Statement of Work for Quotes on Specimen Machining and Testing Contract for PR 202100




A. Scope: 

The scope of this work is to machine and/or test low pressure plasma sprayed coatings and coated copper alloy specimens, and conduct compression, creep, fatigue and tensile tests either in air, under flowing inert gas or a vacuum environment at temperatures between room temperature and 10000 C as per NASA’s specific requirements. The vendors are encouraged to propose on all or part of this statement of work. The vendor shall specify which part of the statement of work pertaining to the offer.
B. Demonstrated expertise: 

The nature of this work requires that the vendor possess sufficient expertise in testing copper alloys, especially low pressure plasma sprayed coated alloys, at high temperatures. Suitable information (e.g. customer references or description of the types of tests conducted) shall be submitted with the proposal to demonstrate the vendor’s level of experience and expertise in conducting the tests described below on copper alloys. The information shall include a description of the test facilities and capabilities, a general description of how temperature gradients will be minimized and prior experience in conducting the tests described below in testing coated and uncoated copper alloys. NASA reserves the right to reject a proposal if this information is not provided. 
C. General Requirements for all tests:

These tests will be conducted for projects with tight time schedules. The vendor shall be expected to machine specimens, conduct tests and generate data in the shortest possible time for a given test. All specimens shall be machined in a manner to ensure that there are no nicks, dents or any other damage that could influence the final outcome test results. The desired temperature range for most of the tests is between room temperature and 10000 C with the exact temperature conditions to be specified by NASA. The quotes shall specify variations in price for different temperature ranges, if any. Unless otherwise stated, all tests shall be conducted in air, under high purity flowing inert gas or vacuum (better than 10-5 torr) environment as directed by NASA. If using inert gas, the gas pressure inside the chamber shall be positive and slightly above 1 atm. The specimen and associated load train shall be allowed to stabilize at temperature for sufficient time prior to the commencement of the test. The degree of this stabilization time shall be discussed with NASA for each material to be tested. The temperature gradient between the points of strain measurement shall be less than 1.5% of the test temperature if using cold grips and less than ( 0.2% of the test temperature if using hot grips. The vendor shall include the temperature readings measured at the top, middle and bottom regions of the gauge length with other data generated for each specimen. The temperature measurements shall be conducted in a manner so as to eliminate any chemical or microstructural changes at the surface, any damage to the coated surface and minimize any influence on the deformation characteristics of the specimen (e.g. restrictive binding of thermocouples on specimen deformation). The method of gripping the specimens and measuring the specimen elongation shall be such as to ensure that the coating is not damaged in any way. No divots, scribe lines, or notches shall be permitted on the uniform gauge specimens.  The mode of measuring the specimen elongation shall ensure no slippage of the extensometer during testing. The type of extensometry and associated transducers used shall be responsive to the deformation of the specimen to ensure accurate measurement of the change in specimen gauge length. The specimen load train shall be aligned in accordance with ASTM E-1012. The vendor shall specify the type of grips (i.e. cold or hot grips) that will be used, and the type of extensometer to be used in the quote. The expected temperature gradient in the uniform section as well as the accuracy of load, strain and temperature measurements and controls shall be specified and guaranteed in the quote.  All fractured samples shall be returned to NASA with the fracture surfaces carefully protected to allow fractographic examinations to be performed. In this case, each tested specimen shall be returned in individual capsules or storage vials with each separately identified with the specimen I.D., type of testing and test conditions. No specimen mixing is allowed in the individual vials (i.e. one specimen per storage vial). 

D. Materials:  

The material for machining specimens and/or testing shall be supplied to the vendor in one of the following typical forms:

a) Cylindrical pre-forms of low pressure plasma sprayed monolithic coatings either 0.25” or 0.50” in diameter and about 5 to 7” long;

b) Overlay coated 12” x 12” x 0.040” copper alloy sheets;

c) Overlay coated cylindrical specimens 0.25” to 0.5” diameter and about 2.5” long.

d) Material for machining and/or testing may also be supplied in other forms and shapes, if required. The coating material is expected to be, but not limited to NiCrAlY, Cu-Cr, NiAl, Cr3Si-based alloys, Hf-Ti-Zr alloys; other materials may be supplied for machining and/or testing depending on specific needs. 

E. Specimen machining:
The vendor may have to first machine specimen blanks from the material supplied by NASA by electro-discharge machining as per NASA directions.  All test material scrap shall be returned to NASA and identified according to blanking layout and identification number. In the case where more than one specimen is machined either from a pre-form or a sheet, the location of the specimen with respect to the initial pre-form or sheet shall be carefully noted and the layout map shall be supplied to NASA. The specimen design shall conform to the appropriate ASTM specifications unless otherwise specified by NASA. The machined specimens shall be inspected after machining for meeting drawing specifications, and any discrepancy shall be communicated immediately to NASA for resolution. 

The specimens shall then be either tested at the vendor’s facilities, shipped to NASA Glenn Research Center, 21000 Brookpark Rd., Cleveland, OH 44135 (attn. Sai Raj, M.S. 24-1), or sent to another location according to NASA’s instructions. Sufficient care shall be taking in packing the machined specimens and other material for shipping to ensure that they do not get damaged in transit. For each numbered blank and specimen, please quote quantity discounted unit price for minimum specimen quantities of 5, 10, 20, and 30 specimens.  A delivery time of 6 weeks after receipt of material for specimens not requiring inertial welding, and 8 weeks after receipt of material for specimens requiring inertia welding of the grip sections, is required. Deliveries of partial quantities are encouraged and will be acceptable for meeting delivery time requirements in large orders.  Material for quantities will be supplied on an as-needed basis. All remnant materials shall be returned to NASA unless otherwise directed by the NASA COTR.

F. Testing:

1. Tensile Tests – The vendor shall run tension tests according to the latest ASTM E-21 standards for uniform gauge tension test specimens. Quantity discounted unit price quotes shall be submitted to perform these tensile tests at minimum quantities of 5, 10, 20, 30 and 50. The tests shall be conducted either in air, under high purity inert gas or in vacuum (10-5 torr or better) environment between room temperature and 10000 C as directed by NASA.  The engineering strain rates shall be between 10-5 and 10-2 s-1. The specimen elongation shall be made on the gauge section by attaching a suitable extensometer. Laser extensometry is permitted if the vendor can certify the reliability of the technique and provides scatter data at different temperatures. In this case, the vendor shall ensure that the adhesive or cement used for affixing markers on the specimens will not react with the coating or substrate and it is stable at the test temperatures. Alternatively, suitable markers precisely defining the gauge length may be machined integral to the specimen (e.g. ridges defining the gauge length) after discussions with NASA. Load-time, load-displacement, tensile stress-strain curves, temperature, initial and final gauge dimensions, as well as tabulated results including 0.2% tensile yield strength, ultimate tensile strength, fracture strength, % elongation, and % reduction in area, shall be provided where applicable both in report form and on a computer disk as Excel spread sheets. All tested specimens shall be returned to NASA. 

The general testing procedures for compression (see below) and tensile shall conform to the following:

a) All tests shall be conducted either in air, under high purity flowing inert gas or vacuum (better than 10-5 torr) as directed by NASA. If using inert gas, the gas pressure inside the chamber shall be positive and slightly above 1 atm.

b) If hot grips are used, a minimum of three thermocouples shall be used for measuring the temperature of the specimen at the top, middle and bottom of the gauge length with the thermocouple beads touching the specimen surface at the same location during the entire duration of the test prior to specimen failure. In this case, the thermocouples shall be attached in such a way so as to allow the free movement of the specimen and the load train during the course of the test. Temperature measurement using pyrometers is permitted provided that the vendor certifies the accuracy of these measurements at the test temperature. The vendor shall specify which technique will be used in the quote.  

c) The temperature variation of the middle thermocouple shall be better than ( 0.2% of the test temperature; the temperature gradient shall be less than ( 0.2% if using hot grips. 

d) The load and specimen elongation shall be acquired at suitable rates to ensure that the stress-strain curves are reasonably smooth with no significant discontinuity in the data acquisition.

e) The accuracy of strain measurement shall be better than 1 x 10-5 in/in.

f) No divots, scribe lines, or notches shall be permitted on the uniform gauge specimens.
Deviations from these procedures shall be discussed with NASA.

2. Compression Tests – Unless otherwise instructed by NASA, compression tests shall be run according to the latest ASTM E-209 using solid non-deformable push rams i.e. the use of compression cages and other similar set-ups with linkages are not permitted. Quantity discounted unit price quotes shall be submitted to perform these compression tests at minimum quantities of 5, 10, 20, 30 and 50. The diameters of the typical specimens are expected to be similar to those described under item (a) in Sec. D. The tests shall be conducted either in air, under high purity inert gas or in vacuum (10-5 torr or better) environment between room temperature and 10000 C as directed by NASA.  The engineering strain rates shall be between 10-5 and 10-2 s-1. Load-time, load-displacement, compressive stress-strain curves, temperature, initial and final gauge dimensions, as well as tabulated results including 0.2% compressive yield strength shall be provided where applicable both in report form and on a computer disk as Excel spread sheets. All tested specimens shall be returned to NASA. Other requirements are similar to those specified for the tensile tests. A fewer number of thermocouples can be used depending on specimen dimensions after discussions with NASA. Deviations from these procedures shall be discussed with NASA.

3. Creep Tests – Quantity discounted unit price quotes shall be submitted for conducting  creep tests to rupture (with extensometer) and creep rupture (no extensometer) tests at 4000 and 10000 C either in air, under inert gas or vacuum according to ASTM E-139 at minimum quantities of 5, 10, 20, and 30. NASA shall specify the choice of the test environment. The initial stress and startup procedures shall be agreed between the vendor and NASA before beginning testing.  The test quotes should be provided in test duration-dependent forms, so that the cost of 100, 250, 500, 1000, and 2000 hour tests can be computed by NASA in each case. For the case of specimen machining and testing, a test initiation time of 4 weeks after material receipt is desired.  For the case of specimen testing only, a test initiation time of 3 weeks after specimen receipt is desired.  Strain-time curves, temperature, initial and final gauge dimensions, as well as tabulated results including 0.1, 0.2, and 0.5% creep times, secondary or minimum creep rate, rupture time, and final or rupture elongation and reduction in area shall be provided, where applicable, both in report form and on a computer disk as EXCEL spread sheets. All specimens shall be returned to NASA.

Creep tests can be conducted either using conventional creep machines or servo-hydraulic machines. In the case of the latter, the vendor shall provide details of the test technique, specify the loading rate, and the expected accuracy in measurement of the different variables.  For conventional creep testing, the general procedures shall conform to the following:

a) All tests shall be conducted either in air, under high purity flowing inert gas or vacuum (better than 10-5 torr). If using inert gas, the gas pressure inside the chamber shall be positive and slightly above 1 atm as directed by NASA.

b) A minimum of three thermocouples shall be used for measuring the temperature of the specimen at the top, middle and bottom of the gauge length with the thermocouple beads touching the specimen surface at the same location during the entire duration of the test prior to rupture. 

c) The temperature variation of the middle thermocouple shall be better than ( 0.2% of the test temperature; the temperature gradient shall be less than ( 0.2%. 

d) The specimen elongation shall be acquired at suitable rates to ensure that the strain-time curves are reasonably smooth with no significant discontinuity in the data acquisition.

e) The accuracy of strain measurement shall be better than 1 x 10-5 in/in. No extensometer slip is permitted. All strain measurements shall be made within the uniform gauge section and extensometer attachments to specimen couplings are unacceptable.

f) The specimen loading shall be smooth with no jerks using motor-controlled loading pan. All load shall be applied at one time. 

g) No divots, scribe lines, or notches shall be permitted on the uniform gauge specimens.
Deviations from these procedures shall be discussed with NASA.

3. Low Cycle Fatigue (LCF) Tests - Quantity discounted unit price quotes shall be submitted for conducting strain-controlled fatigue tests from room temperature to 10000 C in accordance with ASTM E-606 on appropriate specimens at minimum quantities of 4, 10, 20, and 30. However, load-controlled tests are permissible for sheet specimens and other similar specimen geometry, where buckling is likely. The price for conducting the latter tests shall also be submitted in the quotes. The testing mode shall be discussed with and approved by NASA for each material and specimen geometry.  The test quotes should be provided in decades of cycles, so that the costs of tests having ranges of life between 100-999, 1000-9999, 10000-99999, and over 100000 cycles can be computed by NASA in each case. The vendor shall conduct these tests either in air, under inert gas or under vacuum better than 10-5 torr as directed by NASA.  Stress-strain hysteresis loops at periodic cycles (such as 1,2,5,10,20, etc.) as well as failure life shall be recorded. The data shall be provided on a computer disks.  Tested specimens and remnant material from machining shall be returned.
The following LCF testing procedures should be utilized; deviations from this should be coordinated with the NASA Project Manager responsible for this portion of the testing.
a) A room temperature modulus shall be obtained on each sample by loading the specimen to ( 1 ksi before conducting the fatigue test.  Replicate loading shall be performed to ensure accurate modulus calculations.

b) Fatigue tests shall be conducted in total strain control at a total strain rate of  0.002   s-1.

c) A strain ratio of R=-1 shall be used.

d) The number of stress-strain points per loop shall be between 100 and 400 to produce a smooth representation of the loop.

e) The specimen orientation with respect to the machine shall be recorded.  In other words, what end of the sample was in the bottom grips and what portion of the circumference of the specimen was facing forward.  Also, if not evident, the extensometer location on the sample shall also be recorded.

f) The mode of temperature measurement including the number of thermocouples used shall be discussed with and approved by NASA.

g) Neither strain nor temperature measurement shall affect the fatigue properties, e.g., by initiating failure.

h) Strain range, ((t , levels shall be 0.7, 1.2, 2.0%.  Other levels or deviations from these values shall first be discussed with and agreed upon by NASA.

i) Life shall be defined as two pieces or the inability of the sample to maintain a load.  If the samples are failing at a similar location, for example the transition to the radius, at machining marks, etc., testing shall be terminated until a review with NASA can be conducted.

j) The fracture surfaces of the samples shall be protected for future examination.  The two halves of the samples shall not come in contact with one another nor be fitted together.

k) Either ASCII or Excel files shall be provided with data for each cycle.  At a minimum, the reporting of the data shall include columns of time (in seconds), stress (MPa) and strain with each set of cycle data separated by the cycle number and this number shall be placed at the end of each cycle’s data.

l) No divots, scribe lines, or notches shall be permitted on the uniform gauge specimens.
