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In the following, "bellows" is defined to be the convolutions

separating two volumes of fluids or gases of different nature, tem-

perature and/or pressure. The whole structure containing the bellows

and designed to withstand or to transmit forces and moments applied

is called "expansion joint".

3. BELLOWS

1. FOREWORD

Expansion joints have proved to be reliable components, when

properly designed and realized, in normal industrial equipment. But

nevertheless bellows have not been employed widely in nuclear react-

ors and almost not in sodium-cooled fast breeder reactors, where use

of expansion-joints could considerably shorten the lenght of pipe-

lines and, in consequence, lower the cost of the power-plant.

In the framework of its research and development program on

fast-reactors the French Atomic Energy.Commission, in cooperation

with the industry, develops guidelines, backed up by experiments, to

allow a safe design of pipe-lines and compensating-devices.

The main points of these guidelines are discussed in this

paper with the understanding, that they are tentative rules subject

to changes. The guidelines are a complement to existing rules, like

ASME - Code III [l], Code Case 1481, standards of the EJMA ^2] ,

Preliminary Draft for Code Case Class I, Expansion Joints in Piping

systems and suppliers' rules for the special case of application to

sodium-cooled fast-breeder reactors. Relatively small diameters

and easily accessible expansion joints, on control rods and valves

for example, are not concerned.

These guidelines do not apply to the bellows which are used

as an integral part of a component.

The only type of bellows considered is U-shaped, semi-tor-

roidal or S-shaped convolutions. Prefered are cold-formed bellows.

One and two-ply convolutions are allowed, but for diameters

larger than two meters only one-ply systems are to be adopted. To

avoid high stresses during thermal transients in the membrane, no

external reinforcing and equalizing rings are accepted.

The material has to be a high-ductility steel, as austenitic steels

of the 304 - or 316 - series. A minimum ductility to rupture of 40 %

at room-temperature in an uniaxial rupture test has to be obtained

in the base material.

Bellows are generally made of welded tubes. As surface con-

dition is extremely important for life expectance, a surface finish

of "2B" or "bright annealed" as defined in ASTM A 480 is necessary

for the tubes. The two surfaces have to be of the same surface fi-

nish. Grain size should be 7 of finer determined by the method of

ASTM E 112. In welded tubes the longitudinal welds have to be equi-

valent to the parent material as far as surface finish and grain-

size are concerned. To achieve these conditions, mechanical treat-

ment like grinding and machining, and rolling are allowed.

All welds are completely inspected by radiographic exami-

nation and examined by liquid penetrant methods ; no defects are

allowed. If more than one longitudinal weld is needed, the welds

have to be equally spaced. Test samples taken out of a test tube

in the weld and across the weld have to show that no ductility -

loss is observed as compared to parent material.
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The loadings on bellows are determined by an overall compu-

tation of the line and by the type of the expansion-joint. If there

is more than one expansion-joint in a pipe-run, it is extremely im-

portant to know as exactly as possible the spring-rates and the

friction forces in the joint-system.

All types of expansion joints can be employed, but friction

forces have to be reduced to a minimum, to garantee optimal perfor-

mance. For this reason it is recommanded to avoid hinged expansion

joints.

Cold springing can be advantageous, in order to reduce for-

ces and for stability. Those joints should be mounted, in pre-set

condition ; temporary attachments can be removed after the pipe-run

has been completed. Internal sleeves could be necessary to avoid

flow-induced vibrations. These sleeves have to be designed care-

fully ; they are submitted to thermal shocks and differential ex-

pansion during transients, while protecting the bellows of thermal

shocks.

Circumferential weld joints attaching the bellows to end

rings have to be butt-type full penetration welds. Welds on the

convoluted parts are prohibited, as are machining and modifications

by other means.

To protect the environment against rupture, the joint has

to be designed in such a way, that there exist always two barriers

between the fluid and the ambient atmosphere (this rule is not to

be applied to bellows inside an integrated loop or component,

where they separate parts of the same loop). The second barrier can

be the outer ply of a two-ply-bellows or a separate flexible system

envelopping the inner expansion-joint. The volume between the two

barriers has to be monitored permanently to detect any failure im-

mediately. In the case of two-ply systems it is recommended to

realize the inner ply with a somewhat higher thickness (about 20 % ) .

In sodium-cooled fast-breeder reactor, three categories of

bellows can be defined as far as the consequences for reactor ope-

ration are concerned :

- bellows exchange, impossible,

- exchange of bellows possible, but difficult,

- exchange of bellows easy.

The classification has to be done in the equipment specifi-

cation.

5.1. Bellows exchange impossible

A bellows the loss of tightness of which leads immediately

or in short time to a very long or definitive shut-down of the plant,

is defined to be irreparable. For these bellows only one-ply convolutions

are allowed,and design has to be made in accordance with normal

rules (ASME - Code III, Code Case N 47...).

Ratchetting and elastic follow-up have to be avoided. In

sodium, bellows should be preferably mounted in vertical position,

to avoid accumulation of gas in the convolutions. In horizontal or

intermediate position, sodium has to flow, in normal operating con-

ditions, at a rate of more than 1 m/sec. Internal sleeves or external

pressure are not allowed.

In gas, when sodium-vapours and aerosols are present, only the verti-

cal position is admitted in order to prevent oxydes deposits. At any

point the temperature in the bellows has to be higher than 120°C.

5.2. Bellows accessible with difficulty.

Bellows the loss of tightness of which leads immediately, or

on short time to a shut-down of the plant with no possibility for

power-production for a longer time before repair (in the order of

one to six months) are considered to be exchangeable with difficulty.



These bellows have to be designed according to the rules of chapter

6. All systems of expansion-joints are allowed, but the vertical po-

sition is prefered. In horizontal or intermediate position sodium

has to flow at more than 1 m/sec. in normal operating conditions.

Internal sleeves or external pressure are not allowed.

When bellows are working at temperatures where creep effects

are significant, a pre-setting is allowed in order to compensate the

effects of differential thermal expansions of the structures in nor-

mal operating condition.

When the temperatures in the different parts of the expansion-

joint are not uniform, the possibility of elastic follow-up has to be

considered. In gas and with sodium-vapours and aerosols present, tem-

perature has to be higher than 120°C, everywhere.

5.3. Easily exchangeable bellows.

Bellows the loss of tightness of which leads immediately or

in a short time to a shut-down period of the plant, shorter than 1

month, are considered to be easily exchangeable.

All types of expansion-joints are allowed, but for expansion-

joints on loops linked directly to safety-functions for the plant,

the rules of chapter 5.2 must be applied.

Bellows mounted on loops not related to safety can be mounted

without a second barrier. In this case, a sufficient number of leak

detectors has to be mounted in the thermal insulation surrounding the

expansion-joint. For bellows working in gas atmosphere, a detection

of radioactive gas has to be present. These indications have to be

monitored permanently.

6. DESIGN OF BELLOWS

Irreparable bellows are designed carefully in accordance

with rules for Class I - components. Actual dimensions of the mem-

branes and geometric defects due to the fabrication methods (loca- OJ

lized thinning in some parts for example) or to assembling (weldings;

are to be taken into account.

The following design-steps have to be observed for the other

categories of expansion-joints. The methods and means for computa-

tions are chosen by the designer, who has to prove that the methods

are approved and qualified. Materials data to be used are those cor-

responding the Class of the component.

6.1. Loads due to pressure.

Three types of pressure-loading have to be considered :

- the nominal pressure, which is the normal operating pressure

under normal reactor-conditions ;

- the incidental pressure with a relatively high probability to

occur during service-life ; consecutive start-up of the plant

has to be possible (sodium-water-reaction, sodium-hammer, de-

fects in pressure-regulation, ...) ;

- the accidental pressure, with very low probability, which is

examined in special safety-studies.

The expansion-joints are designed against incidental or

accidental pressure, depending on the necessity of tightness in

accidental condition.

6.2. Displacements

The displacements are computed for the whole system, taking

into account the forces and moments resulting from thermal expansion

and contraction, equipment displacements and rotations, the effects

of hangers, supports and other loadings and the flexibility and

pressure thrust effects of expansion-joints.



Displacements are reduced to a specific displacement convo-

lution supposing that all convolutions have got the same flexibility.

The stress-analysis has to take into account geometrical

modifications of the shape variation of the convolutions under load.

Tension-stresses have to be computed from the loadings resulting

from the overall-analysis of the complete system.

6.3. Thermal loads

As a consequence of the wall thinning, bellows follow rapid-

ly variations of temperatures of the working-fluid inside or outside

the system.

Such temperature-transients introduce thermal stresses due to tempe-

rature differences of convolutions and between convolutions and the

structures of the expansion-joint. An analysis has to define the

worst conditions during transients in the life-time of the reactor.

The. stresses due to these thermal loads are analysed separately,

especially for evolution of fatigue-damage.

The results of the analysis could lead to the necessity of

design changes (thermal sleeves eventually) or to an exchange of

the expansion-joint after a limited life-time.

7. DESIGN OF EXPANSION-JOINTS

The hardware around the bellows (and especially the pres-

sure-thrust-transmitting parts) have to be analysed with great

attention by the designer, because of the capital influence of

these parts on the behaviour of the expansion-joint.

7.1. Operation

The hardware in pressure-balanced joints is designed to

not restrict the deformation of the pipe-line. This has to be ob-

served especially for hinged or gimbal expansion-joints where free

rotation has to be garanteed under' all possible operation condi-

tions.

The hinges have to be equipped with means to mesure the angle of 35

rotation ; the results should be remotely monitored and permanently

registered. The limits of allowable deformation must be respected.

7.2. Thermal transients

The expansion-joints have to be designed in such a manner

that a minimum of forces is introduced in the corresponding pipe-

line during heavy thermal transients.

The whole hardware shall be thermally insulated to assure isothermal

conditions during normal operation. During design, the difference in

thermal expansion between bellows and support-structure during thermal

transients is taken into account. Openings and connections through the

pipe wall are prohibited.

7.3. Fabrication and welding

The expansion-joint shall be designed so that it is comple-

tely inspectable by the usual procedures for non-destructive exami-

nation.

All weldings have to be fully penetrated and inspected completely by

radiographic examination.

The welding sequences on the hardware are conducted in such a manner

that contractions due to welding are free and high residual stresses

are avoided.

8. ACCEPTANCE TESTING

8.1. Proof Pressure Test

The proof pressure test shall be performed at ambient tempe-

rature. If water is the test-medium the volumes have to be dried

completely before filling with sodium. The proof pressure is equal

to the design-pressure multiplied by the ratio of the yield strenght

at ambient temperature and at the operating temperature of the bel-

lows.



The expansion-joint is accepted, if there is no leakage and no si-

gnificant distorsion or instability.

8.2. Demonstration tests

For each type of expansion-joint, three supplementary joints

are fabricated. These joints correspond exactly to those to be

installed on the reactor.

One of the assemblies shall be used for destructive examination of

geometry and mechanical values of the material.

The two other assemblies are submitted to fatigue tests at nominal

pressure and temperature under conditions of displacements equal

or greater than the operating displacements. The number of cycles

to rupture has to be higher than the corresponding number of the

designer's fatigue-curve, taking into account the usual safety

coefficients.

EXPANSION JOINTS FOR LMFBR
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SUMMARY

This discourse recounts efforts put into the SNR-2 project;

specifically the development of compensation devices. The

various prototypes of these compensation devices are des-

cribed and the state of development reviewed.

Large Na (sodium)-heat transfer systems require a lot of va-

luable space if the component lay-out does not include com-

pensation devices. So, in order to condense the spatial re-

quirement as much as possible, expansion joints must be

integrated into the pipe system. There are two basic types

to suit the purpose: axial expansion joints and angular ex-

pansion joints.
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The expansion joints were developed on the basis of specific

design criteria whereby differentiation is made between ex-

pansion joints of small and large nominal diameter. Expan-

sion joints for installation in the sodium-filled primary

piping are equipped with safety bellows in addition to the

actual working bellows.

Expansion joints must be designed and mounted in a manner to

completely withstand seismic forces.

The design must exclude any damage to the bellows during inter-

mittent operations, that is, when sodium is drained the

bellows' folds must be completely empty; otherwise residual

solidified sodium could destroy the bellows when restarting.
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