= T T
- | I8 i | — e e ! 2

- -.-:_,_ i i ® e B
rator P e = = e T— T ;*‘*

HLS Used at
BEPCII, SSRF and NSRL

Xlaoye HE

National Synchrotron Radiation Laboratory = (NSRL)
University of Science and Technology of China (USTC)
Hefei, Anhui, P. R. China

PE K’! September 25, 2009

W

s oM ¥ 8428 5x3 Q)




ik e -

7
I
!

BRI RHEET :
F TR oL 25 | | RN
m & o e ) : T m——rr, B
| 1 L _ - -— . - ! — T e ——— = T d EEEE - e - LS
R L = -—= ke ==
- ~| | g ¥ = i e, = - =
N ) =14 e
[FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE—————

HLS Used at BEPCII, SSRF and NSRL

% Sensors of HLS used at BEPCIL,SSRF and NSRL
% Calibration of the sensors

% HLS at SSRF, the most complicated in China so far
% Some questions followed with interest

% Data of HLS at SSRF from Sep. to Dec.,2008
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1. Sensors of HLS used at BEPCII,SSRF and NSRL

» They are all based on the same technology--
Charged Coupled Device (CCD)

» Their structures have been changed

» Water is chosen as the working liquid.

» The influent factor of the temperature difference
between vessels must be adjusted in the altimetry
measurement

. PF, MSeptember 25, 2009
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1.1 sensor used at BEPCII (ntruduced at iwaa2004)

A bundle of parallel light shines
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on the bar and it will produce a
shadow band on the
acceptance widows of CCD.

»The mark bar moves up and
down along with the float
connected through connecting

PARTI TION BOARD

N E/
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stick. _
| ‘M/The (Jg stance between the highest
and lowest liquid surface determines
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measurement rang of this type of HLS
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the height of the surface of liquid.
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Because the ring is crowded and have
no place to install a large set of HLS.
The nine sensors were used in two set
of system, one with 4 sensors and the
other with 5 ones, to monitor one gird
upper plane and the ground around it in
the ring.
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1.2 sensor used at SSRF (mtruduced at TwaA2008)

S [ The sensor developed for BEPCII
P — ﬁ;i I was the kind of full-filled one, but
ARK B s the one for SSRF is a half-filled
CCD WNDOUS _eonT LT souree. ONE. The basic principle is the
. same.
1 | CONNECTING STICK
POWER & SIGNAL CABLES /LCIEE
PARTITION BOARD —
SPRING
LOWEST WATER SURFACE ——
o — 1] ——
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} (=
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Because the geological condition of the SSRF
site is more unstable than the BEPCII site, the
HLS must have larger measuring range.
Meanwhile, in order to get shorter time for HLS
to stabilizing, the system uses circuit through
stainless steel pipe with inner diameter 40 mm.
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The air tube and the
water tube are
seperated again.But
different from the one
used at BEPCII, there
are only one air tube
and one water tube,

For the sensor, it is
the full-filled type,but
for the system, itis a
half-filled one.

EEHEA The new structure of

Chad

the system

[ the water tube joint

; H 'l_ . )

LR G make it easier for the
PRiigaNG vessel sensors to be

seriatim connected in
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2 Calibration of the sensors

Calibration includes the CCD ,vessel sensor and system test before used
on-the spot.

2.1. Calibration of CCD oucesawancoos

Measurement Laser System is used to calibrate the CCD

HORI ZONTALLY- MOVING TABLE
LASER DI SPLAY LASER HEAD | NTERFEROVETER CONNECTING STICK LENS

MARK BAR
T

L’ 1

DDDDDD

DDDDDDDD

DDDDDDDD

CCD

Phy m September 25, 2009

i + B4 2 aixy Gl



/o N lidaghiton X

Moving the table forth and back, we get the
readings of the laser system and the signs
from the CCD.

The laser measurement
reading is the calibration 7
datum. \

The axle of the connecting stick  The connecting stick and retroflector

HORI ZONTALLY- MOVI NG TABLE
CONNECTING STICK LENS
MARK BAR

LASER HEAD | NTERFEROMVETER

CCD

and the laser beam are on the are fixed on the horizontally moving
same line so as to eliminate the  table by screws and connecting
Abbe error during measuring. spare parts.

i
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Laser head
Horinzontally-moving table

Connecting stick

Interferometer

Retroreflector
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2.2 Calibration of vessel sensor

2.2.1 Calibration of vessel sensor for the BEPCII (uoduced at waszoos

v'First method: by controlling the elevation of one vessel in a system of two
vessels. HP 5528A Laser Measurement System is used to measure the change
of the elevation, which is changed by turning the large central screw.
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v" The uneven screw pitch made the HP readings do not reflect the true change of
the elevation of the vessel.

v So we use the second method instead of the first one, which is by adding a
known volume steel lump.

v The steel lump is a cylinder of ®21mm X 10mm. And the inner diameter of the
vessel 1s 126mm.So 1n a system of two vessels, one of the steel lump 1s added in
the water of a vessel will make the water level raise about 138.89 1 m.We added
five lumps one time and the water level would raise 694.445 1 m in each vessel.

v After linear fitting of the data we got standard deviation of the fit is
27.28 L m. In order to correct the non-linearity of the sensor output over the
range of 10mm(the readings of output of the sensor from 17 mm to 28 mm), we
used a third degree polynomial curve to fit the measurement curve. And the
result of SD is better then 0.02 mm.
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2.2.2 Calibration of vessel sensor for the SSRF (noduced a wanzoos

v'But the above methods always using two or more vessel sensors to establish
a system, and the system factors often influence the calibration result.

v'Here we designed a system which can calibrate just one vessel sensor by
comparing the read of laser measurement system and the output of the sensor.
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The upper part of the vessel sensor
IS fixed on a connecting board, and

LASER HEAD INTERFEROM BT

the connecting board is fixec N ek
e BiGR GG
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The o) Ha{ deflect the real working state of the
vessel sensor e of the vessel a retroreflector of the
lasekihhages i interferometer is

fix Wifﬁ(igg:b(pﬂtﬁig@md use t_hé laser measurement
systern to measuretthesyrevifvgodistanee of the vessel.
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% Using the laser system as the reference and by
comparing the readings the laser system and
the outputs of the vessel sensor, the vessel
sensor 1s calibrated.

PE, KEW& September 25, 2009 )5)'

(e i 045 AERE



F






¥ B4 %A% G0l

4



REASRURET :
" 4 =
fomc Mgl - Sy ' i e
| =S o, = - i e * = e 3 e — T bl - B e, B
o . . = —

el B = S = 8 = = ——F — . = e = - =L

2.2.3 Calibration of vessel sensor for the NSRL

v'In order to make the calibration process more efficient, and to get the
results which could actually reflect the real working state of the vessel
sensor. A calibration system which can calibrate more sensors was used at
the calibration of vessel sensor for the NSRL

v'The CCD Laser Displacement sensor, product of Keyence Copporation,
was used.

v'Main specifications of the Model LK-G30

Measurement range: +5mm
Repeatability: 0.05um
Linearity: +0.05% of F.S.

Temperature characteristic: 0.01% of F.S./° C
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The CCD Laser Displa?ement SENSor
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( fment sensor

Data showed

Work liquid: water +milk




To pour into or draw off water here
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2.3 Test of the a small system before used on-site

»Test of a nine-vessel HLS system for BEP Cllinoduced at waazoos)

PE, K‘K-S'eptembeﬁr 25, 2009
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v" In this system we raised and lowed the No.1 vessel by 3 mm
increments. Then the water level of No.1 vessel would go down or
up of 3*(9-1)/9=2.6667 mm a step. Otherwise the water level in
other vessels would go up or down of 3/9=0.3333mm a step.

v' Here we used dial gauge instead of HP Laser Measurement System
to directly measure the elevation change of the No.I vessel.

the test result 1s

Outputs of nine vess
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» Test of a three-vessel HLS system for SSRF
2 - Machining Centre

= move up and down
2 of 21 m precisely.

a

a vessel sensor is fixed on a
connecting board, and the
connecting board is fixed with
Teedpiet enefasilenviatinsigm
fedkares the movement
meanwhile
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0 -0.993
1 -0.993 -0.995 5.62 7.947 2327 -1.016 0.021
2 -1.988 -0.994 4.958 8.301 -3.343 -0.999 0.005
3 2.982 -0.996 4302 8.644 4342 -0.995 -0.001
4 -3.978 -0.997 3.661 8.998 -5.337 -0.981 -0.016
5 -4.975 -0.996 3.032 9.35 -6.318 -1.002 0.006
6 -5.971 -0.994 2.395 9.715 732 -0.981 -0.013
7 -6.965 -0.996 1.771 10.072 -8.301 -0.999 0.003
8 -7.961 2.957 1.108 10.408 93 2.95 0.007
9 -5.004 2.986 3.025 9.375 -6.35 2.975 0.011
10 0.994 2.962 6.951 7.23 -0.279 3.009 -0.047
11 1.0022 6.96 7.232 -0.272

As plan, a test HLS system will be
established at NSRL in October 2009,
with five sensors will be installed
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HLS sensor along the
Booster

The first
sensor in
LINAC
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on the inner side of th
egird a sensor was
installed

on the outside of the gird two
sensors were installed

upper parts of the sensors
r radiation protection
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rent vessels

During pouring water into the system we
could monitor the water height by the
transparent vessels installed in the system
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A ball valve is emplaced ahead of every
vessel sensor along the pipe.
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the pipe passes thro‘mﬁvalls
en the Linac and Booster, Booster and
orage Ring,this structure would be

for the radiation pretection
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A gate shape of pipe
when it pass a special
part along the tunel
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injector

main water box
1900120046 00 filling valve of
main box filling . shield wall of SR pipe connecting with
outfall water box_|illing valve ) HLS
o0 jof fillingbox  filling valve
base support a ‘ F=<m

platform of goingup ~ drainage valve
and down connecting with|
range: 150-850mm pump

Filling and draining system

The installment of HLS at SSRF was finished in June 2008.
After six months of work, the system was passed the

appraisal of the expert group organized by the engineering
committee

g
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4 Some questions followed with interest

» Accuracy of sensor and accuracy of the system

Measuring accuracy of HLS is not only determined by that of sensors. It is
influenced by many factors.

Main influencing factors are:
1. Temperature, (which has been studied and solved on the whole)

2. Pressure, (which has been studied and solved on the whole)

3. Effect of the tides, (which has been studied )
4. Influence of the geoids and gravity on the measurements, (which has been
studied )
» Different calibration method used on different type of sensors
Can the above calibration method be used at the calibration of non-contact

sensor?

PF, KB September 25,2000 o
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The next part of this presentation 1s adapted from the
report by WU Jun (SSRF), HE Xiaoye (NSRL)
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5 Data of HLS at SSRF from Sep. to Dec.,2008

& Distribution and the name of sensor

There are all 36 sensors in the HLS system at SSRF. There are two measuring points
(LA1 and LA2)in the linac tunnel near the wall along which the water pipe is arranged.
Meanwhile there are four measuring points around and near the booster girds and the
water pipe is erected beside or under the girds (BS1 to BS4),and other two sensors near
the wall next to SR(BS5,BS6)(follow Fig). The SR of SSRF is divided into 20 sections
in every which there are three girds.The remaining sensors are assembled on the middle
gird in every section( named C1 to C20) except the C14 in which every one of the three
girds 1s assembled three sensors on (sensors’ named from C141 to C149, and C145=C14).

TTETSETL.
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#About the system operation

% The data here are aquired from Sep.8,2008 to Nov. 25,2008. The system
gather one group of data every 20 minutes and total 5608 group of data
have been gotten. Every group data include the reading of height and
temperature of every sensor in the HLS.

% During October 1 to 7, the system was preserved. So there are not data for
this period.

% During this period the SR was preserved for two times: on Sep. 7 a cavity
was installed 1n the section of 1 to 6, and from Oct. 28 to the early of Nov.
insertion units were installed in section 7 and 13.

% From Oct. 28 to Nov.3 Linac and Booster were shut off for the water
system preservation.
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#Analysis of the data
»Ground motion for long time

Ground displacement of the Linac and Booster referring to the point of BSS5, following Fig:
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» Relative change of ground between Booster and SR (C1 to BS6 ):
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» Ground motion in SR (based on point C1)
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The survey result of HLS is

' 33.Sp0B 09-0ct08  24-0c008 08-Nov-08 24-Nev-08 accordlng to that Of |eV6| Survey
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» Ground motion of SR in one day
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» Test of the designing quota of ground

% Designing quota

Static quota of ground displacement in SR:
® Slab deformation at ring tunnel and experimental hall:
v Az <100pum/10m/year; ( first operation year <250um/10m) ;
v Az <10pum/10m/day;
v Az <1um/10m/hour;
® Sedimentations of injector and ring foundations :Az < Smm
® Static load :
500kg static load: Az <6um (under); <lum(2m away);

5, KB September 25,2009 &S
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% Testing method:

® For “Az <100pum/10m/year ( first operation year
250um/10m) ": Becaue the maichine just has been commision
for three months then, this quota could be tested in the future;

® For “Az <10pm/10m/day”: (displacement of one point in one
day) X 0.462.

The distances between two neighboring points of HLS in SR are 21.6m, supposing the ground
motion between two neighboring points is symmetrical, then the factor is 10/21=0.462, as the
multiplier.

® For “Az <Ipum/10m/hour”: (displacement of one point in one
hour) X 0.462.Here

(C9 (14: 00) —C9 (13: 00) ) x0.462,

o
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€ Statistics of relative change of the neighboring points in one day (um/10m/day)

2008 —09—23 H AU AR . Ie 4 13-

->——

X AR EN[E] 23 \ \
i (um/Elg[rzn%ay) o (um%g%n{%ay) [ AL X R
(pm /10m/day) (pm /10m/day)
C1~C2 1.4 Cl11~C12 2.7
C1~C2 -0.5 Cl1~C12 -0.5
C2~C3 -1.4 C12~C13 0.5
C2~C3 0 C12~C13 0.5
C3~C4 0 C13~C14 -0.9
C3~C4 -1.4 C13~Cl14 2.8
C4~C5 -0.9 C14~C15 0.5
C4~C5 0 C14~C15 1.8
C5~C6 -2.7 C15~C16 -1.3
C5~C6 0 C15~Cl16 -1.8
C6~C7 0.5 Cl16~C17 1.3
C6~C7 0.5 Cl16~C17 -0.9
C7~C8 -0.5 C17~C18 -0.5
C7~C8 0.9 C17~C18 -2.3
C8~C9 3.7 C18~C19 0.9
C8~C9 0.9 C18~C19 1.4
C9~Cl11 1.8 C19~C20 -1.8
C9~Cl11 0.5 C19~C20 2.3
C20~C1 -1.4
C20~C1 0.5
BITHIR o 1.584
HH5H o 1313
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@ Statistics result in different days

H A o (um /10m/day)
2008-09-08(4E 1) 4.35
2008-09-13(4E31) 4.214
2008-09-20(i217 ) 2.041
2008-09-23(G&4THD 1.584
2008-09-25(G&4TH) 0.899
2008-09-30(1z47 1) 1.54
2008-10-10(G:247 ) 3.52
2008-10-15(G2473) 1.313
2008-10-20G84T ) 0.695

BT E: 2. 606
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®Change of neighboring points in one hour (um/10m/hour) (October 8,2008)

X [ ZAAE X [A] RAAE X 8] A X ] AAE
(pum/10m/hour) (pum/10m/hour) (pum/10m/hour) (pum/10m/hour)
C1~C2 0 Cl1~C12 0 CI~C2 0 Cl1~C12 0
C2~C3 0.5 C12~C13 0.5 €2~C3 0 C12~C13 0
C3~C4 0.5 C13~Cl4 0.5 C3~C4 -0.5 C13~C14 0.5
C4~C5 0.5 C14~C15 0.5 Ca~C5 0 C14~Cl15 0
C5~C6 -0.5 C15~Cl16 -0.5 C5~Cé6 0.5 C15~Cl6 0.5
C6~C7 0.5 C16~C17 0.5 Co~C7 0 Cl6~Cl17 -1.4
C7~C8 0.9 C17~C18 -0.9 C7~C8 -0.5 C17~C18 0.9
C8~C9 0.5 C18~C19 0.9 C8~C9 0 C18~C19 0
C9~Cl1 0 C19~C20 0 C9~C11 -0.9 C19~C20 0.5
C20~C1 0.5 C20~C1 0.5
B o 0.534 PITHR o 0.519

4:00~5:001 &) B N 484k,

18:00~19: 00 [f] Bt N 224k,
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& Statistics result of relative change in every one-hour period on October 8,2008
(pum /10m/hour)

TR CZNES) A H o (um /10m/hour)
00:00~01:00 0.497
02:00~03:00 0.519
04:00~05:00 0.534
06:00~07:00 0.519
08:00~09:00 0.807
10:00~11:00 0.536
12:00~13:00 0.618
14:00~15:00 0.989
16:00~17:00 0.636
18:00~19:00 0.519
20:00~21:00 0.462
22:00~23:00 0.497
BIJyRE: 0.617
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