rm 900379 0002844 35Y

GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

METHOD FOR MEASURING STRESS IN ELECTRODEPOSITED NICKEL
GM4453P

1 SCOPE. This method provides a simple, rapid, and
effective means of evaluating average residual stresses in
electrodeposited nickel, a condition found to have significant
effect on the performance many electrodeposits. It was
developed by the GM Research Laboratories. With some
modification of the formula used for calculating stresses, the
method is applicable to plated coatings other than nickel.

2 EQUIPMENT AND PROCEDURE.

2.1 Select (for plating) strips of 1010 or 1030 steel (shim
stock) 127 mm by 16 mm by 0.33 mm thick. Strips should
have been annealed in a flat position in an inert atmosphere
and cleaned prior to use.

2.2 Weight test strip on an analytical balance.

2.3 Insert test strip in deflection measurement apparatus,
(see NOTE 1), and determine the initial deflection of this test
strip to 0.0025mm by a micrometer mounted centraily
between two knife edges 32 mm apart. The side of the strip
which will not be plated should face the micrometer tip when
measuring the deflection (call this Reading A).

NOTE 1: Prints are available for the construction of the
deflection measuring apparatus and plating jig from the GM
Research Staff, GM Technical Center, Warren, Michigan.

NOTE 2: In the GM Research apparatus the strip is held in
place against the knife edges by a spring clamp, and a stop
locates the end of the strip so that all measurements are made
at a common reference point which is in the exact center of
the plated area of the test strip. The light will glow faintly
when contact is made between the test specimen and microm-
eter tip.

2.4 Plate to desired thickness a definite area on one side of
the test strip using a plating jig (NOTE 1). Features
incorporated into the design of the jig offer the foliowing
advantages:

A. The area for plating, 67 x 14 mm (938 square mm), is
accurately defined.

B. Uniform distribution of plate thickness is insured.

C. Test specimen is held rigidly without inducing or
relieving deposit stresses during plating.

D. Solution contamination is minimized.
2.5 Measure deflection of the strip after plating in the same
manner as described in Step 3, above, (call this Reading B).
The unplated side of the test strip should face micrometer tip.

2.6 Determine net deflection due to deposit stress by
subtracting initial deflection (Reading A) from deflection

after plating (Reading B), i.e., Net Deflection equals Reading
B minus Reading A.

The net deflection is positive when Reading B is greater than
Reading A; i.e., the deposit is in tensile stress. When Reading
B is less than Reading A the net deflection is negative; i.e., the
deposit is in compressive stress.

2.7 Weigh plated specimen in grams and calculate thickness
of deposit inmm from the following relationship:

Grams of Nickel
5486.4

=mm of Nickel

A 25.4 mm thick deposit of nickel (density 8.9 g/cc) on an
area 938 square mm theoretically weighs 216 grams.

2.8 Compute stress of the nickel deposit by using the
following formula:

s = 256 x 1000 DD

Where: S = Average stress in plated area (RPa)
N = Thickness of plated coating (mm)
T = Thickness of test strip (mm)
D = Deflection of strip due to plating (mm)

For example:

if N = 0.0127 mm (from Step-7, above)
T = 0.3302mm (from Step-1, above)
D = + 0.0102 mm (from Step-6, above)
then
0.3302 +0.0127)° (+0.0102
S = 25.6 x 10 +0.0127) ( )

0.3302 x 0.0127
or S = +26578 or +26742 kPa (Tension Stress)

3 OTHER PLATED COATINGS. This method may be
used to determine stresses in plated metal other than nickel by
utilizing a test specimen with modules of elasticity approxi-
mately equal to that of the plated metal, such as nickel and
steel. In utilizing a steel specimen for plated metal, such as
copper, reasonably accurate determinations can also be
obtained by reducing the measured stress by 5 to 10%.

4 GENERAL INFORMATION. This standard was issued
in May 1950. The latest revisions include the following:
editorial changes made April 1989, February 1966.
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The bending of the specimen is considered analogous to 2 uniform bending
moment in a simple beam, from which the formula stated on preceding page is

derived, as follows:

] |

t T,

PLATED METAL b ZBAS(C METAL

Where: N = Thickness of plated coating (inches)
T = Thickness of test strip
D = Deflection of strip due to plating
L = Leagth of test section
E = Modulus of elasticity of test atrip
1 = Moment of inexrtia of cross section of test strip about its neutral axis
S = Stress in plated layer

and, for unit width of test strip:
Force in plated layer = SN T
Bending moment, M, due to this force = SNE
also, from simple beam theory:
ML? SN (T/2)L2

D=3ET =~ sEr
1. (N + '1‘23 the large ratio of plate thickness to base metal thickness
= 12 necessitates using the total thickness
. _8E(N4+ T)(1/12)D _4E (N + T)°D
thea: S = N(T/2) LT 3INTL?
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