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Pacific Palisades, Calif., assignors to Northrop
Aircraft, Inc., Hawthorne, Calif., 2 corpora-

tion of California
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4 Claims,
1

Our invention relates to centrifugel impellers
and more particularly to a centrifugal impeller
assembled wholly by a copper brazing method in
suitable fixtures. 'The centrifugal impeller and
means and method of assembly thereof herein to
be described, has a specific use in the gas com-

bustion turbine shown, described and claimed in.

the following prior flled applications:

Serisl
Name Title No. Filed
Pavlecka ... ... Qas turbins..._. 403,238 | July 21,1841

Pavlecka and Northrop.| Compressor_....
________________ Airplane powar
pmnt

418,781 | Qet. 6,1841
418,478 | Nov. 10,1841

Among the objects of cur invendion are: To
provide a light, streng and integral cemtrifugoal
impeller; to provide a means and wmethod of as-
sembling a centrifugal impelier; tc provide o
means and method of forming o centrifugal im-
pelier by copper brazing in g hydwgcn QLM05~
phere; to provide 2 complement of fAunbures
whereby & centrifugal impeller may be sssembled
by copper brazing, without the usz of beolis or
similar* meaterials; to provide a meszns and
method of assembling a rojor dise, cenirifugal
vanes and a cover into = unitary impslier sivic-
ture by brazing: to provide a centrifugsl impeller
having clean, smooth and fully machined con-
tours and air passages, and to provide & stmpils,
cficient and light-weight centrifugal imweller
adavtad for high speed operation.

Cur invention possesses numersus other oL
jects ang features of advaniage, some of which,
together with the foregoing, will be get forth in
the following description of specific apm:
embodying and utilizing our novel method.
therefore to be undersiood that our met: [
applicable to other apparatus, and that we do not
limit ourselves, in any way, to the apparatus of
the present application, as we mey &dopt verious
other apparatus embodiments, utilizing
"method, within the scope of the appended claiins,

In the prior. applications cited above, & gas
combusiion turbine is disclosed wheren two
centrifugal impellers are utilized in seriss $o pro-
vide ihe supply of compressed air for the gas
combustion., Inasmuch as the preferabie use for
such a turbine is for the propulsion of aircraft,
it is essential that the impeliers in the compressor
be of highest strength, of light-weight, be per-
fectly balanced, and have clean air passages o
obtain maximum efficiency..

Broadly as to method our inventlon comprises

- which would be encouniersd in ann

5 thareto,

g Malp in place for mogt ovdin

ag the rotor disc, the outbsr surizess of §

{C1. 113—59)

2

the assembly of centrifugal vanes on g rotor dise
with the application of a cover to the vanes, the
dige, vanes and cover being brazed into 2 single
unit by the use of copper in & hydrogen furnace,
this brazing being accomplished under pressure.
Preferably, the copper is interposed between
mating surfaces in the form of a thin sirip of
exact size and position, so thai after the brazing
has taken place only an insignificant copper fillet
is present at the junction of the mating surfaces.
Por cerfain work this fillet may remain. For
other work it can be rembved for exceptionally
clean air channels,

“The more detailed assembly steps comprise the
turning of o mating surface on 2 rotor mf'ﬂba,
jogether with the assembly of tha blad 3
turning fAxture, followad by the turning of m
surfaces on the Glades. The hlades are ;
placed In position on the retor dise with o thin

. copper strip thevsbeiween, and iack- o*ama 0

tack-welded in position.
edges of the vanes ore then formed (o exect s
by grinding, to avold disturbance of vanes due o
shock-loading thereof by intermittent cutiing
lar mem
A cover plate is then ennulariy turned to mam,v
with the expesed vans erx"es anc, coppe
are applied 10 these van
cover plaie is placed in x.msx 3

The opposite

2

vens edges and the ma
or rofor disc, as the cassy
The entire assembly
drogen furnace snd § cong
‘The 288 emoy Es
sakes place. The p
the copver {rom betwesn
and disg, to form an @
ture. The moz"muc'ﬂ% i

peller, or may be removed by 2 g
ing operation for most efficient
air passages of the finis

After the vanes gre |

5o noush»
ition of the

mey then be machine Anished. This m
produces an impeller wherein oll surfaces
terior and interior are machined, and Wi
the various elemenis of the impeliers are brazed
mto o single properly dimensioned opersting unit
without the use of bolts or similar tie memk
Broadly as to apparatus, our invention com-
prices g rotor disc having & vane surface me-

chined thereon. Edges of a plurality of centrifu-

g% gal vanes fit this surface, and the vanes are held
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in place by +ack-bmzing or by tack-welding, with
a thin strip of copper befween the vane edges
and the mating surface on the disc, The oppo-
site vane edges fit & machined cover surface, and
copper strips are applied to the vane surfaces by
tack-brazing or tack-welding. The cover is then
vlaced to the vanes, and the entire assembly is
placed in & holding fixture positioned within a
hydrogen furnace until melting of the copper
. strips occurs.
While the assembly is in the hydrogen fur-
nace, means are provided to apply pressure to the
fixture so that as the copper melts, clearances are
taken up and the members forced into an exact
fit. Upon cooling, the rotor disc, the vanes and
the cover are Armly brazed into g single operat-
Ing unit, and, if desired, the small fillets formed
. at the edges may be removed to prov1de clean air
channels.

Thus, we have provuied an impeller wherein
the interior is complefely machined.

In the drawings, which show one preferred em-
bodiment of our invention:

Fig. 1 is & view, partly in section and partly in
elevation, of & rotor disc together with two im-

16

16

20

25

pelier vanes drawn adjacent the positions they -

are to occupy when welded to the dise.

Fig. 2 is.a view, partly in section and partly in
clevation, showing how the impeller vanes are
held in position on the rotor for tack-brazing or
welding.

Fig. 3 is & view, partly in section and partly in
elevation, taken as indicated by the line §—3 1n
. Fig, 2.

Fig. 4 is a view, partly in section and partly in

30

86

elevation, taken ag indicated by the line 4—4 in -

Fig. 3. -

Fig. 5 is a view, partly in elevation and partly

in section, showing the assembled inmipeller in po-
“sition in a3 hydrogen furnace ready for the braz-
ing operation.

Fig. 6 is a view, partly in elevation and partly
in section, of the finished impeller.

Fig. 7 is a view, partly in section snd partly in
elevation, of a portion of the impeller showing
the copper strips in place.

Fig. 8 is a fragmentary view, partly in eleva-
tion and partly in section, showing a means of
interlocking the blades with the impeller discs.

Fig. 9 is a2 sectional view taken as indicated by
the line $—9 in Fig. 8.

Referring directly to the drawings for & more
detailed deseription of our invention, beginning
with Fig. 1 to show the sequence of operation: A
rotor disc § is provided, having a central flange 2
aid hollow hubs 3 and § on opposite sides thereof.
The hollow hub 5 is larger than hollow hub 3
and is positioned on-the side of the rotor disc, to
which impeller vanes 6 are to be attached. The
end of hub 5 is also provided with an inner shoul-
der 1 which is later to be threaded. Vanes § are

curved as is well known in the cenfrifugal com-
_ pressor art, and comprise & curved basal portion
" 18 and an outwardly extending portion 1i. Each
blade also has a rotor edge 12, a cover edge {3, an
angular entrance edge (4, and an exit edge 16.
Disc { is also provided on its outer face with &
positioning ridge 16.

As g plurality of blades 6 are to be brazed to
rotor disc | in equally spaced positions around
the rotor disc, the first step toward that end is
to mount the rotor disc in a lathe and by simple
annular machining to produce vane face 2@ to
which the vanes 6 are to be brazed. The re-

40
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4
a tuming fixture, placed in & lathe and by simple
annular machining thereof the contour of edges
12 is formed to exactly mate with surface 20
on the rotor. In this manner’a perfect mating

. of the contours of the vane edges 12 with the

rotor disc contour 28 may be obtained. .
" The next stage in the assembly is the position-
ing on the machined surface 28 of the rotor disc
i, of & plurality of sheet copper strips 2{, these
strips being cut to be the width and length of
vene edges {2, which are to be brazed to surface
28 of rotor i. These copper strips 2{ are prefer-
ably about .010 thick and are tack-brazed to the
surface 20 of disc { in the proper circumferential
positions, one strip for each blade to be mounted
on surface 26. Opposite edges §8 of vanes 6 are
not' at this time machined to final finish, but
are provided with excess metal so that the final
finish may take place after the vanes have been

fastened on the rofor disc.
Passing now to Figs. 2, 8, and 4 for g descrip~
tion of how the vanes § are primarily held in

_place on the rotor disc, we have provided a base

fixture 22 mounted on & foundation 23, on which
rotor disc { may be placed with vane surface
20 of this disc facing upwardly. Positioning
ridge 18 is used to prevent lateral motion of the -
disc on the fixture.

The full complement of vanes € is then mount-
ed in a vane fixture 25. Vane fixture 2% is pro-
vided on the under surface thereof with an inner
spacing ring 28, and an outer spacing ring 21,
these rings being provided with vane slots 28. -
The rings are held to the under surface of fix-
ture 25 by bolts 28. Rings 26 and 27 recelve
vanes § and hold them in proper position with
relation to rotor disc I. Sheet-lead pads 36 are
positioned between the vanes and fixture 25 ad-
jacent the outer ends of the vanes, with sheet-
lead pads 3§ between the inner ends of the vanes
and the fixture, these pads being used because
of the fact that the edges 13 of the vanes are
not yet machined. The pads will therefore take
up any slight irregularities in contour. Vane
base pads 32 of sheet-lead are applied between
fixture 25 and angular vane edges {4 to force
the vanes inwardly.

Fixture 25 with its vanes is inverted over disc

‘1, the fixture being provided with & drop rim 33

extending over the exterior edge of the rotor {.
Vane tip apertures 84 are provided adjacent end
edge {8 of each vane. Fixture 28 is continued
upwardly around hub 8 on the outside thereof,

and vane base apertures 36 are provided on each
side of entrance edges 14 of each vane. Threads
88 are provided on shoulder 7 of rotor hub § and
an upward extension member 48 is screwed into
these threads. Fixture 2§ terminates upwardly
in & cylindrical portion 4{, sliding freely on ex-
tension 40. Extension 88 is provided with end
threads 42 and a nut 48 is utilized to force fixture -

‘95 against upper edges (8 and. {4 of vanes § and

thereby force each vane 8 into intimate contact
with the copper strips 24 positicned between each
vane and the surface 20 of rotor disc f.

After this locking together of the parts in their
proper position is accomplished, the vanes § are.
tack-brazed, preferably in three places, to rotor I.
This is accomplished by inserting the brazing
torch for example, through openings 36 and braz-
ing each vane to the rotor ! at an entrance edge
spot 48. The brazing torch is then inserted fur-
ther into this opening 36, and the vane is brazed
to rotor | at & curvature spot 46, The brazing

quired number of vanes 6 are then mounted in ‘35 torch is also inserted through end openings 34
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and the vane brazed to the rotor I at a vane
end spot £7.

Thus each vane at this time is securely held in
position on the rotor | although not in final posi-
tion, due to the thickness of the copper strips 2§.

Pixture 26 and extension 40 may then be re-
moved from the rotor disc { and the rotor dise {
removed from foundation member 22, carrying
with it now a full complement of impeller vanes 8.

The partially assembled impeller is then ready
to. have the finishing operation performed on
edges {3 of the vanes to which edges an impeller
cover is to be brazed. 'This machining operation

is performed preferably by grinding in order io’

minimize disturbance of the vanes on the rotor
dise, due to shock-loading which weould ‘be en-
countered by the intermittent cutting of a lathe
tool, in case annular turning of the vane edges
were to be attempted. By grinding however, this
shock-loading may ke entirely eliminated, and
edges {3 of the vanes may be readily finished to
size and contour without disturbing the tack-
brazing of the vanes {o the rotor. ‘

Affer surfaces i3 of the vanes have been ma-
chined" to their finished dimensions while
mounted on rotor 1, the rotor and its tack-brazed
vanes is provided with copper strips 49 required
~ for the brazing of the ‘edges i3 to a cover 50.
These latter copper strips however, are not ap-
plied to cover 58 bui are applied directly to edges

{2 of the .vanes, and are tack-brazed in ‘proper’

position thereon.

Cover §0 has & vane mating surface 5{ which-

has been machined by annular turning to mate
properly with the final finished dimensions and
. contour of edges {3 of the vanes, ang this cover
is then positioned on the vanes 8, resting on the
copper strips 49 that have been applied to edges
i3 of the vanes. The assembled, but not yet
brazed, impeller is then ready to go into a hydro-
gen furnace for the final brazing operstion. This
hydrogen furnace will next be descnbed and is
shown in Fig. 8.

A heavy base member §6 is provided support-
ing an overhead member 8i by upright bars 82.
Mounted on base 80 is a meta] pressure plate 64,
preferably circular in plan form, carrying a layer
of heat insulating material 68 on which is
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. mounted an impeller support member §8 having '

an upper surface fhereon roughly shaped to re-
ceive and properly support the outer surface of
rotor disc f. I will be noted that shoulder {6
may again be utilized to properly position the
impeller on the impeller support 68. Pressure
plate 64 and insulation §5 form part of the lower
wall of the oven, the remainder of the bottom of
the oven, the side walls thereof, and most of the
top being of conventional structure of circular
plan form and comprising fire-brick 68, held to-
gether by properly fire-resistant mortar 69, and
enclosed by a thin metal cover 70. -

The top of the oven is provided with a central
opening 74 through which a pressure eylinder 72
is freely movable, this pressure cylinder, however,
being of heat insulating material and sufficiently
strong to fransmit to the interior of the oven,
hydraulic pressure through an exterior metal
pressure fitting 72 from a hydraulic cylinder 74
by means of a piston rod 15 operated in conven-
tional manner by a piston 76 within the cylinder
14, as is'well known in the art. The cylinder is
supplied with oil or the like from inlet 7.

The interior of the oven is provided with elec-
trical heating elements 18 of the proper capacity
tn hrino the interior of the oven un to promer

50

8

brazing temperatures, es will be discussed later,
and a supply of hydrogen is provided so that ali
the air within the oven may be displaced by
hydrogen, as is well known in the art. The usual
method is to supply & continuous flow of hydro-
gen into the interior of the oven, and to provide
& jet for the exit of the hydrogen, and then to
light the hydrogen emerging from the jet so that

it can at sll times be told that the oven is re-

ceiving its full complement of hydrogen gas.

The oven may be opened in any convenient
manner, such as by end doors 80 set in one end of
the oven. The impeller rotor disc is placed on
the support member 88, with the cover 58 in place
on the vanes. We prefer to insert asbestos pads
81 between support 66 and the outer, now lower,
face of rotor disc . Similar asbestos pads 8%
are placed between the outer, and in this posi-
tion, upper surface of cover 50 and a clamping
dome 84, which extends upwardly around hub §
of the impeller rotor disc to terminaie in gn
upper surface 86 immediately below pressure cyl-
inder 2. We also prefer to provide asbestos pads
87 between the dome 84§ and the angular entrance
edges 14 of each vane so that the vanes will be
moved inwardly by vertical pressure.

Thus the assembled but not yet brazed im-
peller is clamped between the basal support mem-
ber 58 and the dome 84, with asbestos pads be-
tween the clamping members and the impeller
structure. These asbestos pads are utilized to
prevent any possibility of any brazing occurring
between the metal clamping members ang the
exterior surfsces of the sssembled impeller.
Further, we prefer to form suppori member €8
and dome 84 of high nickel-chromium heat re-
sisting alloy ribbed and finned to provide maxi-
mum strength with the least welght in order to
conserve heat.

The entire assembly of clamping members and
impeller is then properly centered in the oven
beneath the hydraulic press arrangement, and
the top surface 86 of the dome is connected with
pressure cylinder 72 of the hydraulic press by
means of an asbestos cushion 90 and shims 8t,
so that there will be no slack in the hydraullc
drive.

The oven doors 80 are then closed, the hydro-
gen atmosphere fully established, and the cur-
rent to the heating element 75 is switched on.

" Pressure is continuously applied to the elements

60

65

70

78

‘of the rotor by the use of suitable liquid injection

into cylinder T4. As the temperature gradually
rises and as this temperature spproaches 2100°"
P, the copper strips 21 and 49 melt and brazing
is accomplished with the parts moved by the ap-
plication of the hydraulic pressure into press-
it engagement, both radially and axially. The
material selected for the impeller element is pref-
erably of steel such as SAE 4340 and therefore
is not substantlally affected by the heating to

2100° ¥,

As the copper melfs, a perfect braze is accom-
plished and the tacking spots which have pre-
viously been made, merely melt into the final
brazing. The copper which is between the vane
edges and the impeller rotor and cover, is squeezed
out as it melts to form g very slight dllet on
each side of these edges, and the vanes come to
rest, under pressure, with exact mating relation-
ship of the machined edges of the rotor and cover
to which they are opposed. Thus the impeller
after the final brazing has been accomplished is
of exact dimensions. is brazed into a compléte




@,4@%,@@4 .

unified structure, which can operate as @ unit
without the use of any bolts, rivets or equivalent
tic members. The interior surfaces are entirely
machined and the fillet caused by the copper in
the strips being forced outwardly, may easily be
removed by running a small gouge or similar tool
slong the junction of the vanes and the rotor and
cover, this tool being readily inserted from the

periphery for the straight runs of the edges, and.

from the basal openings for the curved portions
of the edges. After the impeller is removed from
the oven, as shown in Fig. 6, it can then be mount-
ed in the lathe so that the exterior of the sur-
faces of the rotor and the cover may be machined
into the desired final dlmensmns including the
removal of ridge {6.

Thus we have provided a centrifugal impeller

10

15

having clean machined surfaces throughout, both

inside and outside the impeller. . The impeller is
formed solely by brazing without the use of ad-
ditional tie members. The impeller i this man-

20

ner may be made very light in weight, exceed-

ingly accurate as to dimensions, the air channels

are clean, and the impeller may be perfectly bal- '

anced. The copper brazing provides adequate
strength in use, particularly as temperatures even
approaching the brazing temperatures, are never
encountered in the normal use of the impeller.
However, it is to be noted thei the melling tem-
perature of copper is- high, and for that reason
impellers made as described herein can be used
in.the high pressure end of & compressor, as has
been ~described in the applications cited above,
even though the exit air temperatures should
rise, due to the air compression, to the neighbor-
hood of 500°~-600° F

It can be seen fzom the sbove descnption of
our method of copper brazing that the applica-

30

35

tion of external pressure, particularly an exter- . ’

nal pressure which is continued as the copper

40

melts, provides a complete, strong connection with .

exact mating of opposed surfaces. Hitherto, it
has been thought feasible to copper-weld only
parts held in a press-fit engagement prior to the
application of the copper theretc. Nowhere, so

. far as we are aware, has copper brazing been

practiced by the application of continuous ex-

ternal pressure to parts spaced by thin copper

sheet. Hitherto, clamped parts have been copper
brazed, but this method has not been found to
be completely satisfactory, in that the preload
due to clamping almost invarisbly diminishes
with temperature, due to heat sagging of the
clamp. The pressure between parts then di-
minishes, and the danger of misalinement arises.
Gravitational clamping, using merely the weight

of the parts, again has not proved to be satisfac-

tory, becguse misalinement may still arise and

‘also because the pressure thus produced is not

sufficient ' for successful brazing. However, by
our method, where hydraulic pressure is utilized,
continuously operating before, during, and afier,

-the melting of the copper strips, so that the paris

are forced into exact mating engagement as the
copper strips melt, with all the parts held com-
pletely in alinement, it can be seen that even
though the parts before the brszing occurs are
spaced, the forces acting on the parts av such
as to copper-weld.the parts with a press-fit en-
gagement, with copper uniformly bonding the
parts throughout the engaged suriaces.

In case rotational stresses are so great as to

88

88

8 .
cell for more than dependence On the "copper
alone for the joint between the vanes, dise f,
and cover 59, shear ribs 180 may be provided for
each vane on either or both disc and cover fol-

lowing the outer curvature of the vanes, these -

ribs 10§ fitting slots §81 cut in the vane edges,
as shown in Figs. 8 and 8. After brazing has
occurred, the shear and other stresses are taken
by the ribs as well as by the copper, and the vanes
cannot straighten out even when rotated at high
speeds. .

We claim:

‘1, Apparatus for brazing s centrifugal 1mpe11er
assembly involving an impeller disc, & vane cover,
vanes positioned between said dise and cover,
copper strips between mating edges of said vanes
and adjacent surfaces of said disc and cover, said
apparatus comprising s hydrogen furnace where-
in said dise, cover and vaues are positioned,
means for heating said furnace, and positioning
means for supporting said disc on the bottom of
said furnace, and said second means comprises
a dome positioned over said cover and extending
upwardly to terminate adjacent the top of said
furnace, & movable heat insulating section-of the
top of said furnace engaging the termination of
said dome, and means for applying pressure to
said section, said disc positioning means and said
dome being of metal, with non-metallic pads posi-
tioned between said positioning means and disc
and between said dome and cover to prevent braz-

‘inz therebetween, said dome having a surface

exerting pressure on exposed wportions of said
vanes through additional non-metallic pads, said
vares being curved with respect to said disc and

reguiring an inwardly radial movement to mate

with said dise, the surfaces of said dome exerting
pressure against said exposed portions of said
vanes being angular.to move said vanes radially
inward under pressure applied to said dome,

2. Apparatus for brazing a centrifugal impeller
comprising the assembly of a disc spaced by
blades from a cover with copper strips positioned
between opposite vane edges and adjacent disc
and cover surfaces respectively, comprising a
furnace having insulating walls and heating ele-
ments for receiving said assembly with the axis
of said assembly vertical, a dome positioned to
apply pressure to said cover, & movable insulating
portion positioned to apply pressure to said dome,
and g hydraulic cylinder having a piston con-
nected to said movable insulating portion by a
piston rod and pressure block.

3. Apparatus in accordance with claim 2
wherein said disc is supported on a block and
wherein an asbestos pad separates said block from
saic lisc, and wherein an asbestos pad separates .
seid cover from said dome, such apparatus in-
cluding means for creating an atmosphere of a
reducing gas around said assembly during heating.

4. Apparatus in accordance with. claim 2
wherein said disc is supported on a block and
wherein an asbestos pad separates said block from
said disc, wherein an asbestos pad separates said
cover from said dome, and wherein said vanes
are provided with curved basal portions and an-

. gular edges, said dome transmitting pressure to

70

said vane edges through angularly positioned
pads.
ARTHUR J. PHELAN.
VLADIMIR H. PAVLECKA.



