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(57) ABSTRACT

Description and specifications of a new and distinct black-
berry cultivar named ‘APF-77” which originated from seed
produced by a hand pollinated cross of APF-12 (U.S. Plant
Pat. No. 16,989)xArapaho (U.S. Plant Pat. No. 8,510) 1s
provided. This new blackberry cultivar can be distinguished
by 1ts primocane-fruiting trait with attractive, large fruit with
excellent flavor, excellent plant health, and erect canes and
enhanced performance for fruit set and development i high
summer temperatures.

4 Drawing Sheets
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Latin name: Rubus subgenus Rubus Watson.

BACKGROUND

The new cultivar of blackberry called ‘APF-77 is >

described herein. The new cultivar originated from a hand-

pollinated cross of APF-12 (U.S. Plant Pat. No. 16,989)x
Arapaho (U.S. Plant Pat. No. 8,510) made 1n 2001. The seeds
resulting from this controlled hybridization were germinated
in a greenhouse 1n the spring of 2002 and planted 1n a field
near Clarksville, Ark. (West-Central Arkansas). The seed-
lings fruited 1n the summer of 2003 and one seedling, desig-
nated APF-777, was selected for 1ts primocane-fruiting perfor-

mance with attractive, large fruit with excellent flavor, 15

excellent plant health, and erect canes.

SUMMARY OF THE INVENTION

The new and distinct cultivar of blackberry originated from
a hand-pollinated cross of APF-12 (U.S. Plant Pat. No.

16,989; female)xArapaho (U.S. Plant Pat. No. 8,510; male)
made 1n 2001 and located near Clarksville, Ark. (West-Cen-

2

tral Arkansas). The botanical designation of the new cultivar
of blackberry 1s Rubus subgenus Rubus Watson.

The seeds resulting from this controlled hybridization were
germinated 1n a greenhouse in the spring of 2002 and planted
in a field near Clarksville, Ark. The seedlings fruited 1n the
summer of 2003 on floricanes and primocanes, and one seed-
ling, designated APF-77, was selected for its primocane-
fruiting performance with attractive, large fruit with excellent
flavor, excellent plant health, and erect canes.

During 2003, the original plant selection was propagated
asexually from root cuttings at the above-noted location, and
a test row ol 40 plants was established. Subsequently, larger
test plantings have been established with asexually multiplied

plants at two locations 1n Arkansas. Additionally, the cultivar
has been tested at test plots 1n Lincolnton, N.C., Watsonville,
Calif., State College, Pa., Frankiort, Ky., and Aurora, Oreg.,
and at each location propagation was from root cuttings from
the Clarksville, Ark. test plot.

The new cultivar has been asexually multiplied annually
since 2003 by the use of root cuttings and by rooting adven-
titious shoots from root cuttings. It forms new shoots from
adventitious buds on root cuttings readily. During all asexual
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multiplication, the characteristics of the original plant have
been maintained and no aberrant phenotypes have appeared.

Test plantings over a wide geographic area have shown this
new cultivar to be adapted to differing soil and climatic con-
ditions. Further, 1ts primocane-fruiting performance 1s sub-
stantially better in more moderate summer climates such as
Aurora, Oreg. and Watsonville, Calif., as evidenced by larger
fruit weight and higher yields compared to Clarksville, Ark.
However, fruit set of the new cultivar has usually been better
than other primocane-fruiting blackberries when tempera-
tures during flowering and fruit development exceeded 29.4-
32.2°C. (85-90° F.). A key differentiation of the new cultivar
and 1ts parent Arapaho and most other blackberry cultivars
that are floricane-fruiting 1s that the primocane-fruiting plant
produces fruit on current-season canes (primocanes), and the
portion of the cane that does not fruit in the current season will
tfruit the following season (floricane fruiting).

BRIEF DESCRIPTION OF THE PHOTOGRAPHS

The accompanying photographs show typical specimens
of the new variety 1n color as nearly true as 1t 1s reasonably
possible to make 1n a color 1llustration of this character. The
plants 1n the drawings were 5 years old.

FIG. 1 1s a photograph a blackberry cane of ‘APF-77’ in
mid August showing the primocane-fruiting character with
unripe, green fruit, as exemplified by flower buds at the ter-
minus of a primocane at Watsonville, Calif.

FI1G. 2 1s a photograph of ripe fruit on a primocane taken in
carly October near Clarksville, Ark.

FI1G. 3. 1s a photograph of harvested primocane fruit taken
in July, near Clarksville, Ark.

FIG. 4 1s a photograph showing the adaxial side of a pri-
mocane leat.

FIG. 5 1s a photograph showing the abaxial side of a pri-
mocane leat.

DETAILED DESCRIPTION OF THE
CULITIVAR APF-77

NEW

Plants and fruit of this new cultivar differ phenotypically
from 1ts parents. The new cultivar has better flavor and overall
fruit quality, larger berry size and 1s more productive with
more intense and consistent primocane-fruiting performance
than the parent APF-12, and has the primocane-fruiting trait
expression not found 1n parent Arapaho. Parent Arapaho 1s
thornless while the new cultivar has thorns. Although black-
berries (Rubus subgenus Rubus Watson) are highly heteroge-
neous and outcrossing, and most clones contain genes from
more than one species, the new cultivar and 1ts progenitor
lines phenotypically exhibit characters predominately of the
erect eastern United States species, Rubus allegheniensis Por-
ter (highbush blackberry).

Plants of the new cultivar are vigorous and prolific and row
establishment following planting 1s rapid. Both primocanes
and floricanes are erect in growth habit. The canes can be
trained to a self-supporting hedgerow although 1t 1s beneficial
to use a trellis with supporting wires to prevent canes from
falling over due to wind or heavy fruitloads. The plants are
thorny. Plants and fruit are moderately resistant to anthra-
cnose [Elsinoe veneta (Burkh.) Jenkins], and plants appear
immune to orange rust [Gyvmnoconia nitens (Schwein.) F.
Kern and H. W. Thurston.]. No screening has been done for
resistance to double blossom/rosette [Cercosporella rubi

(Wint.) Plakidas]
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The floricane and primocane bloom periods of the new
cultivar begin on the same date and averages the same length
as APF-12. Primocane bloom of the new cultivar has been
observed to be more 1ntense 1 Arkansas compared to APF-
12, particularly 1n summer temperatures over 90° F.

Floricane fruit of the new cultivar begins ripeming at the
same time as APF-12 and can extend 10 days later than
APF-12 due to the common emergence of basal fruiting canes
providing for the more extended fruiting period. Average first
ripening date 1s 2 June in West-Central Arkansas. The average
floricane fruiting period 1s 40-50-days. Average first pri-
mocane fruit ripening date 1s 15 July 1n West-Central Arkan-

sas. In Aurora, Oreg., first primocane fruit ripening date aver-
aged Sept. 10.

Fruit yields of the new cultivar on floricanes are usually 3
to 4 kg (6.0 to 9.0 Ib/plant) 11 the floricanes are retained for
fruiting, exceeding that for APF-12, in West-Central Arkan-
sas. Fruit yields of the cultivar on primocanes in West-Central
Arkansas range from 0.2 to 1.0 kg (0.4 to 2.2 Ib/plant) and
exceed that of APF-12. On primocanes in Aurora, Oreg., yield
averaged 3.0 kg (6.6 Ib/plant), and in Watsonville, Calif.
averaged 3.9 kg (8.6 lb/plant). The difference 1n primocane
yields are believed to be due to temperatures in Oregon and
Californmia test locations being more moderate during pri-
mocane flowering and fruiting compared to West-Central
Arkansas. The increased yield of the new cultivar over that of
APF-12 1n Arkansas 1s believed to be due to higher heat
tolerance of tlowers and fruit.

The fruit 1s slightly conical in shape, bright glossy black 1n
color, and very attractive. The floricane fruit 1s medium-large
(6-7 g/berry). Floricane fruit size of the new cultivar 1s main-
tained well throughout the entire harvest season. Primocane
fruit in West-Central Arkansas of the new cultivar averaged
3.5 g/berry, while primocane fruit in Aurora, Oreg. averaged
9.1 g and 1n Watsonville, Calif. averaged 4.4 g. Primocane
fruit size 1n West-Central Arkansas can be reduced 1n high
summer temperatures (exceeding 29.4-32.2° C./85 to 90° F.)
but 1s more uniform 1n the Oregon and California test sites.
The new cultivar exhibits excellent fruit fertility with tull
drupelet set. The fruit 1s moderately firm at maturity, compa-
rable to that of APF-12. Storage potential of fresh fruit of the
new cultivar 1s not acceptable for shipping due to develop-
ment of reddening of drupes, fruit softeming and leakage
during storage. The fresh fruit rates very good in flavor, and
higher than APF-12. The flavor 1s sweet and mildly acidic,
with a distinct blackberry aroma. The soluble solids concen-
tration averages 10.2% on shiny black fruit, higher than APF-
12 (9.1%) and has substantially reduced bitterness in the
tflavor profile compared to APF-12.

Floricane fruit and flower clusters are medium-large,
cymose, and are mostly borne on the periphery of the plant
canopy, providing easy access to harvest. Flower fertility 1s
high and clusters are well filled.

Primocane fruit and flowers are borne on the cane termi-
nus, and fruiting continues down the primocane during the
season. Canes usually attain a length of approximately 122
cm (48 1nches 1It) prior to the appearance of flower buds. The
number oI nodes down the cane that develop flowers 1s largely
dependent on the length and conditions of the late summer to
tall growing period, particularly the field temperatures during
this period.

The following 1s a detailed description of the botanical and
pomological characteristics of the subject blackberry. Color
data are presented 1 Royal Horticultural Society Colour
Chart (1986 2" edition) designations. Where dimensions,
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s1zes, colors, and other characteristics are given, it 1s to be
understood that such characteristics are approximations of
averages set forth as accurately as practicable.

Plants used for botanical data were 3 years old and grown
on a fine sandy loam soil with trickle 1rrigation at the Fruit
Research Station near Clarksville, Ark. The plants were fer-
tilized near budbreak (late March on average) with complete
or mitrogen fertilizer, and had an additional nitrogen fertilizer
application in early July. Primocanes were tipped at approxi-
mately 107 cm (42 inches), and grown 1n a hedgerow training,
system. Weeds were controlled with pre- and postemergence
herbicides supplemented with mechamical weed control
activities. A single application of liquid lime sulfur was
applied to the plants at budbreak, but no other fungicides were
used. The descriptions reported herein are from specimens
grown near Clarksville, Ark. unless otherwise noted.

Plant:

Size.—Plants are grown 1n a hedgerow and primocanes
tipped at approx. 107 cm (42 inches); plants 1n this
system then range in size from approx. 107-140 cm
(42-35 1nches) tall and 91-102 cm (36-40 1nches)
wide.

Growth habit—Moderate vigor, canes erect; suckers
from crown and roots.

Growth rate.—Primocanes reach tipping height (107
cm; 42 inches) on 1 June, approximately one month
alter emergence.

Productivity.—Floricane — 3 to 4 kg (6.0 to 9.0
Ib/plant), up to two times higher than APF-12. Pri-
mocane — 0.2 to 1.0 kg (0.4-2.2 1b/plant), higher than
APF-12; At Aurora, Oreg. 3.0 kg (6.6 lb/plant) and
Watsonville, Calif. 3.9 kg (8.6 lb/plant).

Cold hardiness.—Hardy to -13° C. (8° F.) or lower
comparable to slightly hardier than APF-12. The low
temperature of —-13° C. (8° F.) was the lowest the
cultivar has been exposed to and fruited successiully
aiter this exposure.

Canes.—Thorny, erect. Floricane (dormant or winter
cane): Cane diameter: base 0.85 cm; midpoint 0.67

cm; terminal 0.42 cm. Internode length: base 1.92 cm;
midpoint 3.91 cm; terminal 2.41 cm. Floricane color:
base Yellow-Green Group (146C); midpoint Yellow-
Green Group (146C); terminus Yellow-Green Group
(146C). Thom-density (per 30 cm of cane length):
base 19; midpoint 15.2; terminus 16.8. Thorn length
(from tip of thorn to bottom of thorn base): 6.2 mm:;
range 8.0-3.7 mm, with non-curved thorn. Primocane
(current-season cane): Cane diameter: base 1.16 cm;
midpomt 0.93 cm; terminal 0.20 cm. Internode
length: base 4.22 cm; midpoint 3.93 cm; terminal 0.86
cm. Primocane color: base Yellow-Green Group
(146C) with some Red-Purple Group (60B); midpoint
Yellow-Green Group (146C) with some Red-Purple
Group (60B); terminus Yellow-Green Group (146C)
with some Red-Purple Group (60B). Thorn density
(per 30 cm of cane length): base 39.6; midpoint 23.8;
terminus 5.5. Thorn length (from tip of thorn to bot-
tom of thorn base): 6.22 mm; range 8.0-3.7, with
non-curved thorn. Date of primocane emergence:
May 1.

Disease resistance.—Moderate resistant to anthracnose,
and plants appear immune to orange rust. No screen-
ing has been done for resistance to double blossom/
rosette.
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Foliage:
Primocane.—lLeaves: large; mature compound leaf
width 20.33 cm; length 19.86 cm. Leatflet: width 7.79

cm; length 13.11 cm; shape ovate with acute apex and
subcordate base; margin doubly serrated, serration
teeth length 0.40 cm and width 0.41 cm; pubescence
1s light on abaxial and adaxial surfaces; number of
leaflets per compound leat 3-5 with 5 most common.

Color: base abaxial Yellow-Green Group (147B);

adaxial Green Group (137A); midpoint abaxial Yel-
low-Green Group (147B); adaxial Green Group
(137A); terminal abaxial Yellow-Green Group

(147B); adaxial Green Group (137A). Petioles:
length: 6.84 cm; color: Yellow-Green Group (146C);

texture smooth. Petiolules: length: 2.66 cm; color:
Yellow-Green Group (146D); texture smooth.
Stipules: length: 1.43 cm; width: 0.18 cm; texture
smooth.

Floricane.—Leaves: medium; mature compound leaf
width 4.49 cm; length 4.38 cm. Leatlet: width 1.78
cm; length 3.09 cm; shape ovate with acuminate apex
and obtuse base; margin doubly serrated, with serra-
tion teeth length 0.15 cm and width at base 0.18 cm;
pubescence 1s absent. Number of leaflets per com-
pound leaf 1s usually 3. Color: base abaxial Yellow-
Green Group (146C); adaxial Yellow-Green Group

(146B); midpoint abaxial Yellow-Green Group
(146C); adaxial Yellow-Green Group (146B); termi-

nal abaxial Yellow-Green Group (146C); adaxial Yel-
low-Green Group (146B). Petioles: Length 1.25 cm;
color: Yellow-Green Group (146D); texture smooth.
Petiolules: Length 0.31 cm; color: Yellow-Green
Group (146D); texture smooth. Stipules: Length 0.78
cm; width: 0.15 cm; texture smooth.

Flowers:

Floricane.—Date of bloom: 1°° bloom 1 April; full
bloom 22 April; last bloom 1 May. Reproductive
organs: Stamens — erect, numerous. Pistils —
numerous. Pollen — normal, fertile, and abundant.
Flower diameter: 4.41 cm. Petal size: length 2.29 cm;
width 1.63 cm. Petal color: White Group (155B) and
Greyed-Purple Group (186C). Average number flow-
ers per cluster: 8.3. Average number of petals per
flower: 8.5. Number of sepals per flower: 5.0.
Peduncle length: 1.97 cm. Peduncle color: Yellow-
Green Group (146B). Cyme type: simple cyme.

Primocanes.—Date of bloom: First bloom 10 June; Full

bloom June 20 but bloom can extend for very long and
have mtermediate levels of intensity 1n the summer;
last bloom usually when freeze occurs 1n late Oct.
Reproductive organs: Stamens — numerous. Pistils
— numerous. Pollen — fertile and abundant unless
temperatures exceed 85 to 90° F. where pollen pro-
duction can be reduced. Flower diameter: 3.07 cm.
Petal size: Length: 1.42 cm; width: 1.42 cm. Petal
color: White Group (1535B) and Greyed-Purple Group
(186C). Average number tlowers per cluster: 6.3.
Average number of petals per flower: 5.8. Number of
sepals per flower: 5.2. Peduncle length: 2.91 cm.
Peduncle color: Yellow-Green Group (146C). Cyme
type: simple cyme.

Fruait:
Flovicane.—Maturity: first ripe date 1s from 2 June
extending 40-50 days. Size: medium-large, average
fruit weight of 6-7 g; primary fruit 4.2 g; secondary
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fruit 3.5 g; tertiary fruit 3.9. Diameter of fruit at pri-
mary position on inflorescence: equator 1.99 cm; base
pole 1.89 cm; terminal pole 1.51 cm. Diameter of fruit
at secondary positions on inflorescence: equator 1.63
cm; base pole 1.60 cm; terminal pole 1.37 cm. Length
(primary fruit): 2.55 cm. Shape: slightly conical.
Color: Black Group (202A). Drupelet size: 0.44 cm.
Seed (drupe): average length 3.7 mm; width 2.1 mm:;
dry weight 4.5 mg; color dry Greyed-Orange (164B).
Soluble solids: 10.2%. pH: 3.5. Acidity: 0.50 g/100
ml expressed as citric acid. Processed quality: not
evaluated for processing. Uses: Intended for home
garden use along with local production that does not
require fruit to be stored for periods over 2-3 days.

Primocane.—Maturity: Average first ripe date 1s 15 July

and can fruit until frost depending on environment
and cultural management, similar to APF-12; 1n
Aurora, Oreg., first ripe date 10 Sept. with fruiting
extending until mid October or later depending on
temperature; 1n Watsonville, Calif. first npe date 28
Aug. and fruiting extending until early December.
Si1ze: medium-small, ave. 3.5 g; In Aurora, Oreg. aver-
age size 9.1 g and in Watsonville, Calif. 4.4 g. Primary
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fruit 3.2 g; secondary fruit 3.6 g; tertiary fruit 3.7 g.
Diameter of fruit at primary position on intlorescence:
equator 2.03 cm; base pole 1.77 c¢cm; terminal pole
1.43 cm. Diameter of fruit at secondary positions on
inflorescence: equator 1.90 cm; base pole 1.95 cm;
terminal pole 1.43 cm. Length (primary fruit): 2.55
cm. Shape: slightly conical. Color: Black Group
(202A). Drupelet size: 0.44 cm. Soluble solids:
10.2%. pH: 3.7. Acidity: 0.50 g/100 ml expressed as
citric acid. Processed quality: Not evaluated for pro-
cessing. Uses: Intended for home garden use along
with local production that does not require fruit to be
stored for periods over 2-3 days.

The Cultivar: The most distinctive features of the cultivar are
primocane-fruiting trait with attractive, large fruit with
excellent flavor, excellent plant health, and erect canes and
enhanced performance for fruit set and development 1n
high summer temperatures.

I claim:

1. A new and distinct cultivar of blackberry plant named
‘APF-77, substantially as illustrated and described.

% o *H % x



US PP24,249 P3

Sheet 1 of 4

Feb. 18, 2014

U.S. Patent

r

ax

ax

A

A e R Ak kR A A e e e h e A A A e ke a e AR A R e e R
........-......-..-...........-..............-......-......................-...........-...............................r.............rb..:.b..rb....b.#.;.b.#.rb.#.r.r.r.r.r.rb..r#b .r.r.r... .r.r.r.._ .r.r.r.._ .r.r.r.r......_ .r.._ N .r.__ » .r.r.__ & .r.._ .r.._ N - N & eh » N & O .r.._ .r.._ N » N .r.__ & N » .r.r....l..-_.-..-. »
W i ip dp iy o i dp i dp dp dp dp dp Jdr dr dr dr dr dp dp dr dp dr dr Jr Jr br dr b b b & Jr b Jr b b A Jr b b b b & & & & & b b kb b m b & & & h & Jr i i &
W o i B o dp b e B B e i o e O dp dp Jr dp Jr dp Jr Jr 4 Jp Jr Jr Jr Jr dr Jr Jr dr Or Jdr & Jr b dr b Jr Jr B Jr dr b Jr & Or b 4 Jr b 4 Jr Jr & Jr & o oF o B o
M dp e @ dp e e dp dp dp dp dp dp dp e Jr e dp Jp de dp dp Jp dr b b dr de dr & dr de B O b B b b dr b b b b b b b b b b b b b b b b a k b & & o ok & &
W oF o oF i i i dp dp o o dr e o dp i dp Jp B Jp dp B dr Jr dr dr Jr Jr Jp dr B Jdr 0r e dr Jr dr Jr Jr dr O 0r 0 Or b dr b o dr Jr dr e A dr & Jr e 0 Jr e b & Jr O O
r e iy oy oy e g dp dp dp e Jdp dp dp Jp dp Jr dp Jp Jdr dp dr Jp Jp Jr dr B Jr dr Jr Jr br & bk Jr b b ok b b & = b & b & Jom b & b & Jo b b om b & & Jr of dp
e N e N N T R N N N e
W i i dp i dp Jr Jdr s dp e dp dp dp dp e e dr dp dp dr dp dpodp dr dr e dr dr o dr Jr dr Jr b dr B Jr o dr & e Jr e b b & b & & & bk o bk b b & & & & 4 i
b o i ol o dp b o e dp o e dp e dp dp e dp dp e Jp Jp e Jr dr Jp dr dp Jr dr Jr Jr dr B Jr dr Jr Jr B O Jr Jr Or b B Jr b o Jdr b Jr Jr b Jr B B Jr Jr Jr b e Jr i
.._..-..-..-_.-..-..-..._.._...-..-..-......-.....l.}.}.}.}....}.}....}.}.}.}.#}.}.}....}.###}.#.........r.._..._..r.r.r.r.r.r.r.r.r.r.r.__.r....r.__.__.r.r.__.__i.__.__.__.__.__._..__.__.__.__.__n.__.__.-.
i idr e dr iy e e e r el e e e e
I e e e A iyl X e e i i
N
e e e
dp dr de iy iy e e e 0 e e g ke b g
ol L M N
i e dr iy i e e e e p e dp e e e
I ke dp e e e e e ey e e e e i g
R e N e N
........-.._...........-.._..l..........-..-.....................#}.}.}.}.}.&.}.&#}.&}.}.}..r#}.#.rl..r#r Jode o0k drode deode de de e b o dr Jr Br b b b b b b b b b b o= & b ok o b
N e e N N N N N N N N N N N A Nl
i o dp dp Jp dp e Jp Jdp dp e dp dp dp dp dp Jr de dp Jp dp de Jp dr Jr dr dr Jr dr dr e B B Jr Jr O Jr B Jr Jr b b b 4 b b & b & M -
W o dp o dp dp dp dp dp e dp e e Jr dp dp dp Jp Je B Jrodp Jr de e e e de B Jp B dr de de Be de e de b e b o Je b b b b b b b A &
p dp e dp iy e i i i i dp dp dp dp Jdr i e dr dp Jp dr dp dp Jp dr b B Jr Jr o Jr b dr Jr b O Jr O b A b b b b b & & A A & J i
T N R N T e T e T
Jp i dp dp by e dp dp Jr dp dp dp dp dp de de dr e dp de dp de de dr de de dr de e Je dr Qe e b b Jr b b b b bk b b b b b & k M "
A e R R R R AN N w r x
i Jdp dp iy Jdp e dp Jdp dp e dp Jp Jp Jdp dp Jr dp dr dr dr dr dr o dr Jr dr B Jr dr i b M dr Jr dr dr b dr b b A & b A Jr Jr 4 l!.v
L e A
A I e e e A e R PE RN SRR v W x
N N N o e
dr ey e iy iy e e e e e e e g e e e e e e e e b e M de b WM M PR N "
L e N N N N N e i
dr oy e p e e e dr e e A dp e e e e e e e e e M kA e kM -
N N N N )
e N N N N N N N N w
bR AN N N D N N R e e ey e e e e
L N e N ) R N
« iy iy i iy e iy e ey e e e e dr ke A e e u e W
w e e e e e e e e e e U e i R
e e e o e  a e a N A o
« dp e e iy e e e e e e e e i ke e ....r.r.r.r._.....r-mli."“a
L L N
drdr e e e 0 e e e 0 e i E e
T &
e e e N N N N
N )
Jr e e ey e e dp e i e g e N de F b bk ke k de e LA W R ;
I e p e e iy i e i e Wy i U b U e dr e U d i A
dp dr dp iy i iy e e e p e e e 0 e e e e e il Ll i
N N N N N o ] i PN n
N M N N N N N N A N N = A
N e e ; LA el
N o e N NN A
W iy i e e iy e e e g e i M b e e ke e b W W i B
R N R R A
e e e e ...!....r.r....r.....r....r....._.........__ Pl
dr e e dr iy e il ek e 0 e e g ke de i n e ]
W e e i e e R L, X | T X
N N
dr i e 0 p A e e e e d e i .4
S e S ey i P . o4

N N T

T i i i

N N g U i e Uil
wd ko g i o K o p e e b dp e h b i ki

4 T

E]

E]

._1 .
”.._.H.._.H.._.H.._.H....”...H...H...”...H...H...H...H...H.r......u..ﬂ....q

& o o
e o i P, _.1” o 4
e o g
o .......4....................................*#...}-"”!”.:1 o L
o dr e deld d ke d
e e

)
R NN N N
e S
)

_..H.._.H...H...H.-_...nu_
LN

A N
-
O
A XN
e
W
" x

E]

i
>y
X

L g
)

I
)

T
X ¥

i

:_Jr
Jr:l'
ok KXY

T

iy i
P
Ea s

L W)
R )

LI |
X K
s
s
%

.
X

i

o

ot
i

T
-
*

i i i e ke i ke i
o o S A R

A A R N
Jrodp dr ko d dr dr Jr dr Jp A dr
N N N

SRR
e

P NN e ' R W
o e ....r.r........r.r.r.v.....r.....t.r.r.._..r.r.r.....v.-_ IHH A K e h A .r.._.__.r.r.rn.__.-.i
l.T.:..T.:.b.b.b..Tb..Tb..Tb..T.T.T.T.T.T.T.Tb. T I R T R T R TR )

o
Jr:l':lr
L

L
¥
)

)

-
ar
X

X ¥

r I I Ak bk kb I
####k#k##”k#k#t#k#k.rk”.r .t”.r.r.._ o h .r.r.__.r.r”.r.r.r
”.r...........r....r.....r.t.........r.....rn.r”.r I .rH.r .r.r...”.rk........r”.r.r.__ Pl
.rl.........-......r....r .r.:..r...... ar .r....._....._ .__.;..r ar b .._.;..._ o .-."l_i il. IH
w ko kdr kb S b bk A b b b A b s
S A M NI .t.r.t.....r.....r.._.t.....r.r.__.r.._.r.vt.r - IHIHP .u_.!
l.r.....r.._..r .r.............r.....r.....r.....r o I e N ) xﬂl ] IIV -
wdr d o A de de de e g ke de de 0 0 dr dr dp ERET r
drode S e dp o dr O .....r.r.;..._....r....r.r.._.r.r.r.r.r.rb.....i ll Y lI.l
”.............r....t....rn.t.....t....r e e e e e Il.-. |

.r.....r.....r.............r .r.....r................ il ity & & -

l.......r...........r.__.........r.._..rn.r..........rn.rnb H.r“.r”.r”l' .
...r.............r........._...r.....r.....r o it
e o

T e ke e de e e de U e e de de e
”.rH....H.r.....r.__..r.....r.....r....r.....r.....r o e & L kA

e A I L) ll
e e ™ I i e N

._..._..._..r.._..r.r.r.._..r.._..r.r.r.r.r.._..r.....r.._..r.r.r.r.r.._.... A R .r.r.._..l.._..._..._.n L ll
l.._..._..r.._..r........._.............r.r...........r....r.r.r.r.r.r.r....r.r.-.r.r.._.__.r.._.rn.._.__.._i.r.r.r._.i.-_ Il .__.r....l.... #
r.r.....v....r....r.....r....r............r..........r.r.v.r.-.r.r.r.r.r.r.r.r.r.v.._.._.r.r.._.._ .._.r.._.r.r.rl.-. L AL

.r.r.r.r.r.r.r.r.r.....__.r.__.r.r...n.......r..........r.r.rﬂllﬂ!v

l.......r.r........r.._.........r.....r....r....r....r.r.r....- B i P .!.... il
T T S S A el

b de dr de de dr d drodr dr e e B dr B O B b b b om b & J ll S

wdr dr dr dp d Jp b b dr B dr de o dp b de de e b O b Jr 0 0 iR

N N NN N .r.r.r.t.__.t.r.t.r.r.__.r.__.r.__.__n.rn.t.r.._........r.......ll HH. .HH A
_...........r.....r.........._..r.....r.....r.._..r....r L i II P e

dr b drodr g b bk ke ke d de o d b e ke de b b B

LR NN NN N .._.r._..r.r.r.._.....r.r.r.r.__.r.r.....-_lll !.n .-_.-.IJ_
................_.............-............r....._......r....r Pl il et P * %

WU A dr dp dp e dpde Jr B dr de e dp Be dr B 0 O O O o}

Jrd dp b de de Jpodr Jrodr o ko Je b & dr b O &k & & 4 @ B -
e St T T ) [
r.t..................._......r.......r........r....r........r.-.....r.r.__.....r.r.t.....t.._.._.r....r....r.v.r.._.r.._.r.r......_.._.._........r P .....-_l._-_ II_I_
o e g WM W)
e N N ™ )
Jod de b de de de dp drode b dr de dr dr b & dr ok dr b A M o dpodp i ¥
w b dr A b b b b drode b bo b b dr de e b de b b b bk i i ik

N N e I NE SN S N )
.._......r.....r........ .r.....r”.._......_..._.r.r.r A kN ...Hll__-"... n.“n I .._H.rl.l
_................_..r.....r.....r.._..r o M atel .r.._..r.....-. '"-_ .-..-_ .-......-_.._..._ i
N A i g ol )
N N N N .._.r.r.._.._.r.r.._.r.r.!.....-.l.-_ HH LN )
Ty .r...........r......_.....r..........r..........r....-....-....r b 2k h kN

o b dd i e g b b U e d b bk de b i i
Jdr dp b dr b de b dr dr k Je de Jr b & & O & dr o dp |,
W d Uy A dr d e bk de g de e ke A A ) _-n_ﬁ:..nx
LI M E N .r.r.r.r........v.....r.r.t.r.r......_.r.t.._.T......_.....t.._.._.r.-..-. s HHFH! a .
”.r.............r .........r.....r.....r.....r Bk ke e b e de bbbk ke b b R B N kB ki ]
.................... ................r.....r..................r”.._.....r.r.__.....r.r.r.r.r.r.._.r.r .r.r.......r.r...” A A H.r”._..r.__.rnn._..-_
_...._......... X ............H.r”.r.............r.....r .r........ P i ....-......-......-..-.H.... P e

¥
ks

:..:.Hb.”b.”

”......................r.t....r.r.r.v.r.t.r.r.-k.r.t...

P

o

gt

Pl

“.TH.TH.TH.T.'..T.'..'..T.T.T.T.T.T.T.T.T.I.T.r.f.r.r.f.r.r

e

AN

o

r

r#HtHk

ey

Pl

W

i

”.._......_......_....

Pl

S

P
”#H#”#H#k.r}.#b.#.r#.r#.r.r.rb.r.._.r.._.._.r.__._..._.._.._i.._....__.__._.i.._.._i.._i.l'.__.._iiiiil |,
P

T

r......_......._......_...................._..r e R e T A o T Tt e T Tt T S
ar e dp Ay [ e S S e e e A N NN AN N
i Jdrode g dp A Jr b Jp Jr dr & Jr O Or B Jr G- b & Jr Br e b b b b & b b b oa k& X
i i i e e e e S S A S T T T A Tl Tl Ny T R i S
o e A O dp e dpodp Jrodp M Jp Jp dr e b b Je de b M & & & b b Jr b Jr k& & &
o s b drde drdr dr b dr drdr h b b B b b b b b b b b m m b b b b m ok m b
wour e i o dr dp o dr dr de de o b de de de dr dr de bk Jr b o dr dr B B dp dp dr B b b O B
dp dp dp g ap dp My dr kU dp e de de b b O b dr b b b b m b M m b om & MM

e o T T P N N N NN NN

_l'
¥
L}
¥
T
LT
T
T
o
_l'
¥
LT
r
.b
T
L}
LT
T
.
L)
.
T
-
r
-
Ir
-
.'|'
LT
LT
¥
r
-
.
-
-



A
o N )
P
S

US PP24,249 P3

>,
MR H:Il
I.:.H.H.l

»

i iy

L) .-..-........._......?....r........r.................r.r.r.r.- NN .....r......_......r......_..-..-..-.

. A b, " W d dr b d kg kb a Ak a hoa ke ko oa ko kW
o i dp i Jdp A dp .r.r.r.-...r.....r.....r.__.._.__.._.__i.__.._.__i.ri.__.r.__.._ PR e

.-_.._.........-....._...._.._...t.....r.....r kb d b b omomoaa ar

]
»

X XXX XXX ERE RN

R A X A AR W

R e X R E RN

. ‘ ‘ ‘ ‘ A XXX XN LEER
/ i i

REE XXX AR R

T e e

R
R e
- i}.}.}.}.&.}.}.....r.r.rb.t....r}........t.rb.-nin.__l.__ni 2 h kb odde b b Mo

e

b XX EXR
e e e

IHHIHH.U.PHHHHIHIIII

L

i

o
r.xxxxx”an“n
ol

xm

MM
Al
A
]

|
b 'IIH'II F

M
ﬁ'i

i
i ]

X,

?!H
H:HIII
H’Hl

)

L ]

*-I

] ?d!: |
o
]
]
M
]
‘Iil!
L8

I-:H:H

i

e

i i,

e

o

» kN
-:;:4-:4:4:4-

N )

FY
X
Eal)
4-:4-:4
ety
L

¥
¥
¥
»
B
»

.. ‘ : : L) L)
: ; ; ; T e
A

LA ) L) *
i

F)
»
¥
»
]

F)
»
¥
F)
F
»
F
F
¥
»

L
X &

F3

»
F)
»
F
»
¥
»

»
F3

W dr dr X 0 e ek ke i kA
Ll EaC R
A dr & A A dr & dr ke Ak e b L
M e AL LA N
L o Al
. o & & &
. , , ; . .4.__.H._._H;H#H&H..H#H&H..H#H&H;Hﬁﬂb“t.__t.__...n...n.q
. E ol o
.-_.__.”.4”.4“...4&...4&......k..r&...4.........4...*#...t BT,

Sheet 2 of 4

¥
X X
X F X

Ll
a-::r
¥
AER N
X

X
*y

"r

‘I

L

r

"r
Tx
F

»
»

A g ; ! r
. i ;! Wl Sy 0 e b dp e e e de dr o Up i dp e
e T o i i M N R N B S P TEE TEL NE  NL,
] dp dr o & b F b b & Ak

A i )
annnnu-__“a“lx “nrnnx”n“x”nnnx:xv
] Ko i

i i ) k b k -
' " ; " .-_..............1._1..1......_._1-.__n..1.._n..1.__n.._.._.__.._.....1..1|.__.._._1.._.l.............ﬂ.....1-l
B B dr b b kb b bk kb hoxddihoa
& i & ..1.._.._.__.._.._.._..1._1.....1 n.r.__.r.r.r.r........................._n.._-.._.
-
II.-..._..............._......-.-.._.-.l.._..-.r.r........_.n

Feb. 18, 2014

o v“Hxwa”x”x"a“a":wx”x"x"a“n“xﬂx”xna
uxxrmxﬂxuun:lnanrmxxnul L
i e i e e
.u_.xxxu_”xHxn:lala.a.u_"u.xHauluaxxu.xaaxinlnxnxn:uaaanllaaxx.xr

X

.xnxnnl"lanr.uxnl

A e o .

e 1lhna R

e

R R N A K R KA K

L i *

A AN s
- . . L X ; RN Ay L R AT
: i A ; i o B e T W e e e e T e .

U.S. Patent



US PP24,249 P3

" ..............._H...H...H...H...H...“.rn...n.ru.rﬂ..H...H...H.._”...“ H.4.._.....”.4”.—.4._..”.4H...H...._.._..r.4H-_.-_......n.r....q..........-....._..._-................q... NOE N

L N o N N N

e iy e e e i il iy ke e

N N N ) ¥
i & i & & o

Ll e N N N AL

L

*
L) x
o
R R R R A
EEREREXAXEXXEXE i x
X xR R KRR AN ] i
e o e e e anxu"uln-na
V¥ g
A

E L N
I__HHHIIHHIEIIIEIIREIH
x X XA HIH lﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂﬂ

EY
Al

L]

T iy
w o i oA AN N ~x
o . H N
.._.;.l} HH B IEX A N MW
a b X
- S i dp e b o W ]
E JrO e O e dr & kR A x xE
“.._......_ . “.r....-_}..r.rb...}....#l...........}..rl.l.-.}.nl HHHU.HHHII L
> ok . [ S e W W M oy
m a b o wdr o woa o Jrodp b dpdr B odr o EMXENERER
R drdt O O Jp o o b o B 4 K AN
‘, .._._. .r.._..ri. l.:.}..-_i_.-.l.}..-_.-.}.}.l..-.}..r.#.-.l.-.l.n. FHFHHHHIFH
Lt _1L L -........-_I L L] A HHH Hu_.
X K i i
”.__ H.._.., o ”.._..r.___ P e XN AN
ol o2 koa i & - MR
ra 4§ = b . o= A A xE XA .
B i A
O i oa i £ F R X MN N HE
- ..... 1.._...1._1....1. l.........-_ Hﬂ!ﬂlﬂﬂ?ﬂ?ﬂlﬂﬂ
a Jdr o4 & N X r & EXREX XXX
i wor &, i o F
ek a § Ky . o r EREEX NN
.odr ok orow b & & BEHENN
-.r.r._..-.__..r.r..... .r.r.....-_ £ N
sk . d kA . rk .
Ak ow s N -
N r i
gk ow e -
PR "
n . or kA r

.

.
e

.
.
L
.

4
o ar

=
r
r
[ ]

r o

AN K L o
et e et
H..__.v .-..H”Hu..HHu__H.HH.HF!UHHFHHIHHIIFHUHHHI
]

P

k A J L
naHxHxnHHa"u..nr”x”v_HxH"“lnllx”v_”xHnﬂnmxﬂxﬂnnxﬂaﬂinlrxnx KX r.“v_ d k ll"l"annna
oy i |

>

.
.
»*
i
X
¥
&
1

.
]
.
.
o
)
¥
»
»
]
»
*l
‘I.
H
|
M
F |
M
Ml
‘e

X,
>
Al
|
|
.
X,
A
o
X,
]

X
!
A

S o A
. . . L P PN, N, 0
. P P AT e e R A e
e . % e A
r wdeo g A L || WX A

T
|
x

T

E
&*

Y ] ® KA
HIHI!HIIIIIIHHI
H

F F FFFFFFrFgy

L]
.

k. ] XXX N
Lx”nrnx.xnnv.a“xvnnxuxnnwnnxnnnn"aa
I A I R

x
R
2la'a aa o

Sheet 3 of 4

- o ..“#H....... - S axH H.H__.Hx”xHv_Hx””!Hﬂﬂﬂﬂ#ﬂﬂﬂﬂﬂ#ﬂﬂﬂﬂﬂlﬂﬂﬂ!ﬂ
Ta e e - o P P e e e e e e W e e R A A A
» P N Sy X R A VR e
.. . T K A A nlaunla
» Pl e Mt " F e iy W,
.. Pl it X F N N N A i i
» Pt M x R T R A A R BN I N o R A
. T i ay X ! E O U A
» Pt iyt i ') i i i
P ....-_.4._.....#._...4.... .___._... o o r.v“axHxHxu_mxallan:xv_lnnlaajnr.!uf. .Ha.xrxxun o,
l.__.-...._..r.._. L) .-.. FHHHH.
et e W Fulg i,
» x 'y A A
LA .........._” _-_-”...“._._.-.. A
i " g
L 'y o i A B
xa N ’ g i . .
o x X A T :
. A ; i | .
St e e o o e e e : : .
s a s aE .
S L
Ty . " X
o a [ i W w
hor ok oa & i
s w - I.-..q.-.i”.
N
s
E W W .
e
ur
[
= i

! x x
X e

L R o gl ALK
X n.v.naann.x.nnxan.v“
* ENER =
e ll-l"nul
N T
. L) L
» R x
L) R xR
I e e e
¥ xR N
, LN x nxazraxu.ﬁn
1) i x
! P o
ur i v.. ]
. 1) i
Pl o o e

F
M
2
A
7,
M
£
Fd
A

o
e R T IE t
un.xmnxnnuaaauxxx!x.nxxau .r.xx i
i e

. L i i e i
. L e
u..r.u..n:mv_x!Hﬂﬂﬂ:ﬂjﬂv.ﬂﬁ!ﬂﬁ#ljﬂ?ﬂr.x A e

]
|
X
X

M

)

v

:l'x':!

M
|

A M N N
Mo
A
XA E K A KN N
gt oagh,
AN
N N
xa:::x

A

|
i!"
X
£
o
M
X
F |
M

.v_”HHHHI”_H”H“H”I“HHH”H”H”H“H“H”H“H

X AR X E N EE X NN XXX N R T

N M NN NN N RN R L
X KX M EXEXREE XKEEAXAAXSENTXNT
MM M M A AN M ER R NN XX N LA
A AN XN NREERENNERERSEDNDNEMNDHN X
M, HEE M X XN KRENXMS TR MK N L
A MM MMM NN M E XA MM N
-, N E N
K K - K K K K
.HP AKX “H” HHHI!H.EHH"‘HHFHHF

i, |
]

a0
i, |

|

L |

":i!:ﬂ:x:ux
)

ol M
WM M
|
-

W
)
Al

™
F
=
A

Feb. 18, 2014

N O el W

. ar FO - -
e i T ...“...H.._H...H.r.w...u.-_“...“...“.r-.........“...“........ s
T I N Al M Pl iy

P F F F F F F F F F FPF F FF

U.S. Patent



U.S. Patent Feb. 18, 2014 Sheet 4 of 4 US PP24.249 P3

o
-'r:i-:l

| I ] J-' "*
S
'-'-""""’5:%% =
._.-'-:-:'.-. o
':-.-:-:':;.-.'. ':.

T .' L] # '
' --I'I" X I'l' L
B O i

.
W m = o o o= omomoE oW oE E N N
-----------
--------
.,

s

e

e
A

_________________________________ n e
1555;5-;5;5;5;5-;5.;5-;5;5;5.;5;5;5;5;?';?_;?;=5%:5:5:%55;5555;;@;55-355.%.-.-._ : AR
A e :-:-:"-':': SO
| 5;EE;E;Ejgi-;E;E;E;E;E;E-;E;E;E-;E-;E;E‘;E‘;E;E-;E-;:;:;:;:;:;::::::-=:E.:.::5‘55:5:5:5:5:5:;:;::::55:5::.;.:. A T '5E5E5:;:::::;Z;Eﬁ;:;:;-;:;:;:;;;:;:-;:;:;;:;:';:g:;:g:-;:f;:-;:.;:i;.;.;._;.;,.;.;..;'..;.-g.-;.;;'._;.-;.-- 3
T T e R :.1:::- P :" *-: ".:.".:-:-'-:i:i:-:H:-:-:-:-:a:-:a:-:-;.-: NI ' '
T T e . e o S e S 'E=:=:=:=.':=:E:5:E Retatutated
by b my b m e e ":":":z":": R g e W A
RO B e ety w6 e e e e '::::::;%::.:.._' e

T . Lo O

S e
I R
e el :';;E:E:E:;::;:::::::":::E:::::::'::::: :":":":":"f"." L e RO S, x ".?":P:::':l::::E:E_:E;EEEEEEEE;?:;;?;-"-;:" A : . : L

1;111



	Front Page
	Specification
	Claims
	Drawings

