D4440/ D5023/ D5024/ D5026

		

		

		

		



		TGA

		ASTM D3850


ASTME1131


ASTM E472

		

		

		ASTM E1131


ASTM E472

		

		



		DSC

		ASTM D3418


ASTM D3417


ASTM D1356




		ASTM D3418

		

		

		

		



		TMA

		ASTM E1545

		

		

		

		

		



		DTA

		GE 

		

		

		

		

		



		Specific Heat by DSC

		

		

		

		ASTM E1269

		

		



		CTE

		ASTM D696


ASTM E831

		

		

		ASTM D696


ASTM E831

		

		



		TOS

		GE 

		

		

		

		

		



		Melt point

		

		

		

		ASTM D798

		

		



		TML / CVC

		ASTM E595

		ASTM E595

		ASTM E 595

		ASTM E595

		

		



		Chemical Analysis Tests

		Composites

		Adhesives

		Elastomers

		Plastics

		Fibers

		Honeycomb



		FTIR

		ASTM E168


ASTM E1421

		

		ASTM D3677

		ASTM E1421

		

		



		GC

		

		

		

		

		

		



		

		

		

		

		

		

		



		HPLC

		SACMA SRM 20R-94

		

		

		

		

		



		IR

		E168

		ASTM D3677

		

		

		

		





15.3
          

References:


15.3.1





Applicable Documents


15.3.2




ASTM Publications:  Available from ASTM, 100 Barr Harbor Drive, West 








Conshohocken, PA  19428









ASTM B 117

Method of Salt Spray (Fog) Testing









ASTM E 3

Methods of Preparation of Metallographic Specimens









ASTM E 4

Standard Practices for Load Verification of Testing 


                                                      Machines









ASTM E 21

Test Methods for Elevated Temperature Tension Tests of 









Metallic Materials









ASTM E 29

Practice for Using Significant Digits in Test Data to 


                                                      Determine Conformance With Specifications









ASTM E 74

Standard Practice of Force-Measuring Instruments for 









Verifying the Load In Direction of Testing









ASTM E 83

Standard Practice for Verification and Classification of 









Extensometers









ASTM E 220

Method for Calibration of Thermocouples by Comparison 










Techniques









ASTM E 606

Practice for Strain-Controlled Fatigue Testing









ASTM E 647

Test Method for Measurements of Fatigue Crack Growth









ASTM E 1012
Practice for Verification of Specimen Alignment 


                                                      Under Tensile Loading


2.1.4 Military Publications:  Available from Naval Publications 


                                 and Forms Center, Attn: NPODS, 5801 Tabor Avenue, 


                                 Philadelphia, PA 19120-5099.









ISO 10012-1
Quality Assurance Requirements for Measuring Equipment









ANSI Z540-1
General Requirements for Calibration Laboratories and 


                                            Measuring & Testing Equipment


Web-site Links: 


To search for Federal and Military specification:


http://www.dsp.dla.mil/

To search for ASTM procedures:


http://www.astm.org/cgi-bin/SoftCart.exe/STORE/standardsearch.shtml?L+mystore+fjdo7098+1064428009

To research material properties:


http://www.matweb.com/search/SearchProperty.asp?e=1

15.8 Facilities and Equipment


Laboratory autoclaves and presses, used for curing specimens, shall be surveyed/calibrated (e.g. timer, temperature, vacuum, pressure, recorder controls).  Cold storage equipment shall be surveyed/calibrated.


15.4
Test Specimen Preparation



A unique set of identification numbers shall be assigned to each test to ensure traceability.  identification numbers shall be traceable to the material lot number and corresponding panel number, if applicable.  Specimen dimensions (widths and thicknesses) shall be measured to an accuracy of 0.001 inch using a calibrated instrument with an incremental discrimination of at least 0.001". Bondline thicknesses shall be measured to an accuracy of .0001” using a 10X microscope or equivalent (reference:  ASTM D790, para 10.1.1; ASTM D2344, para 7.3; MMM A132, para 4.6.1; ASTM D695, para 10.1).  


15.4 (continued)



For specimens that are machined in-house, instructions, documentation or written procedures shall be available to specify the following:


a. specimen extraction plan(s) identifying the location(s) and orientation(s) of specimens in the material or part;


b. documentation of any visible flaws scratches or imperfections;


c. all marks left from coarse machining operations are removed with a fine file or abrasive (No. 00 or finer).


For specimens that are machined by an outside source, they shall be identified as to:


a. Material identification (i.e. batch number and part number, as applicable).


b. Property Requirements (i.e. material specification).


An approved list of outside machining sources shall be maintained.  



Work instructions / orders are required for specimen fabrication  These work instructions / orders shall include the following information:


a. Designation of the material.


b. Batch, lot and roll number of material being tested.



c. Inspection and testing requirements.  


The definitions of “batch” and “lot” used by the supplier shall conform to the definitions outlined by the applicable specifications.  Adherend metal shall be anodized and primed in accordance with specification requirements (adhesive testing only).  Personnel responsible for the bonding of test specimens shall be trained and certified for mixing and bonding (adhesive testing only).


15.5
Environmental Conditions



Specimens shall be conditioned to 73.4 ± 3.6°F and 50 ± 10% relative humidity prior to testing, unless otherwise specified (reference: ASTM D790, para 9.1; ASTM D2344, para 10.1; MMM A132, para 4.5.1; ASTM C393, para 6.1; ASTM D695, para 7.1).



Specimens shall be tested at 73.4 ± 3.6°F and 50 ± 10% relative humidity, unless otherwise specified (reference: ASTM D790, para 9.2; ASTM D2344, para 10.1 and 11.4; ASTM C393, para 6.1; ASTM D695, para 7.2).



Temperature and humidity shall be monitored and recorded.  Temperature and humidity controllers and recorders shall be calibrated.  Temperature measuring devices shall be either a Group B precision potentiometer or alternative device.  These devices shall be calibrated and traceable to NIST.  



A temperature gradient profile shall be documented for each different test set-up. Thermocouples that are utilized shall be type J, K, R, S, or T.  Thermocouple junctions shall be either welded or compression bonded (twisted thermocouple junctions are not permitted).


15.6
Determination of Properties and Reporting of Data




Properties are determined by the following methods:


a. Using the specified number of specimens


b. Using the specified span to depth ratio


c.
Using calculations in accord with specification requirements.


The following information shall be included in the lab report (reference: ASTM D790, para 13; ASTM D2344, para 13; MMM A132, para 4.6.1; ASTM C393, para 9; ASTM D695, para 12):


a. Complete identification of the material tested including specification, material form, source, manufacturer's code numbers


b. Method of preparing test specimens


c. Type of test specimen and dimensions


d. Date of test


e. Crosshead speed


f. Span length & span-to-depth (resin/laminate testing)


g. Radii of supports & loading noses (resin/laminate testing)


h. Required test conditions


i. Individual values, the average and standard deviation


j. Specification requirements


k. Identification of failure modes & locations


l.
Signature of approval


15.7
Mechanical Testing



The equipment shall be: 


a.  Calibrated every 12 months (ASTM E4, para 20.1)


b.  Calibrated only as a system, with the force sensing and indicating devices in place (ASTM E4, para 7.1)


c.  Operating as in actual use (ASTM E4, para 7.1)


d.  Calibrated in the available load ranges (ASTM E4, para 5.1)


Calibration shall be required immediately after repairs that could affect the weighing system or values displayed, including any of the following (ASTM E4, paragraphs 20.2 and 20.3):


a. new replacement parts


b. mechanical adjustments


c. electrical adjustments


d. relocation of the equipment


15.7 (continued)



The installation of strain gages shall be documented procedurally.  All strain gages shall be "zeroed out" in the free state prior to installing in machines.  NOTE: Re-zeroing of strain gages after installing the specimen is not permitted.  Crosshead rate shall be maintained at .05 +/-.01 inches per minute for all tensile and compressive testing including short beam shear, unless otherwise specified. Test specimens shall be visually inspected 100%.  O-ring specimens shall be inspected prior to test for surface flaws.



Resin/Laminate Testing – Extensometers shall be utilized for specimen testing, and shall be calibrated with the specific readout device with which it will be used (ASTM E4 para 7.1).  The loading noses and supports used for flex testing shall be cylindrical and at least 3.2 mm (1/8 inch) in diameter (ASTM D790, para 6.2). The loading nose used for interlaminar shear testing shall be cylindrical and at least 6.35 mm (1/4 inch) in diameter (ASTM D2344, para 7.2).



Elastomers – Dumbbell specimens shall be injection molded or die cut.  Dumbbell specimens shall be inspected prior to testing to ensure conformance to ASTM requirements.  Test specimens shall be cut so that the lengthwise portion of the specimens is parallel to the grain.  Straight and cut ring specimens shall conform to the requirements of ASTM D412.  


15.9
Physical Testing



Physical test procedures shall meet the applicable specification requirements.  Aluminum dies for indentor calibration shall be used only on one side.


15.10
Chemical Testing


15.10.1
Thermal/Analytical Testing (e.g. DMA, TGA, TMA, DSC)




Thermal and analytical equipment shall be calibrated in accordance with manufacturer's instructions.  The calibration frequency of all thermal/analytical equipment shall be as follows:


a. Prior to use, if not used over a week;


b. Monthly, when in continuous use;


c.
When suspect results are produced.



Calibration of thermal equipment shall be conducted using standards whose melt points include the sample predicted test temperature.  Balance accuracy calibration shall be performed using either internal equipment calibration procedure or standard weights (TGA).  Aluminum and sapphire standards shall be run for equipment baseline calibration (DSC).  


15.10.2
High Performance Liquid Chromatography (HPLC)



The HPLC calibration log shall document the calibration results for:



a. 
Pump flow rate


b. 
Detector wavelength 


c.
Column plate count



The calibration of HPLC shall be performed at least every 6 months, unless otherwise indicated in the material specification.


15.10.3
Infra-Red Spectroscopy


10.3.1 Elastomers Only – Internal procedures for infrared spectrophotometry shall meet the ASTM D3677 requirements.



Elastomers Only – Internal procedures for Chemical Analysis of Rubber Products shall meet the ASTM D297 requirements.
APPENDIX A


MATERIAL AND INFORMATION SENT TO THE LABORATORY (by Material Supplier)


A.1
Sample Material sent to the laboratory for testing shall represent the material to 
be shipped.  Except for chemical analysis, material shall be in the appropriate 
heat treat condition, or detailed heat treat instructions shall be provided.


A.1.1
Chemical Analysis Samples:



Inform the laboratory if it is known or suspected that any unspecified metallic 
element is present at a level greater than noted as acceptable by Section 5 of 
this standard.


A.1.2
For analysis to hydrogen limits which apply after all processing, specimens and 
laboratory methods represent near-surface concentrations.


A.2
Information provided to the laboratory shall include the following as applicable.


A.2.1
Authorization:



Material Supplier's Purchase Order number and, in the case of blanket Purchase 
Order, the release number and name of technical contact.


A.2.2
Identification:



All identification necessary to tie the laboratory report to the Material Supplier's 
records:  sample number, heat number, lot number including other lots 
represented.


A.2.3
Sample Description:



The quantity, form, and condition of the sample.  Examples:  1 Bar, 3 in O.D.; 2 
weld coupons; 6 cast test bars.  Condition - As cast/forged, pickled.


A.2.4
Material Name:


A.2.5
Material Specification including applicable revision and class to which the 
material is to be evaluated and certified, and tests which are to be performed.


A.2.6
Testing Specifications (if not included in the Material Specification).  Example - 
Test above per ASTM E 8 and ASTM E 21.  Specimen type should either be 
specified by the Material Supplier, or chosen and reported by the laboratory.


A.2.7
Purpose of Testing.


A.2.8
Thermal Treatments:



Full description, including any thermal treatments to be performed by laboratory.


APPENDIX B


NONCONFORMING AND NO-REPRESENTATIVE TESTS


B.1
The EXAMPLES below are for original tests BELOW MINIMUM drawing limits.  
The inverse of the graphs as shown may be used (referencing the same 
EXAMPLE number) for original tests ABOVE MAXIMUM limits.


EXAMPLE 1




Condition:

‘X’ (original) Value is below the required value.










‘X’ Value is “Non-representative”.










‘*’ Values are in the same population.







Analysis:

Possible testing anomaly.










Value ‘X’ invalid.



*



Action:

CHEMISTRY TESTS – Verify material is



*

 *





homogeneous.


REQ’D _________





CHEMICAL COMPOSITION – Report average


VALUE








of ‘*’ Values (will show on certificate as 









conformance).



X





________


MECHANICAL TESTS – Report all Values;


TEST NO.


1
2
3
4


NOTE ‘X’ invalid (will show on certificate as 









conformance).


EXAMPLE 2




Condition:

‘X’ (original) Value is below the required value.











‘X’ Value is “Non-representative”.











‘*’ Values are not in the same population as 











other ‘*’s.






*









Analysis:

Could indicate non-homogeneous material







*



properties, or imprecise or faulty testing.




*



Action:

ALL TESTS – Report all test values, including


REQ’D








any further re-tests if performed.


Value



X







NOTE:
Nonconformance.











Laboratory to work with customer in resolving


TEST NO.  1
2
  3
  4




cause. 


APPENDIX B (Continued)


NONCONFORMING AD NON-REPRESENTATIVE TESTS


EXAMPLE 3




Condition:

‘X’ Value is slightly below the required Value.











‘X’ and ‘*’ Value fall in the same population.











Average of ‘X’ and ‘*’ Values are below required











Value.








Analysis:

All Values are valid; product is nonconforming.


REQ’D





Action:

CHEMISTRY COMPOSITION – Report


VALUE-------*---*---*--




average of all values (will show on certificate



X







as nonconformance).











MECHANICAL TESTS -  Report all Values;


TEST NO.  1
2
  3
  4




label re-tests (will show on certificate as











Nonconformance) 


EXAMPLE 4




Condition:

’X’ Value is slightly below the required value.











‘X’ and ‘*’ Values fall in same population.











Average of ‘X’ and ‘*’ Values are above required











Value.








Analysis:

All Values are valid.


REQ’D





Action:

CHEMICAL COMPOSITION – Report


VALUE-------*---*---*--




average of all values (will show on certificate



X







as conformance).











MECHANICAL TESTS -  Report all Values;


TEST NO.  1
2
  3
  4




label re-tests (will show on certificate as











conformance).


APPENDIX C


COMMON ERRORS ON CERTIFICATIONS AND TEST REPORTS


C.1
Laboratories and material suppliers must ensure that Certificates are free from errors, since correction of errors after these documents are received causes unnecessary delays in release of material.  



1.

Laboratory (Name and Address) or job not identified on each page of 




certification.  Pages of certification are not identified as "page    of   ".



2.

Certificate of test (with numerical results) is required; certificate of 




conformance is provided.



3.

Certificate does not reference applicable specification class or drawing note.



4.

Certificate does not reference applicable drawing/specification revision.


 
5.

Certain tests required by specification not listed as being performed.





NOTE:  When a laboratory is not responsible for performing all specification 



testing, the certificate should state "(Name of Test) conforms to (Specification 



Identification)”.



6.

Test values do not conform to drawing/specification, but are not identified as 



nonconformances  (may be the responsibility of the material supplier.)



7.

Numerical results, when required, missing for certain tests.


 
8.

(Premium Quality Material) Material traceability records (billet/mult charts) are 



not supplied.


 
9.

Material heat number or part serial numbers not noted on certificate.



10.
Certificate does not state "Conforms to Specification" or does not list 




specification minimum/maximum limits  (may be the responsibility of the 



material supplier).



11.
Test conditions (e.g., stress rupture load) not noted on the certificate.



12.
Heat treated condition of material is not noted on the certificate.



13.
Chemistry:  Not all elements have been reported.





Mechanical:  Not all properties have been reported (e.g., Tensile Ultimate, Yield, 


%Elongation., %Reduction of Area).  When checking the certificate for 



omissions, first read the specification value, then the certified value.



14.
The grain flow direction is not reported.  This is required when the specification has 


different property requirements for different directions, or when a specific test direction 


is called out.


Appendix C (Continued)



15.
(Titanium raw material)  Beta Transus temperature is not reported.  The method of 


transus determination is not reported.



16.
Results are not stated in the required units of measure (e.g., inch/pound vs. metric).  


Terminology used other than that called out in the specification (e.g., specification says 

“Ni3Cb”, certificate says “Delta phase”).



17.
The certificate has evidence of erasures or “white-out”.


APPENDIX D


CALIBRATION FREQUENCY (MINIMUM) - MECHANICAL TESTING


E.1
Increased frequencies are required if results are suspect.


		Code Test Type

		(c)


Load


Cell

		(c)


Extens-


ometer

		Adaptors,


Pull Bars

		Alignment Check

		Specimen Residual Stress



		

		

		

		

		

		



		STATIC TESTS

		

		

		

		

		



		A
Room Temp. Tensile

		1 year

		1 year

		(a)

		(f)

		



		B
Elev. Temp. Tensile

		1 year

		1 year

		(a)

		(f)

		



		C
Stress Rupture

		(b)

		N/A

		(a)

		(f)

		(e)



		XA
Creep

		(b)

		1 year

		(a)

		(f)

		



		

		

		

		

		

		



		CYCLIC TESTS

		

		

		

		

		



		O
High Cycle Fatigue

		1 year (d)

		6 months

		N/A

		6 months

		



		Y
Low Cycle Fatigue

		1 year (d)

		6 months

		N/A

		6 months

		(e)



		P
Fracture Toughness

		1 year (d)

		6 months

		N/A

		2 years

		



		XE
Crack Propagation

		1 year (d)

		6 months

		N/A

		6 months

		



		XH
Cyclic Rupture

		1 year(d)

		6 months

		N/A

		5 years

		(e)



		

		

		

		

		

		



		IMPACT-TYPE

		

		

		

		

		



		N
Impact

		1 year

		*1year

		N/A

		N/A

		



		

		

		

		

		

		



		*Lateral expansion gage

		

		

		

		

		



		

		

		

		

		

		



		NOTE:
(a)

		Visually check before and after each test program.



		

(b)

		Weights:
5 years.  Accuracy + 0.5%.



		

(c)

		Calibrate Load Cells per ASTM E 4; extensometers per ASTM E 83.  Recalibrate if catastrophic failure occurs or if accuracy is in doubt.



		

(d)

		Calibrate Load Cell to within + 1% of working range.  Cumulative calibration results should be statistically analyzed to confirm adequacy of calibration frequency.



		

(e)

		Specimen Residual Stress:  An audit program for generic Low Stress Grinding (LSG) procedures to be documented when LSG is required.



		

(f)

		Calibration is required for frame and grips after installation of the frame, and when alignment is suspect due to gradual movement (for frames not bolted to floor) or to test results obtained.  Tests (i.e., specific equipment and fixtures) requiring special maximum bending strain, as defined by customer, shall require alignment verification immediately prior to test and demonstrate repeatable capability.



		

(g)

		Extensometers are calibrated for a particular machine and electronics set-up.  Calibration must be to ASTM E 83, class B-2 or better.



		

(h)

		Dial:  1 month; LVDT: Prior to each use.





APPENDIX D (Continued)


		GENERAL EQUIPMENT

		REQUIRED FREQUENCY



		

		



		Precision Indicators



(e.g., Temperature Indicators)

		13 Weeks



		

		



		Recording Systems:



To + 1% of full scale range



(e.g., X-Y Strip Charts)

		6 Months



		

		



		Precision Potentiometers




(Standard Cell Type)

		1 Month



		

		



		Micrometers/Verniers

		6 Months



		

		



		Creep Indicators (LVDT)


Creep Indicators (Dial)

		Prior to each use


1 Month



		

		



		Optical Comparator

		1 Year



		

		



		Oscilloscopes

		1 Year



		

		



		Magnetic Permeability Indicator

		1 Year



		

		



		Torque Testing Equipment

		1 Year



		

		



		Gage Blocks

		1 Year



		

		



		All other Sensors and Instruments

		Per AMS 2750.  Then, if not otherwise covered, shall be as approved on Matrix in applicable checklist.





APPENDIX E


ROUND ROBIN PROCEDURE


1.0
ROUND ROBIN TESTING



Each laboratory is required to participate in Round Robin (R/R) program(s) which 
adhere to the established frequencies depicted in Table 1.  An external or an 
internal R/R shall be fulfilled within the time frames designated for each test 
method.


2.0
EXTERNAL Round Robin


An interlaboratory study used to verify procedure and operation for a given test 
method.  The purpose of an external R/R is to evaluate the performance of 
laboratory’s test method (procedure) or aspect of a test method (procedure) in 
relation to a population of quality laboratories.  An external R/R is expected to 
include the following:


2.1
Membership – An external R/R should be coordinated by one sponsoring, or host 
laboratory.  It is the host laboratory’s responsibility to design the test method 
protocol, distribute testing materials, guide the testing phase of the study, and 
distribute a final report including the original or raw testing results (expressed 
confidentially) for all participating laboratories.


2.2
Basic Design – The R/R should be designed such that the results obtained from 
the chosen method can be classified easily to study the within – and between – 
laboratory variability without the influence of secondary effects.


2.2.1
Within – laboratory variability – referred to as repeatability, concerns the 
variability between independent testing results obtained within a single laboratory 
in the shortest practical period of time by a single operator with a specific set of 
test apparatus using test specimens taken at random from a single quantity of 
homogeneous material obtained or prepared for the study.  The single operator – 
single set – of – apparatus requirement means that given a particular step in the 
measurement process the same combination of operator and apparatus is used 
for every test result (replicate) and on every material.  Thus, one operator may 
prepare the test specimens, a second measure the dimensions and a third 
operator may perform the test.


2.2.2
“Shortest practical period of time” means that the test results, at least for one 
material, are obtained in a time not less than in normal testing and not so long as 
to permit significant changes in the test material, equipment or environment.  It 
will be emphasized that the within – laboratory variability does not refer to internal 
R/R (i.e. between technicians at the same laboratory).


2.2.3
Between – laboratory variability – referred to as reproducibility, deals with the 
variability between single test results obtained in different laboratories, each of 
which has applied the test method to the test specimens taken at random from a 
single quantity of homogeneous material obtained or prepared for the study.


2.2.4
Data Classification – One form of classification suggested is a separate matrix table for each property tested, in which the rows represent the laboratories and the columns represent the materials (or vice versa).  Each cell, the intersection of a row with a column, contains the test results made by a particular laboratory for a particular material.  (For practicality reasons regarding certain test methods, the terms material and property may be interchange in this paragraph).


2.3
Test Method – The actual measurement process and the written description of the process.  A written draft of the test method should be constructed that describes the test procedure, identified test conditions affecting the test results, and specifies the proper degree of control of the test.  The number of significant digits to be reported should also be designated.  The test method should include any special calibration procedure and the frequency of calibration required.


2.3.1
A ruggedness test is defined as a screening procedure for investigating the 
effects 



of variations in the test conditions, such as temperature, to establish how control conditions should be specified in the written test method.  At this point, other participating laboratories may be contacted for input and advice on test conditions, procedures, and protocols which may effect ruggedness of the overall test.  If the allowable ranges in environment conditions are not know, a ruggedness test should be performed based on a draft of the procedure.  
Revisions to the test method should be made if applicable.


2.4
Laboratories – When practical, only NADCAP – accredited laboratories should be utilized for external R/R’s.  To provide a satisfactory estimate of reproducibility, a sufficient number of laboratories must be involved, so that poor performance of a few will not render the study ineffective.  Acceptable test results for each material tested will be obtained from a minimum of six (6) laboratories.  It is recommended that the R/R begin with at least eight (8) laboratories to allow for attrition.


2.4.1
It is suggested that the host laboratory obtain assurance from each potential laboratory that the laboratory is properly equipped to follow all details prescribed in the R/R protocol and is willing to assign the work to a skilled operator in the time frame designated.  The decision of the laboratory should be recorded preferably on a response form to a written invitation.  The invitation may include information pertaining to the required time for calibration and for testing all materials, plus any possible costs.


2.4.2
The response form should contain the name, address, phone and FAX numbers of the person supervising the R/R within the laboratory, plus any special shipping 
instructions necessary to ensure prompt delivery of the package.  General questions regarding qualifications, equipment, environment, the amount of material needed per replicate, familiarity with the test method and chosen alloys may also be included on the response form.


2.4.3
Special steps may be taken for laboratories not familiar with the test method or test materials (i.e. trial samples could be provided for a pilot run).  Familiarization is emphasized because the R/R will be worthless if test results are not obtained correctly.


2.4.4
It will be understood that no cost will be incurred to the host laboratory sponsoring the R/R program unless agreed upon beforehand.


2.5
Materials – Material designates anything with a property that can be measured.  Different 
materials having the same property may be expected to have different property levels 
(higher or lower).  Material should be supplied by one source and controlled for uniformity.


2.5.1
Each materials selected should be made to be as homogeneous as possible prior to its 
subdivision into test specimens.  The location of every test specimen from the bulk material 
should be traceable through a letter and/or number designation indicated on each sample.  
In other words, a log or schematic of the location referencing where each test specimen 
originated from the bulk material should be maintained by the host laboratory.  The host 
laboratory should randomize samples before distribution but a record of which laboratories 
are testing which sample number(s) should be kept.


2.5.2
The R/R can be useful in determining the difference in both repeatability and reproducibility 
at different property levels for the same alloy.  However, sometimes it is not possible to test 
several materials, either from the same or different lass of material, due to the difficulty and 
expense involved in obtaining, processing and distributing samples.  Also the length of time 
required, the expense and difficulty of the test must be taken into account and as a result 
may limit the number of samples which can be studied.


2.6
Number of Test Results (Replicates) per Material – A sufficient number of test results must 
be provided to get a good estimate of repeatability.  The minimum number of replicates per 
laboratory will normally be two (2).  Three (3) or four (4) replicates per laboratory is 
desirable for chemical, mechanical and optical tests depending on time as well as cost 
factors associated with the test method.  It is generally of greater use to examine more 
materials across more laboratories than to record a large number of test results per material 
from a few laboratories.  However, if the test results tend to vary considerably, it may be 
desirable to increase the number of replicates per laboratory used.


2.7
Protocol – The directions given to the laboratories for conducting the R/R.


2.7.1
The name, address, telephone and FAX number of the key person(s) coordinating and 
supervising the R/R should be provided in the protocol.  The participating laboratories 
should be encouraged to contact the coordinator when any questions arise as to the 
conduct of the R/R,


2.7.2
Clearly identify the test method being studied in the R/R specifying any option(s) in 
apparatus or procedure selected.  Test units and test data sheets should be given for each 
option.


2.7.3
Special calibration procedures required before every test result should be described in detail 
in the test method.


2.7.4
Characterize any speci8al circumstances that must be addressed in executing the 
repeatability conditions (For example, the length of time between obtaining the test results 
for the same material).


2.7.5
Stipulate the required care, handling and conditioning of the material(s) to be tested if 
applicable.  Describe the coding system used to identify the material(s) to be tested.


2.7.6
The host laboratory may provide data sheets for recording the raw data as observed.  
Specify the number of significant digits to be recorded (generally one or more than required 
by the test method when possible).  Supply sheets on which test results can be calculated 
or combine with the raw data sheet(s) if applicable.  The number of significant digits 
specified for calculated results is commonly two (2) or more than that required by the test 
method.  Request that all raw data be sent as soon as the testing is completed, or at regular 
intervals for testing which extends over several weeks.


2.7.7
Data sheets should be provided so that each laboratory can record any special events that 
arise during any phase of the testing.  In addition to a ‘comments’ section, questions 
pertinent to the test method may be asked to get a better idea of how the test was carried 
out as long as the information is not proprietary.  Any information that would ensure that the 
laboratory complied with the requirements specified for the test method or that may be 
needed to prepare for the final report should also be requested.  (The recorded comments 
will serve as a valuable source of information both in handling outlying data and for 
improving the test method for future R/R’s).  Obtain suggestions for future R/R’s regarding 
the test method and test materials.


2.7.8
The protocol must contain information about the availability of the material(s) for 
replacement tests or re-tests.  It is recommended that the host laboratory prepare enough 
of each material to supply 50% more than needed by the number of laborator8ies 
committed to the R/R.  Instruct the laboratories to notify the R/R coordinator immediately 
whenever an error in test procedure occurs.  It can then be determined whether a new set 
of test specimens needs to be provided for a replacement test or retest of the material(s).


2.8
Final Report – A formal report should be distributed to all participating laboratories 
containing a description or summary of the test method and materials and the reported test 
results from all participating laboratories.  Round Robin Tests sponsored by NADCAP – 
accredited laboratories should clearly state which NADCAP R/R requirement(s) are met (i.e. 
This external R/R fulfills NADCAP requirements for Stress Rupture in January of 1994).  
Participating laboratories shall be identified by code to minimize the possibility of bias during 
data analysis.  Each laboratory should only be informed of its numeric or letter designation 
assigned by the host laboratory to maintain confidentiality.


3.0
INTERNAL ROUND ROBIN



An intra-laboratory study or measure of the reproducibility of results generated by the 
laboratory personnel using the laboratory procedure(s).  The intent of an internal R/R is to 
address the reproducibility of results by operators.  An internal R/R is expected to include 
the following elements:


3.1
Membership – A coordinator of the R/R should be assigned.  It is the coordinator’s 
responsibility to design the test method protocol, distribute testing materials, guide the 
testing phase, and construct a final report based on the data obtained.


3.2
Basic Design – The basic design should be set up similar to that of an external R/R.  For 
the internal R/R of a test procedure, repeatability refers to the variability in the results 
(replicates) for a given operator (or machine).  Reproducibility corresponds to the variability 
of results between operators (or machines) for the test procedure used.


3.3
Test Method – The test method is the same for an external R/R (refer to 2.3).


3.4
Participants – Participants are qualified operators and standard test equipment employed by 
the NADCAP laboratory.  It may be one operator using various equipment or procedures to 
perform the same test method (i.e. comparing results from three different Rockwell 
hardness testers).  It may also be several qualified operators using the same equipment 
and operating procedures to produce test results.


3.5
Materials, Number of Test Results – The expected number of materials and test results 
(replicates) per material should be the same for both internal and external R/R’s (refer to 
2.5, 2.6).


3.6
Protocol – Written directions given to the operator(s) for conducting the R/R.  A detailed 
written procedure on how to conduct the R/R should be created for both internal and 
external R/R (Refer to 2.7).  In the case of an internal R/R, it may not be necessary to 
include the formalities of establishing the address information.  It is recommended that the 
test method protocol contain special calibration procedures, repeatability conditions, 
number of significant digits, special care or preparation instructions, data sheets and a 
deadline date for submitting results.


3.7
Final Report – A formal report containing a description or summary of the test method and 
materials as well as the original results, operators and/or equipment should be constructed.  The report should clearly state which Round Robin requirement(s) are met (i.e. This internal 
R/R fulfills NADCAP requirements for hardness in March of 1994).  It may be beneficial to 
identify individual operators or equipment by code to eliminate the possibility of bias during 
data analysis.


4.0
STATISTICAL ANALYSIS



Statistical analysis and correlation of the data should be performed for both internal and 
external R/R’s.  However, it is not the host laboratory’s duty to provide a statistical 
evaluation of the data in the final report.  It is the responsibility of each participating 
laboratory to perform statistical analysis and correlation on the original results provided in 
the final report using internal standard operating procedures for data evaluation.


4.1
Results should be used to identify and correct problems, and/or to initiate changes in the 
test method(s) or practice(s).


5.0
PROFICIENCY TESTING



Proficiency testing will be accepted as an external R/R.


TABLE 1 – FREQUENCIES FOR THE ROUND ROBIN PROGRAM


		TEST


CODE

		TEST FAMILY

		R/R FREQUENCY (EXTERNAL OR INTERNAL)



		

		Chemical

		



		D

		Wet Chemistry (Gravimetric)

		2 Years Maximum*



		F

		Atomic Emission Spectroscopy

		2 Years Maximum*



		G

		Elemental Analysis (C, H, O, N, S)

		2 Years Maximum*



		S

		X-Ray Fluorescence

		2 Years Maximum*



		V

		Mass Spectroscopy

		2 Years Maximum*



		W

		Atomic Absorption

		2 Years Maximum*



		

		Mechanical

		



		A

		Room Temperature Tensile

		2 Years Maximum



		B

		Elevated Temperature Tensile

		2 Years Maximum



		C

		Stress Rupture

		2 Years Maximum



		XA

		Creep Rupture

		2 Years Maximum



		N

		Impact

		NIST Calibration



		O

		High Cycle Fatigue

		≤ 3 Labs, 3 Years Maximum



		

		

		≥ 4 Labs, 5 Years Maximum



		P

		Fracture Toughness

		≤ 3 Labs, 3 Years Maximum



		

		

		≥4 Labs, 5 Years Maximum



		Y

		Low Cycle Fatigue

		≤ 3 Labs, 3 Years Maximum**



		

		

		≥4 Labs, 5 Years Maximum**



		XE

		Crack Propagation Measurement

		≤ 3 Labs, 3 Years Maximum



		

		

		≥ 4 Labs, 5 Years Maximum



		XH

		Cyclic Rupture

		≤ 3 Labs, 3 Years Maximum



		

		

		≥ 4 Labs, 5 Years Maximum



		

		Metallography & Microhardness

		



		L

		Metallography (General)

		2 Years Maximum



		L1

		Microhardness

		2 Years Maximum



		XL

		Metallography (Macro)

		2 Years Maximum



		LS

		Near Surface Examinations

		2 Years Maximum



		

		Hardness

		



		M1

		Brinell

		2 Years Maximum



		M2

		Rockwell

		2 Years Maximum



		M3

		Vickers

		2 Years Maximum





		TEST


CODE

		TEST FAMILY

		R/R FREQUENCY (EXTERNAL OR INTERNAL)



		

		Mechanical Testing Specimen Preparation

		



		Z2

		Low Stress Grind and Polish

		2 Years Maximum**



		

		Differential Thermal Analysis

		



		XJ

		Differential Thermal Analysis

		3 Years Maximum



		

		X-Ray Diffraction

		



		XR

		Retained Austenite

		1 Year Maximum



		

		Non-Conventional and Engineering Tests

		



		XK

		Thermal Expansion

		2 Years Maximum





*R/R program to include all alloy families (Ni, Co, Al, Ti, Fe-High Alloy, Fe-Low Alloy, Cu and Mg) within 6 Years Maximum.


** Refer to AS7101 Appendix E for specific requirements.


       ~150 microns







    Conductive Mounting Material







            Alloy Base Material











SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences.  The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”


SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled.  SAE invites your written comments and suggestions.
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All rights reserved.

Printed in U.S.A.
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Nadcap Materials Testing Program


Description/Summary


April 22, 2004


· Meets Quarterly:


· 
January

· 
April

· 
July

· 
October

Meetings consist of:


1. Open Sessions, which are open to all attendees.


2. Closed Sessions, which are restricted to the Prime Users only.

· Minutes are taken and are posted to the PRI Website three weeks following the close of the meeting.

Agendas for the next meeting are posted on the Website at the same  time.


· Nadcap Process

Nadcap is a unique accreditation process.  


· This is an industry-managed program and is a consensus-based program.


· The requirements are established based on voting, with each Prime Subscriber having one vote.  Although the voting may not be unanimous, each Subscribing Prime has agreed to abide by the consensus vote.


· Changes to the standard must be balloted through the Task Group, SAE Aerospace Committees, and NMC.


Nadcap Meetings

All Commodities meet during the same week.


All commodities bring issues for the general group to the Planning and Operations meeting.


Planning and Operations designates actions to be taken by subteams or promotes the issue to the Nadcap Management Council (NMC).


NMC meets the Wednesday of the Nadcap meeting week – All attendees are invited to attend.


Each Task Group reports on current programs/issues during the NMC meeting.


Procedures

There are three types of procedures that control the Nadcap process:


· Nadcap Internal Procedures


· Nadcap Operating Procedures


· Nadcap Task Group Operating Procedures (NTGOP)


The specific controlling procedure for Materials Testing is NTGOP-001, Appendix 2.


· Reference Documents


· Task Group Responsibilities


· Meetings


· Quorum and Voting Requirements


· Audit Report Review Process


· Audit Duration


· Accreditation Terms


· Annual Information Packages


· PRI/Nadcap Interlaboratory Proficiency Testing Program


· Terminology 


· The standard for Materials Testing is SAE AS7101.  This document was first approved in May 1993.

· Chemical Analysis – AC7101/2

· Atomic Emission Techniques

· DC Plasma

· ICP

· OES

· X-Ray Fluorescence

· Atomic Absorption

· Graphite Furnace

· Flame

· Elemental Analysis

· Carbon

· Sulfur

· Oxygen

· Nitrogen

· Hydrogen

· Mechanical Testing – AC7101/3

· Tensile Testing 

· Room Temperature

· Elevated Temperature

· Stress Rupture

· Creep

· Impact Testing

· Fatigue Testing 

· High Cycle

· Low Cycle

· Fracture Toughness

· Crack Propagation

· Cyclic Rupture

· Bend Testing

· Metallography & Microhardness


AC7101/4

· General Metallography (e.g. Grain Size)

· Metallography - Macro

· Near Surface Examinations

· Alloy Depletion

· Oxidation/Corrosion

· Casting (Mold) Reactions

· Microhardness

· Diffusion Coatings

· IGA/IGO

· Alpha Case: Wrought Ti

· Alpha Case: Castings Ti

· Hardness Testing – AC7101/5

· Brinell

· Rockwell

· Vickers (ASTM E92)

· Corrosion – AC7101/6

· Corrosion – Salt Spray Testing

· Stress Corrosion

· Differential Thermal Analysis (DTA)

AC7101/8

· Heat Treating of Specimens

AC7101/9


· Mechanical Test Specimen Preparation – AC7101/7

· Standard Preparation

· Low Stress Grinding/Polishing

· Cast Specimens

· ISO/IEC 17025 – AC 7006


The eAuditNet Process


(www.eauditnet.com)


· Audits are documented electronically through eAuditNet.

· Checklists are available on-line through the Public Documents area as pdf files. 


· The matrices for the applicable checklists (AC7101/1, /2, /3, /4, /5, /7) are available as ‘Word’ documents.


· The auditor posts the audit information into eAuditNet during the audit.


· All NCR’s must be answered through eAuditNet.


The eAuditNet Process


(continued)


·  Attachments can be posted directly with the Corrective Action response.


· The Staff Engineer reviews the responses and posts comments and/or requests further information.  If the nonconformances do not include Major technical issues, the Staff Engineer is delegated by the Task Group to close the audit report.


The eAuditNet Process


(continued)


· If there are Major technical issues that require Task Group review, the Staff Engineer forwards the audit report to the Task Group Primes for their review and evaluation.

· Once all NCR responses are considered adequate to address the issue, the NCR’s are closed and the accreditation is granted.  All NCR’s must be closed prior to accreditation.

The eAuditNet Process


(continued)


· There are documents available through the Public Documents area to provided direction on how to properly respond to the nonconformances.


· Supplier Guide


· Document with specific instructions for responding to NCR’s – Root Cause Corrective Action.


· Incomplete/Inadequate NCR responses result in multiple rounds of responses and can delay the accreditation process.
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Importance of Rockwell Dwell Times







David L Ellis Company, Inc.











What Are the Effects of Not Controlling Dwell Times

		Test is different every time.

		Hardness values change.

		Scales are affected differently depending on which part of the cycle time is changed.





David L Ellis Company, Inc.
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Effect of Preliminary Forces



David L Ellis Company, Inc.





Effect Of Total Forces On HRC



David L Ellis Company, Inc.





Effect Of Total Forces On HRB



David L Ellis Company, Inc.





Effect Of Recover Forces On HRC



David L Ellis Company, Inc.





Choice Of Testers That Can Control Dwell Times



David L Ellis Company, Inc.





Did You Hear About ASTM E18-03?

What you need to know



David L Ellis Company, Inc.





How It Affects You

		Has been a published document since the fall of 2003

		You comply to ASTM E18-03; State reference to it at a given time. 

		The change has appendix to help the user calculate uncertainties.

		Uncertainties are required by most quality calibration system; ISO 17025





David L Ellis Company, Inc.





Includes ASTM E18-02

		Allows use of carbide ball

		New definitions HRBS and HRBW

		S for steel

		W for carbide

		Must state which ball you are using          (W or S)





David L Ellis Company, Inc.





NIST SRMs for HRBW 

		NIST will maintain HRBW or carbide level only.

		Since the adoption of ASTM E18-00, this means traceablity to NIST requires the use of W carbide ball and steel balls will not be allowed.





David L Ellis Company, Inc.





When Will This Change be Necessary For You?

		When NIST HRB(W) SRMs are released; Before 2005 most likely.

		When you have decided that you would like to lower fluctuations in tester performance.

		When your customers expect you to maintain the same HRB scale as they do. 





David L Ellis Company, Inc.





Changes in the HRB Scale

What does it mean to the user?



David L Ellis Company, Inc.





New ASTM E18-02

		Allows use of carbide ball

		New definitions HRBS and HRBW

		S for steel

		W for carbide

		Must state which ball you are using





David L Ellis Company, Inc.







David L Ellis Company, Inc.



 “5.3.3 Indenter balls can be either tungsten carbide or hardened steel; however, tungsten carbide balls are recommended to reduce errors associated with the tendency of steel balls to flatten with use.”







NIST SRMs for HRBW 

		NIST will maintain HRBW or carbide level only.

		Since the adoption of ASTM E18-00, this means traceablity to NIST requires the use of W carbide ball and steel balls will not be allowed.





David L Ellis Company, Inc.





Will HRB Values Change?

		Below values determined by tests at NIST  by NIST primary tester and FEA (finite element analysis).

		HRB 40 hardness drops -0.4.

		HRB 60 hardness drops -0.6.

		HRB 80 hardness drops -0.4.

		Only a problem if product tests near end of allowed tolerance.





David L Ellis Company, Inc.





Why Is Change Okay

		Shift in hardness values is small.

		Carbide ball stays in specification longer and thus gives truer readings over a longer period of time.

		Steel balls flatten and poor readings can happen very quickly.

		Will not be traceable to NIST if steel ball used.





David L Ellis Company, Inc.





Will Other Scales be affected?







David L Ellis Company, Inc.
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PROPOSED REVISION OF ASTM E18 ROCKWELL HARDNESS STANDARD TO SPECIFY THE TUNGSTEN-CARBIDE BALL AS THE STANDARD INDENTER FOR BALL SCALE TESTING



WHAT IS BEING PROPOSED?



ASTM Subcommittee E 28.06 on Indentation Hardness Testing has initiated a proposed revision to ASTM Standard Test Method E18, Standard Test Methods for Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials, which will specify the tungsten-carbide ball indenter as the standard type of indenter for all Rockwell ball scale hardness testing. The Rockwell hardness ball scales are the B, E, F, G, H, K, L, M, P, R, S, V, 15T, 30T, 45T, 15W, 30W, 45W, 15X, 30X, 45X, 15Y, 30Y and 45Y scales. The scales include indenters that use the 1/16 inch, 1/8 inch, ¼ inch and ½ inch diameter balls.









David L Ellis Company, Inc.



WHAT IS EXPECTED TO BE THE IMPACT?



Subcommittee members that work for hardness calibration companies report that many of their customers have already switched to using tungsten carbide indenters and test blocks calibrated using tungsten carbide indenters with very little or no adjustment problems. Some users have reported that they appreciate the longer usage time of the tungsten-carbide ball and the improved protection against unnoticed damage to the ball that has previously led to bad hardness readings. 



The switch to the tungsten carbide ball for Rockwell hardness testing is becoming the standard throughout the world. The ISO is currently balloting their version of the Rockwell hardness test method standard (!SO 6508). That standard also is also being revised to specify the tungsten-carbide ball as the standard indenter.








David L Ellis Company, Inc.



An additional concern with using tungsten carbide balls is the increased cost of a tungsten carbide ball over a steel ball. It is believed that the extended usage time of a tungsten carbide ball over steel ball will result in the cost to break even.







What Will Happen to E140 Conversion Charts?

		Changes will occur but can not be perceived by the user.

		Values in E140 are only approximate. They can not be considered exact even when using the steel ball. 

		ASTM E28.06 committee is in the process of making further assessments of the carbide change. 





David L Ellis Company, Inc.





Certified Ball Indenters

		ASTM E18-03 currently has requirements for ball indenters.

		Dimensional- grade 24

		Chemical- 5-7% cobalt

		Hardness- 1500 HV for carbide

		Not all 1/16” diameters are sufficient in hardness. Usually other larger sizes are okay. 





David L Ellis Company, Inc.





How Do HRB Test Blocks Change Time?

		Indenting changes geometry.

		Indent crowding changes hardness values over use.

		HRB blocks drift in value at a faster rate than harder HRC test blocks.





David L Ellis Company, Inc.





Changes in the HRC Scale

What does it mean to the user?



David L Ellis Company, Inc.





Looking Back at History

		HRC test developed in 1921.

		Recognized as ASTM E18 in 1932.

		Industry maintained from 1921-2000.

		NIST traceable SRMs released in 1998.

		ASTM E18-00 (2000) made NIST traceablity a requirement when SRMs are available.





David L Ellis Company, Inc.





What About the Old HRC Standards?

		Sometimes referred to as ASTM HRC.

		Not consistent throughout industry!!!!!!

		Not based on good metrology.

		Dubious traceablity- relies on hardness number transfer rather than meeting test parameters.





David L Ellis Company, Inc.





Older HRC Machines in USA

		Some can meet test parameter requirements but many do not.

		Dwell times critical to testing soft materials can not be controlled.

		Typical calibration of older testers is done by test block hardness values, not by maintaining test parameters.





David L Ellis Company, Inc.





Older HRC Machines Throughout the World

		Most testers outside of the united states meet test force, depth and indenter requirements.

		Do not have control of test dwell times.





David L Ellis Company, Inc.





What About the New HRC Testers?

		Meet all test parameters including dwell times. Typically called “closed loop” and are equipped with computer and load cell.

		Agree with NIST.

		Agree with other national metrology institutes such as NPL (united kingdom), IMGC (Italy) and PTB (Germany).





David L Ellis Company, Inc.





Benefit of New HRC Testers

		More agreement among customers/suppliers.

		Achieve traceability.

		User friendly.

		Less training.

		Saves considerable costs in maintenance and down times.





David L Ellis Company, Inc.





Testing of Coatings

Robert A. Ellis



David L Ellis Company, Inc.





How Coatings Are Tested in Rockwell

		Usually tested on the HR15Y scale.

		This test uses 1/2” ball and a 15 kilogram test force.

		Typical values range from 50 to 70.
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Current HR15Y Test Blocks

		Are available from 89 to 100 hardness range.

		Made from brass which acts differently from the coating.
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Why Should a Coating Reference Standard Be Available? 

		Linear movement of tester travel is greater.

		Material creeps more or less depending on the time of application of test force.
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Requirements of Reference Test Block

		Must be calibrated to tester that meets test parameters and is traceable to NIST or other NMI recognized by BIPM in France. 

		These are the associated SI units of force, depth, and indenter geometry. 
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What Is The Value to the User? 

		Can help the user establish if tester functioning properly in lower HR15Y ranges.

		Ensure test speeds which are critical in soft materials are controlled.

		Gives the user a traceable standard at that target harness range.
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Is There Interest In Coated Reference Test Blocks?

		Customer requests for 50 to 70 HR15Y are common.

		Current materials can not give those values so manufacturers look for them.

		On-site auditors want to see reference blocks in the required ranges. 
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0 indents

Affect  of Tests On A HRB Test Block

New block
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1 indent
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6 indents
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12 indents
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17 indents
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22 indents
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0 indents

1 indent

6 indents

17 indents

12 indents

View is from the flatness profile on the bottom of the block, looking though to the top indented surface.

22 indents



David L Ellis Company, Inc.







How Does the Flatness Affect The Hardness Readings On The HRB Test Block?

		Cupped bottom means you are pushing air during the test, not material.

		Pushing air results in obtaining lower hardness numbers.
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Portable and

Comparative Testers- Uses and Misuses



Robert A. Ellis
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What is a Portable HardnessTester?

		The definition in industry seems to vary depending on who you ask.

		It is defined in ASTM in document E110-99.
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What ASTM E110 Requires 

		The tester must meet test parameters as defined in other ASTM hardness test documents.

		E10 Brinell.

		E18 Rockwell.

		E92 Vickers.
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Portable Brinell
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Portable Rockwell Tester With Chain Mount
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Portable Rockwell Tester-Hand Held
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Portable Rockwell Tester For Unusual Applications
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The “C” Clamp Portable Rockwell
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Why Do People Use Portable/Comparative Hardness Testers?

Good Reasons

		Easy to use.

		Can travel to test site.

		The part configuration will not allow a standard bench tester.
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Bad Reasons for Using Portable Hardness Testers.



		Save money.

		Too lazy to do the test properly.

		Misinformed. Someone actually thought the tester performed the hardness test specified. Common misuse is thinking the tester is meeting HRC, HB or Vickers values.
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If They Are Not a Portable Tester, What are they?

		They are a comparative tester.

		They have established test values.

		Usually a computer chip converts test values to HRC, HRB, HB and HV values.

		Sometimes to user has a chart to establish conversions. They can not be found in ASTM E140.
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Comparative testers

		Some have no referred ASTM document.

		ASTM documents for some testers are available.

		ASTM A956 Leebs- formally called Equitip.

		ASTM a??? UCI- ultrasonic method. Soon to be released as a test method.
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What Are Actual Values Given by ASTM Comparative Testers?

		ASTM A956 Leebs test- hardness #s in ld, Lg and Lc.

		ASTM a??? UCI test- UCI hardness #s in UCI.

		Values to HRC, HRB, HB and HV are done through computer chip. Should be validated by the user before certifying results.
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Partial List Of Comparative Testers

		Barcol

		Equitip/Leebs

		PTC impact

		Webster

		UCI

		Set of files
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Guts Of The Barcol
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The “Webster” Tester
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Files To Measure Hardness
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The Rebound Tester



David L Ellis Company, Inc.





What They Tell You About About The Rebound Tester 
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Technical Specifications 



Integrated device 

C


Test tip 



Tungsten carbide Accuracy


+- 1.5% Hardness scales 
HRC, HRB, HV, HS, HLC


Material 


Steel and cast steel, cold tool steel


Power 



2x3.6v NiMh rechargeable batteries


Operating 


Temperature: 32-122 degrees F (0-45 degrees C)


Dimensions 


6.1 x 2.1 x 0.9 in. (150 x 22 x 53MM)


Weight 



0.4 lb (180g)


Impact 



Energy 2ft-lb (2.7J)






The UCI Tester
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The PTC Impact Tester
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Material Conversions

		Usually given for steel, brass and aluminum.

		Not found in ASTM E140.

		Requires the user to establish justification in accepting conversions.
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Is Any Traceability Possible?

		Use comparative tester on traceable test block such as HRC, HRB, HB and HV. 

		Preferably in material and hardness range similar to part needed to be inspected.
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Proper Use of Comparative Tester

		Run tests on parts with comparative tester.

		Collect data.

		Follow up with standard type test; Actual ASTM E10, E18 or E92 tester and document your results to prove that the comparative tester is giving reliable results.

		Do they agree or make sense?
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Can you Use The Comparative Tester?

		If comparative tester used, make sure your customer understands and agrees that it is a valid use. 

		It is possible that you will find that the comparative test is inappropriate for that use.
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Performance of Rockwell Testers 

that meet direct Parameters and 

Established Dwell Times



Robert A Ellis

David L. Ellis Company, Inc.
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This discussion compares:

		Rockwell Hardness results of the NIST 1985 study using older testers and IMGC primary 

		and recent comparisons in 2000 with newer closed loop direct testers and the NIST primary tester .
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Rockwell Hardness testers should have:



		Correct forces

		Correct depth measurement

		Correct dwell times

		Correct geometry indenters

		Agree with National and International standards
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Not all Rockwell hardness testers meet the requirements of ASTM E18 and ISO 6508
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How did it become apparent that these testers did not comply with the standards?

		NIST Inter-comparison of test blocks in the years of  1985-1990 NISTR 4531



		In this comparison, NIST used a commercial hardness tester and a dead weight tester located at IMGC in Turin Italy
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What did NIST find in the comparison?



		NIST compared test blocks and indenters from the United States and worldwide. 



		These tests were conducted twice from 1985 to 1990 and significant differences were found.
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Results of the NIST comparison



		As a result of the problems encountered with indenters and test blocks in the 1980’s, NIST purchased a primary dead weight hardness tester in 1991
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NIST Primary tester





IMGC is similar
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NIST determination of diamond indenters

		It was found that diamond indenters used in the United States were not the correct geometry



		NIST chose correctly shape indenters when they calibrated NIST SRM HRC test blocks
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NIST releases HRC test blocks in 1998
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The 2000 test block inter-comparison used a primary dead weight tester and directly verified commercial tester with dwell times the same as those used  to calibrate NIST SRM HRC.
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The directly verified testers met the requirements of ASTM E18 and ISO 6508 as per the requirements below and stated uncertainties.





TABLE 1.



Direct 		Parameter		SI Units	Uncertainty	



		Load			Newtons	0.15	

		Depth			Micrometers	0.24	

		Time			Seconds	0.5	



Indenter- Cone  / Radius    Degrees / Micrometers	0.016 / 3 	
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Verified Forces and Depth during the Test
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Sheet1


			


			force			mic						force			mic


			10.15			0						10.15			0


			10.3			-0.03						10.3			0.02


			10.45			0.03						10.45			0.01


			10.6			0.21						10.6			0.1


			10.76			0.52						10.75			0.18


			10.91			0.79						10.91			0.31


			11.06			1.13						11.06			0.5


			11.22			1.46						11.21			0.71


									BREAK


			149.66			154.8						149.62			89.46


			149.81			155.32						149.77			89.71


			149.96			156.86						149.92			90.05


			149.81			157.77						149.76			90.93


			149.64			157.78						149.59			90.93


									BREAK


			11.12			148.17						11.15			73.55


			10.97			148.16						11			73.51


			10.82			148.1						10.85			73.41


			10.67			148.06						10.69			73.37


			10.51			148						10.54			73.32


			10.36			148.06						10.39			73.34


			10.21			148.04						10.23			73.32


			10.06			148.07						10.08			73.37


									26.15 HRC									63.59 HRC
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A directly verified indenter for geometry was sent to NIST to be indirectly verified for hardness results
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Data


			HRC			S3581 (1)			ST11864			ST11865			S3581 (2)			ST11864-S3581(1)			ST11865-S3581(1)			S3581 (2)-S3581(1)


			25.00			25.17			25.22			25.56			25.29			0.05			0.39			0.12


			45.00			44.90			44.94			45.28			44.96			0.04			0.38			0.06


			63.00			63.95			63.81			63.92			63.94			-0.14			-0.03			-0.01








Chart1


			25			25			25


			45			45			45


			63			63			63





ST11864


ST11865


S3581 (2)


Nominal HRC hardness


Difference from NIST S3581 (HRC)


Indenter Comparison for Bob Ellis    Oct. 24, 2000


0.05


0.39


0.12


0.04


0.38


0.06


-0.14


-0.03


-0.01









63 HRC -0.1 than NIST

25 HRC +0.1 than NIST



ST11864 on verified tester

Verified Indenter using NIST SRMS
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Sheet1


																		Uncertainty Calculator


																		Work Sheet


			Company			D L Ellis Co																											Block Periodic Check Reproduciblity


			Date Start			11/2/00						High Block						Med Block						Low Block									High			Med			Low


			Department			Cal						Repeat			Spread			Repeat			Spread			Repeat			Spread			Event						Event(daily/shift/month)


			Tester S/N			201173			Test 1			64.640			64.740			44.700			44.790			26.270			26.230			11/2/00			64.710			44.700			26.120


			Operator			RAE			Test 2			64.680			64.650			44.800			44.740			26.250			26.190			11/9/00			64.650			44.890			26.360


			Scale			HRC			Test 3			64.680			64.710			44.760			44.790			26.340			26.040			12/1/00			64.680			44.790			26.260


			High Std S/N			95N63129			Test 4			64.700			64.660			44.720			44.680			26.280			26.130			12/4/00			64.550			44.820			26.210


			Med  Std S/N			95N45100			Test 5			64.700			64.660			44.750			44.910			26.370			26.210			12/2/00			64.760			44.810			26.260


			Low Std  S/N			95N25112			Ave			64.680			64.684			44.746			44.782			26.302			26.160			4/11/01			64.750			44.840			26.200


			Resolution			0.010			Max			64.700			64.740			44.800			44.910			26.370			26.230			5/4/01			64.750			44.710			26.100


			High Marked			64.770			Min			64.640			64.650			44.700			44.680			26.250			26.040			7/30/01			64.780			44.680			26.070


			Med Marked			44.860			Range			0.060			0.090			0.100			0.230			0.120			0.190


			Low marked			26.080			STDEV			0.024			0.039			0.038			0.085			0.051			0.077


			Unc Mnfr High			0.150			SDmean						0.0174928557						0.0378681925						0.0343511281


			Unc Mnfr Med			0.150


			Unc Mnfr Low			0.170						Indentor						ST11864


			Ave High			64.684


			Ave Med			44.780


			Ave Low			26.160									Last Accessed									8/13/03


			Repeat High STDEV			0.024


			Repeat Med STDEV			0.038


			Repeat Low STDEV			0.051


			Unc bias High			0.018


			Unc bias  Med			0.038


			Unc bias  Low			0.034


			Reprod High STDEV			0.076


			Reprod Med STDEV			0.075


			Reprod Low STDEV			0.097


			Bias vs SRM High			-0.086																								End			Stop


			Bias vs SRM Med			-0.078																								Ave			64.704			44.780			26.198


			Bias vs SRM Low			0.080																								Max			64.780			44.890			26.360


																														Min			64.550			44.680			26.070


																														Repeat			0.230			0.210			0.290


																														STDEV			0.076			0.075			0.097


												Calibration Uncertainty Budget


			Calibration Procedure						Machine Capability (one indent)												Tester						201173


			Equipment description						Rockwell tester												Indentor						ST11864


			Parameter						E18			HRC									Block S/N						95N63129


			Nominal						65


			Date						8/13/03


			Performed by						RAE


			Company/Div						D L Ellis Co						Cal


			Uncertainty			Type			Dist			Transformation									Limit of Input									Limit of Input									STD Unc


			Component			A/B			N/R						Factor						Influnce units												HRC						HRC


			Repeatability			A			N						1.000									1.000									0.024						0.024


			Unc in determ Bias			A			N						1.000									1.000									0.018						0.018


			Reproducibilty			A			N						1.000									1.000									0.076						0.076


			Resolution			B			R						0.600									1.000									0.006						0.003


			Uncertainty Block			A			N						1.000									1.000									0.075						0.075


			Combined Standard Uncertainty																																				0.111


			Expanded Uncertainty K=2 95%																																				0.222


			Bias																																				0.086


			EXP Unc and Bias																																				0.308


												Calibration Uncertainty Budget


			Calibration Procedure						Machine Capability (one indent)												Tester						201173


			Equipment description						Rockwell tester												Indentor						ST11864


			Parameter						E18			HRC									Block S/N						95N45100


			Nominal						45


			Date						8/13/03


			Performed by						RAE


			Company/Div						D L Ellis Co						Cal


			Uncertainty			Type			Dist			Transformation									Limit of Input									Limit of Input									STD Unc


			Component			A/B			N/R						Factor						Influnce units												HRC						HRC


			Repeatability			A			N						1.000									1.000									0.038						0.038


			Unc in determ Bias			A			N						1.000									1.000									0.038						0.038


			Reproducibilty			A			N						1.000									1.000									0.075						0.075


			Resolution			B			R						0.600									1.000									0.006						0.003


			Uncertainty Block			A			N						1.000									1.000									0.075						0.075


			Combined Standard Uncertainty																																				0.119


			Expanded Uncertainty K=2 95%																																				0.238


			Bias																																				0.078


			EXP Unc and Bias																																				0.316


												Calibration Uncertainty Budget


			Calibration Procedure						Machine Capability (one indent)												Tester						201173


			Equipment description						Rockwell tester												Indentor						ST11864


			Parameter						E18			HRC									Block S/N						95N25112


			Nominal						26


			Date						8/13/03


			Performed by						RAE


			Company/Div						D L Ellis Co						Cal


			Uncertainty			Type			Dist			Transformation									Limit of Input									Limit of Input									STD Unc


			Component			A/B			N/R						Factor						Influnce units												HRC						HRC


			Repeatability			A			N						1.000									1.000									0.051						0.051


			Unc in determ Bias			A			N						1.000									1.000									0.034						0.034


			Reproducibilty			A			N						1.000									1.000									0.097						0.097


			Resolution			B			R						0.600									1.000									0.006						0.003


			Uncertainty Block			A			N						1.000									1.000									0.085						0.085


			Combined Standard Uncertainty																																				0.143


			Expanded Uncertainty K=2 95%																																				0.286


			Bias																																				0.080


			EXP Unc and Bias																																				0.366
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 +0.1    63 HRC       +0.4    25 HRC

Same comparison as on NIST machine

Comparing Indenters with Directly Verified Testers



David L Ellis Company, Inc.



Sheet1


						44056			12B8177						02719						ST11864						02722						02720						02723									02721						44054						44055			2nd try			ST11864						ST11865


						62			HRC			61.73			HRC			61.84			HRC			62.05			HRC			61.79			HRC			62.01			HRC						61.67			HRC			61.87			HRC			62.05			HRC			61.88			HRC			62.11			HRC


						62.09			HRC			61.68			HRC			61.76			HRC			61.98			HRC			61.86			HRC			62.19			HRC						61.62			HRC			61.77			HRC			61.94			HRC			61.79			HRC			62.17			HRC


						62.02			HRC			62.01			HRC			61.76			HRC			62.09			HRC			61.83			HRC			61.96			HRC						61.61			HRC			61.75			HRC			61.95			HRC			61.92			HRC			62.16			HRC


						62.03			HRC			61.85			HRC			61.75			HRC			62.18			HRC			61.82			HRC			62.14			HRC						61.78			HRC			61.94			HRC			62.12			HRC			61.98			HRC			62			HRC


						62.02			HRC			61.7			HRC			61.87			HRC			61.93			HRC			61.86			HRC			61.98			HRC						61.68			HRC			61.78			HRC			62.09			HRC			61.85			HRC			62			HRC


						62			HRC			61.69			HRC			61.88			HRC			62.13			HRC			61.82			HRC			62.07			HRC						61.66			HRC			62			HRC			62.12			HRC			61.86			HRC			62.03			HRC


						62.0266666667			Ave			61.7766666667						61.81						62.06						61.83						62.0583333333									61.67						61.8516666667						62.045						61.88						62.0783333333


			St11864			61.88			Base			61.88			Base			61.88			Base			61.88			Base			61.88			Base			61.88			Base						61.88			Base			61.88			Base			61.88			Base			61.88			Base			61.88			Base


						0.1466666667			Offset			-0.1033333333			Offset			-0.07			Offset			0.18			Offset			-0.05			Offset			0.1783333333			Offset						-0.21			Offset			-0.0283333333			Offset			0.165			Offset			0			Offset			0.1983333333			Offset


			NIST			61.98						61.98						61.98						61.98						61.98						61.98									61.98						61.98						61.98						61.98						61.98


			True value			0.0466666667						-0.2033333333						-0.17						0.08						-0.15						0.0783333333									-0.31						-0.1283333333						0.065						-0.1						0.0983333333


									12B2726


						22.33			HRC			21.92			HRC			22.11			HRC			22.72			HRC			22.49			HRC			23.1			HRC						22.66			HRC			22.6			HRC			22.74			HRC			22.33			HRC			22.71			HRC


						22.47			HRC			22.06			HRC			22.13			HRC			22.75			HRC			23.68			HRC			23.11			HRC						22.66			HRC			22.54			HRC			22.63			HRC			22.33			HRC			22.82			HRC


						22.57			HRC			22.05			HRC			22.21			HRC			22.64			HRC			22.53			HRC			23.02			HRC						22.72			HRC			22.67			HRC			22.74			HRC			22.4			HRC			22.77			HRC


						22.56			HRC			21.96			HRC			22.15			HRC			22.72			HRC			22.52			HRC			23.06			HRC						22.68			HRC			22.57			HRC			22.61			HRC			22.35			HRC			22.89			HRC


						22.26			HRC			21.85			HRC			22.05			HRC			22.8			HRC			22.49			HRC			23.02			HRC						22.73			HRC			22.54			HRC			22.6			HRC			22.48			HRC			22.79			HRC


						22.16			HRC			21.87			HRC			22.14			HRC			22.71			HRC			22.54			HRC			23.18			HRC						22.57			HRC			22.7			HRC			22.71			HRC			22.36			HRC			22.74			HRC


						22.3916666667						21.9516666667						22.1316666667						22.7233333333						22.7083333333						23.0816666667									22.67						22.6033333333						22.6716666667						22.375						22.7866666667


			St11864			22.375			Base			22.375			Base			22.375			Base			22.375			Base			22.375			Base			22.375			Base						22.375			Base			22.375			Base			22.375			Base			22.375			Base			22.375			Base


						0.0166666667			Offset			-0.4233333333			Offset			-0.2433333333			Offset			0.3483333333			Offset			0.3333333333			Offset			0.7066666667			Offset						0.295			Offset			0.2283333333			Offset			0.2966666667			Offset			0			Offset			0.4116666667			Offset


			NIST			22.275						22.275						22.275						22.275						22.275						22.275									22.275						22.275						22.275						22.275						22.275


						0.1166666667						-0.3233333333						-0.1433333333						0.4483333333						0.4333333333						0.8066666667									0.395						0.3283333333						0.3966666667						0.1						0.5116666667
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		Test blocks blanks used for the tests were ones that are commercially available



		This is consistent with the 1985-1990 study
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Test Procedure

		As per ASTM E18 on a primary hardness tester and two directly verified commercial hardness testers.

		The test blocks rested on a large anvil and were not touch by hand elevated by screw. Push button operation.

		No electronic adjustment

		All indenters firmly clamped to the testers.

		Several test blocks compared in all testers.

		Several indenters compared.

		Statistical results of 1985 and 1990 were compared
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			NIST																		IMGC																																																			Indentor Survey


																																																												Machine			Indentor			Scale			Area			00B4080			00B0800			00B1173


			Block			Indenter															Block			Indenter															NIST			1987-1991


			25-1			112-1			24.4												25-1			IMGC 112			25.06												IMGC																					201156			16663			HRC			A			62.72			46.56			24.61


						BCS-1			24.22															IMGC C15			24.94			Min			24.6																								Test 1															62.69			46.58			24.34


						112-2			25.22															MFR			24.6			Max			25.06																								Test 2															62.67			46.58			24.59


						BCS-2			25.32			Min			24.22									stdev			0.2386070689			Spread			0.46			min			24.6																		Test 3


						MFR			24.6			Max			25.32																					Max			25.32																		Ave


						stdev			0.492869151			Spread			1.1																					Spread			0.72


																																				stdev NIST / IMGC						0.4216520796															Test 1			201156			ST11864			HRC			A			62.66			46.52			24.35


			25-3			112-1			22.78												25-3			IMGC 112			23.64																														Test 2															62.68			46.46			24.39


						BCS-1			22.92															IMGC C15			23.26			Min			23.26																								Test 3															62.81			46.39			24.44


						112-2			24.04															MFR			23.77			Max			23.77																								Ave


						BCS-2			24.04			Min			22.78									stdev			0.2650157228			Spread			0.51			min			22.78


						MFR			23.77			Max			24.04																					Max			24.04																		Test 1			201156			101			HRC			A			62.57			46.49			24.22


						stdev			0.6144916598			Spread			1.26																					Spread			1.26																		Test 2															62.6			46.35			24.4


																																				stdev NIST / IMGC						0.5144159888															Test 3															62.68			46.43			24.3


			25-7			112-1			20.72												25-7			IMGC 112			21.46																														Ave


						BCS-1			20.62															IMGC C15			21.38			Min			21.38


						112-2			22.38															MFR			21.63			Max			21.63																								Test 1			201156			16143			HRC			A			62.76			46.7			24.3


						BCS-2			21.7			Min			20.62									stdev			0.1276714533			Spread			0.25			min			20.62																		Test 2															62.77			46.73			24.36


						MFR			21.63			Max			22.38																					Max			22.38																		Test 3															62.71			46.66			24.48


						stdev			0.7371566998			Spread			1.76																					Spread			1.76																		Ave


																																				stdev NIST / IMGC						0.6023485781


			Block																		Block																																				Test 1			201156			SRM/NO#			HRC			A			62.81			46.64			24.42


			45-1			112-1			44.8												45-1			IMGC 112			45.72																														Test 2															62.78			46.75			24.47


						BCS-1			44.66															IMGC C15			45.6			Min			45																								Test 3															62.75			46.72			24.48


						112-2			45.76															MFR			45			Max			45.72																								Ave


						BCS-2			45.68			Min			44.66									stdev			0.3857460304			Spread			0.72			min			44.66


						MFR			45			Max			45.76																					Max			45.76																		Test 1			201173			16143			HRC			A			62.93			46.85			24.85


						stdev			0.5083306011			Spread			1.1																					Spread			1.1																		Test 2															62.9			46.86			24.81


																																				stdev NIST / IMGC						0.4778324074															Test 3															62.76			46.93			25.01


			45-3			112-1			39.36												45-3			IMGC 112			44.62																														Ave


						BCS-1			39.34															IMGC C15			44.38			Min			44.38


						112-2			40.48															MFR			44.48			Max			44.62


						BCS-2			40.14			Min			39.34									stdev			0.1205542755			Spread			0.24			min			39.34


						MFR			40.43			Max			40.48																					Max			44.62


						stdev			0.5629387178			Spread			1.14																					Spread			5.28


																																				stdev NIST / IMGC						2.2683106783															Test 1			NIST			S3581			HRC			A			63.099			47.018			24.959


			45-7			112-1			39.36												45-7			IMGC 112			40.4																														Test 2															63.054			47.026			25.087


						BCS-1			39.34															IMGC C15			40.04			Min			40.04																								Test 3															63.028			46.968			25.13


						112-2			40.48															MFR			40.43			Max			40.43																								Ave


						BCS-2			40.14			Min			39.34									stdev			0.2170253441			Spread			0.39			min			39.34


						MFR			40.43			Max			40.48																					Max			40.48																		Test 1			201156			ST11865			HRC			A			62.69			46.84			24.79


						stdev			0.5629387178			Spread			1.14																					Spread			1.14																		Test 2															62.75			46.69			24.7


																																				stdev NIST / IMGC						0.4893095232															Test 3															62.79			46.72			24.73


			Block																		Block																																				Ave


			63-1			112-1			63.04												63-1			IMGC 112			64.08


						BCS-1			63.4															IMGC C15			64.34			Min			63.22																																				Ave			62.77754167			46.68591667			24.59233333


						112-2			63.68															MFR			63.22			Max			64.34																																				STDEV			0.136317398			0.19544418			0.27053404


						BCS-2			64.08			Min			63.04									stdev			0.5861740356			Spread			1.12			min			63.04																														min			62.57			46.35			24.22


						MFR			63.22			Max			64.08																					Max			64.34																														max			63.099			47.026			25.13


						stdev			0.4085094858			Spread			1.04																					Spread			1.3																														spread			0.529			0.676			0.91


																																				stdev NIST / IMGC						0.4923220007


			63-3			112-1			62.56												63-3			IMGC 112			63.82																														Shives/ Barbato									Ellis / Low


						BCS-1			63.02															IMGC C15			63.94			Min			63																											NIST / IMGC						2000


						112-2			63.28															MFR			63			Max			63.94																											Spread			STDEV			Spread			STDEV


						BCS-2			63.76			Min			62.56									stdev			0.5115988011			Spread			0.94			min			62.56															1			C25 1			0.72			0.42			0.91			0.27


						MFR			63			Max			63.76																					Max			63.94															1			C25 3			1.26			0.51


						stdev			0.4396362132			Spread			1.2																					Spread			1.38															1			C25 7			1.76			0.60


																																				stdev NIST / IMGC						0.5158811233												1			C45 1			1.10			0.47			0.68			0.20


			63-7			112-1			59.58												63-7			IMGC 112			60.74																											1			C45 3			5.28			2.26


						BCS-1			60.16															IMGC C15			60.84			Min			60.63																					1			C45 7			1.14			0.49


						112-2			60.38															MFR			60.63			Max			60.84																					0.5			C63 1			1.30			0.49			0.53			0.14


						BCS-2			60.66			Min			59.58									stdev			0.105039675			Spread			0.21			min			59.58															0.5			C63 3			1.38			0.52


						MFR			60.63			Max			60.66																					Max			60.84															0.5			C63 7			1.26			0.44


						stdev			0.4419502234			Spread			1.08																					Spread			1.26


																																				stdev NIST / IMGC						0.4387373658
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			NIST																		IMGC																																																			Indentor Survey


																																																												Machine			Indentor			Scale			Area			00B4080			00B0800			00B1173


			Block			Indenter															Block			Indenter															NIST			1987-1991


			25-1			112-1			24.4												25-1			IMGC 112			25.06												IMGC																					201156			16663			HRC			A			62.72			46.56			24.61


						BCS-1			24.22															IMGC C15			24.94			Min			24.6																								Test 1															62.69			46.58			24.34


						112-2			25.22															MFR			24.6			Max			25.06																								Test 2															62.67			46.58			24.59


						BCS-2			25.32			Min			24.22									stdev			0.2386070689			Spread			0.46			min			24.6																		Test 3


						MFR			24.6			Max			25.32																					Max			25.32																		Ave


						stdev			0.492869151			Spread			1.1																					Spread			0.72


																																				stdev NIST / IMGC						0.4216520796															Test 1			201156			ST11864			HRC			A			62.66			46.52			24.35


			25-3			112-1			22.78												25-3			IMGC 112			23.64																														Test 2															62.68			46.46			24.39


						BCS-1			22.92															IMGC C15			23.26			Min			23.26																								Test 3															62.81			46.39			24.44


						112-2			24.04															MFR			23.77			Max			23.77																								Ave


						BCS-2			24.04			Min			22.78									stdev			0.2650157228			Spread			0.51			min			22.78


						MFR			23.77			Max			24.04																					Max			24.04																		Test 1			201156			101			HRC			A			62.57			46.49			24.22


						stdev			0.6144916598			Spread			1.26																					Spread			1.26																		Test 2															62.6			46.35			24.4


																																				stdev NIST / IMGC						0.5144159888															Test 3															62.68			46.43			24.3


			25-7			112-1			20.72												25-7			IMGC 112			21.46																														Ave


						BCS-1			20.62															IMGC C15			21.38			Min			21.38


						112-2			22.38															MFR			21.63			Max			21.63																								Test 1			201156			16143			HRC			A			62.76			46.7			24.3


						BCS-2			21.7			Min			20.62									stdev			0.1276714533			Spread			0.25			min			20.62																		Test 2															62.77			46.73			24.36


						MFR			21.63			Max			22.38																					Max			22.38																		Test 3															62.71			46.66			24.48


						stdev			0.7371566998			Spread			1.76																					Spread			1.76																		Ave


																																				stdev NIST / IMGC						0.6023485781


			Block																		Block																																				Test 1			201156			SRM/NO#			HRC			A			62.81			46.64			24.42


			45-1			112-1			44.8												45-1			IMGC 112			45.72																														Test 2															62.78			46.75			24.47


						BCS-1			44.66															IMGC C15			45.6			Min			45																								Test 3															62.75			46.72			24.48


						112-2			45.76															MFR			45			Max			45.72																								Ave


						BCS-2			45.68			Min			44.66									stdev			0.3857460304			Spread			0.72			min			44.66


						MFR			45			Max			45.76																					Max			45.76																		Test 1			201173			16143			HRC			A			62.93			46.85			24.85


						stdev			0.5083306011			Spread			1.1																					Spread			1.1																		Test 2															62.9			46.86			24.81


																																				stdev NIST / IMGC						0.4778324074															Test 3															62.76			46.93			25.01


			45-3			112-1			39.36												45-3			IMGC 112			44.62																														Ave


						BCS-1			39.34															IMGC C15			44.38			Min			44.38


						112-2			40.48															MFR			44.48			Max			44.62


						BCS-2			40.14			Min			39.34									stdev			0.1205542755			Spread			0.24			min			39.34


						MFR			40.43			Max			40.48																					Max			44.62


						stdev			0.5629387178			Spread			1.14																					Spread			5.28


																																				stdev NIST / IMGC						2.2683106783															Test 1			NIST			S3581			HRC			A			63.099			47.018			24.959


			45-7			112-1			39.36												45-7			IMGC 112			40.4																														Test 2															63.054			47.026			25.087


						BCS-1			39.34															IMGC C15			40.04			Min			40.04																								Test 3															63.028			46.968			25.13


						112-2			40.48															MFR			40.43			Max			40.43																								Ave


						BCS-2			40.14			Min			39.34									stdev			0.2170253441			Spread			0.39			min			39.34


						MFR			40.43			Max			40.48																					Max			40.48																		Test 1			201156			ST11865			HRC			A			62.69			46.84			24.79


						stdev			0.5629387178			Spread			1.14																					Spread			1.14																		Test 2															62.75			46.69			24.7


																																				stdev NIST / IMGC						0.4893095232															Test 3															62.79			46.72			24.73


			Block																		Block																																				Ave


			63-1			112-1			63.04												63-1			IMGC 112			64.08


						BCS-1			63.4															IMGC C15			64.34			Min			63.22																																				Ave			62.77754167			46.68591667			24.59233333


						112-2			63.68															MFR			63.22			Max			64.34																																				STDEV			0.136317398			0.19544418			0.27053404


						BCS-2			64.08			Min			63.04									stdev			0.5861740356			Spread			1.12			min			63.04																														min			62.57			46.35			24.22


						MFR			63.22			Max			64.08																					Max			64.34																														max			63.099			47.026			25.13


						stdev			0.4085094858			Spread			1.04																					Spread			1.3																														spread			0.529			0.676			0.91
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						MFR			63			Max			63.76																					Max			63.94															1			C25 3			1.26			0.51


						stdev			0.4396362132			Spread			1.2																					Spread			1.38															1			C25 7			1.76			0.60


																																				stdev NIST / IMGC						0.5158811233												1			C45 1			1.10			0.47			0.68			0.20


			63-7			112-1			59.58												63-7			IMGC 112			60.74																											1			C45 3			5.28			2.26


						BCS-1			60.16															IMGC C15			60.84			Min			60.63																					1			C45 7			1.14			0.49


						112-2			60.38															MFR			60.63			Max			60.84																					0.5			C63 1			1.30			0.49			0.53			0.14
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			62.01			HRC									61.94			HRC			62.24			HRC			62.06			HRC			62.02			HRC			62.02			HRC			62.17			HRC			62.19			HRC			62.12			HRC			62.18			HRC			62.4			HRC			62.22			HRC			62.15			HRC			61.87			HRC			62.38			HRC			62.05			HRC			61.94			HRC			62.1			HRC			61.91			HRC			62.11			HRC			61.9			HRC			62.01			HRC			61.87			HRC			61.84			HRC			62.07			HRC			61.87			HRC			61.78			HRC			62.24			HRC			62.07			HRC			61.67			HRC			62.17			HRC			62.04			HRC			62.22			HRC			62.23			HRC			62			HRC			62.05			HRC			62			HRC			61.84			HRC


			62.08			HRC									61.95			ave			62.1866666667			ave			62.06			ave			62.02			ave			61.9833333333			ave			62.14			ave			62.15			ave			62.13			ave			62.1866666667			ave			62.3333333333			ave			62.2333333333			ave			62.15			ave			61.92			ave			62.2933333333			ave			62.0166666667			ave			61.98			ave			62.1733333333			ave			61.8433333333			ave			62.0766666667			ave			61.86			ave			62.1333333333			ave			61.8233333333			ave			61.8733333333			ave			62.1933333333			ave			61.8866666667			ave			61.7966666667			ave			62.2333333333			ave			62.04			ave			61.7133333333			ave			62.07			ave			61.98			ave			62.12			ave			62.21			ave			61.9833333333			ave			62.0833333333			ave			62.2			ave			61.89			ave


			62.13			HRC						st11864			62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064						62.064


			62.064			Ave						from std			-0.114						0.1226666667						-0.004						-0.044						-0.0806666667						0.076						0.086						0.066						0.1226666667						0.2693333333						0.1693333333						0.086						-0.144						0.2293333333						-0.0473333333						-0.084						0.1093333333						-0.2206666667						0.0126666667						-0.204						0.0693333333						-0.2406666667						-0.1906666667						0.1293333333						-0.1773333333						-0.2673333333						0.1693333333						-0.024						-0.3506666667						0.006						-0.084						0.056						0.146						-0.0806666667						0.0193333333						0.136						-0.174


												nist			62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164						62.164


												from nist			-0.214						0.0226666667						-0.104						-0.144						-0.1806666667						-0.024						-0.014						-0.034						0.0226666667						0.1693333333						0.0693333333						-0.014						-0.244						0.1293333333						-0.1473333333						-0.184						0.0093333333						-0.3206666667						-0.0873333333						-0.304						-0.0306666667						-0.3406666667						-0.2906666667						0.0293333333						-0.2773333333						-0.3673333333						0.0693333333						-0.124						-0.4506666667						-0.094						-0.184						-0.044						0.046						-0.1806666667						-0.0806666667						0.036						-0.274			stdev			0.1504962872


			22p0347


			22.11			HRC									22.24			HRC			22.23			HRC			22.41			HRC			21.97			HRC			22.54			HRC			22.77			HRC			22.38			HRC			22.29			HRC			22.66			HRC			22.4			HRC			22.49			HRC			22.38			HRC			22.43			HRC			22.38			HRC			21.93			HRC			22.14			HRC			22.65			HRC			21.99			HRC			22.13			HRC			22.25			HRC			22.46			HRC			21.83			HRC			22.45			HRC			22.89			HRC			22.15			HRC			22.37			HRC			22.3			HRC			22.16			HRC			22.39			HRC			22.29			HRC			22.11			HRC			22.22			HRC			21.81			HRC			22.15			HRC			23.22			HRC			22.36			HRC			22.55			HRC


			22.15			HRC									22.25			HRC			22.06			HRC			22.52			HRC			22.06			HRC			22.4			HRC			22.68			HRC			22.41			HRC			22.37			HRC			22.5			HRC			22.4			HRC			22.41			HRC			22.45			HRC			22.86			HRC			22.38			HRC			22.08			HRC			21.84			HRC			22.52			HRC			22.18			HRC			22.07			HRC			22.25			HRC			22.11			HRC			22.11			HRC			22.19			HRC			22.55			HRC			22.24			HRC			22.41			HRC			22.57			HRC			22.36			HRC			22.21			HRC			22.21			HRC			22.52			HRC			22.14			HRC			22.33			HRC			22.59			HRC			23.06			HRC			22.63			HRC			22.13			HRC


			22			HRC									22.44			HRC			22.2			HRC			22.15			HRC			22.23			HRC			22.51			HRC			22.58			HRC			22.56			HRC			22.33			HRC			22.75			HRC			22.59			HRC			21.94			HRC			22.44			HRC			22.28			HRC			22.68			HRC			21.97			HRC			21.98			HRC			22.67			HRC			21.89			HRC			22.09			HRC			22.06			HRC			22.51			HRC			21.99			HRC			22.04			HRC			22.78			HRC			22.21			HRC			22.38			HRC			22.42			HRC			22.08			HRC			22.38			HRC			22.03			HRC			21.96			HRC			22.15			HRC			22.53			HRC			22.17			HRC			23.05			HRC			22.64			HRC			22.51			HRC


			22.31			HRC									22.31			ave			22.1633333333			ave			22.36			ave			22.0866666667			ave			22.4833333333			ave			22.6766666667			ave			22.45			ave			22.33			ave			22.6366666667			ave			22.4633333333			ave			22.28			ave			22.4233333333			ave			22.5233333333			ave			22.48			ave			21.9933333333			ave			21.9866666667			ave			22.6133333333			ave			22.02			ave			22.0966666667			ave			22.1866666667			ave			22.36			ave			21.9766666667			ave			22.2266666667			ave			22.74			ave			22.2			ave			22.3866666667			ave			22.43			ave			22.2			ave			22.3266666667			ave			22.1766666667			ave			22.1966666667			ave			22.17			ave			22.2233333333			ave			22.3033333333			ave			23.11			ave			22.5433333333			ave			22.3966666667			ave


			22.46			HRC						st11864			22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206			22.206			22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206						22.206


			22.206			Ave						from std			0.104						-0.0426666667						0.154						-0.1193333333						0.2773333333						0.4706666667						0.244						0.124						0.4306666667						0.2573333333						0.074						0.2173333333						0.3173333333						0.274						-0.2126666667						-0.2193333333						0.4073333333						-0.186						-0.1093333333						-0.0193333333						0.154						-0.2293333333						0.0206666667						0.534						-0.006						0.1806666667						0.224						-0.006						0.1206666667						-0.0293333333						-0.0093333333						-0.036						0.0173333333						0.0973333333						0.904						0.3373333333						0.1906666667


												nist			22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106			22.106			22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106						22.106


												from nist			0.204						0.0573333333						0.254						-0.0193333333						0.3773333333						0.5706666667						0.344						0.224						0.5306666667						0.3573333333						0.174						0.3173333333						0.4173333333						0.374						-0.1126666667						-0.1193333333						0.5073333333						-0.086						-0.0093333333						0.0806666667						0.254						-0.1293333333						0.1206666667						0.634						0.094						0.2806666667						0.324						0.094						0.2206666667						0.0706666667						0.0906666667						0.064						0.1173333333						0.1973333333						1.004						0.4373333333						0.2906666667			stdev			0.2355836716


																					91.19			HR15N																											90.75			HR15N																					90.84			HR15N																																							90.9			HR15N																											90.81			HR15N			90.13			HR15N																																																									90.66			HR15N															91			HR15N


																					90.98			HR15N																											90.66			HR15N																					90.47			HR15N																																							90.76			HR15N																											90.7			HR15N			90.38			HR15N																																																									90.51			HR15N															90.89			HR15N


			22p0278																		90.86			HR15N																											90.61			HR15N																					90.77			HR15N																																							90.95			HR15N																											90.86			HR15N			90.37			HR15N																																																									90.59			HR15N															90.9			HR15N


			90.93			HR15N															91.01			ave																											90.6733333333			ave																					90.6933333333			ave																																							90.87			ave																											90.79			ave			90.2933333333			ave																																																									90.5866666667			ave															90.93			ave


			90.92			HR15N


			91			HR15N															69.47			HR15N																											69.39			HR15N																					69.51			HR15N																																							69.01			HR15N																											69.56			HR15N			69.16			HR15N																																																									69.45			HR15N															69.7			HR15N


			90.89			HR15N															69.82			HR15N																											69.21			HR15N																					69.93			HR15N																																							69.02			HR15N																											69.11			HR15N			69.48			HR15N																																																									69.54			HR15N															69.62			HR15N


			90.95			HR15N															70			HR15N																											69.45			HR15N																					69.93			HR15N																																							69.4			HR15N																											69.65			HR15N			69.26			HR15N																																																									69.81			HR15N															69.56			HR15N


			90.938			Ave															69.7633333333			ave																											69.35			ave																					69.79			ave																																							69.1433333333			ave																											69.44			ave			69.3			ave																																																									69.6			ave															69.6266666667			ave


			22p0361


			69.48			HR15N


			69.62			HR15N


			69.9			HR15N


			69.43			HR15N


			69.1			HR15N


			69.506			Ave


			22p0278


			79.32			HR30N															79.62			HR30N																											79.16			HR30N																																																																																																																																																															79.01			HR30N


			79.36			HR30N															79.35			HR30N																											79.15			HR30N																																																																																																																																																															79.09			HR30N


			79.15			HR30N															79.59			HR30N																											79.08			HR30N																																																																																																																																																															79.01			HR30N


			79.11			HR30N															79.52			ave																											79.13			ave																																																																																																																																																															79.0366666667			ave


			79.37			HR30N


			79.262			Ave


																					42.9			HR30N																											42.77			HR30N																																																																																																																																																															42.52			HR30N


			22p0361																		43			HR30N																											42.79			HR30N																																																																																																																																																															42.35			HR30N


			42.73			HR30N															42.49			HR30N																											42.65			HR30N																																																																																																																																																															42.97			HR30N


			42.8			HR30N															42.7966666667			ave																											42.7366666667			ave																																																																																																																																																															42.6133333333			ave


			42.89			HR30N


			42.71			HR30N


			42.69			HR30N


			42.764			Ave
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User Grade indenters


ST11864 Master


Indenter Performance at 63 HRC


Difference in HRC values Compared to NIST


Indenter Performance
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User Grade indenters


ST11864 Master


Indenter performance 25 HRC


Difference in HRC values Compared to NIST


Indenter Performance
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What is the main difference of the studies 1985-1991 versus 2000?

		Newer direct reading hardness testers give better results



		Standard deviation is  about 1/2





David L Ellis Company, Inc.





OK, if everything is better why are proficiency tests yielding the same results?



		Many test labs have equipment that is old or does not meet the requirements or cannot test at same dwell times



		Some new testers sold still don’t meet requirements 
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Looking ahead…….











…..What about scales where no NIST SRMS are available?
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NIST		IMGC		PTB		Rockwell testers that meet

						direct parameters



		HRA 82.64			HRA 82.38

		HRA 73.14			HRA 73.19

		HRA 33.92			HRA 34.11



		HRB 94.03			HRB 93.67

		HRB 64.80			HRB 65.16

		HRB 45.48			HRB 45.67

		

		HRC 56.02			HRC 56.12

		HRC 23.10			HRC 22.99



		HRE 95.60			HRE 95.40

		HRE 82.43			HRE 82.38 

		HRE 76.70			HRE 76.67



		HR15N 90.76			HR15N 90.86

		HR45N 42.79			HR45N 42.82

		HR45N 48.70			HR45N 48.82

International Comparison



David L Ellis Company, Inc.





NIST		IMGC		PTB		Rockwell testers that meet

						direct parameters



					

				HR15N 90.30	HR15N 90.48

				HR15N 82.00	HR15N 82.18

				

				HR15TW 90.60	HR15TW 90.59



HRC 64.77					HRC 64.68

HRC 26.08					HRC 26.17

International Comparison



David L Ellis Company, Inc.





Conclusions

		A direct tester that meets the test parameters is necessary to maintain good results and comparisons with other testers, labs, organizations



		Direct testers will agree with results from another NMI where calibration is available
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An Approach to Determining Uncertainties for 

HardnessTesting 



David L Ellis Company, Inc.





Reprinted with permission for NADCAP  7/00 meeting
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Repeatability Measurements

Tight Pattern Gives

Machine Repeatability (error of block lower in small area)
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Reproducibility Measurements

Routine Hardness testing over the block in a specified period of time.
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Bias Measurements

Wide Pattern Gives

Machine Bias (average of wide pattern Vs stated value on the testblock)
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Rockwell Uncertainty Scenario



David L Ellis Company, Inc.
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Enter Rockwell Scale





HRC





Enter Display Resolution





0.10

































































Enter Test Block Values











Enter Coverage Factor, k





2.00























Low Hardness


Mid Hardness


High Hardness



































28.00


47.10


63.00


Certified Value
































0.35


0.35


0.35


Uncertainty in Value










































































Enter Repeatability Measurements











Repeatability Statistics





























Low Hardness


Mid Hardness


High Hardness





Low Hardness


Mid Hardness


High Hardness






























































2


27.90


47.10


63.20





0.30


0.10


0.10


Range

















3


28.00


47.00


63.20





0.13


0.05


0.05


Standard Deviation

















4


28.10


47.10


63.10
































5


28.20


47.00


63.10













































































Enter Error (Bias) Measurements











Error (Bias) Statistics





























Low Hardness


Mid Hardness


High Hardness





Low Hardness


Mid Hardness


High Hardness




















1


28.20


47.10


63.20





28.20


47.10


63.16


Mean

















2


28.00


47.10


63.10





0.40


0.00


0.10


Range

















3


28.30


47.10


63.20





0.16


0.00


0.05


Standard Deviation

















4


28.40


47.10


63.10





0.07


0.00


0.02


Standard Deviation of the Mean

















5


28.10


47.10


63.20





0.20


0.00


0.16


Bias (Meas. minus Cert. Val.)






























































Enter Reproducibility Measurements











Reproducibility Statistics





























Low Hardness


Mid Hardness


High Hardness





Low Hardness


Mid Hardness


High Hardness




















1


28.30


47.30


63.20





28.03


46.97


62.90


Mean

















2


28.00


47.00


62.80





0.50


0.70


0.50


Range

















3


27.80


46.60


62.70





0.25


0.35


0.26


Standard Deviation

















4
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Standard Measurement Uncertainty


0.664


0.667


0.657


±


k*STDu


























Expanded Measurement Uncertainty


1.328


1.333


1.314
































Remaining Bias after Correction


0.054


-0.118


0.065
































Expd. Meas. Uncert. Incorporating Bias


1.333


1.354


1.321


±


k*[RSS(STDu+Bias)]





Expd. Meas. Uncert. Incorporating Bias


1.329


1.339


1.316


±


RSS(k*STDu+Bias)





Expd. Meas. Uncert. Incorporating Bias


1.382


1.452


1.379


±


k*STDu+ABS(Bias)





Expd. Meas. Uncert. Incorporating Bias


1.274


1.452


1.250


+


k*STDu - Bias








-1.382


-1.215


-1.379


-


k*STDu + Bias








































































































































































































































































































































































































































































Uncertainty for Other Hardness Tests

Brinell

Knoop

Vickers



Similar Testing Patterns as Rockwell





When Combining Uncertainties Keep Units the Same (e.g. BHN, HV, HK) 



David L Ellis Company, Inc.







David L Ellis Company, Inc.



Sheet1


															Brinell Uncertainty


			Company			DLE									Repeat						Bias			Event			Reproduciblity


			Date Start			6/9/00									mm						mm						mm			BHN


			Department			Cal						Test 1			3.38			Test 1			3.37			6/12/00			3.36			328.5043939


			Tester S/N			HB3000						Test 2			3.36			Test 2			3.36			6/7/00			3.37			326.4976128


			Operator			JPA						Test 3			3.37			Test 3			3.37			6/2/00			3.36			328.5043939


			Block S/N			00Y233						Test 4			3.39			Test 4			3.37			6/1/00			3.35			330.5291501


			Load Kgf			3000						Test 5			3.37			Test 5			3.38			5/22/00			3.36			328.5043939


			Ball Size			10						Ave			3.374			Ave			3.37			5/19/00			3.36			328.5043939


			Value BHN			328						Min			3.36			Min			3.36			5/17/00			3.35			330.5291501


			Value mm			3.37						Max			3.39			Max			3.38			5/11/00			3.36			328.5043939


			Resolution			0.01						Range			0.03			Range			0.02			5/8/00			3.36			328.5043939


			Mnfr Unc(perm/on-site)			0						STDEV			0.011401754			STDEV			0.007071068			5/4/00			3.36			328.5043939


			Ave mm			3.3585						STDEV mean			0.00509902			STDEV mean			0.003162278			4/27/00			3.36			328.5043939


			Repeat mm			0.00509902																		4/25/00			3.36			328.5043939


			Bias mm			0.003162278																		4/12/00			3.36			328.5043939


			Reprod mm			0.005871429																		4/7/00			3.36			328.5043939


			Dept Unc mm			0.011829579																		4/5/00			3.36			328.5043939


			Dept Exp Unc mm			0.023659159																		4/5/00			3.35			330.5291501


			Cal BHN			328.8069562																		3/20/00			3.35			330.5291501


																								3/17/00			3.36			328.5043939


			Error BHN Load .2%			0.657613912																		3/15/00			3.37			326.4976128


			Error BHN mm			-2.375179254																		3/14/00			3.35			330.5291501


			Error Ball			Insignificant


			Dept Unc BHN			2.464534956


			Dept Exp Unc BHN			4.929069912
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Sheet1


															Knoop Uncertainty


			Company			DLE									Repeat						Bias			Event			Reproduciblity


			Date Start			6/9/00									microns						microns						microns			HK


			Department			Cal						Test 1			99.3			Test 1			99.3			6/13/00			98.9			727


			Tester S/N			Micro MVK H1						Test 2			99.9			Test 2			99.6			6/12/00			98.6			732


			Operator			EF						Test 3			99.2			Test 3			99.4			6/8/00			99			726


			Block S/N			0						Test 4			99			Test 4			100			5/22/00			99.4			720


			Load grams			500						Test 5			99.5			Test 5			99.7			5/17/00			99.4			721


			N/A			10						Ave			99.4			Ave			99.6			5/16/00			99.3			722


			Value HK									Min			99			Min			99.3			5/13/00			99.6			718


			Value microns									Max			99.9			Max			100			5/8/00			99.5			719


			Resolution			0.1						Range			0.9			Range			0.7			4/20/00			99.9			713


			Mnfr Unc(perm/on-site)									STDEV			0.342052628			STDEV			0.273861279			2/23/00			99.6			717


			Ave microns			99.39473684						STDEV mean			0.152970585			STDEV mean			0.122474487			2/18/00			99.6			718


			Repeat microns			0.152970585																		2/17/00			99.6			718


			Bias microns			0.122474487																		2/14/00			99.4			720


			Reprod microns			0.297160047																		2/10/00			99.7			716


			Dept Unc microns			0.227891912																		2/9/00			99.5			719


			Dept Exp Unc microns			0.455783825																		2/8/00			99.6			717


			Cal HK			720.1411158																		2/4/00			99.3			722


																								2/2/00			99.5			719


			Error HK Load .2%			1.440282232																		2/1/00			99.5			719


			Error HK microns			-6.559395857


			Error indentor			Not known


			Dept Unc HK			6.715659827


			Dept Exp Unc HK			13.43131965
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Sheet1


															Vickers Uncertainty


			Company			DLE									Repeat						Bias			Event			Reproduciblity


			Date Start			6/9/00									microns						microns						microns			HV


			Department			Cal						Test 1			35.4			Test 1			35.7			6/7/00			35.1			755


			Tester S/N			Micro MVK H1						Test 2			35.6			Test 2			35.7			6/5/00			35.2			748


			Operator			EF						Test 3			35.4			Test 3			35.5			6/2/00			35.3			744


			Block S/N			0						Test 4			35.3			Test 4			35.7			6/1/00			35.2			750


			Load grams			500						Test 5			35.5			Test 5			35.7			5/25/00			35.1			753


			N/A			10						Ave			35.4			Ave			35.6			5/23/00			35.1			753


			Value HV									Min			35.3			Min			35.5			5/19/00			35.3			744


			Value microns									Max			35.6			Max			35.7			5/15/00			35.3			746


			Resolution			0.1						Range			0.3			Range			0.3			5/11/00			35.4			740


			Mnfr Unc(perm/on-site)			0						STDEV			0.119373364			STDEV			0.103682207			5/3/00			35.2			748


			Ave microns			35.20576923						STDEV mean			0.053385391			STDEV mean			0.046368092			5/1/00			35.4			742


			Repeat microns			0.053385391																		4/24/00			35.3			744


			Bias microns			0.046368092																		4/14/00			35.4			742


			Reprod microns			0.104237156																		4/10/00			35.3			746


			Dept Unc microns			0.12424643																		4/6/00			35.1			753


			Dept Exp Unc microns			0.24849286																		4/5/00			35.2			748


			Cal HV			748.0760437																		4/3/00			35.2			750


																								3/17/00			35.2			750


			Error HV Load .2%			1.496152087																		3/9/00			35.2			748


			Error HV microns			-10.44952588																		3/7/00			35.1			755


			Error indentor			Not known																		3/6/00			35.3			744


			Dept Unc HV			10.55609124																		3/1/00			35.4			742


			Dept Exp Unc HV			21.11218247																		2/28/00			35.1			753














Now that NIST has released Hardness Standards, anyone can begin HRC uncertainties.
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Would You Like More Information?

		NIST practice guide 960-5 “Rockwell hardness measurement of metallic materials.”

		CD of presentation.

		Answers to questions you have in the future.
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How Contact Us.

		David L Ellis Company, Inc.

		Mail-Box 592, Acton, MA 01720 USA

		Physical address- 310 Old High Street, Acton, MA 01720

		E-mail- dlellisco@aol.com, www.hardness-testblocks.com.

		Phone- +1 978 897 1795

		Fax-     +1 978 897 0844
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Figure 5.
Eight steps of the Rockwell test cycle.
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Relationship between the preliminary force dwell time and the
HRC measurement value for steel test blocks at three hardness levels.
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Relationship between the total force dwell time and the
HRC measurement value for steel test blocks at three hardness levels.
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Relationship between the recovery dwell time and the
HRC measurement value for steel test blocks at three hardness levels.
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B.2 Effect of Dwell Times

As an aid to this discussion, indentation depth data will be presented for each
of the three dwell times. The data will be displayed by greatly expanding the
indenter depth axis and magnifying the area of the testing cycle of interest as
illustrated in Figure B.3.

Figure B.3.

Expanded view of the material creep and recovery
during the dwell times of a Rockwell hardness test.
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“5.3.3 


Indenter balls can be either tungsten carbide or


hardened steel; however, tungsten carbide balls are


recommended to reduce errors associated with the


tendency of steel balls to flatten with use.”
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PROPOSED REVISION OF ASTM E18 ROCKWELL HARDNESS


STANDARD TO SPECIFY THE TUNGSTEN-CARBIDE BALL AS


THE STANDARD INDENTER FOR BALL SCALE TESTING


WHAT IS BEING PROPOSED?


ASTM Subcommittee E 28.06 on Indentation Hardness Testing has initiated a


proposed revision to ASTM Standard Test Method E18, Standard Test Methods


for Rockwell Hardness and Rockwell Superficial Hardness of Metallic Materials,


which will specify the tungsten-carbide ball indenter as the standard type of


indenter for all Rockwell ball scale hardness testing. The Rockwell hardness ball


scales are the 
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 scales. The scales include indenters that use


the 1/16 inch, 1/8 inch, ¼ inch and ½ inch diameter balls.


WHAT IS EXPECTED TO BE THE IMPACT?


Subcommittee members that work for hardness calibration companies report that


many of their customers have already switched to using tungsten carbide


indenters and test blocks calibrated using tungsten carbide 


indenters with very


little or no adjustment problems. Some users have reported that they appreciate


the longer usage time of the tungsten-carbide ball and the improved protection


against unnoticed damage to the ball that has previously led to bad hardness


readings.


The switch to the tungsten carbide ball for Rockwell hardness testing is


becoming the standard throughout the world. The ISO is currently balloting their


version of the Rockwell hardness test method standard (


!SO 6508). That


standard also is also being revised to specify the tungsten-carbide ball as the


standard 


indenter.


An additional concern with using tungsten


carbide balls is the increased cost of a tungsten


carbide ball over a steel ball. It is believed that


the extended usage time of a tungsten carbide


ball over steel ball will result in the cost to break


even.
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World wide supplier of precision hardness testing products.
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Technical Specifications


 


 


Integrated device


 


 


 


C


 


Test tip


 


 


 


 


 


Tungsten carbide


 


Accuracy


 


+


-


 1.5%


 


Hardness scales


 


 


HRC, HRB, HV, HS, HLC


 


Material


 


 


 


 


Steel and cast steel, cold tool steel


 


Power


 


 


 


 


 


2x3.6v NiMh rechargeable batteries


 


Operating 


 


 


 


Temperature:


 


3


2


-


122 degrees F (0


-


45 


degrees C)


 


Dimensions


 


 


 


 


6.1 x 2.1 x 0.9 in. (150 x 22 x 53MM)


 


Weight


 


 


 


 


 


0.4 lb (180g)


 


Impact 


 


 


 


 


Energy


 


2ft


-


lb (2.7J)


 










RANGES OF DIFFERENCES BETWEEN
NIST MEASURED VALUCS AND
MANUFACTURERS' ASSIGNED VALUES
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HRC TEST BLOGKS
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force mic force mic


10.15 0 10.15 0


10.3 -0.03 10.3 0.02


10.45 0.03 10.45 0.01


10.6 0.21 10.6 0.1


10.76 0.52 10.75 0.18


10.91 0.79 10.91 0.31


11.06 1.13 11.06 0.5


11.22 1.46 11.21 0.71


BREAK


149.66 154.8 149.62 89.46


149.81 155.32 149.77 89.71


149.96 156.86 149.92 90.05


149.81 157.77 149.76 90.93


149.64 157.78 149.59 90.93


BREAK


11.12 148.17 11.15 73.55


10.97 148.16 11 73.51


10.82 148.1 10.85 73.41


10.67 148.06 10.69 73.37


10.51 148 10.54 73.32


10.36 148.06 10.39 73.34


10.21 148.04 10.23 73.32


10.06 148.07 10.08 73.37


   26.15 HRC        63.59 HRC    


Indenter Comparison for Bob Ellis    Oct. 24, 2000
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 Uncertainty Calculator


Work Sheet


Company D L Ellis Co              Block Periodic Check Reproduciblity


Date Start 11/2/2000         High Block        Med Block         Low Block High  Med Low


Department Cal RepeatSpreadRepeatSpread Repeat Spread Event Event(daily/shift/month)


Tester S/N 201173 Test 1 64.640 64.740 44.700 44.790 26.270 26.230######## 64.710 44.700 26.120


Operator RAE Test 2 64.680 64.650 44.800 44.740 26.250 26.190######## 64.650 44.890 26.360


Scale HRC Test 3 64.680 64.710 44.760 44.790 26.340 26.040######## 64.680 44.790 26.260


High Std S/N 95N63129 Test 4 64.700 64.660 44.720 44.680 26.280 26.130######## 64.550 44.820 26.210


Med  Std S/N 95N45100 Test 5 64.700 64.660 44.750 44.910 26.370 26.210######## 64.760 44.810 26.260


Low Std  S/N 95N25112 Ave 64.680 64.684 44.746 44.782 26.302 26.160######## 64.750 44.840 26.200


Resolution 0.010 Max 64.700 64.740 44.800 44.910 26.370 26.230 5/4/2001 64.750 44.710 26.100


High Marked 64.770 Min 64.640 64.650 44.700 44.680 26.250 26.040######## 64.780 44.680 26.070


Med Marked 44.860 Range 0.060 0.090 0.100 0.230 0.120 0.190


Low marked 26.080 STDEV 0.024 0.039 0.038 0.085 0.051 0.077


Unc Mnfr High 0.150 SDmean 0.0175 0.0379 0.034351


Unc Mnfr Med 0.150


Unc Mnfr Low 0.170 Indentor ST11864


Ave High 64.684


Ave Med 44.780


Ave Low 26.160 Last Accessed 8/13/2003


Repeat High STDEV 0.024


Repeat Med STDEV 0.038


Repeat Low STDEV 0.051


Unc bias High 0.018


Unc bias  Med 0.038


Unc bias  Low 0.034


Reprod High STDEV 0.076


Reprod Med STDEV 0.075


Reprod Low STDEV 0.097


Bias vs SRM High -0.086 End Stop


Bias vs SRM Med -0.078 Ave 64.704 44.780 26.198


Bias vs SRM Low 0.080 Max 64.780 44.890 26.360


Min 64.550 44.680 26.070


Repeat 0.230 0.210 0.290


STDEV 0.076 0.075 0.097


02721 44054 44055 2nd try ST11864 ST11865


61.67HRC   61.87HRC   62.05HRC   61.88HRC   62.11HRC  


61.62HRC   61.77HRC   61.94HRC   61.79HRC   62.17HRC  


61.61HRC   61.75HRC   61.95HRC   61.92HRC   62.16HRC  


61.78HRC   61.94HRC   62.12HRC   61.98HRC   62HRC  


61.68HRC   61.78HRC   62.09HRC   61.85HRC   62HRC  


61.66HRC   62HRC   62.12HRC   61.86HRC   62.03HRC  


61.67 61.85167 62.045 61.88 62.07833


61.88Base 61.88Base 61.88Base 61.88Base 61.88Base


-0.21Offset -0.02833Offset 0.165Offset 0Offset 0.198333Offset


61.98 61.98 61.98 61.98 61.98


-0.31 -0.12833 0.065 -0.1 0.098333


22.66HRC   22.6HRC   22.74HRC   22.33HRC   22.71HRC  


22.66HRC   22.54HRC   22.63HRC   22.33HRC   22.82HRC  


22.72HRC   22.67HRC   22.74HRC   22.4HRC   22.77HRC  


22.68HRC   22.57HRC   22.61HRC   22.35HRC   22.89HRC  


22.73HRC   22.54HRC   22.6HRC   22.48HRC   22.79HRC  


22.57HRC   22.7HRC   22.71HRC   22.36HRC   22.74HRC  


22.67 22.60333 22.67167 22.375 22.78667


22.375Base 22.375Base 22.375Base 22.375Base 22.375Base


0.295Offset 0.228333Offset 0.296667Offset 0Offset 0.411667Offset


22.275 22.275 22.275 22.275 22.275


0.395 0.328333 0.396667 0.1 0.511667


HRC Range vs Hardness
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ASTM WORKSHOP
Uncertainty of Calibration Results for Universal and

Rockwell Hardness Testing Machines
1:00 pm - 6:00 pm, Wednesday, May 24, 2000, Toronto, Canada

An Approach for Determining the
Uncertainty in Rockwell hardness
Calibrations and Measurements

Sam Low
Chairman, ASTM E28.06 on Indentation Hardness Testing





What does uncertainty in a Rockwell
hardness measurement mean?

» Errors exist in every measurement.

» Think of a Rockwell hardness measurement value
as an estimate of the “true hardness”.

- » Uncorrected errors account for an uncertainty in the
accuracy of the measurement result.

For example ...
25.3 HRC £ 0.6 HRC
The “true hardness” falls within 24.7 HRC and 25.9 HRC

¥« New concept for many users of Rockwell hardness, as
well as calibration agencies





How do uncertainty limits differ
from ASTM Tolerances?

> Both uncertainty and ASTM tolerance values are
usually written as numerical limits bracketing the
measurement value (e.g., 25.3 HRC = 1.0 HRC).

> Uncertainty conveys that the “true value” falls
within the declared limits.

» ASTM tolerances state acceptability limits
for performance.

» Clearly different concepts .





OK, I need to determine uncertainties.
How do I do it?

Step 1. Determine to what reference you are
comparing the measurement (traceability).

Step 2. Determine all significant sources of error.

Step 3. Determine how each error contributes to the
uncertainty of the measurement.

Step 4. Combine the individual uncertainties using
some accepted method to obtain the
total uncertainty.





Reference Standards

Step 1. Determine to what reference you are
comparing the measurement (traceability).

> A specific reference standard must be
chosen.

=» The highest level of reference might be
considered the “true value”.

=> Ideally, highest level should be internationally
agreed upon standard.

=>» If no international agreement, then national
standards may be highest reference level .





Traceability

Definition: “Property of the result of a
measurement or the value of a
standard whereby it can be related to
stated references, usually national or
international standards, through an
unbroken chain of comparisons all
having stated uncertainties.” VIM 6.0

"Traceability can be obtained only when
uncertainties are determined.

< Two traceability approaches »

1. Fundamental principles
2. Through reference standards

Rockwell Hardness
TRACEABILITY HIERARCHY

International Definition of Hardness
(National Definition of Hardness)

Primary reference standardizing machine
L 4

Primary reference standards (test blocks)
Secondary standardizing machine

Secondary standardized test blocks

Vv
Vv
Vv

Laboratory hardness testing machine

Laboratory hardness measurement





What is the ideal approach for
determining uncertainty?

Ideally, the approach ...

» Should provide a valid value of uncertainty
» Should not be impossibly difficult to calculate

> Should be based on measurements already
performed

» Should be consistent in the industry





Errors in a

Rockwell Hardness Machine

Step 2. Determine all significant sources of error.
Step 3. Determine how each error contributes to the uncertainty.

< Two traceability approaches >

Fundamental principles
= Force (N or kgf)

2 Indenter depth measuring system (ym)

2 Test cycle dwell times (s)

< Force application rate (kgf/s)
or indenter velocity (um/s)

<2 Machine hysteresis (HR units)

2 Alignment (angular degrees)

< Diamond indenter geometry
- cone angle (angular degrees)
- radius (m)

- Repeatability (HR units)

2 Reproducibility (HR units)

-2 Measurement resolution (HR units)

Through Reference Standards

2 Repeatabitity (HR units)
< Reproducibility (HR units)
2 Measurement resolution (HR units)
2 Determining biases (HR units)
- Block certified value (HR units)
- Block non-uniformity (HR units)
2 Correction for biases (HR units)

0

I RECOMMEND





Repeatability

Number of Measurement

0 1 2 3 4 H 6
ERROR SOURCES 0.15
2 Repeatability
2 Reproducibility 0.10
2 Measurement resolution g
2 Determining biases T 00— oo N oo o e o
3 Correction for biases : / \ PR TERACIEITE
§ 000 [ A A A
s >
From INDIRECT VERIFICATION & | .. X
% 008 }——— =TT ----;--\4—-——
E-
% 0.10
@
-0.15
° ~—a— Low Hardness Mid Hardness - --a- - High Hardness|





Reproducibility

Number of Measurement
0 1 2 3 4 5 6 7 8 9 10 1"
0.15

ERROR SOURCES

< Repeatability

2 Reproducibility

3 Measurement resolution
2 Determining biases

< Correction for biases

o
-
o

From DAILY VERIFICATION

Hardness from mean (HR)
o
8

-0.10

-0.15

—a—Low Hardness Mid Hardness - - .= .. High Hardness|





Measurement Resolution

ERROR SOQURCES
<> Repeatability

2 Reproducibility Dial Indicator
2 Measurement resolution .
2 Determining biases 0.5 HRC Resolution

3 Correction for biases

Digital Indicator 45 16 HRC

0.01 HRC Resolution





Determining Measurement Biases
- Combining Uncertainties

Measured Valus {HR)

2 n 40 50 60

ERROR SOURCES ¢ ::: "
< Repeatability g 0
3 Reproducibility T o T
3 Measurement resolution § o0 r
2 Determining measurement biases 3o ;
2 Correction for biases I

3 o ;

0.3

_ 2 2 2 2
Upias = * U Repeatd NonUnif + uReprod + Upesol uRejBlk

2 Repeatability & reference block non-uniformity
> Reproducibility

2 Measurement resolution

2 Reference block certified value





Repeatability and
Non-Uniformity in Reference Block

From INDIRECT VERIFICATION

SOURCES OF ERROR IN DETERMINING
MEASUREMENT BIASES

- Repeatability & reference block non-uniformity
2 Reproducibility

2 Measurement resolution

2 Reference block certified value





Reference Block Certified Value

E Certified Average Hardness g
25.3 HRC + 0.6 HRC,

Usually, this value is an Expanded Uncertainty.
The Standard Uncertainty should be used.

SOURCES OF ERROR IN DETERMINING
MEASUREMENT BIASES

> Repeatability & reference biock non-uniformity
3 Reproducibility

2 Measurement resolution

3 Reference block certified value





Correction for Biases

ERROR SOURCES

2 Repeatability Remaining BIASES should be small
2 Reproducibility for a correction to be beneficial.
2 Measurement resolution s '
- Determining measurement biases
9 Correction for biases 0.05 ——
% 0.00 e /.A/
£ oo 7
§ -0.10 "
S 018 .
§ om0 —
§ o //
-0.30
-0.35

20 23 0 k1) 40 45 50 5 60 [0 70
Measurement Valus (HR)

—#— Bies ~——— Linear Fit —a— Corrected Bias —— Uncertainty in Correcton |





Measurement Uncertainty of a
Rockwell Hardness Machine

ERROR SOURCES

3 Repeatability This is may be
< Reproducibility referred to as a
< Measurement resolution

2 Determining measurement biases STANDARD

> Correction for biases UNCERTAINTY.

No correction for biases

u(h) Meas = j:\/;(h)fi’epeat +u(h)2Repr0d + uIZ(eSOI + u(h)zBias

Correction made for biases

2 2 2 2 2
u(hC)Meas = i\/u(h)kepeat + u(h)Reprod + Upesos T u(h)Bias + u(h)Correct .





Measurement Uncertainty of a
Rockwell Hardness Machine

< An EXPANDED UNCERTAINTY should be reported. »
{Multiply the standard uncertainty by a coverage factor}

AND

< Incorporate the BIASES in some manner. >

For example ... U(h)Meas = k[u(h) Méas] + [BIAS]

ASTM should develop a procedure in order to obtain
consistency in the industry.





In Summary ...

» Uncertainty: New Concept for Rockwell hardness.

» Uncertainty and Tolerances are different concepts.
> Uncertainty may become mandatory, but it is also useful.

» Determine sources of error and how each error
contributes to the uncertainty.

» Recommend determining uncertainty with respect to
reference standards and not by fundamental principles.

» ASTM should develop a procedure in order to obtain
consistency within the industry.





Enter Rockwell Scale


HRC


Enter Display Resolution


0.10


Enter Test Block Values


Enter Coverage Factor, 


k


2.00


Low Hardness


Mid Hardness


High Hardness


28.00


47.10


63.00


Certified Value


0.35


0.35


0.35


Uncertainty in Value


Enter Repeatability Measurements


Repeatability Statistics


Low Hardness


Mid Hardness


High Hardness


Low Hardness


Mid Hardness


High Hardness


2


27.90


47.10


63.20


0.30


0.10


0.10


Range


3


28.00


47.00


63.20


0.13


0.05


0.05


Standard Deviation


4


28.10


47.10


63.10


5


28.20


47.00


63.10


Enter Error (Bias) Measurements


Error (Bias) Statistics


Low Hardness


Mid Hardness


High Hardness


Low Hardness


Mid Hardness


High Hardness


1


28.20


47.10


63.20


28.20


47.10


63.16


Mean


2


28.00


47.10


63.10


0.40


0.00


0.10


Range


3


28.30


47.10


63.20


0.16


0.00


0.05


Standard Deviation


4


28.40


47.10


63.10


0.07


0.00


0.02


Standard Deviation of the Mean


5


28.10


47.10


63.20


0.20


0.00


0.16


Bias (Meas. minus Cert. Val.)


Enter Reproducibility Measurements


Reproducibility Statistics


Low Hardness


Mid Hardness


High Hardness


Low Hardness


Mid Hardness


High Hardness


1


28.30


47.30


63.20


28.03


46.97


62.90


Mean


2


28.00


47.00


62.80


0.50


0.70


0.50


Range


3


27.80


46.60


62.70


0.25


0.35


0.26


Standard Deviation


4


Standard Measurement Uncertainty


0.664


0.667


0.657


±


k*STDu


Expanded Measurement Uncertainty


1.328


1.333


1.314


Remaining Bias after Correction


0.054


-0.118


0.065


Expd. Meas. 


Uncert. Incorporating Bias


1.333


1.354


1.321


±


k*[RSS(


STDu+Bias)]


Expd. Meas. 


Uncert. Incorporating Bias


1.329


1.339


1.316


±


RSS(


k*STDu+Bias)


Expd. Meas. 


Uncert. Incorporating Bias


1.382


1.452


1.379


±


k*STDu+ABS(Bias)


Expd. Meas. 


Uncert. Incorporating Bias


1.274


1.452


1.250


+


k*STDu - Bias


-1.382


-1.215


-1.379


-


k*STDu + Bias


Brinell Uncertainty


Company DLE Repeat Bias Event Reproduciblity


Date Start 6/9/00 mm mm mm BHN


Department Cal Test 1 3.38Test 1 3.37 6/12/00 3.36 328.5044


Tester S/N HB3000 Test 2 3.36Test 2 3.36 6/7/00 3.37 326.4976


Operator JPA Test 3 3.37Test 3 3.37 6/2/00 3.36 328.5044


Block S/N 00Y233 Test 4 3.39Test 4 3.37 6/1/00 3.35 330.5292


Load Kgf 3000 Test 5 3.37Test 5 3.38 5/22/00 3.36 328.5044


Ball Size 10 Ave 3.374Ave 3.37 5/19/00 3.36 328.5044


Value BHN 328 Min 3.36Min 3.36 5/17/00 3.35 330.5292


Value mm 3.37 Max 3.39Max 3.38 5/11/00 3.36 328.5044


Resolution 0.01 Range 0.03Range 0.02 5/8/00 3.36 328.5044


Mnfr Unc(perm/on-site) 0 STDEV 0.011402STDEV 0.007071 5/4/00 3.36 328.5044


Ave mm 3.3585 STDEV mean0.005099STDEV mean0.003162 4/27/00 3.36 328.5044


Repeat mm 0.005099 4/25/00 3.36 328.5044


Bias mm 0.003162 4/12/00 3.36 328.5044


Reprod mm 0.005871 4/7/00 3.36 328.5044


Dept Unc mm 0.01183 4/5/00 3.36 328.5044


Dept Exp Unc mm 0.023659 4/5/00 3.35 330.5292


Cal BHN 328.807 3/20/00 3.35 330.5292


3/17/00 3.36 328.5044


Error BHN Load .2% 0.657614 3/15/00 3.37 326.4976


Error BHN mm -2.37518 3/14/00 3.35 330.5292


Error Ball Insignificant


Dept Unc BHN 2.464535


Dept Exp Unc BHN 4.92907


Knoop Uncertainty


Company DLE Repeat Bias Event Reproduciblity


Date Start 6/9/00 microns microns microns HK


Department Cal Test 1 99.3Test 1 99.3 6/13/00 98.9 727


Tester S/N Micro MVK H1 Test 2 99.9Test 2 99.6 6/12/00 98.6 732


Operator EF Test 3 99.2Test 3 99.4 6/8/00 99 726


Block S/N 0 Test 4 99Test 4 100 5/22/00 99.4 720


Load grams 500 Test 5 99.5Test 5 99.7 5/17/00 99.4 721


N/A 10 Ave 99.4Ave 99.6 5/16/00 99.3 722


Value HK Min 99Min 99.3 5/13/00 99.6 718


Value microns Max 99.9Max 100 5/8/00 99.5 719


Resolution 0.1 Range 0.9Range 0.7 4/20/00 99.9 713


Mnfr Unc(perm/on-site) STDEV 0.342053STDEV 0.273861 2/23/00 99.6 717


Ave microns 99.39474 STDEV mean0.152971STDEV mean0.122474 2/18/00 99.6 718


Repeat microns 0.152971 2/17/00 99.6 718


Bias microns 0.122474 2/14/00 99.4 720


Reprod microns 0.29716 2/10/00 99.7 716


Dept Unc microns 0.227892 2/9/00 99.5 719


Dept Exp Unc microns 0.455784 2/8/00 99.6 717


Cal HK 720.1411 2/4/00 99.3 722


2/2/00 99.5 719


Error HK Load .2% 1.440282 2/1/00 99.5 719


Error HK microns -6.5594


Error indentor Not known


Dept Unc HK 6.71566


Dept Exp Unc HK 13.43132


Vickers Uncertainty


Company DLE Repeat Bias Event Reproduciblity


Date Start 6/9/00 microns microns microns HV


Department Cal Test 1 35.4Test 1 35.7 6/7/00 35.1 755


Tester S/N Micro MVK H1 Test 2 35.6Test 2 35.7 6/5/00 35.2 748


Operator EF Test 3 35.4Test 3 35.5 6/2/00 35.3 744


Block S/N 0 Test 4 35.3Test 4 35.7 6/1/00 35.2 750


Load grams 500 Test 5 35.5Test 5 35.7 5/25/00 35.1 753


N/A 10 Ave 35.4Ave 35.6 5/23/00 35.1 753


Value HV Min 35.3Min 35.5 5/19/00 35.3 744


Value microns Max 35.6Max 35.7 5/15/00 35.3 746


Resolution 0.1 Range 0.3Range 0.3 5/11/00 35.4 740


Mnfr Unc(perm/on-site) 0 STDEV 0.119373STDEV 0.103682 5/3/00 35.2 748


Ave microns 35.20577 STDEV mean0.053385STDEV mean0.046368 5/1/00 35.4 742


Repeat microns 0.053385 4/24/00 35.3 744


Bias microns 0.046368 4/14/00 35.4 742


Reprod microns 0.104237 4/10/00 35.3 746


Dept Unc microns 0.124246 4/6/00 35.1 753


Dept Exp Unc microns0.248493 4/5/00 35.2 748


Cal HV 748.076 4/3/00 35.2 750


3/17/00 35.2 750


Error HV Load .2% 1.496152 3/9/00 35.2 748


Error HV microns -10.4495 3/7/00 35.1 755


Error indentor Not known 3/6/00 35.3 744


Dept Unc HV 10.55609 3/1/00 35.4 742


Dept Exp Unc HV 21.11218 2/28/00 35.1 753


UNKNOWN-0.psd



UNKNOWN-1.unknown



UNKNOWN-2.psd



UNKNOWN-3.unknown



UNKNOWN-4.psd



UNKNOWN-5.unknown



UNKNOWN-6.psd



UNKNOWN-7.unknown



UNKNOWN-8.psd



UNKNOWN-9.unknown



UNKNOWN-10.psd



UNKNOWN-11.unknown



UNKNOWN-12.psd



UNKNOWN-13.unknown



UNKNOWN-14.psd



UNKNOWN-15.unknown



UNKNOWN-16.psd



UNKNOWN-17.unknown



UNKNOWN-18.psd



UNKNOWN-19.unknown






