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SUMMARY

This report provides engineering drawings which document the design of the
MOD-OA 200 kW wind turbine generator installed at Clayton, NM. The MOD-OA
wind turbine was designed and built by the NASA Lewis Research Center for
the U.S. Department of Energy as part of the Federal Wind Energy Program.
The objective of the MOD-OA project is to obtain early operation and
Performance data and experience with horizontal-axis wind turbiras in
utility environments. The first MOD-OA wind turbine was released to the
Town of Clayton Light and Water Plant for utility operation in March 1978.

This report contains the engineering drawings for all mechanical and
electrical systems excert the blades. Included are drawings for the hub,
p itch change mechanism, drive train, nacelle equi pment, yaw drive system,
tower, foundation, electrical power system, and the control and safety
systems.



INTRODUCTION

HISTORY AND BACKGROUND

Wind energy systems have been utilized fcr centuries a ,; a source of power for
a variety of applications. Some of the more recent applications included
sailing ships for transpotrtation and wind turbines ( windmills) for grinding
grain, pumping +pater, and generating electricity. In the early 1940's, a

Smith-Putnam large Horizontal -Axis Wind Turbine ( HAWT) was designed and built
to feed power into the existing electrical network of the Central Vermont

Public Service Company. This machine consisted of a two-bladed 175 foot

(53.3 m) diameter rotor which was capable of producing 1.25 MW of power. In
addition, Dr. U. Hutter designed and built a 100 kW wind Turbine Generator
(WTG) in West Germany in the late 1950's and gained operating experience witil
his mach i ne tied to the utility network. The Hutter machine used a downwind
112 foot (34.1 m) diameter two-bladed rotor. Several of the design criteria
and design features of the Smith-Putnam and Hutter WTGs were considered or
incorporated into the MOD-0 and MOD-OA HAWTs.

RECENT DEVELOPMENTS

The recent ni^tional concern over the increase in energy demand and costs of
fossil fuels, the dw;ndling supplies of domestic gas and oil, and the nation's
increasing dependence upon imported oil has made it necessary to develop
alternate energy sources. Wind energy conversion has long been recognized as
a potentially abundant source of electrical power. Utilization of wind energy
is becoo ing more attractive as the cost differential between wind and the more
conventional fossil alternative narrows.

A Federal Wind Energy Program originated at the National Science Foundation in
1973. The objective of this program is to accelerate the development of
reliable and economically viable wind energy systems and achieve early
commercialization. Satisfying this objective requires advancing the
technology, developing a sound industrial base, and addressing the non
technological issues which could impede its development. In January 1975, the
responsibility for managing the program was transferred to the Energy Research
and Development Administration (ERDA). These efforts were continued by the
Division of Distributed Solar Technology in the U.S. Department of Energy
(DOE) after October 1, 1977.

One segment of the Federal Wind Program is the development of large
horizontal-axis WTGs. In 1973, the NASA Lewis Research Center (LeRC) was
asked by the National Science Foundation (and later by ERDA and DOE) to
develop, and provide project management for, the designs or large,
experimental, horizontal-axis WTGs and perform the necessary supporting
research and technology development. Initially, a review of prior experience



in WTGs was performed. Then, analytical techniques and computer codes were
developed to p redict the structural dynamics of large NAWT systems such as the

..	 M00-0A.

MOD-0 WIND TURBINE GENERATOR

As part of the federal wind program, NASA LeRC designed, built, and started
testing a 100 kW wind turbine in Sep tember 1975. This experimental project,

-	 designated the MOD =O, had primary objectives of providing the engineering data
and serving as a test bed for evaluating advanced wind turbine design
concep ts, The MOD-O WTG was designed using available technology and "off-the-
shelf" components where possible. Design, fabrication, and assembly were
completed in 18 months„ The MOD-O WTG has a 125 foot (38.1 m) diameter
downwind rotor which operates at 40 rpm. The rotor drives a 50 Nz synchronous
alternator through a step -up gearbox at 1800 rpm. The MODS project has been
used to help understand the performance and the dynamic behavior of wind
turbines. The MOD-0 WTG was utilized to: 1) understand the tower shadow and
wind shear effects; 2) assess operational performance; 3) evaluate auto ►natir
startu p and shutdown ca p abilities, including synchronization to a large and
small utility network; and A) test various components, such as induction
generators and steel s p ar wind turbine blades.

MOD-OA WIND TURBINE GENERATOR

rhO MOD-OA 200 kW wind turbine generator is, in most res pects, an uprated

version of the MOD-0 100 kW WTG. The MOD-OA WTG was designed and analyzed by
the NASA heRC for the DOE. The objective of the MOO-QA 9roject is to conduct
earl y testinq of wind turbines in utility environments so that the mac hint)
ooeratinq performance and dynamic characteristics can be determined. Bosidos
gaining o perational experience with wind turbines interfaced with utility
networks, an additional objective of the -0A project is obtaining the
utility's, and the public's reaction to intermediate size WTGs. The prototype

4.	 MOD-0 design was simplified and made "field-worth" as it was uprated to the
200 kW size.

The purpose of this engineering drawing report is to document the design of
the MOD-1A 000 kW wind turbine generator at Clayton, NM now being o perated by
the Town of Cla y ton light and Water Plant. This machine was built to NASA

-	 drawings and s pecifications. U pdated drawings were subsequently p re p ared in
Westin g house format to reflect as-built conditions on the Clayton and later
machines. These latest drawings are presented here with a cross index to the
original NASA drawings.

Tho MOD-OA wind turbine is shown in o peration at the Clayton site in Figure 1.

The operational history for the Clayton MOD-OA WTG during its initial phases
of use is as follows;

3



Date

e November 30, 1977
e January 19, 1978

e January 28, 1978
e March 6, 1978

e May 24, 1978

r	 Event:

First rotation
First 100 hours (0.36 mega-
seconds) of operation
Formal dedication of wind turbine
Turned over the operation by the
utility
1000 hours (3.6 megaseconds) of
operation (94,000 kW-hr (338.GJ))

SUPPLEMENTARY MOD-OA REPORTS

Two supp lementary reports to this MOD-OA engineering drawing report
provide the details ) and an executive summary 2 of the design and
analysis of the MOD-OA wind turbine generator.

Andersen, T.S., Bodenschatz, C.A., Eggers, A.G., Hughes, P.S.,
Lampe, R.F., Lipner, M.H., and Schornhorst, J.R., "MOD -OA 200 kW
Wind Turbine Generator Design and Analysis Re port," DOE/NASA/
0163-2, NASA CR-165128, and AESD-TME-3052, August 1980.

2	 Andersen, T.S., Bodenschatz, C.A., Eggers, A.G., Hughes, P.S.,
Lampe, R.F., Lipner, M.N., ant', Schornhorst, J.R., "Executive
Summary. MOD-OA 200 kW Wind Turbine Generator Design and Analysis
Report," DOE/NASA/0163-1, NASA CR-165127, and AESD- TME -3051,
August 1980.
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Figure 1. MOD-OA 200 kW Wind Turbine
Generator; Clayton, NM
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QiSCOSSION

'The MOO-OA engineering drawinqs follow this discussion in numerical order (by
Westinghouse drawing number). The mechanical drawings (Westinghouse drawings
lO1SF-- and 1t117F--) are followed by the electrical drawings (1016F--).
Table 1 provides a list of drawings and title in this order with cross-
reference to the iumber and title of the NASA drawings from which the Westing-
house drawings were prepared. The NASA drawings formed the basis for assembly
and installation of the MOD-0A wind turbine generators and are listed in nu-
merical order in Table 2 with cross reference to the number and title of the
corresponding Westinghouse drawings.
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lRJ Ĝ-9W N
H» ^"' 1	 1♦ Z

K /W	 yl Z
^.I
W d w ^1

° ^ ►̂ -
< aw

^
qc at 0.-+	 t

s o a teQ H ! V1 W W
i .J W i- 	 N 4. ..J = L a.+.'

( !1 qJZ N W N.O
OKa W Y .Z.. W Kl7

f1,	 m r W W«J W N

Cie u t^ ^ 0 ^ d.»
w

w It

a
^^ I ^ L'I ly

Wr a m
w
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c

	

= w	 r-	 m

	

O	 i"0

	

W	 ^

v ^O	 N	 CSIN	 'O+
W	 m	

ICE	 1aWQD	 fC11D̂ 	 ^	 ,O
	 1p	 ^	 b	 ^	 w

	

4c v	
LA	 W)

^O 	
qmm^

	

0	 CID

i u
	 uOK ^i a^ u u u	 o u

?1



W

W N
i
3	 J

W ^

o 
^

7

W	 I
u
c ^ u
u°
'-'	 u of LnWNr
W	

W i 
NIW M w

w a
lit h

w K
cc

1 W W

^_
Q

LL'	 C7O

G	 L-1m

OUCJ

o^	 s

u
•

OC V

T

N
f

N

aC	 Wr

	

y^

r	 y

i	
y^^	 y^^	

u.	 1a	

p^^

pp	 m	 W 7	 ^	
^^yy^
	 ^	 ^'	 ►y

^^ ^^ ^Q ^ ^ y a s1 s y w

^^ ►U-o ^^ 4i^ i ^p8 ^ j ^ RG
Y w	 i

	

4	 31

° y° ^ 	off$	 S	
o	

~ yt^.

y,/ y
y^^
	

8LM {,p	

ppO^	
W

^D YJ Y! y,/p^ 1-i..
	

1 VVVWTTT^

	 WdS 

W

^f T 
{

t
D

T yyV^^	 <'	 Wll WU ►- U	

I

yyL^^	

Fu
N	 V1 a~4 

^U i1.i U O Cf W W u	 A 0 0	 OVLF	 `6!
VV2 41.	 Z W J	 yp

g r. 	 OCO	 .-. q r^
As	 a <0 wW. wft ^c^ to MC	 -9u t

v ^..
M i 3 am i 7 v 

i ^^ mm a	 s 7as..i vv	 im+	 ^.. v.v ^... ^r	 .... v.:.. ....! v.... w`.:

+-+	 14	 O	 ..4.4	 fir	 .-4	
W	

14	 N	 N	LA.	 LL	 Wtom.	 If,.	 1i	 1i U.	 LL.

	

kA	 Ln	 V)	 4n	 1f1	 ^!1	 h	 V1	 ^	 V1	 to	 61

0 0 0 0 o u o 0 0 0 0 0

	

I u	 u	 u	 u	 w	 o	 w	 ,c	 u	 m	 0	 -C

	

"	 1-4	 14	 1-4	 .-1	 1-4	 o4	 .4	 1-4	 r-4	 -4	 1-1

K0

i

C
O

v
u

o+	
..r

i
4

V

O
C
Of
C
4A
N

I
C"j An

W

yr̂ ^c o ^i ^i ^i g u
v°Q ` U U

22

t

IN

^4r



i

s s

W

O
Z	 .

CC

L1
W ti

u b^
7

:t

:s
.r `ak7

N µJ
Q	

i

V ^
r
NI

J la

4	 6J U 0
l	 aij x

uJ	 b'7
w h .h^	 aaJ	 ^ la•

t1:	 GJ

Q 4'_+

N^ w O

N ^^
If1 CO

a
x ca

4-
l. ` 41 N X
Y w j

w	
1 C;

.d
1a)
c7:	 "iw
L"7	 J1,
ti..J

uj tf
W h,b
A11 Y;

Z, 4.

M

a	
^	 g	 g w

JY	 4d	 ^	 Z
y+	

W	
LWa	 L?

m	 y ell
CL

SL	 x	 _	 1-	 I
oa

id
kcn

,.tv w 	 oo	 x
r	

r t
	

gaol	
x	 h..

t	 M	 r7	
C^	

q	 ^'	 g t" tar
t p̂ s<MKW	 Q	 r	 N H Gi K 

6h

q
p̂
	 p	 ^l	

C^^? fQ^ 

^	
Q	 1	 41

1	 ^ Q t- ^,,,J ^	 N	 i	 .Y l
!̂(L̂ T O r 	 ^	 vj	 + t ^ ^q

C7 W	 N	 s	 N t h-- hpupp,,, 	 In	 N	
[9 a .0	

JE: b f wN

&^ N acN (C
VI	 1 Q i	 h0 W S	 r	 00	 i f	 ^ f+J w „'ti

pp	 /	 > 4/}	 W	 C7 µJ !^' W x to h d la+
00 c	b7	 H ^ t	

Q	 b aw L 0 ac .Y.. d? .y. VI	 uj ►*rQ
QQ	 ^.	 ^yZOff. q'	 aW7tw tW.'!	 Vii.	 N	 C7W

ty 5t "̂" Y?'	 a	 1	 ^N xp
^ 

WN —i	
O!	 1 N	

W w

z^ 	 :at s^ xm at	 S s^

N	 N	 r4	 ra	 1-4	 1-1	 r 4	 is 4	 N	 r-1	 r-'4	 r 4	 -4

N	 r+	 d	 !/1	 10	 r,	 4D	 ON	 0	 14	 car	 ri	 a

N	 t1J	 ('v	 N	 N	 N	 N	 N	 M	 M	 m	 m	 P7
t,,	 u,	 lV	 W	 W	 4.	 W	 4.	 W	 w	 W	 l+.	 4.
xry	 u7	 aA	 1!1	 t17	 N	 M	 1!7	 117	 to	 v7	 117	 1!1
N	 w4	 .M	 s-1	 -4	 —4	 .i	 r-i	 . /	 r+	 ri	 ri	 4-..

.`!	 Q	 C)	 d	 Q	 Q

1	 Ld	 -x	 iC	 u	 V	 1	 1	 W	 -K	 J	 1

1

n^
u^

1
a^

~11
V
ro

cn4
yA
4

Q
N
a

L
17+

}^1
1/1

d1J

im m Ch

W >L
co
 <D

OD
OD

GO 47
coV^1 IA 11'1

q' _ n^yy.P, 1 t^ t-I r. h shy n t"	 r.
d U

,, ,^l..I 4y^,^lJ L, "U-
U u U U u IW.J	 p

1

A



O -C	 -W

as ui	 C)

C3

a—%	 t2

Ic

to

29

W
attv

W	
0

VI
-i	 Lo 1 6.
an	 C)

V)

un
pf n"	 f"	 -0 	 en
L&

W,	 Ln	 Ln	 kn	 W)

O	 CD

	

0 Ir 0
 
19	

14	 —4	 —4

w u

•

M LL
0

09
w

c%j	 in	 ;D

—ON
ao
^n	 N	 ICR

P,	 P.	 P-	
h
	 P,

I.,

I'll

24



CD to (.D

0 LD
6—
JB

ti 4 cl)	 v

49

VI 0.	 ac -9	 Q.
Li	 j	 1	 W

	

25	 0 4 -0

w	 LO	 0	 cr z
-j 	 8 2i "	 R& ^̂  -j "j 	—

	

-j a
CL	 Ll

dc
a OK CL

QC LO —	 OC 0

:,n61

w	 LAJ	 1. —0

vi	

^N — CL

	

CK	 -t u Ji
 vi

44

VI

CK.
k

W Ud

	

In	 %0	 ?1	 ao	 m	 C)
-W	 40	 v	 Ln	 kn	 LIn	 W)	 W)	 In
LAI'	 LA-	 U.	 WLA.	 U-	 La.	 U.

	

LO	 Ln	 In	 Ln	 V)	 Ln	 kA	 Ln
14

	

C) 	C)	 C)

Do

cc

al	 Qc
fT

Ix 1^L" 0.—
00 x

In

Q)

	

cc	 ch

vi
fn	 Ln	 M

	

1 -4	
-4	

—	 kli	 N	 NW	W me	 at	 m	 ON	 Ch	 0%	 cri-j	cc	
as	

Go	 OD	 go	 OD	 00	 4)	 00
.1	 &A	 in	 Ln	 6n	 Ln	 kn

	

me	 rl	 F.,	 f.,
LL.

ell	
u

2.,)



v	 1

1

10

d
4A

1
C
O

V

V
L
A
N
OI
C.s

A
L
0

y
N

c
c

w
N

L

t
t

«
r f.-

s ««

11,,^^

+

tD .C!
yy^^
=

m s « ao

W

^^

~p
pp rr

H V

Y !
7

y

7
^6

ham-

W

UOZ

O

y

C .lr

8At f V

r N N ^ aO
ccia^t'

h!4
w^to ^ rl^V

1

	

f .e o a rc	 va	 Q	 0

►̂ -1 09 ° dam	 f

	

3	 p^	 pQ	 =>

	

4	 O	 O	 i	 Gp^ W	 ^'• OW,  W v1
p^	 ut	 1	 {^ Ws

	,, ,// ,
	 Q	 a to

f• ^	 J	 J H dr ac. r C1 ^ _^ h- .. pip( ^ (^^ <

	

11W^^II 1-
	 J	 W y=^ >	 Fyt-/	 y^^ ^ V_ ^ lJ ^ I' ~ ^ ^ G Fp-^ S

	

LC U	 H	 G N	 O	 O N FL -4	 W
IF
 Y	 W

{^
	

s	
yyq^^	

^(

	

i U 	 VV1	
yV^a
	

L', 
U_	 i 9 u	 W •	 ^K -11 W aca	 V1	 OS V1i V/rS JSU CU < 1 W` OC W Jm

	

d	 J U_ ►-p^ J pp(( J ppp(( pp^ V1 F- V} 6. W 0p, mmm QQC fp ^L { W

W_	 I	 t

cc

or

	J 	 t .-. C ^ <.-.	 '-^. v<f .-. VI
	 Va

	

ii d	 =._+ ^=.v Z^^ ^t3 Z3 vv sv^ tr,
AL

U Z
w[ O

N C OR d V1

J	 I C^^ aoo x	 V	 .r	 .-4	 14

4	 Z

i a wo
►- at

C)
a[
d W

	

W V	 a

	

N1 (^

	

V1 co

Ln	 N	 Nom,	 1fa	 VW1	 N	
01	

M	 10	 bC^	 4.	 LL	 IL	 W	 LL,	 U.	 11,	 LA-

	

w h- «+	 O
o-4
	 O	 O	 O O	 O	 O	 p

	

vi :x 	 P4	 r-1	 N	 -4 	 ri	 H

J .r

d W

	

W	
d	 CO	 d	 d	 c	 1	 co	 d	 d	 1

Ow
Ou

oc vi
Wi-

	

CIO x	 ,	 1-1	 .-.	 ,-^	 r`	 -4

^N

331!,	 10	 1^	 0a	 Ca	 O

LW 
_ N	 Ro	 N	 N	 N	 N	 f"!	 M	 M	 M

J	 CD	 /D	 CU	 N	
N	

w	 OD	
01	 0a

kn	 6n

26



;,
N O W
O O t7
v ^ la '

0. V1

N =
W

CIO H

W H^ 4h
Q w 2 W

4Y
U.

O^)

Ln

Z w cx i
.J W W

s `^ m
o r 1 q, to

C r 7 z
ID %0 LL

LA- X O s to u1lL Z 18) O
I ^

 C)
t. W dw Ail
.-f t

r > !
x

crr„ v a co
^.i

L VI

Im X H -1 N
V1

X W

C1C
W.

V1 CO

3 ^ f^•'1 M	 P1
W z Of O1	 TJ co	 co

L7
W1
to to	 1n

d z
4n

n n	 n

U
u

U

.-^	 .-+	 H	 H	 b	 d'

t^0	 b	 ^	 ^	 n0	 W,
tit	 V1	 V1	 In	 MI	 to

Cl	 O	 O	 O	 O	 O
H	 .-1	 H	 H	 H	 r-i

d d m m	 d

H	 N r1 '-+ .-^	 H

1
C
6

N

a
a
Iv

A

rnc
.s

.e4O
d
0Ot
tT
C

N
6f

co	 M ul W co	 C/1

ON	 04 ON 04
W	 co ao 00 co	 00
U)	 fn V1 fn to	 to
Q	

L U U V	 1,

<

I--
N	 .
V) L
< w

L l9 ^
^W W6 7 Z

X
Ad

a 409C y y
cc

Opp ac r o
g N W W a o L L

Q H w p.^j O oC d t/1 < 4p LD
O2 vi

O m- O Q N Q W
W Y < O	 W

vi

..^	 V1J ►O- KN W ^N Q

8 11t^i1 !u u.	 !- O O < asNJ. HO dp0
_

Z -C -	 O ^~ca W N- h W r Wqqq
^

4 w X Y 4 < W G.Y t p W o V 1 Oj C] m O W U' 1 i- Z I,D > > r z tai
W Q O J Ll	 O C9 —0 V1 W ^Ct

K M to 1.- h op l.!'	 W I- a W V1 J
W^

J X
W "` W a w d N f-	 3r 'W. Z	 I 7 L 't J 4 d
z O O to I W Y h y,	 Oa c •-.z	 d < h ,at W -i O; G. ..^

a p.W
V, W T xCk0 O	 .	 0, z

d f>
at
O

W W
J i NFLa-+	 1 a	 1	 f'-n G7m

1..1	 O
X F--

z O a1-- W V. NW M h h
f f

m
41lal h G?iu ^+ Vlu. a Z. IWQ LLQ	 /-L

z
.^..K

Z z W
zO

O
a J to T X «LZ, Cl; J V1 Z

CYO
I x am

Qh
d

< h
K Q

W
a,
QW O ^^"'^,. E co =Q F- a- . W7 W JO -+VC ^y N	 ►- O Z a Y OC JV1W aH O<J O W iJJO W

Z V1 f•-- C9 W O Z	 W CL►-	 W G i- J d G. a= OX lL Z i--X a a V1 7 a J O at O O ►^ CIC F- OC•-+ .:J F+ W W h Z C i' O< m N h 4 U m< i w V 1 W %I W

Q^OCJ Qvi 6F- QI-
^Y C9Ca 4J

"^
Q WV1 d1-v1	 d _ f 4h-N QO

V1d^ V1<^ V1q N<r.b
n.

d^z^ 6L 3 d	 hZ Z^
_ O

z 0^ 0 d^X= z 3 X^ z^ X ZN

27



	

I
	 s

	

W	 W	 -+

	

f9	 tD	 rrr0	 rd	 trD	 t0
ti

	

31

5 	
p^
	 O 

M88
Y aNiy V1 {pY^^

	^	 Y

a1 ^i VI p̂ JN JN JN ^ ^	 N

	

t	 at	 at	 d	 s '	

8
y °D

Q W .0  ^ y ! ^ i^ _^ O V	 ^ N V	
V r

3	 J w L-1 w	 ^o..

	

0. 9
	aw av g v W

	

O	 Oc ++^ 1-- VI 	 <^ < ►+ <«. J Zy^	 W WW

~ VWi	 o W < Y < ^ W	 ^ i 7 1- 7 ^ OHO ^> '►f, W

	

wW 	
^i W d̂,1 y^^	 y^^v1 AM W O^ ^^ ^<

W	 s ^[	 `
r..	 78 7 g	g

	

o	 ^ s g	 d ..,	 ^ ^ p^^ ^_ p^â  y
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`"	 ^sq^ŷ^^^ ^ i i i ^ b̂  ^ ^

i

	

^{7^ }	 y V O I

i
4	 } ^	 ^^^^
t:^r^

	

4. ri	 ^^ ^

^Y^^e`^^

A	 ^	
N	

1/1Yo; s
	

"^

	

^ ^,	
^ ^

^	 ^^

`' ^ ^;,^^}N
Y^	 i	 X

^..•	 ^ ^` ^ ^ ^^^	 ^ 6 x ,	 ^
^'

^	 ^	 ^ ^ « h

	

,i r:

^as^r^^	 ^
M ^ .i r^,• I ^ ^ ^

	

'..	 ... ^	 1	

^^ ^7 ^i	 '	 3

	

^	 +	

I(1

	

C

i	 ^Fy.

f

^^ K

1	 ^

^	 `^	
YY

,_	 ^a k	 Vl,,..	 4 ^ ^^	 ^	 N h
y. ti	 ^

o	 t.._.	 N	 r
v

i	
^ t	 '^	 I	 }

^^
..	 n	 ^	 _^

'	 ^

	

^	 ^

. ti ^(

,,

`, W^

	

__	 ^..^^.	 I r ^

^^	 _ R^^^n^	 ^	 ^ y
^	 ^ ^^	 i i' f

	

^-^-	 ^^ i^^g	 j^^^

	-^^^ 	 t^ a ^

	

^^ , ^	 , ^	 tv	 1.

<..
t



It

^w	 ^

Ali

1.0	 1

lot

fit

All

^^	 Hrl

In

" UN

I.e	 I

ji
1700

Ja

I fill

kL

-.1	1

1̀4	 m



V

1
r

V

v

\r

V

a

NW	
LL

1	 ',



W	 O	
L	

U	
sl

N L0

v`.

v

V	 !

x

ti

11.
	

^	 W	

v

,f

Ip

(

I^ ^
1

,	
ys

!	 ^k
^	 n	 ^ .^ j^ ;i a

t ^y	
b^

a

^	 ^}	 ^	 #
 

3

{	 1^	

c

1
^ 	

i1(^1
	

^
^1^^^

I11
.

I WE
IM	 A 'P# r

^°I

T T

^^ ;	 Y	 i	 ^	 1111

^^	 ^
JJJ^^^

I ^
i^	

^•^(, A^i	 a
^

g	 1

"^^

,^,.	 ^.^ ^	 k^	 wl °11a •' r +f{s^^ t	 y v i i ,	 siv.+^	 ^ti•;•	 ^ a> t;+:

 B

^o, ^Y

^11
	 Y

} t

'^	 ^^(Ji'	 ;11^
1̂
N". °^,

r	 i

^.,	 -t, 7 ^ ^U^II^^V

(

i^°•

f

.

f	 •,:

y^

.	 ^..

IRA

r

Y

R

a tr
F. d

r;n

i^

t



v4w

I-

N-

%.1

IV

4

1 4 1

LJ
III i I I IT.!=

1

I 1 	 T
1^. 	 z

a	 1.	 1	 6	 a	 1	 4	

- 

t, 	 6	 -

4	 1

I

't

	.1 V. ir	 r	 v

	

I	 I ^ H 1-^ P-H I
H'

•

It

44

0



^^ e d
lI	 ^

%0 1

1	 Ip1r

1 ^	 '	 ^	 ^.	 t	 s	 s..a	
i.	

hw	 r.^++e	

C'^xh	 w	 _

w

^j	

f <

s	 s 10
	 wY'c

u ,^

	

.-	 ..,	 -. w.. 	
Opp	

,..	

IF q^	 •8	 ^^ F	 +	 ^	 R^

l ray	
°^^	 Lr̂ ^ 	 ^	 y ^ s

I F Y^
7	

y	 ^

oil
yry "a

LU

	

a	 f	 j	
72

	

F ^f	 /	 f	 •	 '°	 V1

^	
M

t	 `R	
,..0
	 M^ "	 11 ^^	

ca ,	i`

•	

^r	 1{ R	 ^^	 ^	 i ^" ^	 1 ^	 w l i ^ mot.., . ,J	

^ t

1	 1	 r	 ^ # r ti^	 '^.„
	

^	 ^	 ! G ^6^3^	 ;	 t

^9^	 R

y^

	

O	 U	 i	 o	 f

J-

F, I

nl

aI

r

0

v	 q

v 1

1r/	 1

%W

v
tR



il.	 I	 id

i
sp 	 I
I

'Flo
f 	 If
 

to 

0 

f r^

44-

1117

oil

wtP4
14 0

o
fji
40U

vfto

•

	

is	 I

9 7 4	 10	 1 2*

	4^^. 1. ^	
Ixr	 .^	

r..>'	 __.	 '	 -.	 q - •	 AI ArA 
'
^1 it

•^ ^..,	 .,_......	
^ 3.M
	 ^	

(^'^^ 4.a.
	 ^^4	 r^ it	 ^ r I	 I	 ^	 `3L _



.d

*0

*Of

*0

%W

w

V

lwi



o'

f	 J	 • ^ i ^ ^ ^^^ ^^^	

ri i

f

s	 ^

4	 '

a	 .iil	 i

	

1 ► 11^^	 IIIl^ilIIIIIj IMF
I!!;II NOV, !	 Illlli!IIIII

v	 ^	 I! i l l	 ^	 ^^ 
(1•!111 	 III

-
•	 ^^,	 I	 i	 ; •	 •I	 ,	 El^ IE	 I I	 ,	 ►a

	

11	 °	 ^ o	 Gol

L	 1	

.11111{

I7	 ii	 >F4^aE	 ^^^^' r

^	 ° Slvl^ •	 ol•1•^^ . a	 ^	 c^"^n, °^o^n o w	 ^	 (i i o^ . o o a a ^' S —

•
	¢.i.	

I	 76 Sts	 ^	

o I

	
i °i^ ,..
	 ^

E f t	 o:. ^ o	 '^•^:	 ,.	 t'•^

u	 ^	 ^



. I I I

^i	 ^	 ^	 ^^'7	 ` 1 V vY a	 ^,.}	 y

JILL

A A

i^I W
L4

t I li	 i i	 i I

I.d

,..0

^.w

1.0



1 I
1

1

r +'

i

V
O	 ^
	

Y
	

O
	

u
1

I

^B

•	 «v

n

1.

u

v

s

K

A	 ^	 11

ss	 ^c:	 s^	 alp	 {^	 ^^

^.	 w

	

'to	 AO	 An	 ff

.	 I
.f

Aj

It

,^	 S^^	 ^^	
^'^	 'Ji	 i I^te	 ^,	 I ^ff^y^	 IoyVrff^j'^	 I

	

^,	 ._„_	 _.	 ,	 ,l 	 ^	 X11”	 ^	 I	 I ► Y1	 I

	

I	 1	 J v^	 .^J

^	 '^	 ^	 k r• V
	 J	

J	
^ o f •+	

.I
q	 ^	 ^#	 LZ ^t C Y	 F M A^

	

Yr	 YK	 ^K	 jllK	 31le

a	 !!R

• S°	 tI f^e	 i^ !^

•

	

R,xpi^?	 Yr„	 fi!i	 ofw.

n	 r ^::	 C:r•	 .c^	 ^	
^	 I

.noon eeea.+:^ +ARAN AAAAAa

q

fit

Yv' ;^y l^^
^^SS

„ l ^ ^. e

1rtlt I+orl+ / 1w
QC' • D ,tid.
^rri	 n.e•,w•+.



.w

1/

w

•J

J

..t	 I

1

v	

ii
1

I

1

S;

li
a

at

NLo

v 

-111

01

N 

III

W	 p

F

.Z ^1	 t	 t ^	 ^js

4t
A-^'	 I 1

IT

14 
1

v\\`	

^^.l^ rti^ vMN M 	 ^ y	 R

i

1

^r

* 4

SCI

TIV 11-91

l'
^ti	 r

it	 p	 ._.u_.



W	 O

S

^c

3 ^	 i	 r^p• 1!••) 1- r!• Y 1 • w•I nA•^\`\ 1•e \1N7 rat} •!

M•r bti -nWN1 WI too 1)( MI

o^ ) n

;oYI
6

.w t	 y
^l

to^ M

k ow

1 0
o^ 1	 a

I	
.»
41.	 .
o n 	 o
••	 o

I	 •.	 o
ow	 o
•	

a

•!S^	
^ l

^l

C

5

K: f'n GrtMb \7 !•• Ir••1 Y ^-'•f^t' wT ^

F	 —

u

r..>

	

too. r 
	

I I

to 

	

1	 •	 1•wYVI 

1

	S 	 •	 7, r

	

Oro w	 ...,... V!•^	 ^I rf.1•i 1	j
 

w

'•N• rU 1r^.11M̂̂11B^ ^1 ^^	 — 1..
T' r̂ i N1T YOPIO "W44 •M M•r••

r.-.-,	 wt!	
1

-! not. w•Iw	 ^	 1	 ,

	

h/Owl	 %.Od^/'i-7•.1^

	

MO..) 	 I
11116 U

	

tr it	 (	 ^i

allow	 .r1rpJ

	

o. of r	 '^^	 7•rO•► .+r,

A •1/w•M

\IK	 ^_1V X11

	

^^ yh ^	 ^ 
T

ai I •.q Yi11 ♦ 	 I	 •.r 0,
M {1 ,

1.	 •11ro101

1	 I('7p 1^^	 1r1Y .In•

	

to lj	 I we, •In•i w•Npl	1 . . „ Lii, ' ^iii.7	^	 Lei	 ^	 »eaf.+U M[ rr 11	 - -
)Mt YY^YVl6n --J^^ f

.^-^	 ,. ,-.	 .. ... .,-. .. «-, It. Hi )1.O.A7A 11 1Yt1,11 n.

s

III f.Y1

l ti	 I+ r 1 „	 7T—

n
r 1 ^_

{ j ^icl
•1 Ih H•71 h- 1?^

74911x, IT	 Not

AI il9e\S )

,.whir •1r,i `parts
1 \t)^

^	 W

11•n 711nt•ao	
a1 a-YF-+Yf/ I1 L m►=J

s,	
^	 •Ie Y.•• \IM le

t	 1 7 1 x 11 I	 •	 .,	 ! 1	1/11

—^ YOIt•1. )•^^
jjyy 1 y	 f

Y
1

+ 1r

r

... ,r.» .. ...^. 	.	 ..	 .^_in. .	 a ...........we.t'+..., u ^ ...fix	 ..'. sxw......le•twuw..uvu^a...:a.



1-r
t1

V

^^ 1

oil

1

1
t
1

A	 ^

D

,

Ad 	 r
	

W
	

O
	

U
	

t
	 v

d

^y

^a

ORIGINAL PAGE IS
Op 

PWR QVALI'I'S'

I
t
i

I
I

,

I

,

I	 ^x

1
I
r

111 ►

1	 ^

	

T4 	
;>"I

.L^^1	 S	 '17r W

M	 .	 ;in)l

,w	 ^^ , , r f ^	 '
r ..

t 1
r.	 v

t
..	 a	 ...

1 t

xw	 ^	 %^^^ 1 1	 ^^1 •	 ^ ^	 ^'{^
k ^	 '1	

1 1	 ^1t	 •	 1 ^'!'	
f	

^	 ^	 nl

it

J ^	 ^	 ^	 ^	 t ,^ 3 +  I e'

• ♦ 1 ^^	 7 ^	 1 , i ^ III„ ^1..'	 , ¢	 Y T, n^	 ^I

1	 h p t

^w

} 
I	 ;^	 h

^	 ^ t	
^ T^ ^ r!	

Y x tj	 s	 Y ^^'^ >'

r	 ,

•	 rC	 „^

h	 y

nd

r .1

1	 ^"
t ^^



+.Y

t^.

r

R	 t,	 / ,u	 +	 f	 w l
w

► ,
x ^a

^!
X

M

i

t

Y	 LL?A+

	

^i^j^

V

V

"I

i

Y p(	 J #t1

t

Y 	
!#

^	 S^^'^M

rY^i^, t

ki	
Y 
N	 i

F1 "^E ^	 yy	 77	 P

i p;^6.. y,

r

y'+	 Y	 1	 C`	 k	 G.	 ..	Y	 ^	 ^	 ^	 u

es	 ^

S

V



j
V

f,

j

^ 4

V

V

V

V

i'

1

I',

a=

I

v	 r!	 C	 ° 1

Xsy u. r

r	 t

t^

. N

_ : ^f	 y	 ,.	
ti..^.w:w	 tee..-.. a ^	 n	 ..	 ..	

}-	 i^	 v4^

	

r	 .. c x.	 aNx	 ^	
ep

	

t'41	 11	 ih
	 t

IN

fa

S	 ,

	

s.	 av	 -op	 v	 I	 ' ^

w	 1
'	 I

~	 f

	A 	 };^^^	 1

r

A-

o il
 J	 rl}rL	

^ ♦ A	 (^	 l S ^ l	 ^{

lip

4f

,	 •	 4

a	 1	 ^ y	 i^

T,:,,	
Y	

O	 U	 ^



rr

4

it	 11

fa

Va.

I-

A

^ i 	^	 ^	 ^	 fit' ^	 i 	 I

it

Ili
°,^	

i	 i	
!	 ^ ^	

fi	
1	 1

NO

1 1; ltt j 1 4 1 hi

f 14 4,
iU

^ftl

I j



—1

66	 -	 I	 w	 . I--	 a -	 I .4

T 7

i	 ^	 I	 j 	 ^''dr	
^	

t	 i

NI

1 , 41	41

1.1i Ll

•

00 Ll

01

•I

01

of

♦ 2

OL
off



r	 W _c	 us •

I&	 Y
t

w

i

S

3	 )

E^

All



46 a

I ^ 	 N	 '-	 1

r4p tit.,

es,-4,

I	 In	
7 1	 t, t I I

e (^I ^^1
I^ 1

Ip

1..0

t	
'^ ! If

jr,4:

	-.JAI (^^ J	 ^^I I i d ^ ^	 ^^ ^^ I ^
I ^^'^	 •	 ^N I I	 a ^^

i	 ^.	 ^	 ^I I	 S	 ti .	 r	 I	 A

^...,., ^
	 I	 ^	 i	 ^^	 ^	

{ .,.	 ,-. ^,1...	 X 11	 i	 ^_ . ^.-.-	 ^ i	 ^ o

L

*10

it

^^F

.91

.0

^o r I

h l

Y	 O

bis



v

V

M`

^I.

t'

d t.,

V

	

w	 1	 w	 I_	 o	 I	 u	 1	 to	 !1	 t

it MSiN'flw141i

„	 l...iw. w	 lw.l}r..r^ryt. [ill iw.
e.,lv ^,tr

I
I	 ,wlfl I.r w

	

i	 lull 1 i 1	 -.t	 1

1pht	 1	 <,}IY KH	 _	 i

'•,	 t•+.[^.	 rMq Yrw•"q	I^nil	 ,, ... 4wN	 '#a .4 . ,.	 •\,	 -^.	 .h,l q A ! ..	 )hM N,h •	 Y	 IMI I,1	 /' 1„n^ a 4, A11 i,	 W I
^	 {x	

i ,f	

riyw	 cif

) 1 I+J^aI v ^ i
h1117 )w	 -.::.^5

,^.,.	 ..,..	 I. M.Y: .awY,.4	 i	 t N i.If 1'^	 .MI! ICY.• ... 1.7 IIw p^Iw 1^ 4'\ .1^4 ^	 ..	 1i
;^ L lil Y"{	 ^	 till YF^,'le1Y

	

\N .ww wlll^^	 I	 1 3A Yn. AWN
w Yns, .,,l 	 4wt,w I.IwN}.,	 ,17 ^Nwb,r	 [ .'(.. ,11.1. H( )IV /,

y )1 tl`INl 3S	
1AN ..	 i ^I'•M 11 )	 h it 4^	 li/w	 ..., .

1	 ....^..	 ^j hi	 .;i.	 .. ^Fti,A	^,Io1• i	 i.i,v,	 {w..,. )n.•	 ^ lV•^.
,t. 1,.	 .,J 	llt IN ^1)w Y ,-,	l«	 ._.	 -	 j},1^	 1	 ^I

7	 i!MlM1 Y,a	 R! Mi
•., iq,^ i, Ml.th	 nn t1^.	 ^	 i	 vi,3•{.s, ,.I YI^w.Y	 w)Y r .^171, t^v.^d

IYFj 1YM^	 N	 .w7 Yt NIN	 ,1 ^1 h., pe
^'	 •'Y 4	 n,l .., It a. .ww l	 I tih M1	 ,1^,)Ki} IN	 ItYh a !'f Y N41	 ! Ii^n •!,` 1^. HW

hw	 c,	 1	 -	 it	 11 YY4w..,	 ^	 1 +enl i nny .	 ^, nM , i ,,w ...7 Y..• N .'31 ^^ k	 C	 •{rrlll.	 1{Yr. ,tl ♦ wi.	 ^ in..	 ^
a	 ,	 •YI .+`i M	 Yr fA1	 IAq	 I	 Its ^{. M11 /,	 ow.IW YS' f IMN

	

+41. j iti 1 	 I 1	 Iw.w ^'w w I^ IwV' ^'^ 	 Y 1 i M Y)	 ^I.1.4	 .,
^'ywitlM. ^	 1 ll }	 qua ^	 i t ^^1 lYW	 Yni Y, 1 0. .• I .

^^r •,t	 ,. X04.1 !\TWIN71	 .rw,4	 q. IAt.NN n^ },

	

(	 yN 1'l.A1M
A, M^^ Iny 	Y+l i	 Y1

	
1+"	 +	 l'ii1 r •i )1M Mil I,N Ywl	 ,.;a..	 iY^ v7 1 W	 r

hn	 4Nll,q'	 ^...	 ..	 ..	 .-.....	 (	 ^^I1 ^Y,=.._• ,~ 1	 ^	 "7	 nl ► 1 htw w'v	 dgll.

	

`r:.. ...T	 s l Y.,l.	 1	 Ir^rY I MNy.	 Iii•. • • ,Y4r. ,	1

_	 •.•r W	 • Y.,l r.	 YF 1Mi.	 i •.hl	 w41	 Y},•h1 11	 y.hl, li^	 WIT r.tt Y\/,. f.w^	 WI .M	 r11 + .. {^'. + ♦ ^'	 * nN^w.1 wv iu n	 v	 ... 131w iFYY.,I tUA^	 1	 r., + YMw,. it y	 ... N.Nw

	

Y	 Y1+6,'O,Mt N'l i
pt V1

	

\M C rrq 1 •! t \	 1,,,.^,^, a+,.^. 	 'YIN )	 .w1•aI niife

	

4 • h UN .	 ..• t.Mnw Y!

I	 ((	 _. rl.j	 , r"1 1, h	 c f^. _	 ^	 !.n (^J IMI^III	 I	 iRl M p n^ l•tll l	4S1i Y /

	

I	
htiYr	

`15	 t'^h, tN •	 51	 0
)	 ^	 I	 l	 .ht ^	 t l h
I ^	 t	 1	 . .t	 ,. r	 ,.«5 n. l	 'i' ^.nN	 ti.. n	 1li	 1	 pMr	 h'	

11	 e«: ^.—..ve..	 ^ a IN 1
1	 t

	

n	 uan^^

tl •a • I Iwt n	 4m4w	 }q I. f Y i ^ ,	 T91 ^	 I	 ^^

	

,.	 .7	 e•v	 I,

	1ITl t l^ ar, Yt; tt I.t iWll 	 •YNIMi

)d ! •^	 ^ 1 A l•eil71	 U ^•

1	
111	 1	 .}1	 f	 t\..ht	

^..	 ......^...:....r....,. ...:

	

• n inl •, N1.1 INYO	 ,

i`	 to { ON	 M •4i. ).a N..I	 }1.^....-.—.....,.., ...	 ••ii'1JY.,. ^-._. ... ,....,.e,.«...	 i YAYNi„ Nlla iKl. T ^taY yyi,e
'	 T.^I !.	 h..11,	 hY[VI.I4	 `	 N.^4N	 r,lr	 MIw.. >Yli	 1 qr\Ilww.

1	
Y	

Y	
(	 1	 f	

4.1••li rw n, t•I.i .w

11.w.11,Wi t 	11 •V..flh'..tl	 1a.,tllh•Y,1ai	 ^.IYN11+'Y,1\\ 	 {tlrq r,lN rw/'	 NI•.}IKl.	 n141w}^tt.h ^1M1
Y	 i

,"I,If It,3{'J IIwN i _ 1 .'n' 7 A.	 {AV.,I •l. ^ 1 II.M	 1N..1 , tW IIWi	I IANf, Y•1\)	 .hlw1 ,w'i N,Y.h l.+s YI"f i1.Yiaa W •Y.1
1	 11 Va^ p,INi IMW1 lnlai lIwl l` a l,.,	 w1111K	 t•ti i}1•r.l Wlwl	 1yti NAN I^.VV

^	 ^^fe^	 to dtl {INIn^	 a...\, ♦ IK	 e..u^l^ o, !;`.OF I /^^! ^,. awn
i1.^1 11.•1„ ,w •r,,•+. Iw	 I[al„^f	 N .stn	 li 1 1 1 t1•Mi	 .1w1	 1 11Mrj1i
	

,l IIN•N^	 I Il a w	 ^	 +	 w.,.......	 )	 1 f sl,• N .l.n	 I ^ 1^ 4^r•,.	 IlAwtir \4 r.e,7
_	 7

o14 .~^^.. 7Y.•C -.	 VK,IYI.M	 !1a	 11.	
I,Y, J ` pww Iwl la.. ,^1t^^	 •6	 w'IgNN	 1..1	 1 11\ AYg 1 IYY 4E

♦ l.ngNr	 9 tM+h	 ^ 1 ..^It^ ,	• Iwll.	 1 I.,all.i	 1 I.wa1f., 	 , 11,.^M ,	o t.aail,.

a	 It {
t



^i

M{12

0

^ t ^

Jill

tiw

1

v

v

.s

r	 0	 u	 a
	

v

s	 1

ail 'o

n Io
3 / Y r ,

a

M

}}
r tx,i;t^tl	 ^	 Y

	

Ys ^	

: S}	 r

d 	
z	

rU^rf

T	 ^' 14^ ,•^"	 ^	 . ton u ^^

	^' n ^'1..	 Yl it	 ♦ 	 rii41 ila,W.	 .. ...,

	

t , s•1.	 ^	 sir	 ^	 „'.• Nfr eb^.f

~	
,^.^s	

^^I
	

^	 ^	 ^`	 ,i x tr7^u lily,,
xj	

1
,	 t/e 'lt	 +-1^	

'^ ^°	
rV	 it 1n r♦ ^	 ^'1

*	 ^rro p(y 	 cr,	 , r i. ^	 -	 iw;...N.—.afb	 s.

1	 11 ^	 !,	 ^	 11 ^ 5	 !a^ Mrl 11 ^	 1
1 ^ \^e
	 .-	 ^	 ^	 ,	

!	 f I	 1i tI 	 NI^i 1^ ew	 ,Y	 ^	 r1I

	

1 fl	
t	 ,Nfr I r.}

	
^^

► r	 f	 ^I

pp	 'tca. A	 , ^	 ,	 _	
1p
	

yy,^	 !; ,. ^.. .,—_--., ^ ^ ^ W^0 N^rn	 ^^^^, ,l lY L1 _. l 	. 
^"`

}.,1^ 1 uM r i 1	 ; 6^ ^S

^
I
$	 I	 ( FIB	 111 CC'f14"'"^'	

lv	 ^^	
Ir,ll i)	 ^5^

1 V

	

j	 11'-^ 	 Y-^ y l ^^N

	

{r...^.,r ,ti ll^	 ^. j ^:.^^	
N	 aril	

...^-'•—	 10^ ,a^,e^

'	 1{

.	 1

v 
t	 ^ x, ^^	 4,,,...	

11	 nN^y	 x...	 ;	 r...

d^
i'A * ^	 ^	 s fit

^	 ^ ^ ^,.1\ 	YtRnl ►̂^	 1 ^1!1xJ^1^^ 1 ^1f»ii r '; ^.. , q	
^ ,.,	 ^_ T ^	 _.	

^il.1K tl ^^ 1
	

ut.

r	 ^' •

i

.r

.t
w

z



N {„M

..r ^	 r	 o	 ^	 a

T 1 .
•11

^^	 1 r

{!i

4

4

V

('7Ti: fil t'i Z' E ' c a a,^

Nth
^^	

0 +
	 O	 ,71

r
7

I

CA) 
S

so

FIX 0

L	 ^^

1

r

O

Y	 d

Yy

V^

y 7

rn ^at.b'i :,'^

nw • ^	 a..^r .er 1	 1

^1ii• 11 ittit t
Il^fi^11f11111111{11

V	 • t



W1► 	 t	 W

v

^ ^ s

'	 ^ ;	
tF
tF

^	 E	 ^, F^^

r
1M	

f1

S
` Y•	 •

4K . "
A

t ai

IN

f

v

o 0
0
	

^y

^ ." I	
I - .	

I/ 1, .4 ^ j - 7 — - - 11 - V,	 ^	 - ) J, e	 lot

n 	 ^

IN

n ^^	 i	 i •'^^w+.. R^ }^ N f F^ ^^ y1.^^-1`	 '^ 1,.^ 1^i i^	 ^^^1 i^	 ^ i_
.. i +,.	 ^,^.«^,	 .^kr..	

'P.•^^^,.AN 
• n R1 M41 ^P '.At '.+ ^.4	

i^^e	
w

I	 ! n n	 u . °a l 11 FO to :. 11,' b u, 6+

toi'i	

1	 !

	

to In N `+	 iy	 Is'1	 '	 Ln

1"	 r	 ftH

It

ax F

a

v

%d

.,

^, .w



49u

v

()RIU[NAL PAGE IS
j)F V()()It QUAI,I'I'V

S

I

I

L

u

w

w	
•

~	 r

•

L

16

ITq

•1
1101
. -I^l!

e^

fa

i	 t	 r

s„	

N

j

.L:

'	

3	

!^	 11

^..

	

x4	 1

,

I	
4i	

x•

,t

1^	 1	 f r2	 ^	 j	 , -„tyl ^..^	 i	 o
I

i=,	 ^	 I

_	 r	 P

A

V	 p	 ^

^1\



IL
	

w
	 0	 u	 <

	 v

	

i C	 ^^•^	 ^^ 	 9 ^ ti111	

r

^,, w i	 y^
	 ^yi }
	

^!	
Y if
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