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A.

Purpose

To study the electron beam welding process as applied to the welding
of the 0.5 Ti-Mo alloy.

B. Details and Test Procedure
1. Electron Beam Heldiqg Equipment

. Operation of the equipment was interrupted for a period of
approximately five weeks due to maintenance of the vacuum pumping system.

2. Electron Beam Welding of Test Assemblies

Electron beam welded assemblies of the 0.5 Ti-Mo alloy sheet
material in gage thicknesses of 0.030", 0.060" and 0.125" were prepared
using welding schedules developed in preliminary studies. Welding
schedules were chosen which would produce a vee-shaped weld zone con-
figuration and a narrow parallel-sided weld zone configuration respsctively,
in each gage thickness of material.

3. 8ectioning and Machining of Test Specimens

Due to the inherent brittleness of the 0.5 Ti-Mo alloy material
and the embrittlement induced during the welding operation, special
technigues were required to section the welded assemblies and machine
specimens. During shearing or saw-cutting, cracks developed which
propogated into the sheet at approximately 45° to the line of cutting
or shearing. Cracking was not encountered in friction cutting but
burning of the edges was unavoidable and the cuts that were made were
ususlly not straight. Sectioning vas sccomplished using a high speed
cut-off vheel with a modified clamping fixture to accommodate the flat
welded assembly. Tensile specimen blanks sectioned in this manner were
subsequently finished to size by a grinding operation.

k. Tensile Tests
Tensile tests were conducted on electron beam welded specimens
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of the 0.5 Ti-Mo alloy in three gage thicknesses of sheet material.
Similar tests were conducted on bese metel specimens. The results of the
tests are given in Tables 1 and 2. A couparison of the resulis are
given in Table 3.

C. Discussion of Results

In preparing welds having a narrov weld zone configuration, alignment
of the electron beam and the seam to be welded was critical. Alignment
was even more critical on lighter gage material when lov beam-currents
and a finely focused bean were used. A five inch seam misaligned with the
beam by 1/16" at the end of the weld resulted in lack of fusion on one
face for almost one third of the sean.

Bxamination of cross-sections of the electron beam welds in the .030"
gage material revealed vee-shaped weld configuration at both ithe high and
low power densities. The narrow, parallel sided weld configuration appears
to be limited to the heavier gage materials.

A more realistic appraisal of the tensile properivies of electron
beam weld in the 0.5 Ti-Mo alloy material was gained by excluding strength
values of those welded specimens which were badly undercut or only
partially fused. With the exclusion of ithese .:. strength values, weld
strength variation was found noi to exceed 15% and joint efficiencies for
the three gage thicknesses was greater than 60%. The vee-shaped weld
configuration provided higher joint efficiency and lower variation in
strength in the two lighter gages of material, .03C" and .0G0". The
higher Joint efficiency, 77.6%, was obtained with the narrow weld zone
configuration in the 0.125" gage material.

D. Conclusions and Recomendations

Sectioning of molybdenum alloy sheet maierial is best accamplished
with the use of high speed cut-off vheels uiilizing excess coolant. This
mode of sectioning is recommended for molybdenwn and its alloys and other
inherently briitle materials.

Of the welding parsmeters necessary to produce a narrov weld sone in
the .030" and .060" material alignment is very critical and partially
fused or undercut welds may result vhen the beam is only slightly off the
sesm. In order to insure sound electron beam velds, the wider, "vee'-
shaped weld configuration is recommended for the lighter gages, .050" amd
lover. The narov, parallel sided weld zone configuration is much easier
to obtain in the heavier gage material because of the high beam pover
density required for complete penetration and the wider beam at these
pover levels. Because of the higher joint efficiency obtained with the
narrov weld zone, this veld zone configuration is recommended for sheet
thickness .060" and over.
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E. Puture Work

Investigative efforts on the 0.5 Ti-Mo alloy will be curtailed in
favor of a newly developed alloy of molybdenum identified as the TZM
alloy. Until the TZM alloy is received, the electron beam welding
properties of specially fabricated tungsien wiil be determined. This
material has been received in gage thicknesses of .010", .060", .l00",
and .250". 1Initial work on the tungsten sheet will be concerned with
establishing schedules for electron beam welding each thickness of

material.
Prepared by: ,& ol % /{}./ i

Bward F. Deesing r

Test Engineer
Approved by:
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TENSILE PROPERTIES OF 0.5 Ti-Mo ALLOY

Grain Ultimate % Elon.
Gage Direction Strain Rate Stress (G.L = 2")
.030 Transverse 0066 in/in/min 151,333 6.0
.030 Transverse. .- .0066 in/in/min 150,666 7.0
.030 Longi tudinal .0066 in/in/min 111,333 11.0
.030 Longitudinal .0066 in/in/min 140, 000 12.5
.060 Transverse .0057 in/in/min 141,333 11.5
.060 Transverse .0057 in/in/min 135,830 10.5
.060 Longitudinal .0057 in/in/min 127,333 13.0
.060 Longitudinal .0057 in/in/min 127,666 19.0
125 Transverse .005 in/in/min 110,3C0 10.5
125 Transverse .005 in/in/min 108, 180 11.5
.125 Longi tudinal .005 in/in/min 106,080 17.5
125 Longitudinal .005 in/in/min 10%,6L0 16.5
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Iae 2
N )| 1 D T8 IN 0,5 Ti-MNo ALLOY
Ultimeto Weld
e TR MBPRMS-  cinfste. DewileBests  Jans
«03% 24 kv 80 n2 90 poi 10025 infin/ain 19,100 Narrow
«0%0 24 v 80 ma 90 psi +002% in/in/ain 92,000 Narrow
.030 26 xv 80 sa 90 psi «0025 in/in/ain $3,500 Narrow
Average - 84,500
«0% a7 xv 40 »2 40 psi +0050 in/in/ain 82,000 Vee
«03% 27 xv 40 a2 40 psi +0080 in/in/ain 71,%0 Vee
«03%0 27 xv 40 ma 40 psi +0050 in/in/nin 21,000 Vee
Aversge - 78,300
«060 21 v 170 ms 2 psi «00%0 in/in/ain 82,200 Narrow
«060 a2 v 170 @2 0 psi «0050 in/in/ain 15,700 Nerrow
«060 21 &v 170 @a 70 psi «0050 in/in/ain 24,900 Nerrow
Average - 77,400
«060 2 v 110 ma S0 poi «008 in/infain 90,000 Veo
«060 21 xv 110 sa S0 pai +008 in/in/ain 84, 300 Voo
<060 LKV 110es %0 pei «008 in/in/ain 90,100 Voo
«060 2 v 110 @s $0 pei <008 in/in/ain 03,700 Vee
«060 21 kv 110 ma %0 pei «008 in/in/ain ‘83, 300 Veo
«060 21 v 110 @ $0 pei «005 in/in/uin 80, 300 Vee
«060 2 xv 110 ;e $0 poi +005 in/infain 23,000 Vee
Average = 03,060
128 0 Ky %0 @2 0 psi <008 infinjein 73,800 Narrow
128 2 Kv 260 e 0 pai «008 infinfuin 83,700 Narrow
128 % Kv 260 me 00 poil «008 infin/uin 85, 300 Narrow
128 n w 260 =2 » pei 08 infinfain 04,3500 Nerrow
AMverage - 01,000
-128 N K 200 = % pi 008 infinfain 68,400 Veo
128 2 xv 210 o 38 pei «008 infinfein 70,100 Vee
o128 2 Ky 210 s 3% poi «008 infin/ain 70,000 Vee
A28 LA L T 008 infinfain 73,900 Vee
o128 4 Ry 7N s 98 pel «008 in/in/ain S2.600 Voo

Merage « 69,0600
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