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CERN Accelerator School

“ ATION & .
> REE-ELECTRON LASERS” General Requirements
July 2-9, 2003, Brunnen, Switzerland on Mechanical Engineering
at the Light Sources

Mechanical Engineering
Aspects - the SLS Experience

- precision machining (pm) and
positioning (nm, prad);

Sasa Zelenika for the SLS ME team - high heat load problems (108 W/m?;
(with the generous support of other SLS Sun surface: 7-107 W/m?);
groups and the whole PSI staff) - vibration measurement and

suppression (ampl. in nm range);

- high and ultra-high vacuum issues
(<108 mbar);

- radiation compatibility (

)

- experimental techniques;

- new analytical and numerical
methods;

- computer aided engineering systems

(CAD, FEM and DB management)

S. Zelenika, P. Wiegand, S. Flechsig, R. Reiser,
P. Hottinger, M. Rohrer, D. Rossetti (P. Oggenfuss, M. Kropf)
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Aims of the Work

Support the storage ring magnets, vac. chambers,
diagnostics and position monitoring systems
(Horizontal positioning system - HPS, and
Hydrostatic Levelling System - HLS)

Obtain one large rigid pre-assembled item not
necessitating fiducialization of individual magnets
or items other than the support itself

Provide high precision reference surfaces both in
horizontal and in vertical

Provide a simple and reliable mechanical design
allowing easy mounting and alignment

Kinematic support: number of constrains
balances the number of needed

Compensate for thermal and geological horizontal
and vertical disturbances with large time constants

Provide smooth, hysteresis-free and remotely
controllable motion at micrometric levels

Stiffness (dynamic stability) such that the residual
rms beam jitter — including optics amplification —
remains smaller than 10% of the beam sigmas (i.e.
with a 1% emittance coupling: 1 pum vertically and
10 um horizontally)

| & ]
s 1= J& PAUL SCHERRERINSTITUT SLS™—,

Support System

Individual stands:

- used when components are spread out

- simplest:

- granite epoxy (Anocast): better damping, bigger
thermal inertia, cost comparable to steel, but: cast
structures -> machinability (precision) & long
term stability???

Girders
-> stress relieved steel boxes or concrete
beams (cheaper but creep + cracking);

- a set of components is mounted on a common
platform (no ground settlement of individual
components)

- random displacements of girders with magnets
mounted onto them are generating a far smaller
impact on orbit distortions than individually
supported quadrupoles

- ->0one

reference for a generally overconstrained system;
guarantees the needed tolerances between magnet
poles and vacuum chambers

- can be pre-assembled

- can be filled with H,0 to increase thermal capacity
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Positioning System

Goal: alignment and compensation of girder
misalignments due to geological and thermal drifts

Separate horizontal and vertical adjustment:
Vertical: 3 st: to adjust heave, roll & pitch
-> shim stacks (iterative procedure), threaded rods,
wedge jacks (limited range) or screw jacks (ESRF)
Horizontal: adjustment of < : ;

1 (coupled motion in 2 directions) or 2 shdmg
plates with push-push screw or turnbuckle push-
pull/rail-slide systems (CERN, SLAC, DESY, ...)

6 strut system (ALS): length-
adjustable bars with spherical
joints at ends: 3 wvertical
(heave, roll, pitch) & 3
horizontal struts (1 L to other ..
2 -> sway, surge, yaw)

Both strut ends are threaded but one coarse and the
other fine -> high resolutions (10 pm)
Disadvantages: limited loading capacity; coupling
of DOFs because of cosine effect; backlash at joints
(tight tolerances), at threads (special collars with
accurately tuned break-away torques) and at joint-
to-component coupling

PiTen

g
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Motorized systems (SLAC., Gordon Bowden):
Kinematic support (Kelvin clamp principle) on
eccentric roller cam-shafts (‘MOVERS”)

Driven via stepping motors with an LVDT
feedback system

Gravity-constrained in vertical direction

Smooth. hysteresis free motion with minimized
friction

Pure rolling motion bounded by design geometry
Range limited to + 2 mm, loading to ~ 1t

SLS:

Driving side: low cost DC motor + worm &

planetary gearboxes

Feedback: BFA series BAUMER absolute rotary

encoders -> resolution enhanced to 17 bit by in-

house developed interpolation module interfaces

Fully integrated into the SLS EPICS-based

control system which allows to perform

simultaneous 5 DOF movements

= Pseudo stepper motors with resolutions better
than 2 um

Arrangement includes motion bounding via

Baumer Electric My-Com based limit switches
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% -""'--._____ E 3 "_: % . ” 4
AS S o2 Y Kinematic girder
T N i
o 2 8 an g support: 1 flat +2 V
. oS
&5t E 28 seats balance the
vy —_—
S5 E g L5 A needed 5 DOFs
e =1 .
E2E S %% 5 & (sway, heave, pitch,
S B -~ yaw and roll) - the
— T [ ' . .
E § i §_ = 5 a‘; surge, given its
2 g s g & smaller relevance, is
o+ - . .
° =& -§ 2 g left to a simple strut
'S 2
| 8 = 5 2 system
g % 5
® < %‘
]

- self-locating, free from backlash -> alignment
(and re-positioning) repeatabilities in the j1m
or even sub-pum range

- probability of foreign matter contaminating
the interface is minimized

- no overconstrain (deterministic) -> behaviour
can be represented in a closed form solution

- no clamping forces can distort the shape (

| | )

- thermal expansions are allowed keeping the

resulting mechanical stresses to a minimum

= ipre alignment
arrangement

RANGE: + 5 mm
RESOLUTION: <2 um

®»
@
=
o

st
i
@
@
()}
A
A

=]
=
=

eccentric
cam shafts




HLS pots

HLS piping network

Position Monitoring Systems

PAUL SCHERRER INSTITUT
long time deterioration of their initially aligned location => use of the
Hvdrostatic Levelling System (HLS) and the Horizontal Positioning

Purpose: continuous monitoring of girders positioning stability i.e.
Svystem (HPS), both having micrometric range accuracies

T e

sl C T Jeee pauL sCHERRERINSTITUT SLS%
Hydrostatic Levelling System

) . ®100 electrical
O-ring / circuits
heating
guard element
de-mineralized cerla; rtnelc
HZO : E P

y sensor

B, Lo — \\\ plate

b %

N .
touching

1

HLS pots

¢ = 10 cm stainless steel pots connected by a half
filled stainless steel pipe (OD 25 mm) around the
ring => single absolute reference altimetric level

Fluid: originally de-
mineralised H,O

Sensing elements: capacitive
proximity gauges -> non-
contact measurements
Resolution: < 2 pm; accuracy
and repeatability: + 10 pm;
working range: = 2.5 mm

4 pots per girder: measure of heave, pitch and roll

E \ ~
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Horizontal Positioning System
WA S

P Monitors horizontal

= girder movements
' (sways + yaws)
Constituted by pairs of
lever arms under the

s H girders surfaces
Fel_ d equipped with absolute
HPS sensor . o
- linear encoders (0.5
The HPS extends in a um resolution, + 2.5
“train link” scheme -> mm range)
relative horizontal
displacements of
adjacent girders are
correlated to artificially
created reference poles
at TBAs ends

Using these artificial
references as starting
points, any motion of
girders can be detected
and traced back via a
2N dimensional system
of equations (N - no. of
girders taken into
consideration)

—sa] sl =] Ji# PAUL SCHERRERINSTITUT SIAS&
Beam Based Alignment

Beam trajectory is measured by 72 BPMs;
encoders monitor the positions of BPMs with
respect to adjacent quadrupoles

Resulting data can be used to remotely align the
girders via the mover system obtaining closed
orbit and even coupling correction (achieving, in
principle, the same functionality of the corrector
magnets)

By using the conceived systems, beam-based
alignment is hence obtained

Beam tracing simulations: all static vertical
closed orbit corrections can be covered by girder
alignment; horizontally: a proper selection of
girders to be re-positioned allows to reduce
corrector magnet strengths by a factor 4 =>
corrector strengths can be used for dynamic
correction (active orbit feedback) and local
bump creation for matching the beamline
acceptances or for machine studies

Beam-based girder alignment is a dynamic
method and may be done on-line with the stored
beam: it appears to be a superior substitute for
magnet sorting
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HPS:

Preliminary tests performed on HPS prototypes
mounted on girders
[aser interferometric measurements used as

reference

Relative errors of HPS do not exceed + 1 um with

a repeatability also in the + 1 um range =>
comparable to the 1'esolution of the HPS sensors

2
Al
HPS/
interf O |
[pm]

2

4

\./l\"

m oAA

R

—=— | mmangularmotion
—4— 100 ym angular motion

10 15 20
No. of measurements

SLS™

o
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Dynamic Stability

Vibrations displace the magnetic elements and
generate time-dependent closed orbit distorsions

Experiments at SLS require a highly stabilised
photon beam below 100 Hz (effects of slow motion
neglected since A far grater than the SLS Ay ir0n)

Goal: reduce residual rms beam jitter (i.e. stabilize
“golden orbit™) to 1/10 of e~ beam sigmas

With an emittance coupling of 1% and an optics
amplification of ~ 8 horizontally and ~ 5 vertically
=> max mechanical vibration amplitudes of 0.2 pm
in the vertical and 1.25 pm in the horizontal plane

Horizontal amplification factor

60
Sog .3 f=36Hz->~8
40 e
s0f S 4f>36Hz->~20
ol
105
o
0 50 100 150 200
Ground wave frequency [Hz]
Vertical amplification factor
30E =
25F =
20F i 4 f=S50Hz->~5
155 35
105
55 :
ok 1
] 50 100 150 200

Ground wave frequency [Hz]
P single elements
elements on girders

Increase of ampl. factor @ A = betatron wavelength (assuming v, = 500 m/s)
4
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metal interface, grouting of the supports, ribs in the
girder body, fixation of the magnets onto the

Based on the experimental results: the parameters
girders, ...) could be optimized

of a FEM modal model were tuned and further
design variables (screw types at the concrete-to-

sl =] Jes paLL SCHERRER INSTITUT

Summer 1999: measurement campaign of newly
built SLS building => ground motion amplitudes

under natural excitations are < 10 nm

12

WWJW
3 [ 9

nm 4
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Installation in the Storage Ring

Based on tests -> design optimization -> approval
for serial production

During productive cycles: thorough quality control
Reference surfaces of each girder measured via
HP laser interferometer -> some girders re-ground
to meet the tolerances

Inspection records accompanying every girder
obtained from manufacturer; on ~ 10% of critical
components a double check performed at PSI

All the girder and mover pieces delivered to PSI
according to schedule or even before it

s =Y=] Js PAUL SCHERRER INSTITUT SLSﬁh—w

-> Assembly of the motor-gearboxes units and
encoders onto movers

-> Determination of movers’ zero positions (um
accuracy required)

-> Girder steel pedestals mounted and grouted onto
concrete blocks

-> Movers mounted onto the pedestals; cabling
performed
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Magnets delivery: 36 dipoles, 174 quadrupoles,
120 sextupoles (72 sextupoles have additional
horizontal and vertical dipole windings for closed-
orbit correction)
Dipoles: measured by using a Hall probe
Multipoles: each magnet measured at the factory
via a rotating coil -> where needed, feet re-
machined to bring the magnetic axes positions
within the specified tolerances (+ 30 pm)
-> After delivery to PSI: new measurements
following the same procedure

fE PAUL SCHERRERINSTITUT
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At completion of the magnetic

measurements, the magnets have

been mounted onto the girders

A specially designed lifting tool was
then used to transport via a crane the
girder/magnet assemblies into the

storage ring tunnel
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°C, assembled in a clean room,
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Installation of all storage ring girder/magnet
assemblies (with respective water and electrical
connections) was completed in early summer 2000,
with the last vacuum chamber installed shortly
thereafter. In parallel: assembly, mounting and
cabling/piping of the elements of the HPS and HLS
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Operational Experience

Girder & mover systems:

The originally foreseen strut-based longitudinal
girder fixation did not allow the desired
positioning accuracies to be attained and
maintained because of breakage of frictional
contacts => new roller-bearing-based backlash-free
mounts have been developed -> simple and
repeatable positioning of the 9 t girders on the
micrometric scale

The noise generated in the mover cables by the
adopted pulse-width-modulated motor power
supphes hmdered thelr ﬁmcnonallty => adoption
of ¢ 3¢ (

The final ahgnment of the storage ring allowed the
positioning of whole TBAs (4 girders with up to 28
magnets mounted onto them) with micrometric
accuracies within 1+2 days

Performed beam-based measurements allowed the
achievement of the required machining (= 50 pum)
and alignment tolerances (first turn with all
correctors off!) to be confirmed

HPS:
Has worked reliably ever since the commissioning




HLS:

Excellent short-term behavior (relative errors in 1%
range), but drifts of up to 1-2 mm on the longer

time scale
0.25 I

3 weeks in spring 2001

A pots'readings [mm]

.0_]:'-'-|—r....r|rlu|||||-|..|..|||r|r""'|'- TTTT T
1 17 33 49 65 81 97 113 129 145 161 177

Pot number

Some drifts due to
misalignments of the
HLS pipe (Bernoulli
tube effect)

i Other completely
randomly distributed
in space and time

@ and not related to
temperature or

- pressure
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A humidity build-up at the guard-to-sensor
interface (=> parasitic capacitance) was postulated
The change of the material of the insulator plate
and an electronic compensation of drifts were
unsuccessful

The introduction of an O-ring between the guard
and the sensor led to encouraging results (= 10 um
stability over several weeks)
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However, after several months, some (ca. '2) of the
pots started drifted again
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The problem could eventually be solved by adding 30% of an

antibacterial fluid + alcohol solution to the working fluid; the theory of

killing in such a way the build-up of the observed my-cells cannot

explain all the observed phenomena

electrical

/ circuits

.l
>

6100

-

O-rings

mixture

SENSOR

MY-CELLS

touching
point
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Ever since 01/2002 the HLS is stable to a level at
which earth tides can be observed, with a small
temperature effect on its behavior; shut-downs
introduce larger perturbations
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Date
The full integration into the Epics control system
will now allow to study the eventual residual
“parasitic” effects, the correspondence with long-

term survey data, ...




Dynamic Stability:

Beam measurements via digital BPMs confirmed
earlier girder eigenfrequency and corresponding
amplitude measurements [cf. PAC’01]

11/2002 measurements performed in the framework
of a CERN PhD thesis have further confirmed these
data. It was also shown that the installation of new
BL equipment (including additional excitation
sources), thank to the low transmissibility of the
girder structures (TR < 10 in the vertical and <20
in the horizontal direction), does not induce
significant perturbations of the storage ring optics
nor of the photon beam itself

Horizontal Vertical
T 3 T

1

i.____............... - =
E’.‘foi.:f_'_:fﬁ:f:: — Floor Ak — Floor
= ) ——- Girder 08G4 i —— @Girder 08G4

- QuadQLH-08 || [N | o Quad QLH-08 |

10- _.:ZZ'“!"'

10° £

Cumulative Spectral Density [ }unl |

o 50 100 0 50 100
Freguency [Hz)

!g
% PAUL SCHERRER INSTITUT SIAS. =y

riiﬂm&s PaUL SCHERRER INSTITUT

SLS™

Although some upgrades have been
necessary, the storage ring support,
positioning and position monitoring systems
have been successfully installed and
commissioned

Their effectiveness and sophisticated
designed are proven not only by the
excellent results achieved at the SLS, but
also by the high degree of interest shown by
other synchrotron radiation facilities
(SLAC, DIAMOND, CLS, APS, ELISA,
...) to adopt similar solutions
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Current Status

On July 15t 2002 the SLS ME Group has been

merged with the Division of Mechanical

Engineering Sciences of the PSI LOG

Department

The current tasks for the SLS include:

- Design and production of components for the
fs project

- Conceptual design, design reviews and
production follow-up of 3 U19 in-vacuum
insertion devices and the UES4 device

- Design of support components for the
Superbends

- Design of front-end components

- Design and production of

for the PX II beamline

- Design and production of critical beamline
components (e.g. innovative diamond
vacuum window)

- Updates of the global SLS reference model

ne
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INSTEAD OF A
CONCLUSION

The SLS experience proves that such
complex projects can be dealt with only
via an interdisciplinary approach

Generally the role of vacuum experts,
alignment crews, mechanical and electrical
engineers, technicians, ... is considered of
lower relevance

I do hope that this presentation could help
in illustrating the importance of our
contribution to this joint effort




Jea
zooz 1002 0002 6661
: — 0
e = S — 0§

— — — 00l

A - —7 0§l

— - I| 0oz

- e ||.m 05z

— i.|..“ oog
% ‘BO JO anjeA joyieul | - m.hmclu_.o i ...”_ 0se =
e 0} mC_ﬂEDme.COU sieal ® UOIJBUIPJOOY) [B2IUYDS] 1| - W
e : -+ 00F L
uew 0z 'eod :sieah # ul [e1o] Buo0D pue ‘Bu3 [eauios3 m | | mN
oy 3
=
7]

— \‘||| - - 05
| ‘Bu3z |esiueyos| @
- § IS — - 00S

S$7S 03 uoinqiiuo |sd

rﬂi z‘-z LNLILSNIH3YHIHOS TNvd x@ﬁu —
a

VACUUM,
ALIGNMENT,

AMLINE
SCIENTISTS

BE

SR USERS

.
-
(\
el
<
S —
XU
o —
0 G
-
-l =
- =
-




9[[IASAUIRD) UI BPLIO[] JO AJISIOAIU()
SULIAUIZUD JO UBd(]
sdiyd ‘W PauIm

. Ased
ST qol ay) jey) uey) JAY)() "SISPBI[ [BUOLIBUIUI puUR
SUAZI)IO PO03 ‘srojedrunwiwod pood ‘ojdoadssauisng
Po03 ‘SISTOU093 poo3 ‘sidfeuewt pood “yuajoduwod
Ajfeoruyoa)l  9q 0} woyl 10adxe oM asneddq
juauodwos [euoreonpd Aue Jjo oSud[eyo 1SaSIe]
oyl 2dAey A[qeqord am ‘sixouius Juneonps U,

rﬂzw-z LNLILSNIH3HHIHOS nvd mmmm@mmmw.\

dnry aAQ

*32107]D
dJeIdQI[OP pue uonmMul ‘uoneurdewll SUIA[OAUI
‘AJIATIOR  2ATJBAID B SI SIY] ‘UONN[OS POO3 ®
18 QALLIE 0] ‘SUBdW pUB SPU JO SISAYIUAS © AQ ‘ST JIe
AU [, "JUSISJIPUI JO ‘peq ‘PpOOST ‘suonnjos Auew e
219} ‘pauljop-Idpun e SwWA[qod S ‘YIe ur se erd
JO 1Je 0} paje[ar A[2SO[d dIow ST 1 SIY} Uy “swd[qoxd
Jernorged QAJOS 0} SMe[ 3SAY) JO Asn SAeW UIISIP
SuLIUISUY "SME[ [BIQUAT puUlj 0} SJUIAJ Je[noraed
SIIPNJS QOUAIOS “AJUADS B JoU SI IULRAUISUY

r.,_mﬁziz LNLILSNIH34HIHOS TNV ws@?




