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ABSTRACT 

Up to now, 110 pro- or inservlce inspections 
have been performed both In Franca and aboard by 
tb« aaaa ot tba flr^c generation of f ranch ISIM 
naaed MIS. 

Du* to the lncraaaa of th« auaber lnapec-
tlona which have to ba realised in tha naxt 
y«ata, a naw ganaratlon of ISIM bava baan 
developped. Tha first one la naaad MIS 5. 

Thla new ganaratlon sake a profit of tha 
racanc developments of technology, in particu­
lar In cha field of electronlco, coaputara ... 
and ao on. 

Tha ganaral atructura of tba aachanleal part 
of MIS haa not baan changed, aoaa laprovaaanta 
have baan Introduced to taka in account tha 
experience and facilitât» aalotenance, Mounting, 
discounting and transportation. 

Tha aaln changes lia in tha control systea 
and data acquisition and analysis equipment. 

Tha versatility of coaputara la widely used. 
A pareaetrlzlng unit allow» to aaC all cha 

paraaatars both for tha cool* and for cha ultra­
sonic equlpaenC and Che data acquisition «ystca. 

Tha ultrasonic eauipatnc la abla of aanaglng 
32 channala. Data are racordad alaultaneouely on 
Winchester disk, bulk «eaory and caasacta of a 
BY 1000 coaputar (atrial 900) and caaaatta. 

SOFTWARES hava baan, dsvelopped by 
INTERCONTROU (IC) for acquisition and analysis . 
which allow to exhibit rsaulta aatoaatlcally on 
ecreea prlntar or/and plottar. 

All tha electronics and coaputar aqulpaaat 
ara aat in a ahaltar outside of tha cootal-
acaent, liakad Co tba MIS by 2 cablsa, (120a 
long). 

1. INTRODUCTION 
* **̂  

Since July 1976 (first pre-servlc* Inspec­
tion raallted in Franc* on FESSENHEIM plant 1). 
with an autoaatic tool and up to now, CEA and 
IC have coapl*t*d about 120 inspection* of PWI 
vessel» (60 FSI» 60 151). using tb* first gene­
ration of trench ISIM called MIS. 

The table below shows soa* of tha capacl-
tlaa of cbc flrat generation. 
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These machines are able Lo complete exami­
nations using the following technics : 

- ulcrasonic focused probes, used In 
Immersion [lj. Those transducers have been 
cholsed formerly, because of their good detec­
tion capability through cladding and aptitude 
to give accurate Informations for sizing [2] £}J 

b) £5]. 
- gamraaray examination of safe end welds ; 
- televisual examination of the cladding 

surface. 

In the middle of I98S, due to the Increase 
of plants in operation in France, E.D.F. asked 
IC to built a new HIS, in order to have 3 ISIH 
available for Inservice inspections. 

2. MAIN CHARACTERISTICS 

Figure 1 gives a block diagram of the whole 
equipment. 

In comparison with previous ISIM, main 
différencies lie in : 

- a parameterizing unit which allows to 
set all values of position scanning speed, 
increment angle, ultrasonic sequences, gain, 
gates, ... and so on ; 

- a computerized ultrasonic equipment able 
of 32 channels ; 

- data acquisition and analysis specific 
softwares are implanted on a HEWLETT PACKARD 
computer 1000 serial 900. 

The mechanical device has been modified, 
although the main technical choices remain the 
same, to take In account the experience and 
facilitate maintenance mounting, dismounting and 
transport operations. 

2.1. PARAMETERIZING UNIT 

This unit Is used In the preparation phasls 
to record all the parameters necessary for the 
setting of the UT and control command systems. 

Before starting the examination of one part 
of the vessel, all the values are transferred to 
the active elements simply by calling the 
sequence of control identification number. Set 
of parameters : 
ultrasonic equipment 
Sequence transmitter/receiver 
Cain 
Position and duration of gates 
Type of synchronisation : echo start, 
emission ... 

control command equipment 
Scanning speed ) 
Length of movements 
Incremental value 

For all the examination sequences, all the 
values are stored on 720 kilo bytes. A printer 
Is available for the print out of lata stored. 

2.2. CONTROL COMMAND UNIT 
On this unit, all the movements can be 

manually obtained ; their speeds are easily 
adjustable. This unit is programmable by the 
mean of the parameterizing unit 
(IEEE 488 link). 

A microprocessor manages all the movement» 
and safeties. Automatic sequences of examina­
tion are programmed and are called by codes on 
a key board. 

The status, position and movements of the 
tools are displayed on'an Illuminated mimic 
diagram. A dally log is"print out. 

2.3. ULTRASONIC UNIT AND'DATA ACQUISITION 
SYSTEM 

The ultrasonic unit has been developped by 
IC In order to met the following require­
ments : 

- programmable by computer, by the mean 
of a IEEE 688 link ; 

- pass band 1000Hz to 40MHz, -6dB ; 
- 32 multiplexed transmission and/or 

reception channels ; 
- addressable HF filter for each recep­

tion channel ; 
- addressable envelope filter for each 

reception channel ; 
- A.Scan display : logarithmic presen­

tation / dynamic range : 68dB ; 
- generation of validation gates for each 

reception channel : position adjustable from 1 
to 999us (accuracy : 20us) / duration adjus­
table from 1 to 999MS (accuracy : 20us) / 
programmable synchronisation : transmission, 
echo start digitised out put of data (ampli­
tude, time of flight on 16 bits). 

The data acquisition system of ultrasonic 
data Is based on a 16 bit computer. The charac­
teristics of the Information which are recorded 
have been described formerly [(>]. Each event 
recorded Is composed of channel number 
amplitude, time of flight, position along the 
scanning direction, angle position. All the 
events are recorded on a 55 megabyte Winchester 
disk with saving on 60 megabyte cassette. 

Softwares are available which allow to 
display on screen real time B, C and D.Scan 
Images, as the examination is on the way. 

In order to give to the operators watching 
the examination the maximum easily Interpré­
table Information, areal time B.Scan analog 
display Is presented on five memory screen [7J. 



2.4. DATA ANALYSIS AND PROCESSING 

Data analysis and processing softwares jre 
Implanted on a "16 bit" computer associated 
with a 132 megabyte Winchester disk (see 
figure 2). 

On the basis of raw data, first It calcu­
lates the actual position of each event in 
regard with the vessel coordinates (see 
figure 3) . 

Then according to proximity rules (3D space) 
the events are grouped. The limits of the volume 
envelops are calculated automatically. A, B, C 
and D.Scan of the envelops are displayed on 
colour screer. and may be reproduced on printer 
or plotter on request. Zoom fonctions are 
avalble. 

An Imagery software gives to the operator 
the opportunity to obtain on coulour screen A, 
B, C and D.Scan presentations. Those images 
might be reproduce on paper (plotter) (see 
figures 4 and 5). 

Using the information obtained from event 
grouping software and imagery software, and 
knowing the geometry of the zone inspected, the 
list of flaw indications is obtained (see 
figure 6). All the results are stored in 
cassette. 

2.5. MECHANICAL ASPECTS 

The MIS Is stainless eteel welded assembly. 
Its total weight, when assembled, Is 10 tonnes, 
the heaviest component Is 3 tonnes. The HIS has 
to be handled by the reactor contalnement crane. 
When laying on the flange crane hook Is removed. 

MIS is watertight under 20m of water. Move­
ments are either, electric."' ones using DC low 
voltage motors or hydraulic ones by deulnera-
llsed water actuators. 

During examination phasls, the scanning 
speed Is adjustable up to 300 mm/s. When MIS Is 
dismounted. It is stored In 6 tight containers 
and may travel by road or air plane. 

2 . 6 . ACQUISITION AND ANALYSIS SHELTERS 

Two air condltlonned shelters are used. The 
first one containing the control command and 
paramete rlzlng units ; the ultrasonic unit and 
data acquisition system Is linked by 2 cables 
120m long to the MIS. The second one contains 
the data analysis and processing. Those two 
shelters are set close by the reactor contal­
nement. 

3. CONCLUSION ( 

The first 1SIM of this new generation of 
machines has been studied manufactured, mounted 
and entlerly tested within 10 months. 

The first inservlce Inspection, using It, 
have been conducted with In July 1986 ; the 
examination ended 10 hours before the contract 
duration. 

TUe inspection coveting testing of all the 
welds by UT, examination of all the nozzle area 
affected by under cladding cracking phenomena, 
televisual examination of the whole cladded 
surface of the vessel and gamaaray exposition 
of the 12 safe end welds (bi-metallic and homo­
genous) lasted 14 days. The team was working 
day and night in 4 shifts ; it was composed of 
20 persons, only 2 UT level 3, are required to 
manage such an examination. 

INTERCONTROLE Is now currently examining 
the possibilities of transferring some of the 
improvements of this new ISIM to the first 
generation machine. 

BIBLIOGRAPHY 

[l] "SURVEY OF THE FRENCH DEVELOPMENTS IN THE 
FIELD OF INSERVICE INSPECTION** 
IAEA TECHNICAL MEETING,- 25/27 APRIL 1977 -
ROBE JAPAN 

[2] "DETECTION OF PLANE POORLY ORIENTED WIDE 
FLAWS «SING FOCALISED TRANSDUCERS" 
by MM. DE VADDER, AZOU, BASTIEN & SAGLI0 
8TH WORLD CONFERENCE ON NDT - SEPT. 1976 -
CANNES FRANCE 

[3] "DETERMINATION OF DEFECT CHARACTERISTICS 
USING FOCUSED PROBES" 
by MME TOUFFAIT, MM. PROT & SAGI.IO 
MATERIALS EVALUATION - JANVIER 1978 

[4] "SPECIAL DEVELOPMENT MADE IN FRANCE FOR THE 
SURVEILLANCE OF SUBCLADDINC DEFECTS" 
by MM. SAGLIO & VERGER 
PERIODIC INSPECTION OF PRESSURISED 
COMPONENTS - 12/14 OCTOBER 1982 - LONDON , 
UNITED KINGDOM , 

[5] "CEA AUTOMATED ULTRASONIC INSPECTION OF THE 
PISC II" 
by MM. BEN0IST 4 CATS 
r*ICS SYMPOSIUM - 13/15 OCTOBER 1986 - VILLA 
PONTI VARESE ITALY 

[V! "SYSTEM OF ACQUISITION AND ANALYSIS OF 
L J ULTRASONIC DATA" 

by MME BIRAC, MM. SAGLIO & VAUBERT 
10TH WORLD CONFERENCE ON NDT - 22/28 AUGUST 
1982 - MOSCOW USSR 

['] "SYSTEME DE VISUALISATION DE TYPE B.SCAN -EXEMPLES D'APPLICATION" 
by MME BIRAC, MM. ROULE & SAGLIO 
CONFERENCE EUROPEENNE SUR LES ESSAIS NON 
DESTRUCTIFS - 14/16 SEPTEMBRE 1981 - VIENNE 
AUTRICHE 



o 

S 

SERVICE INSPECTION MANIPULATOR ((SIM ) 



ACQUISIIIOM 
liOMb c a t s t t l * 

' l»»nl is c«naai»4 tl 
• patitia*» 
• channel n* 
- amplitva> 
• limt al rUfhl 

PARAMETER 
FUES 

EVENC POSIITOMNG 
SOTIWARE 

Machin* caartfinalH 
R*act«r * • » * ! cluracltrialics 
Iranieactrx characteristic! 

PRINT OUI 
SOFTWARE WMCHE5TER MSK 

Oacratina cwKilims 

EVENT GR0UPM6I 
SOFTWARE 

1 i 
H SELECTION 

SOFTWARE 

PRWI OUT 
OF MAPS 

PRMI OUT 
OF LIST OF 

FLAW 
MNCAIMMS 

| HA6CBY 
SOFTWARE 

• • 
A.SCAN.B.SCAN 
CSCAN.O.SCAN 

WAGES 

SIZTMO 
SOFTWARE 

PRINT OUT OF 
RESOUS 

STORAGE OF 
RESULTS 

C a i i t i u 

DATA ANALYSIS 

FIGURE 2 

cladding 

weld under 
examination 

m 

I scanning 

(X axis) 

IMAGERY REPRESENTATION 
FIGURE 3 

A, B, C and D.Scan iaage» 
of a test block including 
aide drilled hole 2nn in 
diameter 

FIGURE 4 

+ •>« + «•• •» i t + <— 

T . t r T ? ? ^ ^ ^ a J i a f c J i ' i . " " * * ' " " * * * " ^ 

E•2aJBBJBi_ 
inwatiuiansrir 

_êluDat 

iW i b ih iV 

- M l 

IW.f 

•IM 

•n»i 



UK 
« w a n 

KEY WORDS : 

- BALAYAGE - SCANNING 
- PROFONDEUR - DEPTH 
- INCREMENT - INCREMENT 

LABEL 

D.SCAN A.SCAN 

C.SCAN B.SCAN 

FIGURE 5 a 

"L^tàiï»8ift2t fHamlaX 

: - A V . ; V , , ! 

frmrwnmtm* uns» -BBBBHlBrS 

^ • • x „ x ^ M X n . u . . K M . u . M ^ . . ^ T ^ ^ | b S ^ ^ , „ r X , , J ; , . i ; l , x l , A ,, v y z „ } 

FIGURE Sb 

FIGURE 5 c 

»=.«t'«~i"i™r--v 

EHESâ 

^*'"'--Mr-n*»**'»***^***^*iA|V^^|j >_^a4. ^auX*A**J J M • * * * * * • * * * * * - * - • • * - - • - 1 - -

«BKIESflSlRL. 
IMWCHIMvir 

T^^yyy^yy^T^yyyyyyyy^^^yyr^^^^ * f F ^| p r r ^ t W f p w y •• #V» T^"^T 

mum 

2# *' 
*? 

lw . A . „ x . . . . i , „ ï „ l j r j r . j l . . . , 

• ! » . • 

11.» 

PsJII 
oncrvrrnntjr wwsuf - ^*— ?•»• t« 

FIGURE 5a : EXAMPLE OF IMACERT POINTING OUT THE 
GROUP ENVELOPS 

FIGURE 5b : AN OTHER EXAMPLE OF ItlACERT 

! FIGURE 5c : EXAMPLE v? PRINT OUT 

BW:S .Cr ,>" 
FIGURE 5 



. . . . • 1 " • « « M 4c Itetv» S - •)) et fan » j »i«ew es !tct«rt * • -V 1 1 rm 

cum « 
• 

I K mi AIE. K v t n l • t 
i - H - 1 « ra i l I f» ! 
eitieaflN «>l f«* aftf 

t i t * 
M . 

(« *J t f . l ear. — 
»l » ii | ;.i | nu It U | I I | » | 7.1 an 1) • • « 

n| • 1) | U.I | IMI M II | 11 | » | 17.1 mi 11 K - 4 

«1 • I I | W. I | I f» I I < l | U | B I W i ON a 1 1 - 4 

1 1 1 1 | 
1 1 »•••••«1 I - , i "i 

....... 1 • ~ " ~ | | i 1 ] 

.~~~| | 
....... • ~ — | | ;., 

1 • • • • • « • I | 

......| 1 | 
••••~| 1 »«o*»*«I 1 

1 • • • • • • « 1 1 

1 | 1 ••**>*M*I 1 

......| 1 • • • • • M I I 

" • - t 1 ••••«••I 1 

il • Ce • « J 
I'l.m e • 

M l . - 4 * . . G 
08 Mli- l !« 

E • mtm ICS'Sfl m 
| a * a f m 

nuuil I M I « 1 * • ' 1 M u t il • Ce • « J 
I'l.m e • 

M l . - 4 * . . G 
08 Mli- l !« 

E • mtm ICS'Sfl m 
| a * a f m IX. 1 1 . 1 - J . • . f f I P ? * 

isi l t : 
r—-—* -*-• IX. 1 1 

1 •i 
I P ? * 
isi l t : S t A i 1 1 

EXAMPLE OF FINAL RESULTS PRINT OUT 

FIGURE 6 


