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Soldiers come into contact with volatile fuels, sensitive munitions,
and other explosive substa-aes, thus the risk of explosion due to
electrostatic discharge is of great cca-ern. This risk has irxreas;e now
that more synthetic fibers are used in the soldiers' clothing and
individual equipment. To reduce this risk, Natick includes static
protection as an integral part of clothing worn in electrostatic sensitive
enviLrrmMn. This is accarplished through the use of topical antistatic
"laeataents. These finishes are nonpenranent, and require periodic
retreatment of the uniform. Durable methods of static protection are
"under investigation, as reported here. Care must be taken to maintain
"other necessary fabric characteristics such as fabric dumability, air
per blity, flane resistance and camouflage properties. Prcmising
methods for reducing charge buildup are the use of ccrduxtive fibers in
the form of intimate blends or ccnductive grids. This report is the
result of work performed during the period fran Oct 89 to Jul 91.

Judy Sewell and Rita Devarakonda are recognized for their tire spent
laundering fabrics used for testing purposes. Raymd Markey is
recognized for his expertise in the field of Textile Technology, having
identified several unknown weave types, and an unknown subetrate, as well
as providing helpful caments during the writing of this report. Richard
Cowan is also acknowledged for supplying useful cauments and for
originating the request for an X-Ray analysis of fabrics ccntaining
stainless steel. Peggy Goode is noted for performing and reporting on the
X-Ray analysis of fabrics containing stainless steel. Lastly, Therese
Ccumerford end Maurice Larrivee are recognized for their helpful
suggestions and continual suport. All of the aboe personnel are mewbers
of the Individual Protection Directorate.
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Conductive Grids vs Intimate Blends with Coandutive Fibers
as Alternatives to Topical Antistatic Treatments

With the increased use of synthetic materials in military uniforms,
there exists a greater potential for electrostatic charge accumulation on
clothing. This potential can be extremely hazardcus when present in the
wrong envirorment. Personnel handling fuel, muinitions, and other
electrostatic sensitive substances, are at risk. The hazard multiplies
with increased charge accunulation, the use of nczxkdctive clothing, the
inability to ground oneself, and with lower humidities and cooler
teaperatures.

In, the past, topical antistatic treatments were used to decrease charge
acumxulaticn on textile materials for wear in electrostatic sensitive
areas. It is known, however, that these treatments are not durable, and
remain effective for a limited nunter of launderings. Akiitionally,
topical antistats decrease or counteract the performance of other topical
treatments, such as flame-retardants and water-repellants. For this
reason, a more durable solution to the control of charge accumulaticn,
without adversely affecting other desirable material properties, was
sought. This began with the addition of stainless steel fibers to the
fabric blend and expanded to the additian of fibers with ccnAlctive
coatings and conductive cores and the use of various types of conductive
materials. Nickel, carbon, and silver are only a few of the conductive
materials which my be utilized in electrostatic protective matxmials.
These materials may be integrated in the form of intimate blends,
coad-tive grids, conductive filaments/yarns, and as coating3 of the fabric
surface.

Since survival, protection and comfort are key features which mist be
achieved, various material characteristics need to be considered when
evaluating potential solutions to the static problen. Properties of
interest include visual and near infrared characteristics for effective
camouflage as wll as fabric durability, air permeability, flame
resistance, etc. Therefore, metal-coated fabrics can be immediately
eliminated as a method of static control, for cbvicus canmuflage reasons.
Sarll percentages of metal and carbon fibers/filmennts, in blend or grid
form, can be added without significant change to visual characteristics.
These are the fibers and fabric constructions being considered as a
replacement for topical antistats.

Fabric blends with conductive fibers, as well as fabrics containing
cocnuctive grids, have been inv-estigated as alternatives to tcoical
antistats. Various percentages, types, and methods of integrating the
conductive fiber into the fabric have been examined. Tbe test results of
these materials have been analyzed to determine whether or not there is an
advantage to using conductive grids, as cposed to ccxbactive fibers in an
intimate blend form.



Test Method and

AU samples wre tested according to Method 5931, "Electrostatic Decay
Of Fabrics: Determination Of," Federal Test Method Standard 191A (see
Appendix B). This test method measures how quickly fabric samples
dissipate a charge. Each sanple is charged toward 5000 volts for a period
of 20 secords, then grounded. The maximLn voltage level (Vax) obtained
during this charging period is recorded. Decay Umn is measured by taking
the difference in tine from the instant the sanple is grounded to the time
the sample has dissipated 90% of its charge. Test results which yield Wax
values in excess of 4000 volts, and Decay Tines of less than 0.5 second,
are considered acceptable. Materials with these characteristics dissipate
charge quickly, and exhibit low residual charge levels. Iw levels of
charge decrease the threat of electrostatic discharge in sensitive
environments. Laundered samples are laundered according to Test Method
5556, Federal Test Method Standard 191A.

The foloulwing test equipment was used for the static neasuremnts:

Model 406C Static Decay Meter by Electro-Tech Systems
(measures voltage levels and decay time of samples)

Model MPM 500 Thermo Hygro Tachometer by Solcmat Corporation
(measures humidity)

Model 506 Humidity Test Chanber by Electro-Tech Sysýtes
(maintains desired humidity levels for testing purposes)

Model SE-561 Memory Chart Recorder by BC-Metrwatt/Gcerz (BBC)
(plots decay curve)

Model M-2050 Digital Sccpe Multimeter by BBC
(used in place of analog meter on 406C for calibration
purposes)

Due to electrical failure of the Model 406C Static Decay Meter, some of
the samples were tested on similar equipment belonging to the Navy:

Model 406C Static Decay Meter by Electro-Tech Systems
Model 512 Automatic Humidity Controller by Electro-Tech System
MWdel 512-HS Humidity Sensor
Model 506 Humidity Test Chanter

Test Materials

See Table 1, Appendix A (fram references 1 and 2). Six materials with
conductive grids, 14 materials consisting of conductive fibers in an
intimate blend form (7 blends with stainless steel and 7 blends with carbon
fibers), as well as two materials with neither conductive fiber nor
antistatic finish, are reported herein. Samp]es were tested both before
and after laundering, according to Test Method 5931 of Federal Test Method
Standard 191A. Laundered samples were laundered according to Test Method
5556 of the same Standard.
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Fksults and Discussion

Results are recorded in Table 2, Appendix A. The two materials without
static protection performed poorly, accepting less than 1000 volts when
charged toward 5000 volts. The first of these two materials is 100%
polyester, which is the base material for the samples containing conductive
grids. The second of the two materials is a Nmzex/Kevlar blend which had
previously been treated with an antistatic finish, though the finish was
removed in laundering. The results of these two nonconductive blends can
be used as a cucr+rison to those materials reported which contain
Condu'tive fibers/filaments.

Of the conductive materials tested, the fabrics containing carbon
appear to be the least affected by laundering and, thus, the most stable
(see Figures A-i, A-2 and A-6). These blends perform well electro-
statically, provided enough carbon is present in the mattrial. Figure A-3,
which displays the averaged results of the Aramid/Carbon blends given in
Table 2, indicates that at least 3.6 percent carbon is needed to meet the
VWax > 4000 volts after five launderings. Stainless steel blends require
at least 4.4 percent coniuctive fiber to achieve these results after 5
launderings (see Figure A-4). The stainless steel blends weare also
affected more by laundering. With the exception of the 10 percent
stainless steel sample, all of the samples tested either failed to meet the
4000 volt minimm Vmax level in the warp and/or filling direction or
exhibited decay times greater than 1/2 second (see Table 2 and Figure A-5)
after 5 launderings. The sample containing 10 percent stainless steel was
able to achieve an average Vmax level of 4192 volts after being laundered
only 5 tines, carpared to the 4 percent (BiX-Cacvrent Carbon) needed to
reach the same level after having been laundered 50 tines (refer Table 2).
Additionally, previous X-Ray analysis of materials containing stainless
steel indicate that surface migration and clustering of the stainless steel
fibers occurs after latndering '3), possibly a result of the stainless
steel fiber being much heavier in weight than the aramid fiýers (stainless
steel has a density of 7.8 [grams]/[cubic centietyr] [g/cn ] (4] while
the •ensities of Namex and of Kevlar are 1.38 g/cma and 1.44 to 1.47
g/cm9, respectively, [5]) in the fabric. The difference in Vkmx levels
after laundering may also be attributed to the renval of humectant3, which
are often added for a better "hand."

. Figure A-6, which illustrates the effect of laundering on conductive
grids, shows that the sample m•st affected by laundering was that with an
incarplete grid; a conductive monofilament (silver coated nylon) running in
the filling direction only, at 1/2-inch spacing. The grid second nr.st
affected was that of the 1/2 inch silva-r-coated nylon complete grid. It is
believed the positive results on these fabrics prior to laundrx ing are due
to the presence of humectants, and that a 1/4-inch grid, as cpposed to a
1/2-inch grid, using silver coated nylon would yield significantly better
results after laundering. Due to the lack of data, metallic grids cannot
be ruled out as an effectiv-e methcd of ccntrolling static. The three 1/4
inch grids tested met the 4000 volt Vmx level both before and after
laundering, though tw performed better than the third, and wre mcre
stable after laundering. The 1/4 inch grid materials with better
performance probably utilize a more ccnluctive carbon yarn. The 1/8 inch
grid tested, which was expected to perform the best of all grii , did not

3



perform as expected, possibly due to a less coductive carbon yarn. Note
the stability of the results after repeated launderings (see Figure 6).
Since the data on the conductive grids is limited, cptimum grid size cannot
be determined without further semple testing.

The decay times of all fabrics met the < 0.5 second requiremmyt, with
the exception of the following:

a.) polyester witL silver-coated nylon filaments spaced 1/2 inch apart
in filling direction only, which exhibited very high decay tines after
laundering (an average of greater than 13 seconds)

b.) 98 percent Nmzex/Kevlar, 2 percent Stainless Steel, Oxford Weave,
which had an average decay time of 0.73 seconds in the filling direction
prior to .I aundering, and had an overall average decay time of 3.95 seconds
after lawudering.

c.) 98 percent Nomex, 2 percent P140 (Olive Green), which exhibited an
average decay tine of 0.734 seconds prior to laundering

d.) Aramid blend, carbonized, which revealed an average decay tine of
3.3 seccrds prior to laundering and 0.7 second after laundering.

Conclusion: It is concluded that both conductive blends and conductive
grids are acceptable nethcds of controlling static in otherwise static-
prcoe fabrics through the use of proper grid sizes and proper blend
levels. The present results indicate a grid size of 1/4 inch is
apropriate when using a conductive carbon grid to obtain desirable
electrostatic properties after laundering. Further testing mist be
corxucted to determine whether this also holds true for metallic grids,
such as silver-coated nylon. It is expected a decrease in grid size from
1/2- to 1/4-inch would inprove the performne of materials containing a
silver-coated nylon grid to an acceptable level. Results for intimate
blends with conductive carbon fibers indicate at least 3.6 percent
conductive carbon fiber is needed to cbtain good electrostatic properties
after laundering. A level of at least 4.4 percent is required for
stainless steel. These percentages are based on Figures A-3 and A-4, which
utilize "best fit" curves. Intimate blends containing stainless steel wre
found to be affected mcre by laundering than the carbon grids and the
carbon blends (with the exception of the "carbonized" fabric). Stainless
steel fibers appear to migrate togeth4-c when laundered, possibly due to
their heavier weight as compared to other fibers, resulting in a decrease
in static perforence. The presenme of humectants on the stainless steel
blends prior to laundering my also be a contributing factor. The
silver-coated nylon grids wre also significantly affected by laundering,
probably due to the presence of humectants prior to laundering. Note that
several of the carbon blend fabrics were laundered 50 times with little
change in electrostatic properties.

4
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Table 1 Sample Descriptions

1. Materials with no conductive fiber and no topical antistatic
treatment.

a. 100 percent Polyester, Barrier Fabric 402482, Plain Weave,
Klepman Fabrics, Blue A195

b. 100 percent Nomex/Kevlar, Plain Weave, Isarex Industries,
DAAK60-85-C-0013, M11-C-83429, roll #19373, A-1 Tube 356,
Cmaflage Print

2. Materials with Conductive Grids

a. 99 percent Textured Polyester Filament Yarn, 1 percent Carbon
suffused nylon filament yarn in diamrnd shaped grid form (approx-
imately 1/4-irnh in size), warp knit, Red Kap Industries, blue

b. Polycbck 401175, 100 percent Polyester filarent yarn with carbon
grid (approximately 1/4-inch in size), plain weave, KlonFan
Fabrics Division of Burlington Industries, Durapel Finish, Blue
M481

c. 100 percent Polyester filament yarn with carbon grid
(approximtely 1/8-inch in size), twill, Klcpman Fabrics Division
of Burlington Industries, white

d. 100 percent Polyester filament yarn with silver coated nylon
filament yarn in 1/2-inch grid form, plain weave, Sauquoit
Indtistries, white

e. 100 percent Polyester filament yarn with silver coated nylon
filament yarn in filling direction only (1/2-inch spacing), plain
weave, Sauquoit Industries, white

f. 100 percent Polyester with carbon core grid (approximately
1/4-inch in size), plain weave, AG-III no. 6306 (EW769W), aneibo,
Ltd., Osaka, Japan, Red

3. Materials Containing Conductive Fibers (Intimate Blends)

a. Stainless Steel Fibers

(1) 99 percent 95/5 Narex/Kevlar, 1 per-cent Stainless Steel,
Burlington Plain Weave, MIL-C-83429, DAK60-87-C-0004,
Woodland Printed

(2) 99 percent 95/5 Ncrex/Kevlar, 1 percent Stainless Steel,
Burlington Oxford Weave, MIL-C-83429, DAAK60-87-C-0004,
Woodland Printed

8



7\

Table 1 Sample Descriptious (cunt'd)

(3) 99 percent 95/5 Nomex/Kevla-, 1 percent Stainless Steel,
Plain Weave, Professional Lhbnical & Color, MIL-C-83429,
MAK60-88-C-0064, Woodland Printed

(4) 99 percent 95/5 Ncrex/Kevlar, 1 percent Stainless Steel,
Oxford Weave, Professional Chanical & Color, MIL-C-83429,
DAAK60-88-C-0064, Wocdlr Printed

(5) 98 percent 95/5 Ncmex/Kevlar, 2 percent Stainless Steel,
Wickmale Finish, Plain Weave, Springs Iriustries/Prchrra,
DAAK60-90-C-0062, MIL-C-83429, Aircrmw EU, Woodland
Printed,

(6) 98 percent 95/5 Nczex/Kevlar, 2 percent Stainless Steel,
Wick3ll Finish, Oxford Weave, Springs Industries/Prc•hr ,
DAAK60-90-C-0062, MIL-C-83429, Aircrew EW, Woodland
Printed,

(7) 90 percent Namex, 10 percent Stainless Steel, Plain Weave,

Greige fabric (source unknown)

b. Carbon Fibers

(1) 99 percent T455 Ncxex/Kevlar, 1 percent BOC (Bi-Caqpnrnt
Carbon), Plain Weave, WAK60-81-C-0152, Dark Green

(2) 98 percent T456 hanEx Aramid Staple, 2 pezcent P140, Plain
Weave, DuPont, MII-C-83429, Green

(3) 98 percent 95 Narex, 2 percent P140, Plain Weave, DuiP•t,
MII,-C-83429, Olive Green

(4) 98 percent 95/5 Ncmex/Kevlar, 2 percent P140, Plain Weave,
Southern Mills/ DuPont, DAAK60-90-C-0046, MIL-C-83429,
Aixcrew BLU, Wocdland Printed

(5) 96 percent T455 Namex/Kevlar, 4 percent BCC (Bi-Ccaxoent
Carbon), Plain Weave, DAAK60-81-C-0152, Dark Green

(6) 93 percent T455 Ncaex/Kevlar, 7 percent BOC (Bi-Ccuponent
Carbon), Plain Weave, MAAK60-81-C-0152, Dark Green

(7) Aramid Blend, Carbonized, Amatex Corp., Aircrew BDU, VEE
6311, Camouflage print,

9



Table 2 Electrostatic Properties

1. Materials with no ccdctive fiber and no topical antistat 4c
treatrent.

a. 100 percent Polyester:

Average vkx Average Dewy Time
(VoltsI (Se• ds .

Antistat Initial:
Average Warp 958S
Average Filling 758 S
Overal Average 858 S

b. 100 percent Nazix/Kevlar:

Average • vx Average Deay Tim
(voltsI (S ,}

Antistat Initial:
Average Warp 467 S
Average Fillin 392 S
Overall Average 429 S

2. Materials with Cmdu:tive Grids

a. Polyester with 1/4" carbon suffussa nylon grid (Red Kap):

Average V"mx Average Decay TiM
(,volts) f S I)

Antistat Initial:
Average Warp 5000 0.01
Average Filling 5000 0.01
Overall Average 5000 0.01

Laundered 5x (TM 5556)
Averag Warp 4875 0.01
Avema Filling 4500 0.01
Overall Average 4688 0.01

b. Polyester with 1/4" carbon grid, blue (rIlcpmn):

Average Vmax Average Decay TiL--

Antistat Initial.
Average Wr--p 4604 0.01
Average Filling 4667 0.01
Overall Average 4635 0.01

S Unable to neasure decay tire due to low voltage levels.

10



Table 2 Electrostatic Pr t (cont'd)

b. Polyester with 1/4" carbon grid, blue (Klcpmn) (cont.):

Average Vhnx Average Deay TimiMVolts) I•
La5dered 5x (TM 5556)
Average Warp 4188 0.01
Average Filling 4063 0.01
Overall Average 4125 0.01

c. Polyester with 1/8" carbon grid, white (Klocran):

Averags VWx Average Dmy Time
(volsL (Segonds1

Antistat Initial:
Average Warp 3729 0.01
Average Filling 3625 0.01
Overall Average 3677 0.01

Laxdered 5x (14 5556)
Average Warp 3542 0.01
Average Filling 3625 0.01
Overall Average 3583 0.01

d. Polyester with 1/2" silver coated ryrlcn grid (Sauquoit):

Average Vtmx Average Decay Time
fvo1h IsLI

Antistat Initial:
Average Warp 5000 0.01
Average Filling 5000 0.01
Overall Averago 5000 0.01

Average Wax Average Deay Tina,(volts I (5smadaI
Laundered 5x (TM 5556)
Average Warp 3583 0.01
Average Filling 3854 0.01
Overall Average 3719 0.01

e. Polyester with 1/2" silver-coated nylon in filling direction
only (Sauquoit) :

Average Vtax Average Decay Timo
(Volts) ( Seconds )
Antistat Initial:
Average Warp 5000 0.59
Average Filling 5000 0.02
Overall Average 5000 0.30

11



Table 2 Electrostatic Properties (ccnt'd)

e. Polyester with 1/2" silver-coated nylon in filling direction
only (Sauquoit) (ccnt.):

Average vWx Average Decay Time

Laundered 5x (TM 5556)
Average Warp 1042 >20.00
Average Filling 4042 >10.01
Overall Average 2542 >13.34

f. Polyester with 1/4" carbon core grid (Kanebo):

Average Viax Average Lay Tim,
(Volts)

Antistat Initial:
Average Wmrp 4958 0.01
Average Filling 4875 0.01
Overall Average 4917 0.01

Imiered 5x (K4 5556)
Average Warp 4833 0.01
Average Filling 4583 0.01
Overall Average 4708 0.01

3. aterials Ccntaimg Cmdwixve Fibr (Intimte Blends)

a. Stainless Steel Fibers

(1) 99 percent Narex/Kevlar, 1 percent Stainless Steel
(IDAK60-87-C-0004) ,Plain Weave:

Average Vkx Average Deay Time
(Volts IScnls

Antistat Initial:
Average Warp 4383 0.010
Average Filling 4600 0.006
Overall Average 4492 0.008

Laundered 5x (TM 5556)
Average Warp 3717 0.00J3
Average Filling 4075 0.004
Overall Average 3896 0.003

12
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Table 2 ectrostatic ftoperties (c.it'd)

(2) 99 percent Nmalx/Keviar, 1 percent Stainless Stael
(DAK60-87-C-0004), Oxford Weave:

Average eax Average Decay Time
(Vol" ( Seconds)

Antistat Initial:
Average Warp 4608 0.004.
Average Filling 4367 0.005
Overall Average 4488 0.004

Laundered 5x (TM 5556)
Average Warp 4158 0.002
Average Filling 3767 0.002
OveralU Average 3963 0.002

(3) 99 percent Ncmwx/Kevlar, 1 percent Stainless Steel

(DAAK60-88-C-0064), Plain Weave:

Average Vaex Average Decay Tie

Antistat Initial:
Average Warp 4900 0.195
Average Filling 4917 0.303
Overamll Average 4909 0.249

Immdered 5x ('IM 5556)
Average Warp 2625 0.003
Average Filling 2450 0.003
Overall Average 2538 0.003

(4) 99 percent Nconx/Kevlar, 1 percent Stainless Steel
(MM60-88-C-0064), Oxford Weave:

Average Vnmx Average Decay Time,(,volts ) ($ezx~rdb)
Antistat Initial:

Average Warp 4875 0.004
Average Filling 5050 0.257
Overall Average 4963 0.131

Laundered 5x (TM 5556)
Average Warp 4042 0.002
Average Filling 1067 *
Overall Average 2554 *

• Decay tims not measure for these samples.
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Table 2 Eletrostatic Properties (cont'd)

(5) 98 percent Ncmmx/Kevlar, 2 percent Stainless Steel, Plain
Weave:

Average vtmx Average Deay Time
(Volts) (9c 1)

Antistat Initial:
Average Warp 5000 0.01 0
Average Filling 5000 0.24
Overall Average 5000 0.13

Lamndered 5x (TM 5556)
Average Warp 4125 0.01
Average Filling 3958 0.01
Overall Average 4042 0.01

(6) 98 percent Ncmex/]evlar, 2 percent, Stainless Steel,
Oxdord Weave:

Average Vhmx Average Decay Time
(Volta) (Seocrs)

Antistat Initial:
Average Warp 4708 0.01
Average Filling 4417 0.73
Overall Average 4563 0.37

Laundered 5x (T4 5556)
Average Warp 4396 0.01
Average Filling 4146 7.89
Overall Average 4271 3.95

(7) 90 percent Nc, ex/Kevlar, 10 percent Stainless Steel:

Average Vhm Average Dem-I Time
(Volts) (Seconds)

Antistat Initial:
Average Warp 4450 0.002
Average Filling 4333 0.002
Overall Average 4392 0.002

Lmr3ered 5x (TH 5556)
Average! Warp 4283 0.002
Average Filling 4100 0.002
Overall Average 4192 0.002

14



/7
// , .. , ....

// Table 2 Electrcetatic Prcqerties (cct'd)

b. Carbon Fibers

(1) 99 percent T455 Ncoex/Kevlar, 1 perot BCC:

Average Vwax Average Decay Time
(volts) Seois)

Antistat Initial:
Average Warp 3177 *
Average Filling 3550 *
SOverall Average 3333 *

r 50x (TH 5556)
Average Warp 3108 *
Average Filling 2950 *
Overall Average 3029 *

(2) 98 percent Ncmex/Kevlar, 2 percent P140, Green:

Average Vmax Average Decay Time
ViotY ) I Secn I

Antistat Initial:
Average Warp 3725 0.003
Average Filling 3275 0.003
Overall Average 3503 0.003

Ianxered 5x (TH 5556)
Average Warp 3583 0.004
Average Filling 3408 0.003
Overall Average 3496 0.003

(3) 98 percent Ncvex, 2 percent P140, Olive Green:

Average M=x Average Decay Tim
(volts) (Secod

Antistat Initial:
Average Warp 4708 0.810
Average Filling 4600 0.658
Overall Average 4654 0.734

Lanxiered 5x (TM 5556)
Av-erage Warp 3725 0.332
Average Filling 3542 0.008
Overall Average 3633 0.170

• Deay time rnt measured for these samples.
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Tabl1 2 (ont.) Electrostatic Prqmrties (cont'd)

(4) 98 percent Ikex/Kelar, 2 percent P140, Woodland Print:

Average Vkinx Average Demy Tiue
(Volts) • o I

Antistat Initial:
Average Warp 4042 0.01
Average Filling 4250 0.07
Overall Average 4146 0.04 4

Lmw5ered 5x (TM 5556)
Average Warp 3625 0.01
Average Filling 3333 0.01
Overall Average 3479 0.01

(5) 96 percent T455 lcuex/Kevlar, 4 percent BCC:

Average Vtox Average Decay Time
(Volts) (Sec s

Antistat Initial:
Average Warp 4175 0.003
Average Filling 4125 0.002
Overall Average 4150 0.003

L5u0iered 50x (TM 5556)
Average Warp 4200 0.003
Average Filling 4183 0.003
Overall Average 4192 0.003

(6) 93 percent T455 Nmaex/Kevlar, 7 percent BC:

Average vx Average Decay Tun
(volts) (Sprods)

Antistat Initial:
Average Warp 4375 0.003
Average Filling 4392 0.003
Overall Average 4383 0.003

Laidered 50x ('IH 5556)
Average Warp 4392 0.003
Avezrae Filling 4325 0.003
Overall Avmwrage 4358 0.003
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* Table 2 (ccx.)

Electrostatic Prcperties

(7) Aramid blend, carbcnized:
Average Vx Average D y Time

(Vol.) (Secids)
kitistat InitLAl:
Average Warp 4642 3.1
Average Filling 4733 3.6
Overall Average 4688 3.3

Lmuxered 5x (TM 5556)
Average Warp 4718 0.5
Average Filling 4783 0.9
Overall Average 4751 0.7

17



Figure A-i Comparison: Grids and Blends
Ef fect of Laundering

500Average Vmax (volts)

-Tab- Mii2 aevelraccpedtoehr

35000

4,000-

Ox 5x
Number of Launderings

Stee BlP0/ondsev Carbo BP4I/o e l - CbonidsBln

-- Minimum Levrel Accepted
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Figure A-3 Carbon Blends
Effect of % Carbon Fiber

Average Vmax (volts)

5000 -

with known carbon levels, given In Table 2,
2000- averaged together.

% Carbon Fiber

-a Laundered Ox - Laundered 6x or more

-4s- Minimum Level Accepted

Figure A-4 Stainless Steel Blends
Effect of % Stainless Steel

500Average Vmax (volts)

roTE: This graph consists 01 the stainless stoel
2000-results, given In Table 2. averaged together

and graphed as trends.

1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
%I Stainless Steel

-- Laundered Ox -~Laundered Sx
-- ti- Minimum Level Acceptod
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Figure A-5 Stainless Steel Blends
Effect of Laundering

Average Vmax (volts)
5,000 i.

4,000

2,000-

Ox 5x
Number of Launderings

--- 1% 8810004/P4- 1% SS/0004/0'"- 1% 88/0064/P- 1% 88/0064/0

- 2% 88, Plain -- 2% 88, Oxford-" 10% 88, Plain

--9- Minimum Level Accepted

Note- *P1 represents *Plain Weave'
"0" rgpresen~s *Oxford Weave*
0004 A 0064 Identify Contract No.

Figure A-6 Conductive Grids
Effect Of Laundering

Average Vmax (voits)

4000-

3000-
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0
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-0- Minimum Level Accepted
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Method 5931
JUne 21, 1990

ER11 '3 TI'=C DEY OF F CS;

•qu=N CP

1. SOPE

1.1 This method is intended for determining the tire it takes for a
charge on a fabric surface to decay to an electrostatically safe level. This
method is appropriate for use on material which may or may not contain
comnbctive fibers, or have been treated with an antist&t finish. The ultimate
purpose is to determine which materials are safe for wear during electrostatic
sensitive cperations.

2. = ST SPECIMEN

2.1 The specimen shall be a 3- by 5-mio rectangular piece of
material. The warp or filling yarns shall run parallel to the 5-inch length of
the specimen. The direction of test (warp or filling) shall be along the
length of the specimen and each specimen shall be labeled accordingly in one
corner. Test specimens shall be cut so that no two contain the sam set of
warp andl filling yarns.

3. NLHER CF CNATIONS

3.1 Unless otherwise specified in the prccurvent document, six
specimens shall be tested, three in the warp direction and three in the filling
direction.

4. APPARATUS

4. 1 The appratus shall consist of a humidity test chawtar, a meter for
measuring relative humidity (RH) and tenerature, a faraday cage, a source
capable of outputing 5000 volts, and a recorder on which voltage behavior with
respect to tire may be plotted. •oe faraday cage shall contain two parallel
elactrodes, on which specimens may be mounted and charged, and a sensor by
which voltage on the specimen surface may be detected. The apparatus shall
also include voltage meters to display the arplied voltage, and the voltage
detected by the sensor.

5. PR)EJFM

5.1 The faraday cage and specimens to be tested shall be preccrditicrod
at 10 + 2 percent relative humidity overnight, and conditioned at 20 ±2 percent
relative humidity for a niniam of 24 hours at approximately 75 + 5F. The
specimens shall be tested at 20 + 2 percent relative humidity and 75 + 50F.
An air-icnizing blcwer can be used within the chafber while conditioning,
although the blower must be turned off ncce testing begins.

SFP TESTr M'TO STD. 191A
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3N'EU 5931

5.2 Allow test equipment 1 hour of warm-up time. Adjust voltage souce for
a charging voltage of 5000 volts. Mount a 3- by 5-inch aluminum plate across
the electrodes in the faraday cage, such that it is centered in front of the
voltage sensor pening. Apply a charge of 5000 volts, and calibrate the
voltage meter designated to indicate detected voltage on the sable equal to
5000 volts. Remove the alumirum plate.

J 5.3 Mount a specimen tautly acroas the electrodes, centering it over the
sensor opening. The surface of test specimen (back or front) shall face the
sensor. A deicnizing bar may be used on the specimen before the test to remove
residual charge. Apply 5000 volts to the electrodes for a period of 20
seconds. At the end of the 20-second period, the high voltage (5000 volts)
shall be turned off and the specimen immediately grounded. The voltage
behavior of the specimen with respect to time shall be plotted on the recorder.

5.4 The maximum voltage level reached on the specimen shall be measured from
the recorder curve as the difference between the highest level and lowest level
of the full decay curve. If the specimen did not reach a maximum voltage of at
least 4000 volts during the 20-secced charging period, the specimen shall be
recorded as rxi-passing and the rearcn noted. The tine for the charge to decay
from the maximum voltage level to 10 percent of the maxinum level shall be
measured fron the voltage plot.

5. 5 The specimen is acceptable if the decay time to 10 percent of the
maximum voltage is less than 1/2 seccnd, and considered not acceptable
otherwise. Record the nmxuium voltage level and decay time to 10 percent. The
reason for any failures shall he noted.

5.6 Remve specimen. Repeat 5.3 through 5.5 for the frumt and back sides of
each specimen of the test fabric.

5.7 Recalibrate periiodically, at the minimum betwaen each set of six

6. REO

6.1 The test method used, and any alterations to the method, shall be
reported.

6.2 Test cconditicns, including relative humidity, roan temperature, and
ccditicning time shall be stated.

6.3 Equipment names, model nrters, and mnwufacturers shall be listed.
Special mtdificatior to equipment shall be described. A description of any
equiprent built in-house shall be included.

6.4 Identification of materials tested, including name, campoxitian, weave,
printed/dyed, finishes, manufacturer and any other pertinent inforntion shall
be included.

FED. TEST MMTD STD. 191A
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6.5 Alterations to materials shall be noted toether with the test mthod
used, or description of the process applied; e.g., laundering.

6.6 The average time to decay to 10 percent of the maxim=m voltage shall be
included for each of the warp and filling directicns, as well as the overall
average, for each fabric tested. It shall be indicated whether the fabric is
acceptable, or non-acceptable.

7. NDTS 0

7.1 Equipment suitable for ccxxixting this test may be purchased from:

Electro-Tech Systems, Ino. (Model 506 Controlled umidity Test
115 E. Glenside Avenue Chaszr, Model 406C Static Decay
Glenside, PA 19038 Meter (includes faraday cage))

A•B Metrawatt, Inc. (Modl SE-561 Memory Chart Recorder)
2150 West 6th Avenue
Bloomfield, CO 80020

Solcmat Corporation (Model MPH 500 Ihenm HYgro
Glenbrook Industrial Park Tachometer)
652 Glenbrook Road
Stamford, Cr 06906

FED EST IffHM STM. 191A
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Twdmica1 Library 6
U.S. Arny Natick Ren earch, Delvep-xt andr
Enieeriing Center
Natick, HA 01760-5000

M!. Pert Ball 1
Navy Clothing & Textile Research Pacility
Natick, )A~ 01760

Mr. Ted Putnam 1
UD ° baest Service
Tedclllogy & Development Center
Fbrt Missoula
Missoula, MT 59801
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