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ABSTRACT

The information obtained from the investigations conducted indicatcs
that there are many factors to be considered in selecting the proper materials
of fabrication for solid propellant processing facilities.

Selecting the nroper materials of fabrication can reduce ihe impact and
friction hazards significantly. The impact and friction tests, although limited in
some aspects, are excellent tools for dividing materials into general classes of
usefulness. Although studies of the factors influencing impact and friction results
are not complete, it is apparent that the modulus of compression, hardness,and
coefficient of friction are some of the major factors to be considered.

In the application of these materials, consideration must be given not only to
the impact and friction results and such factors as modulus of compression and
coefficient of friction, but also thermal and electrical conductivity, structural
strength, load bearing characteristics and dimensional stability. In addition,
complete analysis with testing under simulated conditions is required to insure

that the expected improvement is realized and does not create an unforeseen
hazard.



With the advent ol more sensilive ingredients, new proeesses and new
materials of fabrication in the munufacture of rocket motors, it has become
mindatory to seck various means of minimizing the possible hazards assocelated
with the intvoduction of these advances. As one means of accomplishing this,

a sensitivity investigation has been eonducted which enploys test eomponents
fabrieated of both conventional and experimental materials of fabrieation.

it would be well to deline the term "materials of fabriecation' I con-
neetion with its use in this presentation, We are concerned with those materials
from whieh machinery, conlainers, tools, floors, ete.,are made and whieh eould
present impaet and friction surtaees in the proeessing areas.  For the purpose
of this discusslion, consideration is not given to the materials employed in bullding
walis. doors or barricades for air blasl protection.

Materials selected for use in this study were those (1) most eomimonly used
in the process, (2) possessing @&t lower modulus of compression or coeffieient of
friction or (3) contempluted for repiacement parts or for use in new design. The
situations eonsidered and data generated by the above investigations are voluminous
and sometimes of a specialized nature: therefore, only typieal examples of the sub-
ject are presented.

The purpose of the investigation was threefold:

. to find materials of fabrication for whieh an increased level of input
energy is required to initiate combustibles, using impaet and frietion
sensitivity results as the sereening erlteria.

2. to establish the limitations of n materiai's use by observation of its
physical performance during the above tests and through eonsideration of
its physical characteristies (i. e., structural properties, dimensionai
stability, thermal and eleetrieal conduetivity, hardness and coefficient
of friction),

3. to use the above Information in conjunetion with an engineering analysis
and, with simulated testing as required, {or a specific application.

This report has several purposes: (1) to demonstrate the safety advantages
of using specific materials of fabrication, (2) to examine the reasons for the ob-
served effects of these materials on the initiation of combustibles, (3) to cite typical
applications for such materials, and (4) to identify the factors which must be
considered in their selectioii.



EXPERIMENTAL

The impact and friction data were obtained using the test apparatus shown
in Figures 1 and 2. The operating principle of each device can be seen in Figure 3

Basically the impact apparatus is comprised of a falling weight which is used
to impact a small amount of samplc between two impacting components such as the
hammer insert (nominally 0. 2 in2) and anvil shown in Figure 3. Thus one can sub-

ject samples to varying degrces of impact encrgy by varying the drop height or
weight.

In the friction apparatus, a given samplc is placed on the sliding anvil and a
force is applied to the sample by a stationary wheel (0!'1 thick x 2" OD) attached to
a hydraulic ram. A 26-pound pendulum is dropped from a selccted hcight to strike
the anvil with sufficient energy to slide the anvil perpendicular to thec normal force
at a nominal initial velocity of 8 ft/sec.

For this investigation and depending on the situation being studied, various
materials were used in the hammer insert or stationary wheel and anvils. The
friction apparatus also provided the kinetic cocfficients of friction given herein.

The data obtained from both apparatus are given as the threshold initiation
level (TIL). TIL is dcfined as the test level at which twenty consecutive trials
result in "failures' (no initiation), with at least one "shot" (initiation) occurring
at the ncxt higher test level. The impact and friction threshold levels are given
in terms of ft-1b/in? and lbs-force, respectively.

Hardness, modulus of compression and surface finish values were established
by the following techniques: Rockwell and Durometer devices, hardness; ASTM~D-
695-54, modulus of compression; and Brush Electronics Company "Surfindicator"
instrument, surface finish.

(45
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FIGURE 1

ABL Impact Sensitivity Testing Machine
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RESULTS AND PHYSICAL CHARACTERISTICS

Ol the 43 combinations of materials tested thus {ar, seven combinations arc
shown in Table I for which impact and friction data are available using a single
type of combustible. This table reveals two noteworthy items.

1. Significant increases in the level of input energy required for initiation

can be achieved by proper selection of materials, e.g., SS/SS vs. SS/
Hl-fax. *

2. Not all materlals significantly influence in the same direction both the
impact and friction input energy required for initiation, e.g., SS/SS vs.
TSS/TSS. * Small changes in input energy such as 2 to 6 ft—lbs/in2 for
SS/SS vs. 8S/concrete are not considered significant as they are within
the range of values that could be expected because of test variation.

The characteristics showing the most significant influence on impact data
appear to be the ability of the material to compress readily and the hardness of
the material. Thc gross effect can be seen in Table II by comparing SS/SS and
wood/lead test data where the modulus of compression and relative hardness of
both test components are either high or low. The modulus of compression is used

here as an indication of the compression properties of a materlal. The substitution
of one componcnt with a low modulus of compresslon also increcases TIL (see Tablell ,
although generally less than when both components posscss low moduli of com-
pression.

Sufficlent information 18 not avallable to afford a discussion of the Inter-
actions of the varlous factors influencing friction data previously shown in Table L
However, it would appear reasonable to assume that hardness and coefficient of
friction are two important factors. Current information indlcates that the coefficient
of friction of materials of fabrication significantly inlluences TIL of solid and liquid
combustibles (Table I1I). It {8 noteworthy that coefflcient of friction deter minations
with combustibles between the components show that solids can act as a lubricant,
reducing the coefficient of friction by as much as a factor of thrce, whereas no
effect is apparent with liquids. This effect of solids oa coefficient of friction is to
be expected when the thin layer of solid has a lower shear strength than that of the
test components. 1 This is further substantlated by the TSS/TSS data which show
that this effect is nullified by the presence of a material having a lower shear
strength than the combustible, such as, Teflon.

The effect of surface finish between the limits of 8 and 190 microinch on
stainless steel was considered; and improvement was noted in the friction TIL with
the smoother finishes (Table IV). Impact results are essentially unaffected by such
variations of surface finish based on prcvious data on solids? and current data on
NG. The force data for nitroglycerin are shown at 3 ft/scc to facilitate comparison.

* See Glossary



TABLE |
TYPICAL EFFECT OF MATERIALS OF FABRICATION

Nitroglycerin (TIL) -

Components Impact Friction
Hommer or Wheel /Anvil Sft-lbs/inZ[ (Ibs=force)
SS/55* 2.0 = 1
$S/Concrete 6.0 <]
TSS/TSS 4.0 > 900
SS/A1 : 3.0 > 100
SS/Lead 13.0 > 150
Al/Wood 45.0 S 150
SS/Hi-fax 60.0 > 360

+See Glossary for meaning of abbreviations

TABLE I
EFFECT OF MODULUS OF COMPRESSION AND_ HARDNESS CN =
IMPACT TIL
Modulus of
Compression j
Type of Component psi x 10* Rela?ive-‘-/ Nitroglyceré'n {T1L)
e Hammer/ Anvil Hammer/Anvil Hardness (ft~Ibs/in<)
$S/SS 8700/8700 Hard/Mard 2.0
SS/Lead 8700/27 Hord/Soft 13.0
PE/SS 2/8700 Soft MHard 25.0
Wood/lead 82/27 Soft/Soft >85

_1/ Hard = Rockwell "B" = 80 through "C" - 60,
Medium = Rockwell "H=10 through "B"= 79, .
Soft = <Rockwell "H"= 10,



TABLE MI
EFFECT OF COEFFICIENT OF FRICTION ON FRICTION TIL

Kinetic Kinetic
Coefficient Coefficient Friction Sensitivity

Components of Friction Combustible of Friction Threshold Initiation Level
Wheel /Anvil Without Sample Sample With Sample (Ibs-force)
SS/SS 0.48 Nitroglycerin 0.47 . <1

CMDB Propellant* 0.14 _ 160
TSS/TSS 0.05 Nitroglycerin =~ 0.05 > 900

CMDB Propellant 0.05 4 840

* CMDB propellant was tested in a ground state resulting in a
particle size approximating 01025 x 0:025.

TABLE I
EFFECT OF SURFACE FINISH ON IMPACT AND FRICTION TIL

Impact Friction
Surface Finish (ft—lbs/in2) (Ibsforce)
(microinch) Nitroglycerin Nitroglycerin CMDS8 Propellant
Rough (190 microinch) 4 4 ot 3 ft /sec. < Vat 8 ft/fsec
Medium (60 microinch) 2 20 ot 3 ft fsec 160 at 8 ft /sec

Smooth (8 microinch) 4 > 60 at 3 ft/sec 280 at 8 ft fsec



APPLICATIONS AND INFLUENCING FACTORS

The ultimate purpose of this work is to aid in the seleetion of materials of
fabrieation which will inerease safety in the propellant manufaeturing proeess.
This requires that eaeh applieation be eonsidered on its own merit and, more
importantly, that the seleetion of a material to reduee sensitivity in one area does
not introduee a new hazard by inereased sensitivity in another area. To explore
all sensitivity areas requires consideration of faetors such as thermal and
electrical conduetivity, struetural strength, load bearing eharaeterisities and
dimensional stability as well as the effect on impaet and frietion input energy.

For the purpose of this diseussion, polyethylene (generally Hi-fax) and
Teflon wiil be used as examples sinee they typify materials whieh can be employed
to improve impaet and friction hazards and yet are unique for specifie applieations.

In general they are employed as seals, gaskets, mats, bumpers, linings,
scrapers, coatings, containers, guards, eollars, nozzles and eorsets. Some
specific applications are as follows:

1. Submerged Teflon glands in mixers (Figure 4) - Replaecement of a metal
seal with one made of Teflon results in a signifieant eontribution to the
safety of the mixing operation, partieularly when oxidizers sueh as
ammonium perchlorate are used. The use of Teflon provides a low eo-
efficient of friction and a compressible, soft material should undue force
be applied through excessive shaft defleetion.

2. Hi-fax inserts (Figure 5) - The purpose of the insert is to eliminate
metal to metal contaet between the mold core and assoeiated parts during
transportation and core removal. Hi-fax inserts were used in this par-
ticular application beeause the integrity of Teflon coatings or similar types
of thin coatings could not be relied upon under eonditions of high localized
forces and because, as pointed out earlier, such coatings do not provide
any significant impact advantage. The use of Hi-fax inserts is relatively
inexpensive as compared to some other materials, particularly eoatings,
which require frequent rework. The above applieation is an example of
the use of a compressible, soft material with a low coefficient of friction
where complete substitution of the material was not desirable for reasons
of struetural strength and dimensional stability.

3. Hi-fax fin cores (Figure 6) - Hi-fax was best suited as material for fin
cores because its physical form and its placement in the mold provided
good dimensional tolerance, and because Hi-fax was strueturally
acceptable, “economical, and redueed the potential impact and friction
hazards during mold handling and fin removal.

4. Hi-fax gaskets and bumpers (Figure 7) - Hi-fax was employed in a hydraulic
press to provide a cushioning effect for the reduction of impact hazards and
to eliminate metal to metal contact.

11
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The foregoing has discnssed some specific applications of Tefion and
polyethylene (Hi-fax) demonstrating their varied advantages.  Some fimitations
in the use of these matevials are shown by the following examples:

1.

Poiyethylene asg a material of fabrication to minimize impact hazards -
Because polyethylene is a relatively solt, compressible material, it is
generally eonceded to be nseful for applications where some means is
required to absorb some or all of the impaet which might oecur in pro-
pellant processing. A factor to be considered in scleeting the proper
thickness of material is the mass of the impaeting object. This can

be demonstrated by referring to Figure 8 which shows the inercase in
impaet TIL as a function of inercasing thiekness of polyethylene for a
constant mass drop weight (2.2 1bs.). This {igure also shows that rep-
resentative solid and liguid combustibles rcact differently to varying
thickness. Figure 9 shows that the effect of thickness is dependent to
varying degrees on the mass of the drop weight. The nitroglycerin data
indieate that the use of compressible materials under proeess eonditions
of heavy impacting masses may not improve the impact hazazd significantly.
The solid eombustible (CMDB propellant) data indieate there may be a

critical effective thickness ( >0.03 <0.09 inch) of polyethylene insofar as
the impacting mass is concerned.

Thus, when consideration is given to the use of polyethylene or
any similar material to reduee impact hazards, the thickness must be
established as a funetion of the impacting mass. Representative eombustibles
in the form of test samples may be employed as guides. However, in the 2
final analysis the specific eombustible must be considered.

The use of Teflon as a material of fabrication for a vaeuum seal in high
speed mixing (200-500 rpm) (Figure 10) —=The principle of the design was
to allow lateral displacement of the mixer shaft and still provide a vacuum
seal. Teflon was seleeted on the basis of its low cocfficient of friction.

Analysis of this application revealed that under conditions of absolute
vaecuum the seal could be subjected to a vertical 64 1bs. force and that this
force could be delivered over as small an arca as 0.1 in2, Sinee it was
reasonable to assume that this area, as well as the ball and socket joint,
could become contaminated with eombustibles, impact, frietion and simu-
lated operational tests were performed. The more pertinent results were
as follows: !

(a) It was found that Teflon was not structurally adcquate as the
bearing plate under the forces involved.

(b) Teflon eould gall in the ball and socket joint because of high -
temperatures generated at normal mixer speeds (400 rpm).
Temperature mcasurements showed that Teflon apparently
reached its heat distortion temperature which is given in



Reference 3 as 2G6°F,

(c) Initiation of combustibles was likely even at speeds lower than
those contemplated for normal operation (400 rpm).

(d) Initiation was the result of both the frictional energy created
and the gross temperature increase resulting from the heat
generaled by the Teflon components. It is noteworthy that the
friction test does not consider the latter condition, and prior
analysis of the situation; based on friction results alone; did
not predict initiation for many of the combustibles tested.

(e) The use of air as a coolant and vacuum grease to reduce the
frictional and heat generation hazards was inadequate.

(f) Although Teflon is an cxcellent dielectric material, no
électrostatic charges were detected under the conditions
of its intended use.

In the vacuum scal application Teflon has several limitations. It was

structurally inadequate, its thermal conductivity was too low, and its very
good coefficient of friction was overshadowed by other considerations.

13
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THRESHOLD INITATION LEVEL, FT.-LBS./IN.2
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Schematic Drawing of Self-Positioning Teflon Vacuum Seal for High Speed Mixing
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GLOSSARY

ABL : Allegany Ballisties Laboratory
Al ' .Aluminum
CMDB Propellant Composite Modified Double-Base Propellant
Hi-fax . Hercules Powder Company trade name for
' densified polyethylene
NG . Nitroglyeerin
PE Polyethylene
SS Stainless Steel
Teflon EA I.. duPont de Nemours & Company trade

name for tetrafluroethylene

TSS Teflon-coated stainless steel, nominally
0.001 ineh thick

TIL Threshold initiation level

The symbol means that initiation of the test
sample was not obtained in twenty trials

(1) at the highest level on the impact apparatus
and (2) the highest level on the friction apparatus
that would consistently allow the slider to move
the standard one inch or that at greater forces
would damage the wheels and/or anvils.
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