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RDTR No. AC

ABSTRACT

i new type of test apparatus has been invented which
obtainrs an absolute vslue in foot-pounds for the frictior-
enerry vequired to ignite cxplosives, pyrotechnics, pro-
rellents and other high <nergy compositions,

The device obtalns the frictional energy of ignition
spinnin~ s rod on the SFmpic held in sn alundum semple hc ¢
This ensr~y 1s cslcuieted fror. the Lorgue losd, the defler
the revolutions per m'nute #nd the time to fire, Reprodur -
bility of *teat results using duplicate samples is wishin .

1% to 27 range,
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INTRODUCTION

T
E)
3

Priction 12 one of the rost common ceuses of explosions
sad fires induced in pyrotechnic compositions and explosives,
It 1s very essential that & friction sensitivity vsluec de
found for «1l1 compositions in these two categories., . irow-

ledse of thc degree: of sensitivity of the compound or com-

TR TR

position Is used in setting up safety procedures in menufactur-
in~, teating, handlirp, storege and transportetion,

Investipation of cxisting methods for detcrmining friction
sensitivity disclosed thst the standerd eppsratus for detere
mining friction sensitivity consisted of a swinging pendulu
fitted with either a steel or filber shoe which is permitted
to sweep bacik and forwerd across & sample plsced on 8 prooved
steel fricticn anvil, 1If the ateel shoe deanonstrates thet two
materiala arc of the came desrec cof sensitivity, the fiber shoc
can often be used to show differences, This test eprpeoratus !n
a falvly naasive plece of machiner; as the shoz weighs 2} (ilo-
ATams,

Consultatisn with membors of an Intareervice prrotechnlic
research conm!ttec leci %o the concluston thet exisgting friction
sengitlvity testing apraratus were not cespasble of reproducin-
relieole test dats, “The swinmin-s pendulum els0 iInduced sn
impoact factor into the teat reavlts. Some speclalized test

devices using the pendulum rrinciple salao contsined o sprinc

1
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vhose tension would chsnge with time, and the spring was

difficult to duplicate.

A friction sensitivity test apparatus was needed which
could be duplicated from drawings so that different test
facilities could manufacture the device and with it determine

meaningful, reprocducible friction sensitivity test data on

R 1

pyrotechnic cormpositions and explosives,
The apparatus described in this report (Figure 1) was

devised to meet the above requirements., It is called the

Foto-Friction Test Apparatus,
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DESCRIPTION OF THE APPARATUS

The device consists of an alundum sample holder (Drawing
No. RDT 2883) mounted in an aluminum csm toraue converter
(Drawing No, RDT 2822-2837) turning on bearings to reduce
inertia. A calibrated weight is attached to the cam by a
line run over s grooved drum, A teble converts the cam's
degrees of revolution to inches so that the torque is read
in ounce-inches,

A friction rod (Drawing No. RDT 268l) spins on top of the
sample held in the alundum sample holder., A selected force
is applied to the rod by means of welghts as 1ndiqated in
Figure 1, A varlable speed electric motor or a motor fitted
with a variable belt drive turns the rod et the desired
revolutions per minute, The r.p.m, sre checked with a strob-
o-scope. Any suitable bench drill press may be used as the
driving force for the rod,

The test apperatus is operated behind s 1/2" safety glass,

5
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RDTR No. 60
PROCEDURE

Place weights on the frictioa rod to producs the desired
force, Select the desired r.p.m, end the torque losd. Plece
& sample weighed to 20 + 1 miiligrem in the slundum ssmple
holder, Lower the safety shield,

Start the motor. Lower the spinning rod to rest on the
sample and stert the timer at the ssme time. At the moment
of fire stop the timer,

If the time of fire is too short to be resd, reduce the
welghts on the friction rods or the r.p.m. A desirable range,
not always obtainsble, is a firing time of 2 to 10 seconds.

The torque reading in degrees should be between 5° - 355°,
The torque reading in this renge may be obteined by adjusting
the r.p.m., the weights applied to the friction rod, the torque
welght or s combination of these factors,

Fnter the factors defining the conditions of the test and

the test dats in the following teble:

Torque
Yoasd 0z, Deflection R.P.M,|[Time to |Lbs,Lord on |Ignition|Notetion
Degrees Fire Sec, {Friction Rod|Energy of
Ft-Lbs Observa-

tion
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CAILCULATIONS

The energy required to decompose the sample will be noted
as a flash of fire, a cloud of smoke or as an sudible report.

This energy is calculated in foot-pounds by use of the follow-
ing formula:

Formuls No., 1 E = 11 WtT Ft,~1pbs,

W = the angular velocity in revolutions per minute of the
rotating friction rod.
t = time of rotation in sec.

T : Torque on the rod in ft.-pounds

Since the torque data 1s obtsined in ounce-inchés, the
product of these two vaiues 1s converted tc ft.lbs, by divid-
ing by 192.

A typical calculation is given from the data as colléctsad
below:

Torque Deflection Time %o Lbs.Losd on

Load 0z, Degrees RPM Fire Sec, Priction Rod
—L.27 ge 2400 2.2

The load on the friction rod is entered as one of the factors

defining the conditions but it 1s not used in the formle,

#2 16158, 27)
E =17 2400 ) 2,2 =236.63 ft, -1bs,

#This figure represents the torque arm length in inohes,
At 0° rotation the arm length is 1,25 in, Degrees deflection X
.00381 + 1,25 in, = the arm length in inches, In this partic-
uler case 318° X ,00381 + 1,25 = 2,446158 in, To avoid

5
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RDTR No, 60
calculations Table No, 1 has been made which translates the

degrees of deflection into s torque arm length in inches,

The table ranges from 0° to 360° by 5° intervels,

Formmla No. 1 sssumes a constant torque ass a condition
of the test,

The test dats to date, from most of the tests,
leads to the conclusion thet thils assumption is true,.

There
hsve been two exceptions noted so far, smokeless powder and
phosphorus,

In the case of these two compositions, the torque
reaches a first peak, the material melts and the torque

decreases due to the lifuid state's lower coefficient of fric-
tion,

The torque rises to a secondary peak, smaller than the
first, at which time firing occurs,

In this case of a varlable torque the quantity t T in the
formula may be replaced by:
Forrula No, 2 E =TT WA

5

A = the sres under the curve obtsined by grsrhing torque (T)
in 1b ft, VS time (t) in seconds.
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CORCLUSIONS

kxamination of the test results in Tables2 end 3 demon-
strates the validity of the test results obtained by the new
friction sensitivity test apparatus, The losd on the friction
rod, the revolutions per minute and the torque load may be
varied singly or in combination without spprecisbly changing
the velue of the friction ignition energy.

Examination of the test data in Table |} revesls 10 sets
of duplicate serpple results, The verietion from the sversge
of each of these durlicetes was not more than 2%,

The friction rod in the present apparatus is 1/4" drill
rod steel tempered to Rockwell 58-60C, This rod acts es a hest
sink., To avold this factor s ceramic rod will be substituted
which will be manufactured from Cornings' super strength gless,
Substitution of a non-heat conductive material will epply more
of the frictionsl heat to the sample being tested. This should
result in slightly lower readings in root-pounﬁs oi" energy.

If i1t 13 necessary to obtain the energy in terms of the
variable torque it will be obtalned by means of ar elsctronic
torque recorder,

In the case of a varlable torque the first peek torque
represents the 1lrltial energy required for a phase change in
the material undergoing test. This peak torque is followed

by a decrcase In torque with a subsequent rise to & secondary,

St e ewmeen ek tessssasesoms RPN FOK R I S
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lesser torque pesak,

Without the energy needed to reach the initisl pesk no
reaction could take place; therefore this energy csn be
rccepted as the frictional energy necessary to initiste
ignition, Acceptence of this factor would obviete the
necessity of recording s vesriasble torque,

By means of thls invention sn absolute value in foot-pounds
can be assigned to friction sensitive materials, The sppsretus
can be easily fabricated from drewings snc will enable e test

activity to produce test data which can be dupliceted by any

other test facility usirg the epparatus,
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TABLE 1
CHART FOR RDT-2822

Rotation in Degrees Torque Amm Longth in Inches
0°* 1.25000
5° 1.26905
10° 1.28810
15° 1.30718
20° 1,.32620
25° 1.34525
30° 1,36430
35° 1.38338
40° 1.40240
45° 1.42145
so0° 1.44050
55° 1,45955
60° 1.47860
65° 1.49765
70° 1.51670
75° 1.5357%
80°* 1,55480
8s°* 1.57385
90° 1.59290
95° 1.61195
100° 1.63100
105° 1.65008
110° 1,66910
115° 1.68815
120° 1.70720
125° 1..262%
130° 1.74530
135° 1.76435
140° 1.78340
145° 1,.80245
150° 1,82150
155° 1,.84055
160° 1.85960
165° 1,87865
170° 1.89770
175° 1,91675%
180° 1.93580
185° *,95485
190° 1.97390
195° 1.99295
200° 2.01200
205° 2.03105
210° 2,05010
215° 2.06915
220° 2,08820
225° 2.10725

10
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TABLE 1 (Cont'd)

RDTR No, 69

Torque Arm Length in Inches

230°
23s°®
240°
245°
250°
258°
260°
265°
270°
278°
280°
285°
290°
295°
300°
305 °
310°
318°
320°
325°
330°
335°
340°
3458°
350°
355°
360°

2.12630
2,.14535
2,16440
2.18345
2.20250
2.22155
2.24060
2.25965
2.27870
2.29775
2.31680
2.33585
2.35490
2.37395
2,39300
2.41205
2.43110
2.45015
2.46920
2.48825
2.50730
2.52635
2.54540
2.56445
2.58350
2.60255
<.62160

Each degree rotation represents .00381" increase in the
Inch ounces may be determined by multiplying
ounces weight times the torque arm length in inches.

torque aim.

11
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TABLE 2

Showing that the varibles may be changed with very slicsht effect on the

friction senszitivity of AlA when expressed in foot pounds of enerpy;

Torque ; _Pounds Ienitiop
Toad Munces | Deflection | RPM Toad on Time to fire! Fnergy | Notes
_ Deprees Friction rod | Seconds Ft,.Lbs +

8.30 9 2LN0 14 2.0 .48 | Turns
R,30 79 24N0 14 2.9 34.48 - Burns
4,27 318 2LM 10 2.2 6,63 "

12.29 Lh 2m 20 1.8 36.68 "

12.29 46 2470 20 1.9 1,72 "
2,310 173 24N0 15 1.9 17.35 "
8,30 ¥4 360N 19 1.6 36.96 "
4.27 Full Scale | 3600 10 1.7 "
8.30 108 3600 20 ! 1.3 35,20 "

12
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TABLE 3

Showing that the variables may be changed with very slipht effect on the friction

o

sensitivity of RAPEC when exnressed in:

Foot pounds of Energy

Torque lPoggds Foot Pounds of
Load Peflection!{ RFM of] Toad on | Firing Time| Enerey to : Notes
Omees | Nepraes Press | Press Seconds cause sarple
to fire 4
2,30 43 3600 25 2.9 66,79 3 Tetonates
2.0 44 %M | 2.2 64..70 L
4,27 341 60N 1 3.1 A LN % "
l ' J
1
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CHANGE :

Page 14, Table 4, Column 6 "TFoot Pounds Of Lnergy To Cause
Sample To Fire", for composition M-10 Single Base Propellant
+ 10% Red Phosphorous, change the figure 7255 to read 72.55
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