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ABSTRACT 
Four ultrasonic methods were evaluated for 
assembly of experimental plastic parts for 
detonators: (1) welding, (2) crimping and 
staking, (3) insertion, and (4) reactivation 
of adhesives. For welding, staking and inser
tion, plastics with low elastic moduli, such as 
acrylics and polycarbonate, produced the best 
results. Thermosetting, hot-melt, and solu
tion adhesives could all be activated ultra
sonically to form good bonds on plastics and 
other materials. This evaluation indicated 
that thermoplastic detonator parts could be 
assembled ultrasonically in shorter times than 
by present production techniques with high bond 
strengths and high product acceptance rates. 



INTRODUCTION 

Use of ultrasonic energy prior to mid-
1950 's was limited to laboratory experi
mentation or specialized applications, 
such as underwater detection devices for 
the Navy. Since then, however, ultra
sonic technology has gained wide accept
ance for industrial applications. 

Use of ultrasonics in the fabrication of 
detonators has been limited to component 
cleaning and the crimp-welding of the 
bridge-wire to the electrode. This limi
tation was imposed partially by the use 
of thermosetting plastic and metal com
ponents, which cannot be assembled by the 
methods described here. The assembly 
methods used generally included threading 
or crimping components, with or without 
an adhesive for sealing or reinforcement. 

The use of thermoplastics in detonator, 
transducer, and cable assemblies makes 
ultrasonic assembly available to the de
signer. The assembly methods include 
welding of plastic components, crimping 
or staking, insertion of metallic or non-
metallic components, and activation of 
adhesives. Ultrasonic assembly methods, 
when properly applied, can considerably 
reduce the costs of an item by reducing 
assembly time, and by lowering the re
jection rate due to problems associated 
with molding around inserts. Ultrasonic 
assembly can also enhance the appearance 
of the product and can strengthen adhe
sive bonds. 

ULTRASONIC PLASTIC ASSEMBLY PRINCIPLES 

The single most important factor in ultra
sonic assembly is the ability to transmit 
and control the ultrasonic vibration to 
the work area. This must be performed by 
proper coupling of the vibratory energy 
to obtain maximum efficiency and minimum 
energy loss. 

The energy used to produce an ultrasonic 
plastic weld is generally at a 20KHz fre
quency;1 however, frequency does vary 
with the size and type of equipment. The 
energy is supplied by a frequency con
verter which delivers an adjustable current 
to a piezoelectric transducer. The trans
ducer converts high frequency electrical 
energy to vibratory mechanical motion. 

The mechanics of ultrasonic plastic weld
ing are relatively simple. The component 
being welded must be rigidly restrained, 
and a clamping force must be applied per
pendicular to the workpiece interface. 
This force is applied by the sonotrode* 
and remains constant throughout the weld
ing cycle. The sonotrode, attached to 
the transducer by a coupler, delivers 
ultrasonic vibrations to the weld zone 
and causes oscillatory movement at the 
interface of the components being joined.3 
Frictional heat, caused by the combination 
of the forces, is generated in the inter
face area. The interface temperature 
increases, and the plastic will soften 
and flow. The continued delivery of 
acoustical energy causes a churning 
action at the interface, and a cohesive 
bond as strong as the parent plastic will 
result.3 

A cohesive weld obtains its strength 
from the intermixing of the plastic 
molecules. Nearly all thermoplastics 
can be welded in this manner. A cohesive 
bond generally involves similar materials; 
however, unlike plastics can be cohesively 
joined if their melting temperatures and 
flow properties are compatible. A bond 
of two different plastics will create a 
third material (alloy) consisting of a 
mixture of the two plastics in the weld 
zone. Most thermosetting plastics which 
are fully cured are resistant to lique
faction and are not suited to ultrasonic 
welding. 

The assembly principles associated with 
crimping, placement of metal inserts, 
and staking are strictly mechanical and 
no cohesion or adhesion bond transpires. 
In all assembly of this type a mechanical 
locking of the plastic occurs as the 
plastic is heated and allowed to flow in
to undercuts and crevices to conform to 
the shape of the components, or to the 
shape of the sonotrode. 

A bond can be created when an adhesive 
is placed between two components and ul
trasonically activated by the applied 
dynamic and static forces delivered by 

*Sonotrode is the name of a vibratory 
power delivery element that contacts 
the work. 
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the sonotrode. Adhesive bonding is suit
able for joining virtually any materials, 
either similar or dissimilar. An adhe
sive bond should not be considered if 
the components can be ultrasonically 
welded, and should be limited to bonding 
thermosetting plastics, dissimilar mate
rials, or thermoplastics if a weld or 
crimp joint is not feasible. 

RELATIVE WELDABILITY OF PLASTICS 

Before selecting ultrasonics as a method 
of assembling plastic components many 
parameters must be considered. Joint 
configuration, required strength, com
ponent configuration, location of the 
joint (contact or remote)* and the type 
of plastic being welded are among the 
more important considerations. A proper 
selection of materials is imperative to 
ensure the most efficient transfer of the 
acoustical energy to the weld zone. The 
plastic being welded must have good vi
bration transmission characteristics, 
which basically are functions of its 
modulus of elasticity and its thermody
namic properties.4 

Plastics with a low modulus of elasticity 
will dampen the vibrations internally, 
and the energy will be absorbed with sub
sequent heating throughout the part. For 
example, polystyrene transmits acoustical 
vibrations readily and can be welded in 
both contact and remote locations. In 
contrast, an acetate or polyethylene com
ponent will readily absorb the energy, 
which will be dissipated, as heat, through
out the part. When heat dissipation 
occurs, little energy is transmitted to 
the joint area, and little or no welding 
action will result. Generally, the more 
rigid plastics, polystyrene and polycar
bonates for example, are considered ex
cellent for contact and remote welding. 
However, nearly all thermoplastics can 
be welded in the contact position. It 
must be remembered that even the most 
weldable plastics are poor transmitters 
of vibrations; thus, considerably more 

*Contact welding refers to joints 1/4 in. 
(0.63 cm) or less from sonotrode appli
cation area. 
Remote welding refers to joints located 
more than 1/4 in. (0.63 cm) sonotrode 
contact point. 

energy must be expended in remote than in 
contact welding. Unfortunately, one can
not predict the energy loss as it is not 
only dependent on joint location and mod
ulus of elasticity; but is affected by 
joint configuration, wall thickness, area 
of sonotrode contact, and sonotrode con
figuration. 

Table 1 lists the relative weldability of 
the more common thermoplastics5 and serves 
as a guide for selecting a plastic which 
can be readily welded. Fortunately, the 
plastics which weld poorly are normally 
not considered as engineering materials 
for detonator or transducer manufacture 
because of poor dimensional stability, 
incompatibility with other components, 
temperature endurance limitations, or 
other factors. 

ULTRASONIC ASSEMBLY METHODS 
AND JOINT DESIGNS 

The more common ultrasonic plastic assem
bly methods which could be utilized for 
fabrication of detonators, transducers, 
timers, and cables include welding, stak
ing, crimping, insertions (both metal and 
plastic) and reactivation of adhesives. 
Each of the ultrasonic assembly methods 
has been analyzed, and typical joints 
have been designed and tested which could 
apply in the manufacture of detonators, 
transducers, timers, or cables. 

Welding 

The most common joints used for plastic 
welding are the butt joint and its modi
fications,4 the dowel, tongue and groove, 
and lap joints. In each case it is im
perative that only a small area of the 
joint is in contact at the beginning of 
the weld so that the energy and pressure 
can be directed to this area, to create 
rapid localized heating. Without the use 
of an energy-directing ridge5 the part 
will act as a heat sink, and the joint 
may never reach a sufficient temperature 
to melt the plastic. This difference in 
welding efficiency is illustrated in 
Figure 1. Without the energy-directing 
ridge the component being welded becomes 
quite warm because of the energy dissi
pated within the part. A properly de
signed joint and the location and size of 
the ridge are shown in Figure 2. A use
ful rule to follow in dimensioning the 
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Table 1 

ULTRASONIC WELDABILITY OF VARIOUS THERMOPLASTICS 

Quality of 
Plastic Welds 

Polystyrene Excellent 
Styrene acrylonitrite Excellent 
Acrylonitrite butadiene styrene Excellent 
Polycarbonate" Excellent 

Acetala Good 
Acrylics'* , Good 

Nylon3 Good 
Polyphenylene oxidea Good 
Polyphenylene sulfide Good 
Polysulfone^ Good 
Phenoxya Good 
Polypropylene13 Good 

Butyrateb Poor 
Polyethylene1' Poor 
Acetatesb Poor 
Polyvinyl chlorideb Poor 

Comments 

Polystyrene is the most 
outstanding in this group 
for ease of welding. All 
are quite easy to weld. 

Excellent results can be 
obtained in contact weld
ing. 

High melt temperatures 
may require longer weld 
times and higher energy 
levels. 

These plastics can be staked 
or bonded by activation of 
adhesives. Some formulations 
break down chemically, 

aThese plastics have been utilized in various programs on timers, 
detonators, or transducers. 

bThese plastics are not normally considered for detonator or transducer 
components because of poor properties. 

t 

1 2 1 
1 1 

Sonotrode contact area 

Plastic components 

1 i 1 
I 1 directing 

Weld time, 
0 1 2 3 
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FIGURE 1 - The schematic on the left illustrates the greater amount of time to reach 
the weld zone without the energy-directing ridge which is included on the schematic 
at the right. 



Before welding After welding 
Sonotrode contact area 

Head restrained in fixture 

FIGURE 2 - Butt joints can be designed 
which are amenable to ultrasonic welding 
techniques (ridge size exaggerated for 
clarity). 

ridge fills a hole in the spring clip 
and makes the weld to the thermoplastic 
detonator head. 

Before welding After welding 

Sonotrode contact area 

W/3 

W/5 

Cohesive 
weld 

Head restrained in fixture 

energy-directing ridge, which is trian
gular, is to make the width of the base 
approximately 207o of the total section, 
and the ridge height approximately 10% of 
the section being welded. Proper dimen
sioning will ensure a uniformly placed 
bond of a controlled thickness. A well 
designed joint of this type will exhibit 
tensile and shear strengths as high as 
the parent plastic. 

The tongue and groove joint, Figure 3, 
would be ideal for a detonator head-
sleeve joint. The depth of the groove is 
approximately one-third of the sleeve's 
wall thickness. During welding, the 
ridge on the tongue will melt and flow 
into the groove. A clean joint will re
sult with no flow of material into the 
critical well area or perturbation on the 
exterior of the assembly, 

A combination crimping-weIding operation 
could be performed simultaneously as shown 
in Figure 4. In this application the 
sonotrode performs a dual function in 
welding the cylinder to the head and 
crimping a spring clip interconnection 
in position during the same assembly 
operation. An annular, energy-directing 

FIGURE 3 - Tongue and groove joints can 
be designed which are amenable to ultra
sonic welding techniques (ridge size ex
aggerated for clarity). 

Before welding 

Sonotrode contact area 

After welding 

-Thermoplastic 
head 360° 

- T L i .. Cohesive weld 
I nermoplastic 
cylinder 

FIGURE 4 - Combination weld and staking 
operation can be performed in the same 
step. 
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Crimping or Staking 

A thermoplastic can be melted and trans
formed to a new shape without alteration 
of its physical or chemical properties. 
This characteristic is essential to suc
cessful ultrasonic crimping. The sono
trode is usually contoured to a desired 
shape which contacts a projection (boss 
or stud) or an edge of the plastic com
ponent. The sonotrode then delivers the 
ultrasonic energy and the clamping force 
at the interface of the cutting edge and 
the component. The heat generated melts 
the plastic, which flows into the shape 
of the sonotrode to create a plastic 
fillet. Two examples of how crimped 
joints could be made on detonator heads 
are shown in Figures 5 and 6. In each 
example the cutting edge on the sonotrode 
shapes the plastic into a contoured fillet 
to complete the assembly. 

Before welding After welding 

Cylinde 

Before welding After welding 

Locking 
f i l let 
formed by 
sonotrode 

Thermoplastic 
head 

FIGURE 5 - A fillet can be used to crimp 
a cylinder to a plastic head. 

Ultrasonic crimping is similar to heat 
staking of plastic, but has the advantage 
of considerably less heat transfer to the 
component because the heat is generated 
immediately and is localized at the cutting 
edge of the sonotrode. As in ultrasonic 
plastic welding a staked joint produces a 
joint as strong as the parent material, 
The plastic actually flows before it 
reaches its melting temperature, which is 

Contoured sonotrode 
I 

Head 

Locking 
f i l le t 
formed by 
sonotrode 

-Plastic cylinder restrained in a fixture 

FIGURE 6 - A fillet can be used to crimp 
a detonator head to a plastic cylinder. 

important with plastics such as nylon or 
butyrates, which degrade chemically when 
their melting temperatures are attained 
in air. Other advantages to ultrasonic 
staking include high assembly rate (weld
ing times are usually less than 3 sec), 
low rejection rate, stronger bonds, and 
neater appearance. Ultrasonically staked 
assemblies are tighter than heat staked 
assemblies and the plastic does not re
cover after the pressure has been re
leased. One reason for the tightness of 
these joints is that the ultrasonic en
ergy and the clamping force move the 
plastic and press it into clearances be
tween the parts being joined. Conse
quently, the locking properties are en
hanced. Other types of stakes would in
clude a boss or stud stake with either a 
hollow or solid core. An example of how 
a staked joint could be utilized in assem
bling a detonator is shown in Figure 7. 

Crimped or staked joints are generally 
not hermetic seals, but the locking 
fillet, which is as strong as the parent 
plastic, supplies the necessary restrain
ing strength. If a reinforcement seal 
is required, a bead of adhesive can be 
added after the ultrasonic crimp is per
formed. In this manner, glue fixtures 
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Before welding 

Contoured sonotrode 

After welding 

Protective cap: 
plastic or metal 

Thermoplastic 
cylinder with 
bosses or stud 

Bosses staked 
by sonotrode 

FIGURE 7 - A staked boss can be used to 
assemble a head or a protective cap to a 
plastic cylinder. 

are unnecessary; minor, subsequent assem
bly operations can be performed after the 
adhesive has partially cured, 

Insertion 

Ultrasonic insertion of metal or plastic 
pins and screws into plastics is a rel
atively new technique which was devel
oped within the last several years. It 
has gained wide acceptance as a replace
ment for inserts which are molded in 
place. Historically when a metal insert 
was required in a plastic component, a 
mold had to be designed to hold the in
sert in position during the molding 
operation. Molds of this nature are ex
pensive, and low production rates result 
from loading the mold with the metal in
serts. In critical areas, such as main
taining the electrode spacing in a deto
nator head, molds are extremely costly, 
and inconsistencies among the inserts 
add to the variation in electrode spac
ing. Another major problem associated 
with molded heads is the presence of 
metal inclusions in the critical area 
and the bending of electrodes during 
molding; when soft or annealed metal 
inserts are used, rejection rates of 607o 
are not uncommon. 

For ultrasonic insertion, pilot holes are 
molded in the desired position, and the 
insertion is performed after the molding 
operation. During insertion the sono
trode imparts the vibration and clamping 
force—through the part to be inserted--
in the plastic component. Heat is gen
erated as a result of these forces and 
the plastic adjacent to the insert softens 
and allows the insert to move into posi
tion. A properly designed insert must 
have adequate undercuts or knurls which 
will provide tensile and shear resistance 
to an applied force. Proper dimensioning 
of the molded hole and insert affords an 
escape path for the displaced plastic. 
The volume of the displaced plastic6 
should be approximately equal to or 
slightly more than the volume of the 
undercuts in the insert. If the under
cut volume is significantly greater than 
the displaced plastic, the insert will 
not be firmly anchored. 

Ultrasonic insertion is also applicable 
to fabrication of threaded holes in 
plastic components. A screw form can be 
ultrasonically inserted into a premolded 
hole, and the plastic will flow around 
the screws to produce a threaded hole. 

Dissimilar thermoplastics or thermosetting 
plastics can be inserted readily, as can 
metal forms such as tabs, shafts, pins, 
or wires. One example of how this tech
nique could be applied to detonator fab
rication is shown in Figure 8. 

The economic advantage of the insertion 
process of fabricating a detonator head 
cannot be fully determined without a de
tailed cost analysis of both processes. 
Thermoplastic head blanks could be pro
duced on a fully automatic injection 
molding machine at rates in excess of 
2000 blanks per man-machine-day. Elec
trode insertion time could be minimized 
by mechanization. 

Another application for detonator fab
rication would be the insertion of thermo
plastic pins which lock the detonator 
head to the cylinder. Figure 9 illus
trates this method. Here, the pin serves 
a dual function of locking the head and 
cylinder and also locates and locks a 
spring clip interconnection. These ex
amples are shown merely to stimulate an 
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Before insertion After insertion 

Sonotrode contact area 

I 

Undercuts 

Thermoplastic 
blank with 
premolded hole 

Metal electrode: 
plastic flows into 
undercuts 

FIGURE 8 - Metal electrodes can be in
serted ultrasonically into a thermo
plastic blank to form a detonator head. 

Before insertion After insertion 

Thermoplastic pin 
to 

Metal clip 
interconnection 

Therm O" 
plastic 
cylinder 

FIGURE 9 - A plastic insert can perform 
the dual function of locking a metal 
spring clip to the detonator head and 
locking the head to the cylinder. 

place inserts; but it is another method 
of assembly which can be utilized in cer
tain applications. 

Ultrasonic Activation of Adhesives 

This relatively new assembly method re
mains virtually unexplored as a potential 
method of assembling detonators. Adhe
sive joints or adhesive reinforced joints 
have been used on every major detonator 
program. There is a continuing search 
to develop better and stronger adhesives 
which are compatible with weapon com
ponents. Major drawbacks with adhesives 
currently in use are their bond strengths, 
cure times, necessity of glue fixtures, 
and the difficulty in controlling flow 
during and after application. 

Ultrasonics have been used as a method of 
activating adhesives (thermosetting, hot 
melt, or solution) to increase bond 
strengths,7 control flow, and decrease 
cure time. In this application the me
chanical forces applied by the sonotrode 
are transmitted to the adhesives at the 
interface. Frictional heat activates the 
adhesive, which is forced into position 
by a combination of static and dynamic 
forces. These forces extrude the fluid 
adhesive into the pores of the adherands. 
Various commercial film8 adhesives are 
available for this purpose and generally 
are classified as film adhesives (both 
supported* or unsupported) or solution 
coating (liquid) adhesives. 

Some properties to consider for the ad
hesive being used are the melt or cure 
temperature, hardness, viscoelasticity, 
compatibility (with both the adherants 
and with subsequent materials), cure 
time (slow cure adhesives are not appli
cable to ultrasonic activation), shear 
strength, peel strength, and tensile 
strength. 

The solution adhesives are generally 
applied to the adherants and allowed to 
dry. They are later activated with the 
forces applied by the sonotrode. By 
using this technique remote internal glue 
joints, which are normally impossible to 

awareness of the process of ultrasonic 
insertion. Ultrasonic insertion is cer
tainly not going to replace molded-in-

*Supported film adhesives have a nylon 
or fiberglass filler which is impreg
nated with adhesive. 
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obtain, are not being utilized. The 3M 
and Maniflex adhesives are pressure sen
sitive, and superior bonds are achieved 
after application of ultrasonic vibra
tion. Common household liquid adhesives 
have also been utilized in this manner. 
Conventional hot-meIt adhesives are 
effectively reactivated by ultrasonics 
because of their extremely fast cure 
times. Hot-melts can also be used in 
remote joint locations not previously 
considered. Slow curing adhesives, i.e., 
resin hardner types normally used in 
assembling detonator components, can not 
be effectively cured with ultrasonics; 
however, "B" staged resins* can be carried 
to a complete reaction with the applica
tion of ultrasonic vibrations and subse
quent, short-term post-curing. 

When adhesives are ultrasonically reac
tivated, clamp fixtures and long holding 
and cure times are eliminated. This 
could result in a significant cost saving 
by shortening the time for detonator 
assembly. An example of how this tech
nique could be applied in assembling a 
detonator head and cylinder is shown in 
Figure 10. 

Before reactivation ' After reactivation 

Sonotrode contact area 

-— Cylinder 

Adhesive 
bond 

Head restrained in 
a fixture 

FIGURE 10 - Film adhesive can be acti
vated ultrasonically to form an adhesive 
bond. 

Ultrasonic adhesive assembly will not re
place conventional adhesive application 
methods. However, if it can find appli
cation as a replacement for tedious man
ual gluing operations now performed by 
skilled workers, a savings in cost and 
improvement in quality can result. In 
some detonators 25% of the total labor 
costs can be directly attributed to the 
activity encountered with the application 
of adhesives. 

>'-"B" staged is an intermediate stage in 
the reaction of a thermosetting resin. 
The resin is only partially cured and 
maintained in this condition prior to 
use. 
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