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Latin name of the genus and species of the plant claimed:
“Twilight’ 1s a blackberry plant that 1s Rubus subg. Rubus
Watson.

Variety denomination: The new blackberry plant claimed
is of the variety denominated ‘Twilight’ Rubus subg. Rubus >
Watson.

BACKGROUND OF THE NEW PLANT

The present invention relates to a new and distinct black- 1Y

berry cultivar designated ‘Twilight’ and botanically known
as Rubus subg. Rubus Watson. This new blackberry cultivar
was discovered mn Corvallis, Oreg. 1n August 2012 and
originated from a cross between the thornless female black-
berry plant ‘Ouachita’ (U.S. Plant Pat. No. 17,762) and the
thornless, male parent blackberry plant ‘ORUS 2867-4"
(unpatented). ‘ORUS 2867-4” (unpatented) was a selection
from a cross of the thornless semi-erect blackberry “Iriple
Crown’ (unpatented) and a thorny trailing blackberry selec-
tion ‘ORUS 1393-1" (unpatented). ‘Twilight’s spinelessness
was originally derived from ‘Merton Thornless” (U.S. Plant
Pat. No. 571). The original seedling of the new cultivar was
asexually propagated at a nursery in Benton County, Oreg.
The new cultivar was established 1n vitro from a cane cutting
and microcuttings have been taken and rooted from this sort
of culture. The present invention has been found to be stable

and reproduce true to type through successive asexual
propagations.
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SUMMARY OF THE NEW PLANT

The following are the most outstanding and distinguish-
ing characteristics of this new cultivar when grown under
normal horticultural practices in Oregon. First, the new

cultivar has a high plant vigor as compared to semi-erect
blackberry ‘Loch Ness” (U.S. Plant Pat. No. 6,782); second,
the new cultivar has a semi-erect growth habit with thornless
canes; third, the new cultivar has an early date for 50% of
ripe fruit compared to ‘Chester Thornless’ (unpatented) and
“Imple Crown’ (unpatented) but not as early as ©

Eclipse’
(U.S. patent application Ser. No. 15/731,503) or ‘Galaxy’
(U.S. Plant Pat. No. 30,062); fourth, the new cultivar has a
very firm fruit with abrasion-resistant, tough skin compared
to ‘“Triple Crown (unpatented) and ‘Chester Thornless’ (un-
patented); fifth, the new cultivar has excellent tlavor com-
pared to ‘Chester Thomless’ (unpatented) and ‘Loch Ness’
(U.S. Plant Pat. No. 6,782); and sixth, the new cultivar has
larger truit than those of ‘Chester Thornless’ (unpatented)
and similar to those of ‘Triple Crown’ (unpatented).

BRIEF DESCRIPTION OF THE PHOTOGRAPHS

This new blackberry plant is illustrated by the accompa-
nying photographs that show the flowers, fruit and entire
plants; the colors shown are as true as can be reasonably
obtained by conventional photographic procedures.

FIG. 1 shows typical fruiting cluster with rnipe fruit
“Twilight’.

FIG. 2 shows a flat of harvested “Iwilight” fruit (left)
compared to a flat of ‘Chester Thornless” (unpatented) fruit
(right).

FIG. 3 shows three clamshells of “Twilight’ fruit (left
column) compared to ‘Chester Thormless’” (unpatented) fruit
(right column) after 21 days of reirnigerated storage at ~1° C.

FIG. 4 shows entire flowering 3-year old “Twilight” plants.
As 1s typical for commercial production, semi-erect black-
berry primocanes are topped at ~1 m and the primocanes and
laterals that develop after topping are tied to a two wire
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trellis with the lower wire approximately 1.0 m above the

ground and the upper wire approximately 1.5 m above the

ground.

DETAILED DESCRIPTION OF TH.
CULTIVAR

L1
Z
L1
2

The following description of ‘Twilight’ 1s based on obser-
vations taken from 2012 to 20177 growing seasons 1n trials in
Corvallis and Aurora, Oreg. This description 1s 1n accor-
dance with UPOV terminology. Color designations, color

descriptions and other phenotypical descriptions may devi-
ate from the stated values and descriptions depending upon

variation 1n environmental, seasonal, climatic and cultural
conditions. “Twilight” has not been observed under all pos-
sible environmental conditions. Color terminology follows
The Royal Horticultural Society Colour Chart. London
(R.H.S.) (57 edition, 2007).

Table 1 shows important plant characteristics of the new
cultivar. Characteristics include plant vigor, growth habit,
date 50% of fruit were ripe, weight of primary fruit, firmness
of fruit flavor of fruit and winter tolerance 1n Aurora, Oreg.
(45° 16" 49" N/122° 44" 50" W) and Lynden, Wash. (48° 56'
48" N/122° 27' 2" W).

TABLE 1
Characteristic “Twilight’
Plant vigor High vigor, similar to “‘Eclipse’, less vigorous

than ‘Chester Thomless’ and “Triple

Crown’ and more vigorous than ‘Loch Ness’
Semi-erect

21 July, early compared to “Triple Crown’
and ‘Chester Thomless’; Later than “Eclipse’
8.7 g, larger than ‘Chester Thornless’, similar
in size to “Triple Crown’

Excellent, much firmer than ‘Triple Crown’
and firmer than ‘Chester Thornless’
Excellent, much better than “Triple Crown’
and better than ‘Chester Thornless’

Very good, excellent compared to *‘Chester
Thornless’, similar to “Triple Crown’

and ‘Eclipse’

Excellent, comparable to “Triple Crown’,
Oregon (45 16' 49" N/122  *Chester Thornless’, and *Navaho’ (U.S.

44' 50" W) Plant Pat. No. 6,679)

Winter tolerance in Lynden, Excellent. comparable to ‘Triple Crown’ and
Washington (48 36' 48" ‘“Chester Thornless’

N/122 27" 2" W)

Growth habit
Date 50% of fruit were ripe

Weight of primary fruit (g)
Firmness of fruit

Skin toughness of fruit

Flavor of fruit

Winter tolerance 1n Aurora,

Table 2 shows floricane and mature primocane character-
istics of the new cultivar. Characteristics include diameter at
base, diameter at midpoint, diameter at terminus, internode
length at base, internode length at midpoint, internode length
at terminus, presence of spines further than 0.6 m from the
so1l surface, presence of spines less than 0.6 m from the soil
surface, floricane color at base, tloricane color at midpoint,
floricane lateral length, floricane lateral strength, primocane
color at base, primocane color at midpoint, and primocane
color at terminus. The characteristics of tloricane color at
terminus, floricane length, and floricane length (range) are
not available for the new cultivar as the standard practice for
the cultivar 1s to remove the tips of primocanes (which
become tloricanes after recerving winter chilling) to encour-
age fruiting.
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TABLE 2
Characteristic “Twilight’
Diameter at base (cm) 2.00
Diameter at midpoint (cm) 1.23
Diameter at terminus (cm) 0.37
Internode length at base (cm) 11.93
Internode length at midpoint (cm) 2.87
Internode length at terminus (cm) 2.87
Presence of spines further than 0.6 m Absent
from the soil surface
Presence of spines less than 0.6 m Absent
from
the soil surface
Floricane color at base 146A
Floricane color at midpoint 144A w/175A tint
Floricane lateral length Medium
Floricane lateral strength Medium
Primocane color at base 144A
Primocane color at midpoint 144A w/176A streaks
Primocane color at terminus 144A w/185A tint

Table 3 shows floricane foliage characteristics of the new
cultivar. Floricane characteristics include mature compound
leat width, mature compound leat length, number of leaflets

per tloricane compound leaf, mature leatlet shape, mature
leaflet apex, mature leaflet base, mature terminal leatlet
width, mature terminal leatlet length, mature first lateral
leatlet width, mature first lateral leaflet length, leatlet mar-
g1n, leaflet serration teeth length, leaflet serration teeth width
at base, pubescence on floricane leatlet: upper surface,
pubescence on floricane leatlet: undersurface, floricane leaf
color abaxial, floricane leal color adaxial, petiole length,
petiolule length: terminal leaflet, petiolule length: first distal
leaflet, petiolule color: abaxial, petiolule color: adaxal,
stipule length, and stipule width.

TABLE 3

Characteristic “Twilight’
Mature compound leaf width (cm) 16.65
Mature compound leaf length (cm) 13.44
Number of leaflets per floricane compound leaf 3.00
Mature leatlet shape Ovate
Mature leaflet apex Acute
Mature leatlet base Roundly truncate
Mature terminal leaflet width (cm) 7.25
Mature terminal leaflet length (cm) 9.25
Mature first lateral leaflet width (cm) 6.43
Mature first lateral leaflet length (cm) 8.52
Leaflet margin Serrated
Leaflet serration teeth length 0.33
Leaflet serration teeth width at base 0.3%8

Light pubescence
Heavy, dense pubescence

Pubescence on floricane leaflet: upper surface
Pubescence on floricane leaflet undersurface

Floricane leaf color abaxial 137A
Floricane leat color adaxial 138B
Petiole length (cm) 5.72
Petiole color adaxial 165A
Petiole color abaxial N144D
Petiolule length terminal leaflet (cm) 1.52
Petiolule length first distal leaflet (cm) 2.11
Petiolule color abaxial 165A
Petiolule color adaxial N144D
Stipule length (cm) 1.00
Stipule width (cm) 0.24
Stipule attitude Erect

Table 4 shows tlower and flowering characteristics of the
new cultivar. Flower and flowering characteristics include
date 1st bloom, date full bloom, date last bloom, petal color,
the number flowers per cluster, the number of petals per
flower, flower diameter, petal length, petal width, the num-
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ber of sepals per tlower, peduncle length, rachis length,
peduncle color, and cyme type.

TABLE 4
Characteristic “Twilight’
Date 1% bloom May 13
Date full bloom May 20
Date last bloom May 30
Petal color adaxial and abaxial sur- 69C
faces
Number flowers per cluster 8.83
Number of petals per flower 5.33
Flower diameter (cm) 32.45
Petal length (cm) 14.28
Petal width (cm) 11.33
Petal texture adaxial and abaxial No pubescence
Number of sepals per flower 4.83
Peduncle length (cm) 3.67
Rachis length (cm) 10.85

N144A streaked w/185A
Elongate simple cyme

Peduncle color
Cyme type

Table 5 shows fruit and fruiting characteristics of the new
cultivar. Fruit and fruiting characteristics include date 5% of
fruit were ripe, date 50% of fruit were ripe, date 95% of fruit
were ripe, weight of primary fruit, weight of secondary fruat,
diameter of primary fruit at equator, diameter of 2° fruit at
equator, diameter of 1° fruit at poles: tip, diameter of 1° fruit
at poles: base, diameter of 2° fruit at poles: tip, diameter of
2° fruit at poles: base, berry length 1° fruit, berry length 2°
fruit, ratio of primary fruit length to width, shape descrip-
tion, uniformity of berry shape, color when full ripe, number
of drupelets per fruit, individual seed weight, glossiness,
firmness, flavor, texture of fruit when chewed, drupelet skin
resistance to abrasion, ease of separation of fruit from
pedicel, machine harvestability, resistance to heat damage of
fruit, berries per intlorescence—mean, berries per inflores-
cence range, soluble solids (%; mm Brix), pH, ftitratable
acidity (% as citric acid), yield (actual kg-plt™), disease
response, and red berry mite response.

TABLE 5

Characteristic “Twilight’
Date 5% of fruit were ripe Jul. 10
Date 50% of fruit were ripe Jul. 21
Date 95% of fruit were ripe Aug. 9
Weight of primary fruit (g) 8.03
Weight of secondary fruit (g) 5.91
Weight of tertiary fruit (g) 6.00
Diameter of primary fruit a 2.16
t equator (cm)

Diameter of 2 fruit at equator (cm) 2.22
Diameter of 3 frut at equator (cm) 2.03
Diameter of 1 fruit at poles: tip (cm) 1.70
Diameter of 1 frut at poles: base (cm) 2.18
Diameter of 2 fruit at poles: tip (cm) 1.70
Diameter of 2 fruit at poles: base (cm) 2.08
Diameter of 3 fruit at poles: tip (cm) 1.61
Diameter of 3 fruit at poles: base (cm) 1.96
Berry length primary fruit (cm) 2.85
Berry length 2 fruit (cm) 2.51
Berry length 3 fruit (cm) 2.47
Ratio of primary fruit length to width 1.32
Shape description Blocky

Consistent shape
when full ripe 203A

Uniformity of berry shape
Color

Number of drupelets per fruit 68.50
Total seed weight per fruit (mg) 199.30
Individual seed weight (mg) 2.96
Glossiness Very glossy
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TABLE 5-continued

Characteristic “Twilight’
Firmness Very firm
Flavor Very good flavor
Texture of fruit when chewed Good
Drupelet skin resistance to abrasion Excellent
Ease of separation of fruit from pedi- Medium
cel

Machine harvestability Good
Resistance to heat damage of fruit Good
Berries per inflorescence - mean 7.50
Berries per inflorescence range 7-8
Soluble solids (%; in Brix) 13.07
pH 3.51
Titratable acidity (% as citric acid) 8.58
Yield (actual kg - plt-1) 9.78

Under a typical, minimal,

disease management pro-

oram does not exhibit any

particular disease problems
Moderate susceptibility

Disease response

Red berry mite response

COMPARISON WITH PARENTAL AND
COMMERCIAL CULTIVARS

“Twilight” differs from the female parent blackberry plant
‘Ouachita’ (U.S. Plant Pat. No. 17,762) in that it has a
semi-erect type plant growth habit, 1s more productive, with
larger (8.7 g) and sweeter (13% Brix) fruit that have a
pleasant crispness when eaten, while ‘Ouachita’ (U.S. Plant
Pat. No. 17,762) has an erect type plant growth habit, 1s less
productive, has smaller (7.0 g) and less sweet (11% Brix)
fruit that, while firm, are not crisp when eaten.

“Twilight” differs from the male parent blackberry plant
‘ORUS 2867-4" (unpatented) i that it 1s 7 days earlier
ripening with large sized (8.7 g) fruit that are firm with a
tough skin and have a lower 1incidence of fruit defects due to
excessive heat and UV light damage, while ‘ORUS 2867-4°
(unpatented) 1s 7 days later ripening with medium-large (7.2
o) fruit that are soit with tender skin and are prone to heat
and UV light damage.

“Twilight’ 1s 7-14 days earlier ripeming than other com-
mercial semi-erect fresh market blackberries such as “Triple
Crown’ (unpatented) or ‘Chester Thornless’ (unpatented).
“Twilight” ripens 4-5 d later than the semi-erect blackberry

‘Loch Ness’ (U.S. Plant Pat. No. 6,782), ‘Eclipse’ (U.S.
patent application Ser. No. 15/731,503), ‘Galaxy’ (U.S.
Plant Pat. No. 30,062), and ‘Von’ (U.S. Plant Pat. No.
2'7,299). “Twilight’ 1s a fresh market blackberry and has had
excellent fruit quality after 7 days in refrigerated storage 1n
plastic clam shell packaging at 1° C. compared to fruit from
‘Eclipse” (U.S. patent application Ser. No. 15/731,503),
“Iriple Crown’ (unpatented), and ‘Von’ (U.S. Plant Pat. No.
2'7,299). “Twilight’ has a pleasantly crisp, firm texture when
caten, firmer than ‘Triple Crown’ (unpatented), and with
fewer noticeable seeds than ‘Chester Thornless’ (un-
patented). ‘Twilight’ was as high yielding as ‘Chester Thorn-
less’ (unpatented) and ‘Triple Crown’ (unpatented), and
higher yielding than ‘Eclipse’ (U.S. patent application Ser.
No. 15/731,503). “Twilight’ fruit are sweeter than those of
‘Chester Thornless” (unpatented) but not as sweet as those of

“Inple Crown’ (unpatented) and comparable to ‘Eclipse’
(U.S. patent application Ser. No. 15/731,503).
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I claim:

1. A new and distinct cultivar of thornless blackberry
plant, substantially as illustrated and described, character-
1zed by 1ts large sized fruit that are sweet, crisp, firm, and

have a very tough skin.

¥ ¥ # ¥ ¥



US PP30.,879 P2

Sheet 1 of 4

Sep. 10, 2019

U.S. Patent

A XL R 3 . . i e e e i e e e e i b e dr A
.._“.......q..qr.r.._......_-.___...ll..- NN
DR )

i

X

A
A e

e e o L
Fd & % bdpoa o doa o
o kR kA N K oa

i
e " 1”.-. .r.....-......r......_
e Pyt

Bk X d B ok doa bk odd o d kAo FO& kRN i
i..-.lb..;.i.ll.i.!ihkl#kl#k#l-k###b# EER Imﬂ L
ok & b &k kKb oa ko dofodr § i b 0 Jr o dr dr A o o dr A 0 | | ] F - | | H
S 0 e dp dr ey ke e dp kR oa e boa e de b e b e Rk d ke &k R K A kR "X ERER e EE T
....il. ....l....l...1l...1l.....l..1._1 P .;..._ .Ti .......l..._ l..._ ._1.._ - - .T.r.t.__ ll.l.....-_l.ttk.r.; ....I.-...;.li..r.;..-..l.....l........ I.-.l..r.t.ll.l HIHIHHIHII | ] HHI lﬂl oI lll lﬂl ll
o o dr Ao iy &k L e dr Jp b & A o b Jp e & A & dp - & AX T T EEXTFEFERREEFEERFEERN b
s ._q.r....q.__._-_“.._...q.._ﬂ.......__.__-.”.._n .1.4......._1.._._..“.._.__..._.4................._............-..4...4_-._-1...&-_........... [ L annxanaannaaannnaal“
Fd d dra bk b s a ke Rk R d bk kA A &k A dp i AP
1._....1.-_3..._-..-..-...1| r.._.....r....._..l.._.._nik......_n.r.r.......-.i.t.._.v.-.l I RN NN !I Hlllu_.!_._. ey
l.-_.-..-..._..-_ .-_.-..-..-........ ......1......_ ._1..1._...._ .....-..r.._ .-..._ r.t.__ .l.__ .r?.....-..._ . ' ......_......._.... t....vi.r...................r.....-..r.._......-..-.l 3 ; _IHU. H_4:.1l
Ill.llil.__i.r.#.rb..rb.bib..-.}.b.b#.#.r#b.l.}.?l.l H.H III
i i A i ¥
.-_._._"-_H”................q.___.........._. L A A W e e e e R e R R R i .
.-_.-_.-_ .-.....t........-..-..-..-.....r\.._n...n.r».._.._.r.r.._.t.....l.....-_l
M T RN Al
L N
L O N W
dp ik dr b e A ke kxR
W i i A e § oo o bk dpoa e
& & bk h kb bk b ko j bk b
R b o ke b d d E Ol e
| iy g il s e ko a
R U N N
B0 & dp b B ko oa ky xx
o o o
i s bl ke e b i i i N
B % o dp de i dp dp O o dp O i
N N e M)

Tt Rl el Sl Sl e

P N L ....-_.4-.

e )

L W A N el e e )

L T N N N R )

L N A )

L el e L NN N O W
L N N O N
o dr dp h om b b d F ok h hoa d od B
O AL N T PN A T R 0
L

I

“ . k et e
L 5 L . A k ) l.ll.?.__.-..__..-. .-....I.....-..-.l..l"l""-.
ir N A N N W om W owom ) " . & ]
drdp dp b roron o & o d de & b B b » F e ; L .,
L N e N N S M ; o e N

l .T I.I .T.T
e M M M . NN NN AN A N M 2 o

:_.4.—....._....._.__.4.._..-.......4 .._..__.
.r . . .
...___...._-_...H...”..H...“.r..... Pl it ._.._-_._.... ; ‘ J ; ; ; ; .&

ry

llJri'*l
* ¥

i
-
X
i
-
)
s

™
Y
¥
[ ]
L3 )
F ]
e

Ty
'y

i
Pl N
L)

e R Pl
A A N I N L A
.._..-..4.-.__....._.......-._..-.._.“-..,...4 *
a T T
F N N

X AT

X
X X

[

»
L

L
L]

e

)
N et e

)
- i

ol

r

»
¥
[ ]

L
)
L

R
P
et

EY

L)
L ]
r

L
»
a

-

)
M
X

AE A

Fy
¥ 4-"'-:
ety
X &%
X &
x
I
el
1-:#"#*4-"

"

X
X

L

-
L)
&

L e R T N e

P )
ot T ey
4-;*#*#;*4:‘ ¥
*l-:ar:h*i I A
AR AN

5
L

LA

E N

P

P AL g
i -_-..._._-H.._.H.r.q.r._..

oy

¥
| Ixil!:ﬂx
| !d!..
W ;-Hv

!
4
)
)
X
|
A
w
7 A
!
)

S
HHH:P!H’H ~

]
o
Al
E |
Al_A

-
?‘!?F'
'I!?;H
H_!H
o
Al
A
H
M
HHI:H ]
HHH A A
E |
I
N
F ]
.

! > ”ﬂﬂ""ﬂ“ﬂ”ﬂ“ﬂlﬂ F
ok Mk k ok " | ; p il 1 ;
....._“...“...H.r.r.q...-......r. H.._.H-..”..rn o R ! P . P .rnﬂv_“nﬂn“xnnmn”nnaux”
drodp dp dp dp dr dp dr Jrom & b om Jr iy iy i . h ; A E i

AR A e kg kg A oa s w
_._-.. x| ; .ﬁ.l“_-"-_.f ety "

iy
e
“l-_-.-..-_.q.__..._.-.._..._.q.__. T
lnl-_

X
ot

& P I R R )
gy g R e ; ; N
b i LM N Nt LN s
LR N

o e o

o
)

ol i
:-!":-!::l-.
e
x
i
Ao

; ; ; L A
R N N e ) . . iy Al ; ; A ; & Y
B R e e e e s L ;

o

E

x l"l ] H”H
H I!l H
P
!

|
E | ]
IIHHRI?HI!
|
IHHIHHH
-

KN
X
dr A dr dp e dr B i B 2
drdr O Jp o dp g dr A i ol i x K
....._...............-..-..-_.....-.Il_ (K K N E R R N ME LM N 3 b 3 ]
.__....”H o MR N N K L ; A i 3 K L K e_K
o K k ;

L]
i
i
[ ]
L]
i
L
|
A

e y
L
X b A i i
AN P
T g e o P e T T B W B M
X HH__. n“r.”x”x.... o ;
S i i
T i e urxrnnaa“u[

A

-l

Al

o

A_M NN

i

Al

-?l
HHIHHHIIH!H
b J

&

i b b [
.qH.._...J_..__ ...#H..Hku.qut“&”;”a H#H..q”......ﬂ_ N
o
' .-.......q.-....qa-.“-_#:_.ffﬂ#...ﬂ.# L)

[
F3

X
L ]
i

a”anx .x”vuuxwx”v

P P P R K

A
L

L]
&

i
HI
*

l"ﬂ. H J

E X A
L]
AN

*
‘l
L ]

»
al_gl A

A
A A
|

A
.
Ml

o x L A o,

xm:mxmxwauxn:nxnnnan:" R R KN .v.nxnmn”n”nrnv N

o e o g g o

.x.xLu__.rr.”.ﬁ”1.”nHxur.Hr.wx”H”v“”x”xu.....”un”xw:”x”x”:“n"n”u" T

’ I I I

FE o, A A

e ; ’ i o / ’ e e, ’ E e o A e e 0, *!

v : o oo o a e oo e ’ R A I A d o
ey ’ / o L A A N i A
> / / / oo ’ p / d / ’ o . oo o ’ oo™

B T ; ’ ’ ’ ’ : 7w o K P N A X o e R R A A .Hnnanxxvgrurﬁgn““

A "

b
A
]
|

A_A
x
2

)
)
|
i)
M
|
p_J

Hx?'!

X

]

X A
g
.

¥
HHHHH!HHEHHHH
F A
1]
F
X
X
»

o

L2
XX
X
X
|
AN

EY
.
A

o A MM
A N
M A
Al
Ml

g g .x“anu_”x”x”x”u“x“x”x xR
RN AR P R R R
L S

A

|

W
|

L)
|
M
iy |
|
AN A m A
"

Ml

x_M

FY

Ml

M

F |
HIHHIHHH

)
A
!
i)
M,

|
|

u.”u_ ~, _FHHHHHFHHHHHH KK FHH E S MK R AN E

EY
£ XA
M_a A

EY
|

x x
N, ..
X R K KM

M
"I-H#l
S
XX A
|
A M N NN
"I-?!"?l"l?lll

AN N A

x

A




US PP30.,879 P2

Sheet 2 of 4

Sep. 10, 2019

U.S. Patent

" ar
'r.‘ "'r

r
L

.... n i
[ iy s
r
Pl e e e
Ll Ny
- ]

L]
2

. v.-

" oa

™ T .__. gt ...........i.!ntnti.....___...i....r P ......i.-......_..__.._
N ; W i e e i i ke i X *

L T L

x
FFF kK
LI L L

i

*
e

F b

F T F R B A ki bk ok kb Foa

L
LA N N

E

U
L]
L T r ko ka

O

=

L

r m & bhoa b b b n & b b B B ok bhokoA K X
NN doa a = = = & a b oamaak . o . C
de e e U R K i i 4 w4 N NN mor r = on b b b hoamkhh kb ok ¥ FkS
s b bk kA A AR w O i i - T N NN
F A b bk oa bdoa h kb bk Bk h I e F i ek i F b n b o bra a b b b b b b dda kbbb b hoa

NN

'y

.-..__.-..__i.-.r.-...__
Bk KR A ks e e e e e
L L L N N O P R L

e e K|

blb*b*b"b L]

et

A

. AL AL ) Y i ;
r i ™ i dp b ode i b & & B " . r " Cl W N
b g F & k& b b b bk b i d b hoah b b on [ ) F r n & b b bk Jp i ir Jrodudr draa il A " W 0 Ly
i dr dr Jr o Jr b b & & b B h_B Y ) 3 3 r F Lk dr b o MK dr b § & x I F
2wy a kE X r . 3 r . X rrr 1 r raa W drdp ol de i i B i d
Bk B b Bl ke dr b Bl & b b dodr deode bk b
F r FFOFF B

b*b*b
F b

]

L )
X X Kk bk EEE
Ll el o
e
Nk kR

l-i:-*a- -
L . IFJr - L blr

S
N bk

l-bl"rq-bl




US PP30.,879 P2

Sheet 3 of 4

Sep. 10, 2019

U.S. Patent

- - - [ T L T [T S R [ T [ R Y -4 - o T T T T L U N [ I T I ) I R I O I T T T B T S e e e e T T A Jr [ [ I [ N Ut S [ SR T ST R R [ T

R T T o i i T T i o i T T T T L T H i e Tty F g U Sy
T T T a  a a a a  T aa
m de AT A e ke ke m kA A N e dp o A Ny e de A dp de kdp de X e e dp dr oy e dp W dp dp i e de de oy dp dp e dp A dp de b dp dp e B A ey de b dp de e dp e e e dp e dp ke dr e dp dp ey iy d ety i e e Oy i e iy i e i O O T o B o M e )
Foa o m b bk b bk S bl dpdp ko o ko d I bk ode de § doode d d 4 Jede dpodp j M drodededy b dp dp kB dp Jpo & Jpodr dedede drdy drde drodr b om dr Jrodp ki ar de Jrodr B ar ko de dr dr o de Jr o de b oy dr dp dp dr J dr JF dp dp Jp dp o & de Jp de i dp e dp wp O dp de Jy de dp B CdF dy Jdp O B dp de ap dp e Jdp dp e dp [ dp O dp dp dp e dp ey Oy e dp e dp e e gy e oy O de e d
D S P S e e e e g g S R R e g g et T g i g S g g e e e e N g e e g g e e A B A e g e T g S g ol o g g e e e o I I L T T g o e I I A o N N o N el s
2w ek e e A e g de m e e ke de m e Ak R e de e dp e e e e iy Oy ey b dr b e B e ey el d e ey iy de e e dp e ey dp e dp i e dp ke e e g e i e e e ey iy e e e e by e iy dp e da i it ey ot i ey o e L L s
e e a r  k a a ka A U a de g A Uy ek dp g e ek p de ko de e e U e de O dp dp e dr i dp dr el iy de W o el de B R R Jp i dpdF dr ydp de e tdr dp e de iy e e dr ke dp ek e e e dp e dp dp i dp ko dp dp e dedp e W dp oy i R e i dr e i e i Wy Ve e Ty U A e e i W
PO e P P R S A e R g g S R R T g B g T i S S i A g i R g g g Sl el Sl A e ey e e e e e ey de ey dp e R e e e ap de ey de e e e e ek e e ey dpdr d ke e e e e b ey ol il e e e N O R L R S T A or A et o e et
e e I N N e e N AL 3 R A e N A0 AL LN M 2 Al N R P A A g A R A A N A )
Ce et T e T e e e T e S S e M T ey e
R P T T At e A M M AL A R e AR A B 2 M N AL M Nt A N MM S MM N AL Ll W ML -l-.Il-_
. . . . » .- . . wr
: ! T .....u.......-.“_.-_...._.”...HJH.._”....._.._H..”...H...H...H.....- ” -...H...H._..H....H.._ ........H.rH....H...H...H.._H...H...”.._.".....”.q...t”l”.qn..”....H....H....H...H}H...“...H._._H.._H...HJH...“...“J..& Wi - . -
» ey L . FF " - PR . i
tata s . e e e A e x D et B N, U L M P P e e
e A I T o I TR R N ) de e R e Wl R ek e bk w1 T M e R A L ML 2L A R N Al M L}
N de kA Ak N Wy i W e e R N I N N e e T e [ N N A N M, M) ol e
o ke w PR NN e ar iy e g g dr dr dy i e d e de ke de ke e de b A e w kb A Ak M i m A a kL LA AR N e A
Pl R g e A ke . ek e de ke i ) dr g e e A g b b de § dpodp o de ) [ L
L NN NN A WAL e e hoa Mk dr ke k o
e kT k R e e e e x
. S .

nodoa ey ko .
e S
W - ok AN
S N
Pt x ;
N de ok Jp iy Lok
X don ek XK 2 ek
LN G e .
P NN P N .
Pl N M Pl I N
P o P NN -
x & ¥ LA NN
odw w N ko P ] .
.h........i-1l.l.... o ol -.........-_I_I
ok o d oA a0 n .
i rou dodo ™ .
*H a M k- Y
R e - X -
- .._......1.-...L -1n.-.............-..|.__.._.__.._.r.r -#}%
.._.h._...._.ql.._.t. b owoi kb b oa k ) 3
F koa r X A 1 . m o ik ™ .
i k- -k kR a
NN N N X -
L AU N > .1.-.....
_...t”.-..-.. 1.1._....1..1. " N - 3
Tt T P *
.;.....l.....b LU o i
S N N x
P N - - N
A a e e .._ -
P RN -
P AN X
W hr omoad Ny -
P A R it . I
wow W a - i
B el Ty S s
.;......:.....l..l St !
N N - _
L R X -y
K r Kwr w .
— i Mk - .
Pl i » X -
ARt . (L) N
...t”h.... ..1.-...1.._. Yot .-.l -
Th R .-._r e
Flaga . - [ g
R N N - .
ek awn ol drde o a b oa i Py
oy Lodr e Rl o N - '
IERE LN Woea e y a  a - -
....I.r P S - .i.-.....__ .....;..r iy -, .;.....
R S - .
X b . el X d dr ok b ow e Y - F
Flaw s xw . -y u x i -
X ety Pl i e A o [
P s FE ek Rk kb J e & i
ks W P PN ! ]
B T T e W e
Flap o P A
ke SR e - i,
) l.....__l..qu.......-. ..-.....l......r.;..r11 o X HI -
e N A X
Pl el e ol
nidd - F B o+ . 4 Fopd b b ook B P x
X g ek d e e e ke a aa W,
R I o S i U -
a g a T x M P I e ) a0
e N R NN N P X
P Wy s o'
el + o1 Aok a g A kA o '
R P v i i -
N N N TR . >
'k omoy kom k. ek dp B Wl
i e S NN N - '
Ay 0 WK B e I
N . e PRt . r
AL ST I RN N > ML= -
...l“.r . aTa PR M N .
. n”......_.rt. B P
WS X

un"w | | e
Fa e e

= ror -
F | i b o bk F b onor

....1...........1
o & r =
R e wr
. - = = r F oo = = & \.rl.allbl.ﬂ-.Jbl.lrll1.rl.a1.l..a-.-..lli
. - . - X i e - h o ) > - F
T .1.|..__ i i Pl .._.u.-.....t e e e e A N e e e e

' - . . .- a
& .o . .

- ...............1.1...-
= - odr s . . EE T SR B T N I I S T ) - - - o

R A W N A R o e A R S

A e e e e o e e e e el e e ety -.Hriln.. P T

or ok Jrodr b o N Ko F R o F hoF ol -
"o .

SR & b’ & @ Bk k- odomor R i '

P S A il . ) o . .

T L. . |

-
. F
|| H MR | _I
AR ) - e s A A .11.__-.r...-.._.-..__.._..__.__..............rr?....r....-.....t....r.....-.r.r....-.....-. o ....l.-..__ L | i IIHIHEJIIII l!llﬂllllﬂllﬂﬁﬁ
P R e N N N I N EE R EE] I | 3 I L ) H L i T LKEX X ARRKERETR
g - b &2 > h rh ma b FhLsd oo LI dp ok dp A b | .EEEHHEHEIHHI -
L i AR REERX AR Fd A ERE X AEEXEN x K F
E K FE XN NRKE 3 ~. KA X & X ax a N
IH-_. eI E_EE | ]
0 CRE - r i -

L o o

r

. s
B e
R A A x
Foig ol b m ok R Ay L E ¥ X &K
™ h_ VR e e T e

A A e e T nv.u”

o

r

‘I
»

r
| 4
L,
»
L

‘.I
»
Y

LI I O N

by dr o de & & N oo by b & a
Tt N b T e T T
Bt Sttt i dp A b A &
aode i a b ! W ue 4 W ko d
Fa & o ¥y oy P NN NN
*a ok odoAon -y & & i § b s
- dr oo o b L B
oa koW ¥ x R
b & = o
o S X
4 o oo
._..__r.__ ” ..HH H!
- v ! A
.r AA ] |
. x pip e | - Il“rn
- & i F A ] K- ]
T, e, Y N
Y Ll o l” o
T x B
- - .HHH.H 'H. .-.‘ ]
r - - HHH.H‘.1HI ir B
" " Ty e ....
'
. v . e x
X - ira § i o
a g & ir o A ML ." L]
e v Pt 2 W -
[ i 0 EIEN A R hd
& o X L3 L KR a F g H_Hu...r.u..un - -
b Aoy b ] | - § i 4. ] £ N N |
. odp i dp A b b - » T K +oar x | " L}
i.r.rn S i A" HHI y i?.-......-... o HI - * B
y ot b doar x r LI ) o Ll W
i Jrodr K b omox F i ) r | || L Ll A ERENEX i i
' __.r.r.-..r.._......._.l.._..__. r - t E N IHIH . -_I -..r
[l e ®_r LA [}
! ! . Xz M .._.ul"[.___
x »
- K W
- ]
"

Al

L

age eiun e

»
[
- “a-4...v#!#-4t~.

S

T T T X
A e T e n
A e e e . -
e e e .
x »
e ’ P
: - e " * "
. N Pt S e T
; w L A A R A A e A L
2 L N N I e e
Foarde &bl b a oa ow o S Syl Bl Oy ke Bl o dpde b BB dp o de B
Ko b b de de de dr dr Bl [P Ay p e e S S e i i i Tl i S .
o dp de o droar O b o ok N kE 2 e e dpdp de W ol kn hom B Mo g Jp g * ra -
B Sy M ¥ ; o S iy i e Pl e T e e e e e e
x .

e P ) o L R LI L I A T L e ot o) ‘ e -
I ST I I o s T e R el ) I P A A N T i 5 L L N
o e e S N A T e ) o LRI I N Nl o R el O Cal L T A LA

P Sl el i e N e N W N T N N N O O e T R i R e e o ' U i P e M M N N ] 3 i dr dr b A A dr O oy -
. . e T e e T P I R R R o S O L N ey WA e e T R A e
. e . e 3 et i P " e et .4.-....:.4.-..___.___.-.._._.4.__.t4.....4.....__..—.._.—.._...:..4.._....._.._....44-.4.4....-.._.;”-.-_# P el R N e ey e T AT e
. . . . .. P L ST e e e T i A T T BT i i R i T
e . A R R NI IR u“...ﬂ....._.r.__.....r....r...._......_....n....__.u.r....r....__ o e e T T T e T e e e M M Mt L .............r.r...-..........t................q....r....r.....n.......' N
Fa ke w x a ko ma a g xa w A A a s was T L T iyt e g e w e ur ar i i T T aa

Lom b a e e ma s . . - .
LI - - .“..rH.r.“.._ “ r“ ....“.__ ”.._ ”.._ H.._.H #”#”#”t”#”#“.r”#”.r“ .r” .r”....”.._ H.._ H .r”.r”.._ “ r” .r”n “ .r“.__ “....“ .”. H.r”.r“....“.r”.._ “.r“.r” .". .“....H .-..“..rH ....H.”..H.rH .rH .r...1....h N ._.1..1.“ .r.“.-..“_ " .....”1.__..........-...1.”_ “x .-...._ ........rt.....r...... .....r.l.._ Figi i ........r.r.._ AL rm sy . .-...._ N i N . .r.r.l.r.r......_ .....r.....!.r.. t.r.-.........h Pl i M .-..r.l....-..r.....r.-...-.....t.-..._ .-...-..rl......-..-.}..-... Pt e B L
. . . . . ' ' . ' . ' . e : . ' . [

a Y LA & dr
drodp o dr X & g R bk dr e dp e dpdp dp i e dr dr o de ool dr drde o drodp dpo g deodp
deTa e e g ey e B e e L e e i ke e o W b e e ke e e b e e e e e e e e e ke e e b e .._......r......_.._..........r.a..._..l..r.......b..r..-_...........#.-.}.-..-.............l.t_...:......-.q.............-...__............-..........-_.-.......-.....###}W#ﬂ#ﬂ#ﬂ##t##..—.&#{###&.
. ' . . : . ' . : : B : : . . . B . .

A
&

™
L )
ks el

R S S o)

¥
L]

i
[

R AE L N TR LM NN N N
i

¥
X

LaE S0 20 2 M SUOE S O M SEE 0 AF SE E DEEAE 3L R A Sl AL AL BE X \ LN AN LAl




U.S. Patent Sep. 10, 2019 Sheet 4 of 4 US PP30.879 P2

o A_]
N
A o

A e
N i-:naanlauz:a-u e

» i | )
o A n LA

.

x':"

i

» x.x':-: L

oA A e M M N

I i

Wt A e
i

A

M
X

i
N

HIIEI

e
AN ;l_':l
a"ﬂ:x:x:x:n:a:i:
b
oo P

H
-

X
F
o

i
Al
F

A X X X MK K MR NN N NEE

o
X

¥
l'i:'dx:i

ey

oy
wet

i )
o

X
L

!
H: Ml
oA AN

- |

C e I ]

-]

F I,
X,

» N

e

k]
e Y ]

I‘Ixﬂil -

]

T
Al
o

)

poX

X AT
i

XX WK E N N E XN NN N A Y

R R R EEE NN

e ]
]
-

AN
*

e

I

X

oy
. {Ix" H‘laﬂ.ﬂc !
4 : | ; !.'I"uﬁ:ﬁa Jl'h o : : ) o,
L nnen oy _'F???;ﬁ.ﬁ-_ i e




	Front Page
	Specification
	Claims
	Drawings

