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1. SCOPE:

This SAE Aerospace Information Report (AIR) describes a mathematical model that can be used to
analyze particle count data. Particle counts that fit the model can be graphically displayed, converted
from one counting size-frequency range to another, and extrapolated to estimate counts beyond the
measured range. Derivation, applications, and calculations are described.

1.1 Outline of Method:

Cumulative particle counts larger than stated size-range are fitted against a modified log-normal
distribution function by plotting on special Iog-Iog2 graph paper. Many real particle distributions
approximate a straight line, showing good fit for this log-normal model. The resultant plot provides a
basis for further analysis, including size-range conversion and extrapolation.

2. REFERENCES:
2.1 Applicable Documents:

The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the issue in
effect on the date of the purchase order. In the event of conflict between the text of this document
and references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

ARP598 The Determination of Particulate Contamination in Liquids by the Particle
Count Method
AS4059 Cleanliness Classification for Hydraulic Fluids
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3. MODIFIED LOG-NORMAL MODEL:

Many real particle counts have been shown to approximate a Gaussian distribution with a logarithmic
variate. This cumulative distribution function is represented by Equation 1 having the form:

_ zn = [In X —1In MT
N, = exXp-|———| dinx Eqg. 1
¢ J2_rclnoj|nxp J2Ing Ea-1)
where:

n. = Cumulative particle count
Zn = Total number of particles
In ¢ = Natural logarithrm of the geormetric standard deviation
M = Geometric mean particle size
X = Particle size variate

Assuming that In M is small compared to In x, which means that about half of the particles are smaller
than 1 um in size, the rather formidable expression in Equation 1 may be reduced to a simpler
equivalent expression using lumped constants:

log n, = log A -2.303 B logx (Eq. 2)
where:
n, = Cumulative particle count expressed as a base -10 logarithm
X = Particle size variable
A = Characteristic intercept-slope constant that describes quantity
B = Characteristic intercept-slope constant that describes distribution

If a particle count fits the mathematical model in Equation 2, data plots on special Iog-Iog2 graph paper
are linear and provide a basis for further analysis. The necessary graph paper is made by laying out a
logarithmic n-axis and an x-axis proportional to the square of the same logarithmic modulus. (A sample
of Iog-log2 graph paper is shown in Appendix A.)
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