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ABSTRACT 

Results of welding all the required combinations 
of materials and geometries are presented. Tensile-shear 
strength data and metallographic evaluation for success- 
fully welded combinations are reported. The require- 
ments for ultrasonic welding in the manufacture of three 
specific electron tubes have been established. 
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PURPOSES 

The objectives of this Production Engineering Measure  fFEM)  are toj 

1.      Demonstrate the capability limits of ultrasonic welding to join com- 
binations of metallic materials of interest to the electron-tube in- 
dustry.    This part of the work will be limited in that it will not 
continue exhaustive attempts to weld those combinations which might 
prove particularly difficult to join. 

2*      Analyze the welding requirements for three specific electron tubes. 
The three tube types selected are the Type 6C)80WB,  58IUWB and 6205>. 
These were selected by the U. S- Army Electronics Materiel Agency 
because they are widely used in military equipment,  and have a record 
of failures due to improperly welded joints. 

3«      Prepare fixturing and tooling for the soecific electron tubes,  so that 
ultrasonic welding may be used in the manufacturing process. 

h»      Weld the narts reouired to assemble electron-tube mounts for the three 
tube types,  and evaluate, 

5«      Build production ultrasonic welding equipment which will enable an 
electron-tube manufacturer to make  the welded 'connections in a broad 
range of electron-tube types. 

6,      Install the ultrasonic welding equipment in a production company, 
and produce on a pilot basis with that comnany's personnel,  a limited 
lot size of each of the three tubes for subsequent evaluation in ac- 
cordance with applicable military specifications. 
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I.  NARRATIVE AND DATA 

A.  Welding Study 

Studies were completed to demonstrate the capability of joining 51 metal 
combinations in wire to flat sheet material by ultrasonic welding. The inves- 
tigation involved a total of 91  weld specimens in two wire sizes, for a total 
of 182 combinations. Junctions were successfully effected in virtually all 
of the desired similar and dissimilar metal combinations, demonstrating that 
ultrasonic welding produces satisfactory welds in a wide range of material 
combinations of importance to the electron-tube industry. These welds were 
evaluated by means of tensile -shear tests and metallurgical examination, as 
outlined in Section 1 Basic Data. Second Cuarterly Progress Report. Shock 
and vibration tests are not yet complete. 

The welding study of the various material combinations was limited by 
the scooe of the Production Engineering Measure (Objective 1 under Purposes). 
Normally, "hen optimum weld quality is sought, metallurgical and strength 
data are thoroughly analyzed, and tho results of the observations are applied 
to a continuing series of weldment snecimens. Each individual material- 
geometry combination could be 'he subject of an extended investigation 
during which such factors as welding machine settings^ surface preparation, 
the use and composition of interleaves, etc, would be considered as to their 
effect on the ouality of ultrasonic welds. 

This program did net involve an investigation of such scope. However, 
more extensive study was given to those materials of narticular interest to 
the electron-tube industryj e.g.r molybdenum, tungsten» nickelf etc. 

To simplify identification of the various materials.« each wire-to- 
coupon specimen grcao was assigned a number, used throughout this report. 
The numbers are listed in Tables 1 and II. 

1.  Natenai Procurement 

Within the limitations of this program^ the small quantities and large 
number of metals involved made it impossible to set up specifications for 
receiving inspection that ';oald insure the desired quality of metals and 
alloys. 

To establish consistent bench marks in the properties of the materials, 
available literature and technical data were studied. Much of the informa- 
tion, particularly that relating to refractory metals, was contradictory. 
In addition., liaison was established with the Cleveland, OhiOc, plant of the 
General Electric Company, producers of molybdenum and tungsten sheet and 
wire, who supplied very helpful information as well as high-quality materials 
providing different surface conditions? but the program had advanced to a 
point where this material could not be utilized. 
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2. Tooling 

The tooling used in making the ultrasonic welds is described In the 
Second Quarterly Progress Report. 

Uhder some circumstances during preliminary efforts to ultrasonically 
weld some assemblies, vibratory resonance of one or more components of the 
assembly may be observed* Ordinarily this is of minor importance, requiring 
no difficult corrective measures to achieve satisfactory production pro- 
cedures. This problem is characteristic of ultrasonic welding just as short 
circuiting through a previously made weld is characteristic of resistance 
welding* Occasionally carts resonance can be of sufficient violence to 
fracture a previously made weld or even some part of an assembly* 

Corrective measures involve parts restraint (clamping) and ordinarily 
this is readily accomplished in the tooling and fixtures* If the assembly 
does not involve tooling and the welds are accomplished by simply inserting 
the parts between the sonotrode and anvil, it may be necessary to attach 
small masses such as washers by means of spring or screw clamps, or the 
parts themselves can be clamped together in similar fashion* 

There is no known record of an assembly of parts that could not be 
ultrasonically welded reproducibly after parts resonance was properly sup- 
pressed* 

3. Welding of Heavy ^Tjres 

a.  Copper Coupon (Specimen Combination Nos. 1 through 11) 

Welds T-rith joint efficiencies from 87 to 100 percent were ob- 
tained with all wires of this first group except molybdenum, 
mild steel, stainless steel, and tungsten* These latter ma- 
terials produced bonds of somewhat inadequate strength or con- 
sistency. Surface preparation before welding consisted of 
lightly abrading both the coupon and wire with 600-grit silicon 
carbide paper* 

Work done later in the program indicated that improvement in 
the weldability of hard wire/soft coupon combinations could be 
effected by flattening the wire before welding* This technique 
provided a larger contact area and restricted intrusion of the 
wire into the softer material* Improvement in the weldability 
of molybdenum and tungsten was similarly effected by removing 
surface contamination by electropolishing* However, these 
methods of material preparation were not subsequently applied 
to this group because of limitations of scope in this phase of 
the program. 
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b. Gold Coupon (Specimen Combination Nos. 12 through 17) 

Weld efficiencies from 95 to 100 percent were obtained with all 
wire materials In this group except stainless steel. Both the 
nickel and AISI 1010 steel wires were flattened prior to welding. 
Completely successful welds between gold and the AISI 30U stain- 
less steel Hire were not obtained by this method. Reannealing 
the wire after the cold deformation of the flattening operation 
should Improve the weldability of this combination. 

No surface cleaning was performsd on either the gold coupon or 
wires of this group. 

c. Molybdentjim Coupon (Specimen Combination Nos. 18 through 2$) 

Electropolishing the molybdenum coupons resulted in successful 
welds with some wire combinations after initial attempts to weld 
the coupons in the "as received" condition failed. 

Prior experience (1.. 2) has shown that molybdenum and its alloys 
can be ultrasonically welded, but the material is prone to cracking 
under conditions which are not yet completely understood. Many re- 
searchers have reported cracking in molybdenum during fusion weld- 
ing (3-19). Levy et al., (3, U, 5) and Platte (7) use the term 
"catastropic" (i.e., unexpected, uncontrolled) cracking during 
attempts to fusion weld the material. Surface contamination by 
oxygen and nitrogen is believed to be responsible for the low 
ductility of molybdenum at room temperature (3-10). Removal of 
surface contamination and irregularities by grinding, etching, 
chemical milling, or electropolishing has been reported to Improve 
ductility (3-8, 10, 11). Kuebrick (12) suggests that molybdenum 
contaminated by oxygen and nitrogen displays ductility in bend 
testing but may be brittle under other stress conditions because 
of carbide precipitation. Interstitial elements tend to diffuse 
toward grain boundaries because of low solubility (13) and pro- 
mote cracking (7) of molybdenum. 

Molybdenum coupons and wires were procured from Chatham Electronics 
Corporation as well as Fansteel Metallurgical Corporation. One 
group of the Chatham wires exhibited a dull appearance; the other, 
bright. The dull wires could not be welded, but the wires with 
the bright surface were successfully welded to stainless steel 
(No. 59) and titanium coupons (No, 79). Attempts to weld molyb- 
denum wires to molybdenum coupons produced joint efficiencies of 
55 percent. 

The depth of surface contamination of the molybdenum wire and 
sheet was determined by metallographic methods after the material 
was recrystallized in dry argon for 10 minutes at 2ii.50*F. Results 
of this study are presented in Figure 1. 
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Removal of the contaminated surface was initially attempted by- 
chemical etching in an aqueous solution of nitric acid and hydro- 
gen fluoride at 120-F, followed by immersion in Murakami's etch 
and final rinsing in water* This method was expected to remove 
uniformly 0.001 to 0,0015 inch per minute. Actual etching trials 
indicated removal of only 0.0025 inch after 11 minutes. Surface 
removal was not uniform, pits were formed, and the solution was 
quickly depleted. 

Surface preparation was finally effected by electropolishing in a 
solution of 20 grams sodium hydroxide, 20 grams sodiun nitrite, 
and 20 railliliters water. The solution reauired continuous stirring 
and the temperature was maintained at 50#C by water cooling. Ap- 
proximately three to five minutes were reouired to remove about 
0.001 inch from the diameter of the wires. Five to six minutes 
removed 0.001 to 0.002-inch from the surface of the coupons. 

Ultrasonic welding of the electropolished wires and coupons pro- 
duced a joint efficiency of 86 percent. Nickel and tantalum 
wires were joined to the electropolished molybdenum coupon with 
joint efficiencies of 100 percent. The stainless steel wire 
welds displayed less satisfactory strength properties. An average 
joint efficiency of only U.0  percent was obtained. The combina- 
tions reouire more effort to permit making reproducible welds of 
high quality at this time. The work done to date indicates that 
further investigations of this material are required to delineate 
the factors controlling ultrasonic weldability. The physical and 
mechanical properties of molybdenum are listed in Table 17. 

d. Nickel Coupon (Specimen Combination Nos« 26 through 36) 

All the wires in this group were successfully welded to the nickel 
coupon. Joint efficiencies ranged from 76 to 100 percent using a 
spherical radius welding tip. Deformation of the softer wires 
can be reduced by using a grooved welding tip. 

e. Rhenium Coupon (Specimen Combination Kos. 37 through hh) 

Only half of the wires in this group were successfully welded. 
Joint efficiencies ranged from rfh  to 100 percent. Rhenium wire 
and sheet received from the same vendor at different times varied 
in welding behavior. The wires, in particular, were occasionally 
subject to longitudinal and transverse cracking. Metallographic 
examination revealed porosity in the wire and Vickers microhardness 
measurements indicated minor differences from lot to lot. 

Both rhenium wire and the adjacent area of the coupon are heated 
sufficiently during welding to produce oxide tints as described 
in Table III. The colors produced may be characteristic of the 
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type of oxide formed or are interference tints produced by light 
refraction. Enveloping the weld area with argon gas supplied by 
Jets adjacent to the sonotrode eliminated oxidation, but did not 
improve weldability. Additional studies of rhenium and its weld- 
ing behavior will unquestionably solve most of the problems en- 
countered with these combinations. The physical and mechanical 
properties of rhenium are listed in Table IV. 

f•  Silver Coupons (Specimen Combination Nos. It5 through 50) 

Successful welds were made with copper, gold, nickel, and silver 
wires. Joint efficiencies of 90 to 100 percent were obtained. 
Somewhat less successful welds were made between the mild steel 
wire (flattened) and silver sheet. Efficiencies of these test 
specimens averaged 6l percent. 

g.  Mild Steel (AISI 1010) Coupon (Specimen Combination Nos. $1 

through $6) 

All the required combinations were welded successfully except 
Combination No. 5U (silver wire). Joint efficiencies of 73 to 
100 percent were obtained. 

h.  Stainless Steel Coupon (AISI 30U) (Specimen Combination Nos. 57 

through 67 

Welds with gold, silver, and titanium wires (Nos, 58, 62, and 66) 
were not successful with either a spherically radiused or grooved 
tip. Only partial success was achieved with copper wires using a 
spherical radiused tip. Inconsistent results were obtained with 
the nickel wire using the spherical contoured tip» However, good 
results were achieved with a grooved sonotrode tip. Joint effi- 
ciencies of this group ranged from 83 to 100 percent for the suc- 
cessful combinations, 

i.  Tantalum Coupon (Specimen Combination Nos« 68 through 75) 

All the combinations in this group except Nos, 68 and 69 (copper 
and molybdenum wires) were welded successfully with joint effi- 
ciencies between 72 and 100 percent. Degreasing in acetone was 
the only surface preparation used for the tantalum coupons, 

J.  Titanium Coupon (Specimen Combination Nos, 7^ through 83) 

All the welds, with the exception of the cooner wire (No, 78), 
were satisfactory in this group with Joint efficiencies from 72 
to 100 percent. In addition, although satisfactory welds were 
obtained between the rhenium wire and titanium sheet, the reverse 
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combination (e.g., titanium wire to rhenium coupon) was unsuccess- 
ful. A more thorough study of the materials and influence of parts 
geometry on welding would contribute significantly to an explana- 
tion of this phenomena. 

k.  Tungsten Coupon (Specimen Combination Noe. 8U through 91) 

Table IV presents the physical and mechanical properties of 
tungsten. Tungsten is difficult to join by all welding processes, 
including fusion and resistance welding. Bnbrittlement seems to 
be a basic problem. Literature research produced a better under- 
standing of the characteristics of tungsten. 

The interstitial content likely to be maintained In tungsten in 
solid solution after moderate cooling rates, as compared to those 
usually found in commercially available metals (13)» is shown in 
Table V. Excess interstitials tend to be located on grain boun- 
daries and produce a serious embrittlement effect* Bnbrittlement 
may be caused by metallic impurities (iron, chronium, calcium, 
nickel) (13) or by surface conditions (notches). (15» 16). A com- 
bination of mechanical notches and grain boundary conditions may 
reduce ductility (17). 

To remove surface imperfections and contamination, tungsten wires 
were electropolished by a procedure similar to that used for molyb- 
denum coupons. The diameter of the wire was reduced by about 0.005 
inch. The coupons were first surface ground to a depth of about 
0.003 inch, and subsequently electropolished to an additional depth 
of about 0.002 inch. 

Tungsten wire welded to hard dissimilar metals attained a bright 
heat during ultrasonic welding. Distinct tints either on the 
coupon or on the wire, as described in Table VI, were observed. 

Copper and tungsten (Combination Nos. 11 and 8U) could not be 
welded because of the difference in hardness between the two. 
The tungsten wire cut through the copper coupon, and the copper 
wire was crushed onto the surface of the tungsten coupon. 

Welds were successfully made between tungsten wires and AISI 30U 
stainless steel coupons (Combination No, 6?) with the tungsten 
wires in the "as received" condition, and using a spherical-radius 
sonotrode tip. No welds could be made between annealed stainless- 
steel wires and tungsten coupons (Combination No. 88) in the "as 
received" condition. The welds did not improve by flattening the 
stainless-steel wires by 50 percent, and grinding and electro- 
polishing the tungsten coupons. The stainless-steel wire (not 
flattened) was welded satisfactorily to the ground and electro- 
polished tungsten coupon only by using a grooved sonotrode tip. 
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To make successful joints between the tantalum wire and tungsten 
coupon (Combination No. 89), it was necessary to use a grooved 
sonotrode tip and ground electropolished tungsten coupon. 

Occasional welds of moderate strength could be made between 
titanium wire and tungsten coupon (Combination Ho. 90). Grinding 
and electropolishing tungsten coupons, the use of a grooved sono- 
trode tip, or flattening the titanium wire did not improve welda- 
bility. The use of a tantalum-foil interleaf did not improve 
welding« 

Welds could not be made between tungsten wire and tungsten coupon 
(Combination No. 91) with materials in the "as received1» condition. 
Welding occurred along a narrow line, but the wires split or 
cracked. The tungsten wires were then ground flat on one side to 
obtain a larger contact area, and were electropolished, but 
neither procedure improved the welding. 

Grooves were ground in tungsten coupons, as shown in Figure 2, 
to attain greater contact area between the wire and the coupon, 
and to provide restraint on the wire. Welding was unsuccessful 
between electropolished tungsten wire and the grooved coupons 
even when tantalum foil interleaf was used. 

Joints with a 56 percent efficiency were produced by using a 
grooved sonotrode tip with the electropolished wire and ground 
and electropolished tungsten coupons (without a groove). Attempts 
to improve the joint efficiency with the use of tantalum, colum- 
bium, and nickel-foil interleaves were unsuccessful. 

U.  Metallographic Evaluation of Welds 

Test results on the welded junctures are summarized in Tables I and II. 
Physical properties of the materials used are listed in Tables VII, VHI, 
and IX. Typical types of specimen failures which occurred during tensile- 
shear testing are shown in Figure 3. 

To prepare a specimen for metallographic evaluation, the following are 
important! 

(1) The surface must be flat from edge to edge; 

(2) The interface detail must be preserved; 

(3) Minimum distortion and artifacts should be produced; and 

(U) Etching distortion of the interface must be avoided. 

The nature of ultrasonic welds between different metals or alloys is 
such that a distinct transition from one material to the other occurs at 
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the interface» The interfacial region may contain, among other factors, 
oxide or surface-film residues, residual surface irregularities and con- 
tamination, voids and non-bonded areas, diffusion zones, effects of local 
heating, and plastic flow, m the absence of Interfering films and ther- 
mally induced structural changes, the interface apparently consists of a 
region of localized plastic flow» 

The precise position of the interface of a good ultrasonic weld be- 
tween similar metals generally cannot be detected in a polished specimen* 
Upon etching however, the interface may be revealed as a shallow groove 
similar in annearance to a high-angle grain boundary. The rate of etching 
attack at the interface is more rapid than that of the parent material. 
Prolonged etching, to delineate the structure of the weld members, greatly 
exaggerates the dimensions of the bond line» 

In the case of dissimilar metal combinations, the interface can be 
detected after polishing by differences in surface relief, reflectivity, 
or color» Surface relief is produced by differing rates of metal removal 
during grinding and/or polishing, causing a difference in height at the 
junction. Combinations involving metals of different hardness and abrasive- 
ness are particularly susceptible, which accounts for the shadow line which 
appears at the interface. 

These aspects must be considered when preparing and examining weld 
specimens. Since the development of specific metallographic procedures 
was not within the scope of prescribed work, each metal combination was 
prepared by methods which, by experience or judgment, were considered 
likely to produce acceptable results. All of the specimens were, there- 
fore, prepared by hand polishing, followed by chemical etching procedures 
where applicable. 

Because of rapid interfacial attack in reagents by galvanic action, 
etching solutions and immersion times were carefully controlled to prevent 
excessive distortion of the interface» Etching was usually carried out in 
two stages. When etchants were available which would react with one member 
of the couple only, each component was etched individually. When double 
etching produced excessive interfacial attack, examination was carried out 
between each etching step. Photomicrographs were usually prepared after 
single etching, since the interface character was more faithfully preserved 
by this procedure» When suitable results were not achieved with standard 
etchants, the specimens were examined and photographed "as polished»" 

The photomicrographs of the weldments presented in the anpendix are 
believed to represent the character of the ultrasonic bond. Summary des- 
criptions of the photomicrographs are also presented, to aid in the inter- 
pretation of the weld structures» Sections of the 0.060-inch wire weld- 
ments were taken both longitudinal and transverse to the wire axis, and 
photographed at low Capproximately 36x) and high C250X) magnifications» 
The fine-wire welds were sectioned in a transverse plane and photographed 
at 1000X» 
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a.  Heavy-Wire (0.060-ineh) T'telds 

1. The copper/copper (No. 1) and copper/silver (No. U5) Junc- 
tions showed excellent bonding. The continuity of the interface is inter- 
rupted by plastic flow. The structure surrounding the interface of the 
copper/copper specimen (transverse section) is not resolvable except for 
a few recrystallized grains. Oxide residue interspersed with heavily 
worked material produced darker etching areas. The longitudinal section 
shows the transition from the weld region to the edge of the bond. 

The copper/gold (No. 12) couple also exhibited good bonding. 
Comparison indicated that bonding is superior to that of the gold/copper 
weld (No, 2), wherein the lack of interpenetration might be improved through 
further investigations. 

The copper/mild steel (No. 51) and copper/nickel (No, 26) 
photomicrographs showed continuous bond lines with negligible dispersion or 
interpenetration. Although the joints are satisfactory by tensile-shear 
strength criteria, bond ouality could be improved. 

The copper/stainless steel (No. 57) weld indicated that metal- 
lurgically inferior joints were obtained in this combination at the welding 
conditions used. 

2. Gold 

Deformation of the gold wire varied in the weldments of 
Combination Nos. 2, 13, U6, and f>2. Bond quality paralleled the degree of 
wire deformation, although the tensile-shear strength of the joints ap- 
proached or equalled the tensile strength of the wire. The gold/silver 
(No. U6) joint showed interpenetration and plastic turbulence at the inter- 
face.  These interfacial effects provide adequate criteria for evaluating 
bond integrity of materials of similar hardness range. The gold/gold 
(No. 13) and gold/silver (No. 2) welds showed less wire deformation. 

The gold/mild steel (No. 52) weld did not possess inter- 
facial penetration characteristics due to hardness differences in the two 
materials. Local yielding of the softer gold establishes surface con- 
formity and promotes physical adhesion of the surfaces. Prediction of 
bond quality in terms of joint strength is not possible for such combina- 
tions. Although tensile-shear tests indicate good joint efficiency, the 
character of the bond indicates some doubt that peel strength or direct 
tensile strength will be adequate. 

3. Molybdenum 

Good bonding was achieved between molybdenum and nickel 
(No. 28), 30i; stainless steel (No, 59), and titanium sheet (No. 79). High 
interfacial temperatures occurred during welding, and resulted in partially 
recrystallized zones in nickel and titanium» 

10 
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Areas of local turbulence and flow along the Interface of 
the molybdenum/molybdenum (No. 19) specimen were evident, but the sample 
which was examined showed lack of bonding and/or separation. 

U«  Nickel 

Both the nickel/nickel (No. 29) and nickel/mild steel 
(No. 53) welds did not bond uniformly. The nickel/nickel bond contained 
oxide residue, small voids at the interface, and local regions of partial 
recrystallization. Rapid etching of the heavily deformed regions of the 
surface grains produced the dark band along the nickel/mild steel inter- 
face. 

The nickel/stainless steel (No. 60) joint showed good bonding 
without deep interpenetration. The nickel was partially recrystallized at 
the interface zone. Etching reduced the level of the nickel, and subse- 
quently produced the shadow line shown in the higher magnification photo- 
micrographs. 

Good bonding is shown by the nickel/molybdenum combination 
(No, 20) but sub~interfacial cracks were observed in the molybdenum sheet. 
Modification of welding machine settings should prevent cracking of the 
molybdenum sheet. 

The nickel/titanium (No. 80) interface exhibited microvoids 
and non-bonded areas. However, Quality can be achieved in local regions of 
the interface, but additional work would be necessary to improve over-all 
weld quality. The nickel/rhenium couple (No. 39) also exhibited microvoids 
at the interface. The significance of the effect of interfaoial microvoids 
on the properties of the joint depends upon the conditions of service expo- 
sure imposed on the weldment. No deleterious effect should be encountered 
in the proposed anplication, i.e., electrical contacts in vacuum or gas- 
filled electronic tubes. 

Bonding a peared satisfactory in the nickel-tungsten (No. 86) 
specimen, although cracks in the tungsten sheet and interfacial voids oc- 
curred. 

Mutual interpenetration of the contact surfaces indicated 
good bonding of the nickel/copper (No. h)  and nickel/tantalum (No. 70) 
specimens. Several microvoids at the interface of the nickel/tantalum 
couple were observed. 

The interface of the nickel/silver (No. U7) specimen con- 
tained numerous small voids and several interface voids were observed in 
the nickel/gold sample (No, lU). Bonding was satisfactory in both cases, 
and the void areas may be eliminated by improved cleaning and/or surface 
preparation. 
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$,      Rhenium 

The rhenium wire used in these studies contained a large 
amount of internal porosity. Weld feasibility is shown by the photomicro- 
graphs of welds with nickel (No, 30), tantalum (No. 71), stainless steel 
CNO. 61), and copper (No. 5). In all cases, the wire was imbedded into 
the sheet material. 

Surface porosity of the rhenium wire produced the interface 
characteristics shown in the transverse section of the rhenium/nickel weld 
(No. 30). Intrusion of the voids by the nickel is apparent, A similar 
situation occurred in the section of the rhenium/stainless (No. 61) weld. 
However, in this case the void appears to be an intergranular crack« A 
non-bond region also aopears. 

Partial recrystallization and/or subgrain formation occurred 
in the weld zone of the rhenium/rhenium (No. U0) couple. Non-bonds and 
voids were observed at the interface, particularly in the center of the 
transverse section» 

6.  Silver 

Results similar to gold-wire welds were achieved with the 
silver-wire combinations. The silver/gold (No. 15) and silver/copper 
(No. 6) couples showed an exceptional degree of interpenetration and turbu- 
lence. The interface and highly deformed and interspersed silver fragments 
were rapidly attacked by the etchant, and aopeared dark. The silver/silver 
(No. US) weld showed good bonding without appreciable interpenetration. 
Sections of the bond interface are outlined by oxide residues and preferen- 
tial etch attack.  Severe etch attack occurred at the interface of the sil- 
ver/nickel (No. 31) weld» Therefore, it was examined "as polished,,, and 
good surface contact is indicated» 

7»  Low Carbon Steel 

Excellent bonding of the mild steel/mild steel (No. 55) 
couple is displayed.  Partial recrystallization and grain growth occurred 
across sections of the interface. 

Gross deformation of the steel wire produced the spotty 
bonding observed in the mild steel/nickel (No. 32) specimen. The trans- 
verse section etched more rapidly than the longitudinal section, and the 
interface was more deeply attacked. The mild steel/gold (No. 16) com- 
bination contained extensive regions of non-bonding. 

8.  Type 30U Stainless Steel 

Good bonding is shown by the stainless steel/rhenium (No. Ul) 
weld.  Interpenetration would not be expected in this combination because of 
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the difference in material hardness, and the high work-hardening capacity 
of rhenium. The appearance of the interface suggests that an alloy layer 
may have been produced. 

The stainless steel/tantalum (No, 72) specimen exhibits a 
high degree of interpenetration, but the weld contains areas of separation, 
especially toward the perimeter of the bond. 

Good bonding without weld defects is shown by the stainless 
steel/nickel (No. 33) and stainless steel/mild steel (No. 56) junctions. 
Recrystallization of the sheet in the region surrounding the weld occurred 
in both instances. 

The surface of the stainless steel wire showed partial re- 
crystallization in the stainless steel/stainless steel (No. 6U) weld, but 
the interfacial area contained grain distortion and cold-working effects. 
Etching revealed a branching network of intercrystalline voids in the 
heavily worked regions of the interface and entire bond line. The rapid 
attack at the interface produced a groove or furrow which obscured micro- 
scopic detection, further complicating bond evaluation. 

Deep etching of the interface also occurred in the stainless 
steel/titanium couple (No, 77)» Recrystallization in the titanium sur- 
rounding the bond zone indicated that high temperatures developed during 
welding. The transverse section was apparently taken in a region of poor 
bonding. The longitudinal section shows the tapering recrystallized zone 
at the edge of the weld, and the surface interpenetration achieved. 

9.  Tantalum 

Etching of the tantalum/tantalum fNo. 73) specimen attacked 
the interface in a manner similar to the stainless steel/stainless steel 
weld (No. 6U). The transverse section indicated local areas of high plas- 
tic turbulence and coalescence of interfacial material. 

A distinct alloy layer was produced at the contact surfaces 
of the tantalum/titanium (No. 31) couple. The temperatures resulting from 
welding also produced a recrystallized zone in the titanium. Recrystalli- 
zation temperatures for unalloyed titanium are between 1100° and 13$0*F. 

Satisfactory bonding was also achieved between tantalum and 
copper (No. 9). Differing rates of etch attack on the transverse and longi- 
tudinal section are indicated by the width of the dark band at the interface. 

The tantalum/molybdenum (No. 23) junction was raetallurgically 
unsatisfactory although joint efficiency was 100 percent. A change in weld- 
ing conditions should produce uniform bonding for this combination. The 
tungsten cracked in the tantalum/tungsten (No. 89) junction. The tungsten 
sheet shows a delamination-type of failure beneath the bond interface, and 
separation of the titanium occurred only at the weld edge. 
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The tantaltun/rheniu« (No. U2) weld contained only scattered 
areas of bonding. 

The tantalum/nickel (No. 3U)  specimen exhibited an excep- 
tional degree of mutual interpenetration of the surfaces in local areas of 
the weld.    Good interpenetration is also evident in the tantalum/stainless 
steel (No, 65)  Junction, but numerous microvoids and non-bonded regions in- 
dicate that additional work would be required to produce metallurgically 
sound welds in this combination. 

10. Titanium 

The titanium/copper (No. 10) junction showed good interpene- 
tration and small wire-deformation. The wire was deeply imbedded in the 
copper sheet surface. The longitudinal section was accidentally tapered 
during preparation, and represents a diagonal section from edge to center 
of the weld. 

Both the titanium/titanium (No. 82) and titanium/nickel 
(No. 35) welds showed considerable deformation of the wire. Flattening 
of the wire during welding produced a non-bonded edge defect. Complete 
recrystallization of the titanium wire, and recrystallization of the 
sheet along the interface have produced regions of structural continuity 
in the titanium/titanium couple. Rapid etching produced the dark line 
evident at the titanium/nickel interface. 

11. Tungsten 

Tungsten/titanium (No. 83) and tungsten/30U stainless steel 
(No. 67) specimens were successfully bonded, and the weld structures are 
similar to those obtained with molybdenum wire. The tungsten/tungsten 
specimen (No. 91) contained cracks in both wire and sheet, as well as 
cracks originating at the interface. 

Bond quality of the tungsten/nickel (No. 36) and tungsten/ 
tantalum (No. 75) specimens is difficult to judge because surface relief 
during polishing could not be avoided, and interface detail is partially 
obscured. However, the surfaces are in intimate contact, and no interface 
defects could be detected. The tungsten wire cracked during welding. 

b.  Fine-Wire Welds 

Only those combinations of fine-wire weldments which could not 
be satisfactorily welded in the heavier gages were selected for metallo- 
graphic preparation and examination. Each specimen was mounted in a plane 
transverse to the wire axis, and progressively ground until the weld area 
was intersected. Some of the combinations were subsequently rejected 
because of difficulties in locating the weld or preparing the specimen 
for examination. Stainless steel/copper (No. 8A) tungsten/molybdenum (No, 25A) 
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titanium/rhenium fNo. II3A) copper/tantalxm (No. 68i0 an^i »ild steel/copper 
(No, 7A) presented practical preparation difficulties that could not be re- 
solved within the scope of this phase of the project. All the remaining 
combinations were examined and photographed at 1000X. 

B.  Electron-Tube Study 

In this phase, weldments were completed with combinations of materials 
and configurations which are representative of those found in electron tube 
Types 6080WB, 58lUWB, and 620$. 

The ultrasonic welding of electron-tube mounts involves joining com- 
plex mechanical geometries. Areas presenting problems in ultrasonic welding 
are: 

(1) The material combination; 

(2) The geometrical configuration; and 

(3) The accessibility of the sonotrode and anvil tips to the workpiece. 

When joining dissimilar metals, for instance, '.-lelding is more difficult 
as the difference in the hardness of the materials becomes greater. Hard- 
ness may be accentuated by differences in geometries, such as welding wire 
to flat material« The influence of vibratory energy may tend to embed a 
hard wire into a soft flat material« Generally, geometrical configurations 
are not difficult to weld if the components being joined provide an adequate 
contact area at the junction to support the loads imposed during the forma- 
tion of the weldo 

The weld area accessibility of the sonotrode tip (the active welding 
tip) and the anvil can be a restrictive factor in the application of ultra- 
sonic welding. As the welding tip is part of an acoustical system, its 
size and shape cannot be changed arbitrarily in a very great degree« The 
anvil tip must be essentially noncompliant to the imposed vibratory tones« 
Although the design of these parts was not reduced to precise engineering, 
experience provides an effective working tool without extensive research« 
Although the electron tube components in this program are not to be rede- 
signed to facilitate ultrasonic welding, revision of the assembly sequence 
of the tubes may be used to assist in solving accessibility problems« 

The design of tooling to effect component accessibility and the pro- 
duction of tube assemblies is scheduled under the next phase of the program. 
However, tooling used to demonstrate the satisfactory welding of the ma- 
terial combinations and geometrical configurations for the Type 6O8OWB was 
designed to overcome accessibility problems which will be encountered in 
making the complete tube mount« Parts for Types 58II4.WB and 602^ tubes 
were welded as separate assemblies or distorted to permit accessibility 
for simplified tooling, to determine the weldability of the components. 
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and to establish a basis for the design of production tooling. The final 
tube geometry, however, may limit the application of these data. The 
assembly sequences of these two electron tubes will be studied during the 
design of production tooling« The following discussions use the key num- 
bers of the weld junctures established in the First Quarterly Progress 
Report. 

The sonotrode tips on the 600-watt ultrasonic unit are held in place 
by a threaded stud. Tips with special geometries which require orientation 
to the direction of vibration and to anvil location must be machined in the 
proper relationship to the screw thread» This location is accomplished by 
screwing a blank tip onto the sonotrode reed, marking the blank for the 
proper location, and machining it. For quantities of tips, a master gage 
is substituted for the sonotrode reed. The master gage is occasionally 
designed as an arbor to hold the tip blank during subsequent machining 
operations. 

The tips used in this study were not registered with respect to the 
screw thread when machined. Aluminum spacers (0.001 inch and O.OOi; inch) 
were positioned between the sonotrode reed and the tip to locate the tip 
properly. 

When a weld involves a small-diameter object such as wire, it is 
preferable to have the direction of vibration along the axis of the wire, 
as shown in Figure UA, to restrict elastic deformation.  If vibration is 
perpendicular to the axis of the wire, the wire will move together with 
the sonotrode tip either by deforming or rolling, making satisfactory 
welds difficult to achieve. 

Successful ultrasonic welding of crossed wires is enhanced when the 
ratio of the wire diameters is very high, or when the wires are flattened 
before welding. Difficulties arise because the initial point contact be- 
tween the two wires must progressively deform into some type of geometry, 
and there is no real weld interface to establish the necessary stress field 
which promotes a good metallurgical bond. In addition, one wire must be 
perpendicular to the direction of vibration. 

When welding a thin, narrow flat ribbon to a wire, both the sonotrode 
tip and the anvil tip should be grooved to reduce component deformation. 

When welding a wire to a thicker plate or in the middle of a large 
flat area, it is possible, depending upon the thickness of the plate, to 
weld through either the wire or the plate. Figure i^B shows a grooved 
sonotrode tip welding a wire to flat material held on a flat anvil sur- 
face. Figure kG  illustrates a spherical-radiused sonotrode tip welding 
through a flat plate to a wire nested in a grooved anvil tip. In both 
cases, the vibration is parallel to the axis of the wire. 
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Sonotrode tips and anvil tips used In this program were made from 
Type M2 (Allegheny-Ludlam DBL-2) heat-treated, untempered tool steel. This 
steel was used for tips which require silver brazing at assembly, since 
fully hardened steel softens very little at silver brazing temperatures of 
approximately 1200*F. Initially, the satisfactory performance of the M2 
steel in welding a wide variety of materials (excluding high-temperature 
materials such as super alloys and refractory metals) resulted in an effec- 
tive material standardization for most tool steel tip applications» It was 
subsequently replaced with Type L6 tool steel, as stated below. 

1.  Welding the Type 6080WB Tube Mount Components 

All welds were made with the 600-watt welder, which produces an ade- 
quate power level for the combinations. Thus, welding difficulties en- 
countered were not related to the available ultrasonic welding power. 

The assembly seauence for this tube was refined further than that 
previously outlined (Second Quarterly Progress Report), and is shown in 
Table X in addition to the sonotrode tip and anvil geonetries used for 
each material combination. Figures 5 and 6 illustrate these geometries. 

Type L6 (Allegheny-Ludlum Tioga, Carpenter RDS), a low-alloy special 
purpose steel of high-nickel content for increased toughness and hardness, 
replaced the M2 steel in the sonotrode tips.  Several of the M2 tips had 
broken across the screw thread connection, as shown in Figure 7A, due to 
the brittleness resulting from the heat treatment and from the stresses 
imposed by the off-set tip contact. No failures have occurred under the 
same amount of use using screw-on tips made from Type L6 tool steel. 

The anvil tips were designed to fit previously used copper anvil base 
configurations which were available from stock. One style used a round 
brazed-on anvil tip; the other, a bolted-on rectangular anvil tip. 

The anvil tip designated as Al failed in use, as shown in Figure 7B. 
After the steel was changed from Type M2 to Type L6, no further breakage 
occurred. 

The anvil tip designated as A2 failed in use, as shown in Figure 7C. 
This tip requires redesign to supply greater strength across the critical 
section.  A change to material with greater toughness will also provide 
greater resistance to failure. 

The anvil tip shown in Figure 8A was made to provide a sunport for 
welds in attaching the stem assembly to the mount assembly. The shape 
was designed to provide clearance for all welds made in this general tube 
area, but proved unsuccessful because the projection was too long. At 
the power level employed, the extension vibrated together with the sono- 
trode tip, and was ineffective« 
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A second anvil tip, shown in Figure 8B, was made with an extension 
somewhat less than the one previously designed. This tip was altogether 
satisfactory in producing sound welds, but did not provide adequate clear- 
ance for all of the tube components during the assembly operation. 

The anvil tip was then modified as shown in Figure 8C to give the 
necessary clearance. After this modification, the tip exhibited some 
torsional compliance and reduced effectiveness. This tip can be readily 
revised to eliminate the torsional compliance and provide the required 
clearance. 

The following was noted when specific junctions were welded» 

Key 1  Cathode Tab to Cathode Sleeve 

The machine settings had to be established with some care to avoid 
cutting through the cathode tab. 

The sonotrode tip was shaped to make a band-like weld across the 
cathode tab. The edges of the tip were rounded to avoid cutting. 

The weld must be made approximately 1/32 inch back from the end 
of the cathode sleeve to prevent the cathode sleeve from moving 
under the welding tip. If a weld is required closer to the end 
of the sleeve, the cathode sleeve will require clamping. 

Key 2  Cathode Tab to Itself 

The cathode tab is threaded through the top spacer and welded to 
itself on top of the weld previously made between the cathode tab 
and cathode sleeve. 

Somewhat higher power was required to make this weld than was re- 
quired to make the weld between the cathode tab and the cathode 
sleeve, increasing somewhat the possibility of cutting the cathode 
tab. 

Key 6  Grid Eyelet to Grid 

See Key 7 for explanation. 

Key 7  Anode Eyelet to Anode Support 

Because of the shape of the tooling, the resulting deformation of 
the eyelets is different from that attained in resistance welding, 
as illustrated in Figure 9. Welds are satisfactory. 
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Key 9  Heater to Heater Connector, Heater Sleeve 

Welds were made with nickel sleeves and heater wires to the heater 
connector in one step, rather than welding the nickel sleeves to 
the heater wires before joining to the heater connector. Two such 
wire assemblies were joined simultaneously to the heater connector» 

A microphotograph of this weld is shown in Figure 10. Bonding oc- 
curred between the bottom of the tungsten wire and the nickel sleeve. 
The bonding occurring through the nickel sleeve to the heater con- 
nector adds mechanical strength to the joint. 

Key 10 Grid Radiator to Grid 

The grid radiator is made from carbonized nickel. The carbon 
coating inhibits welding; the bonds produced had somewhat less 
mechanical strength than those obtained between bare nickel and 
copper. However, in the final tube assembly this joint cannot be 
made by ultrasonic welding because the weld area is not accessible 
to the welding tips. 

Key 1$    Snubbers to Snubber Supports 

The snubber is made from Inconel hard-temper, and the snubber sup- 
port is made from half-hard nickel. The hardness difference of the 
components made welding very difficult. The hard Inconel embedded 
into the nickel wire. A nickel foil interleaf did not improve 
weldability. 

Key 17 Getters to Snubber Supports 

This configuration is a crossed-wire weld. The difficulties asso- 
ciated with cross-wire welds are described in the introductory ma- 
terial to Section B, Electron-Tube Study. 

2.  Welding Junctions for Type ^SlljWB Electron Tube 

Tooling used is listed in Table XI and is illustrated in Figures 5 and 
6. The following was noted when welding specific junctions. 

Key 1  Cathode Tab to Cathode 

The cathode was nested in a groove in the anvil tip. A small man- 
drel was put inside the cathode to prevent the tube from collapsing 
during welding. Welding was altogether successful. 

Key 2A Stem Lead to Plate 

The stem lead was deformed and embedded into the plate during weld- 
ing. Some difficulty may be encountered in a production weld be- 
cause of the limited area available for the joint. 
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Key 3B Heater Connector to Heater 

This is a crossed-wire weld between tungsten and nichrome» No 
background effort in the study provided a basis for ultrasonically 
welding this geometric or material combination. A junction that 
would provide electrical contact was attained, but mechanical 
strength was marginal« 

Key U  Heater to Stem 

This junction is formed between a tungsten wire and a nickel 
ribbon. The hard tungsten wire embedded into the softer nickel 
surface. Although a bond was formed and electrical conductivity 
obtained, the mechanical strength of this joint was marginal. 
Harder nickel will improve weldability. 

Superior mechanical strength could be obtained by the use of a 
nickel sleeve as in the same type of junction on the Type 6080li7B 
electron tube, or by an overlay of a thin nickel tab. 

Key 5  Getter to Plate 

A strong joint was produced, but the copper-flashed steel wire 
from the getter embedded somewhat deeply into the alclad iron 
plate. Little area of contact between these parts is available 
in the production junctures. 

3.  Welding Junctions for Type 6205 Electron Tube 

Tooling is listed in Table XII and is illustrated in Figures 11 and 12. 
The following was noted when specific junctions were welded: 

Key 3  Stem Shield to Bottom Shield 

This weld was made using a standard 2-inch spherical-radius sonotrode 
v tip.  Production tooling should use a 0.25 to 0.50 spherical radius 

for a smaller weld area and greater strength. 

Key hk    Grid Connector to ^2 Grid 

See Key UB for explanation. 

Key IiB Grid Connector to #3 Grid 

These welds were made at high power and high clamping force with 
the 100-watt welder, with this combination of settings, tuning 
the power source to the proper resonance setting becomes some- 
what more important. 
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Key 6  Bottom Shield to Stem Lead 

Higher strengths were obtained in this junction when using a 
spherical-radius sonotrode tip and a grooved anvil to hold the 
wire than when a grooved sonotrode tip and a flat anvil tip 
were used. Welds were satisfactory. 

Key 7  Heater to Heater Connector 

This junction is formed between a tungsten wire and a nickel 
ribbon. The hard tungsten wire embedded into the softer nickel 
surface. Although a bond was formed and electrical conductivity 
obtained, improved mechanical strength is necessary and this may 
be obtained by the use of a nickel sleeve as in the same type of 
junction on the Type 6080WB electron tube, or by an overlay of a 
thin nickel tab. 

Key 10 Getter to Top Shield 

The getter is a circular piece with a channel cross section filled 
with oxide. The getter was cut and flattened and in this form 
welded satisfactorily to the top shield. When this weld is made in 
the standard geometry, deformation of the getter occurs, resulting 
in expulsion of some of the oxide. 

II. CONCLUSIONS 

Junctions in almost all of the desired combinations were successfully 
effected. The importance of surface condition and contamination in sane 
materials, such as tungsten and molybdenum, is significant. 

With the exception of crossed-wire weld configurations, virtually 
all the required junctions in the three specific electron tubes can be 
ultrasonically welded. An assembly sequence was established for one of 
the electron tubes to minimize accessibility problems. 

III.  PROGRAM FOR THE NEXT REPORTING PERIOD 

Sample welds will be made of all the successfully welded combinations 
for exposure to the shock and vibration tests previously established. 
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A E R O P R O J E C T S I N C O R P O R A T E D 

Aeroprojects Mo Coupon 

Depth of Surface Contamination 
0.0005 t o .00015 inch 

Chatham Mo Coupon 

Depth of Surface Contamination 
0.0005 to .001 inch 

Chatham Dull Mo Wire 

Depth of Surface Contamination 
about 0.002 inch 

Fine s t ruc tu r e of the Core 

Aeroprojects Mo wire 

Depth of Surface Contamination 
up t o 0.006 inch 

Coarse Grain of the Core 

Chatham Bright Mo Wire 

No Surface Contamination 
Fine gra in s t ruc tu r e of the 
co re . Twisted 

* Chatham Bright Mo Wire 

Longitudinal Internal Cracks 
Twisted 

Figure 1 

MOLYBDENUM RECRYSTALLIZATION STUDIES 
All specimens recrystallized in dry Argon atmosphere 
for ten minutes at 2U50*F except * this specimen. 

All photographs: Etchant: K0H • K̂ FefCN)̂  
Magnification 1 500X 
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.125 (Typical) 

A 

t 

.020 (Typical) >ical)-^ 

— .050 (Typical) 

SECTION A-A (Enlarged) 

Figure 2 

TUNGSTEN 00UPON WITH GROOVES 



A E R O P R O J E C T S I N C O R P O R A T E D 

B - Base Metal 

Figure 3 

TYPICAL TYPES OF FAILURES DURING 
TENSIIE-SHEAR TESTING OF WELDS 
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Figure U 

DIRECTION OF VIBRATION  AND TIP GHDMETRIES IN ULTRASONIC WELDING 



A E R O P R O J E C T S I N C O R P O R A T E D 

'il'UllJil.lilflilll ilili'n.lmlftl it".I,i. 

Figure $ 

ANVILS - TYPES 6080WB AND $8U*V/D 
ELECTRON TUBES 
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6080 

r iwrrrMyM>ttw.# . . .^ r T f f r r r | T T T . . 

THE L.8.8TARRETTC0. Q ATH0UUA8&'J.&A. 
Jil.l f 'ilili* f • ' • ' • 1 • ' • t • ' • I • i - ' • 1 • I • ' • I - 1 - * - • - I • * 1 • I 

Figure 6 

TOP: SONOTRODE TIPS - TY^S 6080WB AND 58lUWB ELECTRON TUBES 
BOTTOM J WELDMENTS TYPE 6080WB ELECTRON TUBE 
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* 

* 12 A 

11 

it 

13 A 

13B 
Kr,..,»r..TLrr«TT?v8l 

T C 1 1 0 , N I ,SSl " f ^ ^ R P c r r c a g | ATHou.MS6.uaA. 

Figure 6A 

WELDMENTS - TYPE 6080WB ELECTRON TUBE 

18 
16B 

J$ 
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^ l u i . I . i . l . . . I . . . i ^ F l 



I R O )• RO J E C T S  INCORPORATED 

Sonotrode Tip 

B Anvil Tip 

Anvil Tip 

Figure 7 

AREAS IN SONOTRODE AND ANVIL TIPS 
WHERE INITIAL FAILURES OCCURRED 
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A 

Figure 8 

ANVIL TIP DESIGNS 
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Resistance Weld 

B - Ultrasonic Weld 

Figure   9 

COMPARISON OF RESISTANCE AND  ULTRASONIC WELDS 

ANODE EYELET TO  ANODE SUPPORT TYPE 6080WB ELECTRON TUBE 



A E R O P R O J E C T S I N C O R P O R A T E D 

Figure 10 

PHOTOMICROGRAPH OF TUNGSTEN WIRE/NICKEL SLEEVE/ 

NICKEL-PLATED STEEL COMPOSITE WEID 

Magnifications 300X 
Etchantj KOH • K^Fe(CN)^ 

The nickel sleeve has been severed by the deformation accompanying welding. 
Bonding has occurred at the base of the tungsten wire only, where the wire 
is embedded in the nickel-plated steel strip. Note the high degree of 
turbulence and interpenetration of the faying surfaces of nickel and 
nickel-plate. The flattening of the nickel sleeve has permitted bonding 
of the contact surfaces (ID tube surface) and imposes a mechanical "crimping" 
effect on the wire which probably contributes significantly to its peel re-
sistance. 
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ANVILS AND SONOTRODE TIPS 

TYPE 6205 ELECTRON TUBE 



6205 
A E R O P R O J E C T S I N C O R P O R A T E D 

i . y 
\ 

4A 
4B 

3 Tfr 
w 

11 THE L.8.8TARRETT CO. 0 j 
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Figure 12 

WELDMENTS - TYPE 6205 ELECTRON TUBE 



A E R O P R O J E C T S I N C O R P O R A T E D 

5814 WB 

1 

2C 

2A f # 
1 1 I fi . 
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Figure 13 

WELDMENTS - TYPE 58lbWB 
ELECTRON TUBE 
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ACrtOFROJECTS     INCORPORATED 

Table III 

RESULTS OF ULTRASONIC WELDING OF RHENIUM 
TO  ITSELF AND TO OTHER METALS IN AIR 

Combination Combination 

Coupon Wire 

Cu    Re 

Mo    Re 

Joint 
Efficiency 

m 
No weld 

Tint1^ 

No. On the Coupon On the Wire 

21 

Very slight brown or none 

Some yellow, dark purple 

None 

None 
with violet and blue, green, 
or only yellow some distance 
from the wire 

30 Ni Re 100^ Blue-black,   or none None 

6l SS Re 100^ Blue-black,  brown,  dark blu«^   None 
green 2)  or blue-black,  dark 
blue,  green, purple, dark 
yellow 3), U) 

71 Ta Re 100^ Slight brown,  occasional None 
green 

76       Ti    Re     100^    Slight dark brown, occasional None 
dark blue or purple 

87       W    Re  No weld    Blue-black, purple with some None 
superimposed green, yellow 
or blue-black, purple, green, 
bluish 

None None 

Occasional slight brown Blue-black,  some 
violet,  some purple, 
some yellow 5) 

None None 

None or occasional slight    None 
mixed, black, green, 
yellowish, blueish 

ijl       Re    SS     9\x% None Some yellowish, 
blueish, purple 5) 

h,2 Re    Ta     1005?    None None 

\x3 Re    Ti  No weld '  None Very slight: blue- 
black, yellowish, 
violet 

iih       Re    W   No weld    None Green, blue, some 
violet, brown, yellow 

1) As appearing on the plate from the wire-outside or on the wire from the weld outside. 
2) Made with 3-inch spherical radius sonotrode tip. 
3) Made with grooved tip. 
U) Identical welding machine settings. 
5) Only on the sonotrode-work interface. These tints are probably due to heating 

stainless steel wire. 
6) No weld possible. With the exception of one weld made with 0,001 tantalum foil inter- 

leaf when a strong weld was produced, neither tantalum or titanium foil produced any 
improvement. In contrast, rhenium wire welded very well to titanium plate. 

37 Re Cu No weld 

38 Re Mo No weld 

39 Re Ni 78^ 

10 Re Re 7W 
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Table IV 

PHYSICAL AND MECHANICAL PROPERTIES MOLYBDENUM, TUNGSTEN AND RHENIUM 
(21, 22, 23, 2U, 25, 26) 

Property 

Melting Point, CC 

Boiling Point, 0C 

Crystal Structure 

Vapor Pressure at 2000'C,  ram Hg 

Density g/cmJ 

Electrical Resistivity at 20*0, 
ohm-cm x 10-° 

Electrical Conductivity, %  1ACS 

Coefficient of Thermal Expansion, 
20° to 500oC, x 10-6 

Modulus of Elasticity in Tension, 
psi x 10° 

Room Temperature 

Elevated Temperature 

Molybdenum Tungsten 

Physical Properties 

Rhenium 

2625 3U10 3180 

U800 5930 5900 

BCC BCC HCP 

k  x lO-U 1 x 10-7 1 x 10-6 

10.2 19.3 21,0 

5.2 5.5 19.3 

31 32 9.3 

5.1* 

U8 

30 at about 
860oC 

U.5 

59 

About 52.5 at 
about 9000C 

6.7 

66.7 

5U at about 
880oC 

Wire Diameter, inch 

UTS, psi x 103 

Room Temperature 
Wrought 
Recrys talli za. tion 

Elev,  Temp., Wrought, 
About 800 0C 

1200oC 
1600'C 
2000oC 

Elongation, % 

Room Temperature 
Wrought 
Recrystallization 

Elev.  Temp., Wrought 
800 •C 

1200oC 
l600oC 

Hardness, DPH 
Annealed 
3056 Cold Reduced 

Mechanical Properties  (Wires) 

0,025 0.025 0.05 

220 
70 

285 
80 

335 
170 

67 
38 

130 
70 
U3 

1U0 
80 
37 
15 

U 
h 

3 
0 

U-10 (est.) 
10 

3.5 
5.5 

3.5 
6 

0.8 
0.8 
1.0 

270 
Over 800 



AEROPROJECTS  INCORPORATED 

Table V 

INTERSTITIAL CONTENT LIKELY TO BE MAINTAINED IN 
SOLID SOLUTIONS OF MOLYBDENUM, AND TUNGSTEN 
AND THEIR COMMERCIAL GRADES, IN PPM (1$) 

Hydrogen Carbon Nitrogen Oxygen 

Metal Solubility Actual Solubility Actual Solubility Actual Solubility Actual 

Mo 

W 

0.1      1-3 

N.d (1)      0-2 

0.1-1   S-Soo 

0.1    10-200 

1     1-56 

0.1    3-80 

1      1-60 

1      0-130 

1) Not detectable. 
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Table VI 

COMPARATIVE RESULTS OF ÜLTRASONICALLY WELDED 
TUNGSTEN TO ITSELF AND TO OTHER METALS IN AIR 1) 

Combination Combination _      Joint 
Efficiency- 

No weld 

Tint2^ 
No. Coupon   Wire 

Cu          W 

On the Coupon 

None 

On the Wire 

11 None 

?5 Mo          W No weld Light yellow Light yellow or blue 

36 Ni          W B5% None Blue, violet, yellow or 
green, violet, yellow 

hh Re          W No weld None Green, blue, brown, 
yellow, some violet 

67 ss       w 835? Brown  ' Black,  green, blue, 
violet, yellow 

75 Ta          W 72% None None or greenish-blue, 
blue,  yellow 

83 Ti          W 

^      w6) 

w*)      w6) 

72% None Greenish-blue,  blue, 
violet, yellow or 
violet, yellow 

91 56% None Blue or greenish-blue, 
violet, yellow 

No weld Blue, violet. yellow Greenish-blue, violet, 
yellow 

8U W              Cu No weld None None 

85 W             Mo No weld Green, violet 
black-violet. 

, yellow 
yellow 

or Brown7; 

86 W             Ni 100^ None None 

87 W            Re No weld Blue-black, p\ irple with None 
some superimposed green, 
yellow or blue-black, 
purple, green, blueiah 

88 w ss 93^ None 

89 V Ta 97^ None 

90 w Ti No weld None 

Brown' 

None 

3) 

Slight brown 8) 

1) In some cases tungsten wire heated to a white heat during welding. 
2) As appearing on the plate from the wire outside and on the wire from the weld outside. 
3) Probably iron oxide, 
U) Ground and electroetched. 
5) Grooved. 
6) Electroetched. 
7) Probably molybdenum oxide, 
8) Probably titanium oxide. 



Table VTI 

COUPON BASE METAL DATA 

* I R O l> R O J E C T S     INCORPORATED 

Metal 
Gage, 
inch 

Hardness, 
DPH  (1) 

Copper 0.055 81.U 

Gold 0.060 1*6.8 

Molybdenum 0.058-0.065 269.U 

Molybdenum 0.060 2U7.6 

Nickel 0.060 129.2 

Rhenium 0.060-0,0625 396.0 

Silver 0.060 U9.0 

Mild Steel 0.061-0.062 103.0 

Stainless Steel 0.060 165.8 

Tantalum 0.060-0.063 10iu8 

Titanium 0.067-0.070 iia.o 

Tungsten 0.059-0.069 1x97.0 

Notes 

Fansteel, as received 

Fansteel, electroetched 

"A Nickel", cold rolled 

A1S1 1010, annealed 

A1S1 30U, annealed 

Fansteel, as received 

(1) Checked on the surface of the plate. 



AEROPROJECTS  INCORPORATED 

Table VIII 

BASE METAL DATA, FINE WIRE 

Metal 
Gage, 
inch 

Tensile Strength 

Average*  Units Notes 

Copper 0.0005 6.15 Gram 

Gold 0.0003 2.7 Gram 

Molybdenum 0.0008 0.11 Pounds Fansteel, as received 

Nickel 0.0005 6.3 Gram 

Rhenium 0.00? 2.23 Pounds 

Silver 0.0015 22.3 Grams 

A1S1 1010 Steel 0.0015 0.26 Pounds 

A1S1 30h  Stain- 
less Steel 0.001 0.333 Pounds A1S1 302 

Tantalum 0.003 0,U8 Pounds 

Titanium 0.001 52.5 Grams 

Tungsten 0.0003 16.3 Grama 

Tungsten 0.0003 13.13 Gram« General Electric, as received 

» Average of four specimens. 



Table H 

BASE METAL DATA,  HEAVY WIRES 

A■ROPROJ EC T •     INCOnrORATCD 

Metal 
Gage, 
inch 

Tensile Strength, 
pounds 

Average» 
Hardness, 

DPH 

Copper 0.06U m 58 
Gold 0.060 53 36 
Molybdenum 0.061 386 231.815 

Molybdenum 0.050 285 231.81) 

Molybdenum 0.060 5ao 28l.U1) 

Molybdenum 0.050 316 28l.U1) 

Molybdenum 0.060 2U3.815 

Nickel 0.060 159 78.U 

Rhenium 0.061 360 326.62) 

Silver O.06O 76 U5.8 

Mild Steel 0.0625 157 93.U 

Stainless Steel 0.0625 268 l6U.li 

Stainless Steel 0.0625 819 536.0 

Tantalum 0.062 151 110.2 

Titanium 0.063 256 231.8 

Tungsten 0.060 660 U60.01) 

Tungsten 0.055-0.056 579 U90.01) 

Notes 

Fansteel as received, 
steel relieved 

Fansteel electroetched, 
stress relieved 

Chatham Bright, as 
received 

Chatham Bright, electro- 
polished 

Chatham Dull, as 
received 

Annealed 

Annealed 

Annealed 

A1S1 1010, annealed 

A1S1 30U, annealed 

A1S1 302, spring temper 

Annealed 

Annealed 

As received 

Electropolished 

« Average of 3 specimens 

1) Center of the wire. 
2) On the area without porosity. 



ACKOPROJECTS INCOnrOHATLO 

Table X 

ASSEMBLY SEOUFNCE AND WELD JUNCTURES 
FOR TYPE 6080WB ELECTRON TUBE 

fAll welds made with 600-watt welder) 

Assembly 
Sequence Key 

Number        Number 

17 15 

Tip 
Number 

Tl 

Tl 

Anvil 
Number 

Al 

Al 

3 7 T2 A2 

h 6 T3 A2 

5 5 T2 A2 

6 11 

7 3 T3 A2 

8 U T3 A2 

9 9 TL A3 

10 10 ♦ ♦ 

11 13a TU AU 

12 Ilia TU AU 

13 12b TU AU 

1U 12c TU AU 

15 12a TU AU 
16 13b 

Ub 
TU AU 

Description 

Cathode tab to cathode sleeve 

Assemble 2 cathode sleeve assemblies to 
top spacer 

Cathode tab to itself 

Assemble with in-orocess clamp, 2 grid 
assemblies, 2 anode-suoport 
Assemblies, spacer-cathode assembly, 
8 lava spacers and bottom spacer 

Anode eyelet to anode support 

Grid eyelet to grid 

Anode connector to anode support 

Anode connector to anode support 

Grid connector to grid 

Assemble one heater connector 

Grid connector to grid 

Assemble other heater connector and 
2 heaters - heater insulator assemblies 

Heater to heater connector, heater sleeve 

Grid radiator to grid 

Cathode connector to stem lead 

Cathode connector to stem lead 

Stem lead to grid connector 

Stem lead to anode connectors 

Stem lead to heater connectors 

Snubber supports to cathode connector 

Snubbers to snubber supports 

Assemble splash spacer - cathode connector 
assembly with splash spacer suoports 

(Concluded on next page) 

L 



r AEROFROJECTS  INCORPORATED 

Table X  CConcluded) 

ASSEMBLY 5ECUENCE AND WELD  JUNCTURES 
FOR TYPE 6080WB ELECTROT TUBE 

(All welds made with 600-watt welder) 

Assembly 
Sequence 
Number 

Key 
Number 

Tip 
Number 

Anvil 
Number 

18 18 T3 A5 

19 16a T3 A5 

20 16b n A3 

21 17 •*»» *♦» 

Description 

Splash-spacer support to snubber support 

Too cathode connector to snubber supoort 

Cathode tabs to top cathode connector 

Getters to snubber suouorts 

♦      Will be  resistance welded - inaccessible  for ultrasonic welding 

♦»    Unsuccessful 

*** Unsuccessful - crossed-wire weld 



ACftOPROJCCTS     INCORPORATED 

Table   XI 

WELD JUNCTURES FOR TYPE 581UWB ELECTRON TUBE 

Key 
Number 

Tip 
Number 

Anvil 
Number 

Welder 
Cwatt) 

1 T2 Al 100 

2A T3 A3 600 *• 

2B Unsuccessful ♦ 
2C Tl A2 100 

3A Unsuccessful ♦ 
3B T2 Al * 100 ♦♦ 

U T2 Al 100*» 

5 TU A3 600 

Description 

Cathode tab to cathode 

Stem lead to plate 
Stem lead to grid 

Stem lead to  cathode tab 

Heater connector to stem lead 

Heater connector to heater 

Heater to stem lead 

Getter to plate 

*    Crossed-wlre weld 

*» Insufficient strength for use, although electrical  conductivity was 
obtained 

♦»»Limited area available for production weld 



ACROPROJECTS  INCORrORATEO 

Table XII 

TVELD JUNCTURES FOR TYPE 6205 ELECTRON TUBE 

Key 
Number 

Tip 
Number 

Anvil 
Number 

Welder 
fwatt) Description 

1 T2 A2 100 Cathode tab to cathode 

2A T2 A2 100 ♦ Cathode tab to top shield 

2B T2 A2 100 » Cathode tab to bottom shield 

3 T3 A3 600 Stem shield to bottom shield 

UA n A2 100 #2 grid to grid connector 

UB Tl A2 100 #3 grid to grid connector 

5 Tl Al 100 ♦♦ Heater connector to stem lead 

6 T3 AU 600 Bottom shield to stem lead 

7 T2 A2 100 ♦«♦ Heater to heater connector 

8 TU AU 600 #1 grid to stem lead 

9 TU A3 600 Plate to stem lead 

10 T3 A3 6oo»*** Getter to top shield 

11 Tl A2 100 Grid connector to stem lead 

♦ Material combinations and geometrical configurations are identical 
♦♦ 600 w welder may be required to produce stronger junction 

**♦ Insufficient strength for use, although electrical conductivity 
was obtained 

Getter construction precludes production use because of damage 
to oxide content 



Ammornojmcrm INCORPORATKO 

APPENDIX    A 



AEROPROJECTS  INCORPORATED 

Etchant»     Ammonium hydroxida 
♦ hydrogen peroxide 

METALLOGRAPHY 

Lonfritudinal 

Combinationt    Copper to Copper 
Niffliber 1 (wire) (coupon) 

0.06U gage 0.055 

Magnificationt     36X Magnification»     250X 

Transverse 

. 

Magnification»  36X Magnification:  250X 

Comments» Very good bonding characteristics. Note extrusion of material from 
edge of weld and recrystallized interface region. 



METALLOGRAPHY 

AEROPROiECTS      INCORPORATED 

EtchantJ     Ammonium hydroxide 
♦ hydrogen peroxide 

Longitudinal 

Combination:    Gold   to    Copper 
Number 2        (wire) (coupon) 

O.06O gage 0,0^5 

Magnification:     UOX Magnification:     2501 

Transverse 

il£vÄ& ^T; 

-^.'.■.^;_ 

Magnification: UOX Magnification:  250X 

Comments: Intimate contact established by yielding of the gold wire results 
in bonding without mutual interpenetration of the faying surfaces. 



METALLOGRAPHY 

Et chant» NH, OH + H-Ort U    2 2 
(Nickel unetched) 

Longitudinal 

AEROPROJECTS  INCORPORATEO 

Combinations Nickel to Copper 
Number k (Wire)     (Coupon) 

0,060 gage 0.0^ 

^^ 

Magnification; 52X Magnification:  250X 

Transverse 

K»»i 

isW V ' Z^" 

- V -.  . .   • • 

■ 15«i ■ ^r-' 

Magnifications 52X 
Reduced to 3A Siz« 

Magnifications 250X 

Comments: This joint displays excellent bonding characteristics. External 
deformation is small» The weld interface contains good interpene- 
tration along with associated turbulent flow, uniformity of bond 
quality, and absence of Imperfection such as voids or unbonded 
areas. The weld edge shows minimum crevasse formation. 



METALLOGRAPHT 

»EROPROJECTS      INCORPORATED 

Etchantt  Alkaline ferricyanide solution 

Longitudinal 

Combination: Rheniian to Copper 
Number 5    (wire)   (coupon) 

0.06l gage 0.055 

-7:>^-,  "    • 

^.-^O^^-^^ rr)^?^ 
•      ^» 

Magnification:    38X Magnification:     ?^0X 

Transverse 

^ 
M*-> 

Magnification: 38X Magnification:  250X 

Comments: The interface appears dark in the longitudinal section from polishing 
relief. The interface of both sections indicates that satisfactory- 
bonding has been achieved. 



METALLOGRAPHY 

AEROPROJECTS      INCORrORATED 

Etchantt NH.OH + H202 

(Silver unetched) 

Longitudinal 

Combination: Silver to Copper 
Number 6    (Wire)    (Coupon) 

0.060 gage 0,055 

Magnification: 52X Magnification:  250X 

Transverse 

->_ 

Magnification: 63X 
Reduced to 3A Size 

Magnification: 250X 

Comments: The joint shows a high degree of interpenetration and interfacial flow. 
Bond quality is uneven, but satisfactory bonding was achieved along the 
center of the wire-sheet contact surface. The longitudinal section 
illustrates only a small portion of the weld zone. 



A E R O P R O J E C T S I N C O R P O R A T E D 

METALLOGRAPHY 

Etchant: Combination: Tantalum to Copper 
Number 9 (wire) (coupon) 

0.062 gage 0.0̂ 5 
Longitudinal 

Magnification: 32X Magnification: 2̂ 0X 

Transverse 

Magnification: 32X Magnification: 2£0X 

Comments: Interface detail cannot be resolved but weld aspears satisfactory-
no voids or separation were observed. 



AEROPROJECTS     INCORPORATED 

METALLOGRAPHT 

Et chant»    HF ♦ HNO,  * HgO 

Longitudinal 

Combination» Titanium to Copper 
Number 10   (wire)   fcoupon) 

0.063 gage 0.0^ 

Li--:,./■ ;e;v:i;^-'^ 

^^v^öüi 
5f ^^P 

MagnificationJ     UOX Magnification:    250X 

Transverse 

-.,• 

*  :■::.>■■■'•*..    .■■■■ i.-     • ■■  • 

^ V-'"-^ ,•■'■ •   ■•■.;■• . : .■:.•-•. •, 

Magnification: 66X Magnification: 250X 

Comments:  This series of photographs illustrates how the character of the bond 
line is altered by etch attack. Both samples were contained in the 
same specimen mount. The transverse orientation was preferentially 
etched at the interface and the titanium wire was pitted. The 
longitudinal section shows the interface preserved. Note porosity 
in titanium wire. This weld shows good bonding characteristics. 



«EHOrnoJECTS  INCORPORATED 

Et chant»  KCN ♦ NH^SgOg ♦ HgO 

METALLOGRAPHY 

Longitudinal 

Combination! Copper to Gold 
Number 12   (wire)   (coupon) 

0.06U gage 0.060 

.,.^T->*. 

^ ? 

Magnification:     UOX Magnification:     250X 

Transverse 

■ ■•■-.  ■ ■ ..^••■•- " 

Magnification:  UOX Magnification:  250X 

Coiranents!  Excellent bond characteristics - interpenetration and plastic 
deformation with surface film dispersion - are exhibited in this 
weld. 



AEROPROJECTS      INCORPORATED 

METALLOGRAPH! 

Et chant i    KCN + NH|S Og  ♦ HgO 

Longitudinal 

Combination:    Gold    to    Gold 
Number 13      (wire)        Ccoupon) 

0.060 gage 0,060 

.. 

\ 

Kt ̂   \ •^ 

Magnification: 36X Magnification:  250X 

Transverse 

1 
i 

Magnification:    36X Magnification:     250X 

Coiranents:     Bond quality is generally unsatisfactory.     Only small areas of 
structural continuity exist;  non-bonded areas  occupy most  of the 
interface» 



AEROPROJECTS       INCORPORATED 

METALLOGRAPHY 

Et chant i    KCN + NH.S208   ♦ H^Q 

fGold \inetched) 

Longitudinal 

Combination:     Nickel    to    Gold 
Number lU        (Wire) (Coupon) 

0.060    gage 0,060 

*j**m£$K£:%. * 

■'■4'  w^^.*lr:« 

V 
^■"'s 

Magnification: 36x Magnification: 250X 

Transverse 

Magnification!  36X Magnification: 250X 

Comnents: Several small voids are present at the interface, but in general, 
joint integrity is good. The lack of appreciable interpenetration 
is to be expected with metals of different hardness. The edges of 
the flattened wire are not bonded. 



METALtOGRAPHT 

AEROPROJECTS  INCORPORATED 

Etchant: KCN + NH. SgOg + HgO 

fGold Unetched) 

Longitudinal 

Combination:    Silver to    Gold 
Number 15        (wire)        (coupon) 

0.060 gage 0,060 

■ 

..  »\   ■ 

- 

a *4i<- ■> -v^-.i.: 

Magnification: 36X 

Transverse 

Magnification:  250X 

1    . 

*fefi >J ^1 

Magnification:    36X Magnification:     250X 

Comments:     This couple, which employs metals of similar hardness range, 
exhibits excellent bonding.    Complete edge-to-edge bonding has 
been achieved and the mutual plastic turbulence between the 
faying  surfaces has produced a high degree  of interpenetration 
and a void-free  junction. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHY 

Etchant:    Unetched Combination: 
Number 16 

Longitudinal 

AISI 1010 
Steel    to      Gold 

(wire) (coupon) 
0.063  gage 0.060 

Magnification:    38X 

Transverse 

» 

« » 

Magnification:     250X 

■ 

Magnification:     38X Magnification:     25>OX 

Comments:     Although  joint efficiency of 91% was achieved, bond quality is  generally 
unsatisfactory in this  sample.    The extent of the unbonded areas  cannot 
be  reconciled with the high  strength exhibited by similar samples. 



METALLOGRAPHY 

Etchant: Alkaline ferricyanide solution 

PROJECTS     INCORPORATED 

Combinations    Molybdenum to Molybdenum 
Number 19 (wire) (coupon) 

0.0^0 gage    0.060 

Longitudinal 

sg:« 
• ... 

- 

—**■■.. .■* " ■ 

' - ■ 

-    -: ■ '"    . 

■ 

Magnification:     59X Magnification: 250X 

Transverse 

eea^öf1^ 

Magnification:    59X 
Magnification:     250X 

Comments:    Almost  complete weld separation was observed. 



METALLOGRAPHY 

AEROPROJECTS     INCORrORATED 

Etchanti Alkaline ferricyanide solution 

Longitudinal 

Combination» "A11 Nickel to Molybdenum 
Number 20    (wire)      (coupon) 

0.060 gage     0.060 

xJt1 fr . 
* JC^^-   , J- 

■ 

■• 

■ 

.: , - . - 

Magnification»  IiQX Magnifications  250X 

Transverse 

Magnification»  UOX Magnification»  250X 

Comments:  Strength measurements indicate good weldability, shown by the longitudinal 
section. The transverse section was apparently taken in an area where 
incomplete bonding and weld separation had occurred. Note the network 
of cracks in the molybdenum below the interface. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHY 

Etchanti Alkaline ferricyanide solution       Combination: Tantalum to Molybdenum 
Number 23    (wire)     (coupon) 

0.062 gage 0,060 
Longitudinal 

• 

Magnification» U5X Magnification: 250X 

Transverse 

-j ^. 

Magnification: U^X Magnification:  250X 

Comments: Bond quality is unsatisfactory. Profuse non-bonds decorate the 
interface. The number and strength of the local junctions is 
sufficient to produce good joint efficiency. 



»EROPROJECTS  INCORPORATED 

METALLOORAPHT 

Et chantt 

Longitudinal 

CfflBbinatlont    Copper to "A" Nickel 
Number 26        fwire) (coupon) 

0.06U gage O.06O 

?*!*- -  i<*i • 

MagnificationJ 36X Magnification»  250X 

Transverse 

> 
. 

Magnification:  36X Magnification:  250X 

Comments:  Interface voids in transverse section. Adhesion is adequate to 
produce high joint efficiencies. 



AEROrROJECTS      INCORPORATED 

METALLOGRAPHT 

Etchant» Alkaline ferricyanide solution 

Longitudinal 

Combination» Molybdenum to "A" Nickel 
Number 28    (wire)      (coupon) 

0.06l gage 0.060 

_—■ • 

-       . _ 

- A.. 

Magnification:    36X Magnification:     250X 

Transverse 

^    • / • ■  ,■.,■■■      - '■ 

Magnification: 36X Magnification: 250X 

Comments: Bonding is accompanied by recrystallization of the nickel along the 
interface« No voids or separations were observed« 



AEROPROJECTS      INCORPORATED 

METALLOGRAPHY 

Etchant«    KCN + NH.S-O-   ♦ no 

Longitudinal 

Combination!    "A" Nickel to "A" Nickel 
Number 29 (wire) Ccoupon) 

0.060    gage    0.060 

-    . - 

: T - 
.»i,--.-. 

<:      " C.   " 
.->» 

'      \ 

Magnification: 361 Magnification; 250X 

Transverse 

v. -^ 
■J^- 

fci» >j-—i'  > ^ 

Magnification: 36X Magnification: 250X 

Comments: Despite severe deformation of the wire, uniform bonding was not 
achieved. The central area of the joint is unbonded. Bond 
quality and uniformity may be improved by modified tooling or 
surface preparation. 



METALLOGRAPHY 

AEROPROJECTS  rNCORPORATED 

Etchant:  Alkaline ferric.yanide solution 

Longitudinal 

Combinationt Rhenium to "A" Nickel 
Number 30    (wire)     (coupon) 

0.060 gage 0.060 

'■•\ 

Magnification: 38X Magnification: 250X 

Transverse 

M Kf« P^jf<* "VX-** t, f ^•.. -    wS 
^•> 

rll f 

/ . u<K 

\ 'iitt 
0 , JM HL^ " . 1 , 1 . V ..   x' -   ■    J ■ ^H 

i m IM Ji 
Magnification: 38X Magnification: 250X 

Comments; Dark areas in rhenium wire are voids. Bonding appears satisfactory 
in longitudinal section, Microvoids decorate the rhenitnn interface 
in the transverse section. Note partial extrusion of the nickel 
into the void areas. 



AEROPROJECTS      INCORPORATED 

METALLOGRAPHT 

Etchantt 

Longitudinal 

Combinations    Silver to "A" Nickel 
Number 31 (wire) (coupon) 

0,060 gage 0.060 

Magnification:    36X Magnification:     250X 

Transverse 

Not Sectioned in Transverse  Plane 

Magnification: Magnification: 

Coitrtents:     Deformation of the silver wire results  in intimate  surface contact. 



«EROFROiECTS      INCORPOBATED 

METALLOGRAPHT 

Etchant»    1% Vital  (Nickel Unetched) 

Longitudinal 

AISI 1010 
Corabinationt    Steal    to "A" Nickel 

Number 32      fwlre) (coupon) 

0,0625 gage 0,060 

Magnification»    36X Magnification»    250X 

Transverse 

Magnifications    36X Magnification»    2!JOX 

Conmientss    The irregular interface is produced by the deformation of the wire 
during welding.    Inferior edge bonding has resulted.    The heat 
pattern in the wire  is revealed by the etch. 



«EROPROJECTS  INCORPORATED 

METALLOGRAPHY 

Etchant:    KCN ♦ NH, S Og  ♦ HgO 

(Stainless Steel Iftietched) 

Longitudinal 

Combinations 
Number 33 

AISI 30k 
Stainless 

Steel      to    Nickel 
(Wire) (Coupon) 
0,0625    gage    0.060 

<■ 

>   . 

-     - 

~ r 

i ^;- s. 

Magnification: 36X Magnification:  250X 

Transverse 

Magnification:  36X 
Reduced to 3/U Size 

Magnification:  250X 

Comments: Satisfactory weld characteristics are evident. Mutual interpenetration 
of the faying surfaces and absence of voids or non-bond areas indicate 
the integrity of the joint. Note the flow and expulsion of the nickel 
sheet and recrystallization structure adjacent to the weld interface. 



«EROrROiECTS      INCORrORATED 

METALLOGRAPHY 

Etchant: HF + HNCL ♦ Lactic Acid Combination: 
Number 3U 

Longitudinal 

Tantalum to Nickel 
CWire)    (Coupon) 

0.062 gage 0.060 

Magnification: 36X Magnification: 2$0X 

Transverse 

Magnification:  36X 
Reduced to 3/U Size 

Magnification:  2^0X 

Comments:  Uniform bonding throughout the entire contact area has not occurred, 
but excellent local bond areas are present. The darkly-etched regions 
of the wire delineate the heat pattern developed during welding. 



AEROPROJEC T 5  INCORf^ORATCO 

METALLOGRAPHY 

Et chant J Une t ehe d 

Longitudinal 

CombinationJ    Titanium  to  "A" Nickel 
Number 35 Cwire) Ccoupon) 

0.063  gage  0.060 

.   y 

Magnification: 30X Magnification: 250X 

Transverse 

Mamification:  30X Magnification: 2^01 

Comments: Bonding occurs only in the central area of the faying surfaces where 
the curvature of the wire was maintained» Good interpenetration with 
a few void regions characterize the bond. Weld quality was judged 
satisfactory, but improved tooling such as a grooved tip Csee above) 
might reduce the degree of non-bonding at the edge of the wire. 



META1L0GRAPHY 

Etchantt    KCH ♦ K3FeCCN)6  + HgO 

(Nickel Unetched) 

Longitudinal 

AEROPROJECTS  INCORPORATED 

Combination:    Tungsten to    Nickel 
Number 36 (Wire) (Coupon) 

0.055      gage 0.061 

Magnification:    U8.5X Magnification:    250J. 

Transverse 

Magnification:    U8.5X Magnification:    2!?0X 

Comments:    Very good integrity of the mating surfaces is demonstrated«    However, 
evaluation of bond quality must be  deferred because  of polishing re- 
lief at the  interface.    Note  cracking and spalling of tungsten wire. 



AEPOPROJECTS  INCORPORATED 

METALLOGRAPHY 

Etchantt Alkaline ferricyanide solution 

Longitadinal 

Combination» "A" Nickel to Rhenium 
Number 39     (wire)     (coupon) 

0.060   gage 0,060 

1 

J 

'!\ 

Magnifications 38X Magnifications 250X 

Transverse 

rgfc , 

Magnifications 38X Magnifications  250X 

Commentss Microvoids at the interface are evident; the bond appears to exist 
by physical adhesion of the deformed nickel and rhenium surfaces. 
The dark streaks at the interface are elongated pits produced by 
etch-polishing• 



AEROPRQJECTS      INCORPORATED 

MlgTALLOGRAPHY 

Etchant»   Alkaline ferricyanide solution 

Longitudinal 

Combinationi    Rhenium to Rhenium 
Number UO (wire)        fcoupon) 

0.060 gage 0,060 

'■*  *. ■■ 

/ 'T 
-•-I. 

S /     ~ y^\^- 
/ '£•;■ 

r        ,  "v. 

=\ 'vj'' 

^  ' •_    m,~    "- 

^^ ?:•?, v 

^7 

Magnification: 36X Magnification:  250X 

Transverse 

/ 

^ 

■J'!" 

^ 
<   ' C 

< 

Magnification:  36X Magnification:  250X 

Comments:  Note extreme porosity in the rhenium wire. Very good bonding was 
achieved along the edges of the contact surface; the central area 
is less well bonded. Areas of grain refinement appear to result 
from partial recrystallization during welding. 



AEROPROJECTS  INCORPORATED 

.METALLOGRAPHY 

Etchant»     Alkaline ferricyanide solution 

Longitudinal 

AISI 30k 
Corabinationt    St. Steel to Rhenium 

Number Hi fwire) (coupon) 

0,060    gage    0,0625 

■ - • 

.  ' 1        1- p 
" '  - * 

■ ' 

% ' 

1     -   ' 

tr^f-^^- 

Magnification: 321 Magnification: 250X 

Transverse 

" .^■*  

-      -       • i 

- 
*   N 

\ *%a 

Magnification: 32X Magnification: 250X 

Comments: Deformation of the stainless steel wire produced intimate surface 
contact. There is evidence of an alloy layer or barrier film along 
the interface. Good bonding. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHY 

EtchantJ  Alkaline farricyanide solution 

Longitudinal 

Combination» Tantalum to Rheniom 
Number U2    fwire)    (coupon) 

0.062 gage 0.060 

Not Sectioned in Longitudinal Plane 

Magnification: MaernificationJ 

Transverse 

pt-p yV \j\.    » ^ ,r-t 
•n   *^' «»■ 

7^/ 

/O ( 

v ■ 
/ 

Magnification:    38X Magnification:     250X 

Comments:    Profuse voids  and general lack of bonding characterize this weld. 



METALIOGRAPHY 

Etchant:     Unetched at 36x 
KCN ♦ NH. SgOg etch at 2$0X 

Longitudinal 

A E R O l> R O J E C  T  S     INCORPORATED 

Combination:    Copper    to    Silver 
Number h5        (Wire) (Coupon) 

0,06ii    gage    0.060 

.   .  . $ 

Magnification: 36X Magnification; 250X 

Transverse 

Magnification: 36X 
Reduced to 3/U Size 

Magnification:  250X 

Comments:  The edge-to-edge integrity of the joint and the degree of interpenetration 
of the mating surfaces exemplify a high degree of bond quality. No voids 
or unbonded areas were observed in these sections. Eccentric contact of 
the welding tip and wire resulted in deep indentation into the silver 
sheet along one edge (see lower left photomicrograph). 



METALLOGRAPHY 

AEROPROJECTS  INCORPORATED 

Et chant t    KGN + NH, SgOg ♦ E 0 

Longitudinal 

Combination:    Gold    to    Silver 
Number Li6      (wire) (coupon) 

0.060  gage 0.060 

Magnification:    36X Magnification:     2£0X 

Transverse 

. 

'■,-*;:i»--7-    ■ ,      ' 

Magnification:    36X Magnification:     2^01 

Comments:     Severe  flattening of the  gold wire is evident.    Bond quality is 
satisfactory. 



Etchant t    Unetched 

METALLOGRAPHY 

Longitudinal 

AEROPROJECTS     INCORPORATED 

Combination: Nickel to Silver 
Number h7        (Wire)    (Coupon) 

0.060 gage 0,060 

Magnification: UOX 

Transverse 

Magnification:    2^01 

\    A 

. 

Magnification: UOX 
Reduced to 3/h  Size 

Magnification: 250X 

Comments: Bonding quality varies. The non-uniform deformation of the wire effected 
an unbonded area in the center. Edge bonding is satisfactory although 
numerous small voids are evident. The longitudinal section, taken along 
the edge of the wire, shows uniformly good bond quality. 



AEROPROJECTS      INCORPORATED 

METALLOGRAPHT 

EtchantJ     NH OH + H.O- 

Longltndlnal 

Combination:    Silver to Silver 
Number U8        Cwlre)        (coupon) 

0.060 gage 0.060 

Magnification»     36l Magnificationt     2501 

Transverse 

Magnification?    36X Magnification!    2^01 

Comments«    Bonding appears satisfactory although some non-bond regions occur at 
the center (see upper right micro).    The interface is outlined by 
residual oxide accumulations.    The high thermal conductivity of silver 
apparently prevented local heating at the interface. 



AEROPROJECTS  INCORPORATED 

Etchant:     1% Nital 

METALLOGRAPHY" 

Longitudinal 

A IS I 1010 
Combination» Copper to Low Carbon Steel 

Number $1       (wire) (coupon) 
0.06U    gage    0.061? 

•    - -     .•   ■: . ■•   • 

4 -     ,    •- 
' 

m&m*-* V    J^ -P...W ...... I*,* 

& iß P.. l^%,>5 

>^W& r%*' Ä-■■< M- i 
WB Wkj. 

Magnification» 38X Magnification» 2^01 

Transverse 

Magnification» 381 Magnification»  250X 

Comments» Bond is characterized by local areas of interpenetration and surface 
contiguity. Surface films are locally dispersed. Bond appears 
satisfactory except at edges (upper right photo). 



AEROPROJECTS  INCORPORATED 

Etchant! 

METALLOGRAPHT 

Longitudinal 

AISI 1010 
Combination»    Gold to Low Carbon Steel 
Number ?2      fwire) (coupon) 

C.060    gage    0,06l 

• 

-.  V 

^t- 

Magnification» Magnification:     250X 

Transverse 

'. • • 
1 

,. ...-i* 

Ma Rnif1cation» Magnification» 2501 

Comments» Bond interface contains microvoids and negligible dispersion of surface 
film. Good physical adhesion is indicated by the joint efficiency data. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHT 

Etchant:    1^ Nital   (Nickel  Dhetched) 

Longitudinal 

/ISI 1010 
Combinationt  "A" Nickel to L. C, Steel 
Number 53 (wire) (coupon) 

0.060    gage    0.062 

.^1  »■ i«^^»!! J[K 

Magnification» 32X Magnification» 2^01 

Transverse 

.-- ■:■■■  •,■.;- ■ 

- 

■  ".   .   . 

■-;■■« 

v 
::   .,■'.   ' 

- 

Magnification» 32X Magnification» 2!>0X 

Comments» This bond displays very little interpenetration and non-uniform bond 
quality. Only superficial deformation of the mating surfaces has been 
produced at these welding conditions« Joint strength is satisfactory 
but improved bond quality would probably be achieved by modification 
of welding conditions. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHT 

Etchant»    1% Nital 

Longitudinal 

AISI 1010      A1S1 1010 
Low Carbon    Low Carbon 

Combination:        Steel    to    Steel 
Number 55 (Wire) fCoupon) 

0,062    gage    0,060 

■■; - " 

■ 

• 

Magnification:  36X 

Transverse 

Magnification: 250X 

Magnification: 36X 
Reduced to 3A Size 

Magnification: 250X 

Comments:  Thermal effects are quite apparent. Sub-grain formation and recrystal- 
lization have occurred on the surface of the wire and along the bond 
interface. The recrystallized grains tend to assume a square block- 
like outline in the longitudinal section. The interface contains 
clusters of surface debris and small voids. 



AEROPROJECTS      INCORPORATED 

METALLOGRAPHT 

Etchant: 1%  Nital 
(Stainless Steel Unetched) 

Longitudinal 

Combination: 
Number 56 

AISI 30U      AISI 1010 
Stainless    Low Carbon 

Steel    to    Steel 
(Wire) (Coupon) 
0.062 gage    0.060 

•- ■   ~ . . -.•'; 

•   ,     /V 

&# ir^ •..■aui-: g^v^v^s^^ 
iV'- 

Magnification: 36X Magnification: 250X 

' - 

Transverse 

,.^ -il ■* 

^v 
7 r 

&-. 

-*.-. 

-■r' * 

Magnification: 36X 
Reduced to 3A Sise 

Magnification:  250X 

Comments: This joint exhibits very good bond characteristics. The sub-grain 
formation and/or recrystallization hold evidence to the thermal 
effects in the carbon steel. 



AEROPROJECTS  INCORPORATED 

METAL LOGRAPHT 

Etchant» 
AISI 30U 

CcMnbination:    Copper to St. Steel 
Number 57        (wire)        (coupon) 

0.061i gage 0.060 

Not photographed at 
higher magnification 

Magnification»    361 Mafnification:    250X 

Transverse 

^^?f^. ^'^: 
Not photographed at 
higher magnification 

Magnification»    36X Magnification:    250X 

Comments»    Lack of intimate surface contact indicates inferior bonding. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHT 

Etchantt     Alkaline ferricyanide solution 

Longitudinal 

AISI 30U 
Combination: Molybdenum to St. Steel 

Number 59 (wire) (coupon) 
0.060    gage    0,060 

. 

MaFnification: U5X Magnification t 2!?0X 

Transverse 

Magnification» U^X Magnification: 250X 

Comments: Satisfactory bond. No voids or separations were observed. Intimate 
contact of the faying surfaces exists along the bond line. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHT 

EtchantJ     KCN ♦ NH. SgOg  ♦ HjO 
(stainless steel unetched) 

Longitudinal 

AISI 30U 
Combination:   ,,Att Nickel  to St,  Steel 
Number 60 (vrlre) (coupon) 

0.060    gage    0,062 

Magnificationt    32X Magnification:    2^01 

»•H 
■ V 

-  . x) —^ 

.^ 
■ • 

a 
--,/? 

-■ ^ 
» 

•   ■ 

. 0 ■   . . _ _-* 1   ■*   ■ -■-'> 

v-^: 

Magnification: 32X Magnification:  250X 

Coiranents: The dark line delineating the interface resulted from etch attack. 
Pending is satisfactory but only local areas of interpenetration 
were observed (lower right micro). 



AEROPROJECTS  INCORPORATED 

METALLOGRAFHT 

Etchant»     Alkaline ferricyanide solution 

Longitudinal 

Combination: 
Number 61 

AISI 30i« 
Rhenium to St« Steel 
(wire) Ccoupon) 
0,061    gage 0.060 

Magnification: 

Not Sectioned in Longitudinal Plane 

Magnification: 

Transverse 

^v 

^s 

Magnification: 38X Magnification:  230X 

Comments: Non-bonds and intergranular separation of the rhenium wire are evident 
in micro at 250X. Wire contains abundant porosity. Bonded regions 
appear satisfactory and indicate the feasibility of welding this com- 
bination. 



AEROPROJECTS  INCORPORATED 

METAILOGRAPHT 

Etchantt    Oxalic Acid-Electrolytie 

Longitudinal 

A1S1 30li A1S1 30U 
Combination»    St. Steel to St. Steel 

Number 6U (wire) (coupon) 

0,0625    gage    0.060 

• 

Magnification»    3UX Magnification»    2501 

Transverse 

r- s.*?^--' 

"  A\ 

Atf 

Magnification» 3UX Magnifications  2^01 

Comments: This weld, between similar materials, displays excellent bonding char- 
acteristics. The Interface is outlined by a rapid etching constituent 
most probably a combination of dispersed oxide amid severely cold worked 
material. Note that the forked portions of the interface outline grain 
boundaries and indicate the flow pattern in this area. 



Etchantt    Unetched 

METALLOGRAPHY 

Longitudinal 

AEROPROJEGTS      INCORPORATED 

AISI 30k 
Stainless 

Combination: Tantalum to  Steel 
Number 6$ (Wire)     (Coupon) 

0.062  gage 0.060 

^ 

Magnification: 36X Magnification:  250X 

Transverse 

Magnification:  36X 
Reduced to 3/U Size 

Magnification: 2$0X 

Comments:     Small voids and clusters of accumulated oxide decorate the interface; 
else-where,  integrity is excellent.    Some of the interfacial debris may- 
be non-metallic inclusions within the  stainless steel.    No positive 
identification is available. 



METALLOGRAPHY 

Etchant» Alkaline ferricyanide solution 

Longitudinal 

AEROPROJECTS     INCORPOWATEO 

AISI 301» 
Combination» Tungsten to St. Steel 
Number 6?    Cwire)    (coupon) 

0.06U-0.06? gage O.06O 

' .-.   - 1  '.M/'T     -     - -—. . —— '■ ./ ' 

 ,,'v.- ~*--^: 

"■ 
■ 

—■ — ——j'-j"^ 

:   - ^ :   •.—"— 
mmmsi ■B^Bl ■Ml 

Magnification: 381 Magnification! 2501 

Transverse 

rn 
Magnificationt 38X Magnification» 250X 

Comments: Excessive polishing relief is evident in the longitudinal section; 
the transverse section indicates satisfactory bonding. The surface 
of the tungsten wire was flattened and roughened, but no cracks 
were observed in these sections. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHY 

Etchant t    Unetched 

Longitudinal 

Combination:    Nickel    to    Tantalum 
Number 70        (Wire) CCoupon) 

0.060    gage    0,062 

Magnification:     36X Magnification:     2!?0X 

Transverse 

*    - 

Magnification:  36X 
Reduced to 3/U Size 

Magnification: 2^01 

Coiranents:  Only a few scattered unjoined areas were observed. As a whole, the 
joint exhibits good interpenetration and integrity of the mating 
surfaces. 



AEROPROJECTS     INCORPORATED 

METALLOGRAPHY 

Etchantx Alkaline ferricyanide solution 

Longitudinal 

Combinationt Rhenium to Tantalum 
Number 71   Cwire)    (coupon) 

0.060 gage 0.062 

Not Sectioned in Longitudinal Plane 

Magnification» Magnification» 

Transverse 

p<~si 

Magnification» 38X Magnification» 2!?0X 

Comments» Bond quality appears satisfactory except at edges of weld. Rhenium 
wire is porous. 



ACROPROJECTS      INCORFORATED 

METALLOGRAPHY 

Etchant: Combinations 
Number 72 

Longitudinal 

AISI 30U 
St. Steel to Tantalum 
(wire)     Ccoupon) 

0.0625   gage    0.062 

x \ 

Magnification! 36X Magnification:  250X 

Transverse 

k 

Magnification: 36X Magnification: 2501. 

Coimnenta: Voids and separation at the interface result in an unsound and therefore 
unsatisfactory weld. That excellent bond quality can be attained is in- 
dicated by the high degree of interpenetration evident in this weld. 



ACROrROJECTS     INCORPORATED 

METALLOGRAPHT 

Etchant:    HF ♦ HNO, ♦ Lactic Acid 

Longitndinal 

Combinationt    Tantalum to Tantalum 
Number 73 fwire) (coupon) 

0,062 gage 0,062 

X. 
<^- 

■x ^^ 

Magnification:     52X Magnification:     250X 

Transverse 

- --^ --», J 

;-'.'0'  '   ^'TJ'- 

. ^ 

• \ 

O 

Magnification» ^21 Magnification:  2^01 

Comments: The weld interface is revealed by a rapid-etching constituent which cannot 
be identified or resolved under the microscope» Very likely a mixture of 
dispersed surface films and/or severely cold worked material is responsi- 
ble for this appearance. Joint integrity is very good, and the excellent 
strength data attests to the quality of the bonding. 



AEROPROJECTS  INCORPORATED 

Etchantt    KOH + K-FeCCN^ 

(Tantalum Unetched) 

METALLOGRAPffiT 

Longitudinal 

Combination!    Tungsten    to    Tantalum 
Number 75 (Wire) (Coupon) 

0.06U to 0,066 gage 0.063 

„ .  -^-=-rr ■•■•-■ * ^M   ^^ 

•m>fjff--i •^rrrz. "" 

.     J         * f 
■ 

fc 
'-* • 

xr' -    ' 

4- 
* 

Magnification:     ^X Magnification:     250X 

Transverse 

mmmmm 
fOti, 

Magnification:    55X 
Reduced to 3/U Size 

Magnification:    250X 

Comments:    Metallographically, bond quality proved difficult to determine because 
of the interface relief.    No large voids were observed;  the surfaces 
appeared to be in intimate contact.     Note  the crack in the tungsten 
wire. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHY 

EtchantI HN03 ♦ HF ♦ HgO 
(stainless steel unetched) 

AISI 30U 
Combination: St. Steel to Titanium 
Number 77   Cvire)     fcoupon) 

Longitudinal 

Magnification: 3UX Magnification:  2^0X 

Transverse 

Magnification: 3UX Magnification:  250X 

Comments: A recrystallized zone in the titanium surrounds the bond interface« 
Local etching attack at the interface exaggerates the width of the 
bond line. Bonding quality is unsatisfactory in transverse section. 



AEROPROiECTS  INCORPORATED 

METALLOGRAPHT 

Etchant:  Alkaline ferricyanide etch 

Longitudinal 

Combination: Molybdenum to Titanium 
Number 79    (wire)     (coupon) 

0.060 gage 0.062 

Magnification: UU.^X Magnification: 2^01 

Transverse 

Magnification: UU.5X Magnification: 250X 

Comments: Bonding resulted in a thin bond of recrystallization in the titanium 
sheet. Width of the bond line is exaggerated by etching. Lack of 
interpenetration of faying surfaces was observed. Good bonding. 



META1L0GRAPHT 

AEROPROJECTS      INCORPORATED 

Etchant t Unetched 

Longitudinal 

Combination:  "AB Nickel to Titanium 
Number 80     (wire)     (coupon) 

0.060 gage 0,070 

Magnification: 32X Magnification: 250X 

Transverse 

Magnification: 32X Magnification: 2501 

Comments: Although deformation of the nickel wire is severe, mutual interpenetra- 
tion of the faying surfaces has not been sufficient to prevent inter- 
facial void formation. Bonding in areas of contact is satisfactory, but 
the weld as a whole is unsatisfactory because of the discontinuous char- 
acter of the bonding. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHy 

Etchantt HNO, + HF + H.O 

Longitudinal 

Combinations Tantalum to Titanium 
Number 81    Cwire)    (coupon) 

0,062 gage 0.070 

• ■ ■  •--- '"■.-;■-^     '"L      •  

Magnification: 36X Magnification:  2^01 

Transverse 

■.■,■'-•■' 

'    ■ i". 1 
«    ■ I- 

»v*a 

^rv^^: j£ 

Magnification» 36X Magnification: 250X 

Comments: The tantalum wire was flattened and impressed into the titanium sheet 
resulting in a plane interface. The formation of alloy layers is 
evident. Since the diffusion layers are continuous, weld quality can 
only be judged by the characteristics of the (unknown) alloy phases. 



AEROPROJECTS  INCORFORATED 

METALLOGRAPHY 

Etchant: HNO + HF + HO Combinations 
Number 82 

Longitudinal 

Titanium to Titanium 
(wire)    Ccoupon) 

0,063 gage 0.070 

Not Sectioned in Longitudinal Plane 

Magnification: Mapnification: 

Transverse 

1 VV--»'^- »"S^r «w 

Magnification: 32X Magnification»  250X 

Comments: The partially recrystallized zone in the sheet and wire indicate that 
substantial heating occurred during formation of the weld» Bonding is 
good with many areas of complete structural continuity across the inter- 
face. The interface is delineated by the rapid-etching oxide-laden 
film. 



T— 

AEROPROJECTS  INCORPORATED 

METALLOGRAPHY 

Etchant:   Alkaline ferricyanide solutionfw) Combination:  Tungsten to Titanitm 
Ntanber 83 (wire) (coupon) 

0.061i-0.066 gage 0.063 
Longitudinal 

HF ♦ HN0- * HgO (Ti) 

-. ■ , ■ ■ 

MaFnification:    59X Magnification:     2^01 

Transverse 

■ ■ . 

1      -■.    . 

.   ■ 

'■■■■■■: 

m&mM^^^^-- 'A->>-+&WMh^k 

Magnification: 59X Magnification: 250X 

Comments: The titanium sheet has been locally recrystallized adjacent to the 
interface. Bond quality is satisfactory. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHT 

Etchant»      Alkaline ferrlcyanide solution 

Longitudinal 

Combination! 
Number 86 

••A" Nickel to Tungsten 
(wire) fcoupon) 

0,060    gage    0.063 

Magnification:    381 Magnification:    250X 

Transverse 

Magnification:    38X Magnification:    250X 

Comments:    Cracks in the tungsten sheet parallel to the weld plane are evident 
in the micros.     Bonding  is  satisfactory. 



AEROPROJECTS  INCORPORATED 

MBTALLOGRAPHT 

Etchantl Alkaline ferricyanide solution 

Longitndinal 

Combination» Tantalum to Tungsten 
Number 89   (wire)    (coupon) 

0.062 gage 0.0^8-0.061 

■ 

Magnification: USX Magnification: 250X 

Transverse 

r 
■a^M^»    >■«■ M^kaMMMiäilÜ 

Magnification: U8X Magnification: 250X 

Comments: Unsatisfactory bonding with catastropic cracking in the tungsten 
sheet beneath the contact surface. 



AEROPROJECTS  INCORPORATED 

METALLOGRAPHY 

Etchantt      Alkaline ferricyanide  solution 

Longitudinal 

Combinationi    Tungsten to Tungsten 
Number 91 (wire) Ccoupon) 

0.0.^-0.057  gage 0.060 

(Not photographed at 
higher magnification) 

Magnification: 36X Magnification: 

Transverse 

(Not photographed at 
higher magnification) 

Magnification: 36X Magnifications 

Conunentst The tungsten wire is split through the center and the sheet is 
cracked in the weld region. Unsatisfactory welding. 



«EROPROJECTS      INCORPORATED 

METALLOGRAPHY 

Combinationi Molybdenum to Copper 
Nunber 3A     (wire)    (coupon) 

0.0008 gage 0.00$ 

Combinationt Tungsten to Copper 
Number 11A   (wire)   (coupon) 

0.0003 gage 0.0$5 

Uhetched 1000X 

Commentsj  Bond quality is difficult 

to ascertain with certainty because 
of polishing relief at the interface. 
The wir« is mechanically interlocked 
to the surface, but bond quality Is 
questionable. 

Uhetched 1000X 

Commentst Simple impression and sepa- 

ration of the hard tungsten wire into 
the softer copper sheet is shown. No 
bonding (except perhaps mechanical in- 
terlocking) was achieved. 

Combination! 
Number 77A 

AISI 30U 
Stainless 

Steel   to Gold 
(wire)    (coupon) 
0.001 gage 0.060 

Unetched 1000X 

Comments« Mechanical Joining only is 
shown here. The sliver of gold on 
the flat surface of the stainless wire 
apparently was transferred from the 
welder sonotrode tip. 

Combinationt 
Number 2liA 

Titanium to Molybdenum 
(wire)     (coupon) 
0.001 gage 0.060 

Et chant t KOH ♦ K-Fe^N^   1000X 

Comments« Moderate deformation of the 
titanium wire and non-bond areas char- 
acterize this weld section. Etching 
has exaggerated the interface and 
revealed several microcracks in the 
molybdenum at the edge of the weld. 



A E R O P R O J E C T S I N C O R P O R A T E D 

METALLOGRAPHY 

CombInations Gold to Nickel 
Number 27A (wire) (coupon) 

0.0003 gage 0.060 

Unetched 1000X 

Conunentsi Extreme flattening of 'Jie wire, shown 
in this (transverse) section^ was observed with-
out penetration of the oxide surface film on the 
nickel sheet. Adhesion between the wire and the 
surface film was sufficiently strong to withstand 
handling and metallographic preparation although 
half of the bond has separated. This type of ad-
hesion is unsuitable for electrical connections. 

AISI 30U 
Combination: Molybdenum to Rhenium Combinationj Stainless 
Number 38A (wire) (coupon) Number 50A Steel to Silver 

0.008 gage 0.060 (wire) (coupon) 
0.001 gage 0.060 

Unetched 1000X 

Comments» The molybdenum wire was de-
formed without cracking during welding. 
Intimate surface contact indicates a 
satisfactory weld for this combination. 

Unetched 1000X 

Comments* The wire is both bonded 
and impressed into the sheet surface 
exceot in the area near the surface. 



AEROPROJECTS     INCORPORATED 

METALLOGRAPHT 

Combination! Titanium to AISI 30U 
NuDiber 66A Stainless 

Steel 
(wir«)     (coupon) 
0.001 gag« 0.060 

Combination! Molybdenum to Tantalum 
Number 69A    (wire)     (coupon) 

0.0008 gage 0.060 

r 
Uhetched 1000X Uhetched 1000X 

Commentst The specimen Is not bonded. 
Metal fragments (grinding debris) have 
lodged in the void between the wire and 
sheet» The wire was apparently only 
impressed into the surface of the sheet 
without substantial bonding of the fay- 
ing surfaces* 

Comments! Good bonding is indicated 
along the base of the deformed molyb- 
denum wir«. Voids exist at the edges 
of the wir«. No microcracks were ob- 
served in the flattened molybdenum 
wire. 

Combination! 
Number 78A 

Copper to Titanium 
(wire)   (coupon) 

0.0005 gage 0.067 

Combination! 
Number 90A 

Titanium to Tungsten 
(wir«) (coupon) 
0.001 gag« 0.056 

uhetched 1000X Dhetched 1000X 

Comments! The softer copper wire has 
been severely deformed during welding. 
Note the similarity of the wire surface 
and interface contour. Bond quality 
appears satisfactory. 

Comments! This weld section illustrates 
satisfactory bonding. The deformation 
of the wire afforded a larger contact 
area and reduced the thickness of the 
weld member. Comparison of this micro 
with the Ti/Mo section (Comb. #79) in- 
dicates that similar bonding behavior 
could be achieved with a change in 
welding machine settings. 
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