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STUDIES ON HIGH PRESSURE GASKETS.
By Saun-icut Uchipa* and ‘YOSHI'["ADAI_S.UEZAWA.* :

L4 Y
) 1. Introduction.

With regard. to the design of high pressure chemical plant, the preventioh of

lealtage of the working fluid from joints is of the utmost importance. The work

was taken, up from this point of view. v

.

2. Previous Works. ‘.

_ A glance over earlier works is not out of place here before entering into
detailed description of our present work, 7

A gasket joint of simple design as shown.in Fig. 1 is chosen, because it is

fundamental and convenient to apply the results obt#xined therewith to high pressure

joints of particular design in which we have particular interests. - -

Let p,=working fluid pressure,
¢ =thickness of gasket before tightening joints,
b =width of gasket before tightening joints, /

P,;=initial total bolts load caused by. tightening joints,

then, when the working fluid is perrhitted to exert pressure the force £, will increase
by AP, and assume the value of P,,. The joint will expand at the same time
axially, stretching;'each bolt by A/ -

Hence,

Pra—Po= APy=AEa AL oo, (1)

where.  A,=total cross-sectional area of bolts, -
' / =natural length of each bolt,
. [ ]
FEy,=modulus of longitudinal eclasticity of bolt matgrials.

The process will make the gasket recover its thickness by A/ which wil reduce

the contact force by A, making it to assume the new value of 7, or
ﬂl;szAI’!,=A‘,EqAI/t e (2)

where A,=a(y—’)=contact area of gasket,

E,=modulus of longitudinal elasticity of gasket materials.

0
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FLgrtllérnxore. the following relation holds:
PI£=R)+Pg ............ .'..:‘......“..;........ ......... ........‘._(3)

where B, is_the axial force excrted by the fluid pressure p,, acting upon the area
A, as will be discussed in the next section.

Fig, 2 illustrates the diagram of these relatidns- between loads and. elongations.

In an ideal case, even if the residual contdct (or gasket) force P, reduced to
nothing under the fluid pressure, the prevention of leakage of the working ﬂmd
from joints could be attained ; but actually it is not the case unless the force P,
" or the so-cal]led residual gncan Gasket pressure 2, (=F,/4,) assuines the value \
somewhat larger than the limiting one- to be found experimentally. .
' Accordmcrly in every actual case, it is necgssary to takc an adequate value of
the initial total bolts load /3, in order to prevent the leakage of the workmg fluid
from _|omts
Table 1, compiled from the data found in some recent lxterat‘ures, gives the
values of thé residual mean v'hket pressure-on contact surface and the initial bolts S

load m,cessary to prevent the leakage from joints.

3. The authors’ theory and.its. application to design.

As shown in Tuable 1, the v;tlues of the initial total bolts load or the residual
mean gasket pressurc on confact surface vary so, widely that the désigner finds it
very difficult to chocse proper ones. 7
o The fact may certainly be-die to the diversities of experimental conditions,
especially of the manner of tightening the flanges, the dimension, ratio of gaskets

to flanges (especially the diameter of pitch circle of bolts) and the number of bolts. .’
" Furthermore, the assumptlon of the cilective area on which working fluids act ‘may
come into ‘question. ' :

In this conmnection, the authers are of the opinion that the effective diameter
of the circle in which working fluids act is the inner diameter of gasket, and that, .
with regard to the critical leakage pressure; the t_'acé that the distribution of the
initial gasket préssure on contact surface is 116t uniform must also be taken info
consideration. Accord‘nglf the ‘minimum gasket pressure g, on contact surface
will be discussed, being based on the working fluid pressure p,.
These considerations lead to a set of equations of more ufeneml apphuabxhty than
the usual ones, as follows:— ] |

. Let he distribution of the initial guskéf:préssurc on contact surface. be expressed .

by the equation, .
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where p is the distance betwecn the centre of any bolt and any point on the
: . L
clementary corresponding area A, B, [y 4, of contact surface as shown in Fig. 3,

namely,

: [V~ gy -y NSO () -

in which ¢ and # are constants, the former being determined by boundary conditions

and the latter experimentally. )
" From Eq. (4) & (3), it fol]ows that

at,

Iy
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P (6)

T VE—2Ry cos O+ B

The equation of equilib‘rium of forces acting upon the area 4, By B, 4,, i. ¢,

/0 . @0 Ya
- Lep={[maa
0 ':'1 -

-

and the above equation (6) leads to the following equation,

6o T2

Po=-2% j rHd e
" A [ J v(7*—2Ry cos 8+ Ky <7)

From this equation (7) the constant ¢ is detertined and so Eq. (6) gives the
initial gasket pressure at any point. For example, at the point 5, where the

pressure is minimum,

00 . -Phl

=pa=o . fm 8
Pn=Pmin 2n I, V(yf— 2Ry, aos b+ K ( )
in which ’ .
%0 T2 - ’ (i . . } \
]n=j j rad T (9) ‘ .
On"\/ (F—2Ry cos 0 + &)
Table 2 gives some values of the integration of 1,
Table 2. !
71 Te 4 A
41 ) 43 0.0734 ' 0.0163
” 45 - 0.154 i 0.0350
" 4.7 - 0.24% 0.0562
» k 4.9 . 0.336 0.0805

(R=8.5 0,=x/8)
‘When the {vorking fluids act, the minimum initial gasket pressure on'_ contact
surface caused by tightening -jaints reduces to the value: -
~ where @ is defined by
AP =uP, }
or AP=(1—a)F
" Hence. remembering the relations expressed in Eq. (1) & (2), it follows -that

~
4




“the fomicr*s’ection it is apparent 'that the initial tightening force 75, should be

" ratio of Jomts But, the* Lhemetlcal Lonbldelatxons based upon non-uniform distri-
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a@. A Bt . . x
1—a  AES ) . .
- . . ~
’ or- g:-ﬂ;— T (11)
_ , AL+ AEL
/ . ! » H . - -t .
To prevent entirely the leakage of the working fluid from joints, the next
equatlon must: hold, i. t., .
: il 0| - -
Pmin— (I_a)j . . ‘ . ‘
i : ’ e e e e veeen(12)

o 21— )L

On the other hand, from various experiments and expericnces as described in

greater than the hydxauhc foree Fy; hence; we can put in general

P,,l_P‘, TP, e et e e as ' (13) 7 o

whelc X is the cocf'ﬁmcnt of addntloml force. -

In' calher works the coefficient & was-regarn ‘ded as independent of the dlmensxon

-

bution, of mmal gasket pressure lead to the conclusxon that z depends upon the .
dimension ratio of Jomts N

) Let the ratio 4,/A, be denoted by a, then from Erom Eq. (13) we.obtain

sz(a'*-;b)po g seesererenanes V R R R TR R PRI (14)
On the other hand, ~° 7

})li-l:pvu'Ai; ....... {...................A.................f.‘.....(l5)
lience, from Eq. (14) & (15) we have
T ' .
— p’u — Pm Puin B ; .
- a+x PO § {4
. 2o Pnin Do, - ( ) '

To prevent entirely the leakagc of the workmg fluid from joints, it must kiold

at least as the po:tul‘u.c of Eq. (12) that

Pain=(1— a)To—z'(,I —“)dﬁo ’
. A, .
N “or Bin_ —(I—a)o ........ P SO ~.(17)

. Y 2

\u'mdmcr}v from Pq (16\ & (17) we oht'\m («)llr)\\mg equatxon,
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fo-otestfo

For the special case of a=o0, 5

. 3 t_( LN PR (182) ’ y;?
: N Prin : A

or, remembering Eq- a7 / /vy/

.Sy T RN T N
' v /N .
. ’ @ It
" Fig. (4) shows how the value of x varies,” © ! b 3 4 5
with the dimension ratio of &/r; and the ex- ~ Fig. 4.

perimerntal constant #z in the case of R/y,=2.07, by=7/8 & a=0; by which we
can readily recognize the facts mentioned above. : '
With a set of equations thus obtained, we caﬂﬁow easily design the gasket
joint ‘of simple type in the following way.
< First assume the main dimensions of joints-and the number- of bolts, as tl}e
inside and outside diameter of vessels and the working fluid pressure g, are givz:n
. and also the constant 7z is known**¥, ‘
Then -we find the value of Poif Drin from Eq. (S) & (13), calculating the value
of 7, by Eq. (9). The cocfficient of additional force, #, will also be determined by
Eq. (18) with the value of « computed from Eq. (11). The minimurh value of the
initial tIO‘htemrvJ force P, will be thus obta'ned If the value of 7 thus found is
, not appropnate in view of the strength of holt materlals the first assumption should
. be modified and the calculation be repeated. In this way we can finally decide

- " . the adequate main dimensions of joints and the corresponding initial tightening force.

4. Conclusions.

As above mentioned, theoretical considerations based upon non-uniform distri-

- bution of initial gasket pressure have led to a set of equations of more general
applicability than the usual ones. With the aid of these equations we can find the
numerical values requisite in the design of the gaskef joint of simple type.

The present paper is the contribution by a member of the Committee to the
* Sexagintof Dr..S. Horiba who is the Head of the 15th Special Commlttee of Japan ..

Society for the Promotion of Scientific Research.

The Tokyo Institute of Technology.

#*% |n our preliminary experiments where A’/r,$2.07, 1'1/75=o.145~o.19-5, 08,=1f/8 and a=003,
the value of the contant » fell near 1.8. -
‘ f _ ' C





