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APIRAK SUTHUMMAPIWAT : PROTOTYPE OF A MIRROR BENDER
FOR THE SYNCHROTRON RADIATION BEAMLINE. THESIS

ADVISOR : ASST. PROF. ANANT OONSIVILAI, Ph.D., 125 PP.

MIRROR BENDER/SYNCHROTRON LIGHT BEAMLINE

This thesis presents the design study and prototype fabrication of a curvature
adjustment system of a focusing mirror, or a mirror bender, in a synchrotron light
beamline. The mirror is functioned to adjust the beam size pointing on a sample in an
experimental station. The curvature adjustment of mirror is complex. Knowledge of
various engineering areas is required for this work. This the first time that such a
system is developed in the country. Finite element analysis using COSMOSWorks has
also been employed to find out the relationship between the radius of curvature of the
mirror and the acting force. The materials of the mirror investigated are Al Alloy
(6061) and Zerodur. The dimension of the mirror is of 40mm x 300mm x 15mm. The
mirror bender is made of stainless steel. A required radius of curvature is in the range
of 50,000-60,000 mm. From the simulations, to achieve the required radius of
curvature, the applied force of 100-150 Newtons and 150-200 Newtons is required for
the mirror made of Al Alloy (6061) and of Zerodur, respectively. It was also found
that the applied force over 300 Newtons will reach the maximum yield strength of the
mirror bender of 80% and thus will damage the mirror bender. The prototype of the
mirror bender was built and tested with an Al Alloy (6061) mirror. It was found that
the actual acting force to bend the mirror with a required radius of curvature is 50
Newtons lower than that obtained from simulations that could prevent and help the

system from real damage. The prototype may need further development. However this



work has proven that the system for adjusting the radius of curvature of a mirror can
be designed and fabricated in the country. The system would cost about 2.5 million
baths if one imports from abroad. This work costs only one fifth of a commercially

available system.
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(FuifiiamsivonTossuiiauasdulasason, 2549)
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Bending magnet

[ v Y
71N 2.2 naaId KN IZAAAIT LUV RS E 9910 Bending magnet

v
U

23 nwssIniaddiavudidanaseululasalall (X-PEEM)

@ a

X-ray Photoemission Electron Microscopy (X-PEEM) Lﬂumﬂﬁﬂﬁwmgmﬂuﬂwﬁq

o [ ’q Y 4 a 9 [ 1 d! =3
dmsumsdsegnaldiszTesunnuassulasasou Taglsnannisoien maslinnuainso

@ { <] ' d a o o
lumsuenuezauinvesinglvuiaanniindesganssmisaaslaona livieszaution

'
s o =

: & A4 A o o Yy a o v Q¥
79120 W Twwas waziwaioslediAgnienuInemaasnudnsnnigad iyl
mATeeziamsd i iaamans w1 lumalulad InemansdunadoutazInnmans

a o o A o o 2 ¢ o o o
F3@ NanM39119UY09 X-PEEM GUDINMFHUI1TITONFWAINUAT (soft X-rays) WI05IT
g1usans1 1 ToraagynIMe (vacuum ultraviolet 1309199213001 extreme UV) NTA10M

A A Yy adg o Ay = Y
srnduiminzay linszquaianasouluszaouvesaisatodainesmsany 1ding
1 @ 1 a g @ ac 4 Y
Yasldosndsaiuoonuuionit Inladianasou nasuyesIdIndanasouiuegnu
v o o A A v ad  odqy y
szauFundsnuluozaon silaozasunazadneInauveIsadmonsnlsnszqulinlia
ad A ' a Aa 9 ' 4
sranasounlaatdeseonnuinudivinaduiquinattszuia 2-100 luasouszgn
o o o o A ad o Aax A
sau3m wazii ldvereTasglnssidiiunisdudesdianasounazveredrdianasoudil
o Yy o shqPo o ad o ad v @
anvazadrenuginsalnlddudssdidnaseunazvmeaoanaseulundesganssail SEM
o ad A 0 9 v W A &L o Y
dresdanasoungnueaziit asenmuumniudweaaslugli 2.3 duhlisiaunse

o a d a a <] @ 1
MMTAATZAFUANVTIUEN 9 (<100 uﬂmmi) 33@Uﬂ31ﬂ£%ﬂﬁ§ﬂﬂﬂﬂﬁﬂ-ﬁ’JN"’U?NﬂTW
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{ a Y] a a J & . Y] 12
mnaldandnyazii siavesozaoy ARG (work function) VDA HAANHUTUDY

1 <
Tamuimian

X-ray Beam Electron Microscope Lenses
MCP
70—
Sample k Magnified Image
Objective Lens Projective Lens

319 2.3 UHUNIMMANNI1191UY03 PEEM 91 BL7.3.1 Y84 Advanced Light Source, US

2.4 msvaanszuulSuanulaanszan

9 v [

@ 9 ! = o A &£
53‘]J‘]J°1J§‘]Jﬂ’313JIﬂ\16UE)\1ﬂ‘§$%ﬂlﬂuﬁﬂuﬂigﬂﬂﬂﬁ1 VUOUNUIVOITEUUAUAYIULLEI B

]

o { o [ o { J a
Bmthnlumsdsuga danTevinadwald ldawndons edszgnd ldanudiumailn
a1 q lunuddedunastulasasou gUnsaiiainsoneaussrea A NIUMUNADINS
9 4 = a A zﬂy a
nazamsnldsz Teminnmsulasn lilvesgaurgianuasiannssnuuuiuAIve sds

@ [}

§10819 (Zhang et al, 1997) Fana lndmsumstsuanuldelselemiograunndmsy

Jagisyasnaenain M31a8u 3199990 TZINUVVAI 9 1Y NIINTLVBN (cylindrical

shape) Tasldnalnnenansossuuinuasnd (Carl Zeiss, D-7082 Oberkochen, Germany) Tag
9 oA o ] A ] Vo A o v

15 luwuandarensgosdiuveanszannie ldusuninundaleniao g 1uveavoy

ASanoa (Miillender et al., 1995, 1997) #3om3Usunlasuanumuivesnszon Wudu uaz'ld

=1

umiﬂﬁ"‘uLﬂﬁ'ﬂugﬂﬁwwmﬂimmmmﬁ (Elliptical bending) ieazfounasdulasasoueu
$adiEnd Taons 19 Tumudilaronaaosdiumunund1aueanszan (Padmore et al., 1996)
w?eﬂmﬂﬁﬂummwuﬁﬁ@ (Howells and Lunt, 1993) Tae14 Piezoelectric bimorph mirror (Susini
et al, 1994: Zhang et al., 1994) dmSumsiannszuuliuanyIduioazfounaadulnsason

(Signorato et al., 1998)
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v
=1

=~ @ an . ¢ & an a <]

1383 WA1IT Flexural hinges FadluiznsesnuuyInsadrenivinadnuas
1< 9 = os;‘ d? ) [ @ Y a .
WuTaseadhafeniaszuy ssnuuviudmsulsuny TAUsInTaneatg (Henins, 1987)
waz latimswandmsulsuany TAaveIns N (Ziegler, 1995; Ziegler et al., 1996) Iag
inmsldlasearamumlumsesnuuundnvedszuy (Howells and Lunt, 1993) In13Wamn

] o v v a g ] [
srupdsuanuIdedmsusadions laewWmu1Ao91n Tayama (J. Tanase, et al, 1997) Lag
11199117 Spring-8 (T. Uruga, et al., 2001) & Uszinaqjiju IdimadovszunTasld LTP 11

v " 9 1
(Long Trace Profilometer) Jamsiaguutlasvesnnnulfeimaiy laimsnaasuiiein
1 a 4 ] [ oy 1T A d' a
HAAN q MAATIZH 150 M3 Tannu IAsa Ay ransznunnmslasu ldvesguugl uag
Y <3| 9 ' o ' 9 & A S A Y A A
wav1nusaTduodeveslan udu wunszuudsnanldmaiiunimels uandaiideidene
v v Y
mannuaaamasy 1ad1891nNsUsenouaINa1 9 voIszuUNa319UY (N. Kamachi, et al.,
[ % o [ LYY I Cal [ <; PPN
2002) poun ldnmswanndnsy Indas @D nderundsnud Tagldnszanninimindlu
v
anvazAN 1AUDI93 (Elliptical bender) A383% “Arm method” taz lFaai/tauemeos
MsaruusIdmsulsuanuIae mmnmsnagsunueansiiulilseansain 49%
HAZAINIUATIANADUIZTUDGAUYUIAVBISMEAT (beam size) 11AZNTOONUDUTZ VUM
9 v
Vud sy ] (N. Kabonu, et al., 2006)
[} 9 YA 4 [ Y a [ lel 1
szuulSuanuidsldninmsdssgnduagwannlgiumaiinnisnaaesai q s lugiu

¢ W o

FIMOAFNAINUAT (soft X-ray) 1AL TIFOAFNAINUGS (hard X-ray) MTVI IR
A [
latmshun 1 luanideniadiu Protein crystallography taaenagzili 2.4 anszunilsy
aNulfanszanvzmiud e PZT (Piezoelectric actuator) Tumsaderiuus ot unnulfaves

a A o d? 17 . =& L4 Y @ [ A
asaapaNIuInag Si (111) ¥eldwamanaaoslaely LTP Tunsiana uaaaenisied
2.1 (NSRRC Activity Report, 2003, 2004) 910613199 nilosaianuIAdiaanasaziin 1y
1 d' = Q‘ d? a = Iy [ o [ a 9
manuaaamaeulaunudu ludszmasw@eldimsiaussuudmsumaianisdiu
X-ray Absorption Fine Structure (EXAFS) lagldaaiftlaneinas lumsaariiuga 183ms

v 1
a v =

AARdaENAADdN INDUS-II Synchrotron Source
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Flexible Hing
SST Bending Structure
Water-cooled Cu Substracte
Si(111) Ga/In
= \: \ =
\‘. . \ v
—O0— II L: O
o d opfo © o
—F i

— M ' : HT ]
PZT Vacuum Brazing Joint PZT

517 2.4 szvvdFuanuTAenszandm5uaUITeA I Protein crystallography

U093 Taiwan Light Source (TLS), Japan

A v A 9 A o 9 A
A1519% 2.1 Salanulaumzanuaaiamasunmsialagld LTP n1a1e 9

Fananu A (m) AANUAIANADY (urad)
Aoudiunulag 104.3 16.3
R1 68.9 19.0
R2 58.7 19.7
R3 452 20.5
R4 30.2 21.0

aou1113) 2006 Eric Johnson tazame lanauszuud sy I a White Light (white
light focusing mirror) ﬁ National Synchrotron Light Source semeaan %“;gam?m GRVERTGIRY
NAADI NSLS X28C whitte light beanline 32uUAINA1IRI3U7 2.5 TasTazsadrasinn
mannd ¥ty vazeenuuudimivlFauluszvugyamalasannsoniuaumidlsy

A IAY1A 5 unudasy msdwunssdmsudunaougalsuanuldeeenuuyTagld DC

]
A

Servo Motor DIAHANIINATDUNLNTANUANIAATOUVDIT UV TEM™ 2 urad uanT N

welvdmsumsldanudmsumatiaganald (E. Johnson, et al., 2006)
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o 1Y o < Ay 3 A Ao Y 9 @
ﬂ?iﬂﬁﬂﬂqﬂiwﬂﬁﬂlﬂﬂﬂulﬁﬂmﬂ 9 @niﬂﬂﬁ@ﬂﬂ?iuu&ﬂulﬁ@@ﬂ%ﬂ“ﬁﬂu UagyeInNaIIY
9 s A A A = )
ﬂTiGh’iTﬂlﬂuﬂﬁiﬂlli\i‘ﬂﬂﬂ'ﬂiﬂﬂﬂﬂﬁi\ifi\i (Padmore et al., 1996) NAMIANITEUVYS VAN

Taauua o A nun ldimsiannsazinnlsdmsumaiinan o naweluanuise

517 2.5 szuvdSuanuldenszand sy White light focusing mirror

1 National Synchrotron Light Source, USA

v a 2K o Aq 9/ d? 5 9 o a
gy Insasen Fedagnizanilglums azieonuawuediumseenuuudmivmain
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1 9 Tagmng 15U @011inaaean1ea1u X-PEEM o #olfiamsudedery anniuide

a ! ) Ao £ 4 2 o '
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v
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A Yy 9 = o v J o

MNNNANTIAUIH NIV VY TUANNTAWDINTTINTUNANNAAY D198
v EJ
dmiusyuudrdeuaaazaniinaass aniunuiteideldimenizlsuanu TAwnsanuuy
A < s ' < & A
doauvy 1ol unsAANINTEUIUMIAN 9 Tumsesnuuuszyutazunswsanss Uy
4 ' 9 1

aenangnianIumelulszma Taesuawansesnuuuna lnmsdumaou misiasauaz

a am aa o I o o
Ans1zrinan193s I luisamuiouh llafadlugelsuanuIdedunuy vagsimsnaaey
iemaNuFuRutszns s v uszuutazgUisvesnszaniulaeuli) etiwan 1 11
% 1 3 9 9 a 1 Qy 1 1 a d? d'
Wannavseauaziudoyadiedvesszuuas 11 TaeSudiuais q sgnaadumelulsziman

4 v Aav a J
TsunSosliena anniudseuaaduInsasou (09AMINHFY)
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MsoonuuutaziauIgaliunuIfvesnszanuuaeIURAIIY Tngo1de
A
T1/5un33 SOLIDWorks 141938 TagnmiseenuuuInseadisrzueniiazaivanniuaesinm
UszapuiumNLUINIIfMNTsuFsrii Iiausaud lvldde we ld Taseadenalnves
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seuunanuaudl Tuneuae ldazilumsnageuranmsiinudesdulagnissrasenatile

o v w & ' § v o A A §
Tusaduszuy tazadsaumsanuduius sz nasan linusadiany Taennlasuuas 1yl

9
av

Tasldiaanagouununizan dmsunuiiediae Al Alloy (6061) nl3eutio iy Zerodur ag

[ 1 1

a J a2 A a dg’ 2 = adan Jan 4
NANTUIWAVDILIIADANUTYHIYNISINAVUNUTIUAN ) mﬂszmﬂmmﬁulwllumamuw

9)

Tave Ao 1151051 COSMOSWorks Tumsiiaes gamoumsaginariionvuavesssuy

a

= o = Y A o Y a
NIURVIT AN Llagfﬂﬁ'Llﬂ51fJa&E]EJ@‘U’EN?‘I’L!LL‘]J‘]JLW@HW“ﬂﬁiNi&’UU%iQ@@Ulﬂ

Y

3.1 nguHuazmIaIMIngIvTe

311 H5I0AaIu (Pure bending)

]
v A

dmfumunSedruvesnuiignasziidronsgaiunse luuudaaiilaie
09/‘ (=} A = 1 3 o Y v Y d! o Y a kY
naaeslag luliusedume suSenhauiugnnsziidienssadiu ez lmmausuduaiy
LUILAUNG BRI UTUAUAA (bending stress) tede1udedlunu Taelutiusanowas

AMTUMUNTUITIHIN TR AULUIAUYRIATUITUTINIT ATUYN

¥ v
ATLIAIOUTIAA 117D 115IAATTINA (ordinary bending) Faviiwarldinanansedauas
= @ 1 d' A 1 o Y [ = d'

usameulumu endiedaniu AB Tugii 3.1 o919nnsemidlonsIaass suA NI 12 Tus 9N
c uaz D MiRausudeuuazusasa Juwudaaa) Tuaiy tazaIUUeINIURNIZEI CD Do
! o 9 % 9 =) 2 = Ll =
NYNNITLIMAIBUTIAAAIUNT 12U A0 E11AE)

3.1.2 gﬂ‘iﬂlﬂﬁ!!‘mﬁlﬂ (The flexural formula)

] Pl
= Y o

dnvazmInszneiuiassvesusaduimavuuunthdala o veanuile

E4 1 1
o o A =

] I 1 1 [ @ 1 1 I~ I )
Suimin Wwiesinoudngeenuazadududou uaod1a lsnaiusinaiuisniiuen
wanminuadiamaniinlszgnd 15 fmngaudumsinamadanisumans lageido

auyAgIuaae I
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519 3.1 MUTVUTIAA
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1. auazdesdidnuazasaouiuiminussnn uazezdeaiifiuiininga
afuaenaeatiann

2. usanserimitnussnafinsz i derinus s auIAT ALY
(plane of symmetry) Y94ATU

9 o Y @ A 49‘ a @
3. ﬂTL!ﬁ]3@’0\11’]1@]ﬁﬁliﬁﬂﬂlﬂumi’)m&l’flﬂuﬂﬁﬂﬂ

v v
4. wsanserhmiinussnninsziioumuszdesliinuiasiiaganguues

o A v o ' v = <
TcT&i]"ll’eNﬂm HUAD ﬂ’ﬂiJ’cﬁJW‘Hﬁi%ﬂ’JNLLNLﬂmm%ﬂ’lmmiﬂﬂlﬂullﬂmimgaum§ﬂ (Hooke’s

5. mlugaadangulumssuns shaazusavesiaguzdoumnu
9
@ . 1 [ o Y IS
6. 32UIVAAYII (Plane  section) ¥IAIURBUTUTIIMINUTINNIzdouilu
A a v o :‘ @ A A 1<
FLUVMAOUANMINAITVIHINVIINN 9103UN 3.2 (A) tag (V) 55U ppaq 11/aswily
ppqq  uadensegluszuiu@y minmsnaasanu wad la IndiResiuauyAgIuaIg 9
4
AN
a [} A = o ¥ v 9 aq Y
W1391929 CD voImulugin 3.1 Fagnnsziifieussaaiu duyaliniu

2y < 7o o A A v 9
ﬂﬁgﬂﬂﬂmuﬂﬁﬂﬁjulaﬂ 9 2ﬂgﬂﬂ’]ﬁﬂﬂ1u3uu’]ﬂﬂﬂ§jﬂﬂ 3.2 ﬂ1ﬂﬁuigm§1uﬂl1imu CD
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FEUNALINU
c " d |
UAUALINY Y
i
(GU) a
UNUTLINY
Y o
bR plp VOIHUIAR
r 1
T - Z

G

A o v 9
7191 3.2 ausuusdaaIu (n) szuaNAIMINLUIAY (V) sznuu)au

Youwazy (n) minlasunlasglvemihge

d' ' o <3|
%zzﬂaﬂugﬂafmfdmmmzﬂm%’uiﬁ'wmaaﬂau 1@ w1y (fibers) MUUUILAUAIUVUYDIATY
@ ' ' o <3| Y Y Y 9
TUANULTAIN ?jﬂﬂfJ"I\‘]ﬁiJHf‘TiJ'OHJMLﬁMIﬂ\‘]“U’E)\‘]’Nﬂﬁ‘JJ ule (fibers) ULUILAUATUD U

VOIMUIZHAF UaAAINTUNI 9 1duleduaravesmuazdadi uaasnsuusae tidule

[
1 =K A 1 1 1

nguuilafiogszrindInuunazduaaziinnuenaei iesninusuilugudisonit udu
ALINY Y50 TLUVALINY (neutral surface or neutral plane) ﬁﬂgﬂﬁ 32 ()
FIUNAANUTEHINT LUV AN UUASTEUIVTUVIATAINUUILAUS NI UAUTLINY

(neutral axis) Y9I UAD 17U cd Tugh 3.2 (n) 1oz (V)
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v
v

AIUNAAfNUIEHINTLVASUADTZ UV INEdala 9 voaauSenIN “unu

Azmuuenthaa” Ao unu z Tugii 3.2 (A)

a

4 = I v A a
wenunlasugliiluduldsesisnay auydldsadinnuldwewnuaziiuie p
= -4 { @ { a @ & o 1o [~
Tasligaguénarsveaninaui 0 Asg1i 3.3 Wsamihide pq 1ag mn FuaNegvianuiu
4 d’ = S : & = '
szoy dx ilonlasugiuda pq sxilaswilv p'q” d1u mn Faiunthdananaeszning cd vos

AMUILAUAN TZL ab VUUAUTLINUILINNDY dx 1D UA

N33 mmﬂaﬂuiﬂzﬂmﬁuimmmaqﬂmJ

{ ¢ v dx { a g <
yunguinan 0503 Ulavab Ao d6 = — duls fla ) ey lRunuaziuiluszezma y vzbiadlu
e,

dx
e ¢t iuie dnidaves of =ee'= yd =2 oy anurioa ef #o
P

ee’ _ydx _y 3.1

E =—=
e pdx p
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MINANMS 3.1 azmunaNuaseanmaunulsauszez y idulela q negld
a A v Y d' ] a Y] 1< A
unuaziivazdad (v 1iu ) 1idulela q Heguuunuaziuaznadi (y 1ilu -) midanase
wniigamiduleusngano o y iannniige uazunuaziu (y =0) a2 lufimsganaainng

v¥94gA o, = Eg a9y

E
o == (3.2)
P
1_o. (3.3)
p YE

' Y <3| [
llﬁﬂ\131ﬂ1§ﬂﬁ3zﬂ']fJ"UENLLﬁ\Tlfg{u@'l']Nllu'Jllﬂusll@QﬂWUﬂ1ﬂi&jlliﬂﬂﬂé}3uzﬂ$lﬂuLﬁu@'ﬁQﬂ\?
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=
=

é = e
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fal:)
¥ ©
Y -z
c1 ¥
¥
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¥ -
(v)

A Y 9 v 9
ETJ'I/I 3.4(n) NSNTLAIBVOILT AAUA MU UVBIAIUN G IALTIAAAIY

@ 4 a 4 {
(v) MInseeveausuaumeldnsadadiuioNiansaniuingn o
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a { { < @ § U a
TN dA vinaan 9 vunthdala 9 vesmudeeginnnunuaziuyeInT

v 1w o g4 E ; o
AANINY y mgﬂﬂ 3.4 (V) usaluuiupuuy dA fe dF = o dA =—ydA (19991 U
P

v 9 (=) o 1 @ Z E 1 E
useaadiu biflusemeusnnsziiaemuaiuuuLnu a9y F = —_[ydA =0 N9z —
P p
Qo ~ v o — H 4 A A o —
dumaen # 0 aariu _[ydA =0=Ay lagh A= iWununnihdauesniu, y= szez9n
A
a @ @ J 1 @ g -
unuazuveminga lUdsgamunsosd ua A =0 duiu y=0
v
ueasiunuaziuvesntndala q AeeriugaunsesdveIntdaiunse dF U
4 v v
Wuh da neldifa Tuwudvewssseuunuaziiumiiiy dM datiu  dM = ydF = yo dA

4 1 y:}; o [ Y 1 v o 3
HaVINVRA TN UAI A I MUV UrIdado Mt Tuuudaa M Dunidaly

E 1 J 4 a o
M = I yo dA=— I y2dA unua [ = j y2dA = TusuR AU BTOLLNUAIM UYL AR
A A A

wld m=EL (3.4)
2
- 1 M
150 —=— 3.5)
p EI

1 a <3| @ 1 @ '
dunN1g 3.5 lLﬁﬂ\?'J’]ﬂ'J’]iJT‘fgljﬁ l/p ﬂlﬂ\illﬂuﬁglmu"u’ﬂ\iﬂ1u1,ﬂu@@ﬁ’]ﬁ?uiﬂﬂ@ﬁﬂﬂﬂﬂ’l

Jd v 1 v @ ' 1
Tuuaaa uaudsuaAunuaT EZ unumaums 3.5 Tugums 3.3

wld o, =— (3.6)

4

= 1 [ 1 I 1 9 [ . A a K
TAUNIT 3.6 13YNI FATUIIAA A1 O, wumusaunuan (bending  stress) Mmnavulu
A o A a IS
LLH?LLﬂuﬂJﬂQﬂWHVI‘Qﬂi@ 9 uuwﬁmwmammmuﬁxmmﬂuizﬂz y

Lﬁ@ﬁ%ﬁm1i%ﬂﬂ%®ﬁﬂ1uﬁﬂﬁlﬂ§@uﬁ NNNHUBIFALASTANNIG 3.6

(3.7
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110317 3.5 naasdrodumslasunlasesmuauuuaunuaig q Tagldaneglu

A g J 1< Ay A = 1 1 A
sunuiaugud angiiflumsuaasnusuauiieauiiglssaswarylsnsvesniuin
= <3| 1 o w [ 4 1 =~ a 4 4 ~
alasunadly mszmiludmdaglumsdsuanuldsiugiunazgilsenszimatuiied

Y ¢ & ! aa 3 =3 1 d‘ a d?
M3 19 TUUA FITIUVOIDANUNLAN il G]WZJLL‘L!’JLLﬂui]$LLﬂﬂ\iﬂ\‘]EﬂiNﬂJ@\iﬂWﬂWﬂWHH

507 3.5 manJasuwlasgiswesmuiomnannu Iy

£1)

a s A v 9 Y dy:/l 1 Aa A [ v 9 A A
MTAATICHINDHIFATUIIAAUVNAUY ANDYUUTNYATIUNATUTUUINAAAIUNITON

AAaA AN

J v a d? 1 09/’ a dg‘ 9 A d‘d 1 [
R TUNUAAANATMITY TUATANTUT AR WAATUVUATUAITHIBNITENIT LTIAA
H Y o a & A A ] o ] o
F35UANIN Mihdavesmuaziadien liifiosanus uneuals s liszunudavnaueaniu
[l a v o [ < o J { o
Tuaesznumundssuuse 0819 1500w umsf LI AT AAUMUUUILAUVYDIATUNT VT I
@ M A @ 9o ~ 9 ' A A A Aa d?
anlaon lUnde gasuseaalimmeuigndeimelalas lidedmsunouininaduyu
nihdalinanemus AU INLLILAULABE A
3.1.3  aumssmsumsdSuanulasveanszan
o o o v s o v o =
aumsna lddrmsumsInluuuandarensaesdiuaesgasudanszan

Ao M, = hF, uaz M, = hF, $a31li 3.6 m3dlSusatianulfswesnizanaunsoingzs lag
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9 = y o 9 ) @ a o
1¥ngu ‘]_l1/]‘U’ENﬂTL!LLEWUlﬂ3Jﬂ15'LlHﬁuﬂﬂ'J'lllﬂﬂﬁ@\‘]ﬁﬂ’iiﬂﬂ'lﬁ’)l,ﬂ51$1’iiﬂﬂ Roark (Young,
S g

1989) 315 19veenuinlasu l)neldms 1 Tumud M, wez M, aunsaesuieldlag

v Y

aunsn 3.8 mmumsauwuﬁﬁuﬂuam (Ugural and Fenster, 1995)

v

T

1 F2

311 3.6 Tnseaswasswesna lngallSunnulds

L1}

2 —_—
d_f:(ij E+F2+(F2 Fljx (3.8)
d’ \EI)| 2 L

§ VW J o o
Tagl  E  fe mdwesgdauediag
h flo 52oYIzMIUTIN NIz UDLAZ AN UYIATY
A s A A A A ] A
I Ao TUNUAANINBY 1UD 7 AD ANUNUILAZ w AB AU laegh
=P (w/12)
L Ao ANWE1IVDINTLIN
A Y A (A
z Ao szezauuuunuveny Ifanalasu
X A9 TTHZAULUILAUYBIANNEIINTSIN

1 4
guauiansUiuanuTdnszannuilagnmsldussidarenidesduvesnszan
faudneounsndeluliusanszmaefiussuuuae1915991nHan5U52ABUILVY (constants

represent bending-loss factors of the mirror bender assembly) Mmlvas ﬁﬁﬁu&’uﬁﬁﬂmﬂuquﬁ
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A s 4 & o 4 & v
wiogagudnanervilasull Flinauininanuesazanunuidareniaesdiuves
aszanlasull (Zieglere et al, 1996) Mmiulasuulassainanulneveenszan () anso

1 1 9
Usznmarldoinaunisi 3.9 dluszninemsidluwudnsaesdersiliygagudnais
a A Tl v w 2,’ Y A s A Y A 1
vouszuulasu llwieunuvyu limidudaiuezdediswamesmudunTuaumsden

a v . o & A = A 7
i@odn1na1m 1A (Bending-loss factor) aatiuaumsh 3.8 vzulaesuli/Taediswnneside

Y I @ d! 3 1 d'dgl Y
amuanuIdutiudgasmluaumssaiiumamivediumsesnuuussuuLa a1 OH

E1)

Tdanmanaans

L | B
dzzd , hF
x

R~ (3.9)

o ] [ § § ) a I -4
M wMUveInTzanuaaIngli 3.7 Aszezn1e p nnuvassulaududnysd s
[ Y o ] o A I Ay 1
nuyuannszny @ vagladuialdiange a Huszezme ¢ Adwarsvesnszan ms
Uszanaawuuass lugauada s onuntiaves x uag z Tawsounu (Susini, 1992; Padmore

etal., 1996) 10 z = ax’(1+ Bx+yx’ +..)

>4

~ 0 ' 9 o 7
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wldsatinnulfe R(x) fio

1 d*z 2
~ —=2a(+36+6yx" +... (3.10)
R 2 (1+38+6y )

] 1 2
Tagf azsme[uﬁj,ﬂ:ﬂ(ﬁ_lj,y:LJrSﬁ
4p q 2p \q 4pg 4

o [ [ 1 @ . J .
AHMTUNTLINAININNIAAAVI (Constant cross section) gﬂ‘lﬂﬂgﬂ‘u1ﬁﬂ (cubic) @IWITD
Usznmmzils1anna95 dmiusz Y flexure bender aNsawIAMIINIATUSTUY F, taz

F, l1dla0

P :(ﬂj{i_ﬂ}a G
h)|1-6 1-6,

Fzz(ﬂj{iﬁﬁ}a G12)
h 1-6 1-0

X

9 v
mslsznamdmsugunsigninasuinsiens lidivane wagmsulaouniadauiues
< A @ ' o o ' A 1
ﬂigfﬂﬂlﬂu‘ﬂEJ’f]iJilliﬂﬂﬂ’ﬂﬁTVi'i‘U?'lliNLUJ‘]J'NgiﬂﬂﬂﬁlﬂﬁﬂuﬂWﬂﬂiJﬁuW t ngﬂ’ﬂllﬂ%}N

w UYBNNITTINAINTUNIT

e 1+ 3ﬁx)t30w0

= 3.13
1+38x+6yx" +... G139

Taof 1, u0z w, AD AINMUHUNTUAY (initial thickness) 1AZAINIIUNNIUTUAY

o ey . a va [ v 9 o o Y 4
(initial width) voanszan Tumel§iaamisadiauaussdmsumsisuanuladldlee
d' 4 A = (% (% d! J A A 1 o o
auns 3.11 wag 3.12 Tasm3snlasua ¢ wie w iiesdirladanina a1 ¢ w5e w Asmdng
AWNY (tolerance limit) AtAn9INMIUsznounazms Inus madnvesnszanuazmsnlagu

anunNadufseusunndmTuNM I aeunadau9UeInIZan (Padmore et al., 1996)



25

[} <3 ~ @ = Y [ 1 ~ o v o = 1 1
?JfJN"li ﬂ@ﬂi\lﬂ1ilﬂaﬂuﬂ1ﬂ§lﬂ"’U’JNQ\HLM%$EJEHJ?J‘]J:.i.ﬂ5NLL‘]J‘]J’NiZ’H‘Viﬁ‘ﬂa?uﬁ\im&’)tm%ﬁ?ﬂ

mMsdsunasumnasanu

3.2 n1‘mammuna"ln5ifum§au

[ ) [ J av
nnmsanszuunalnmsdsuanuldewesnszandmsulszgnd 14 luannideau
9

=1

a A Yy ) as ] [ 4 Y
th’fﬂ“]ﬂ‘liﬂﬁﬂiﬁlu ‘V]N11J3J1U1ﬂllﬂﬁu1l’ﬁu0ﬂ618’3‘ﬁ LBU ﬂ?ﬁﬂiﬂﬂ’ﬂﬂiﬂﬂiﬂﬂi"]ﬁﬂﬂlﬂﬂ’) N3

Y

Y I
ponuuuszuunInuaunuuIassaduferTasld lviaa Wudu Falunisddenldine

2

szuumsdsuanuIdwuvaeiead 19duuuy Jyianing 320 Haamas x 817 160

[l
2 =

aamAs x g9 134 Haawes mioonuuulassasuduiggiamnsadan ldaneludszmea

a

e &)

=

YoAvesmsoonuuuszuUlsIANN IAMUUde A dunsaliuseiuszunldedidas:
{ @ { °
TunsaiNyaguénanvesszuulasunlasly Tasmseenuuy 111 T1sunsn SOLIDWorks

] % [ o o~ us/l
W98 Famssuanulasveanszanainsanld laems 19 Tumudnlareveusisaosdiu

a o 7

v 1
UBINTSIN gﬁﬂ%%fﬂiNTL!LL?Q?JWgﬂllﬂluﬁﬂﬁ@ﬂﬁWUﬁﬁﬂﬁﬂﬂﬂ%ﬂﬂllusll’t)\i"]fﬂi]ﬂﬁﬂ agn1g

a q E}

9 an d' o [ d'
ponuUD1ATIA3N 3 UA Nawysaluanaeglin 3.8

Rotating Support Arm Bender
/ (-
v /H
|
L
) #
© o
/

/

Mirror (Dummy)  Mirror Clamper

517 3.8 Tnssadwdaeenalnszuulsuanuldwuudewvuiiooniuy

Y
VudeTas1nsy SOLIDWorks

szuunalna q ilszneuilulassadeszuudsuanuldenszanuuuaeuvy

aunsadwuneendudiu q A3 3.9 uaza1sei 3.1



26

3101 3.9 datszneunalnvesszuliuaiuida

[ 9 = = I k4
inﬂfﬂiE)E)ﬂLL‘U‘]JW‘]J’NGU’LHWUENI‘ﬂi\‘]’ﬁiNi&‘].l‘]ﬁJﬂ’NlllMlﬂzﬁllllﬁ%uﬂ’)]ulﬂullﬂulﬂ

o o ° (Y a A 9 ' ' a 9 ~
’d1ﬁ5ﬂﬂ1§u1ulllﬁiNﬁ$‘]_l‘]_li]ﬁ\‘]Lu@\‘ﬁnﬂiﬂi\‘]ﬁiNBUE)\ﬁgﬂﬂﬁ’)uiﬁiyﬁ?u?iﬂ[ﬂﬁ@llﬂl@ﬂﬂ
v Ao a o Y @ 4 Y A~ [ 1 A
aoniuidendsdulasasou M ldamwsodsudgud lvldhodelinswauidosoanso

oA UM 81A



27

A a o ] ' ' ~ 2
A5 19N 3.1 513'[33!@8]@ﬂﬁllﬂsll'ﬂﬂiz‘ﬂﬂﬂﬁ‘]J‘ﬂ')’]Niﬂﬂltﬁﬁzﬁﬂuﬂi‘)@ﬂuﬂﬂﬂ]u

dui Foisen
1 Mirror
2 Top clamper
3 Arm bender
4 Arm combiner
5 Shaft
6 Right plate for bender
7 Base plate for bender
8 Left plate for clamper
9 Right Mirror clamper
10 Left Mirror clamper
11 Pulling up bar
12 I bridge
13 Bender handle
14 Bracket for SP
15 BS 6267 RBB-1015-Full,DE ,AC,Full 68
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o = d. d
3.3 msanavawamaIs I lundamum
[ [ Y 9 [ Y
ninmslsznoudiuais q vesszuutag lagadunuuszuuliuanulaseanszan
Yy o A o o £ v & 2 a ¢ Y an
udiu ierlumsdrasnanmsianuiiosduvsana lnnoenuuuiy Tasdnsizinaa1e7s
Jdaa ' [ % 4
Mlunsawunase1de 1151054 COSMOSWorks 1 UNISNATOUINDHIANNIT
ANUFNITUTTEH NI INmaN 9 Aldduszuudemsnlasu lvessriianu Idsvesnszann

a d? a d' Yo A 19 Y a a 1 9
DAY tazinsanveuavsdussnz ldfuszuiie lildinannudenieas Tasaaiia



28

Tagnmistimualoulvguantinvesidquaznadiaosdrelasunsu COSMOSWorks

IS) = 2 dy
UINYaTIDYAAIU

331 msdiaeananlalysunsy COSMOSWorks

51030 COSMOSWorks 1511 T15un5um193mans sy fiefemsdimuiad
FravdromaiinmsAuIaiiiaondn “Finite Element Analysis” 30130080 9 11 “FEA” 1ile
Snsrzdaudase anundunds tazauldeeveanszannnusInsEmIAeTL Y F
Talsun51 SolidWorks 118y COSMOSWorks 93 Tosdoyadaeu Taothuaufiadiann
SolidWorks 1&21111131A512 #8718 COSMOSWorks N5 1IUNITHATIZHITUIINNITAE9
GT;Iuﬂuué’mﬁﬁfywummflu’dauzﬁﬂ 9] (mesh) Tagliginsadng o (ﬁmméﬂn ?}mﬁau) 151
(38091 “clements  (BAINUN)” wazduiEn 9 azdoimonToafuiasy MIThaudaomane
AU FEA szudaumsdientsiszmamluusazdawnd wuniwzasunniudin uds
vmmlsznarasuiiu TunoumIs e a e s unTuaaT 3 Tunousad

9 [
Preprocessing (i udiuasumsassudoyariiomsfvin Tasdeyaunsgiu

v
%

= va o . A ° Y . S
CUMAUTUUAING (material properties) L43INTEN1 (loads) LATNI uda (restraints) Wudu
Solution M3RUIUNINARAY (solution) 11TOMTHIF IO

e o 2
Postprocessing M3ti@aIaansanmsfuInlugluunFuau vsensl

Preprocessing Solution Postprocessing
Mruadae MUIUND MIUTAAINADIN
TERLEERA MIINTIEN

v K
UasnN133vIn

517 3.10 FuapumsszuranadlaTasunsy COSMOSWorks
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332 mImriua Boundary condition
v Y
1. mfsﬁmmwaﬁ’aﬂﬂmﬂm COSMOSWorks  15U91NNITIATYINFUIIU
o v o d! a o dy a 1 v =R 1 (% d‘ d‘
mmumaawﬂmmaﬂfmﬁlzwﬁnimwmwwmu%ummsgﬂﬁNmamﬁ@wﬂﬁaumﬂaﬂuvlﬂ
Tagdrapanaingwilavosnnueiggnado 1o inszuulianuauinasioaanallu

2 1
msfuves1sunsy uagaariaamaeiousuauagili 3.11

3 FE » QAN DE-F-v-@A-B1-
(T~ )
@] Sensors
<\} Front
‘<\>\ Tap
%y Right
I_. Origin
& PLANEL
- 8 (A BL3 - M2V-Mirror for Si
- Wy BL3I- M2V-Top clamper=2
i @y 1) BLI- M2V- Arm bendler
- B £ BLI- M2V- Arm bendler
. @ BL3I- M2V- Arm combiner
- W8y BL3- M2V- Right Mirrer ¢
i W8y BL3 - M2V- Left Mirror cla| |
"{"i-:. -] BL3 - M2V- Bracket for
3 @@ Mates
3 Cut-Extrudel
A« ]

L4 *Trimetric

v Y
5107 3.11 M3 suFUNUNSUSaeInade 1151051 COSMOSWorks

2. MmuagantiavesTagnaaaud 11y Al Alloy(6061) Haaaadgln 3.12

alaseadana lnmsvumasus muaitii Stainless steel (AISI 304)

o v =R . ° v A o o Y
3. MUUATAIVYA (Fixture) ’ﬁTﬁﬁ‘]J!,lluL!.ﬂu'ﬁl!u‘ﬂ505$u1ﬂﬁ1ﬁiﬂfﬂ§'1‘ﬁ
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A a A

£ & o % % a [ a
Tuudnuszuy Fazdivuagesi Aelszozaimilswesiminidanagounaz A 1Ua1g
v = o Y] o A A
YIYATUTANIAOIA 1anIAagI 3.13 uaz il 3.14
v Y
4. MUALTIN1UDN (External Loads) NNTLRINUTEVY d1150UIVN
Usznou e 4 15ede (1) u3aNAAMNMIAINGA (2) UTINAANAMINANY (3) TINIAA
Y ' 2 Aq Yo ) o A & 9
NnusaIrueeveslan tag (4) useasnvnuszuudmsumsnageuna1a1g q seuselude

3 1 A Ao Yy A o ' v A
1-3 L‘]JuﬂWN‘V] °I/lfﬂﬁuﬂq?LﬁNﬂuﬂuﬂﬁﬂﬂﬂ?iﬂﬂaﬂﬁ ﬁ'JuLL‘JQGlu"U@ 4 Eﬂglﬂﬂﬂuvlllﬁﬂ\lﬂ1i
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o o [ a 4 g
5. MImnua Mesh § MU ouAs1zying lunild Mesh auazidea

VIR 5 Haawas (Hesannan 18 luanaaiuunniiaiieeusumsiivua Mesh 1A

azidea 1-5 NaawasuazdarisaanarlunsdszuranavesTlsunsudndle mimnua

Mesh LaZHAN3 5 UHAARI3 1N 3.19 waz 3109 3.20

bd aterial properties

Temp Dependency
Constant
Constant
Constant
Constant
Constant
Constant
Constant
Constant
Constant
Constant

Model Type: Linear Elastic |sotropic -

For zliding

friction treat as: None -

[ rits: 5l - M/ ™2 [MPa)

Cateqgary:

Mame:

Description:

Source:;

Eﬁfj;ﬂ”a"ure b & won Mizes Stress -
Property W alue Irits
Elastic: noduluz 1.9e+011 Mdm"2
Puoizzon's ratio 029 M,
Shear modulus Fhe+010  Mim™2
M azs dernsity 2000 kg™ 3
Tenzile strength 17017000 MAm™2
Compreszive strength WA 2
Yield strength 20E807000  M/m™2
Thermal expanzion coefficient 1.8e-005 fKelvin
Thermal conductivity 16 WA k]
Specific heat 500 JAkak)
M aterial damping ratio M,

Constant

L1}

719 3.12 mimmuaguauiavoiagnaaeud iy Al Alloy (6061)
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BT (B QASNE F-ov-OR- &
. Fixture - @ Mirror Bender Sssembly for ..
o X
Type || Split
Example | ;
- v [Symmetry: |
Ay
|5tandard b |
Advanced(Symmetry) &
@ Symmetry = | *Trimetric

517 3.13 mafviua Fixture NTzozATnilsvesiavihidgnagon

NlERIA QOAYHNE- F-60-0 8- Ei-

i @ Mirror Bender &ssembly far ..,

Fixture

@ R :
—_ e Frad rirae]

Example

b
b

ey

Standard(Fixed Hinge) &

@| Fixed Geometry

|§ﬁ| RallerSlider * | *Trimefric

[ [ k4
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@[ Split

b3
4

Force/Torque

@ Force
|E| Tarque

[ B Face<t>@6Ls - Mm2v-
Face <2@BL3 - M2V-

@ Marmal
1 Selected direction

El . ol

RIS R R - B

& @ Mirrar Bender Assembly far ..

Force Walue (M):

o

*Trimetric

71U 3.

15 MIMYUALST I External Load d145UNMSaIN0A

QOSNE @ - 08 =-

Force/Torque

W R

Type || Split

+ @ Mirrar Bender Assembly for ...

Force Walue (1

»
4

Force/Torque

@ Faorce
@| Torgue

3 Plrace<1=@rs- M2y

@ Mormal

1 Selected direction

ey

*Trimetric

519 3.16 MIMNHUALTI External Load d1M5UNI1TNANY
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BT (2

_, Gravity
« K

Selected Reference

bl

m IE Top

@] a.61 - [t

[V|Reverse direction

vy

Advanced

Symbol Settings

QaASNDB 7 -

iz @ Mirror Bender &ssembly for ..,

- B~

[Mormal To Plane fmfs~23: [2.81 |

517 3.17 m3fvuaus e External Load d v uusaIdunasueslan

sl fEdl=y

Force/ Torque
o R

Tvpe || Split

Force/Torque

¥
4

@ Force
|E| Targue

e ke

3 Prace<t=@als-mav-

@ Mormal
1 Selecked direction

El x

QasmE- I -

57 @ Mirror Bender &ssembly far ..,

- EBf -

Force Malue (M)

]
=t
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QA NE P 6o

- [Bf -

m + @ Mirror Bender &ssembly for ...

o K

[+| Mesh Parameters

mesh

L]

& B m

@ Standard mesh

- Curvature based

S.00mm v [

0.25mm v [

| Automatic transition

vy

Advanced
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| Nntinne

o | ¥ | *Trimetric

{ [ ) o a 4
:ilﬂﬁ 3.19 MINHUA Mesh 1S UIATENMIAATIZ YN

» fodel name: hﬂﬁpr’%n% A@e@ﬂa@m Aﬁmlw? ,ﬂ; b @ i

:T@_'Iﬁ]l'l_ﬂl

= Study name: StudyF_10M
Mesh type: Solid mesh

£ Right

+ % Parts

4 t[=|'§Conmal:ti|:|ns

] ;:fFixtures

;;6 Restraint-1
ﬁ Restraint-2
4 *ﬂ External Loads
4 Force-1
4 Force-2
4 Force-3
& cravity-1

%Mesh

ﬁ]& Results
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S
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° as Jaa o o Y 1
inﬂfﬂﬁ‘DWﬂ@QNaﬂWQTﬁllwnluﬂﬂﬁlﬂuﬂiﬂﬂUWTﬂiuﬂiiJ COSMOSWorks 1%38LL0%

E4

fvuaguanAvediagunuNTzINNINAToU d 1T VU Tl A0 AlAlloy(6061)11aY

Zerodur A AV AR WIZHAAIAINITIN 3.2 415199 3.3 115D Al Alloy (6061) 1az
o w d! | a d' 9 o A =) a A

Zerodur MUB19U H9 Zerodur 11 UnTLandTaN I luszuUa U@ INYLIAG1I 300 HaAUAS

Y a a a a A = A Yo 1 1w oA 4 A
x NN 40 UADUAT x U 15 Uaaluag iefinyIHavowsIn Iinuszuuaemsatau AN

@

nasuutlaslyl fredramssiasananads I ludamuiuaasdas i 3.21 Fawovdans o o

U

v 4 v
a

2 a KX o < 1 a A A k% Y '
UEANDNN stress MNAUVUNUISUY %mgﬂ%zmmumuamq ] MITYIVTNATUHUUANNUIATUAN

LUAAINIA stress NUAWINUALTIDIAININS AL

Model name: Mirror Bender Assembly for Sim Al Alloy (6061)

Study name: Study F_10N

Plot type: Static displacement O ()

4.76e-3
-5.52e-4

-5.87e-3

Max: 4.76e-3

-1.12e-2

-1.65e-2
-2.18e-2

-2.71e-2
-3.24e-2
-3.77e-2
-4.31e-2
-4.84e-2
-5.37e-2

-5.90e-2

d‘ o ° £ 9o
317 3.21 AredamsiiaonariiosdualeTi/sunsy COSMOSWorks
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Property Value Unit
Elastic Modulus 69,000 N/mm’
Poissons Ratio 0.33 -
Shear Modulus 26,000 N/mm’
Thermal Expansion Coefficient 2.4x10° -
Density 0.0027 g/mm’
Thermal Conductivity 170 W/mK
Specific Heat 1,300 J/KgK
Yield Strength 55.1485 N/mm’

M31971 3.3 AUANTRIRNIZVOL Zerodur

Property Value Unit
Elastic Modulus 92,000 N/mm’
Abbe Constant 66 -
Dispersion (n-n,) 0.00967 -
Density 0.00253 g/mm’
Young’s’ Modulus 9.1x10’ N/m’
Poisson’s Ratio 0.24 -
Specific Heat 2.99329 J/KgK
Coefficient of Thermal 0.05+0.10x10” /C (20-30C )
Expansion Maximum Temperature 600 C

333 wamsdaeanwllsunsn COSMOSWorks

o A1 A o Y 4 v o @
AHANTTVTADIUBDILUIINATAN LIJ’OLHUl’lJEﬁNﬂ'ﬁWWﬁlgvlﬂﬂ’ﬂiJﬁiJWH‘ﬁuﬁﬂﬂﬂﬂ

51U 3.22 waz 1l 3.23 Werhweyan la lUmsainnuIdaTaeTusunsuuumuall (mathlab)
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Height (mm)
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-2.00E-01 - Ky
IXX:“‘4
-3.00E-01 - B
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Dummy Position (mm)

V" F=100N
A F=150N
= F—200N
B r)50N

<I F=300N

X F=350N

A v o J 1 o 1 @ A A
3U7 3.22 Armduius sz IR N3 Al Alloy (6061) Ruszez ldeuuasly

Height (mm)

1.00E-01
b
hares
0.00E+00 | T
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1y 8 X WWWWWW
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-1.00E-01 Ai;:e'*“ R R R
SHgla
S “‘4
5Py g
Ry “d
-2.00E-01 s gy
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25¢ <2
S SKezee]
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Dummy Position (mm)

< F=250N
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X F=350N
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M15199 3.4 SalianulAsiasunlaslddea s IinuszUUT MG Al Alloy

(6061) ez Zerodur

38

Al Alloy (6061) Zerodur
Force Radius Max von Mises Force Radius Max von Mises
(N) (mm) Stress (MPa) (N) (mm) Stress (MPa)
10 556,051.00 2.006 10 731,806.00 2.008
50 138,868.00 8.497 50 182,034.00 8.298
100 71,633.30 16.580 100 93,859.80 16.200
150 48,283.50 24.670 150 63,239.80 24.500
200 36,411.00 32.400 200 47,679.70 32.010
250 29,230.70 40.830 250 38,259.20 40.056
300 24,411.30 48.920 300 31,954.60 48.590
350 20,957.20 57.000 350 27,437.70 55.730
2.00E+5
B A1 Alloy (6061)
1.50E+5
- Zerodure
e i
é 1.00E+5
3
~
5.00E+4
0.00E+0 T \ \ \ \ \ \ \
0 50 100 150 200 250 300 350 400
Loaded force (N)

31 3.24 arwdunius sz s wazsaianu s asunlasly
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A o Ay v v o ' o A Yy 4 a 2
wethwmad ldumaumsanuduiussevinwswazialianuldsnneiulag
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R g1ty (6061) =367 T 01813 +42.63x7-5,221+31,371 (3.14)
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Al Alloy (6061) Zerodur
Force Radius Max von Mises Force Radius Max von Mises
N) (mm) Stress (MPa) (N) (mm) Stress (MPa)
100 71,633.30 16.580 150 63,239.80 24.500
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110 65,574.30 17.771 160 59,366.00 25.690
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M3199 3.5 Sadanulasnnasuudaslddenusan i ussuuse g Al Alloy (6061)

1AL Zerodur 1UAI9UDAULTI 100-150 HIAU 1A 150-200 1A AINE1A (91D)

Al Alloy (6061) Zerodur
Force Radius Max von Mises Force Radius Max von Mises
N) (mm) Stress (MPa) N) (mm) Stress (MPa)
120 60,181.30 19.374 170 55,940.00 27.270
125 57,809.90 20.176 175 54,388.70 28.060
130 55,619.80 20.978 180 52,876.70 28.850
135 53,593.60 21.779 185 51,489.10 29.640
140 51,691.80 22.581 190 50,156.20 30.430
145 49,940.80 23.382 195 48,886.90 31.220
150 48,283.50 24.67 200 47,679.70 32.010
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4.2 N139INUVVISVUMIVAN

High Level Command Step Pulse Motor Current

[ User Interface \/ Indexer Driver I
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#Stepper Motor Control
SetHsp s xx => Set Hi-Speed xx (01-99)
SetLsp s xx => Set Hi-Speed xx (01-99)
SetPPR s xxxx => Set Pulse Per Revolution xxxx (0001-9999)
MHsOrg s d ==> Move Hi-Speed unit Switch “Org” On
MLsOrg s d ==> Move Lo-Speed unit Switch “Org” On
HCMove s d ==> Hi-Speed Continuous Move
LCMove s d ==> Lo-Speed Continuous Move
HPMove s d xxxx ==> Hi-Speed Move xx (9999) Pulse
LPMove s d xxxx ==> Lo-Speed Move xx (9999) Pulse
HRMove s d xx ==> Hi-Speed Move xx (99) Revolution Pulse
LRMove s d xx ==> Lo-Speed Move xx (99) Revolution Pulse
MtSlow s ==> Slow Down ID (S) to Lo-Speed
MtStop s ==> Stop Immediately ID (S)

#Digital Control
IOCLtB s x ==> Digital /O Clear Bit x (0-1).ID(S)
I0SetB s x ==> Digital I/O Set Bit x (0-1).ID(S)

IORead s ==> Digital I/O Read <ER SR Org SL EL, 10 1 10 0>

v v
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Driver

Power supply connector

Motor connector

Power supply connector (CN1)
Power supply connector (CN2)

1/O connector

1 4.5 wernesuaz lasnesdmTUALAUTLLY (Oriental Motor, 2004)
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§ ° ' o 7 A
37 4.6 AuruamsUSumailmsvyuveweomas (Oriental Motor, 2004)

Factory settings

RUN: Motor rate current

STOP: About 50% of motor’s rated current

1

Motor-stop current-potentiometer (STOP)

Motor-run current-potentiometer (R

Jin 47 Funamslsunszuauemes RUN-STOP (Oriental Motor, 2004)
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Abstract

This article presents the design study of a two-arm mirror bender to provide the flexibility of beam
size adjustment on the sample in the BL3 synchrotron light Beamline at the Synchrotron Light
Research Institute. In the design study, the COSMOS finite-element-base program is used to simulate
and find the relationship between the radius of curvature of the mirror and the force for bending the
mirror. In this work, two types of materials are used as the substrate of the mirror, i.e. Al Alloy-6061
and Zerodur. The dimensions of the mirror are 40mmx300mmx15mm. The mechanical parts of the
mirror bender are stainless steel SS304. In the simulations, we aim to find suitable the acting force to
bend the plannar mirror to b a curved mirror with a required radius of between 50,000-60,000 mm. It
is found that the force required is 100-150 N for Al alloy-6061 mirror and 150-200 N for Zerodur
mirror. It should also be noted that the force should not exceed 300 N, corresponding to 80% percent
of the yield stress value.

Keywords: synchrotron light beamline, mirror bender, Zerodur, COSMOS

1. Introduction X-PEEM  (X-ray Photoemission Electron
Synchrotron light is a source of the Microscopy) is one of powerful imaging
electromagnetic radiation emitted when charged spectroscopic, or spectromicroscopic, technique.

particles are accelerated close to speed of light The technique provide both image and (energy)
in a curve path. The main characteristics of spectrum in the same measurement. The spatial
synchrotron light are the high brightness and resolution of X-PEEM is of about 20 nm. Thus,
wide energy spectrum from infrared-hard x-ray. it is also suitable for investigation of
Synchrotron light has been applied to analysis of nanostructures.

materials in various measurement techniques. A
synchrotron light beamline is used to deliver
light from the source to the experimental station,
located at the end of the beamline. Different
kinds of optical elements are employed in the
optical system of the beamline, depending on
the required beam characteristic at each
experimental station.

The principle of X-PEEM is illustrated in
Fig. 1. Synchrotron light with sufficient photon
energy is used to excite the atoms in specimen.
Electrons emitting from the specimen, called
photoelectrons, are collected and magnified by a
series of electric/electromagnetic lenses. The
final image is projected on a micro-channel plate
(MCP) to multiply the number of electrons.
Then, the electros are accelerated to impinge on
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the fluorescence screen, producing visible
contrast image viewed by human eyes or a CCD
camera. The contrast mechanism of the image is
the results of work function, topology, magnetic
domain, elemental and chemical natural of the
surface of the specimen.

X-ray Beam

MCP

Screen

. . \
Lbistve e Projective Lens I’“ag"'ﬁ“d
Electron Microscope mage

Lenses

Fig. 1: Diagram of the PEEM BL7.3.1 the
Advanced Light Source, US.

A new beamline is being constructed at the
Siam Photon Laboratory of the Synchrotron
Light Research Institute (SLRI). The beamline
will deliver synchrotron light produced from the
first undulator at SLRI for X-PEEM and
photoemission spectroscopy (PES)
measurements. The optical layout of beamline is
shown in Fig. 2. It consists of the pre-focusing
mirror TO, a monochromator (from S1 to S2),
and two post-focusing mirror systems.

o

@

The mirror TO vertically focus the beam into the
entrance slit S1 of the monochromator. Two
focusing mirror, M1/1 and M1/2, are used for
two different photon energy ranges. The two
post focusing mirror systems are used in the
time-sharing mode for the type of measurement
techniques. This work relates to the post-
focusing system for the X-PEEM experimental
station. There are two mirrors in this branchline;
i.e. the M2V mirror for vertical focus and the
M2H mirror for the horizontal focus. To make
the most use of the light beam, the beam size on
the specimen at the X-PEEM station must be
varied with the field-of-view (FOV) of the
microscope, which is between 2-100 microns in
diameter. However, in the optical design the
beam size in the horizontal direction is restricted
by the large horizontal source size to be fixed
about 150 micron at full-width-haft-maximum.
Thus, only the beam size in the vertical direction
can be varied. The change in the beam size on
the specimen can be obtained by changing the
radius of curvature and thus the focal point of
the M2H mirror. This is illustrated in Fig 3.

The relation between the entrance armlength
(r , or the source distance), the exit armlength
(r', or the image distance), the angle of
incidence () and the radius of curvature of
cylindrical surface (Rr) is given by the Eq. (1)

cos’a  cos’a 2cosa 1
—_—— = (1)

r r R

Fig. 2: The Geometrical layout of BL3 [1]
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Large FOV —

Source

Fig. 3: Changing the size of beam on sample
by changing curvature radius of the
mirror.

Fig 3 illustrates that when the light beam is
focused at the position of the specimen, the
beam size is the smallest point suitable for the
small FoV of X-PEEM. When the focal point is
moving out from the position of the specimen,
the beam size on the specimen is getting larger.
The change in the position of the focal point can
be obtained by changing the radius of curvature
of the mirror.

The relation between the applying force and
the change in curvature is complex, depending
on the characteristic of the material of the mirror
[2]. The mirror M2V used in this work is made
of Zerodur coated with 50nm-thick goal film.
Zerodur is a mixture between glass and ceramic
materials. It has very low thermal expansion
with the coefficient of approximately +0.15x10"
5/C at room temperature.

2. Design of mirror bender taking system
2.1 Theory and calculations

General equation for the moment at end of
both sides of a mirror is set catch confiscated M,
= hF; and M, = hF,. The adjustment of the
radius of curvature of a mirror bender can
accurately be analyzed using the theorem of
beam [3]. Changing the shape of the beam
under the moments M, and M,, as shown in Fig.
4, can be explained by the differential equation
given in Eq. 2 for visual effects [4].

e

|
|

-

F F

Fig. 4: Mechanism of structure
for simulation mirror bender

where E is the young modulus, 4 is the distance
between perpendicular force and the ration
center of the beam. 1 =*(w/12) is the moment of
inertia, where ¢ is the thickness, w is the width
and L is the length of mirror, z is the distance
along axis of curve change and x is the length
along axis of mirror.

Changing the radius of curvature of the
mirror can obtained from the equation
R~1/(d*z/dx*)~ EI/hF . In taking the moment
between both systems allows the nucleus to
change or spindle unalike. Therefore, a constant
factor must be added into equation. The value
of the bending loss factor is a constant which
depends on the system design [5], available only
from experiments. Therefore, Eq. 2 will be
modified by multiplying the loss bending-factor.

2.2 Design of mechanism

In the past, several mechanisms for a mirror
bender system have been studied for
synchrotron applications. For example, the
curved adjustment of cam that was designed and
made to be in a single structure, which is
obtained by wire-cut technique. In this work,
two-arm bender is chosen to be a prototype. The
dimension of the bender is 320mm x 160mm x
134 mm. The materials used are locally
available. The advantages of the two-arm
bender system is that it is able to force the
system independently in nucleus cases changed.
The structure was designed and tested by using
the SOLIDWORKS program. The adjustment of
curvature can be done from the end of edge
moment of both sides mirror [6] by transmitting
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force in both arms, to cleave rotation of a series
showing the Fig. 5.

Arm Bender

Rotating Support

134 mm

160 mm

Fig. 5: Structure model of mechanism two-
arm bender design.

The design toward that the size of structure
is suitable and possible to create a system for
implementation, because of majority can do and
make revisions easy to balance when developing
or designing more later.

3. Simulation by finite element base
program

The simulation results from finite
element management to help with the COSMOS
program and define the properties of material
instead of glass, this research we use Al Alloy-
6061 and Zerodur for testing [7]. The mirror
used in beamline has actual size of 15mmx
40mm x 300mm to study effect of force to
radius of curvature material instead of mirror
transition. For examples, results of simulation
by finite element method show in Fig. 6
simulation results found that when the force
system with increasing radius of curvature will
cause a decrease as shown in the Table 1 and
Fig. 7, shows the relationship between force and
radius of curvature changes by simulation

results of study period at half length of material
instead of mirror to reduce time to calculate
because it is symmetrical. When the results
have created an equation of relationship between
force and curvature radius. Then make a fit
curve to the relationship equation 3 and 4 for Al
Alloy- 6061 and Zerodur respectively.

Table 1: Radius to shift and force add to
system between Al Alloy-6061 and

Zerodur
Al Alloy-6061 Zerodur®
Force Radian Force Radian

™) (mm) ™N) (mm)

10 556,051.00 10 731,806.00
50 138,868.00 50 18,2034.00
100 71,633.30 100 93,859.80
150 48,283.50 150 63,239.80
200 36.411.00 200 47.679.70
250 29,230.70 250 38,259.20
300 24,411.30 300 31,954.60
350 20,957.20 350 27,437.70

Fig. 6: Simulation of COSMOS program

2.00E+5
1.80E+5 - Al Aloy (6051)
= Zerodure
1.60E+5
1.40E+5
_ 1.20E+5
E
£ 1.00E+5
£ 8.00E+4
3
& 6.00E+4
4.00E+4
2.00E+4
0.00E+0

0 50 100 150 200 250 300 350 400

Loaded force (N)

Fig. 7: The relationship between force and
radius of changes.
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curve fit of result by force between 50 to 350 N
arelationship equation is :

Rai Altoy-s061 = -3E-07x" - 0.181x” + 42.63x” -

5221x + 31371 @3)

Roerodur = 1E-09x° - 2E-06x° + 0.001x" -
0.400x° + 75.88x> -8,034x +
43,720 (4)

where x is the value of the force to a system in
newton unit and R is the radius of curvature
change is in millimeter unit.

4. Conclusion

In the simulations using the force between 10
and 350 N, it is found that radius value of both
types of test materials changed during 556,051
mm to 20,957.20 mm and 731,806mm to
27,437.70 mm. for Al Alloy-6061 and Zerodur,
respectively.  Technical design of the optical
transport systems found that the radius value
that can adjust the size of the beam at the
specimen position as needed, in the range of
approximately 50,000-60,000 mm. It is also
found that the required acting force to adjust the
radius of curvature are in range between 100-
150 N requires force and 150-200 N for Al
Alloy-6061 and Zerodur, respectively. When
regarding the overall structure and the force add
to system, the values determined by Max von
Mises Stress for a decisive point, or damage will
occur. Preliminary tests found that force add to
system that starts damage is 300 N for Al Alloy-
6061 and Zerodur by considering that 80%
percent of the yield stress value Al Alloy-6061.
The simulation results also show that the
designed system is practical. The system can
further be developed based on the current results
for better performance.
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Investigation on Adjustable Mirror bender
Using Light beam Size

A. Oonsivilai, A. Suthummapiwat, and P.Songsiritthigul

Abstract—In this research, the use of light beam size to design
the adjustable mirror bender is presented. The focused beam line
characterized by its size towards the synchrotron light beam line is
investigated. The COSMOSWorks is used in all simulation
components of curvature adjustment system to analyze in finite
element method. The results based on simulation covers the use of
applied forces during adjustment of the mirror radius are presented.

Keywords—light beam-line, mirror bender, synchrotron light
machine.

1. INTRODUCTION

HE new developments and advances in science and
technology have been experienced in the few past decades.
The applications of these new inventions are found in many
systems. One of these applications is the synchrotron light
machine.

The Synchrotron light is the electromagnetic radiation
emitted when electrons, moving at velocities close to the speed
of light, are forced to change direction under the action of a
magnetic field. The synchrotron light is unique in its intensity
and brilliance and it can be generated across the range of the
electromagnetic  spectrum:  from infrared to x-rays.
Applications of synchrotron light are used in many aspects
such as physical science, biological physics and so forth. The
synchrotron light machine is composed of many important
parts including the beam line system. This system comprises
many parts such as vacuum tube, vacuum chamber and
especially, optical equipments. The optical equipments are
mirror grating and crystal etc. functioning to select
wavelength, size and focusing of beam light that point at study
sample. One of the important techniques in synchrotron
applications is X-PEEM (X-ray Photoemission Electron
Microscopy) applying in nano-structure spectroscopy and
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Engineering, Institute of Engineering. Suranaree University of Technology
111 University Avenue, Muang District, Nakhon Ratchasima,Thailand 30000
(corresponding author to provide phone: +66 (0)815-48-7728; fax: +66(0)
44-21-7047; e-mail: anant@ sut.ac.th).

A. Suthummapiwat is with School of Mechatronics Engineering, Institute
of Engineering. Suranaree University of Technology 111 University Avenue,
Muang District, Nakhon Ratchasima,Thailand 30000 ( e-mail: Apirak_sut@
slri.or.th).

P. Songsiritthigul is with Synchrotron Light Research Institute (Public
Organization). 111 University =~ Avenue,Muang  District, Nakhon
Ratchasima, Thailand 30000 (e-mail: Prayoon@ slri.or.th).

95

even in taking photo in micro-nano scale. The principle of X-
PEEM is to use suitable soft X-rays or vacuum ultraviolet
range to excite electron in atom of sample emitted from sample
for studying its photoelectron. Photoelectron energy depends
on energy levels of atom, type of atom and wavelength of
exciting x-rays. Photoelectrons having diameters about 2-100
microns are emitted collected and amplified by equipments
that similar to use in SEM (scanning electron microscopy).
Amplified electron is brought to image on screen as shown in
figure 1 that able to measure in chemical analysis of minute
area (<100 nanometer) . Intensity or contrast of picture that
images on screen is the characteristics of surface, type of atom,
work function of material and/or characteristic of magnetic
domain.

New beam-line system has been constructing in Siam
Photon lab at SLRI (Synchrotron Light Research Institute). It
will use synchrotron light produced from an undulator machine
to apply for X-PEEM technique and PES (Photoemission
spectroscopy) [1]. Optical equipments of the beamline shown
in figure 2 consist of a mirror TO to focus synchrotron light
into S1 of monochromater. Part of the monochromator is to
start at inlet S1 to outlet S2. Behind monochromator, light is
able to use either X-PEEM or PES technique by moving in and
out of M2Cy mirror. This work points at focusing system of X-
PEEM technique for focusing synchrotron light on sample in
microscale and keeping most part of light is in right position of
X-PEEM microscope for high performance.

X-ray Beam

Screen

. 2 v
Objectivel ens Projective Lens 'l““g"'ﬁ“"

3 mage
Electron Microscope 8

Lenses
Fig. 1 Diagram of PEEM at BL7.3.2 of Advanced Light.

Focusing system behind monochromater is composed of
M2V and M2H mirrors that have cylinder surface to focus
light in vertical and horizontal, respectively. M2H has constant
radius on surface so that size of beam on sample is about 150
microns. On the other hand, M2V is able to adjust curvature
radius value for selecting the beam size in vertical. Required
curvature radius is in between 50,000mm to 60,000mm.
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o

@

b
Fig. 2 Diagram of optical alignment of BL3 [1]

Therefore, all parts of light are on FOV (Field of view) of
microscope  XPEEM (2-150 microns). This technique is
relative to beam size hitting to sample and amplified system of
microscopy technique. Beam adjustment is significant so that
mirror bender sysiem is needed and used io change ihe focus
of beam position on sample as shown in figure 3. Hence, beam
adjustment on sample is worked by changing curvature radius
of mirror related to FOV of X-PEEM.

i ween the © > a

VEDRR Mo it
tion oct Ciiti

source distance), the exit armlength (', or the image distance),
the angle of incidence (¢) and the radius of curvature of
cylindrical surface (R) is given by the Equation 1

cos’a cos’a 2cosa
fos & COS @ _coosa o
r r R

Figure 3 shows that the smallest beam occurs when
curvature radius of mirror is forced to focus beam in as same
position as sample. Beam size is able to adjust by changing
focusing point at before or behind sample. In general, mirror
base for beam focusing in UV range is made from Zerodur or
Silicon coated metallic thin film that is good in reflection such
as gold or nickel. For M2V mirror will be built from Zerodur
material which is mixed between glass and ceramic and has
nearly zero thermal expansion (+ 0.15x10® /°C) at room
temperature.

Beam adjustment for minute size is complex and difficult
for giving precise moment or accuracy force [2] that this is an
important thing and interesting to design and build the
mechanical movement in the first time in our country.

II. DESIGN OF TWO-ARM MIRROR BENDER SYSTEM

To design and develop two-arm mirror bender that
SolidWorks program is used to design each part of its
structure. When the whole parts are constructed, its system is
tested and simulated by relative equation between force and
changing curvature radius of mirror. By simulation, the mirror
is Al Alloy(6061) compared to Zerodur material. Cosmos
program combined with SolidWorks is used for finite element
method and simulation of force to act on the system. Results
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from the simulation obtain and analyze for building a real
system.

Small FOV

Large FOV
Source

Fig. 3 Beam adjustment on sample by changing curvature radius of
mirror

A. Theory and calculation

General equation for the moment ai end of both sides of a
mirror is set catch confiscated M; = hF;, and M, = hF,. The
adjustment of the radius of curvature of a mirror bender can
accurately be analyzed using the theorem of beam [3].
Changing the shape of the beam under the moments A, and
M,, as shown in figure 4, can be explained by the differential
equation given in Equation 2 for visual effects [4].

ey o

where £ is the young modulus, # is the distance between
perpendicular force and the ration center of the beam.
1 =1*(w/12) is the moment of inertia, where 7 is the thickness,

w is the width and £ is the length of mirror, z is the distance
along axis of curve change and x is the length along axis of
mirror.

Changing the radius of curvature of the mirror can obtained
from the equation R=~1/(dz/dx’) ~EI/hF, In taking the
moment between both systems allows the nucleus to change or
spindle unalike. Therefore, a constant factor must be added
into equation. The value of the bending loss factor is a
constant which depends on the system design [5], available
only from experiments. Therefore, equation 2 will be modified
by multiplying the loss bending-factor.
le— L ———»|
i i
i % i
! A i
Ly x

T i
; : [
! !
! !
! h L h |

A

F F

Fig. 4 Diagram of structure of mirror bender system
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B. Mechanical design

This research concentrates to two-arm curvature adjustment
for a prototype having dimension of 320mm x 160mm x
134mm. All components are made in the country. The

TABLE I
DETAILS OF MECHANICAL PARTS OF CURVATURE ADJUSTMENT SYSTEM

advantage of the two-arm curvature adjustment is based on the No. Detail
ability to apply force freely in centric system. Software that ! Mirror
assists in design the system is Solidworks. Structures of the 2 Top clamper
two-arm curvature adjustment are shown in figure 5. The 3 Arm bender
curvature adjustment of the system counts on taking moment at 4 Arm combiner
edge of both sides of arm [6]. 5 Shaft
Most of structures are made in machine shop at Synchrotron 6 Right plate for bender
Light Research Institute (Public organization) since it ?s casy 7 Base plate for bender
to change, add and dévelop all of components further. Figure 6 3 Loft plate for clamper
and table I show details and all of components of the system. - -
9 Right Mirror clamper
[ i} 10 Left Mirror clamper
T[ ] ( 11 Pulling up bar
U I U 12 I bridge
L . — 13 Bender handle
T S | (1:) 14 Bracket for SP
15 BS 6267 RBB-1015-Full,DE ,AC Full_68

III.  FINITE ELEMENT METHOD SIMULATION

All simulation components of curvature adjustment system
are designed and used COSMOSWorks to analyze in finite
element method. The test of mechanical system is to find the
relation between various forces that are applied and variation
of curvature radius of mirror to obtain. Furthermore, the apply
force to make failure of the system takes into account.

A. COSMOSWorks characteristics

This project uses COSMOSWorks engineering program to
use FEA (finite element analysis) in analysis of characteristics
of mirror such as strength and curvature of mirror by applying
force to the system. Solidworks and COSMOSWorks program
work together and link information between. All components
of the system create on Solidwork and analyze with
COSMOSWorks. Analysis process starts from meshing
geometry into small elements linked together. FEA uses partial
differential equation rendering and finding the approximating
system. Steps of the process divided into three basic processes
as follow:

1. Preprocessing is to assign suitable material properties,
and apply boundary conditions in the form of restraints
and loads.

2. Solution is to calculate and solve the resulting set of
equations.

3. Postprocessing is to view the results in forms of plots,
contour diagrams etc.

In FEA simulation, properties of mirror defined are Al
Alloy(6061) and Zerodur [7] as shown in table II and table III,
respectively. Both materials have a dimension of 40mm x
300mm x 15mm. However, this research especially considers

Fig. 5 Structure model of mechanism two-arm bender design.

Fig. 6 Component of curvature adjustment system
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to simulate the holder set of mirror and mirror shown in figure  radius is shown in table IV and figure 10. Half of structure is

7. used as there is symmetric shape and it saves time when
running simulation.
TABLE II
PROPERTIES OF AL ALLOY(6061) o1
Property Value i 0 LT
Unit % LA —— N
Elastic Modulus 69,000 N/mm? -0.1 V- pesoN
Poissons Ratio 0.33 _ 02 = F=100N
Shear Modulus 26,000 N/mm? Height (mm) M ol SIEON
e o P 03 " B p-200N
Thermal Expansion Coefficient 2.4x10 R 2 Vg -
. 04 WNM == F=250N
Density 0.0027 o mm’® Mg
Sipppap P F=300N
Thermal 170 05
W/mK Dummy Position (mm) P F=3s0N
Conductivity 1.300 VKgK 06
vy -160 -140 -120 =100 -80 -60 -40 =20 0
Specific Heat 124.084 N/mm?
Tensile Strength 55.1485 N Fig. 8 Relationship between Al-Alloy(6061)
Yield Strength N/mm position and gaining distance
0.1
TABLE III
PROPERTIES OF ZERODUR 0 == E- 10N
QQ"&«'
- —y e F-50N
l’ropf’.rty Value Unit o “etidteeieage, eettesnsscesesd
Abbe’ Constant 66 R <+ p=100N
Dispersion (ne-ne) 0.00967 .| el  p1s0n
Density 2,530 kg/m’ @ 25 C 0 F=200N
Young’s” Modulus 3 2
ung : 9.1x10 N/m s & poason
Poisson’s Ratio 0.24 -
. = F=300N
Specific Heat 2.99329 JKg K Dummy Position (mm)
04 X p350N

Coefficient of Thermal Expansion 0.05+-0.10x10° /C(20-30C )

Maximum Temperature 600 C

-160  -140  -120  -100 -80 =60 -40 =20 0

e e s s e D L e

y -

R

Fig. 7 Simulation of system by COSMOSWorks

IV. RESULTS AND DISCUSSION

From simulation results, various forces plotted are shown in

figure 8 and 9. The results from simulation are brought to math
lab to find curvature radius and indicate that the more
increasing force, the more decreasing curvature radius. The
relation between applied force and variation of curvature

Fig. 9 Relationship between Zerodur position and gaining distance
Figure 10 shows the results from two (3) and (4) that input of
load force set 50-350 N is in function of invitation of curvature

radius {8]. The simuiation resuits are summarized in Tabie V.

Rai atioy@ost) = -3E-07x" - 0.181x° + 42.63x -
5221x+ 31371 3)

TABLE IV
VARIATION OF CURVATURE RADIUS TO LOADING FORCE APPLYING TO
SYSTEM BETWEEN AL-ALLOY (606 1) AND ZERODUR

Al Alloy (6061) Zerodur
Force Radian
) Radian (mm) Force (N) (mm)
10 556,051.00 10 731,806.00
50 138,868.00 50 182,034.00
100 71,633.30 100 93.,859.80
150 48,283.50 150 63,239.80
200 36,411.00 200 47,679.70
250 29,230.70 250 38,259.20
300 24,411.30 300 31,954.60
350 20,957.20 350 27,437.70
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2.00E+5
1.80E+5
1.60E+5
1.40E+5
1.20E+5
1.00E+5
8.00E+4
6.00E+4
4.00E+4
2.00E+4
0.00E+0

- Al Alloy (6061)
" Zerodure

Radius (mm)

0 50 100 150 200 250 300 350 400

Loaded force (N)

Fig. 10 Relationship between loading force and variation of
curvature radius

TABLE V
THE LOADING FORCE AND CURVATURE RADIUS FROM SIMULATION
Force (N) Radius (mm)

10 556,051.00
50 138,868.00
100 71,633.30
150 48,283.50
200 36,411.00
250 29,230.70
300 24,411.30
350 20,957.20
400 31,575.10

= 1E-09x° - 2E-06x° + 0.001x* -
0.400x° + 75.88x% -8,034x + 43,720

Rzerodur

“)

where x is the value of the force to a system in Newton unit
and R is the radius of curvature change is in millimeter unit.

V. CONCLUSION

This research presents the development of mirror curvature
adjustment system for synchrotron light to apply in beamline 3
at Synchrotron light research institute (Public organization).
Design processes have complexity since knowledge of
engineering has to be applied such as mechanical, electrical,
computer and physics etc. This design system is two-arm
curvature adjustment which has the advantage of adjusting
force freely to both sides of arm. In a case of system assembly
or installation might shift the center its system out from
position making the ease of focusing beam hitting on the most
of Field of view of X-PEEM technique for high accuracy and
performance.

The simulation results of curvature adjustment system
suitable for using in curvature radius of 50,000-60,000 mm
range. In this range, it is able to focus all parts of beam light
hitting on field of view of X-PEEM measurement. In addition,
loading force at 50-100 N are suitable for Al Alloy(6061)
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material having dimension of 300mm x 40mm x 15mm. The
loading force in real experiment result is less than 50 N in
FEA simulation results that helping less system damage. The
different result of both results occurs since all mechanical parts
of the system operate and some forces passes through them as
virtual force to start initial stage of the system.
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Jaanaae (Al Alloy (6061))

szazuguiannlaountaslal
FZYZA — 7 —3
NOUAAAT NAIAAAT
HUANU X ) ., F= 10N F=50N | F=100N

IHULO S IHULO S
-8 0.013 -0.001 -0.020 -0.018 -0.007
7.5 0.023 -0.005 -0.014 -0.019 -0.01
-7 0.038 -0.009 -0.022 -0.039 -0.018
-6.5 0.051 -0.016 -0.029 -0.041 -0.028
-6 0.070 -0.006 -0.037 -0.057 -0.041
5.5 0.087 -0.008 -0.019 -0.063 -0.047
-5 0.099 -0.008 -0.032 -0.069 -0.054
-4.5 0.104 -0.007 -0.033 -0.073 -0.056
-4 0.107 -0.006 -0.026 -0.062 -0.06
-3.5 0.108 -0.006 -0.024 -0.063 -0.06
-3 0.110 -0.008 -0.021 -0.069 -0.064
-2.5 0.111 -0.006 -0.009 -0.069 -0.067
2 0.111 -0.006 -0.020 -0.068 -0.066
-1.5 0.114 -0.003 -0.026 -0.070 -0.066
-1 0.122 -0.007 -0.021 -0.073 -0.068
-0.5 0.132 -0.004 -0.022 -0.070 -0.068
0 0.149 -0.007 -0.028 -0.074 -0.070
0.5 0.156 -0.003 -0.013 -0.062 -0.059
1 0.176 -0.013 -0.026 -0.066 -0.058
1.5 0.195 -0.002 -0.038 -0.065 -0.055
2 0.209 -0.002 -0.039 -0.067 -0.059
2.5 0.213 -0.009 -0.030 -0.073 -0.053
3 0.220 -0.009 -0.027 -0.071 -0.053
3.5 0.225 -0.009 -0.023 -0.069 -0.053
4 0.227 -0.005 -0.016 -0.059 -0.044
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AN TagNadol (Al Alloy (6061)) (¢10)

szazuaudnlasuulaalal
TLYTHNU . - PN
AOUAAAY HAINANT
LUAULDU X ’ ’ F= 10N F= 50N F= 100N

DT F DT

4.5 0.230 -0.001 -0.015 -0.062 -0.038

5 0.231 -0.003 -0.013 -0.051 -0.039

5.5 0.231 0.000 -0.014 -0.061 -0.037

6 0.233 -0.002 -0.005 -0.052 -0.038

6.5 0.232 -0.001 -0.005 -0.056 -0.033

7 0.234 -0.002 -0.005 -0.049 -0.027

7.5 0.235 -0.002 -0.004 -0.046 -0.020

8 0.233 0.003 -0.001 -0.035 -0.014

< v o & ' oo a4 '
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Jagnaaoy (Al Alloy (6061))

JEUZAN szazugudannlaounlaslal
HUNU X F= 150N F=200N F=250N | F=300N F=350N
-8 -0.009 -0.012 -0.022 -0.012 -0.01
-7.5 -0.017 -0.022 -0.036 -0.026 -0.021
-7 -0.026 -0.032 -0.051 -0.044 -0.053
-6.5 -0.032 -0.048 -0.060 -0.060 -0.065
-6 -0.046 -0.062 -0.089 -0.075 -0.096
5.5 -0.054 -0.074 -0.099 -0.093 -0.114
-5 -0.068 -0.085 -0.103 -0.100 -0.125
-4.5 -0.067 -0.088 -0.112 -0.113 -0.131
-4 -0.073 -0.095 -0.122 -0.118 -0.142
-3.5 -0.078 -0.097 -0.122 -0.123 -0.148
-3 -0.079 -0.103 -0.136 -0.13 -0.158
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AN TagNadol (Al Alloy (6061)) (¢10)

PEAEREY szazuguiailaountaslal
UUAAU X F= 150N F= 200N F=250N | F=300N F=350N
2.5 -0.082 -0.104 -0.139 0.138 --0.168
-2 -0.083 -0.109 -0.138 -0.139 -0.170
-1.5 -0.086 -0.106 -0.144 -0.141 -0.170
-1 -0.085 -0.103 -0.149 -0.137 -0.165
-0.5 -0.078 -0.106 -0.138 -0.143 -0.167
0 -0.082 -0.112 -0.136 -0.149 -0.168
0.5 -0.078 -0.104 -0.131 -0.142 -0.167
1 -0.087 -0.105 -0.143 -0.147 -0.174
1.5 -0.089 -0.110 -0.147 -0.145 -0.183
2 -0.087 -0.106 -0.158 -0.141 -0.182
2.5 -0.078 -0.100 -0.139 -0.123 -0.165
3 -0.074 -0.099 -0.139 -0.121 -0.159
3.5 -0.069 -0.099 -0.13 -0.118 -0.148
4 -0.053 -0.086 -0.119 -0.108 -0.145
4.5 -0.045 -0.080 -0.113 -0.101 -0.132
5 -0.040 -0.074 -0.092 -0.094 -0.123
5.5 -0.040 -0.072 -0.086 -0.081 -0.111
6 -0.043 -0.065 -0.077 -0.072 -0.095
6.5 -0.033 -0.057 -0.077 -0.06 -0.083
7 -0.036 -0.046 -0.069 -0.049 -0.065
75 -0.027 -0.031 -0.058 -0.030 -0.061
8 -0.018 -0.017 -0.043 -0.011 -0.035
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Jaanaae (Al Alloy (6061))

PEAEREY szazugudannlaounlaslal
UUAAU X F= 400N F= 450N F=500N | F=550N F= 600N
-8 -0.041 0.034 -0.020 -0.037 --0.033
-7.5 -0.055 -0.057 -0.033 -0.065 -0.057
-7 -0.085 -0.083 -0.078 -0.103 -0.090
-6.5 -0.105 -0.098 -0.103 -0.132 -0.115
-6 -0.129 -0.125 -0.119 -0.157 -0.154
-5.5 -0.135 -0.144 -0.133 -0.180 -0.169
-5 -0.154 -0.156 -0.166 -0.202 -0.197
-4.5 -0.161 -0.171 -0.193 -0.219 -0.229
-4 -0.170 -0.186 -0.200 -0.230 -0.236
3.5 -0.182 -0.191 -0.212 -0.243 -0.259
-3 -0.193 -0.201 -0.226 -0.255 -0.263
2.5 -0.196 -0.208 -0.232 -0.271 -0.281
-2 -0.202 -0.213 -0.232 -0.274 -0.279
-1.5 -0.204 -0.217 -0.242 -0.285 -0.289
-1 -0.206 -0.217 -0.244 -0.288 -0.298
-0.5 -0.201 -0.213 -0.242 -0.276 -0.293
0 -0.208 -0.219 -0.247 -0.277 -0.305
0.5 -0.202 -0.213 -0.242 -0.272 -0.301
1 -0.201 -0.218 -0.242 -0.281 -0.306
1.5 -0.208 -0.225 -0.240 -0.291 -0.309
2 -0.207 -0.222 -0.235 -0.29 -0.298
2.5 -0.197 -0.209 -0.225 -0.273 -0.290
3 -0.193 -0.199 -0.221 -0.265 -0.283
35 -0.184 -0.191 -0.214 -0.247 -0.266
4 -0.173 -0.176 -0.193 -0.227 -0.255
4.5 -0.164 -0.169 -0.198 -0.216 -0.248
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AN TagNadol (Al Alloy (6061)) (¢10)

PEAEREY szazugudannlaounlaslal
UUAAU X F= 400N F= 450N F=500N | F=550N F= 600N
5 -0.152 -0.160 -0.181 -0.202 -0.222
5.5 -0.121 -0.146 -0.159 -0.196 -0.196
6 -0.114 -0.133 -0.14 -0.173 -0.184
6.5 -0.100 -0.12 -0.119 -0.14 -0.155
7 -0.079 -0.100 -0.106 -0.138 -0.141
7.5 -0.070 -0.086 -0.094 -0.120 -0.127
8 -0.049 -0.051 -0.058 -0.093 -0.108

A13199 4 1sunsuuunual (Matlab)

function [xc,yc,R,a] = circfit(x,y)
%
% [xc yx R] = circfit(x,y)
%
% fits a circle in X,y plane in a more accurate
% (less prone to ill condition )
% procedure than circfit2 but using more memory
% X,y are column vector where (x(i),y(i)) is a measured point
%
% result is center point (yc,xc) and radius R
% an optional output is the vector of coeficient a
% describing the circle's equation
%
% x"2+y™2+a(1)*x+a(2)*y+a(3) =0
%

x=x(); y=y();

a = [x y ones(size(x))\[-(x."2+y.~2)];




A13199 4 1dsunsuuunual (Matlab) (90)
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xc = -.5*a(1);
yc = -.5%a(2);
R = sqrt((a(1)"2+a(2)"2)/4-a(3));

% try circ_fit

% Create data for a circle
th = linspace(0,2*pi,100000)';

% R=1.1111111;

% sigma = R/10;

% x = R*cos(th)+randn(size(th))*sigma;

% y = R*sin(th)+randn(size(th))*sigma;
y = xIsread('Uxy.xls',)A15:A60");

x = xlIsread('Uxy.xls','B15:B60");

plot(x,y,'x"), title(' measured points')

pause(2)

% reconstruct circle from data

5

[xc,yc,Re,a] = circfit(x,y);

xe = Re*cos(th)+xc; ye = Re*sin(th)+yc;

% plot(x,y,'o",[xe;xe(1)].[ye;ye(1)],-.,R*cos(th),R *sin(th)),

5

plot(x,y,'o',[xe;xe(1)],[ye;ye(1)],-." xc,yc,'x'),

title(' measured and fitted data'")

legend('measured', 'fitted','center’)
text(xc-20000,yc-5000,sprintf('center (%g , %g ); R = %g',xc,yc,Re))
xlabel x, ylabel y

axis equal
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ustable Mirror bender

Using Light beam Size

A. Oonsivilai, A. Suthummapiwat, and P.Songsirithli

Abstract—In this research, the use of light beam size tagdes
the adjustable mirror bender is presented. Thesktubeam line
characterized by its size towards the synchrotigit lbeam line is
investigated. The COSMOSWorks is used in all sithta
components of curvature adjustment system to aealgzfinite
element method. The results based on simulatioersothe use of
applied forces during adjustment of the mirror uadire presented.

even in taking photo in micro-nano scale. The ppiecof X-
PEEM is to use suitable soft X-rays or vacuum ultiet
range to excite electron in atom of sample emifitech sample
for studying its photoelectron. Photoelectron epetgpends
on energy levels of atom, type of atom and waveleraf
exciting x-rays. Photoelectrons having diametemsuat2-100
microns are emitted collected and amplified by pménts
that similar to use in SEM (scanning electron nscapy).

Keywords—light beam-line, mirror bender, synchrotron light Amplified electron is brought to image on screershswn in

machine.

I. INTRODUCTION

figure 1 that able to measure in chemical analg§iminute
area (<100 nanometer) . Intensity or contrast ofupé that
images on screen is the characteristics of surfgpe,of atom,

HE new developments and advances in science awdrk function of material and/or characteristic magnetic

technology have been experienced in the few pastcbss.
The applications of these new inventions are foumdany
systems. One of these applications is the synamolight
machine.

The Synchrotron light is the electromagnetic radrat
emitted when electrons, moving at velocities clmsthe speed
of light, are forced to change direction under #otion of a
magnetic field. The synchrotron light is uniqueits intensity
and brilliance and it can be generated acrossahger of the
electromagnetic  spectrum: from infrared to
Applications of synchrotron light are used in maagpects
such as physical science, biological physics antbgh. The
synchrotron light machine is composed of many irtgur
parts including the beam line system. This systemprises
many parts such as vacuum tube, vacuum chamber
especially, optical equipments. The optical equiptseare
mirror grating and crystal etc. functioning to stle
wavelength, size and focusing of beam light thantpat study
sample. One of the important techniques in synochinot
applications is X-PEEM (X-ray Photoemission Elentro
Microscopy) applying in nano-structure spectroscapgt

A. Oonsivilai is with  Smart Materials and Intebligt System and
Alternative and Sustainable Energy Research Urgho8l of Electrical
Engineering, Institute of Engineering. Suranareeversity of Technology
111 University Avenue, Muang District, Nakhon Ratsima, Thailand 30000
(corresponding author to provide phone: +66 (B8)8&-7728; fax: +66(0)
44-21-7047; e-mail: anant@ sut.ac.th).

A. Suthummapiwat is with School of Mechatronicggleering, Institute
of Engineering. Suranaree University of Technoltdj§ University Avenue,
Muang District, Nakhon Ratchasima,Thailand 300@9ngail: Apirak_sut@
slri.or.th).

P. Songsiritthigul is with Synchrotron Light Resgarinstitute (Public
Organization). 111  University Avenue,Muang District Nakhon
Ratchasima, Thailand 30000 (e-mail: Prayoon@ slthpr
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domain.

New beam-line system has been constructing in Siam

Photon lab at SLRI (Synchrotron Light Researchitunst). It
will use synchrotron light produced from an undofahachine

to apply for X-PEEM technique and PES (Photoemissio

spectroscopy) [1]. Optical equipments of the beaenhown
in figure 2 consist of a mirror TO to focus syndhoo light
into S1 of monochromater. Part of the monochroméataio
start at inlet S1 to outlet S2. Behind monochromdtght is

X-raysable to use either X-PEEM or PES technique by nirirand

out of M2Cy mirror. This work points at focusingssgm of X-
PEEM technique for focusing synchrotron light ompée in
microscale and keeping most part of light is irntigosition of
X-PEEM microscope for high performance.

and

X-

ray Beam

MCP

” Screen

Projective Lens Magnified
Image

SIS
b

@

Objective Lens

Electron Microscope
Lenses

Fig. 1 Diagram of PEEM at BL7.3.2 of Advanced Light

Focusing system behind monochromater is composed of

M2V and M2H mirrors that have cylinder surface tds

light in vertical and horizontal, respectively. M2tds constant
radius on surface so that size of beam on samgbdat 150
microns. On the other hand, M2V is able to adjust/ature

radius value for selecting the beam size in vertiRaquired

curvature radius is in between 50,000mm to 60,000mm
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Fig. 2 Diagram of optical alignment of BL[3]

Therefore, all parts of light are on FOV (Fieldviéw) of
microscope XPEEM (2-150 microns). This technique
relative to beam size hitting to sample and angdifsystem of
microscopy technique. Beam adjustment is significanthat
mirror bender system is needed and used to chdwegfotus
of beam position on sample as shown in figure Jiddebeam
adjustment on sample is worked by changing cureatadius
of mirror related to FOV of X-PEEM.

The relation between the entrance armlength ¢r the

source distance), the exit armlength or the image distance),
the radius of curvature o

the angle of incidenceo() and
cylindrical surfaceR) is given by the Equation 1

co§onr coda  2cos
r r R

1)

Figure 3 shows that the smallest beam occurs whqn

curvature radius of mirror is forced to focus beianas same
position as sample. Beam size is able to adjusthanging
focusing point at before or behind sample. In gaheanirror
base for beam focusing in UV range is made fronoder or
Silicon coated metallic thin film that is good ieflection such
as gold or nickel. For M2V mirror will be built fro Zerodur
material which is mixed between glass and ceramit laas
nearly zero thermal expansion @.15x10° /°C) at room
temperature.

Beam adjustment for minute size is complex andicdilf
for giving precise moment or accuracy force [2]ttthés is an
important thing and interesting to design and buite
mechanical movement in the first time in our coyntr

Il. DESIGN OF TWGARM MIRROR BENDER SYSTEM

To design and develop two-arm mirror bender that

SolidWorks program is used to design each part tef
structure. When the whole parts are constructsdsyistem is
tested and simulated by relative equation betweecefand
changing curvature radius of mirror. By simulatitime mirror
is Al Alloy(6061) compared to Zerodur material. Gus
program combined with SolidWorks is used for firdlement
method and simulation of force to act on the systessults

96

from the simulation obtain and analyze for buildiagreal
system.

Mirror - R

Small FOV

Source

_ Fig. 3 Beam adjustment on sample by changing cureaadiusof
1S mirror

A. Theory and calculation

General equation for the moment at end of lsalles of a
mirror is set catch confiscatéd; = hF;, andM, = hF,. The
adjustment of the radius of curvature of a mirrendber can
accurately be analyzed using the theorem of beam [3
Changing the shape of the beam under the monméntand
M,, as shown in figure 4, can be explained by th&edihtial

fequation given in Equation 2 for visual effects [4]

2
LZ:(L') @{@JX )
dx El 2 L
where E is the young modulush is the distance between

perpendicular force and the ration center of theanbe
=t3(w/12) is the moment of inertia, wheres the thickness,

w is the width andL is the length of mirrorz is the distance
along axis of curve change andis the length along axis of
mirror.

Changing the radius of curvature of the mirror catained
from the equationR~1/(dz/d¥) ~EI/hF, In taking the
moment between both systems allows the nucleubaoge or
spindle unalike. Therefore, a constant factor mhestadded
into equation. The value of the bending loss factor is a
constant which depends on the system design [Siladble
only from experiments. Therefore, equation 2 wilrodified
by multiplying the loss bending-factor.
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N
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I
|
|
I

T

! T T [
|
I h
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EM

F F
Fig. 4 Diagram of structure of mirror bender system
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B. Mechanical design
This research concentrates to two-arm curvaturesgdpnt TABLE |

fOI’ a prOtOtype havmg dlmenSIOH Of 320mm X lGOmm X DETAILS OF MECHANICAL PARTS OFCURVATURE ADJUSTMENTSYSTEM
134mm. All components are made in the country. The

advantage of the two-arm curvature adjustment sedan the No. Detail
ability to apply force freely in centric system.f®are that 1 Mirror
assists in design the system is Solidworks. Strastof the 2 Top clamper
two-arm curvature adjustment are shown in figureThe 3 Arm bender
curvature adjustment of the system counts on takiagent at 4 Arm combiner
edge of both sides of arm [6]. 5 Shaft
Most of structures are made in machine shop attBghon 5 Right plate for bender
Light Research Institute (Public organization) elnt!s easy = Base plate for bender
to change, add and develop all of components furkigure 6
and table | show details and all of componenthefdystem. 8 L(_?ﬁ plat_e for clamper
9 Right Mirror clamper
10 Left Mirror clamper
— ﬁ ) 11 Pulling up bar
- U 12 I bridge
; - T - ;L 13 Bender handle
[@/ﬂ) : 2 (\C/\] 14 Bracket for SP
© ® & ®© 15 BS 6267 RBB-1015-Full,DE ,AC,Full_68

Il. FINITE ELEMENT METHOD SIMULATION

All simulation components of curvature adjustmeygtem
are designed and used COSMOSWorks to analyze it fin
element method. The test of mechanical system fstbthe
relation between various forces that are appliedl \a@riation
of curvature radius of mirror to obtain. Furthermothe apply
force to make failure of the system takes into aoto

A. COSMOSWorks characteristics

This project uses COSMOSWorks engineering progmam t
Fig. 5 Structure model of mechanism two-arm bernigsign. use FEA (finite element analysis) in analysis cdralcteristics
of mirror such as strength and curvature of mibyprapplying
force to the system. Solidworks and COSMOSWorkgjzm
work together and link information between. All qgooments
of the system create on Solidwork and analyze with
COSMOSWorks. Analysis process starts from meshing
geometry into small elements linked together. FEAsupartial
differential equation rendering and finding the @pgmating
system. Steps of the process divided into threk Ipiscesses
as follow:

1. Preprocessing is to assign suitable material ptigser
and apply boundary conditions in the form of rastsa
and loads.

2. Solution is to calculate and solve the resulting cfe
equations.

3. Postprocessing is to view the results in forms lofsp
contour diagrams etc.

In FEA simulation, properties of mirror defined afd
Alloy(6061) and Zerodur [7] as shown in table lidaable I,
respectively. Both materials have a dimension ofmdh0x
300mm x 15mm. However, this research especiallysidens

Fig. 6 Component of curvature adjustment system

97



World Academy of Science, Engineering and Technology 62 2010

to simulate the holder set of mirror and mirrorwhan figure
7.

TABLE Il
PROPERTIES OFAL ALLOY (6061)
Property Value Unit
Elastic Modulus 69,000 N/mn?
Poissons Ratio 0.33 _
Shear Modulus 26,000 N/mme
Thermal Expansion Coefficient 2.4x%0 _
Density 0.0027 g/ mn?
Thermal 170 W/ m K
Conductivity 1,300 JIKg K
Specific Heat 124.084 N/mn
Tensile Strength 55.1485
Yield Strengtl N/mn?
TABLE Ill
PROPERTIES ORZERODUR
Property Value Unit
Abbe Constant 66 B}
Dispersion (pnc) 0.00967 -
Density 2,530 kg/mM@ 25 C
Young's’ Modulus 9.1x108 N/m?
Poisson’s Ratio 0.2Z -
Specific Heat 2.9932¢ JIKg K

Coefficient of Thermal Expansion (.054-0.10x1(® IC (20-30 C )
Maximum Temperature 60C C

'
o
E

[ESFRICIE

.| “trimetric
o1 [ Tion ST 56 TON € SuaF 50N S SUSF 00N |3 SUEE TE0IT] v Sy 2008 [§E ST 2500 & S 3000 |3 S 3501 3 S 4001

Fig. 7 Simulation of system by COSMOSWorks

IV. RESULTS ANDDISCUSSION

From simulation results, various forces plotted slrewn in
figure 8 and 9. The results from simulation areuigit to math
lab to find curvature radius and indicate that tmere
increasing force, the more decreasing curvaturéusad he
relation between applied force and variation ofvature
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radius is shown in table IV and figure 10. Halfstfucture is
used as there is symmetric shape and it saves wihen
running simulation.
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-120 -100 -80 -60

-40 -20

P F=100N
P 1508
B 200N
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Fig. 8 Relationship between Al-Alloy(6061)
position and gaining distance
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Fig. 9 Relationship between Zerodur position andigg distance

Figure 10 shows the results from two (3) and (4} thput of
load force set 50-350 N is in function of invitatiof curvature
radius [8]. The simulation results are summarized@able V.

Ra alloy(o61) = -3E-07X - 0.181X + 42.63% -

5221x + 31371

TABLE IV
VARIATION OF CURVATURE RADIUS TO LOADING FORCE APPLING TO
SYSTEM BETWEENAL-ALLOY (6061)AND ZERODUR

3

Al Alloy (6061) Zerodur
Force Radian
(N) Radian (mm) Force (N) (mm)
10 556,051.00 1Q 731,806.00
50 138,868.00] 5Q 182,034.00
100 71,633.30 104 93,859.80
15C 48,283.5! 15C 63,239.8
20C 36,411.01 20C 47,679.71
25C 29,230.7! 25C 38,259.2
30C 24,4113 30C 31,954.0
35C 20,957.2( 35C 27,437.7|
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2.00E+5
1.80E+5
1.60E+5
1.40E+5
1.20E+5
1.00E+5
8.00E+4
6.00E+4
4.00E+4
2.00E+4
0.00E+0

" A Alloy (6061)
= Zerodure

Radius (mm)

0 50 100 150 200 250 300 350 400

Loaded force (N)

Fig. 10 Relationship between loading force andatam of
curvature radius

TABLE V
THE LOADING FORCE AND CURVATURE RADIUS FROM SIMULATON

Force (N) Radius (mm)
10 556,051.00
50 138,868.00
100 71,633.30
150 48,283.50
200 36,411.00
250 29,230.70
300 24,411.30
350 20,957.20
400 31,575.10

= 1E-09% - 2E-06X + 0.001X -
0.400% + 75.88% -8,034x + 43,720

RZerodur

(4)

where x is the value of the force to a system imvida unit
and R is the radius of curvature change is in méter unit.

V. CONCLUSION

This research presents the development of mirrorature
adjustment system for synchrotron light to applyp&amline 3
at Synchrotron light research institute (Public amigation).
Design processes have complexity since knowledge
engineering has to be applied such as mechanieatrieal,
computer and physics etc. This design system isatwo
curvature adjustment which has the advantage afstidg
force freely to both sides of arm. In a case ofeysassembly
or installation might shift the center its systerat drom
position making the ease of focusing beam hittingh®e most
of Field of view of X-PEEM technique for high acegy and
performance.

The simulation results of curvature adjustment eyst
suitable for using in curvature radius of 50,000060 mm
range. In this range, it is able to focus all paftdbeam light
hitting on field of view of X-PEEM measurement.dddition,
loading force at 50-100 N are suitable for Al Al(6961)
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material having dimension of 300mm x 40mm x 15mre T
loading force in real experiment result is lessntf® N in
FEA simulation results that helping less system afgan The
different result of both results occurs since actmanical parts
of the system operate and some forces passes khtbein as
virtual force to start initial stage of the system.
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