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Bellows Movements and Spring Rates

Movement Capabilities

There are four basic movements that can be applied to a bellows. These are Axial, Lateral, Angular and Torsional. Figures 1
through 5 illustrate these movements. Bellows be have like springs in a piping system. When they are compressed, the
bellows resist the movement the same as a spring would. The spring rate of a bellows is entirely dependant on bellows
geometry and material properties. Macoga is able to vary bellows geometry such as convolution height, pitch, thickness and
number of plies to provide a bellows to satisfy any customer’s needs.

0 Axial Movement (+/ - mm)

Axial movement is the change in dimensional length of the bellows from its free length in a direction parallel to its
longitudinal axis. Compression is always expressed as negative (-) and extension as positive (+). The units for axial
spring rates displayed in N/mm.

Figure

[0 Angular Movement ( +/ - Degrees )

Angular movement is the rotational displacement of the longitudinal axis of the bellows toward a point of rotation.

The convolutions at the inner most point are in compression (-) while those furthest away are in extension (+). The angular
capability of a bellows is most often used with a second bellows.

The units for angular spring rates displayed in Nm/deg

Q7

Figure
2

U Lateral Movement (+/ - mm)

Lateral movement is the relative displacement of one end of the bellows to the other end in a direction perpendicular to

its longitudinal axis (shear). Lateral movement can be imposed on a single bellows as depicted below but to a limited degree.
A better solution is to incorporate two bellows in a universal arrangement as shown. This results in greater offset movements
and much lower offset forces.

The units for lateral spring rates displayed in N/mm

Figure 3 Figure 4 [T | —
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U] Torsional Movement (+/ - Degrees)

Torsional movement is the rotation about the axis through the center of a bellows (twisting). Macoga DISCOURAGES
ANY TORSIONAL ROTATION OF METAL BELLOWS EXPANSION JOINTS. Torsion destabilizes an expansion joint
reducing its ability to contain pressure and absorb movement. If torsion is present in a piping system, hinges, slotted hinges
or gimbals are recommended to combat the torsion. Torsional spring rates are in Nm/deg and maximum torsional limits in
degrees for computational modeling only. Piping software such as CAESAR Il and COADE often require these spring rates for
nodal input.
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Pressure thrust is the force created by pressure acting on a bellows. This force is the system pressure times the effective area
of the bellows. When a piping system without expansion joints is pressurized, the system will not move because the pipe is
countering the force in tension. When an unrestrained expansion joint is introduced in the network, the force tends to pull
the ends away from the expansion joint causing damage to itself and the pipe. This pressure thrust must be contained with
either main anchors or restrained expansion joints designed to carry pressure thrust loads. The main anchors must be able to
resist the pressure thrust force and a small amount of force due to the deflection of the bellows.
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Example: Pipe size = 12” nominal

P = System Pressure = 300 psig

A = Effective Area of 12” part = 151 in2

[J = Pipe growth between anchors = 0.5 in compression
SR = Axial Spring Rate of the 12” part = 6,255 Lbs/in

First find the force due to the pressure:

PRESSURE THRUST =P X A = 300 psig X 151 in2= 45,300 Lbs
Next find the force due to the bellows deflection:

BELLOWS SPRING FORCE = [ X SR = 0.5 in X 6,255 Lbs/in = 3,128 Lbs
The main anchors must resist the sum of these two forces:

PRESSURE THRUST + BELLOWS SPRING FORCE = 45,300 Lbs + 3,128 Lbs = 48,428 Lbs

Basic Types of Expansion Joints
Unrestrained Assemblies

Definition: Assemblies not capable of restraining the pressure thrust of the system. The pressure thrust must be contained

using main anchors or equipment.

[0 Single Bellows

The simplest type of expansion joint consists of a single
Bellows element welded to end fittings, normally flange
or pipe ends. The single bellows can absorb small
amounts of axial, lateral and angular movement with
ease, but adequate anchors and guides must be provided.

[0 Universal Expansion Joint

This expansion joint consists of two bellows connected by
a center spool piece with flange or pipe ends. The universal
arrangement allows greater axial, lateral and angular
movements than a Single Bellows . Increasing the center
spool length produces increased movement capability.

Like the single, adequate anchors and guides must be
provided.

[0 Externally Pressurized Expansion Joint

Line pressure acts externally on the bellows by means of a
Pressure chamber. This allows a greater number of convolutions
to be used for large axial movements, without fear of bellows
instability. Externally Pressurized Expansion Joints have the
added benefit of self-draining convolutions if standing media

is a concern. Anchors and guides are an essential part of a

good installation.
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Restrained Assemblies

Definition: Assemblies capable of restraining the pressure thrust of the system. Intermediate anchors are required to

withstand

the spring force generated when the expansion joint is deflected. The need for main anchors is eliminated

L1 Tied Single Bellows

The addition of tie rods to a Single Bellows Assembly adds design
flexibility to a piping system. The tie rods are attached to the pipe
or flange with lugs that carry the pressure thrust of the system,
eliminating the need for main anchors. With the assembly tied,
the ability to absorb axial growth is lost. Only lateral and angular
movement can be absorbed with the tied expansion joint. The
addition of tie rods does not eliminate the need for a well-planned
guide system for the adjacent piping.

(] Tied Universal Expansion Joint

Similar in construction to a Universal Assembly except that tie rods
absorb pressure thrust and limit movements to lateral offset and
angulation. Large offset movements are possible in a Universal
Assembly by increasing the distance between the two bellows.

I Hinged Expansion Joint

When a Hinged Expansion Joint is used, movement is limited to
Angulation in one plane. Hinged Assemblies are normally used in
sets of two or three to absorb large amounts of expansion in high
pressure piping systems. Only low spring forces are transmitted to
the equipment. The hinge hardware is designed to carry the pressure
thrust of the system, and often times, used to combat torsional
movement in a piping system. Slotted Hinged Expansion Joints are
a variant of the standard Hinged Expansion Joints that allow axial
and angular movement. Important note: Once a Slotted Hinge is
introduced, torsion in the piping system is still resisted but the
hinge no longer carries pressure thrust.

[0 Gimbal Expansion Joint

The gimbal restraint is designed to absorb system pressure thrust
And torsional twist while allowing angulation in any plane. Gimbal
Assemblies, when used in pairs or with a Single Hinged unit, have the
advantage of absorbing movements in multi-planer piping systems.
The gimbal works the same as an automobile's universal drive shaft.

Tied Single Assembly
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I Pressure Balanced Elbow Expansion Joint:

These assemblies are used in applications where space
limitations preclude the use of main anchors. Pressure thrust
acting on the line bellows (bellows in the media flow) is
equalized by the balancing bellows through a system of tie
rods or linkages. The only forces transmitted to equipment are
low spring forces created by the axial, lateral, or angular
movements. An elbow must be present in the piping network
to install this style of expansion joint.

Pressure Balanced Elbow Assembly

O In - Line Pressure Balanced Expansion Joint:

If an elbow is not present in a piping network and pressure thrust
Must be absorbed by the expansion joint, an In-Line Pressure
Balanced expansion joint is the solution. An equalizing bellows
with twice the effective area as the line bellows is tied in the
expansion joint through a series of tie rods. The opposing
pressure forces cancel each other leaving only the low spring
forces generated from the bellows deflection.

O] Externally Pressurized Pressure Balanced Expansion Joint:

If large amounts of axial movement in a system are needed and
the expansion joint must absorb pressure thrust, an Externally
Pressurized Pressure Balanced expansion joint is the solution.
The opposing force balancing theory is similar to the In-Line
Pressure Balanced Assembly except the opposing forces are
generated from pressure acting on the outside of the bellows.

END CONNECTIONS & ACCESSORIES 7 7

I Flanges

Any flange style can be added to a bellows for bolting into % %
a system. Forged steel or plate flanges to match the éz I | I I I I | zé
pressure and temperature ratings of ANSI Class 150 or '

ANSI Class 300 are standard Flanged
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O Vanstone Ends

Vanstone ends are modified flanged ends with the added
flexibility for resolving bolt-hole misalignment or wetted
surface corrosion.

[0 Weld Ends

Any pipe or duct can be attached to a bellows for welding
into a system. Pipe in accordance with ASTM A53 Gr. B or
A106 Gr. B is used for standard sizes 3 in. to 24 in. nominal
diameter. Plate to ASTM A36 or A516 Gr. 70 rolled and
welded is used for custom sizes 26 in. diameter.

Stainless steel or other alloy pipe can also be

provided.

U Liners (Internal Sleeves)

when any of the following conditions exist:

A. When pressure drop must be minimized and smooth flow is
essential.

B. When turbulent flow is generated upstream of the expansion
joint by changes in flow direction.

C. When it is necessary to protect the bellows from media
carrying abrasive materials such as catalyst or slurry.

D. In high temperature applications to reduce the temperature
of the bellows. The liner is a barrier between the media and the
bellows.

E. For Air, Steam and other Gases

Up to 6 in. diameter - 4 ft/sec/in. of diameter

Over 6 in. diameter - 25 ft/sec.

For Water and other Liquids

Up to 6 in. diameter - 2 ft/sec/in. of diameter

Over 6 in. diameter - 10 ft/sec.

Flow liners can trap liquid if the expansion joint is installed with

the flow vertical up. On this case the internal sleeve are provided with

drain holes to prevent liquid buildup under the liner. For custom
designs, flow direction should always be provided.

g e
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[ Protective Covers and Shrouds

Covers and shrouds can be provided either fixed or
removable. Fixed types are used where high velocity
external steam conditions exist such as in condenser
heater connections. The removable type is the Macoga
standard and permits periodic in service inspection. Weld end joint with cover
They are also used to prevent damage

during installation and operation or when welding is

going to be performed in the immediate vicinity. If

the expansion joint is going to be externally insulated,

a cover should be considered. Macoga always recommends
covers for any expansion joint. The small cost increase

is just economical insurance when compared to a

complete joint replacement.

[ Tie Rods

Ties rods are devices, usually in the form of bars or rods,
attached to the expansion joint assembly and are designed

to absorb pressure loads and other extraneous forces like

dead weight. When used on a Single or Universal Style
Expansion Joint, the ability to absorb axial movement is lost.

O Limit Rods

Limit rods are used to protect the bellows from movements
in excess of design that occasionally occurs due to plant
malfunction or the failure of an anchor. LIMIT RODS DO NOT
CONTAIN THE PRESSURE THRUST DURING NORMAL
OPERATION. Limit rods are designed to prevent bellows
over-extension or over-compression while restraining the full
pressure loading and dynamic forces generated by an anchor
failure. During normal operation the rods have no function.

Limit Reods Installed

0 Purge Connections

Purge connections are used in conjunction with internal liners
to lower the skin temperature of the bellows in high
temperature applications such as catalytic cracker bellows.
The purge media can be air or steam which helps flush out
particulate matter between bellows and the liner. This also Kir or Steam Purge Under Ballows|
prevents the build up of harmful solids in the convolutions

that may stop the bellows from performing.
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MATERIAL SELECTION GUIDELINES

Bellows Material

Selection of the bellows material is the single most important factor to be considered in the design of an expansion joint.
Some of the factors, which influence the selection process, are as follows:

Factors Considerations

[ Corrosion Properties Process media

Surrounding environment
Internal cleaning agents

[0 Mechanical Properties High temperature service

Cryogenic service
Operating stresses

[0 Manufacturing properties Forming and cold working capabilities

BELLOWS MATERIAL

L] Stainless Steel - Type 300 austenitic series

304 (ASTM A240 - 304)

Services a wide range of applications. It resists organic chemicals, dye stuff, and a wide variety of inorganic chemicals. Type
304 resists nitric acid and sulfuric acids at moderate temperatures and concentrations. It is used extensively in piping systems
conveying petroleum products, compressed air, steam, flue gas, and liquefied gases at cryogenic temperatures. The
temperature range varies from -324 to 1200 degrees F.

304L (ASTM A - 240 - 304L)

Has a maximum carbon content of 0.03% versus 0.08% for type 304. This lower carbon content eliminates the problem of
chromium carbide precipitation and makes it more resistant to intergranular corrosion. It is preferred over 304 for nitric acid
service.

316 (ASTM A - 240 - 316)

This alloy contains more nickel than the 304 types. The addition of 2% to 3% molybdenum gives it improved corrosion
resistance compared to 304 especially in chloride environments that tend to cause pitting. Some typical uses are flue gas
ducts, crude oil systems high in sulfur, heat exchangers, and other critical applications in the chemical and petrochemical
industries.

316L (ASTM A - 240 - 316L)

With its low carbon content of 0.03% maximum, it lends itself to highly corrosive applications where intergranular corrosion
is a hazard.

321 (ASTM A240 - 321)

The addition of titanium to this stainless steel acts as a carbide stabilizing element that prevents carbide precipitation when
the material is heated and cooled through the temperature range of 800 to 1650 degrees F. 321 finds uses in many of the
same applications as Type 304, where the added safeguard from intergranular corrosion is desired. The standard catalog
exhaust joints are made from this material because of the high operating temperatures they withstand.

I Nickel Alloys

Nickel 200 (ASTM B162 - 200)

A commercially pure nickel (99.5% Ni), nickel 200 has good mechanical properties and excellent corrosion resistance to salt
water attack and chloride cracking.

Alloy 400 (ASTM B127 - 400)

This copper-nickel alloy (66.5% Ni, 31.5 Cu) is a higher strength material than Nickel 200 with excellent corrosion resistance
over a wider range of temperatures and operating conditions.

Alloy 600 (ASTM B168 - 600)

This nickel-chromium alloy (76% Ni, 15.5% Cr) has very desirable properties for the manufacture of expansion joints. It has a
very high strength over a wide range of temperatures and a good resistance to a variety of corrosive environments. It finds

wide use in steam and salt water services where it is virtually immune to chloride stress corrosion.
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Alloy 625 Gr.1 (ASTM B443 - 625)

This alloy contains a higher chromium content (21.5%) than alloy 600. With the addition of 9% molybdenum, it produces an
alloy of superior strength and corrosion resistance over a wider range of temperatures and environments. It is used on many
critical applications such as heat exchangers and catalytic cracker expansion joints. When exposed to temperatures above
1000 deg F for prolonged periods, it may become embrittled.

Alloy 625 LCF (ASTM B443 - 625 LCF)

Similar to straight grade 625, this alloy has a slight change in material composition to enhance low-cyclic fatigue properties at
elevated temperatures.

Alloy 800 (ASTM B409 - 800)

This nickel-iron-chrome alloy is less expensive than alloy 600. It has good corrosion resistance properties and high
temperature strength over a wide variety of difficult service conditions.

Alloy 825 (ASTM B424 - 825)

This is a copper-chrome nickel alloy that exhibits excellent corrosion resistance to the most severe acids, in particular hot
concentrated sulfuric acid and sulfur bearing environments.

Alloy 20 or 20Cb - 3 (ASTM B463)

This nickel-iron-chrome alloy was specifically designed to resist hot sulfuric acid. It is able to resist intergranular corrosion in
the aswelded condition and is practically immune to chloride stress corrosion cracking.

Other Materials

In addition to the materials listed above, Macoga has successfully manufactured bellows from Hastelloy C22 and C276,
Corten, AL6XN, duplex 2205, alloys 230, 253 MA, 330, 617, 718, 800H/HT, 3CR12, HR120 and others. Many grades of “SA”
and “SB” materials are stocked for expansion joints requiring ASME partial data reports. Please consult Macoga for any
material not listed or for ordering catalog parts with alternate materials Macoga manufactures bellows from mill-annealed
material only and no annealing is performed after the forming process is complete. Macoga must know if the customer
requires annealing of the material after forming. Occasionally, annealing will enhance material properties or corrosion
resistance. Macoga discourages post-formed annealing because it hinders the bellow’s ability to contain pressure and may
also lower cycle life.

Shipping & Handling

Every expansion joint that leaves the factory is provided with
installation instructions. These instructions describe the simple,
straightforward requirements that must be followed to insure a
trouble-free installation.

Shipping Bars - These are temporary attachments that "hold" the
expansion joint at its correct installed length during shipping and
installation. Angle iron or channel section is used and is always
painted bright yellow. Shipping bars must never be removed until
after the unit has been correctly welded or bolted into the piping
system. Caution: Tie rods or limit rods are sometimes mistaken

for shipping bars. NEVER TAMPER WITH THESE ATTACHMENTS.
NOTE: Great care must be taken when removing the shipping

bars. If a welding or burning torch is used, ALWAYS protect the
bellows element from burn splatter with a flame-retardant cloth

or other shielding material.

Liners - When expansion joints are fitted with liners or internal
sleeves, the unit is marked with an arrow indicating the direction

of flow. The expansion joint must be installed in the system with

flow in the correct direction.

Flanged Assemblies - These should be correctly aligned with their
mating flanges (vanstone flanges permit some rotational
misalighment). If a bellows is subjected to torsional forces due

to hole misalignment, then reduced cycle life and/or bellows

failure can occur.

Weld End Assemblies - The bellows elements should always be eld end expansion joint with shipping bars
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protected during the welding process with flame retardant cloth or other shielding material. Weld splatter, arc strikes, or

cutting torch sparks can cause serious damage to the thin bellows element.

Final System Check - After installation has been completed and shipping bars removed, check all anchors, guides, and
pipe supports. Slowly apply test pressure to the system, checking for any unusual movement of the bellows anchors or

guides. If movement is observed, immediately lower the pressure and re-examine the system for damage.

NOTE: Unless otherwise specified, all expansion joints are designed for a test pressure of 1.5 times the design pressure.

UNRESTRAINED EXPANSION JOINTS: INSTALLATION GUIDELINES

Axial Movement

Single Bellows Assembly axial unrestrained expansion joints are not provided with attachments such as tie rods or
hinges to restrain pressure thrust. Therefore, they can be used only in a piping system that incorporates correctly designed
anchors and pipe alignment guides. These components prevent the bellows from over extension and damage due to

distortion under operating conditions.

I Types of Anchors T \
MAIN ANCHORS are the most important to consider - T
from a design standpoint. They must resist the effects Qf“‘&%\ﬁ

of all forces acting upon them. These are pressure thrust, KQ)
bellows spring resistance, frictional resistance of pipe guides,

and inertial forces at bends and elbows. Pipe Alignment Guide Style 1

INTERMEDIATE ANCHORS are used to divide a long
pipe run into shorter individual expanding sections, and
should be structurally capable of withstanding bellows
spring resistance and frictional forces only. Pressure T
thrust forces at this juncture are completely balanced

and have no influence on the design of the anchor.

DIRECTIONAL ANCHORS permit movement in one direction
only. The movement is often parallel to the direction of the
lateral movement in installations where combinations of axial
and lateral movements are encountered.

Pipe Alignment Guide Style 3

PIPE ALIGNMENT GUIDES are another essential part of a properly designed piping system.
Thermal expansion in the system must be controlled so that the movement applied to the bellows
assembly is axial only. Pipe alignment guides must be designed so they prevent bowing and buckling
of the pipe. They should also keep frictional forces resulting from movement of pipe across the guide
to a minimum.
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Application Fngineering: Single Bellows Assembly

Figune= 1 - This disgram shows the most esic spplication
of & Simgie: bedionaT Lnneshrainesd type sxpansion joint
Instaliation sequence is as follows:

- Sy
B f e
SEMEL Y

A

1. Instnll one expansion joint betwesn main ancvors (B

2 Lomke main anchors ot change in direction of piping.

3. Lomte expansion joint immedisbely sdjsoent to'a main .

anchor. : P FLM 1 g

4. Space first pipe alignment pude |G1) within four

pip= diameters of expansion joint.

3. The rerraining guices |5 showld b2 speced in

Bocordance with the pipe guics spscing chart as shown Figure I - Whan thermal sxpansion betwesn the main

o [EER B anchors |MA] excesds the capacity of & Single Bellows
Assemibly, then the pioe system maust be divided into
smaller s=ckions. The use of an intermediste andhor
|14] lncated petween Two Single Bellows Assemblies or

o
= Eﬁﬁ a3 an inteEral part of & Universal Beliows Assembiby
_&—_ orowvides the Dest solution. Intermediate anchors,
L, —?m unlile msin anchars, sre gesizmed to withstsnd sorng
- - | r-__i:.tuncl: mfﬂrin:li-:vnulrumu oy, F'r\-'_wurv:t!'ﬂ.u'tut
"E'.Lrn;-m-r fthas puncture 15 anceled owt because the effscne areas
Figurs 2 of each of the bellows in the piping system are =qual.

Pipe slignment puides myust be instalied in aocorcance
with the guidelines established abowe.

Figure 3 - If two expansion joints of differant pipe
ciammeebars are used in the samie section of pipe, such

a5 & in= condmining & reducer, the pressune thinests

are no longer equal. In this s, the anchor dividing
the expanzion joints must be & main anchor designed

to withstand the differance in pressurs thinest generated
by the differ=nt Size sxpansion joinks. Fips alignment
puichss {51 ard |52 mrd imbermedigbs muides must b
prowided imthe locations as shown inthe diagram.

Figure 4 - & tee pieos loosted in & pip=ine makes 5
convenient lomtion for dividing the pipe system into
three separsts sxpanding ssctions. The branch
conrechion &t this point is isclated from the effects of
the thermal expansion presant in the main gioe run.
an expansion junt is loosted inkhe bmanch line &
depiched, then the finsd point st this lpoation must be &
main anchor. Itis designed to absort the pressure
thrust of the brarch line expansion joint. Pipe
alignment guides must be provided in the Iocations as
illustrated in the dagram.
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Restrained Bopansion Joints: Installation Guidelines

Tied Expansion Joints

Tied expansion joinks can be of the Single or Universal Type
provided with nestrainks such &s tie rods, hingss ar gimbals.

Tie rods and gimbals allow the expansion joint ta mose inall
planes. Hinges allow movement in a single plane only. Thess
restraints are designed to absorn the pressure thnust and

other external kosds like pipe dead weight  For restraints to
remain effective, the sxpansion joint can absort anly laterl
offset or angulation in dirsctional charges in the piping system,
such &5 "2 bends, "L" bends, or 5" berds. Tisd units are wsed
where the squipment or adjao=nt stnacbures nrat aocoem-
modete pressure thinest. The only foroes experienosd arne jow
offset forces nesulting from the isteral spring rabe of the expansion
joint and friction forces of the pipe guides. Tied units are
Treguently usad to probect the pazzies of pumps, turbines and
mondensers, and to absorb expansion of ducting in elevated
lomtions. Large amounts of sxparsion mn be aocommodsted
with resultant low offset foroes by providing 8 long Danter-to-
center distance between the two sets of bellows.

Instaliation Reguirements

Akhough the initial oost of & Tied Expansion Joint is grester
than a Single Bellows Type, considersble savings an
snchars and guides can be achieved in certain spplimtions.

wﬁgﬂih't

TED LHIVERSSL
ASSIEL Y

Topical Rsstmained Svitsms

Anchaors

Anchors used an: the intermediate type, because the pressure
thinust is absorbed by the epansion joint structural restraink.
The lomtion of the intermedists anchor is not as oritical 2 that
of 8 main anchor. The farces acting om the intermediate andwors
are ususlly low offset forces resulting from the rteral spring
resistance of the belicws, phus frickion in guides. For this resson,
& miuch lighter structure an be wtilized ko support the anchor,
such &s pipe racks, roof trusses, or aleyeted stroctures found in
refineries and petrochemical plants.

Pipe Alignment Guides

The weight of the pipe should be adequately supported along its
l=nzth and, in particular, adiposnt to the expansion jant. The
pipe guides lncated reanest to the Tied Expansion Joint are
alaner pipe guides, which allcew far the change in length of the
affset ko as it swings throwugh its movement arc. The disgram
oelow shosws the essential features in the oorect wse of Tied
Expansian Joints.

EEY TO STAMBOLE

NTERMEDIATE
AMCHOR

PIFE ALMiNMENT
GLIIDE

FLANER FIPE
(AIDE

GIMBAL BELLIWS
ALSEMELY

HIMCGED BELLOWWS

|H|I|I|| ||!j ASSEMELY
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Application Engineering:
Tied Single Assemhbly
Tied Universal Bssembly

EOUIPRENT

Figmure: 1 - Thed Single Assemblies are often wsed to
protect roteting eguipment from the effects of

thermal expension in 8 piping system as shown. The

tie rod restraint is designed to absord pressure thrust,
which im fum, sllows the uss of intermediate anchors
ratiher than main anchors. A planer pips Euide or Spring
support hanger is used in the sysbem a5 shown, allowing
the thermal growth present in the verticsl pipe b=z to
b= kalken &5 natural fexibility in the long horizontal pipe
rur.

TILD HRGLE
ALTENELT

Figure 2 - There e many applicstions whens tharmal
movement in the piging system is too great for a Tied
Single Aszembly. In thesz instances, = Tied Universal
Assembly is the correct dhoice. The expansion joint
assemioly should be desizned to fill the offset kg as shown
so that axisl movement within this pipe leg is absorbed by
the bellows assemaly. Itis good practics to keep the
maximum distance possible between the bellows. This
results in low offset forces on adjsoent eguipment and
structures. The center mpool is ususily supported oy the tie
rods or Spring hangers when center spools are long and
diameters lange.

Figune 3 - & Tied Universal Assembdly is often used

to sbsces thermral expansion in @ mult-planar piping
ystem as shown. This feabure aliows their use in
 wide wariety of different inctalistions where main
anchors and pip= slignment mudes mnrot be provided.
The samie design requiremants as menkioned abowe
also appdy in this case. Tied Universal Assemblies

are generally used o protect COM@NERsors, pumps,
and turbires. They are sisa used ko absard thermal
expansion in skeveted piping systems found in oil
refiparias, power olants, spd oetrochemical instalistions.
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Hinged Bellows nssemliy
Gimbal Bellows Bssemhbly

Figure L - Whnen two Hinged Bellows Assemblies

sre installed in 8 "Z" offsat, as shown, thay oan absorn
large amaounts of thesmal movement in a piping system.
The expansion jeints should be cold sprung (pre-s=tina
deflectzd pasition] in order to maximize their movement
capability. The thermal expansion in the offset leg is
snsorbed by the natural Nexibility of the horizontal pipe
runs. Pressure thnest is contained by the hinge restraint,
aliowing intermediate type anchaors to be used. Planer
pipe guides should parmiit the offset leg to swing through
its movement arc as shown. 1t is good practice to maks
|L1] the maximum possitie and |LZ) & minimum.

Figure I - This system of Hinged Bellows Assembilies is
desizred to absort thermal mosemient in Doth the
horizontsal leg and vertical offset leg. Location of the
expansion joints shoulkd be as follows: Make distance
(L1) ard |LZ] the maximum possible, (L3] minimum
passibie. The hinge restraint is designed to absorn
pressure thinust and weight of the pipe bebaesn the two
Hinge Units. Forces on anchors and squipment
connectons are reduced to friction and low offset

ASSEMBLY

fonces.

Figure 3 - In a long piping system, the number of expansion
joints man be reguced by incorporating fowr Hinged Assemblies
in & "U" bend system as shown. Fressure drop inthe system

is b=t to m minimum, and pipe supports reducad in number
when compared to a system using pipe loops. An intermediate
anchor at the *U™ bend Divides the system in two egual
expanding pipe sactions. Cold sprnging is
used o increase the movement capability
Of the expansion joints.

E
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Figurs £ - The Two-Hinged Bellows Assembily
System shown is often ussd whens 2 pipeine crosses
B rosdway o rail lire that is supporbed oy a pips
bricze or tredis. The hinge restraint is cesizned to
support the center 5pool Detaesn the expansion joints
in adcition to the pressure thinest penerated by the
system pressune. The Hinged Assembilies can be
cold sprung, which further increases the owerall
miowemenk capability of the expansion joints. Offset
foroes are ususlhy low, hencs (oads on the bridge
struchure are kept to 8 minimum.

Figure & - There are many applications in a multi-planer
piping system wivene the horizontad pipe leg is in-
sufficiently fiexiole to sbsort the thermal expansion

in the offset leg. To accommodabe this movement,

2 Single Hinged Bellows Assemibly is used in
conjunction with the two Gimbal Bellows Assemblies
in the locations shown. It is good practice to make

{L1) mnd |L2] the maxmum possibée with (L] & minirum.

A reguilar pipe puids must be used on the lower pipe leg,
while & planer pipe guide is used on the uoper k=g

Figur= 3 - In & muiti-planer piping system the s of two
Gimbal Bellows Assemblies in 2 mult-plane “2° bend is
the best sodution. The pimibal restraint alows thermal
ENDANSIiON M WO planes as shown, while still a0sorbing
the preszure thnest. The thermal sxpansion in the offset
Iz is taken by the Nedbility in the longs korizontal pioe
runs. The planer pipe Suides shovam control the dinection
of this wertical movement. Intermesdiste anchors are used
to oofrbain the resuiant low offset forces.
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Externally Pressurized Assembly

There are certain expansion jont appications thet call for
large mxial mowements. These ans frequently encountered
in steam distioution mains fownd in hosptal, schools, or
military instalistions. intemally pressurized assemblies
bacome wnstabls even at low pressures when the number of
conva lutions reaches & cartain limit; therefore, the problems
reated by these requinsments cannot be solved using a
Single Bellows Assembily. (It continuailly under pressure,

& imterradly presousnzed bellows will act &5 an unstable
column nder compression, and squirm] Inooses like these,
sn Extermally Pressurized Assembly provides the most
wiable solution. When pressure is spplied ext=mally o the
bellows, a5 shown in the diagram below, the Dellows are
piaced under tension. In this condition sguirm does not
become a factor. A& prester numbser of convolutions can be
sdded to the bellows even st kigher pressures, resulting in
inreased movement capability. This style joint has the added
berafit of self-draining comvolutions. All the tapped liquid
miedia can be purged from the outer casing eliminating the
possinility of liguid “Nashing™ to wapor.

An anchor fook oan be acded to the Single Extermnally
Pressurized Shyle alicwing it To act as an intermediate
anchor. The anchor foot is designed to withstand any
loads produced by the deflaction of the bellows.

Dual Styde Externally Pressurized designs are
equipped with an anchor foot 2z a standard. The
irrtesrnal and extemal rings on both styles act aza
pipe guide sz mo first guide |E1) is necessary.

Design Features

* Bellows protection PURGE

:5'11?-:\‘111 r'lun'-_u'.ll:r:iz: oellows COMNECTION
Dirin connesction

* Purge connection ———

* Fail-zafe design

¥ ZeF-Draining oomvalutions |

¥ loint acts as first guide

GUIDE
BELLOWS

OUTER
CASING

_} CRAIN

ANCHOR F'Z'_'I':'_'IT-"".‘= COMMECTION
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Pressure Balanced Assemhbly

& Pressune Balanced Assembily is designed to absort

nxial mowemient and/or lateral defiection, while sasorbing

preszure thnest. This is achieved by means of tie rod

gevioes interconmecting a line bellows with 2n oppossd
balanced bellows also subjected to line pressure. This type
of Expansion joint can e used at & dhange in dirsction of

the piping system or directly in the line 2z an In-Line
Fressure Balanced Assembly.

Principle of Dperation

Reference to the ciagram below shows that during the movement cyde, intemal pressure acting on the bellows element (4],
which iis i thee flow linee, is balanced by the ssme pressure in the balsnding belicws siement (E]. The force exerted by the
internal pressure agsinst the line elbos is balanced by an =qual and opposite foros transmitted to the line through the te
rodis | D) from the blank end (] of the beknong section.

Thiz bype of suparsion joint is usually s==n 3t a turbine casing or other piece of rotating equipment where mirdmum foroes
and moments are reguired. [t is also used in installetions where the applicytion of & main 2nchor would not be practical. The
oy loads seen Oy the turbine are the sum of the sxdal force required to comipress oF axtend the line belows and balancing
bellows in the expension joint

Example: In & pipaline with unrestraired sxpansion joints, the maximuem osd on the anchors shways ocosrs at the change of
girection in the piping system. Swuch an anchor is akways a mein anchar. The load seerted 2t this point is composed of the
internal pressure acting over the afactive snea of the bellows plus the force required to fiex the sxpansion joint [s=s Pressure
Thrust page 8). In 2 large =apansion joink, or one operating under sxtremety high pressure, the resuttant pressure thrust is
consicierabie. To eliminate the thrust, = Pressure Balanced Assembly iz the most practical solution.

BALANCE BELLOWS (B)
TIE RODS (D)

AMCHOR
LINE BELLOWS (A)
FLOWLINE— =
Hewr a presszme balanced

albow works

BLAME
END

Ci
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In-line Pressure Balanced Bssemhly

An brLine Pressure Bslanced Assemily is designed to
sosort small amounts of mxial and Iateral movement while
counteracting the pressure thrust inoe spstem. This is
achieved with a series of rods similar to the Pressure
Balmnio=d Elbow Ass=mbdy and 8 balancng beliows with
twios the effective sres as the line bellows. The elimination
of the elbow i what makes this sxpansion joink unigue

Principle of Operaticn

Refinenoe ko the disgram Delow shows that the effactive
mrea of the balandng bellows (E8] is twice that of the lne
bellows |E.!.| Thi=s= foroes act aonoss the te rods thatare
sttached to the tie plates. Thens is no change in pressurs
when the sysbem is mowed becsuse the valume does not
chiange. As the ine bellows are compressed, the balanong
bellows is extendsd musing Ro wolme change.

EA = SMALL BELLOWS EFFECTIVE AREA
This type of expansion joint is usually seen between two EB = LARGE BELLOWS EFFECTIVE AREA

Pieoes of load sensitive equipment wihane minimum forces
And momenks are required. It is also wsed in instaliations
where the apolication of B main snchor woulkd rot be practicsl.
The ondy losds seen by the equipment are the sum of the
#Axial force reguined to compress or extend the line bellows
And balencing belows in the expansion joint.

Biternally Pressurized Pressure Balanced Assembly

.1 [ LIME
BELLOWE

An Extermnally Pressurized Pressure Balanced {8} BEALANCE
Assembly is very similar to 2n in-Line Pressure LW
Balmniosd assemaly but it is capabie of large amounts 'L_
of axisl movement Thisis achieved by pressunzing 'Hl.fr.l"

the bellows extemally eliminating the possioiity of

bellows sguirm. This design has the added benefit of

| 1
= ¥ i |
AR b MK
being seif guidhed with seif dmining convolutions.

Agin, no =ioow is need in this system. Pressiin Pressim

]
Hizw i exiemally jrainsiml peomse halahoal ssscobly woiks
Principle of Operaticn

Refinence to the disgram Dellows shows 8 series of opposing foroes. The differsant color snrows BcCt agRinst sach other to balsnce
the system elminating the peed for rain anchors. Thers is po change in pressure when the system is moved becsuse the wlume
does not change. As the line belows [A] are compressed, the balsnang belows (B which has twice the affective ares 2z (A], is
extended mUSnEG ro wolume change.

This type of ExDENSION joint is BlsD =een Detween Dy piecss of load sensitive equipment where minimum forces and movements are
required. It is also used in steam line instaliations wihane pipe main anchors ane far apart. The only losds seen by the equipment ans
the sum of the axial force raquinsd to comoress or extend the line belicws and Dalancing bellows in the expansion joint

Miadiffied wersions of this style are used in direct burial applications.
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Application Engineering
Pressure Balanced Assembly

Figure 1 - This example shows a single Pressune Balanced
Assembly ws=d to protect rotating equipment from the
effects of thermal expansion between two intermedizsbe
anchors (l4). In operstion, the thermal growth in the
systEm comprasses the ine bellows (&) Inkemal presosme
acting through the ki rods instantaneously elongates the
balarcing bellows |E] an equal smount, provicing 2
completely balanced system.

It o Isteral mosemesnt s pressnt, the pumbss of ooeneo bt
in bellows (4] ard |E] are squal Pressune Balanced
Aszembilies sre frequently used on gas and steam urbines
PUmps, and condenser inskallations.

PRESILAL MSLANCED
S EMEL Y

Figure 3 - There sre msny instalistions where the katars]
maowemenk present in the sysbem exceeds the capanility
of = single Pressure Balanoed Bellows Assembly.

This prodlem is best overoome by the use of o Linkersal
Pressure Balanced Assembly 235 shown. The line
bellowws (A1) snd [42) mre linked by = saction of pioe
that sllcews prester Intersl mowement in sddition to the
axial movement present. The balanong belows (8] s
desigred to compensate for maal movement only. Tie
rods link both sets of bellows and absord the pressure
thrust, resulting in kow forces on adjscent equipment
angd structures, This design firds wide apolication on
turbine/condenser orossovers, boiler feed water pumps,
and other critical applications.

FRACSIUAL OALAKCED

IPMZKRT

Figare 2 - A single Pressure Balanced Assembly can be used
to snsort Isteral and axisl movement. Inthe emmiple
shivam, Deliows | &) has suffident corvolutions to ansorh
both the mxal and lytersl movement present in the piping
syst=m. The bakanding belicears |B) requires anly sufficent
morrvalutions to compensste for the sl movement
presentin the horizontal line. Intermeciate snohors {1A)
and pipe alignmeent muides |G ) showld b= installed in the
Ipcations showm.
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Application Engineering
In-line Pressure Balanced Bssembly

Figure 1 - This exampde shows &n In-Line Pressure Balsnced wnit in & typical installstion. The two pieces of equipment ane load
seEnsitive reguining very low fonces and moments 2t the flanged attachments. Both pieces of eguioment are slivwsd to sxpand due
to temperabune while the In-Line Fressure Bakinoed Assembly aisorts all the axial growth. This style of sxpansion joint should be
suided if the lengths of pipe between the equipment and the expansion joint exceed four imes the diameter of the pipe.

ASSEMBLY

Biternally Pressurized Pressure Balanced Assembly

Figusne: 2 - This example shows an Externally Fressurized Pressune Eslanced Assemily in a typical installation. The two pieces of
equipment ane very load sensitive requiring low fonces and moments at the flanged attachments. Both pieoes of equipment ane
aillowed to axpand due to temperature while the Externally Pressurized Fressuns Balsnoed Assembly s0soros all the axial growth.
The first pipe guide is intemal to the expansion joint o the nest et of Fuides start st 14 times the diameter of the line pipe. This
type of syst=m Cam absorh much Brger amounts of misl growth than the In-line Pressure Balanced Assemibly.

EQUIFMENT

EXTERNALLY PRESURIZED
PRESSURE BALANCED ASSEMBLY
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CRYOGENIC APPLICATIONS (LNG)

The expansion Joints installed on cryogenic application could be of the same typologies showed
before.

The first important think is the material utilized that must be full construction on Stainless Steel. The
bellows could be also made on Inconel 625 LCF.

For this type of services, where possible it is preferable to utilize Expansion Joint external pressurized.

EXTERNALLY PRESSURIZED EXPANSION JOINTS

Externally Pressurized Expansion Joints

Externally pressurized expansion joints are utilized to compensate for large axial expansion of
long piping systems. Macoga externally pressurized expansion joints are designed such that
fluid/steam pressure acts on the outside of the bellows in addition to the internal surface of the
bellows. The stabilizing effect of this external pressure increases the bellows ability to absorb
long axial movements without the existence of squirm. This feature makes the externally
pressurized expansion joint the best solution for many situations involving extensive axial
movement.
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B2 e

This uninsulated bellows coupling at the base of an LNG tank was accumulating ice balls and impairing the

movement of the stainless steel corrugations. The relative motion inherent to bellows necessitated the use of

Proper insulation because it always remains flexible, even at cryogenic temperatures.

Expansion Joint applied on heat exchanger

1 Bellows installed over Shell

2 Bellows installed on tube side
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Disassembly joints
When considering the installation of valves, shut off gates and pumps etc. into a piping system it is particularly beneficial to
include a Macoga disassembly joint along side each of these critical pieces of plant. During maintenance axial clearance is

easily and quickly achieved in the pipe system to allow removal or replacement of your equipment by simply compressing the
demounting joint with its threaded draw bars.

The following points are proven to be advantageous during long periods of operation:

Plant efficiency is enhanced since the task of removing and replacing components is quicker, considerably reducing down time
of intervention and loss of production.

Macoga demounting joints are made entirely of steel. No rubber or plastic elements are used. Therefore there is no wear, aging
or leakage.

Macoga disassembly joints can be used up to 300°C taking into account the pressure reducing factor.
Observations made over long operating periods indicate water loss reductions in the order of 15%.

The excellent elasticity of the bellow allows it to absorb slight installation tolerances without creating leakage problems.

General

During pipe installation, especially when components are to be replaced for servicing and maintenance, it is essential to leave an axial gap for
easy installation of the units.

The Macoga dismantling piece is completely maintenance free, ageing resistant and makes mounting and demounting considerably easier.
Using the spring rate of the bellows, a gap is automatically generated while loosing the connection screws. Components can easily and quickly
be removed.

The other way round, a mounting gap previously set is closed by definitely restraining the bellows.

As the movable component consists of a one-piece bellows, the Macoga dismantling piece remains 100% tight after as much mountings and
demountings as you like. In the component itself, no supplementary seals are necessary. Only the piping components have to be provided with
appropriate gaskets.

Thanks to the extreme flexibility of the multi-ply bellows, a minor flange
misalignment during pipe installation can be compensated without tightness
problems. Possible radial divergences:

3 DN 500 =ca. £ 10 mm

>DN 500 =ca. £5 mm ;7/"

During installation, the Macoga dismantling piece is at one side flanged to the pipe i B P BN
end and then, using the special tie rods, pulled to the components. In mounted - ——
position, the Macoga dismantling piece is restrained. While demounting the piece, S = - //;, W,
only the connecting bolts must be released. The dismantling piece will spring --\\J. o ’ ““:\\\\\\-'\%
back and generate automatically the gap, necessary for easy demounting and R

later reinstallation of the components.
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Reaction force
When using unrestrained dismantling pieces, the following remarks are to be considered:

The bellows put under pressure tends to return in its smooth tube shape. A reaction force "F" is resulting, which can be

calculated with the help of the formulae in section EJMA code. This reaction force must be compensated by the pipe

construction, or taken in account by the layout of the anchor points. If axial movements occur, the spring rate has also to be

considered.

Proiection fube for undemground Installation
Underground installation

Macoga dismantling pieces are suitable i
for underground installation when = £ + .
equipped with outside protection {F’:@—/— — L e _@
sleeves. i — —H]|

a8 ) 4 NSy
Execution

- Without tie rods, not for/ for underground installation.
With this solution the end thrust pressure must be taken by other pipe components.

With tie rods, not for/ for underground installation
With this solution the end thrust pressure is taken from the dismounting joint.

L | o
: H——— i |
= o = |4

, J y '\'\-\‘\-\: - :-"'\.
oy Ll L - | § < m o ' . o
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Example of Special application : Bellows installed on Valve

I
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