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Botanical classification: Heuchera hybnd.
Cultivar designation: ‘Rex Black’.

BACKGROUND OF THE INVENTION

The present invention relates to a new and distinct cultivar
of Heuchera of hybrid origin, botanically known as Heu-
chera ‘Rex Black’ and is hereinafter referred to by its
cultivar name ‘Rex Black’.

The new cultivar was discovered as a chance seedling in
a container by the Inventor 1n Zuidwolde, The Netherlands
in June of 2019. The source of the seedling was from seed
collected 1n 2019 from open pollinated plants 1n a trial field
that contained numerous unnamed and unpatented propri-
ctary Heuchera seedlings from the Inventor’s breeding
program. The parentage of ‘Rex Black’™ i1s therefore
unknown.

Asexual propagation of the new cultivar was first accom-
plished under the direction of the Inventor by tissue culture
initiated from meristem tissue 1 April of 2020 in Heer-
hugowaard, The Netherlands. Asexual propagation of the
new cultivar by tissue culture has determined that the
characteristics of the new cultivar are stable and are repro-
duced true to type 1n successive generations.

SUMMARY OF THE INVENTION

The following traits have been repeatedly observed and
represent the characteristics of the new cultivar. These
attributes in combination distinguish ‘Rex Black’ as a new
and unique cultivar of Heuchera.

. ‘Rex Black’” exhibits conspicuous large leaves.

. ‘Rex Black’” exhibits foliage that 1s blackish in color.

. ‘Rex Black’” exhibits a strong and sturdy plant habit.

. ‘Rex Black’ exhibits flowers that are light lilac-pink 1n
color.

‘Rex Black’ can be most closely compared to the Heu-
chera cultivars ‘Black Pearl” (U.S. Plant Pat. No. 29,395)

and ‘Rex Purple’ (U.S. Plant Pat. No. 30,443). ‘Black Pearl’
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1s similar to ‘Rex Black’ in foliage color. ‘Black Pearl’
differs from ‘Rex Black’ in having a lower growing habait
and leaves that are smaller 1n size. ‘Rex Purple’ 1s similar to
‘Rex Black’ in plant height and leaf size. ‘Rex Purple’ differs
from ‘Rex Black’ in having a foliage that 1s lighter and more
purple in color and flowers that are light pinkish white 1n

color.

STATEMENT REGARDING PRIOR
DISCLOSURES BY THE INVENTOR

The Applicant asserts that no publications or advertise-
ments relating to sales, offers for sale, or public distribution
occurred more than one year prior to the effective filing date
of this application. Any information about the claimed plant
would have been obtained from a direct or mdirect disclo-
sure from the Inventor. The Applicant claims a prior art
exemption under 35 U.S.C. 102(b)(1) for disclosure and/or
sales prior to the filing date but less than one year prior to
the eflective filing date. Disclosures include but are not
limited to website disclosures by the Polish Nurseryman
Association, Dobrepole, Podoslonami, Zielony Ogrodek,
and Flamingo Holland Inc (Vitroflora).

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying color photographs illustrate the over-
all appearance and distinct characteristics of the new Heu-
chera. The photographs were taken of a plant 18 months 1n
age of the new cultivar as grown outdoors 1n 19-cm con-
tainers Zuidwolde, The Netherlands.

The photograph 1n FIG. 1 provides a side view of the plant
of ‘Rex Black’ 1n bloom.

The photograph in FIG. 2 provides a close up of an
inflorescence of ‘Rex Black’.

The photograph 1n FIG. 3 provides a close up view of the
foliage of ‘Rex Black’.

The colors 1n the photographs are as close as possible with
the digital photography techniques available, the color val-
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ues cited in the detailed botanical description accurately

describe the colors of the new Heuchera.

DETAILED BOTANICAL DESCRIPTION OF

THE PLANT

The following 1s a detailed description of 18 month-old
plants of the new cultivar as grown outdoors i 19-cm

containers Zuidwolde, The Netherlands. The phenotype of

the new cultivar may vary with variations 1n environmental,
climatic, and cultural conditions, as 1t has not been tested
under all possible environmental conditions. The color
determination 1s 1n accordance with The 2015 Colour Chart

of The Royal Horticultural Society, London,

England,

except where general color terms of ordinary dictionary

significance are used.
General description:

Blooming period.—8 weeks 1n midsummer in The
Netherlands.

Plant type—Herbaceous perennial.

Plant habit—Flattened globular with inflorescences
held above the foliage.

Height and spread—An average of 44.5 cm 1n height
(soil level to top of foliar plane), average of 92 cm
in height (soil level to top of floral plane) and 92 cm
in spread.

Cold hardiness.—At least in U.S.D.A. Zone 3.

Diseases and pests—No susceptibility or resistance to
pests or diseases has been observed.

Root description.—Fibrous roots on woody rootstalks,
158D 1n color.

Propagation.—Tissue culture.

Root development—An average of 3 weeks for root
imitiation, 6 weeks to produce a rooted cutting.

Growth rate.—V1gorous.

Stem number.—Average of 27 basal rosettes.

Branching habit.—Flowering stems emerge from basal
rosette, an average of 27 rosettes per plant, no lateral
branches.

Foliage description:

Leaf shape.—Nearly orbicular in outline, very slightly
concave.

Leaf division.—Simple.

Leaf base.—Hastate, lobes 1Iree.

Leaf apex—Short and abruptly acute.

Leaf venation.—Lacimiate, upper surface 200C, lower
surface 187A.

Leaf margins.—Crenate with abruptly acute tips on
cach tooth, slightly to moderately coarsely undulate.

Leaf attachment.—Petiolate.

Leaf arrangement.—Alternate 1n basal rosettes.

Leaf lobes.—Lobed, an average of 7 to 9 lobes, occa-
sionally 11, shallow to medium 1n depth, divergent,
lobe margins free.

Leaf surface—Upper surface smooth and moderately
velvety, lower surface smooth, both surfaces mod-
erately to densely covered with very short strlgose

hairs upper surface hairs; an average of 0.5 mm 1n

length and too small to measure color, lower surface
hairs an average of 1 mm 1n length, 156D 1n color.

Leaf color.—Young upper surface; a blend of 200A and
200B, young lower surface; a blend of N79B and
1878, mature upper surface; 203 A, becoming tinged
with 147B when maturing later in summer and early
fall, mature lower surface; a blend of N79A and
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N186C, changing to a blend of N186C and 187A 1n
late summer and early fall.

Leaf size—An average of 13.6 cm 1n length and 13.2
cm 1n width.

Leaf quantity.—An average of 8 per basal rosette.

Petioles.—An average of 24 cm 1n length and 3.5 mm
in diameter, moderate strength, both surfaces glossy,
upper surface color N186C, lower surface color
200B, tinged N186C, very densely covered with
short, soft strigose hairs an average of 1.5 mm 1n
length, 156D 1n color.

Stipules.—1 ealy stipule at the base of each leal, aver-

age 2 cm 1n length, average 5 mm 1n width, acute tip,
187A 1n color.

Flower description:

Inflorescence type—Numerous small bell-shaped
flowers arranged on panicles on peduncles emerging
from a basal rosette.

Inflorescence size—An average of 51.9 cm 1n height
and 10.3 cm 1n diameter.

Inflorescence number.—An average of 30.

Density of flowers per inflovescence.—Medium.

Flower fragrance.—None.

Flower gquantity.—Average of 225 flowers per tlower-
ing stem, 2,000 per plant.

Flower lastingness.—Average ol one week.

Flower buds—QObovate 1 shape, an average of 3 mm
in length and 2.25 mm in diameter, color; 184C,
lower half 186A, surface 1s matte and densely cov-
ered with very short glandular hairs; an average of
0.2 mm 1n length and too small to measure color.

Flower aspect—Nodding to held slightly outward.

Flower type—Single, campanulate.

Flower size.—Average of 6 mm 1n height and diameter,
7 mm 1n length.

Petals.—Average of 5, rotate arrangement and
implanted in the hypanthium at base, oblanceolate 1n
shape, margin 1s entire, apex 1s acute, base 1s narrow
attenuate, upper and lower surface 1s glabrous,
smooth and matte, an average of 3.5 cm 1n length and
0.5 mm 1n width, color when opening and fully open
upper and lower surface; 76D.

Calyx—Campanulate, sepals fused to hypanthium, 4
mm 1n length and diameter.

Sepals.—An average of 5, lower 50% fused into cam-
panulate hypanthium, short oblong in shape, an
average of 4 mm 1n length and 1.5 mm 1n width,
margin 1s entire and fused 1nto hypanthium, apex is
obtuse, color; when opening and fully open upper
surface 76A, margins 76D, tips 147A, lower half
186A, when opeming and fully open lower surface
75C, towards the top N74A, tip 147A, lower half
186A, both surfaces are matte and densely covered
with very short glandular hairs an average of 0.2 mm
in length and to small to measure color.

Peduncle—An average of 76 cm 1n length and 3 mm
in diameter, color; 200A, proximal end N199A and
N199B, primary flower aspect 60°, secondary
peduncle aspect to main peduncle 335°, moderate 1n
strength, surface moderately glossy and densely cov-
ered with very short soft glandular hairs; average of
0.5 mm 1n length, NN155D 1n color.

Pedicels.—An average of 4 mm 1n length and 0.5 mm
in diameter, 200A 1n color, primary flower aspect
straight on top of secondary pedicel, secondary and



US PP34,177 P2
S 6

tertiary tlower aspect 1s 50°, moderate 1n strength,
surface matte and densely covered with very short

solt glandular hairs; average of 0.2 mm 1n length and
too small to measure color. Seed/fruit.—No fruit or seeds have been observed to
Reproductive organs:

color, filament; 2 mm in length and N1535B 1n color,

pollen; low 1n quantity and too little to measure
color.

5 date.
Gynoecium.—Pistils; 2, 4.5 mm 1n length, stigma;
club-shaped, 0.2 mm 1n diameter, style; an average Tt is claimed:
?If iflgrmm in length and 76D 1n color, ovary; 146D 1. A new and distinct cultivar of Heuchera plant named
. _ _ ‘ ‘Rex Black’ as herein 1llustrated and described.
Androecium.—Stamens; 5, anthers; ovate in shape,

average of 0.3 mm 1n length and width, N199A 1n 1

G ex x = e



US PP34,177 P2

Sheet 1 of 3

Apr. 26, 2022

U.S. Patent

T T e T T O A T I I T T S S S S T P T
Lttt H.,_....rHrH#H.._.H.,_.H.,_.HkH....H.,_.HrHrH....”u_.H.,_.”.,_.H....H.,_.”.__.”..qH.4“.,_.”.._.H.._.”.__.”.._.H.._.”.._.H....H....H.__.H....H.4”...H#H...“...H.a”.q“..n#”...”...u...”;
B e e e Ty e e Ty iy e Ly e g ey dp e eyl e iy e b e b b et ey
DI N e e W
D o a3l e S aC B A al al s
DR e e e e a ar s aE aa a
e e e ke e g e iyl ey oy dp e ey e e 0 e ey e e el e e e e b e ke k& Rk k& ko

4 & W N & o
S ..b..utﬁ_hHt*tH#...tHtH#H...H#H#H...”.qH.qH...H.qH.qH...”.qH.q”...”.qH.q”...H.qH.qH...”..qH.q”...“.qH.q”...H.qH.4”...“.4H.q”._..H.qH.qH#H&H;H#H&H;H...H&H;”...“&H#
N I ol ol g st et al e et el el sl st et al el L sl el el al et alal ol sl
B o I I I I e g L pal at EN
B e ey e e e i e e N A
P T e e e e sl e et s
S S S T I I I i
D T e R o o e e oa o I A a  pa a a a ara aa a aaar
N N e e o el et ]
I I T T I i i nl al al a  I E  l ea a ap a SL
B N T I  aE o R o e e N N
el e e e sl e et e e N
T i g e e o e L
R S e e o e el g o o e o e )
e N N Nl e L L a a a a a a a a a a aar aaa a al e e e alaCal el sl al's
D S T R T T L L O i i a a n p  a a  M N  y
D I I T o o I o o e e e
o e e e aa alal a e e e s e 'y
T e N e A i i i e i i i i i e i i
D e el el eal el o R o L I It R e e g e e e N L
P e e e ol ol e s el e e sl el el el o}
R T T T I o I i oy o M N
L S Sl S e e e e e S A L L L Lt o o
I I I N e e a a a a a aar a el el e el ey
i e e I Ryl el e o ot o T ot o
D T I T T T Tl o O o o a o e Ol R O I el el el
P N I e e  a a a al a  a aE a a  a a  a a a atara aaaal als
e L S I e a a a a
B T I T T oo el o o O e e e e g e A L o oa oa o
B e o I e
D S T i I L I I R R e
A N a a L I e e e
. L e e el e el e et s
/ L I e g L
e T iy e e e e i e e i i i i i e e e
e e e s
e e e i i i i i i e i i i i e i
B e e N N
Pl A el el e et el e s s el s
L I i I e
e e e i i e e e e e e e e g
P L L N aaaar aal aa a at aat aa
L I I i I I g e N
L A e e e A
L e et el e el )
ar i i e Ui i U i iy i i
I e e e e i i i e e i i e
L e e e e e
L I e S Sl L L i i A a  a iy
N N o e
L e e el e e a a aalalal al el s
I S I I A
Wi i i e e e e e i i i e iy e e i i i i e e e i i i e e
L A ol ol ey
i i i e i i i T e e e i i i U T i i e i i i i i
i i T e e i i i e e O T el i i i
el e )
I O a  a a  al alaa a
o e el e L L L
P L aaa a al - dr AT T T T T i i i
B Ty T e i i i et it i i T 4 i i i i T i iy e i
i i T i e i i i e e P N Ny
Ll s P - r LAl s
L o e o ] A T T i
S e - - Ui i i e e e e i i i
Al Al W ar e A T, Ly
Pl -, B T T Y e i i B o T e i i i i i
e A M A
Calal - - U Wi T T i i i i i
o e A N
I i i i i i Tty e i i i
AN ] I T T e
P - - L L L nl e
A A
- o Vi Y i i e i i
w s STl i T i T T
aa e R e
" a WA i T T T i T i
- ar i i i i iy e i i i i
N P N Ny
e w a - LA e aaaa aal a)
- Pl L Nl e
.._.-.lH-_-. - | Ui i i i iy e i i i
- . - WA T T T T i
- L M Al
A T T i
- Ll el e e e sl sl sl al al's
P N M Ll e
P s e el
L N A R R
i ...”.4....4”...”.4............4.4....4“ Tl
e
o i -
A .t

= ettt At alalal et al

e N - - - - - .

A e e dp e d ki ,
sl aE W

LN N L

.

x b om g d hox i i x
S RN I e

) [)
A a ok .ri...”l".r....-.

..“.H..”.wn

LN AN
2k a Ak hon h kN
b ok oa ks k

-
L s

& .__.._._1 .-_i. .-_..1.._..1”..1.._..
- -

i & W ok & i

i
i
o rh

AN RN

a s a g sk W ar I
Y 4 bk
.._.r._..l-.ql.r .rL'._..”l.l

. ...
) i e W
PR o y

Ak ax hodp b b EPY
a h ah

FN )

E )

»

a2 2 2 h E E a k Uk Ak kd b b M j ke j b M dod & Jp oM b ik bl K&

ma b b ma b h b sk oad hdanh bbbk kb hoad b b bk hdh g hoadh hh kb hh d ki

Lk b bk oam m Mok dr ok kb B ar droa dodooar h § & b dodo j oo b j b bk & & oJd dr de drdr do b § Jrodr dr de O dr X

2k a bk am b m hom ko bk & d owh am bk ok d kod bk ddd koo ok dpodog e i & Joh Jpohoir rd dJoJ i
[

R N .r.._..... .r.._.r........._.r.._.rn.__.._.__.._.._.r._...__.__n......_.-_ .__.r.........._..r.t.r.._.r.._.-.l.r ar & dp i &

™

D N A i e et

ko B L e bk A ir i 4 o
Jour o i ¥
Ak g ALk ir o
R WL R i L
-} ai o

...-.PI.-.

.. .__.

H.l"i Ao

o L]

-y i .....-.....rt? fy

2 .ll.l.n.r.-. F
I

Nk h

N A
ek

r o d & b &
.r.'.r.'

I

I
a2 xa W
- M o™ Y
P Tk

a b =

ar
o a

b o -
! E I

a b kW




US PP34,177 P2

Sheet 2 of 3

Apr. 26, 2022

U.S. Patent

A A kR A d U d d d b d A b o dr A e de dr dr b de de de dp de de dr o dp b de oo b de Jr b b b dr e q kA b b droa droaoa koa

a4 & & a & & & b Jooad b b b b i ded b dpod deh b bddodh j drdddodroddd drododrod ey b jd j brdehs b b ba ks hoaaor

P P ok ok b N X koA d b b e b b & b b h P
.n”.__.._.l.r..r.__.._.r .r.r.r.....r & .r”.r”.r”...............r.....r.....r.._..t.....t.r.__H.rt.......r......_.........r.r._...-t.r............- i .....rt.....t ._1.._..._......._”._1......_..1.._...... e R N .r.r.._.r.r.r.__H-.._.._.._._..._n
Sttt .__.....r.._........r oy ........................r.....r.....r.....r oy .r.........._..r.....r .r....... .r............._.....r........ .........r......_......r.....r .r.._..... Pl i it i i Wt -

. Ak ok kN kN I i i A M A I i I - s g el i o
-innn.._ni.._.r.._.._.r....r.r.._..r.r.r.....r.r.r.....r.....r.....r.....r.................r.._..r.....r.....-........r.r....t............._..r.....r.....r.r.r........rb.r...r.-_.- .r.._......_....._.__.._.._-...._

. ” " ” - “.._ H.._ “.r”.r”... H.t”.._ H... H.r”.._ ”...H.r”k“....”.._ ”.t”.._ H....”.t”...”.._ H#Ht”k”#”#”k”k”t”k”k”k”b H.t”.._ H.rH.r”... H.t”.r”.l"i. sttt e
SN .r.._.._. PN .._..r.._ X .....__ .r.r.t.....-_l .r.._..r.r.r.t.r.._..r...............t....t.r....r.._......t.- ..1.........r....rt.r.....r....r........._..r.t.r....r....r.t.r.v.rl.-.
m o k k oam kA kb k& A dp d .....r.r.r.r.r.r....t....t.........r.r.....r.....r......_ .....r.r.__
o dr de dr dp dr dr de e de 4 dr

N
P e
ik ke ke ke e
L s

I I

Jodr dp d e dr g drodp dr dr dr

- -
4 2 & b b 2 b & & b b & S a2 s s E S S A FE S i i hrih kil oa
s w b & & b & & 2 b & b bk b 2 b s b sk s s s s sk Ss S Ss Nrhs S ks o ks s S
b & = 4 = & & & & b & & b x & b & & s & s oE s s S N h s S NS id i

a & & b 2 b k a a & & 2 & 2 5 &2k Fha kirdh s s Fh s s Falh k

= - a
m s & b & a2 s 2 a s s b s ks doa

I a4

. r

&

gy

X X

e

Foh ke K W

F oaa b kA kW

-

N BNl e s
h & o o
M AT A R R ke e ke e e e

L

R

Lttt __.rn.__n.__nn-.-.r.r.-.rn.....r.....t............r?.................. i

L]
.
.
|r
[
.
M

- & & &

&

A N XN
T e R e P
a e kR Mk A d d d & drodp i b b b dr A ke dp A
- .;..._ * & 4 .r.T.__ ._1..1.__ » .T.r.__ .r....r.v........r.;..-..l..r....r.;..._ .T.r....f.;..-...!............;..-...;.....l..-.

P e e e S i

LTI AL T N N NN 0 0 N N A N NN

a kM d d U X de b b b de A d dpodp ke dr Ao b dpode d e bk

Al a s .....r.r.__ .r.r.....r.....t......_ .r.t.....t......_......r.....t.....r.......... .t.r.r.....r.....tt.._ ......_ ............r............._.

. a A Ak ah kol dr o dode bk M o d drode b d bbb kA b N
momomoam aad k drode oy drodr ok dp A i e d dr dr de de dr b A g A Ny
2 A ar b b ko ko drode dr o dr o dp o dr dr Jp Jr dr B Jr 4 Or Jp Jp dp dr Jp Jp dr de

P g e g g g i g )

A a h kR ke A d kb A de d b ke A

)

e e e e

A d b A d d b dp A d ke de

r &
P .t”.._ Hk##”t}.k#t##kk#t#k}..r##
A e e ]
awaa aaa a a ae e  T
e
IR LN N ool sl oty

WAL e

N N

T T Tl i i i Ml

e T e e e i

a b & oa & Ak k d ik kA
- b & & & o
PP R R N A I NN
R R RN A N
. 2 4 b = om m = k koo k kb oa dr & J odrodp odp i dp
a A Rk k x h kM M oa M de b b b Jo b drodpodr ki iy
- ...._.-.ln.-n.r.-.-.t.r.r....r.r................-.....-.....
-

X K X X kK
x

)

X
L R )

P

L)

& & o o
dr e e e e e e
e e e e
S
PR )

L

#}.Hkkku#”&n*”}.”k”*”..nﬁu n

Eo
I d o dr e e dp ke &
i aE aE a3 o)

Pl "3 i iy dp dr ey b R e
gy dp i e b ke ki &

4 i i dr dr drde el i
N A

i ok d o & k& kR
N Al )

g dr i
e i  ta ta a a a
. O M R NN NN MR
LR NN x A SO Rl e Wl )
A A T e AT

R ot Ll o M )
- Ty ) i .

*

5 x50
»

L)

X e

*x

e

NN )

PR NN
)

Iy
et )

»

»
Lt )
»

»

ERCN)
e )

X

s
5

»
t#ii*#i-ii

P

o
*':4-1-444-44
RN N N )
LR B MM )
D)

M)

™
o
i

ir

Pt

»
EN)

X
X
L

ir b

X oK
X X
L)
.
X X
EE
X K
¥

X
ir

Pl
Ll )

¥
F3
L
L

e e e e e 2

¥
i

L

X oy oy
¥ ¥

L]
L)

Ll )

X
»

L e

X
5

Ll ksl )

RN SN NN )
X x
» L)

»
L
Lt )

L]

X e X

P

Ears
Eals

X

X
F

i &

LS

Ea
.........H...H
RN
A
O LN
i ey A kg

iy i i

)

X X K ¥
Fy
Pl
X Xy
X X
X X
X kK K i
AN
™
Iy

i dr e e e e

i

P

T a

...H.__. .._.H
A
A AR
Ll ol
ol

LR )

i
¥

»
F) Jr:

EaE et S )
¥

s
Ll

L)

X
X ¥

[
s

X %
FY
:q-lr
Lt
Ty

& i B
AL

._...4.4....4.4.__..4”4._..
L)

L)

[y
i

Ll al
LA
Y

.4.............._.
Ll ol

M)

AAA N

L ]

AR Kk

AN

Jok dr dr e Jdr dr dr dp dr o dp
.r.....r”.r.r.__ " H.r.....r.............r............._......
A h,.._.h,._,.h1._,h,.._.#.._..,_..._..........,.._..,_.._,.h,.._.
R R NN N NN
Ea S
e
N E aE E a a
A e
e o
o
e e e e e e e

I e dr kel e b
E e

o A o
T

L]
L]
L)

o

)
X
X

i

Fy
F
x
Fy
T e
EE aE aE E a0 aF al

sty
)

»

)
.
I
ar
o
)
X
i
)
X
i
)
ir i
i i
L)
i

Y
&%

i

i
X

L}
r
L}
L}
ax

)

)
ir
ir
ir
ir
*
X

)

»

[
ir
ar
i

)

0 S R )

B
»
»

..

ir
i
i
ir
ir
ar
ir
ir

ir
ir

ittty

ir

AN

'y

L
X

ENC N

F)

»
»

N RN KRN K kX R N X

Fox X K
)
)
X
)
)
X
)

X

R

»
»

LN |

¥
N N

F3

EE R R

E)

)
E
¥

ko Xk X

x
X X KK kR N K E kN
T

i

P
™
D

i
N N A

L}
[
s
i
s
s
i
[
¥
L}
s

e e e e e e e e e

N N S Ul R

i

i iy ey e
g
R NN M N

. H...H...H...H...H...H...H... ...H...H...
A i e i iy i
iy dr ey e
ey dr e e ded A
i dr 0 e e kR
Ea s ol
e dr e d b e
W ir e i i i
g e e

E )

»
¥
¥
F3
¥
¥
F3
¥
F3
i

X oy

LN S
X N X K X kK
NN )
X K

X X Kk K ¥
e T e e e e e e e e e N

e

»

il
&

Eals
Ll

N N R N NN NN

4-:4- »
W

»
> PN
NN )
PN e
ENOM)

)

i
ir
el
Y
i ir i

e e e e T e e

ERE N

*4-:# *: x
o
E3)

X H B R AR EEEEEEREE XKL E R kYRR

i

Fy
¥
E )
Fa)
x

F

ALELR KR e e e
R N )

‘_a-*fa-*fa-na-a-i4-44-4-4-4-4-4-&4-4-4-4-4-#4-4-4-4-4-
)

B R E R R R E R N E R E KR kKX

AR AR R K AR R R KK K KR

BN N N N R N RN R RN E R K KRR XK,

)

l-ﬂl.q-‘l-.: E)
L 0
»

N A
i.__.r.._.._.__.._.l.._.__i.._.r.._.l.r.r.r.__.._.l.r.._.r.r.r.r.r............;..-..l............}.h. s
ERC TR RO ......_ N .r.r.r.r.r.-...r.....r.........-...._ .-..-...........-...........-.. ™
N T T T N

¥
X e
¥

i
)

*
r
Ly
r
r
Ly
L
r
I
X
i
X
X

)

™
yoa xw  a y X dr
R o )

¥
A N X N
i
¥

¥
F3
F3

*
ir

o

F

“r

:..

"

Tr

L)

i

¥

™

¥

i

¥

iy

L

¥
4-#4-4-:4-4-44-4-4-4-11-4-4-4-4-4-4-4-

»
X B X

L)
X
Pt
X
x

i
i
Ll
F ] & A
W
i dr i
ok k&
ir
Eals .
Ll

5
5

X
X

»
»
LN NN
X
L)

»

)

X
o
*

o N N
x

X X X X X XN

»
X

X X X
E3

LN S NN S NN
FY

»

XN NN NN
L)

FY
ol

P R al oy St e iy iy
e a .r.r.v......_..._............r.._.._...._......._.....
P T S e R e e el ol "
Ak ke b e e dp e dr e e R
N N o
a e e T a T « ur
P i P o M * *
T e T a e e .

»

*

»

()
i
ir
*
*
*
ir
ir

ar

PN
)

o
*
L3
*
*
L3
[3
ir
L3
[3

Fy
L)
ENN )
EN )

X
X X
Fy

)
x

[
[

F3
¥
F
¥

)

¥
¥
»
¥

»

»

»
Fa)

* i
Pl

AT e e e e e e e

s ox kb oar ook d Jp o dr drode Jrodp dp Jr Jdp Jp Jr dp

N N o ¥

Yy

A e e A e dr A i e i

at ety ..1..1..1.._ ..1.._ ...?.;..r.v....l..rl..-..l.....l.....l..rl..... .-.”.-..H....

E)
Ea )

N )
P )

AL N
X XX

Kty

Fy
»

P
L
x
Fy

»
x
X NN
*;.-*4-*:*:"*****"‘*"‘***"‘* NN N
E )
Ea )
Ty

xx

W a i ae dr e e dp dp iy oy e d
et r.._.._.__.r.__...r......r.r.r...............r..................?.-........... .r........
wd ow o d b ik i de ke b dpodp dr iy i
§ a a & ok A Je Jdrode Jp e dp Jpodp e
S & de a ke d e dp ey oy i

A a dr dr drde b dp dp b dr dp b d A

P g ol
ra Ak kR kol ok d ik
.__i.._.._.._.r.._.-...r.....r.........r.....-..

X

¥
F
)

a
X

L)
F

Xy
Tty

¥
x
T

X &
Pl
*

o .T.'..T.'

NN
X

FERC IR .r.l.....__..r.._......._..r.__......._......._..r

.
1]
1]
r
r
¥
r
¥
¥
¥
¥
3
¥
X
P
: ey

& o b b W o oW oo o F N I o & i i o
L e N N N N

N

)
L

XN

.__.“.4”.4”...“.4”...”...“ L)
k)

R E
F T

.._.
l.l.”l.”l.”l.”l.“ ”l.”
EaC
L )
i ip dr i e
et
Ll
L )
L
T

yox K
L
¥

)

»
F)
¥

*
*
ir
ir
)

¥
¥
¥

RS )
ittty
)

¥
X ¥

ir
i
X

oS
X x
Ll
i
E

i .r........

i
¥
iy

X
dr dr
X & ¥
X

L
X
L]

)

¥
ks
L)
Iy
)

*

Ea)

)

¥

B
»
»
)
L)
E)
L)
»
)
»
E)
E )

*

PN

»
¥
T
L)
¥
»

M N M

E o N R e
N )

E)
E)

e )
Ly

EE
PN Ll

L) H
L M el )
Tty .__.H.___
AE
Ll k)

e M)
5
N e )

X
L)
L)

»

MM NN
»

PR
»

FY

L

X

Ll
*
Ll
& ar

»
»
L N N N RN N RN )

x
Lt N e N et )
»
x
Fy

XX N R E N RN RN N N N
x

N SN N RN N MM e N )

Y
»
L3
»
XAy
EY
3l

Y
»

»
R N N N )

X

o)
E )
X ¥
)
»
X ¥
»
»
E S el R e )
»

P

M
ERUNE N )

o
»
X
»
LN
4-:4:4-
L
L
4-4-4-4-:4-:4-4-444-4-
EN N
L
)
x
L
PN
)
)
Wt
»
NN
»
»

Ea)

M)

L E b al
L N
H;H...HJH...H... LR
P B AL NN N A
L )
Y

i a i i

"

X
L)

*
&

Ll
*

[
x
i
i

¥
F)

PN N M M

Ea)

ir
T

L)

ir
ir

X

L)
x
i

L)
»

ir
L3
ir
*
ir

F3

" L)

RN N )

»
)
)
)

x
N N N M)

i X

x

X
»
»

X
X

¥

F
F
¥

x
R N N R N NN N RN RN )

)

)
)
x

*
*
[

»

»

X ox N KX
i T e N

)
X

ir
L3

X X
»
EN)
»
E)

P

ir
ir
ir
ir
*

»

r

RN N N R N N N )

i
i
x
E )
:4-:4#4-4-
Fy
KN

Eal s

Fy

¥

Fy

o

X
a-a-a-:a-a-a-a-q-l-a-#l-a-

»

Fy

x

i

EaE

x

x
i
x
Ny
™
x
x
»
x
X EE X R KR KN

W N Ny
Eal s

Tt

Eal

Eal s

X &

X X X K X
o

P N N
e

e T

ar

e i

X o
EaC ) .._.....q....q.__..__r.q

X
R R N N N NN )

LN M
R X XK N X AN
Wty

X

)
L)

Ty

i
PR

NN N SN
¥

¥
¥

Fy
F
x
Fy
X E X XK X K

Fy
X i

F)
F
¥
L

i
I dp dr b e d ok
#JH...H...H... i i
el

oS e
ar i iy

&H...H............
L AL AL NN
ks

i
N

Eal
L

Eaa)

»
EaF)
)
I}!}!‘#!‘#‘rl‘l‘#####l‘##
»

Xx X KX

¥

a
X K KN K X KX

MR RN

Tttt Ny

X

o  aE S NN

X X

x
R M e e

o

i

¥

X

x

i

X

x

i

X

x

S

¥

s
r

...k...&k..........q...&.q..r

iy dr A A

Ll
......H...H.......
o N N N
i
™

i
¥
X
"y

F3

E3)
) F)

X X XN E K E XN XN E XN AN Y N E
i

¥

L )
A

¥
X
x
Iy
i
LN )
Fy
X
»
X X
Eal
Ll
N N NN

)

EaE )
i
»

Fy
P
¥
Eal
¥
)

i
X
i

Fy
Eal )

Iy

X

X koK

Iy

X aox
¥
Eal

i
i
¥

¥k kK K X KK
i

F3
i
X ¥
F3
¥
i
F3
Fo)
X
¥

i
L)
P

NN

i
X
i
x
-
L)
I
L
o
i
™
Eal
X

i
i
I I
o
i
i

¥
¥
¥
X
i
PN
i X
¥

F3

iy EE
Py E
i i  oda ko ko kK

i o

™
) I dr de e e e b e e O dr i & ik
™

;,:ﬂﬂ;.-"‘
EN )
A

¥

Ky

i Xk F

ir
)
ir

o
i
¥
P
o

L
X
¥

L
¥

e
¥ e, e e e e e U e e e e e
e e e e e e e e e e e

N e ]

s
s
L]
[
s
L]

i
¥
L]
oy
LA
r
r
r

L]
ar
L}
L]
r
L}
L]
ar
a
i
i
a
L]
ar
a

i
™
Lo

]
L)
s
¥
i
L
i
ks
s
¥
ks
r
¥
L)
L)
¥
i
r
L
i
™
¥
F
L)
¥
]
r

i
i
o
i

m b om ok oa hobh oS ohd ol odododododod dod bl Ao od odododdr b b d ikl Aok AN

T

....-_"#........_....

L)

F)

ir
Eal

»

[}

X

L)
X
»

R R N N N N NN NN M)

)

*
Ll

E3EN
X N K
X

[}
*

F

™

Ll

Ll
Ll

EE
Fa)

ot
P )

)
PN N N ]

K
ittt

ar

L4

Eas
X

i

o

W

»
¥
¥

L)

Cal )

e N

I
I

AR .....u....H._._ .._.“ﬁ.._.H....H...“.__H_-“...“...H...H...H...H....._....._..._.._.. o
) ) P o

[
i

i

ar
a

Calal)
i

i
Ea )

X X X X
¥

ar
a

s
s

i dr
-

i dr
e
P
Eals

i b iy i e

¥
i
*x
»
X
¥

4-:#
L
¥

ar i
i
'y

*

F
F3

»
X

ir

»
F3

¥
P
XX
XK

N SN SN S Sl Nl Sl )

Ea)

¥ *: w et
AN
ity
»

)

R R N R N

ir
ir
*

Ea)
X
x

e
N EE NN
* 4-*4-*:

NN N MM
L)

BN NN R NN K N K ¥
L)
)

R N R )
»
»
»

L
»

ERNE SN )
Tttty

FY

»

F )

ol N
)

»
L ]

F)

I e At
AN )
PN E RN
R
g

X

'y
Ll
Fy

»

»

*
*

»

ir
*
[
ir
*
*
)
ir

Al
._..“.4
.
.
e
o
.
.

*

[
ir
ir
[
ir
*

"+
o
.
*

"+
i

LR N )

]

F
x

R R N N M)
»

»

x
M N NN NN NN

i X

[
[

)
Fy
L
™
)
L

-

¥
F3
¥

F)

Ea)

)

o
i
*
ir i
ir
ir
ir

i

Ea)

)
)

»
X ¥

)
x

N N R NN N )
x

X
MM
S

e T

A AR e

S M

*.-..T*l.

oA
E ) ”....._. Rl

I
P

Ll
L

X
o

Eal

5
X
L)
X
5

Wi
L

L4

X

¥

P

.._.Hu_.H.q.._..._..q# W a A ik d a k a d
ar e A iy ey g i iy iy
e e e e e i a e e de dd ke
o
o P AN N N E NN N M N P

F3
&

i

A i e e e e e U e e dp e e e e
i
S e e e e e e e e e e

ar

dp Ty A ey e ey g ey ey e e
B e e e e e e e e e e e e g AR

L)

F3

X
ty

-

L)
T

-

L)

*

Ll
'

)
ir

*
*
&
ir
&
&
*
*
*

L)

*

L)

[
[
[
[

)
Wty

Eal)

X X

dr i e e i e e e e i e i e i e
i
P

i i & | i

i i o i .

¥ N

xe

A e e T e e

F3
»
F3
F3
¥
¥
X
¥
F3
F3

L)

D e e

L
EE

e e e e e e i e e

x
X X
Lk

r

F

e e e e e e e
e kS ak s )
N A

*

L L)
L
LA

F3
»
¥
L )
¥

»
»
»
»
»

)

¥
B
»
»
B
»
»
Y

R NN )

Y
L
.4“.__..___.___.__.
L e
L)
L aC aE
M A

T LN
L) LA

5
»

&
[}

L)
* .__..___.__.”._._
Ly
PN

¥

& & b B

Ll N AN )

»
»
»

-
-

»

CaC O RO )

L)

A N M AN

L)
L)
L)
P
Ll
L)
LN )
N
L SN
.4”.._“4”#“._..“4”4
AL N M
Ea N
L) L3

L
S
&+ -

X X
X %
L
X %
L
L

Wty

e

LN
L ] L

RN N )
»

»
F
»
F)
»
¥
»

e

L)
L]
L
L)
» %

»
»

b
)
)

ot
X kN K
]

LM

L A SN S N

[
L AR SN M)
LN

[y
-
L ]
L]

ERNE M)
ERON N )
RN e )
)
L)

L)
ataty
vttty

L)

LG NN
F*J"Iiﬁ*l

»
*-I

RN
NN

4:4:4:4: RN )
FAA R R R KA




US PP34,177 P2

Sheet 3 of 3

Apr. 26, 2022

U.S. Patent

]
X
gv.xan

] x:x:a::x x:a' :::xxv L]
o L L e L




	Front Page
	Specification
	Claims
	Drawings

