
7 -L 4 2  72 RN/APN-128 LiGHTWEIGHT 
DOPPLER NVIGTION 

SYSTEM (LDNS) 1/2
CASE STUDY REPORT..(U) INSTITTE FOR DEFENSE ANALYSES
RLEX<RNDFIA VA SCIENCE AND TECH. P F GOREE AUG 83

iUNCLSSIFIED IDD3 ID /9325935 0R.L3- 79C 88F/ 717 NL



11111 1 0 __ .

11111125 III' 1f1.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDOARDS -1As - A



"'jiCOPY 18 s M cpies

1AD-A 142 072

IDA RECORD DOCUMENT D-23

AN/APN-128 LIGHTWEIGHT DOPPLER NAVIGATION

SYSTEM (LDNS) CASE STUDY REPORT
(IDA/OSD R&M Study)

Paul F. Goree
IDA R&M Case Study Director

August 1983;=L A

Prepared for
Office of the Under Secretary of Defense for Research and Engineering

and
Office of the Assistant Secretary of Defense
(Manpower, Reserve Affairs and Logistics)

The views expressed wilthin this document are those of the working
gnmp only. bleatiuon of this document does not Indicate endom-
mest by IDA, Is stofN, of its spnsring agendes.

I This document has been approved
All, fcr public release and sale; its

b *dLtrib. tjcn i un.mitd.

INSTITUTE FOR DEFENSE ANALYSES

84 06 04 001, IN No. .. 205,



The work reported In this document was conducted under
Conact UDA 963 79 C 0013 for the Department of Defbnse.
The pubicatlun of this IDA Report does ad IndIcate endorsemtent
by the Departmn of Defaea, nor should the contents be
constriud as retlestlag the official posito of that agency.

IApproved for public mimes; distribution uniited.



UNCLASSIFIED
SECURITY CLASSIFICATION Of THIS PAGE fhotn Doat* Ente.e

REPORT DOCUMENTATION PAGE READ ISTRUCTIONS
BEFORE COMPLETIG FORM

I. REPORT NUMBER _2. GOVT ACCESSION NO S. RECIPIENTS CATALOG NUMBER

14. TITLE (mad Subtile) 5. TYPE OF REPORT & PERIOD COVERED

AN/APN-128 Lightweight Doppler Navigation System Final
(W) Case Study Report (IDA/OSD R&M Study) July 1982 - Auqust 1983

s. PERFORMING ORG. REPORT NUMBER
-. .. IDA Record Document D-23

7. AU THOF() 8. CONTRACT OR GRANT NUMUER(.)
Paul F. Goree,
IDA R&M Case Study Director MDA 903 79 C 0018

3. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK

Institute for Defense Analyses AREA & WORK UNIT NUMBERS

1801 N. Beauregard Street Task '2-126
Alexandria, Virginia 22311
11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Office of the Assistant Secretary of Defense August 1983
(MRA&L) The Pentagon 13. NUMBER OF PAGES

sint R D.C. 20301 169
.14 MONITORING AGENCY NAME & ADDRESS(If diffeoret from Contmlllnd Office) IS. SECURITY CLASS. (of this roport)

DoD-IDA Management Office Unclassified
1801 N. Beauregard Street
Alexandria, Virginia 22311 ,s. DECLASSIFICATION/DOWNGRAOING

SCHEOULE N/A
IS. DISTRIBUTION STATEMENT (at this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abetrtt entered In Block 20, It different from Report)

'I- None

IS. SUPPLEMENTARY NOTES

N/A

1t. KILY WORDS (CaUnuo an reverse aide II noeomy and Identifly by block nmber)

reliability, mintainability, readiness, reliability imrovement warranty (RIW),
AN/APN-128 Lightweight Doppler Navigation Systen (Iwm ), design-to-unit
production cost (171'UC), incentives, reliability growth

10. ABSTRACT (C€athatm ean redde Itf necosey and Identif, by block nmao)
This document records the activities and presents the findings of the

AN/APN-128 Lightweight Doppler Navigation System (LINS) Case Study Working
Group, part of the IDA/0SD Reliability and Maintainability Study conducted
during the period frum July 1982 through August 1983.

DO ,:. ,7 ,,,.,oo , NOV .1 Is O,.ET., UNCLASSIFIED
S[CURITY CLASSIFICATION OF THIS PAGE (Wvef Date Etntoe*Q

I I . ... . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . .... .. . ... .....:.. . . ... . .. . . . ..... ... ... ... . . ..... .. . . . . .. . . .. . .. ... . ..... . . .. . .. . . .. ... . ..,, .
I . % ." . ,o.. , . . . . ; . .p • . %, , %.%%• %,. .. .. ' ." . . . . . . . ,. ., . . .. . -. . . . .



T1 7 7 7 T

IDA RECORD DOCUMENT D-23

AN/APN-128 LIGHTWEIGHT DOPPLER NAVIGATION
SYSTEM (LDNS) CASE STUDY REPORT

(IDA/OSD R&M Study)

Paul F. Goree
IDA R&M Case Study Director

August 1983 T /b
I d .cd

];;'cat 1.1~

_7 I~z an'or

I DA
INSTITUTE FOR DEFENSE ANALYSES

1801 N. Beauregard Street, Alexandria, Virginia 22311

Contract MDA 903 79 C 0018
Task T-2-126

0

.Zu%" .' .:",".": .", % '3 2",'; .,'.- .".-.."'-"""''.."'''-...,' -."'..,-. . 'i .,.'-.-.¢,-12'.: .,,'''''" .,: '" i" .



a.-

-q0

LI-

I-I-

4.-

ji SI -.
CA cz 0.

j I.

---------



"0 0 0 mHwU )

0) C .40 a )U waC 0
*4 m) v~ c 0, d) 0 m

0 1 >V- , -0 m s u > >
"5 ~ 0 w 0~ a1 w a) 0 z 41
C 0 > in0E 04 CO 4 m) E. 41

o 0 E a) 0 as 4.e. *C (0 U) 4
~~4-I~~4 (n 43UEt )o 0o C-.-.

03 0 0 4 > a C-4.Ca0( 41
Z .. > > ( E43 a)- 0)>

5.4ie 0 .,1 0 1 -.4 41 (~a~~ a -e.>
a) 0 C > M a $ mm i 0 3 E 41

40 0C 4J > - 0 E: 00 a 0 14 -43 ta .4 't
Cn r- 4) C .C w 4 44 4

m C~ U) 4.3)a (?0 w u C J4J 4 r )
OW 0 0 0 a) c). E :) >4 0.C 41 C-

* P4* > W a) 0) to fu 0 w 0 ) (D
a) IX -I0 10. W3 4-) -4 $4 $4~e. i . 0 1w 1

41 uV. * 01. m C t) m E0 . 0 -. 4 C0
En 0 4 >r-4 C W a) 04a~~ 0 ) c-4 OC0*4) m

0UJ IV C 1-' 09w d U) M *- C )
ii *C C ) 4-4 C f (aV (.a >4.C .-

0 0 4 a 01 0) 0r O01C a) M> . 4 c 41.41

W on X C m 0 0 >1 to 00 a OW.m-)e..4.e) 0 a) a)c
u4. V 4) >i 0 04-1~O 0 VOu*-4 r-- w41.0
< 0 0 Ai a) (a t 'o 0 4 4 )z- ,m (

V u - a >~ C C 0) E.' 0. W) WJ4E0 %.aE
W 0 3 0'l 100. 4) > )4j0WU C) U a i)OO -r4

mC = 0 Q .4>V- .U) Q ) r4 M00-4
124 C.) a) CO> 44014 E 0 a) 3 10 4J -00DC

u 0 C C0 44 ( 4 c V mC C)E4 W-- ).cm
"C C 04.4 00 w a> Ai. 0)Z 4) M m04I') $4 (A CL-1

0a C) H~ > 4 i4e >V . .C0E . (D01 04 1 10 C 0 M$4 C
m i ~v 0 > a) H a0 >,4 04 0 C S U 0 4 =

0 0 44 0 C w. >4= m P04 u mWC a-0 -
04 >~32. 4. )*4 CEO $44 - 4) 000

0) 16 OV 04 M). aC V 0 E) M C U C C W
tM ) $ V P- go Z) ia AS m) W0 4 -- W ).4

w 4 0 41 =W C C4 Z 4 . m c :1E 0
) = E.l 0 rC t4 m- >4d>to 4)* 4 11 A.) 0 Ei.Ie

40 M0 A ) OP4 C) 434 ad aOC1 )0 04)
ON ' 3t 0 >01 4 E d) c 0 4.4 9 0 U U

4)d CO 1 t .) > = >, 44 "-4 >4 0 )VV
.c P-. Q CV Vo 0 41 0 0 U W ) >w3t C4)CW $

N iQ)eI .,1 0u 04 40 O C.C 4j' (a 4j M
i4 e 04 4J0 > 0 1 4 UC

0 w OA c EU) la 0) W-0 w ->, 0 s4)4 OE.C-4 t
1 03- C to cc-I 1 44 V 004r- 4.)W0WoOV

4. W ) 0 4W '14 A 0 C I0 a..e o 0)).)4

M 1 4 0 ( C,).C) 44a.-4 U) 4)a 03 S4)~~

.59 -. 0 It-*. 11 0 04a > 4 A .C 4 4 > (n3t
4.1 I- CO 0.0 4 0 0 0 43 4J -C AJ -I

V w 0 *.. 10 C1e U) 4)4 40 4jw 0 0
i =V '1 E 0Hm4 0 > -r4~'5 *1 (

M) 4Je 0 0 M C) 4 a. 41 0 4 E4 Val ) 3:t t 4Ai 0 1
Z 0-44 43 W 4030 .C4W13

i~ 0 ) ~ . J~0 )~ 4~r4 0 0
41* 0 4 30CU ) a> C4

TW.e0.4 U ~ )U0-3c3--.
0 4 Ie ~e 0 V WC ) )4W43C~)%

U) %- p3 -6 % %3 EC ~ 0 C . >*4,)~)C



S 4) WVc
04-4U44 0 0 41* C )

_4 4) -4 0
0 In In > - ) VV

-- 4 -4 c -.4 C 4

44.4 0 -4 C ) go 0.) C L (n a V In
0 4.)4= $ rIn~ C C ) .- 4 >1 - 10 c
C~ In Q n -1i M ~ ,E - -4 (a -4 )

4.0 9*4 I 0 0 r- 0 D CC 4V Cna) I
O 4). 14- 0 -i 0 c >) cn- C) ci 4 0 c
m 4I Q n >1 0~ 04 c -4 -4 

to A4 0~*- ad 04 0 -4 a 0.J I
14~~~- C 44> C.4)) C '

C) ?A U). 4J C1 C4 A a c 43
U 4 V Ol 41 4. a) V 0i 0.4 c 1 W(

-P c.) - C In4 3t -. 4 ) A 4 0
U c - 4C C: In a) 4

wO go 04 Ct 0J 0 0 C a 0 .1
-4 E 0 4 , 4.) go In In ad. 0 J a) 4 4. In 4

0) c >) c 0! C) m1 > m (a)v
0 ) be'- 4 14) 'a 3c a 0 Ca- 01 0 U :3

10 0 ~ 00 In V, ) 0 C4 C> -, 0-
toJ A 0 In 0 4 0q 4.). la 0uI c C > 4 4' >.a f

>. w 00 C> 0 04 m AJ O' C In a 0
0) -r C ) 0 In 3 14 ) *.4 C -M 4n C. O= E- C .

In41 E- O J ad it4 >4 x- ) Ic )t In fn > 4-4 In
z go 4 Cc 4V 04 3t .n 4 ' U V C4 01I4u 4
In..4 0U mn 0J -4 V r4I -) 0 .0 4-J C w a

44 4 - 0 W In) V) >s In 4 U- In-,!I .- C)1
toJ In4 - 4 414- 4J 0 m404- z a) c
u In In4 In .4.) > Vto 0 m 0 41 -C 0 40 .,4

-r4 I In 0- In IV) In In r" C 0 r -4 Inr-' C *0J 1Ul4 0
In V 4.) 4 C0 uI 0 14,4O 04 UV -1 -4 0 04

0 " - 0 0 I -0 AiJ -4)4 0 .r- U) In 4
1 'J~4 C In M 4 U4 14 An 0) 4 (1 = c c 3 0 Io In
CL 0 0 A4 In 4) am 4) IJ 4 I) CM In 14 C.*-

0 C VJ 0In >J 4n'V1 -, c~ 04 04
.1 0 .4 W~ go In a) 0 Inc- aJ.- 0. C4 C4 C)

4 o .4) In '- *-4 InC $4 - '- 0 0 In 3;

C0. 0-JJ c4' CAA .4 0 4) In ) = 14 C
-jJ 41 In 4n * ) V 00 X $W C- >.4 4J In 04W U a) In

C j ' 0 cV C C) 0C IC I I -4 W( 54 -4
14 OV C In 1.aV In 0 0 C C44 A 0 4J 0 I

0j 41 1 4 1' a) CE C Cz C) c 'z
44 V In P* 04 In(1 4) 04 41~ l In (aC >i 0 C)

-4 1 al (n 0 .Ai N N 0 c c 04 > 'M V w1 c CC
C! CO v 1 C >4 >4 -4 InC 0 E > In" 014m0 In

Ad ij~ '-4N 0 m0> d)n'j 0 In - N WVa -
SI 04 I I 0 In In c C- I W40 0 -.- C 44 44
-ac 0 > A E( go0 04V Ic~ Ino)I a*E v .)41

0 Into 3t( % 140 In CO 'JO0
"0-4 J Aj .Cz N rIn 01 0 4J -4 C)

4 0 1 In .0C c 0 )c 0 14 C) C mC
00 v V P-1 0! - 0 C0 CO w >

w4 C a0d1 0 W- 14 4 >1 -4 4-4 0 0
ad0 I A-4 t > a m 041 wC In 14

41 In In1 'I H H 04d0 0 z 0 In 0
0 > o( 0 .,4 4j MC EV-

0 8 s) w 14 *1 *j -4 C ' n4 In
41 0 "4 414 W 4 (D1:. 4 )I 0 4 -n In
= 01= = 0 41 C 0 0 0 0 w-4 c C-I In 0 !
(644 4j * > E-4 1.4-E-4N

0 0o > o
'-41a wO10 C C In

00 CI>0~ 144.40 > C J 0
cm0 C0 .- 0 0 t -O

*4 %. N. %



>4

CA:Z

oz

z P4i

1-41. 104

'-4 0

fad 00

0 '
E-4 0)

W~ b4E-H 0
5' -4 0 o >1

- 04

U)4 oc

~~> wa 0 ~-

0 30
00

1-4 >

000

04 zrz3
z
0

0

(-a

E-4 rCA

e~g %



4-

M 0 CA () -4 (0C

0 ~ ~ ~ 4 to ~ ).4 U *~

r -Aj4. 41 cV 0. 0
*J. 0 0 0, 4 ) %W t

*E C4) 44 --I to 0 OU4

0o 0 -4 04 X !"0 140g C4 V0 c 4.)
144> Ej 0 1. V -4 I, -4

a 0) a~ O0 U)!
C) 410 cc a c U) 0 W4

*4V C C 00 x 04 U)4

N, go 0 ) U -4 -r4 -4 41
U) >i 0 V 4 44 4J t' VCdV 1.0U

U) CfE-4 U)~ U- ) 0 041 C CO0 C >

0. - 4 V)V )t4 .

C) U)M0 U U) U) C U) U) 44j 41
41. U 1 ) >4 E 0 CDVC

*014 w 4 w w 01 w 4-4 041 MV ) E
*4.4 = V 0 U) C) V 1-4 A 0g U) U)

go 0~ 00u w w0 U) ) U) C) U)m c w
0 0 0 U)$ 4 44 )V 4 C ) . .

40 F. WU) U -VC U) U) a
'04100 1C U) 0 4).,4. U * )
0 - .4 1.. 4J~ C. U) 4 U) 41U U) r U)

> X).- 41 c C 4-4J U)0 C
...I U) ci 0 CCC- PU) 0 41 4
AU 41-4 (a ) 0 **-4 3tC > E -- P-4 CO
go . C 0.0 al A ) l *-4 (a UCA U) -A
AJ400 U) - go 'a U) 0 0) 41. U) 41 E -4

r- -~44 tor~4 U) U) -0m0. >
-*44 4 C >0 U) 00 tm -0

C) 00 C 0 U) w4 14 $4V 0 -

0 ) w *- F. 0 1.4 > (0 E 04 0) 4) U) '0
Z .-.- > -- to C..-M U) 41)

r' -4 C C) C 41 0 14 U) V 0J U) 0
ad0 3t 0 - c) C 4 =*- W 4- C

410 4)rm41 OV .,4 U)*4 09 -441 z.C
c = -V4 A U) Ul ) ON $ .-I U) 04 A.)

0)41 c U) EU) >x > 1 04 U41 M) U
E 0 > -. 4 m 0 -4 U)r a)01 W ) U) r-O

C W14 0 00 0C E -4 '0
'a O1V 0 0 4j. C 1 > C U44 0o

0 C4 O-I 0 1 0 1 4.4 14 v 441
0 VA 00414A.). 41 00 0C.-F4 C
c cO0 0 0 0 U) vU.C 00 to U)

40 %C ON .~ C 0 c 4v w1F
41U E 0 1 1 0 U) 0~)

>1 O 0 14 C C 1 0 -4 m 0 U
v- 4 0 (M C E .- ' C 044004 U)V-I
41 Ai w4 Aj U) >. 441 U) C

go0 0 0 0' 14 .0 014 U) c
L)4J~i 44V 0 0 C 41 C = 04 -4 U

.P4 -4 C O o ! U ) to 0 O -*..41 x.0 0
044 00 to C U).. 4 014410

.. 4 LA X4 1 P- U) R C .C a
4D t0 1)0 V ) 0 -4 44 40 -4 U) 4401

W U)c 0'eU C) 1 >)1. C 3 -t 0 c
041 C 0 0. 41. 0 4 C

0 .0 0 ) 0 > >1 0- 0 0

MO %94 0 0 0! A.) = c1 w0 U
00 X41 C)~ 0 1 00J

1-4 -P C) 0 ) 0 E- Ui 0 E-4 0 4..

r-I > 4 U

AS.

0 X 4. "4 AJ 0 . .*S 4J*

m5 39 u *) .***..j-* > U).



E-4 0

0 X -n

w0

w ra)
ri E-4 . -

U 0

-- '4~in C-44 4J

IQ- I 4 N I

oULO3CU) E
q 0%

344
0

0 0 i N

CO Z
N LiN

Nra ix

'vz.

140-

wz

Lid 40

E 14



Cl)

- LAJ
F- C/)

LU

-J-

S F-

9 ,- LL

NN~C -e*",,



c C4

00

4.)C 4)

*-4 4)
W 41 41.)

-4 00 to r4-)4) '0-s1
Oww c- -41-i1I 0

M 04 >4- C4- >4(

o --4 0)_- r- 0)10 cU)
C) (ae () 1= 0. W) C0 c

ou JW C1 - .4 0) w r- -4 (0 )
() c -Im a -4 m) wC' >4 >, m0 -emu1- 4) -) M) H 1 .4) to44.

CL. 4)L 0 (1) )0).- 4 C

CO 0) E1 E) 4O 0"'
0)-I E-4 ~ .41 .- ~ 0 >n(aM

O~~- M0'- :d -,q '04)r~
a0) 4) ' >1 -.4 C -4 U a0 >

0c- 0)0 to to ~0 0) ( 1-

OC gnE- 4 *.-4 r414~i ~ ) -

-' E-0 E-4 W 4 E -- 4 C E-- E-4
040 xE 040 1.4- 04 '0 

E-44 -'40 4-s 0
0)1 C -- '0 ' 0).-4.-4 C 04%

>3 '0 ) 0 '00

ZZ 0 4 0 UC2J .4 00 04 54 000 *-0C C

04 Cz ~ ed4.)

0

4)0
> 0)0.1

4) V i)

r-0 -12 rx 4)> .
-I4) C00 u4 $

60 00 0. ) 04
*-4J JW 0.-I 4)

Z1 0 4_) to 0 0'0
a 4) C0) CO -- 0)9) m 0-

4) --4 4D C) C. a) to -I

m 4) '-1 -4- 4. 0 44) a) U
0) C- 0 '-I Cx -

4) >W 414 C '0 0
4 ) (a . O -4 c0 o4) --j.0 u
E-4 ( 0) w o 4 o 0 ) 4

c' 10 W.sCz4 L.- ~ .- I '0 a

A. 1-' to4 0)4 040 C) U) 0
1i >IVZ 0 00> w4 4)w0a 4

04) Lu'0.) 1a .4a 40 0) 4 0

0) rq W C 0 E U) aCU 0) -4 4-

z Z C-,4 4) 0 01C C_ c(r_ C
Ac c LN0 u- u u Da

'0 I -400m140) uO 1.00 0 U
an) ~ . - 1.4 4 C *-4 4



-UQ'

C= C.9

cr-.

C--) -.)

* I-. 
-'

LD. LUI

LU ~ L V)LJL

LUU

Q- 
4.

C.-) C r/'
LU

ME. C.C
LL..

'LI I--

_ LU

LL)

CA L=
LL L

LU 
S

~ LU

_ -6



>1 0

>10 1

13

-0 v1

0l c '
E-4 $4

* 0 44

4)

00

E- 4 0 0
U)4 >k. 4

.1- 4

0 0-4 4
H '4) ri1 41

>P4 0t 0

,-4 4 ~ *.40 40
x C)

SH

c.. P4 0

4)4 0 r

to~ '~ w4) 0

H 4) '04) w
H ~ - >0. 0

E 0'-4
H4 CCe 44 C.r0



%0 %D c 1w - c - m m r

IL

C:$ 0 * 0 0 0

m 0L 0 0 0 0 0 0 0

*n = CD Z0 0 I- 0L 0 0

CD 0 L C/ 0 0 0 0

-j 0n 0L 0 0 0 0
I- 0U 0 c 0 j 0L C- X 0 Ii.

19r = 4c 0L cc 0 0 0

W 0 L = = X0 0D 0M 0 0.

* L (D 0n 0c =

cn 0l ME 0D Z 0 3E I--

* 0 - >-~) 0 0 0 L00
* * * 4

* - I- * * cD .. J L

T LiI%

Li L% % LL **
% I- % %

i % %U %
%~. I-pie * -



.4- is 0

0a 0 1 c
4J1 0 iC

c 41 64 A 0

ON * 0 4 4 41 4

41 c 0 0 4 . 0 C r4
"4oC- 0 PL* Aj 0 V1 4 41a

DUi V1 - 0 AJV 0
14 41 r44 ~ 0 14 ou V ~

V CC C 4.C U~ C0 0 ' OC
li~~ 41 V .- c0 " -4 V 4 04C

14A 14 Q4 4 u so 0 -A 414 a
an 0 ci 0 40 00 "4aD- 4UIA

m0.iV " 4 c- 40F4"4a - W

.4 41 41 640 0W0 0J OC4 d W i E001 0
w1.4 V4 .. 4 Z 0 " .I4 4 1 0 V4. .. 4 C
0O P- 0 0A )C r P 1 0 60 a0 4 -1C4
W.*- U- ma a~ u 6J0 U COO .4 V U *..CIVC0a

41.4 C4 .-I 0 -4
r4 ClO Ca 0 .4 4 0-, 'biO 4W.-04*0

C W~4" c0$ 0 - 4 0 4 014-A so-Z
esOM .44 040 cc - 0 Aj A c %. .0 AJ 85.0-

19-4 be 01u C 41 P- 4 t i0V za. 41 x0 i 0 14
@00 00 O C a 4 0-d M 4.4. 4) V 0 r- .4 -'4 $4 4

44 to c 0-IVO U 0 4 1
410A al4 vC le04.C1 w -u own4 .l O 41

oo 14 C-0. 0--410 O~1 1 - 14I o-44

z441 4SI..IU; -9C O44 101.10 a 14;- 40 v; %o00 %
V-4 P4 F44.'a O P-44 * P' 4 W4P4C 0. MO (WO C4 eq4V Ci C f

4%

. . . . . .
%@ 0%



- . . .. = - FT- , q . . - - -

Wr -4

aO 4 0 C -4 *.4 -4 *.a

0 54 0 Li -P 4 ) 0 4 * 0
o 0a (4 x~w 0 w* 4 S -

4 () 04 C'D 0 0 

CO 0 c .0 0 43 4) 00 -
$4 m A-- C c kvC 0
00 Li 0 0 4 04I 0 .41
.> ad 41 Li 0 0 w

0i X 44l.. 0 0 j * 4100
..- a.C): 0 0 c43 43~C

41341 > >4~ $4 0040 >c
ra 0 C (O v4 43 -,44-W

o 0 al CO 0 C- 0
w ic 0 41 5.4 - V-4 -*4 4J

C (1)* CO V 0 0.. CaA m r
0a0 r.4 -4 0 a4 0 0L o 50
Oj( 0 4 0~ ~ 4 .- 1 0 1

04 C- 04 .C 00
000 >iO 00 0E4C 0

.C -VU C. 4 3 C4o 0
E-4 41 C 40 CO 0 ad o -

ul 3t %.4 0 rI w to 0 0
U4 to A50430 C 0 0.4 $4

Li z 41 3-I 0 .43 . 0 1
Z 044 -V 0 0 01 =

0 0435 0 = >0 C C -4.4 40

.1 43.4 0 C e O -I r-4 0 - 0)
0 Li wa z 0 -4 .C M>1
> 1 Li 0 >0t 410 C .0 0

W 34300 goLi 0 r4 -- I OV 0
C- *1-I 0 0 04 4 5 00A

> r33 c 0-4 0 0000043
Z *- 0 14 t V' 00 -4 0 *41 Li

.. ) 41 >V- 4 04 00 . 0i 40
00 do 0 0 CO C-AC *

63 a)E-4 Co >4 00 4 C 4J 4 m
bi *-I 0 C~L - 0 00 -44Ir 0 -w. L

1,a) > 0 4 - 0 43 M- C.O 1 0 0
434 >0FA-A 0) >1 cU) D0 ZO 41

0 z Z 00 0 OV A O4 -4 )0
Li C 0 Z w E4 9 0-4 MO r-4 00

Li4 -.4 4J 0) 0 0-m 0 4N 4 .4
E-40 0 v 0 10 =. i 0-0 4 Ctr Z $4 -A -

.-a 0040 C 0 431 0 x C 0 c 0 CC
Od 4 0 -4.. C VO 00431 X F-04
OAI Li 4 L-II 04 C) t 0 w r4

8 0 00 C 00 43 .- ai 4Aj > 4)A w 0 1 -44 4 w -4 0
M .00 43 0 > C -4 0.0 nUr 0 1 4 .4

4 >1 m M 4 040 >4 CO Ze ov
O C M %L $4 4) rli$ 41 -I C U ) 0- M 0 0
a-I 43 0 w v u a - r.4 -a. -4 z P- 0C-

0.M -4 0 > i 0 0 I0) -1 - inC

L 43 0 *- - . 4 a .3 1. 43 L C

C 'aE - 0 4 -I 0 4C 43 0 0 0 0 0
$4 AC 0 c 0-.I > i 4 C 4 30 u 4 1)4 C

H 0 4q0 -' 1 43 0 0 0
.m >4 f~ 0 -4r-I -P4 00 C C- - 0 >

E-0 -00 I4J n 01- d0 44.. COO r > 004 Co
IC 0>0 a--4 V >t 0i- ad-J-- 00 -. 4C

N H 0--' CO 0 V 043 3 01C C I4- 0i

04 $i C -4 4 Lio C 4 4 -. 4 00 > 0 AJ - 0 LA
2 Li 5 v 0 -4 0ad * 0 W -a La Li > 00f

Li 0 a ) 43 Li 0 >40 1
I" 0 C C 0 4 La 440 0 43 4 C La 0 > > Z

' 3 *a 04 w 0 0 0 0 C 4 0 C 0 0 .0 4 C1 M q U

004 V m Li 04 0 0 C
Aj.4 0- 43 0 5 C 04 *.4 'M 0 c

1-4 Id WV La C - - 0 ad 0-4a C 0 0J [- - -- --
al~La.~ . 43 1 a v z to r FAIf

-. -4 4 j 4 0 ..4 N

> v m 4 4 ) 'N

'm c -4 $ -. 4 = 44 41 
'

AP;H 4 .%

.1' ~ .



43. W:7 *l q:V7 -.. -*- 7 779 17 IT

.pi

ME.

LLI

- 9

LL(N LU

- LI C-

LLJ I- -

LUJ LU L .
L.) >- I- r. -.

0c b-0 = :l

sc 4M Li - C D - /U

=U 0- U..
-- I.- 2m _

I-- I- 0L =~ = D>1L c

LL a- c. t. 6-0 LLJc

CD 0j -C J*
2c C). 0J ~ -0 0

I-

LU ~ LU ~ LUO



MO $4 LV
MO 0 00.%

41 0.

CV0 V ad r

=~ w' 00>

$0 >1 41 0V4 -0
0 0 4 (31 t 4 " 4

1 .

4 ,A040 V
Li 0 'i) C 0 0
00 .0 040

4) -.4 C) 0
4 0 0 0 10
0a > X 44

01 .4 a . C
41 a, of 00

V 4) V 0 0 9 0
00r- 0 C) 41 w 0 i

HL 04.9 -404 %W 0 4

z 0s 0 4 00 Cp
o 1- 0 04 Li 0o

0- aw 0 4. . .4 V"4.1 C
0~ "0. 4' c

E-4 4 C i .4
W) 00 J 0 AL0
U) 0 toA r-4 4' 0 0

0 4'4'41
0c (a >.1 "

C)1 V 0 .. 1C
c i-IS 0 10

00 4 00 0

0A C 0 A 0 4

$a m) 4'0 0
44 'N Li 00

0 0 > i "4 $41-

c -r4 Ch 44

00

04 go . 0 i FA kv 04
"40 C40c04.1
c a >1 .14 C to0
0 o r-4 0 L

a a i 0,
0 0, (A4 0 0.0
z -c 0 c . 1 0 V z

..4 C% .4 0 E-4
Z~~> cOC .10'

.C 0 ) C C L i c C A.
-'A 41 E-4 00 >1 . 4 E-4 C4

tnt

41% %S* 9 **$~~ ~\ % .% .*% ***'' %N . -~

~ %~' ~ %h % %..................



urj

C,,)

L&J go

fI- cc

(-3)4

oL o

I, cc ~ -

0 C - .>0
0.. 3r- = a=

%0 j w CD# = %j-
= (-. C.)0L.

-l Oct,.4 
.

CieI 0
0 LLI

LL Li--C.

ao~. La _j

Ll bCo 0 D IJ b- U J
= =. 03 I-

CO
~~IC14

LU I- I- 0 I.Lo

% % %~ % %*%
V-.4



4j

0
-4

41 .-
0410 0

E- tw 0 0
04 W -4U

0 00
0-

-40 d4

0 441

0 1 1

0 w
4 0-0

00 4

0,
1) 044

00

0 L 0

44 to W

0)4-
v 004

41.d 41 x
41

0u' 0

-4 * 004

A0 w .1 0

0m v to
4CJ 2 41

0. 41
l.a41 CO

F4 "4 d.

01Cr- C

0 L4 0



LUI

I-l

ClI-

I-e
C/3

I-l
LD 31C

CD -j LU
oc- LU

= ..) CD C >.
C/), - me

cnLL. I CA-

- C -. LUI
I-LU L

C I
C-
I-

cn C C) C .j

I-- LL- 0-

c.%

it X-



4. a

0
0 41 0 00

00 c
40 04 0i-

0A01

04 0 - 0-
FA 0 4Sa i

0 0 c 44 4
* 4V 00 a

0 0 w 0 0
50 0

'40 43C

*- Ck 0 j4 OA

4 > Ai1 00c
V0 CD V -- uIw 4

C 4 c 4 -1 $ 4 0c
z 10 43 10 W 01 0

C4 0 4 0 4

a 1.1 c r)43.N
.C " 0 w*4 43

41 4 0 0 U t
P4 C W S j
x 0 0 ow 0 41

44 0 C .c tv
>4 4 4 * 3 . 45

Ak 0 0 >43 

Ll4 C bAj E4 0

0 "-0
V 0

0 0AA w

0

0V -4 >

0 A0@
V04 0

43 w 4 03A43

0 5400 C

41 0 05.' r-
0 V rA tm

430 A1 0 I



w cn

V)LLO

-LJ

'-I--

LLJO ___L

CL *D - U

U.I L&i CDU

US rl 014 ....%

oD dC cm U1-1UJ

I. 0 0 w Si ft %
-l CDo *n I-/3.

cm -r Lo-

coo 3r. C%=
= - 0 LL. cm

=j 00 P-4 czC44CD
VIII Li! -c -

=~- VA V4 I~- U

0L .c' V 0 U-
cn c D LCD 9=

(.0~ ~~~ Li L 0.-LU -5

-L w Lii I-J -

C2-I

40.

%%



.C to 0 01
4)' tie A w t

of 4 I ..4 -
$~)0 to0) >)1

(A u. 0 0i C

0 ) 9--. > 0V.C
SJ ,4 io 4

41 00 >0 )g
.,4 -- 0 ) 0 0

.0 go 0 *- 0
0> c 0 0 14

0 4 0w
0j -4 :3 *-

-04 0.C to 04
0 O 4 4

to.- 4 0
C0 44M : 0 c

*b 0 Li 0 1- 4 0

0 '0 41

0 0 %V L

w) X -4 c 4
01 c .4 ,4'

to (a m
t70 - 0

tol Aj C - - 0~

$)*4 AJ 3) 0
r- 41- )

C) 0jJ -1 0) c
0 C~ 0>

4) 0 00 ) 41
0 E .-4 C
*U)J .04

41- 0 0)
44 H% .4 v Co> w *

0 W 0 -4s~

014 4 0 > adV~
4j) 0 Ui 00

-4 14 (A4
-441 4 0> 4)

C. C 4 Lj

-44 0 Ooc 1

4) ).. 0 0

r44) '0 L 4>1

00 >1 '410

A0 0 V 00

.C 0001 .C4.44

%- i ) I



LLI.

cn0

LULL

= LD

V N.
LL -~1%



Agt

w

0-

I'A

0



EAJ

),,

E-(

0-

1
I

U

,, ,, J s - ;.- ' -. *° , . 4 ~' -• ,,, -,.4. V * " . *. . ,J * , 4".. V' , . o".'., ° i" . " .. ' . ' ... ,. . - - . .",('- .. . . *-.. ,, . .-.. ,,, . .- - - . - -. ,,,-. ,,,, . - - ..,.4 , . -. ,*. . . . - . .. . .



0 ci

W W -. 4

0 4).

> 4
414.F4 9

.- 0 d

-- w

4 ~ 0 at.

ca 0 r4 =
S4JE-40

.3 0 0

31 -4 *.- 0
-4 0 0

A E- 0 4

L0 r- 4

*1 C.) *4 0~C4

4,0 01

'. a C -4 4. A

0 )

~0 414
CV4 V

41

% % % ..4

N-4 V 4.



4.1

ul Lo

oLi

CP-1

Ia-
LU u

- ~ ~ 3 I-c I(.

0 LU r~ I

LUO

------------------------



0 0a

>. 44 tl .
c 0
to CO

Of0 0

C04 c -

j 0 4

.C 0 m -I
CA 0 G)

z 0>
ra4 0

"-4

.C W 00 A

64 04
sJ A i cw

00 0

,A 0 0

1-4 0c 0 .4 N

w 0."

0 faO

0. CO C)
044

0 w X 4

0- 00.0 -0-,
U) 4 40 OA C-

414 AC 0 4

.0 00)

*-4 W 0 La 4
Li 0 t- *.-4

0 S44 0 0

CO %'



4.'.

C,,C

LJJJ

C,, D

I- LU LU U

LLJ _ '-

CD 0D LL..

C-, LU. 0

0D 0-

*13c



(A >1~

0 0A

VW4'00

41' 0

0 C *- 1
E-4 0-4) 1

04 4 Ch -

0 cl 4'~

>1a w 0

,~ 0 0

Z 0 0 w -
% ~4 04'

41 c 0 4 0

'w*. c 0
U) 444'0 0

U) ol 0
:3 U 0 0

44 0 sC c43
C -4 to

I-. 4 .' Id c',4

41 Aj OAd
oc 0 0,

0 0 4

02%024
*..4~~ %4.. %

02~ ~~ %4*-4 0



.4 ... to

CD.

LL- cn

LI..

wD -.cnL

Ih-

L.

>- CD

oD Uj

CC-

110,



0 0

-1 44 01 P-

06 2.0

CO*.4 00~441 -, CO )
0' V 0 0

C4J1
060641 ..4*

H-- 41 ) 0

0 4) 40

ra -4toa

c 4) 040 4%0 0 ..4 0-C04 ., ' C 0 C 4
H 4-.4 go tv - U

4 1 U 04) (a
0 4 C .

"4 to-4 A.41
64L41 V *- 

.0.1
Z l % C~ U40

U) Ot- -0 0
0e 4 4 00 CA 0
U)0 4 LAM

0 0 0 .- 4' .4
0 a L 0 0)..,4 C U) tO (A -

4-4 4) g
4 'ULa >)

be 00 0

8 w)- 4 )

0 0 4 0
45 , ~ , 41

go A 41 -)*e c
'U 04 0 -

OC IA .400

-4 4 Of

41... .41
-4 .0 La 00t 4 C-

m.- 0 P a

fa -410%W



IL
I--, LL C

-J CD/N

CD LU-
LLU

LU .

000

0 00

V .... . ..

% %

lv-,200



A 0
0 4

@ ) 0 3t~

ha00 10 0
C...4 -a04 L

0 0 0 w
A 0 0. IAA fa 0

O4)4 OV 4)

44)~ 0 AWa0
-. 4 00 >q

* r 00 OF- 0 a

*4 -.4 o ~ c 
4

'd0 04A ) *- 4

0 Li -) C 4) 4)

o0 5LV -4Ji L
Mo 1-4c 4 004)

4 A 0 00 C r-4 44 3
31E Li - 0j 4 Li 0

zA 0 ) 00 >G03 a c ) C( 4 4 -i 0 N 4 Q

0C U E~~ x- 000 O44 04 " WA!
Li C 4 M 4 04 0

c 40 0 0 w10
0 0 3; 0

0 0~ 00

3 , 0 0 C) 00 41
Li 0i C )

-0 OV a A w 0 41
> 0 0 0 c Ai

i0 C * 0 - 1" >0 0 0 1
C i 00cLi

F oAC) 4 10 aa~

C w) OC) 040
4) 4 W -W C m

'a4 ~ 0 0

c 0 4 A 0

C A U L i -0
.C 0 Li v W u4 m ) 0

4q a' 4) )0 C) X Li

4J ~ ~ .. "-A A



- U.

LAJ

LLJ cn

UL-

LLaJ

ULJ

0-

LJ

1-4

L.O



0- 00 z...
0v 0 4'

$ .4.. 41 0 r-I 441 3c 44 0 41 41.)
0 4 0 -4 14 0 '-4 0 $
0 44 0 004W

C 4' C j 4'i W $ 4' V.)
0 $40 0 00 C Q) 4~

0 0 -- C4' 3 1 0 Co
04 0.-q A.)0 w4 ) (a 00 CO

O = W 0 4J ) Z C 4
*-.,q 0 . - 0 41 0

04 04 0 * 4> 0 V-

u1 u.-4 0 A C AS C 44

c' 41 A 0 E - - 0 OW (D $4I
w c 000 40 0 $4 )a W 04)() 0

00 0 -,C 0m - 04' 30 C44
-'W C4' 04- -t 4 0 . 0. 0*U-' C

0) 0 00>w $4 OW cc 4 0 -'
4j C -'4 4 4' 30 4 W 01 U4 00 04

4j >444 . 0 4 to 4' 0 4.A 4
4J -4. 3 4 0 . 4 J W 4. > J .4 CD W W)

> 0, 4j 00 0(D 03 I.i$4 U 1*. W3 1)1 0 CJ

11 C 4'- 0 4JA -~ $40 41. w 04
=' 00 .C 0 $4 04 0 0 0
024'w 00 C 4= C C '0 0$4 .C Cj

4C C Ofl -4 Cw C> *- w 0 ~ w
4 1 4 00 0. 4V 0 mV 4J-= t0

0 0 3t4 $4 0.4 )-I 4 00 c
4 41 00 4 -.4. 4 ' 0 IV ='. W )to

34' C O.C 04 0W C W"'
of '4 4 c- 00 10 41 J0 04 .4V
04 CV1 0 4'4 c 1t4 V to.
1 0 ' C *' 0 40 w 0Cw 4 m W.. 4 04

0 4 0 -4 *. 01 0 $4 to 44 9 0e
0> 00- > 04)0 0 0 a 1 0 W 0 10

0 c - > .. -wV4 0 itn r 0 4

ol- w 1 $4 ic w4 $4 W > cO u W
c~ 0 04 00 4 0 000 V)tv

$40 3:44 0o.0 C .C =4 0 O V
(4 X H C -4 00 ' 0 4' il c jc

0) >i4 L, l 0 04 - 0 u) W 0 o
0 4' 0 o0 0 4-4 00 $0 4' 0
c C 4' 0 V0 d 44 ' 0)*lC L C :j
.490 0 V,1 WV O0.C 0 3000
alwO 4-40 4'w $40~ 4'M4E0 W>

C % M4 m. $4 04 4' 04. W $4w 04$ C
0a 040 0 $43 uv 4' C9 C4 0 $

c C -4 01 0 WOO 0 C -400
0 041.-M 0)1 (1) '$4.w C 4 0 4

.4'U 0 0 4' 4' 0 -~4' 4J 02 >04
4' C ) 04' c W) c $4 z 0 a)3t

0 ', -4 C 0014 v 1 Ic > a0 0
*4 0 $4 Of $4 D tm 0Wm j W4'

00 cw C) $4:$0 4$40 01$4
> 0 O1'4 V0 0 04 01CC 0

ot00 41 *-4 4' c 4' 0 4 C- 4' c
C $44 00 4-' 0 4' W r XC C 0 0

00. C 01o 443)t0 > U-,4 4) -4C 0 (L VC
C E Z~-4 0 0 Q f0 fA m 00 $
CH-V 41 o1v wo O ~ C4' W-.5)

'40 4' C w 1V41 V. -4 0 0 .4 cOc .
01Ni$4 i.1 t 0-r_40=0 c C 0.s. 0 0 >4

04'j 04c c 04 A3W 0 C >41'41 cO 41
0 0 * 0 0 =W 00 $ c -4

00410 x4 . 0C 0 C 0 ->

A)04' 0 0 OWA V.-'OV'- U
-W 4 4' 0. ?A4 00 20 a 4 01

4'g p4. 0 inC W.41 04
0 w to 31 E 4) 4 CO W4~L

W 40 W~ 3 0 -40 0 $4

04' 0 CO oZ t : v >2 44~ 44 IN
to 030 0t 07 3t 1 v 00 44 4-4 4 LOA

4' $40004 60 % to 0 v 000

%** % ** '.v %.- .



LLLL

>.-

C) CD

>- CD

I-L

CIO)

CD -L -

0L -C-; - L
>.~u~ I- I-W

-- :w-I-

0-. -cc LU

00- C,,3

CD CD..

LU 0

-. LU

r~m m(') a-II-q- I



0 0

0V #a 0 o
Aj Ai 41 c o

10 (a 4 U)
.4 C 0 0 O

AC O.1 r. 4) 004 0
m5 0i ' 41 * -4 C. .-

k 0 0 u 0 w 0
(AU) 0 4 41 4) cc- x * 00u 0

cu U ~ 4' >q'
0 10 4 4V ' C O 2r

0 C 4) >q 0 '4 L
-4 q 0 0 1 4) .C c Li 044p

U) -0 -i Li 04 U) 0 *.-M 4 r. 440
toL 0 >U 0 0 0 Li 01 co C
U010 0 4' OI 00 r0A WO O 0

-4 wV 0.C 4 a) 0 I 0 c 4
0 0 ) i -.4 U) 41 p 0 to Ac (o -

4' c- 41 C1 U) 4) 4-4 c4 w- C :3 ,..
U0 0x 0) cV 0 ) r4 (D ' M

0- 4) ) 0. 01 '14 04 C :44
41 C -4 w 4'- 0 1 0

Ch ..4 0 ) 0 * Aj wi 0) c 0 1 c
00 Q 0 $ C 0) 0-4 00-r 4

Ai .0 000-4 ' ,4 00C ~
m- C4 O-i 1) 0) 04 ' 0

0o C V C 0 10V C- 4) 4'
c4 *.) 0- 0 4' Li* ) 0 C' C

Aj- 0 t 4 o- 0C C --4 4 r 4
= 0 -4 0 Li 2 4 U) 0 0001 $

-4 4.- 0 -C0 C ccCla C i C- a4 4 U). 04 01
0 -E- 04 -- 1 0V 0 4v 4)N

*0 4$4 . 4 00> 0-A4' w 0

0 9 I V LiQ - = 0 44 0)CO
Ai IVV C o 10 . O 4 CC Li4 $
ff4''* 0 4 -- 4 4 C-' 0 ON C) 0

00- t c j 40 4'VO ii 0) C)>
41 4 Li 41 C: 0 m c C- 0 4 , cc4 40

-4 0 4 1 go- H Li sw 04 La U
wJ V4 C U 0 C4r4W 4 - C Da 4 0 4'
214 . 0 '1*-i to I0 '-4 0 ').0

c.5 kv Li Li 4) 0 ' 4 4 0 = i c V

A' Li 0 V 41 r 4 4 4 L
0- i 0 Li -40 44 Li C C4 041

Le0 c 4' Cj Li CU . 0 0 0 '-( 4
t 4 a Li 4' 04U V L 04 0iL

to C04 44 0 4 i-4 -4 0 U) -0 -H F44' C V
wU 2- 4 4' 20 Li .4 cc q Ai 0 0i V tLiu 0 0 B) 041 ad C ) C 0) 0i - A 4

4 4 wi 0 4 C) V.) C o~ a) 00 Ua4) w ) Li4w
s* 00 000 4 ' 0 V 0 C) OO -

C ) 44 ., 0 C4rC'' -4 - C3 0 -M 4M-0
Li0 0 w4 Li 000- OV4 zL0v 0 4' 0z 0 .0C 2) of V 000 u f-4'0 4

4 04 1 1 4 v~ 0 4 U) 00 4' -4 -* -). - C
* 4 LA 4 0- 4 Li 00 0- U) tv 0 9 0009 0 Li N 0 00 t

1-o Li 0 C 4 W 000 X U 04 CO# C 0 E-4 0 Li - >- -
wV 04 0 atE 4) ) Di to0 I

4 rq 0v 0, L4 0M.40-4 C N .- O
U w 04 0.44. U)> >O4IN

C ' m 04' 4 00 U) 00 4 Li .C 04 M 4
0~~~L a0 )E4 a 0

%5 *~ S **



3C LUJ

LLLU

LUJ

I--~ L

L) ) LUJ
CD,

a L)J

3C CD I--

00 3c0
:r_ ~ -c

CL L.)
CD - U I LUJ~- LU C/) Cl

-LL- LUw

C= LU .CD 0L.
-LL. - LL -j LUJ2 l LUI LU

3c~ I- C-A LUJ CC D

-J < 4t L 0
LU LUI cc >-

-1- 39--- - ..

LJ 0 0 I- 0 .0

- - L)I

4U..1 
. L

0 -. 1 L ~ 0 I

-I I ~ .) ~ = - C..o

% %~~0 U ~ .
0 ~-~C-



z0~ C 1 4)

4) 0 >

00 to 0 
p.

4, U

0 0x 0 4)

0 go cV

'40 C 0

000 0

00 C C C

v, 0
O 0 4) 40

0 0 -4 La41 r

0 a% C
W C

41 .1 - 40
0 0Q% 00
0a C..0I 0 U)0~

C 0~ 0 La

04 4 .'S

OO0 14L
W a 00

C 14

0 w La
4J4. la 0

00t
4.4

>v 00L

410 1.4
00 LaO

0 041

03

U) ' 4 L E-4

U ) - 0>

4"4 La L41
40 0 4 C

0 4) COI
X 00 U 0 La

0 La 0).) L
O~C c

r4La U-410

00 . .

%, %('
000Z



A0 4

w

V0

4j0
0 *41S

to a44

S0

41.
0 m0

41 go4

1

04 0

4.4 .c

541

I-I 0 41

., 14 0
* 1441 ~to

(A -4

U V~-%



LA

CL j -, . .

'.1 C) 4=-.
C/, LUJ

Lj .. LU - D
- j
4c ==. c

__I =4 (D 0

Cl- c- z

C-D LL )C 0. LU
/) = __ w C-) 4<.

I -_D

0L

LU LU L
% % % - L. 0.



E- 0 fa I

toI U w 0) 0 ad
~ )c I.) 4 ) to .c 0 c

.04- ror. -4) 4) )
WV-I 4) 0 4 >0
v0t t oAe 4 0 .0 .-

CV U)0U 4 4) ) 0 C

to4) to 00 0

Q.. -.4 V
44 t4 r4) u 0> C

> to~4 0 to1..
004) jCwIO 44)0

.C 01C V 4J 04J > r-
4 'a 4j M 4J -4

c 0 . 0.I U) 4) % 4 o
C4) 04)0 OV >4 N3 .

r- : C 10 U) 0H 4 toh.0
U) 0.4 0 4.) (a -4 0004
401C 0) 0- c o

0 0-I w 00 CwU 0 OLA
0-4 014) 41 0 00 c

E4> 004-4 V4
4) V ) iCLW4)0 4)m c

0 0 cO 0 C )r
4) c 0m C 01- C .- 4

U 4 .1.- 0 l4a 0
) 01 N ~ 00 ~4J 4C a0 ~~ 0 c - - k 0to 0001
(a to F.0W V 4 ) 0 4 1 $

0 C) w~ => 04 Vt 01
U1 00 0- U) V Vj 0 O

0 . 0 4) C Co 'I C l) U)
-44 0 4 ... c c -4 C e
to4 0 ) 4) 4) r 4 4 = 0)

U) -I 44 0 ca44b 0.0r
>4 M E-4 00440

U) 0 0 1a 4)- C c~
I3 44U $J 000

1z 00 .) 0 0Cto C
be (0) ) 4) to))0014)1

14U.. 00 .4) 1 to c
0 1 4) -) 00 COcc~.

90-4) 1 04 -I >4to00F

0. 9 o a V 0V N ). 1.
WC> U) 0 0 0 0 (

44 W -(d- V) N>J - 0 0

-4 O U b C m 0- m I-1

w .. 0 0 4J 0 4J
00 - . - = 0 0 C
) 4) .41 a Z 4) .4 0

W J 0 4 0 *J 44A0~ .
0 CU 01 ) 0)C) U

m t 0 39 U) ) 0 a l W V
4)0 : - W4 0 CA U) v >

fiac C-I 0 >qO 4) w t~
0 - C) P -1 > 4.4 0C
E-40 to 0 t0 4)C 0) C

01000 ON lWa. 00
.C C 4 )U 41 m 4 0) 4) C0

4v' 41 U 0 4) r r.. -4
v. .g - - U) 41)
0 0 U) 0 0 1 c C 0 0

E- 4 - = 4J 004)0 44 -4 4)
W AJ 0 4J U)U W-4I 00 1WU

75 1
% % %.N



LJ

LJJn

C3.,

C-, 0

LL CD -E L&

I.- V) 4c-

LU 0



2w

&J

I 4

E4-'

O'aS.

*4.4%

t- . .~ ~ . 4 . .4.~o*d% .



4 0

0

0 C0

jo 04

-4

'-1

-MI ~-4 0

m> 41
0 4)~ 0

0 t 0 C U

E-44J o0

0 U)
W4 -4 w'i41

z 0
4j3 .Q l j

04 4 0A V to
0) 4) 1-4 0

00

-44
4J

41

41 *

u00

- 00

41J~4 C to

4

0 000
Aj "4

0'% 01
% %4



00

-j LL-

LUL

ILL
(3- LJLJ =

LL -

L.) -S-

LLLU

I- LU

-r
~- U-

0-0

L.*.



4J 01

oj 0 0-4
c)0 *41 0)

0 ft0 toC

4)00 0 ~
c0 SJ C 0

0 -4 4) 1.. -6
A* *-4 Cj to4)

0O 41 00
04 0 00
00 W44000

- wC 4) - 0.t
to 0 -4 41 0-
4) * 4) 0 0 OA

0 c fa 4) 0

V541 CO s

ca 4 0. 0*t
0 0 C4)0

S0 0

.. >1 r- > 0 C4)
0 0Idw0 w c0

0 d

0004 0 -4

0w 0 w5jO

41 0 w~

Z c 40 al~

0 0 44 to I 0
A 044 0 0Ib 0

4)) i C0 4) 0

00 to
0 *C 40

o Asj d -- 0 4
I -.4 :1, 0 0

*0 C. I0 r
04)t 4 Old- 01

0p 4f 000

% IV)



%

LL-

CD LU. cnC

>- In

am Lo
I-I- - D J

0 0 -

% - %

~g = -



V*

0 to
'-4 0 A.)

E- -> 4-A

UU n

0 -4

0W

0
al

U)0

E-4

u 0 4

C. 0

0*4

Ai 4

ILU) 0

0

% %

o % J.0



oi .4'

.C2)

L-J

%S

Oct Lai -- 4

LLLU
LUJ

-- cn/

O:r LU
Q-

LUL
Cl-,

LU c

I-

I- LL

2,E:e0 0 LU-



40



f. 0 C
4j- 00

0 E- 01

., 0 41

*r4 i E-

(n r- 4

$4"

00 0
04 0.4

S. 4 J 4.3

I-Iv 0.I 0-

04. 00
* ~~ rz C) i

0 F- 000-

E-4 0 >

Li 00

04

rx3 -0-

*0 0 0 4.

E4 00

%z 1 0

044 00

4. 0 H1 (

rz 0 0 4) t

C04

E-4 L -p,

40

4 0 4) 0"4
4.C) 04

01 140%

% I 

%~



7.b.

LU 
*

LU Q.

cz LU -

-L Lo 1-01

We LU_ LL

I-I-- oa
I-_ I--_

06-.

LUJ

U'a'

LC'

LoI

%-

JI. 
a'.l



F. . 7 -- J

*w C) $.4 01A
*j 4)0 00

4) c 0 ( 4
4 H 0. 0) 4) A ) o

4.1 V1 0- -AC 0

Ig 0 0 4 )

V) 144 1 :3 0

410 ->4 C ic w ) 41

r-4 0. 0 j1 V1

4) Cl ! 4 U
.F4 > CA -4V i
r-4 G)p f - V D ) u)

.,4 FA U
,-4 A V r4 V 4 0
4) 14 4) 4) 4 41) .0

-> 0V5 10 w. U

-. 4 to *VV4

! 0 >1U 04 >
4 ) 0 $44J 0 ,

H -04 V .4 09 4*-
if 4) 0*

VV0. 0 0V 4-

-4 ) s- Cj

dA( w4 -j*4 =1 0

> 0 go 0 -4 -. 41
H 4.1 '1 144 - 0

E- t 0 V 0 C 4 >' V
z 4) 0 0 =0 to0 1

W :3 4J 54 4.4

P -I to00 V 4

0. -'4 N 04
0".o -4 VD $64

C C V

Az m 0 0 ~ 0> 4.1

1. C S. 4u-1 Fj.1
U) ~C ".4 OV V I O U ) 4

U) 4.1 V 0 I !if1

- 0 C U41 C4 5 -p -4 $4

0 V 0'-4 M.04- 01t~

04 04 04d04 0
S.. ~~~0 i C).4 0 CQ 44

0 od W >4 -4 C 0
0Mr 4 .6 IV 0 0 U 0

> 1 01 V a m - ul 1 w4. C

f4 4.1 -00o C C- 1 04 w 0x
-r -4 4 01.4 4.4 -r4

4)V C *4 V 0 V > 01 to

C) 00 ) Oo i V)i

W C) U) -4 io 39 WC ~
E4 V V wi i..'4i C4 r- 4 0 to

ca to 0 L
gf V '44

r. 0'-A r44J m e L

Aj F- W %-1

V r 0 L
if4



CD-

LLU
COO-

LU -J

LI- LU

Cl31

LU -

LI-

LUo
9--

LULo

A- Aop,



r-4~

0~ 0

4 ) 144
U)4 0C

QAJ C
DO Lto U)v

D A >

0 Cm

CA.-

4b ) 
Ln

> W e EU 0 4

m-4 ) 0w-4

0' L

0 FA C

04)

0C

U)4 La

C C% % 004%



.49

-Cf.

LUn

6--d

C-,

I-- L&.

% %J



4.4

0

C E-4 0

) 0)

$43

0 41 i 3t.

0 C0
0 41

-4 I$4 0-

t0 x 0 EU

z 4) 0-4 w
H1 z .C v . 1-4 )
EAl UO M 43U> *

v 0 4) 0 0 = C

>13 0
(d -3 * 4 C44l

go)C ( 0i >t04
- 4 04 %. 0 U4 1 cc%

U 1a)0- 0 4 43o 43) ..4 > 0 4
U) 0i 0 0 U1 0

U C 00- 0- m m 4

oO V 0MM-4 C
04 la ) tola 0 ) 0

L ) C. 00C 0 E.

0 4 - N0 U) m >
oPU-4 C 0-4 ru 0 004

> 0 4J O 0 P-4
04 * 4 go"4 ~ > 4 0 I

39I- -). 4 C0 43 U) -4
043o - C v ) EU . 04 U..
M- 43 w~0 > 4) '0 E.-4= .r
0 4a ) C 0 .C 04 0

04 U 4 X0.4'.0 0 uC 0
0- c) ) HU $E 4

O 3 4 4 3 U 4 4 w

0- EU E 4) U >

U) ~ 0 343N U C C 04
r4 a wC~4 00 4

0 EU 14 0 U--

EU U ~ 4 43c I

'- r-4 ~- ) )-

) *4 04 0 -
00 EU G-'8 C '

04.. . .U .U 0
0 CO C) L%
l~a EU %



LUJ

LL-

1 C

C-) U' Lf , C ~ i WN ~ 1

LL - C - C)

LL. >- uL L-'
LL. 40c ccr

Li .T~ 1C r-4C cCL LL -4 =, C CD

< LU C LUJ LUI C/
C 3c U. :z j C/ C)

C = C LL. - ' LLL.LUC2 .. J C C C I

- Ir.. C = = wU 0..-
cct-. LL lc Lu -. SLn

C'w I-_ -_ I--~

CD . LL C.. lC - .
0... 2 LU 3c- C -

C 0- C, I- LU 0
C/) L LU Z w/

LU C. C..

LU
.. J LU C
LU I--L

Cn LU)

C114

ocI

" % r %

%.-

0%
%



~'!1l'~~ !. ~ 1 * ~ 3 ~*~ *I. ~.. * l 1 '~L~'V ~ - L

... .L

LLLL

cnI-
LLU

L LU

LUJ

= I- C)
LL 0.D -C00
0l C)) LI.

0L L. 4^ LU LU
3c. LLU Cm

C. C/ C) - -

tm~~ ..J -it
LUJ 03.. C/) CI4-J LUJ >-

LO LUJ LUJ v LUC. I) *L -)
-n LUJ >- CL I--L L

I--I -

Il I-LJ >
LLLL

3c 00 LUJ 3c .. L

LLJ cn 4= = CJ
3w L~ ( j : X: C-- L0 ..

= >. 0g -j C L D .).i
CL...

C/) = me -CC n 0

ClC

-14

% % %. -6.% &~~'.*
% '* d* --. * *'- n . * *



X: L

C CD

-c -cc
L.) C= CA -'J

LLJ
W cc C)

0L C/ OcLtL)
- ~ ~ C L. C U -

I.- -)LJ C

az C') L-

CD CD -O

q-- -U Liiz
CL C.' C: = - C.

I- -

0 - LUJ

ALL C - LUOJ
- LL .~ =

0~~~~L .L0.LU C' k
ac u) )- Li. L) L

LU ~ Uw C

ICC CC/)
:w 0- ><

-j <U C/) '

> -j cl C.. C
wU C/ 4t C.) C -

oi C/ I-- w. w = C

= C=' CD ~ 0
Oc LU .- ))

CI, 0: qO: W- w U -
U- C j LU=-~ L - I

ui L) c LU L C C

L.p If lp W* I- F. %U..~ ~~~~~~~ %.J~O L . C' U ~ L

NN

V~m



-. V- A --

C0 0 4)

w 0 41 0 W I4
bAj C f 41 

to41 0 r
to C O A 4 -

A 40 W1 0 9 44
0u-44E-'CJ0 4

SCa - 0 40

01 a 4) 41

z .0 C044
0~ C 0

0 Li40 c C

Li41 0 OV.C.

Z 0104100

to .1 f 41w a 4 4

4a1 41 Li U*'
S41 0 CO 0JU1

041 4Ui

0U 0"4

N 0 CW0 0.~

41 041on0 LiOi 0-l -

4 040 >

0 0 004) 0

0 i041 WOQ

0 41 0 1 0 j to0

>00 0 04
0-4 t 0 1 * 0 0

-0 ~0~ v . 0
IA 0 1 4). C C 4

Io 04. 0 0
.. 0 V a

0 0 v0cMO 00
C6 41 Vu-$ I

0*u L 000 P4
4 m4 0 p Li Li Q 0

U j V 0 4 -C $

SC% %
u-I %W %' 0

0410 0N .C L



LU J
C/) LL)

L/) X I.

L)L

CD,

.. J LLJ

I-- 3E: LUj

00 0

4< LUJ
b00 LU

meC'*4 LU CD

-

0 06

Lo.

LL



$4a

0a .c 0

S 4. 4 1

0

to V 0

0 0.0
W 0 $.4 3t r-

0) > to

0 )

(d. >iC41
0 C~ 0

~ 000
-4 -.4

0 C w

0 04

1-4 ~ 4 0 -44>

f.41h

> ~4 V0

41 0

V0

0 0j *

WI4 C. 90

0.-401% N
% % % % %*-

%~U %. %

~M W1..M%



- r r --

C=

9.L

'I?)

II

i L C CD

CC

LUJ

I-L

*L CD.,),L

LU LO



-7 7.

$>

4 tto

Cl--

LLI.

-LJ

'4%.4

LUO

LUo

I _

LU%



41-

.d' .. -4 4

0 U)

4.i

0) 4

9..

ed --4

4) )

.a .C 0)

W 4 >1

> 44

0

>40

0
E-44 >

41 0

--J 0 C ,

toV 0

0)

4 0 1

.4 9-4

00C

.4 Ai

to0
0 4)

0 0 go9

U) 0. ID-
'-41 *4

U) .C -4 )

,..
-4 CC .0

4) 01

Ai- ko

C% %

. -- %.' %
J,,"""

. ,. .. '. . . . ,,.',.'. . .,.,' ." . ." ,0 0'" .- ." ' . . . . . . . . , "

I " :'I 0I.. 0 i i: - 'i I. . 1 Ii Ia-



CD-

LL- C

FC=
-) LUL

Cl) LUj

LUJ

- ~ 0

Cl LL-- LL

LU

-L LU LU

= -I

LU I-
C_ C=) -

ClN

- Lo

%- V, I
C/ UI- 0--



4k

44j

41 c 341 U) V
0' 0 L 0 04) . Li

0 4.) U) -1 4', C 4

0, MOi V 0 04 -. 4 0 44 00
*40 0 10 04 00 -4 0 -4 04

-4W t V)>.*44 ) s z-4fl 04 0 0 U0~
0 -4 -1 VV > 00 C 0 E- j -

4-I4 w) 100 44 OAf~ 0 . 0
0 0 U) 00 (D 41 E0-4 0v-' 0

E-4 -44 >0 C 4) % 0- c 41I-
0 V) v 0 - V 0 4 - $ CU 4) -

4j- 04)4)0 OOU4' Ei0 V 0
.C ~ > 41 C , 4J 44 C 0

.0V 0-J 4-) MO 0) C 0 0 wia
C C -cc -4 4)W 0 4 0440.

04 0'' 0 0 0 0 -4 0 04W4
040 .41 0 OE L 0. C~ 0

0of 0) 0 -4 a 0 4v 0 0'4
> -4 94 .,4 41't 041. 0 cV 0 :
0 0 E-42'0 .44-4 C M 0rC 4'.C CO
3: al 140,r 0 0 z 0 c 4 01 4

ow' mw m2 0 4' 0 Li U Co00w 4' C
4 0 0 v 0 41 41 c >4

41 i- 44 .. *4 i C41 0 41 0 0 0

W 0) to) w FE4 to 0 Ca ~.0u
) 0 >0 u~- '44 U)Cz ~ 0 41 >1

0E- E- 44 OE4- p m v to 41

'-4 0 0-4 H4 U i0U
I- ) :3 i- 0 ) 4'- 4 ) 'a

0 V 0- 0 U) V 0 4' 0 1 >t4 U) UV
c 0 0 04 4 w 0o 00 OV

'. C C) 64JC)O 0 Li0- tO 'mC M 44 4'.0 0
4' 0 04 U U) 4' 0000 0

W04 0) 04 (a0 -V (A 1 )0) U)E-
OW1 0 . U) -U0 Lc>4V c I=C 0 U) v

U 4' 41 U) 4v 00o0 a 0004 0 OW 0
w- )~ 01 .C -4 -A w 0 0 E- Wi
0 CO 4. 0 4 0 41 U) 0, E4 0) C C c

0C 0 4'i 0 0 m 0 0 I L 4 C V - 4 0 0V
-4 0 0) .0 0) c~' i 0 0 41 4 ='G

V' U) 4) w v A). c ~ IV 00 A >c c C4V
0 : x 0Ci04) '-4 >.C .4)000o 0
r4-4 01 0o U) 0 0 .,4.,4 H 0 -400 C Liw
00 4'i U)0 -4~4 00 0j to

U 0 U) 4)0 4') 440 0 U44

.e. 4 41 4 0 wC . I V 01 . 04 - 0 4' 0

..- U) 0 E C 4) -4~ - OV C v
4'4 V0 .)0 '-4 0 4J M . cO0 04 w

.4'- 0 0 U) AJ to 0 O 4 44 U) 0
S0 LiC 0 U) C V ) 0 U4 0 -4V U )0

go r *.4 C) z 0 004 to 0 C1 4)0,4 >
14 4.) fC -A . 4) 4- 0 O CU) IV 1 t

V-4 0- 0' 04' C VV v 0 c m 0=

*5)4 0W C -4 C ~ 0 4' C i 0 . 4' 4'0V
w r- 0 41 >4 z 0 rI0 4W U) >r 0

*-4) * 0 C44 4.4 - m o O 00 >:3
W A Q > i4 ) ) $ i.4 -4 0.C C) Li )

4)~ 0 C -A 0) -4J 000F-4 U)4 CL 0 0J
Lx C *t 6 4 L i . tV X-) 0 4 -C U

C4 0 O0 hd 4)0 ) -4 U
4 0M 4 -AL 4J 0 *o M) In 00 -i 4

4)4 C 0) 0 V4 C-) U) C -4 CCO 4
40 0m -A > vw 0 0000-40w c 0~ 41 0
00 .c >U) > C -r U)U 0 Li 04 4 4-0

41 0 10 M ) 4' Li 4440 0 0 -) 4) MV
go0 U) 00c 0 ) 0 u U) 00 V :5 0)

.4 4) 0 C 0 0 0 V U 4' U) 0 C Vq
44 =4 0 A ) 0 04 00- 4 C V r- 000 1

0 0 -4 0 0 c - U) Lw -40 U E-4 >)4 $i Li
04 41) -040 V- -4 wi "4 -v 0 0
U) >40 0 41 r-4 C 00M0 0 0 0 M 0 0V44

cS C q >41 0 a 0-404') C--4 r-4 -4 0 wA 4
00 - 4 -4 OW CV U) U M 0 .-- 24 0 U) M Li

-4V1 C -4> Z 040 >. 4 U)- -) 0o CO 0
-4 00-4 4 0 U) 4 90)V ~ 0 OU) 44 -e4-1E4 0 C0C1N

ic0 .0V- ' U) V 04 vLi 0 04' 14
4 4 U) to > -4 4)0400 '44 04

0 4 OA4W OW r 0 -,4 V)~ C) 4) m 0 m)
0) 4 IV H . E-4 $i M C -r4 4 04.4 0 0 Li 0 0 f
-40, W -W 0 4-4010 - OU C 0

.0 P." . . . . . . . . ' . '



ENEI.%
LU

c~cn

-Cc -

-I 
-~ Ic . h

cz#

LL 0

C,,~

II
UL



C.

LoLJ

LUI

I-- LIJ

LL- C/)

LAJ C- LUJ

WC LUJ Ge' C=
Z. -. LUJ LU C=

LU ~~~ ~ Z -j I-- ~ ) .J ...
C/ c) cc 

%-A - X -i
LL at L

I-r CL LU L.)C) /-j - -J aF- LU L- = C C
LL )LU C) I- ~

4-

c f

% %% %

% %i



rrwarlw -777777

V%~ %j

A %

i 'n

0.2

wi

4,''

r3

[ Zv o '" ' " " ,,-'- ". '- - " "- ",," - " "" " " . "" "• " "- " . ". " "- °  ' - "- 'p- "- ,-.-.. .,, .'.,-.A..., -,' '. .' ...-.- . '." ..-.- ,.' . . . .. -...-.-.. .. ... -. , .. . '.



4.4

1) c

0. 0) 0

-4 C4I

>4 >>

.- I *.4 4j
-4-4 )

0 L

I-II

rz

0 30

U) ) 4 V
V1 >iC

a>
) 0 Ca

4J 4)

S U) 0 )

0(00

1-4 W) 0

>4 Cw04 w

-J 4J M 0)
4 a. W) 4J

4.0 -V

o 0-4.d4

4 0 >aU

4-I 0 ad l to i
'7 e -4 Wb. 4

10 04

0U)

0 c
0 *-~ 0) EUo7

% C



4..

LUJ

I-

LUL

Lo C-Oa
II-

_- _ L L- L

- >- LL- cz,

I-- C:) - L

- r L. >-
LL 4D -

=j -L LU - L LC
cr -.

zz =: m~ =r C LLJ C/)
L- L- L-)-

LL - L C.)

LLJ

.. _

I.I

LoJ

*e 74% ". Nr %.:* :2:2.P:.:% y .*. .



1- -71

M XI-

II

CC

-4

144

rXIS

%* ****~4 5~*.*~' 4 44 j~~~4S. -

3n&4
5

. .



-P-4 41
Q 4) U)

1) 0) 0
O O 4 4 .

0~ 0-4 to -n

4 1-41 4.4 1) ~
4)40

4 C -4 i 4
-4 0 (a4)

04)24) -4
LI C LI C) 010

$4 00 C 4J

0j 4) 0 0 0 to

0 0 00 0 2
E-40 0

400 41
4) LI Z C4 06

E- -n.4 U)~C
<4 4)

-4 ~ 0).- 40.,

-44 A >FD 0
4) -4 ' 4) C e

Z 0 0 000 4 O
w- 41- Q m4)4)to

0 0 S. A010
0 LI 0 r. 41

3t4 04) () w C
0 ) to4. tv ) 0
0 0-4 rzv

-,4 V 1 0 U.- 0 )

~4) 4110 >

0 -C 0 I- U) 1

44-4 0 41 00to

~ 440 4 in4
z~~ ~ V 0-4.l a- .

4) 0 01

4)~ 0 L1 an.l
)t 0.4 4)-l o n
to) 444) f
4 0, C 04 4)0

SC C 0 0
00 0 0

00 4)00
[-04. 0 C 00

-4 10 E)-4 0 '

4)D 4 i Q&V )
-4 U)' 0) 0-

4) IV CO )L

0 rE-4 0 V
4) * w > 4 4

04)4)V04

% V %CC -

.CC4)022



IE a

LUJ

%0L LL)

LU - jL

I- =-

LL J IL LUJ

-L _L LLJ

0L -ccLL
' ~ C..)- - CD LU LU

= -a- 0L C/) CC) cI-=

... J .LU LULUJ I--
4.. C... =- I C) r.

-L -- V) w /
LU L L I C) - p

U) rl -1- j W- LU)
C.LU Ml M 9= 0C - l C) M

LU LLJ c I- = > 0 -< (- = 0C
L-L U LL -/ I-J LL. Cl L C/) 0 -

0 LU

.C4

%. ke, e"..



CC4,

.1C/)

acp
*C4

3r-(43

-i I-

Fj LL LUJ (/

CD)

I ~I

% -LU L~



4..

611

>LJ>

C=, 
LU

< (a
- IL

L> 0

a

- 0'
~C1

- rQ



7~ -z T

0 4-
Li 0

40 co o 0 -'O
= -4 D W 0 -3 C U) 

-.4 4 -W 0 W C 4) 4' 4' 0

-4 C 0044 04 14 4' C- C Wi
) n-4. -4 0 ) C 4O

W C -4 000 C )

w, C W E- 0C 0 -- ) ) -4

, .o o , , .

V0 L LA u 4) 444 W $ (1

L 44 CO -43C 04

C -40 4' E 0 .
V4 4 ' A Q W Xi -) C 144 E-4

"> - (o .S 0 -, F o

Li O ,- 3,.4 * W, 4' , ,'

0 400 -4 -)

. -I 4) (0 0 0V 0 44I 0,
Oaa , 4) O--4 CO W0

Ca 00 E C J 4 0

0 0 0 m- .u C,

0 u E 000 C) 0
44-' -4 Wi 4'.) -H 4')

0oC C 0 w t W
.C a .41 0 C) 4-4--454 (0 C

4-) -4 U W C) 0 C) W OO

•- c4 .a) =. 41 4 () CI 4-) '.

E- Li 00 0 00 E-"4-4 CO 4J'. 0 a - W)
E-4 OV 0 4' C )

) .C 0 -4 C 0(a C)V 4 4. 04 C) 4C

C H )0-
E-4 0, 4 V -4 0 -C 04

• - 3 0 0 0 t-

P ,4 0 0 .a4J L """
Li U , . . 0) . -I C -C 4
001 .,p 4' L i .0-W W 4-l

,'1 ,. -4 p -0 "-' -. "3

W 0 0 0 c (a

ca 4- Aj r- 4J -4 a E-

0 -34') 4. E-4 0 4 ( 4)Lf--
-43 0 C . 4.) 3C0

4' 4 Vr- (D-4 U E 3 . -4 a )4)
0 Wc ~ ) C4 $Li - C 4 04

... 4'-4 a -4 C - U)c400 o
Cfl- 4' 3 C V 4C

to.. J., 4

C 0 44 0 L 0 -.. a 0 0-
*41 4. -= 4' W C c 0

Li C) C- 4 1 04'

Li0 0w - 0 04 OV4J4 ( W 4
5 0' 0 x W.cC> 0 CO

(1V 41-4 0 *V " 4)
0m 4-4 c Li 4' - 4' 4-4000 3

r= E 4' 0t 4' - 4 0
4 W l C -4 ~ 0 W '-

>O L4- L)i.-4 0 C OW0 -
-14:714J 0) z to-4 rz c C

r- 0 0 4 (1) 4 0-4 -
4 L C 4' Li 0)-4 C) Li 4' E r

. a, -4 -4 .c w 0o 0) -4 ) a) 4)
M 34J 4 -r- :3-H-1 Li
,4 4J 4') > 1 Cf c 1 m lU):

4) C C C 4-' -4 00 C V- WO U
Q 00 C 4 -- 01 Li 000m

Z C - - E 0L C) r= 0
(a 0 t -4 .C >

0 10iV 4 p -4-) .V a
-4 -4 $i M 0C *.- W ) VI

*) 0 0 wi.14 le4 4 --4
*> 01C) u s-4 . n- W-4 0 )

00 ) 0 0 4 fl 00o(am-
V 0 (a w Li ~ 4 M 4''-4 D 44

% -.
. . . ..-. -..

%p.. %.-. * *'.S. . . . . . '.....-

. . .. . . .. . .. . .. . .. . .. . ... . . . . .. -. ~-*.*%



:4:z
C=)C/)X:

cr LLIC/) I

F-I

F- C.')

% %-
% %

LU - .- %r - %wr-

%p %_ % %

A~I



E- 0 OV 0 c

4 0 4  C
a40W -4 C

4 C0

.44 0 -4 U) >)

w aU C it. 0

a, 00

W a W 1 0

.)4 (D F 04J 4JW ..

U) 0 4i WA 0 0'-4
E-44) 04- C df C44J

E-4 S-I0 04~ 0 04 ()O
W 0d 0 .44J

4J 0 0d0-4 a .
C 0 Z44 .) J 0

0 0CC 0l 0 0i
La 00 0

d4rI 0 L
5-4 -4 4) -4 0 >1

90 r- f) 0 C O

L C 0) p
0i >V 0 L

0 0-4 C4) 0
UC W 4) (a0

0 .4 ) 4) 00o
goZ L ) Oa 4

. 0 41. 4) to

C 0 (D. C .,I~

U~ -r4 to -4 

w -4 41O 0d 0- 0

V 0 0 410 U
Z -01 4144.4

OA) W4 c 4 .4

-4 0 Wq C 0 U) -

--4 r- 440- 4 0
-i4 4) 0i W*

A.4 41 4 04

00 9V 4 to C
4J -,4 Cm4'

W A U). FJ-4 $4 4
0 4 (D M 0 0 L

4J J 0 04 0J

0 0 0 %.C. , ". *-*-"
Li Li 0 >%

0 0 0 %- 0 . .. . 1. :%..
% 0 '
.C U) Oi 4 %



-j

>. m
w w lU

U >U i- LU 0.
C/ LUJ

LLU

CD

0..

am IL
-&x %g



ILL

C) LC,

u0.

Sact

I

CY,
C,14

Liio

C~S%



IL

ow

CD.

uIC 3EP
I- C)A

C/))

LUI -: )M

LUC me0.
(.0 L LUJ OD

I- LL LUJ

LLU
AP 3c)K LaJ -

L.) LU j LULL
LU LoL

LU l LLJ - c I- -- ~L
* LLJ LL LU a LUo

CD .a-) V) LO - C
4= C =L 0 J L U- = K

I- LU

A~A.

%p



- . .- *-r .,

.~. 
o

I,-

APPENDIX

''91

J . ,

%

%.

91 P~hUOU
~ BL4~ AG

-'.~. ~9 *-* * I- *'.* ~ ~ *



- ... ,. _,. ... * a,- - - .< > > ,> -. .: ''> ' ? .
1 '  ' ' .

SINGER-KLEARFO

WARRM 'T TERMS AND CONDITION

PART I
. .

% Statement of Warranty

1. Notwithstanding Government inspection and acceptance of supplic:s

and services furnished under this contract or any provisions of this contract

concerning the conclus3veness thereof, the Contractor warrants that each
Lightweight Doppler Navigation System AN/ASN-128(XE-2), consisting of:

Receiver-Transmitter-ntenna, Radar RT-1193 (XE-2)/ASN-128,

Computer Display Unit CF-1252(XS-2)/ASH-128, and

Converter, Signal Data. .Radar CV-3338 CX-2)/ASN-2.28,

(hreinatar referred to as units) furnished under this contract will be -re

from defects A material. orheanship. and design and will operate in its

intended enviroment in accordance with contractual specifications of this

a .~~contract for the warranty period set forth herein and as it may be ren-owed

under the provisions hereof. This warranty is in addition to and does not

affect or limit the Government's rights under any other provision of this

contract.

2. any Unit furnished under this contract that fails to meet the

aforesaid warranty and is returned to the Contractor by the Goverricment shall

be either repaired or replaced at the Contractor's sole option and expone,

so as to operate in acuordance with said contractual specifications. Saris-

factory operation of a Unit shall be demonstrated by successful corpletion of

the Acceptance Test Procedure (ATP) contained in CDRL Item No. 001L_ The

contractor is not required to perform cosmetic repairs on Units returned wider

this warranty. Unless agreed to otherwise by the Government, all warranty

repair and test activity shall be performed by the Contractor. The Government

shall have the right to witness test activity and review the documented results.

3. For the purpocas of this warranty, the Initial Annivcrsazy Dat. (IAD)

shall be defined to be the date of successful completion of DT III PVT-G
,V 93
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(troduct.io. Validation Testing - Government) testing. The Contractor will

be notified of the X;, date by th_ ACO prior to release of the r,;T-+ ",ast

Fleport. In any event, such notification will occur no later than 90 days

after the successful conclusion of PVT-G testing. This IAD will be used

to establish reporting adjustment periods for this warranty.

4. For all Low Rate Initial production (LRIP) Units purchased

under this contract, the initial warranty period shall start upon government

acceptance of a Unit (signing of the DO 250) and shall extend until

48 months after the IAD defined in Part 1, paragraph 3. The warranty

perod specified herein may be renewed for additional periods at the option

of the Government. The Contracting Officer and the Contractor agree to

negotiate in good faith the price for any renewal of the warranty period.

5. The Contractor shall not be obligated to pay for the repair

o replacement of any Units under this- warranty for nonconformance, loss, or

damage by reason of (1) Non-LOS induced fire, (2) non-LDNS induced explosion,

(3) su mersion, (4) aircraft craqh, (5) eney action, (6).patural disaster, su,

as elood, hurricane, tornado, earthquake, or lightning., or- (7) accidental or

awillful mistreatment. The3e exclusions apply only to loss or damage occurring

at locations other than those owned or controlled by the Contractor or where

a defect in the Unit is not a cause of one or more of the above listed events.

Clear and convincing evidence must accommany the Contractor's claim for relief

Swaant ' ligaion for any of the above listed exclusions.

6. Nothwithstanding the provisions of the "Inspection" (1958 May)

Clause (ASPR 7-103.5(a)) regarding the conclusiveness of acceptance and the

waiver of defects which are susceptible to discovery prior to acceptance.

the Contractor shall be obligated to repair or replace any defective Unit in

accordance with the terms and conditions of this warranty. The rights and

obligations of the parties under this warranty are in addition to and independ

eat of the rights and obligations of the parties under the other provisions of

this contract. Except as provided by the general provision of this contract

eintitled lInspectiona, the Contractor's obligations and the Government' s

remedies for repair and replacement are solely and exclusively as stated herei

. . In no event shall the Contractor be liable for special or consequential

damages.

94
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Part Ix

Contractor Obligations

1. Contractor-initiated ECPs to improve-Unit reliability or maintain-

ability at no change in contract price are encouraged under this warranty.

- All Government approved no change in price ECPs shall be incorporated into

'.4 all new production units and into applicable prior production Units returned

S .by the Government to the Contractor for repair. As a part of each no change

in price ECP, the Contractor agrees to submit a schedule of prices to the

Government for supplying the necessary parts (modification kits, instructions

>1 - or other necessary material and supplies) for Units in the Government

inventory for which the warranty has expired or will expire and which are

known not to be of the latest confLiguration. The Government option to buy

these necessary parts (modificatio kits, etc.) at the ECP price schedule

shall extend until the earliest warranty expiration date for the LDS, as a

minim=m.

This provision does not limit the Contactor's rights or privileges to

develop and submit cost ECPs for other purposes.

2. The Contractor shall cause a suitable and prominent display of

warranty information in form.and content suitable to the Contracting Officer

to be placed conspicuously on the surfaces of each Unit under warranty.

A typical example is shown in Figure 1.

3. The Contractor shall cause a suitable label for permanently

recording Unit installation and removal data in form and content suitable to the

Contracting Officer to be placed conspicuously on the surface (s) of each

Unit under warranty. A typical example is shown in Figure 2.

95
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4 WhRJAITY JIOTICE

L"?..I This unit is under warraty unti (Date to be

inserted).

2. Do not break or tamper with warranty seals.

3. Verify failures using approved procedures and
test equipent of TI (To be inserted).

4. Record failure circ€ustance data and line
tester findings on (Appropriate fore reference
to be inserted).

5. Package in accordance with Section 11 of T4

(To be inserted) and promptly return with
fai2ure circumstance data and line tester data
to (Znsert coatzato'.w address).

, FI 1 (TYPICAL)

- UISTALT=iJMV FOR MO-NPC!-oR
Date - CL •4-- E MLY

I, "a. "
.4S

2

a44 3

1 .."."

4.4

1%* 96 FIGURE 2 (TYPICAL)
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"

Note thatt there is a "Code" column next to the removal data in which the

Contractor will record, on returned Units only, a code representing the

result of Contractor/ACO action. The coding scheme is as follows:

0 - Unit removed for other than warranty repair

1 - Failure not covered under warranty;

(ACO concurrence)

2 - Failure verified, corrective action taken

under warranty -S

3 - Failure not verified (ACO concurrence)

* 4. The Contractor shall provide and install appropriate seals for

aLl-units which shall minimize inadvertent seal breaking. Furthermore, the

design of the seals should be such that a breaking of a seal through

tampering is detectable.

.-. S. The Contractor shall gubmit.:!for Government approval the proposed

content, warding, placment, material, and. method of application of the

itams required in Part 11, paragraphs 2, 3, and 4.

6. The Contractor shall insert a r - ;.ue in all technical manuals that

cover the Units, to the effect that they are under" warranty. The Contractor .

shall place those warranty provisions applicable to using*activities in all

pertinent Technical Manuals developed under this contract.

7. The Contractor shall maintain throughout the warranty period a

fully operational warranty-repair facility located in the Continental 6SA

United States. The Contractor shall maintain at this repair facility a

secure area for storage of Government-owned spare units and repaired units.

8. In the event of a failure of a Unit, the Government shall

promptly notify the Cotractor in writing or by electronic message (e.g.. 

TWX) of said failure.

Upon receipt of such notification, the qntactor shall package and

pack in accordance with .. ., - f--.-- or the levels

cited, and ship a replacement Government-owned Unit from the secure storage

area to a location designated by the Government. To the extent possible, 97 .:.97
Units will be selected for shionin- from the secure .qr ,nn v a. .2,-a 4--

**** 4 ... * . C.. ~ . .- o . -.
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day from thae time of receipt of notification, but in no event shall such

shipment be made later than 96 hours after receipt of notification. For

shipment, the Contractor shall use a Government Bill of Lading (GBL) accompanied

by a DD Form 1149 for transfer of Government property accountability. In the

event there are insufficient Units in the secure storage area to meet dwnands.

the Contractor shall follow a shipping-priority system as directed by the ACO.
"'%--

9. Units returned to the Contractor for repair or replacement under

this warranty for which the Contractor cannot verify any nonconformance shall

be subjected to and pass this contract's approved test procedure, packaged, and

delivered to the secure storage area by the Contractor. This shall be done at

no change in contract price unless the nuber of such returns exceeds (a) an averac
.of two such returns poe month or (b) 25% of the total number of all returned

Unite in the reporting period, whichever figure is greater. For purposes of this
8djusbment, the reporting periods are defined to be twelve month periods be-

ginning with the LAb. The Contracting officer will annually adjust the contract

price and make payment to the Contractor at the rate of $200 per Unit for the
number of such returns that exceed the for, qoing amount in each reporting

period. For the purposes of computation, the returns of ail Units ill be

mobined. The Contractor shall promptly present evidence to the Ac;b or his

designated representative that nonconformance of a returned Unit cannot be

.*>- verified. The ACO shall review and cooroborate this determination.

10. The Contractor shall repair, replace and/or install approved>

EM modifications, perform and pass the Contract's approved test procedure,

.-. package, and store a returned Unit for which this warranty is in force in

the secure storage area in an average time less --han or equal to "Tspec" calendar
days as defined herein. Each Unit's turnaround time starts on the day 't 4.

hty
recived at the Ctractor s repair .faciligand ends on the day it is placed

in the Secure storaen area or shlipped to a Govermuent location.

Calculation of the Contractor's average turnaround time shall be

made over six-month periods. The first such period shall start with the

tAitial anniversary date, and subsequent six-month periods shall follow
consecutively until warranty termination. If the average turnaround time

fa a six-month pericd exceeds the specified value, as computed from warranty

Aso-. --. A- W.- ----- a- I-. . 98
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fis Pr-,a .z !tzs*d on a. liqu--d3tsd da.7..ge of $25 per d.47 for each Un~it

l-'bich, on the ava a.je, exceeds the specified turnaround t!e. S-'ch a fixed

amount is established and agreed to by the Contractor in recognition of the

fact that actual liquidated damages are difficulte if not impossible, to

determine.

., In this formula:

- number of returned units that have been received by

the Contractor during the six-month period and which

are not subject to the exclusions Of Part I, paragraph 5.

- average turnaround time of the R returned units during the

six-month period calculated to three decimal places from

the equation f - D/R. D is defined as the total number of

calendar days for Contractor processing of the R items

returned'fac waranty service.

Topec - Specafied urnam d tie - To + T.

aw folawin tble defines re for each measurement interval:

Interval Te (calendar days

ID to WD o 30

D+ 6 mos to m +12 mos 25

o UD +12 mnto ID l + sM" 20
Intervals after ID + 18 M-S 35

To in a turnarond tim adjustment which depends on achieved HTEF and is

defined in Part V, paragraph S.

Liquidated damages-will not be due for a measurement period if,

during the period (see Part Ile paragraph 8),

(a) ae Governont contractor had sufficient assets in the

bonded storerom to meet each asset demand during the

period, and

(b) each such demand was mat within the 96 hour time limit.

The Contractor shall not be charged with liquidated doia'S;

when the delay arises out of causes beyond the control and 99

w4i.%hit the fault or negligence of the Contractor 
rd its

r-" "'?:-"" "°'r-............-.. -'...... ..-....-.-.-..........................-.......-....,.....v.-.. ...
- ' ~~~~~. v+ 
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a, 11. The Contrictor s1hail %'.va a cc ninu~ing rcasponribility to

accept foe correction and ZC' installation and to complate the corerectio, or
02 instalation of. Or furnish a replacement foe,* any Unit shipped to the

contractor's repaix facility with a shipping date on or before the last day

ok the warranty period an extended notwithatanding any other provisions of

thiswarant. hy replacement units furnished undrti arnyms

be of the latest configuration and must pass the applicable ATP.

12. The Contractor shall maintain records by seriaW me for3

each Un-it under warranty as required in Part Vi hereunder. These records

shall be made available to the Government at the Contractor's plant upon

request during the warranty period and for two years following the expiration

of warranty on any LASWnit. -

PR 1I

Government Obligations

I The Government shall to the extent possible', verify failures r
IC ?S." W1 4r'as.ft&* WhoeiA -in4 I~
prior to the return W((i~te to the Contractor, provide failure date and

failUre circumstance data to the Ccotractor .and use appropriate packing and

pakaging whnreturning Units under warranty. Nowever, in the event that

any or all of these conditions are not met, the warranty shaLll remain in

effect for such units.

2. in recognition of the high contractor motivation for total

cost control effectiveness through the incentive feature of this warranty@

the Government agrees that all no change in contract price EMB which are

copplete ad suhAi-tted in accordance with NIL-STD-481 to improve reliability

or maintainability of the units will receive expeditious processing through

the a avalcycl.Noawithstanding this special processing, any such ECP

shall he automatically incorporated in the contract by the Government thirty-
.4.five (35) calendar days after receipt of such EC by the PCO unless the ICO

has issued a written notification of its non-approval prior to that date.

=ft developed and submitted for other purposes will be Subject to the normal

SM revieow cycle.

.100
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'A Aalyss ieich identify contract price adjustments or need~i
• for engineering analysis or corrective engineering actions

in Parts IV and V shafll be reviewed by the Contract-ing Officer(I) and approved by him prior to ljnplementatioi of thesc actions.
" , e Contracting Officer's decision shall be final.

"Th.Govrnment shall establish within its organization a

1dngle po" Of contact to cozmicate -with the Contractor

its requirements under RIW including, but not limited to,

Is}Lppin instructions and establisinent of priorities on

.,

!-'a

1i4.
! " . . ,o ° ° ° - ,/ o~o o°.'
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PART IV

1. Upon receipt of a returned Unit at the Contractor's plant or

repair facility, a joint Inspection shell be made-by the Contractor and the

resident Govenment quality assurance representative for the purpose of

categorizing the varranty status of each Unit.- The re usentative shall

report his findings to the c-aracting officer. There, is a presumption that

a returned Uit is covered under this warranty and only the provisions of

Part 1, paragraph 5 therof shall void the Contractor's responsibility to

repair or replace at no cost to the ovcnmat under this warranty. in the

gymt of a coutrsy, the Q VS anat reserves the right to. make a final

-- somatiomas to whet any Mit Is oovered by this warranty. The

cmtractor y ercise hi. ee "W i the Disputes Article of the

motrawt I

2. The Contractor agrees to enter into a separate contract with L44

the Government to cover the correction, repair, relcment, or disposition

of Units that have- sustained damn"e attuibutable by the advernment to the

causes/events set forth in Part X, paragraph S. 
*

Each such Unit returned fag repair which upon xamination at the
" Contractor's facility is not considored by the Government to be economically

repairable shall be disposed of by the Contractor 'as directed by the contract-

ing officer. ~he Contractor shall have the right to assess charges for any

reasonable services performed as directed by the contracting officer in

Connection With the dispo"4tin of any such nonrepairable Unit. Any sterial

reqnired to be furnished by the Ontractor in connection with shipment of

such Units shall be su ae t to equitable adjustoent. The Contractor may retair %

any such Units with the approval of the Contracting Officer if reimbursement ;

is made to the Government for its reasonable value.

3. Any Unit returned to the Government after replacement hereunder

shall have applied hereto the balance of the warranty period of the Unit it

replaces.

When more than 10 percent of the Units provided under this contract

have sustained dnmaqe attributable by the ACO to the causes/events 102

set forth in Part r. *Avje.wh . a --
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the provislons of Pazt IV, paragraph 2, or have otherwise been certified by
the Contracting Officer as lost or damaged beyond repair, an adjustment in

contract price shall be made for the unused portion of the warranty for the

Cnits exceeding the 10 percent threshold.

For each Unit for which such adjustment is applicable, the contractor

shall rebate the Government at the rate of 0.0160 percent per day per Unit

of the system RIv price in CLIN 0016AA. The rebate will apply to the

unused portion of warranty time starting with the day the Unit was declared

lost or damaged beyond repair.

S. The Government shall not be obligated to provide facilities,

tooling, or equipment of any type for Contractor performance under this

wmrranty except where Glovernment Furnished Property is identified in the

6. A average operate tim of twenty (20) hours per onth for each

Unit delivered to the Govem nt is expected for the LM equipment. Starting

twenty-four (24) months after the Xnitial Anniversary Date (as defined in

Part 1, Paragraph 3) and annually thereafter. .he dontract price shall be

adjusted upward or downward to account for significant deviations (greater

than plus or minus 101) from this 20-hour standard during the previous

telve (12) month period. No adjustment shall be made for an operating

differential in the period between contract award abd twelve (12) months

after the initial anniversary date.

Such adJustents shall be made by analyzing the elapsed-tide-

indicator (ZZ) readings of all returned Units during the preceding twelve (12)

umnthi to estimate total operating time and comiparing thus estimate vi7th
the expected total operating time based am a 20 hour per month averaqe.

Zxpected" total operate hours (ZIfOf) over an 14 month

period is c culated as follo wa

EITOK ,, NxOTxR "

where

7--- NJ 103
3

%..

,.

% J,
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rj is the total number of LMS Units accepted by the Government

through the and of mth j of the N nth interval.

WT - 20 hours par month, the expected average

operate time per month per Unit

X - number of months in the period

mstimated Total Operatelours (S TOi) over an M month period is ,

ealculated as follawss

C - ~D x AM x a

D - nunber of calendar days in the K month period

,a! - estimted average operate time per day

ad n is the total number of ZI Units accepted by the Government which

are under warranty, and not at the Contractor's repair facility or in his

secure storage area at the end of month j of the M month interval.

AUl Units received~ at the Contractor's repair facility during the measure-

ment period winl be used to compute AOl.

t) Tie for a Unit returned during the measurement period is defined to
he the Efl reading of the Unit when received by the Contractor minus the 1?!

reading of the Uit when last shipped by the Contractor. A~ Days~ for a Unit
returned during the measurement period is defined to be the total number of

calendar days the Unit was out of the Contractor's repair facility or
secure storage area starting with the date the Unit was last shipped to a

Government installation up to the date the Unit was again received byt the

Contractor. Xt In acted that the values in the numerator lC1omnu .a 1 ,

of the above equatii muct.h b.- ti10 uaU11 9 to.Z.4

e4 104
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The usage ratio (UR) for the measurement period is given bys

ZSTOH

fte corection factor (CF) for warranty payment for the period is given by

0 SWUR) +C4..) 0 la <.9
9

Cl" 1.0 .9 UR,1,1

9

The warranty price adjustment (AMP) due to equiment usage aver the

intezal, is calculated in tw parts. Por systems. supplied under CLIN 0001AA:

A, < - 1.0 0

.44

For systams 'supplied under the option quantity provisions of this
Contract:s""

AWP O (Cl- 1.0) A.

where gO is the total option quantity exercised,

98 is the number of option quantity systems accepted

by the Government by the last day of the usage

measurement period, and

FIUCM is the option quantity RIW price for g0 system.

Then

AW - ANPl + APO

A positive AWP indicates that the price is adjusted upward. A negative

AMl indicates that the price is adjusted downward.

105
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6-24-76

PART V - MW~ GUAMNTU

1. The Contractor shall guarantee that the ach4eved MH7 of the

LOW will be equal to oc greater than that shim below:

Period WLt Achieved HTBV

I through 48 months

after lAD 500 hours

2. For this g93aantee, the method for measuring achieved war

09 tbe LS is given in Part V, paragraph 6.

3. M Contaftee shll make simi-annual measurements of achieved

of the LM over the prewious six (6) moth period. The first such
Smeesm enti shall be made eighteen (18) moths after the l.D. Paragraph 6 of

this sectim uavidme the method for measuring achieved MUD?. The Contractor's

ObligeIan with beepeat to this MW guarantee shall terminate when three (3)

censecutive m erent yield M values that equal or exceed the guaranteed

liW value sam in Part V, paragraph 1. Zn no event shall the Contractor's

obligation be continued beyond forty-eight (48) months after the rAD unless

mutually agreed to otherwise. Notwithstanding the termination of this mw

Qiarantee, the 31W shall continue in accordance with the applicable provisions

of that clause.

4. in the event that the achieved MTU for any measurement period

is less thean 00 hours, the Conractor shall furnish to the Govermnt at

no additioal cost to the Gawermnt the followings

(a) ~ngieD-OIg analysis to determine the reasons

fr the failA re to achieve the guaranteed

figure

Cb) Corrective engineering design changes

(a) Nodifiaation of the Units, as roquirod.
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5. In Part 1. paragraph 10. the turnaround time adjustment factor.

(TO) ror a given period will depend on the achieved IETU of the previous

Measromont peAol as follow8 a

Achieved MM (hours) T (calendar days)

Less than 400 hours - -4

400 hours to 600 hours 0

more than 600 hours 4 0

6. 1hs paragraph provides the method for measuring achieved

MW over a six-month measurement period.

Achieved MW is defined as follow5s

3S'vu- -.-

Ma achieved law?

IVS - the estimated total operate hours of
the L over the six month period

(See Part IV, paragraph 6, with N - 6)

T - nvwb of Units received at the Contractor's

repair facility during the measurement period
which are coded '2 in accordance with

Part 11, paragraph 3. Irv

PART VI

Data PAequirements

The contractor shall establish and maintain a data accumulation,

processing, analysis and reporting system capable of providing the information

required by the following, data items:

CMM Data Collection and Analyi2 Plan

, CD warranty Data Report

CDML warranty Effectiveness Study 10107
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TM LZOG3R IGNT DOPPLER MAVIU.Tl. SYS.V 6 TER VUFC IFROCUUREVEPT CONCEPT

Lt. C ll. BOY Vhite
Army PrC;r 7 Office (NAVCON)

f:. Monmouth

1flMw TION Ml POlVTS%

1. The DIUPC prl.cuareent oncept Is *11i and well In the office of the Project

Manager, Nvigation/control ystems .AVCoS). The latest program In whlch it

is being use In the Army$@ LIghtwel~nt Doppler Navigation System (LDNS).

2. 'he Project Manager. NVACOI, i no stranger to the conceptl the LDNS being the

eon DTPC program start In one year. Lessons were learned from the first one.

and the benefits of those lessons are being Incorporated In the LDNS program. P
This presentation ofters noe detail on the comparisons of these programs.

3. The Project Manager. AVCOi. aleo he another program similar to the L;S, ezoept

that It ie not a DTUPC program. Interesting eoparlsons are made between these

two programs and has noe of the MVPC concept lght have prevented some c.! the
problems now being encountered in the nom-DToPC program.

4. Speciflos are given In the presentation of what ohanges are still being made,

even after the program ts well Into engineering development. Many of the ohangse

are being made as the results of the 3overament and the contractors continuing

to learn their DTUIP lessons together.

5. Reliability Improvement warranties (RIV) are the subject of much discussion In

procuremen: circles. Planned application of an RrV to the LDOS program is

treated in the presentation. Draft terms and conditions of the proposed warranty
clouse for the Initial production ontraet have been prepared and distributed to

the two LDIS contractors. The whole subject will be treated In some detail.

6. Calmination of the presentation is a polnt-by-point reflection on the aspects e

of the LWS DTUPC program covering the spectrum of problem areas. strong points,
policy oonflects and ohgee. applicstion to other programs, and other im-

pressions as they have been reslved In the program thus far.

~109

SIS BLANK

.40.

%."

• .,I ,& ,,, ''''''.I ' " .....,.,,.. '' .: . . . J "  .,; ''.-" ' .'

• ..;Z .. ., ._ ';:'.• .. ......./..,.' -.. .. . _ ,'.. , .% .'G'. ;. 'r,] ',,', ';i,,' r, , , , ,' .. I



DOPPLER PROGRAM CONCEPT

- OTUPC

- TWO BOGEYS

- TWO CONTRACTORS

- FLOATING SPEC

- LRIP

I - ONE CONTRACTOR INd LRIP

COMPETITIVE FOLLOW-ON PRODUCTION.

- PEP

DOPPLER PROGRAII SCHEDULE

Fl IA YEAR 
F.Ji-15 I FY-!±61IFY-77 

I FY-79 
I Y-79 

FY-SDIFY-81

CONTRCTAR

enT TESTIN

CU TSTING~ONTRACT ARM

TR 

ES

KESSETIALRE ETSCMLAC

PRODUCTIN.OND

CONTACT ENTR PIIINDSLY OL IEII E
UNITSL at

UNIT EQUIPPED

lUL LIL(D
LON$ISS VOUM TO 160 CU. vsEIf

a~AN CU. IN.r ,r.

OESTINAT(ONU SIR3

DAVE INTERFACE (ESI

RELIABILTY MfTlF. t 1 110
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DOPPLER COST

BOGEYS
LONS - 525.100
ORVS - S 9.500

CONSTANT FY-74 DOLLARS

PRODUCTION CUANTITY - 1.000

LRIP OUANTITY - 200 (LNS)

INTERNAL ORGANIZATION

.4.

OFFIC

SOME CONTRACTOR PROCEDURES

- rISE GN I 
hA O)FFS

-%' 
- MANDATORY pRODUCTION 

SIG FF

i% '  
- CONTROL OP PARTS COTS

- COST BOGEYS 
ON MODULES

- MINIMIZE MANUFACTURING COSTS
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LDNS TRADE-OFF ANALYSIS
NAVIGATION COMPUTER TECHNOLOGY

TRADE-OFF FACTORS/PRIORITIES

1. HARDWARE STATUS (TECHNICAL RISK)
2. DEVELOPMENT AND PRODUCTION COST
. OVERALL SIZE. WEIGHT AND POWER

4. RELIABILITY AND MAINTAINABILITY (LCC FACTORS)
6. COMPUTATIONAL CAPABILITY (SPEED. MEMORY. ETC.)

STUDIES CONDUCTED

* REVIEW SIX MACHINES (THREE TYPES):

0 OFF-THE-SHELF LSI CPU
* CUSTOM LSI CPU
R DISCRETE IC TECHNOLOGY

RESULTS-'

* THE OFF-THE-SHELF LSI CPU WAS SELECTED AS OPTIMUM

PRODUCIBILITY TRADE-OFFS

CASTING VERSUS DIPPED BRAZED ASSEMBLY FOR CDU MAIN FRAME
COST ESTIMATES IN QUANTITY OF 1,000

CASTING 45
MACHINING SB

TOTAL $113

DIPPED BRAZED HOUSING $220

SELECTED CASTING FOR LOWER PRODUCTION COST

* CDU INTERCONNECTION TRADE-OFFS
MULTI-LAYER MOTHER BOARD US \"6

SOLDER INTERCONNECT WIRES 70

TOTAL $126

WIRE WRAP PROCESS s.

" SELECTED WInEWRAP APPROACH FOR LOWER COST

DATA STORAGE DURING POWER OFF

PROBLIM

" CMOS LSO RAM CHIPS LOSE CONTENTS AFTER POWER TURNED OFF
" OPERATOR MUST RE-INITIALIZE PRESENT POSITION AND DESTINATIONS

UPON POWER TURN-ON

ALTERNATIVES:
SERIAL CORE MEMORY-PRODUCTION COST> S2,000

MIO RAM (NITRIDE)
LOW DENSITY/HIGH COST
SLOW WRITE TIME
STILL UNDER DEVELOPMENT

SELF CONTAINED BATTERY POWERS RAM WHEN PRIME POWER TURNED OFF
SMALL COST INCREASE <820

LOW POWER DRAIN < 0.2 milliam"
PERIODIC MAINTENANCE REQUIRED

RE-INITIALIZE ALL DATA EVERY POWER OFF 112

* APPROACH SELECTED 44

a - .a 5*~ * ~



TRADE-OFF MANUAL vs AUTOMATIC SPHEROID BOUNDARY DETECTION

* ANUAL DETECTION
OPERATOR DETERMINES WHEN AIRCRAFT TRANSITIONS BOUNDARY
AND CHANGES PRESENT POSITION SPHEROID DESIGNATOR

* AUTOMATIC DETECT ION

COMPUTER DETERMINES TRANSITION AND AUTOMATICALLY CHANGES
SPHEROID DESIGNATOR

COMPUTATIONAL COMPLEXITY GREATER. REQUIRES ADDITIONAL MEMORY
TO STORE BOUNDARY DATA WITH RESULTANT COST INCREASE OF> $150

" .MOACKt SELECTED - MANUAL DETECTION0

LOWER PRODUCTION COST

DOUNDARY CROSSINGS OCCUR VERY RARELY IN ARMY TACTICAL ENVIRONMENT

'OVERL.AP" OF SPHEROIDS PROVIDED ON ALL UTM MAPS NEAR SOUNDARIES

PRODUCTION PR OPOSAL

EVALUATION CRITERIA
"MUST MEET' CRITERIA: a-

- DTUPC BOGEYS
- ESSENTIAL TECHNICAL REOUIREMENTS

OTHERS:

- COST

A. LRIP PRICE
B. COST OF OWNERSHIP

o - TECHNICAL PERFORMANCE

* ~WARRANTY PIPELINE UNDER -

Q SECURE STORAGE AREA CONCEPT

PUGIIT-UNI PUGITALINE SALES EPLACEMENT .

L04 UNIT

;~~~~p;~~~ LINO'% '**%*%4***



GOVERNMENT RISK CONSIDERATIONS

SACK-UP NUCLEUS SUPPORT BASE

* INCREASE PARES

* RESTRICT DEPLOYMENT SITES

* MANAGEMENT BY PROGRAM OFFICE

D. DITIONAL DATA COLLECTING SYSTEM

STRONG POINTS

* ORIENTATION ON 'COSTr

* HELPS PREVENT GOVERNMENT DESIGNING

ENHANCES PROGRAM SURVIVABILITY

* SHARPENS INTERNAL MANAGEMENT TEAM

LESSONS LEARNED

o STRONG. COHESIVE INTEGRATED MANAGEMENT TEAM

_ PER FORMANCE SPECIPICATIONS

* CONFIGURATION CHANGE CONTROL

* WELL-DEFINED BOGEYS

* OPERATIONAL EDUCATION FOR CONTRACTORS
t'.

" ELIMINATE TOO DIFFICULT" SPECS

" AWARD FEES

114
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AWARD FEE CONSIDERATIONS
(LESSONS LEARNED)

- THE "REAL INCENTIVE"

- AMOUNT OF POEILE FEE

- AWARD PEE EVALUATION BOARD

- NUMBER OF RATING PERIODSI

LESSONS LEARNED
(CONTW4UED)

e REDUCTION OF DATA ITEMS

* INFORMATION LEAKS

e UNDEFINED REOUIREMENTS

* EXPLAINING THE BOGEYS

o COMPONENT SELECTION

EFFECTS OF CHANCES ON UNIT COST

III VN
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_ _ _ _ _ _ _THE SINGER COMPANY .-.',
',.___________ __ KEARFOTT DIVISION Y257A269 REV -

1. INTRODUCTION

This report describes the Maintainability Demonstration Test .-.i4
performed on the Lightweight Doppler Navigation Set (LDNS).

The report discusses the data collected, analysis of the data,

and results of the demonstration.

2. PURPOSE OF TEST

The purpose of the test was two-fold:

1. To demonstrate the ability of the LDNS to conform

to the maintainability requirements of ECOM speci-

fication EL-SS-1050-001A, and if required, to deter-

mine the corrective action necessary to conform to

the specification.

2. To validate and if necessary, to update the Depart-

ment of the Army Technical Manuals for the a) Organi-

zational Maintenance and b) Direct and General Support

Maintenance of the LDNS.

3. DESCRIPTION OF TEST ITEMS

The test items consisted of a Receiver-Transmitter-Antenna (RTA),

a Signal Data Receiver (SDC), and a Computer Display Unit (CDU).

Following is a tabula,-ion of the LRU's, with their associated

* modules, which were used in the tests.

%,.
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THE SINGER COMPANY
,__ REV - KEARFOTT DIVISION Y257A269 REV

NAME PART NO.

Receiver-Transmitter-Antenna SM-D-858489

Gunn Oscillator SM-A-858395

Receiver-Transmitter SM-A-858394

Electronic Module SM-D-858406

Antenna SM-D-858521

Signal Data Converter SM-D-858425

LEF SM-D-858403

Frequency Tracker SM-D-858400

Timer/Interface SM-D-858444

A/D Converter SM-D-858445

Power Supply SM-D-858446

Computer Display Unit SM-D-858423

CPU SM-D-858352

RAM/ROM SM-D-858357t~-.

I/O SM-D-858355

Numeric Logic SM-D-858353

Display Logic SM-D-858354

4 Post Regulator SM-D-858359

4. DOCUMENTATION

4.1 Government Documents

DEP TM 11-5841-281-20 Organizational Maintenance Manual

for Doppler Navigation Set AN/ASN-128. '1
126 91

F4202-1 2/75

,% ' .-% . -% , % % =. . *"."."- " % ' %"--% " % . . - ". . . ," " " - "f% % % %.

4~~~~ %--.-~ %_ Z..:



THE SINGER COMPANY
-_______, ___REV - KEARFOTT DIVISION Y25_7A2_6_ 9 RE__V

.- .'

4.1 Government Documents (continued)

DEP TM 11-5841-281-34 Direct and General Support Main-

tenance Manual for Poppler Naviga-

tion Set AN/ASN-128.

,. ~MIL-STD-471A Maintainability Verification/Demon-

stration/Evaluation.

* S 4.2 Electronics Command

- EL-SS-1050-001A Development Specification, Lightweight

Doppler Navigation System 2 June 1973.

4.3 Kearfott Division

Y228A337 Maintainability Demonstration Test

Plan, Lightweight Doppler Navigation

System (LDNS).

5. ABSTRACT

The Maintainability Demonstration Test was performed during the

period 3/17/76 through 3/19/76 at the Singer Company, Kearfott

Division Engineering facilities located in Plant 12, Wayne, New

Jersey.

The maintenance times were demonstrated to be well below the

4requirements of EL-SS-1050-001A, and the maintenance manuals

were validated. The tests also demonstrated the validity of

127
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5. ABSTRACT (continued)

the maintenance concept proposed for the LDNS; i.e. BITE to

isolate failures to the LRU level for Organizational Main-

tenance, and BITE together with standard test equipment to

isolate failures to the module level for Direct Support

Maintenance.

6. DESCRIPTION OF TESTS

6.1 General

The Maintainability Demonstration test was performed during

the period 3/17/76 through 3/19/76 at the Singer Company, Kearfott

Division Engineering facilities located in Plant 12, Wayne, New

Jersey.

The tests were performed by Radar Engineering Department personnel

and were witnessed by N. Romanofsky and S. Reed of ECOM.

6.2 Test System Configuration

Two system configurations were used in the performance of the

tests. For the organizational level tests, all three of the

LRU's were connected in their normal aircraft operational con-

figuration. The aircraft inputs to the system were provided

bv an aircraft simulator which supplied a) the Pitch, Roll,

Heading and TAS synchro input; b) 28 VDC primary power;

c) 26 V 400 HN synchro reference, and d) 5V 400 HZ for the

128 -I
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me

6.2 Test System Configuration (continued)

CDU panel lighting.

For the Direct Support level tests, only the SDC and CDU were

used. The cable connection from the SDC to the RTA was re-

placed with a dummy connector which is required for test pur-

poses when the RTA is not used. External inputs to the system

consisted of 28 VDC primary power, 26V 400 HE synchro reference

and 5V 400 HE for the CDU panel lighting. No synchro inputs

were used for these tests.

6.3 Test Procedure

The following procedure was followed in the conduction of the

tests:

a) A failure was selected by the ECOM observers from

Table 1 - Recommended List of Induced Failures.

This table is part of Y228A337, Maintainability

Demonstration Test Plan, Lightweight Doppler

Navigation System (LDNS), and has been included

in this report for convenient reference.

b) A Kearfott Engineering technician incorporated

the failure into the equipment.

c) When the equipment modification was complete,

another technician started the fault isolation

129
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6.3 Test Procedure

c) continued)

procedure using the Department of the Army

Maintenance Manuals as a guide.

d) A Stopwatch was started as soon as the fault

isolation period began and was stopped after

1) the fault had been isolated and 2) a repair

had been effected by replacement of either the

failed LRU or the failed module (depending on

whether Organizational or Direct Support Levels

of maintenance was being demonstrated) and 3)

the repair had been verified by the performance

of a system.test.

e) The failed hardware was restored to its original

condition and the process was repeated with another

failure selected at random from Table 1.

To minimize the duration of the tests, operations which were

common to all failures were timed separately and these opera-

tions were not repeated in the process of troubleshooting and

repair. At the Organizational Level, these common operations

consist of a) unbolting the LRU from the aircraft frame and

disconnecting the cables from the LRU and b) connecting the

cables to the replacement LRU and bolting the LRU to the air-.',..

craft frame. After these operations had been timed several
130
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6.3 Test Procedure (continued)

times to obtain an average, the LRU's were held in place on

the bench with a minimum of fasteners and the operation was

no longer timed.

A similar procedure was followed for the Direct Support Level

Tests. In this case the common operations were the removal of

the covers from the SDC and CDU, the removal of the cards from

the CDU, the removal of the lamps from the CDU, the removal of

assembled modules from the SDC, disassembly of the cards from

the SDC module frames, removal of the power supply from the SDC,

and replacement of all the above items.

6.4 Data

The data accumulated in these tests is tabulated in Tables 2, 3

and 4. Table 2 lists the assembly and disassembly times for the -'

common operations described above. The operations were timed in
'"

three tests and averaged as indicated in Table 2. These average

times were then used in all the fault isolation tests.

Table 3 is a listing of all the tests performed for the Organiza-

tional Level Tests. The first column identifies the sequence in
-.

which the tests were made. The second column indicates the LRU

and Fault Number as listed in Table 1. The next four columns in

Table 3 are a breakdown of the maintenance task times in minutes.
"Localization" is the time required to identify the failed LRU;
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6.4 Data (continued)

"Disassembly" and "Re-assembly" are the appropriate times ob-

tained from Table 2; "Checkout" is the time required to verify

the repair, which consisted of the replacement of the failed

LRU with a satisfactory unit. The last column is the total

maintenance task time.

A total of 54 failures were induced in the system and the

distribution of.the failures among the LRU's was in propor- "4

tion to the LRU failure rates.

Table 4 is a listing of all the tests performed for the Direct

Support Level Tests. The listing is similar to that used in

Table 3. "Localization" in Table 4 required removal of the

subject LRU from the hot mock-up, replacing the removed LRU

with the failed LRU, and identifying the failure module in

the LRU.

6.5 Data Analysis
-. A

The following discusses the analysis of the data tabulated

in Tables 3 and 4 to demonstrate compliance with EL-SS-1050-

001A. For reference, the maintenance time requirements and
4".

acceptance criteria are repeated here from Y228A337.

4lo.
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6.5.1 Maintenance Times
-.. 4

Maintenance Level Mct Mct max

Organizational MetI = 15 min. Mctl max = 45 min.

Direct Support Met 2  30 min. Mct 2 max = 90 min.

6.5.2 MIL-STD-471A Parameters

The maintenance time requirements MctI and Mct2 shall be

* demonstrated in accordance with Test Method 1-B of MIL-STD-471A.

The parameters for use in Test Method 1-B are defined as follows:

Organizational Level

1. Specified value for Mctlr/(o 15 min.

2. Maximum tolerable value for MctI--. rl ,3 0 min.

3. Producer's Risk - - 0.10

4. Consumer's Risk - = 0.10"

Direct Support Level

1. Specified value for Mt 2 = o= 30 min.

2. Maximum tolerable value for Mt 2 =J = 60 min.

3. Producer's Risk =4 = 0.10

4. Consumer's Risk - = 0.10

.4.

The maintenance time requirements Mctl max and Mct2 max shall

be demonstrated in accordance with Test Method 3 of MIL-STD-471A.

The specified maximum time for corrective maintenance Mct max shall

be taken to represent the 90th percentile point of the corrective

133
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6.5.2 MIL-STD-471A Parameters (continued) P

maintenance time distribution. The parameters for use in

Test Method 3 are defined as follows:

Organizational Level

1. Specified value for Mctl max = T = 45 min.

2. 90th Percentile = Po = 0.10

3. 75th Percentile = p1 = 0.25

4. Producer's Risk =( = 0.10

5. Consumer's Risk = = 0.10

Direct Support Level

1. Specified value for Mct2 max = T 90 min.

2. 90th Percentile = P= 0.10

3. 75th Percentile = P1 = 0.25

4. Producer's Risk =0( = 0.10

5. Consumer's Risk = = 0.10

6.5.3 Acceptance Criteria

6.5.3.1 Mct Maintenance Times

The acceptance criteria using Method 1-B of MIL-STD-471A

with the above parameters is as follows:

Aceptif 0 + Zo+ z (

where

X- arithmetic mean of the sample times

134
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6.5.3.*1 M ct Main tenance Times (continued)

n = the number of samples =54

d = standard deviation of-the sample times

X n

n-l

Z - 1.28 (from p 30 of MIL-STD-471A)

0 1 5 min for organizational Level

-30 min for Direct Support Level

*66.5.3.2 Mct max Maintenance Times

The acceptance criteria using Test Method 3 of 14L-STD-471A

with the parameters listed in 6.5..2 is as follows:

Accept if the Number of Sample Times exceeding T (C

where

C = B (from Table B-1 of MIL-STD-471A)

T - 45 min for Organizational Level

- 90 min for'Direct Support Level

135
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6.5.3.3 Computations for Acceptance Criteria

The means, standard deviations, and number of times the main-

tenance times exceeded Mct max were computed from the data in

Tables 2 and 3. The results of these computations and their

use in the acceptance criteria are tabulated in Table 5.

Examination of Table 5 shows that the demonstrated values of.

Mct and Mct max both for the Organizational and Intermediate

levels of maintenance meet the acceptance criteria of MIL-STD-

471A. The demonstrated values are in fact substantially below

the required values.

7. SUMMARY AND CONCLUSIONS

The Maintainability Demonstration Test has shown conclusively

that the LDNS meets the maintenance time requirements defined

in EL-SS-1050-001A for Mct and Mct max both for the Organiza-

tional and Intermediate Levels of maintenance, and no deficiencies

were found. The Department of the Army Technical Manuals for

Organizational and Direct and General Support Maintenance were

used to isolate the failures induced in the equipment. Except

for some minor clarifications and corrections, the manuals pro-

vided the required guidance to isolate the problems in a rapid

and straight forward manner. The manuals have now been updated -'4'

in accordance with the required changes.

.4.
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7. SUMMARY AND CONCLUSIONS (continued)

The tests have also verified the Singer maintainability

concept for the LDNS. It has been demonstrated that the

BITE satisfactorily identifies the failed LRU at the Organ-

izational Level. It has also been shown that at the Direct

Support Level isolation of failures to the card level is

effectively accomplished by the BITE, standard test equip-

ment (voltmeter and oscilloscope), and the procedures de-.

fined in the technical manuals.
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CODE IDENT NO. 88818

TABLE 2

SAMPLE TIMES FOR DISASSEMBLY

AND REASSEMBLY

(times in minutes)

I. ORGANIZATIONAL LEVEL

#1 #2 #3 AV

A) Disassembly

1) CDU 0.5 0.4 0.3 0.4

2) RTA 12 10 8 10

3) SDC 1.4 1.2 1.0 1.2

B) Reassembly

1) CDU 0.7 0.5 0.3 0.5

2) RTA 12 10 8 10

3) SDC 2.6 2.4 2.2. 2.4

II. INTERMEDIATE LEVEL

#1 #2 #3 AVG

A) Disassembly

1) SDC 3.6 3.2 2.8 3.2
(Power
Supply)

2) SDC (Cards) 4.4 4.2 4.0 4.2

3) CDU (Cards) 0.9 0.85 0.9 0.9

4) CDU (Lamps) 4..4 4.3 4.2 4.3

B) Reassembly

1) SDC 3.8 3.6 3.4 3.6
- (Power .. -

supply)

.2) SDC (Cards) 6.2 5.9 5.6 5.9

3) CDU (Cards) 1.4 1.3 1.2 1.3

4) CDU (Lamps) 5.4 5.2 5.0 5.2 143
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THE SINGER COMPANY _86V

KEARFOTT DIVISION Y258A416 REV
4,'.

INTRODUCTION

This Cost of Ownership/Life Cycle Cost (LCC) was
prepared in accordance with CLIN0020, DD1423 item
G005 of Contract DAAB07-74-C-0487 . As required
this analysis is based on the existing Lightweight
Doppler Navigation System (LDNS) design.
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THE SINGER COMPANY Y258A416 A
KEARFOTT DIVISION EY

CODE IDENT NO. 88819

GENERAL 6

Life Cycle Cost is a cumulative measurement of Research andj
Development costs, Investment costs and various logistics
support costs (Operation and Maintenance). This Cost of
Ownership/Life Cycle Cost analysis was based on the Optimum
Repair Level Analysis, Document Y258A290 Rev. A which con-
siders the above costs by employing the Generalized Elec-
tronics Maintenance Model (ECOM TR-3502).

Figure I is the output of the Generalized Electronics Main-
tenance Model exercised with the maintenance pblicies which
were selected for the Lightweight Doppler Navigation System
being proposed by Singer-Kearfott. The combination of
Maintenance Policy Numbers 11/13 with corresponding stockage
and inventory requirements from policies 21/23, proves to be
the most cost effective and is used for the LCC.

MAINTENANCE POLICY ._"
LEVEL "0' "DSV "GS". DEPOT

FUNCTION. COE, PIC FIM (SDC, CDU) FIM (RTA)
FIP (All)

STOCKAGE No Spares Components Modules (SRU's) Modules (SRU's)
(LRU's) for SDC, CDU for RTA

Selected Bit & Piece to
its & Pieces repair all SRU

The GEMM output (Figure I), when run with the selected Main-
tenance Policy, provides the result of a comprehensive analysis
which traded off significant parameters such as maintenance
levels, test equipment requirements, stockage of spares, techni-
cal data, training, transportation, etc. The preliminary result
was sensitized by incrementally upgrading the stockage confi-
dence level to arrive at the maximum cost effectiveness ratio.
An 80% stockage confidence level was used for Figure I. The
ORLA and the GEMM output forms a portion of the rationale for
this LCC.

-158

.4S

Ie

= '

% . , , , a : . . , . . . . . . . . . , , . , - , , . . , . '. .' . . ..*, , . . . , ,, ... , . . , ,,__. , -. - , , , , , , - , -



- n -. -d -. -W 7,37 -..

THE SINGER COMPANY Y258A416 A
Alp KEARFOTT DIVISION ,-REy

PLIFE CYCLE COST/GEMM OUTPUT

3 BOX LDNS CONFIGURATION
MTBF - 2121 HRS.

Maint. Policies I4aint. Policies
Cost Elements 11/13 21/23

(For Stock At "DS")
Research & Development 2,530.607
Production Cost 25,100,000
Test Equipment Cost 542,470
Publications Cost 516,000

Stockage

Initial 952,392
Reorder 577,526

Total Stockage 1,529,918
Inventory Cost 1,079,394

Training Cost 1,208,000
Maint. (Manpower) Cost 30,873
Transportation 80,327
Overhaul Cost N/A

Sub-Total LCC 30,008,277 2,609,312

Total LCC 32,617,589

Total LCC/GEMM Output 32,617,589
Other Costs:

LRIP Gages & Fixtures , 250,000
Item Management - 960,120
First Destination Trans. , 8,033
Grand Total 10 Yr. LCC = 33,835,742

Operational Avail. - 0.9684
MDT (Ars.) .77.039

FIGURE I
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THE SINGER COMPANY 2 4
KEARFOTT DIVISION Y25A416 REV A

CODE IDENT NO. 89818

LIFE CYCLE COST DISPLAY

The LCC display, Figure -II-, is a summarization of all cost
expenditures which will be incurred throughout the life cycle
of the LDNS. The life cycle being defined as: The R&D cost
plus Acquisition costs plus ten years Operating and Mainten-
ance costs. The chart is structured to show all cost elements
time phased over the entire life cycle. The summarization 04

indicates the yearly totals as well as the life cycle totals.
4 Time value of money is treated separately in Figure III and

indicates the projected constant 1974 yearly dollar expendi-
tures at their yearly escalated costs and discounted present
value costs as required by the guidelines in Section J.32 of
the contract.

The LCC display totals agree in all cases with the GEMM outputs
with the addition of LRIP Gages and Fixtures, Item Management
and First Destination Transportation costs which are not pro-
vided for in the model.

$250,000. LRIP Gages & Fix. $
$32,617,589. + $960,120. Item Mgmt. | $33,835,742.
(GEMM Output) $ 8,033. 1st Dest. Trans. ) (LCC Display Total)

G&A and profit breakdowns have not been delineated in the display
due to the fact that some of the cost elements are functions of
the GE.24 calculations which resulted from Government input cost
factors. Cost elements inputs which are S-KD prices (i.e. prime
equipment, test equipment, spares, etc.) are shown at sell value
and can be broken down by using the following percentage factors,
except for the Research and Development costs which are explained
in the display reference table.

Item/Cost % of Sell Price Remarks

1. Labor, Material & Overhead 73.5467

2. G&A 15.7390 21.4% additive to
Item 1.

3. Profit 10.7143 12.0% additive to
Items 1 & 2.

100.0
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THE SINGER COMPANY Y2 58A4 1 6 A

KEARFOTT DIVISION REV

LCC DISPLAY (BY COMPONENT)

LDNS.
COST CATEGORIES/ELEMENTS SYSTEM RTA SDC ,DU

RESEARCH & DEVELOP. 2530607 - - -

SUB-TOTAL 2530607 , ."

INVESTMENT
RECURRING
ACo. (PRIE EQUIP.) 25100000 4919600 6425600 13754800
FIRST DEST. TRANS. 8033 1390 2201 4442
SPARES (INITIAL) 952392 186669 243812 521911
SPEC T/E 323461 71370 96335 155756

SUB-TOTAL 26383886 5179029 6767948 14436909

INVESTMENT
NON-RECURRING
GAGES & FIX. (LRIP) 250000 - - -
DATA PUBS. COST 516000 59600 214000 242400
TRAINING (INITIAL) 308000 53284 84392 170324

SUB-TOTAL 1074000 112884 298392 412724

OPERATION
MAINT. MANPOWER 30873 5341 8459 17073
SPARES (REORDER) 577526 113195 147847 316484
TRANSPORTATION 80327 13897 22010 44420
STD. TEST EQUIP. 1373 238 376 759
T/E SUPPORT 217636 47880 64857 104900
RETRAINING 900000 155700 246600 497700
ITEM MGMT. 960120 137160 487680 335280
INVENTORY 1079394 211561 276325 591508

SUB-TOTAL 3847249 684972 1254153 1908124
GRAND TOTAL 33835742 5976885 8320493 16757757

)TE: Non spread items (R&D, GAGES & FIX.) must be added where applicable
to obtain sub-total and grand total.

FIGURE I-A

e..' 'If ',..

%.% 162 ..-

~0 % 4 * -P 4? 0 %- W'S ~ L *%.*?~ *
e 41 .0p

%A



THE SINGER COMPANY
KEARFOTT DIVISION Y258A416 REV A

CODE IDENT NO. 88818

COST SUMMARY - ESCALATED Cs)

INVESTMENT COST O&M COST ANNUAL ESCAL. ESCAL. ANNUAL
YR. NON-RECURR. RECURR. RECURR. COST FACTOR COST

77 1,074,000 5,385,562 444,410 6,903,972 1.336 9,223,707
78 278,090 278,090 1.402 389,882
79 10,499,162 498,090 10,997,252 1.466 16,121,971
80 10,499,162 358,091 10,857,253 1.531 16,622,454
81 278,093 278,093 1.600 444,949
82 498,093 498,093 1.672 832,811
83 358,094 358,094 1.747 625,590
84 278,096 278,096 1.826 507,803
86 498,096 498,096 1.908 950,367
86 358,096 358,096 1.994 714,043

TOTAL 10 YR COST OF OWN. (ESCALATED) 46,433,577
R&D COST 2,530,607

TOTAL LIFE CYCLE COST (ESCALATED) 48,964,184

COST SUMMARY - DISCOUNTED 15)

INVESTMENT COST O&M COST ANNUAL DIS. DISCOUNT.
YR.I NON-RECURR. RECURR. RECURR. COST FACTOR ANNUAL COST

77 1,074,000 5,385,562 444,410 6,903,972 0.954 6,586,389
78 278,090 278,090 0.867 241,104
79 10,499,162 498,090 10,997,252 0.788 8,665,835

80 10,499,162 358,091 10,857,253 0.717 7,784,650
81 278,093 278,093 0.652 181,316
82 498,093 498,09'3 0.592 294,871
83 358,094 358,094 0.538 192,655
84 2-8,096 278,096 0.489 135,989
85 498,096 498,096 0.445 " 221,653
86 358,096 358,096 0.405 145,029

TOTAL 10 YR. COST OF OWN. (DISCOUNTED) 24,449,491
R&D COST 2,530,607

TOTAL LIFE CYCLE COST (DISCOUNTED) 26,980,098

FIGURE III
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CODE IDENT NO. 88818

LCC DISPLAY REFERENCE TABLE

To support the values shown in the LCC display (Figure II),
the following table was prepared which provides the Cost

*- Element, Remarks/Derivations and References. Source of data
and approach to estimating and cost distribution are included
in the table.

COST
ESTIMATE REMARKS REFERENCE

R&D The value of $2,530,607. is the Contract
current contract value. It includes DAAB07-74-
G&A and profit. C-0487

Prime Equip. For the purpose of this study, AMSEL-PP-C-
Acquisition $25,100. (DTUPC Target) was used ES-3 KO Ltr

as the unit cost per equip. and the #37
acquisition was spread over the
prod. schedule. A configuration
cost breakout is provided in Figure
IV and the prod. rate schedule and
site activation plan is shown in

, Figure V.

Spares (Init. The spares costs calculated by the Figure V
& Reorder) GEMM based on Component, Module and

Part Class price vs. Maint. Policy
were separated into Investment

[.4. (Initial) Cost and O&M (Reorder)
Cost. The Investment cost was pro-
rated to the Prime Equip. Acquisition .-

as follows:

Year Prime Equip. % of Total Init. Spares
1977 $ 5,020,000. 20% $190,478.

1979 10,040,000. 40% 380,957.
1980 10,040,.000. 40% 380,957.... ,

$25,100,000. 100% $952,392.

Reorder costs and Inventory costs
were spread equally over the 10 year
O&M period-.. .
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CODE IDENT NO. 88818

COST
ESTIMATE REMARKS REFERENCE

Test Equipment The total Test Equip. value $542,470)
. Special calculated by GEMM breaks down as
. Gaged a Fixtures follows:
. Standard .. Support Special T/E (Field) $187,480.

Special T/E (Depot) 135,981.

Std. T/E Charge 1,373.
Support (All) 217 636$542,470!

The Special T/E (Field) was spread Figure IV-A
in accordance with the site activa- & V
tion schedule (20% in '77, 40% each
in '79 and '80). The Special T/E
(Depot) was placed in the initial
year. A $250,000. cost for LRIP
Gages and Fixtures was also placed
in the initial year. Standard T/E
charges and all T/E support costs
were spread equally over the 10
year O&M period.

Data - Pubs The GEMM output of $516,000. was
calculated from a per page cost of

$400. and the page count allocations
devoted to E/I, Component and Module.
The cost was placed in the first year
of operation since tech pubs. are re-
q uired prior to activation of the
maintenance site.

Training (Initial Total training costs were spread Figure VI
& Retraining) exactly as allocated by GEMM. See

Figure VI for cost distribution.

NOTE: GEMM output for training costs
from .aint. Policy 21/23 were
used for the LCC since Policy
11/13 when exercised on the pro-
gram with the updated (2121 hour)
MTBF completely eliminates Org.
Level Training. Policy 21/23
.retains Org. Level Training.

pan-# &/ 165
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CODE IDENT NO. 88818

COST
ESTIMATE REMARKS REFERENCE

Maint. The GEMM output of $30,873. was
Manpower spread equally over the 10 year

O&M period.

Spares Reorder See: Spares (Initial and
Reorder)

Transportation The GEMM output of $80,327. was Ii
spread equally over the 10 year
O&M period.

First Destination Transporta-
tion was estimated as 10% of
total GEMM transportation out-
put. Covers shipment and
packaging. ($8,033.)

Standard T/E See: Test Equipment
& T/E Support

Retraining See: Training (Initial and
Retraining)

Item Management Item Management costs have Figure VII
been added to the total LCC

. figure provided by GEMM.
Complete rationale for the
costs (Intro., ist year and
9 year maint.) appears in
Figure VII. All Item Mgmt.
costs were sho as recurring
under the O&M period per
AASEL-PP-C-ES-3, KO Ltr. #37.

Inventory See: Spares (Initial and
Reorder)

4m
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THE SINGER COMPANY
KEARFOTT DIVISION Y258A416 REV A

CODE IDENT NO. 88818
LDNS CONFIGURATION DIAGRAM

INCLUDES: COMPONENT/MODULE IDENTIFIERS, MTBF & UNIT COST
E/I

-k" LDNS
.-'. MTBF - 2121 ERS.
...:.. U/c - $25,100

'-' A SDC CDU

MTBF - 12,237HRS. MTBF - 7744HRS. MTBF =3838 HRS.

__ _ __ _ __ _ __ _2.1 -3.1

ATENNA POWR SUPPLY N UMERIC DISPLAY
F,, c __ _ _ __ _ _• _ _ __ _ _. _ _ _

MTBF . 225,225 HRS _ bTBF= 25,100 HRS. MTBF = 77,700 HRS.
U' - $735 muC $919 U/c $1656

1.2 2.2 3.2

lICROWAVE COMP. LEF 1

- blTBF = 17,781 HRS. TBF 53,248 HRS. MTBF 39,777 HRS.
-/C = $1,595 U/C = $758 u/c $1321

1.3 2.3 3.3

ANT. ELECTRONICS FREQ. TRACKER ALPHA DISPLAY

TBF . 53,163 HRS. -MTBF =48,263 HRS. MTBF = 70,522 ERS.
U/C -$394 U/C = $857 U/C = $431

1.4 2.4 _ _3.5

FRAMIE 1TIER/INTERFACE PS EUAO

U/C . $61 HRS. = 37,608 HRS MTBF --32,658 HRS.
, U/C - $601 U/C - $951 U/C $537

2.5 3.6,

A/D CJNVERTERCPMT -JBp . 56,433 HRS. -'BF"= 48,193HRS.
iU/C -$879 U/C =$2274

.2.6 3.7

FRAM E / ,CHASSIS RAM/ROM MEMORY

MTEF = 182,149 HRS. -- ITBF = 48,286 HRS.
U/C = $673 U/C - $1794

3.9

FIU. VFRAIIE/CHASSIS Ij
I G O _ .. z v1 6 7 b-- C F ~ = 7 3 3 9 H R S .

IUIC - $2654

FGR_
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THE SINGER COMPANY
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-' ~p CODE IDENT NO. 88818

ITEI MANAGEMENT
9 YR

TOTAL UNIQUE "P"TYPE NEW INTRO 1ST YEAR MFAINT TOTAL
ITEM PARTS PARTS ITEMS "P"TYPE COST COST $420x9= 10 YEAR .

ITEMS' $530 '$770 $3780' COST

RTA

ANT. 8 8 8 6 3180 4620 22680 30480
M'WVE COMP. 3 3 3 3 1590 2310 11340 15240
ANT. ELEC. 104 34 30 13 6890 U0010 49140 66040
FRAME 7 7 7 5 2650 3850 18900 25400

SDC _-

PWR SUPPLY 101 34 30 13 6890 10010 49140 66040
POST I.F. 158 52 46 20 10600 15400 75600 101600
FREQ TRACK. 213 70 62 26 13780 20020 98280 132080
TIM/INT'FCE. 126 42 40 16 8480 12320 60480 81280
A/D CONV. 110 36 32 14 7420 10780 52920 71120
CHASSIS 16 16 12 7 3710 5390 26460 35560

NUM.DISP. 73 24 21 9 4770 6930 34020 45720
I/O 72 24 21 9 4770 6930 34020 45720

ALPHA DISP. 40 13 11 5 2650 3850 18900 25400
POST REG. 103 34 30 13 6890 10010 49140 66040
CPU 108 36 32 14 7420 10780 52920 71120
RAM/ROM 78 26 23 10 5300 7.700 37800 50800
CHASSIS 51 17 15 6 3180 4620 22680 30480

TOTALS 1371 476 423 189 100170 145530 714420 960120

NOTE: "TOTAL PARTS" quantity does not include standard hardware type items
(i.e. screws, washers, nuts, etc.) or structural (non-"P") items.

FIGURE. VII
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KEARFOTr DIVISION Y258A416 REV---A

CODE IDENT NO. 88818

DESIGN & MAINTENANCE ALTERNATIVES

The design and maintenance alternatives addressed in the
previous submittal of this document have been implemented
and their impact relative to cost has been assessed and
included in this analysis.

RISK & UNCERTAINTY

-Significant cost driving parameters such as MTBF and spares
stockage levels were analyzed and presented in Singer-Kearfott's
Optimum Repair Level Analysis Document Number Y258A290 Revision A.
MTBF was sensitized from 500 hours to 1600 hours and the ORLA
reflects the cost changes associated with each. Spares stockage
was analyzed at each maintenance level with the resultant recomen-
dation showing spare LRU's at the Direct Support Level in lieu of
the Organizational Level.

QUANTITY-2 RICE RELATIONSEIP

AThe Quantity - Price Relationship Chart, Figure VIII, represents
a projection of system per unit prices based on quantities of
200 or 560 or 1,000 or 5,000 or 10,000. Detailed resource
labor and material estimates were developed by our Estimating
Methods and Production Engineering personnel for quantities of 200,
560 and 1,000 systems. These prices were then increased by
developing the factor from the resource estimate for 1,000 quantity
to the $25,100 per unit price and factoring the resource estimated
prices for 200 and 560 accordingly.

The prices for the quantities of 5,000 and 10,000 were developed
by extending the curve from the 1,000 quantity on the same slope
(88%).

'.~

1%%

p@OU-i 2fl5 172 .

..

ya 6'v,-
% %



-~~, 7 .. 71. .M

THE SINGER COMPANY

IKEARFOTT DIVISION Y258A416 REV A

CODE IDENT NO. 88818

O)UANTITy-pRICE RELATIONSHI P

Based on the unit price per system of $25,100 (Qty. 1,000-
1974 Dollars) used in this LCC analysis. Fig. VIII is the
quantity-price relationship curve for cumulative lot builds
of 200 or 560 or 1,000 or 5,000 or 10,000.

Projected Unit At Quantity
* ~Price: Of.:_____

$16,750. 10,000
19,000 5,000
25,100 1,000
27,900 560
37,170 200

38.000-
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