STD.SAE AMS 24lbLG-ENGL 1990 M 7943725 0559b1bL A44 HE

i REV
@ A = e Engineering Society
S ey EROOPACE | s amsans | o
INTERNATIONAL

400 C ith Drive, W dale, PA 15096-0001

ommonwealth Drive, Warrendale SPEC'FICAT'ON Issued 1955-08-15
Revised 1990-10-01
Submitted for recognition as an American National Standard Superseding AMS-2416F

NICKEL-CADMIUM PLATING

Diffused
1. SCOPE:
1.1 Purpose: | This specification covers the engineering requirements [for a

diffused plectrodeposit of cadmium into an electrodeposit of nickel on
carbon, 1pw-alloy, and corrosion-resistant steels and the propertflies.of the
diffused fdeposit.

1.2 Applicatipn: Primarily to prevent corrosion of carbon, low-allioy, and
corrosion| resistant steel parts which may operate in service up Yo 900°F
(482°C). | This process is not suitable for use on parts of compigx shape
where minfimum nickel plate thickness requirements cannot be met dnd on parts
whose hargdness or strength would be reduced below drawing or speqification
requiremepts by heating to 640°F (338°C).

1.3 Safety - Hazar Materials: HWhide 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
which 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 necessary precautionary measures to ensure|the health
and safetly of all personnel involved.

1.3.1 Numerous scientific studies have determined that cadmium and héxavalent
chromiuym present a health hazard to persons exposed to them.

2. APPLICABLE DOCUMENTS: The following publications form a part of this
specificat]ion' to the extent specified herein. The applicable issye of
referenced pubTications shall be the issue in effect on the date of the
purchase order.

SAE Technical 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.

Copyright 1990 Society of Automotive Engineers, inc.
All rights reserved. Printed in U.S..A.
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2.1 ASTM Fubligatigns: Available from ASTM, 1916 Race Street, Philadelphia, PA
19103-1187.
ASTM B 117 - Salt Spray (Fog) Testing
ASTM B 487 - Measurement of Metal and Oxide Coating Thicknesses by
Microscopical Examination of a Cross Section
ASTM B 499 -~ Measurement of Coating Thicknesses by the Magnetic Method;
Nonmagnetic Coatings on Magnetic Basis Metals
ASTM B 504 - Measurement of Thickness of Metallic Coatings by the
Coulometric Method
2.2 U.S. Goverfment Publications: Available from Standardization Docyments
Order Desk} Building 4D, 700 Robbins Avenue, Philadeliphia, PA (19311-5094.

2.2.1 Military|Standards:

MIL-STD-J94 - Parts and Equipment, Procedures for Packaging and [Packing of

3. TECHNICAL REQUIREMENTS:

3.1 Preparation:

3.1.1 A1l formjng, machining, heat treating, brazing, and welding shall be
completef before parts are plated.

3.1.2 Parts shall be within drawing dimension Timits after plating.

3.1.3 Parts haying hardness higher than-40 HRC, or equivalent, and which have
been gropnd after heat treatment shall be suitably stress-relieved before
cleaning| for plating. Temperatures to which parts are heated shdll be such
that maxfimum stress relief is obtained without reducing hardnesg of parts
below drawing limits.

3.1.4 Residual|compressive stress-inducing operations, such as shot peening, if

- used, shall follew_stress-relieving.

3.1.5 Parts shpll have chemically clean surfaces, prepared with minimum
abrasion|, erosion, or pitting, prior to immersion in the plating solution.

3.1.5.1 Parts having hardness of 33 HRC or higher and parts roll threaded after

heat treatment shall not be cleaned with inorganic acids such as

hydrochloric or sulfuric, uniess approved by purchaser.

Cleaning of

other parts with inorganic acids is not prohibited but permission to use
such method on a particular part shall first be obtained from

purchaser.

In either case, a momentary dip in acid after alkaline

cleaning is permissible.
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2.1

.

.3

3.1

Electrical contacts between the parts and power source shall be made in
such a manner as will ensure that neither chemical or immersion deposition
nor electrical arcing or overheating will occur. If parts are to be
plated all over, contact points shall be located where specified or where
agreed upon by purchaser and vendor. If parts are not required to be
plated all over, contact points shall be located in areas on which plating
is not required or is optional.

Procedure:

N

2

Nickel Plating: Nickel shal] be electrodeposited from a sulfamate

solution ental
effect the properties of the plate or the basis metal; stresg-reducing
agents shall not be used unless authorized by purchaser. Other{nickel
plating [solutions may be used when permitted by purchaser.|xThe[nickel
shall be| deposited directly on the basis metal without acpreliminary
strike dr flash coating, except that on corrosion resistant steels or
similarly passive materials a nickel strike is permissible.

After |being nickel plated, parts shall be thorotghly rinsed, neutralized
in alkaline solution, rinsed, and transferred directly to the|cadmium
plating solution. Parts to be used for determining thickness|of the
nickel plate shall be rinsed after neutraldization in alkaline|solution
and dried. Parts shall be reactivated-and cadmium plated as soon as
possifjle after determination of nickel plate thickness.

Specimens to be used for determining stress in the nickel plage shall be
procegsed in the same manner asOspecified for parts to be usef for
determining nickel plate thickness.

Cadmium|Plating: Cadmium shall be electrodeposited from a cadmjum

cyanide| cadmium fluoborate, cadmium sulfamate, cadmium sulfate|, or
cadmiumtsulfate-fluoborate solution. The cadmium shall be depofsited
directly on the nicke)l plate. Extreme care shall be exercised [to avoid
deposition of cadmium on any area not previously covered by nickel. Parts
shall be thoroughty rinsed after plating to desired plate thickpess.

Chromate Treatment: After rinsing following cadmium plating and without
drying, |parvts may be treated by an approved chromate process which will
preventlfingerprinting and staining. Parts shall then be thordughly
rinsed and dried. Parts which are not chromate treated shall be marked
with a suitable dye which will change color during the diffusion treatment.

Diffusion Treatment: Parts, after chromate treatment or dyeing, shall be
heated in air, preferably in a circulating-air furnace, to 630°F + 10
(332°C + 6), held at heat for not less than 30 minutes, and cooled in air.

Properties: The diffused nickel-cadmium shall conform to the following
requirements:

Thickness:

-3 -
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3.3.1.1

3.3.1.1.1 IfF

3.3.2.1

3.3.2.2

Nickel Plate: Shall, except as specified in 3.3.1.1.1, be

0.0002 - 0.0004 inch (5 - 10 pym) thick on significant surfaces of

parts and not less than 0.00005 inch (1.27 pum) thick on surfaces of
parts on which a controlled deposit cannot be maintained, such as holes,
grooves, recesses, etc; nickel plate thickness greater than 0.0004 inch
(10 um) will be permissible in high current density areas.

Uncontrolled plate thickness areas are defined as those areas which
cannot be touched by a 0.75-inch (19-mm) diameter sphere. Thickness of
nickel plate shall be determined, prior to cadmium plating, in
accordance with ASTM B 487, ASTM B 499, ASTM B 504, or other method
acceptable to purchaser on representative parts or on test panels
proce 3 i parately but in
a si ilar manner.

ickel plate thickness greater than 0.0002 - 0.0004<inch
10 um) is desired, such thickness may be specifiied by fthis
ification number followed by a dash and a number indicating the
minimum nickel plate thickness in ten-thousandths of an inch; a
tolerance of +0.0002 inch (5 pm) will be permitted when the[ minimum
kness is 0.0003 inch (7.6 pym) and +0.0003"inch (7.6 pm)| will be
pernitted when the minimum thickness is 020004 inch (10 um)| or more.
q, AMS-2416-3 indicates nickel plate thickness of 0.0003| - 0.0005
(7.5 - 12.5 um) and AMS-2416-5 indicates nickel plate [thickness

(5

e:  Shall be 0.0001 ~20.0003 inch (2.5 - 7.6 um)| thick.
Routine determination of cadmium plate thickness is not requiired; the
gss of plating, however, *shall be controlled to produce fthe

Re e: Representative parts or specimens as in 4.3.B shall show

no cragks or blisters dn the plate after being heated in air, preferably
in a circulating-air (furnace, as specified in 3.3.2.1 and 3. 3 p.2. The

presen
3.3.2.0 is required for routine inspection.

e of weakly adhering products are acceptable. Only the| test of

Heat [to 700°F + 10 (371°C + 6), hold at heat for 23 hours &+
trangfer <without intentional cooling to a furnace at 1000°F
(538°9C-# 6) hold at heat for 60 minutes + 5, and cool to ro
temperature. :

OF
.
O~

Heat to 700°F + 10 (371°C + 6), hold at heat for 2 hours + 0.25,
transfer without intentional cooling to a furnace at 1000°F + 10 (538°C

+ 6), hold at heat for 2 hours + 0.25, and cool to room temperature.

3.3.3 Corrosion Resjstance: Representative parts or specimens as in 4.3.3 shall
show no visual evidence of corrosion of the basis metal after being
subjected for not less than 96 hours to continuous salt spray corrosion
test conducted in accordance with ASTM B 117. This requirement applies to
parts or specimens both after diffusion heating as in 3.2.4 and after heat
resistance test of 3.3.2.1.

-4 -
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3.3.4

Nickel Plate Stress: Shall be in the range of 5000 psi (34 MPa) in
compression to 15,000 psi (103 MPa) in tension, determined on specimens
having nickel plate thickness of 0.0003 inch (7.6 um) or greater; stress
shall be calculated from spiral contractometer reading (Ref. 35th Annual
Proceedings, American Electroplaters Society, p. 53 - 89) or other
instrument acceptable to purchaser.

3.4 Quality:

3.4

3.4.3

4. QUALITY ASSURANCE PROVISIONS:

0

4.2 Classification of Tests:

4.2.1

4.2.2

Nickel Plate: Shall be firmly and continuously bonded to the basis metal
and shall be smooth, uniform in appearance on areas of equivalent hardness
and su s 5 ; ules,
blisters, and other imperfections detrimental to performancecCdf the

plate.| Standards for acceptance shall be as agreed upon by -purchaser and
vendor].

s agreed

: Shall have a smooth dull mattq finish,
shall |be free from balling when examined under magnification yp to 10X,
Color of chromate treated parts may
vary firom olive drab through gray.to black. Color need not bg uniform on
any one part but mottled, blotched, or sharply streaked areas|are not
acceptlable. Color of dye marking shall be characteristic of the dye used.

4.1 Responsibility for ion: The processing vendor shall supply all
samples |for vendor's tests and shall be responsible for performing all
required tests. Purchaser reserves the right to sample and to perform any

confirmatory testing deemed necessary to ensure that processing|conforms to
the reqyirements,'of this specification.

Ac afce—Tests—Fests—For—thickness—33-——and—aguatity—£3.4) are
acceptance tests and shall be performed to represent each consecutive 24

hours of operation of the same set of solutions.

Periodic Tests: Tests for heat resistance (3.3.2), corrosion resistance
(3.3.3), and nickel plate stress (3.3.4) and tests of cleaning and plating
solutions to ensure that the deposited metal will conform to the
requirements of this specification are periodic tests and shall be
performed at a frequency selected by the vendor unless frequency of
testing is specified by purchaser.

-5-

Distributed under license from the IHS Archive


https://saenorm.com/api/?name=ef71b002de279ac80b8646d2711c303b

STD SAE AHS EHLEG -ENGL 1990 II 7943725 0559621 105 EA

AMS-2416 Revision G

4.2.3 Preproduction Tests: Tests for all technical requirements of this
specification are preproduction tests and shall be performed prior to or
on the initial shipment of plated parts to a purchaser, when a change in
material and/or processing requires reapproval as in 4.4.2, and when
purchaser deems confirmatory testing to be required.

4.2.3.1 For direct U.S. Military procurement, substantiating test data and, when

requested, preproduction test material shall be submitted to the
cognizant agency as directed by the procuring activity, contracting
officer, or request for procurement.

4.3 Sampling an : : shall be

® all parts gf the same part number plated to the same specified thigkness
range, prodessed in a continuous operation or within a 24-hourrperjod, and
presented flor vendor's inspection at one time:

4.3.1 For Acgggtange Tests:

4,3.1.1 Thickndss: Three parts for each consecutive 24 hours of operation of

the same set of solutions, except as specified(in 4.3.3.

4.3.1.2 Quality: As agreed upon by purchaser and, vendor.

4.3.2 For Periddic Tests and Preproduction Tests:” As agreed upon by pyrchaser
and vendqr.

4.3.3 MWhen platled parts are of such configuration or size as to be not|readily

® . adaptablg to the specified tests,<separate test specimens cieanefl, plated,
and diffysed with the parts represented may be used. For the thjckness
and quality tests such specimens shall be annealed carbon or lowtalloy
steel panels 0.032 x 4 x 1.inch (0.81 x 102 x 25 mm) or bars appfoximately
0.5 inch|(13 mm) in diameter and 4 inches (102 mm) long. For corrosion
and heat |resistance tests, specimens shall be annealed carbon or|low-alloy
steel parjels 0.062 - 07125 inch (1.57 - 3.18 mm) in nominal thickness and
not less [than 4 inches (102 mm) by 3 inches
(76 mm) wide.

4.4 Approval:

4.4.1 Plated pa bved by
purchaser before parts for production use are supplied, unless such
approval be waived by purchaser. Results of tests on production parts
shall be essentially equivalent to those on the approved sample parts.

4.4.2 Vendor shall use manufacturing procedures, processes, and methods of

inspection on production parts which are essentially the same as those

used on the approved sample parts.

If necessary to make any change in

type of equipment or in established composition 1imits and operating

condition

s of process solutions,

vendor shall submit for reapproval of the

process a statement of the proposed changes in processing and, when

requested,

sample plated parts and/or test panels.

Production parts

plated by the revised procedure shall not be shipped prior to receipt of
reapproval.
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