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1. INTRODUCTION

In Italy work on the breeder reactors is being carried
out in three main areas:
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(i) The PEC reactor

(ii) Construction of the components for the Creys-Malville
plant, the testing in support of this, and work on
the SPX reactor

(iii) Standardized industrial supplies.

With regard to the PEC reactor, design work for the
system and a part of the components is being conducted main
ly in Italy by CNEN and NIRA, with the experimental testing
in support being conducted in Italy and abroad.

With regard to the Creys-Malville plant and the SPX
reactor programmes, activities for the supply of the compo-
nents and testing in support of them are being conducted
within a tight framework of agreements between the research
organizations and Italian and French industries.

Finally, the standardized industrial supplies are de-
veloping autonomously, without any major research and deve-
lopment involvement.

The differences in methodologies, procedures and orga-
nizations involved in the three above-mentioned work areas
and the relative limitation of activities conducted in the
breeder .reactor area in Italy have made the carrying out of
a systematic, organic programme for the use of sodium bel-
lows impos s ib le.

In particular, untii today no sodium testing programme fo
has been carried out on this component in Italy. §
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The overall picture of the activities actually carried
out appears extremely fragmentary, and does not permit for-
mulation of a national position on any of the topics dealt
with during the meeting.

It is felt, however, that the partial work that will
be described in the following sections may be useful in
the context of the work done in other countries.

The following sections will concisely illustrate
three activities already completed or underway, each for
one of the above-mentioned work areas.

As to the PEC reactor, the experimental programme
conducted in sodium on the bellows used in the hold-down
control mechanism will be illustrated.

Kith regard to the supply of the Creys-Malville plant,
the problems in the manufacture of the bellows prototypes
to be installed in the intermediate exchangers will be il
lustrated.

As to the standardized production, finally, the use
of bellows for the sodium valves up to 100 mm diameter will
be illustrated.

2. Experimental programme conducted on the sealing bel-
lows of the drive shaft for the PEC reactor control
rod drive mechanism (MAB)

The design of the PEC reactor (fuel element testing)
which is under construction at the Brasimone Center (Bolo
gna) is being carried out by the NIRA company who has also
seen to the- setting up of the test programme to be conduct
ed in support of the design and construction of this compo
nent by the FIAT TTG Company.

NIRA has also set up the experimental programme which
has been carried out on the sealing bellows of the MAE
drive shaft by AGIP NUCLEARE for the out-sodium testing,
and by CEA for the in-sodium testing.

2.1. Specifications and operational
lows
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a. Dimensions

- Outside diameter
- Inside diameter
- Free length
- Standard working stroke
- Extra stroke during

reactor shutdown
- Overall stroke

b. Operating Conditions

- Sodium temperature
- Fluid inside the bellows

- Fluid outside the bellows
- Standard inside pressure (gauge)
- Standard outside pressure (gauge)
- Outside test pressure (gauge)
- Standard speed of the top end

of bellows
- Speed of the bottom end of
bellows

80 mm
52 mm

1,067 mm
750 mm

100 mm
850 mm

55O"C
sodium and argon with
sodium aerosol
clean argon
0.025 kg/cm2

0.2 kg/cm2

0.. 5 kg/cm2

12 mm/sec

0

Maximum speed of the top end of
bellows during scram 3.5 mm/sec
Maximum acceleration of the top end
during scram 10 g
Acceleration speed of the bottom end
during scram 0
No. of strokes at standard speed for
a 650 mm stroke 13/900
No. of strokes at maximum speed or
acceleration (scram) for a 750 mm
stroke 1,OOO
No. of strokes for testing reactor
shutdown for an 850 mm stroke 2
Overpressure inside the bellows during .
stroke at maximum speed (scram gauge) 0.3 kg/cm
Life span at 550°C 20 years



Emergency Conditions

- Maximum acceleration of top end due to the
shock absorber after breakdown of the
hydraulic dashpot

- Overpressure inside the bellows
(gauge)

d. Materials

- For the bellows
- For joints at both ends

40 9 for a
20 mm stroke
for the low-
est pressure
(one time only)

0.9 kg/cm

AM 350
ASTM A 479
Tp 316 or
ASTM A 182
F 316

e. Type of bellows selected

The bellows selected at the design stage is of the
rippled nesting type manufactured by the BELFAB Company
(U.S.A.).

2.2. Test Programme

The object of the test programme conducted on the se-
lected bellows is to acquire direct knowledge of the mecha
nical behaviour of the bellows before its final use in the
MAB prototype.

The tests being conducted are:

a. Plotting of the bellows load vs. deflection curve under
different pressure and temperature conditions.

b. In-argon study of the fatigue behaviour of the bellows
undergoing traction and compression cycles under prese-
lected pressure and temperature conditions.

c. Determination of any residual deformation due to the
bellows remaining in a high-temperature environment.

d. Evaluation of the influence of the difference between
the inside and outside pressure of the bellows on the
performance and on the occurrence of any mechanical in-
stability.

e. Fatigue behaviour of the bellows in sodium when subject
ed to slow translations and raoid falls at 550"C.

2.3. Plotting of the load vs. deflection curve

2.3.1. Scope

To test if, upon varying the pressure and temperature
conditions, any appreciable changes occur in the elastic
behaviour of the bellows, and to plot the reference curves
for the fatigue test.

2.3.2. Material

The -test was conducted using ten 100 mm long pieces of
the selected bellows.

2.3.3. Test Execution

The test will be conducted on nine bellows which are
to be used for the fatigue test; a tenth bellows will be
used as a control for the metallographic analysis in the
event of bellows breakdown during the fatigue test.

Before carrying out the tests, each bellows is to undergo
a Helium test. Once the bellows is mounted on the test
equipment, measurements at room temperature are taken:

a. after the introduction of argon into the bellows and
adjustment of the pressure to the atmospheric value
(Ap of 0 kg/cm2), the load vs. deflection curve is plot-
ted;

b. the bellows is depressurized to a hp of -150 gr/cm .
Then, the load vs. deflection curve .is made;

c. pressure is then increased by introducing argon, until
a A p of 1,000 gr/cm is obtained; then, the load vs.
deflection curve is plotted.

Once the measurements at ambient temperature have been
made, the measurements at the other temperatures are made:

d. keeping the pressure under control (ZIP of 0 kg/cm ),
temperature is raised with £ maximum temperature gra-
dient of lOO^C/hour. Once the tes- temperature has
been reached (55O°C + 10 ) , the load vs. deflection cur-
ve is plotted;
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e. pressure is brought down to a Ap of -150 gr/cm (i.e.
the operating conditions for the bellows mounted on the
MAB) and the load vs. deflection curve is plotted;

f. pressure is increased to a Ap of 1,000 gr/cm2 (maximum
overpressure hypothesized for the MAS bellows) and 1;he
load vs. deflection curve is plotted.

The curves thus plotted, besides serving for the calculation
of the control rod falldown time, are used as a reference
for those obtained during and after the fatigue test. The
plotting of load\vs. deflection curves with a Ap of -76
cm Hg will be made- after the fatigue test.

2.3.4. Test Equipment

The equipment schematically shown in the figure
consists essentially of a rod with the fulcrum at the cen-
ter with steel cables fastened at its ends. The cable at
one end carries the base on which are placed the balancing
weights which are mounted for executing the tests with
the bellows under low pressure. The cable at the other
end is connected to the base on which the weights for
the plotting of the load vs. deflection curves are plac-
ed. The above-mentioned base is in turn rigidly connect
ed to the upper flange of the bellows. The latter is l£
cated within the furnace and its lower flange has a tube
with an Edwards connector for connection to the argon
supply circuit and to the vacuum circuit.

To reduce the percent oxygen within the furnace as
much as possible, a small quantity of argon gas is intro-
duced through its supply line; this will subsequently
flow out through the space between the guide and the rod
mounted on the bellows' upper flange.

The bellows is protected against damage from over-
pressures due to handling errors by a breaking disk and
a bleed valve set to 1.2 kg/cm .

2.3.5. Testing Site

The Agip Nucleare Laboratories at Medicina (Bologna).

2.3.6. Summary of the Results

The bellows' dimentional check had positive results:

all bellows that underwent Helium testing showed an escape
rate of less than 10~7 lusec.

The metallographic analysis carried out on one of
the ten bellows showed microscopic cracks near the welds
which however did not seem to affect the fatigue failure.

The examination of the graphs plotted from the expe-
riments led to the following conclusion.

At ambient temperature the bellows behaves perfectly
elastically, between 10% on traction and 80% on compres-
sion; and in addition up to 50% has a linear behaviour.

At 550*C the behaviour of the bellows in the range
considered (-10% and +80%) is not elastic, and the curve
has a trend that depends on the loading method and on the
time between two successive measurements. Up to 35% com-
pression, the bellows behaves perfectly elastically. Al-
ready at 50% compression, behaviour is fairly plastic.
The tests at 55O°C do not alter the elastic response of
the bellows to- low temperatures.

2.4. In-argon Fatigue Behaviour

2.4.1. Scope

To check the integrity of the bellows after 10,000
cycles at 550'C and a Ap of -150 gr/cm2, and to check for
any variations in the elastic behaviour and free length.

2.4.2. Material

The test was performed using the three pieces of
bellows from the ten employed in the above test.

2.4.3. Test Execution

The test is conducted with an equipment that tests
three bellows at a time. After the bellows are mounted,
a vacuum is created inside them to check the seal (about
1 Torr).

Then argon is introduced to a pressure of 50 g/cm ;
argon is continuously introduced to the outside of the
bellows (1 liter/min.) to avoid the oxidation of same.

The bellows are then brought to the test temperatu-
re with a heat gradient rate of 100eC/hour max.
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During the rise in temperature, pressure is reduced
whenever it reaches 500 g/cm .

When the test temperature is reached, the pressure
is regulated (&p = -150 g/cm2) and the fatigue test is
started using the following cycle:

traction stroke (%) 10%
compression stroke (%) 80%
No. of cycles/min. 4 to 20

The required test necessitates that each bellows be
subjected to 10,000 cycles. At 5,000 and 10,000 cycles,
the motor is stopped and the load vs. deflection curve
is plotted keeping the pressure and temperature unchanged.
If one of the bellows breaks (which is demonstrated by
the pressure increase shown on the pressure-vacuum gauge)
the motor stops automatically. The bellows are then re-
pressurized and the valves located on the gas lines of
each bellows are closed. After about one hour, the val-
ves are opened one at a time; the broken bellows can be
identified from the readings of the pressure on the gauge.
The break in the bellows is then localized and the metal-
lographic analyses are made.

2.4.4. Test Equipment

The equipment for the fatigue test, shown schemati-
cally in the figure, consists of a furnace in which a
sufficient number of samples can be tested in a relative-
ly short time.

A system of reciprocating moving rods — achieved
by a rotating disk that acts on the bearings rigidly fix
ed to the columns — transmits the reciprocating motion
to the upper flange of the bellows. The bellows travel
can be regulated by adjusting the inclination of the ro-
tating disk.

To avoid pressure fluctuations the three bellows
are located round a circumference 120° from each other
so as to keep constant the overall internal volume during
operation.

A pressure meter with a minimum cutout is used for
detecting a break. If there is a decrease in pressure,
an electric device signals the number of cycles completed.

The argon gas, in addition to being introduced into
the bellows, is also introduced into the furnace through
a special supply line. Five thermocouples located at
different heights along a diameter of the furnace permit
a check of the uniformity of the temperature.

The determination of the load vs. deflection perform-
ance is made by detaching the rod mounted on the bellows'
upper flange from the arm fixed to the outside column.

2.4.5. Testing Site

The Agip Nucleare Laboratories at Medicina (Bologna).

2.4.6. Summary of Results

The results of the tests were favourable in that it
was not possible to .detect significant leaks.

2..5. Determination of Residual Deformation

2.5.1. Scope

During the two previous tests a non-elastic behaviour
of the bellows was seen at high temperatures.

The new test was conducted with the aim of increasing
our knowledge by measuring residual deformation in the
bellows compressed to 70% and then released in different
conditions.

2.5.2. Material

Five of the pieces of bellows used in the previous
tests.

2.5.3. Test Execution

The test is carried out as follows:

1. A piece of bellows is mounted on the machine for the
flexion load test.

2. The swinging arms are balanced so as to bring the bel-
lows in the free length position ( 102 mm) with an in-
ternal pressure of -150 g/cm .

3. The bellows is brought to the test temperature.
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4. The bellows is loaded with weights so as to bring it
to 70% compression while keeping the pressure at —150

5. The above-mentioned weights are removed from the bellows
and, still keeping the pressure at -150 g/cm , any re-
sidual deformation is measured using the comparator.

6. The bellows is again loaded to the conditions in point
4 for the execution of a new measurement.

7. When the test is completed, the bellows is removed from
the furnace and the free length is measured with a ca-
liper.

The following tests are made:

a. T *= 200?C;

times for taking measurements: 0 hours (start)

6

12

18 "

24

b. T = 300°C

times for taking measurements!

c. T « 400aC

times for taking measurements:

0 hours (start)

6

12

18

24

0 hours (start)
*

6

12

18

24 "

d. T = 55O°C

only the so-called "instantaneous" measurement is
taken (time between compression and release is 1 min.).

2.5.4. Test Equipment

The same used for the load/deflection tests.

2.5.5. Testing Site

The Agip Nucleare Laboratories at Medicina (Bologna).

2.5.6. Summary of Results

Dp to 300cC, the bellows shows no appreciable signs
of residual deformation. Around 400°C the residual deforma-
tion becomes appreciable but stays within negligible va-
lues (5%). At 55O°C residual deformation becomes signi-
ficant (up to 4 6%).

2.6. Influence of pressure on performance and stability

2.6.1. Scope

To determine at which values cf pressure difference
between the inside and the outside there occur shifts in
the bellows that cause it to hit the inside and outside
guide tubes.

2.6.2. Material

A bellows that is identical to the chosen type.

2.6.3. Test Execution

After a preliminary set up of the equipment, the bel-
lows is mounted and secured in its free length position.

The comparator-holding plate is moved along the verfci
cal and successively fixed in three measurement positions.
In one of the selected positions, the three comparators are
zeroed.



The readings of the three comparators are then record-
ed at the different points, in different pressure condi-
tions :

Ap._ = 0 g/cm

2
Ap = _-15O g/cm

Ap = -300 g/cm

&p = -500 g/cm

2

A.p = +150 g/cm

Ap = +300 g/cm

A p = +500 g/cm

It is possible to examine a wider range of pressures after
evaluating the results obtained.

After carrying out the test with the bellows in its
free length position, tests with the bellows compressed to
25%, 50%, 75% and 100% of the maximum stroke envisioned
(i.e. 750 mm) will be conducted.

The readings of the comparators will permit determina-
tion of that pressure and position of the bellows at which
instability phenomena that cause the bellows to come in coil
tact with the external guide tube or the control rod will
occur.

2.6.4. Test Equipment

It essentially consists of:

- A lower plate to which the lower end of the bellows is
secured: this plate also has a coupling for the gas line
which permits the pressure within the bellows to be varied.

- A movable plate to which the other 'end of the bellows is
secured: this plate is guided and centered by three ground
columns located at 120° and fixed between the lower and
upper plates; it is held in the preselected position by
ring nuts placed on threaded drawplates.

- A comparator-holding plate which is also guided and secur
ed similarly to the previous plate.

- An inner rod that acts as a guide rod.

- A gas line connected to a vacuum pump, a cylinder for
pressurization and a pressure meter.

2.6.5.' Testing Site

The Agip Nucleare Laboratories at Medicina (Bologna).

2.6.6. Summary of the results

The results obtained show that:

- The instability phenomena are due to the great effect
that small but unavoidable constructional dissymetrtes have
on a thin and extremely flexible structure

It is very unlikely that there are laminae that project
from adjacent ones by more than 1 mm.

It is not wise to have the bellows operate with an inner
pressure higher than the outer pressure.

To prevent completely the bellows from coming in contact
with the internal and external guides it is necessary
that the external pressure of the bellows be about 500
mbar higher than the internal pressure.

2.7. In-sodium Fatigue Behaviour

2.7.1. Scope

To check the integrity of the bellows under fatigue
in sodium at 55OCC.

2.7.2. Material

The test was carried out on three bellows with dimen-
sions as selected (free length: 1,070 mm), two of which
were mounted under compression and one under traction.
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2.7.3. Test Execution

Preliminary Equipment Check

After setting up the test machine and before starting
the tests, the following kinematic characteristics are
measured:

- stroke
- speed
- duration of rapid fall
- maximum deceleration produced by the shock absorber.

The duration of rapid fall is determined from the
space vs. time curve.

A belt potentiometer permits one to follow the
traverse shift of the mobile equipment. Acceleration is
measured by means of an accelerometer model ACB, type J 224.
These two values are recorded on a quick ACB 300 recorder,
and measured at periodic intervals throughout the sodium
tests.

Air Checks and Tests of the Bellows

Before being mounted on the test equipment, each
bellows undergoes the following checks:

- dimensional check: diameters, free length, pitch, number
of waves;

- measurement of the variation in the internal volume of
the bellows with a traverse rod inside, which corresponds
to the total traverse. This change in volume is determined
from the weight; the bellows is filled with water;

- measurement of the difference in pitch between successive
waves when the bellows is moved from a horizontal to a
vertical position and maintains its overall length;

- measurement of the flexibility, K, by the following method:
the bellows is hung vertically from its upper end; the
bellows-' free length increases as a result of its weight
and that of the lower flange.
If P is the weight of the laminae and Q the weight of the
lower flange, the lengthening, "1", of the bellows, is:

if P and Q are known, and lo is measured, K can be calcu- 145
lated as follows:

lo + QK

K
lo

p
2

+ Q

lo = K (- + Q)

- metallographic examination of a bellows piece
- mlcrographic examination of welds on a bellows piece.

Air Checks and Tests on a Mounted Bellows

After the bellows has been mounted on the . in-sodium
test equipment, the following tests shall be carried out:

- a helium test
- a general check of the machine's proper operation

- determination of the pressure trend as a function of time
in the area included within the bellows and of the secon-
dary seal, with the mechanism stopped

- determination of the pressure trend as a function of the
stroke in the same area, with the mechanism in traverse
motion and in rapid fall.

Tn-sodium Tests

The equipment is installed on the tank; in-sodium test-
ing will proceed as follows:

Filling the test tank

The tank is filled at 150°C.

Sodium is then heated to 400'C and purified at the same
time.

Installation of bellows

In order to detentine the most favourable operating con-
ditions for the bellows, tests are conducted with the bellows
mounted in two different ways:

- with sodium within the bellows and bell-type mounting

- with sodium outside the bellows.

In both cases, the bellows are mounted so as to have
a free length of 1,067 mm when they are extended, and to
operate on compression only.



Measurements

Pbr the bellows mounted with sodium inside, the sodium
level within the bellows is measured by means of a discon-
tinuous probe. At the same time, the pressure inside the
bellows is measured by means of the "capteur".

Number of Cycles

Each bellows shall undergo 7,000 falls and 3,000
traverses at 55O*C.

Falls and traverses will be carried out alternately:
200 falls and 100 traverses. The remaining falls (i.e.
1,000) will be made thereafter.

Final Checks

After the above tests have been performed, each bellows
is checked for:

- dimensions
- flexibility
- a metallographic examination and a micrographic check of
welds will be carried out on a section of bellows.

2.7.4. Test Equipment

The lower section of the equipment duplicates the
bellows installation and the in-sodium guide of the rod
drive mechanism.

A guide tube (1), secured to the machine flange (2),
is immersed in the sodium into the tank. One end of the
bellows is welded to the guide tube and the other end is
welded to the traverse tube (3) which duplicates the mecha-
nism's traverse rod.

In the upper section a motor reduction unit (4) moves
the traverse rod by means of an electromagnetic coupling
(5) and a rack and pinion system. (6). Also in the -upper
section, the traverse rod is guided by bronze guides (7)
and a bronze bushing (8) which slides on a guide tube.

A mechanical arrest (10) stops the mobile equipment
at its up stroke position. Two microswitches (11) and (12)
which are controlled by a cam (1̂ 3) integral with the mobile
equipment, detect the upper and lower limits. Along with
the motor reduction unit, a speed variator permits one to
set the traverse speed between 2 and i2 mm/sec.

In the intermediate section a cooling shell (14) con-
nects the upper section to the flange. At that point, a
bronze guide (15) which has Saimap joints, completes the
guide of the traverse rod and acts as an additional seal
for the bellows. The shell has an oil shock absorber (16)
for the free fall of the mobile equipment. A set of
weights (17) permits one to increase the mass of the mobile
equipment so that it falls in the required time. Two coupl
ings (18) and (1S) make it possible to separate the three
sections of the equipment.

Argon Supply

After the bellows mounting method has been selected
(either with sodium inside or outside), the inside of the
guide tube or of the bellows is filled with argon. Argon
is kept under pressure (200 to 500 mbar with respect to
the argon in the tank) so that the £p of pressure with
respect to the environment inside or outside the bellows
is 200 mbar. An additional capacity having a volume of
about 100 liters and manually supplied by ar. argon cylin-
der is used for this purpose. This compensates for any
leaks in the Sarimap joint and smoothes out the changes in
pressure due to bellows shifting. A pressure gauge shows
all pressure values less than the sei' value; ir. this case,
the argon volume is manually restored. A breaking disk set
at 1 bar eliminates any risk of overpressure.

2.7.5. Testing Site

CEA Laboratories at Cadarache (France) .

2.7.6. Summary of the Results

In spite of a small leak found after washing, bellows
No.1 (operating under compression) successfully passed the
tests. The study of the test results in fact showed that
breaking occurred at the end of the experiments. The tests
conducted on the second bellows (operating under traction)
did not reveal any advantages of -this.type of installation
in which sodium is located outside the bellows.

The 331 rapid falls and 434 traverses have caused a
very slight wear of the bellows eccentric disks, to which
the bellows undulations contributed. The third bellows
(operating under compression) performed perfectly during all
the tests carried out.
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The results and the observations made show that it is
necessary to check with extreme accuracy the concentricity
of the disks along the entire length of the bellows.

This check is necessary because bellows 1 and 2 show-
ed internally some signs of more or less marked wear along
their entire length.

It should be noted, however, that the wear of bellows
1 and 3 was minimum, at the end of the tests.

2.8. Conclusion

The series of tests conducted has made it possible to
reach a favourable judgement on the performance of the bel-
lows selected by the designer.

The FIAT TTG Company has constructed a MAB prototype
using the selected bellows. This prototype will be tested
in the I.P.M. plant (Mechanism Test Plant) installed by
CNEN at the Nuclear Research Center at Casaccia (Rome).
The I.P.M. plant is at present in the commissioning stage.

3. Problems in the construction of the prototypes of the
bellows to be installed in the intermediate exchangers
of the Creys-Malville plant

The eight intermediate exchangers for the Creys-Malvil
le plant are under construction in Italy at the Breda Term£
meccanica Company (Milan) and at the Franco Tosi Company,
Legnano (Milan)..

The construction of these components comes under an
industrial agreement between the French Stein Industrie,
who saw to the design of the components, and the Italian
companies NIRA (a systems company), Breda, and F.Tosi.

To compensate for expansions due to differences in tem
perature between the two shells, inside and outside, of the
exit collector, Stein Industrie has.proposed the installa-
tion of large-size, thick bellows.

The IDROSAPIENS Company has been assigned the manufac-
ture of these bellows.

Because of the particular difficulties foreseen in the
construction and behaviour of such a bellows, before procecl

ing to the manufacture of the series component, it was de-
cided to construct a 1:10 scale model and two full-scale
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Bellows Specifications

- Inside wave diameter
- Outside wave diameter
- Internal wave radius
- -Thickness
- Number of waves
- Material: AISI 316LN stainless steel

The operational conditions are:

- on the inside
- on the outside
- temperature
- rated external pressure
- maximum external pressure
- rated internal pressure
- maximum internal pressure
- axial stroke with normal extension
- axial stroke with maximum extension

842 mm
1,078 mm

51 mm
8 mm
4

Argon
Sodium
525 C
5.6 bar ass.
13.7 bar ass.
2.5 bar ass.
5.6 bar ass.
3.3 mm
10.6 mm

Given the complexity of the bellows construction
problems, four manufacturing methods were examined:

a. turning from a surface
b. crown molding, with circumferential welding
c. by section, with longitudinal welding
d. hydraulic molding.

Hydraulic molding was the solution chosen, and the
1:10 scale model has been constructed by this method.

Manufacturing

Given the delicacy of the use, the bellows will be
molded and calibrated hydraulically with only one longitu-
dinal weld. To eliminate the problems of weld decay due
to exceeding the 10% expansion, the bellows will be solu-
tion heat-treated after molding.



The cycle can thus be outlined as .follows:

- Manufacture of the shells
- Molding
- Heat treatment
- Calibration
- Finishing and cleaning
- Inspection and testing.

All checks between the various stages have been omit-
ted for simplicity.

Tolerances

The construction of the prototypes is to be carried
out so as to ensure close tolerances for:

- Roundness
- Consistency of wall thickness
- Consistency of the wave profile
- Wave identity

Inspection and Testing

4. The Use of Bellows in Sodium Valves

An important application of metal in-sodium bellows
has been found by the Valve and Instrument Division of the
SocietS Nuovo Pignone (Bari) which has been manufacturing
for several years the valves used in numerous sodium plants
operating both in Italy and abroad.

4.1. Types of Bellows Used

The bellows used are made by hydraulic molding, with
a single or double wall.

The flexible elements are welded to intermediate guide
and end supports, and are present in a number suitable -for
making the stroke. The starting tubes are made from welded
sheet metal and, sometimes, from drawn sheet metal. Then
they are drawn and cold-sized.

The most significant features with .regard to their use
on on-off and fine adjustment valves are summarized in
tables 1 and 2.
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During and after manufacture, the bellows will under-
go the following tests:

- Approval of the welding procedure
- Total x-ray inspection of the welds
- Total weid inspection by liquid penetration
- Hydraulic testing at 13 bar external pressure
- Mass spectroscopic testing of the vacuum seal
- Dimensional check.

In addition the bellows will be manufactured with one
extra wave, which will later be removed to obtain the test
pieces required for the mechanical tests on the metal base
as well as in the welds, namely:

- Traction at 20"C
- Traction at 55O"C
- Resiliency.

Quality Control

All manufacturing and inspection, as well as the docu-
mentation, reports, etc. will be carried out under the
Quality Guarantee according to the manual and procedure ap-
proved by the customer.

CONSTRUCTIONAL FEATURES OF
•BELLOWS FOR ON-OFF VALVES

Table 1

DN

Stroke

No. of
elements

No. of
walls

Wall
thickness

10

5

1

1

-07T0

15

13

1

1

0,1? '

20

15-

1

2

0^20

25

15

1

2

•&/20

30

15

1

2

Or-2o-

40

15

1

2

-0-,.20

50

15

1

2

0,20

80

28

2

2

0r20

100

33

3

2

0,28



CONSTRUCTIONAL FEATURES OF BELLOWS
FOR FINE ADJUSTMENT VALVES

Table 2

DN

Stroke

No. of
elements

No. of
walls

Wall
thickness

15

26

2

1

0,10

20

30

2

2

0,20

25

30

2

2

0,20

30

30

2

2

0,20

40

30

2

2

0,20

50

30

2

2

0,20

65

40

2

2

0,20

100

50

4

2

0,28

Dimensions in mm.

4.2. Materials

In general the material used is solution heat-treated stain-
less steel (type 316L), but HASTELLOY X is not infrequently used.

4.3. Checks

The bellows undergo many strict checks.

The more common ones are as follows:

- Chemical analysis and check of the mechanical properties of
the starting sheet

- Radiography of the tubes longitudinal weld

- Traction check of the weld area

- Dimensional check, hydraulic test and explosion test on the
sample after hydraulic molding-

- Liquid penetration check of the. welding of flaps to the
supports

- Check of seal of the assembly to helium

- Check with the mounted valve of the seal to the fluid pressu-

re on the outside.

In addition to these checks, time and breaking fati-
gue testing is performed by subjecting the bellows in
cycles to the maximum permissible crushing. The bellows
which pass all the qualification tests are acceptable.

4.4. Accident Report

The more than decade-long experience with sodium
valves has been positive. There are no reports of accidents
which occurred during operation.

Some damage to the bellows was caused by handling
errors. In fact, some crushing of bellows occurred from
premature opening with the sodium still solid, and some
turn deformation took place following disassembly for
maintenance.
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FIG. 1 SPX - INTER-MEDIATE HEAT EXCHANGER
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FIG. 5 PEC - CONTROL ROD MECHANISM
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FIG. 6 PEC - EQUIPMENT FOR LOAD/DEFLECTION DETERMINATION FIG. 7 PEC - EQUIPMENT FOR FATIGUE TESTING IN ARGON 153
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Device for fatigue tests of the bellows in argon

Legend v

1. :Bellows

.2. Rotary•;.disk

3. Weights .,•).,

4'. Variable-speed motor

'5. Reduction..,unit

6. 1/2"' Edwards valve

7. Eressure-vacuum meter

8. Breaking disk'

9. Bleed valve

10. Adjusting valve •

•11. IP argon cylinder

• 12.. IP argon cylinder

FIG,8

PEC - EQUIPMENT FOR TESTING IN SODIUM



FIG.9 PEC - BF/LLOW FOR CONTROL ROD MECHANISM
ASSEMBLING CLEARANCE

RADIAL CLEARANCE
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Device for in-sodium bellows testing

Legend

1. Guide tube

2. Flange

3. Traverse tube

<£. Motor .reduction unit

5. Electroma-gnetic coupling

6. .Rack and-pinion system

7. Bronze guide

8. Bronze bushing

9..Guide tube

10. Mechanical arrest

11. Microswitch

12. Microswitch

13. Cam

14. Cooling shell

15. Bronze bushing

16. Shock absorber

17. Weights

18. Coupling

19. Coupling

20. Shock absorber piston

21. Microswitch

22. Microswitch

23.Leak detection tube

24. Level probe

25. Pressure meter

26. Acoustic detector

27. Inflatable coupling

TC Thermocouple
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FIG. 10 PEC - BELLOW FOR CONTROL ROD MECHANISM
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FIG.11 PEC - BELLOW FOR CONTROL ROD MECHANISM

BIFORE TESTING

156

N" 5208 L E A K _ 3 2 t h C O N v O L U n 0 N X 60

EXTERNAL SECTION INTERNAL

N° 5209 X 400 N" 5391 X 100 5392 X 100



FIG.12 PEC - BELLOW FOR CONTROL ROD MECHANISM (N.I)
3000 CYCLES
7000 FAST FALL

AFTER TESTING

FIG..13 PEC - BELLOW FOR CONTROL ROD MECHANISM (N. 3)

INTERNAL MECHANICAL. FRETTING
157

imnfr- i
N" 5389 N° 5^33 X 50


