
6th INTERNAT~A~ jPYROTECHNIC 
JULY ~21, 1978 

/JI.Lill·,< S-S-3 (op) 

~-rt8D700-, 7 
SEMINAR 

MA.STER· 
EFFECT OF POWDER COMPACTION VARIABLES ON THE 

PERFORMANCE OF A PYROTECHNIC IGNITER* 

by 
A. C. Munger-N. J. Seubert-J. R. Brinkman 

Mound Facility 
Miamisburg, Ohio 

ABSTRACT 

The compaction of the pyrotechnic powder against a bridgcwire 
in an igniter is very critical to perfonnance. The density 
of the compact at the bri dge\'/i re interface can be effected by 
the powder characteristics, env"ironment, su rface finish and 
configuration of the compact holder and the loading process. 
Some of these parameters have been evaluated and the effect 
detennined 'bn the bridgewire-powder interface as well as the 
initiation performance. 
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POWDER COMPACTIO · ~ARIABLES ON 

OF A PYROTECHNIC IGNITER 
THE PERFORMANCE 

-Alan C. Munger, Norman J. Seubert, and J. Russ Brinkman 

Mound Facility* 
Miamisburg, Ohio 

INTRODUCTION 
~ 

~ 
. The premise that a uniform powder density will result from usi~~ 

a_ fixed applied pressure to load a pyrotechnic mixture into an ig- 1 

niter can be undermined by several physical factors. The compaction~ 
characteristics of a pyrotechnic powder are not only a furiction of ~ 
materia~s but also the cavity configuration into which it is placed, : 
the environment, and the processing conditions. All of these fac- ' 
tors can influence the density gradient in the compact and thus, the Ii 
density at the bridgewire. Since the density of the pyrotechnic 
around the initiating bridgewire is a cri tica'l parameter that affects_ 
the ~gni tion of the pyrotech~ic' . these compa~tioz:i parameters mus~ be m~ 
considered for any component design and fabrication process. This .. · 
study evaluates some of these factors and the effect on performance. 

Techniques were developed to estimate the density of the 
pyrotechnic at the bridgewire interface of an igniter. Parameters 
affecting the density at the bridgewire were then incorporated 
in the design and processing of inexpensive test components. 
The hot wire ignition performance of these components was deter­
mined and related to nondestructive test data and the estimated 
density. 

DENSITY DETERMINATION · 

A method to estimate the density of the pyrotechnic at the· 
bridgewire was developed. The method is a two-step·process: 
first, measure the density of a thin compact (thin enough so that 
there is essentially no density gradient) as a function of applied 
pressure; and ·second, measure the pressure applied and transmitted 
during compaction in a configuration identical to an igniter design. 
The transmitted pressure data are then used to estimate the den­
sity at the bottom of the compact (relates to the density at the 
bridgewire in an igniter) using the pressure-density relationship 
established in the first step. 

*Mound Facility is opelfated by. Monsanto Research Corporation 
for the U. S .. Department of Energy under Contract No. EY-76-C-
04-0053. 
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The system used t6 obtain the pressqre applied and th~ : 

pressure transmitted is a commercial servo.-hydraulic unit 
(manufactured by Materials Test ~ystem, ±nc·~ Y ":coupled with load 
cells and a displacement monitor. Load and displacement data 

·are obtained by means of an X-Y recorder; the system is shown 
scbematically in Figure 1. A sketch of the tooling is shown 
in Figure 2. ·~ 

The charge holder used to obtain tne pressure-density rel a-. 
tionship was a smooth steel cylinder having an inside diameter 
of 4.29 mm and a length of 0.50 mm. At this length-to-diameter 
ratio (0.12), the pressure applied and transmitted during com­
paction was essentially equal indicating a uniform compact den­
sity. The cylinder was tare weighed, loaded with 15 mg of pyro­
technic powder, the loaded cylinder gross weighed, and the 
length of the compact measured. From these data, the density was 
calculate~; this process was repeated at various app~ied pressures. 

A pressure-density relationship was determined in this method 
for a 33/67% blend of titanium subhydride (TiHo .. 65) and potassium. 
perchlorate (KCl04). This pyrotechnic is a very safe static-in­
sensitive material which exhibits good ignition performance [l]. 
The pressure-density relationship was determined to be as follows: 

X, YA, YT 

RECORDER 

p = 1.351 P0.108, 

i 
...,,,,_ ___ DI: lVDT x I 

l _,_ '--·-·. 

/ / / / 

-1t~HYORAULIC ACTUATOR 

LOAD • 
CELL A 

. 
-

. ~ r~:4~ CHARGE 
·. ·-·~ HOLDER 

\_ ·_} 
LOAD 

CELL T 

.. 

"'Ill! ·1· 

PIGURE 1 - Compaction test system. 
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where: 

P = pressure in MPa .. 
p = density in Mg/rn3. 

.This relationship is shown in Figure 3. 

··.- ,,I~: 

·-
In order t6 ~stimate the density at the bridgewire of an 

igniter, the same test system.was used. A charge holder, iden­
tical to the one in igniters, was used and subsequently tested. 
The cylinders had a 4.29 mm inside diameter and a length of 
3.73 mm. Typical data acquired for a powder charge of 112 mg are 
shown in Figure 4. The force applied (FaY and the force trans­
mitted (Ft) are recorded as functions of displacement (compacted 
powder length). For these data, the pressure applied (Pa) and 
the pressure transmitted (Pt) can be related to the p;essures 
during compaction of the pyrotechnic in an igniter component. 
The Pt can then be used to estimate the density at the bridgewire 
using the relationship developed in Eq. 1. 

COMPACTION PARAMETERS 

Three compaction parameters were evaluated: surface finish 
of .the charge holder, powder storage humidity, and dwell time of 
the compaction pressure. The density of the powder at the bridge­
wire interface was estimated when dry pyrotechnic was compacted 
at 68.9 MPa into charge holders that had various surface finishes 
ranging from smooth (RMS <0.2 µm), to very rough (RMS >3.2 µm) and 
when pyrotechnic powder conditioned at 100% relative humidity for 
36 hr was compacted at 68.9 MPa with smooth charge holders. These 
data are shown i'n Table 1. In addition; powder was compacted simi­
larly at the pressure required to achieve a density of 1.89 Mg/m3 
at the bridgewire. These data are shown in Table 2. 

The density at the bridgewire is 6.3% greater for the very 
smooth ch,::irge holder (Group A) when compared to the average charge 
holder (Group B) . There was rio dif ferencc in t.bP. averaqe charge 
holder and the very routh charge holder (Group C) . This is probably 
because the grooves in the average charge holder are larger than the 
particle size of the pyrotechnic. As a result, the frictional force 
for both the. charge holders is the.sliding~friction of the powder 
against powder entrapped at the charge holder surface. 

The density at the bridgewire is only 3.2% greater for the 
very smooth charge holders when the powder is treated at 160% 
relative humidity. 

As shown in Table 2, 30-40% less applied pressure- is required 
to load the very smooth charge holders and achieve the same density 
at the ·bridgewire as that obtained .with 68.9 MPa.in the rough 
charge holders. 
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Tahl~.1 

TRANSMITTED PRESSURE AND DENSITY 
WITH A CO.NSTANT APPLIED PRESSUREa 

Charge Holder Average Density Estimate· 
Surface Finish Powder . Pt Pt/Pa Density at Bridgewire 

Group (pm) Conditionb (MPa) __i!L (Mg/m3) (M9/m3) 

A <0.2 Dry 39.0 56 :6 2.10 2.01 

B 0.8 - 1.6 Dry 21.9 31. 8 2.04 l. 89 

c >3.2 Dry 21. 5 31. 2 2.05 l. 88 

D ·<0.2 Wet 30. 3 4LO 2.02 1.95 

a68. 9 MPa 

bDry indicates powder stored in desiccator; wet indicates powder 
stored at 100% relative humidity for 36 hr. 

Charge 
Surface 

Table 2 

APPLIED PRESSURE REQUIRED TO ACHIEVE 
CONSTANT DENSITY .AT BRIDGEWIREa 

Holder Avera':Je 
Finish Powder pt Pt/Pa 

Density Estimate 
at Bridgewire 

Group ( µm) Conditionb (MPa) ( % ) 
Densi5y 
(Mq/m ) (M9/m3) 

E 

B 

F 

<0.2 Dry 42. 6 51.2 l. 98 l. 89 

0'.8 - 1.6 Dry 68.9 3.1 . 6 2.04 1.89 

-:0 .2 Wet 48.l 45.3 1. 94 1.88 

.. 
apt - 21. 8 MP a 

·bory indicates powder stored in desiccator; wet indicates powder 
stored at 100% relative humidity for 36 hr. 
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BRIDGEWIRE PERFORMANCE 

An inexpensive test device (MAD-1031) '·i wh.ich"': is shown in 
Figure 5, was developed that simulates igniters used in special 
applications. The charge holder used in the MAD-1031 was iden­
tical to that used in previous density evaluation experiments. 
MAD-1031 components were fabricated with smooth and rough charge 
holders,·with dry and.moisture-treated powder, and with two differ-
ent compaction dwell times. '· 

Two significant parameters were measured on these components, 
that is, electr.otherma1· response (ETR) gamma* and time-to-bridge 
burnout (BOT)** upon application of 3.5 A. These data, along with 
the estimated density at the bridgewi~e, are shown in Table 3. 

A review of the data in Table 3 reveals a significant fact. 
Compacting powder at a constant pressure does not neces~arily 
result in a constant density and therefore does not result in a 
constant ignition time--also, the higher the density--the higher the 
ETR gamma. This is expected; since, at the higher density, there 
is a greater heat loss to the powder while the bridge temperature 
is rising.because of the application of an ETR current pulse (500 
mA for 75 msec). Similarly, there is a greater heat loss to the 
powder during application of the firing pulse (3.5 A) resulting 
in longer ignition times. 

The relationship between the BOT and the density at the. 
bridgewire is shown in Figure 6. Note. that at the density of 
1.88-1.89 Mg/m3, two ·groups were compacted at 68.9 MPa whereas two 
groups were compacted at 30-40% less pressure. 

The relationship between the ETR gamma and the density at the. 
bridgewire is shown in Figure 7. Although this correlation is not 
as good as the ignition time--density relationship, this nondestruc­
tive technique can be. used as a guide to determine or achieve the 
desired density at the bridgewire. Figure 8 shows the relationship 
between the ignition time and the ETR·gamma. This relationship 
also indicates th<lt E'l'R gamma can be used as a guide to ignition 
performance. 

.. 
*The ETR test was first proposed by Rose.nthal and Minichelli [2] 

and further developed by Strasberg [3,4]'. Gamma.is the most 
useful parameter determined in the ETR test. and is related to 
the rate of heat lnss from the bridgewire. 

**For these components, the time-to-bridge burnout and the ignition 
time of the pyrotechnic•are indistinguishable. 
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0 D 
FIGURE 5 - 1'1AD-1031 test component. 

Table 3 

ETR GAMMA AND TIME TO BRIDGE BURNOUT AS FUNCTION OF DENSITY AT BRIDGEWIRE 

Charge Holder Density Estimate 
Surface Finish Powder Pa at Gamma BOT 

Group (um) Condition (MPa) 
Bridg)wire 
(M9/m ) (m\V/°K) (msec) 

A 

B 

c 

D 

E 

F 

Ga 

-:·o. 2 Dry 68.9 2 .o l 3.92 

0.8 - 1.6 Dry 68.9 l. 89 2.58 

>3.2 Dry 68.9 1.88 2.97 

<0.2 Wet 68.9 1.95 2.87 

<0.2 Dry 42.6 l. 89 2.28 

<0.2 Wet 48.l 1.88 2.28 .. 
<0.2 Dry 68.9 2.00 3.68 

aCompaction pressure applied for 10 sec for Group G; compaction 
pressure applied for 30 sec in all other grotips . 

.. . 
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SUMMARY AND CONCLUSIONS 

A method to estimate the density q_f_,_a pyrotechnic at the 
bridgewire interface was developed. This technique showed that, 
.even though a constant compaction pressure was applied, the surface 
finish of the charge holder, the humidity of the environment in 
which the pyrotechnic was stored, and the time the compaction pres­
sure was maintained on the powder, all had an effect on the density 
at the bridgewire. This effect can-be detected by the nondestructive 
ETR test. •.-

The destructive testing showed that the igni ti.on time is a 
function of the density at the bridgewire and not the average den-
sity or the compaction pressure. · 

Manufacture of pyrotechnic igniters is corcunonly performed using 
a constant compaction pressure to control the process. This study 
shows that care must be exercised in the design of the component and 
in the control of process parameters that can affect the density 
gradient in the component. 

One method to eliminate some of this problem is to reduce the 
length-to-diameter ratio of the compact (L/D was 0. 87 for this work) 
to a value where the density gradient is minimized. However, this 
would result in the need for multiple loadings to fill the charge 
cavity and the subsequent cost of those loadings balanced against 
the cost of controlling the necessary process parameters. 
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