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MONOLITHIC SHRQUDED IMPELLER
BACKGROUND

(0011 This section is intended {0 intreduce the reader to various aspects of
art that may beg related o various aapwf of the presant invention, which are
described andfor claimed below.  This discussion s believed 0 be helph in
providing  the reader with background  information to facilitate a  beller
understanding of the various aspects of the presant invention.  Accordingly, it
should be understood that thess statements are 1o be read in this light, and not

as adimissions of prior art.

[0002] Centrifugal comprassors oF pumps may be employed to provide a
pressurized flow of fluid for various applications,  Such comprassars or pumps
include an impeller that is driven to retate by an electric molor, an internal

combustion engine, or another drive unit configured to provide a rotational output.

;"7

Az the impeller rotates, fluid entering in an axial direction is acosderated and
axpalled in a circumfsrential and a radial dirsction,  The high~velocity fluid then
arters a diffuser that converts the velocity head into & pressure head {Le,
decrsases flow velocity and increases flow pressurg).  In this manner, the
centrifugal comprassor produces & high-pressure fluid output.  Unfortunately,

existing shroudsd impellers are limited in complexity and are manufactured in

multiple pieces, which are pined in a later procsss

BRIEF DESCRIPTION OF THE DRAWINGS

00031 Varlous features, aspects, and advantages of the present invention will

become betisr undarstood when the following detailed description is read with

referance o the accompanying figures in which like characters reprasent like
parts throughout the figures, whersie:

£

[p004]  FIG. 1 is a perspective view of an embodiment of & monolithic

shroudad impealier;
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[OO051  FIG. 2 s a perspective cutawsy view along line 2-2 of an embodimernd

of the monolithic shrouded impsler in FIG. 1;

[a008]  Fla. 2 s a perspeclive cutaway view along iine 2-2 of an smbaodiment

of the monolithic shrouded impeller in FIG. 1;

[0007] FIG. 4 s g perspeclive culaway view along ling 2-2 of an embodiment

of the monolithic shroudsd impeller in FIG. 1

(0008} FH3, 51is a top cross-sectional view along line 5-% of an embodiment of

the monalithic shrouded impaller in FlG. 1;

G0l FIG. 8 is a sectional view of an embodiment of a void i a hub along

line 6-6 of the monolithic sheouded impeller in FIG. 5

00401 FIG. 7 is 2 sectional view of an embaodiment of a void in a hub aleng

line 8-8 of the monolithic shrouded impslier in FIG. &

T

o] FIG

line 8-8 of the monolithic shroudad impellar in Fiia, 5;

& sectional view of an embadiment of a void in a blade along

[042]  FIG. 9 is a ssctional view of an embediment of a void in a blade along

lirie 8-8 of the monalithic shrouded impaller in FIG. 5;

013]  FIG. 10 s a seclional view of an embediment of a void in a hub along

line 1010 of the monolithic shrouded impelier in FiG. 5;

{00141 FIG. 11 iz a seclional view of an embodiment of a void in & hub along
ling 10-10 of the monolithic shroudad impelisr in F1G. 5;

-

60181 FIG. 12 s a ssclional view of an embodimant of a vold in & hub along
lines 10-10 of the monolithic shrouded impeller in FIG, &

[0018]  FIG. 13 is a perspadive view of an smbodiment of an impeller having
impelier blades with sculpted surfaces between a shroud intersact surface and a
hub irtersect surfacs;

[O01F]  FIG. 14 iz a flowchart of an embodirment of a process for producing a

monclithic shrouded impeller; and
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048] FIG. 15 is a sectional view of the hub within ling 15-15 according to

embodimeant,

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

90181 Gne or more apscific embodiments of the present invention will be
described below, These described embodiments are only exemplary of the
present invention.  Additionally, in an effort to provide a concise desoription of
these exemplary embodiments, all features of an actual impdemeniation may not
be described in the E&;péﬁ:{;iﬁfgaticm i should bes apprecialed that in the

aringg or design

development of any such actual implemeniation, as in any angh
project, numsrous En‘ip'le?,-n*s«f-smtatian-~:~;;zs€-za::ifir:: decisions must be made to achirve
the developars’ specific goals, such as compliance with systeme-related and
business-related constraints, which may vary from ons implementation to another,
Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would neverthsless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benet

of this disclosurs,

{80201 The disclosed embuadiments include a monolithic stwouded impellsr
formead using an additive manufaciuring process {e.g., direct metal laser sintering
(DMLS)Y, or digital part matenalization (3-0 printing)).  In othar words, the hub,

shroud, and blades are formed as one-piece without a saparals joining process

that joins the hub to the shroud {s.q., welding}. A ons-piece shrouded impealler
increases the structural integrity of the impeller by reducing stress concentrations,
enabling the impsller o operste mores efficiently by rotating al faster gpeads. In
addition, the additive manufacturing process senables morg complex and
customizable ons-plece impellsrs for speciiic applications or for a spedific
machine (e.g., 3-D blads geomelriss, hub geometries, elc, that vary in 1, 2, or 3
directions e.q., radial, axal, andior circumfersntial iﬁii’é‘:‘:(:‘?iﬁi’i&‘&}. For example,

some custormization may include “sculpted” blads geomstry, As described herein,

the {erm "soulpted” refers to a swiace of an impellar blade that Is complest and
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thres-dimensional,  In other words, the sculpted surface may be formad by
connecting two corvesponding points on the shroud and hub inlersect surfaces
with 2 line that s not a straight line (e, the ling connecting the two
corresponding points is curved). Other customization may include Tfarming voids
within the hub, shroud, and/or blades.  The veids in the impeller may have

differant sizes, shapss

"i”}

and positions. 0 some embodiments, the ons-piecs
impaller may include supporting ribs that exdend through the voids.  The
supporting ribs may enable larger void formation without sacrificing the structural
integrity of the impellar (Le., the voids reducs the weight of the impeller without

nagatively affecting the structural integrity}.

[0021]  FiG. 1 is a perspective view of a monolithic shrouded impeller 100 The
monolithic shrouded impellsr 10 {e.g., a metal, plastic, stc. monalithic shrouded
impellery may be formad using an addiiive manufactring process. The addifive

manufacturing process enables a hub 12, & shroud 14, and impeller blades 16 to

ba formed as ons-piece (s, a monolithic plece) without additional joining

processes {2.4., welding), These one-pizce or monolithic shrouded impsliers 10,

produced  using additive manufaciuring, provide several advantages  over

traditional shrouded impellers produced by casting or machining separate parts

hafore assembly. These advantages include a stress reduction in the connacion

o7

hetween the shroud 14 and the hub 12 {e.g., the bladas are not welded at the

shrowd intersect surface 18 andfor the hub intersect surface 20}, more complex

shapes {e.g., 30 blade geomstries that vary in the radial, axial, and

e

circurnferential directions, or lengthwise along the blade); a reduction in weaight

by including volds i the hub 12, shroud 14, andior the blades 18] fillets tha

,....y..

strengthen the connection of the blades to the hub 12 and shroud 14: angd the

ability to use differant materials in different portions of the shrouded impsller 10,

IO02R]  FIG. 2 s & perspective cut-away view along line 2-2 of the monolithic
shrouded impefler 10 in FIG, 1. As illusiratad, the monolithic shrouded impeller
10 includes the hub 12 (e.q., annular hub) with an aperture 30 (8.q., central bore).

The aperture 30 enables attschimert of the monolithic shrouded impelier 10 o ¢

system and rotation of the monolithic shrouded impslier 10 arcund the axis 32,
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Surrounding an ouler surface 34 of the hub 12 is the shroud 14 {s.q., annular
shroud), The shreud 14 couples to the blades 16, which in turn couple 1o tha hub
12, More specifically, the blades 16 couplz {o an interior surface 36 of the
shroud 14 at the shroud intersect surface 18, and 1o the hub 14 ouler surface 34
and at the hub intersect surface 20, o some embodimenis, there may be fillstz
38 and 40. The fillets 38 and 40 improve the connection between the blades 16
and the hub 12 andfor the blades 16 and the shroud 14; reduce stresa on the
blades 16: and enable thinner blade construction.  As illustrated, the biades 16

are spaced away from one another o form fluid passages 46 that extend through

the monaolithic shrouded impeller 10, In oparation, fluld (s.q., liquid or gas) enters
the fluid passages 46 in axial direction 48, As the monelithic shrouded impelier
10 rotates, the fluid is accelerated and then expalied out of the fluid passages 46

2 -

in @ radial direction 50, As explained above, the mondithic shrouded impelisr 10

uses additive manufacturing (e.g., direct melal laser sintering (DMLS), or digital
part materalization (S-I0 printing)) o fomm the hub 12, the shroud 14, and the
Mades 16 into a one-piecs shrouded impeller without an additional joining

process (4., welding).

(00231 In some embodiments, the monolithic shrouded impeller 10 may
nclude one o more voids 52 i the hub 12 and ons of more voidz 54 in the
shroud 14, The voids 52 and 54 reduce the mass of the monalithic shrouded
impailer 10 without decrsasing the structural integrity.  However, zoims

embodiments may include

w

voidiess monolithic shrouded impaller 10, As
Hlustrated, the hub 12 includss one annular void 50 that exddends circumferentisily
through the hub 12 and forms a shape similar to the hub 12,0 The shroud 14 may
also include an annudar void 54, The wvoid 54 in the shroud 14 may be
substantially shaped like the shroud 14, In some smbodiments, the hub 12

and/or the shroud 14 may include ona or mare supporting ribs 56 {(eg., 1, £, 3, 4,

Lo amn

5,6, 7, 8,9 10 or morg ribs 58) that increase the structural integrity of the
monolithic shrouded impeller 10 while enabling & redudtion in mass.  In the
present smbodimeant, the supporting dbs 56 sxtend from the annular interior wall

58 1o the outer wall 80 of the hub 12 The nbe 56 may exiend complately about
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2 {2.q., disk-shapsd rib) or only partially about the axis (2.9, sectional
pie~shaped ribs).  In other words, the monolithic shrouded impalier 10 may
nclude multiple rbs 56 (e.g., 1, 2, 3,4, 5,6, 7, & 9, 10 or more ribg 58) at the
samea axial position along the axis 22 that extend only parlially about the axis 22,
In some embodiments, the disc-shaped ribs 56 described above may include
drainage apsrtures 81, The drainage aperiwras 61 allow sxeess unsintered
material {e.g., metal particles) used in forming the monelithic shrouded impelier
10 1o drain out of the hub 12 through aperlures 62 in the bottom surfacs 84,
Howeaver, in some embodimenis voids 52 and 54 may be formed in the
monolithic shreuded impeller 10 without excess unsintered material. Accordingly,
zomme monofithic shrouded impel!@m may not inslude drainage apertures 81 or 62
Furthermors, instead of radial ribs 56, the monolithic shrowded impeller 10 may

wolude ribs that extend axially betwsen the top surtace 42 1o the bottom surface

B4 of the hub 12. These axial ribs may also extend circumferentially about the

axis 32 to Torm a supporting ovlinder within the void 52 of the hub 12, I some
smbodiments, the axial rbs may be individual shafls that extend from the fop
syiface 42 1o the boftom asurface 64, Thesse shafls may be spsced

gircumferentially around and an egual distance away from the axis 32, or the

r’w

shafts may bs placed in rregular posilions within the void 5

[D024]  FIG. 3 is a perspective cutaway view along line 2-2 of the monolithic
shrouded impeller 10 in FIG. 1. As i!Eusirateiir the hub 12 includes multipls voids
52 that extend radially outward from the axis 32, Each of the voids 52 may
extend Gii“@iﬂ']']fi?ﬁi'ﬁn"iiaH'g! around the axis 32 to form an annular shape, or there
may be multiple voids 52 that exlend circumierentially abowt the axis 320 In
some smbodiments, the voids 52 may fluidly couple to one another with
apertures 90, The apertures 80 snsble excess material i drain from the voids
52 through apertures 62 in the bottom surfane 64 of the hub 12, The shroud 14
may also include muoltiple voids 540 The voids 54 may also exiend
circumfarentially around the sxis 32 o form an annular shape, or there may be
mu!tupiﬁ voids 54 (a.g.. 2, 3,4, 5, 8,7, 8, 8, or 10} that extend partially about the

It £5¢

axis 22, Each of the voids 54 may include & respactive apertura 66 that enables
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excess material removal after the additive manufacturing process. As tlustrated,
the blades 18 may also include apertures 92 {o reduce the overall weight of the
rionolithic shrouded impeller 10, In some smboediments, the apetlure(s) 92 may

nd along the length of the Bblade 16, In othar embodiments, the aperturss 92

may placad at dizorate Incations along the length of the blade.

[0028] FlG. 4 is a perspedtive culaway view slong ling 2-2 of the monalithic
shrouded i:!‘i"a}péi??li:?:‘i’ 10 in FIG. 1. As llustrated, the hub 12 includes muliiple voids
52 that exdend axially between the axis 110 of the lop swisce 42 and the botiormn
surface 64 of the hub 12, Each of the voids 52 may extend clreumferentially
around the axis 32 to form an annular shape, or thers may be multiple voids 52
g, 2,3,4,5,6,7,8 8, or 10) urcumi‘eremlany spaced about the axis 32, The
voids 52 include respective apertures 62 that enable excess matenal to drain
from the voids 52. The shroud 14 may also include mulkiiple voids 84, The voids
54 may also extend circumferantially amund the axs 32 1o form an annular
shape, or thers may be mulliple voids 54 circumferentially spaced about the axis
22, in some embodiments, the volds 54 may ba fluidly coupled togethar with an
apertre 112, The aperture 112 snables removal of excess material from the

viids 54 through the aperture 86,

[002681 FIG. 5 iz a lop cross-sectional view along line 56 of the monolithic
shrouded impsller 10, As illustrated, the hub 12, shiroud 14, and impeller blades
18 are formed as one plece without an additional jnining process (2.q., welding).
toreover, the hub 12, shroud 14, and impelier blades 16 inf;lu«:if:«: respective
voids 52, 54, and 92, Az sxplainad sbove, the voids 52, 54, and 92 reduce the
weight without raducing the siructural iiﬁf-'i!g?ﬁ_‘{ of the monolithic shroudsad
impeller 10, In FIG. B, the stroud 14 includes a single void 54 thal extends

<%

circumferentially about the axis 32. In contrasi, the hub 12 includes multipie

A ey

voids 52 circumnferentially spaced about the sds 32, For example, the hub 12
may include 1, 2, 3,4, 5,6, 7, 8, 8, 10, or more voids 82 cireundarentially spaced

about the axis 32, In other embodiments, the hub 12 and the shroud 14 ma

include voids 52 and 54 that sstend circumferantially about the ax

SRR 1 SN
AN oF

R

voids 52 and B4 that ars circurnferentially spaced about the axs 32
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DO27T FIG, 8 and FIG. 7 are crosg-sectional views of a void 52 in the hub 12,
along section line 8-8 of FIG. 5. As Husirated, the void 52 may form different

shapes. For sxample, the void 52 may be ciraudar as llustrated in FiG. 6, or

friangular as illustrated in FIG. 7. Howsver, the volds 52 may have many other
shapes imiuding square, rectangular, parabolic, and rreguisr.  In some

smbodiments, the hub 12 may include differently shaped voids 82 fnfc

m
i«.
o)
T

circuwmferentially aboul the axis 32 {(s.q., dreular and parabolic voids
cshape {e.q., circular). Az explained above, the voids 5§ anable ;::a“aduc:‘aim of a
lighter monolithic shrouded impeller 10 that does not gacrifice structurs! integrity.
In some embodiments, the voids 52 may include 1, 2, 3,4, 5, 6, 7, 8,9, 14, or
more supporting ribs 56 that provide structural support.  In some embodiments,
the supporting ribs 58 may enable larger voids 52, without sacrificing the
structural integrity of the monalithic shrouded impeller 10,

[0028] FIG. 8 and FIG. 9 are cross-seclional views of a void 92 in the impeller
blades 16 along ling 3-8 in FIG. 5. As llustratad, the void 82 may form differsnt
shapes., For example, sach void may be symmetrical or asymmetnical; have a
uniform  or varying oross-section in an axial, radial, andior circunferentia
direction; or have a uniforrn or varving cross-section along the axis of the
component {e.q., blade).  Some of the void 92 shapes may include circular,
triangular, square, rectangular {e.g., FIG. B), parabolic, and rreqular {89, FIG,

95 In soms embodiments, the vold 24 may sxtend along the l%ngf;ti'i of the

i

impeller blade(s) 16. Embodiments may also include multiple voids 92 tha
axtend the length of an impsiler blade, with sach vold 8¢ forming the same or a
different shape. I stit other embodiments, the voids 82 may be intermittently

placed along the length of the impaller blade 18, Finally, the voids 92 may

»

.

inclugs 1, 2,

{2

3,4, 5,8, 7, 8 9,10, or more supporting ribs 56 that provide the
blades 16 with structural suppoit. The supporting ribs 58 may enable larger

o
voids 52 within the impeller Badeas 16, without sacrificing structural integrity.

0028 FIGS. 10 and 11 are cross-seciional views of a void 52 in the hub 1%,

along seclion line 10-10 of FIG. 8. As ilustrated, the void 52 may form s

truncated oviindrical shape. Howsaver, In other embodiments the void 52 may



WO 2015/143302 PCT/US2015/021719

form a complele cylindrical shape by exdending drcumferentially about the axig

"ﬁ

320 In FIG. 10 the monolithic shrouded im_;:&%si!ear 10 may include one or more ribs

58 (a4,

208,04, 5,8 7,8, 3,10 or mmore supporting ribs 56Y thal extend
through the void 52, These ribs 56 may have a truncated oylindrical shaps and
extgnd from a first radial end 130 o g second radial end 132 of the void 52, In
Flea, 11, ths truncaied oylindrical shapad void 52 may include additionat ribs 134
that exiend from a radisl inner end 126 o a radial outer end 138 of the void 52,
The ribs 134 may intersect the ribs 58 {o provide addiional structural support for

the rmonolithic shrouded impellsr 10.

(G038 FIG. 12 is a cross-sectional view of truncated oylindrical shapad voids

¢ inthe hub 12, As illustratad, each of these volds 5% exdends it the hub 12
at a different radius from the axis 32, In some embodiments, the volds 52 may
forim a complate cvlindrical shape by extending circumferentially about the entire
axis 32, In other embodimenis, the hub 12 may include multiple fruncated

ey

sylindrical voids 52 cireournferentially positionaed about the axis 3

e

[6031]  As explained ahove, the monolithic shrouded impeller 10 may have 3-

[ blade geomelrias that may %-'arg,-’ in 1, 2, or 3 direclions {(s.g., radial, axial,

and/or circumferential  directions FiG. 13 I3 a perspective view of an
smboediment of a monolithic shrouded impeller having impsiler blades 16 with
sculplad suifaces betwsen g shroud intersect suiface 18 and a hub intersect
surface 20. Sculpted impeller bades refarz to impsller blades that have st lsast
ong swface formed by non-straight linss betwesen corresponding points on the
shroud in tand hub indersect surfaces 18 and 200 Blore particularly, the
sculpied i!“ﬂpfi&ﬁ%i’ blades 16 are configured o establish  threa-dimensional
surfaces thal may particularly match the fluid flow driven by the impeller 10, By
contouring the three-dimensional sufaces of the impsiler 10 o coincide with fluid
flow within the impeller 10, efficlency of the impeller 10 may be increased

comparsd o impeliers with niled mean surfacs impeller blades {(e.g., impsiler

%

plades with straight lines between the shroud interssct and hub intersect

a\..

201,
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00321 For example, a point 150 on the shroud intersect surace 18 and a
soint 1582 on the hub indersect swrface 20 comespond with ong another and arg
connectad by a curved ling 154, which forms & portion of & pressurs surface 156
of the impeller blade 12, As will be appraciated, curved lines 15 y be formed
batwaen all coresponding points on the shroud intersect and hub intersect
surfaces 18 and 20 to form the sculpted pressure surface 156, o other
ambodimants, as described in detail below, curved lines 154 may be Tormed
betwaen some, bul not all, of the corresponding points on the shroud intersact
and hub intersect surfaces 18 and 20, thershy forming a sculpted portion of the
pressure surface 156 and a ruled mean portion of the pressure surface 156,
That is, some comesponding points on the shroud inlgrsect and hub intersect
swfaces 18 and 20 may be connected with curved lines 154, and szome

corresponding peints may be connected with generally straight lines.

Ei?ﬁBS} Similarly, a suction suiface 158 of each impsller bladse 12 may be
souipted. In other words, the suction surface 158 may be formed by curved lines

cannaecting f;;:st;u'razag:ﬁ:)s‘xdiE"lgg poirds on the shroud intersect and hub intersact

surfaces 18 and 20, For example, a point 160 on the shroud infersect surface 18
and a point 162 on the hub intersect surface 20 may correspond with one
ancther and be connacted by a curved line 164, which forms a part of the suction
swrface 158, Further, curved lines 164 may be formed bstwesn all
corrasponding points on the shroud intersect and hub intersect suifaces 18 and
18 to form the sculpted suction surface 158 H“*‘iii"&tiv’l, cartain amboadiments
of the impeller blade 12 may include a sculpted portion of the suction surface 158
and a ruled mean portion of the suction surface 158, That iz, some
arresponding points on the shroud intersect and hub interssct surfaces 18 and
20 may be connectad with curved lines 164, and some corresponding points may

he connected with generally straight lines.

[0034]  Furthermore, cerfain embodiments of the impeller 10 may have

impelier Dlades 16 where the pressure sufacs 150 is a scuipted surface and the

suction surface 158 is a ruled mean swrface, or vice versa, For example, in one

10
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gmbodiment, the pressure surface 156 may be formed entirely by curved lines
154 exiending belwesn corresponding points on the shroud and hub intersect
surfaces 18 and 20, and the suction surface 158 may be formed entirely by
gensrally straight lines {le., ines formed by lingar intsrpolstion) exlsnding
between corresponding points on the shroud and hub intersect surfaces 18 and
200 1n such an embodimant, the pressure surface 156 is a soulpted surface and
the suction surface 158 is a ruled mean surface,  Allematively, in another
smbodiment, the pressure surface 156 may be formed entirely by generally

straight lines {le., lines formed by linear interpolation) extending betweern

corresponding points on the shroud and hub intsrsect swifaces 18 and 20, and
the suction surface 158 may be formed entirely by curved lines 164 axtending
betwsan gomrezsponding poinds on the shroud and hub intersect surfaces 18 and
20, In zuch an ermbodiment, the pressure surface 156 is a rulsd mean surface

and the suction surface 158 is a sculpted surfacs. Accordingly, the curved lines

1584 and 164 that form all or a portion of the presaure surface 158 and suction
surface 158, respediively, may be designed for specific fluid flow characteristio
through the impeller 10, thersby increasing the afficiency and the flow

monentum of the impealler 10,

(0035]  Flo. 14 s a flowchart 1899 of an additive manufacturing process (e.q.,
direct metal taser sintering (DMLS), or digital part materialization (30 printing))
for producing a monclithic shrouded mpeller 10, according to an embaodiment.

The process may bg computer implementsd vig a controller coupled 1o

machinery {e.4., a laser).  For example, the conbroller may include a user
interface, a processor, and memory with instructions that snabls a user 1o

manufacture desired monglithic shrouded impellers.  The monolithic shrouded

impelier 10 is producsd by forming a first shape with & firgt layer of particles

(block 1923 For exampls, a laser may sinter a desired shape info the first layer
of particles based on rstructions received from the confreller. After fonming the
first layer of metal particles, the process adds a second layer of particles on top
of the first layer (block 184} The sscond layer of metal particles may be the

same as or differert from the first layer of metal particles. After laying the gecond

11
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laver of metal parlicles, g second shape is formed with the zecond laver of
particies bassd on instructions from the controller (Block 188). For exampls, the
second faver may be sinterad. The process of adding lavers continues until the
monclithic shrouded impeller 10 is complete {(block 1988). In some embadiments,
the monolithic shiouded impelier 10 may ba constructed out of different types of
metal parlicles to increase strength in portions of the monolithic shrouded
impeller 10. For exampie, layars of the monalithic shroudad impeller sxposed o
high siress, high Tatigus, high femperatures, ele. may differ in material typg with
respact 1o lavers that have low stress, low Tatigue, low temperatures, ete. After
formation of the mondlithic shrouded impeller 10, excess particles (if any) may he
the

remnoved (block 200} Finally, in same embodiments, the monolithic shroudead

mpeller 10 may then be heal trested to remove possible stress concentrations

between the lavers {(block 2023

(00381 Fls 15 ig a sactional view of the hub within line 15-15 according o an
embaodiment,  As explained above, the monolithic shrouded impeller 10 may be
formsd by an additive manufacturing process {e.q., direct metal laser Ji‘i’iﬁl’li“}“}
digital part materialization (3-D printing}) that adds ong layer on top of another o
form & componsnt. I ceriain embodimants, the monolithic shrouded impeller 10
may include any number of layers that vary (e.g., gradually increase, daecrease,

or generally change) in material composition, properties {e.g., strenglh, ductility,

porcsity, resiioncy, stiffness, hardness, wear resistance, erosion resistance,

corrosion resistance, coafficlent of fnrts;m, st dimensions {(e.q., laysr thickness,

)

width, shaps, elc.), orentation of layer stacking {e.q., stacked in radial direction

228, axdal divection 32, and/or circumferential direction 2303, or any combination

thersof, For example, layer 220 may be the weakest, whereas the remaining

lavers (s.g., 222, 224, 228) may progressively increase in strength, with laver
226 being the sirongest.  In another embodimeni, the monolithic shirouded
impafter 10 may have one or more layers along an extermnal surfacs with a graater
waar resistance, erosion resistance, or corresion resistance relative o internally
located lave

have ane or more lavers alorg 2 bearing surface, such as a ocylindrical aperture

By furthe ipde, the monolithic shrouded impeller 10 may

12
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30, with a greater wear resistancs and/or a lowsr cosflicient of friction relative to
mternally located layvers. By further exampls, the monolithic shrouded mipeller
10 may have one or more lavers along portions of the impeller blades 16 with
greater resiliency, sbifiness, strength, wear resislance, erozion resistance, or any
combination thereof, relative to other portions of the impeller 16, Furthermore,
each impeller blade 16 may vary, via use of multiple layers, in regiliency, stiffness,

strength, wear s

istance, erosion resistance, or any combination thereof, along
the length of the blade 16, In certain embodiments, the layers may gradually

morease of decraasea in the foregoing characieristios by any incremental valus,

[0037]  Technical effects of the disclosed embodiments of the invention
nolude g monolithic shrouded impaller with increased structural integrity capabla
of operating more efficiently,  The monolithic shroudsd  impeller may ba
customizable for specific applications o for a8 speciiic maching,  Soms

sustomization may include complsx shapes (.., 3-0 blads geometries thal vary
in the radial, axial, and circumferential directions, or lengthwise along the blade;

a reduction in weight by including voids in the hub, shroud, and/or the blades;
fillets that strengthen the connaction of the bladss 1o the hub and shroud; and

varying materials in different portions of the monolithic shrouded impeller.

{0038 While the invenlion may be suscepltible te various madificalions and

alternative forms, spedcific embodiments have been shown by way of example in
the drawings and have bsen describad in delall herein. However, it should be
undersiood that the inverdion is not intended 1o be limited to the particular forms
disclosed. Rather, the invantion is to cover all modifications, squivalents, and
alternatives falling within the spirit and seope of the inveniion as defined by the

following appended claims.

13
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CLAIMS
1. A impelier, comprising:
& hub body;
a shroud swrrounding the hub body: and

a plurahity of impeller blades exiending from the hub body to the shroud,
wharein the hub bady, the shroud, and the plurality of impeller blades are a one-

pigce siruciure.

)

The impelfler of claim 1, wherein the npeller comprises a plurality of
F ; I P ¥

additive layers of material defining the one-piece structure,

3. The impadler of claim 2, wherein the plurality of additive layers of matsrial

comprises different lavers of different material.

4. The impsller of clalm 1, wherein the hub body includes at least one

frterngl void separats from a shalt apertura,

The impeller of claim 4, wherein the at least one intermnal void comprises

an annular void that exdends circumiterentially about an axis of the mpeller.

¢

8. The impeller of claim 4, wherein the at least one internal void includes a
aupporting rib, whearsin the supporting il s condigurad to increase the structural

integrity of the impsaller.

14
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i The impsller of olaim 1, wherein the shroud includes at least one intermal

8. The impeller of claim 7, wherein the at lsast ong internal void comprizes

R

an annufar void that sxtends circumiferantially about an axds of the impellsr,

4, The irngt:&;*:li@r‘ of claim 7, wherein the at least one infsmal void includes 3
supporting tib, wharein the supporting rib is configured o increase the structural

integrity of the impseller,

10, The impeller of claim 1, wherein at lgast ong of the plurality of impeller

blades comprises at lpast ons internal void.

11. The impeller of claim 10, wherein the al least ong internal void extends

AN

through the length of at least one of the plurality of impeller blades,

P

Arimpeller, comprising:
a hubs body;
a shiroud surrounding the bub body; and

a plurality of impsller blades extending from the hub body o the shroud,
wharain the hub body, the shroud, and the plurality of impeller blades arg

integratad with ong anothear as a ohe-pisce struciure

wherain the hnb body, the shroud, or the plurslily of impeller blades

conriprisss gt least one intarnal void,

13. The impseller of claim 12, whergin the inpeller compriges 3t lesst one

supporting rib that extends through the at least one internal void.

15
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14, The impellsr of claim 12, whersin the impellar comprises a plurality of

additive lavers of malerial defining the one-piens structure.

th,  The impeller of claim 14, wherein the layers extend axially, radially,

circumferentially, or a combination thereof,

16, The impeiler of claim 14, whearsin the plurality of additive lavers of material

comprises different layers of different matsrial.

17, A method of manufacturing a one-piece shrouded impsller, compnsing:
forming a first shape with a first laver of mietal particles;

adding additions! layers of metal particles on top of the first laver of

particles; and

forming shapes with each of the addilional layvers of metal particles

untdl formation of the one-pisce shrouded impslier,

14, The mathod of claim 17, wherein forming shapss in the additional layers of
metsl particles comprises forming ong of more internal voids within the one-piece

shroudsd impeller.

149, The mesthod of claim 17, comprising removing &

s metal particlss,

20, The method of claim 17, comprising heat treating the one-pisce shroudsd

impeller after formation.

16
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