
PARACRINE SIGNALS FROM MESENCHYMAL FEEDER CELLS AND
REGULATING EXPANSION AND DIFFERENTIATION OF HEPATIC
PROGENITORS USING SAME CROSS-REFERENCE TO RELATED
PATENT APPLICATIONS [0001] This application claims
priority from US Provisional Application No.
60/944,435, filed June 15, 2007, incorporated herein
by reference in its entirety. FIELD OF THE INVENTION
[0002] The present invention relates generally to the
ex vivo propagation and/or differentiation of hepatic
progenitor cells. More particularly, the present
invention relates to the identification and selection
of soluble and insoluble paracrine signals derived
from mesenchymal cells and their application in
regulating expansion and/or differentiation of hepatic
progenitor cells, including hepatic stem cells, in
vitro. BACKGROUND OF THE INVENTION [0003] Hepatic stem
cells and their progeny (e.g., hepatoblasts and
committed progenitors) have considerable expansion
potential. For this reason, these cell populations are
desirable candidates for cell therapies, including
bioartificial livers or cell transplantation. Despite
this promise, however, the full potential of liver
cell therapy remains to be realized. [0004] The in
vitro propagation of hepatic stem cells and their
progeny has proven to be challenging, in part, because
in vitro culture conditions are not always optimal for
transition from the laboratory bench to the clinic.
For example, some culture conditions are not good for
survival, can greatly retard cell division, or can
promote cell differentiation towards undesired fates.
As well, some culture conditions require the addition
of factors (e.g., serum) that can introduce
contaminants and thereby limit their application in
treating humans. [0005] Maintenance of normal cells,
especially progenitors, requires feeders of
mesenchymal companion cells, known to provide
paracrine signals critical for survival and function
of the progenitors. There is a need to identify
categories of mesenchymal cell feeders and then to use
them as models to identify their paracrine signals,
extracellular matrix components and soluble signals,
that mediate expansion, lineage restriction towards
specific fates, or differentiation of hepatic
progenitors towards their adult fates of biliary
epithelia andhepatocytes. Defining the signals enables
one to use the signals on their own in the proper
combinations and without the feeders to elicit the
desired biological responses from the hepatic
progenitors and that includes survival, expansion,
lineage restriction towards a fate, and full
differentiation to mature liver cells. Thus, there is
a need for culture conditions that are defined so as
to obviate the heretofore requirement of feeder cells.
SUMMARY OF THE INVENTION [0006] In one embodiment of
the present invention, a method of propagating hepatic
stem cells in vitro without inducing their
differentiation is provided comprising: culturing a
population of isolated hepatic stem cells in
serum-free culture media and on a layer of matrix 



components selected from the group consisting of
hyaluronans, other unsulfated or poorly sulfated
glycosaminoglycans (GAGs), unsulfated or poorly
sulfated proteoglycans, embryonic collagens (e.g.,
type III) and embryonic basal adhesion molecules, and
combinations thereof, in which the layer is
essentially free of mature collagens (e.g., type I),
and in which the culturing propagates the hepatic stem
cells without inducing their differentiation. [0007]
Any or all of the matrix components may be supplied by
angioblast feeder cells, quiescent hepatic stellate
feeder cells, HUVEC feeder cells, or a combination
thereof. The basal adhesion molecules may comprise
isoforms of laminin found predominantly in fetal
tissues and the GAGs, other than hyaluronans, may be
forms of chondroitin sulfates. The hepatic stem cells
may be human and obtained from fetal, neonatal,
pediatric or adult liver. The laminin may be supplied
at a concentration between about 0.1 to about 2
mg/cm2, preferably at a concentration of about 1
mg/cm2. Similarly, the type III or IV collagens can
be, individually, at a concentration between about 0.1
to about 15 mg/cm . [0008] In another embodiment of
the present invention, a method of differentiating
hepatic stem cells in vitro to hepatoblasts is
provided comprising: culturing a population of
isolated hepatic stem cells in serum-free culture
media and on a layer of matrix components selected
from the group consisting of embryonic collagens,
basal adhesion molecules, CS-PGs, and combinations
thereof, in which the layer is essentially free of
mature collagens, and in which the culturing
propagates the hepatic stem cells without inducing
their differentiation. [0009] Any or all of the matrix
components may be supplied by activated endothilia,
activated hepatic stellate feeder cells, or both. The
embryonic collagen can be a type IVcollagen and the
basal adhesion molecules may comprise fetal isoforms
of laminin, supplied at a concentration between about
0.1 to about 2 mg/cm2, preferably at a concentration
of about 1 mg/cm2. In some embodiments, the layer
further comprises hyaluronans. The hepatic stem cells
can be obtained from fetal, neonatal, pediatric or
adult liver, and preferably from humans. [0010] In yet
another embodiment of the present invention, a method
of differentiating hepatic stem cells or hepatoblasts
in vitro into committed hepatocyte or biliary
progenitors and progeny thereof is provided
comprising: culturing a population of isolated hepatic
stem cells in serum-free culture media and on a layer
of matrix components selected from the group
consisting of sulfated proteoglycans, mature
collagens, fibronectin, and combinations thereof, and
in which the culturing induces the differentiation of
the hepatic stem cells or hepatoblasts into committed
hepatic or biliary progenitors and progeny thereof.
Any or all of the matrix components may be supplied by
stromal feeder cells, activated hepatic stellate
feeder cells, myofibroblast feeder cells, or
combinations thereof. In some embodiments, the layer
is substantially free of hyaluronans and the sulfated
proteoglycans can be heparan sulfate-PG or heparin-PG,
or both. 



[0011] In still yet another embodiment of the present
invention, a container for propagation of hepatic
progenitors or differentiating them is provided. The
containers comprise a layer of matrix components
selected from the group consisting of hyaluronans,
other unsulfated or poorly sulfated glycosaminoglycans
(GAGs), unsulfated or poorly sulfated proteoglycans,
embryonic collagens and embryonic basal adhesion
molecules, and combinations thereof; wherein the layer
is essentially free of mature collagens; and wherein
the layer of matrix components substantially coats at
least one surface of the container. [0012]
Alternatively, the layer may comprise matrix
components selected from the group consisting of
embryonic collagens, basal adhesion molecules, CS-PGs,
and combinations thereof, wherein the layer is
essentially free of mature collagens; and wherein the
layer of matrix components substantially coats at
least one surface of the container. Finally, the layer
may comprise matrix components selected from the group
consisting of sulfated proteoglycans, mature
collagens, fibronectin, and combinations thereof,
wherein the layer of matrix components substantially
coats at least one surface of the container. The
container may be a tissue culture plate, a bioreactor,
a lab cell or a lab chip.[0013] As such, those skilled
in the art will appreciate that the conception upon
which this disclosure is based may readily be utilized
as a basis for the designing of other structures,
methods and systems for carrying out the several
purposes of the present invention. It is important,
therefore, that the claims be regarded as including
such equivalent constructions insofar as they do not
depart from the spirit and scope of the present
invention. BRIEF DESCRIPTION OF THE DRAWINGS [0014]
Figure 1 shows a colony of hHpSCs and human
hepatoblasts in culture: Both hHpSC colony (A) and
human hepatoblasts (B) expressed EpCAM (shown in
green). NCAM (shown in red, A) was expressed along the
peripheral region and the center of the colony.
Hepatoblasts strongly expressed alpha-fetoprotein
(AFP, shown in red, B). Both cells were stained with
DAPI (blue). Scale bar, 100 mm. [0015] Figure 2 shows
that cells surrounding a colony of hHpSCs are aSMA+
hHpSTCs: A typical human hepatic stem cell colony (A)
is positive for NCAM inside the colony (B, D) and for
aSMA in the companion cells at the edge of colony (C,
D). Magnification, 10x. [0016] Figure 3 shows a
primary culture of hHpSCs with angioblasts: KDR+
selected cells cultured in EGM-2 for 7 days expressed
vWF (green) (A and B). CD31+ selected cells cultured
in EGM-2 for 4 days expressed both vWF (green) and CD3
1 (red) (C). Scale bar, 100 mm. Angioblasts associated
with hHpSC colony in culture (D). Magnification, 10x.
[0017] Figure 4 compares quiescent with activated
hHpSTCs: Quiescent hHpSTCs express low levels of
desmin, oSMA+, CD146, type I collagen, and other
matrix molecules (fibronectin, proteoglycans). Injury
processes-for example, exposure to serum or to certain
factors (e.g., PDGF and TGF-Bl)- cause hHpSTCs to
activate and to transition to myofibroblast-like
stromal cells and elevate production of oSMA and
matrix components, 



and to release various growth factors such as HGF.
Shown is a colony of hHpSCs encircled by mesenchymal
companion cells (angioblasts and quiescent hHpSTCs)
expressing low levels of CD146. On the same plate, an
adjacent colony is shown with the mesenchymal
companion cells that have undergone activation
resulting in high levels of CD146. [0018] Figure 5
shows the morphology and immunohistochemistry of
different feeders: A: hMSCs. B: hUVECs. C-D: human
fetal liver-derived feeder cells on days 4 (C) and 7
(D). EH: day-1 1 culture of magnetically
immunoselected KDR+ cells (E-F) and supernatant
cellsdepleted of fibroblasts (G-H) in serum-free
conditions were positive for oSMA (F and H).
Magnification, 1Ox. [0019] Figure 6 shows
immunohistochemistry on fibroblast-depleted
supernatant cells cultured in EGM-2 medium for 8 days:
Cells were positive for desmin (B and H), oSMA (I),
laminin (C), fibronectin (F), collagen types I (L) and
IV (E), and negative for endothelial marker vWF (K).
Note that more cells express oSMA than desmin. Phase
contrast image for each double staining is shown (A,
D, G, and J). Bar, 50 mm. [0020] Figure 7 shows some
effects of hHpSCs co-cultured with different feeders.
A-F: hHpSCs cultured alone (A ), co-cultured with
hUVECs (B), hMSCs (C), or human fetal liverderived
feeders (D). Magnification, 10x. [0021] Figure 8 shows
human hHpSCs co-cultured with aSMA+ supernatant cells
derived from human fetal livers, from which
fibroblasts were depleted. Use of these feeders
resulted in lineage restriction to hepatoblasts.
Immunohistochemistry for human AFP on human hepatic
stem cell colonies (A and B) and on co-culture of
hHpSCs and human fetal liverderived feeders (C and D)
at day 8. Magnification, 10x. [0022] Figure 9 shows
normalized mRNA expression for mRNAs encoding matrix
molecules: fold changes of mRNA expression levels in
each cell type were normalized to ribosomal RNA (18S)
content of the same cell type. [0023] Figure 10 shows
the behavior of hHpSCs on substrata of purified matrix
components: hHpSCs maintain stem cell characteristics
on plastic or on type III collagen (A and B). hHpSCs
lineage restrict to hepatoblasts when cultured on top
of type IV collagen or on laminin (C and D). hHpSCs
further differentiate into mature hepatocytes when
cultured atop type I collagen. Higher magnification
for D. [0024] Figure 11 provides a summary of the
changes in matrix chemistry and matrix receptors in
the hHpSCs and their mesenchymal cell partners during
differentiation. [0025] Figure 12 provides a
comparison of human cytokines produced in co-culture
and in human fetal liver cell culture. Concentration
(pg/ml) of human cytokines produced in human fetal
liver cell single culture and in co-culture of STO
feeder cells and human fetal liver cells at low (top)
and high (bottom) levels. [0026] Figure 13 provides a
comparison of mouse cytokines produced in co-culture
and in STO feeder cell culture. Concentration (pg/ml)
of mouse cytokines produced in STO feedercell single
culture and in co-culture of STO feeder cells and
human fetal liver cells at low 



(top) and high (bottom) levels. [0027] Figure 14 shows
the cytokine effects on colony formation of rter
cells. Colony number (top) and area (in pixels;
bottom) of rat hepatic progenitor (rter) cells in
hormonally defined medium (HDM) with or without
cytokine are shown. DETAILED DESCRIPTION OF THE
INVENTION [0028] In one embodiment of the present
invention, extracellular matrix components have been
identified, which facilitate the attachment, survival
and ex vivo proliferation and other matrix components
that elicit the differentiation of hepatic stem cells
and their progeny. The term "hepatic progenitors," as
used herein, is broadly defined to encompass both
hepatic stem cells and their progeny. "Progeny" may
include both hepatic stem cells or hepatoblasts, both
pluripotent progenitors thereof, and committed
progenitors that can differentiate into only one
lineage leading to particular mature cell type (e.g.,
a hepatocyte). [0029] "Clonogenic expansion" refers to
the growth property of cells that can expand from a
single cell and be subcultured and expanded repeatedly
with retention of the phenotype of the parental cell.
"Colony formation" refers to the property of diploid
parenchymal cells that can undergo a limited number of
cell divisions (typically 5-7 cell divisions) within a
week or two and involves cells with limited ability to
undergo subculture or passaging. "Pluripotent"
signifies cells that can form daughter cells of more
than one fate; "unipotent" or "committed progenitors"
are cells that have a single adult fate. [0030]
Hepatic stem cells (HpSCs) are pluripotent cells found
in the ductal plates (also called limiting plates) in
fetal and neonatal livers and in the Canals of Hering
in pediatric and adult livers and showing evidence of
self-replication with expression of telomerase and
being capable of forming mature liver cells when
transplanted. These cells are EpCAM+, NCAM+, ALB+,
CK8/18+, CK19+, CD133/1+, and are negative for all
hemopoietic markers tested (e.g., CD34, CD38, CD45,
CD14), mesenchymal cell markers (CD146, VEGFr, CD31)
and for expression of P450s or alpha-fetoprotein. The
HpSCs have been found to give rise to hepatoblasts and
to committed (unipotent) progenitors. [0031]
Hepatoblasts (HBs) are bipotent cells found throughout
the parenchyma of fetal and neonatal livers and as
single cells or small aggregates of cells tethered to
the ends of the Canals of Hering. HBs derive from the
HpSCs. HBs share many antigens present on HpSCsbut
with important distinctions. For example, HBs do not
express NCAM but rather ICAMl and they express
significant amounts of alpha-fetoprotein and fetal
forms of P450s. These HBs give rise to the unipotent
progenitors, the committed hepatocytic and biliary
progenitors. [0032] Committed hepatic progenitors are
unipotent progenitors of either the hepatocytic or
biliary lineages. Their antigenic profile overlaps
with that of the HBs; however, biliary committed
progenitors express CKl 9 but not AFP or ALB, whereas
the hepatocytic committed progenitors express AFP and
ALB but not CKl 9. Committed biliary progenitors
derive directly from hepatic stem cells and also from
hepatoblasts. 



[0033] Mesenchymal cells (MCs) include cells at
various lineage stages of the many different
mesenchymal cell types (listed as the mature cells
and, in parentheses, their precursors): including
stroma ( mesenchymal stem cells), endothelia
(angioblasts), stellate cells (stellate cell
precursors), and various hemopoietic cells
(hemopoietic stem cells) [0034] While most, if not
all, of the discussion and examples of hepatic
progenitors herein will be with reference to
human-derived cell populations, the teachings herein
should not be limited to humans. In fact, one of
ordinary skill in the art may be expected to apply the
teachings herein to the expansion of hepatic
progenitors from mammals, generally (e.g., mice, rats,
dogs, etc.). Accordingly, the scope of the present
invention is intended to include hepatic progenitors
of any and all mammals. [0035] It is also noted that
hepatic progenitors suitable for in vitro propagation
in accordance with the instant invention are not
limited to those isolated or identified by any
particular method. By way of example, methods for the
isolation and identification of the hepatic
progenitors have been described in, for example, USP
No. 6,069,005 and USP Application Nos. 09/487,318;
10/135,700; and 10/387,547, the disclosures of which
are incorporated herein in their entirety by
reference. [0036] Hepatic stem cells and hepatoblasts
have characteristic antigenic profiles and can be
isolated by protocols described previously. For
example, hepatic stem cells and hepatoblasts share
numerous antigens (e.g., cytokeratins 8, 18, and 19,
albumin, CD133/1, and epithelial cell adhesion
molecule ("EpCAM")) and are negative for hemopoietic
markers (e.g., glycophorin A, CD34, CD38, CD45, CD14)
and mesenchymal cell markers (e.g., CD146, CD3 1,
VEGFr or KDR). Alternatively, hepatic stem cells and
hepatoblasts can be distinguished from each other by
size (the stem cells are 7-9 mm; the hepatoblasts are
10-12 mm), by morphology in cultures (the stem cells
form dense, morphologically uniformcolonies, whereas
the hepatoblasts form cord-like structures
interspersed by clear channels, presumptive
canaliculi), by distinctions in the pattern of
expression of certain antigens (EpCAM is expressed
throughout the hepatic stem cells but is confined to
the cell surface in the hepatoblasts), or by distinct
antigenic profiles (N-CAM is present in the hepatic
stem cells, whereas alpha-fetoprotein (AFP) and ICAMl
are expressed by the hepatoblasts). In fetal and
neonatal livers, the hepatic stem cells are in the
ductal plates (also called "limiting plates"), whereas
the hepatoblasts are the dominant parenchymal cell
population (>80%). In pediatric and adult tissues, the
hepatic stem cells are present in the Canals of
Hering, whereas the hepatoblasts are cells tethered to
the ends of the Canals of Hering. The hepatoblasts
consist of small numbers of cells in normal tissue but
found in large numbers (e.g., nodules) in diseased
livers (e.g., cirrhosis). [0037] The present invention
provides methods to control ex vivo maintenance of
HpSCs, preferably human HpSCs (hHpSCs), in vitro. More
specifically, the inventive method enables propagation
of HpSCs (1) without inducing differentiation (i.e.,
self-renewal); (2) 



inducing differentiation (i.e., "lineage restriction")
of the HpSCs to hepatoblasts; or (3) inducing more
"extensive" differentiation (e.g., into committed
progenitors) (collectively referred herein a "ex vivo
maintenance"). The method is enabled, in part, by the
selective use of specific types of mesenchymal feeder
cells used in co-cultures. The invention also provides
insoluble (e.g., matrix molecules) and soluble (e.g.,
cytokines) components that alone or in combination
allow for the propagation of HpSCs, if preferred, in
the absence of feeder cells. Table 1 summarizes the
insoluble factors discovered relevant to affect the
aforementioned modes of ex vivo maintenance.[0038]
Three distinct classes of feeders have been identified
in keeping with the three modes of ex vivo maintenance
outlined above. Co-culture with feeders of endothelia
precursors or angioblasts free of human hepatic
stellate cells (hHpSTCs) (or, in the alternative,
comprising quiescent hHpSTCs) allow for the expansion
of HpSCs without inducing their differentiation.
Feeders replete with activated endothelia and hHpSTCs
lineage restrict HpSCs to hepatoblasts. Finally,
feeder cells comprising mature endothelia or murine
stroma (represented by STO cells), lead HpSCs to
differentiate into mature parenchymal cells
(including, biliary and hepatocytic cells). It is
presently believed that the behavior of the cocultures
thus identified parallels that observed during liver
development, which is governed by paracrine signals
from mesenchyme adjacent to the epithelium.[0039]
Matrix chemistry can be relevant to embryonic
development. In one embodiment of the invention, the
present inventors have found that extracellular matrix
components found in or near the liver's stem cell
niche, provide for expansion of hepatic progenitors
without inducing differentiation better than existing
technology. As described in U.S. patent application
having serial no. 11/560,049 filed November 15,
2006-the disclosure of which is incorporated herein in
its entirety by reference-cells cultured on the matrix
components, found in abundance in or near the liver's
stem cell niche, aggregate to form spheroid-like
structures on some of the matrix components (e.g.,
laminins) and spread into monolayers on others (e.g.,
type III collagen). Specific types of extracellular
matrix components, found in the stem cell niche, are
among the signals requisite for hepatic progenitor
cells to undergo expansion in self-replication mode,
that is symmetric cell divisions (the daughter cells
are identical or nearly identical to the parent
cells). [0040] It is further believed that the
maturation of hepatic stem cells occurs concomitantly
with a unique combination of matrix components which
direct, at least in part, their differentiation. Some
extracellular matrix components are permissive for
hepatic progenitors to undergo expansion associated
with asymmetric divisions, that is expansion along
with some differentiation. Yet others, located in
regions of the liver tissue in which fully mature
liver cells are found, elicit growth arrest and full
differentiation of the cells. [0041] All the feeders
produce multiple categories of matrix components and
that include basal adhesion molecules (fibronectin
and/or laminin) and several collagens. Fibronectin
proved to be a matrix component that was not expressed
by the angioblasts or quiescent 



hHpSTCs but was expressed by all other feeders
studied. It was produced at the highest levels by
human umbilical vein endothelial cells (hUVECs) but
the HpSCs do not attach well to it. [0042] So, its
presence in the matrices appears to be irrelevant to
the biological responses induced by the feeders. The
feeders that induced self-replication expressed type
III and IV collagens, laminin and hyaluronans
(angioblasts, quiescent HpSTCs, HUVEC cells). The
feeders that induced lineage restriction to
hepatoblasts and with continued expansion produced
type IV collagen and laminin but not type III, some
hyaluronans, and some chondroitin sulfate proteoglycan
(primary cultures replete with activated HpSTCs,
identified by elevated levels of oSMA and CD146). The
feeders that induced the maximum differentiation
expressed the highest amounts of matrix and that
included high levels of type I and IV, laminin ,
fibronectin, and heparan sulfate proteoglycans.[0043]
Chondroitin sulfate proteoglycan (CS-PG) protein was
evident in both human fibroblast-like, fetal
liver-derived cells and bone marrow-derived
mesenchymal stem cells (hMSCs). These two types of
feeders caused lineage restriction of hHpSCs into
hepatoblasts. Hence, CS-PGs likely signal, at least in
part, that process. It has been hypothesized that the
stem cell niche is dominated by glycosaminoglycans
(GAGs) with little to no sulfation such as hyaluronans
and these minimally sulphated CS-PGs could, therefore,
act as a barrier minimizing the presentation of
signals to the stem cells. As the stem cells are
pushed out of the niche, they come into contact with
GAGs and proteoglycans with more extensive sulfation
and bind growth factors that could influence the stem
cells either with respect to growth or with respect to
lineage restriction to various differentiated cell
fates. [0044] The most extensive differentiation was
observed in hHpSCs plated onto STO feeder cells, upon
which the hHpSCs went into growth arrest and
differentiated into hepatoblasts and unipotent
progenitors {i.e., committed biliary and hepatocytic
progenitors). The STO feeders produced the highest
levels of extracellular matrix proteins and were
unique in producing HS-PGs. [0045] Type I collagen was
determined to induce the most extensive
differentiation. The extent of differentiation was
found to differ depending on whether the cells were
plated on top of or embedded into the type I collagen
gel. Indeed, cells morphologically similar to mature
hepatocytes were found in those cultures embedded in
the collagen (Fig. 10). This phenomenon is likely due
both to a direct effect of type I collagen and also an
indirect effect via stabilization of HS-PGs by type I
collagen. [0046] Figure 11 summarizes the discovered
sequential changes in matrix components and matrix
receptors that occur with the transition of hHpSCs
through hepatoblasts and ultimately to mature
parenchymal cells. The invention thus defined can
allow the propagation of HpSCs in "feeder-free"
cultures. Table 2 provides details on the
extracellular matrix components produced by different
feeders studied.[0047] The scope of the present
invention should not be limited to any one matrix 



component, soluble component, or combination thereof.
In keeping with the teachings herein, the present
invention describes and teaches the use of any and all
soluble and insoluble components and their combination
in the generation of substrata and media that can be
utilized for ex vivo maintenance of cells either for
expansion or for differentiation. While many of these
components will be discussed below, for the sake of
clarity, laminins, type IV collagens and/or type III
collagens will be discussed as mere representatives of
a class of extracellular matrix components that are
found in or in high abundance in embryonic tissues or
in stem cell niches. [0048] Non-limiting examples of
embryonic matrix components include: specific types of
collagens, including Collagens Type IV (further
including al , a2, a3, a4, a5, a6) and Collagens Type
III; Laminins (including, 1, g l , b2, a3, a5);
hyaluronans; forms of chondroitin sulfate
proteoglycans (PGs) or their glycosaminoglycan chains;
and forms of heparan sulfate-PGs or their
glycosaminoglcyan chains (e.g., certain syndecans).
Nonlimiting examples of matrix components found in
mature tissues include stable forms of collagens
(e.g., type I and II), forms of fibronectin; heparan
sulfate-PGs (e.g., agrin, perlecan), heparin-PGs;
dermatan-PGs (e.g., cartilage-associated dermatan
sulfate-PG); and elastins. [0049] In addition to
insoluble factors, soluble growth and/or
differentiation factors can influence the rate of cell
proliferation and/or differentiation. For example, the
addition of serum can slow growth of the hepatic
progenitors and cause lineage restriction towards the
hepatocytic fate and, in parallel, cause rapid
expansion of mesenchymal cell populations (stroma and
endothelia) associated with scar tissue formation. The
addition of epidermal growth factor leads to lineage
restriction towards an hepatocytic fate. [0050]
Preferably, in some embodiments, the matrix components
described herein are employed in combination with a
serum-free medium. A serum-free media was developed
previously for HpSCs and hepatoblasts and is described
in U.S. Patent Application No. 09/678,953, the
disclosure of which is incorporated herein in its
entirety. [0051] The present inventors have found that
Interleukin-1 1 (IL-1 1) and leukemia inhibitory
factor (LIF) promoted colony formation of rat hepatic
progenitor (rter) cells on top of STO feeders. Because
both IL-1 1 and LIF are members of IL-6 cytokine
superfamily, these findings support the notion that
the IL-6 cytokine family promotes growth of hepatic
progenitor cells in vitro. EGF reduced colony
formation of rat hepatoblasts but increased colony
formation of diploid adult rat hepatocytes but with
lineage restriction towards hepatocytes and inhibition
of biliary epithelia. As well, TGF-bl increased colony
number and area of rter cells when grown atop STO
feeders, but inhibited growth of HepG2 cells on
plastic. [0052] Co-culture of hHpSCs and STO feeder
cells induced higher expression of several human and
mouse cytokines including in majority the inflammatory
signals and some factors 



known to be hepatic growth stimulating. Interleukin-4
(IL-4) is one of the inflammatory cytokines that
elevated dramatically in the co-culture. These and
other soluble factors are discussed with greater
detail herein. [0053] Without being held to or bound
by theory, it is presently believed that the matrix
components and soluble components of the present
invention provide many of the survival, proliferation
and/or differentiation signals generally provided by
feeder cells. Thus, theinstant invention may replace,
in significant part, the need for embryonic stromal
feeder cells to maintain viability and expansion
potential of the hepatic progenitors. [0054]
Embodiments of the instant invention will now be
described by way of non-limiting examples. EXAMPLES
Kubota's Medium (KM) [0055] All cultures were put into
KM, a serum-free medium (unless otherwise noted)
tailored for hepatic progenitors. The media is
described in, for example, U.S. patent application
having serial no. 09/679,663 filed Oct. 03, 2000, the
disclosure of which is incorporated herein in its
entirety by reference. Sourcing of cell lines [0056]
hMSCs were obtained from a 26-year-old male donor.
hUVECs were obtained from Dr. Cam Patterson
(University of North Carolina; Chapel Hill, NC). A
clone of murine embryonic stromal cells (STO cells)
was prepared from STO cells obtained from the ATCC.
Sourcing of human liver tissue [0057] Human fetal
livers, 16-20 weeks gestational age, were obtained
from Advanced Biological Resources (ABR, San
Francisco, California). Isolation and culture of
hHpSCs [0058] Human fetal livers were processed as
noted, supra. Freshly isolated parenchymal cells were
placed into KM and culture plastic or atop pre-plated
feeders of hUVECs, hMSCs, STO cells, or primary
cultures of human fetal liver-derived cells at a
plating density of 5,000 cells/cm2. The cells were in
KM plus 2% FBS overnight and then switched to KM
thereafter. The cultures on plastic and in KM yield
colonies of hHpSCs surrounded by angioblasts and
hHpSTC precursors that were not activated. Preparation
of feeders [0059] All stocks of mesenchymal feeders
were cultured on culture plastic and in Endothelial
Growth Medium, (EGM-2) (Cambrex, Walkersville, MD)
with 2% FBS. The only exceptions to these conditions
were the hMSCs and the adult liver-derived HpSTCs,
which were grown as described below. All cells were
grown to confluence, growth arrested withMitomycin-C,
and then switched to KM for use in co-cultures with
hHpSCs. Further details follow:  hMSCs were plated
onto tissue culture dishes with DMEM plus 1%
antibiotics, ascorbic acid, 2mM L-glutamine and 10%
FBS. 



Purified preparations of HpSTCs from adult rat and
adult human livers were prepared by Dr. YiWei Rong.
The stocks of feeders were cultured on plastic and in
KM + 5% FBS.  STO5 feeders were cloned from STO cells
obtained from the ATCC and were tested for their
efficacy on rodent hepatic progenitors. Frozen stocks
of STO5 were thawed and grown in KM to which 5% fetal
bovine serum was added.  For preparation of primary
cultures of human fetal liver-derived mesenchymal
cells, livers were enzymatically digested using 0.45
mg/ml collagenase type IV and 0.3 mg/ml deoxynuclease
and then mechanically dissociated into single cell
suspensions by cross scalpels. After washing away
excess enzymes, the cells were put through three
rounds of slow-speed centrifugation (20 X g) for 5
minutes. The supernatant was collected and resuspended
in RPMI- 1640 plus selenium (10 9M), 1% antibiotics
and 0.1% BSA. The cells were then plated onto culture
plastic and in KM supplemented with 10% FBS. The
mesenchymal cells attached within minutes to hours and
quickly transitioned into stromal feeders comprised of
activated hHpSTCs recognizable by having high levels
of desmin, CD146 and odMA.  KDR+ or CD3 1+ cells were
isolated from the fetal liver cell suspensions by
magnetically activated cell sorting (MACS) system
using monoclonal anti-human KDR mouse IgGl (Cell
Sciences, Canton, MA), goat anti-mouse IgG coupled to
magnetic microbeads or using monoclonal anti-human
CD31 mouse IgGl conjugated to magnetic microbeads.
Plating density for KDR+ and CD31+ cells was 20,000
cells/cm2.  Feeders depleted of stromal cells were
prepared by negative selection for fibroblasts using
monoclonal anti-human fibroblast mouse IgG2a
conjugated to magnetic microbeads according to
manufacturer's instructions (Miltenyi Biotec, Auburn,
CA). The plating density for fibroblast-depleted
supernatant cells was 500,000 cells/cm2.Purified
Matrix Substrata [0060] The preparation of matrix
substrata for in vitro culture is described in U.S.
patent application having serial no. 11/560,049 filed
November 15, 2006, the disclosure of which is
incorporated herein in its entirety by reference.
[0061] Fibronectin: Fibronectin (Sigma, F0895) was
coated onto dishes at concentrations of 0.5, 1.0, or 2
mg/cm2 and then neutralized to pH 7.4. [0062] Laminin:
Laminin (Sigma, L2020) was coated onto dishes at
concentrations of 0.52 or 1.0 mg/cm2 at pH 7.4. [0063]
Collagen, types III and IV: Collagen coatings were
prepared on dishes at 1 of 5 different protein
concentrations (2.1, 4.2, 6.3, 8.3, and 10.4 mg/cm2).
Matrix components were added in acidic buffers to the
dishes. The matrix was allowed to attach over a
10-hour period at 37C and 5% CO2. After 10 hours, the
dishes were sterilized by UV irradiation for 2-hours
and then rinsed 3X with PBS. Collagen III (Sigma,
C-351 1) was formed with pH 3 acetic acid and Collagen
IV (Sigma, C-5533) with 0.5M acetic acid. 



[0064] Collagen, type I : Vitrogen 100 (Cohesion
Technologies, Palo Alto, CA) was modified into liquid
collagen type-I by adding specific ratios of 10x DMEM
and 0.1M NaOH. Because air bubbles can make gels
unstable, the formation of air bubble formations was
prevented. The collagen I was used both for monolayers
of cells or as a "sandwich" to embed cells between two
layers of collagen. [0065] Monolayers of Cells on
Collagen I : Liquid collagen I was maintained at 4C
prior to distributing 0.4 ml into each well of a
6-well plate. After coating, the collagen was gelled
at 37C and 5% CO2 for 1-hour. [0066] Sandwich
(Embedded cells) Model: Cells were sandwiched between
layers of collagen. After a 10-hour period for cell
attachment period, unattached cells were removed, and
a second 0.4 ml layer of collagen I added. The system
was allowed to gel at 37C and 5% CO2 for 1 hour to
solidify the top collagen layer. Immunohistochemistry
on human hepatic progenitor cells and human fetal
liver-derived feeder cells [0067] After 1-2 weeks of
culture, cells were fixed with 4% paraformaldehyde for
immunostaining. A antibodies used were as follows:
FITC-conjugated anti-human vWF sheep IgG (US
Biologicals, Swampscott, MA), PE-conjugated anti-human
CD56 (NCAM)mouse IgGl, anti-human CD31 mouse IgGl,
PE-conjugated anti-human CD54 (ICAM-I) mouse IgGl (BD,
San Jose, CA), anti-human aSMA mouse IgG2a, anti-human
type I collagen mouse IgGl, anti-human type III
collagen mouse IgGl, anti-human laminin mouse IgGl,
anti-chondroitin sulfate proteoglycan mouse IgM
(Sigma, St. Louis, MO), anti-human fibronectin mouse
IgGl (Oncogene Research Products, Cambridge, MA),
rabbit anti-human type IV collagen IgG (Research
Diagnostics Inc., Flanders, NJ), rat anti-human
perlecan IgG2a (Lab Vision, Fremont, CA), rabbit
anti-human AFP IgG (Zymed-Invitrogen, South San
Francisco, CA), anti-human KDR mouse IgGl (Cell
Sciences, Canton, MA), Alexa Fluor 488 goat
anti-rabbit IgG, Alexa Fluor 568 goat anti-rabbit IgG,
Alexa Fluor 568 goat antimouse IgGl and Alexa Fluor
488 goat anti-mouse IgG2a (Molecular
Probes-Invitrogen, Eugene, OR). Quantitative Real-Time
PCR [0068] Total RNA was extracted from cells using
RNeasy(r) Mini (Qiagen, Valencia, CA). The extracted
RNA was then reverse-transcribed into cDNA using
Superscript(r) II RT (Invitrogen, Carlsbad, CA).
Real-time quantitative PCR was performed using
sequence specific primers and probes shown in the
Table 3 below and analyzed by the ABI Prism 7000
Sequence Detection System (Applied Biosystems, Foster
City, CA, USA). Ribosomal RNA (18S) from each cell
type was used as internal control. The mRNA expression
levels relative to 18S were determined and the fold
changes were calculated using the 2 LDCT method.
Primers used are tabled below:"Native" feeder cells
for hHpSCs [0069] Freshly isolated hHpSCs survived ex
vivo on tissue culture plastic in KM, when the 



cells were in the presence of angioblasts (VEGFR2+,
CD31+, CD133/1+, CDl 17+) and quiescent hHpSTCs
(CD146-low, desmin and oSMA) (Figs. 1-3). Colonies of
hHpSCs consisted of cells tightly bound to each other
on their lateral borders but with minimal attachment
to the culture dish e se. However, at the perimeter of
the colonies, the site at which the angioblasts cells
were located, the hHpSCs attached to the dish. Thus,
attachment was either by the mesenchymal companion
cells (e.g., the angioblasts) alone or in combination
with hHpSCs. Feeder cell lines and feeder primary
cells used to model the "native" feeders [0070]
Several forms of embryonic mesenchymal cells, either
primary cultures or cell lines, were prepared as
models of "native" feeders (e.g., angioblasts and
HpSTCs). hHpSCs were cultured on these feeder cells in
KM. While minimizing exposure to serum is essential to
stave off spontaneous differentiation of hHpSCs,
mesenchymal feeders require factors from serum for
survival. To overcome this technical hurdle, the
present inventors grew stocks of mesenchymal feeders
in medium, such as EGM-2, supplemented with 2% serum
before switching to serum-free medium, such KM, for
assays requiring co-culture of feeders and hHpSCs.
[0071] When maintained in serum-free medium (Figs.
1-3), hHpSTCs were found to be quiescent, expressing
low levels of CD146, desmin and aSMA. Upon exposure to
serum, however, even at low (1-2%) levels or for 5
days, resulted in activation of the hHpSTCs as
evidenced by high levels of CD146, desmin and oSMA
(Fig. 4). Exposure to serum also induced primary
cultures of fetal liver cells, or immunoselected cells
(i.e., KDR+ or CD31+ cells, discussed hereinbelow), to
differentiate into hHpSTCs. [0072] Feeder cell lines
tested were: hMSCs (Fig. 5A), hUVECs (Fig. 5B), and
murine embryonic stromal cells (STO), often used for
maintenance of ES cells in culture. Primary cultures
were prepared from cell suspensions of 16-20 week-old
human fetal livers by immunoselection. Cells
expressing KDR (a.k.a. flk-l/VEGFR2) or CD31 (a.k.a.
PECAM), or cells that remain upon negative sorting for
fibroblasts thereby reducing or eliminatingstromal
cells were selected by MACS. Whole livers comprised
0.5% and 1% KDR+ and CD31+ cells, respectively. These
immunoselected populations of cells were cultured in
EGM-2 medium. [0073] Immunoselected KDR+ cells changed
rapidly in culture. In the first week, the cells
morphologically and antigenically appeared as
angioblasts or endothelial cells (Fig. 3D). By the
second week, however, HpSTCs dominated the culture.
Indeed, the cultures were confluent at 11 days, and
most of the cells were positive for aSMA, a marker for
hHpSTCs and negative for vWF, an intracellular marker
for endothelial cells (Figs. 5F and H and 61 and K).
Even if the cell suspension was negatively
fractionated to eliminate stroma prior to plating, the
same phenomenon was observed (Figs. 5C-E and G).
[0074] CD31+ cells appeared as cobblestone-like cells
in morphology for the first five days 



in culture and were positive vWF, indicating that the
cells were endothelial cells. After 5-7 days of
culture, however, hepatic stellate cells (strongly
expressing oSMA and desmin) dominated the dish and
quickly reached confiuency by day 9-10. The results
demonstrate that EGM-2, though specifically designed
for endothelial cells is nevertheless permissive for
outgrowth of hHpSTCs. hHpSCs on feeders of angioblasts
or hUVECs remain as stem cells [0075] Isolation and
clonogenic expansion of hHpSCs on culture plastic and
in KM in which there was close association with
angioblasts and quiescent HpSTCs resulted in cells
that remained as hHpSCs with minimal differentiation
(Fig. 3). The hHpSC colonies can be seen 2 weeks after
plating and are positive for NCAM, EpCAM, albumin, CKl
9 and CLDN-3 and negative for AFP. hHpSCs cultured in
KM and atop hUVECs or on KDR+ feeder cells immediately
after sorting also maintained hHpSCs as stem cells
(Fig. 7B) with an antigenic profile OfEpCAM+, NCAM+,
ICAM-I-, AFP-, CLDN-3+. hHpSCs cultured on feeders of
activated hepatic stellate cells lineage restrict to
hepatoblasts [0076] hHpSCs cultured on activated
hHpSTCs caused rapid transition, within hours, of
hHpSCs to hepatoblasts (Fig. 4). hHpSCs cultured on
either hMSCs; primary human fetal liver stroma cells;
primary human fetal liver stroma cells depleted of
fibroblasts; primary KDR+ cells; or primary CD31+
cells also transitioned to hepatoblasts after more
than a week in culture. After 8-9 days of co-culture
with any of these feeders, the hepatic progenitor
colony morphology consisted of cord-like structures
interspersed with clear channels, the presumptive
biliary canaliculi (Figs. 7 and 8) and with an
antigenic profile indicative ofhepatoblasts (EpCAM+,
NCAM-, ICAM-1+, AFP+) (Fig. 1). Moreover, the
morphology of hepatoblast colonies was more
3-dimensional causing them to be refractile when
evaluated by bright field (Figs. 7 and 8) possibly
caused by multiple layers of cells and/or accumulation
of extracellular matrix. hHpSCs plated onto STO
feeders [0077] The feeder model system resulting in
the maximum differentiation proved to be STO feeders.
hHpSCs plated onto these feeders significantly slowed
their growth and then gave rise to hepatoblasts and
committed progenitors from the edges of the colonies.
Gene expression of matrix molecules by the feeders
[0078] Three feeder cell types were chosen to
represent feeders that either sustained the hHpSC
phenotype (hUVEC cells); caused differentiation to
hepatoblasts (primary cultures of human fetal liver
mesenchymal cells and CD31+ cells); or lead to more
advanced differentiation down the hapatocytic pathway
(fetal liver-derived endothelia cultured for more than
a week, both assayed at time points at which hHpSTCs
were the dominant cell population). Using real time
PCR, it was found that fibronectin mRNA encoding the
type I module of the fibronectin molecule was the
highest-expressed matrix component among the three
feeders assayed, especially in hUVECs (Fig. 9). The
hUVEC feeders, supportive of 



maintenance of the hHpSC phenotype produced collagen
type IV, laminin (o4, /31 and l chains), and little or
no collagen types I and III, laminin chain isoforms
other than those aforementioned, or proteoglycan core
proteins. Those that induced lineage restriction to
hepatoblasts (human fetal liver-derived oSMA+
fibroblast-like and CD3 1+ cells) produced type I, III
and IV collagen, laminin (/31, g 1), but not collagen
type V, other laminin chains or any of the
proteoglycan core protein genes assayed (Glypican-3
and -5 and Syndecan-1 and - 2). Protein expression of
matrix molecules by the feeders [0079]
Immunohistochemistry (IHC) was performed on the
feeders for 7 different matrix molecules: type I, III
and IV collagens, laminin, fibronectin, and heparan
sulfate proteoglycans (HS-PG) (i.e., perlecan and
syndecan) and chondroitin sulfate proteoglycans
(CS-PG). All feeders produced a mix of extracellular
matrix molecules, but the lowest levels of total
matrix molecule production were found in primary
cultures of angioblast/endothelia; followed by the
hUVEC cell line or primary cultures in which hHpSTCs
had been culture selected. The highest level of matrix
molecules were produced by STO cells. The
basaladhesion molecule, fibronectin, was found in all
of the feeders and with the highest levels found in
STO cells. Interestingly, collagen type III was found
expressed only in STO cells, whereas it was found in
other feeders by RT-PCR. [0080] Without being held to
nor bound by theory, hHpSCs maintain their phenotype
when cultured on an extracellular matrix containing
forms of laminin with integrins o4 and /36, type IV
collagen, CS-PG, and no HS-PGs. Matrices that induce
lineage restriction to hepatoblasts have elevated
levels of type I, III and IV collagens, laminin (no o4
and no increase in the b\ isoform), CS-PG and no
HS-PGs. Finally, matrices that induce the most
striking differentiation (i.e., beyond the
hepatoblasts stage) also have all of the matrix
components mentioned but levels higher than observed
among other feeders. These matrices, however, were
unique in containing HS-PGS (Fig. 11). Effects of
purified matrix molecules on hHpSCs versus
hepatoblasts [0081] hHpSCs were cultured in KM and on
each of the following 5 types of matrix components
coated onto plastic dishes: fibronectin, laminin and
type I, III or IV collagen. Few of the hHpSCs cells
attached to fibronectin, and those that attached did
not grow. hHpSCs lineage restricted to hepatoblasts if
cultured on laminin and/or type IV collagen or if
plated on a surface of type I collagen gel (Fig. 10).
When embedded into type I collagen, the hHpSCs
differentiated the most, with the morphology and
antigenic profile of the colonies resembling that of
mature hepatocytes. [0082] Matrix components within
the periportal zone and in the liver's stem cell niche
are distinct from those found in association with the
mature parenchymal cells and elicit distinct
biological responses from purified subpopulations of
human hepatic stem/progenitor cells. These differences
are likely to provide diverse signals that modify cell
responses and activate 



dynamic expressions. By determining how distinct
classes of extracellular matrix components induce in
vivo and in vitro cell activities, microenvironments
can be reproduced in vitro to expand and differentiate
HpSC populations for the replacement or repopulation
of diseased tissues. [0083] In addition to matrix
proteins, feeder cells are thought to provide soluble
factors (e.g., cytokines, growth factors) that are
essential for HpSC survival, proliferation, and/or
differentiation. Non-limiting examples of relevant
factors are listed below:SYSTEM, METHOD, AND APPARATUS
FOR REPAIR OF COMPONENTS Cross Reference The present
application claims the benefit of United States Patent
Application No. 60/934,257, filed June 12, 2007, which
is incorporated herein by reference. Technical Field
The technical field relates generally to repair of
titanium parts and more particularly, but not
exclusively, repair of titanium parts of a gas turbine
engine. Background The repair of titanium parts
through laser deposition, such as metal powder
deposition, is known in the art. However, present
repair processes suffer from several drawbacks.
Currently available processes do not develop a repair
with appropriate micro-structure such that the
repaired part area maintains the tensile strength and
fatigue characteristics of an originally manufactured
part. Among the issues with current repair processes,
the processes develop microporosity in the repaired
area, fail to develop sufficient micro-fusion with the
substrate of the main part, and introduce thermal
peaks and gradients in the nearby part during repair
that diminish the part life of the repaired component
in the area surrounding the repair. The drawbacks in
currently available repair systems are particularly
acute in parts that are not amenable to convenient
inspection, that operate near the expected working
load of the part, and/or that may cause mission
failure if the part fails unexpectedly. Accordingly,
there is a demand for further improvements in this
area of technology.Summary One embodiment is a unique
laser metal deposition process. Other embodiments
include unique methods, systems, and apparatus to
repair titanium and titanium alloy components. Further
embodiments, forms, objects, features, advantages,
aspects, and benefits shall become apparent from the
following description and drawings.Brief Description
of the Drawings Fig. 1 is a schematic illustration of
a system for repairing titanium components. Fig. 2A is
an illustration of a first shielding device. 



Fig. 2B is an illustration of a second shielding
device. Fig. 2C is an illustration of a third
shielding device. Fig. 3 is a schematic block diagram
of a controller. Fig. 4 is an illustration of a
component thickness and laser power value associated
with an axial position of a non-conforming area. Fig.
5 is a schematic flow chart diagram illustrating a
procedure for repairing a titanium component. Fig. 6
is a schematic flow chart diagram illustrating
operations of a controller.Detailed Description For
purposes of promoting an understanding of the
principles of the invention, reference will now be
made to the embodiments illustrated in the drawings
and specific language will be used to describe the
same. It will nevertheless be understood that no
limitation of the scope of the invention is thereby
intended, such alterations and further modifications
in the illustrated device, and such further
applications of the principles of the invention as
illustrated therein being contemplated as would
normally occur to one skilled in the art to which the
invention relates. Fig. 1 is a schematic illustration
of a system 100 for repairing titanium components. The
system 100 includes a component 102 having titanium.
The component 102 may be made out of titanium, a
titanium alloy, a cermet including titanium, or other
materials including titanium. In one example, the
component 102 is a bladed disk ("blisk") such as used
in a turbine engine. In certain embodiments, the
component 102 includes a non-conforming region 104.
The non-conforming region 104 may be a damaged region,
a mis-manufactured region, a region with a changed
specification relative to the original manufacture of
the component 102, and/or a region that has not yet
been manufactured wherein one step of the manufacture
of the component 102 is a laser metal deposition
treatment. Any non-conforming region 104 requiring
material addition for any purpose is also contemplated
herein. The system 100 further includes a laser
deposition device 106. Refer to the U.S. Patent
Application entitled "System and method for component
materialaddition," filed on June 9, 2008 and
incorporated by reference herein, for an example of a
deposition device usable in certain embodiments of the
present application. In certain embodiments, the
device 106 includes a laser 108, a metal powder
delivery device 110, and position actuators 112 that
control the position of the deposition device 106. The
position of the deposition device 106 includes an
absolute position and/or a position of the deposition
device 106 relative to the component 102. For example,
the position actuators 112 control 



the position of the deposition device 106 by moving
the deposition device 106, by moving the component
102, and/or by moving another object (not shown) that
controls the position of the deposition device 106
and/or the component 102. The laser deposition device
106 may utilize metal powder, metal wire, metal
ribbon, and/or integral metal with the component 102
as a feed material for deposition. The laser 108
includes any laser with a sufficient power and
irradiance to perform a metal powder deposition,
including without limitation a CO2-based laser and a
neodymium-doped yttrium aluminium garnet laser
(Nd:YAG). In certain embodiments, the laser 108 is an
Nd:YAG laser or a fiber laser using an impregnated
fiber optic cable as the gain media for the laser 108.
In certain embodiments, a Nd:YAG laser produces a beam
with a favorable light wavelength for melting titanium
(and/or alloys) powder, reducing the complexity and
improving the energy efficiency of the system 100. In
certain embodiments, the laser 104 may be a solid
state laser. In certain embodiments, the metal powder
delivery device 110 accepts metal powder from a powder
storage 114,which may be entrained in an inert carrier
gas 116. In certain further embodiments, the inert
carrier gas 116 is helium. In certain embodiments, the
system 100 includes a shielding device that ensures an
oxygen content remains below a first threshold and
that a water vapor content remains below a second
threshold in a target area of the component 102. The
target area includes at least the non-conforming
region 104, and in certain embodiments the target area
includes the entire component 102. The shielding
device, in certain embodiments, includes an inert gas
delivery device 118 that delivers gas from an inert
gas source 120 to the non-conforming region 104 at a
rate sufficient to meet the oxygen content and water
vapor content thresholds. The inert gas source 120 may
be argon, helium, an argonfree gas source, a shared
gas source with the inert carrier gas 116, or any
other inert gas source which is essentially free of
oxygen and water vapor. In certain embodiments, the
component 102 may further be sealed, enclosed, and/or
partially sealed or enclosed in a container. In
certain embodiments, the first threshold or maximum
oxygen content in the target area is about 10
part-per-million (ppm) of oxygen. In certain further
embodiments, the first threshold is about 5 ppm
oxygen. The allowable oxygen amount depends upon the
required component strength and ductility after
repair, the formulation of the component material
(e.g. certain titanium alloys are more sensitive to
oxygen than others). It is a mechanical step for one
of skill in the art, considering the features of a
specific embodiment and the disclosure herein, to
determine a first threshold - for example one of skill
in the art may utilize 25 ppmoxygen in the target
area, and reduce the first threshold if the process
yields a 



repair with insufficient ductility. The use of 10 ppm,
or alternatively 5 ppm, provides adequate results for
a wide range of titanium alloys and component 102
applications. In certain embodiments, the second
threshold may be defined as a dew point temperature,
for example a dew point temperature of -55C (negative
fiftyfive degrees Celcius). The thresholds for oxygen
fraction and water vapor content depend upon the
material formulation of the component 102 and the
powder 114 or other deposition material, and the
temperature and cooling rate of the laser deposition
operation. In a component, for example (but without
limitation) where the component 102 will be installed
in a location that is not amenable to convenient
inspection, where the component 102 will operate near
the expected working load of the component 102, and/or
where a failure of the component 102 may cause mission
failure if the component 102 fails unexpectedly, the
component 102 may require high purity and a
micro-structure with very little micro-porosity and
good micro-fusion, and therefore the first threshold
and second threshold may be set very low. In certain
embodiments, the system 100 further includes an
imaging device 122 that may be structured to observe
the non-conforming region 104 before and/or during a
repair operation. For example, the imaging device 122
may be structured to view the non-conforming region
104 through the front of the device 102 and/or through
focusing optics (not shown) of the laser 108.In
certain embodiments, the system 100 includes a
processing subsystem that includes a controller 124.
The controller 124 includes memory, processing, and
input/output interfaces. The controller 124 further
includes modules structured to perform operations for
repairing a component 102. The controller 124 may be a
single device or a plurality of distributed devices,
and may include devices that communicate over a
network, datalink, wireless communication, and the
like. In certain embodiments, the controller 124
communicates with various sensors and actuators in the
system 100 to send or receive information and to send
commands. The communications of the controller 124 may
be direct signals such as electronic, pneumatic, or
hydraulic signals, or the communications may be
software or datalink parameters. In certain
embodiments, the component 102 is repaired by the
laser deposition device 106, and the repaired
component has a performance index value greater than
70% of a new component performance index value. The
performance index value comprises at least one of a
tensile strength value and a fatigue performance
value. In certain further embodiments, the repaired
component has a performance index value greater than
90% of a new 



component performance index value. However, other
performance index values are contemplated herein. In
certain embodiments, the controller 124 includes a
tool path module, a tool position module, a deposition
conditions module, a temperature determination module,
and/or a temperature control module. The use of
modules emphasizes the structural independence of the
aspects of the controller 124, andillustrates one
grouping of operations and responsibilities of the
controller 124. Other groupings that execute similar
overall operations are understood within the scope of
the present application. Fig. 2 is an illustration of
a first shielding device 202. The first shielding
device includes a partial enclosure 204 and a flow of
inert gas 206. The partial enclosure 204 reduces mass
transfer in the region of the component 102 and,
combined with sufficient flow of the inert gas 206
provides an oxygen content below the first threshold
and a water vapor content below the second threshold.
Fig. 2B is an illustration of a second shielding
device 208. The second shielding device includes a
sealed enclosure 210 and a flow of inert gas 212. The
sealed enclosure 210 reduces mass transfer in the
region of the component 102 and, combined with
sufficient flow of the inert gas 212 provides an
oxygen content below the first threshold and a water
vapor content below the second threshold. The use of a
sealed enclosure 210 may reduce the amount of inert
gas 212 required to maintain the oxygen and water
vapor content requirements. In one embodiment, the
shielding device 208 is a sealed enclosure 210 filled
with a first inert gas, an oxygen scavenger such as a
zeolite oxygen adsorber (not shown) that removes trace
oxygen from the sealed enclosure 210, and an inert gas
delivery device 118 that provides a stream of a second
inert gas 212. For example, the sealed enclosure 210
may slowly leak ambient air into the enclosure, and
the oxygen scavenger may remove oxygen from the
enclosure 210 and periodically regenerate (e.g.
heating to release adsorbed oxygen) and vent trapped
oxygen away from the enclosure 210.In certain
embodiments, the first inert gas includes argon and/or
helium, and the second inert gas includes helium. In
certain embodiments, the second inert gas may be argon
and/or helium. The selection of each inert gas may
depend upon cost and other commercial considerations,
and further may depend upon the heat transfer
characteristics of each inert gas, and especially the
heat transfer characteristics of the second inert gas
212 that blows directly on the component at the
deposition area. Fig. 2C is an illustration of a third
shielding device 214. The third shielding device
includes a localized bagging device 216. The localized
bagging device 216 reduces mass transfer in the region
of the component 102 and, combined 



with sufficient flow of the inert gas 218 provides an
oxygen content below the first threshold and a water
vapor content below the second threshold. The use of a
localized bagging device 216 may reduce the amount of
inert gas 218 required to maintain the oxygen and
water vapor content requirements. Fig. 3 is a
schematic block diagram of a controller 124. The
controller 124 includes a tool path module 302
structured to interpret a deposition device tool path
304. The tool path module 302 may interpret the
deposition device tool path 304 by reading the tool
path 304 from communications on a datalink, by looking
up the tool path 304 from a memory location, and/or by
calculating the tool path 304 based on sensed, stored,
or communicated parameters. The deposition device tool
path 304 includes a plurality of tool passes 306, a
deposition device velocity specification 308, a laser
power specification 310, and/or a specified delay time
312 between each of the plurality of tool passes
306.In certain embodiments, the deposition device tool
path 304 includes at least four tool passes 306 for
each deposition layer applied in repairing the
component 102. In certain further embodiments, each
consecutive tool pass 306 overlaps a previous tool
pass by at least 30%. The use of multiple tool passes
306 in each deposition layer, combined with other
features of the deposition operations described
herein, contribute to forming the desired
micro-structure in the non-conforming region 104 at
the completion of the deposition. In certain
embodiments, the repair area after deposition meets or
even exceeds the physical specifications of the base
component 102, including tensile strength and wear
life. In certain embodiments, the component 102 is
tested after the deposition at a stress load greater
than 70% of a maximum expected stress load. For
example, if the component 102 is a blisk for a turbine
engine, the turbine engine may be operated at a
condition that exceeds a stress load of 70% of a
maximum expected stress load on the blisk - which in
typical engines will be an operating point that
significantly exceeds 70% of the rated turbine engine
power. In certain further embodiments, a performance
index is determined for the component 102 and/or for a
deposit coupon of the component 102. The deposit
coupon may be material created during the deposition
operation and under the same conditions as the
deposition operation, where the deposit coupon may be
tested for a performance index after the repair. The
use of a deposit coupon allows a performance estimate
of the repaired component 102 without subjectingthe
component 102 to wear or damage from the test, and
allows more complete testing including destructive
testing of the deposit coupon. In certain embodiments,
the performance index is a description representative
of the component 102 tensile strength, fatigue
capability, or similar 



characterization of the component 102 as specified for
the application. In certain embodiments, it is
determined whether the performance index for the
component 102 exceeds a performance threshold, where
the performance threshold is a threshold greater than
70% of a new component performance index. For example,
the performance index may be an exhibited tensile
strength of the repaired component, and the
performance threshold may be a value of 70% of the
tensile strength of a newly manufactured component.
Depending upon the application, the performance
threshold may be greater than about 90% of a new
component performance index. In certain embodiments,
the deposition device velocity specification 308, the
laser power specification 310, and the specified delay
time 312 are configured such that the deposited metal
material cools at a cooling rate between a low cooling
rate 314 and a high cooling rate 315. The cooling rate
of the deposited material and the presence or lack of
impurities in the gases surrounding the deposition
operation determine the final micro-structure of the
repaired component. In certain embodiments, the
development of micro-porosity and/or the development
of a grain boundary alpha phase indicate a cooling
rate that is too high and/or the presence of
impurities. Impurities can be detected directly and
can thereby be eliminated as a cause or mitigated by
better removal.The cooling rate can be adjusted by
changing the laser power specification 310, the
specified delay time 312, the deposition device
velocity specification 308., and/or the powder
delivery rate 324. The cooling rate during the
deposition depends upon the deposition device
velocity, the laser power utilized, the delay time
between tool passes 306, the ability of the component
material to absorb the laser 104 utilized (e.g.
titanium absorbs Nd:YAG energy in greater percentages
than a CO2 based laser), and the thickness of the
material (thicker material heats up more slowly and
cools down more slowly). The control of the laser
power utilized can be either by a direct laser power
command (e.g. 175 Watts) and/or a by utilizing a
pulse-width modulated (PWM) laser. For example, where
a laser has a 350 Watt base power and 175 Watts are
needed, a PWM duty cycle of 50% provides a net power
of 175 Watts continuous. In certain embodiments, and
especially in embodiments with critical components
and/or where material purity of the component 102 is
important, the deposition device 102 does not include
a copper chill. It is a mechanical step for one of
skill in the art to control the available parameters
in light of the fixed parameters and the disclosure
herein. For example, the component thickness is
generally not a controllable parameter because the
component 102 design is 



typically, but not necessarily, specified before the
deposition device tool path 304 is determined.
Similarly, the type of laser and component material,
and therefore the absorption coefficient, is typically
specified before the deposition device tool path 304
is determined.The laser power specification 310 can be
calculated in real-time, and changed during operations
based on, for example, a deposited material
representative temperature 318 provided by a
temperature sensor 126 (refer to Fig. 1). The
deposition device tool path 304 may be calculated
before operations begin, may be determined at least
partially in a "teach-and-learn" operation where an
operator controls the deposition device 102 through
the spatial path to be followed during deposition
operations while the controller 124 records the
spatial parameters, and may further be adjusted based
on calculated or measured parameters during deposition
operations. The controller 124, in certain
embodiments, includes a tool position module 320 that
controls the position actuators 112 in response to the
deposition device tool path 304. In certain
embodiments, the tool position module 320 interprets a
current deposition device position 328 and provides
position actuator commands 330. The controller 124
further includes a deposition conditions module 322
that controls a powder delivery rate 324 and a laser
power value 326 in response to the deposition device
tool path 304 and the deposition device position 328.
For example, the deposition device tool path 304 may
specify a variable laser power value along a length of
the tool passes 306, and the deposition conditions
module 322 provides the specified laser power value at
each position 328 according to the deposition device
tool path 304. In certain further embodiments, the
deposition device velocity specification 308 may
likewise vary along a length of the tool pass 306.
Further, the laser power value 326 and thedeposition
device velocity specification 308 may vary from one
tool pass 306 to a later tool pass 306. As described,
the laser power value 326 depends upon many factors
and tradeoffs, but generally a laser power value 326
greater than 50 Watts will provide sufficient power
for deposition as described. In certain embodiments,
the laser 104 has a power output between about 50
Watts and about 2,000 Watts, although higher values
may be utilized in certain embodiments. In certain
further embodiments a laser power value 326 is below
about 500 Watts. In certain embodiments, the
controller 124 includes a temperature determination
module 332 that interprets the deposited material
representative temperature 318. The temperature
determination module 332 interprets the deposited
material representative temperature 318 by reading a
value from a 



sensor 126, by reading a value from a memory location,
by interpreting an electronic signal such as a
voltage, and/or by calculating the deposited material
representative temperature 318 utilizing other
parameters available in the system 100. The deposited
material representative temperature 318 may be any
temperature in the system 100 indicative of the
temperature of the deposited material, including a
melt pool temperature and/or temperature of the
component 102 at a location in some thermal contact
with the deposited material. The deposited material
representative temperature 318 may generally be
correlated to the cooling rate of the deposited
material - for example a higher peak temperature
generally provides a higher cooling rate, and the
cooling rate of thedeposited material may be directly
tracked in a feedback manner utilizing the deposited
material representative temperature 318. The
temperature and/or cooling rate of the deposited
material may be correlated to the deposited material
representative temperature 318 by a function, a lookup
table based on several sample data points, or through
similar methods understood in the art. In certain
further embodiments, the controller 124 includes a
temperature control module 334 that interprets a low
cooling rate 314 and a high cooling rate 315, and the
tool position module 320 controls the position
actuators 112 in response to the deposited material
representative temperature 318 and the low cooling
rate 314 and a high cooling rate 3 15. For example,
the tool position module 320 may issue position
actuator commands 330 to decrease the velocity of the
deposition device 102 in response to the deposited
material representative temperature 318 indicating
that the deposited material cooling rate is
approaching the high cooling rate 315. In certain
further embodiments, the deposition conditions module
322 controls the powder delivery rate 324 and/or the
laser power value 326 in response to the deposited
material representative temperature 318 and the low
cooling rate 314 and a high cooling rate 315. For
example, the deposition conditions module 322 may
increase the powder delivery rate 324 and/or reduce
the laser power value 326 in response to the
indicating that the deposited material cooling rate is
approaching the high cooling rate 315. Fig. 4 is an
illustration 400 of a component thickness 406 and
laser power value 310 associated with an axial
position 410 of a non-conforming area 104.The
deposition device tool path 304 may provide a laser
power value specification 310 which, in one example,
is provided as a laser power value 326 as a function
of an axial position 410 through the non-conforming
area 104. The non-conforming area 104 includes a first
axial end 402 and a second axial end 404, with values
for the laser power value 326 specified throughout.
The laser 



power value specification 310 may be a nominal
specification, adjusted by the temperature sensor 126
feedback, for example. The thickness curve 406 is
shown for illustration of how the material thickness
of the component 102 may vary through the
non-conforming region. Further, the thickness curve
406 may vary with each subsequent deposition layer
(not shown) as the contours of the built-up component
102 change. Fig. 5 is a schematic flow chart diagram
illustrating a procedure 500 for repairing a titanium
component 102. The procedure 500 includes an operation
502 to provide a titanium and/or titanium alloy
component. The procedure 500 further includes an
operation to provide laser deposition device 102. The
procedure 500 further includes an operation 506 to
provide a shielding means. The procedure 500 further
includes an operation 508 to deposit a metal powder on
the component by operating a laser deposition device
102 along a tool path 304. In certain embodiments, the
procedure 500 includes an operation 510 to determine a
performance threshold, an operation 512 to determine a
performance index, and an operation 514 to compare the
performance index to the performance threshold.Fig. 6
is a schematic flow chart diagram illustrating an
operating process 600 of a controller 124. The process
600 includes an operation 602 to interpret a
deposition device tool path 304 and an operation 604
to interpret a low cooling rate 314 and a high cooling
rate 315. The process 600 further includes an
operation 606 to interpret a deposited material
representative temperature 318. The process 600
further includes an operation 608 to control position
actuators 112, to control a powder delivery rate 324,
and/or to control the laser power value 326 in
response to the deposition device tool path 304, the
low cooling rate 314 and a high cooling rate 315, and
the melting pool temperature 318. As is evident from
the figures and text presented above, a variety of
embodiments according to the present invention are
contemplated. A method is disclosed including
operations for repairing a component. The method
includes providing a component including one of
titanium and a titanium alloy, providing a laser
deposition device, and a shielding the component to
ensure an oxygen content remains below a first
threshold and that a water vapor content remains below
a second threshold in a target area of the component.
The method further includes depositing a metal
material on the component, wherein the depositing
includes operating the deposition device along a tool
path including a plurality of tool passes, wherein the
tool path further comprises a deposition device
velocity specification, a laser power specification,
and may further include a specified delay time between
each of the plurality of 



tool passes. In certain embodiments, the method
further includes testing thecomponent at a stress load
greater than 70% of a maximum expected stress load. In
certain embodiments, the component comprises a bladed
disk. In certain embodiments, the laser has a power
output between about 50 Watts and 2,000 Watts, and in
certain further embodiments includes a power output
below about 500 Watts. In certain embodiments, the
laser is a solid state laser, a fiber laser, and/or an
Nd:YAG laser. In certain embodiments, the tool path
includes at least four tool passes for each of at
least one deposition layer. In certain embodiments,
each of the plurality of tool passes overlays a
previous tool path by at least 30%. In certain
embodiments, the laser power specification includes a
variable laser power value along a length of at least
one of the tool passes. In certain embodiments, the
deposition device velocity specification, a laser
power specification, and a specified delay time
between each of the plurality of tool passes are
configured such that the deposited metal material
cools at a cooling rate between a low cooling rate and
a high cooling rate.. In certain embodiments, the
shielding means includes a helium gas stream, a
localized bagging device, a partial enclosure, and/or
a sealed enclosure. In certain embodiments, the first
threshold is not greater than about 10 ppm, and in
certain further embodiments not greater than about 5
ppm. In certain further embodiments, the second
threshold includes a dew point of about -55C. In
certain embodiments, the shielding means includes an
argon-free inert gas delivery means.A system is
disclosed including a component including titanium,
where the component has a non-conforming region. The
system further includes a laser deposition device
including a laser, a metal powder delivery device, and
a plurality of position actuators structured to
control a position of the deposition device. The
system further includes a shielding means that ensures
an oxygen content remains below a first threshold and
that a water vapor content remains below a second
threshold in a target area of the component. In
certain embodiments, the system includes a controller
having modules configured to functionally execute
operations to repair the component. In certain
embodiments, the controller includes a tool path
module structured to interpret a deposition device
tool path, where the deposition device tool path
includes a plurality of tool passes, a deposition
device velocity specification, a laser power
specification, and a specified delay time between each
of the plurality of tool passes. In certain further
embodiments, the controller includes a tool position
module structured to control the position actuators in



response to the deposition device tool path, and a
deposition conditions module structured to control a
powder delivery rate and a laser power value in
response to the deposition device tool path and the
deposition device position. In certain embodiments of
the system, the deposition device does not include a
copper chill. In certain further embodiments, the
laser having a power output between about 50 Watts and
2,000 Watts, and in certain embodiments the laser has
a power output below about 500 Watts. In certain
embodiments, the laser is a solid state laser, a fiber
optic laser, and/or an Nd:YAG laser.In certain
embodiments, the controller further includes a
temperature determination module structured to
interpret a deposited material representative
temperature and a temperature control module
structured to interpret a low cooling rate and a high
cooling rate, and the tool position module is further
structured to control the position actuators in
response to the deposited material representative
temperature and the low cooling rate and a high
cooling rate. In certain embodiments, the controller
further includes a temperature determination module
structured to interpret a deposited material
representative temperature, and a temperature control
module structured to interpret a low cooling rate and
a high cooling rate, and the deposition conditions
module is further structured to control the powder
delivery rate and/or the laser power value in response
to the deposited material representative temperature
and the low cooling rate and a high cooling rate. An
apparatus is disclosed including a laser deposition
device including a laser, a metal material delivery
device, and a plurality of position actuators
structured to control a position of the deposition
device. The apparatus further includes shielding means
that ensures an oxygen content remains below a first
threshold and that a water vapor content remains below
a second threshold in a target area of the component.
In certain embodiments, the apparatus includes a
controller having a plurality of modules to
functionally execute a procedure to repair a
component. In certain embodiments, the controller
includes a tool path module structured to interpret a
deposition device tool path, where the deposition
devicetool path includes a plurality of tool passes, a
deposition device velocity specification, a laser
power specification, and a specified delay time
between each of the plurality of tool passes. In
certain further embodiments, the controller includes a
tool position module structured to control the
position actuators in response to the deposition
device tool path, and a deposition conditions module
structured to control a powder delivery rate and a
laser power value in response to the deposition device
tool path and the deposition device position. In
certain embodiments, the shielding means includes a
helium gas 



stream, a localized bagging device, a partial
enclosure, and a sealed enclosure. In certain
embodiments, the shielding means includes an
argon-free inert gas delivery means. In certain
embodiments, the deposition device velocity
specification, the laser power specification, and the
specified delay time between each of the plurality of
tool passes are configured such that the deposited
metal material cools at a cooling rate between a low
cooling rate and a high cooling rate. In certain
embodiments, the tool path further includes at least
four tool passes for each of at least one deposition
layer. In certain further embodiments, each of the
plurality of tool passes overlays a previous tool path
by at least 30%. While the invention has been
described in connection with what is presently
considered to be the most practical and preferred
embodiment, it is to be understood that the invention
is not to be limited to the disclosed embodiment(s),
but on the contrary, is intended to cover various
modifications and equivalent arrangements included
within the spirit and scope of theappended claims,
which scope is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures as permitted
under the law. Furthermore it should be understood
that while the use of the word preferable, preferably,
or preferred in the description above indicates that
feature so described may be more desirable, it
nonetheless may not be necessary and any embodiment
lacking the same may be contemplated as within the
scope of the invention, that scope being defined by
the claims that follow. In reading the claims it is
intended that when words such as "a," "an," "at least
one" and "at least a portion" are used, there is no
intention to limit the claim to only one item unless
specifically stated to the contrary in the claim.
Further, when the language "at least a portion" and/or
"a portion" is used the item may include a portion
and/or the entire item unless specifically stated to
the contrary.Claims What is claimed is: 1. A method,
comprising: providing a component including one of
titanium and a titanium alloy; providing a laser
deposition device; shielding the component to ensure
an oxygen content remains below a first threshold and
that a water vapor content remains below a second
threshold in a target area of the component; and
depositing a metal material on the component, wherein
the depositing comprises operating the deposition
device along a tool path including a plurality of tool
passes, wherein the tool path further comprises a
deposition device velocity specification, and a laser
power specification. 



2 . The method of claim 1, wherein the tool path
further comprises a specified delay time between each
of the plurality of tool passes. 3. The method of
claim 1, wherein the component comprises a bladed
disk. 4. The method of claim 1, wherein the deposition
device includes a laser having a power output between
about 50 Watts and 2,000 Watts5. The method of claim
1, wherein the laser further includes a power output
below about 500 Watts. 6 . The method of claim 1,
wherein the laser is a solid state laser. 7. The
method of claim 1, wherein the laser includes at least
one of a fiber laser and an Nd:YAG laser. 8. The
method of claim 1, wherein the tool path further
comprises at least four tool passes for each of at
least one deposition layer. 9 . The method of claim 1,
wherein each of the plurality of tool passes overlays
a previous tool path by at least 30%. 10. The method
of claim 9, further comprising testing the component
at a stress load greater than 70% of a maximum
expected stress load. 11. The method of claim 1,
further comprising determining a performance index at
least one of the component and a deposit coupon of the
component, and determining whether the performance
index is greater than a performance threshold, wherein
the determining the performance index comprises
implementing at least one test selected from a tensile
strength test and a fatigue cycle test.12. The method
of claim 11, wherein the performance threshold
comprises a threshold greater than about 70% of a new
component performance index. 13. The method of claim
11, wherein the performance threshold comprises a
threshold greater than about 90% of a new component
performance index. 14. The method of claim 1, wherein
the first threshold is not greater than about 10 ppm.
15. The method of claim 1, wherein the first threshold
is not greater than about 5 ppm. 16. The method of
claim 1, wherein the second threshold is a dew point
of about -55C. 17. The method of claim 2, wherein the
deposition device velocity specification, a laser
power specification, and the specified delay time
between each of the plurality of tool passes are
configured such that the deposited metal material
cools at a cooling rate between a low cooling rate and
a high cooling 



rate.18. The method of claim 17, wherein the cooling
rate comprises a cooling rate that prevents an
appearance of a grain boundary alpha phase. 19. The
method of claim 1, wherein the laser power
specification comprises a duty cycle for a pulse-width
modulated laser. 20. A system, comprising: a component
including titanium, wherein the component has a
nonconforming region; a laser metal powder deposition
device including a laser, a metal powder delivery
device, and a plurality of position actuators
structured to control a position of the deposition
device; shielding means that ensures an oxygen content
remains below a first threshold and that a water vapor
content remains below a second threshold in a target
area of the component; and a controller, comprising: a
tool path module structured to interpret a deposition
device tool path, wherein the deposition device tool
path includes a plurality of tool passes, a deposition
device velocity specification, and a laser power
specification; a tool position module structured to
control the position actuators in response to the
deposition device tool path; anda deposition
conditions module structured to control a powder
delivery rate and a laser power value in response to
the deposition device tool path and a deposition
device position. 2 1. The system of claim 20, wherein
the deposition device does not include a copper chill.
22. The system of claim 20, the laser having a power
output between about 50 Watts and 2,000 Watts . 23.
The system of claim 20, the laser having a power
output below about 500 Watts. 24. The system of claim
20, wherein the laser is a solid state laser. 25. The
system of claim 20, wherein the laser includes at
least one of a fiber laser and an Nd:YAG laser. 26.
The system of claim 20, wherein the controller further
includes a temperature determination module structured
to interpret a deposited material representative
temperature, and a temperature control module
structured to interpret a low cooling rate and a high
cooling rate, and wherein the tool positionmodule is
further structured to control the position actuators
in response to the representative temperature and the
low cooling rate and the high cooling rate. 27. The
system of claim 20, wherein the controller further
includes a temperature determination module structured
to interpret a deposited material 



representative temperature, and a temperature control
module structured to interpret a specified temperature
range, and wherein the deposition conditions module is
further structured to control the powder delivery rate
in response to the representative temperature and the
low cooling rate and the high cooling rate. 28. The
system of claim 20, wherein the controller further
includes a temperature determination module structured
to interpret a deposited material representative
temperature, and a temperature control module
structured to interpret a specified temperature range,
and wherein the deposition conditions module is
further structured to control the laser power value in
response to the representative temperature and the low
cooling rate and the high cooling rate. 28. The system
of claim 20, wherein the tool path further comprises a
specified delay time between each of the plurality of
tool passes. 30. The method of claim 20, wherein the
shielding means includes at least one member selected
from the group consisting of a helium gas stream, a
localized bagging device, a partial enclosure, and a
sealed enclosure.3 1. The method of claim 20, wherein
the shielding means comprises an argon-free inert gas
delivery means. 32. An apparatus, comprising: a laser
deposition device including a laser, a metal delivery
device, and a plurality of position actuators
structured to control a position of the deposition
device; shielding means that ensures an oxygen content
remains below a first threshold and that a water vapor
content remains below a second threshold in a target
area of the component; and a controller, comprising: a
tool path module structured to interpret a deposition
device tool path, wherein the deposition device tool
path includes a plurality of tool passes, a deposition
device velocity specification, and a laser power
specification; a tool position module structured to
control the position actuators in response to the
deposition device tool path; and a deposition
conditions module structured to control a powder
delivery rate and a laser power value in response to
the deposition device tool path and a deposition
device position. 33. The apparatus of claim 32,
wherein the tool path further comprises a specified
delay time between each of the plurality of tool
passes.34. The apparatus of claim 32, wherein the
shielding means includes a sealed enclosure filled
with a first inert gas, an oxygen scavenging means
that removes trace oxygen from the sealed enclosure,
and a gas delivery means that provides a stream of a
second inert gas. 



35. The apparatus of claim 34, wherein the oxygen
scavenging means includes a zeolite oxygen adsorber.
36. The apparatus of claim 34, wherein the first inert
gas comprises one of argon and helium, and wherein the
second inert gas comprises helium. 37. The apparatus
of claim 33, wherein the deposition device velocity
specification, the laser power specification, and the
specified delay time between each of the plurality of
tool passes are configured such that the deposited
metal material cools at a cooling rate between a low
cooling rate and a high cooling rate. 38. The
apparatus of claim 32, wherein the first threshold is
not greater than about 10 ppm. 39. The apparatus of
claim 32, wherein the second threshold is a dew point
of about -55C.40. The apparatus of claim 32, wherein
the tool path further comprises at least four tool
passes for each of at least one deposition layer. 4 1.
The apparatus of claim 40, wherein each of the
plurality of tool passes overlays a previous tool path
by at least 30%. 42. The apparatus of claim 32,
further comprising a component repaired by the laser
deposition device, wherein the repaired component has
a performance index value greater than 70% of a new
component performance index value, wherein the
performance index value comprises at least one of a
tensile strength value and a fatigue performance
value. 43. The apparatus of claim 32, further
comprising a component repaired by the laser
deposition device, wherein the repaired component has
a performance index value greater than 90% of a new
component performance index value, wherein the
performance index value comprises at least one of a
tensile strength value and a fatigue performance
value. 44. An apparatus, comprising: a laser
deposition device including a laser, a metal delivery
device, and a plurality of position actuators
structured to control a position of the deposition
device; anda deposition material cooling control means
structured to control a cooling rate of a deposited
metal such that the deposited metal does not form
microporosity and does not form a grain boundary alpha
phase. 45. The apparatus of claim 44, wherein the
deposition material cooling control means includes: a
shielding means that ensures an oxygen content remains
below a first threshold and that a water vapor content
remains below a second threshold in a target area of
the component; and 



a controller, comprising: a tool path module
structured to interpret a deposition device tool path,
wherein the deposition device tool path includes a
plurality of tool passes, a deposition device velocity
specification, and a laser power specification; a tool
position module structured to control the position
actuators in response to the deposition device tool
path; and a deposition conditions module structured to
control a powder delivery rate and a laser power value
in response to the deposition device tool path and a
deposition device position. 


