This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. In all cases only the current version
of the standard as published by ASTM is to be considered the official document.

AP ) Designation: B975-18<! BI75 - 22
g’

INTERNATIONAL

Standard Test Method for
Measurement of Internal Stress of Metallic Coatings by Split
Strip Evaluation (Deposit Stress Analyzer Method)’

This standard is issued under the fixed designation B975; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (&) indicates an editorial change since the last revision or reapproval.

INTRODUCTION

The depositstress-anatyzer-split strip method provides a rapid;-aceurate;-and-economical-meansfor

the-determination of the internal tensile and compressive stress in metallic and nonmetallic coatings.
Internal stress is expressed in pounds per square inch or megapascals —”ths—proeed-ure—for—meaﬁm-ng

1. Seepe-Scope*

1.1 This test method for determining the internal tensile or compressive stress in applied coatings is quantitative. It is applicable
to metallic layers that are applied by the processes of electroplating or chemical deposition that exhibit internal tensile or
compressive stress values from 206200 psi to 145 000 psi (+38(1.38 MPa to 1000 MPa).

1.2 Units—The values stated in either SI units or inch-pound units are to be regarded separately as standard. The values stated in
each system are not necessarﬂy exact equlvalents therefore to ensure conformance with the standard, each system shall be used
independently of the v d-other. Conversion between unit systems may
result in errors that can cause confusion and should be avorded

1.3 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety, health, and environmental practices and determine the applicability of
regulatory limitations prior to use.

1.4 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*
B636 Test Method for Measurement of Internal Stress of Plated Metallic Coatings with the Spiral Contractometer

! This test method is under the jurisdiction of ASTM Committee BO8 on Metallic and Inorganic Coatings and is the direct responsibility of Subcommittee B08.10 on Test
Methods.

Current edition approved Bee—2648Nov. 1, 2022. Published Fanuary26+9December 2022. Originally approved in 2015. Last previous edition approved in 26452018
as B975—45:B975 — 18°". DOI: +0-+526/36975-+8E6+:10.1520/B0975-22.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.

*A Summary of Changes section appears at the end of this standard
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E177 Practice for Use of the Terms Precision and Bias in ASTM Test Methods
E691 Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test Method

3. Terminology
3.1 Definitions of Terms Specific to This Standard:

3.1.1 average deposit thickness, n—average-deposit-thicknessequals-the deposit weight in grams divided by the specific gravity
of the deposit in grams per cubic centimetre multiplied by the plated deposit surface area per test strip (see Eq 32).

3.1.2 constant K, n—this certifiable calibrated number is determined experimentally for each material lot of test strips
manufactured to enable simple mathematical calculation of the internal deposit stress while factoring the influence of the percent
elongation difference between the deposit and the substrate without the use of complicated bent strip formulas. See Note—4—in
Section §10.

3.1.3 internal stress, n—stress in a given layer of coating can result from foreign atoms or materials in the layer that stress the
natural structure of the deposit as the coating is being formed from sources independent of foreign atoms such as misfit dislocations
and the result of additional processing.

3.1.3.1 compressive stress (-), n—stress that tends to cause a deposit to expand.

3.1.3.2 tensile stress (+), n—stress that tends to cause a deposit to contract.

3.1.3.3 Discussion—
Stress that develops in a given layer of material is measured as pounds per square inch or megapascals where 1 MPa = 145 psi.

3.1.4 modulus of elasticity, n—stress required to produce unit strain, which may be a change in length (Young’s modulus), a twist
of shear (modulus of rigidity or modulus of torsion), or a change in volume (bulk modulus).

sﬁ‘ess-test strip that is used to set the desued amperage on the power supply ThlS can be a prev1ously used test strip.

3.1.6 units spread, n—the amount of deflection between test strip legs is the value of U. Plating test should be continued until the
test strip legs deflect from 2-20 total units spread for the most accurate results. The U is measured on the measuring stand.

4. Summary of Test Method

4.1 The first attempt to measure stress values in applied coatings was the bent strip method, wherein a coating of known thickness
was applied to a strip of flat stock material having a known modulus of elasticity, length, width, and thickness. In the test, one end
of the strip was held in a fixed position and one end could bend. The degree of bend experienced by the test strip was then
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measured. Equations were proposed by Stoney, Barklie, and Pavies:Davies’-Heussner;; Heussner, Balden, and Merse:Morse®; and
Brenner and Senderoff® for this method of measurement to calculate the internal deposit stress that was sufficient to cause
deflection of the flat stock material.

4.2 Later methods include the use of flat stock material formed into a helix that contracts or expands as a stressed coating is applied
to the base material (spiral contractometer as described in United States Patent 4,086,154) and a disk formed from flat stock
material that bows outward or inward as a stressed coating is applied to the base material (stress meter).

4.3 The deposit stress analyzer method for determining the internal stress value of a given plating uses bent strip technology and
the formulas devised for calculation of results applicable to this approach. A specific test piece comprises a selected metallic
material that exhibits spring-like properties with specified dimensions that define an end area split to give two legs (see Fig. 1).
These test strips are coated with a resist, to prevent deposition on the front of one leg and the back side of the other leg and on
both sides above where the legs divide, leaving a space uncoated at the top for the purpose of making electrical contact to the test
piece during the plating process. See Fig. 2. Each test is performed at specific operating conditions that are usually selected to
approximate the conditions for parts being processed in production mode.

4.3.1 The internal deposit stress is calculated based on the total number of increments deflection observed from tip to tip after
plating. This value is determined as the test strip is suspended above a measuring stand. See Fig. 3. Results are calculated by use

of a—simpte-deposit-stressanatyzer-formuta-split strip formulas expressed in pounds per square inch. See(See Eq 21 and Eq 3-.)

0.4625 in.
| > 1 §

1.5in.
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0.2 in.

e

0.0625 in.

FIG. 1 Test Strip Parameters
1in. =254 cm

Proceedings of the Royal Society A, Vol 82, No. 172, 1909, p. 553.
4 Heussner, Balden, and Morse. "Some Metallurgical Aspects of Electrodeposits," Plating, Vol 35.
3 Brenner, A., and Senderoff, S. Journal of Research of the National Bureau of Standards, Vol 42, No. 89, 1949.
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Compressive Tensile

resist resist plating plating

plating resist

FIG. 2 Compressive and Tensile Stressed Test Strips (provided by the Specialty Testing and Development Company, PO Box 296,
Seven Valleys, PA 17360)

5. Significance and Use

5.1 Internal stress in applied coatings exhibits potential to cause a breakdown of resistance to corrosion and erosion as a result
of the formation of fractures from micro-cracking and macro-cracking within the applied coating. This phenomenon can also cause
blistering, peeling, reduction of fatigue strength, and loss. The resulting stress can be tensile in nature, causing the deposit to
contract, or compressive in nature, causing the deposit to expand.

5.2 To maintain quality assurance by the bent strlp method itis necessary to monitor productlon processes for acceptable levels
of 1nternal depos1t stress in apphed coatlngs N hte v 0 a

v ss—Most low values are false. In1t1a1
values tend to be lower than the actual value because of the effect of stock materlal edge burrs and the resistance of the stock
material to bending. Excessive deposit thickness causes lower-than-true value since the coating overpowers and changes the initial
modulus of elasticity of the test piece, which becomes more difficult to bend as the coating continues to build upon it. This
phenomenon can be corrected considerably by use of a formula that compensates for modulus of elasticity differences between the
deposit and the substrate materials, but it does remain a factor. See Eq 23.

Note 1—The highest value of the internal deposit stress as obtained on a stress-versus-plating-thickness curve is usually the truest value of the internal
deposit stress.

6. Apparatus

6.1 PepositStressAnatyzer-Measuring Stand—This stand has a logarithmic scale over which a test strip is suspended to determine
the merements-of-units spread as the value of U between the test strip leg tips caused by the induced deposit stress. See(See Fig.
43—See-, Eq 14, and Eq 23-)

6.2 In-site Plating Device for —In-tank—This device doesnothold-a

p}aﬁﬂg—bafh—lt—ts—a—G-S:/é—rﬂ—@%—Z—efﬂ-)-dﬂmefeﬁls a cyhndrlcal tube that is de51gned with an adjustable bracket to enable placement
of the cell in a working tank as a permanently mounted fixture. It is also amenableadaptable to laboratory studies where small

solution Volumes are advantageous See Fig. 34. This devrce supports a srngle test strlp durlng the deposrtron process Fo
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FIG. 43 Deposit Stress Measuring Stand (provided by the Specialty Testing and Development Company, PO Box 296, Seven Valleys, PA
17360)

FIG. 34 In-site Device (provided by the Specialty Testing and Development Company, PO Box 296, Seven Valleys, PA 17360)

Note 2—Anodes are located external to the In-site Plating Device.
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6.3 Cells for In-tank Plating or-Eaboratory-Bench-Plating-(Internal Anodes)—When—agitation-and-solution-temperature-are-not
ﬁeeded—feﬁests—a—A test platlng cell that 1ncludes two anodes of 51m11ar size and composfnon at an equal dlstance from the test

6.4 Cells for Laboratory Bench Plating (Internal Anodes)—A two-section cell used in a laboratory. Where one section holds the
test strip, and two anodes of similar size and composition at an equal distance from the test strip, and the other section has a pump
and heater. The test strip shall have its own power supply.

6.5 Anodes—When using the depesit-stress-analyzer-split strip method to evaluate the internal deposit stress by electroplating a
given metal or metal alloy deposit, two anodes of similar size, shape, and composition are placed at a similar distance from-the

fest—st-ﬂp—rn—a—pesmeﬂ—and parallel to the test stnp to allow equal exposure of-the-test-strip-to the negative current.—Fhe-positive

6.7 Test Strips—Strip—Test-stripsa S o-thatis i
strip formed from flat stock that receives the platlng of mater1al belng evaluated for 1nternal deposu stress. Test—sfrtps—a-re—shaped
stmitar-to-a-tuning-fork-so-that-During plating, if the test strip legs

e-f—a—stressed—eeat—mg—t—he—test—st—rrp—}egs-has two legs they will deﬂect outward in 0pp051te di-reeﬁeﬂs—”Phey—afe-made—f-reﬁrmama-}s

be selectlvely eevefedcoated Wlth an-organte-a material that is resistant to attack by most se-l-u{-teﬂs—te—w-lﬂeh—t-he—tes‘t—sfﬂps—afe
exposed—solutions. This coating serves as a mask to define the area to receive deposit materials for tests. See Fig. 1.

Note 3—If the deposit stress is tensile in nature, the test strip legs will deflect with the deposit facing outward. If the deposit stress is compressive, the
deposit will face inward. See Fig. 2.

Norte 4—After a test has been completed, a measurement of total deflection at the test strip leg tips is determined and the stress value is calculated by

the use of a—simple-equation—equations. See Eq 23.

6.8 Copper-iron Alloy Test Strips—These strips are made from UNS Alloy C19400-HO2 material. FheseThey are
6:062600.00200 in. = 0.00005 16-66508in. (0.00508 cm * 0.000127 cm) thiek—Fheythick and are applicable for determining
internal dep0s1t tensﬂe or cornpresswe stress values between -1599 500 QSl and 145 OOO ps1 66—9!6 9 MPa and 1000 MPa) When

6.9 Pure Nickel 99—%—€otd-rotted-Test Strips—These test strips are 6:66++0.0011 in. = 0.00005 in. {6:66279(0.00279 cm
0.000127 cm) t-h-rek—"Fhey—thlck, and they are useful for 1nternal depos1t tensﬂe or compresswe stress values between %96200 ps
and60000ps1 38-an 69-MPa): v ; e

6.10 Temperature Controller—A devise that regulates the temperature of the plating solution.
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6.11 Helix—A metal strip approximately 0.01 in. to 0.013 in. (0.025 cm to 0.033 cm) thick formed as a helix approximately 0.9 in.
(2.3 cm) in diameter and 6.1 in. (15.5 cm) long with or without a polytetrafluoroethylene (PTFE) coating on the inside surface.

7. Equipment Set Up For Laboratory Settings (See Fig. 5)°

7.1 Plug the rectifier into the automatic timer.

7.2 Place the anodes in the double section plating cell anode pockets and connect the red positive leads to the anodes.

7.3 Place the heater, if needed, in the double section plating cell. Plug the heater into an electrical source or a temperature
controller.

7.4 Set the pump, if needed, to its lowest setting and fasten it to the non-testing side of the double section plating cell so the bath
will circulate. Agitation in the plating side of the cell must be limited to prevent the test strip legs from swaying to favor one anode
over the other.

7.5 Fill the cell with the plating solution to within a Y2 in. of the top of the double section plating cell.

7.6 Plug the pump into an electrical source.

7.7 Heat the plating solution to the required operating temperature.

7.8 Connect the red positive lead from the power supply to the anode contact provided on the cell (lug to connect red wires).

7.9 Follow the test procedure (see Section 8 and Fig. 5).

7.10 Then use the black negative lead to fasten a test strip to the test strip clip on the double section plating cell.

© The content of this section was provided by Specialty Testing and Development Company, PO Box 296, Seven Valleys, PA 17360.
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