
Ultrasonic Closure Welding 
of Small Aluminum Tubes 

A two-step procedure is developed which 

produces welds with leak rates less than 

1x106 std cc/sec 
BY C. L. ESTES AND P. W. TURNER 

ABSTRACT. Ultrasonic welding was 
utilized for making hermetic closures 
in Type 1100 aluminum alloy tubes. A 
two-step procedure comprised of a 
cold c r imp 'and a welding cycle was 
developed. Welding tool ing con
sisted of both a serrated tip to impart 
vibratory energy efficiently to the in

terface of the collapsed tube, and a 
slotted anvil to limit the geometry of 
the weld and to constrain lateral flow. 
Welding tip life without a second 
dressing was 250 welds per tip for tips 
heat treated to an opt imum hardness 
of 60 to 62 Re. It was typical to f ind 
cracking of tips of high hardness, and 

- -
. 

Ultrasonic crimp weld in a type 1100-H14 aluminum tube (leak rate less than 1.0 x 1Ct3 std 
cc/sec of helium) 

e x c e s s i v e wear of t i p s of low 
hardness. 

Welded tubes were evaluated by 
measuring the helium leak rates with 
a mass spectrometer, by thermal 
cycling, and by metallography. Leak 
rates were less than 1 X 10~6 std 
cc/sec. Metallography indicated that 
welds contained local regions of dis
persed surface films. Results indi
cated that leak-tight welds can be 
made without precleaning either the 
tube exterior or the tube bore, provid
ed wide variations in the hardness 
and geometry of tubes are avoided. 

Introduction 

Many joining processes are being 
used to hermetically seal small con
tainers and to close the ends of small 
tubes attached to vessels. This article 
describes work performed to deter
mine the opt imum joining process, 
tool ing, and parameters for pro
ducing closure welds on Type 1199-0, 
1100-0, and 1100-H14 aluminum alloy 
tubes with a 130 mil mean bore d iam
eter and a 182 mil mean outside 
diameter. Design requirements were 
as follows: 

1. The mass spect rometer in
tegrated leak rate of the tube and 
container must not exceed 1.0 X 10 6 

std cc/sec for helium. 
2. The closure procedure must be 

appl icable to systems contain ing 
different internal pressures ranging 
from partial vacua to positive pres
sures at room temperature. 

3. The ambient air must be oc
cluded from the system during and 
after welding. 

4. The welding process must be 
relatively insensitive to normal oxida
tion of the tube bore. 
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5. Length of the tube after closure 
and tr imming must not exceed 525 
mils to provide for packing clearance 
and to prevent damage. The t r immed 
tube must not be sharp or otherwise 
pose safety hazards to personnel dur
ing handling. 

6. Welding parameters should be 
amenable to control under manufac
turing conditions and should assure 
an acceptance quality level of 97%. 

7. Leak rate and integrity of the 
closure should not be degraded by 
cyclic temperatures ranging from - 6 5 
to +165 F. 

Process Selection 

Electron beam welding is often 
used to close containers when a rela
tively hard vacuum seal is desired. At
mospheric and partial vacuum seals 
on small tubes have been made by 
resistance welding, gas tungsten-arc 
welding, cold welding, and soldering. 
Initially, four processes were consid
ered for hermetically sealing alumi
num tubes: gas tungsten-arc, cold, u l 
trasonic, and resistance welding. 

After screening tests at the Oak 
Ridge Y-12 Plant, ultrasonic welding 
was judged to be the best of the four 
for this particular application. The arc 
process was rejected because the fu
sion zone was often porous. Also, 
molten metal tended to be pulled into 
the tube unless it was mechanically 
cr imped, severed, and then sealed. 
This procedure resulted in overheat
ing and a burn down of the outer 
edges of the tube unless the proce
dure was carried out by a highly skil l
ed welder. Furthermore, the period 
between severing the cr imped end 
and seal welding was long enough for 
the ambient atmosphere to diffuse 
into the system. 

No reproducible procedures could 
be worked out for cold welding tube 
ends unless the tube bores were 
abras ive ly c leaned jus t pr ior to 
welding. The cleaning schedule, the 
likelihood of abraded particles being 
aspirated into evacuated containers, 
and extremely thin and fragile clo
sures were causes for rejecting the 
cold-welding process. Recent work, ' 
however, indicates that with im
proved die design cold-welded tube 
closures are relatively insensitive to 
reasonab le amoun ts of c o n t a m 
ination and acceptable leak rates 
have been consistently obtained in 
these materials. 

Bush2 describes an application of 
resistance welding for hermetically 
sealing small tub ing. A two-step 
procedure involving crimping and 
we ld ing was r e c o m m e n d e d . Re
cently, Bush and Moment3 described 
composite resistance welding elec
trodes which were used to improve 
the nugget geometry of resistance-
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Fig. 1 — Commercial ultrasonic spot welding machine equipped with a convention
al tip and anvil 

welded tube closures. Most of their 
work was, however, performed on 
austenitic stainless steel tubes. 

In the present study, resistance 
welding was considered impractical 
for hermetically closing tubes made of 
such high conduct iv i ty metals as 
aluminum and copper. However, it 
was found that a tooling design sim
ilar to that used in resistance welding 
could be adopted for hermetically 
closing the ends of aluminum tubes 
with ultrasonic spot welding. 

U l t r a s o n i c spo t w e l d i n g was 
selected because it is less sensitive to 
the amount of contamination of the 
tube bore, which could not be cleaned 
prior to welding, than the other pro
cesses under consideration. Vibra
tory motion assists the pressure-
bonding mechanisms characterizing 
cold welding. This feature permits 
closures to be made without exces
sive thinning of the tube wall. Like
wise, this process is analogous to the 
resistance welding process in that it 
crimps and metallurgically seals the 
tube before the downstream portion 
of the tube-and-valve assembly is cut 
off. This feature eliminates the pos
sibility of atmospheric contamination 
of the system. The lead photograph 
shows an ultrasonic cr imp weld* in a 
Type 1100-H14 aluminum tube which 
represents the product resulting from 
a procedure developed during the 
course of the program. The leak rate 
of this closure is less than 1.0 X 10 9 

std cc/sec of helium. 

'This term was coined at the Oak Ridge 
Y-12 Plant to describe the two-stage 
(crimp and weld) operation used to pro
duce hermetic closures in small tubing 
with ultrasonic spot welding equipment. 

C r i m p - W e l d Tooling 

Ultrasonic welding4 is a process for 
joining metals by the introduction of 
high-frequency vibratory energy into 
the overlapping metals in the area to 
be joined. Neither flux nor filler metal 
is used, no electrical current passes 
through the weld metal, and preheat 
is usually not applied. The work-
pieces are clamped together under 
moderately low static pressure, and 
ultrasonic energy is transmitted into 
the weld area. A sound metallurgical 
bond is produced without an arc or 
melting of the base metal. Conse
quently, the cast s t ructure asso
ciated with melting is not formed. 
Instead, a solid-state bond that is free 
of pores and voids characterizes the 
ultrasonic weld. 

In ultrasonic welding, components 
to be joined are clamped between a 
welding tip and a support ing anvil 
with only sufficient static pressure to 
hold and contain them in intimate 
contact. Tooling for ultrasonic spot 
we ld ing no rma l l y cons is ts of a 
welding tip having a one to 5 in. 
radiused end, which contacts the 
workpiece, and an anvil with a flat sur
face, which supports the workpiece. 
The functional parts of an ultrasonic 
spot welding unit are identified in Fig, 
1. 

Initial tube-closure investigations 
were carried out using a rectangular 
tip having a working surface area 
0,150 by 0.250 in. and a flat, smooth 
anvil. Encouraging results were ob
tained with tooling. However, later
al flow of the tube was unrestrained 
by the flat anvi l . This cond i t ion 
resulted in extremely thin and fragile 
closures when parameters of power 
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Fig. 2 — Ultrasonic tube crimp-weld tip and anvil configuration 
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and force necessary to produce leak-
tight closures were used. 

After various anvil geometries were 
investigated, it was determined that 
the tip and anvil shown in Fig. 2 pro
duced the best results. The slot in the 
anvil prevented excess lateral flow of 
the tube mater ial and produced 
closures approx imate ly 0.260 in. 
wide. Serrations were put on the tip to 
aid in imparting vibratory motion to 
the interface of the collapsed tube. 

The radius on the front of the tip 
and on the slope from front to back of 
the working surface was necessary to 
prevent thinout of the tube wall at the 
junction of the cr imp radius and weld 
zone. 

Welding Tip Evaluation 

Welding tips and anvils must be 
treated as important variables when 
sophisticated welding procedures are 
employed. Because the tip is the vehi
cle through which vibratory motion is 
imparted to the weldment, it must be 
reshaped or replaced at the first in
dication of wear or damage. 

Tips ranging in hardness from 44 to 
70 Rc were subjected to a protracted 
series of welding cycles to determine 
an index of useful tip life. Tips that are 
too soft have short lives because of 
excessive wear; tips that are too hard 
are subject to fatigue failure. Figure 
3(A) illustrates the wear on a tip with a 
hardness of 58 Rc after 530 cr imp 
welds were made with it. The serra
tions were no longer visible, and the 
tip is no longer serviceable. Tips 
ranging from 44 to 50 Rc were worn 
excessively after 100 welds were 
made. Figure 3(B) shows a broken tip 
with a hardness value of 68 Rc. The 
ultrasonic welding unit can be con
sidered a fatigue machine, and cal
culations indicate that this tip failed 
at about 500,000 cycles. 

Tips ranging in hardness from 65 to 
75 Rc were crack sensit ive, with 
cracks occurring at the threaded 
region of the tip, as indicated in Fig. 
3(B). The results indicated that opti
mum tip hardness for the tube closure 
should be between 58 and 64 Rc. 
Therefore, 60 to 62 Rc was specified 
for all tips of this or similar configura
tion, and the number of welds per tip 
was limited to 250. 

Figure 4 shows a new tip (A) and a 
worn tip (B). Special attention is call
ed to the working surfaces of the tips. 
In Fig. 4(B) the serrations are com
pletely worn off, and the working sur
face is damaged. 

INCHES 
Fig. 3 — Worn (A) and fractured (B) ultrasonic tube welding tips 

C r i m p and We ld Procedure 

Normally, an ultrasonic welding 
unit such as used for this work is 
operated f rom one switch. For our 
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Table 1 — Summary of the Effect of Pa
rameter Variation on Weld Thickness 
and Helium Leak Rate on Type 1100-0 
Aluminum Tubes 

Range'3' 
of Helium 

para- leak rate, 
meter std cc/sec 

Parameter: weld time, seconds 

0.04 1.0 x 105 

0.13 <1.0 X 109 

Weld 
thick
ness, 
mils 

37 
19 

Parameter: power, electrical watts 
1,300 <1.0 x 10' 
2,000 <1.0 X 10 s 

Parameter: force, pounds 

400 7.0 X 10" 
525 <1.0 X 10-' 

Parameter: frequency, hertz 

14,763 2.0 X10 9 

14,812 <1.0X10"9 

30 
19 

35 
19 

20 
21 

(a) The low and high value of each of 4 parameters is 
listed. 

FT " • " " • | P « " « * « ^ « | B « a B « « B « B ^ 

1 
Fig. 4 — New and worn ultrasonic tube welding tips 

purposes, however, a two-switch, two-
step procedure was developed that 
provided operator control of weld cy
cle starting time with respect to the 
force or cr imping cycle. This proce
dure allowed the operator to visually 
determine that all controls were prop
erly set and that a correct force was 
applied before starting the weld cycle. 
The force (crimp cycle) was designed 
to reduce the thickness of nominally 
0.182 in. diam tubes to a 48-52 mil by 
0.260 in. wide rectangular config
uration by forcing the interfaces into 
contact before the welding cycle was 
started. 

A further reduction in the tube 
cr imp thickness occurs during the 
welding phase of the two-step cr imp-
weld sequence. During this t ime there 
is a local temperature rise caused by 
the c o m b i n e d ef fects of e last ic 
hysteresis, localized interfacial slip, 
and plastic deformation. It is during 
this phase of the cr imp-weld cycle 
that a del icate balance between 
power, weld time, and force must be 
maintained so that excessive thin
ning of the cr imp does not occur. 
Opt imum dimensions at each stage of 
the operation are defined in Fig. 5. 
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Fig. 5 — Optimum dimensions for ultrasonically crimp welding aluminum tubes 

Effects of Four Controlled 
Parameters on Weld Thickness 
and Leak Rate 

Experimental Procedure 

Early in the development program 
for cr imping and welding circular 
geometries, it was recognized that, of 
the four operator-control led param
eters (power, frequency, force, and 
weld time), the applied force was the 
most sensitive variable with weld time, 

power, and frequency following in 
order. Therefore, experiments were 
designed to study the effects of vari
ations of these parameters on weld 
thickness and leak rate. 

Leak-rate easily was correlated 
with weld thickness, and — in this 
regard — discrete changes in weld 
thickness could be determined with 
much better precision than could in
crementa l changes in smal l leak 

ra tes. The t endency to leak i n 
creased as welds became either 
thinner or thicker than a lower and an 
upper thickness limit (~ 15 and 30 
mils, respectively). 

After preliminary tests and adjust
ments were made, four groups of six 
tubes each were cr imp welded. One 
of the four parameters was varied for 
each group. Effects of parameter var i 
ations on weld thickness and the 
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Fig. 6 — Effect of welding power (electrical watts) on weld thickness and leak rate on Type 
1100-0 aluminum tubes. (Power values were calculated from graphs supplied by the ultra
sonic equipment manufacturer) 

helium leak rate are summarized in 
Table 1. Only the high and low values 
for each parameter are listed. Figures 
6 through 10 graphically show the 
effects of variation of these factors on 
weld thickness and leak rate over the 
entire experimental range. 

Effect of Power 

Figure 6 indicates that opt imum 
values of weld thickness and leak rate 
were obtained with power ranging 
from 1,550 to 1,800 electrical watts 
and with thicknesses ranging from 24 
to 28 mils. The power values were 
calculated from graphs supplied by 
the manufacturer of the ultrasonic 
welding equipment. 

Effect of Frequency 

Figure 7 notes that opt imum values 
of weld thickness and leak rate were 
obtained with frequency variations 
ranging from 14,760 to 14,790 Hz, and 
indicates that the influence of fre
quency variation on weld thickness 
and leak rate is less than that of any of 
the other three controlled variables. 

Effect of Force 

Figure 8 points out that opt imum 
values of weld thickness and leak rate 
were obtained (22 to 25 mils) with 425 

14.820 
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u 
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2 .0 x 10 sfd cc/sec helium 

<1 .0 x 10 -9 <1 .0 x 10" 
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/ 
<1 .0 x 1 0 " 9 

< 1 . 0 x 1 0 " 9 

Fig. 7 — Effects of 
welding frequency 
on weld thickness 
and leak rate on 
Type 1100-0 alumi
num tubes 
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Table 2 — Relationship of Tube Hardness 
to Crimp Thickness Prior to Starting the 
Weld Cycle 

Cou
pon 

1 
2 
3 
4 
5 

Al 
Type 

1199 
1100 
1100 
1100 
1100 

Tem
per 

0 
0 

H-14 
H-16 
H-18 

Hard
ness, 
DPH 

23 
30 
36 
50 
68 

Crimp(a) 
Thick
ness, 
mils 

44 
50 
55 
60 
68 

(a) All crimps made at 450 lb force. 

to 500 lb of force. At 400 lb, the thick
ness and leak rate are borderline; at 
525 lb, the tube with a thickness of 
17.5 mils is fragile, subject to damage 
in handling, and sharp enough to be 
hazardous to operating personnel. 

The effects of 450 and 500 lb forces 
on crimp thickness before welding 
Type 1199 and 1100 aluminum alloy 
tubes with various hardnesses are 
seen in Fig. 9. 

Effect of Weld Time 

Weld time, as used in this article, is 
defined as the duration of electrical 
energy delivered to the transducer 
and is determined by the weld timer 
setting. Maximum recommended 
limits are 0.01 to 1.25 sec. Figure 10 
shows the influence of weld time on 
weld thickness and leak rate, and 
indicates that an optimum weld 
thickness was obtained at 0.08 to 
0.10 sec. The 1.0 x 106 std cc/sec 
helium leak rate for the weld made at 
0.04 sec also indicates that coupling 
occurs very early in the weld cycle. 

Effect of Other 
Significant Variables 

Effect of Tube Hardness 

An experiment was conducted to 
relate thickness of the crimped tubes 
prior to welding to material hard
ness. The results of the first exper
iment are listed in Table 2. Additional 
data given in Table 3 show the effects 
of material hardness on crimp thick
ness and weld thickness, and the rela
tionship of weld thickness to the 
helium leak rate for the same 
coupons listed in Table 2. Param
eters were identical for the five 
closures, and are presented in Table 
4 (Procedure 1). 

Table 4 also shows the parameters 
for welding tubes that fall into two 
hardness ranges. The difference in 
the two procedures is in the values for 
the tip force and welding time. The in-
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Fig. 8 — Effects of welding force on weld thickness and leak rate on Type 1100-0 alumi
num tubes 
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Fig. 9 — Aluminum tube crimp thickness before welding — average of 5 tubes 

Table 3 — Relationship of Tube Hardness and Crimp Thickness to Weld Thickness and 
the Helium Leak Rate of the Tubes Listed in Table 2 

Coupon 

1 
2 
3 
4 
5 

(a) All welds made with identical parameters. 

Hardness, 
DPH 

23 
30 
36 
50 
68 

Crimp 
thickness 

mils 

44 
50 
55 
^0 
68 

Weld ( a ) 

thickness, 
mils 

20 
32 
36 
43 
52 

Helium 
leak rate 

std cc/sec 

< 1 . 0 X 10'9 

< 1 . 0 X 1 0 s 

< 1 . 0 X 10 7 

> 3 . 0 X 10'6 

> 3 . 0 X 10 6 
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crease in force for the harder mate
rial was necessary to assure inter
face contact before the welding phase 
was initiated; a reduction in welding 
time was required to offset excessive 
thinning of the cr imp when the higher 
force was used. 

Table 5 emphasizes the effect of 
tube hardness on weld thickness and 
helium leak rates for tube closures 
made with the two sets of param
eters. Coupons 4 through 7 were 
welded with Procedure 1. Acceptable 
leak rates were obtained on Coupons 
4 and 5, which had hardnesses of 22 
and 35 DPH, respectively. The hard
nesses for Coupons 6 and 7 were 46 
and 44 DPH, respectively, and the 
leak rates were unacceptable; how
ever, when Procedure 2 was used for 
Coupons 8 and 9, which were in the 
same hardness range, very low leak 
rates were obtained. 

0.14 

0.12 

Tj 0.10 — 

E 
i= 0.08 

0.06 

0.04 

0.02 

• < 1 . 0 x 10~9 

. " i *< l .0 x 10'9 

cc/sec hel iurr 

18 

,<1.0 x l O -

Cl .Ox 10 -9 

: i . 0 x 10" 

, # 1 . 0 x 10= 

1 1 A 
20 22 24 26 34 36 38 28 30 32 

Weld Thickness (mils) 

Fig. 10 — Effects of welding time on weld thickness and leak rate on Type 1100-0 
aluminum tubes 

40 

Effect of Tube Dimensions 

In addition to the four controlled 
variables (tip force, power, frequency, 
and weld time) and tube hardness, 
another significant variable is tube 
dimensions. Tube dimensions as well 
as hardness affect metal flow at the 
outer folded edges of the collapsed 
tube where leaks occur red most 
often. For example, welding param
eters for cr imp-welding tubes having 
outside diameters ranging f rom 180 
to 184 mils, wall thicknesses ranging 
from 24 to 28 mils, and hardnesses 
ranging from 22 to 35 DPH were not 
applicable to cr imp-welding tubes 
with dimensions or hardnesses out
side this range. 

T h e w e l d i n g s c h e d u l e w a s 
modif ied, however, by increasing the 
welding force and t ime. Then, com
parable results were obtained on 250 
mil tubes ranging from 36 to 48 DPH 
in hardness. 

The slot in the anvil was designed 
to constrain the lateral flow of tubes 
during cr imp welding and to assure 
that all closures would have the same 
geometry. This anvil design, how
ever, increased the need to maintain 
close tube dimensional tolerances 
(outside diameter and wall thick
ness). This is because weld thickness 
and leak rate then became, to a great 
extent, a function of tube dimensions 
and hardness. Increasing or decreas
ing the resistance of the tube to the 
applied force by changes in either 
mass or hardness resulted in vari
ation in cr imp thickness, weld thick
ness, and leak rate. 

Effect of Thermal Cycling 

Numerous ultrasonic cr imp welds 
were subjected to thermal cycling 
from - 6 5 to +165 F without any 
significant increase in the leak rate. 

Table 4 — Ultrasonic Crimp-Weld Parameters Recommended for Type 
and 1100 H14 Aluminum Tubes 

Pro
cedure 

1 

2 

Weld 
t ime, 
sec 

0.12±0.01 

0.10±0.01 

Weld 
force, 

lb 

450 ± 5 

500±5 

Weld 
power}3 ' 

watts 

1,800 ±50 

1,800 ± 50 

Weld 
frequency, 

Hz 

14,794 ±30 

14,794 ± 30 

Hard
ness, 
DPH 

2 2 - 3 5 

3 6 - 4 8 

1199-0, 1100-0, 

Application 

Type 1199-0 
and 1100-0 

aluminum 

Type 1100-0 
and1100-H14 
aluminum 

(a) Calculated from graphs supplied by the manufacturer of the ultrasonic welding equipment. 

Table 5 — 

Coupon 

4 
5 
6 
7 
8 
9 

Summary of Aluminum Tube Hardness Investigation 

Al 
type 

1199-0 
1100-0 
1100-H14 
1100-H14 
1100-H14 
1100-H14 

Hard-
I ness, 

DPH 

22 
35 
46 
44 
47 
48 

Weld 
thickness, 

mils 

15 
23 
29 
28 
22 
19 

Helium 
leak rate, 

std cc/sec 

<1.0 X 10 8 

7.0 X 10-" 
>3.0 X 10 8 

>3.0 X 10"6 

<1.0 X 10-* 
<1.0 x 10-9 

Weld 
Proced

ure (a) 

1 
1 
1 
1 
2(b) 
2 

ia) Welding Procedure 1 for Type 1199 and 1100-0 aluminum tubes (see Table 4) 
Welding Procedure 2 for Type 1100-0 and 1100-H14 aluminum tubes (see Tab 

Monitoring In-Process 
Performance 

The electrical power delivered f rom 
the power source to the transducer 
may be measured with a high degree 
of accuracy with conventional meters. 
However, only a portion of this power 
reaches the weld zone as acoustical 
power because of losses in conver
sion to vibratory energy, transmis
sion, and reflection at impedance dis-
continuties. 

A method for de termin ing the 
acoustic power delivered to a weld-

ble 4). 

ment is by measuring the standing 
wave ratio (SWR) in the coupler 
system during welding.8-9 This tech
nique involves the use of two barium 
t i t a n a t e m i c r o p h o n i c s e n s o r s 
adhesively bonded to the anvil or 
coupler in an array approximately VA 
wave length apart. These sensors re
spond to vibrations in the system to 
produce signals which are delivered 
to an oscil loscope equipped with two 
dual trace amplif iers. The area of the 
elliptical trace (Lissajous figure) dis
played on the oscil loscope is propor
tional to the acoustical power trans-
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mitted through the weld. The SWR is 
represented by the ratio of the major 
and minor axes of the elliptical figure. 

An attempt was made to monitor 
the in-process performance of the ul
trasonic tube welder by relating the 
vibratory responses of the anvil to 
changes in the welding parameters 
and to the closure weld quality as 
indicated by weld thicknesses and 
leak rates. The results showed that 
neither the standing-wave ratio nor 
cycles per weld resulting f rom anvil 
vibrations is satisfactory for monitor
ing equipment performance when ul-
trasonically welding small aluminum 
t u b e s . H o w e v e r , s u b s e q u e n t 
measurements of welding performed 
with standard ultrasonic spot welding 
tooling (anvil and tip), as previously 
described, and sensors attached to 
the anvil agreed with the findings of 
Jones, et al. 89 The cycle-counting 
and standing-wave-ratio techniques 
provided reliable data when welding 

c o n v e n t i o n a l , f l a t , o v e r l a p p i n g 
coupons. Results showed that mate
rial thickness should be within the 
capabilities of the welding unit so that 
resonance coupling occurs in the 
weldment. 

A second-genera t ion ul trasonic 
monitoring package consisting of a 
c o u n t e r , s t o r i n g o s c i l l o s c o p e , 
camera, and a comparator was devel
oped. The comparator was used to 
trigger the oscil loscope after a pre
selected number of cycles were 
recorded on the counter. Thus, by 
making a series of identical welds and 
photographing a succession of os-
c i l lographic traces th roughout a 
specific welding period, one may 
determine from the changes in the 
Lissajous figures whether coupling 
occurred, the time that it occurred, 
and opt imum time required to accom
plish a weld without overwelding and 
causing excessive indentation, distor
t ion, and damage to the weldment. 

Force Limiting Device 

A breakdown in the control of the 
hardness of the material used for 
production tubes made it necessary 
to cr imp weld Type 1100-0 tubes (23-
25 DPH) and Type 1100-H14 tubes 
(36-45 DPH) without positive iden
tification of the material hardness or 
temper prior to welding. Procedure 2, 
listed in Table 4, was used. 

Application of the higher pressure 
specified in Procedure 2 and an occa
sional malfunction of the equipment 
resulted in overcrimping the softer 
material and leaking closures. This 
problem was solved by the use of a 
force-l imit ing device which limited the 
downward movement of the welding 
tip and assured that min imum weld 
thickness would not be thinner than a 
predetermined value. The device is 
seen in Fig. 11. 

After installing the device, Proce
dure 2 was used for welding either 

( l ) Hydraulic Cylinder 

® Reed 

( T ) Slide Assembly 

( 4 ) Adjusting Screw 

( 5 ) Force-Limit ing Device 

( 6 ) Coupler 

0 TiP 

(8) Anvi l 

Fig. 11 — Force-limiting device and its relationship to the moving parts of the welding machine 
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0.020" 

r̂ —f 
1 2 3 

DPH Locations 
(side) 

0.050" 

1 2 3 4 5 
Locations of Planes of Polish 

(end) 

A. Coupon 0100 processed with the longitudinal axis of the tube in the horizontal position or in 
the planes (1 through 5) of polish. 

0.020" 
0.030" 

12 3 4 5 6 
Locations of Planes of Polish 

(side) 

1 2 3 
DPH Locations 

(end) 

Coupon 0101 Processed with the transverse axis of the tube in the vertical position or in the 
planes (1 through 5) of polish. 

Fig. 12 — Locations of planes of polish and diamond pyramid hardness reading locations 
for crimp welds in aluminum tubes 

Table 6 — Microhardness Values for Crimp-Weld Tube Processed with the Axis in a 
Horizontal Position (Coupon 0100) 

Horizontal 
polishing 
plane <a> 

1 
2 
3 
4 
5 

Average 
Spread 

Diamond pyramid hardness 

1 

40.4 
39.2 
40.4 
38.9 
39.8 
39.7 

1.5 

and location'3* 

2 

40.1 
36.6 
39.2 
39.5 
39.8 
39.0 

3.5 

3 

40.4 
36.6 
38.0 
41.4 
39.5 
39.2 

4.8 

Average 

40.3 
37.5 
39.2 
39.9 
39.7 
39.3 

2.8 

Weld 
thickness 

mils 

24 

— 
— 
— 
— 
— 
— 

(a) Refer to Figure 12-A for clarification of locations 1, 2, and 3. Load to 300 grams. 

Table 7 — Microhardness Values for Crimp-Weld Tube Processed with the Axis in a Ver
tical Position (Coupon 0101) 

Vertical 
polishing 
plane <a' 

1 
2 
3 
4 
5 

Average 
Spread 

Diamond pyramid hard 

1 

43.8 
45.6 
44.0 
44.5 
40.4 
43.7 

5.6 

and location <a> 
2 

49.6 
41.4 
37.2 
41.0 
44.0 
42.6 
12.4 

ness 

3 

45.6 
45.2 
40.4 
44.0 
43.8 
43.8 

5.2 

Average 

46.3 
44.1 
40.5 
43.1 
42.4 
43.4 

5.8 

Weld 
thickness 

mils 

29 

— 
— 
— 
— 
— 
— 

(a) Refer to Figure 12-B for clarification of locations 1, 2, and 3. Load to 300 grams. 

Type 1100-0 or 1100-H14 material 
without difficulty. 

Ultrasonic Aluminum Tube 
Weld Characteristics 

Although considerable metal
lurgical work and tube-hardness in
vestigations were performed during 
the development program, additional 
metallurgical work was undertaken 
for a more complete evaluation. 
Therefore, two tubes, designated 
0100 and 0101, which were crimp 
welded according to Procedure 2 (see 
Table 3), were selected for extensive 
study. 

The integrated leak rates for the 
tubes, and containers to which they 
were attached, were 0.14 x 106 and 
0.12 x 106 std cc/sec helium for the 
tubes designated 0100 and 0101, re
spectively. The tubes were then de
tached from the containers and again 
leak tested. The leak rate of each tube 
was less than 1.0 X 109 std cc/sec 
helium. 

Tube 0100 was hor izonta l ly 
mounted with the longitudinal axis of 
the tube in the polishing plane. Tube 
0101 was vertically mounted with the 
tube axis normal to the polishing 
plane. Views A and B of Fig. 12 show 
the locations of the metallographic 
polishing planes and hardness deter
minations for each specimen. The 
same procedure was carried out at 
each of the five locations, and nearly 
identical metallographic and hard
ness results were obtained. There
fore, only the results from Polishing 
Plane 4 are included in this report. 
Tables 6 and 7, however, are included 
to show the relative hardnesses of the 
tube material throughout each spec
imen. Figures 13 and 14 show the 
results of work performed on Spec
imen 0100, and Figs. 15 and 16 show 
the results of work performed on 
Specimen 0101. 

Referring to the weld interface evi
dent by the intermittent surface oxide 
film or dark lines in Figs. 14 and 16, 
a theory based on published data10 

and personal observations during the 
development program is presented. 

During ultrasonic welding of 
materials with high thermal conduc
tivity, the heat generated at the faying 
surfaces is rapidly conducted away 
from this interface, and oxides and 
other contaminants are not melted or 
dispersed as when fusion welding 
processes are used. This type of 
material, of which copper and alumi
num have been investigated most 
thoroughly, is characterized by a 
bond interface which displays local 
regions of incomplete surface film 
dispersion. Surface films consisting of 
oxide and other contaminants which 
cannot be removed from internal sur
faces of tubes immediately prior to 
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Fig. 13 — Hardness determinations on tube 0100 at polish plane 4 
— see Fig. 12, View A; X15, reduced 45% 

* 

Fig. 14 — Photomicrograph of the center of the welded area 
shown in Fig. 13. X1000, reduced 45% 

Fig. 15 — Hardness determinations at polish plane 4 
12, View B; X15, reduced 45% 

see Fig. Fig. 16 — Photomicrograph of the left side of the area shown in 
Fig. 15 X1000 reduced 45% 

closure welding and impurit ies pre
sent in Type 1100 aluminum con
tribute to this condit ion. Surface films 
may become dispersed within the 
metal or remain a part of the inter
face bond. 

The degree of deformation at the 
weld interface is also an important 
factor in determining the f i lm disper
sion and cross migration of the base 
metals in ultrasonic welds in alumi
num; i.e., dispersion will occur in 
direct proport ion to the deformation 
at the weld interface when a proper 
relationship of force to power and 
weld t ime is used. 

Deformation at the interface of 
closure welds in aluminum tubes is 
limited by the weld thickness re
quired to assure a stable, reasonably 
thick-walled closure that will not be 
damaged by handling or be injurious 
to personnel because of a sharp 
edge; therefore, maximum disper
sion of surface contaminants does not 
occur in ultrasonic welds in alumi
num tubes. This condit ion does not 
appear to adversely affect the leak 
rate of closure welds in aluminum 
tubes. One group of five tubes were 
allowed to oxidize in ambient air for a 
period of five weeks between vapor 

degreasing and cr imp welding. The 
leak rates for all closures in this group 
were' less than 1.0 x 10 9 std cc/sec 
helium. Also, the low leak rate of 
Tubes 0100 and 0101 indicate that 
both are excellent quality ultrasonic 
welds for aluminum tubes which can
not be internally cleaned and deox
idized immediately prior to welding. 

The influence of impurit ies in the 
Type 1100 aluminum alloy on the 
weldability of this material by the ul
trasonic welding process was not es
tab l ished. However, the ratio of 
closures with acceptable leak rates in 
Type 1199 aluminum alloy tubes to 
those with unacceptable leak rates 
was approximately 11/2 t imes higher 
than the cor respond ing ratio for 
closures in Type 1100 aluminum alloy 
tubes welded with Procedure 1, listed 
in Table 2. 

Procedure Control 

Normally a control tube was welded 
and leak tested immediately prior to 
the start of a series of runs and also 
after an extended down t ime. Product 
qua l i ty assu rance a lso i nc l uded 
periodic testing and certification of 
the pressure gage, weld timer, and 
power in electrical watts delivered to 

the transducer at 90 day intervals. 
Maximum repeatability of force f rom 
the hydraulic system was attained 
after the system had been in oper
ation for a minimum of two hours 
before welding was started. 

A general inspection of the welding 
station was performed at 30 day inter
vals with special attention given to the 
tip and anvil. These components were 
examined for fatigue cracks, wear, 
damage, and alignment. 

Conclusions 

1. The acceptance quality level 
(accep tab le leak rate) of u l t r a -
sonically welded Type 1100-0 and 
1100-H14 aluminum tubes exceeded 
97%. 

2. Rejects ( unaccep tab le leak 
rates) usually were related to worn or 
damaged tips or to material which ex
ceeded the range of hardness or 
d imensions for a specif ic set of 
parameters. 

3. Rejects ( unaccep tab le leak 
rates) were not related to normal in
ternal contamination of the tube bore 
or thermal cycling from - 6 5 to +165 
F. 

4. Ultrasonic welding parameters 
were based primarily on material 
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hardness and thickness (mass of the 
weldment) which means that control 
of tube hardness and dimensions was 
of prime importance. 

5. Three sets of parameters were 
required to ultrasonically crimp weld 
aluminum tubes with hardnesses 
ranging from the H18 to 0 condition. 

6. Although the standing-wave 
ratio and cycles per weld indicated by 
signals from microphonic sensors 
bonded to the anvil did not provide 
acceptable data for monitoring quality 
when crimp welding aluminum tubes, 
it was determined that these indi
cators are useful for sensing the time 
that coupling occurs. The optimum 
time to accomplish a weld without 
overwelding and causing excessive 
indentation and distortion when 
welding with a standard spot welding 
tip and anvil was not established. 

7. A force-limiting device, design
ed to limit the downward movement of 
the welding tip and assure that min
imum weld thickness would not be 
thinner than a predetermined value, 
proved to be a valuable addition to 
the welder. The device did not inter

fere in any way with the efficiency of 
the welder. 

8. The length of tubes extending 
from the container ranged from 0.475 
to 0.500 in. after crimp welding and 
severing. 
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