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The first synchrotron light from TPS storage ring at 3GeV, TmA TPS 2nd Phase Commissioning

December 31, 2014

Storage Ring Beam Current (mA)
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TPS Tunnel Local Settlement

TPS GIRDER POSITION DEVIATIONS (VERTICAL)
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« Two locally girder system adjustments were performed in 2020 & 2021
« Some levelling sensors to keep continuously monitoring are demanded.
« There is no any settlement data in the beamline area since no survey schedule after installation.
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HLS Adapted In Other Facility

The main technical parameters of ULSE Material : Invar
F O G ALE n ahotec h » No Drift (Self Calibrating) -

* Displacement range : 5 mm (2.5 mm)
* Precision : < 0.1 um

* Resolution : < 0.2 pm

* Accuracy : (£5 mm range) < 3 pm

» Sampling rate : up to 10 Hz.

target Hp
D,
reference
(Invar)
Absolute Scale : D, = 7.5mm
tube Q‘,oo“ ~—wbe | It used for self-calibrating
. N D
maximum fill by 2
; Hy | iminimum fill
b
/ D1
0 - Transducer
O
R, Parameter \ Transducer |  Units H10 KB 3T
neasurement pot R Type General Electric
R &R 1) (Krautkraemer )
1 3 are
Absolute Scale Central fraquency ¥ MHz 7o
Transducer diameter D mm 5.0
(7.5mm)
a : Beam spread angle Degree 1.263
fixation ring a2 o) 0022)
o ultrasonic sensor head | near/far distance N mm 292

BINP Ultra sonic (ULS) sensor.

No budget for high resolution system, 10um seems enough
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Concept From The Vibration Wire Alignment System

Top view —) +
@) @

(1 Anode

hal) @ Collector
R4 @ Emitter

@ Cathode

Horizental Sensor 3 for Vertical Line Scanning @ @ . .
SHARP GP1S094HCZOF Everlight PT334-6B Vishay-TSAL6200

940nm phototransistor  940nm IR led

« The photointerrupter adapted to detect the variation of the wire is
quite sensitive, reliable, simple and also cheap.

« To place one pair of isolated IR led & phototransistor aside of the water
gap to transform the light intensity variation interfered by water level

P deviation to voltage variation.
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IR Photonic HLS Prototype Constructing

U

* Three pairs of led & phototransistor in one cell seems interfere each
 Two HLS bodies connected with thin pipe seems not easy to maintain steady Poster in IWAA 2022
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Phototransistor Circuit Mode & Testing

Vee Vee 5V, R1=211.20), R2=27.04KQ)
; :
Re¢ 5
N s,
@) 5
Re >
0 + 2 4
e GND g GND -3600 -3400 -3200 -3000 -2800 -2600 -2400 -2200 -2000 -1800 -1600 -1400 -1200 -1000 -800 -600 -400 -200 O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
. Positiom (um)
Common Emitter Common Collector

. At common collector mode, it acts as a switch and Phototransistor at common collector mode(narrow range )

the sensing range is narrow but high resolution. Phototransistor Voltage Variation (without water 1LED)
« At common emitter mode, it acts as an amplifier
and the sensing range is wider but lower resolution
according to the applied voltage.
« Since the AD module can only read voltage less
than 10V voltage, for 3mm levelling rage, 2~3 mV R G S S P
indicating 1um deviation is still detectable and e
also meet the requirement for 10um resolution.

-

Voltage (V)
O B, N W e U W O

a & &

Phototransistor at common emitter mode




@ B 3R 5l 3 88 55T 5T b &

K National Synchrotron Radiation Research Center

Absorption Testing With Water

Voltage Change Duo to Water Gap (EL23G)

25

= e ——Rc(KOhm) 107
. 15 —e—dV (V) = :Z:
. g
g 107
s 10 1s 20 25 LEDachrrents{iA} a0 as s0 55 60 - oo e S w,:c;::gth 200 g AR, 1o e
I Ultravio let EHF
3V/10V drop for EL32G with 20mm water ga : ..
P gap Absorption spectrum of liquid water
15 Voltage Change Duo to Water Gap (TSAL6200) (From W-ik-imed-ia Commons)
10 10
. —=—Rc(KOhm)
—e—dV (V)

6
. « The water gap will not fully block the 940nm IR light

* The voltage deviation range due to water gap change

is not enough (0~10V)

0]

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

LED current (mA)

1.8V/10V drop for TSAL 6200 at low current
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IR Photonic Type HLS Prototype Testing

S

R-photo=2880hm, R1= 568 ohm, R2= 384 ohm, R3= 202 ohm . HLS Prototype Voltage Variation
6 ) ——— .\
---- \
5 8 ..-"'. \\
\
- 7 \\
>
4 3 N\
E = \ v‘.
03 % \\ a"
] &~ \ 'd'
Ec' g’ \\ "'l
-gz 3 \\ """"
1 2 \\ ''''
1 \o"
0 0
-5000 4000 3000 -2000 -1000 0 1000 2000 3000 4000 5000 2 0 ) 4 6 8 10 "}
Stage Step 7 Stage (mm)
L. . Voltage drop about 8V/10V as water surface
Combination of 3 phototransistors at CE mode S P

around the phototransistor (EL23G)

The viscosity of the water restricts the short time repeatability
and demands more lasting tests
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Testing System Setup

v

® A plastic water pipe tank was setup as a buffer tank to maintain stability.
® Two Simple HLS Bodies with a single pair of led & phototransistor for testing.

® One HLS moving with elevating stage, the other one to indicate the deviation of the buffer tank as a
compensation.
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Labview program for signals collecting & Stage control
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IR LED & Phototransistor Tested
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Relative Radiant Intensity vs. Angular Displacement A Winkeldiagramm
y 9 P 5. Electro-optical Characteristics (Ta=25°C) S @)

Parameter* Symbol| Testing Conditions| Min. | Typ. | Max. | Unit i
Forward Voltage VF IF=100mA 14 | 1.7 v
Reverse Current Ir Vr=5V 10 RA
Radiant Intensity Ie IF=100mA 30 50 mW/sr
Terminal Capacitance . Cu f=1MHz 20 pF

= Half Power Beam Angle AB +30 deg.

&g) Peak Emission Wavelength| Ap Ir=50mA 940 .nm

& Spectral Bandwidth at 50%| A\ IF=50mA 50 nm

=

<

2
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EVERLIGHT-IR333C TSAL6200 & IR333C with PT334-6B are better No receiving angle data

Everlight PT334-6B




) rmsmmm

K National Synchrotron Radiation Research Center

Single Cell HLS Testing

100 Steps,100 Times,300 Sec Dwells_LED TSAL6200_500 100 Steps,100 Times,300 Sec Dwells_LED
OM, phototransistor PT334-6B TSAL6200_ 500 OM, phototransistor PT334-6B

Voltage (V)
Voltage (V)

o 10000 20000 30000 40000 50000 60000 #0000 80000 o 1000 2000 3000 4000 5000 6000 7000 8000 9000

Time (Sec) Stage Travelling Range (um)

® A most blocking situation as the water surface approach the top of led and phototransistor
® The sensing range is better than 5mm
® A hysteresis phenomenon observed
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Three Racetrack Cell HLS Testing

AL6061 HLS, 100Steps, 140Times, 300Secs dwell, PT334-6B

@ B 5251 5 $E 43 5 o

Voltage (V)

Stage travelling Range (um)

® Combined with three cells can extend the rage to 10mm (each pair 3mm apart in elevation)
® The sensing range is Almost less than 3mm due to the racetrack shape cell (?)
® A hysteresis phenomenon observed
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Three Circle Cell Stainless HLS Testing

Stainless HLS, LED 6200_1Kom, 30Sec dwell_100 Steps, 174Times, Speed2

) rmsmmm

SUS304 HLS, LED 6200_1K, 100Steps, 140Times, 150 Secs Dewell

10

[}

—PT1
2 — — —PT2 j —PT2
1 —PT3 2 % —PT3
Stage Travelling Range (um) "o o 200 oo oo St;u(;e Trav:ﬁ?ng Ra:; (um;m” e o o om
Finely machined inside surface of cells Cell inside surface sand blasted

® Sensing range of finely machined HLS is almost less than 3mm and after sand blasted is better
® The hysteresis phenomenon is worse with stainless body HLS
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AL5086 & SUS304 HLS combined test

SUS304 HLS LED_0.5KOM, PT_1.3KOM,Stage Speed 0, 100 SUS304 HLS LED_1KOM, PT_3.5KOM,Stage Speed 0, AL5086 HLS LED_1KOM, PT_4KOM,Stage Speed O,
) Steps, 150Secs dwell, 12V 100 Steps, 750Secs dwell 100 Steps, 750Secs dwell, 10V

10 10
9 9
8 8
7 7
: =

: < S

E % s ESO

g 3 S’

3
—PT1
2
2 —PT2
1
1 —PT3
) ) ) 0 . N N . | e - N A
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
Tavelling Range (um) StageTi‘avellingRange(um) O s
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000 11000 12000
—Voltage(V) - Plot 1 —Voltage(V) - Plot 2 —Voltage(V) - Plot 3 Voltage(V) - Plot 4 —VoItage(V) -Plot 1 —VoItage(V) - Plot 2 —VoItage(V) - Plot3 Stage Trave”ing Range (um)

® Sensing range of both type HLS are better than 3mm
® The hysteresis phenomenon is still worse but seems to decrease with dwelling time
® The hysteresis phenomenon of anodized AL5086 HLS is worse than AL6061 HLS
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ALH086 & SUS304 HLS combined test with antifreeze

SUS304 HLS, LED_1k,PT_3.2K, Stage 100Steps, 175 Times,240Secs dwell 5US304 HLS, LED_1K,PT_3.2K, Stage 705teps(50um), 60Times, 6005ecs

7 e |
;‘, lJIJ r ,J f
/ | ! "
J I - r 7 .
| [ ] //

-
II
| Jj E ) JIHJJJI

ff_#f

Voltage(V)

N
HE

—PT1
—PT2

N_l_rf
—FPT3 : e
PT4

so00 so00 7000 5000 2000 10000 110m 12000
Stage Travelling Range (um)

1500
Stage travelling range (um))

ALS086 HLS, LED_1k,PT_3.2K, Stage 100Steps, 175 Times,2405ecs dwell ALS086 HLS, LED_1K,PT_4K, Stage 705teps(50um}, 60Times, 600Secs

® Antifreeze added can reduce the viscosity
or adhesivity of water.

® Anodized aluminum alloy HLS body has less
hysteresis.

® Obvious hysteresis phenomenon of PT3 may var
be due to the large travelling of stage or — |
interference between two HLS, still need to T "
investigate. 12.5mm stage moving range +1.5mm sensing range

Voltage (V)
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Stability Resuming & Resolution Tests

Water Tank Shaked SUS304 HLS, 7 Steps(5um), 60Secs dwell AL 5086 HLS, 7 Steps(5um), 60Secs dwell
65
515
! 5.15 o9
514 648
513 647
512 648
511 a5
5502; o
65 508 643
507 642
508 641
505 64
504 529
5.03 6.38
502 637
P 501 5.6
A‘Sg 6.3
—_ 498 s
—~ 497 s
2 > 4% Sen
(] ‘u‘; 495 =
B0 55 op 494 o
© @ 493 20 e3
= = 492 = 629
o O 491 L o
> > 48 627
iso
487 625
s 486 624
485 623
484 622
483 621
482 52
AAE; 619
45 479 618
478 617
477 616
476 615
475 614
479
4 472 612
47 ot
b 20 10 600 80 1000 1200 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 9 95 100 61
Tme (Sec) o 5 10 15 20 25 30 35 40 45 50 55 60 85 70 75 80 85 90 95 100
I . .
Stage Travelling RAnge (um) Stage travelling Range (um)

® A sudden shake of the water tank takes 4 minutes to resume stable
(offset may be due to the stage also shaked)
® 5 um stage moving is detectable
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AD Module Adopted In Future System

ADAM-6100EI series modules can be daisy-chained in an Ethernet network, making
it easier to deploy, and helping improve scalability. You can refer to the figure below
to see how a daisy-chain connection works in the network.

—

10 or 100 Mbps
Ethemet Hub

- More Cornectivity

Module g
- RJ48 Connector
Category 3 ‘ \ g
or Cable '

Category &

ADAM-6100EI Daisy Chain Connections ADAM-6017 Ethernet Terminal and Cable Connection

® Two types of Ethernet AD module from Advantech are investigated (now NI-PCle6320 for testing)
® With a simple power supply, the cost of each IR HLS system should be less than 1,000 USD (30,000 NTD)



Conclusion

1. Asimplified & low-cost IR photonic Hydraulic Level Sensor (HLS) system by
sensing the water surface floating is developed & tested.

The anodized aluminum alloy HLS shows better condition than stainless

one with antifreeze added in the water duct.

The sensing range of one cell system can be better than 5mm.

HLS with three cells can be combined to extend the sensing range to 10mm.
The resolution can be better than 5um.

The hysteresis phenomenon still need to be investigated to improve the
accuracy.

N
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