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Botanical classification: Malus domestica.
Varietal denomination: ‘MINNB42’.

BACKGROUND OF THE INVENTION

The present invention relates to a new and distinct cultivar

of apple tree, botanically known as Malus domestica
‘MINNB42’, referred to hereafter by its cultivar name,
‘MINNB42’.

‘MINNB42’ was discovered by the Inventors 1n 1999 as a
naturally occurring branch mutation of ‘Honeycrisp’ (U.S.
Plant Pat. No. 7,197). The branch mutation was discovered on
a ‘Honeycrisp’ tree 16 inrow 3 of block 42 at aresearch center
in Excelsior, Minn. The new cultivar was given the reference
No. B42-3-16A for testing and trial purposes.

Asexual propagation of the new cultivar was first accom-
plished by budding onto clonal rootstock 1n 2001 under the
direction of the Inventors in Excelsior, Minn. Further asexual
propagation by budding onto clonal rootstock and observa-
tion of the resulting trees 1n Excelsior, Minn.; Highland, N.Y.
and Biglerville, Pa. has determined that the characteristic of
the new cultivar are stable and are reproduced true to type in
successive generations.

SUMMARY OF THE INVENTION

1. The following traits have been repeatedly observed and
represent the characteristics of the new cultivar and dis-
tinguish ‘“MINNB42’ as a unique cultivar of apple tree.
The characteristics of ‘MINNB42’ were tested 1n repli-
cate trials 1n Excelsior, Minn.; Highland, N.Y., and Big-
lerville, Pa. for periods ranging from 5 to 14 years

2. ‘MINNB42’ exhibits fruit that 1s distinct 1n 1ts ability to
develop deeply colored red fruit skin 1n climates (such as
southern Pennsylvania and southern New York) that are
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not conducive to producing well-colored ‘Honeycrisp’
fruit. These observations have been confirmed through
analytical evaluations performed over multiple years (as

described below and shown in TABLE 1).
. ‘MINNB42’ exhibits fruit with a diameter of 7 to 8.4 cm.
4. ‘MINNB42’ exhibits fruit with a texture that is very crisp
when eaten.
. ‘MINNBA42’ exhibits fruit with skin that 1s relatively thin
and easy to penetrate when eaten.
. ‘MINNB42’ exhibits fruit with a flavor that 1s sub-acid.
. ‘MINNBA42’ trees exhibit a moderate growth rate.
. ‘MINNB42’ 1s cold hardy in U.S.D.A. Zone 4.
MINNBA42’ can be most closely compared to 1ts parent
cultivar, ‘Honeycrlsp’ ‘MINNB42’ differs most significantly
from ‘Honeycrisp’ 1n 1ts ability to produce fruit with a greater
amount of red skin coloration as well a greater degree of red

intensity. ‘MINNB42’ can also be compared to the cultivars
‘Minneiska’ (U.S. Plant Pat. No. 18,812), and ‘Minnewashta’

(U.S. Plant Pat. No. 11,367), ‘MINNB42’ differs from ‘Min-
neiska’ in being more resistant to apple scab and 1n having
fruit that ripens 2 to 3 weeks later and fruit that 1s less conical
in shape, has fewer prominent lenticels, lower acidity, a
longer storage life (6 to 7 months vs. 3 to 4 months), and less
prone to russeting. ‘MINNB42’ differs from ‘Minnewashta’
in being more resistant to apple scab, 1n having a less vigorous
growth habait, 1n blooming later, and 1n having fruit that ripens
about 3 weeks later, has tlesh that 1s crisper and less prone to
oxidative browning when exposed to air, and 1n having fruit
with a longer storage life (6 to 7 months vs. 7 weeks).
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FRUIT COLOR EVALUATIONS OF "MINNB42’

For the evaluations, ‘MINNBA42’ 1s stated as its reference
No.B42-3-16A, and ‘Honeycrisp’1s stated as 1ts reference no.

S-11-E.
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In 2006 ten strains of different ‘Honeycrisp’ selections
were grafted onto third leaf “York Imperial’/Bud.9 trees at a
research center in Biglerville, Pa. with the intention of veri-
fying the fruit color determinations from a previous trial, with
advanced colorimetric, photometric, and image analysis tech-
niques. Another goal was to determine whether these strains
offered an improvement 1n fruit appearance in terms of
increased 1ntensity of red color and increased blush coverage
in southern Pennsylvania. A total of 495 trees were top-
worked with the strains 1n a replicated, randomized fashion.

For the years 2008 and 2009 blush coverage was estimated
using visual inspection of replicates of 235 fruits per replicate.
In 2009, 2010 and 2011, a digital image analysis technique
was used. This process involved taking photographs of apples
in a standard light box, calibrating photographic output using
reference color chips, and using JAVA software to iteratively
classily each pixel 1n each image as non-apple, blush, or
non-blush (Winzeler and Schupp, 2011).

Analysis of blush color intensity was accomplished
through colorimetry, using a KONICA MINOLTA spectro-
photometer model CM-2600d (Konica Minolta Sensing Inc.,
Osaka, Japan). Colorimetry was referenced to the CIE
L*C* . h_, color space of the International Commission on
[1lumination, where L* represents the lightness of the color,
C_,* represents the chroma or saturation intensity, and h_,
represents hue, or the angular component of the polar repre-
sentation of CIELAB color space (CIE, 1978). Each apple in
each replicate was analyzed with a spectral measurement on
the blush side and another on the background side.

The anthocyamin index, modified from Merzlyak et al.
(2003), 1s a non-destructive estimator of anthocyanin content
using spectral response of a pulsed xenon light at specific
wavelengths absorbed or reflected by anthocyanin. This index
was applied to spectral data from the CM-2600d to help
quantify the relative anthocyanin content and the resulting
intensity of red color 1n apple samples.

The results of the color evaluation between B42-3-16A
(‘MINNB42’), and S-11-E (‘Honeycrisp’) are shown 1n
TABLE 1. In 2009, B42-3-16A had a lower hue angle (was
redder) and had a greater percentage of blush coverage than

S-11-E (Table 1). In 2010 and 2011, B42-3-16A had a darker

and redder color on the blush side of the fruit and had more
extensive blush coverage than S-11-E. Blush coverage mea-
surements from 2009, 2010 and 2011 were analyzed with
digital 1image analysis according to Winzeler and Schupp
(2011), eliminating the possibility of subjectivity in color
rating. Representative images of the fruits are shown in FIG.
2. In 2010 and 2011, the B42-3-16A fruit displayed higher

anthocyanin index values than the standard S-11-E on the

blushed side of the fruit (anthocyanin values were not
recorded 1n 2009).
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying color photographs were taken of fruit
harvested from trees of ‘MINNB42’ that were grown 1n a trial
plot for approximately 6 years 1n Biglerville, Pa. The colors in
the photographs are as close as possible with the photo-
graphic and printing technology utilized and the color values
cited 1n the detailed botanical description accurately describe
the colors of the new apple tree. The photograph 1n FIG. 1
provides a view of the fruit of ‘MINNB42’ (Labeled as Ref
No. B42-3-16A).

The photograph 1n FIG. 2 provides a view of fruit of ‘Hon-
eycrisp’ (Ref. No. S-11-E) on the top of the photograph and

fruit of *“MINNB42’ (Labeled as Ref No. B42-3-16A) on the
bottom of the photograph.

DETAILED BOTANICAL DESCRIPTION

The following 1s a detailed description of the new apple
variety as observed on plants grown for 14 years in Excelsior,
Minn. Analytical data on fruit coloration was taken from fruit
collected from trees grown for 4 to 6 years 1n Biglerville, Pa.
The phenotype of the new cultivar may vary with variations in
environmental, climatic, and cultural conditions, as i1t has not
been tested under all possible environmental conditions. The
color determination 1s 1n accordance with The 2001 R.H.S.
Colour Chart of The Royal Horticultural Society, London,
England, except where general color terms of ordinary dic-
tionary significance are used.

Tree description:
Habit—Slightly upright to spreading.
Vigor.—Moderate.
Diseases resistance.—Has shown above average resis-
tance to apple scab on both the leaves and the fruat.
Cold hardiness—U.S.D.A. Zone 4.
Branching habit—Spreading.
Branch frequency.—Medium.
Branch strength.—Intermediate.
Angle of bearing branches —Approximately 90°.
Predominance of bearing.—Both spurs and shoots.
Description of dormant shoots:
Pubescence on upper one year-old shoot.—Medium.
Shine of bark.—Weak.
Thickness of shoot at center of middle internode.—Av-
erage of 5.13 mm.
Bark color (using bark on 1 year old shoots exposed to
sun).—178A.
Shoot angle —Approximately 90°,
Lenticel —Medium 1n size and number, color 159C.
Description of growing shoots:
Color of growing tip of shoot.—193B.
Shape of shoot tips leaves in cross section.—Concave.
Pubescence of shoot tip leaves—Weak to medium on
upper surface of leal and dense on lower side.
Color of shoot tip leaves.—194C on lower surface and
196C on upper surface.
Distribution of color other than green on shoot tips
[eaves—None.
Leatf description:
Leaf orientation.—Outward.
Leaf division.—Simple.
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Leaf shape.—QOvate.

Leaf size—Average of 9.51 cm 1n length and 5.2 cm 1n
width (4” to 6™ leaf).

Leaf apex.—Cuspidate.

Leaf base.—QOblique or obtuse.

Leaf surface—Medium glossiness on upper surface,
pubescent on lower surface.

Leaf margin.—Crenate to serrate.

Leaf color —Upper surface 147B, lower surface 148B.

Leaf anthocyanin on lower surface—None.

Leaf venation.—Pinnate main veins with netted minor
velns.

Petiole size—Average of 2.67 cm 1n length and 1.47 1n
diameter.

Petiole color.—145B with a tinge of anthocyanin at base
184C.

Stipules.—Small to medium 1n size (mean 0.6 cm 1n
length), found on actively growing shoots where they
are present on newly developed leaves but sometimes
abscising on older leaves.

Flower description:

Flowering period—Average dates: May 8th-15th
(same as ‘Honeycrisp’) in Excelsior, Minn.

Beginning flowering date.—Typically about May 87,
similar to ‘Honeycrisp’.

Number of flowers—Average of 5.1 per spur.

Inflovescence type—Corymb of rotate tlowers.

Flower buds.—At pink tip stage; 67C 1n color, round to
conical 1n shape, average of 9 mm 1n length and 6 mm
in diameter.

Flower size—Average o1 3.7 cm in diameterand 1.5 cm
in depth.

Flower fragrance.—Mild.

Flower aspect.—Upright.

Petals.—35 per flower, unfused, sometimes overlapping,
ovate 1n shape, obtuse apex, round base, entire mar-
gin, about 1.65 ¢cm 1n length and 1.14 cm 1n width,
color of upper surface when opening and mature;
155D with tinges of 65C, color of lower surface when
opening and mature; 155D with tinges of 65C (greater
level of tinge than upper surface), upper and lower
surface glabrous.

Sepals.—?5, color upper surtace 143D, color lower sur-
face 143D and 181D at tip, slight to moderately
pubescent surface, triangular 1n shape, entire margin,
acute apex, fused base, average of 6.8 mm 1n length
and 3.2 mm 1n width.

Pedicel.—181B 1 color on side exposed to sun and
143D 1n color on shaded side, average of 2.47 cm 1n
length and 2 mm 1n width, glabrous surface.

Pistil—Compound carpel with 5 stigmas fused at base,
1 cm 1n length, style 1s 151 A 1n color and 8 mm 1n
length, stigma 1s 153 A 1n color, ovary 1s pubescent
and 139D 1n color.

Stamens.—Average of 17.7, anther 1s oblong in shape,
11C 1n color and 2 mm 1n length, pollen 1s 3D 1n color
and moderate 1n quantity.

Pollination requirements.—Sell incompatible.

Fruit description:

Fruit size—Medium to large, 7.0 to 8.4 cm 1n diameter,
average of 6.4 cm 1n height.
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Position of maximum diameter—Midway between
proximal and distal ends.

Fruit shape.—Globose to globose conical.

Fruit symmetry.—Mostly symmetrical.

Fruit prominence of vibbing—Very weak or absent.

Fruit aperture of eyve.—Haltl open to closed.

Size of eye.—Average of 8.9 mm.

Persistence of calyx.—Present.

Length of sepal —Average of 4.4 mm.

Spacing of sepals at base.—Touching to overlapping

Depth of eye basin.—Average of 5.2 mm.

Width of eye basin—Medium, average of 22.1 mm.

Thickness of stalk—Medium, average of 3.0 mm.

Length of stalk.—Short to medium, average of 15.7 mm.

Depth of stalk cavity.—Medium, average of 12.2 mm.

Width of stalk cavity.—Medium, average of 23.3 mm.

Relief of surface—Smooth to slightly hammered.

Bloom of skin.—Light.

Waxiness of skin.—Light.

Thickness of skin.—Relatively thin and easy to penetrate
when eaten.

Skin color —QOver color 1s 45A, ground color 1s 1C.

Presence of russet.—ILow level of presence on main
body; moderately present around the stalk basin.

Lenticels—Medium 1n number, medium 1n size (aver-
age of 0.5 mm), low to intermediate prominence.

Color of flesh.—158B.

Distinctness of core line—Medium.

Aperture of locules.—Moderately open.

Fruit set—Intermediate to good.

Fruit maturity date.—Average harvest date 1s approxi-
mately September 187 in east central Minnesota, after
‘Minnewashta’ and ‘Minneiska’.

Seed.—199C 1n color when dry, ovoid to somewhat del-
toid 1n shape, an average of 8.1 mm 1n length and 3.1
mm 1n diameter.

Browning of flesh—Low level, less than ‘Min-
newashta’.

Firmness (without skin)—Medium, 13 to 18 Ibs.

lexture of flesh.—Very crisp; retained during storage for
6 to 7 months.

Cropping frequency.—Annual to sometimes bienmal.

Fruit flavor.—Sub-acid.

Fruit productivity.—Average annual fruit production of
32.6 lbs. per tree (observed on 8 to 9 year-old trees
grafted on Budagovski 9 rootstock in Excelsior,
Minn.).

Acidity—An average of 0.52 titratable acidity (malic
acid equivalent).

Brix.—An average of 13.4°.

Storage life.—6 to 7 months 1n common stage (average
temperature of 34° F.), unusually long storage life for
a mid ripening season variety.

Market use—Fresh Fruit (particularly suitable as a des-
sert apple).

It 1s claimed:
1. A new and distinct variety of apple tree named

‘MINNBA42’ as herein 1llustrated and described.

e % e ex 7



US PP26,644 P2

Sheet 1 of 2

Apr. 26, 2016

-,

E

3

U.S. Patent

4 A A4 4 A 4 A A A A AN A A AR RN AN RN AN AR AN XA AN A A AN AN AAAAAAA A AAA A A AAA A AN A A A A - T P P R I
otoo oooooo o

C e .
> > > .
“ a”a"a“an NI NI (PSP H L) oonoMaHoukNa“.cuk”...“.cuk”0“a“k”...HaukN&H&M&N&N&N&N&N&H&N.oooooo ¥ OI“"HDNOMD"D"DNUHOOIO » *at ououonouonoubuoﬂouo”& ” e ...H.c kH&HQH&H&H&H&Htt&H.kt“».-.
P LIS (2SI 020 A A MM I-"‘Il o b, PO ICH LI ICICH I M ML M N N N
® "R % » QOO0 OOOOODOODDOOOOOO0 N N A NN
> >
B a""“ a"-" » oun "o"ooooo.o o et Tt NN (5% kH&H&H&N&H&H&Ht“tntﬁaoon.
R 2 e ) »
_.n u_.nu“n oou»u....t.v.uvt a;uononaua.
R x (NI NN
av,., x DOC X 2 X X & x'Xx
p

RN

o2 DOOOOENODOOOODODOOOOOO0 N AN

av(/wv x."“x R DOOODDDOOLOOODOODOOOOC
X

X

R 7 pd 7 X, L/ X/ X/ x B A BB R LR ERONNN R
R0 XX X %

p.5

A
l:l
x‘:l

I e aCCCHEN I CIC MMM X
R ER X xR LA N O EE X

R KRN, W MM M PP "R X X, x_re_re_sC OO0 AN NN L) M
\W\v x b4 ? vv .r..v,.\.).vvvv\ yv KRR xnxxxaooooootkttkktko X .svvv\

"
" ul y.v\ SO0 0.8 X e e e R * oo e e e e vux e
‘Wv&ﬁl ot o e .v,.vv,\”v \X.\.,vwv,\,f.v,.vw. X o o COOOOOOEOG YJ/
*
0

xl:::l.ﬂ

x
X X
x

*

X *
0. 0. 0.0 \vvv
AN >
WS ’
KNI KOO I ”OE XN OO + WK
o vw s VWNA.% WWNVVVWW\/W X YXﬂWW-Yx " o.o_. nw.v,ww,Nvavv .\.nm.wwm.v,wvvv w.xw X X “xauau-nuxauuxu R 40,0 0 0 0 .rx?v'nvww X
X MM XD / J x XX X ) >0

MK, VVW.V X -

X,

»

o
»

£
.0.

X
vaY”.w
X
X

X

v nur v .v . \ .x
> vy X WA
Y.r et vvvv

X
AX

Yote et

GRHN A

\\.\
XX
X

\v

4 X . M MK
) ,V\vav : OIS A e o 0o
ate? vvvv b at ettt e
-\-.{\.-V\-JV VV ‘. b QQQ#QQQQVQDD?D&?&&Q&QOV X,
» ..v\v,\,;.vv p { ; > OOECOHEHHD
\.....v.n.u..,.\ < ..N..N.N.v\ ”WNVV. \ \ \ Y,.erw weeh A EACIER ) axx e
I-l o .\I- o \III II\ s - Y s o’ \J
...X(Xv;vx .. A wwfwx

e

50 e le% X % a ot 0,
XX wf.v o ; AN AN J.vva,\.v o
NN i > N5 SN RN AN
LRRBRRBAKLHE, e R MM X XXX IHHK, X X R XXX NN A A A A :
e - ,..vvvv X X ﬁvf P /v,.v,.\.ﬁvr» T

b
X
OO .
e IO A vvvy X >
WK W : Ko
300X, 00000000, AR,
WS NGRS 200 e
> XK KX X, PG IER W ICANNIITN XSXNAXKHEs »Jf”v
.v

nv
vwwwvvv

by SN " ; 00.0.8, A
.\..»m.\..\..“.w.\.m.w..wv\.w,v,./pvvvwﬁvvvv\v FoOL OGO SO TO O O O AR R R G RN RN, /\V.W,.w.mv Sagurs 5% ww./pvvvww,n\ SRR X X R A NN AN ; XHREX : o
RSN SRS O Lo OO RTR S SRR IN S ORGSO OO OO O b T X 0 X XX XX I I I I IR, XX, . XXX,
R BRI
v, e e % e % T e 2t 2t 2 e 00 20 0 2 %0 2 e 2 e 2 e 2 e 2 s, . 0l 00 %0 %000 %000 %0 %00 %? 50
s vwv, ..vavvvvv\v 3 e o Al SRR, S
X

A

e

X,
.v
X
D00t R AN X . o
% SO AN S0 vf» At
R TR CNNNIRI X

ot 2 20 2 2 2k e 24 > X 2
Y..\ \..m..m-\ {A \.n f.-\ g R : ) . %, A, 0 O A PR w% Vuf\\Y\-n/wA VKYVW.N%V\ N-w/w.m-m.\ .n.vw/ w-%N“\Yw-H Ym-www\ X ¥k A oaaa b‘ﬁ.‘ > &0&&0 % ' 504 S 00 ¢4 b Vyv .sV
R . v » G O RRC l oo ta o et to oty
IO OO NN, v . R RRBALB
oetetatates

RRRRR
. X,

CCOC I )
> h
W P LI LTI v.svv . RN HA

..
O S S SN
o e, At SN L AL LB
KN X g

v,.vv\.?. P ot S S S WSS (PN
w ( RN LI 2 O D G N OO = 2 2C 20 28
) - IO O NN NI

PP IR e AT

EIC 4 W W W W '
o - AN

xﬂ
‘lllx:
NN N N NN N A N

A lﬂl |
A
I:I-X

N 'X

e

x
et

LN NN N :
.D At QQ&#*&.#Q..;.

x:z::aa.n'
»
"

LC )
M

A
¥ &
\".t\'.&*k
N
N_N
'x'a'n'
A_A AN
N_A_N

NN

. .

NSNS
NSNS

SO

£
X »
vt
¥
Yo'
n
K
N
n
»
»

L
A

l-I
e
X

x
L
e
T
N
o

X
N
AN
\/
»
0.0
e

b
p

¥ 'ﬁ
¥
¥
-
¥
¥
Al

.
L

LR
AN
LA X, X A 3 X X
ateteta ettt a ety o y
SN R oSS
XX AAAIH A AN AR N
QORI I A A A . «vfru INIAH N
NS RSN CHXKXY
NN, MM ! x x N
QR ,H\“.v,.vn w)wv\/w,. | T XA X wv e vwv,-v 3
SR .V)MMx R IR 3 3 AN N A AN,
W w
J x

o) v
. > ;
" >, RN RN NN M NN NN XX XM NN
XX 7 P e e R e X o o o vv.“.@. AN 600 o

¥»
v
L3
.

sv
W
VWNVWNVNC\ 3N )
s I
Rasasnsnin e tetetete s e et etatetarasesetas R TN NN
D NP

x
l.&
|
)
v
v

|
»
»
»
L]

bkk
x
x

L L

BRI
DODOOOOODOOND
ouoooo LM MM MMM
oauauo « aoooonououou
LA MMM
(PCAC I M NI

N
x

X,
.V
SRR

et "
M oo B E AP O ®
p /x X K N -.\...../ 4 vv

»

S5

»

»
0&0..
> 9
»

»
»

LR
»
»
»
»

x &

v,

»
..0.

»

7
\

¥
X &
'

X
X
o X

P

)
» X
>

.

A AN

e
x \Il

> o : IX | ’V,
P -~ "\ A P =N
: P : X A e L KK XX R K
LI PPN, ,.R.wﬂw. e R e S R RIS K
z SN N RO OTATITILOT OO ke Bty en as - " o
A s st o
e NSNS S W o oees erwf. WHAX
R XN SRR RGNS R0 AN A A A A A AN
NI N S NN A A 20
\. fvv%%w x\s\ .v,,
. v»vx .

&x
-u‘..g,.\\:/\,..,.\,... »v w. »w
x\wxx\..wx,.\ x f ...wvx_.\.ff....,.x\,.\...wf\..,.v\... vvw»\
..\xV.,.\.\V.,.\.,.x?.,\v,.\.?vawu ...x\..y.. »yv\
,..xv;/vf/fv ?wavvvv,.»uwx .
:;xv\v\:v w.\ \\w.\\v\:v\.\ , \vv\w\\ .. ... ::::.:..
\..f..“.\.\.m.ﬂ..\.w.vvvvvvvvwvvvvvv\vv .»..\..\.m.\“.V.vvvw,.xvvwvvw.vvvv/\vvvvvvv\\Yo.I. . ..xv,vy.;vwvvvw%v wwvvfyvvv vvv\.\v .a.%.J.ﬂ..uﬁ....ﬁ.....
v.x.yvvyvvvvvvvv V.,.fvvvv?vvvvvv\vvvvvv\v . ./vvfyavwvvvvyv;w.; .. ::::::..
NI NN e, K KX ; e S vvwvayw RHH ATz . o :
NN, JX R A A A AN, yJ.vav AR AA AR o OSSN X ;
S IS SRR IR X XA A A KK N : SRR SN A eO AT BN TE NI BN TO NN RNIE NGO NN INGIES
FRatasasssasesesesesetesety 2, aaenaL ettt 8 felelels RO NATRIN NN N AN TE O 000 0 OO
DRI % 30X B xR R ORI KRR
XX A A AN A A % BRI AR AR R KIS R w.v.“.\..,n“ I R KR II R IKRRR
RS Sats abesstaete sttt \ e R

R WK uxauunauauanuua..an}ﬁa 4 s 2 2505 4 el e e e ,.ﬂ\ e

| 4 R,

4 W W W W W, P Y S e &y

4 WK, ROE R R 5 RS G OO EE O E OGS «
e > . VNV\VVVV l"x l“"l"l l“nln O ‘ .m.\ X, \V,,\V,vvw.vvw.v./...!v\wfk -
e ! %
SRR R A . . G
%00 AAA aedetert
e et A I 0o OLE ANy : KA
W SR X
SIHHIHAH A vmwv W GHHHA
SRR, vawvwwvvw SRR R ;
NSNS

\v\)\\\\\.\\.i
.v - .v -.{
atetatetatatetetetoreretey

S A A A,

OO0
LM NN NN

4 >,

OO NN
X O OO HHHE k& & llllll .'..

A IH,
R D
NN

i,

a"n ey »Houooououonbuoutnbuo“ o
L SOOODODLODDG
= "R B DOOOOOOLHOG )
X ) " EE E BOOOLOOODDODDCH X,
n L& w ol " X LICCC I I I )
., " XK PN RMPC X X "R BOOOODODLDDG
e xx Nt R G OO IO N >
o e R N AP VVVNV e e I I I I
o p s "x”xauanu xR X ,.v”xx XX NN NN NN NN
O N e ¢ p LA, ) AN AW 8>
R xR R R "R prd o e ), - b x OOOOOHOODOOG o
e e ¥ b DOODGHOOOD ="
e e v\..w.\,. e / w\vwwm.vy.uvw..vy, va SOOOOOELEODDE unvwvw.vy.
XX X (XD )
u . o . R 20
n

o tetalete
DRI

N\
p

o

l'l- . .Ic{::-l-ﬂ.l-l
|

I.I
ey
Il.::lll
e

al‘l‘l‘l‘l‘l‘l‘l-l l‘l’l‘i
|

|
A
e

\
5

A

55

| o
n LG CCICICIC I IC I RO IC LI 3 3 XX
K COCCOCIC ICCICRCRC RO RO o 3w e e
o el RO OO 000X
x I I X I A CCOCCICICHIMIICIEI w5 3 XWX,
S XHXAIN, oratate X HXXAANR,
o XX I I H K KN KX X AN
R’ XX XXX XN KR NNX
R PG MMM M A RPN o ettt
e oo raonate A a et e ot e e et Aottt
L N AN, GHP XX A X IN XA I XA R I I N AN AN
et AR e e UMMM MM MM M N
vty R X R R R 5 gt R 000008 8o B S S N R R R R 00 0.8,8,8,8,8,8,8,0.0,
x e R e X, 5 S IR AN II I

aaaaualullll ux
KRR K R nunl 1 \wv\v\\v\w.\vnvn,.\vn“/v\vv,\v/v\v\\v“(\v“(v/v\\\v\
e @w\ VVVWN.VVVN., PO v,,,./).\ LS O 000000084 .
KE R R R R E N EIETEI TN N ) X Vf ./
X
x

. .
\<Ax<\<xx<xx<\x<\x<\
AR K e AR B X S S X A XA A A AN
EXRERREEEREERERERERER S B W&k ¥k a v IINXN
|
|

& Yete%e%’
L8000 0 00000000009
- N”H"laxululxuuln luulll"uu Tetete a st u e e " /M):WVV\#V(./V/VVJ}V(. 250 ,V,.\,rv(. 2y
x x
MM x

aa-a-n-na \Y\v\\v\v\\\\%v\v\%v\\\...
REEEE N R R o {xVJWWMvv vvwv\ V.vw.v.\.,.\ vw,rw.x -
A

x_N_E_ R
“« v

";3'

... u
RV

X W MR,

hUma#l.K. PPN -

-
-
-,

.0
. >
(3l 2t Dl bl Sl Sl Sl D 2l D Dl Dl el Dt e 4 . . Hink it b . : : il b . . . =g . .0... T



US PP26,644 P2

Sheet 2 of 2

Apr. 26, 2016

U.S. Patent

: s e et e
B 4 . . . - RE E K | A -
e . . e ) e e e e .« .
- " R_R_E_X X R .. CaC o m E orox X R R X X X
s . s . e et et e
. . . . s e e @ R s - TP RN XXX MM X M XN X I
. . . ' . P T T ' ' . . EE R L T M x X X XM NN N NN, . . . HEERERX X Y.VVVV/VfoV..
R I I P L ) BN E m ok or x xR . e ke AN EESESSESESEEE SN - MU R X XN N e e
' e v BRI X R XXX XX XTI . ' . » R E R E R R R ER X R X X, NN W .. R R R X M W
R e T . o . PEIC RN I AN NN NN T . e . . e R R X KRR KR bﬂx .vav\/ VV X e xnxﬂv.”vw.vvpvwvn A A AN
P R I R D R R D D R R R R . - . . T T T T T T T T T T T T T . - W
T T T e e a e - B e e S S A A I A I ] . - IIINX‘XNNXV/ MV.vV..VfV../V | lllll&lﬂﬂkk*ﬂvw..V..VﬁYﬁA)
..........bbbkk&b.b' . -k&t&k&kk#&kbbbb&b#bb:... e« o o s s 8 o 8 s s s s s 8 8 s s s s s e ® "X N.wV\.v. YV..\V. | 4 EEERDR x x LS S 0.9,
T A At PR . X X e e e e e e et e . O TP " ; wx.w.. 4 M P KN N y..vvv“vn.v”.,
. .. . . LR e e e . . W
B P O S O L S SO0 R N X N O % o ' e 'S . R R A MMM
B I 00 » R P OO0 0 TR T TR TR T T TR X X MR MR
RN »t&t&&#&&b&b&b&#&b&b&. !ttt&t&&&#&k&#&#&&#&&bO&. L R B N N U I . ...QOO ZE R R llllx ININI INX VYVVJ\ .04
IR A D) T B R I PR, M - » G xxx?v.wv\vn.v“
ST T, SRR 2SN ) axxxxr)m.x xxxuxxwwv.vvv.\x.x .
ot : ) e r.rw. X , . xnxxux&.xr“axnauw wﬂwvvvw\ ¥ 3
St e X XK ywv.vvv. e KM R KX BRI XN xxrywxrxx 2SN .
ﬂm‘xw LA X m o xN XN XN XN NN 3
NN PPN .xrv,.‘vv...v/v,.v(./\.,.\ 3
XSS ; KA A H A H KK
X w‘wwwvwwwyv. X, ; . X A A A AN
LS 8804 . XN, ; R R X X e SN

HRH R WA R I WA A A A AN KRR K,
PoZGININ, xR nxxxnxrxxnw o

. oo XX

...<<:. .... ..f)}:
R KR R AR R R A AN AN,
et ; ) x_R_X_K_X e et %%
; PR A A A A

. X R BRI X KX XX )

/ X JE K, x L 009

X R P A AR NN

lnr i
u nmaxxx xr.vVvanuauuxuxx“xxux U. . x"xxr.r ‘xvﬂYwVvvvvvw X0

|
N N R X ; ; A
-u"M"a“""u"x” 25050 aga e el er R R R X X X ¢wvvvvvw 5%,

’X X X e e kX L 886
FEOM M R g X XX X MM R R T T M P XXMM MM K M)
L axxrx o | . XX J.v Vy X

R,
x, X
AN,
R X X X . o
..1: .
-

RA A XA M
el X x.yw»Vvyvavvvvwvvﬁx.vc.\ s

o Attt ot

. " X X X NN MM MM MMM
s ; XA Xl
. . TR R Rt o a0 S S S 00.000%0”00 Yo . l"uxn" va.y vy..“vw.y WV.WVW.V.WY? .r.. ’
. R ™ T . . . " ! ! .
o w&HbHQH»H;.HQH&H;.HQHQH;.HONQHO ) ...vu...”kub”oubuouououououououoot.,.... I ”o (. uuuxunxnxnr?ﬂ#r x.' :
S N AN N N A LDDDDS L T e e e e e e . NOOC .

-
P v e s
SIS
RN A N IS

T e L

R R R R R R R R i R

o PR M) !I R D R R D R R R R R R e A e
' rxr RN » e 8 0 8 0 o 8 o = 8 % o = o 8 & 8 o 8 @ 8 & 8 .8 ws & e s
e, . ..'.t‘btbu\h.b.b.&..t‘ A ' I R R I R N S B
D L PR N T T T . L L T L D I I D I .o
Yt I R R R R R S i A A . . . . . . m e e e S ' . ' ‘...q...............................A.QAQ ktttt»tvt\tutsk.&.......
itet! 't tet . ' : et ' N R R R R R R R R Ry &.OQQQQ&tttbtttbt»vtttt&#&.at.h.. e
et M A A N . PR et a'e'e'e'e .
. .4 PR
e M : KX HA RN
' ot ettt '
et Gt KM MMM R .
Cata! "0 2RSOSPSIIN e
et eletatetatat e e et . et 29PNIN057
L TN A-&tt»kbt»t»tb&ttu&.s............ R B R I I P S S ) . . e XNV%VV/VJ
e NN e A . b { NN
e 2T k# kk Qt&#ktk&k#k&k&k# k&ba& - e OAOHH 0" IN“N”““N“IN.V X o et o ' ' .s.ﬂvw”‘\ OO qu..x .XXXXV .Xs.x.ﬁx W?NYWVWV 5
el et { IR Gt N { .
L . ...okno”oo u“x”rx.xux.”y..x.vvvfw‘xwx‘xxxvxvxu Y . . nx”v‘Jv.vwv“.vn.\..”.v\ o l-luuuxx”vw.xrxX xxnxx wxrﬁr w.rwv“.w OO
L J ; ; . O 000 ; M
e ow N Al kb d lll“l Nx XN Mﬂ.v..v XV\YVXV.X.VXX X.N x WD ' . ' .X.?V.VMV.“/\VM. !I IIIINI.XVV..V.!V. Mx.x.s. Mx.v“s.\tv%.:
IR O N N I R X xxwyﬂixxw\,rfxvyw WIS W’xxw.xx e et J..xvv T A v.v.tv.y ,‘Vxxw.wwv e
R A M A e rrw ?ervvwv/wvw/“xrx ' e ,x.x.vw,..vww.“.\. ALK ‘x».v/vvw/v,-v.,.vvvwvv .vvv“.vwvwv\xx
s e T eSSttt S e e

L)
»
. XA AN

LA RGBT SOES
. xxxxw xxx»ﬁxxxx NN .1-
|

L e e e e X X NN M NN
o o R X SN S S A S e RS X OSSO E RSSO .
O A o e RO SN AN '
R I N X K M VT L A NSNS, =
2 warm.»yxrv.xxaﬂ.»xyvvv» AR el K oo . xux-wv.wwx N N e .
X X R o X SN A R e mon e SN XN IH M IR A HAHN N N HH A I I I I .
wxwwhxxxwwwwm XX N A e el OIS 000 RSO E O E OO E OO BRI N IR AN R IN I I N "
X N % N XX x X XX XX R R x " e N N N x‘VV\V\a-\.v\f-\V\.v\/.‘VYV\ N N R R N .’Y\ ...v* .V\Y.V...v V\V\..r\/\a-..z- ' P
. nxxxxvapxrxﬂmxxuafvﬁxxx XA uaxnuuaaax“xuuuln SR 0 Tt ta e et e o N o N Y §
P R S e SR AN, A A A NN N A NN N, sl s e e Ve Ottt
X X x R EE N ' ; WA MK M MMM x = X X X HEX N AN A . .
R A R R A PN R A AN A AN O G A P PP A A A NN, v . .
I RN AN K, AN AN AN, mapnarntatete ot tasy st a e e e tes e
e B R XX H K XXX XN WTe A N KK IR XX KK, X XK R A XXX A A AN KK I X XN, . ;
() ' ' R E X X LS 466 xR a»ﬁ»vv X LS8 $ »_m x{xyﬂxx L S S 8, '
et R T PP NN, A LI R e X P NN PN R A A A A P TP A NN AN A ok ettt
I e PPN AL T T T I, X KoM KM M MMM KA PN wa,Wxxwx XSS N
o R A PP P HN N, . RIS P T AP PP NN DK N A A A A S S S
- e =K lxxxré‘vvvvy.vvv,.v{w{\. x5 LR llx xxv. w.s.vv.vv \..VVJV \..VVVV/WV\ Xt iy 00 x xxrxv. s.s.X rvw...v‘¢.vvv. VV\..VVVVV.“./\.,.V/.\., " e
A A KK SEIEIERE pC A m o K K NN S NN KK PEEX X A NN NSNS o

et a et et e et

R R anrw W\wx,”rwi. M 2 X XX vVﬂ#w SR XA X .wwv . OSSN NNX,

St AT NI . % X% X X ) e e T e R RN xﬂirxx L w5 rrwv‘xv.rvvvvw“rvvvvvv,-vvvx MM IR X K

ettt ee'a e, v, { SRRSO DN .

S RN nuax“x . o I e x x o x x e n CE uxxw.x,rw”rwy..vyvvvxv e e e et LN

o - > s x X | 4 v - - v | 4 X VVVVVVVVVVVVV ]

. ) | - .o R . KV.V.XY.V.V. X MMM . .o

! L -t.bt.tbt..tbvt "o N N M N N NS s.xu.. .s.x.\.vv \.-VVV y.x.v.. A (SR
oo L 4 . o rr e b v v L R R R R x X XX XX X X XX e o .
. . rror 20 EEER e . e R . o . x > X » NN . o
R rrr e N EEER R . rr oo v v P T R T T T T T Y N.”XX x e .
"0 et ‘.v-q-‘-00 lllllx ittt et e’ ‘o "' NN NN "0 % .
.”.....” et % ... PR .”.”.“.” Lol “. ..... .”..... .“....... .”. e “...”..... P

--o-.--o-.--.- --o -.- .- --o -.- . . --o -.- -
P N JE I e D I I I
. . s . .
e e e . .. n&#&k&#&#&&k&.&h&.&b&h&k.a. E P

- -.-- ...-‘-‘..--.---.-.--.---.---.--- ---
. m s -.k-b&#&k&&#&&k&&#&ak.a.‘................ R T
B 2 M N N N N A A N N
R I I N N A N A N N o A R R R
B A A A A A
. -#&QQQO’QVVU.Qb.??.4UQ#Q*Q&QQQ*Q’QQ’Q).’OQQ}D). .
> > X ¥
-V?).QV..‘ o ka .'*Vk*?ﬁ’#’?*ﬁ*?k&*ﬁ".&.}..’. LJ

N R A N N R
r 4. AP N e .
x a v e

PRI T T K T ale a0 N

T xxwwvwvwwv.vww wwwvww.» SNy .

M A AN e
o

et ettt B I N I N N SN A N ) PO ' . - ! ! &> 4 v x o
» EE N N . { SRS
e N N N R A A A AN ORI TR B X X R S SN o
. . o A O R R U S U U U W I O S I ) .o * u. P L 8 X P W W = X X
LR ) TR A I IR I R R O N R N N N ) P T T x X X X _X. XX .s.v.ny\.-v..vw‘.v\v“u.nv“ I. L .4
LU R .. k&&t&t&&#&#&k&&t&t&r ttttkr &t#ttt&t#&k##&b&bb’.. I . » llx !x.v..wy !vY..wY. .!vY..vY. .v.v/ .v/ JVVVJVJV/V P ll lll!xx.v .v.v A
o ' X X X X X X &g > > d ko xR R « o . X _X. .vw.“‘vs.w..?.vY.V..V\Y“-VV“.-V\V../V“.-Y\VM 'ulillﬂ 3 >
. . L &.o.#).&).t.o.#Qt.qt.o.ttt.vt.o.ttt.qtttktttkttt&t&#&k#&b&b&b LRI xrv. VY.v.w,er.r.y. vv..v N \Yv.v\ VVJ\ M X »
e . - O N N R R R R N 3 N OO . T KX XK KX, .rwv{rw LR S8 0.4
i it 0Q&QQ.o.#.40).Q.o.#.4&,4OQQt&&.&.o.#tkt#k#ttttk#&k&#&b&.b’.. et . --.ug-.-...-.-.s...-...-...s...-..! IINNV !Xw. !s..v. !s..XvY. !vY..wY. .v.vv.v JVJV/VJ\.,.\.J\}.\ “
o LR NI I TN NN M) * R R R N D D T Y .XXY?Y.‘¢.?¥ .s.w.“?‘vY.YV\V\V../Y../Y“-VM.“AY“.
' v e e Q).Q&QQ&Q&00Q&bQ&#kk).&k#Qk).&thtp.tktkk&&b.#).&b#OOOO. AN ' L L L L/ llx v.x..v Yv.x..v .!x..x !ﬂ! VYVVVYvV LSS o 00
' ' . v 0).0).Q&Q.40).000QQ).Q&k).Q).k&kQ&&ktt&k&kk&k&k&&k&.&.&. R N A O O I S I S DN D B B xxrx.wmv vavwv.vvv‘vvuxnxlxtrx# V.v VVV. \V“.Vn.u.n. by
' RN ' DOOOOGOOOOOROEEENG0DDOD T S I I R I .\nxxxwxiwvv.v vvy.vv.xxnxxw L 0808
Lttt N N N R N N T X vny.vvwvwv.u.u NS
et ettt ..‘.....‘...........................uax“xwxw.rv\v.vv v.vwvvwv%vvvnvvvwvwv/\.v S
G ' XA M NN w..... . .......................................o xxrx o wvw\wvw \vrvwvvvrv.\v;vvv.\vwvrvnvn.vn.w
. RN e ' v ' . W
R e Xy KANANNINANNNNNINX O T T L L RN RO RSOSSN
' Ve ' OO0 e . I R R R R R R R E XX .y.s. N N N W NN N W W
PR X XSS . NN N N el ' e X N NN MMM WM,
o . St e e e e e e e el N RO R DL DML DI IEBEDEREIRBEREAC e X X3 3 XX XA XX AN I
URCR e (0% A i T T OO S RO O O N O N O NSO OO R R mER 00
. ' ' e R E R X R R A I ) . . PR T T T T T T T T R T R 3 KX .vV.V..\.-“.-V.,VM\.-“Y“V..\.-\V“-V..W/\\V\.-H-va..w..\ lﬂllxxlxlll | 4 X X, XX N
. IR , ............--bbvrbb#b?.vttt.vk.p.#V#kk&l&#t&b#&.’.b’b&b&b”. , ., . -.................................00 INX.XJV o te? V\V”.-VH-V\-V.\-Y. VVV\VVV\VVV\V\V\V\V\ lﬁ Il INIKINIII IIN !x.!wy V.vY..vV\Vn..
et . .............-r»butvr»t»t&tttk.4&.4kkkk&#k&kb&#&b&k&b&b’&.&. o) ' e et ...!00 IIFVY ,rw. J\./VJV/‘V /\.JVVYNY VWY.V VVVVVV VVJVVV VVJ\ » ~ lﬂXNllNlllll IIIINXNX s ,rw. VVV /V
. . I POttt gt / AN / " PV / Ao
. ' ' B S A > x> x t#k&k&k#kkk&&#&&b&’b&b.’ o ' ” ' ” q” ' ” vu . ” ' ” ' ” . ” et S ” ! vﬂ.. l"lxrwmy.vvwv\..vuvv\ VVVWVVVWVXYW‘WVWVWJVWYWVWY\ W W ININ" ll"lll”l"IIIHNHIWINXVW%VVVVV b,
. B Coe e e e e . IR U Je MMM M A A A A A X X X M X ) R R X R X R R RN XX XM NN
e R . . v ® N1 ( { ( { ( { 4 L xR "X X { W
. "t ; T 2o e X R XEX RN
' e e e s ' ' EIENC e o e XX P 2 X 2 X X g pe pe xR A NN )
. e e e O I B B N BB B (= lnx rxrw \...v\ v{v,rw.v‘r‘xrry. YNY\J.Yv XWV?R? rxxll X . ll lxx xxrxx.h%xxr rvw.vv(..v\...v(..,...
. I . ' R N R N N N N A N N " " x xwwy.xwwr.xwy.xx XX XXX K X x 3t R K XA AN LS S8 &6 64
Yt et . PR B T i S o ™ rxx&mﬁxr&?xr&?xrxxvxnulu 37 ", e ervY.v,rv Lt
N N X N W N N N N A A A X X A3 « o [ T R T T XNxY..XMw,r.!x XX XX » X L w > . mE RN XK XX .v..v..wv.v..v. * e & s
. . . . ..................vvkt&ttttkt.vktttttkkk&ktkkk&&&#&b&&#&.. LB ....q...............................v.v IIXIVXV xxu.. AX’X? Aﬂxxr AXXXXNXXNII .o..... llll XINNN xxu.. .s.s.V.VVVVVVVWY.s.Y
' . L N N X 2 X X XN OO R R R R R T T T R R S T T B R TR Al ) lllllxx IR RN NN o llxlxxx 2 XXX XN K,
IR T ......vvtk&tt&ktt.qkkkkk&kkt&k#&bkk&b&’bb&b . . R L T | 4 xnlxlxxxx xnxx NNXIIII O 0.. lllllxxxxnxﬁkﬂrv.. s.s.w.. x
T T R N I A N N AN IOOOONC PR T e e R R R A O O E e e R R e e e e . (R ) llxxlx X X XN .
T T T T T R N o N N A A I A OO0 B R e A X ) EEEEREREEREN F T T T R IIINXXIXNNN o
T T T X N N N O A A AN MO LI T T N O o ) - Y EERE XXX >
B T T T T T R T T R t-&t&kkkQk#kkk&k#k&k&&#&b’O’b’b.v. N I B B R R U.OOOQIO P 0.00»0 > v . ' gL AR v, L ' .
..........................................................-.r.tvbt).tékkt).lbtbtbvo.t.v............... R At a0 ot R
L T T T T T T T PR R R N N R e . P e . ' ' ' ' . . ' . '

LI
P T T I T T T T T T T T S |
L T T T T T T )



	Page 1 - Bibliography/Abstract/Description
	Page 2 - Description
	Page 3 - Description/Claims
	Page 4 - Drawings
	Page 5 - Drawings

