AD-A153 381 TRIBOELECTRIC TESTING(U) RELIABILITY RNHLVSIS CENTER
GRIFFISS AFB NY B_I RUPE ET RL 39 SEP 83
RAC-TR-83-83-E01 F306082-81-C-029

UNCLRSSIFIED F/G 14/2




T LI S
: . ARSI FALIFLY 0 TNt e SR .“-...I ~

- - - raa e = e A
(SR . g
S
o ¥

'«

tand
o
\

R s Rl kil
v LT
R R
. '

v v
.l
I's

i
.

v
b
b

{

o

l

FEEFEEER

EEEL
EE

—
er
F
Fr
==
N
o

I
s s

(=]

=
B

MICROCOPY RESOLUTION TEST CHART .’ )
NATIONAL BUREAU OF STANDARDS-1963-A g
cnab -

‘et s . . % . 'q“.._-‘ | :
e TN et e S
R h




TRIBOELECTRIC TESTING

Final Report

AD-A153 381

NASA Office of the Chief Engineer
Reljability and Quality Assurance Division
Washington, DC

. Reliability Analysis Center

Q Rorme Air Development Center -
(<) Griffiss Air Force Base, NY D I l( :
Ly

=

(o
- !

Reliability Analysis Center

ROME AIR DEVELOPMENT CENTER

{ This document has been approved
for public relecse and sale; s

distribution is unlimited. *
THE RELIABILITY ANALYSIS CENTER IS A DOD INFORMATION ANALYSIS CENTER o
LA - s, T
S o e
- Y
e o e e T e T T L M T e e e <



TN T TV
- P 3 v
Gt

L. St

THE INFORMATION AND DATA CONTAINED HEREIN HAVE BEEN COMPILED FROM
GOVERNMENT AND NONGOVERNMENT TECHNICAL REPORTS AND FROM MATERIAL
SUPPLIED BY VARIOUS MANUFACTURERS AND ARE INTENOED TO BE USED FOR
REFERENCE PURPOSES. NEITHER THE UNITED STATES GOVERNMENT NOR IIT
RESEARCH INSTITUTE WARRANT THE ACCURACY OF THIS INFORMATION AND ODATA.
THE USER IS FURTHER CAUTIONED THAT THE DATA CONTAINED HEREIN MAY NOT BE
USED IN LIEU OF OTHER CONTRACTUALLY CITED REFERENCES AND SPECIFICATIONS.

e

B PUBLICATION OF THIS INFORMATION IS NOT AN EXPRESSION OF THE OPINION OF S
, THE UNITED STATES GOVERNMENT OR OF IIT RESEARCH INSTITUTE AS TO THE b

QUALITY OR DURABILITY OF ANY PRODUCT MENTIONED HEREIN AND ANY USE FOR ‘
ADVERTISING OR PROMOTIONAL PURPQSES OF THIS INFORMATION IN CONJUNCTION -.'}-‘.;-fj

WITH THE NAME OF THE UNITED STATES GOVERNMENT OR IIT RESEARCH INSTITUTE AN

WITHOUT WRITTEN PERMISSION IS EXPRESSLY PROHIBITED. ‘_~I-_:~Z‘:-:

| B .. L]
- Acoession For . 1
NTIS GRA&I g L

DTIC TAB R

Unannounced )} - ]

' Justification | .' -

By. : R 1

_Distribution/ s
Avallability Codes

"7 lavail and/or

as’t

OTIC

copPY

A

INSPECTED e
Dist | Special 1 | S
] R § .‘ A.J

A

lf t:t
.

[ .
S L.

- .., ., e, - PRSP e e w w w e e - m a o a . - . . s
.......... 0 aT e e . . - . - - . e - e - . : ) .
e e T T e e T e R T S T S DI "ﬂ.hf.'.' NS e e e, F T, L P P L v N e e e e e e
B A I e . St et e el L . L. L TTTL TP T T e EPE RNy
A EANE Pl et e e T e e e e T B A e N R A AR P R R
£y v e . » o 20 e %t o e Ve o2t e e

PRI ST R SR




F_r LRI AU i S ol Sveinl M s ades suun e o 2

AR AT T o

SECURITY CLASSIFICATION OF THIS PAGE

A At At e IR A

-

REPORT DOCUMENTATION PAGE

18. REPORT SECURITY CLASSIFICATION
Unclassified

1b. RESTRICTIVE MARKINGS

20. SECURITY CLASSIFICATION AUTHORITY

3. DISTRIBUTION/AVAILABILITY OF REPORT

2. DECLASSIFICATION/DOWNGRADING SCHEDULE

Unlimited

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

RAC-TR-83-03-E01

5. MONITORING ORGANIZATION REPORT NUMBER(S)

6a. NAME OF PERFORMING ORGANIZATION

Reliability Analysis Center

(1f applicable)

RADC/RAC

rb. OFFICE SYMBOL

7a. NAME OF MONITORING ORGANIZATION

Rome Air Development Center

6c. ADDRESS (Cily. State and ZIP Code)

RADC/RAC
Griffiss AFB, NY 13441-5700

70. ADDRESS (City, State and ZIP Code)

Griffiss AFB, NY 13441-5700

8a. NAME OF FUNDING/SPONSORING
ORGANIZATION

8b. OFFICE SYMBOL
(11 applicable)

9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMSBER

j
J

NASA Headquarters Code DR F30602-81-C-0299 S

. [M8c. ADDRESS (City. State and ZIP Code) 10. SOURCE OF FUNDING NOS. ]
- . PROGRAM PROJECT TASK WORK UNIT "o 1
Washington, DC 20546 ELEMENT NO. NO. NO. NO. RN

11. TITLE tInclude Security Classification) 658025 0] ] - . _.:

~ Liriboelectric Testing T

12. PERSONAL AUTHOH(S)

Rupe, Bader I.:; Denson, William K.

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Yr, Mo., Day)

. Einal rrom _80/10/1 v083/9/30] 1983, September 30

e e e
L . —
'_;- 16. SUPPLEMENTARY NOTATION :}_:_-‘. ’.-_
Reliability Analysis Center is a DoD IAC operated by IIT Research Institute _155 :f

. 17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessory and identify by block number) . .
. FIELD | GROUP SuB. GR. Electrostatic Discharge Test Facility R

15. PAGE COUNT

14 02 Reliability Test Equipment
14 04 Iriboelectric Test Procedure

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

< This report documents the results of a study in which the objective
was to improve the methods and apparatus used to_characterize the properties
of materials used in Electrostatic Discharge (ESD)*Control. The apparatus
used was a modified version of the Triboelectric Fester currently in use at
the Kennedy Space Center, along with a control unit, electrostatic meter, and
a chart recorder. This equipment allowed the electrostatic decay properties
of the material to be recorded.

Surface resistivities were aJso measured and

correlations made with static decay time. /i{{/if;r,hl Do e oo .
..fLJ[ '—.Id~l'£‘.{.. - "‘ t . ._' [N ‘_ ’ [:‘I L}( Q‘y‘ﬂ.,.,_,(, ’.'-/. ;'.‘-.l.
‘ J ¥ ) . o
- A _l
-l \ P
20. DISTRIBUTION/AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION I
- QuncLassiFieo/uNLimiTeED X same as apT. (0 bTic users O . .
" N22e NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE NUMBER 22c. OFFICE SYMBOL . DRI
tinciude Area Code; .
Bough, Charles F. AV: 587/(315)330-4920 RADC/RBE
~
DD FORM 1473, 83 APR EDITION OF 1 JAN 73 1S OBSOLETE. -‘

SECURITY CLASSIFICATION OF THIS PAGE

e e e e e e e e e e e e LT T e e
e e e DR I SO AT R

. e e e e e e e A PRI M A AT
e SR LA A S SRR AR IR YU YO MSYC IR

e e P T U t
T A, et e e, - -

D N : . - .~
At e . et e T e Tl e et T e e e e Tet e T FAANY
PP W 'L'- a2 AR N e, LV WA




- I, S Tt e, e e R AT R TR T R T A e '-.T Il e deae e o patid
' TRIBOELECTRIC TESTING
. FINAL REPORT
_
Submitted To: NASA Office of the Chief Engineer
Reliability and Quality Assurance Division
- Washington, DC
Submitted By: Reliability Analysis Center

Rome Air Development Center
Griffiss Air Force Base, NY

.....................
............




.........

Preface

|| This final report was prepared by the Reliability Analysis Center
under Government contract number F30602-81-C-0299 as a part of task 4 of
FY'83 Project Plan P-83-003. The study is a continuation of earlier
work performed under task 3 of FY'82 project plan P-82-005.

The original task as stated in P-82-005 called for a study of
triboelectric test methods and the development and evaluation of a
suitable test apparatus intended to measure the effectiveness of
- electrostatic discharge (ESD) protective work surfaces.

A subsequent literature search revealed that great difficulty would
be encountered in attempting to characterize a laminateg—work surface,
the most common form of such items, by first triboelectrically charging
the surface and then measuring the inherent charge decay time to zero.
In view of the probable impact of this newly acquired information on the
projected triboelectric test method as applied to commonly available
work surfaces, it was decided to direct the efforts of this task toward
the possible improvement of a triboelectric test apparatus designed by
and in use at Kennedy Space Center (KSC).

.I Available documentation of the KSC apparatus was therefore studied
and a new apparatus designed and fabricated. Several improvements were
incorporated which were intended to facilitate the acquisition of more
complete and accurate data than is possible with the original apparatus.
The necessary peripheral instrumentation was acquired for purposes of
evaluation of the test apparatus and future testing of materials upon: e
request. S

A series of tests was performed utilizing samples of material

similar to those discussed in a KSC test report in order to compare the

operation of the improved apparatus with that of the original. In the N

. course of this evaluation procedure, various phenomena appearing on the :‘fzf?
recorded charts were noted and analyzed. It is expected that the new B
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information thus obtained will have considerable impact on the ESD
community. Further, the results of certain experiments performed
suggest that it may be feasible to test laminated materials in this
fashion, provideg the peripheral instrumentation can be modified to
detect and record the extremely low electrostatic voltage field that
remains after all field suppression effects have stabilized.

The comparison tests and subsequent evaluation indicate that the
majority of the improvements incorporated into the new apparatus should
- receive serious consideration as desirable modifications to the KSC
E: ' apparatus. These modifications, if incorporated, will result in

improved performance, ease of operation, increased accuracy of test
data, and a broader range of capabilities.

The principal RAC investigators on this program were Bader I. Rupe
and William K. Denson.

Approved: Submitted:
A 3 s "
Jagar T et E
Steven J. Flint " Bader I. Rupe
Technical Director Project Engineer

William K. Denson
Advisory Engineer
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1.0 SUMMARY

Improvements incorporated into the modified version of the
triboelectric test apparatus eliminated many of the problems inherent in
the Kennedy Space Center (KSC) equipment. This resulted in the ability
to study and analyze many phenomena whose presence were previously
unsuspected. Experiments proved that the repeatability of tests was
well within reason, indicating that the human error previously involved
had been reduced to'specimen contamination due to handling which caused
slightly different results between specimens taken from the same
material sample. This could be further reduced by the imposition of
strict handling conditions in a laboratory environment.

It is believed that the improved apparatus is entirely capable of
providing accurate characterization of both triboelectric and decay time
properties of a Jlarge variety of materials, provided the proper
peripheral instrumentation is utilized and testing personnel have a
thorough knowledge and understanding of the phenomena which will be
observed.

Information gathered during the course of this project has already
impacted that portion of private industry which supplies electrosiatic
discharge (ESD) control materials. It can also be expected to lead to
significant changes in several existing test methods and military
specifications.

The information can also be utilized in the generation of
definitive test procedures applicable to a variety of specific materials
for which no previously devised test methods currently exist.

2.0 INTRODUCTION
The purpose of this study is to define possible problem areas in

the design and operation of a triboelectric test apparatus designed by
and currently in use at the Materials Testing Facility at KSC. The
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equipment in question is being wutilized to evaluate the charge
generating characteristics and decay time properties of plastic films
under consideration for use as drapery materials and other purposes in
areas where an ESD can present a personnel safety hazard. The study is
also intended to provide the information necessary to improve the KSC
apparatus with a view to increased accuracy of test data and a broader
range of application.

The study is the result of an extensive effort which included a
thorough analysis of available documentation covering the KSC apparatus,
the design and fabrication of a new tester patterned after the original
but 1incorporating many modifications for improved operation, and the
testing of many specimens of a variety of materials for purposes of
verifying the validity of those improvements.

3.0 SCOPE
The following efforts are included:

3.1 Study of KSC Triboelectric Tester

Available documentation on this apparatus was analyzed and possible
problem areas identified for improvement.

3.2 The New Triboelectric Tester

A complete new set of drawings was generated which incorporated
modifications designed to correct the problems previously identified.
The modified version was then fabricated and tested. Several small
problems were identified and corrected during the debugging process.

3.3 Testing Materials

A quantity of materials similar to those covered by a previously
published KSC test report was acquired and tested on the improved tester
in order to compare the operation of the new apparatus with that of the
original,
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3.4 Analysis of Specific Recorded Phenomena

Specific chart recordings obtained during materials testing were
analyzed to gain an understanding of each of the variety of phenomena
which were displayed.

3.5 Analysis of Materials Test Data AR

A1l chart recordings obtained during materials testing with the
modified apparatus were analyzed and compared with available data from D
the KSC test report. An attempt was also made to correlate the various R

decay rates with surface resistivity measurements. »‘ R
4,0 STUDY OF KSC TRIBOELECTRIC TEST APPARATUS j: ' ‘
. . . . .

4.1 Available Documentation ]

| 23

Available documents covering the KSC triboelectric tester were ff,"_x
obtained from that facility for evaluation. This documentation iﬁf;;i

consisted of 1) blueprints of the apparatus, 2) a complete test method

which also described operating procedures, 3) photographs of the

apparatus taken from several angles, and 4) test report MMA-2116-80, J
dated 15 April 1981, describing the results of tests performed on = -
" certain materials by the KSC Materials Testing Facility. The test o
method, photographs and test report are included as Appendix B.

4.2 Identification of Problem Areas .

A study of the documentation revealed the following possible
problems which could distort the results of tests performed in L
accordance with test method instructions. '

4.2.1 The uncontrolled time lapse which occurs when specimens are
removed from the conditioning chamber and mounted on the apparatus could L
be allowing drastic changes in the moisture content of materials. ® 7:

......................
.......................
............................




4,2.2 Manual control of rubbing time could cause wide variations
in the amount of charge generation from specimen to specimen of the same
material.

4.2.3 The rubbing wheel may not attain full speed of rotation
prior to contact with specimen.

4.2.4 The heat generated by friction may be dissipating moisture
from specimens and causing changes in charge dissipating character-
jstics, particularly in those the materials which depend on atmospheric
humidity for their operating mechanisms.

4.2.5 The permanent hard ground to the sample holder causes
considerable discharge time data to be lost between cessation of rubbing
and commencement of field measurement.

4.2.6 Extensive handling of specimens prior to the test cycle
could result in varying degrees of contamination causing inconsistent
changes in characteristics.

4.3 Conclusions

Many of the inherent problems identified above can be minimized or
entirely eliminated by changes in the construction and operating control
system of the apparatus. Variations in moisture content from one
specimen to another can be eliminated by improvements in laboratory
facilities.

5.0 THE MODIFIED TRIBOELECTRIC TESTER

5.1 Design and Fabrication

In order to incorporate the desired modifications into the
apparatus, a complete new set of drawings was generated. The same
physical size and general configuration of the original apparatus was
utilized to facilitate possible future modification of that equipment.
The apparatus was then fabricated and assembled.

.....
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The tester differs from the original version in the following
respects:

-
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5.1.1 The swinging arm was fabricated from teflon to isolate the f
specimen from ground during rub and drop intervals. iig;4

5.1.2 A sample holder was designed which could be rapidly mounted

N OGN

. sl
. B
PP

on the arm with a minimum of manipulation. Ten of these sample holders o }
were fabricated to facilitate rapid testing of a series of specimens. R

5.1.3 A single-pole, single-throw relay capable of handling 30
kilovolts was incorporated into the sample holder grounding circuit to
allow precise control of commencement of specimen discharge time.

- 5.1.4 A DC motor of the exact same configuration and physical
size as the original AC motor was substituted to allow infinitely
variable rubbing speed control.

B 5.1.5 An electrical solenoid and an adjustable return spring were
incorporated to replace the manually operated motor mount lever.

5.1.6 An adjustable mounting bracket for the voitage field sensor

|i was provided to facilitate variations in spacing between the sensor and
‘ specimen for calibration purposes.

5.1.7 A separate control console incorporating power supplies, '?fﬁ;1
{ relays, switches and various other component parts was designed and '
fabricated to control the operation of many of the above features and

the peripheral instrumentation. '

5.1.8 Two teflon rubbing wheels were fabricated similar to that ;i h
used in the original version. Three additional wheels were fabricated
which incorporated natural cat fur as the rubbing media. This was to

-} facilitate an investigation into the possible dissipation of moisture
due to friction heating of specimens.

5.1.9 A latching mechanism was designed and fabricated to capture
and hold the swinging arm after it reaches the measuring position.

........................................
......................................
.....................
................................................
---------------
............
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5.2 Results of Modifications

The result of the above modifications was to eliminate all manual oo

li timing errors from commencement of rubbing to completion of measurement 0. .

by virtue of entirely automatic operation during that portion of each

test cycle. Further, the test apparatus and ten loaded sample holders

can be placed within a commercially available humidity controlled g]ové

n box and the entire contents conditioned at the desired RH level, thus LI

‘ eliminating the uncontrolled time previously required to remove e
specimens from the conditioning chamber and mount them on the apparatus.

Electrical interconnections to the control console and the L
electrostatic voltmeter can be 1led out via feed-through connectors :
without compromising the integrity of the glove box. The mounting and
- dismounting of sample holders on the swinging arm and the few other

necessary internal manipulations can be readily accomplished while ’31,
wearing the heavy gloves normally incorporated into glove boxes. S
.l 5.3 Changes in_Peripheral Instrumentation R
| .
Changes in peripheral instrumentation consisted of the following: =
II 5.3.1 An Electro-Tech Systems Model 102 electrostatic volimeter S
was substituted for the Kiethley electrometer as the charge measuring !:~7-
device. The Model 102 is considerably easier to "zero" and incorporates “"_Mf
a variable 0 to 1000 VDC power supply which can be connected to the test L
{ apparatus for calibration purposes. i’-’"
5.3.2 A Yokogawa Model 3067 memory chart recorder was substituted ;1?
for the storage oscilloscope utilized at KSC as the charge decay time ;;g
recording device. This instrument provides immediate or delayed hard ;
copy of incoming signals which can be readily reproduced for reporting ptf"
purposes without resorting to film photography. The instrument is i;i;{
. capable of recording events on a time base of 10 microseconds per %fgif
t centimeter by virtue of possessing a bandwidth of OC to 50 KHz, a ‘i'"

property more than adequate for this application.
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5.4 Operating Sequence of Tester

The modified version of the tester operates in the following
sequence:

5.4.1 Specimens are mounted in sample holders and conditioned as
required by the applicable test method or specification.

5.4.2 A loaded sample holder is mounted on the swinging arm.

5.4.3 The arm is moved manually away from the measuring position
toward the rubbing wheel. This movement inhibits the voltage field
sensor and applies power to the rubbing wheel motor.

5.4.4 The manual movement of the arm 1is continued until the
sample is located in the rubbing position. This actuates the solenoid
which pulls the rotating rubbing wheel against the specimen and locks
the arm in place.

5.4.5 The operator removes his hand from the swinging arm. All
subsequent actions during the test cylce are controlled automatically by
the control console.

5.4.6 An adjustable time delay relay maintains the rotating wheel
against the specimen for a preset time interval.

5.4.7 At the end of the preset rubbing time the solenoid is
released, the motor return spring retracts the rubbing wheel, and the
arm is allowed to swing downward of its own weight towards the measuring
position.

5.4.8 The arm locks into position in front of the voltage field
sensor stopping motor rotation, enabling the sensor and triggering the
memory of the chart recorder.

.....................................................

.
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5.4.9 A second preset time delay relay closes the high voltage
relay to commence the discharge of electrostatic voltage present on the
sample holder and specimen.

5.4.10 The chart recorder prints the data from memory upon demand
by the operator.

. 5.4.11 The sample holder with specimen is removed from the arm and L
the entire process repeated for each remaining conditioned specimen.

5.5 Discussion of Tester Operation

Tests performed on a variety of materials have shown that the
modified version of the triboelectric tester is capable of producing

= consistent and repeatable results with a minimum of errors. In S
addition, it was found that after all ten sample holders had been loaded 5’_.,
with specimens of the same material, the entire run could be tested in {;; i
less than thirty minutes. TR
- =

It was found necessary to recalibrate the peripheral instrumen- ® -

tation each time a different material was tested to assure that the s

optimum amount of space on the charts was utilized. This was easily

ll accomplished by experimenting with a representative sample prior to the
' final run for record purposes.

To facilitate calibration of both the electrostatic voltmeter and
the chart recorder, it 1is recommended that one sample holder be
permanently fitted with an aluminum sheet in place of a specimen, and e
reserved for this purpose. R

6.0 TESTING OF MATERIALS FOR EQUIPMENT EVALUATION

To compare the modified tester with the original version, samples
- of eight of the ten materials covered by KSC test report MMA-2116-80
b were acquired from the manufacturers listed in that document. Samples




R
i .
of "Velostat" and "Lectrolite" were not obtained since their inherently e
low volume resistivities had resulted in decay curves so fast as to be
completely obscured by the drop time of the original equipment and would
- therefore be useless for comparision purposes.
: One sample holder was fitted with an aluminum sheet for use as a X :
calibration fixture. To avoid delays after each calibration process Lll?ih
.l only nine specimens of each material were prepared for testing. ;’
One specimen of each material was tested in accordance with ASTM D- o
257 to determine its surface resistivity. The nine specimens of each -
. T
9

material were then tested in the apparatus using each rubbing media in
turn, (see 5.1.8). Temperature and humidity readings were taken at the
time of each testing of each set of specimens since all testing was

performed without the benefit of a humidity controlled glove box. o]
RSO

The peak voltage values of each set of nine recordings were ;f;jyg
averaged and the chart from each set displaying a peak nearest the mean f?i"f'
was selected for inclusion in this report. Other charts are also :%33;;
R

included to illustrate discussions of specific phenomena which occur
during the testing process. The full ranges of peak voltage values
obtained during materials testing are listed in Table I of Appendix A by
material and rubbing media.

The KSC test report indicates decay rates for AS 1400 material far
in excess of the maximum required by the specification to which it is
qualified, MIL-B-81705. It was suspected that friction heat caused by
rubbing with teflon had evaporated moisture from the surfaces of the
specimens changin@ their static dissipating characteristics. Cat fur
was therefore utilized as an alternate rubbing media to determine if a
light pressure rub with a soft electrostatic generating media would J.~f
produce different decay times than teflon. Charts recorded after e
rubbing with each media indicated that both decay rates were essentially ;;;i;f
the same and at least two orders of magnitude faster than the data f;iifg
presented in the KSC report. ®

..........................................................
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Natural cat fur was utilized as an alternate rubbing media in

testing all materials involved in the equipment evaluation process to

) determine whether a "standard" might be established which could replace

li teflon. If this "soft" media proved successful in this application, it

would be quite useful in testing specimens of rigid materials which

would not conform to the curved surface of the teflon rubbing wheel.

The data obtained was analyzed as explained in paragraph 8.0 of this
. report.

7.0 ANALYSIS OF SPECIFIC OBSERVED PHENOMENA

- 7.1 During the course of preliminary testing and debugging of the
apparatus and its peripheral instrumentation a number of phenomena were

observed on recorded charts. These phenomena are explained in the
following paragraphs.

7.2 A chart taken from the PRV-1310 group was selected as Figure 1
to illustrate phenomena which are present to more or less extent on
every chart, no matter what material is being tested. The commonality
of these events indicate that they are entirely due to the apparatus.
The PRV-1310 chart was selected since the timing of certain events
during that group of tests had been adjusted to capture the entire
" picture commencing just prior to enabling the field sensor.

7.2.1 At time “A" rubbing has been completed, the swinging arm
has arrived in the measurement position, and the recorder memory has
triggered.

7:2.3 At time "B" the voltage sensor is enabled. The =25 ms ngg}
slope between times "B" and "C" is the time required for a rotary :if.’:
solenoid located in the sensor to move a shutter to the full "open" 1f‘~‘j
position. The slight notch at the peak is caused by shutter bounce.

: 7.2.4 The slope between the final peak and time "D" is attributed
v to sharp corners on the specimen causing corona discharge. Experiments
revealed that this slope leveled out at about 3 KV,
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7.2.5 At time "D" the high voltage relay closed, shorting the
sample holder to ground. The sudden sharp drop in voltage to time “E"
is due to the field suppression effects of the grounded sample holder
and a glass fibre "screen" embedded within this material. Such fibres-
are known to be somewhat hygroscopic. This would cause them to be
slightly more conductive than the surface layer resulting in enhancement
of the field suppression effect of the sample holder.

"

7.2.6 At time "E" all field changes due to suppression effects
have ceased. The entire remaining curve is due to the decay rate of the
surface of interest. Since this curve is a decaying exponential, it can

- be defined as:
< t1-t2
AL
In V1

with 5t being the time necessary for the charge on the surface of

interest to decay from any voltage to=1% of that voltage in the absence
A of any field suppression effects. Calculations made from several
- portions of the illustrated curve consistently result in a t value of
150 ms with 5t then being 750 ms, indicating that a charge of any
voltage placed on the surface of this material will, when grounded,
decay to= 1% of its original value in 750 ms, given the same dimensions
i and configuration of specimen and equipment. This is further explored
’ in paragraph 7.5.

7.3 Figure 2 illustrates an experiment performed to determine the RS
| difference between the effects of a grounded and an ungrounded sample .
holder. A specimen of highly resistive material was selected to C ]
minimize the effects of sample discharge. The specimen was charged
through normal procedures and then dropped to the measuring position. ,s
The high voltage relay closed and was caused to re-open after about 3
seconds. About 1.5 seconds later, the relay was again closed and
remained so for the remainder of the recording.
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The first closure caused the measured voltage to drop suddenly from . fiT.E
a peak of 11.4 KV to 10.1 KV. When the relay re-opened the voltage -
jumped to 10.5 KV. It can be assumed that if the relay had remained | ;;;;j
open for the entire ten seconds a straight line would have been _— e

recorded, remaining essentialy at 11.4 KV. It can also be assumed that ' [5fl;
the sample holder itself received some charge during the rubbing e
process. When the sample holder was initially grounded this charge
disappeared and the voltage field emanating from the specimen was
partially suppressed toward the sample holder. When the holder was then
ungrounded the measured voltage increased by about 400 volts, indicating
the difference in suppression effects of a grounded vs. ungrounded
holder. Note the slight RC time curve at each HV relay closure point.

7.4 Observation of the above mentioned RC times prompted an
experiment to determine the capacitance inherent in the sample holder
and swinging arm. Figure 3 illustrates this experiment. Twenty megohms
of resistance in series with 10 kilohms was connected between the empty
sample holder and ground with the input of the chart recorder connected
across the 10K resistor. 1000 VOC was applied to the sample holder
through the HV relay and the chart recorder calibrated accordingly. The
HV relay was then opened, triggering the recorder and allowing the
inherent capacitance to discharge through the resistance network to
ground. The time required for the voltage to decay from 840 volts to
37% of that value resulted in a calculated capacitance of 38.5
picofarads. This test was repeated with the metal calibration plate
mounted in the holder. No discernible difference in the <t value
resulted, indicating that the inherent capacitance would remain
essentially the same in either the presence or absence of a specimen.
This could vary slightly depending on the proximity of the field sensor
to the specimen,

7.5 As a result of the data described in paragraphs 7.2.6, 7.3 and

7.4 it was determined that when a readable decay curve has been n;ﬁ
recorded, it is possible to define the entire curve from any portion ,Cf
Y

thereof. Refering to Figure 24, it can be seen that not only can it be ’ Y
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difficult to determine the decay rate commencing at V5 and t, (depending
on the steepness of the curve in that area), but the curve theoretically
continues to infinity without ever quite arriving at zero.

-

[ -3 SRR

Since a decaying exponential can be defined as:

Lot
V(t) =Vge ° T

In
where =< is the time necessary for the voltage to decay to =~36.8% (or%-)

_ of any arbitrary point on the decay curve, then the arbitrary points Vi
G _ and V2 can be defined as:
| .

Vi=Voe™ =
i - and
n L2
w V2=Voe " <
i . Combining the two_formulas results in:
s _h
y Vi Yoo &
B‘ or i_'__ % _(_ 2 \\‘1
3 A
o ll=e‘ e — T 4

1) -7
: Hence, <t . El)

e t

P ! V1:e F

V2

Since t2 -t1 = At, a change in time, then:
At

\‘%=e T

Taking the natural log of both sides results in:

n ll = _A_t.
Vo T
or "
T = Atv ‘.
n S
D .-
R
|
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Since 1n<\vl_;.) 3 -1n(;%>

- L o - -At
. ._._._..»_.:;}:hen?--i__-- t“;"-'A-t 2\ Lo n( 2} ’
o My N
Since .
B t; - t2 = -At

then o , 51 -t2

Because Vo is always smaller than Vi and the natural log (1n) of a
number less than 1 is a negative value, the negatives will cancel and
- result in a positive time constant or t value.

It should be noted that the above formula is independant of actual

. voltage values. It is only necessary to display the curve on a linear
i grid having a known time base and "zero" reference level. From those
data the * value can be calculated. The value 5 t has long been

accepted by the electronics industry as the time necessary for a

decaying exponential to arrive at "zero" for all practical purposes.

. This practical "zero" is defined as being approximately 1% (precisely
.006737946999) of any arbitrary beginning point on the voltage axis of B
the curve. s
e
[ Any convenient point on the curve can be designated as "V{" and . B
. another convenient point occurring later in time can be designated as F_1
"Vo". It is absolutely necessary to know exactly where "0" voltage on 1

the recorded image actually is in order to establish the relationship
(ratio) between V| and V3.

Some difficulty has been encountered in establishing a firm zero
point to which the measuring instrument will return after each event.
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This can be overcome by causing the recorder to draw a second Tine on ; ';.f“

the same chart after all changes in input voltage have ceased. This :
- second line is then utilized as the "zero" reference from which the
] calculations for T are made. -

It is evident that most currently available instruments designed to

measure electrostatic field strength have difficulty in returning to

. calibrated zero after experiencing large voltage offsets. This causes

problems in the measurement of final values which are quite low in
comparison to the field present at the initiation of measurement.

It is believed possible to design circuitry which will inhibit
probe input to the ETS 102 until such time as the field strength arrives
at a reasonable level, thereby avoiding the inherent shift in the
calibrated "zero". This modification should enable the characterization

of the surface layers of laminated materials wherein a buried layer is
the most conductive. Measured values could then be limited to the
* portion of the curve remaining after all field suppression effects have
gj ended, permitting expansion of the curve to obtain much greater
resolution.

8.0 TEFLON VS CAT FUR AS THE RUBBING MEDIA

A1l specimens were rubbed with both cat fur and teflon rubbing

wheels to determine whether a "soft" media might be more appropriate as

a standard. The recorded data was statistically analyzed to determine

L which of the two media exhibited the Jlower variance in measured

voltages. Figure 4 depicts all peak voltages obtained on all specimens Tfff??

of each material plotted on a logarithmic scale. It is evident that the .

first three of the eight materials tested displayed highly significant o
variance differences. Data obtained from the remaining five materials ;‘.

can be considered insignificant. For the three significant materials, o

Teflon as the rubbing media resulted in much less variance in peak

voltages. Figure 5 is a histogram compiled from the data obtained from e
Aclar 22A and is offered as an example of the difference in scatter of ° :*

data points obtained with the two rubbing media. It must be concluded
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that Teflon is preferable as a rubbing media to obtain more consistent
results. A rubbing wheel can easily be designed utilizing a thin Teflon
sheet over a foam rubber backing in the event it is desired to test a
hard inflexible material... .

9.0 ANALYSIS OF TEST RESULTS

The following is a detailed analysis of the test results as
exhibited by the selected representative charts for each material. Note
that each referenced chart is annotated with a surface resistivity value
and the temperature and relative humidity of the test environment. The
surface resistivity measurements were taken utilizing an Electro-tech
Systems Model 802 surface resistivity probe in conjunction with a Dr.
Kamphausen MILLI-TO Meter in an attempt to establish a correlation
between surface resistivity and charge decay rates.

It was found that when the teflon rubbing media was utilized there
was a tendancy for specimen material to become deposited on the teflon
resulting in confused measurement indications. The teflon wheel was
therefore cleaned with methyl alcohol after each rubbing operation,
correcting this problem.

It was also found that those specimens having an extremely high
surface resistivity could have a residual charge when mounted on the
tester, preventing proper zeroing of the measurement instrument. This
was corrected by spraying both surfaces of each specimen with equal
amounts of positive and negative ions from a hand-operated piezo-
electric static eliminator immediately prior to the zeroing operation.

It is recommended that in the event a glove box is being utilized,
an internal blower be arranged to circulate air through a nuclear
jonizing orifice upon demand. This would provide the benefit of
maintaining zero charge levels within the chamber except while a test
cycle was in progress. It would be necessary to turn the blower off and
allow the ions to dissipate before the test cycle was initiated.
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It should be noted that when a material specimen exhibits a
it is located above the rubbing media on the tribo-

If a negative charge is detected the opposite is true.

positive charge
electric series.

9.1 . Aclar 22A (Fiqures 6 and 7)

Data for this material furnished in KSC test report MMA-2116-80
appears to exhibit several anomolies. Note that Tables 1 and 2 of that
document indicate that negative charges were achieved while Tables 3 and
This was probably due to the fact that
Aclar is a form of teflon as was the rubbing media and the polarity of
measured charge could be either positive or negative. Also note that

Tables 1 through 4 indicate little, if any, charge decay while Table 5

4 indicate positive charges.

indicates decays of 3 and 5 KV within 5 seconds.
by the fact that the
reduced by exposure to solar radiation. A1l Table 5 specimens had been
exposed to Florida beach weather conditions for a period of three weeks.

This can be explained
insulation properties of teflon are drastically

Table 5 also indicates a discharge from a positive value through
Zero to a negative value at the end of decay time measurement. This was
most certainly due to instrumentation problems and had nothing to do
with the specimens under test. Specimens 1 and 2 of this material as
indtcated in Table 5 could be characterized as having decayed 5,200 and

3,200 volts, respectively, over a period of 5 seconds.

Figures 6 and 7 of this report agree quite well with Tables 1
through 4 of the KSC report by exhibiting no loss of charge over a
period of 4 saconds. This 1is typical
resistivity values in excess of 1015 onhms per square.

of materials having surface

9.2 Capran 980 (Figures 8 and 9)

This material, a form of nylon, exhibited only a slight charge

decay over a period of 4 seconds at a relative humidity of 28%. The KSC
test report indicates a faster decay at higher humidities. The data
agree with the known hygroscopic characteristics of most nylons and with
the measured surface resistivity of the material.
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9.3 Capran 512H (Fiqures 10 and 11)

B Test results obtained with this material were essentially the same L
as in para. 9.2. _Note the slightly enhanced charge decay which is
attributed to a higher humidity in the test environment. The lack of ST
significant charge decay agrees with the measured surface resistivity. f:itii

9.4 Electro-Safe (Figqures 12 through 14)

This material is a clear vinyl with a grid of carbon-like substance )
applied to one surface in the pattern illustrated in Figure 12. The -
opposite surface exhibited a resistivity of 3 x 1014 ohms per sguare.
The specimens were mounted in the sample holders such that the bare
surface faced the rubbing media. Note in Figures 13 and 14 the
- differing charge amplitudes achieved with the two rubbing media. Note L

also the extremely large voltage reductions which occurred when the HV
relay grounded the sample holders. This large voltage step is due to
_ the field suppression effect of the carbon grid added to that of the
-] metal sample holder. It must be assumed that a much higher initial -
charge voltage would have been indicated in the KSC Test Report had the ‘
specimens been isolated from ground until after commencement of
measurement. It can be further assumed that had the carbon completely :
[I covered the reverse side of the material the voltage would have arrived j}lk:
at zero in only the time necessary for 38.5 pF to unload through a very
low resistance value. Taking these assumptions into consideration, it
can also be assumed that near initial charge was actually present on the _
specimen in the first millisecond after grounding but the measured field ‘e
emanating therefrom was being drastically but not completely suppressed ’

- —

by the carbon grid. The discharge curves displayed are commensurate
with the measured surface resistivity.

@
9.5 PRV-1310 (Figures 15 through 17) sl
i This material was apparently changed from the original in that it
' was blue in color and the reinforcing material buried between the vinyl o
layers was a glass fibre screen in about a 1/8 inch grid pattern. This L
i
N 8 .

..............................................................................

.................................................

...................................................
- PR .




S R e T -~y -y B e A s
7 RN A - < .. ey L Pod .
- S AN e ey R Ry Y ————

material exhibited well-defined decay curves, arriving at zero from
b several thousand volts in well under 1 second. This is commensurate
with the measured surface resistivity of 5.3 X 1012 ohms per square.

The rather pronounced voltage step at groundihg time is attributed
to the known hygroscopic characteristics of fibre reinforcement material -
jmbedded into plastic resins. The moisture content of the fibres causes ﬁﬁ;ff?
them to be slightly more conductive than the surface layers, resulting .6
in enhanced field suppression effects. Note that this phenomenon is
somewhat less in this material than in that described in para. 9.4.

One specimen was reversed in the sample holder and retested to L
determine if both surfaces had similar characteristics. Figure 17 s
illustrates close agreement with Figure 16. A1l recordings generally
- agree with the KSC test report.

9.6 RCAS - 2400 (Figure 18 through 20)

ii This material is a pinkish-orange nylon which is entirely dependent

on the hygroscopic properties of nylon for its antistatic properties.

No surfactants are added as in MIL-B-81705, Type II materials. (see

para. 9.8). Tests performed on this material agree quite closely with
the KSC test report. In addition to rubbing with both cat fur and
‘ teflon, a third test was performed. A sample of the same material was
tightly mounted over the surface of the teflon wheel and used as the
rubbing media. Figure 20 illustrates that this material is capable of
3 acquiring extremely high charges when rubbed against itself. The nine
specimens tested during this phase went consistently negative in -
polarity. This phenomenon is not fully understood but could be due to
the presence of the teflon rubbing wheel and/or the fact that the A
rubbing media was grounded to the test apparatus during the rubbing 51*1-?1
process. !

' e

A1l data indicate that this material js unsuitable for use in areas el

where electrostatic discharges may present a hazard to personnel or )
equipment unless the relative humidity is in excess 50%.
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.................
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9.7 Saran 18L (Figures 21 and 22) : :L;jif
Tests performed on this material resulted in essentially flat 557;f?
. _ curves and were in agreement . with .the KSC .report.. The data is ’ .

commensurate with the measured surface resistivity.

9.8 AS 1400 (Fiqures 23 and 24)

This material is a qualified product in accordance with MIL-B-
81705, Type II. The electrical characteristics of the material are
dependent on the attraction of moisture from the atmosphere by a special
agent incorporated into the resin mix prior to extrusion. The operating AR
mechanism is therefore highly dependent on the relative humidity at the
time of use.

Data exhibited in Figures 23 and 24 indicate faster decay times
than is evidenced in the KSC test report. A recent study (Gary O.
Head, Lear Siegler, Inc., E0S-4, p. 120) indicates that exposure of this
material to the atmosphere for several months can result in leaching of
the moisture attracting agent to the extent that the surface
conductivity 1is drastically reduced at commonly encountered relative
humidity levels. The age of the AS 1400 covered by the KSC test report
is unknown but may account for the discrepancy in decay time. It is

-9 ..
also possible that excessive rubbing wheel speed and/or pressure may Tl
have caused moisture evaporation due to friction heating. L

The decay times exhibited in Figures 23 and 24 are commensurate ' ;"
with the measured surface resistivity of the material. T
10.0 CONCLUSIONS ﬁ;{fai
¥

10.1 The test results discussed in paragraphs 9.1 through 9.8
generally agree with the data contained in the KSC test report. It is
apparent that the more complete and accurate data obtained utilizing the s
modified version of the triboelectric tester demonstrates the success of .
the incorporated improvements. The inclusion of the entire discharge o
curve in the recorded data drastically increases the ability to render a
meaningful analysis of test results.

.............................
-
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10.2 The observation of field suppression effects clearly

9 N indicates the need to define decay curves by the method set forth in o
: u paragraph 7.5. It has been postulated that the decay rates of some S
? materials may.be voltage. dependent (i.e., the higher the voltage the 3{;'

faster the rate of decay). - -This writer has not encountered a material

3 B which possesses this property. It is believed that if and when such a e
k A material emerges, a slight modification to the tester will result in the N
{ capability of applying a fixed voltage of low value directly to the

L

specimen, providing a means of measurement of decay time at a level
below the point where voltage amplitude becomes a factor.

L 10.3 A direct correlation between charge decay rates and surface

o .

¥ resistivity values has been established. The data clearly indicate that

) the greater the value of surface resistivity, the longer the decay time ‘
will be. W

10.4 The data obtained when RCAS 2400 was rubbed against itself

(para. 9.6) indicates that it may be desirable to test certain materials L
in this manner, particularly when they are intended for use as drapery ——
materials in explosive situations. A disastrous incident which occurred !;_
at KSC a number of years ago was traced to the accidental squib ignition fifj
of a rocket motor mounted on a test stand within a building. The squib i;i'
was activated by an ESD which occurred when a plastic drape was allowed e
to unroll to cover the equipment under test. It is the understanding of -
this writer that several fatalities resulted from that incident.

10.5 The data obtained indicates that since the decay time
properties of certain materials are somewhat dependent on relative
humidity, such items should be conditioned and tested at the Tlowest
relative humidity which can be expected in the use environment.

11.0 RECOMMENDATIONS

11.1 It is recommended that the original KSC tester be modified
to incorporate the several improvements embodied in the new tester. It
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is also suggested that a SPDT HV relay be utilized in lieu of the SPST
relay. This will enable testing by means of an external high voltage
power supply 1in situations where it 1is not desired to use the
triboelectric feature.of the apparatus. A voltage rating of at least 25
KV for this relay ts recommended.

11.2 Due to the difficulty in maintaining a fixed relative
humidity in an entire room, it is recommended that a humidity controlled
glove box of sufficient size to contain the test apparatus and all
sample holders be utilized when specific relative humidities are a
requirement of the test method.

11.3 [t is recommended that accept/reject criteria for the decay
time of materials be based on the decay time constant TAU (t) calculated

from that portion of a recorded decay curve remaining after all field
suppression effects have stabilized (see para. 7.5). The basic formula
which should be utilized is t = (t7 - t2)/In(Vp/V1) where Vi is the
voltage present at a selected time t] and Vo is the voltage present at a
selected later time tp. 5t should be considered the decay time to
"zero" from the instant of grounding after a static charge of any value
is placed by whatever means on the surface of an isolated specimen,
given fixed dimensions of electrical contact of the specimen with the
sample holder and a fixed physical relationship of the specimen with all
objects in the near vicinity. Classically, t =RC, where R is the
equivalent series resistance and C 1is the capacitance inherent in the
discharge path. For test apparatus configurations other than this one,
the capacitance C of the specimen must be specified if R is to be
inferred from ¢r. It is evident that any test method involving decay
time calculations should be quite specific with regards to dimensional

considerations.
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| TABLE T - MAXIMUM AND MINIMUM PEAK CHARGE VALUES OBTAINED -ffi
' DURING EVALUATION TESTS DL
B o . PEAK CHARGE Qf”
SPECIMEN MATERIAL | RUBBING MEDIA HIGHEST LOWEST Y
[ ACLAR 22A CAT FUR -16.4 KV | -4.8 kv e
CAPRAN 980 CAT FUR 24.8 KV 5.0 KV ’
CAPRAN 512H CAT FUR 1.6 KV | -550 v
ELECTROSAFE CAT FUR -820 V -625 V
PRV 1310 CAT FUR -7.4 KV | -5.4 KV .
- RCAS 2400 CAT FUR 9.5 KV 5.0 KV ’
SARAN 18L CAT FUR -4.83 kv | -3.25 KV
AS 1400 CAT FUR 1.1 kv | -640 v
ACLAR 22A TEFLON 14 KV 10 KV f.,
CAPRAN 980 TEFLON 11 KV 6 KV .1
CAPRAN 512H TEFLON 8.2 KV 5.7 KV -
ELECTROSAFE TEFLON 3.9 KV 3.0 KV ;-
PRV 1310 TEFLON 4.1 KV 2.6 KV ;
RCAS 2400 TEFLON 14.2 KV 4.5 KV -
SARAN 18L TEFLON 12.2 kv 7.3 KV =
AS1400 TEFLON 2.9 KV 2.0 KV i
4
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TRIBOELECTRIC TEST FOR THE
LABORATORY EVALUATION
OF
ELECTROSTATIC DECAY

KENNEDY SPACE CENTER B
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3 APPLICABLE DOCUMENTS

. 3.1 ASTM Standards:

E 104 Maintaining Constant Relative Humidity by means of
Aqueous Solutions.

4 SUMMARY OF METHOD

4.1 Specimens cut from the protective clothing are

preconditioned to the required humidity for 24 hours

prior to testing. The test specimen is then mounted in

the specimen holder, a static charge is generated by

rubbing.,with a polytetrafluoroethylene (PTFE) <oated

wheel for 10 seconds, and the charge generated and decay

rate is followed using a storage oscilloscopel (NOTE 1).

NOTE 1 Other recording methods are acceptable, but

error may result in cases of rapid charge
decay.

5 APPARATUS AND MATERIALS

5.1

The Triboelectric tests are performed with the apparatus
shown in Figure 1. The apparatus consists of a bonded
aluminum frame properly earth grounded (maximum
resistance to be less than 5 ohms, see NEC) on which are
mounted a PTFE rubbing disc driven by 1/50 hp electric

motor, the sample holder, and the static voltage
detection

lao Tektronix Model 549 Storage Oscilloscope has been found to be
satisfactory.

.....................




head.2 The motor drive and PTFE wheel are mounted on a
sliding carriage which can be moved forward or retracted
by a control lever., The PTFE rubbing disc, which is

K 12.5 cms in diameter and is machined with a convex
surface of approximately l2-inches radius, is cemented
to_a Micarta® support fitted with a 1/4-inch diameter
aluminum shaft that is clamped in a chuck on the disc

K drive shaft. This shaft is belt driven by the motor >
through pulleys such that the disc speed is 400 #* 20 o
rpm. ' )
- 5.2 For testing fluorocarbon materials, an alternate rubbing [
disc, such as untreated wool, is required. .
b 5.3 Desiccator, 250 mm diameter. . f
v |
5.4 Salts and solutions for the desired humidity as ]
specified in ASTM E 104. ,:flg
. '—-—-d. s
6 SAMPLING (A
6.1 Five specimens, each measuring 17 by 19 cms shall be f:fﬁ
selected for each test. i;;j
P
6.2 Specimens from garments should include all of the layers ;{_j
held in the relative position they occupy in the Rt
arment. ]
3 »

S
7  PREPARATION OF TEST SPECIMENS s

7.1 Five specimens, each 17 by 19 cms, shall be marked out ;'}
on the surface opposite that to be tested. The } .’
2A Keithley Model 2501 Static Voltage Detection Head coupled with it )
a Keithley Model 610C Electrometer has been found to be f}.Q
satisfactory for this purpose. Eﬂ f
R
.. R

..............................
.........................................................................




specimens shall then be cut from the garment or
materials of construction.

7.2 The test specimens shall be conditioned at the desired
relative humidity for 24 hours before testing. This
conditioning may be performed in a humidity cabinet or
in.a desiccator above a suitable solution (ASTM E 104)

B which provides the required humidity (relative

humidities of 35, 50, and 65% are suggested).

7.3 One specimen at a time is removed from the controlled
environment and tested within five minutes of removal.

8 PROCEDURES

- 8.1 Place the test sample in the hinged sample holder, which
is provided with parallel ridges and matching grooves on
the sides, to stretch the sample as the clamping nuts
are tightened. With the test sample in place, raise the

[~ | sample holder in front of the PTFE disc, and move the
disc control lever to lock the sample holder in place
with the positioning pin. Reset the measuring and

) recording equipment and move the PTFE disc forward

' against the stop which allows it to contact the test
sample and assures that it is in the same plane for each
sample.

L 8.2 Using the carriage lever, retract the rubbing disc from

the test sample after 10 seconds. This action accuates
a microswitch, which triggers the storage oscilloscope,
and permits the sampie holder to swing through an arc of

approximately 90 degrees and to lock into position in S %j

front of the static detection head. This detector is ]
) connected to the electrometer, the output circuit of :ff;'
o which is connected to the vertical deflection input ';*’

terminals of a differential amplifier plug-in module in

...............
.................
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the storage oscilloscope (or alternative recording
device if desired). Points on the resultant
oscilloscope trace are related to the expired time
interval beginning at cessation of rubbing (which is
initiation of charge dissipation). The time interval
between cessation of rubbing and initial oscilloscope
pick-up of the discharge curve is 0.35 £ 0.02 second,
which is the time required for free fall of the sample
holder to the detector head. The horizontal (time)
scale on the oscilloscope can be adjusted to a
relatively short or long time span. The usual time span
used for electrostatic tests on plastic films or garment
materials is 5 seconds.

REPORT

9.1 The temperature and relative humidity at which the test
specimens are conditioned shall be recorded.

9.2 The initial charge generated on'each test specimen shall
be recorded and may be averaged if desired. If the
results are averaged, the highest and lowest values
shall also be reported.

9.3 The decay of the static charge may be read directly from
the oscilloscope screen at 1 second intervals and
recorded. Other time intervals may be chosen if
desired, but must be so stated.

SUGGESTED INTERPRETATION OF RESULTS

10.1 The static charge and decay properties of a material
should be measured at several relative humidities to
provide information for the ranking of materials.

.................................
...............................
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NASA ’
MATERIALS TESTING SECTION
MATERIALS ANALYSIS BRANCH
FLUIDS AND ANALYSIS DIVISION "

-»
TG-FLD-22, ROOM 1218, .0&C BUILDING
KENNEDY SPACE CENTER, FLORIDA 32899
APRIL 15, 1981
»
MMA~2116-80
)
SUBJECT: Physical Characteristics of Twelve Materials
1.0 FOREWORD
)
1.1 On October 31, 1980, twelve materials were submitted to
the MMA laboratory by Mr. J. A. Aliberti, NASA, SF-ENG,
for an evaluation of their physical properties,
)
1.2 The twelve materials were identified as follows:
1.2.1 Aclar, a clear, unplasticized, non surface
treated polychlorotrifluorcethylene manufactured )
by the Allied Chemical Company.
1.2.2 Capran 80, a clear nylon 6 manufactured by the _
Allied Chemical Company. '
1.2.3 Capran 512H (512 HLT and 512 HLTX), a clear
transparent, nylon 6 manufactured by the Allied
Chemical Company. '

1.2.4 Electro-safe, a clear (with grid) PVC vinyl,

manufactured by the Wilson Sales Company.

1.2.5 Lectrolite, a black/navy material manufactured
by Herculite Products, Incorporated.
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1.2.6 PRV-1310, a green woven pclyester material
laminated between vinyl film layers,

- manufactured by the Snyder Manufacturing Company

of Dover, ohio.

1.2.7 RCAS-2400, a transparent (with orange tint) heat
stabilized nylon material manufactured by the
Richmond Corporation,

1.2.8 Saran 18L, a clear (light tan tint)
polyvinylidene chloride manufactured by the Dow

Chemical Company.

1.2.9 Velostat Film, a black, carbon impregnated

polyethylene vinyl acetate material manufactured
by the 3M Company.

1.2.10 Wrightlon AS-1400, a light pink transparent
material manufacturd by the International
Plastic Products, Incorporated.

PROCEDURES

Electrostatic Properties

After being conditioned to the laboratory environment
for at least 24 hours, the following triboelectric test
was performed. Each specimen, after being rubbed with
a Teflon-coated wheel for 10 seconds to produce a
static charge, was quickly positioned in front of the

detecting head of an electrometer. The recorder output
from the electrometer was connected to the input of a
storage oscilloscope. A charge-vs-time plot of the
charge dissipation properties for each test item was
presented on the oscilloscope screen.
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2.2 This test was performed on each material at relative
humidities of 59%, 46%, 37%, and 18%. The samples were
then exposed on the beach for three weeks to determine

. the effect of ultraviolet radiation on their
electrostatic properties and retested (Table 5) at 42%
relative humidity.

B
2.3 Flammability Characteristics
The materials were tested for flammability in
accordance with Test No. 1, upward propagation test of
-

NHB 8060.1A, "Flammability, Odor, and Offgassing
Requirements and Test Procedures for Materials in
Environments that Support Combustion."” This document
states, with regard to criteria of acceptability, as
follows:

2.3.1 Material shall be classified as Group I
if determined noncombustible, or
self-extinguishing before 6 inches of the
samples are consumed, the time of burning not to
exceed 10 minutes., There shall be no sgparking,
sputtering, or dripping of flaming particles
from the test samplé. The sample shall be hung
vertically in the test chamber and the igniter
placed at the bottom of the sample for a period
of 20 seconds.

2.4 Propellant Compatibility

Test specimens--approximately l-inch square--were cut, -9 1
placed on watch glasses, and 2 drops of the appropriate 1__:3
test fluids placed on one corner of the specimens. The I-fﬁii
test fluids consisted of the following: monomethyl

PRI
KR
Sadod oa g
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hydrazine, nitric acid, nitrogen tetroxide, and 90% ix
hydrogen peroxide. The specimens were observed for 5 ;1;
minutes in this configuration to determine if any {:
deleterious effect occurred from exposure to these S
hypergolic fluids. f}
3.0 TEST RESULTS
. 3.1 The results of the electrostatic tests are shown in :
i Tables 1 through 5. -
3.2 The results of the flammability tests are shown in
Table 6.
3.3 Results of the hypergolic compatibility tests are shown ~
in Table 7.

INVESTIGATORS : _%Lé;ggn/-
C. @. BRYAN

Bl Lol -
B. J. LOCKHART -

8. E D nalin.

ngE. MI&E&ER

) lzbﬂrt4TZL
J. BROWN

W, |
APPROVED: 0 :\/ /41,‘, ,_,p,a(/

C. L. SPRINGFIELD, IEF, MTS, NASA

B-14 -




aneane T T SRS S T
. e e b - - - - -t T ST ST SR L
| *NOLINOTI'1ddV JSMVID 4O NOIIVNIWJAL YALIV JWLL
: 00T NVHL SS¥1 001 0sT € "ON QTdWVS
" 00T NWHL SSIT 00T 0ST Z "ON TIdWVS
' 00T NVHL SS¥I 001 0ST T "ON TIdWVS
- AIYS-CULOTTE
3 00T NVHL SS¥1  00€ € "ON TIdWVS o
g 00T NVHL SSI1  00€ Z "ON TIdWVS "
3 00T NVHL SST1 00t 1 "N JTdWS ]
5 HZTS NVidYD
ﬁ.A
{ — 00T NVHL SS¥1  00F% 00z't  008‘S 000‘TT 000‘CT € "ON TIdWVS
. 002 ooy 008 00Z‘c  00¥’S 008’8 000* 0T Z "ON F1dWS by
00T NVHL, Y
SS¥1 00T oov 000‘T  000‘S 00Z'OT  009'CT T "ON TIdWVS
08 NWIdwD o
L
009‘6~  008’p- € "ON TIWVS ® ]
009‘€~ 008’ €- ¢ "ON IIdWVS
000’ v~ 00Z'v- T "ON JIdWVS
-
ADV ]

JdS 0°S DOdS 0°v Ods 0°€ JdS 0°CT JdS 0°T DJdS S°0 O3S GE°0
TNRILLVH

»JLW ARIVHOSIA JINLION

%65 ALIQIWNH JALLVIRI doll RNIVIIdWAL

RNSOE HOVAd QL JOonudd
SIS ISHL JIINISCIIOT T
T J19YL

08-9TTZ-ViW




o ISR - P T T ﬁ
p. S T
. | - - . . .. - - - - v et - - -l
ﬁ. L
5 * NDLIVOT1ddV 3MVHD J40 NOLIVNIWSEL YALIV FWILy ]
00T NVHL SST1 € "ON TIdWVS m
p 00T NVHL SST1 Z °ON J'1dWVS
‘ 00T NVHL SSI1 1 *ON TI1dWVS b
¥
2 WILd INISOTIA %
s ]
00S'T 0sS°‘T 0002 £ "ON FTIdWVS .
: 0S0‘T 00T’T 0011 0ST‘T 00S°T. 2 "ON JT1dWVS
ﬁ 00L‘T 001’z T *ON TIdWVS
8T NWUVS
—— 001 NWHL Ssd1 00S 000’1 00S‘€E 000’6 000‘€T £ "ON TI1dWVS
— 00T NVHL SS 00S 00S’T 000‘S 0056 000‘€1 Z *ON TIdWYS
— 00T MWHL SST1 00S 00S’'T 000°S 000’01 00S‘€1 T "ON TIdWVS
00¥Z Ssvod
— 00T NVHL SST1 001 00Z 00S 00L'T 00L‘E £ "ON TIdWYS
— 001 NVHL SS¥1 00T 00C oov 002’1 00T’€ Z "ON TIdWVS
—— 00T NWHI, SST]1 001 00¢ 0414 008’1 00L‘E T "ON TIdWVS
. O
f 0TET-Md M
h 00T WVHL SSTT € "ON TTdWVS
! 00T NVHL SSH1 Z "ON J1dWYS
00T NVHL SsT'1 1 "ON TIdWVS
., FLTICIIOTT
ﬁ 5
JdS 0°G DdS 0°v OJdS 0°€ OdS 0°¢ OJdS 0°1 JdS G°0 JdS SE°0 .m
TV TIAIVH o
. »AIW AMVHDSIA JdNIIOA
. ....-.
. N .-4
H %65 :ALIAIWNH SALLVIN doTlL  *TANIVEAIWAL M
{ Yy
. R
w MNSOXd HOVAE QL YORId
w SIINSH ISAL DLINVISOUIOTTE
! (Q,INCD) T FIgVL A
y e
9 08-9T TZ -V "
i \ | °




..........
................
.........
.........

"NOIIVOI'IddV IRVHD JO NOLLYNIWIAL MAIAV JWILy

000‘t 00S‘T 000‘2 00S‘E  00S‘L 000°¥T 000°LT ¢ "N JIdWVS
00S‘T1 000‘C 000°¢

-~
o™
=
(=}
-
<

]
3
. 000‘€ . 000°FV 000‘9 005’8  00S‘TT  00S‘LY 000°0C £ "ON JI1dWVS
]
m 000’8 00S‘ST 000‘TC T °ON T1dWVS

m.__ 00V T-SY NOLLHDINM

i dS 0°S O3S 0°v JdS 0°€ 0dS 0°¢ J@S 0°T DES S°0 OJdS Se°0

4

. IV d9MVIOSIA dONII0A

| A

\.V %65 ALIGTWNH SALINTI doZl  TENINGAdWAL
g

RINSOAXE HOVAE QL HORId

L . SIINSHA ISAL JLINISGLLOATI
1 . (3, JN0O) T J19vdL

L 08-9TTC-Vi

. ]
e .
B

S asa e~y

PP

SIS
hd . . L

PR AT

B-17




RuCites S Ste Jiv e Sre iy I APE A ARG SR Ete e

"NOLINVOT1ddV VD) JO NOLLYNIWJAL HALAVY dWldg

00T NVHL SST1 € "ON FIdWVS
00T NVHL SST1 Z "N TIdWVS
0NT NVHL SST1 T "ON JTIdWVS
JLITRLIOTT
00T NVHL Ssd1 002 0S¢ £ "ON FIdWVS
00T NVHL SSI1  00C 0sE Z "ON TIdWvS
00T NVHL SS¥1 00T 0S€ T "ON TIdWVS
JIVS-CIIDT T
00T NVHL SSH1I 000’1 00S‘C  00S‘TT 005’12 € "ON JIdWVS
00T NVHIL SST1 000°‘T 000°'C 00S‘Z1 00002 Z °ON TIdWVS
00T NWHL SSA1 00S 00S‘C 000°tTY 000‘0Z T °ON FTdWVS
HZTIS NVidVD
00¥‘S ©  00Z‘9 00Z‘L 000’8 oov‘s  009‘s 00F‘ 1T £ "ON JT1AWS
00Z'S © 000’9 000°L 000’8 008’8 000‘6 008‘21 Z °ON FIdWVS
00C‘'v ©  008‘V oor’s 00Z'9 0099 000‘L 009’8 T "ON TIdWS
08 NVidYD
0001~ £ "ON J1dWVS
000’ ¢~ Z °ON T1dWvsS
00S’1- T "ON TIdWNS
YOV

JdS 0°S JdS 0°v OdS 0°€ DdS 0°Z DdS 0°T JdS S°0 JdS SE°0

- TN ULLYW
23 TOUVHOSIA FOVIIOA
9% ALIGIWNH JATINTRI doTL  RNLVIIIWIL
MNNSOdXA HOVAL Q. Jorud
SIINSA ISAL JIIVISOIOTTE
rAlc g AR

08-911Z-vW

B-18




CH 2 et

001 NVHL SST1
00T NVHL SSd1
001 NVHL SST1

*NOLINOI'IdAY dRIVID 40 NOILUNIWHAL YALIV JWILy

€ "ON J1dWVS
¢ ‘ON T1dWVS
T ‘ON T1dWS

WII1d LVISOTIA

000’'€~- £ "ON JTdWVS
006°S—- Z ON TIdWVS
005G~ T "ON TT1dWS
18T NWIVS
000°0T 000‘TT OO00‘ET 00S'¥T 00061 000°CT 000°ST £ "ON T'1dWVS
0009 00S‘L 000°0T 00S‘ZT 00S’9T 00S‘8T 000702 Z "ON TIdWVS
00S‘9 000‘8 005’6 000‘TT O000’€T  00S’€T 00S°LT 1 "ON T1dWS
00bZ SV
« 002 00C (411 4 009 000°€ 008’9 € "ON T1dWS
« 00 00z 00C 009 000‘€ 0089 Z "ON TIdWNS
00T NVHL -

SST1 00T 002 00z 009 000’¢t 008’9 T "ON TIdWVS
oteT-nd

0ds 0°S .umm 0°F OdS 0°€ OJdS 0°C OdS 0°T DJdS S°0 O3S SE°0

TVIIALVW
»AI FTRVHOSIA TNII0NA
$9% ALIGIWOH JALIVIRI doTL  TRNLVYIAWAL
RNSODE HOVAd OL HOIMd
SIINSA ISAL JDLLYISRLIOTTA
(4, INDD) T JIgvd

6 08-9T1T1Z -\

B-19

e o

PO U R LGS Ul S S Y LIPS S S WA WY S}

alal o




.......
AR LWL e ! A
......

.........
............
...................
...............

"NOTINOI'IdAV SRIVHD 40 NOTINNIWIHL ¥dLJdV JWILs L

. 00S‘6 000°0T 000°ZT OOS‘€ET 00S‘¥PI  00S‘LI 00081 £ "ON TIdWVS =
. 000‘'L 000’8 005’6 000‘CT  000‘ST  00S°‘LY 005’81 ¢ "ON J'IdWVS
00S‘S 0059 00S‘L 005’6 000‘€T  00S‘LI 00S‘81 T "ON TIdWVS

00¥V1-S¥ NOLLHOTYM

B-20

N R
P RS

JdS 0°S OdS 0°v JdS 0°t OdS 0°C 2dS 0°T OdS S°0 JdS SE°0
_ TNTIAILVH

LIV IMVHOSIA dNLTONA

ORI

$9% ALIGIWNH JALLY IR doTL  TINIVIIdWAL

: RINSOIXd HOVIE QL ¥OIUd
1 SIINSA ISAL JLINMLSCGIIOTTE
: (Qq,dNDD) T F1avd

.
--‘
Ly
24
.
-,
“
.

X
»
%
*»
1] s.M
vl
S
.
[ |
S
i

o1 08-9TTZ-VIW




.” : ® "o FRE
A *NOLINDITTAAY F9UVID JO NOLILVNIWNAL ¥ALIV AWLLy
w.
' 00T NVHIL SSd1 £ ON T'1dWVS
1 00T NWHI SST1 Z ‘ON TIdWVS
00T NVHL SSTI 1 "ON TIdWvS
ALITOLIOAT
‘ 00T NVHL SS¥1 001 00€ £ °ON T1dWVS
. 00T NVHL SST1 001 00€ Z °ON TIdWVS
9 00T NVHL SS¥1 00T 00€ T *ON F1dWS
i AIVS-CUIDTT3
{ 001 005 00S‘T  00S‘E  00S‘T  000'0Z  00S‘€C £ "ON T1dWVS
, 00T 000‘T 00S’S 00S ‘ST 000’12 Z °ON J1dWVS
. 00T 000‘T  00S‘S  00S’ST  000°TZ T "ON TTdWVS
b
: HZTS NW¥dVD
00S’ZT  00S‘€T  00S'¥T  000°ST  00S’'ST  00S‘ST 005’81 € "ON FIdWS
0058  00S‘6  O00S'TT 000°¥T  OOS’ST 00S‘9T  00S’‘6T T "ON TIdWVS -
00s‘8 005’6 00S‘TT  O00S‘€T  00S‘¥T  000‘ST 00S‘61 T *ON TIdWVS
“ 08 N@awD N
ﬁ
1 008 000’y € "ON TI1dWVS
i 009 000’6 Z "ON FIdWVS
000‘¢ 000°L T "ON JIdwvs )
ﬁ AV
ﬁ "
5 IS 0°G JdS 0°v OdS 0°€ JdS 0°C OdS 0°T J@S §°0 OJdS SE°0
TVTHAIVW
| YA ASHVIDSIA JOVEI0N
$L€  ALIGIWH SALIVI d.8L FUNIVYIWAL A
MNSOdXE HOVAE QL HOT¥d X
SIINS® 1SAL DIIVISORIOF1d Ry
€ FIGNL
148 08-9TTZ-Vii
- e _ oM .. . L L e
- N Y

R T T e R Y
S I B T i R I TR S AR NSRS
Vet T N, Bttt Wt - -

LS S A T IR )

B-21




009°2
000‘9
009

00S 00S 000'T 000‘1 00S°C 000’01
— 00T NVHL SSI1 00S 00S 0002 000’ 01
00S’T 000°C 00S‘€ 000’9 000°‘TT  000’¥T

4114 00C oov 00v 000‘T 000’V
— 00T NVHL SSJ1 00C 00c 008 000’V
—— 007 NWHL SSd1 00¢ oov 000’1 00zZ's

......

......

"NOLIVOI'IddY JRIVHD JO NOILWNIWIAL HALAVY IWILy

00T NVHL SST1
001 NVHL SST1
007 NVHL SST1

00v‘s
0ov’9
00Z'v

005’61
000’ 0¢
000’91

008‘L
000’8
002’8

£ ‘ON J1dWYS
¢ "ON JT1dWVS
T "ON JIdWVS

WIId JINISOTIA

"ON T1dWVS
"ON J'1dWYS
"ON JIdWVS

- N ™M

T81 NWIVS

ON JIdWVS
ON J1dWVS
ON TI1dWVS

- NN ™

00¥C SV

‘ON T1dWVS
‘ON J'TdWYS
“ON J1dWVS

~ N ™

OTET Md

O35 0°S D0dS 0°v OdS 0°t D0dS 0°¢ JdS 0°T D2dS 6°0 JdS SE°0

»ILWY JVHDSTIA JdTNLION

TNTIIINHW

$Lf ALIATIWNH JALIVTRI

4

Jdo8L

RINSOLXI HOVEd QL ¥OIdd
SIINSH ISAL JILVISCLIOET
(Q,JN0D) € TV

 RRNLRI WAL

08-9TTC—ViW

B-22




. ]
3 v...J
o]
*NOLIVOTIddV FIRVHD JO NOLIVNIWSAL 8LV JWILs @
U
000°T  00S‘T  000‘C 000’V  ©00O‘8 O00S‘ST  000‘6T € "ON TIdWYS @
: 009’Z  00Z‘¢  008’€  00C’S  008‘9 OOE’L 00v’8 Z *ON FIdWVS -y
. 000‘T  00Z‘T  O00Y'T  000°C  008‘E 00Z'L 008’8 T "ON FTdWVS %
T -
” 00V -5V NOLLIDRIM 9
V "]
b e
f JdS 0°S @S 0°v O¥S 0°€ OdS 0°C JdS 0°T OdS §°0 OdS SE°0 ¥
! TVIIAINW - 4
_ »ADN IRVHOSIA A9RILTON
] - g
$Lf  ALIGTWNH BALLVTR doBL  HUNIVYIAWAL ]
MNSOdXd HOVAE QL YOI T
SIINSR ISEL DLLVISCUIONTH -
(Q.INDO) € TIEVL .
L 08-9TTZ-VW 3
/ :

. [~ &l i

s - PN R VESrUpPTTurY oo




*NOILVOT1ddV dRIVHD JO NOILVNIWJAL Y314V JWILe

00T NVHL SS¥1  0GC 009 £ *ON FTdWVS
00T NVHL SSH1 (0S¢ 059 Z "ON FIdWVS
001 NWHL SSd1  00¢€ 00L 1 "ON T1dWVS
FIVS-CLIOT T3
000’LY 00S‘0Z 000°GZ 00S‘8C 000‘0¢ £ "ON TI1dWVS
00S‘FPT  00S‘LT  00S‘'TC  00S‘f€C 00S°vZ Z "ON TIdWVS
00S°€Z  000°GZ  00S’LT 00S‘8C 000°2¢ 1 "ON TIdWYS
HZ1S NIV
00Z’'€ £ "ON T1dWVS
00v’‘€ 000’V Z "ON T1AWS
008’8 0096 1 "ON T1dWVYS
08 NYHdYD
000°‘L £ "ON TIdWVS
oob‘1 000°'¢€ Z "ON T1dWVS
000’8 1 "ON TIdWVS
UV DV
S 0°S O3S 0°F DAS 0°€ OIS 0°Z J3S 0°T DJdS G°0 DdS GE°0
AL 3OIVHDISIA JOVLION
$8T ALIQINNH IAIILVIN dobl  SRINIVHIdWAL
RNSOIXT HOVAY QL yORd
SIINSTY JSAL DILVISNIOTIA
v T4Vl
08-9TTZ-YiH

WA SO WO TN UL LI G U G G G S G T ¥ WP Wy -

I Y]

B-24

P - -, e . et Wt W - .t . P
a et e T e T e
LRI PN IR TN N




LERArad ags S nas 4

M dien B Bt aen e

[ ] N ] a a
*NOLIVDITAAY FRVHD 40 NOTIVNIWYAL H3LdY JWIlg
00S‘6 000/ %1 £ *ON TI1dWVS
000’01 000‘2T Z "ON TIdWVS
005 ¥1 000LY T *ON T1dWVS
00vZ SVOU
. 00S 00S 000’1 00S’€ 00S‘1T 000’91 £ *ON FT1dWVS
.. 005 00S 0001 00S‘€ 005‘0T 000°ST Z "ON TIdWVS
00T NVHL

SSTl 00S 00S 000’1 00S‘¢E 00S‘TT 000° LY 1 *ON T1dWVS
OTET Mid
001 NVHL SS¥1 € “ON JIdWYS
001 NVHL SS31 Z °ON JTIdWVS
001 WHL SST1 1 “ON 31dWS
ALITONLOAT

JdS 0°S DJ3S 0°t DJdS 0°€ D2dS 0°Z JdS 0°T J2dS S°0 2dS S0

TN RIALYW
»ALY ARVHDSIA dNII0A
8T ALIAQIWAH JALINTRI dobl  *RININYIAWAL
TINSOdXd HOVA" QI JONdd
SIINSM ISAL JDILVISCIIOT3
(a,JN0D) b T16YL
ST 08-9T1Z7-YWW
lea o | i [ ]

B-25

R e P S
AP P UURRT . T WP i P Y

NSO

Dmacotnndh

-ty 2 e

e
MV AL P B LIPS PPN 2PN

o 3



—

......

"NOILYOITddY ISUVHD J40 NOIIVNIWIAL YALIY IWILg

000’€  00b’c (4]0} 24 4 009’S 008°L 000’01 009’11 £ "ON FTdWYS
008°6 00Z'0T ©00S’0T 000’TT OQO0Z'TT  00Z'TT 008°21 Z "ON F1dWvs
008 002’1 00%'1 00%’2 009'p 000‘L oob’s T "ON F1dWYS
00¥T-SY NOTIHONIM
00T NVHL SST1 € “ON F1dWVS
00T NVHL SS1 Z "ON FIdWYS
00T NVHL SST1 T "ON FIdWWS
IVISOTIA
0S€E 005’1 £ "ON TTdWVS
0sZ 0s€’Y Z "ON TIdWYS
002’1 0091 T °ON FTdWNS
18T NWIVS

JdS 0°S 0dS 0°v 23S 0°€¢ DdS 0°C JE@S 0°T DdS $°0 O3S Ge°0

TV RILINW
»AIVY ARVHOSIA FANITOA
$81 ALIATWNH IATINTRI dobl  TANINIAJWAL
NSOIX3 HOVAG QL ¥OTdd
SIINSA ISAL DIIVISOMIOT T
(4, INCD) b JFIgvl
91 08-9TT1Z~\VIW
7 ™} |

2
........

B-26

Tate a e v 2 W L. .



S U AP [atiinsn Al ad ey Eahon A — _— v - e 11-

NS R gy . e ”._

“. < T Lol 1 "

| "

3 .

S4031d HITIVWS QISO-GNIM AS NHOLys ..

m NOLINDI7IddV JOMVHD 40 NOLIVNIWJEL ALV FWLLy :

§ 05z 00€ Z "ON T1dWVS ‘_

: 06C 00€ T *ON 3TdWYS !

b, R

. AL TGO

2 00€ 00S Z "ON IS |
. 0S€ 0S¥ 00L 1 *ON TIdWVS
! FIVS-CUIOITE

. 000’1 000°C 00S‘€E 000’L 000'bT  00S’8T 00S’0T Z °ON T1dWVS ]

‘ 00S’T  00S‘€  000°S  00S‘8  000‘ST 0000z  00S°CC 1 "ON TIdWYS g

i HZIG NWIdvD ;

1 4

. 000°z  00S‘€  00S'S  00S’6  000‘9T 00S‘0c  00S’EC Z "ON F1dWVS U

00S’T  ©000°C  000°F 000’8  ©000‘ST  00S'0Z  00S‘EC 1 "ON TIdWNS :

- -

08 NYdd¥D ]

5

009‘z~ 00W‘z- 00T’'z- 000'z- 008°T- 009°T- 009 w¥ ¢ “ON T1dWVS & ]

000’T~ 000‘T- 008- 008~ 009- 00Z- 00C’'v vy T "ON JTAWVS .

ATV 5

...L

35S 0°C JdS 0°V OdS 0°t JdS 0°¢ 095 0°T DFS ST0 O3S SET0 s

INTHAIvW g

[ +ALVd FO0uVHDSIA dovLIoN

o

$2b  ALIGINH JALIVIR dobl  SERINLVIAIWAL -

SYTAM JMHL 40 TNSOIXI HOVIE HILIV

SIINSA ISAL JIIVISCLIOF1I

S TIEVL ¥

L1 08-9T TZ-WH 4

o

! R

=} - | . N

...... TN R Nl 8L e @ ml ]




f
..........
.....

[ S e e e e e e v
ﬁ.. il | & a - s a Il i - - - e T - ‘.
3
8 *NOLIVDI'IddV FOMVHD 4O NOLIVNIWNAL HALIV AWLLy X
{
. 000°C  009‘C  000°€  009‘€  000‘S  000‘L 00z’ 01 Z "ON 31dWvS o
! 00z 00¥ 00¥ 009 oov‘'t  oov’E 000’9 T *ON TIdWVS
.. 00V T-SV NOLLIDTAM
I ..A..
: 0sT 002 T *ON TIdWVS o
0ST 00z : T "ON FTdWVS
. . .A
INISOTAA -
00S‘ST 00091  00S’9T ¢ "ON TIWVS o
: 00S‘0T 000°TT  000‘TT 000'TT  00S'TT  00S'IT  O000’€T 1 "ON FIdWVS N
: 8T NVVS g
1
- 00S‘C  ©000'Y  00S‘9  00S‘OT 00S‘9T 00S’1Z  00S’€e Z °"ON TIdWYS
000°Z  000°€  000°S  00S‘8  00S‘¢T 00S’ST 000’1 T "ON TIdWVS ]
QO ....&
—————————— N .n.
00¥Z SWDu & H
002 0SC 0sT 00¢t 0S¢ 0SL 0s2’2 Z "N d7dWVS )
00z 052 0S¢ 00¢ 0S¢ 009 0s€’T T "ON TIdWVS o
"4
OTET Aud 2

JdS 0°S JdS 0°F DdS 0°t DdS 0°C DdS 0°T JdS S°0 0dS GE°0
TN TIALVW

»AINY IHVHOSIA INLTOA

%2V ALIQIWNH JALINTRI dobL {NLVYEAdWAL

LT e e e T T e
ST ULl WL N Sl Sl WA S

SHEAM TRIHL 4O MINSOdXd HOVAd WdlJVY .
SIINSA ISAL JILVISCLIOTT N
(Q,JNOD) § TIaYL q

08-91TTZ-YiW




............

NOIINOIJIOHNdS JHL JIW

*SNOIIVOTIAAY I dNCYD D3 SINTWRI INOR
ALTTTEVWNWLY JHL GFIIVA IVIHALWW JHL
‘NIWIDAdS JSAL JHL 30 ¥IANIVWRI JHL
CIHMOOS ANV “SHHONI €£°9 JO FOVIAAV
NV GIWNISNOO “2DIOWS YON'1E JTEVIAISNOO
CALLIWY ‘CALINOI ‘TVIRIALWW 3HL

-
NOLIWOIAIOHdS dHL JAW

15

"
14

6°0

£°9

O
« o
Mo

™~ 0
.« o
MmO

o~
e @
mo

.
.......
.........
................
.......
......................

..................
..................

........
L I B

¢ “ON ISdL

T "ON IS4l

ANVAWOO STIVS NOSTIM JHL
A9 CRINIOVANNVH 3JVS-GLIOT I

¢ "ON J1SdlL
T "ON JSdL

ANVAWOOD TWOIWIHO GAITIV JHL
A GRINIOJINNYW HZTS NWAAYD

¢ °ON JISsdL
T "ON JISAL

AVNAWOO TWOIKIHD GAITIV HHL
A" CRINIOVINNYW 08 NWIdAYD

" ¢ °"ON ISdaL
UHHSIONTIXI 4135 T "ON JISaL

ANVAWOD "TNOTIWIHD AaITIV
dHL A4 CRINMIOYVAONYW YWDV

SV

(oas)
AWLL
Ning

(°NI)
HLONI]
Nnd

SOLISTHAIOWIVHD dWd1d TNIIA.LYW

¢ ON OGNV T “ON SLS3EJ VI°0908 €§HN :COHIIW JS3AL
SOIISV'Id 4O SIINSR] ONIISHL ALITIGVWWYIA
9 J1av.L

61

08-91 1T~V

B-29




........
......
........................................
.....................................................
................................................
........................

S e e p—
N AN N

..... lo e ° e o la o I e L e i e
9°0 Z *ON Isay
0°S T "ON ISAL
TNOIWIHD MOd FHL
X8 CGRINIOVANNYN ‘18T NWIVS
L0 ¢ "ON ISalL
L€ T "ON Isal
NOLINIORIOD GNOWHORM FHL
X GRINIOVANNVW 00%Z—~SVOd
L0 Z "ON ISAL
9°y T *ON ISaL
[ — o
ANVIWOO <
ONRINIOVINNVW HAAANS FHL @ .
A9 GRUOIOVANNYW OTET Ad o
" . L0 " ¢ "ON IS3L 3
NOIIVOIAIOAAS HHL JAW 0C 0°v QEHSINONIIXI-JT3S 1 "ON IS3L
TSIoNOCNd_SLIIOUAR "
X6 GRINLOVANNGH ALTICAIOAT %
_v.”,
....-J
e
(@) (*NI)
- SV SWLL  HIONT]  SOLISTMAIOVSVHD HW'ld TVIYAIN: o
Ning Ning o
o)
)
Z *ON ONV T °"ON SIS3L VI°0908 €HN :COHIIW IS3L , o
SOLISY'M 4O SIINSRI ONIISAL ALITIEVWWY1d 5
(0,INCO) 9 F1EVL e
0z 08-9TTZ-VWiW R

- I .

‘ .;. i ) i ot E ' - ) — ! AR . . ' R . ’ K - '
B . Sl . . R .. . . P -, i R
AT . . . - . . . .. . - " o
f '

.




.......
.......

ot e
T T TR Y AN

. | . €€ £z . Z *ON IS3lL

*SNOLIVOT1ddV I dNCGUD ¥4
SINGWRINO FHIL QFIIVE TVIMAIWW JHL
Z °ON ISAL NV T °ON 1S3l NI

1 STDIRVA ONIWLI @JddIN TVIVALYW JHL 0t °9 AIHSINONILXI-JTAS T "ON IS3lL

UALVIORICONI ‘S10Nadd

JLISVId TYNOLLVNIAINI Ad
TRINIOVAONYW 00¥T-SV NOLIHOTIM

L -SNOLIVDITGAY I dNOMD ¥Qd SINEWIIINDE
| ALITIEVIAV]S JHL QEIIVd TVRMAINW JHL
. HONI T dNOEY 40 3LV V IN XTALEIdWCO

TINING O CALINDI TYRIAIVW SHL — — . Z *ON IS3L

B-31

*SNOLILWDIIddV I dNCHD ¥0d SINEWIYINOE

ALTITGVWAY1S SHI CIIIVA TVINAIVW SHL

~ AIONIW ¥3d SIHONI

¥ 00N 30 FIVH V IN KIALTIAWCD
CININE ANV QALINOT TVIMAIWW 3HL — — ONINING T *ON IS3L

ANVAWOO Wt JHL Ad
CRNIOVIONYW WI1Ld INISOTIA

Gmmvfav g
SV dWLL BLONIT SOLISTYAIOVIVHD IW1d TYRIALYNW e
NINg NINg

Z "ON ONY T "ON SISAL VI1°0908 §HN :CGOHLIW JSAL
SIISVd J0 SIINSR ONIISAL ALITIOVWWYIA
(Q,JNOD) 9 TIgvlL

) 12 08-9T 12—\




LENNR - e S -Saag it mauy o

© MMA-2116-80

o Ty ———

ST . WIS L W

22 -
TABLE 7 d
TEST HYPERGOLIC FLUID COMPATIBILITY OF PLASTICS
METHOD: FIVE MINUTES LIQUID EXPOSURE TO ONE SIDE ONLY
)
OBSERVED REACTIONS -
)
MATERIAL N204 N2H4 MMH
ACLAR NO REACTION NO REACTION NO REACTION )
CAPRAN 80 MATERIAL DISSOLVED " "
v
CAPRAN 512H " " "
ELECTROSAFE EXPOSED AREA BECAME " EXPOSED AREA b
SLIGHTLY YELLOW. BECAME OPAQUE.
LECTROLITE COLOR CHANGED FROM " SLIGHT -
— BLUE TO VIOLET. DISCOLORATION, .
MATERIAL WRINKLED, NO OTHER .
BUBBLED, BECAME REACTION ]
SLIGHTLY TACKY AND OBSERVED. g
HARD. NO VIOLENT ‘
REACTIONS WERE
OBSERVED. .
PRV 1310 MATERIAL CHANGED " SLIGHT g
— COLOR ON BOTH SIDES DISCOLORATION
FROM GREEN TO OF EXPOSED 5
YELLOW. MATERIAL AREA. R

BECAME HARDER AND
SOME PITTING WAS
OBSERVED.
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; TABLE 7 (CONT'D) i
¥ R ~ TEST HYPERGOLIC K FLUID COMPATIBILITY OF PLASTICS )
- METHOD: FIVE MINUTES LIQUID EXPOSURE TO ONE SIDE ONLY .
.— r
OBSERVED REACTIONS 1
MATERIAL N204 NzH4 MMH
)
RCAS 2400 SAMPLE PARTIALLY SLIGHT CLOUD-  SLIGHT
DISSOLVED. INESS IN CLOUDINESS
REMAINING PORTION EXPOSED AREA. AROUND N
WAS VERY TACKY AND PERIMETER OF
SHOWED SOME SIGN OF EXPOSED AREA.
CRUMBLING.
—
)
L
SARAN 18L SLIGHT CLOUDINESS NO REACTION EXPOSED AREA T
IN THE EXPOSED BECAME AMBER S
AREA. IN COLOR. S
Y
]
~ <
VELOSTAT FILM NO REACTION " NO REACTION
WRIGHTLON " SLIGHT CLOUD- " ]
AS-1400 INESS DEVELOPED
- IN EXPOSED AREA,
NO OTHER
REACTIVITY
A
p
’;
]
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