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INQUIRIES
FOR TECHNICAL INFORMATION
REGARDING TOPICS PRESENTED AT THIS
HYDROGEN LEAK DETECTION TECHNICAL INTERCHANGE MEETING

PLEASE CONTACT THE FOLLOWIRG:

WILLIAM R. HELMS
CHIEF , GROUND SUPPORT EQUIPMENT BRANCH
ENGINEERING DEVELOPMENT DIRECTORATE
NASA KENNEDY SPACE CENTER
DL-ESS-2

KSC, FL 32899
(407) 8674438

(407) 867-1603 FAX

RONALD G. BARILE, PH.D., P.E.
CHEMICAL ENGINEERING DEPARTMENT
FLORIDA TECH
150 W. UNIVERSITY BLVD.
MELBOURNE, FL 32901
(407) 768-8000 X7243
(407) 984-8461 FAX

APRIL 29, 1992



géﬁﬁiér

yajws Kaswo8juop Buyssad01qg e8ewy Teriusnbag Sufs uoylIDAIBQ HBST FWSS
UOSI9pUSH UEBWINY], 3daouo) I0SuaSOID T uaBoIpAY V
SurprIng ATquessy 9[dFYyap O
£3F17108g Buyssadoig 193FqiQ O 193U3) T0I3UO0) Ydune] o
Ped youneq a1iinys o _ PT®1d Sutpue] 2133Inys 0 - sanol KIF[TOB]

BeTIL@laje) DH 3Ie younq

afq aA2a3g UuoF10933q e¥] gH I0J SI0SUIG
1032NPUOD TWAG-I0FBINSUT-TBISK JO SUOTIEBITIFTEN)

Aputy 311990y TH 30 uof3Idalag yea Ted7adp
siamod 313qoy 10Su3g ud801pAY 90INOgG JUTOJ PIIBLIFIqRIOIDTR
JI93I0YMOK Tned 9Inpol Iosudg uaBoipdy sBuey-opIM 31SNQOY BIpUES
saysny 3a1sqoy s10suag ud801IpAH 23eIG PT[OS U SIDOUBAPY 3Jua09y
Jung °q Ler 133u3) 9dedg sSTUULIS IB UOTIVAISQ YBIT

sjusmysaijay - yeaag

SUTpPISqaIN WETTTTM STMIT VSVN 3B jI0M Josuas gH
8Jamod WETTTTM OD4dSH-VSVN 3® UO0F109393q Mesa TH
SWTSH WEFTTM OS) VSVN 3® moilowoy ¥ Aepoj, uofinaiag Nea1 ¢H
S89IppY 930N L3y / smodTay

91 Taeqg uoy Apnig YyoaL BPFIOTI-MOFAIBAQ
uoF3Ionpoajug

67 1Tady ‘KLepsoupay - yaNIW

2661 °0€—67 "II¥aV

YAINAD HAIVAS XAANNDI
ONILHEN HONVHOYRINI 'TVOINHOIL NOIIDHINA IVYT NIOOUAAH

4!

IT NOILOHUS

0T

=)

<

NOILD4S

NOILOIS

NOILDAS

NOILDES

NOILDES

NOILO4S

NOILD4S

NOILDdS

NOILOIS

NOILDHS

NOILD3S

00:¢1

‘u*e 00:6



S99pUaII IV

MOqQT0) peiucy

uoljejuswnijsu] IadNpsuely O

Iaeaq TaeYd TN
13ebM KLaajyjer

oaaiaany sujyanboer

Laddeg Lpuy

TIT®H °H °S

urlaiey 3aaqoy
nqejyeg Loy
3 T9eW Lqaeq

PTI®T3s3aey uag

9TFieg uoy

suotssnosfq dnoag Tewmaojuy
98e103g § 3ji10dsueay ‘SBujsuag us8oapiy

uofjiejuswnijysuy Jeatadg o
U0}3I02319Q SBY) SNOpILZEY O

- 8qe] JInoj
eT393193Je) DH 3I® Yyoung
%°GD UOTIBDTITQNd V9H) MaN-uoFiIedTIToadg SBupdyq usSoaphy

Jjuswaansesl ualdoipAy 103 spasN LAeN Sn

wa3ls£g youne| TeuofleyN
J103 sjuswaainbay u8ysaq weisLg uofivazag sen snopaezey

uoyssfwy snosuejuodg payIrrduy
P231Fx9-1988e] £q ZH JO UOTIDII9Q PISeq-19se] 2j0WAY

SJUSWaINSEI AepP]T uewey

sjusmysaijay - yeaig

1epy] uewey £q

uoFieajuaduo) uadoipAy jo SujiSemy ¥ uolIdaleqg 9joway
suorleofrddy a[djysp youne] 103 uofFiIvsalaQ yea]

siosudg dF3ILTeIB) JO 83IS3d] 9suodsay SwWT] 9Inssaig
Mo JO UOFIBIUSSDId ¥ °O(IV I® UOTIV339q uad0apAy

uoflonpoajug
0€ TTidy ©ALepsanyy - VNIV

7661 “0€—67 TIddV
YHINED AIVAS XQANNTX

ONIIHHR HONVHOYHINI TVOINHOHI NOIIDAING AVHT NI90UAAH

1C

0¢

61

81

L1

91

1!

91

€1

NOILOIS

00°1
00: ¢t
NOIL1O3S

NOILOIS

NOILO3S

e

NOTLO3S
- d

NOILD4S

NOILO3S

NOILO4S

NOILO3S

‘u*e 006




HYDROGEN LEAK DETECTION TECHNOLOGY

KSC GRANT TO FLORIDA TECH

MARCH, 1992 THROUGH FEBRUARY, 1993

PL RONALD G. BARILE, CHEM. ENGRG, FL. TECH.
CONTACTS: BILL HELMS, GSE BRANCH CHIEF

DAVE COLLINS, INSTRUMENTATION
SECTION CHIEF

BILL LARSON, TRANSDUCERS SECTION
WORK PLAN:
1. REVIEW AND REPORT H, DETECTIONR & D
2. DEFINE DEVICE REQUIREMENTS WITH KSC
3. SET UP COMMUNICATION WITH JSC-TIM
PARTICIPANTS, OTHER WORKERS AND
USERS, INCLUDING SITE VISITS
4. CONDUCT TIM AT KENNEDY SPACE CENTER

5. TEST PROMISING PROTOTYPES AT KSC STARTING
JUNE, 1992
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~ Recent Advances in Solid State
Hydrogen Sensors

R.C. Hughes and W. K. Schubert

Sandia National Labs,
Albuquerque, NM, 87185

Collaborators:

Device Fabnication: Joe Pierce, Ned Godshall
Jose Rodniguez, Sarah Everist, Barb Wampler

UHY Studes: Bob Bastasz, Walt Ellis (LANL)
Tony Ricco, Bob Rye

Device Testing: Mark Jenkins

Metallizatmons: Ric Buss
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Microsensors for the Space Program

Hydrogen Sensors

1. Shuttle fueling and burn
2. Orbital Transfer Vehicle
3. Advanced Launch Vehicle
4. National Aerospace Plane

5. Fuel Cells
Sensors for the Life Support Tech Program
see JPL Meeting, 11/6/91

Peggy Evanich, Program Manager

Physical Sensors

Radiation-RADFET array could give
spectrum

Viscosity- acoustic wave devices have
no moving parts, gravity not needed
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PANi MOS Capacitor at 100 C, Hp Response
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file wrsl, 202

On-Chip Heater to 55 C, Raw Data
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file wrs2, L2152

Corrected Pd/Ni Signal for Temperature
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A HYDROGEN MICROSENSOR CONCEPT
‘H. Thurman Henderson

Kartalia Chair in Electrical Engineering

Sachin Dhole, PhD Student

UNIVERSITY OF CINCINNATI
Loc. #30, Rhodes Hall
Cincinnati, Ohio 45221

(513) 556-4774

In Affiliation With
UC/SPACE ENGINEERING CENTER
| FOR HEALTH MONITORING
AND

CENTER FOR MICROELECTRONIC SENSORS AND MICROSTRUCTURES
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AGENDA

Background

Historical and Present Methods

The New MEMS Technology

Proposed Micromachined Silicon Based Hydrogen Sensors

0

(o]

o

The Permeable Membrane

A Micromachined Hydrogen Gas Tube in a Chip
Deadout Instrumentation
Microspectroscopy/Source

The System

MIR Sensitivity Enhancement
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Other GasesO
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Partial Press
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Silicon Dioxide Permeable
Membrane (100 mm- 0.3 um

lectrode Lattice or Grid)

5-20 mils

7 \
/ Lower (Solid) Al Electrode Electrostatic Bond

Boro-silicate Glass
Structure of the Micro-machined H2 Detector Tube

Glass /Si Seal Around Electrode Feed-through

n

Electrode

N

Wz

‘qq;spr
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Enhanced electric Field for Switching Threshold Current
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n-SiIiccV///////A p////n////////////////

= ~+—Broadband Si_Photo-diode
H2 From Area Light Emission Bro d ‘

Through Transparent .
Oxide-Nitride Si3N4

//////////////////////,’/////////////é_ZZ@/ Sio2

PSS %

Gaseous Light Emitting Diode with Precise Lines
for Hydrogen Absorption
( All Integrated into a Single Chip )

Evanescent Wave

B
H n P -
Ydl’.oge ass-Over ® /H2

Diode Input Detector

V}m/xavxs.&.

Silicon Micromachined Wave-guide for Multiple
Internal Reflection ( MIR ) to Increase Absorption Path

(Enhanced Absorption of Hydrogen Lines through ATR)
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Toward Arc Breakdown

(log) - Plasma Region
Current '

(NDR Switching)

Townsend (Glow) Discharge

Vth2 Vthi
Voltage

Typical Arc Discharge Curve for the H2 Arc in the Tube

Applied
Voltage

Vth1 Vth2

B
Time
Applied Sweep Voltage to Determine the Partial Pressure
of H2 in the Tube
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SSME Leak Detection

Infrared A
Intensity
B .
4 - Time
Leak

TEMPORAL RESPONSE STUDY

J.A. Malone
L.M. Smith

Intensity at Single Point in Image

CENTER FOR LASER APPLICATIONS « THE UNIVERSITY OF TENNESSEE
SPACE INSTITUTE ¢ TULLAHOMA, TN 37388 CG-2156
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Discharge Duct
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Breadboard System Testing
Will be Conducted at Sea Level
and 50,000 ft Altitude Conditions
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Pd/Ag MIS Diodes Have
Demonstrated Suitable Characteristics
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Sensors Mounted for Head-to-Head Testing

P




L

09S ‘awllL

00LlL 000L 006 008 O00L 009 00S OOy 00E O00C OO

U T YO W I YO YOO U W I U Y O WO N WG O N O Y WY TN U0 O YUY U0 A O

4/ pajeniu| yea

BY-Pd €€-L9 »wwrs
Bv-pd 01L-06 ++———
BY-Pd 01-06 vvo—sv
Pd %001 paishe] oeeeo

o

TTTTrrTr Ty i e v v e v prrvip i priTT

uojsjAlg uoisindold

paads juawa|g uol}9laQ
saouanjjuj uoiisodwon ajen

00
0°0S
0°00tL

Qo

051t
"00¢

o

0°05¢
0°00t
0'0se

Q
=3
=]
<

0°0St
0°00S

0°0SS

14-11

o[/l indinQ apolq

12rouay
dOJN3K)

et



uoisialg uoisindoid

apoid SIN Bv/pd pauonipuo) ainjesadway -
134 aien papuadsng ny/id -

apoid SIN Bv/pd -

pajenjens buiag aue
SIosuag ajepipue) saiyl

e ZzeTyl

14-12

12rouay
dOJN3K)



14-13

" uojsiaig uoisindoud

2N
kb F. |
=

e

losuag uaboipAH
9poIg SIIN winipejjed

R

12rod2av
ddON3L]



uoisialg uoisindoud

losuag uaboipAH 134 wnuile|d

14-14

13rguay
dMOJN3K)



chela b belabay ool oty

e/l

14-15

losuag uaboipAH apoiqg
SIN winipejjed pajeaH

12rouay
dMOJN3K)




4 ra gt

"S10SU9S ,,0U0Z, WoJij auwll "SA
- uopenuaduo) bujssasoid Aq ,pobeuwy, ale
syea “Juswnedwo) jnoybnoayl padeld :siosues ,duUo0z,

s)ea] 0} om:oamwm pidey saAln .wya_io
pue s}aju] aAjeA ‘splom ‘sabueld se yons
suojpjeso] yea Aujiqeqold YbiH uo padeld  :si10suss ,8MS,

S)|ed 10919(] O} S10suas .
.ouoz, pue ,als, sasn walsAs
12r02v
uojsialqg uoisindoad n_W_DUZm_M—

14-16



6192yl

%0¢2-0

suojelluaduos uabAxp
punouboeg

suojfay sex)

o1ueBoA1D o} AiwWIX01d PUBISUIM O} S1qY 9q 1SN

ainjesadwa]

1101 008 - 0S ainssald bunesado

%Y < %l < Hwi uoljeinjes
wdd .01 > wdd ;01 - 01 Ananues
saInuiN | > salNuUIN S > owli] 19A023Y

spuodsag gl >

awl] asuodsay

~ uoisialg uoisindoad

b

§ Lo
Y 1
LA

sjuswalinbay Josuag

13rouay
dIOJN3K)

14-17



(ejdwex3 1osuag 9|)

14-18

Aelly losua iun Buissaoo.d eubi Jaindwog
u ul
v S Hun out dl IS ansoubeiq
Aiddng
sava L_..onwh oa .ﬂnwﬂ
H3IMOd
Xnw
Jemod 1%ejes
induj {suuey) $50IPPVY
jeuueyd
H3LNdNOD
NN NM VANIVANY AN AN ANV AN AN AN AN ANIVANIVANIVAN I OILSON®VIA
XNW dJuy ‘AU >
wub e ndino eleq@
_...__.n_._._w Mu_._on av indino tira
savan h
dSN3S

FOV4HILNI TOHLNOD
INIONI/TOIHIA

§S920.1d UOISIaAUO0) pue Buluollipuo)

‘Buixajdiynpy jeubis

uoisialg uoisindoad

13rouay
dRIOJN3K)



91 ®le 1531,

SuiSeury
yea]

A

SpuBWIWO))

uonisinboy

uoisialg uoisindoad

vleq

ele( % Smels

pieoq a/V

mojjeleq woysAsg jpna-do g

1=2rousy
ddON3K)

14-19



si99ulbud 1s8} 0] Yoeqpasd) [ensiA -
¢ ool .pnojo uabolpAy,, ay) saop Jeym -

suol}eljuaduod uabolpAH -
ajel yea «
¢ syea| ay} jo sepnjiubew ay} ate Jeym ¢

S9]eUIpJ00)) «
Jusuodwo? «
Jwoll Buiwod syes| ayl ale aldyn e

ea| uaboupAy e aiayl s -

ENITIEIET )
‘awi} Jano siosuads uaboipAy wouy sBuipeas abeljoa uaal

sBuipeay 10suas slaidiaiuj
91em}jos paseg-obpajmou
uoisialg uoisindoid 12ro=2v

dRI0JN3K)

14-20



AT A A AL AT AL A N AL SN A G SN S S G AN (i SNr S S 4 4
ATA YA A A YA TR A YA UL AN

AT
MSSESINSNA Qumc v—mwl— IV
PN NN NN NN NN PN NN

T A I ST Ly AAAAA oley ¥ee
Z ‘A ‘X uoneoo yea

PEEL LSS LSS
ATATA A SA S TA YA WA WA L N N Y N S N NN
L R N AN NN AN NN NN
ATATANA A TA A S SL YL YA YA YL YL SR SR YA WY

2 8Wi] © g Josusg
Zowi] @ | Josusg

AR TR SR SRR Y YA Y

s

PN NN N NN NN NN NNN, NNNNNNN el @ 10SUd
N NN N NN CADDODOIAD _. L ¢ S
A A A N A A A A A A NI R NIV awl losus
N A N N N A AN N NN N NN VO

R S N N N N NN R TN RN NSNS

L A A N A N N N N N N N NN NN NN NN NN NN

L S S S N N N N NN LN NSNS R RN LR

LA NN
AT A A R R A R R N Y N N Y M N YL W YR N N

P A AN NN NN NNG see
LYV N VAN NN
.\f\/\/\/\/\/\f\f\l\t\,
LA N A A RN NN QE_ ._omcw
TN N A N N AN

\/\I\I\I\f\/\/\f\f\i\, N .n—- N m
LA N NN NN NN @
VNS ¢ BUl] @ | Josues
LN AR NN NNNN,

AYAYANA VAN NN NI N ..

A A AN N NN RN
AYAVAYA YA N NE NN NN
LA A N N AN N NN

DANDINN/NN] | ewl] @ g Josuag

eleq v_mu._
lenpy

LN NN NN i |
OO uoljejnwis

YA YA N N N N NN NN @ - . :
ARRENNANNNN] L oWl @ | JosuseS

LAY N Y N N N SR YN “0

LA A A NN NN N NN PN

\4\1\/\1\/\1\:\r\f\/sf\/\/\zst\/\:\/\r MRRRBRRDAAASE

YA YA YA S O N N N N S N N N N NN NN LYANANENE
\\\\\\\\\\s\\\\\\\\w::mmm_www._..\\\\

AT T N N N N N S N N N N N N N N N e S R N NN

L A A N A R A A N N R N N A N N N N N NN NN NN NN NNNYN]

YA T T N N N N N N N A N N S N O N A e N N S N NN

VNN VNN

PN AN _>— <ﬁ .—-lﬂ h—.\\\\\\\\\

e SISAJRUY 1S9 -1S0d s use

FAV AN A A I I I I I I I I I NI NN NN NN NN N

uoniedynuapj yes pidey
sapinold Buibew] yesa] paseg-asen

uoisiAlq uoisindoud 12rox2avy
. , n_W_DUZm_m

14-21



T

Bt i
N a4
i 7

mojd :o:om>:o,0 azisaylodAH NIHL
[9POIN uoIsnyid LHAM dulswwAsy si uoibay uoljeljuaduo) e 4|

syea adiynpy 9zisayjodAq NIHL
suoifay uonesnuasuo) ybiH
om] uaamiag diysuonejey ayy ujejdx3 o} Aej\ ON s! @19yl 4|

:9|dwex3
euoz
sosueguaucduop A K QUL vosHA
alls
s e oY
SUOi}ISOd BA[BA

sau |an4 jo esnjesadwa | \ .

puB 8.nssald [BWION |
sdiysuonejpdu]

Inoqy suoseay walsAs padx3
uoisialg uoisindoid 12ro&=2v

dRIOJNIK]

14-22



yea] yoe] jo apnyubepy 10 ajey arewisy g

lusuodwo?) e 0} ¥eaT YyoeJ Jo 821n0g dle|os| ‘v

uoloaliqg @ apniubel Moj4 UOI}O8AUOY) 8lewilST ‘OLIBWWASY §| '€
| (s)yee jo suoibay pue Jequinp aulwisla( ‘2
uonesuasuo) ybiy jo suoibay qj

mc_:ommmm_ paseg-|apoj\ YUm sassaljing pue sauljay Em~m>m(tmaxm .
8|ge|leAy swooag sasen) _mm.m Se awll| JaAQ uleaT .
suolje|nwis uo Ajjeniuj paurel| aq ||Im walsAg .

3ea Yyoes 1o} sjey pue uoleoo edjegd, 196 0} pasn YIOMIaN [eindN «

ABojopoyiapy uonnjos

uoisialg uoisindoid 12roxavy
n_w__uUZwm-

14-23



(osyuewAS) O MNIHL

(a1emijos jeloiawwon) abexqoed uonezijensiA dJIIUSIS ¢

(uosuyor YSVN) @Be)oed y1omiaN [eindN SL13N -
(uosuyor YSVN) l18ys waisAs padx3a sdio

10}IUO\ 10]0D “I9]] YSOIUIDBN *

a2.lem}]jos
VSVN UHM pajuswaljdw] ag [[IM
walsAg uoljoalag paseg-abpajmoud N
uoisialqg uoisindoid 12r0=2v

dRIOJN3KN)

14-24



Buiysa] pjoi4 pue uonejuawajduw] wolsAg

siosuag pajesbaju] Ajjng jo Juswdojanag Juainouo)

| Jjuawdojanaqg waysAg uojalaQg Nea] anujuon

yoteasay ABojouyda] JoSUasoIOI anujuo)

suoljepuswwioday/spaaN ABojouysa |

uoisiAalq uoisindoad

13rouay
dMOJN3K]

14-25






YAINTD IOVES SINNILS
v
NOILDILIA VT

ojuenH) eond uue, A — Y eJopds pup
bl k .h..,‘,.n.@ﬁ.‘o.‘ m- & *m o ”.u,..,_._s, 8—.5050 CO——.U <22 VL)M

ds




SSINIAILDIA43 WILSAS ONIHOLINOW
a3IA0HdWI HO4 NOILYWOLNY G3ONVHNS «

e

3ISN3dX3 NOILVHIdO
@3ona3d HOd S1S0J AVIHYIAO0 MO «

JOVHINO0D VIHV 3AIM HOL 1SO0D LINN MO «

. SAON3IHIJHILNI
TVINIWNOHIANT ANV 3SION WOHL ALINNWKI .

IHNVYH JHNLVHIdWIL DONILVYHIHO 3AIM «

aNOJ3S + >~
ISNOdS3Y 1SV «

| SA33IN WALSAS INFWIOVNVIN AVIT

JHVYMAHVH FNSS / SHNVL IDVHOLS
/SANIM UIASNYHL/ SHONHL /S3OHVE -
SIN3IW3HINO3Y ISH3AIA »

dSVN ‘STIN ‘INSS -
C¢H 'HA/Ssa1
NOITTIN 02 OL dN NOILdWNSNOD 3HNLNd «

1H0ddNS 1S31 ANSS -
CH "HA /SE7 NOITIIN 0} ONIMTANVH MON «

SNOILVOO01 MV3T TVILNILOd ANV -
ALINIOVA X31dINOD ANV 3OHV1 «

HINNSNOD NIDOHAAH 1SIDHVT SATHOM .
ALNIDVH
aANNOYOMIVE

SINIWIHINO3IH NOILOFLIAd NFOOHAAH
H3IN3O 30VdS SINNILS




.u.".u.".r....r.mm.u...-m. n ST13D LSAL ININOJWOD
R S e v

HTTOSNOD SAQLVIILO

NOLLOWILAd SVO AALLIONNA




WYH9O0Nd HOYVISTYH WVEM S.VIAONVS 40 dIHSHOSNOJS-09
HONOYHL YOSNISOUIIN NIOOHAAH 40 LINIWJOTIAIA WHIL dVIN ¥O4 3AINOHd

NOILN10S 0SS

3SNOdS3YH A33dS HOIH -

S1S09 AVIHIIAO MO ANV ALITIEVITIY HOIH -

1S0J LINN MO -

SIONIYIJUILNI ANV ISION WOXL ALINNWIIL -

JONVYH FUNLVHIdNIL ANV ALIALLISNIS 3AIM -

(s@94) ALITIAVdVYD ONIRMOLINOW A3LVWOLNY ANV G3ONVHNAT -
‘404 SNOILYOIdID3dS WILSAS J1V10Id SINIWIHINDIY OSS

SLNIWIHINOIY ONIYOLINOW MVIT HLIM SWVHOO0™d
ANV SHILINID VSVN 33HLO LI43aN38 T1IM JAILVILINI INGWJOT3AIA WH3L ¥VaAN S.0SS

ALINI8VAN3d3d W3LSAS H31V3HO
ANV ‘NOILVWOLNY ONIYOLINOW ‘IOVHIAOD FHOW SFHINDIY S1S0I SNOILYHIdO ONIONA3Y

| | mhm.m.o
hz<.:m_n_o~_n_59mo:ommogmnmmzmwz_t_“_oz<.mhz_o_..mm_>._<>“_om_w<mm>oommoz

SFUNSVIN AL34VS LSOO HOIH = SWILSAS NOI1O313d ZN@OM_D>I 379vAN3Id3ANN

ONIMOYO ANV NIOOHAAH 40 ¥IWNSNOJ 1S3OUVT SATIOM

S3INSSI INIWJOTINIA HOSNIS NIDOHAAH ISS



09Vd TYNOILYNYALNI TTIAMMOOYH
NOISIAIA ANAALAMDOY
AANIH °N L3490y

¢H 40
NOTLOILIA MVAT TYDILJO

o






euoljeuialuj ‘|lomyo0
UOISIAIQ aUuAplayoo
2661 ‘6¢ 1ud

Lv8v-gLL (818)
ApuiH "N Heqoy

uofjesodi0) [euopeualu) |8MIOY WoJ) uotssiwied
uan|IM INOYIM PASOSIP 10 pasn ‘peidod eq o] IoN

uojjewsojuy Aiejopdold jjlemyooy

uojsjA|q eufpiayooy
jeuoljeusaju|
[Iam)20Y4




uo|sjAa|q euhpienooly
10118104100 [BUOIBUI8IU) §AMIDOY LI01) uOySsjuned —NCO_ —G-.:@—:—

UBIYIM INOYIM PASOIISIP 10 pasn ‘paydod eq o) 1oy
uojjeuuoju) Alejejidold j|emyaoYy

SuoljepuUaWWoday

suolsnjouo) pue Alewwng
suojjedljddy

sa|fojouyyo9) Huioddns Jo majnay
mainlano :Buibew yea| jeando
sjuawalinbal pue sanss| Jo MajAdYy

aA9alqo - uononpo.uj

ll3mxya0H

Y



uo|s|A|(Q eulpleyooy

VO I0dI0]) (BUOHBLISRY FBMH NI § LIOI] LKYRSHINING _ﬂco.—GChO—C—
UBLYIM INOYIMm PESOIISIP 10 pasn 'piqdod &g 0f jo]y ——O;XOOE
uojjeunojuj A1ejejidoird |jemyaoy

1S0D ||eIBAQ 92NpPaY -
awll] punoleuin] aonpay °

Aajes anoudul
0} widysAs Aypiqerjas soybiy apinodq

A
A

ad



o

uoj|s|A|(] eudpilexooy

UONE 1010 7) [RUONEU I JRM L] 11101 uoyssped —@:Q——Q:.—Q—:—

UBINIM INOYIM PASOININ 1O paRN ‘peydoI 84 0] ION -—Q;xooz
uojisuuojuj Arejejidoid [jemyooy

as1oald ‘prdey -

pieoq uQ/punciy -

‘ nolj .
(ZN ‘20 ‘ZH) sereuIwposiq * ¢ ‘sAejap weaboid <-— Buljooys ajqnod}

wajqoid }ea| snojewouy -

Amgixeld . | Aujiqedeo paywiy .
- (sjqejeadad
ajqel}al asow--pezuandwoyn . lou ‘ajqelfo1 SSo[) PAIBLIOINE 10N -

auebohio ‘
‘aAISNIUI-UOU-- SINOY Q002> (1yBuy/sy 000°02) - @aisusiul Jamoduepy .

wesboid annys bBulsixa
UO UOI}03)3ap )ea| aulinoy -«

Buibew) yea jeondo uojjesadQ uoloalag yea aunysg 3Ny

SNOILYH3dO ATLLNHS
OL DNIDVINI Xv31 1vIILldO 40 Slid3dN3g



uojs|A|(] eudpieydoy

HOPEI0AI07) |RUCHEUINYI JRMHOL) 1101) 1oy 8sRI1ed —GCO——QC.—O—:—
UBLY M HION 1M PESOIINIP 10 PasN “Peyidod e 0] )N SMNI0
uojjsuuojuy >_ﬂ-0_=,-°._nm HHem)3ooH " ¥ooy
UOoN3ID HWWOI youne -«

$92.n0s )yed| |eljuajod o) ssadoe |eaisAyd sajeadwon -

Aneawoah jonp pajnjoAuod ‘ajeainu|
K111anas yea| aujwaalap o} YNy -

92.no0s yea| Ajljuapy o} ynayqa -

[ ]
v,

aAIsnjauoou; sanbjuyoa) Juaiing

sapnjjubew pue sadinos yea| sasinbsip pue syes| SBAIQ -

weoj Bujie|nsu) y)m pasanod sjonp Auep

auoje |leneog ui sjutol auibua oGy pue sjulof 181140 QoL J9AQ -

eale ab.e| e .tano sjulof jo Jaquinu able

SANSSI 1vIO3adS
‘NOILO313d MVIAT ITLLNHS



e, P
A £ /. y (/

S

uojsjajq sudpiexooy

UOIE 104107) (BUO(INU 18I} YOMDOY] L0 uopespinod —GP—O_ —-w—.—hﬂcc_
URIYIM INDYIIM PEOOPISIP JO pawn ‘peyko ) &4 0 K0y ——gxgz
uopeuuojuy Arejejidoly |jemyaoy

aw) asuodsal puodas [~

ajed )ea| |elo) Jo uoljeulwialad

seb juejjodoad Hujyea| jo uoneoyjluapl pue uoijoadlag

[oAd] Juauodwoo Jolew ay) o} uojjeao] yea

:asuodsau A)ajes jeuonesado Bunoyuop - IHOITHd

awn) Buplojuow saynuW ~

Buipeoj o1uaboAio o) Jo1d wids G0 18pun aAj0SaY

Buipeoj alualbioAlo Bulinp swids jJo spaipuny 0} UMOpP dA|0SaY

sajed Mo|} Yea| JO uojjeuluLIalap asieo)

[9A3] Julol 3y} 0} uoljeao| yea

ledas pue sajisoubelp ‘uopjoadsu; « ANNOHD

ALITIAVIT3H AJONVHN3 B
1SOJ/ANNOHVNHNL d30NAd3dd HO4
SAAAN/S3HISAA NOILOALAd MV ATLLAHS



uojsja|qg euAplenaoy

voyeiodion |PUOHIBUIN Y BMNDOLJ W) Ly espTIed —ﬂ..-o-.a:h”.:-
UL IM INOYIM PRSOIISIP J0 PASN ‘peydod 6q 0) N i gxgc
uojjeunsojuj Aiejejsdoid jjemyaoy
Bram ‘A
Wblam ‘Ayjiqeng -

Aungenns b4 -
by 104 -

20 pue gH ysinbupsip pue 1o8}ep o} ANIqy
N :u01}99}9p Yea| juejjadoid 104 -
9[91yaA Y}IM 9ouaiajialul 10 piezey [enuajod oN e
poads uoijoalap ajenbapy «
sjuawasnbai jeuonesado pue uoneaqies -
AuAnisuas pue uojnjosal yea| ajenbapy -

S109}J@ punoib)oeq o0} aouelsisay -

:suoyjeatjdde ajinys e 104 -

SAID0TONHIAL 1VIILdO HO4 VIHILIHO NOILD3TAS AIN

T

\ 3

L .




RS T .
At S e P
{ N ?}

§
E ; | 4
e i

379VHOAV4LNN : - e worsing ,I
FJIAVHOAV i+ | i i, " omroox '«\

+ - ._—. + uojinjos deog

+ (O?N*4S) + uondiosaqy

jujed aAj)suas juejjadoid

+ ++
-+

¢H

IR ERYEEINVEL:]

+ = uoneziiensiA Z09'0ZH PaSUaPU0D
(*NzOzH) . Bupeneog uewey

+

Bupeneas ybisjhey

++ + ++
+

- SPOYIa 9Al10.1}8Y
- + - VI ET TR ETTLYEIENT]
+ = + aouasalon|

|
+ +++ ++ +
+ +++ ++ + + +

b . e - . uopdiosqy

+LHOIT4-NI

Agesosel] plezey paadg uolnnjosay sasey s}09)J3
b4 ajqissod yea 0} Ayanisuag punotbyoeg wol4
uojjeuiwdsig

SANDINHOAL ONIDVINI TVIILdO 40 ALINEYIIlddV



uoysjA|( eukplendoy

uope0dio)) [RUOIBUIRIUY g8M L LIDI) UOsSRUISd —QCQ_—Q—:Q—:—
UBLYIM INOYIM PO BOLIBIP 1O Pasn perdod 6q 01 10 _ MNI OI
uojisuuoju) Asgjepidold jjemyaoy lnomy

Sajel yea| moj 0} Ayanisuas ybjH -
apnjiubew jo siapio Ajjenuajod awi uoijoadsul Jo UOI}ONPAY -
S92IN0S 419U} Je SHEed| JO UOI}03}ap SJoWaY -
4 sabejueapy -
abeuw ul syea) Anuenb ‘Ajpuapi o) Buissasoud pajewolne asn -
mmmE_ uj a|qisia seb Bupjea| ayew o} spoyiaw jeando asn -
lauueos 10 esdwed yum sjuauodwod abeuwj -

yoeoidde jelouar) -

ONIDVINI XV3T TVIILdO daLVINOLNV




uo|s|A|(q euAplexooy

UONE Hv1I07) [PUONBU IR §EMOL LLIOI) uoysapined
UGINIM INOL{IM POSOIVIP K PasH “pydod 8 0) ION
uojjsuusoju) Atejepidoid jlemyooy

uewey (owap) swalsis 1ase| Jo azis fulonpay

(g.LL awss) uoljoolag yea1 bl -
(uonanpoid) A3 ‘owaq buibew jeando ‘sen 94S

(A13 ‘d.LL IWSS “TVSN) U0oI11939)ad Yea] pased punold
jauunj Jooys ‘4| 1d ‘uonsnquod :m:.mm--mozmo:mm_h_ .

Bupiojuoy uonipuo)

mZO_._.<0_._n_n_<.mEm._.m>

Buyssasosd abew) ‘*azis ‘siaindwod - SJIUOINIB| -

aosuelamans/buibewy ‘jonuod yibuajarem ‘sapoip ‘“1oedwod--§ 19Se

supys Wews ‘Buybew ‘sjuawdojanap _mo_coc_\mom%ohw?.mo_ao 1qld

mm__wol_ozzow._, O_m<m

A1didvd DNIHNLYIN ANV 378V 1IVAV
34V SAIDOTONHOIL AIONVAQY

_m:o:mEaE_



UoisjAIQ O=>—u-0v—u°z
UORI0(107) |BUORUIKU] JAMINOL] UIOH) LOyeSpILed

. jeuojjeusajuy
UOIYIM INOYIIM PO ROPRIP 10 Pasn ‘paydod eq o) Jopy oM 8:
uojjsuiojuj Aiejejidol jjemyaoy Hamy

ONIODVNNI
AV311vVIIlLdO




AT :
£ s ot
B p N

i uojsja|g eukpiexuuly
voju10di0 ) JRUORELINE §OMHDOLY L)) uoyssjuned —ﬁco_—@—.—hm—:_
UBIYLM MI011IM POSOII9IP 1O PasN ‘pardod eq ol N 20

uopsuuojuy ligjeprdold fjemyooy lIsSMyI0Y

19} gej ui syed| uaboipAy jo uonasleQg -
sjuejjadoud jo uoljo9lap paseq-uewey -

wE

(39LL ANSS ‘O-4SIN) Ysel uonoalep yes| auibua Wyby-up -

seb jueinssald jo uoijedyjijenb uo sndo4 -
anbjuyoe) uondiosqe yj Buisn Buibew; yea -

(34.LL FNSS ‘D-4SIN) Ysel uonoalap yes| auibua paseq punoly -
gej ui uoodalep xmm. uabAxo paseq-uondiosqy -

a4l :owap Ajjiqisea) uonoalap yes| juejjadold -

Anjawodsaiaiul o1ydelsbojoy auhpolajayisenp
Anawodsapiaiul apjoads

uaJal|yos

(yuared) uondiosqe jenualapid

JoRIIUO0D
1v4vsn :swaisis Huibew yea| pajewoine paseq-punoly -

(Jualed) @yl :suoljelisuowiap gej uoldalap yes| oiydesbo|oH -

ANAQLIMOO0Y LV LNIANdOTIAIA NILSAS
NOILD313d MV TVIILdO 40 SHVIA NIl

|

™
c
(o]
P

|

=
==
(=7]
P



085 uOIB|A|(] SuApiandoy

689-¥-016
jeuopBWIBYU| laMYI0Y '4‘

10}JuO}y 09PIA

Bupjuiq ondo-1aqi4

Bupjui] ojuon99|3

sen) Bupyean]
ujor wajsAs Bujuueos 90IN0g
juojsiads|q weag uopeujwni

elawe)
Bujbeuw

2




g

. ....l!‘.

'.

= sﬁm ¥ zo_EEE gt

L .mc<s= sy 0388300K Atidoobloz

Hive 29 O 4Ny Hy o |

e tait L] -

s - re-

zo_.:jcm dvos 40 zo_._.<u_._._n_

R

N IVOILO aHLVINOLNY

{2 'S 1INANO
zﬁzo_._.om_n_mz_ AvIT VOLL

dINOD TNIONI LIANOOH H0
dO Q3LvnoLNY

. AR R
. o
' ._..‘L.»... o

6.91%0.80S



LI NSV
NOILO3I13d Mv31 LHOITd - NI -



uojsjA|(] euhpiexooy
uoe10di07) [EUONRU 10]U| §AMMDOL 11101} O spL Ied —QCO_—NChQ-:_
UBINIM INOLIM PABOIISIP 10 pasn 'paydod & 0l ION ——OBXOQI

uojjeuuoju) Arejepidold [lemyooy

sajel yea| pue sajjuenb seb aujwiajop o) pajelhaju| sjuawainseapy

seb Gupyjea) jo abell] ajeald o} paulueds

we

BaIB 159

uonjesjuaduod seb Hupjeaj o) jeuosodosd Ajysuajuj -

Aiieando pajoajap pue pa)as)j09 ‘Paialfij WD|] paianeds

. i TS "Ho192313a
. i ANV SI1dO
.. _ NOLLD3T110D

aadl
P d
“‘
l‘.ll

NOILVH3dO 40 I1dIONIHd
:NOILO3L3d MV 1VIILdO aasvea- NYIWVH

k)

juejjadoid yoea 10§ yyby pasajieas jo 1jiys YibusjoAem anbjuy -
seb Aq Ajjeansejaul palajleas suojoyd s sase| Jo uojaeld

pauueds ag 0} eale PIBMO] pajoallp weaq 1ase’]

<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>