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The size and distribution of peening and olesning shot and sand pacticles of varfous shapa
characteriatica were determined by use of & new apparatug and with & mleroacope and by

mirrgweighings.

Testz indicated thet the Matteon apparatus ensbled s rapid visuel
evalustion to be made of size and distributlon of shot and sand particles.

A more precige

evalurtion ean he made with the apparatua by determining the actual aize distribution of the

ehot or other particles.

This spparatui tonds to detormine the smallest dimenwion of

particles thet are irregular in shape and, when used with cloaely rized sieve frections, makes
pomible an gvahration of the shape sharacteristics of tha particles.

I. Infroduction

In shot-peening, the energy with which the shot
atrikes the metal being treated must be carefully
controllad. It ia necessary to have the shot of
uniform size, since differconees in size or mass of
the individeal shot cause difficulties in regulating
tha intensities with which the shot strikes the
metal part and unevennesain the peening operation.
~ The determination of particle size and the size

distribution of materials have long been made with
the aid of screens or eieves. When tha sample
containeg & fairly wide range of sizes, the use of a
wories of closely sized sieves makes possible the
determination of the size distribution of particles.
Howerér, when the poarticles are of nearly the same
size, pa with the peening shot, the information
ohtained from a serics of sieves is inadequate to
determine the size distribution. Another factor
that is oiten important in measurements of grano-
lar materials is thot of the shape of the particle.
Some specificationa (as for example ASTM
Diag3—44, D694—24, D—556—40T, D5s740T, and
D6%2-42T) require certain particle shape charac-
teristics but do not offer adequate apparatus or
methods for evaluating thie shape factor.

R. L. Mattzon of General Motors Research
Laboratory has devaloped an sapperatus for
rapidly determining the size and size distribution
of peening shot. Although the apparatus offered
a very rapid visual cvaluation of both the size and
distribution, information was desired as to tha
pracision of the apparatus and the significence of
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the results. The simplicity of the apparatos and
the principle on which it iz based have suggestad
the peseibility of ita use for materials other than
the peening and cleaming shot for which it was
degigned.

. Description of Apparatus

The Mattson apparatus (see fig. 1} consiats
essentially of two planc sheota of glass separated
at the two verlical edges by accurately ground
matal wedges. Particles dropped into the space
hetween the gluss plates lodge at a point where the
eifective diameter of the particle and the distance
between the plates are the same. An additicnal
feature of the apparatua is a sample splitter, which
ia necded to reduce the sample to a suitable size.

The apparatus used in these studies consisted
of 8- by 10-in. glass plates. The back plate was
Y in. thick and reported by the manufacturer to
be plane within 0.0005 in. The front plate was
made of ¥y-in. plate glass. The ground metal
wedgea, cementad to the front plate and saparating
the pletes, were tapered at 0,010 cmfem. The
space between the plates was 0.25 mm at the
bottom of the scale amd 2.00 mm at the top,
corresponding to the nominal openings of the No.
60 and the No. 10 sieves,! respectivaly.

In order to remove the sample, a special cam
arrangenient was provided to separate the plates
afier the test. The spacings beiween the plates
were indicated hy a scale consisting of ruled hori-

i Federal Specificatind B K-5-30a,
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Fiouer 1.

Maitaon apparains Jor delermining size ond

distritulion of peening shol

zontal lines on the front plate. However, for
these tests, an auxiliary transparent plate, ruled
every 2 mm, was attached to the front plate of
the apparatus.  The back plate was held against
the wedges by springs.

The sample splitter consisted of a tilting table
from which half of the sample could be removed
container behind the apparatus. The
sample can be halved as many times as necessary
to obtain the required amount of material,  Tilt-
ing the table forward prepared the remaining
sample for the next division or for dropping the
grains into the wedge-shaped space of the appa-
ratus.

into i

III. Materials

The samples of peening and cleaning shot that
were furnished by the General Motors Corpora-
tion consisted of spherieal iron particles of sizes
commonly used in peening and metal-cleaning
operations.

The three sands used in this study were chosen
on the basiz of their shape characteristics, The
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sands were separated by sieves, and the portion
passing a No. 20 and retained on a No. 30 sieve
was used. The Ottawa sand was that commonly
used in testing portland eement (Federal Specifi-
cation S5-C-158b). The river sand consisted of
particles that had been worn smooth but were not
as equidimensional as the Ottawa sand. The
crushed limestone particles were angular and
somewhat Haky.

IV. Scope

In order to determine the characteristics of the
Mattson apparatus, measurements were made of
the apparent diameter of individual peening shot
and sand particles, the reproducibility of results
obtained in retesting the same particles, the effect
of the size of sample on particle interference, and
the effectiveness of the sample splitter. The ap
paratus was used for size measurements of a num-
ber of samples of peening and cleaning shot.
Microscopic measurements were made, and weights
were determined of individual particles in order
to compare the diameter values determined by
different methods, Tests were made by means of
the Mattson apparatus on samples of two sands
and a crushed limestone passing a No., 20 and re-
tained on a No. 30 sereen in order Lo evaluate the
shape lactor of these materials.

V. Tests and Test Results

1. Measurements of Individual Particles
{a) Mattson Apparatus

Measurements were made to the nearest 4 mm
of the position of individual particles dropped mto
the apparatus a number of times.  From the posi-
tion in the apparatus, the apparent or effective
digmeter of the peening shot or sand particle was
determined to the nearest 0.005 mm. Twenty
separate determinations were made on each of the
12 peening shot and 8 sand grains illustrated in
figure 2.

(b) Microscopic Measurements

Microgcopic measurements were also made of the
maximum and minimum dismeters of the particles,
Each particle was shilted with a probe after each
pair of measurements,  The maximum and mini-
mum values of the series of 10 measurements on
pach particle are reported.
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{c) Microweighings

The weights of the individual particles were de-
termined by means of a microbalance and were
reported to 0,001 mg. The calculated diameters

(assuming a spherieal shape) are based on the
specific gravity of larger quantities of materials
determined by o pienometer method.  The results
of measurements and ealeulations are presented in
table 1.

Tavre 1, IHameters of individual particles as determined by the Maltson apparatus, microscope, and as
ealewdaled from e weights
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2. Repeated Tests on Same Maoterials
{a) Peening Shot

Approximately 90 P46 peening shot were sepa-
rated from a Jarger setnple with the sample
splitter. The shot were then dropped into the
wadge-shaped space and measurements made to
tha nearest ¥ mm of the positions of the indi-
vidual particles. The shot were recoversd and
the test repeated a total of 10 times. The aver-
age diameter (End{Zn) and the number of shot
smaller than or lerger than certain arbitrary
sizes were defermined for each set of messure-
ments abd are presented in tablo 2,

Tapre 2. Kepeoded ferls on fhe same somple of 90 P48 shni
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(b) Ottowa Sand

A similar sories of tests was made on a sample
of the Ottawa sand. A 20g sample was split
saven times, and the particle-size distribution was
determined. The test was repeated & total of
10 times, a new sample being used for each test.
The average diamcetier and number of particles
larger and smaller than certain arbitrary diameters
are presanted it table 3.

3. Interference of Parbicles

Teste were made to study the possible inter-
ference of particlea with each other in- dropping
to their positions in the wedpe. Fifty-gram sam-

3i4
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ples of P46 shot were split four, five, six, and
seven times, giving a considerable range in the
number of particles maasured in the different
teats. The particle-size distribution was detar-
mined us in previous testa. Each of the values
pregented in table 4 is the average of two detar-
minatione.

TabLe 4. Effeet af size of aomple on arerage effeciive
digmeler of alof
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4. Tests of Peening and Cleaning Shot

The particle-gize distribation of s nymber of
semplea of peening and cleaning shot of & number
of grades was determined.  The size distributions
ara presented in figure 3. The various alatistical
diatneters computed from the size-distribution
values are presented in table 5, together with the
diameters computed from the weight of lots of
1,000 shot, szsuming sphericel shape,
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TasLE 5. Shape factor ond dicmeler of peentng shol oz
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5. Bhape Factor

Trets were made of the apparent size-frequency
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crushed limestone all passed the No. 20 sieve
(0.84 mm} and were reteined on the No. 30 sieve
{0.59 mm). Of these materials, the peening shot
were moet nearly spherical; the Ottawa sand was
rather rough but fairly well rounded. The river
sand had some rather flat, semirounded pariicles,
whereaz the crushed limestone had sharp edges
gnd cornera and waa composed mostly of flat
particles. The size-frequency distribution curves
are presented in fizure 4, and the various statistical
diameters are presented in table 6.

Matison Shot Classifier

Mutisonl apparaitg af 80 lo S0wmech shof, Do aend,
river sand, and orwshed Mmeslone.

Cranhed Tires (nd leate nominel omenlngs of Mo, 20 and Wo. 30 sieves, O P28
shk; >, 20 to 30 Ottaws sand; @, rlver 3and: A scresned limestone, 20 Lo
3,

6, Sample Splitter

A series of tests were made m which a sarple of
P46 shot was split aix times and tested in the
Matisom appoaratus. The weght of the fnal
sample was compared with the weight of the
sample before splitting. The remsining portion
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of the samole from the first test was used for the
serond test and the remainder from the aecond,
{for the third, etc. This process was repeated for
10 succersive determinations. Tho average diam-
eter of the 10 successive determinations, together
with the percentage by weight of each sample
remaining after splitting six times, is presented in
table 7. Other tests were made in which the
number of particles remaining after splitting a
definite number of times was counted. These
also servad to indicate the officiency of the sarple
gplitter. Where the weight was nob determined
directly, the weight of 1,000 particles was used to
compute the average weight per particle, and the
weight of the split sample was computed from
thiz value.

TapLk 7. Average digwmeler of parlticles and percentage by
weight of particles remaining ofter aplitting siv times

Enah tegt was mike o1 the Mmaterial mmaiing after previous teits.
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VI. Discussion
1. Sice of Parlicles Determined by Diflerent
Methods

The shape of the particles messured and the
method of measurement usually infloence the final
results. For example, in microscopic measure-
menta, irregularly shaped or flat particles tend to
asaume their most stable pesition when placed on
a. microseepe =lide and tha two larger of their thrae
dimensions are observed. Repeated mensurs-
mente mada pecording to the mathods of Feret or
Martin of the diameter of an irregularly shaped
particle adjusted to a new position belore each
measurcment would yield a variety of values with
u caleulable (statistical) mean and stenderd devi-
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ation. Similarly, individual particles droppid
into the wedge-shaped sparc of the Mattson appa-
ratis do not always exhibit the same effective
diameter. It may be noted in tabie 1 that the
standard deviation values of the meassured diam-
cters of individnal particles were quite large, and
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Fioues 5, Effective diaseler veluen af individunl parficles
{ested 20 times with the Moktaon apparolug.

these values differed for different particles. The
nature of these variations may also be noted in
figure 5, which shows the messurement-distribu-
tion patterns of some typical particles. As may
be noted, the patterns range from a raiher close
distribution disgram ss in B3 2, to a skewed dis-
tribution as in P44 3, and 1o a bimodal distribution
for 35 1. The average values for the ratic of the

L")
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mean microscopic dismeter to the average diam-
oter determined by the Matteon apparatus were
1.05, 1.18, and 1.52 for the peening shot, Otfawa
eand, snd river sand, respectively.

1t is considered significant thet the coaflicient of
variation values of the peening shot were approxi-
mately the same as the majority of the values for
the Ottawa-sand and riversand particles, which
are not 8o equidimensional, It may be noted in
table 1 and figure & that the average diamaters of
the individual particles determined by the Mattson
apparatus were usnally smaller than those calen-
lated from the microweighings of the individual
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TIgunE 6. Relatdon of arerape diamealer os delermined by
e Motteon apparaing to fhal delermined from micro-
weighis of indfvidual poriicles,

0, Shot: 1, Otiaws saod; A, river mnd,

pariicles. This was more apparent with the sands
than with the peening shot. The average of mean
diamcters of pesning shot as determined by the
Matteon apparatus was 94.6 percent of thal detar-
mined by microweighing, whereas for Otftaws
sand the valua was 808 parcent and for river pand,
84.1 pereent.  The diameter caleulated from the
microweichings was usually between the maxi-
mum- and minimym-diameter values determined
hy the microacope. However, for the sand papii-
cles it was smaller {for three of the eight particles
measured,

The arithmetic mean diameter of a sample of
irregularly shuped particles is not the same as the

Mattsonr Shot Classifier

mean diameter based on volume or weight.
Perrott and Kinney,® Green,' and Dalla Valle*
have indicated the necessity for giving proper
weight te the various sizes in » sample and have
presented formules for calculating the “mesn
volume dismeter” and “weight mean dinmeter’
from the measured diamecters. These formulas
and the cglevlated Jiametors gre given in tables

5 and 6.
2. Bhape Factors

Dialla Valle {see footnote 4) has shown that &
value for the shape of the particles may be
caleulated from the moan volume diameler, the
number of particles per unit weight, and the
density, as given in tho formula in tables £ and 8.

The fact that the Mattson apparatus tends to
indicate the smaller of three dimensions of flat-
or disk-shaped particlea makes possible an evalua-
tion of the shape factor of particles when vsed in
gconjunction with sieves. The effect of the shape
of the particles when testing four different 20-
to 30-mesh meterislz with the Mattson apparatus
is evidenl in ficure 4. The factor caleulated from
the number of particles per gram, the specific
gravity, and the average volume diameter, d,,
aceording to the Dalla Valle formula {sec footnote
43, results in values ranging from 0.534 for one
sample of shot Lo 1.90 Tor the crushed limestone,
It has been shown by Martin * that this value is
less than =6, or 0.524, when computed from
microscopic measurements. The shape factors of
the peening shot were all slightly larger than
@/8, or .524, but not as large as the valnes for
Ottawa sand, river sand, or the crushed limestone.
Microscopic examination snd the measurements
listed in table 1 indicated that the shot were not
perfect spheres.

3. Vadations in Effective Diameter

The variations of the effective diameter of
individual particles may be expected to cause
variations in the caleulated average diameter of
groups of particles. The standsrd-deviation
values of the individual P46 shot in table 1 were
from 2 to 14 times as great as the value for the
group of 90 shot of table 2. For the Ottawa sand,

13 Parrott and B. F. Kioney, 3. Am. Coram, Bar, 9, 417 (1.

4+ H, Qrecn, J. Fraoklin Inst. B, TI3 (167,

11 M, Dalle ¥alle, Mlcmaeterltios, 24 ed. (Pitman Fub, Co., ¥ew Tirk,
MY, 1iMEh

5 Martle, Treans, Brit. Cecamn, Boe £, 2L (16530,
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the indivillual values in table 1 were from 2 to 16
times the group valves in table 3.

The detarmination of the size distribution of
large number of particles i a sample is somewhat
tedious. The possibility of starting with a definite
weight nample, splitting a given number of times,
and counting only the number of particles largar
or emaller than certain limits was considered aa &
specification test. The number of particles per
group varied more at the ends of the distribution
curves than in the center, as indicated by the
coefficient of variation values in tables 2 and 3.

4, YVariations Due to Sample Splitter

Certain variations also occurred in splitting the
gampla, as indicated in table 7. Theoretically,
1.56 percent of the particles should remsin after
gplitting siv times, but the data in table 7 indicate
that as much as 2.10 percent of the particle re-
mained. Other indications of the variations of
the sample splitter were obtained from counta of
perticles of duplicate tests on the same muaterinl.
The computed weight of the teat sample wae
usually 10 to 20 percent greater than it should
have been. Thiz was probably esused by the
design or construction of the sample splitter itself
and conld possibly be ronedicd by placing the
separators ggmetrically, by inereasing the number
of separating fins, or by proper placing of halles.

There was no evidence, however, that any
particular size of particles was removed. For
example, 88 shown in table 4, the average diameter
determined in &ny one test does not differ from
the grand average by as much as three times the
ptandard deviaiion, commonly considered sipnifi-
cant. The data in this table indicata that o rather

378

wide range of sample size may be tzed in the cal-
culations of the average diameter. The amaller
sample of 50 shot appears to define satisfactorily
the: average size and s about the minimum
raquired to indicate the type of distribution of n
sample of shot. It would be preferable to use
a gample of this size in order to reduce the number
of measurementa.

5. Limitations of Testing Smallar Sizes

The determination of the particle-size distriba-
tion of the smaller sizes, such as the P19 shot, was
more difficult than with the larper sizes. Even
with the use of a reading plase it was difficudt to
count the particles in sy size group when the
pariiclea were from (.25 to 0.50 mm 1n diameter.

VII. Conclusions

The Mattson appavatus offers & rapid, visual
method of determining the size and distribution of
closcly =ized pariicles, such as pecning shot,
cleaning shot, and sand. More aceurate avaloa-
tion of the average size and variations ahout this
average can be made by detormining the number
of particles of each size grouping. The average
diamcter values caleulated from these distribu-
tions are quite reproducible.

The diameter of irregular or flat particles as
determined with the Mattsom apparatus is a
“atatistical” diameter that is usually less than
that determined by o micrescope. This feature
enables a detarmination of the shape factor of
pariicles to be made when the apporatus iz used
with closely sized sieve fractions,

WasHmINGTON, June 3, 1945,
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