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INTRODUCTION AND SUMMARY

During the second quarter, effort on fabrication techniques of
a shrouded titanium impeller was directed toward completion of
the detail design drawings for full size hardware fabrication.
Major effort was also placed on fabrication and diffusion bond-
ing of simulated impeller samples to determine, and then elimi-
nate, possible problem areas that could arise in bonding of the

full size impeller assembly.

Detail drawings for the impeller pre-bond assembly have been
completed and cost quotations are being obtained. Three trial
simulated impellers have been fabricated, the first and third
of which have been bonded. Complete filling of the fillet
areas did not occur on the first sample, which used 17-L PH
restrainer tooling material. In view of possible excessive
restrainer growth on the first sample, new split ceramic re-
strainer tooling was fabricated and utilized in bonding of the
third sample. Complete fillet formation again was not achieved,

and therefore the sample will be recycled before core removal,

Fabrication of six test specimens and tooling has been completed
to determine the optimum bonding temperature and pressure for
titanium alloy (5 Al 2.5 Sn). One of these specimens has been
placed through the bonding cycle. Estimated delivery date for

i gings to fabricate two camplete assemblies is
15 January 1968. The cumulative expenditure to date is approx-
imately 1761 hours and $38,L36.
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IMPELLER DETAIL DESIGN AND
TECHNIQUE DEVELOPMENT

IMPELLER DESIGN

Detail drawings for the impeller pre-bond assembly have been completed and
are shown in Fig. 1. This impeller will be capable of being tested in the
Mark 29 liquid hydrogen pump with minor modifications. Major design param-
eters are: head rise- 16,100 ft, flowrate - 975L gpm, speed - 29,800 rpm,
blade discharge angle - 37 degrees, number of vanes -7 full and 7 partial,
discharge diameter - 12 inches. The front shroud, back shroud, vanes, and
cores will be fabricated as matched assemblies to minimize required tolar-
ances and thus reduce the amount of titanium that must be moved during the
bonding cycle. An allowance of 0,040 inch has been added to all passage
surfaces to permit removal, by chem-milling, of the interaction layer formed
‘during the bonding process. Cost quotations are being obtained for fabrica-

ting two of the pre-bond assemblies shown in Fig. 1.

DIFFUSION BONDING TEST SAMPIES

Three simulated trial impellers have been fabricated, two of which have
been bonded. Six specimens for determining the best bonding conditions

have been fabricated, and one has been run through the bond cycle.

First Trial Impeller Sample

Figures 2 through 6 are a sequence of photograpohs showing the sample in var-

ious stages of assembly before bonding. Figure 2 shows the simulated impeller
front and back shrouds, and vanes. In reference to Fig. 2, the front shroud
is represented by the cylindrical ring and the back shroud by the contoured
hub, Figure 3 shows the impeller assembly with lower pressure plate, outer
shroud, vanes, and cores. The cores are L340 steel filler material shown be-
tween the vanes. Edges of the cores have been rounded to permit formation

of wvane to shroud fillets while bonding. In reference to Fig. 3, the back
shroud has been omitted to show the fillet areas at the edge of the cores

that must be filled during the bonding process. Figure Lb shavs the cores,
upper and lower pressure plates, and outer restraining tooling. Figure 5b

shows the impeller and tooling assembly prior to installation in the retort.

Fig. 6 shows the completed assembly in the retort rezady for the bonding cycle.
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Figure 2a

Figure 2b

Figure 2a & 2b, Simulated Impeller -~ Trial Sample
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Fig. 3a

Fig. 3b

Figure 3a & 3b., Simulated Impeller - Assembly with Cores and Lower
Pressure Plate (Without Back Shroud)
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Fig. lb. Cores, Pressure,Plates, and Outer Containment Tooling

Figure L. Simulated Impeller Assemblies
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Fig. Sb Assembly With Upper Pressure Plate

Figure 5. Simulated Impeller Assembly




Figure 6.

Complete Simulated Impeller Assembly
Ready for Bonding
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The first sample was bonded at a temperature of 1750 deg F for a period of
16 hours. Pressure on the pressure plate was varied from 2000 to LOGO psi
during the 16 hours. Time at ;000 psi was a minimum of 3 hours. Figures

7 and 8 show the sample after removal from the retort and restrainer tool-
ing. A force of 280,000 pounds was required to remove the sample from the
restrainer tooling, due to bonding of L3LO steel cores to the 17-L PH

outer restrainer. As can be seen from the photographs, this caused a

slight separation of the tooling and rear shroud. Detail inspection indi-
cated the interaction layer between the cores and impeller to be less than
0,010 inch thick. It was also noted that camplete forming of the fillets

at the impeller discharge did not occur at all joints. Figures 9, 10, and
11 are different views of the impeller subsequent to a light machine cut

for surface clean up. Figures 12(a) and 12(b) show the sample after leach-
ing of the cores and initial chem-milling to remove the interaction layer.
As can be seen from Fig. 12(a), a complete formation of the fillets did

not occur on the vanes in the impeller passages. Investigation indicates
that this may be attributed to growth and yielding of the outer restrainer
tooling and/or incorrect length of time and pressure at the bonding tempera-
ture. Examination of the fillet area at the impeller eye under a magnifica-
tion of 250 (see Fig. 13) indicated that a slight notch of 0.00L inch existed
after initial chem-milling. Lines existing on Fig. 13 are scratches on the
specimen. Additional chem-milling was performed on the part to remove a
total of 0.020 inch of material and thus eliminate the notched area.

Figure 1L(a) and 1L (b) show the inner and outer fillet at the impeller eye
at a magnification of LO after total material removal of 0.020 inch on

each surface,

Figure 15(a) and 15(b) show the grain structure of the titanium material
before and after bonding at a magnification of 250X. As can be seen, grain

growth occurred during the bonding process.

Figures 16 through 18 are photographs of the first sample impeller after
final chem-milling. Originally it was planned to remove a total of 0.CuO
inch of material per surface by chem-milling and to section the part for
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11-7-67 5987-91=2A

Figure 7. Test Sample After Removal From Restrainer Tooling
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Figure 8. Test Sample After Removal From Restrainer Tooling
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Figure 9, Test Sample After Clean Up Machining - Inlet Eye View
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Figure 10, Test Sample After Clean Up Machining - Rear Shroud View




LAP 68-9 (RC)
Page 1k

Figure 11, Test Sample After Clean Up Machining - Eye and Discharge View
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Figure 12(a). Eye View

Figure 12(b). Side View

Figure 12, Test Sample After Core Removal
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Fipurel3. Typical notch at eye vane fillet on first trial sample.
Magnification 250 x - Notch 004 inch deep.
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Figure 14(a)

Vane Fillet at Inner Shroud - LOX

Figure 1l (b)

Vane Fillet at Outer Shroud - L0X

Figure 1lj. Photographs of Vane Fillets at Impeller Eye on First Trial
Sample After Chem-milling of 0.020 Inch (Magnification LOX)
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Fig. 15a. Before Bonding or as Received

Figure 15.

Fig. 15b. After Bonding

Photographs of First Sample Grain Structure Before and After
Bonding. Alloy T3 5AL- 2.5 Sn Forging. Magnification 250X.
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12:8-617 5986-852-1C

Figure 16, First Trial Sample After Final Chem-Milling - Eye Discharge View
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12-5-67 5986-852-1A

Figure 17. First Trial Sample After Final Chem=Milling - Eye View
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W e

Figure 18. First Trial Sample After Chem=Milling - Discharge View
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tensile specimens. However, in order to minimize cost it has been decided
to perform this testing on the sample which represents the more optimum
bonding conditions. A total of 0.020 inch of material per surface was
removed by chem=-milling from the first test sample. Dye penetrant in-
spection of the bond joints after final chem-milling indicates that a
localized crack about 1/32 inch deep exists at the edge of the impeller

discharge vane fillets,

Second Trial Impeller Sample

The second trial impeller sample is shown in Figs., 19 through 22, The
core tooling for the second trial sample has been modified to determine
the effect of a core split line on the flow passage wall. Figure 19
shows a disassembled view of the modified core and impeller assembly.
Figure 20 shows a partially assembled view with the aft shroud removed.
Figure 21 and Fig. 22 show views of the impeller eye and impeller dis-
charge for the assembled unit.

Bonding of this unit has been deferred pending determination of optimum

bonding conditions with the six test specimens discussed under Optimum

Bonding Condition Determination.

Third Trial Impeller Sample

A third trial impeller was fabricated (at no cost to the program). This
sample was identical to the first sample; however, H-1l tool steel was
used for core material in lieu of L3LO steel. H=11l tool steel was selected
because of its better high temperature characteristics. The third sample
has been bonded using new restrainer tooling designed to minimize radial
growth during the bonding cycle. This tooling was originally intended for
use in bonding the second sample. The new restrainer consists of an inner
cylindrical stainless steel liner 1/l inch thick, an intermediate ceramic
cylinder 6 inches in thickness, and an outer retainer of L3LO steel about
3/l inch thick.
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Figure 19, Disassembled View of Second Trial Sample Showing Modified Core
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Figure 20, Partially Assembled View of Second Trial Sample Showing Modified Core
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Figure 21. Assembled Eye View of Second Trial Sample
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Figure 22, Assembled Discharge View of Second Trial Sample
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The ceramic and outer steel restrainer are split to prevent damage to the
ceramic during assembly and disassembly. A castable massrock material man-
ufactured by the Glass Rock Products Corporation was used for the ceramic
restrainer. This material has low coefficients of thermal expansion and

heat transfer.

Figures 23 through 28 are a series of photographs showing the sample in
various stages of assembly and disassembly before and after the bonding
cycle. The third sample was bonded at a temperature of 1650 deg F for
a period of 16 hours with constant pressure of 2000 psi on the pressure
plate. It should be noted that the cracks in the ceramic restrainer
shown in Fig. 28 after the bonding cycle, are curing cracks and were
present before bonding. It is planned to use the same restrainer for

the second sample.

Visual inspection of the third trial sample, after removal from retort
and tooling, indicates that complete formation of the fillets did not
occur. Preliminary investigation indicates that the required axial de-
formation for complete filling of the fillet areas did not occur. Al-
though the required compression was indicated the reason for not achiev-
ing it on the actual part has not as yet been determined. It is planned
to fabricate a new retort and restrainer, and recycle the part to achieve

complete formation of the fillets.

Optimum Bonding Condition Determination

It has been found that some titanium alloys have an optimum temperature
at which the material becomes most plastic and is thus more optimum for
bonding. This temperature may also be significantly lower than the beta
transition point thus allowing a greater margin between the bonding tem-
perature and the beta transition point, which must be avoided if material
properties are to be maintained. As this information is not available on

the particular alloy being used (5 A1-2.5 Sn), it has been decided to
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Fig. 23a. Impeller Assembly Outside of Retainer

Fig. 23b. Impeller Assembly in Retainer

Figure 23. Third Trial Sample - Partial Assembly Prior to Bonding
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Fig. 2ha. Assembly With Retort Cover Removed

Fig. 2Lb. Assembly With Retort Cover in Place

Figure 2lj. Third Trial Sample - Prior to Welding Retort
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Fig. 25b. Restrainer With Steel Shims in Place

Figure 25. Third Trial Sample Restrainer Tooling
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Fig. 26a. Retort Assembly Removed From Restrainer

Fig. 26b. Retort Assembly in Restrainer

Figure 26. Third Trial Sample - Retort Assembly and Restrainer Tooling
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‘ Fig. 27a. Retort Assembly in Restrainer

Fig. 27b. Retort Assembly Removed from
' Restrainer

Figure 27. Third Trial Sample After Bonding
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Figure 28.

Close=Up View of Ceramic Restrainer - After the
Bonding Cycle
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determine the best bonding temperature and pressure by performing tests
on six small samples fabricated from 7/8 inch diameter rod (alloy 5 Al-
2.5 Sn). Fabrication of these samples including tooling has been com-
pleted and one specimen has been placed through the bonding cycle.
Figures 29 through 32 are a series of photographs showing one of these

test specimens in various stages of assembly.

The first specimen was cycled under conditions identical to that of the
first impeller test sample. These conditions were selected as a basis
for comparison. Figure 33 shows the results of the test on the first

specimen. It can be seen that the 4340 steel die deformed and complete
filling of the large gap did not occur under the bonding conditions em-
ployed. Subsequent tests will employ a lower temperature and pressure.
H-11 tool steel will also be tried for the die material to determine if

die deformation can be reduced.

FORGING STATUS

Titanium forgings for the front shrouds and vanes and blades have been
received. Tensile specimens are being taken from these forgings to
determine properties. A new estimated delivery date for the back shroud
die forgings is 15 January. Steel forgings for the core material (either
4340 or H-11) will be procured, pending examination of the third trial

sample.

PLANS FOR NEXT QUARTER

During the next quarter, bonding of the second impeller sample will be
completed. Optimum bonding conditions will be determined with completion
of testing on the 7/8 inch diameter (5 Al 2.5 3n) specimens. DSxamination
and analysis will be completed on the second and third trial impeller
samples. Fabrication of the full size impellers will be initiated, pend-

ing results of the diffusion bonded samples and review with NASA.
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33a. View Comparing Sectioned
Part After Pressing and
New Tooling

33b. Close-up View Showing Tooling
and Titanium Deformation

Figure 33. Sectioned View of First 7/8 inch Test Specimen After
Simulated Bonding Cycle




