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ABSTRACT

During the period of operator training and preproduction evaluation
with the 600-watt ultrasonic welder at Tung-Sol Electric Incorporated, dif-
ficulties developed with some of the special tools required for fabrication
of the Type 6080WB electron tube. Some trouble was also experienced with
replacements fabricated at Aeroprojects to the specifications of the origi-
nal tools. Remedial action for these difficulties has been initiated, and
tools have been redesigned for resistance to accidental damage. The 500-watt
welder has been returned to Aeroprojects' laboratories fur systematic check-
out of the redesigned tooling and review of the assembly sequence for the
Type 6080WB electron tube. Three welding tips and one anvil assembly have
been fabricated and evaluated, and the remaining tooling revisions will be
completed shortly.

Inves:igations with the tungsten-rhenium wire, as well as the molyb-
denum frare grid welding study, have been curtailed because of the effort
required with the redesign and evaluation of the tube welding tools. A
600-watt welding tip for the frame grid welding study has been fabricated,
and welding investigations will be resumed during the forthcoming report
interval.
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PURPOSES

The objectives of this Production Engineering Measure (PEM) are to:

Demonstrate the capability limits of ultrasonic welding to join com-
binations of metallic materials of interest to the electron-tube
industry. DIevote major effort to making satisfactory joints in ma-
terials and geometries which might be difficult or impcssible to
Join by other means.

Analyze the welding requirements for a specific electron tube -

Type 6080OWB. This type was selected by the U. S. Army Electronics
Command because it has a record of failures due to metallic splatter
caused by conventional welding techniques and improperly welded
Joints.

Redesign components of the Type 5080WB electron tube where possible,

to permit ultrasonic welding of joints previously found impractical.
This effort will result in a tube mount with as many connecticns as
possible produced by ultrasonic welding so that evaluation of electron-
tube performance will not be confused by the influence of metal-to-
metal Jecints produced by other welding or joining techniques.

Determine the feasibility of joining 0.003-inch gola-plated molybderam
grid wires to 0.060-inch molybdenum side bars by ultrasonic welding
for frame grid manufacture. If successful, redesign applicable compo-
nents of the Type 6080WB electron-tube mount to permit the use of frame
grids.

Prepare fixturing and tooling for the Type S080WB electron tube, com-
patible with ultrasonic welding equipment.

Ultrasonically weld the parts required to assemble electron-tube mounts
for the 6080WB tube type, and compare results obtained against similar
sub-assemblies made by conventional joining methods. Tests will include
strength and environmental tests.

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.

Install the ultrasonic welding equipment in a production company, and
produce on a pilot basis with that company's personnel a limited lot
size of Type 5080WB electron tubes for subsequent evaluation in ac-
cordance with the applicable military specification.
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NARRATIVE AND DATA

I. ELECTRON TUBE STUDY

A. Tung-Sol Activity

Activity at Tung-Sol Electric Corporation facilities during this period
has been concentrated upon training personnel in the operation of the 600-watt
ultrasonic welder and in the assemhly sequence required for the fabrication
of the Type 6080WB electron-tube mounts with the special tooling provided with
the welder. Operator training was preceded by equipment check-out by
Aeroprojects field engineers at Tung-Sol and instruction of supervisory
personnel. During a preproduction welding program conducted to familiarize
personnel with operational and assembly procedures, difficulties with some
of the welding tools and fixtures developed. Although the tocls had been
utilized effectively prior to delivery to Tung-Sol, sufficient repetitive
welding had not been carried out to permit observation of the damage which
later occurred.

The projection of the A-1 anvil tip (Sixth Quarterly Progress Report,
page L) fractured after extended walding; it was therefore redesigned and a
replacement was fabricated by us. The anvil was replaced in service at
Tung-Sol and satisfactory performance has been reported. Several hundred
welds have since been made without damage. The redesign provides for re-
placeable inserts which can be attached simply to the tool body and dis-
carded if damaged. During welding the tool body provides the insert with
firm support, thus ~liminating the bending movement of the prcjection which
caused the fracture. Figure 1 shows the new anvil.

Difficulty was also experienced with welding tips T-2 and T-3 (Sixth
Quarterly Progress Report). Tip T-2 fractured through the threads in the
shank, and tip T-3 chipped at the front edge of the welding surface. Re-
placement tips, made from the same material as the original parts (Carpenter
RDS tool steels, were fabricated by us and returned to Tung-Sol. A similar
fracture occurred in the T-2 replacement after several hundred welds. The
T-3 tip replacement chippcd in & manner similar to the original, but con-
tinued to produce satisfactory welds ufter a flat surface was ground on the
chipped face.

B. Aeroprojects Activity

These instances of tool difficulties indicated that tooling improva-
ments were required for repetitive producvion welding. Accordingly, the
600-watt welding machine and existing tooling in service at Tung-Scl were
returned to Aeroprojects to permit a comprehensive review of tooling design
and performance, particularly with regard to the requirements of the S080WB
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tube assembly. Verbal approval for return of the welder to Aeroprojects
was obtained from the Project (fficer on December 1, 1964, and, after
arrangements with Tung-Sol were initiated, the welder was returned by
Aeroprojscts personnel on December 2, 1964. During the last three weeks
in December, welder tooling was reviewed for isolation of causes of dif-
ficulties, and corrective redesign was begun.

Causes of the difficulties have been reasonably well established; it
appears that a sharp edge of the chamfer (i.e., the intersection of the
clamfer and the outside diameter of the tool body) probably initiated the
trouble.

After thorough review of the tool designs, the first five tips in the
Type 6080WB tube assembly sequence (T-1 through T-5) were redesigned. Fede-
sign provided for a two-piece construction (comprising a type 303 stainless
steel body to which a working face of Udimet 700 alloy is attached with
siiver bragze) which eliminates costly machining operations on the difficult-
to-machine Udimet 700 alloy. (See Figure 2 which is a representation of this
two-plece cross section.) The staialess steel body has a reinforcing ring
in the chamfer area where the earlier difficulties apparent’y originated.
The superior service life demonstrated in earlier work ty Udimet 700 led to
its selection as the tip face material.

Redesigned tips T-1, T-2 and T-3 were then fabricated. Acoustic check-
out was followed by welding use studies, which continue in pregress. Photo-
graphs of the original tool steel tips and the revised tips are shown in
Figure 2.

In addition, anvil A-2 (Sixth Quarterly Progress Report, p. 5) was re-
designed and fabricated with the replaceable insert feature which haa proved
satisfactory in the redesigned anvil tip A-1. The new A-2 anvil has been
acoustically checked and found satisfactory, and welding performance is
being evaluated. Figure 3 shows the new anvil. The small dr’ll-rod insert
provides a positive stop for locating the anode support rod during welding
of the eyelets to the support rods.

During December the assembly sequence devised for the fabrication of
the Type S5080WB tube was also reexamined. The objective of the reexamina-
tion was the assessment of the sequence in relation to the tooling redesign
to effect improved assembly operations. This analysis is still in progress.
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)esign 0l1ld Design

Figure 2

MODIFIED WELDING TIPS
NEW TWO-PIECE CONSTRUCTION TIPS (Left)
ORIGINAL TIPS ARE SHOWN AT RIGHT
(Scale of photographs: 1:1)




Figure 3

REDESIGNED ANVIL TIP A-2

(Scale:

Approximately 1:1)
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II. COMPONENTS WELDING

A. Tungsten-Rhenium Wire Welding

The grooved welding tip described in Quarterly Progress Report No. 9
did not alleviate the cracking of the 0.003-ineh W-3 Re wire during welding
to 0.060-inch tungsten sheet. After several welding attempts, the small
groove (0.003-inch diameter by 0.0015-inch deep) had been damaged by the
fractured wire fragments and required redressing. Effort to resolve this
problem has been postponed until a welding tip, designed for the frame-
grid welding study described below, can be fabricated and evaluated.

B. Frame-Grid Welding

Analysis of the frame-grid welding operation has been completed, and
initial welding studies of the frame-grid components (0.003-inch diameter
gold-plated molybdenum wire and 0.060-inch molybdenum rod) have been
carried out with a 300-watt welder. Both grooved and spherically contoured
tips were used to determine welding respense, and incipient bonding was
achieved at the maximum power capability of the welder. Only single wire-
to-rod welds were attempted during this preliminary work.

Bonding was achieved with the 600-watt welder in the tungsten-rhenium
wire welding study, and it appears that similar power capability will be
required for the frame-grid components. Accordingly, a 600-watt welder tip
has been designed to bond two grid wires simultaneously to the frame rod.
Work will be resumed as soon as the welding tip is fabricated.

Frame grids have not yet been received from Tung-Sol, but immediate

delivery has besn promised. Sufficient material is available, however, to
proceed with preliminary welding investigations.

III. CONCLUSIONS

A review of tooling and assembly sequence of the Type S080WB electron
tube was initlated at Aeroprojects after difficulties were experienced by
Tung-Sol personnel with existing equipment and procedures. Improved tooling
has been designed, fabricated, and utilized with success.

Progress on the tungsten-rhenium wire welding and frame-grid welding
phases of this work has been delayed by the effort required for tooling
redesign and test in connection with the tube welding effort at Tung-Sol.
Study of both problems will proceed shortly.

) dhuiin
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PROGRAM FOR NEXT INTERVAL

The fabrication of improved tooling (T-L and T-5) and assembly sequence
of Type 6080WB electron tube mounts will be completed, and delivery of the
redesigned tooling and welder will be made to Tung-Sol as soon as possible
(anticipated date is mid-February, 1965). Tooling and assembly sequence
improvements will be fully evaluated at Aeroprojects, and tube mounts will
be fabricated prior to return of the welding equipment to Tung-Sol. With
engineering assistance supplied by Aeroprojects as required, Tung-Sol
should be able to initiate final tube assemblies for test by early March,

1965.
Specially designed welding tools for the tungsten-rhenium wire and

frame-grid work will be available shortly. Effort on these operations will
be resumed during the next reporting period.

PUBLICATIONS AND REPORTS

No publications or reports have been issued during this reporting period.

Technical consultation regarding the tube welding program was held with
Messrs. B. Steiger and H. Helmstetter at Tung-Sol, Bloomfield, New Jersey,
ori November 26, 1964. Messrs. J. G. Thomas and T. A. Walraven of Aeroprojects
attended.

The 600-watt welder at Tung-Sol was picked up by Mr. Walraven and an
assisting Aeroprojects technician on Dece ber 2, 1964, and returned to
heroprojects on the same date.

Technical consultation between Mr. Harry Shienbloom and Mr. J. G. Thomas
was held at USAECOM headquarters, Philadelphia, Pennsylvania, on November 3,
196L. This mesting was held to discuss technical progress and review the
program status.
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EXPENDED DURING THIS REPORT PERIOD

Aeroprojects Froject

Hours Expended During

This Report Periocd

J. G. Thomas Project Engineer 89-1/2
T. A. Walraven Senior Welding Technician LS
H. L. McKaig Vice President 0
A. L. Fuchs Chief Design Engineer N
Engineering 142
Shop 66
Sub Total 356-1/2
Tung-Sol Electric Incorporated
B. F. Steiger 0
N. Helmstetier Lo
Sub Total Lo
TOTAL 396-1/2
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Technical surveillance of this contract is under the control of the
Industrial Engineering Division, USAECOM, Philadelphia, Pennsylvania 19103.
For further technical information contact Mr. Harry Shienbloom, Project
Engineer, Telephone No. Area Code 215-KI6-3200, Extension 2137.
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