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Introduction

The investigation of complex shaped carbon fibetsps a common need of the industry. Classicahsitnic

systems are commonly used, wide-spread and veigiegff. However, these techniques are often limted
simple shape objects. Major problems arise whersiiagpe of the element to be investigated is comfpeak,

valley, small radius of curvature...). To overcomesth problems laser ultrasonic systems can be uskthe

recent developments show promising results.

Laser ultrasonic systems can use different wavésnigr ultrasound generation. Usually O@&sers emitting at
10.6 um wavelength are used. When a laser ultrasgsiem is mounted on a robotic arm, very comgleped
objects can be considered. However, the opticaldifior 10.6 pum wavelength are not capable to edfielaser

ultrasonic system requirements. Therefore, infrayesiems use jointed articulated beam deliveryesystwhich

reduce the flexibility of the robot arm and sigaéntly limit the feasible scan paths.

To circumvent this limitation, an all-fibered lasaltrasonic system can be used. In our case thasolind is
generated with a pulsed laser operating at 532Tims. system is placed on a robotic arm. The bedivedg is
performed through optical fiber only. Therefordstlystem is more adapted for analyzing very complaped
objects. But visible generation is generally assiitoebe less efficient and produces lower qualdgpals.

In order to balance the advantages and limitatmnisoth of these systems a CFRP plate includinificiat

defects has been investigated. We compare therpefaes of visible and infrared generation systems:

— A 10.6-um laser ultrasonic system, called LUIS,ilatde at Centre Technologique Aérospatial (CTA) at
Montreal, Canada (shown at Figure 1).

— And an all-fibered laser ultrasonic system workatg532 nm wavelength operated by Centre Spatial de
Liege (CSL) in Belgium (shown at Figure 2).
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Figure 1. LUIS



First observations

To perform A-scan acquisition, both systems useeen@r pulsed generation laser (PDL) laser coupligal av
two-wave mixing (TWM) detection probe. Therefore)ythe generation signal differs.

The first differences can already be observed kefmy measurement. First, the LUIS uses a tubaramdr
beam delivery system because of the lack of efficeptical fibers at 10 um prevents. This induceme
constrains on the flexibility of the movement oé thobotic arm. For this reason, scanning of compleaped
object is more limited with the LUIS than the CSl-fibbered system.

On the other hand, visible generation is more Hkxibut the displacement of the fiber during anscan have
some impact on the measurement. To study the ingabe fiber, we have fixed a plate to the lad@asound
probe, as shown in Figure 3. The robot arm is ttmewed while observing the same spot on the pldtee (
trajectory of the probe is shown at Figure 4.a, andcexample of an A-scan is show at Figure 4.bl)thd A-
scan recorded during robot displacement are asseiniblproduce a B-scan of the trajectory (Figucg, 4vhere
we can observe strong variations, especially orbdrgy (top of the figure). We can also see in Kgud the
variation of the amplitude of the first echo aldhg trajectory.

Coupon attached at
focus of detection probe

Figure 3. Investigation of the impact of the opitidder on the A-scan generation with a CFRP
plate fixed to the robot arm.
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Figure 4. Investigation of the impact of the optitlaer: (a) 3D trajectory of the laser
ultrasonic probe, (b) example of an A-scan, (cxBrsalong the robot trajectory, and (d)

amplitude of the first echo along the trajectory.

We have also observed the pulses shape and havelifieeences. In the visible system, the laser ganerate
highly repeatable pulse. This way, we obtain homogs generation signal, whereas the LUIS pulse eshap



changes from pulse to pulse. More specifically, ititensity ratio between the peak and the tailhaf pulse
changes from pulse to pulse. Because the ultrasoareld only generated by the peak, the A-scans fvany
pulse to pulse with this system.
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Figure 5. Comparison of the shape of the pulsa)fhe LUIS, and (b) CSL system (arbitrary scale).

Comparison of the scans

The CFRP plate has been scanned by both systentheanesults are shown at Figure 6. We can obsénvidar
C-scan for both time of flight (ToF) and amplitusteans. In these measurements, no filtering or bgeection
have been applied.
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Figure 6. Comparison of the C-scans obtained bly bpstems.
(CSL system scans have been rotated for easingpthparisons.)

Both ToF C-scan show similar results (Figure 6.d Bigure 6.b), it is not clear that any systemdgetthan the
other. However, some differences can be observadcplitude C-scans (Figure 6.c and Figure 6.d). Glrezall
amplitude seems higher in the CSL system. Butdifficult to make meaningful conclusion at the €as level.



We need to go at the A-scan level for a more irtllepmparison. A-scans representative of the serfdche
plate with both systems are shown at Figure 7.

“ csl-cfrp-epl-6t-0.5mm.nk3
- CSL-CFRP-EP1-6T_0.5mm.nk3 T00
100

50 -

30 |

\ |
Il AN % Il M
0 r\www '/'U‘/’\f‘/‘vf\/\,_‘wwV‘m\/\,«mx/\ e e 4 ﬂﬁ/vwwwﬂlf\fu‘w‘.w’:m;Vv»'vuﬂm‘uw.w!,wm‘wmw,.mmwm

-10
|

1 2 3 4 s 6 7 s o 10 n n 13 ) 2 6

(e) CSL system (f) LUIS

s 9 10 1 12 13 4 15 16 17

Figure 7. Comparison of the A-scan obtained by Isgtems. (The green line is the time gain comp&mga

We can observe that the CSL system has a betteaildig noise ratio, and that a higher number obesttan be
observed. One could conclude form this observatiatvisible generation provides better A-scanswelcer, in
our set-up, the color of CFRP plate has changeidgltine measurement. It is not currently cleahi$ is due to
chemical properties variations, or permanent dantagif the surface, but the latter is suspectededdd
microscope investigation of decolorized area of fifete shows that the resin at the surface of #mepte has
disappeared in some region (see Figure 8). Alsohaxe observed that multiple scans of the sameairf
increases the number of region where the resien®mved.

Figure 8. Microscope image of the surface of a ietzed CFRP sample plate.

No such phenomenon has not been observed withWh®. We think that LUIS generation beam power could
therefore probably be increased without any probvemereas visible laser power should be reducedrdida
damaging. By decreasing visible generation, andeasing infrared generation, the A-scans could riatiéy
improve for LUIS compared to the CSL system. F@s teason, we cannot conclude and further invetibigs
will be performed in the future on this topic.

Conclusion

In this article, we have compared two laser ultuasbsystem, one with infrared generation, and doersd with
visible generation. We have been able to show tthatvisible system is much better on the point iefwof
flexibility. Repeatability is also better for thésible system, even though some variation have bbéserved for
large displacement of the robot, due to fiber moseis. We have performed laser ultrasounds on thes sa
CFRP sample plate, and we have shown the mainreliffes on the C-scans and A-scans generated by each
system. From these scans, we have seen that vigleration seems better at first sight. Howevemenin-
depth investigations show that the generation biegensity has not been compared in similar conditicEven
through visible generation of the CSL system shbetser amplitude and better signal to noise ratithe A-
scan than the LUIS, the surface of the sample keas llamaged. To avoid damaging, generation lasen be
intensity need to be reduced. Therefore, no coimiusan be made currently. Further investigatioesdto be
carried on, and we are not currently able to catelon the performance of both techniques.



