
;e3emjL<46jTHT4  Background of the Invention s This invention relates to
mufti-row heat exchangers used in heating) ventilating and air conditioning
systems. In particular, this invention relates to a particular type of
mufti-row heat exchanger and to how this type of mufti-row heat exchanger
is formed. It has heretofore been known to take a plurality of tubes and
lace them with heat exchange fins so as to produce a row of heat exchange
elements. This lacing process often begins with first inserting the ends of
the tubes through holes in a tube holding device before passing the tubes
through holes in the heat exchange fins. The ends of the tubes are finally
inserted is through a second tube holding device. The thus laced tubes are
next subjected to an expander process wherein an expansion element larger
than the inner diameter of the tubes is forcibly moved through each tube.
The tubes expand so as to secure the heat exchanger fins and the tube
holding devices thereto. 20 The resulting row of heat exchange elements may
be subjected to several bending operations so as to be transformed into a
particular heat exchanger configuration for a heating, ventilating and air
conditioning system. The bent row may also be joined to several other bent
rows of 2s heat exchange elements to form a mufti-row heat exchanger. It
has also been known to simultaneously bend a number of rows of heat
exchange elements so as to form a particular heat exchanger configuration.
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Regardless of whether the rows are bent separately or simultaneously, it is
important that each of the bent rows be aligned with respect to each other
in the ultimate mufti-row heat exchanger. This usually means that the ends
of the rows, typically defined by the tube holding devices at each s end,
must end up in alignment in the ultimate mufti-row heat exchanger. It is an
object of this invention to provide a process for forming mufti-row heat
exchange elements wherein the risk of misalignment of the tube holding
devices at each end of the multiple rows of fin coils is minimized. io It
is another object of the invention to provide apparatus which allows
mufti-row heat exchange elements to be formed into a final heat exchanger
configuration without risk of misalignment of the tube holding devices. is
Summary of the Invention The above and other objects are achieved according
to the present 



invention by a process that allows at least two rows of heat exchange
elements to be simultaneously bent so as to form aligned rows of heat
exchange elements in a mufti-row heat exchanger configuration. The 2o
process preferably using U-shaped tubes of at least two different lengths.
The shorter length tubes will be used in an inner row of heat exchange
elements whereas the longer length tubes will be used in an outer row of
heat exchange elements. In accordance with the invention, the longer length
tubes of the outer row are inserted into a first tube 25 holding device.
These longer length tubes are also inserted into the holes of many heat
exchanger fins so as to form the outer row of heat exchange elements. The
second or inner row of heat exchange elements is now formed by   3 lacing
the shorter length tubes with heat exchanger fins. The resulting inner row
of heat exchange elements is next positioned relative to the previously
formed outer row of heat exchange elements. In accordance with the
invention) a set of end portions of the tubes in the inner row are s
carefully positioned at a predefined distance with respect to a set of end
portions of the tubes in the outer row. The predefined distance is
calculated to be the total distance that the set of end portions of the
tubes in the inner row will move relative to the set of end portions of the
tubes in the outer row during various bending operations. The tubes of the
1o inner and outer rows preferably next receive a second tube holding
device. This latter tube holding device as well as the laced heat exchange
fins are now secured to the tubes of both rows. The first tube holding
device is also preferably secured at this time to only the tubes of the
outer row of heat exchange elements. 1s The inner and outer rows of heat
exchange elements are now subjected to a series of bending operations
whereby the inner and outer rows are simultaneously bent. This will produce
a particularly shaped multiple row ' heat exchanger configuration. The
final bend of the two rows of heat 2o exchange elements will result in the
previously positioned end portions of the tubes in the inner row moving
into a slotted opening in the first tube holding device originally mounted
to the longer length tubes in the outer row of heat exchange elements. The
end portions of the inner row will preferably be protected by the tube
holding device previously securely zs mounted to only the outer row of
tubes. The thus formed multiple row configuration of heat exchange elements
may also include securing a connecting bracket between the first and second
tube holding devices.   4 In the preferred embodiment, the connecting
bracket between the first and second tube holding devices completes a three
hundred-sixty degree heat exchanger configuration. The preferred embodiment
also includes particularly shaped tubes within each row of heat exchange
elements. The s tubes are U-shaped with hairpin turns in the U-shaped ends
comprising the 



end portions that are positioned at the predefined distance with respect to
each other. Brief Description of the Drawings io Other objects and
advantages of the present invention will be apparent from the following
detailed description in conjunction with the accompanying drawings in
which: is Figure 1 illustrates the insertion of a set of U-shaped tubes
having hairpin turn ends into a tube holding device; Figure 2 illustrates
the outer and inner rows of tubes with heat exchanger fins mounted thereon
positioned relative to each other so as to receive a 2o second tube holding
device; Figure 3 illustrates the relative positions of the hairpin turn
ends of the tubes in Figure 2; zs Figure 4 illustrates the multiple rows of
heat exchange elements of Figure 2 being turned by a roller so as to form
the first curvature in the multiple row heat exchanger configuration;   5
Figure 5 illustrates the relative movement of the inner and outer rows of
fm coils resulting from the bending operation of Figure 4; Figure 6
illustrates the final bending of the multiple row heat exchanger s
configuration wherein the hairpin turn ends of the tubes in the inner row
of heat exchange elements move into a lengthwise slot in the first tube
holding device; Figure 7 is a detailed view illustrating the alignment of
the hairpin turn ends of the tubes in the inner row of heat exchange
elements with respect to the hairpin turn ends of the tubes in the outer
row of heat exchange elements following the bending operation of Figure 6;
Figure 8 illustrates the position of the hairpin turn ends of the tubes of
the is inner row of heat exchange elements within the lengthwise slot in
the first tube holding device; and 



Figure 9 is an illustration of a connecting piece being joined to the tube
holding devices of the inner and outer rows of fin coils. 20 Description of
the Preferred Embodiment Referring to Figure 1, tubes 10, 12 and 14 having
hairpin turn ends at one end have been inserted into holes in a tube
holding device 16. The tube 2s holding device 16 includes extensions 18 and
20 which extend outwardly from a back portion of the tube holding device
having holes therein for receiving the tubes. The extensions 18 and 20
extend outwardly beyond the hairpin turn ends of the tubes 10, 12 and 14.
These extensions prevent   6 any inadvertent contact with the hairpin turn
ends that might otherwise occur. The tubes 10, 12 and 14 are also inserted
into the holes of a large number of heat exchange fins such as 22. The
resulting row of tubes with heat exchange fins mounted thereon will be
hereinafter referred to as a s "row of fin coils" . This row of fin coils
is identified as fin coil row 24 in Figure 2. . Referring to Figure 2, it
is to be noted that a second row 26 of fin coils is positioned on top of
the fin coil row 24. The second row 26 of fin coils is io formed by lacing
a set of tubes 28, 30 and 32 also having hairpin turn ends with heat
exchange fins. The tubes 28, 30 and 32 will not, however, have been
initially inserted into a tube holding device. The tubes will also have
been cut to a shorter length than the tubes 10, 12 and 14. The shorter
length of the tubes 28, 30 and 32 takes into account the fact that is the
row 26 will ultimately become the inner row of a mufti-row heat exchanger
configuration that has a certain number of bends or turns in each row of
fin coils. The row 24 will ultimately become the outer row of this
mufti-row heat exchanger configuration. 2o As will be explained in detail
hereinafter, the hairpin turn ends of the fin coil rows 24 and 26 will move
relative to each other. These fin coil rows are bent to form the mufti-row
heat exchanger configuration. In order to accommodate this movement, a thin
sheet of low friction material 34 is placed on fin coil row 24 before fin
coil row 26 is positioned thereover. 25 Referring to Figure 3, the hairpin
turn ends of the coils 28, 30 and 32 are seen to be positioned at a
distance "Do" from the hairpin turn ends of the tubes 10, 12 and 14. The
distance "Do" is the difference between the    lengths of the tubes 10, 12
and 14 and the lengths of the tubes 28, 30 and 32. As will be explained
hereinafter, the distance "Do" represents the distance that the hairpin
turn ends of the tubes in fin coil row 26 will move relative to the hairpin
turn ends of the tubes in fin coil row 24 during the s bending operations.
Referring to Figure 2, the open ends of the tubes 28, 30 and 32 of the top
fin coil row 26 as well as the open ends of the tubes 10, 12 and 14 of the
fin coil row 24 receive a tube holding device 36. This device preferably to
includes extensions 38 and 40 similar to the extensions 18 and 20 of the
tube holding device 16. The tube holding device 36 furthermore includes
holes such as 42 and 44 for receiving the open ends of all of the tubes in 



both rows of fin coils. The thus inserted ends of the tubes will extend
through these holes for a short distance and will preferably . be in is
substantial alignment due to the lengths of the tubes in each row. The
assembled and aligned fin coil rows 24 and 26 including the tube holding
devices 16 and 36 will now preferably be subjected to expander devices. In
this regard, expander devices larger than the inner diameters 20 of the
tubes in each fin coil row will be forced into the straight portions of
these tubes so as to expand the diameters of these straight portions
against the perimeters of the holes in the tube holding devices 16 and 36
as well as in the heat exchanger fins. The thus expanded tubes will
securely fasten the tube holding devices and heat exchanger fins in the
respective 2s positions established in Figure 2. Referring to Figure 4, the
mufti-row fin coil configuration of Figure 2 is shown undergoing a first
bending operation. The mufti-row tin coil   8 configuration is preferably
positioned on a flat platen 46 so that the trailing portion of the
mufti-row fin coil configuration having the bracket 16 at its end lies
substantially flat on the platen 46 during a11 bending operations. A roller
48 simultaneously turns both the outer fin coil row s 24 and the inner fin
coil row 26 in the direction defined by directional shaping plate 50 so as
to form a curved arc or bend. Referring to Figure 5, the fin coil rows 24
and 26 are seen to be bent by an angular amount 8. The average radius of
curvature of the outer fin coil row 26 will be R1 whereas the average
radius of curvature for the inner fin coil row will be to R2. The bending
of the outer row 24 and the inner row 26 by the angular amount 8 will cause
the hairpin turn ends of the tubes in the inner fin coil row 26 to move
closer to the hairpin turn ends of the tubes in the fin coil row 24 by an
amount "A" . This particular amount "A" will be equal to the difference in
radiuses of curvature as measured with respect to the is centerlines of the
respective rows of fin coils multiplied times the angle 8 of curvature. In
other words, "A" may be computed by the following formula: A - (R 1 - R2) 8
zo The above computation means that the distance Dl between the hairpin
turn ends of the coils in the fin coil rows 24 and 26 following the bending
operation of Figure 4 will be as follows: zs D1 - Do-A It is to be
appreciated that the mufti-row fin coil configuration will be subjected to
several further bending operations. Each successive bending   9 operation
will define a particular angle 8 of curvature with respect to the
particular bend. The distance by which the hairpin turn ends of the tubes
in the tubes in the fin coil row 26 will move relative to the hairpin turn
ends of the tubes in the hairpin row 24 will again be in accordance with s
the aforementioned calculation of the differential distance "A" . Each
subsequent bend will produce a new distance "Dn" between hairpin turn ends
of the two rows that is equal to the previous distance Dn-1 reduced by the
particular differential distance "A" for the given bend. io Referring now
to Figure 6, the final bending operation for the fin coil rows 24 and 26 is
illustrated. It is to be noted that the hairpin turn ends of the tubes in
the fin coil row 26 will have progressively moved closer to the hairpin
turn ends of the tubes in the fin coil 24 as a result of the previous
bending operations. The fin coil row 26 will, during the final is bending
operation of Figure 4, result in the hairpin turn ends of the tubes 28, 30
and 32 moving into a slotted hole 52 in the tube holding device 16. The
slotted hole opening is clearly shown in Figure 1 and is seen to include a
flange 54 located around the periphery of the slotted hole. The slotted
hole is located at sufficient distance above the holes in the bracket 



20 16 receiving the tubes 10, 12 and 14 so as to receive the hairpin turn
ends of the tubes 28, 30 and 32. Referring to Figure 6, it is to be noted
that the trailing portion of the mufti-row fin coil configuration is fully
supported by the platen 46 during the final bending operation. This assures
that the relative movement of the hairpin turn ends of the tubes 28, 30 and
32 into 2s the slotted hole 52 occurs under full support of the fin coil
rows 24 and 26 by the platen 46.   10 Referring to Figure 7, it is seen
that the hairpin turn ends of the tubes 28, 30 and 32 will have moved into
alignment with the hairpin turn ends of the lower set of tubes 10, 12 and
14 at the end of the final bending operation. The distance traveled by the
hairpin turn ends of the coils 28, 30 and 32 s will be the summation of the
calculated distances, "A", for each respective bend of the mufti-row fin
coil configuration. This distance will be the distance "Do" between the
hairpin turn ends of the tubes in the fm coil rows 24 and 26 in Figure 2.
io Referring to the tube holding device 16, it is to be noted that the
extensions 18 and 20 will protect the hairpin turn ends of the tubes 28, 30
and 32 in much the same way as the hairpin turn ends of the tubes 10, 12
and 14 are protected. Referring to Figure 8, the slotted hole 52 in the
bracket 16 is of sufficient length and height to permit the hairpin turn
ends is of the tubes 28, 30 and 32 to easily move into this opening. It is
to be appreciated that the tolerances in the slotted hole 52 will be a
function of the potential variations that may occur in the presentation of
the hairpin turn ends of the tubes 28, 30 and 32 during the final bending
operation. 2o Referring to Figure 9, the resultingly formed mufti-row fin
coil configuration is illustrated. It is to be seen that the successive
bending operations of the fin coil rows have produced a particular heat
exchanger configuration wherein the tube holding devices 16 and 36 are at a
relatively short distance from each other. As is well known in the art, the
2s open ends of the tubes contained within the tube holding device 36 are
normally connected by hairpin turn loops such as 56 which are braised
thereto in a braising operation.   11 Referring to Figure 9, a connecting
plate 58 has been secured to the tube holding devices 16 and 36. The
connecting plate 58 will fix the positions of the tube holding devices
relative to each other and will furthermore add structural support to the
entire mufti-row fin coil configuration. This s particular fm coil
configuration may be used in a number of heating, ventilation and air
conditioning systems wherein it is desirable to have the heat exchange
elements substantially surround a source for radially distributing air
through this configuration. to While the invention has been described with
reference to a preferred embodiment, it will be understood by those skilled
in the art that various changes may be made thereto without departing from
the scope of the invention. For example, the number of rows of fin coils
that are to be subjected to successive bending operations may include more
than two fin is coil rows. The hairpin turn ends of each successive inner
row would insert into appropriate slotted openings in the installed bracket
on the outer row of fin coils. It is also to be appreciated that the tubes
need not have hairpin turn ends at one end. In this regard, the invention
would work equally well with for instance straight tubes that are
interconnected with 2o for instance braised hairpin turn loops or other
shaped loops after having been formed into a mufti-row fin coil
configuration in accordance with the invention. It is also to be
appreciated that the resulting multiple. row fin coil configuration may
assume any number of ultimate shapes. Fox the above reasons, it is
therefore intended that the invention not be limited to 2s the particular
embodiment disclosed, but that the invention include all embodiments
falling within the scope of the claims hereinafter set forth.   R ~ f LACE
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CLAIMS 1. A process for forming a multi-row heat exchanger comprising the
steps of: s inserting a first set of U-shaped tubes into predefined holes
within a first tube holding device and further inserting the U-shaped tubes
through a plurality of heat exchange fins so as to form a first row of heat
exchange elements; 



inserting a second set of shorter length U-sha ed tubes to through holes in
a plurality of heat exchange fins so as to form a second row of heat
exchange elements; positioning the second row of heat exchange elements
with respect to the first row of heat exchange elements whereby a set of
end portions of the shorter length U-shaped tubes are at a predefined
distance is from a corresponding set of end portions of the U-shaped tubes
in the first row of heat exchange elements; inserting a second tube holding
device onto the U-shavped tubes in both the first and second row of heat
exchange elements; securing the heat exchange fins and the second tube
holding 2o device to the U-shaped tubes in the first and second rows of
heat exchange elements; securing the first tube holding device to only the
U-shaded tubes in the first row of heat exchange elements; and bending the
first and second rows of heat exchange elements 2s at least once whereby
the set of end portions of the U-shaped tubes in the second row of heat
exchanger elements moves closer to the corresponding set of end portions of
the U-shaped tubes in the first row of heat exchange elements during each
bending operation and wherein the set of end   ~~~~c~r~c-~--r ~~c~~ ~'~' ~[
L~?~ OrV ,' .2~IL ~~20UCi .~~/U~~ZbO~-. 13 portions of the U-sha ed tubes
in the second row of heat exchange elements moves into a slotted opening
within the first U-shaped tube holding device during the final bending
operation. s 2. The process of claim 1 wherein the total distance traversed
during a11 bending operations by the set of end portions of U shaped tubes
in the second row of heat exchange elements is equal to the predefined
distance by which the set of end portions of the shorter length U-shaped
tubes in the second row are from the corresponding set of end io portions
of the U-shaped tubes in the first row of heat exchange elements during
said step of positioning the second row of heat exchange elements with
respect to the first row of heat exchange elements. 3. The process of claim
1 wherein said step of bending is the first and second rows of the heat
exchange elements further comprises: positioning the first and second rows
of heat exchange elements on a platen so that the first tube holding device
secured to only the U-shaped tubes in the first row of heat exchange
elements is supported by the platen during each bending operation. 20 4.
The process of claim 1 wherein said step of bending the first and second
rows of heat exchange elements comprises the step of: positioning the first
and second rows of heat exchange elements on a platen so that the platen
supports the first and second rows 2s of heat exchange elements for a
substantial distance during the final bending operation whereby the first
tube holding device secured to only the U-sha ed tubes in the first row of
heat exchange elements is fully supported by the platen as the set of end
portions of the U-shaped tubes in 



~~P~AC~~~r-r ~~~~~r I ~ws/~o2. 14 the second row approach the slotted
opening in the first tube holding device. 5. The process of claim 1 wherein
said step of s positioning the second row of heat exchange elements with
respect to the first row of heat exchange elements comprises the step of:
providing a sheet of low friction material between the first and second
rows of heat exchange elements whereby the set of end portions of the
U-shaped tubes in the second row of heat exchange to elements may move
relative to the corresponding end portions of the U shaped tubes in the
first row of heat exchange elements. 6. The process of claim I wherein rh
is CJ the sets of end portions of the U-shaped tubes positioned at the
predefined distance with respect to each other include hairpin turns
defining the U-shape of the U-shaped tubes. 20 7. The process of claim b
wherein the first tube holding device includes projections extending
outwardly from a portion of the tube holding device having the predefined
holes therein for receiving the first set of U-shaped tubes and wherein
said step of inserting a first set of Usha ed tubes into the predefined
holes comprises the step of: 2s inserting the first set of U-shaped tubes
into the first tube holding device until the hairpin turn ends of these
tubes are covered by the outwardly extending projections of the first tube
holding device.   ~'~PLAC~r~ ~hl'J' _~H-~~.T -Fi ~~ n o N ,' ~ ~~/~.~-/.~c
I b~o~~~oe.z 15 8. Heat exchanger apparatus comprising: 



a first row of heat exchange elements having a first set of a plurality of
U-shaped tubes therein secured to a device for holding first end portions
of the first set of U-shaped tubes in place relative to each s other; .. a
second row of heat exchange elements having a second set of U-shaped tubes
therein, said second set of U-shaped tubes having first end portions which
freely extend through a slotted opening in the device for holding the first
end portions of the first set of U-shaped tubes in place io relative to
each other; and a holding device, secured to second end portions of said
first set of U-shaped tubes and furthermore secured to second end portions
of said second set of U-shaped tubes, whereby the second end portions of
both said first set of U-shaped tubes and said second set of U-shaped tubes
~s are held rigidly in place with respect to each other. 9. The heat
exchanger apparatus of claim 8 wherein said first and second sets of heat
exchange elements are the outer and inner rows respectively of said heat
exchanger apparatus and wherein the length 2o along the centerline of the
outer row of heat exchange elements is greater than the length along the
centerline of the inner row of heat exchange elements, said first and
second rows of heat exchange elements each having at least one curved arc
wherein the curved arc length of the centerline of said first row of heat
exchange elements is greater than the 2s curved arc length of the
centerline of said second row of heat exchange elements.   ~'~~uac~_ r~ ~~
__Sf-t~~T W L~7~  N ~~ ~.~1 C~ 2.202^2' I~~o~J.2~a z. 16 10. The heat
exchanger apparatus of claim 8 wherein said device for holding the first
end portions of the tirst set of U-shaped tubes in position relative to
each other comprises: a bracket having holes therein for defining the
relative s positions of the first end portions of the first set of U-shaped
tubes relative 



to each other, said bracket furthermore containing the slotted opening for
receiving the first end portions of the second set of U-shaped tubes. 11.
The heat exchanger apparatus of claim 10 wherein said bracket further
comprises: a set of extensions extending outwardly from a back portion of
the bracket to a point beyond the first end portions of both of the first
and second sets of U-shaped tubes so as to protect the first end portions
of the first set of U-shaped tubes held securely therein and the first end
i s portions of the second set of U-shaped tubes freely extending through
said slotted opening in said bracket. 12. The heat exchanger apparatus of
claim 8 wherein said bracket furthermore comprises a flanged edge around
the circumference of 2o said slotted opening so as to present a flat
contacting surface to said first end portions of the second set of tubes in
the event of any contact therewith. 13. The heat exchanger apparatus of
claim 8 wherein said 2s second holding device secured to second end
portions of said first set of U-shaped tubes and furthermore secured to
second end portions of said second set of U-shaped tubes comprises:
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a bracket having holes therein for defining the positions of the second end
portions of said first set of U-shaped tubes and the positions of said
second set of U-shaped tubes relative to each other. s 14. The heat
exchanger apparatus of claim 13 wherein said bracket having holes therein
for defining the relative positions of the second end portions of both said
first and second sets of U-shaped tubes relative to each other further
comprises: a set of extensions extending outwardly from a portion of 



io said bracket to a point beyond the second end portions of the first and
second set of U-s- hailed tubes being held rigidly in place with respect to
each other. 15. The heat exchanger apparatus of claim 8 wherein sad is the
first end portions of said first set of U-shaped tubes and the first end
portions of the second set of U-shaped tubes include hairpin turns.
.A@F.A&X2.A.A.Ayn.A[.AFn.An.Anl .Ays.A .A9(l.A.ALN.A9N .A&.Ae"V.r# m
JM'*C
{vqlfa\W]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caU]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]cRa! T i p y  K
,zqtJI?|wrmhc]X]]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca!Cc$n:3}!l46ps. x
}xsnhc^Y]]]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!x  !T!V!!"%Y';
(<(i)))*^***=+++,U,,,8-^..//0133}xsnid_Z]]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!3344/51
5s769:B<E<n>
A(C+CXEGHCJsJ}JJJJKKeKnKM$MzMMM{upje_Znid_Z]]]]ca]c^a]ca]c^a]ca]c^a]ca]c^a]
ca]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
MMNNNOOO+P4PPPPPPPcQlQqQQ$R+RRRRSSSSSTSTT}xrmgb]XSni]ca]ca]ca]ca]c^a]ca]c^a
]ca]ca]c^a]ca]c^a]ca]ca]ca]c^a]ca]caV]caV]ca]ca]ca]ca]c^a]ca]c^a]ca]c^a]ca]
c^a]ca]c^a
TTTTMUPUUUVTVVVfWoW{WWWWWXeXXXXXY.Y7Y`YYYYZztojd_Zni]ca]]ca]ca]c^a]ca]ca]c^
a]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^
a]ca]ca
ZZZZ*Z7Z~ZZZZZ[[\8\A\[\\\\]&]3]6]^]]]]^^0^<^w^~ysnic^YTni]]ca]ca]ca]c^a]ca]
ca]c^a]ca]ca]caV]ca]caV]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]c^a
]caU]ca]ca U]c^a w^z^^^^^
_A_J_Y_x_____``E`\`e`````aJaaabGcTcdcnc{vqlgb\Wni]]c]caV]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]
c^a]ca
nc|ccccccdd$dRddddd(e^egeneeeeLf_fhfffffgg0gQg|wqlga\Wni]]c]ca]ca]c^a]ca]ca
]c^a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]caV
]c(a]caV]ca]ca Qggg$hhhshhhi?iMiVijiiiiij(j6jVj_j}jjk;
kDkJktkkkll}wrmhc^Xni]]c]]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]c^a]
ca]ca]c$aV]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca
lElQlllllllmmiiij(j6jVj_j}jjk;
kDkJktkkkll}wrmhc^Xni]]c]]c^a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]c^a]
ca]ca]c$aV]ca]ca]ca]c^a]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]ca ecEF10%&'()-
F10%&'()-  !10%&'()-s10%&'()-  10%yy&'()-&  ,F10%ff&'()-&"V~_@0F10%&'()-
-Y10%&'()-S+10%&'()-!X@3!10%&'()-S!\@3!10%&'()-Ss10%&'()- .rxmbC`@  



10%:&'()- 10 10 10710%&'()- 6F10%&'()-fF4s!10%&'()-y2Z10%&'()- # m
aBmbCSLF10%"&'()- SF10%"&'()-10%"&'()- SyF10%"&'()-` 10%&'()-!`@
10%""&'()- JM'CdEmbC9"  10%"&'()- S`10%"&'()-SF10%"&'()- SF10%"&'()-9
10%"&'()-S10%"&'()- C T  dEmbCS,Y10%"&'()-t&
+s!10%"&'()-SS)F10%"&'()-Ss'F10%"&'()- S%F10%"&'()- #10%"&'()-
KxmbCs10%\&'()- 10" 10"
10"f9F10%"&'()-S7F10%"&'()-S6F10%"&'()-&34s!10%"&'()-
,zqtdEmbCY"10%\&'()-Z10%\&'()-syM!10%\&'()- F10%\&'()-s!10%\&'()-
F10%\&'()-tJdEmbC-F10%\&'()-sy3+!10%\&'()- f)$10%\&'()-'310%\&'()- 



%F10%\&'()- #310%\&'()- IbC310%t&'()-s10%t&'()- 10\ 10\ 10\710%\&'()-
6310%\&'()-y34s!10%\&'()- ?CdEbC310%t&'()-F10%t&'()-@@10%t&'()-
10%t&'()-310%t&'()- !10%t&'()- Cc$ndEbCF+ 10%t&'()-f) 10%t&'()- '310%t&'()-
$'10%t&'()-3"L!10%t&'()- 10%t&'()- :dYNC 10t 10t
10t7,10%t&'()-6410%t&'()-34`!10%t&'()- 0Z10%t&'()- . 10%t&'()-3}dEYNC
Z10%&'()-'!10%&'()-m@Z10%&'()- '10%&'()- Z10%&'()- ,t10%&'()-!l4aBYNCy
F10%&'()- 10%&'()-Z10%&'()-!#3t!10%&'()- SG10%&'()-
`10%&'()-6psdEYNC&-f10%&'()- y+10%&'()-)-10%&'()- 'Z10%&'()-&$F
10%&'()-F"t!10%&'()- . x  !Q!R!S!dE:/ 10 109G10%&'()-7G10%&'()-
96G10%&'()-yl4!10%&'()-2Z10%&'()-
0Z10%&'()-S!T!V!!z""q#$rP./!ss!10%yy&'()-F!ss!10%pp&'()-F!3i!10%;
;&'()-}!i!10%66&'()-}.10%`&'()-,t10%`&'()- 10$%Y'8(9(:(;
(<(i)}oP1!Z10%&'()-,t10%&'()- 



10 10
10!SF+!10%&'()-`!@F+!10%&'()-`!#ss!10%&'()-Fi)))*^***dEoP1!Z10%F10%&'()-
`!10%&'()-@F10%&'()-sZ10%&'()-F10%&'()-
10%&'()-*=+++,U,,aBoP1!Z10'Z10%&'()- %F10%&'()- 3"10%&'()-S
Z10%&'()-mF10%&'()-!`F%10%&'()-3,,8-^..////dYNC!Z10 10 10
107G10%&'()-yF410%&'()- -Z10%&'()-`yF+!10%&'()-f)F10%&'()-
//=0011!3}^<YNC!!(L!10%&'()-L!10%`&'()-g!L!10%yy&'()-g!10%`&'()-S!!10%;
;&'()-S`10%`&'()-!333344,5-5aB7C! 10`@8
10%`&'()-410%`&'()-s-G10%`&'()-+10%`&'()-l
)10%`&'()-!,L!10%&'()--5.5/515[6s7869dEC! 10`Ys!10%`&'()-  !#Ys!10%&'()-
!=!10%11&'()- !!10%66&'()- ,t10%`&'()- 10` 10`69^::;
?<@<A<B<E<zl^P1!s10%&'()- 10 10 10!@L-s!10%&'()- !1L-s!10%&'()-
9$s!10%`&'()-S!(9$s!10%&'()-SE<t=n>? AtB%CwU3^P1!!Iy3+s!10%&'()- !;
y3+s!10%&'()- !(`!10%&'()-!`!10%&'()-!8!10%]]&'()- !!10%]]&'()-
%C&C'C(C+CSDXEFGrP1! L!10%t&'()-3 ! L!10%&'()-3 !3!10%EE&'()- 



!!10%@@&'()- 10%t&'()- 10 10 10G3HHI@JAJBJCJeJzl^P1!Y10%&'()- 10 10
10!@&-`!10%&'()- !;&-`!10%&'()-
$`!10%t&'()-@!1$`!10%&'()-@eJ}JJJJJK}[9^P1!!6.9!10%&'()-m.!69!10%&'()-m.f@
10%&'()-10%&'()-!t`Y10%;
;&'()-!`Y10%&'()-KzLGMM1NN:OwU3^P1!!;9!10%&'()-m.!9!10%&'()-m.!69!10%&'()-m
.!69!10%&'()-m.!19!10%&'()-m.!9!10%&'()-m.:OPPPPPPPqQrS4!!310%\&'()-S10%\&'
()-![+ ^ 10%o\o\&'()-0 ^ 10%&'()- 10 10
10!9!10%&'()-m.qQQ$RRRSS^?rS4!!10%\&'()-!F9!10%-\-\&'()-f310%\&'()-
F10%\&'()-!3L !10%\\&'()-s10%\&'()-
STSTTTMUPUdErS4!!+10%\&'()-'310%\&'()-%310%\&'()-  &$10%\&'()- Y"!10%\&'()-
10%\&'()- PUUUVTVVVdErS4!!L6310%\&'()- 4`!10%\&'()-2310%\&'()- 010%\&'()-
/10%\&'()-  9-10%\&'()-
VxWyWzW{WWWWW~_@!!410%&'()-10%&'()-!L!10%\\&'()-`L!10%L&'()- 10\ 10\
10\8G10%\&'()-WWXeXXXYdE~_@!!s410%&'()-,10%&'()- '10%&'()- !10%&'()- 



,10%&'()- y 10%&'()-Y`YYYZZZdC~_@!! ``3"`!10%&'()-`3"`!10%&'()-10%&'()-
yS10%&'()- s
`!10%&'()-y@Z10%&'()-Z7Z~ZZZ\[\aB~_@!!LY4!10%&'()-y-Z10%&'()-sLF+t!10%&'()-
''10%&'()- y%G10%&'()- !n$@ 10%""&'()-
[\\\\\\]3]6]_@!!`10%&'()-!`S10%&'()-`S10%&'()- 10 10
10y710%&'()-y&6Z10%&'()-6]^]]]0^<^w^dE_@!!10%&'()-10%&'()-fF10%&'()-
S&Y10%&'()- Y 10%&'()-10%&'()-w^^ _Y_x___dE_@!!fZ10%&'()- 10%&'()-
L10%&'()-f310%&'()- fL310%&'()- fF10%&'()-_E```aJaadE_@!!fS)F10%&'()-
f'F10%&'()-%10%&'()-L"-10%&'()- f@ 310%&'()-fsZ10%&'()-
aabGcQcRcScTcncxmbC!!  10%&'()- 10 10
10f610%&'()-934s!10%&'()-f,F10%&'()-t9
+s!10%&'()-nccccc$dRdaBmbC!!f9&10%"&'()- SY F10%"&'()- 10%"&'()-
`10%"&'()-![  10%5"5"&'()-  10%&'()-Rddd(eneeedBmbC!!!(910%""&'()-
,10%"&'()- f 10%"&'()-fF10%"&'()-!10%"&'()- 10%"&'()- 



eeLfff0gQgdEmbC!!!S#10%"&'()- 9 "`!10%"&'()-S@ F10%"&'()-SsY10%"&'()-
SF10%"&'()-10%"&'()-Qggg$hhhshhdEmbC!!!f210%"&'()- S.
10%"&'()-S-F10%"&'()-& +s!10%"&'()-SS)Y10%"&'()- '10%"&'()-
hh?igihiiijiii_=!!!  10%<<&'()-!0  10%PP&'()- 10" 10"
10"S710%"&'()-S6F10%"&'()- &34!10%"&'()- iii6j}jjkdE_=!!!310%`&'()-
!10%`&'()-10%`&'()-  310%`&'()- Y 10%`&'()-
10%`&'()-kJktkkkElQldE_=!!!10%`&'()-410%`&'()- F`!10%`&'()- l f10%`&'()-
10%`&'()- 310%`&'()- QllllmdE_=!!!10%`&'()-410%`&'()- %10%`&'()-
&$410%`&'()- Y"`!10%`&'()-   10%`&'()-  Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
FontS:%,.2A9'@BGMzTYS`ifjnprtvxz|~ x 3MTZw^ncQglmHIJKLMNOPQRS
CtCS!$i)*,/!3-569E<%CGeJK:OqQSPUVWYZ[\6]w^_ancRdeQghikQlmTUVWXYZ[\]^_`abcde
fghijklmnopqrstuvwxyz{|}~6Times New RomanArialCourier New"h Root
EntryWordDocument   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


