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Optional: Perio

Minimum thickness on internal surfaces, if required (see 3.4.2.1)

dic testing frequency (4.2.2) and sample quantity (4.3.2)

Quantity of pieces to be plated

Optional: Color of the Grade A or Grade B supplementary treatment or that it be transparent or clear (3.5.1)

2. Parts manufacturing operations such as heat treating, forming, joining and media finishing can affect the condition of
the substrate for plating, or if performed after plating, could adversely affect the plated part. The sequencing of these
types of operations should be specified by the cognizant engineering organization or purchaser and is not controlled by

this specification.

1. SCOPE

1.1 Purpose
This specification cove
1.2 Application

Zinc-nickel plating hag
temperatures (see 1.3

1.3 Classification

Plating covered by this

Type 1  As-plated wi
Type 2  As-plated wi
Grade A He
Grade B Triv
Type 3
(177 °C) ma
1.3.1  Unless a type

1.3.2 For Type 2 pla

As-plated with supplementary phosphate treatment (adhesion base for primer/paint), serv

rs the requirements for electrodeposition of a zinc-nickel alloy and the’prope

been used typically to provide corrosion resistance to<steel parts that m
but usage is not limited to such applications (see 8.9)and 8.10).

specification is classified as follows:
hout supplementary treatment, service.temperature 500 °F (260 °C) maximu
h supplementary chromate treatment

avalent chromate treatment, service temperature 250 °F (121 °C) maximum

alent chromium treatment, service temperature 375 °F (191 °C) maximum

imum
s specified; Type 2 shall be supplied.

ing,if no grade is specified, Grade A shall be supplied.

ties of the deposit.

hy operate at elevated

m

ice temperature 350 °F

1.4 Safety - Hazardous Materials

While the materials, methods, applications, and processes described or referenced in this specification may involve the use
of hazardous materials, this specification does not address the hazards that may be involved in such use. It is the sole
responsibility of the user to ensure familiarity with the safe and proper use of any hazardous materials and to take the

necessary precautiona

ry measures to ensure the health and safety of all personnel involved.
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2. APPLICABLE DOCUMENTS

The issue of the following documents in effect on the date of the purchase order forms a part of this specification to the
extent specified herein. The supplier may work to a subsequent revision of a document unless a specific document issue is
specified. When the referenced document has been cancelled and no superseding document has been specified, the last
published issue of that document shall apply.

2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AMS2750 Pyrometry

AMS2759/9 Hydrogen Embrittlement Relief (Baking) of Steel Parts

ARP1917 Clarifigation of Terms Used in Aerospace Metals Specifications
ARP4992 Periodjc Test Plan for Process Solutions
AS2390 Chemircal Process Test Specimen Material

2.2 ASTM Publications

Available from ASTM Inpternational, 100 Barr Harbor Drive, P.O. Box C700;"West Conshohocken, PA 19428-2959, Tel: 610-
832-9585, www.astm.drg.

ASTM B117 Operafing Salt Spray (Fog) Apparatus
ASTM B253 Preparation of Aluminum Alloys for Electroptating
ASTM B374  Terminology Relating to Electroplating
ASTM B487  Measurement of Metal and Oxide Coating Thicknesses by Microscopical Examination of Cross-section

ASTM B499 Measyrement of Coating. Thicknesses by the Magnetic Method: Nonmagnetic Coat|ngs on Magnetic Basis
Metals

ASTM B504 Measyrement of Thickness of Metallic Coatings by the Coulometric Method

ASTM B568 Measurement of Coating Thickness by X-Ray Spectrometry

ASTM B571 Qualitative Adhesion Testing of Metallic Coatings

ASTM E376 Measuring Coating Thickness by Magnetic-Field or Eddy-Current (Electromagnetic) Testing Methods

ASTM F519 Mechanical Hydrogen Embrittlement Evaluation of Plating/Coating Processes and Service Environments
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3. TECHNICAL REQUIREMENTS

3.1

3.11

3.1.1.1

3.1.1.1.1

3.1.1.1.2

3.1.1.1.3

If stress relief temperafures above 375 °F (191 °C) are elected, the stress relief shall be performed
cognizant engineering

Preparation

Stress Relief Treatment

All steel parts having a hardness of 36 HRC and over and threaded steel fasteners 34 HRC and over that are
machined, ground, cold formed or cold straightened after heat treatment shall be cleaned to remove surface
contamination and thermally stress relieved before plating. (Residual tensile stresses have been found to be
damaging during electrofinishing.) Furnaces used for stress relief shall be controlled per AMS2750. The minimum
requirements shall be Class 5, with Type D Instrumentation. Temperatures to which parts are heated shall be
such that stress relief is obtained while still maintaining hardness of parts within drawing limits. Unless otherwise
specified, the following treatment temperatures and times shall be used:

For parts, ¢xcluding nitrided parts, having a hardness of 55 HRC and above, including carburized and induction
hardened parts, stress relieve at 275 °F £ 25 °F (135 °C + 14 °C) for 5 to 10 hours:

For parts| having a hardness less than 55 HRC, and for nitrided parts, strgss relieve at 375 °F
1+ 25 °F (191 °C 14 °C) for a minimum of 4 hours. Higher temperatures may-be used|only when specified or
approved by the cognizant engineering organization.

For Peenefd Parts

prior to peening or the
brganization shall be consulted and shall approve‘the stress relief temperature.

The plating shall be applied over a surface free from waterbreaks. The cleaning procedure s
or intergranulal attack of the basis metal and shall preserve dimensional requirements.

hall not produce pitting

3.1.2

3.1.3  Except for bar
locations, if no|
locations shall
cognizant engi

3.1.4 Mechanical su

rel plating, electrical contact points shall be as follows. For parts which ar¢
I specified, shall beat the discretior’of the processor. For parts which are n
be in areas on which plating-is-not required, or locations shall be specifi
heering organization.

face preparation, such.as a dry or wet abrasive blast, if employed, shall

e to be plated all over,
bt to be plated all over,
bd or approved by the

be completed prior to

3.2 Procedure

3.21

3.2.1.1

3.21.2

3213

3214

application of & strike such as nickel,>copper or zinc, when used, and shall be accomplished in a manner that will
not have a detfimental effect on(the appearance or quality of the finished part.

Parts shall be plated’by.electrodeposition of a zinc-nickel alloy plating onto a properly prepafed surface (see 8.5.1).

When not sgecified, zinc-nickel plating shall be from a neutral to acid bath formulation dr from an alkaline bath
formulation.

Aluminum alloys shall be zincate treated in accordance with ASTM B253 or other method permitted by the
cognizant engineering organization prior to plating.

Parts for which Type 2 Grade A plating is specified shall be given a supplementary chromate conversion coating
and meet the requirements of 3.4.4.2. Any post thermal treatment shall be done prior to application of the
chromate conversion treatment. Steel parts requiring a post thermal treatment as in 3.3 may require reactivation
prior to application of the conversion coating.

Parts for which Type 2 Grade B plating is specified shall be given a supplementary trivalent chromium conversion
coating and meet the requirements of 3.4.4.3. Any post thermal treatment shall be done after application of the
trivalent chromium conversion treatment.


https://saenorm.com/api/?name=b7c1126a0d0ef6ea230987cc4f34b013

SAE INTERNATIO

NAL AMS2417 ™K

Page 5 of 10

3.2.15

Parts for which Type 3 plating is specified shall, after hydrogen embrittlement relief baking, be given a

supplementary zinc phosphate conversion coating and meet the requirements of 3.5.2. Steel parts requiring post
thermal treatment as in 3.3 may require reactivation prior to application of the conversion coating.

3.2.2 Spotting-in and double plating are prohibited (see 8.2.1).

3.3

Hydrogen Embrittlement Relief

Hydrogen embrittiement relief of steel parts 36 HRC and higher and threaded steel fasteners 34 HRC and higher is required
and shall be performed in accordance with AMS2759/9.

3.4 Properties

Zinc-nickel alloy plate shall conform to the following requirements.

3.4.1 Composition

The zinc-nickel alloy plate shall contain 6 to 20% nickel and the balance essentially zinc, determined

to the cognizant engin
specimens as defined

3.4.2 Thickness

Thickness shall be det
applicable: ASTM B48
resolution of the measy
permitted by the cogn
coating.

3.4.21 All surfaces
be plated to
other areas
specified lim

3.4.2.2 Strike

When applied, shall be

Parts withgut external threads (other than washers) shall have total plate thickness of

bering organization. Composition testing for Types 2 and 3 shall*be perfor
n 4.3.3.5 with no supplementary surface treatments.

ermined on representative parts or test panels in accordance with any of th
{, ASTM B499, ASTM B504, ASTM B568, ASTIM E376, direct dimensional
ring instrument is at least ten times more precise than the attribute being mes
zant engineering organization. Thickness sréquirements for Types 2 and 3

pf the part, except those which cannot be touched by a sphere 0.75 inch (19
the specified thickness. Unless otherwise specified, surfaces such as holes,
where a controlled deposit cannot be obtained under normal plating conditi
t provided they show visual plating coverage.

0.0001 inch (2.5\um) maximum (see 8.5.1).

Moy Plate

),

a method acceptable

y
x1ed on zinc-nickel test

e following methods as
nspection provided the
sured, or other method
apply after conversion

mm) in diameter, shall
recesses, threads and
bns, may be under the

0.0003 to 0.0007 inch

3.4.2.3  Zinc-Nickel A
3.4.2.31

(8 to 18 un
3.4.2.3.2

3.4.3 Adhesion

Washers and parts with external threads shall have total plate thickness of 0.0002 to 0.0004 inch (5 to 10 uym).

Adhesion shall meet the requirements of ASTM B571 by the Bend Test method using a 4T mandrel.

3.4.4 Corrosion Resistance

3441

Type 1 plated parts, or representative specimens, plated to a thickness of 0.0002 to 0.0007 inch (5 to 18 um)

shall show no visual evidence of red corrosion on the basis metal in controlled thickness areas, determined after
exposure for 500 hours to salt spray corrosion test conducted in accordance with ASTM B117 (see 4.3.3.2).

3.4.4.2

Type 2, Grade A plated parts, or representative specimens, plated to a thickness of 0.0002 to 0.0007 inch

(5 to 18 um) shall show no visual evidence of white corrosion product after 96 hours and no evidence of red
corrosion on the basis metal in controlled thickness areas after 500 hours, determined after exposure to salt spray
corrosion testing in accordance with ASTM B117 (see 4.3.3.2).
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3.44.3 Type 2, Grade B plated parts, or representative specimens, plated to a thickness of 0.0002 to 0.0007 inch
(5 to 18 ym) shall show no visual evidence of white corrosion product after 96 hours and no evidence of red
corrosion on the basis metal in controlled thickness areas after 500 hours, determined after exposure to salt spray

corrosion testing in accordance with ASTM B117 (see 4.3.3.2).
3.4.5 Hydrogen Embrittlement

The plating process after baking shall not cause hydrogen embrittlement in steel parts 36 HRC and over and threaded steel
fasteners 34 HRC and over, determined in accordance with 4.3.3.3.

3.5 Quality

Plating, as received by purchaser, shall be smooth, continuous, adherent to the basis metal, and visually free from porosity,

blisters, nodules, pits, and other imperfections detrimental to performance of the plating. Slight staining or discoloration is
permissible.

3.5.1 For Type 2, Grade A and B, if no color is specified for the supplementary treatment, the golor may be shades or
mixtures of blue, yellow, green, olive-green or black and may be non-uniform or iridescent| When specified in the
Ordering Information, the supplementary treatment shall be transparent or clearceolor.

3.5.2 Type 3 phospHtate conversion coating shall be uniform in texture, evenly deposited, medium gray to black in color,

and shall not show smut, powder, or white stains.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspection
pply all samples for processor’s tests and shall be responsible for the performance of all required
to be tested, the parts shall be supplied by purchaser. The cognizant engineering organization
mple and to perform any confirmatory:tests deemed necessary to ensure that processing conforms

ments.

The processor shall sy
tests. When parts are
reserves the right to s3
to the specified require]

4.2 Classification of [Tests

4.2.1 Acceptance Tgsts

Thickness (3.4.2) and
when permitted herein

huality (3.5) are acceptance tests and shall be performed on parts, or specin
from each lot{see 4.3.3).

ens representing parts

4.2.2 Periodic Tests

Composition (3.4.1) is fp périodic test and shall be performed at least quarterly unless frequency of testing is specified by
the cognizant engineefing/organization. Adhesion (3.4.3) is a periodic test that shall be performed no less than daily for
each generic class of alloy as defined by AS2390 processed during that day. Corrosion resistance (white corrosion product
only) (3.4.4.2 or 3.4.4.3) is a periodic test and shall be performed at least monthly unless frequency of testing is specified
by the cognizant engineering organization. Corrosion resistance (red corrosion) (3.4.4.1, 3.4.4.2, or 3.4.4.3) is a periodic
test and shall be performed at least annually unless frequency of test is specified by the cognizant engineering organization.
Hydrogen embrittlement (3.4.5) is a periodic test and shall be performed at least once in each month that steel parts 36 HRC
and over or threaded steel fasteners 34 HRC and over are plated unless frequency of testing is specified by the cognizant
engineering organization. Strike thickness (3.4.2.2) and cleaning and plating solutions are periodic tests and shall be
performed at a frequency established by the processor unless frequency of testing is specified by the cognizant engineering
organization (see 4.3.2).

4.2.21 Periodic testing may be suspended in any test period (e.g., month or quarter) when parts are not processed;
however, preproduction testing may be required by the cognizant quality organization upon resumption of

processing.
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4.2.3 Preproduction Tests

All property verification tests (3.4) are preproduction tests and shall be performed prior to or on the initial shipment of plated
parts to a purchaser and when the cognizant engineering organization requires confirmatory testing.

4.3 Sampling for Testing
4.3.1 Acceptance Tests
Test samples shall be randomly selected from all parts in the lot. A lot is a group of parts, all of the same part number,
processed through the same chemical solutions in the same tanks under the same conditions, which have completed the

chemical processing within a period of 24 hours of each other and are presented to inspection at the same time. Unless the
cognizant engineering organization provides a sampling plan, the minimum number of samples shall be as shown in Table 1.

Table 1 - Sampling for acceptance tests

Number of Parts

in the Lot Quality Thickness

Up to 7 All 3 or all*
8to 15 7 4
16to 40 10 4
41to 110 15 5
111to 300 25 6
301 to 500 35 7
501 to 700 50 8
701 to 1200 75 10
Over 1200 125 15

*Whichever is less.
4.3.2 Periodic Tests

Sample quantity shall He two for corrosion resistance -For adhesion tests, four test specimens of each generic class of alloy,
as defined by AS2390| that have been be processed through the same cleaning and plating operations as the parts that
they represent. These pdhesion test specimens shall be processed prior to the first production lot pf parts or with the first
production lot of parts.|For hydrogen embrittlement, sample size as specified in ASTM F519 unless otherwise specified by
the cognizant engineelfing organization. Sample quantities for other tests shall be at the discretion ¢f the processor unless
otherwise specified by the cognizant engineering organization.

4.3.3 Sample Configuration

Nondestructive testing|shallbe\performed wherever practical. Except as noted, actual parts shall he selected as samples
for tests. Since propertjes, ‘such as thickness, may differ on panels, correlation with actual parts shgll be established.

4.3.3.1 Representative test specimens in lieu of parts may be used under any one of the following circumstances: The
plated parts are of such configuration or size as to be not readily adaptable to specified tests, nondestructive
testing is not practical on actual parts, or it is not economically acceptable to perform destructive tests on actual
parts. Except as specified below, acceptance test specimens shall be made of the same generic class of alloy as
the parts, established in accordance with AS2390, distributed within the lot, cleaned, plated, and post treated with
the parts represented.

4.3.3.2 Corrosion Testing not to exceed 40 pin (1 um)

When ferrous alloy parts are processed within the test period (month), test panels shall be low carbon or low alloy steel
0.025 inch (0.6 mm) minimum thickness and not less than 4 x 6 inches (102 x 152 mm) or bars approximately
0.5 inch (13 mm) in diameter and 4 inch (102 mm) long having a surface roughness not to exceed 40 microinches (1 um)
arithmetic mean (Ra). Alternative alloy or configuration may be used when permitted by the cognizant engineering
organization. Plating thickness shall be in accordance with 3.4.2.
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4.3.3.3 Hydrogen Embrittlement Test

Test shall be in accordance with the requirements of ASTM F519 Type 1a.1 using notched round specimens, unless a
different specimen is specified by the cognizant engineering organization, stressed in tension under sustained load. For test
purposes, the plating thickness shall be 0.0005 to 0.0007 inch (8 to 18 um) measured on the smooth unnotched sections
of the specimen, but with visual evidence of plating at the root of the notch. Testing beyond the 200 hour test period is not
required. The test specimens shall be exposed to all steps of the documented plating process including stress relieve,
surface preparation (reagent, electro-cleaning or abrasive blasting as applicable), electrodeposition of the zinc nickel onto
the basis metal, and the prescribed baking schedule per AMS2759/9.

4.3.3.4 Adhesion Testing

Test specimens for adhesion testing shall be made of the same generic class of alloy as defined by AS2390 processed.
The test specimens shall be 0.025 inch (0.6 mm) minimum thickness and not less than 1 x 4 inches (25 x 102 mm).

4.3.3.5 Composition| Test

Test specimens for composition testing shall be approximately 1 x 4 inches (25 x 102 mm)_of minimdyim 0.025 inch (0.6 mm)
thickness.

4.4  Approval

4.4.1 The process and control factors, a preproduction sample part, or both; whichever is specifief, shall be approved by
the cognizant ¢ngineering organization before production parts are Supplied.

4.4.2 If the processor makes a significant change to any material, process, or control factor from that which was used for
process approyal, all preproduction tests shall be performed, and the results submitted to the cognizant engineering
organization fdr process reapproval unless the change.is approved by the cognizant engipeering organization. A
significant change is one which, in the judgment-of;the cognizant engineering organization, could affect the
properties or performance of the parts. Production parts plated by the revised procedure shall not be shipped prior
to receipt of regpproval.

4.4.3 Control factors|shall include, but not be limited to the following:

Surface preparation ingluding strike, if used

Plating bath compositiogn and composition(control limits

Plating bath temperature limits and controls

Current (current densitly)/Voltage limits;and controls as applicable
Type of supplementary| coating, if dsed

Thermal pretreatment fimes and'\temperatures

Thermal post treatment times and temperatures

Method of testing plating thickness

Method of adhesion tegting

Periodic test plan for cleaning and processing solufions (see 8.8)

4.5 Reports

The processor of plated parts shall furnish with each shipment a report stating that the parts have been processed and
tested in accordance with the requirements of this specification and that they conform to all test requirements. This report
shall include the purchase order number, AMS2417K, part number, lot identification number, and quantity.

4.6 Resampling and Retesting

4.6.1 If any acceptance test fails to meet the specified requirements, the parts represented may be stripped, pretreated,
coated, post treated, if specified, as defined herein, and retested. Alternatively, all parts in the lot may be inspected
for the nonconforming attribute, and the nonconforming parts may be stripped, pretreated, coated, and post treated
as defined herein and retested. After stripping and replating, parts shall meet the dimensions on the drawing.
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	3.5.2 Type 3 phosphate conversion coating shall be uniform in texture, evenly deposited, medium gray to black in color, and shall not show smut, powder, or white stains.


	4. QUALITY ASSURANCE PROVISIONS
	4.1 Responsibility for Inspection
	4.2 Classification of Tests
	4.2.1 Acceptance Tests
	4.2.2 Periodic Tests
	4.2.2.1 Periodic testing may be suspended in any test period (e.g., month or quarter) when parts are not processed; however, preproduction testing may be required by the cognizant quality organization upon resumption of processing.

	4.2.3 Preproduction Tests

	4.3 Sampling for Testing
	4.3.1 Acceptance Tests
	Table 1 - Sampling for acceptance tests

	4.3.2 Periodic Tests
	4.3.3 Sample Configuration
	4.3.3.1 Representative test specimens in lieu of parts may be used under any one of the following circumstances: The plated parts are of such configuration or size as to be not readily adaptable to specified tests, nondestructive testing is not practi...
	4.3.3.2 Corrosion Testing not to exceed 40 µin (1 µm)
	4.3.3.3 Hydrogen Embrittlement Test
	4.3.3.4 Adhesion Testing
	4.3.3.5 Composition Test


	4.4 Approval
	4.4.1 The process and control factors, a preproduction sample part, or both, whichever is specified, shall be approved by the cognizant engineering organization before production parts are supplied.
	4.4.2 If the processor makes a significant change to any material, process, or control factor from that which was used for process approval, all preproduction tests shall be performed, and the results submitted to the cognizant engineering organizatio...
	4.4.3 Control factors shall include, but not be limited to the following:

	4.5 Reports
	4.6 Resampling and Retesting
	4.6.1 If any acceptance test fails to meet the specified requirements, the parts represented may be stripped, pretreated, coated, post treated, if specified, as defined herein, and retested. Alternatively, all parts in the lot may be inspected for the...
	4.6.1.1 When stripping is performed, the method shall be permitted by the cognizant engineering organization and shall not roughen, pit, or embrittle the basis metal or adversely affect part dimensions. When parts have been stripped and replated, the ...

	4.6.2 If any periodic test fails to meet the specified requirements, the process is nonconforming. No additional parts shall be plated until the process is corrected and new specimens are coated and tested. Results of all tests shall be recorded, and,...


	5. PREPARATION FOR DELIVERY
	5.1 Plated parts shall be handled and packaged to ensure that the required physical characteristics and properties of the plate are preserved.
	5.2 Packages of plated parts shall be prepared for shipment in accordance with commercial practice and in compliance with applicable rules and regulations pertaining to the handling, packaging, and transportation of the parts to ensure carrier accepta...
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	8. NOTES
	8.1 Revision Indicator
	8.2 Terms used in AMS are clarified in ARP1917. ASTM B374 should be utilized as a reference and referee document when areas of design definition or technical interpretation arise.
	8.2.1 Plating is intended to be deposited in an uninterrupted process except as may be required by the operator for making thickness measurements. After the plate has dried, resumption of plating can result in detectable visual discontinuities or weak...

	8.3 Dimensions and properties in inch/pound units and the Fahrenheit temperatures are primary: dimensions and properties in SI units and the Celsius temperatures are shown as the approximate equivalents of the primary units and are presented only for ...
	8.4 This specification permits either alkaline or acid Zn-Ni plating; however, the acid processes currently provide superior corrosion resistance and reduced tendency for hydrogen embrittlement compared with the alkaline processes.
	8.5 Prior to deposition of the zinc-nickel alloy, parts may be given an electrodeposited strike such as nickel, copper, or zinc.
	8.6 The parts manufacturer should ensure that surfaces of metal parts supplied to the processor are free from blemishes, pits, tool marks, and other irregularities that will affect the quality of the finished parts. Defects and variations in appearanc...
	8.7 An acid dip may be used for surface activation or neutralization of residual alkaline cleaners. However, the immersion time (as measured in seconds) should be minimized to preclude pitting.
	8.8 ARP4992 may be used to satisfy the requirements for control of processing solutions (see 4.4.3).
	8.9 Because zinc will plate more rapidly in high-current-density areas such as sharp corners and edges, Zn-Ni deposits having measured composition at the low end of the 6 to 20% nickel range may have less than the 6% nickel minimum in these high-curre...
	8.10 When Zn-Ni is used as an alternative for cadmium plating on threaded fasteners, use caution since Zn-Ni produces less preload for a given torque than cadmium plate.
	8.11 Plating meeting the requirements of this specification has been classified under Federal Standardization Area Symbol “MFFP”.


