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TPS (Taiwan Photon Source)
A brilliant and of low emmittance ting

Major parameters of the TPS

Brilliance (Phot/s/0.1 %bw!mmzfmrz)

Energy (GeV)

3.0~-3.3

Beam current (mA)

400

Circumference (m)

Nat. emittance (nm-rad)

518.4
1.7

Cell/symmetry/structure

24 / 6 /DBA

Bx / By / Ny (m) LS centre

10.59/ 9.3 /0.11

RF frequency (MHz)

499.654

RF voltage (MV)

5.0

Harmonic number

864

SR loss/turn, dipole (MeV)

0.98733
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Bending

Long Straights
Standard Straights

Betatron tune v, / v,

11.72m"6
7m*18

26.22 / 12.28

Synchrotron tune v,

6.7x10°°

Bunch length (mm)

2.34

Dipole B/L (Tesla)/(m)
Mom. comp. (o, o3)
Nat. energy spread c¢

Damping time (t,/t,/1, Ms)

1.3789 / 0.95
2.0x10%, 2.3x10°°
9.53x10™
10.5 / 10.5 / 5.25

10°
Photon Energy (eV)

Nat. chromaticity x / Cy

-78.2 / -32.5




Design goals of the girders system for TPS

B Firm support and precise positioning of magnets
® [ligh nature frequency above 30 1z

® Whole ring automatic alignment

B Precise resolution (Um)

B Beam based girder alignment (optional)



Girder body deign considerations

= ‘Table type girder to reduce the total P
girder quantities

m Precisely machmed reference
channels to keep the magnets pre-
aligned on the girder accurately

m Precisely machined alignment
fiducials on the girder to mcrease the
alignment efficiency

m Inclined steel plates inside the girder
body to reduce the weight and
increase stiffness

m Weight of magnets on a girder :
6000kg (estimated)

m Weight of the girder body :
3500kg(estimated)




Existing Adjusting mechanism

- |

high stiffness(face contact) but poor adjustabulity ..:!’ K
(often manual) -

b

m Wedge type adjusting mechanism (used At TLS) I I _ 1:_ __ llﬂﬂ B

m  Cam type adjusting mechanism (used at SLS,
Diamond)

good adjustability but low stittness(point or line
contact)

motor + gear boxes =

y- Problems of existed cam mover
e e W 4. N | | type girder design
| m 2 pedestals

- m 5 degrees adjustment

encoder S—"

tj;-\‘!‘,i!i-_l qa_

"'a  Lower natural frequency

Higher detlection of girder body




Natural frequency of the girder in
synchrotron facilities

Facilities Girder Adjusting Method 1°" natural £.(Hz) Mag. in Hort. Dir, Mag. in Verti. Dir.
51S Cam Mover /2 pedestals 5 degree 15585

Diamond Cam Mover/2 pedestals 5 degree 16.3 0.7(1~100Hz)
SQLEIL B jacks support +4 locking system 12

MAX];I;’%D;SY) (tor 516

ESRE .8

BRI Wedge mechanism (same as TLS) 03

A PS 10.5

ALS 6.4

BESSYII 5.6

SPEAR TT1 15.5

SPRING-8 [19(H)/27.8(V)

= No matter what type of adjusting mechanism is adopted, the first natural
frequency of the girder system among most synchrotron facilities 1s less than 30Hz.

®  Only that of SOLEIL 1s higher than 30Hz because of a locking system which
enforces the stiftness of the girder system.

®m A 6-axts motorized cam type automatic tuning girder system with locking system
1s thus proposed.



Cam mover type mechanism modification
and an original girder Concept Design

6 stands type kinematic
mounting girder design

Ball transfer units point
contact with eccentric cam

Spring with damper weight

compensating system

Polymer concrete pedestal



Single girder system adjusting algorithm

m To determine how to adjusting the
girder 1n each directton by movers
directly 1s not easy.

®m  An algorithm 1s required to transter
the directional adjusting magnitude
to the motor’s steps.

m  The coordinate systems should be
established both at girders and

movers at first, than we can do this
transformation.

u sway
v heave

W surge

I 0
Pitch (around z): K, = ( 0 cosy
0 siny

" cosn 0 sinp
Yaw (around y): R, = 0 )

—sinn 0 cosy

cose —sinag 0
Roll (around z): R. = | sinc coso 0

Combined roataion R= RnyRZ (4
u

Combined displacemeﬂt T=|v (5)
W

Sway  (ranslation u along z-axis
Heave translation v along y-axis
Surge translation w along z-axis

Pitch  rotation around z-axis by angle x
Yaw rotation around y-axis by angle 77
Roll rotation around z-axis by angle o




Algorithm to transfer the directional adjusting
magnitude to the motor’s steps

d = (85 +rcos(6,))* + (=70 +rsin(6, )y’
=R, +R_ =45+65=110(mm)

Starting angle of the cam@, is 227.925

d={[85+rcosO+@) -1, +[(T0+rsin@+@)-v,, I

=1 1qmm
N TBlimover =Ry (7= ISOO)Tﬂligirder
TBZ_mover ~ Ry (7= OO)TBZ_girder
e TB3_mover = Ry (= IZOO)TBS_girder
TB47m0ver = Ry (7 = 6OO)TB47girder
TBSfmover = Ry (7 = 3000)T357g1'rder
TB6_mover = Ry (77 = 2400)TB6_gim'er




Prototype fabrication and testing

m Machining
accuracy and
ability testing

m Vibration
testing

m Adjustability
testing




Machining accuracy and ability
testing

HP 5520A: A EE: EWE , - X : =
with spring
2 I Stra ess Plot: Xy ‘m
- 300 =
9.60 ). -163.3 pm/m
0
1]

NMTEA
F=E @

2000 3000
Girder length

Girder reference channel Girder reference channel surface

surface flatness measured by a flatness measurement by
HP 5529A laser at factory. autocollimator after mstalled



Natural frequency preliminary
testing result

Natural frequency Without magnets With magnets
With spring foree
Steel
pedestal

Polymer | With spring force
Pedestal

(the total weight with magnet 1s about 9000 Kg)



Problem of point contact type cam

Hertz Contact Stress

N 1 (S5 TN (5 TS B
8 (1/d,)+1/d))

PN ETC (S5 TR 3 (ST 128 (oo
8 (1/d,)+(1/)

asuume F =2500kgf

= 1, =0.27 : poission ratio of steel

E, = E, =20000kg /mm® : Young's modulus of steel
d, = 90mm : Ball Bearing Diameter

d, =130mm : Mover Cam Diameter 800Kgf load appied, 900 cycling
3 %k fm? test lasting for 42 hours -

frictional wear 1s obvious on
2
Pussr =T — for py, <180kg /mm® = F <303kgf the cam surface (SKDI1 > Re 58).

Prax



Contact design improvement

Hertz Contact Stress

PEN-ZYER -V E]_ | s
8 (1/d)+(1/d,)

o =

. (1/d, )+ 1/ ®)
asuume F = 2500kgf
Ay = u, = 0.27 : poission ratio of stecl
E, = E, = 20000 kg /mm® : Young' s modulus of steel .
d, = 90mm : Ball Bearing Diameter

b=#3F -g)altlo-gVe]|_| o

Kinematic mounting situation preserved.

d, = —90.4mm : Mover Cam Diameter m  The contact position of the ball and the cam
3F remains the same for adjusting aleorithm.
pM=2 b=57.8kg/mm2£180kg/mm2 ] & 48
ma

m the contact situation changes from point
contact to line contact.

m the stress 1s reduced drastically to 12.4% and
far beyond the elastic limitation of the cam.

Conditions NFE X INFY [NF Z
Old cam 25.08 | 37.26 29.02
New Cam 24.2 34.5 29.0




Pedestal and locking mechanism design

A strong foundation for the cam mover.

4 alignment fiducials on the sides of top plate to
align the pedestal

After aligned the pedestal will be anchored to the
ground with 8 M20 bolts and then grouted with no
shrinkage concrete

A recess cutting at the bottom to accommodate the

main cooling pipes of the magnets

A hard stop shaft for the girder across the pedestal
body limits the girder adjusting range to 10.5mm

Locking stage on both sides to hold the girder after
fine adjustment



A kinematic mounting prototype girder
system with 6 cam movers on 3 pedestals




Sensor system design

3 major sensor systems to detect the relative position between

girders.

5 touch sensors between the consecutive girders to detect the
relattve sway, heave, surge and yaw variations

A tilting sensor mounted on each girder to detect the roll and
pitch variations

3 touch sensors mstalled on each pillar at side of straight
section to detect the relative sway, heave, and surge variations

A laser PSD system can detect the relative sway, heave, pitch
and yaw vartations between the girders aside the straight
section

With these sensor systems, a feedback controlled whole ting
automatic alignment girder system 1s thus fulfilled.




One section of 1/24 ring
concept design




Girder system survey and auto-

alignment procedure

Initial survey mstallation network establishing
Pedestals mstallation and adjustment

Girder section (6 girders) installation

Local survey — laser tracker local network
Girder section alignment

Local re-survey — laser tracker local network
Vacuum components & others installation
Repeat 3~7 till 12 sections installation completed
Whole ring survey — laser tracker network
Global auto-alignment — vertical

Global auto-alignment — horizontal



Global Alighment Algorithm

Girder Initial coordinate data establishmg G (X,Y,Z), - Whole rng survey (laser tracker network)
n : girder ID, m : pomts on girder [Left (L), or Right(R)],
Establish sensors deviation data between girders Sn(n 1) (X,Y,Z)Q

Establish girders new coordinate data G, (X.Y,7), , each point calculated from the adjacent
points (left and right) initial data with the sensors deviation data

G (,Y,2); = {1 WHG 11 (5T, Z)o A Bt WIS 11 (5 Y, Z)y+ By, 1 )T
[0-W)(G (XY, )y +Fy )- WIS (XY, 7),+Fg )T}/ 2

G o(X,Y,Z), = {(1- V)G (X,V,2), +Bp )+ W(S (XY, Z),+E, )]+
(7'M[G(ﬁ+f)L(X:Y’Z)o"'Ea]*W[LYﬁ(M 1)(X:Y:Z)0+Esﬁ(n+7j}/2

Least square fitting lattice best fitting pattern P__(X,Y,7Z),

Calculate deviations between G__(X,Y,Z), and P, (XY, 7)),

DpfX,Y,2), = Go(XY 7y P (X, 2),
According to D__(X,Y,Z), , calculate motor adjusting steps of each girder
Adjust girders

Let G, (X.Y,Z),=P_ X.Y.,Z),

Iteration procedures 2~8 till least square fitting minimized (10 typically)



Girder position lattice pattern Least Square
Fitting algorithm (straight line method)

Let a line equation X+A7Z=B => [1,4]/X,Z]'=B approximate girderl
Calculate orthogonal distance between girder 1 and this line

Loir= (T APCL) Gig-B s Loy = [1T.A)X 2] 41 -B
The line equation approximate girder2 1s /7, 4//R//X,Z/*=B
(Since there 1s 7.5° rotation between girders
according to the lattice design)
Calculate orthogonal distance between girder 2 and this line
Loor= [T AIRIXZ] 5B, Loy = (1A RIXZ] 6 -B
Calculate orthogonal distance between girder n and the approximate line
Lowr= [ARIPGZ 6x-B , Lo = [TAIRP(X,Z] 1 -B
Least square fitting all distances to find the value A & B

The lattice fitting pattern of girder points P s the orthogonal projection points of the
original girder points



Auto-alignment accuracy simulation
(with STAR*NET Software)

1. RMS survey errors of the fiducials on the girder are

Conditions -

0.10mm 1n transverse dir. and 0.05 mm 1n longitudinal
dir. respectively.

2. RMS errors between consecuttve girders measured by
touch sensor 1s 2um .

3. Distance RMS errors between long section girders

measured by disInvar 1s 0.0Ilmm > and angle RMS * Alignment accuracy within
errors 15 0.05” by laser PSD system - 50pum is possible

Ao Alignment FEREEEE PR (Laser Tracker B DEIRYELD AnwAlignment EHEPMRE Laser Tacker BT ENRERE)




Control system layout

Girder Position
Optimal Server

T

—

PXI Computer

Archive Server

Quadrant
Detector Computer

PUED UDNO Y

Cluadrant Detector
Card

P [ED I2P0OIUT

Absolute Touch Nivel220 Limit Switch
Rotary Sensors Sensors

Encoders

Motors Quadrant Detectors




Modal and amplification factor testing

—— lateral, with wedge
——*—— vertical, with wedge
- -4 -- lateral, without wedge

—-M- - vertical, without wedge
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The amplification factors of girder to ground integrated from 4 ~ 100Hz are
about 2.1 1n horizontal transverse direction and 1.2 in vertical,
while with the locking system they are reduced to 1.9 and 1.1 respectively.



(a) Initial
position

(b) 100pum
transverse
direction(x)
movement

(c) Return to
initial position (-
100um
movement)

Adjustability testing

Touch ! etween Girder and Girder 2 Unit:um) Touch Sensors [Between Girder 2and Girder 3 Unitum) Gider2 Attitude (Lnit: mm, mrad)
Touchl(X1); [-4.6 Touchd@1) [1.2 Touchl (<1} [9.0 TouchdZ1} |-0.
Touch? 0 Touch5z2) [0.2 Touch2x2} [0.0 Touch5Z2): [0.0 ¥ |0.0044 Yaw |0.0050

Touwchatt Bz EC z |-0.0005 Ral [0.0110

Jetween Girder 2and Girder 3 Unitum) iider2 Attitude (Unit: mm, mrad]

03 mpety [9a0 TouchaZ1): |05 ¥ [-01013 Pitch |0.0010

Touch2x2: [00 TouchSZ2)y [0.4 auich Touchsiz2): [0.4 ¥ jo.007 Yaw |0.0003

Touchdty} 1.7 Z iﬂ 0000 Roll ![l,[lHS[I

Touch Sensors [Between Girderl and Girder 2 Unit:um) 3 Unitum]

TouchdZ1): |-2 R Touchdz1] |-1.2 % {-0.0035 Pitch |0.0020

TouchSz2): 1.4 ' Touch2ix2l: [00 TouchSZ2) [0.1 ' |0.0044 Yaw |0.0050

Gider2 Attitude (Unit: mm, mrad)

Touch3(y): [44 Touchdy) |44 Z |-0.0005 Roll {0.0110



Resolution testing

X(um) [ Set value 0 |1 2 3 (4 |5 (6 |7 |8 |9 [10
Displacement [0 |03 |14 |24 |35 |44 |58 |64 |74 |84 |95
Y(um) | Set value 0 |1 2 3 (4 |5 (6 |7 |8 |9 [10
Displacement [0 |03 [ 1.3 |23 |3.6 |46 |57 |68 |7.7 |89 |95
Z(um) | Set value 0 |1 2 3 |4 [5 |6 |7 |8 [9 |10
Displacement [0 |05 [1.6 |23 |32 |46 |53 |63 |74 |82 |95




Lateral load and retrievability testing

Direction | Load Sensor X | Sensor X Sensor Z1 Senson /i Sensor 71 Sensor Z2
(Kegh between between Between Between between between girder 2,3
girder 1,2 | girder 2.3 girder 1,2 girder 1,2 girder 2,3
X center 0 -0.2 0.2
X _center 50 049 2.4
X_center 100 =5 5.7
® 17 0 0 0
X_12 50 L) 5.0
X_12 90 -17.4 -10.4
X_12 100 | -
X 12 release
X 23 0 0 0
X 23 50 ol 10.1
X 23 100 8 247
N release
Z 0 -0.8 -0.1 0.2 -0.3
7 50 2.4 -1.8 5.5 5.3
Z 100 -4.1 -3.8 10.7 10,7
Z release




Natural frequency improvement
wedge locking system test

Y X 7z

SPHIS 36.6211 | 26.3672 | 30.7617
241s

wedge 534.4238 | 26.3672 | 30.7617

200kg-cm | 43.9453 | 32.2266 | 38.0859

300kgcm | 43.2129 | 32.2266 | 38.0859




Magnet base installation
repeatability testing

pitighten |
pztighleni
pinutiock|
p2nutolck|
pilease |
p2lease ‘

50 80 7 =1 a0

P1 & P2 locations{with vanation torque wrench)

tighten
nutslock
loosen .

= |oosen
@ tighten

A

1 2 3 4 e A
p1(40 kgem) p2(40-kgem)  p1(100kgem)  p2(100 kgem) p1{with 100 kgem torque wrench)
locations & torque




Laser PSD system testing
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Multiple Quadruple Magnetic Center
Alignment on the Girder

VWM and PSD system

< T Back PSD

-5 Wire Clamp

XYZ Stage

Front PSD

Leveling Base

Function |
Generator|

-1.25 0.06
490 500 510 520 3530 540 S5 56 570 -2000 -1000 o} 1000

Transverse Location (um) Vertical Location {um)

VWM and PSD system provide a new method to ensure the
alignment of Quadrupole magnetic centers on girder to within
20 1 m transverse positioning errors. The future goal of this new
system is to improve the accuracy and repeatability for Sextupole
Magnetic center measurement to within 30 m, so that the
alignment of Quadrupole and Sextupole magnets could all be

verified on girder using the proposed system.



Conclusion

®m A magnet girder system has been deigned for the TPS project
m A girder pre-prototype system was fabricated and installed at NSRRC for testing
m  Tests and improvements had been done:

6 ball contacting type kinematic mounting adjustment mechanism design and
improvement

A hard Stopper deign to prevent miss-function of control system and sudden impact
such as the earthquake

Single girder adjusting algorithm and programming and the resolution 1s 1pm
Modal analysis and testing ability established

A laser PSD system prototype designed, established and tested. The system stability 1s
within 5pum/day P-P with a thermal shielding protection.

The magnet base installation repeatability m within 2pum with a same side pushing force.
A locking stage mechanism could raise the first natural frequency high than 3011z

The global alignment algorithm established and a preliminary feasibility simulation
shows a positive convergence.

A Vibrating Wire Method magnet alignment module developed

m  Tasks still in progressing

Feedback controlled locking system to prevent further displacement after fine
adjustment

Global feedback control testing

Fial design modification according to the lattice and interface agreement with magnets
and vacuum system for a real section of 1/24 ring this year.



Thank you for your attention !
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