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Investigation on Adjustable Mirror bender

Using Ligh

t beam Size
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Abstract—In this research, the use of light beam size tagdes
the adjustable mirror bender is presented. Theskdubeam line
characterized by its size towards the synchrotigint lbeam line is
investigated. The COSMOSWorks is used in all sitota
components of curvature adjustment system to aealyzfinite
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 emittech sample
for studying its photoelectron. Photoelectron epetgpends
on energy levels of atom, type of atom and waveleraf
exciting x-rays. Photoelectrons having diametemsual2-100
microns are emitted collected and amplified by pménts
that similar to use in SEM (scanning electron nmscapy).

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

machine.

. INTRODUCTION

HE new developments and advances in science
technology have been experienced in the few pastdiss.
The applications of these new inventions are foimdhany
systems. One of these applications is the synamolight
machine.

The Synchrotron light is the electromagnetic radiat
emitted when electrons, moving at velocities climsthe speed
of light, are forced to change direction under #otion of a
magnetic field. The synchrotron light is uniqueitsintensity
and brilliance and it can be generated acrossahger of the
electromagnetic  spectrum: from infrared to
Applications of synchrotron light are used in maepects
such as physical science, biological physics antbgb. 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 equiptsieare
mirror grating and crystal etc. functioning to stle
wavelength, size and focusing of beam light thamtpat study
sample. One of the important techniques in syncbnot
applications
Microscopy) applying in nano-structure spectroscapgt
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is X-PEEM (X-ray Photoemission Elentro

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,
andrk function of material and/or characteristic mignetic
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 undatahachine

to apply for X-PEEM technique and PES (Photoemissio

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

X-raysable to use either X-PEEM or PES technique by n@inrand

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 irhtigosition of
X-PEEM microscope for high performance.
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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 txuds

light in vertical and horizontal, respectively. M2tds constant

radius on surface so that size of beam on samglbdsat 150
microns. On the other hand, M2V is able to adjustature
radius value for selecting the beam size in velrtiRaquired
curvature radius is in between 50,000mm to 60,000mm
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Fig. 2 Diagram of optical alignment of BL3]

Therefore, all parts of light are on FOV (Fieldwéw) of
microscope XPEEM (2-150 microns). This technique
relative to beam size hitting to sample and angaiffystem of
microscopy technique. Beam adjustment is significanthat
mirror bender system is needed and used to chdwegiotus
of beam position on sample as shown in figure Siddebeam
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 angle of incidences) and the radius of curvature of
cylindrical surfacer) is given by the Equation 1

cofa coda 2cos
—= 1)
r r R

Figure 3 shows that the smallest beam occurs wh
curvature radius of mirror is forced to focus beanmas same
position as sample. Beam size is able to adjusthanging
focusing point at before or behind sample. In gahenirror
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 lzas
nearly zero thermal expansion @.15x10° /°C) at room
temperature.

Beam adjustment for minute size is complex andiodifif
for giving precise moment or accuracy force [2]ttthés is an
important thing and interesting to design and buile
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 constructedsyistem is
tested and simulated by relative equation betweecefand
changing curvature radius of mirror. By simulatitime mirror
is Al Alloy(6061) compared to Zerodur material. @uss
program combined with SolidWorks is used for firdlement
method and simulation of force to act on the systeesults
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from the simulation obtain and analyze for buildiagreal
system.

Mirror - R

Small FOV

Large FOV/'Y
Source

. Fig. 3 Beam adjustment on sample by changing cureatdiusof
IS mirror

A. Theory and calculation

General equation for the moment at end of Isadbs 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 moniMntand
M,, as shown in figure 4, can be explained by théeihtial
equation given in Equation 2 for visual effects [4]

@55 (5
where E is the young modulush is the distance between

perpendicular force and the ration center of theanbe
qn t3(w/12) is the moment of inertia, wheteis 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 oataeined
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 [Hiladole
only from experiments. Therefore, equation 2 wilnodified
by multiplying the loss bending-factor.
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Fig. 4 Diagram of structure of mirror bender system
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B. Mechanical design
This research concentrates to two-arm curvaturesagent
for a prototype having dimension of 320mm x 160mm x

TABLE |

DETAILS OF MECHANICAL PARTS OFCURVATURE ADJUSTMENTSYSTEM

134mm. All components are made in the country. The

advantage of the two-arm curvature adjustment seda@n the No. Detail
ability to apply force freely in centric system. fSare that 1 Mirror
assists in design the system is Solidworks. Strastwf the 2 Top clamper
two-arm curvature adjustment are shown in figureThe 3 Arm bender
curvature adjustment of the system counts on takioment at 4 Arm combiner
edge of both sides of arm [6]. 5 Shaft
~Most of structures are made_ in machine_shop_a_ttr_fkpnmn 6 Right plate for bender
Light Research Institute (Public organization) elnt:!s easy 7 Base plate for bender
to change, add and develop all of components furigure 6
. 8 Left plate for clamper
and table | show details and all of componenthefdystem. - -
9 Right Mirror clamper
10 Left Mirror clamper
) Wilﬂ o) 11 Pulling up bar
U = U 12 | bridge
[ j I 13 Bender handle
N © © R\
iy ~
,&i/, - - | (Q\J/)] 14 Bracket for SP
R 5 = 15 BS 6267 RBB-1015-Full,DE ,AC,Full_68

All simulation components of curvature adjustmeygtesm
are designed and used COSMOSWorks to analyze ite fin
element method. The test of mechanical system fitbthe
relation between various forces that are applietl \ariation
of curvature radius of mirror to obtain. Furthereothe apply

FINITE ELEMENT METHOD SIMULATION

Fig. 5 Structure model of mechanism two-arm bemgsign.

Fig. 6 Component of curvature adjustment system

force to make failure of the system takes into aoto

A. COSMOSWorks characteristics

This project uses COSMOSWorks engineering progmam t
use FEA (finite element analysis) in analysis cireleteristics
of mirror such as strength and curvature of mibhpapplying
force to the system. Solidworks and COSMOSWorkgm
work together and link information between. All qooments
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 apgmating
system. Steps of the process divided into threi Ipgscesses
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 afe
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 Idamable IlI,
respectively. Both materials have a dimension o0 x
300mm x 15mm. However, this research especiallysicens
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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/mn?
Thermal Expansion Coefficient 2.4x%0 _
Density 0.0027 o/ mn?
Thermal 170 W/ m K
Conductivity 1,300 JIKg K
Specific Heat 124.084 N/mne
Tensile Strength 55.1485

Yield Strengtl N/mn?

TABLE Il
PROPERTIES OFZERODUR

Property Value Unit

Abbe Constant 66 -
Dispersion (rnc) 0.00967 -
Density 2,530 kgm@ 25C
Young's' Modulus 9.1x10 N/m?
Poisson’s Ratio 0.24 -
Specific Heat 2.9932¢ J/Kg K
Coefficient of Thermal Expansion (.054-0.10x1(® IC (2030 C )
Maximum Temperature 60C C

s

| “wimetic
T e 7 SO S SO0 TS S TOm [ S0 v Stuty_200n [ o7 250 S0 S00T [ SE Sa 3500 TS S0

Fig. 7 Simulation of system by COSMOSWorks

IV. RESULTS ANDDISCUSSION

From simulation results, various forces plotted strewn 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

radius is shown in table IV and figure 10. Halfsbfucture is
used as there is symmetric shape and it saves wihen
running simulation.
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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 summarizedable V.

Rai alloy(6061) = -3E-07X - 0.181X + 42.63% -
5221x + 31371 3)

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

Al Alloy (6061) Zerodur
Force Radian
(N) Radian (mm) Force (N) (mm)
10 556,051.00] 10 731,806.00
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 36,411.0( 20C 47,679.7!
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
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0.00E+0
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Loaded force (N)

Fig. 10 Relationship between loading force andatemn 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 (4)

RZerodur

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

V. CONCLUSION

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

The simulation results of curvature adjustment esyst
suitable for using in curvature radius of 50,0000800 mm
range. In this range, it is able to focus all paftbeam light
hitting on field of view of X-PEEM measurement.dddition,
loading force at 50-100 N are suitable for Al Al(6061)

material having dimension of 300mm x 40mm x 15mre T
loading force in real experiment result is lessnt®® N in
FEA simulation results that helping less system atgam The
different result of both results occurs since adlcimanical parts
of the system operate and some forces passes thtbein as
virtual force to start initial stage of the system.
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