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ACTUATION

Thickness sizing of
graphite sheets for
valve seat rings

piston

In a previous article (Valve
World, October 2002, page 35)
we described the wide range of
applications offered by the
piston valves, emphasising the
new technology used to
manufacture the key
component of such valves, that
is the seat ring of graphite and
metal layers. To be effective in
various operating conditions,
this apparently very simple ring
needed a very detailed
theoretical development and a
long series of tests and
measurements. This paper
describes some aspects of such
development whilst refraining
from all the mathematical
details involved (these can be
found in the full version of this
text on the Valve World
website).

By Mr Raffacle Angelini, Cesare Bonetti SpA.

Let us describe the problem in
its steps:

1) Graphite piston valve rings made of pure

expanded graphite in their standard height
£

are rapidly destroyed by erosion;

2) The assembly of graphite layers separated

’ Y PLE )
by metal rings vields no improvement if
the graphite layers are still thick (say 3

mm or more), since we would again be

in the situation under 1);

3) To reduce the shear effects the graphite
layers are made thinner and thinner;

4) If the graphil‘c Ia}'crs are too thin, the
portion pmlruding from the metal rings
towards the piston may be cut and eject-
ed by pressure when the valve is closed,
so that the tightness is lost;

5) Challenge: find a graphite layer thick

enough to avoid the problem mentioned

under point 4), and sufficiently thin to sat-

isfy the requirement included in point 3).

It is well known that valves are installed
components which often have to meet con-
tradictory performance requirements: pro-

ducing flow but not reduce head values, re-

ducing fluid pressure, evaporating, not evap-

orating, not cavitating, controlling flow and
even more, depending on plant require-
ments. In the end, after having been open

under erosion conditions, the valve is re-

quired to stop the flow with strict tightness.

This is the pr()hh‘m,

Given the problem, it is worthwhile going
through the mathematics and technology to
find a solution or, taking an easier route, to
consider just the premise and jump to evalu-
ating the conclusion. We will restrict our
analysis within the range of the piston valves
(see Figuresl and 1a), a rather old series (in-
vented 90 years ago), but still quite often

used given its various advantages.
£ &

Graphite gasket material

Experience has shown that only limited use
can be made of expanded graphite as gasket
material for piston valve seat rings. In fact,
dvspilv its m‘.aling qua!il_\' - one of the best
among toda_\"s tiglm-ning materials - in a
broad range of operating conditions, expand-
ed gt':\])hitv is |1rac'litrai|)' excluded from
commaodity valves produced in largl- series.
This is due to the poor resistance of gmphilc
against fluid jet erosion and shearing stress,

whereas an isolating valve may be required
g )

Fig. 1: Cross-section of a piston valve,
unbalanced piston design.
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Fig. 1a: Detail of a piston valve
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Fig 2: Thickness sizing of graphite sheets

at any time to tighten a vessel, whether or
not it is under no flow and pressure condi-
tions or after a high pressure fluid flow has
crossed its seat. In the latter case, the tight-
ening surface of graphite is certainly dam-
aged and a leakage will occur, making the
valve unacceptable.

Graphite layers, whose thickness corresponds
to the length of the fluid path through the
seat (approximately 10 mm), became deeply
eroded in a short time by the fluid flow
under a relatively low pressure.

Assembling several graphite layers with
metallic rings placed between them is not a
solution as such, since by reducing the
graphite thickness the graphite shearing
stress and strain in the proximity of the
metal/ graphitc' connection surface is not
eliminated. This is because the metal and
the graphite should undergo an identical
strain, but the Young modulus of the first
material is around a hundred times greater
than that of the latter, thus trending to cre-
ate a sort of local critical stress which can
be reduced making the layers thinner. On
the other hand, a graphite layer which is
too thin cannot cope with the shearing
stress imposed by static pressure when the
valve is closed.

Thus we have to determine whether a thick-
ness value can be estimated where the strain
is so limited, the weakness induced by shear-
ing is so reduced, and the operating condi-
tion is so close to that of simple pressure
load, that erosion cannot be initiated; on the
other hand, the tightness is safely guaranteed
when the valve is closed under pressure.
Such a determination and calculation is the
purpose of this analysis.

Moreover, since erosion by liquids is much
greater than that of gases or vapours (all

other operating conditions being equal), lig-
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uid flow only is being considered here.
Obviously, we do not take into considera-
tion various different technologies, such as
the one where the metal sheets are pierced
“grater” type, since there is no reason for
this treatment, and we experienced that the
scrapes against the piston and the holes
through the graphite lead to piston damages
and stufting leaks.

Experimental results

Over and beyond the commonly accepted
technical principles, the following points, all
checked by experiments and instrumentally
measured, are set out below:

-Graphite elasticity compression modulus E
is negligible in comparison with that of
stainless steel (2,000 and 200,000 N/mm2,
respectively: when considering the graphite
strain, metal strain is not taken into ac-
count);

* Graphite elasticity shear modulus G UE is
not much less than/and not equal to the
compression modulus E (the expanded
graphite sheet during the production and
assembling of seat rings is pressed to such
a level that it will withstand the shearing
stress in operation and at the same time
maintain an elasticity sufficient to permit
the necessary tightness when the valve is
shut off);

Anisotropy of graphite rolled sheets affects

our calculation at two different degrees: a)
the direction of the fluid jet crossing the
graphite rolled surfaces, b) the orientation
of rolling, which makes the cylindrical sur-
face resulting from construction circular

cutting non-homogeneous.

Point a) yields a systematic reduction of re-
sistance to erosion throughout 360 degrees
and no reduction of graphite shear resistance
when the valve is closed; point b) yields a
reduction of both types of resistance, with
minimum and maximum each 90 degrees.
Therefore the annular graphite layers are as-
sembled with different orientations, and we
take the anisotropy effect into account by
means of factors related to the worst condi-
tions, which allow the max operating pa-
rameters to be kept safely below the values
tested or calculated.

* Both graphite modula G and E are con-
stant within the pressure/temperature op-
erating range delimited by the ANSI 800
rating of carbon steel, united with the
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ANSI 800 rating of stainless steel and are
therefore within all other ratings included
in this union,
Within the range indicated above, the rela-
tion of graphite stress versus strain is linear;
that is, the parameters are constant (Hook’s
Law is valid).

Central assumption

And now, the central assumption (experi-

mentally verified, as indicated above) which

is the base of the whole calculation:

* Due to the graphite’s flexibility, the
shear stress is not constant in each sec-

tion but changes according to a linear

IS =
"= B E o
HEETY:
= ; B i 3
H FEiY
=

A i '

f.'? |

RN

Fig 2a: Thickness sizing of graphite sheets
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Fig. 2b: Thickness sizing of graphite sheets
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Fig. 3: Thickness sizing of graphite sheets

function of depth, starting from a maxi-

mum in the medium cunﬁning surface to

zero in an internal point of the graphite

(towards the outside of the ring) which

distance (max depl‘h 1) has been meas-

ured for the maximum rating pressure:
such linear function for shear
stress/strain is, on the other hand, in
agreement with (and also determined |))’)
the deformation imposed by pressure,
which in a homogeneous material (as
graphite is along the concerned direction)
is linear (lct‘rcasing (the pressure bcing
constant through the layers, whilst the
shear stress decreases). As a first order
approximation, we consider the distance

M constant along the whole thickness

(Figures 2, 2a and 3).

The calculation is developed, as of course

all calculation based on strain/stress rela-

tionship, taking into account that, locally,
the univocal leading parameter is the strain.

The other parameters, i. e. pressure, inte-

gral forces, balancing reactions/ momentum

and local shear, will comply with the rele-
vant equations just including the strain pa-
rameter.

We apply the various equations considering

the case of turbulent flow starting with the

relationship between flow jet velocity and
inlet/outlet differential pressure in a fitting
piece or valve, particularly with atmospheric
outlet pressure and an inlet pressure equal

to or more than 0.6 N/mm’.

In this way:

* the whole operating condition range de-
fined at the beginning is covered (mini-
mum rating, PN 6)

* flow rate and velocity depend on the inlet

pressure on Iy.

Graphite strip
The analysis is carried on considering a strip
of a graphitc In’\'er‘ Imm wide, with a
length along the axis to be determined (the
required layer thickness) and a depth to be
determined also, corresponding to the dis-
tance from the contact fluid/ graphite to the
point where the shear stress linear decreas-
ing along the radius is null (see Figures 2,
2a and 3). We obtain an elementary beam,
where the load and momentum are in no
point balanced by tensile stress, only by the
preloading of graphite, where we have to
evaluate the different shear value due to the
load distribution. The beam “length”, the
layer thickness, is calculated through:
* (1) evaluation of pressure loading along
the beam length (the layer thickness)
* (2) the momentum progress of the pres-
sure loading along the beam
* (3) along the same axis, the shear force
progress (derivative of (2)
* (4) the integration of the shear stress along the

radial axis, which must be equalised to (3).

After various passages, the stability of the
strip above defined is stated by a second
order differential equation and its physically
possible solution.

As expected, the maximum shear value is in
the connection metal/graphite and depends
on the layer thickness. In order to obtain the
fluid veil near the seat and avoid erosion
(Figure 4), the shear stress must be much
less than the limit shear stress of graphite.
This indicates that the layer should ideally be
thin, as we knew since the beginning, but
now we dispose of the formula of shear de-
creasing versus thickness.

Then we have to evaluate the layer thickness
necessary to resist the shear stress given by
the static pressure when the valve is closed,
which indicates the layer should be thick and
obviously, we dispose of the simple formula
of shear resistance versus thickness.

Crossing the two conditions we are lucky
enough and find a range of values satisfying
both of them. The range is rather restricted,
almost critical, although workable from the
manufacturer’s point of view, and covering
all the pressure range stated at the begin-
ning, that is from zero to over 100bar.

The other main parameters selected to man-
ufacture the whole range of ring sizes and
compatible with the temperature/pressure

ratings stated above are:
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Fig. 4: Thickness sizing of graphite sheets

E=1500-2000N/mm’
max op pressure=max shear stress:

14N/ mm’.

Note: it is possible to operate at a higher
I | g
pressure (up to 25N/mm’) as I(mg as spccial

PI’L"C«]UtiOI‘IS are taken.

Conclusion

For all seat rings, all sizes, all operating con-
ditions (any fluids except oxygen, pressure
up to 100bar, temperature up to 550°C)
same graphite thickness! We are confident
that, given the very simple conclusion and
the considerable advantages achieved, readers
will forgive us the cumbersome theory and
the time spent in the various tests will be

com])cnsatcd P .
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