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In which the information of fuel debris Is Important
- The optical measurement is the main method of [ ﬁ,u?‘y/_
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- The information of fuel debris are analysis off-site
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- urst mode study of microchip laser
and element analysis Y :

- Ultrasound techniques has a potential for in-situ fuel debris The excitation mode study Of microchip laser were conducted

location and shape investigation | L :

 The output of microchip laser and LD are recorded respectively

LD maximum output: 49.9mJ;
Microchip laser maximum
output: 2.21mJ;

Output energy (mJ)
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Important parameters of microchip LIBS:
« Maximum output: 2.21mJ;

« Maximum output burst number: 17,
 Minimum output: 0.078mJ;

« The microchip LIBS system is work
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- The method for in-situ fuel debris element composition analysis = & f\ .
s still lacking o T 3 S~ B
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LIBS element analysis Is noted | ittty b s o Wav'eforrﬁ“ﬁé?“??%’i’é?e&mp > under multi-burst mode;
Laser Induced Breakdown Spectroscopy (LIBS) Is a method for . (ift: 40A; rigtt)trm) - p“;e_whefl‘w”e““ilﬁo’*
sample composition and content of chemical elements analyzing |~ 24fStNUMDEr ol MICrocnIp 1aser is
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LlBS " " . 0 g Output recording by ~ Waveform is recording
- IS real-time and high P * LD maximum peak power: 99W; , e (AR by oscilloscope
accuracy, has a great potential to | | B * Microchip laser peak power: 2.21 x 10™W
be applied iIn decommissioning
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How to reomotely control the ! and Ultrasonic measurement
LIBS measurement? LIBS process and principle 51E | t
| ——— _ _ . Xxperiment setup .~ \pe - St 4D AR , LD
* |n this study, the fiber optic microchip LIBS system Is proposed \ °

Measurement

based on the protection of the lifetime of the equipment and the
sustainability of the research
 The ultrasonic measurement will be integrated with LIBS to | 04 s
conduct the optimal measurement distance measurement, Simulated contaminated  HARO.4K 14x20N flat air-
i : stainless pipe structure  coupled ultrasonic sensor [Emitpoint
element composition, and shape reconstruction
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Experl ment setup
2 Obiective 5.2 Integration measurement for optlmum
. measurement distance and element composmon
Development of Microchip-laser Induced Breakdown o e aeaton oo™ Experiment steps: I
Spectroscopy System for Remote Analysis mpire ot 3] O LIBS and ultrasonic measurement
_ _ _ _ Numbferofelemc(ent; 1 conducted on Z-axis;
Basic frequency (Hz 1M
1. Develop_m ent of LIBS system (fiber optic Microchip LIBS Pulse repetition freqyge_ncy(Hz) so0 | (2) Element analysis and distance Pl e
SyStem IS setu p), Number of repetitions 2 measurement are conducted Sr elemefit'afd distance
: _ _ LIBS element analysis _ measurement result
2. Parametric and excitation mode study of LIBS system; neasurement specification simultaneously;
3. Integration experiment of LIBS and air-coupled ultrasonic Scans to Aversge | (® Measurement range is (9-15mm, . - =
measurement (Visualization of the simulated fuel debris Trigger mode | Continuous lmm interval), and (9.6-11mm, = ““
: : Electric dark Sl 0.2mm interval)
shape and element information) e o @ @ @ s -
| » Constructed LIBS syste m can
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3.1 Construction of microchip LIBS system . . . . . . . _“tew. oz «The optimum measurement
- The micrgchip_L|BS (ML|BS) System contains: 5 2 I .i::selementa.Ed distance measurement result tdlStance of LIBS SyStem 1S
o =i ntegration measurement(10.2-10.4mm
1. Beam QUIdlng part (Cage SyStem) -E‘”#%”B# o f h g t t ( 3D stage mo)vement specification
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2. Laser emitting part (Laser diode pump and =" =" or shape reconstruction s nd ) o
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- Nd:YAG laser crystal Is selected as the microchip laser, (PLSU150, scan X-Y plane while keeping Z=10.2mm: scaring rea (i) 7700
Unitec, Inc.) laser diode pump source iIs selected. A cage system @ LIBS conducted simultaneously Viessurement i / point by lrasonic messurement |
contains Ienses fllters and mirrors IS built up. Optlcal filber IS ' ultrasonic shape measurementresult  LIBS element measurement result Integrated measuremeny result
applied for remote analysis , i - his WL s P
Model of each part in microchip LIBS system _ ' “s.t / 4 |
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holder, filter, etc.) - \/Ultrasonlc shape reconstructlon IS successful;
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(1 ® C230TMD-B: CPIMO9/M v'By combining with LIBS, the shape accuracy is enhanced and 2D
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Sy | mm e et 6. Conclusion
15 @ LA1540-YAG; CP14/M v Fiber optic Microchip-LIBS system was constructed
950, CP360R/ .
~SMiPDoA @ p v' Parametric study of LIBS system were conducted
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