Testing Abrasion Resistance
By the Sand Blast Method

By CLARENCE J. POPE and ERNEST P. PARKER, Lowell Technological Institute, Lowelf, Mass.

ABSTRACT

A sand blast abrasion fechnique using
a modified commercial spark plug -
cleaner was evaluated. This technique
involves the impinging of a jet of
granular particles, carried in a high
velocity air stream, against a fabric,

Resuits show that the most correfatable
operating air pressure was 40 pounds
per square inch gauge using a 60 mesh
alundum refractory grain abradant

and that harder abradants shorten
testing time which reduces the
discriminating aspects of the tester.

It was demonstrated that the Sand
Biast Abrader has good correlation
with the Taber and Sand Abraders as
well as with field wear. This instrument
was simple to operate and end-points -
were reached in significantly shorter
time periods than for other testers.

Disadvantages noted were the necessity
of a dry air supply, frequent cleaning,
the lack of precision machine
tolerances, and the self-destructive
action of the abradant. e
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BRASION resistance and the

related topics of wear and ser-
viceability have been thoroughly in-
vestigated by many textile technole-
gists (1, 2, 3, 4, 5}. Approaches to the
problem have been, for the most part,
conducted empirically resulting in
much progress in defining the true
mechanisms of abrasion.

The first systematic study of the
abrasion properties -of man-made
fibers was conducted by Hamburger
{2} in which he showed that work-io-
rupture is an important factor govern-
ing the abrasion resistance of differ-
ent fiber species. He also established
an excellent relationship between en-

ergy and durability coefficients for .

various materials.

Backer (3) defined the mechanism
of abrasion by analyzing the effect
of an abrasive particle upon a fiber
surface. He explained the fundamental
implications of three elements of
abrasion: direct frictional wear, sur-
face cutting and fiber rupture or skip-
page.

An extension of the literature search
into the field of metal technology
(6, 7} led to a2 more precise definition
of wear which seems directly ap-
plicable to the machines that are cur-
rently used to test abrasion resistance
of textile structures.

Work has been done to relate fab-
fic abrasion to wear. Zook (8)
summed up the problem of relating
abrasion testing and wear in his re-

view titled “Historical Background of

Abrasion Testing.” In it he stated that
there are two philosophies regarding
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the abrasion testing of textile fabrics
and the correlation of their results.
One theory advocated the duplication
of actual wear conditions, while the
other favored the selection of the most -

important causes of wear and then

the- correlation of them with service
results. .

Those who have designed their test-
ing machines to duplicate the most
important causes of wear have been
more  successful in correlating their
laboratory and service results, Tt has
been demonstrated that this correla-
tion does not always exist (3, 9, 10}.
However, one factor was clearly de-
termined, *“Abrasion is the most im-
portant single factor in. wear™ {(17).
The problem according to Ball (12} is
to measure the effects of abrasion on
a fabric. Various criteria have been
suggested (8, 72) and the important
ones are listed below:

Tensile strength

Thickness

Weight

Surface juster

Air permeability

Color

Character of abraded materials
Appearance of the surface
Formation of a hole
Occurance of broken threads

A changée in tensile strength and the
formation of a hole are the usual
parameters considered for most abra-
sion testing of textile materials.

Rabinowicz (7), Avient (I3) and
results from the National Engineering
Laboratory (74) have indicated that
abrasive wear s a function of abradant

1969, Vol. 1, No. 16



s,

Abrasion Resistance

hardness, particle size and humidity
conditions.

In order to evaluate the reliability
of predicting fabric durability under
actual wear conditions, workers at the
U. 8. Army Natick Laboratories have
conducted various investigations of the
phenomenon of abrasion and have
correlated data wtih field results (4).

It has been shown (75) that es-
sentially all textile abrasion testers are
governed by the principles of either
adhesive or abrasive wear as proposed
by Archard (6) and Rabinowicz (7)
respectively. It has also beent shown in
various studies (76, I7) that testers
which are governed by adhesive wear
correlate well among themselves, but
not so well among testers using the
principles of abrasive wear or actual
field wear. These testers are more
sensitive to finishes than are the ones
of the abrasive type. In addition, it
was shown that testers using a purely
abrasive action correlate well among
themselves and give a good indication
of actual field wear.

The Sand Blast Tester, a modified
spark plug cleaner, was originally pro-
posed as a fabric abrasion instrument
by Elliott A. Snell of the U. S. Army
Natick Laboratories. The tester has
had some preliminary testing which
indicated that it had great promise in

‘screening military fabrics for further

testing under field conditions. It was
also shown that this tester is predomi-
nately abrasive in action.

Eleven military fabrics (Table I},
some of which have extensive past
testing records, were tested using the

Smith Sand Abrader, Taber Abraser
and the Sand Blast Tester. Correlation
among these laboratory testers was
made and the generated data were
analyzed statistically on the IBM 1620
digital computer at Lowell Technologi-
cal Imstitute, ‘Laboratory results were
compared with actual field wear data
previousty obtained on these same
fabrics.

Others workers {I8) using an abra-
sive jet to measure abrasion resistance
of organic coatings have indicated that
their results were a function of pres-
sure (driving force)}, angle at which
the specimen was abraded and the dis-
tance from the nozzle to the specimen.
In view of these findings, the variables
selected for this investigation were:
abradant size and hardness, fabric
weight and weave, and the angle at
which the abradant strikes the fabric.

Experimental Procedure
Materials

Eleven military fabrics used in this
study were supplied by the U. 8. Army
Natick Laboratories and are described
in Table I. These fabrics are repre-
sentative of the types currently in use
by the Army as uniform materials.
Some of these materials have been
previously evaluated in laboratory and
field wear tests (19).

Quality particulars were determined
by following the procedures detailed
in ASTM Standards on Textile Ma-
terials (20). Six 0.5-inch ravelled strip
breaking strength tests were made on
each fabric in the warp direction using
the Instron instrument. The warp di-
rection was selected because it is in
this direction that most fabrics fail.
Machine parameters were selected in

Table i—Description of Test Fabrics

Fiber
Fabric Code* Gontent (%)
VEE 949Q% Cotton 50
Nylon 50
VEE 949 Cotton 50
Nylon 50
VEE 948 Cotton warp
Nylon filling
VEE 947 Cotton 50
Nylon 50
VEE 946 Cotton 100
VEE 1265A Cotton 50
Nylon 50
VEE 1547A% Fiber 6
VEE 1583A Cotton 35
Polyester 65
D 53 Cotton 100
A 244 Cotton warp
Nylon filling
VEE 1982A Cotton 100

Weight

Weave {oz/yd?}
Sateen L9l
Sateen 1117
Sateen 954
Sateen ) 10,18
Sateen 919
Poplin . 584
Poplin 5.26
Poplin - 574
Twill 8.03
Oxford 4.93
Poplin 5.36

* Fabric Code No, as used by J.S. Army Natick Labs.
t Fabric treated with water repelient finish is designated with 2 Q.
I Experimental fiber developed by Du Pont and not to be confused with nylon 6.
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accordance with the specified ASTM
criteria and were found to be:
& Cross-head speed of one inch per

© minute

» Chart speed of five inches per
minute

-& Load cell capacity of 200 pounds

e Gauge length of three inches

s Air pressure activated clamps,
rubber faced (pressure from 60-90
psig)

Using the established criteria along
with the load elongation charts,
elongation and breaking strength were
determined.

Weight of the fabrics was de-
termined by weighing five 2x2-inch
square specimens in grams and con-
verting the average weight to an
ounce per square yard basis.

Methods

Initially, all of the fabrics tested
were conditioned for several days in a
laboratory in which the atmospheric
conditions were maintained at 65+x2%
relative humidity and 70x2 degrees
Fahrenheit. These fabrics were then
abraded by three different methods:

e The Rotary Platform, Double
Head Method (Taber Abraser).

e The Smith Sand Abrader Method.

e The Sand Blast Method.

Each of the methods is outlined in
some detail.

THE RoTARY PLATFORM, DOUBLE
Heap MetHOD is described in the
ASTM Standards. The Taber Abraser
meets the requirements of this test and
was used with 500-gram head loads
and CS 17 abrasive wheels. These
conditions of head loads and abrasive
wheels were determined experimen-
tally and were selected in order to
obtain a significant spread of. cycles-
to-failure between the most and the
least abrasion resistant fabrics.

Three test specimens, approximately
five inches in diameter, were taken
from each of the fabric samples.
Care was used so that the specimens
were not taken from ihe areas of the
fabric which were represented by the
same warp or filling yarns. The plain
weave and twill fabrics were mounte?
on the rotary table with the face
of the material adjacent to the abra-
sive wheels in accordance with ASTM
instructions while the sateens were
mounted with the back of the fabric
towards the abrasive surfaces. This
deviation from standard procedure
can be explained by the fact that mili-
tary garments using sateen fabrics are
constructed with the filling float side
(back) of the fabric to the outside of
the garments. The Taber Abraser used
was eguipped with a cycle counter and
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Fig. 1a—Sand Abrader

a vacuum suction device. This vacuum
system was used to keep the surface
of the fabric clean from debris. After
each 500 abrasion cycles, the table
containing the specimen was removed
from the tester and replaced with one
containing a carborundum coated re-
surfacing disk -and the abrasive wheels
were resurfaced  for 50 cycles. This
procedure was repeated until the fab-
ric reached the end point, a hole which
showed the rupture of one or more
yarns. All of the fabrics were abraded
in this manner.

THE SAND ABRADER METHOD was
uvsed to evaluate fabric performance
because previous experience (21) in-
dicated that the wear produced simu-
lates the conditions of the accelerated
wear course and actual field wear,

Harry Smith, a textile technologist
at the U. 8. Army Natick Labora-
tories, designed the Sand Abrader and
formulated the associated method.
This instrument is not commercially
available, therefore its operation will
be described in detail.

The basic instrument as pictured in
Figs. Ia and 1b consists of three
specially designed raceways info which
sand is fed at a relatively constant
rate. Rabinowicz’s (7} concept of

three-body abrasion is incorporated.

along with the fact that the fabric sur-
face is not continually abraded by the
same sand- particle. These weighted
arms on which the samples are
mounted rub through the beds of sand
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at 84 revolutions per minute. The
pressure applied to the surface of a
fabric is on the order of one-half
pound per square inch. This is the
same pressute exerted by an average
man upon the knee portion of his
trousers when ke is in a crawling posi-
tion. The rate of sand flow, pressure
on the fabric and the traversals per
minute were all fixed parameters and
were not changed for this test.

Specimens were cut in accordance
to the specifications shown in Fig. 2.
Care was taken not to cut specimens
from areas which were representative
of the same warp or filling yarns.
These specimens were clamped onto
the moving arms in such a manner as
to have the warp direction parallel te
the path of the arm’s motion in a
horizontal plane. The instrument was
equipped with a predetermining tra-
versal counter which was set for 500
traversals, at which time the machine
automatically stopped and the sand
was sieved between a number 16 and
a number 30 sieve. This operation was
continued until the specimens reached
the predetermined end point, a hole
in the surface of the fabrics.

THE SAND BLAST METHOD is a sim-
ple and rapid procedure which in
volves relatively inexpensive equip
ment. The criterion for the test is the
time required to wear a hole througk
a fabric specimen by the impinge-
ment of a jet of granular particies,
carried in a high velocity air stream.

The Sand Blast Tester (Fig. 3) is ba-
sically an AC Model K Sparkplug
Cleaner which has been modified by
L. P. Berriman (22) at Stanford Re-
search Institute to accept a specially
designed pressure sensing head (Fig. 4).
Air pressure is transduced by an in-
clined manometer which has mercury
and number 30 cil as its working
media. The oil has the effect of damp-
ing the system, i.e. reducing its sensi-
tivity, to a point where steady state op-
eration is reached within a short time,
The inclined manometer was used in-

NO. 30 SIEVE

32

Fig, 1b—Sand Abrader (side view)
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Fig. 2—Abraded Smith Specimen

stead of the pressure gauge (0-15 Ib)
supplied with the instrument because
of the small differences in air pressure
that were encountered. In addition,
an inclined tube requires a greater dis-
placement of the meniscus of mercury
for a given pressure difference than
does a vertical tube. This allows a
more accurate scale reading if the in-
clined tube is nsed.

The Sand Blast Tester requires an
adequate supply of dry air. Any mois-
ture present in the air supply would
cause the abrasive to agglomerate and
clog the orifice of the nozzle resulting
in an inconsistent performance of the
test instrument. A supply of ade-
quately dry air was accomplished
through a specially designed systern
(Fig. 5). The pressure was controlled
by the use of a Bridgeport Pressure
Regulator used along with an ex-
tremely accurate Bourdon gauge. The
source of the air supply is a recipro-
cating air compressor which builds the
air up to a given static pressure. The
draw off of the air by the tester has
the effect of reducing.the static pres-
sure to a lower level. Therefore, the
air pressure must be adjusted to the
desired level immediately after de-
pressing the actuating lever of the
Sand Blast Tester. The abrasives used
were Refractory Grain  Alundum
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Fig. 3—Sand Blast Tester

manufactured by the Norton Co. and
CL3 number 5613014 cleaning com-
pound formulated by the AC Spark
Plug Division of General Motors
Corp. These were screened to pass
through a 50 mesh sieve but not
through a 70 mesh sieve. The 50 mesh
sieve held back the fabric debris while
allowing the abrasive particles to pass
through and the 70 mesh sieve was
used to separate the fine particles which
had been generated from the self-de-
struction action of the abrasive. The
abrasive was rescrecned after every
80 samples and the supply cone (Fig.
6) within the tester was refilled with
the screened particles. New abrasive
had to be added to bring this cone to a
full level. It is imperative that this level
remain constant throughout the testing
period or the efficiency of the opera-

tion is noticeably reduced. The Air

Filter Sleeve (Fig. 6) was removed
after processing 80 samples and was
vacuumed to remove the fine dust
particles from the inmer surfaces of
the cloth bag. The rubber air nozzle
used as the orifice of the mixing
chamber was replaced every 300
samples because the nozzle became
worn and the enlarged hole size ap-
preciably reduced the abrasive ef-
ficiency of the unit. The fine dust
particles formed within the head of

Fig. 4—Pressure sensing head

the sensing unit were removed every
80 samples so that the manometer
system would not become . contami-
nated.

- 'The test procedure is described as
follows: With the head clamp shut,
the actuating lever of the unit is de-
pressed and simuftaneously a stop-
watch or eleciric timer with a sweep
second hand is started. The sensing
pressure gauge, in this case an inclined
manometer, is observed at this time
and will be indicating a constant pres-
sure level. This pressure level will
generally be different with different
types of fabrics, but the absolute value
is not important. When the sand blast
causes a breakthrough in the fabric,
the pressure as indicated by the pes-
sure sensor will abruptly increase. At
this time, the timing device is stopped
and the actuating lever is allowed to
return to the off position.

Ten 2x2-inch square specimens were
cut from each fabric sample and
were tested at four different machine
pressures, 30, 40, 50 and 60 pounds
per square inch gauge. The type of
abrasive used in this case was RR 60
Mesh Alundum. Specimens of each
fabric were tested with the face of the
material toward the blast of abrasive
particles. The sateens and the twill
fabrics were further tested with the

LEGEND

A — AIR FILTER SLEEVE
C — COMPOUND CONTAINER
M — MIXING CHAMBER

) — GATE VALVE

T — TRAP

F — AIR FILTER
R — AIR REGULATOR
G — FEMALE AIR CHUCK

TO AR
COMPRESSOR

Fig. 5—Dry air supply for Sand Biast test
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Fig. 6—Sand Blast tester parts breakdown
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back side toward the abrasive blast.

The fabrics were further tested to
25, 50 and 75 per cent of the time
required to reach destruction using a
pressure of 40 pounds per square inch
gauge and the alundum abrasive.

These specimens were ravelled to
0.5-inch wide warp sirips and were
evaluated on the Instion Tester for
breaking strength and elongation as
described earlier.

The tester was thoroughly cleaned
and the alundum was replaced with
the CL3 AC compound. The fabrics
were again sandblasted to destruction

using a 40-pound per square inch’

gauge pressure.

Results And Discussion

The fabrics described in Table I
were abraded in accordance with the
criteria proposed in the experimental
procedures. Results from this abrasion
study are shown in Tables II, III and
IV according to the abrasion method
followed.

Taber Abraser
Abrasion Resistance

The Taber Abraser was used in a
manner previously described and a
summary of these data is shown in
Table I1.

In general, the coefficients of varia-
tion associated with the Taber gen-
erated data are low, therefore the
prescribed number of test samples are
considered to be statistically justifiable
at-a 95% probability level with a 5%
sampling error (ASTM Designation
D2264-64T).

As shown in Table II, the eleven
military fabrics are ranked subjec-
‘tively according to their resistance
to abrasion. As might be expected, the
nylon cotton blended sateens ranked
the best, while the lighter poplins and
other fabrics were not as good. The
addition of nylon, whether it be as a
fiber blend or -an ortho blend, tended
to increase the substrate’s resistance
to abrasion. This phenomenon can be
explained in terms of work recovery,
where it was shown (23} that nylon
is ouistanding in this respect. At low
strains j{- has been shown' (24) that
nylon has an Elastic Performance
Coefficient which approximates 1.0,
while cotton is rated at 0.79.

Smith Sand -Abrader
Abrasion Resistance

The samples listed in Table T were
abraded in accordance with the Test
Procedures. The data obtained are
presented in Table I11.

The results from the preceding
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Table H—Mean Taber cycles'to Destruction (Three Tests)

Fabri¢ Code Cycles
VEE 949Q 7250
VEE 949 6800
VEE 943 6110
VEE 947 5180
VEE 1265A 2330
VEE 1547A 2080
VEE 946 1660
VEE 1983A 1250
D 53 1030
A 244 770
VEE 1982A 660

Standard Coefficient
Deviation Of Variation (%)
1323 18
7549 111
3483 5.7
62.4 1.2
854 5.1
2381 10.2
10.0 05
20.0 16
436 39
52.9 6.7
100 15

Table lHl—Mean Sand Abrader Cycles to Destruction

Fahric Code Mean Cycles Group
VEE 949Q 9000

VEE 949 9000

VEE 948 6700 i
VEE 947 8500

VEE 1265 3500

VEE 1547A 4600 1
VEE 946 3500

VEE 1983A 2000

D 53 2500 {1
A 244 2000

VEE 1982A 1500 .

table show that this test instrument is
not as discriminating as is the Taber
Abraser. As a point of interest it
should be noted that a statistical dif-
ference cannot be established between
the water repellent treated and the un-
treated VEE 949 fabrics. This fact
adds credence to the theory proposed

by Weiner {16), which hypothesized.
the type of abrasive action predomi-

nant in these two test instruments,
Using Table I1II as a basis for fabric
ranking, it is evident that the fabrics
tend to fail into three groups. For ex-
ample, the VEE 949 and VEE 949Q
fabrics resist abrasion equally as well
and are better than any of the other
fabrics tested. The other sateens which
are cotton/nylon blends also fall into
Group 1. The second group (VEE
1265A, VEE 1547A and VEE 946)

~ are at best 2700 cycles less than the.

worse sateen in the first group. This
difference is undermstandable in the
case of the two poplins (VEE 1265A
and VEE 1547A) because of the
large weight difference between the
sateens and the poplins. The VEE 946
sateen also falls in Group I, but this
is probably because of the cotton fiber
used to construct this fabric. As men-
tioned earlier, an all-cotton fabric
does not have the same abrasion re-
sistance characteristics as does a ny-

lon/cotton fabric of the same type.

Fabrics in Group III consist of the
lighter weight poplins, oxfords and
twilis. .

This ranking is very subjective and
the resulting data depended greatly
upon the operator as is also the case
with the Taber Abraser.

Sand Blast Tester
Abrasien Resistance

The Sand Blast Tester was used in
accordance with criteria proposed in
the Test Procedures. Fabric samples
were tested for abrasion resistance
using the predetermined conditions of
driving pressure and abrasive types.
Results of these abrasion tests are
shown in Table IV.

As can be seen, the statistical data
obtained bave. low coefficients of
variation which indicates that this in-
strument is capable of good reproduci-
bility. In almost every case, the Sand
Biast Tester was able to detect a sig-
nificant difference between the back
and the front of the army sateens. This
substantiates the theory that this tester
is sensitive enough to be used to evalu-
ate fabric abrasion resistance even
though the time required to destroy a
fabric is very short compared to
the times of the Taber and Sand
Abraders.

The data in Table IV indicate that
the front (warp) side of the heavier
sateens have more resistance to sand
blast abrasion than the back (filling)
side. However, this is reversed for the
other sateens. A comparison of the
seconds to failure on the back side of
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Tahle IV—Mean Sand Blast Secends to Destruction the nylon/cotton sateens at 40 psig
{Alundum 63 Mesh Abrasive) (Ten Tests) shows no significant difference in
. Driving Side o abrasion resistance. The cotton/nylon
TGoae Fleste)”  Abrasive Seconds oy wpr gl Erawance fabrics were judged to be the best able
VEE 949G 30 B 1217 6.9 579 v to resist abrasion while the other fab-
F 426 53 ' es rics were not as good.
g
A0 B 718 49 ’ From. Table 1V it can be shown
E 828 45 661 Yes that as the driving pressure is reduced,
50 B 340 .97 2.07 ' Ves the time required to destroy a fabric
F 373 55 . _ specimen is lengthened. Also it is evi-
60 B 23.0 46 dent that the fabrics are ranked dif-
F 29 021 0.21 No ferently when the four driving pres-
VEE 949 20 E 121.4 gg 6.05 Yes sgur;a : afrebused. ior exar};lple, ]tlhff: XEE
154.7 . . 94 abric is better than all fabrics
40 B 56.9 9.7 5901 Yes at driving pressures of 30 and 40 psig,
F 70.7 6.9 " but it is poorer than all sateens at 50
50 B 374 68 749 Y psig and poorer than all nylon/cotton
F 410 93 : es blended sateens at 60 psig. One reason
60 B 24.9 55 450 Yes for this reversal could be that the
F 314 127 ) (VEE 949Q) fabrics are not as pliant
VEE 948 30 B 131.§ 53 11.16 Yes as the untreated sateens, therefore the
F 102. 43 : higher particle energies tend to rup-
4 B 56.7 37 16.15 Yes ture these stiff fibers more easily.
F 40.1 6.2 Realizing that reversals are possible,
50 E ggg ?% 758 Yes an attempt was made to find the driv-
- : ing pressure which gave the best cor-
60 B 314 9.2 13.76 Yes relation among the other instruments
F 203 96 used. As can be seen in Tables V and
VEE 847 30 B 106.2 3.9 VI, the best correlation among ma-
E 971 24 597 Yes .
: " chines is effected when the Sand Blast
40 B 563 54 ' Tester is operated at 40 psig driving
' - pressure.
50 B 4%-8 gg 1217 Yes As expected, the correlation was
F 328 . very good among instruments. This
60 E g%g gg 1001 Yes can be explained by the fact that these
: ) machines all produce abrasive type
VEE 946 30 E’ ggg ﬁé 973 Yes wear as was indicated (22) in a pre-
10 B 34‘2 7‘1 liminary investigation of the Sand Blast
y g 7.70 Yes Tester.
50 g g; 2? It is evident that the best correla-
y o 1479 Yes tions were obtained between the Taber
F 17.9 43 and the Sand Abrader, the Taber and
60 B 17.6 6.1 1221 Yes the Sand Blast Tester (40 psig) and
F 127 53 the Sand Abrader and the Sand Blast -
VEE 1265A 33 E g%s % Tester (40 psig) for all had correlation
) ! coefficients of 0.97. 94.8% of the
50 F 23.0 17
60 F 169 5.9 variance can be explained by the in-
! p
VEE 1547A 30 F 66.5 40 terrelationship of the Taber and the
gg E g%g gg Sand Blast Tester at 40 psig, whereas
. - 93.1% of variance can be explained
60 F 154 34 by the interrelationship. between the
VEE 1583A 2 £ s sl Sand Abrader and the Sand Blast
50 F 181 92 Tester at 40 psig. As. was shown in a
60 F 13.2 78 previous study (16), the Sand Abrader
D 53 30 B 55.6 6.0 and the Taber both. correlate very
F 66.8 5.3 7.26 Yes well. 94% of the variance can be ex-
40 B 28.2 6.6 215 Yes plained by the interrelationship of the
F 29.7 39 ) Taber and the Smith Abraders.
50 B 217 31 0.57 No It is interesting to mnote that the
€0 ' E §1.4 gg |. Taber Abraser is more correlatable to
F 12% 57 4.57 Yes the Sand Blast Tester at lower pres-
A 244 30 F i 4:8 sures than is the Sand Abrader, while
40 F 225 79 the reverse is true for higher pressures.
50 F 15,5 34 After a satisfactory pressure has
60 F 11.2 _ 10 been determined, it is important not
VEE 1982A 33 g %gg 12{ to deviate from this pressure, as it
50 F 129 77 has been shown statistically by an
60 F 81 10.8 analysis of variance that a difference
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in pressure significantly affects re-
sulting data.

An aftempt was made to determine
the effect of using a harder abradant,
CL3, which is of the silicon carbide
family., These results are shown in
Table VIL.

In all cases, the time required to

destroy the fabrics has been reduced

by using a harder abradant. The re-
sults obtained using this type of abrad-
ant are consistently lower than the re-
sults obtained wusing the alundum at
the same machine pressure,

Strength And Elongation

Using the criteria proposed in the
experimental procedures, a study de-
termining the percentage of loss in
fabric residual strength at four levels
of sand blast abrasion was conducted.
Table VIII shows the time required
for each sample to reach the selected
level of abrasion.

The mean strength and elongation
associated with each level of sand
blast abrasion along with percentage
Ioss are shown in Tables IX and X.
It is evident that the nylon/cotton
blended fabrics lose strength at a
slower rate than most other fabrics.

Tahle V—Correlation Coefficients {r)

Sang
Taber Abrader

Sand Abrader 97 —
Sand Blast (30 psig) .96 94
Sand Blast (40 psig) 97 97
Sand Blast (50 psig} .90 93
Sand Blast (60 psig) 85 87

Table VI — Percentage of Variance
Explained by Interrelationships

Sand
Taher Abrader
Sand Abrader 94.0 —
Sand Blast (30 psig) 934  87.8
Sand Blast (40 psig) 948 931

Sand Biast (50 psig) 819 . 871
Sand Blast (60 psig) © 727 748

Tahle VIl—Mean Sand Biast Sec-
onds to Destruction (CL3 Abradant
With 40 PSIG Pressure)

Fabric Mean C.V.

Code Seconds (%)
VEE 94%Q 60.7 45
VEE. 948 49.3 38
VEE 948 34.5 - 82
VEE 947 49.5 7.0
VEE 946 245 91
VEE 1265A 218 5.6
VEE 1547A 218 71
VEE 1983A 224 89
D 53 273 81
A 244 162 49
VEE 1982A 150 83
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The one outstanding exception to this
fact is the VEE 946 all-cotton sateen.
This fabric Toses very liftle strength
initially, as do the nyvlon/cotton
blended sateens. This phenomenon is
explained by the fact that the warp
yarns in sateen fabrics are not dam-
aged excessively because of the pro-
tection afforded by the filling yarns.

The fabrics having nylon filament
filling yarns were damaged excessively
because of the cutting action of the
sand blast. The sateen lost utility at a
slightly lower rate than did the nylon
filled poplin, but this would be due to

the geometric construction of the
sateen.

The all cotton fabrics generally
lose strength at a greater rate than do
the nylon/cotton blends, but at a
lower rate than fabrics such as VEE
1547A and 1983A. :

General Discussion

Abrasion Resistance data is shown
in Table XI so that an effective com-
parison between laboratory abraders
can be made. Particular attention
should be given to the variety of fiber

Table VIII—Time Required to Reach the Selected Level of Abrasion®

Fahbric End Point

Code {Sec)
VEE 949G 718
VEE 949 56.9
VEE 948 . 36.7
VEE 947 56.5
VEE 946 34.2
VEE 1265A 329
VEE 1547A 32.4
VEE 1983A 269
D 53 20.7
A 244 225
VEE 1982A 17.5

3/4 EP 1/2 EP 1% EP
(Sec) (Sec) (Sec)
53.8 359 18.0
426 285 143
425 284 14.2
423 28.3 142
25.6 17.1 8.6
247 165 8.2
24.3 16.2 81
20.2 135 6.7
22.3 14.9 74
159 11.3 5.6
131 8.8 4.4

* Alundurm abrasive with 40 psig machine pressure,

Table IX—The Effect of Sand Blast Abrasion on-Fabric Breaking Strength®

Strength

Before

Fabtic Abrasion at 25% Loss

Code (Ibs) Level (%}
VEE 949Q 98.3 68.7 30.0
VEE 949 94.5 74.0 21.6
VEE 948 63.3 38.7 38.8
VEE 947 688 70.0 -20
VEE 946 645 62.0 38
VEE 1265A 458 43.5 5.0
VEE 1547A 435 24.0 44.8
VEE 1983A 59.8 337 43.6
D 53 735 6483 118
A 244 65.5 28.3 55.3
VEE 19824 63.7 50.7 203

Strength Strength Strerigth Strenpgth Strength Strength
t 50% at 75%

at 5 Loss 75 Lass
Level (%) Level (%)

383 6L.1 26.5 FES
473 500 44.0 454
208 67.2 175 723
513 25.4 39.0 432
55.2 - 144 40.2 317
30.7 33.0 189 587
148 66.0 10.2 76.6
215 640 16.3 727
30.3 58.7 218 70.3
17.3 736 - 1L5 82.4
358 438 19.7 69.1

* Alundum abrasive with 40 psig machine pressure.

Tahte X—The Effect of Sand Blast Abrasion on Fabric Elongation®

Fabric
Code

VEE 945Q
VEE 949
VEE 948
VEE 947
VEE %46
VEE 1265A

VEE 1547A -

VEE 1983A
D 53
A 244
VEE 1982A

Elongation Elongation Elongation Elongation
Before at 25% at 50% at 75%

Abrasion Level Lass Level] Lass Level Loss
(%} (%) (%) (%) (%} (%]} (%)
337 22.4 336 149 55.8 131 611
28.5 214 24.9 14.7 48.5 147 485
141 91 354 7.5 46.8 6.9 3Ll
23.5 19.7 16.2 143 39.3 137 41.8
139 123 115 122 122 104 25.2
248 18.1 271 154 378 121 51.3
726 36.3 50.0 242 66.7 203 72.0
3.4 119 65.5 74 735 5.6 83.7
16.2 120 26.0 83 43.8 16 532
171 110 35.7 8.0 532 6.1 64.3
89 6.8 23.6 54 - 383 5.2 41.6

* Alundum abrasive with 40 psig machine pressure,
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Fig. 7—Regression lines relating Sand
Blast and Taber zbrasion testers

compositions, the range in weights and
the different weave types used. The
scale values for the different test in-
struments are worth noting. The Sand
Abrader results ranged from 9000 to
1500 cycles with an average of 4745
cycles, while the Taber results were
from 7250 to 660 with an average of
3198 cycles. On the other hand, the
Sand Blast Tester was rated in seconds
with results (at 40 psig) that ranged
from 71.8 to 17.5 seconds for all of
the fabrics tested. The average was
39.8 seconds for all tests (at 40 psig).
If test efficiency is taken as a
prime criterion for rating laboratory
abraders, the Sand Blast Tester is by

far the best. On the other hand, with

longer times to failure, it is possible to
obtain more precision in results with a
larger spread in sample averages.
Linear plots of the data presented in
Table XI are shown in Figs. 7-9, in-
clusive. These plots show a definite
{inear relationship between the three
machines. This is a result of the fact
that in each of these plots thé same
type of abrasion is being investigated.
The regression equations are shown in
Table XII. The constants in these
equations can be varied due to dif-
ferences in abrasion severity and dif-
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Fig. 8—Regression lines relating Sand
Blast and Smith abrasion testers

ferences that are characteristic of
specific fabric types. _

Although the Sand Blast Tester is
an objective instrument, the resulting
data is still subject to error. This error
can be caused by such parameters as
the self destruction of the abradant
used over a period of time, an en-
larged Tubber air nozzle or a dirty
machine. Table XIII shows the effect
of running time upon sand blast
seconds to destruction when the VEE
949Q) fabric is used as a control.

These results from Table XIII are
shown in Fig. 10. '

The error associated with 40 min-
utes of rupning time was 0.42% and
was taken as an acceptable level be-
cause the magnitude of this error did
not significantly affect the results.

It has been shown that the three
laboratory abraders tested rank the
fabrics according to their merit to
withstand abrasion in a very similar
manner. As has been previously noted,
the three abraders used in this study
are predominately abrasive in action.
Studies made on the wear course at
Fort Lee and some practical wear
trials indicate that the type of action
prevalent in field wear was of the
abrasive types. For this reason, good

Tahle XI—Fabric Abrasion Resistance Measured by Three Lahboratory

Abraders

. Sand

Fahric : Taber. - Sand Blast Tester (Seconds) Abrader

Code . {Cycles) (38 psig) (40 psig} (50 psig) (60 psig) (Cycles}
VEE 949Q 7250 - 1217 7.8 340 230 - 8000
VEE 949 6800 1214 56.9 37.4 249 9000
VEE 948 6110 131.3 56.7 390 - 34 6700
VEE 947 5180 106.2 56.5 41.8 310 3500
VEE 946 2330 62.2 329 230 168 3500
VEE 1265A 2080 66.5 324 219 154 4000
VEE 1547A 1660 65.2 342 25.7 176 3500
VEE 1983A 1250 475 269 18.1 - 13.2 2600
D 53 - 1000 - 66.8 29.7 214 162 2500
A 244 770 a1 225 155 L2 2000
VEE 1982A 650 373 175 129 - 81 1500
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Fig. 9--Regression line relating Taber
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Fig. 10—Efror associated with running
time

correlation might be expected between
laboratory results and field wear re-
sults.

Conclusions

From the data obtained in this in-
vestigation, the following conclusions
can be drawn: .

(1) :The Sand Blast Tester is a rapid
and reproducible instrument for
determining abrasion resistance
of textile materials. _

(2) The method outlined in the Ex-
perimental Procedure: must be
followed precisely:

e The abrasive must be sieved: after
40 minutes of running time {ap-
proximately 80 specimens).

s The machine must be cleaned
thoroughly at this time. '

s The rubber orifice must be

. changed after 300 specimens.

e The abrasive level must be main-
tained at the top of the supply
cone.

e The air supply must be dry.

(3) The results obtained by the Sand
Blast Tester correlate very well
with the Taber Abraser and Sand
Abrader results at a machine
pressure of 40 psig with 60 mesh
refractory grain abrasive. -

(4) A harder abradant reduces the

{0 Vol. 1, No. 16



Tabie Xt —Regression Equations Between Various Lahoratory Abraders

Sand

Blast Equation
at Number
60 psig 1)
50 psig 2)
40 psig (3
30 psig {4)
Smith (5} SM
Taber 6)

time to destroy a fabric sub-
- stantially.

(5) The regression relationships cover
the complete range of fabric
types. These equations are not
absolute from lab to lab because
of possible changes in abradants,
machine variability and special
fabric types.

{6) The nylon/cotton blended fabrics
(sateen in particular) resist abra-
sion better than other fabrics.

(7} In general, the heavier fabrics
(the sateens in particular) lose
durability at a slow rate initially
and then proceed to a rapid rate
of destruction towards the end of
their life, while the reverse is true
for most poplins.

(8) This instrument showed excellent
potential as an abrader, but pre-
cision machining must be used to
make it a more practical labora-
tory abrasion tester.
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