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Phase I of the program vharein photoelastic,
ultrasonic power measurement, and temperature de-
termining methods were develcped to implement study
of the ultrasonic welding mechanism, is reviewed.
The current effort involves analysis of the tran-
sient internal stress pattern associated with for-
mation of such bonds, the arrangement of various
motals and alloys into an "order of weldability”
based on power required to make a weld and com-
sideration of the various metallurgical phenomena
that have been observed in vibratory welds,
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I. INTRODUCTION

The object of this research program is to develop a phenomenolegical
theory of ultrasonic welding that will account for the observed effects
and that can be used to improve the design of ultrasonic welding equipment
and extend its usefulness in joining the newer, high-temperature, corrosiom-
resistant materials of particular significance to the variocus military and
Atomic Energy vrograms.

Phase I of this investigation involved the development of special in-

strumentation and techniques implicit in excavating and interpreting ims-
formaticn from observable interacting facters invelved in the ultrasenie
welding process. It included preliminary study of ocertain ultrasomic weld
phencmena and oonsidered the influsnee of material properties on welda-

bility. In particular,
' (a) Accummlated evidenoce having shown that ultrasonic welding may be

(v)

accomplished at least in part, as a result of deformation at and
near the interface being joined,it was clear that understanding

of the transiemt stresses producing such deformation is impertamt.
Thus, photeelastic techniques were considered and later develcped,
s0 that the internal dynsamic stress pattern associated with the
applied static and superimposed oscillating shear force associated
wvith welding could be observed and plotographed, A special streim

frame for applying the requisite force system was devised and

routinely utiliszed, Recourse to the laborious frosen stress tech-
nique was cbviated by development of direct cbssrvatiom triaxially
restrained photoelastic models. This work was carried far enough

that its usefulness in studying this facet of the welding process
was reasonably well established.

It being self evident that a theory of the mechanism of vibratery
welding must consicder the energy required to produce a weld, the
Phase I work considured avenues by which we could ascertain net
power and the instantanecus values thereof in time, during which
a weld was generated, No practical method for measuring trans-
mitted ultrasonic power was avajilable but analysis indicated a
standing elastic wave measurement technique to be possible and
capable of standard oscillographic data recording., The method
was developed, its validity established in calorimetric experi-
ments, and its use reduced to routine. It is to be noted that
this approach is inclusive; e.g., knowing froquency, power and
its variation in time, such ancillary variables as tip amplitude
are easily obtained when there is reason to know it, More im-
portant, the actual weld impedance during formation can be asocer—
tained and this is fundametal to developing the process and
equipment to implement it, Consideration was given to Getermiming
the energy passing through and beyond the weld sons, since this
too is included but must be dedwoted, from the transmittied
ultrasonic power data obtained with the SWR technique,

1




(e)

(a)

(o)
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It being well kmewn that there is a temperature riss of seme
mgnitede during the formaticm of an ultrasonic weld, the need
for relisdble infermation en weld sone hesting and nsecessity for
correlation thereof with the process variables was obvious,
Material propurties are transiently affeeted by heat; recrystal-
lisstion,diffusion, phase change and the poesidle interactiom of
such nermal metallurgical phencmena with vibratory stresses, all
pointed to the need for a practical technique to determine
transient temperatures at the weld sone interface. Accordingly,
a single fine wire thermocouple techniqus was developed to ascom-
plish seasing, from vhich rapid response equipment produced re-
produeible records. The technigue was utilised to obtein pre-
liminary but significant information on the process variables ——
power, clamping foroe, and weld time for the materials, copper,
aluminmm and iron,. Validity of the temperatures cbtsined was
confirmed by means of a meltable imsert technique,

Explerations were made into the charsctsristic of the interface
disturbenee routinely ocbserved in ultrasonic welds in various
materials and several metallurgisal phenomena imcluding re-
srystallisation and diffusion wers noted, This facet of Phase I
served to erient much of the work that will be carried eut as
Phase II progresses. An suteradiographic technique invelving Beta
emission was utilised sxperimentally as a candidate technique for
studying interfacial displacements where standard metallegraphy

is imadequate, Lower energy Beta radiation was deomsd essential
te obtaiming meanimgful infermation in the course of this Phase II,
Metal displacement, recrystallisatiem, diffusion, phase trameforma-
tiem, and miscellaneous effects were noted in various materials.

A statistical approach to define the relation of material proper-
ties to wltrasonic weldability was oonsidered at length, but the
ty thereof and time involved appeared to be excessive.
Sueesss in develeping the SWR method for measuring the net energy
required to generate a weld suggested a less complex methodj e.g.,
that an "order of weldability" in terms of energy and material
thicimess should yield a correlation with certain material
properties vhich could be determined by systematic znalysis of
=aterial properties data, including properties at temperature.
I% wad determined that the nst .nergy invoived in generating a
weld of & unit area between, for example, two sheets of 0,001~
inch thiclness alumimmy, and stainless steel, embraced a large
range — in the order of 1 to 100.watts, respsctively, with cepper
sheets of the same thickress falling between.

On the basis of preliminary data acquired in Phase I, it is com=-
cluded this approach merits aggressive pursuit,
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II, CURRENT EFF(RT

Ao STRESS DISTRIBUTION IN THE WELD ZOWE

Phase I of this aspect of the investigatien accomplished the develop-
! ment of a strain frame for losding photoelastic models in a fashiemn to
T essentially duplicate any instantarmsous loading conditiom luochtod'with
the actual accomplishment of a bond between two pleces of sheet metal vy
means vl wltrasonic welds (1)+%,

Suitabls direct observation trisxislly. restrained photoslastis
medels were developed which permit cbservation of a changing stress patteram
(2). Motion pictures showing the changing stress pattern as it can be ob-
served with such triaxially restrained medels; were obtained. It was ob-
served that when the "vsliding® tip reaches the stick-slip conditiom, very
rapid and significant changes take place in the stress pattern, With these
models, resort to the laborious frozen stress technique can, within prsec-
tical limits, be obviated,

A simple plank modsi was shown to be sufficlently similar to the tri-

1 axially restrained model that it can be used with reasonable accuracy for
study of static conditions associated with normal loading, normal plus

transverse loading just prior to slip, and normal plus transverse loading

Just after slip. As the work progresses and the weld-producing stresses are

understood, the triaxially restrained models will be utilized to modify the

data cbtained from the plank models by inspection,

Literature study disclosed information on point-loaded models only

(3, 4, and 5) and nothing more parallel to the situstion existent in ultra-

sonic weld geomestry appears to have been published. Adequate understandimg
) of the situation should include differentiating local slip from gross

sliding, and requires detailed analysis of photographic data obtainsd from

photoslastic models loaded ag outlined above so as to provide evidenoce of

both normal stress (d7) and sheuring stress (L,,) distribution at the

affected imterface.

Such complete photeelastic analysis is not usually done, ordinarily
being carried but far enough to obtain the maximum shearing stress gradienmt
! (by counting fringes). When the principal stresses must be evaluated, it
is necessary to make a camprehensive analyris, as in this case.

Aoccordingly, the rollewing investigation is in progress:
Fhotoelastic plank models similar to thoss described in Phase I,

Progress Report No. 2, Figure 2, are being loaded under the following
conditionss

# Numbers in parenthesis indicate items in the List of References at the
end of the report,
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as Tip redius, )0-¢ (equivalent te 3-inch tip radius on 0.050-inch
motal sheet)

be HNormal force, 300 pourds
Ge f-li.rd foroe at "stick-before-slip”, 76-80 pounds
d. Lateral foree just after slip, 85=90 pounds

patterns are photographed and isoelinic patterr: are photographed
&t 15=dagre¢ increments in polarizing angle, From these daia the normal

frmc-.l?u e ::r;:;l :1.?- are obtained mly'iaklly by wtiliszing equations
'Cx:r-m(.q-q)-nzl (1)
Ty =%, f —tﬂ dx = 0 (2)
x=0
oy = ox 2 /7 = )T = T, R (3)

vhere Txy is shearing stress,
01 =02 1g differense in the principal stresses,
§ 1s angle of iseclinmic,
a’,‘ is oomponent of principal stresses along the x axis
4':' is component of principal stresses at original selected l'n

’f’?— is shearing stress gradiemt in y direetion at point of imterest.

Oy 4is the normal stress.

The resulting information is being plotted, as in Figure 1 vhica quali-
tatively illustrates acommlating data fer the singis case of normal plus
transverss loading just prier to slip. It presently appears, on the basis
of inoamplete plots, that the shear stress at the interface on one side of
the axis is almest cempletely relisved during half of the excursiom cycle;
vhereas, the shear stress at the interface em the opposite side of the
axig is greatly imcreased, When the shearing stress locally exceeds the
maximm peesidle "nom-slip” shearing stress in some locale, leecal slip,
but not gress sliding, will oceceur,

The trend of information from the photoelastic studies is throwing
light em past ocbservations that have not beem cempletely uwmderstood, sush
as, for example, the unbonded central area found in welds between fairly
thick sheets of material; the apparently differing performance of the reed-

wedge coupling system over the lateral drive hora-type coupling system,
which is soft in bending.

h
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L.

SYSTEM
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SHEARING STRESS
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Fieune L SEMI-I:IYPOTHETICAL STRESS DISTRIBUTION
FOR COMBINED'NORMAL AND TRANSVERSE LOAD-
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B, _ MICROSTRICTIER

As research ixte the fundamentals of ultresenis welding proeseds imte
this advanond phase, it is Gesirable te review and recap esrtein micre-
structural charscteristics that have been cbserved in varieus materials
frem time to time as this joining process has evolved,

oan ocour without sufficiemt local heat generation te o de~

worked regions. There are no disocontimmities aleng the interfues despite
the large interpenstration. The second phase in the Kovar tends te lims
in "girings® in the worked regions and is wmaffected in the remaimder
the material,

PFigure 25, the interfacial riplets of the nickel-molybdemmm weld
example of the plastis flew whiech sesurs leeally., Enxtrapped
«tide ean be seem by the dark patches em the right, It is extremsly &iffi-
sult and eftenm impessible to differentiate betweea eeld flew and reerystal-
lisation by eptisal meams in such loealised regions. There is a vagwe
periedicity in the ripples at the interfaes,

In 32, the imterpenstration of the titamiwm-berylliwm weld is
of the mutual surface deformatien whieh may often be &k~

served in diseixilar metal welds, The swirls characteristie ef Pigures 22
cad 25 cam be cheurved to eccur en a small seale aleng the imterfaece,

gr

3% 1llustirates the oxide dispersien vhich cecurs deriag the
bending of G,012-4mech 1100-M1k alwminum sheets.

Dissinilar metal welds may also exhibit cbvious misrostructural
changes resilting fram heat generated in the materisl during the forma-
tion of the bond, A typical example is showm in Figure L, in which the
acioular siructure of the titanium alloy :esulted from exceeding the Beta-
transformation temperature, The photograph was taken near the edge of the
weld spot, MNotice the wurvature of the transformed zons as it approaches
the edge of the spot., (bserve the intermetallic compound formed alomg
the interface and the diffusion gradient at the edge of the heat~affected

SO0 o
Figures S« and 5b are examples of lecalised recrystallisation, The

surface film is periodically dispsrsed aleng the interface and recrystal-
1isation and growth has ocourred in these regions,

]
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Fickel (0,005 thick) amd Molybdenum
- (o.mu.mc—a-a’..ummmnn

Etchants KON + K.(CN)
Magnificatiems ;m 6

PHOTGMICROGRAFHS OF INTERPEMETRATION OF MATING SURFACES
OF DISSIMILAR METALS AFTER ULTRASONIC WELDING -
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OF DISSIMILAR METALS AFTER ULTRASONIC WELDIMNG




AEROPROJECTS INCORPORATED

Figure 4o PHOTQMICROGRAPH OF INTERPENETRATION OF MATING SURFACES
OF 44,30 STAINLESS STEEL (0,02 in. thick) AND A-110-AT
TITANIOM ALLOY (0,028 in, thick)--SHOWING STRUCTURAL
CHANGES IN THE TITANIUM ALLOY RESULTIRG FRCOM HEAT OFN-

ERATED DURING ULTRASONIC WELDING

Etchants HF + HN
Magnification: 1
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(a) 1020 Steel (0.,020-in. thicknesses)

Ftchant: 2% Mital
Magnifications 200X

(b) 1020 Steel (0.020-in. thicknesses)

Etchant: 2% Nital
Magnificatioms 500X -

Figure 5. PHOTOMICROGRAPHS OF INTERPENETRATION OF MATING SURFACES
OF 1020 STEEL=--SHOWING LOCALIZED RECRYSTALLIZATION
ALONG THE INTERFACE

10
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In Figare §, the wold was made without prior surface preparation be-
tweon sheets of Incemel X after solution treating and aging. In the aged
conditien the preeipitate appears throughout the grains and preferemtially
in the grain bowndaries. In the neighborhoed of the interface, the oxide

soale is dispersed and the grain boundaries appear to stop short of the
' interface.

The precipitate vhich delineates the boundaries has dissolved in this
region. Simnes solution temperatures for this alley are in the vicinity of
2100°F, quite high lecal temperatures apparently were reached in this area.
In all cases emecuntered to date, “etching resistance,”™ not uncommom im an
wltrasonic wald, can be explained on the basis of solution of the secondary
phase. '

Amomg the microstructural changes attributed to heating is a unique
structure develeped, apparently, %y the vibratory stress acting on the
plastic material. The microstructural character of the material is such
as to present a block-1like appearance. Close examination reveals that the
grain boundaries are modified into a zigzag pattern. It appears that the
modification or shift of the boundaries into sigsag segments promotes this
"block" structure.® The fully developed block structure is shown in
Figure 7.

In gensral, grain and interphase boundaries exhibit smooth curvatures
unless there is an orientation dependencej in which case the boundariss
would become straight with a direction corresponding to a miniimm energy
orientation or they may readjust themselves ino sigsag straight line
sepaents with each straight segment in a low energy orisriation., Only .
three such cases are kmown to occur:t the cohereucy boundmries of
Widmsnstittea strusctures, the boundaries of twir~related crystals in the
faoce=centered cubic system, and polygonised boundaries.#* The chief effect
| of stress applied at high temperatures is to acuelerate polygonisatiom.
The metion of dislocation boundaries can eithur be stress-induced or dif-
fusion-controlled (climb),

Sections of welds in Ti-8 Mn alloy, and 302 stainless steel were
examined to dstermine wvhether the "blook" structure w.is orientation de-
0.y Whather the structure was dependent om the vibratory
‘ motion of the welding tip and/or the rolling direwtion of the sheet.

# A somevhat similar structure has been obssrved by Kear and Pratt (Acta
Metallurgica, Vol. 6, July 1958) on upquenching a sodium chloride single
crystal, These investigators attribute the structure to plastic defor-
mation which produces "wavy slip® bands as they call them, 'This type
of structure is characteristic of deformation above 300°C,

#% Another example of a similar structure has been reported by Rogers and
S Atkins (J. of Met. Trans., p. 620, May 1956). They obtained a striated
pattern in quenching a Zr-12% Cb alloy from 1250°C and attributed the
structure to rapid cooling through the transformation region.
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Figure 6, PHOTOMICROGRAPN OF MATING SURFACES OF 0.012-DXCK
. THICK SHEETS OF INCONEL X AFTER ULTRASONIC WELDING
WITHOUT PRICR SURPFACE PREPARATION-~SHOWING OKIDE
DISPERSION IN THE REGI(N OF THE INTERFACE

Etchant: Oxalie Acid
Magnificationt 150X
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Figure 7. PHOTOMICROGRAPE OF NATING SURFACES OF TWO TEICKNESSES
{0,006 and 0,022 im,) OF TITANIUN-8 NANOANESE ALLOY== .
| SHOWING MODIFICATION OF THE GRAIN BOWMDARIES DUE TO .
. HEATING DURING ULTRASONIC WELDIIG '

Etchands HF + :
Magnificatiomt l;.ax




ARROPROJECYS INCORPORATERD

It was observed that the rolling direction had no effect on the development
of the structurej} however, the pattern was different in sections taken
longitudinally and transversely to the direction of vibratory motiom, In
the lengitudinal sections the boundaries tend to be arranged in directions
parallel and normal to the interface; the orientation of the boundaries is
more random in sections normal to the vibratory direction, Figures 8 and 9
show this oriemtation affect.

The "dleck™ structure has been observed in the foc slloys X-Momal,
302 stainless steel, 202k alwminmm, m.n.lx,r.-sos,xu.nz,uth.
¥os jhuos of the Ti-8 Mo alley.*

The question of diffusion reactioms cu-hg welding is difficult te
resclve em the basis of kmewn static diffusion coefficients, The sherd
welding times tend to dissuade one from the view that diffusion om an
édesrvadle scale could take place. However, the inflwence of ultrasonics
on diffusien phensmena must be occnsidered, and, although the literature is
relatively berrem in this regard, a possible accelerating effect cannot
o ignered, Several clear examples of diffusion occocurring during welding
have bosn ddserved,

The ebeervations of diffwsion between copper and sinc presemted im
Referénce (7) Rave been supplemented by the indicatiom of diffusion which
eosurs in ancther weld system. A weld made between a 0,030-inch thiek
sheet of type O=2 tool steel®® and 0,030=-inch Armco irom is shown im
Figure 10. The welding parsmeters were 4200 watts, 600 pounds clamping
foros, and 1,5 seoonds exposure time., Compared to the welds between the
alwnismm oopper alley, this system would be expected to possess seversl
advantzges as a diffusion couple because of the existing concentratiom
gradient, iew thermal comductivity which would be expected to result in a
higher temperature rise, and, in the present case, an inocrease in input
power of 50 percent. Whether thermal diffusion in weld couples is neces-
sary to achieve bonding or simply is a result of temperatures generated
at the interface is a question vhich must be answered on the basis of the
charasteristics of monametal welds. In this respect, evidenoce to date
indicates that the latter viswpoint ie most consistent with the experi-
mental ocbservations. No evidence by either metallographic or autoradio-
graphic exsmination has indicated that material transport by thermal dif-
fusien is necessary for bonding in monemetal weld couples. On the com-
trary, diffusion (neglecting recrystallisation and growth phencmena or
phase transformations) has been cbserved only in the two cases cited
above in which power levels were very high and the weld members were dis-
similsr materials,

¢ Polonis and Parr (J. of Met. Trans., p. 5li, May 1956) have cbserved a
block-type pattern in retained & phase of Ti-Ni alloys. They compare
th. structure to a similar one obtained by Barrett in Cu-8i alloys

mm?etim in lou-l.E Porfect C aln (1952) p. 97, John Wiley and
as clusters of faults separated

by rohtinly perfect cry:tal laynra. Intoml strain from quenching was
proposed as an explanation of the origin of the structure.

#4# Simmonds 0i) Hardening Die Steel,
1k
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LONGITUDINAL SECTION

Figuwre 8, PMIOTOMICROORAPHS OF 0,020-INCH THICKNESSES OF TITANIUM-
8 MANGANESE ALLOY SECTIONS TAKEN TRAKSVERSELY AND
LONGITUDINALLY TO THE VIBRATORY MOTION OCCURRING DURING
ULTRASONIC WELDING«=SHOWING BLOCK-LIKE ORIENTATION

EFFEOT

Etchant: NF + l!lO,
Magnificatioms 100X
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LONGITUDINAL SECTION

Figure 9. MIOTGICROIMAMS OF 0,025-INCH THICKNESSES OF 302 STAIMLESS
.STEN. TAKEN TRANSVERSELY AND LOWGITUDINALLY TO THE VIBRATORY
MOTICN CZCURRING DURING ULTRASONIC WELDINO--SHOWING BLOCK-

. LINE GRIENTATION EFFECT

! Etchant: Oxalic Acid
Magnification: 100X
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Figere 10, PHOTOMICROORAFH OF ULTRASONIC WELD BETWEEN 0,030 INCH

AISI TYPE 0-2 TOOL STEEL (,90% C) AND 0,030 INCH ARMCO
IRCE==TLLUSTRATING THE TRANS-INTERFACIAL DIFFUSION OF

CARBON INTO THE IROM

Etchant: Pieral
Magnification: 1000X
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A move fundamental question involves the role of the surface filme
or seale in ths bonding mechanism, since nscemt metal ocontact is presumed
necessary for bonding to cocur, The discontimaities in the barrier films
mbrouhtn_bntbythorchundimmwwmmutq
sction of the active sonctrode. The degree of film disruption depends in
part on comtrellable factors such as the welding paremeters and on the
inherent preperties of the film and substrate material, The influenes of
fiin hardness on the ease of pressure welding has been digoussed by
(8), the influence of exide hardness on sliding friction has deea
reviewed by Whitehead (9) and Bowdeu (10),

Knowledge of the significance of oxide thicimess on power requiremesnts
for welding is desiradle; therefore, an experiment is presently in prepe~
ration im which the inflwence of various thickness of ancdised coatings em
alwwinem will be determined., The breakwp and dispersion of the exide film
will be fellewed by impregnation of the film with a rediesstive treeer.

are being made for ths preparstion of the specimsms with eem-
trelled exide thickwess and tha license for hamdling the radie-estive
isetepo has beem apnlied fer. .

hus ve see that bonding is usually acoempenicd by local working amd
heating effocts, imterruption and displacement o oxids or other berrisr
films, and, in some cases, extrusion of plagtic metal frem the bomd some
(net Qlustrated).

The temperature effect is important, Whon Lond temperatures are
attained which are below the recrystalligation tesperrture, ocold work
effests such as mechanical twinming, deformation bonds, and grain die-
tortion ooour, Ocoasionally, temperatures whish seemingly do not far
exseed the recrystallisation temperature are achisved; in this case, a
recryntallised sone along the interface hay beon ocbserved, It is presemtly
believed that higher temperatures are necessary to permit the edge extru-
sion phenemsmts, This view is consisztent with the observation that extru-
sion has been moted in thess materials whose weld temperature can be im-
ferred en the basgis of phase transformatiem,

“In comclusimm, the follewing effescts have been cbserved in ultrasenis
© weldst

;

l, Izterfacial phencmenu

g; surface film dispersiom
interpemetration

2o TVWorking eoffests

sa plastic flew and grain distertiom
b) edge extrusion

18
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3. Heat effects
§l) recrystallisation
b) precipitation
(c) phase transformation
(d) diffusion

Lbse Others not specifically identified,

C.  MATERIAL PROPERTIES AND WELDABILITY

After the SWR power measurement technigue was developed in Phase I of
this program, it was utilized in preliminary studies to determine the nst
acoustical energy required to generate a unit area of weld in aluminum,
copper, and 302 stainless steel, in each of several thicknesses.

The procedure is to:

(a) Establish characteristic curves of electrical power required
to produce good welds (as defined by nugget pull-out in a peel
test) as a function of clamping forcee. From such a curve for
each gage of each material, the minimum electrical power that
reproducibly produces a good weld is selected, Summary data of
minimum electrical power required to simply produce a weld
(without regard to its area) is routinely presented as a func-
tion of gage as will be evident later.

(b) Ap:ly the SWR technique at the minimum electrical power value,
and ascertain reproducibly the net acoustical energy required
to generate a weld without regard to its area (11),

(e) Ascertain the actual area of the weld envelope from specimens
obtained in (b) above.

(d) Compute the net acoustical energy required to produce a weld
of unit area,

It must be noted that constant weld time and tip radii combinations
are maintained, Moreover, energy passi through and beyond the weld
zone is presently included in all such data presented. This loss factor
18 being carefully considered (12).

The required minimum electrical power determinations to make a
weld as from (a) above are summarized as in Figure 11, which includes the
prelimina=~y data (13) obtained in Phase I. New data on several materials
available at the outset of Phase II are also presented in Figure 11,
Thus, a crude "order-of-weldability," based on electrical power to the
transducer, is btecoming evident,

19
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Table 1 lists in order of electrical power required to make a weld,
the materials so far studied, together with Vickers microhardness data, for
room temperature conditions.

Table 1
f MICRCHARDNESS DATA
h (Listed in the order of electrical power required to make a weld)
Microhardness

_ Published# Msasured
1100-H18-19 L5=50 -
1100=0 g 20=25 =
Au-,6% Sb (Hard) - 112
A\l’.6‘ (7Y bt 10205
CoP. Cu (1/2 H) 75-85 795
Coin Silver (.002) 109-150 138
Permalloy -— T2
Be-Cu 220-230 250
302-s8 (3/4 H) - 360

.' Zirconium 220-240 - .
# Converted to equivalent Vickers' microhardness
d‘t..

The "order-of-weldability" presented in the list of materials of
Table 1 will be altered whens

5:; the effect of weld area is introduced,
b) net acoustical energy is used,

and the order is set by net acoustical energy per unit weld area irnstead

of by electrical power required to makes a weld., For example, larger welds
are effected in soft 1100=0 than in the harder 1100-M18, Thus, whem the
data ies reduced to power per unit area, this discrepancy within the alumimum
group will disappear. Moreover, there will be some additional correctiom
vhen the figures are corrected for ensrgy passing through and beyond the
weld zone into the reflector anvil system,

. It is not here implied or indicated that an ultimate "order-of-welda-

. bility” will correlate with hardness or with any single property whatever,
for that matter. The problem is complex; properties at temperature such as
elastic modulus, shear yield, thermal diffusivity, and others are being
considered.

Reduction of electrical power data, such as above, to net acoustical
energy per unit weld area is proceeding, and summary data on the latter
for all the above and other materials will appear in forthcoming reports.

a
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III. PLANS FOR NEXT PERICD

During the mext period, effort will be expended tot

l. Complete photoelastic analysis for the normal loading condition
without transverse load, i.,e., normal stress and shexring stress.
For the normal plus transverse load prior to slip, compu’e normsl
and shearing stress at interface,

2. Develop net acoustical energy data for materials covered in
Subsection IIC, of this report.

3¢ Develop additional electrical power data for other materials
(2 thicknesses of tantalum, 0,005 and 0.010 inch; and 0.010-
inch thickness of Molybdenum).

Lo Initiate the acquisition of weld zone temperature data during
determination of minimum slectrical power and net acoustical
SNergYe.

Se Initiate experiments to determine the fraction of power lost via
the anvil system for several materials,

! It is expected that Phase II of the program, Fundamentals of Ultrasomic
Welding, as outlined in the current contract will be finished on schedule
and within the funds allocated,

22
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