
Fft fé o 1 C 5 1 

FRADOC--9-10 

Rl 

SHOT PEENING OF OOEL 3 PLANT 

SLAMA, G.; SORT, M. Frcmotome, 92-Paris-la-Defense 
^Fronce) 

Communication presentee à s Workshop on primary side SCC remedial action 
NDE methods 
Leningrad ÛSSRJ 
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SHOT PEENING OF DOEL 3 PLANT 

G. SLAMA. M. SORT 

INTRODUCTION 

In August 1982, after about 12 months service oper ion 

(and 2 months before the first scheduled refueling outage) 

a Leak was detected in one steam generator of the Dor I 3 . 

PWR unit. Two leaking tubes were pulled out during tt •- regular 

outage and gave evidence of primary side stress corrosion 

cracking (PUSCC). While the early detection of service leakage 

was associated with an abnormally high residual stress evel 

(out of tolerance tubesheet holes resulting in a lack o: 

contact with the expanded tubes) it became quickly obvie-s 

that the mill annealed inconei 600 was susceptible to PW :.'C, 

lea^::i? to progressive cracking initiation in roll transitions 

and roll step overlaps (within the tubesheet) even in the 

general case where rolling was performed in compliance with 

all applicable specifications. 

This generic problera is common to all 6 steam generators of the 

two belgian contemporary units : Doel 3 and Tihange 2. The 

degradation progress as evidenced by a special rotating probe 

eddy current inspection is further detailed in other papers 

"presented at the workshop (ref.l and 2.). 

At the time of the third refueling outage of Doei 3 (when imple

mentation of remedial measure was scheduled) cracking affected 

up to 2! Ï of the total number of tubes for one of the steam 

generator. 

To seLect the best remedial counter action available at this 

outage (June 1985), FRAMATOME and BELGATGM set up in early 

1985 an evaluation group to compare all the methods which could 

be considered-

In this frame, extensive discussions and tests by FRAMATOME and 

3ELCAT0N took place about shot-peening. 

This croup benefited from previous work by BELGATOM and 

FRAMATOME and t rora the work being performed in France by 

FRAMATQME and EDF. 
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It must be remembered that in September 84 comparisons between 
FRAMATOME and BEL GAT OH works on shot-peening with glass and 
ceramic beads reached exactly the same conclusions : the process 
was very efficient from the point of view of protection against 
S.C.C. but there were problems of cleaning up because of frag
mentation of the beads and of embedment of small particles in 
the cube wall. The two parties agreed chat using metallic beads 
would overcome these difficulties. FRAMATOME could make such 
beads available and develop a shot-peening process were no supple
mentary cleaning operation was necessary to recover the beads. 
This process was developed and qualified by FRAMATOME to be 
implemented in Doel and also in EDF plants . 

x See other presentation Ln this workshop (reference 3). 



I. DESCRIPTION OF THE PROCESS USED IN DOEL 

The process implementation for DOEL consisted in : 

- Developing tooling and test procedures for an industrial appli
cation including ALARA considerations. 

- Qualifying process, tooling and procedures using representative 
conditions (full size mock-up, of steam generator channel head 
and associated working area). 

- Establishing the reliability of tooling and procedures to comply 
permanently with the required criteria (chiefly Almen Intensity) 

~ Training and qualifying personnel. 

I.1. Tooling development 

The main design criteria were selected as follows : 

- 100 % accessibility of the tube sheet. 

- Capability of treating all the tubes, hot and cold legs, on any 
length up to 600 mm from the bottom of the tube sheet. 

* Possibility of extension to U bends and different tubing 
diameters. 

- Capability of periodic representative testing during field appli
cation to insure continuously the efficiency of the treatment 
(see § III). 

- Minimization of in plant time work and exposure by using computer 
system for manipulator and process controls - but also, by containing 
permanently all the beads and proscribing introduction of any sophis
ticated mechanisms inside the channel head. 

- Possibility of working simultaneously on the three steam generators. 
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1,2. Tooling description 

Figures I and 2 show schematic diagrams of the equipment. 

- The choice has been done for 3 indépendant sets : one for each 
steam generator. 
Each set includes ; 

, One compressor and air dryer equipment;, 
, One beads generator including beads container with valves 
and control panel. 

. One tube and noz2le for air and beads injection and one hose 
for recovery. 

. One beads recovery system including a vacuum pump and'correspon
ding piping, cyclone and filters. 

. One manipulator with its mechanical and control interfaces. 

. One test stand for periodical verifications : Almen intensity, 
coverage, treated zone. 

. Control racks located in containment annulus. 

1.3. The qualification of process and tooling 

It was performed in June 85. 

- This qualification has been done at the same time for Belgian 
and French plants. Both manipulators : R& arm and finger walker 
were qualified. 
- The main objective of the qualification tests was to define 
the tooling functional parameters (nominal values and ranges) to 
obtain the required process criterias : 

. Almen intensity (4 N - 1). 

. Coverage, positioning of the treated zone and treated length 
(190 and 550 mm). 

. Treatment duration. 



Thus, several curves were drawn (figure 3) : 

. Almen intensity versus shot peening time wich different 
injection air pressures. 

< Altnen intensity versus air pressure wich different shot 
peening times. 

- The functional tests have been performed on more than 500 
cycles. (More than 10 000 including preliminary tests) and 
allowed to simulate all the tube sheet tooling positions, they 
allowed also to determine the sensitive components replacement 
frequencies and co test alarms and safety set points. 

- During these runs Q.A. and field procedures had been tested. 

The whole qualification tests have been performed under approval 
and acceptance of both Belgian and French utilities and 
safety authorities. 

1.4. Process sequences 

They represent 7 steps per cycle (Figure 4). 

- Horizontal displacement from tube to tube with manipulator. 
- Introduction of the nozzle (on 100 mm), 
- High-speed rising (on 400 mm), 
- First phase treatment (on 150 mm), 
- High-speed descent ( =: 170 mm), 
- Second phase treatment *, 
- High-speed descent (on 650 mm)* 

The total duration of one cycle is about 150 seconds. 

NOTE : For this first application, it was decided to qualify a 
two phases treatment wich was shown to give a 100 % success 
with the tooling used in DOEL : in this case, during each phase, 
the treatment speed is twice as much as the speed in the case 
of a single phase. 
The next generation of tools will allow a single phase treatment. 



Tooling and process qualifications have demonstrated the 
aptitude of the équipements to control the process parameters 
and warrant in any case a good shot peening efficiency. 
These tests confirmed also the high flexibility of the process, 
the easy identification of any deviation and the capability 
in deciding corrective actions : An over Almen intensity can 
never be obtained and in case a low Almen intensity is observed 
for some tubes, it can be easily corrected by renewing the 
treatment on these tubes. 



II. TESTS PERFORMED ly QUALIFY THE PROCESS 

A variety of tests were performed by FRAMATOME and BELGATOM 
to qualify the process and characterize its effects on both 
inside diameter (I.D.) and outside diameter (O.D.) of the 
tubes. These are : 

- Mg Cl 2 (I.D., O.D,); FRAMATOME. 
- 10 % caustic tests at high temperature and pressure (I.D.); 
FRAMATOME. 

- Tetrathionate (1.0 and O.D) ; BELGATOM. 
- Strain gauges measurements (O.D.) ; FRAMATOME and BELGATOM. \ 
- X rays stresses measurements (I.D.) ; FRAMATOME. | 
- Effect on precracked tubes ; FRAMATOME and BELGATOM. 
- Leak tests after shot peening ; BELGATOM. 
- Detailed examination of the beads was also performed before and 

after peening by FRAMATOME and BELGATOM. No significant difference 
was found. 

Testing described hereafter is limited to the use of the optimized 
peening process using the stainless alloy beads. Previous testing 
results (by either FRAMATOME or BELGATOM ) while providing valuable 
support,are not included in presentation . 

II.1. Mg Cl 2 

These tests were performed on different expansion mockups : full 
depth rolling (FDR), FDR + kiss rolling (KR), normal gap between 
tube and hole, large gap (deviation), overolling + over expanded KR. 
The table 1 gives the list of these tests and the results obtained 
on I.D. Clearly the reference samples without shot-peening always 
•cracked while the samples shot-peened with the normal intensity 
of 4N or a low intensity of 2.5 N did not present any crack. 
O.D. diameter results are not presented because MgCl- tests only 
indicate a treshold stress of 80 to 150 MPa and are not efficient 
to detect low variation of stresses (po30 MPa). Strain gauge 
tests were used for this purpose. 
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11.2. Caustic tests 

These t e s t s were performed also on dif ferent expansion mock ups : 

FDR + KR, FDR, overoll ing + overexpanded KR. 10 % deaerated caust ic 

was introduced in the tube where both ends were welded. Tests 

were performed at 350°C under 180 bars pressure . The r e su l t s 

are reported in table 2. Here again the reference samples had 

trojgh-wall cracks af te r 260 H to 430 H when shot-peened a t normal 

in tens i ty tubes did not crack. 

11.3. Tetrathionate tests 

These tests were performed on 25 "standardized" mock ups of the 
full depth rolling (FDR) + Kiss rolling (KR) type, using 
"Freely expanded sensitized Inconel tubes (without a collar) 
as illustrated by figure 5 ; while apparently not closely repre
sentative of actual S.G. configurations, this type of mock-up 
has been demonstrated by previous experience to be very efficient 
to evaluate I.D and O.D peening effects. 

The results are reported in table 3. 
The 5 reference specimens always showed I.D. cracks while no 
crack was detected on che 20 shot peened samples. As the cracking 
treshold of the material is very low (about 60 MPa), O.D. effects 
were detectable, the amount of cracking being larger in the peened 
specimens than in the reference ones ; however the stress level 
increase cannot be quantified this way. 

11.4. Strain gauge measurements 

Tensile additional axial and hoop stresses due to nominal (4M) 
shotpeening on O.D. were measured on mock-ups and straight tubes 
by FRAMATOME and 3ELGAT0M. Results were very consistent and are 
reported in Table 4, For the nock ups the location of the strain 
gauge ( on over rolled, kiss rolled, non expanded part or standardized 



modtup is shown on Figure 6 for the two sets of measurements. 
From che whole set of results» it can be seen that on O.D. 
the additional stresses are always low, for instance 20-35 MPa 
<3 to 5 KSI) for tubing representative of DOEL 3, and depend 
on the previous state of residual stresses : the higher the 
level of previous residual stresses, the lower the additional 
stresses introduced by shoc-peening. Therefore in the zone where 
any corrosion «tress treshold would be approached on O.D., the 
effect of shot-peening should be minimum. 

11.5. X ray tests 

The tube is cut axially in two parts. Compressive longitudinal 
stresses were measured from I.D. surface to . 3 mm ( 12 mils) 
in the cube thickness. Electrolytic polishing with a o» 5 mm 
tool allows to make the in depth measurements. The assumption 
is that circonferential stresses are released when cutting the 
tube but not longitudinal stresses. This is confirmed by measure
ments. 
Figure 7 presents a stress curve obtained through wall for shot-
peening at nominal intensity. 
It can be seen that the compressive stresses are induced up 
to N 0 , 1 mm (4 mils). 
Figure 8 compares Che previous curve vith the curve obtained in 
the roll transition area. The important feature is that in the 
compressive part of the two curves no difference is seen. It means 
that the previous surface stress state is completely rubbed 
out by shoc-peening operation. 

11.6. _ Shot-peening on precracked tubes 

MgCl^ tests : 6 stainless steel FD8 -*• KR mockups were precracked 
by immersion in MgCK for 5 hours. 2 mockups were cut and 
examined. In the cransition zone longitudinal cracks cf about half 
tube thickness deep were present. One mock up was reimmersed in 
MgCl, for 24 hours, through wall longitudinal cracks were present. 
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The 3 last samples were shot-peened and also immersed in 
MgCK for 24 hours. Dye penetrant tests performed could not 
reveal any crack, however when cutting and examining metallogra-
phically the sample it was possible to see cracks of same size 
as the precracks. Therefore the explanation was that in these 
experiments for which no internal pressure was applied, the 
compressive stresses induced by shot-peening closed the mouth of 
the crack and prevents any extension of this crack. 

Tetrathionate tests 

25 sensitized inconel mock-ups (of the "standard" design previous
ly described) were precracked by immersion in tetrathionate 
for 6.5 hours. For 10 specimens dye penetrant examination (on 
longitudinal cuts) showed partial penetration I.D, cracking. 
Through wall cracking was obtained after reimmersion of 5 mock-ups 
for 24 hours. The remaining 10 mock-ups were ahot-peened and 
also reimmersed in tetrathionate for 24 hours. Observations were 
identical to those for the Kg CI2 tests : SEM examination of the 
I.D. surface confirmed the closing of the cracks mouth (metal 
smearing appearance). 

Caustic tests 

To test the effect of internal pressure, samples were precracked by 
filling a M.A. tubing mock-up 200 hours with '0 % deareted caustic 
at 350 aC under 180 bars or 480 hours with pure water at 360°C under 
200 bars. 
Numerous cracks of different sizes were produced a few of them 
reaching approximately half thickness of the tube. 
One mock up of each kind w«s then filled with 10 % Ueareted caustic 
at 350*C under 180 bars pressure. Note rhat thes* conditions are much 
more severe than the service condition (320°C and 100 bars). The 
mockup orecracked in caustic got t'irough wall crocks in 140 hours 
and the mock up precracked in water in 300 hours. 
Three mockups precracked in caustic and two precracked in water 
were then shot-peened, filled with dearated 10 Z caustic at 350DC 
under 130 bars. They failed respectively in 200 hours, 200 hours, 
^u hours, 210 hours, 230 hours. From this result and due to the 
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usual scatter observed vith this test we could not 

conclude to any deleterious or beneficial effect of shot-peening 

on the time to propagate a crack through-wall. However, we could 

confirm that on the shoc-peened samples no new cracks appeared in 

other locations that the roll transition when such was not the 

case for the refcence tests where the samples were not shot-

peened. 

II.7, Leak tests 

10 sensitized înconel mock-ups (of the "standard" design pre

viously described) were prer.racked by immersion in tetrathionate 

for 24 hours in order to achieve through wall cracking. 

ïhe mock-ups were closed by mechanical and fittings aud pressu

rized with cold water in order to measure the pressure treshold 

for leakage. All mock-ups were then shot peened and retested under 

Che same conditions. 

As the visual detection of a tiny leak is rarher delicate, the 

pressure measurements were duplicated (both before and after 

peening) ; only the second values, which is often significantly 

lower than the fir?) one, has been retained for comparison in 

fig.9. It can be seen that the leading pressure treshold is 

significantly higher after peening : however the scatter in 

data is large, ranging from no significant effect (3 cases) up 

to a factor of improvement in excess of 10 (4 cases). 
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III. FIELD IMPLEMENTATION AT DOEL 

This operation was performed in July 1965. 
All the not leg tubes of che three steam generators were shot' 
peened. Most of them (10005) had the treatment on 190 mm, 
40 mm above the surface of the tube sheet and 150 mm under. 
46 tubes were shot-peened on Che total length of the tube 
sheet because insufficient contact was suspected between cube 
and tubesheet ( out of tolerance holes ). 
A test stand located near the S.G, channel head allowed to perform 
many verifications during the test : 

- Almen Intensity was verified every 300 tubes(higher frequency 
at the beginning of the operation). 

- On tubes, coverage, posicionning and treated length were veri
fied at the same frequency. 
Tetrathionate corrosion tests were slso performed by BELGATOM 
on 49 shot-peened samples of Che "standard" design previously 
described were tested in tetrathionate. Mo crack was found. 

During the operation no difficulty was encountered from the point of 
view of the process itself. Some problems occured «âth tooling 
which was used for the first time on plant. These problems were 
mainly with the device positioning system. They could easily 
be fixed but it had a definite consequence on time and dosimetry. 
First S.C. was treated in 20 days, second in 17 days and third in 
15 days. 
At the beginning of che operation, work was carried only on 
one S.G. but Later it was possible to worfc simultaneously 
on the three S.G. 

The total dose was 90 Rem for this first operation. 
Further improvements presently considered or implemente by 
FRAMATOME (automatic recycling of the beads, improved instal
lation and tooling) will significantly decrease these values. 
The beads were taken out to the disposal storage when their acti
vity was considered as high (3,3 rad/h at the contact of the container) 
However the observation of the beads at this stage did not reveal 
any significant breaking or deterioration. 
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The total amount of beads used 1200 kg represents only a 
volume of about 200 liters ( & 45 gallons) 

The operation be&un on 25 th of June and ended successfully on 
27th of July. 

IV, NON DESTRUCTIVE EXAMINATION 

Laboratory tests performed on aockups by FRAMATOME and 
BELGATOM could demonstrate that on tubes without cracks 
no difference was found between E.C. signals from t»i>.es shot-
peened or not. 
The regulatory inspection of. the 3 steam generators was performed 
using a multifrequency eddy current method with a standard 
bobbin coil. As practically no crack was yet detectable by this 
method, a further inspection was performed by using the most 
sensitive contact EC rotating probe developped by LABORELEC. 
A large sample (about 500 tubes) was inspected from each steam 
generator, either before (for 2 SG's) or after peening, because 
of time schedule constraints. However for the most affected SC 
a sample of 46 tubes (representative of the various', degrees 
of degradation beeing observed) was examined both before and 
after peening, with the following comparative results : 

- for the uncracked tubes, the laboratory results were fully 
confirmed. 

- for the cracked tube 5 

. the number of cracks was unchanged 

. the EC signal amplitude was usually reduced (also resulting 
in the loss of some "undefinable" signals) 

. the defects length was often increased (typically by some 
2 ran) . 

While the two first effects were expected, the third one was 
surprising but is believed to bear no physical significance ; 
a laboratory program is presently underway in order to clarify 
this issue. 
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CONCLUSION : 

Extensive tests were performed to verify the efficiency of 
the shot-peetiing process developped by FRAMATOME. 
As the results of these tests were very good and the use of 
metallic beads and their recovery by vacuum aspiration resol
ved initial concerns about this process. The Belgian Utility 
decided to use it for DOEL 3 plants. 
Although this operation was the first, it went on schedule in 
spite of a few early problems with tooling which were resolved 
for the end of the operation. 
The effect of shot peening on already cracked tubes is believed 
to be beneficial in terms of cracks extension (in length) and 
leak reduction. However some confirmatory-work is steel needed in 
this respect particularly to clarify the influence on the eddy 
current examination results. 
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cracking of roll transitions (P.Hernalsteen, G.Frederick 
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( M.Dobeni, G.Frederick and P.Hernalsteen). 

>] Shot-peening of EDF plants (G.Slama and M. Sort). 
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r - ï . i 1 - !.:. CJRROSIOi'l TESTS 3F 

S.S. --iOCK-liFS IN «GCL2 17 

1 151 *C - NO PRESSURE 

! "OCK-UP CONDITION RESULT 

".? i* 1.5 "M)* 

1 

INITIAL 

SHOT P. 2.5 N 

SHOT P. i| N 

C 

N.C 

N.C 

i "R (- 3 MM)* 
1 ** 
. - XR (0.15 MM) 

INITIAL 

SHOT P. i* N 

C 

N.C 

! 

1 " 3 (*• 1.5 »n) 

- KR (0.15 MM) 

\:RMAL GAP 

INITIAL 

SHOT P. 2.5 N 

SHOT P, 1 N 

C 

Îl.C 

N.C 

."i <• 1.5 MM) 

- jAM (0.15 MM) 
--RGE CAP 

INITIAL 

SHOT P. IN 

C 

N.C 

:i (+io MM) 

- 3AM_(C,30 MM) 

AVIATION 

INITIAL 

SHOT P, 2.5 N 

SHOT P. 1 N 

C 

N.C 

N , 

FOR : FULL DEPTH ROLLING 

KR : KISS ROLLING 

* : DISTANCE FROM SECONDARY SURFACE OF TUBESHEET 

** : Kiss ROLLING EXPANSION 

:;LE 2 - l.D. CORROSION TESTS IN 10 I DEAERATEO 

CAUSTIC 350°C - 180 BARS 

• - - ; • : . -

_; CONDITION TEST 
DURATION 

RESULT 

FDR i- : M M ) * INITIAL 130 H CRACKED 

SHOT-PEENED 1000 H NO CRACK 

?3R • - 3MM) INITIAL 260 H CRACKED (TW) 

<s . .15 .'»)** SHOT-PEENEO 1318 H 

SHOT-PEENED 

SHOT-PEENED 

968 H 
1280 H 

No CRACK 

=-IÎ «+1.3MM>* INITIAL 260 H CRACKED (TU) 

-.̂  • ; . . M ) X X + SHOT-PEENEO 

SHOT-PEENEO 

1231 H 
| No CRACK 

...... INITIAL 

SHOT-PEENED 

SHOT-PEENED 
I 

270 H 

971 H 
1296 H 

CRACKED (TW) 

No CRACK 
--: 

.31 ••«)** 

INITIAL 

SHOT-PEENED 

SHOT-PEENED 
I 

270 H 

971 H 
1296 H 

CRACKED (TW) 

No CRACK 

FDR : MECHAKICAL FULL DEPTH ROLLING 

KR : Kiss ROLLING 
x DISTANCE FROM SECONDARY SURFACE OF TUBE-SHEET 

« KISS ROLLING EXPANSION 
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T1BLE TEÏ3ATHI0NATE TESTS 

SPCLT'EN SHOT-PEENING SIDE CRACK ON CRACK ON CRACK ON CRACK ON 

r INTENSITY 
SIDE 

POSITION 1 POSITION 2 POSITION 3 POSITION 1 

59551 - OD - LONG - LONG 

59551 - ID LONG LONG LONG LONG 

8S552 - OD - LONG - -
59552 - ID LCNG+CIRC. LONG LONG -
69553 - or CIRC. LONG - LONG 

69553 - ID U R C . LONG LONG -
69551 - OD - LONG - LONG 

69551; - ID CIRC. LONG LONG LONG 

69555 - OD - LONG - LONG 

59555 - ID ALL DIR. LONG LONG -
69576 IN OD CIRC CIRC - CIRC 

557A in 3D CIRC CIRC - CIRC 

558A UN OD CIRC CIRC - CIRC 

561A IN OD CIRC CIRC - CIRC 

56MA 1|N OD CIRC CIRC - CIRC 

556A m OD CIRC - - -
69562 UN ' OD CIRC - - CIRC 

69556 !|N OD CIRC CIRC - CIRC 

69581 IN OD CIRC CIRC - CIRC 

69563 UN OD CIRC CIRC - CIRC 

69561 IN OD CIRC CIRC - CIRC 

551A 4ti OD CIRC CIRC - CIRC 

69577 IK OD CIRC CIRC - CIRC 

69558 W OD CIRC CIRC - CIRC 

69557 IN OD CIRC - - CIRC 

551A m OD CIRC - - CIRC 

577A IN OD CIRC CIRC - CIRC 

576A IN OD CIRC CIRC - CIRC 

5EEA IN OD CIRC CIRC - CIRC 

563A 4N OD CIRC - - CIRC 

CONVENTIONAL SIGNS 
4 3 2 1 

CIRC : CIRCUMFERENTIAL - LONG : LONGITUDINAL 

: NOTHING TO REPORT - ALL DIR.: ALL DIRECTIONS 
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STRAIN JAUGE RESULTS 

OUTSIDE STRESSES AFTER NOKINAL SHOT-PEEKING 

1 FIRST MEASUREMENT SET COCK-UPS) 
1 LOCALISATION 

OF STRAIN 
GAUGE 

MATERIAL AXIAL STRESS 
(MPA) 

HOOP STRESS 
(MPA) 

KISS ROLL STAINLESS 
STEEL 

20 32 

KISS ROLL s.s. 28 36 

OVER ROLL 
KISS ROLL 
5TRAIGTH PART 

s.s. 35 
19 
19 

35 
30 
28 

KISS ROLL M.A. 
INCONEL 600 

17 27 

ROLLED FART OF 
STANDARDIZED 
SPECIMEN 

SENSITIZED 
INCONEL 
600 

27 13 

ROLLED PART OF 
STANDARDIZED 
SPECIMEN 

SENSITIZED 
INCONEL 
600 

28 10 

SECOND MEASUREMENT SET 

TUBES MATERIAL AXIAL STRESS* HOOP STRESS** 
(MPA) (MPA) 

A M.A. 32 26 
3 INCONEL 600 31 26 
C 
n 

SPARE 
TUBES 
OF DOEL 3 

32 
32 

21 
21 

G 30 20 
H 

MEAN VA 

E 

28 22 H 

MEAN VA 

E 

JJES 31* 2 21* 2 

H 

MEAN VA 

E 
SENS in ZED 
INCONEL 600 36 37 

F . 37 37 

* INDIVIDUAL FIGURES ARE ALREADY MEAN VALUES OF 2 
MEASUREMENT LOCATIONS. 

XX INDIVIDUAL FIGURES ARE ALREADY MEAN VALUES OF 1 
MEASUREMENT LOCATIONS. 
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SHOT PEENING 
PRINCIPLE DIAGRAM 

Figure 1 

SCHÉMA DE PRINCIPE DE MICROBILLAGE 

TUBE SHEET 
PLAQUE TUBULAIRE 

TEST STAND 
STAND DE CONTRÔLE 

SG CUBICLE 
CASEMATE DU GV 

BEADS 
GENERATOR 

/ 
1 1 / 
1 1 
o a an 

nan 
o a an 

nan ooo o 

>w / / / / / / / / / / / ////4m 
E ^VACUUM PUMP 

POMPE A VtDE 

AIR SUPPLY 
COMPRESSEUR D'AIR 

'///////////// 
EQUIPMENT HATCH 

SAS MATERIEL fim 

/ 
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Figure 2 

PRINCIPLE 
PRINCIPE 

COMPRESSED AIR 
AIR COMPRIMÉ 

SEPARATOR VACUUM 
SÉPARATEUR ASPIRATEUR 

AIR INJECTION VALVE 
VANNE INJECTION AIR 

GENERATOR 
GÉNÉRATEUR 

^ COLLECTOR 
\ RÉCUPÉRATEUR \ \ 

ISOLATION VALVES 
VANNES SAS 

. COLLECTING POT 
BAC DE RECUPERATION 

~\-t- WEIGHT SCALE 
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SHOT P E E N I N G 

SATURATION C U R V E S FOR 
D I F F E R E N T 

Figure 3 

30 s 50 s 60 s 

SHOT PEENING 
TIME 

L 
1 / 1U0 «h»' 

\. 
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SHOT PEENING 
NOZZLE TRAVELLING DIAGRAM 

Figure 4 

I WW SHOT PEENING 

I I TRAVELLING 

77A INTRODUCTION ) 

^ 

I 
^ 

5 _6S0/26" 

_1 ,,500/20" 

i 
/ 

JJ^LlOO/4" 

0 

15 

1 

25 

15 > 

TOTAL TIME 
L = 150 mm-6" 

2x 148 s TOTAL TIME 
L = 150 mm-6" 1x 133 a 



TUEE SIZE : 7 /8" 
MATERIAL : SENSITIZED INCONEL 600 

2 0 0 m m 

2 ROLLING STEPS 
4MM EXPANSION 

,2MM EXPANSION 

FIGURE 5 

"STANDARD" DESIGN SPECIMEN 
USED FOR TETRATHIOMATE TESTING 



LOCALISATION 
OF STRAIN GAUGES 

FIRST fa.,' - raCKUPS 

KISS ROLL 
OVER ROLL 
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STRAIGHT PART 

J O . 

LU 

KISS ROLL 
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SECOND SET - STRAIGHT TUBE 

1-4 : AXIAL GAGES 
2-3-5-6 : CIRCUMFERENTIAL GAGES 
TYPE ; MICRO-MEASUREMENTS 
DOUBLE GAGES (1-2/4-5) : CEA-06-125 

UT 120 
SINGLE GAGES (5/6) :CEA-06-125 UW-120 
(N.B. : GAGE GRID DIMENSION : a 4MM) 

FIGURE 6 



FIGURE 7 26 

X-RAY RESIDUAL STRESSES MEASUREMENTS 

INDEPTH(mm) 

OXIDIZED IN 600 TUBE 
NOMINAL SHOT PEEKING 

AXIAL STRESS 



Figure 8 

X-RAY RESIDUAL STRESSES MEASUREMENTS 
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" 10 20 30 40 50 60 
PRESSURE TRESHOLD BEFORE PEEN1 

FIGURE 9 

LEAK TESTS (10 SAMPLES) 
COMPARISON OF PRESSURE TRESHOLDS 

BEFORE AND AFTER PEENING 

N G 
(BAR) 


