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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

DETERMINATION OF PERCENT NODULARITY OF NODULAR IRON
GM9095P

1 SCOPE. This standard covers a point-count method for
quantitative determination of % nodularity in the matrix of
nodular iron by using a bench microscope or metallograph.

2 SAMPLING. Due to the solidification characteristics of
castings, the sample to be examined for compliance with a
specification shall be taken at a position or positions agreed
upon by producer and purchaser. Such sample may be taken
to be representative of the general structure of the casting
being sampled or that location where structure is important to
the end use of the casting. To eliminate surface and centerline
effects the 1/4 thickness position is most representative.
10 x 10 mm (approx.) is a convenient sample size.

3 SPECIMEN PREPARATION. After removal of the
specimen from the casting, prepare this for microscopic
examination, as specified in ASTM Method E3, or by a
comparable technique that will assure retention of the
graphite at the polished surface. Do not etch. Avoid overheat-
ing and cold working of the specimen during cutting and
grinding.

4 PREPARATION OF GRID.

4.1 The grid may be inscribed on a ground glass of the
metallograph upon which the image of the structure is

projected; or, inscribed on a transparent sheet or plate which
is laid over the projected image of the microstructure; or,
inscribed on a reticle in the eyepiece of the microscope. (Such
eyepieces permit separate focusing of both grid and graphite
image.)

4.2 The grid shall consist of 2 sets of equispaced straight
lines perpendicular to each other to form 100 intersections
spaced 10 mm apart.

5 PROCEDURE.

5.1 Determine as follows the proper magnification to be
used for counting: (A) View prepared specimen at 100 X and
compare the size of the graphite with graphite nodules as
illustrated in ASTM A247, Plate III. (B) Based on this
determination the magnification shall be: Size 8 - 400X;
Size 7 - 200X; Size 6 - 100X; Size 5 - 50X; Size 4 - 25X.

5.2 Superimpose the grid on a magnified image of the
specimen and count all acceptable and unacceptable graphite
particles at points of intersection of the crossing lines. Use
Figure 1 as a guide. Acceptable particles are those Size 8 and
larger (per ASTM A247, Plate III), and those having a length
less than 2X the width. (Also, acceptable particles are ASTM
Type 1 and II; unacceptable are Type IV.)
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NOTE: A grid intersection point must fall within a graphite
particle boundry to be counted a full point. Each intersection
point that falls on a graphite particle boundry shall be
counted as 1/2 point. The view should not be changed until
all points on the grid are counted.

5.3 Compute.
Acceptable Particles

Acceptable Plus
Unacceptable Particles

Percent Nodularity =

5.4 Precision of Measurement.

5.4.1 The precision of measurement is a function of the
nodularity level and the degree of confidence desired. Lower
nodularity levels require larger counts as do higher confi-
dence levels. The initial count shall consist of 40 graphite
particles as this number of particles at the *10% precision
range will generally define the nodularity level and permite
the choice of the particle count that will produce the desired
precision. Shown in Table 1 are the particle counts for various
levels of precision.

5.4.2 As an example, if the 40 particle count indicates a level
approximating 60%, the degree of precision would be *10%
at an 80% confidence level. If it is desired to attain a 5%
precision range at a 95% confidence level, then 370 particles
would have to be counted.

5.4.3 On the other hand, if the 40 count is in the 90%
nodularity range, then the precision of the measurement
would be £10% at the 95% confidence level. To attain a +5%
precision, 140 particles would have to be counted to maintain
the 95% confidence level.

5.4.4 Should the occasion arise where the higher count
reduces the nodularity level, then the degree of precision will
have to be re-evaluated. For instance, if in the above example,
140 particles were counted and the nodularity so determined
was 835%, then to obtain a *5% precision at a 95%
confidence limit, the count would have to be increased to 245.

5.4.5 It should be noted that for a precise determination,
many areas need to be counted. Hence, purchaser and
producer shall agree on the precision they desire in these
measurements.

6 REPORT. The % nodularity obtained shall be stated as
measured by the point count method per GM9095P together
with the degree of precision used (based on Table 1). The

graphite size (as expiained in 5.1) and the magnification used
for counting (5.1). A recommended data sheet is shown in
Figure 2.

7 REFERENCE. “Practical Applications of Quantitative
Metallography™ - Stereology and Quantitative Metallography
ASTM/STP 504 (published by American Society for Testing
and Materials, June 1971).

TABLE 1 - RELATIONSHIP OF TOTAL
PARTICLES COUNTED TO PRECISION RANGE
AND CONFIDENCE INTERVALS

Confidencs intarvais Precision Rangs
Degres of Expected d I ad I 0
Confidence | Nodularity, % Total Particte Count
95 865 140 35
90 % 10 610 100 25
80 370 60 15
68 225 35 9
95 1540 245 60
90 80 | 2 1085 175 45
80 655 105 27
68 400 65 16
95 2020 325 80
90 70 30 1420 230 55
80 860 140 35
68 525 85 21
95 2305 370 90
90 60 40 1625 260 65
80 985 160 40
68 600 95 24
95 2390 385 95
90 50 50 1680 270 70
80 1025 165 40
68 625 100 25

8 GENERAL INFORMATION. This standard was issued
in December 1975. The latest revision had editorial changes
in April 1989.
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