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Elastic conical  packing devices are widely used in different types of locks for high-pressure equipment. They 
have a number of advantages in comparison with plastic packing: insensitivity to temperature fluctuations, the pos- 
sibility of using the lock many times, lower loads acting on the structural elements, the possibility of radial self- 
sealing, ere. At the present level of technological development, the more stringent requirements for the quality and 
precision in machining the sealing surfaces can hardly be considered as a serious drawback of these locks~ 

In spite of the fact that conical packing devices with a smai1 tapering angle are widely used, there is a lack 
of systematized data on their airtightness that could be used in designing locks of this type. Berger's method [1], the 
basic principles of which are still unknown, is used in design practice. The method for calculating two-cone locks 
[2], which has been used lately, seems not to have been substantiated either. 

The present article describes the results of an experimental determination of the minimum specific force q(kg/cm) 
[or the specific pressure p(kg/cm2)] acting along the normal to the cone generatrix which would secure the air- 
tightness of the joint in dependence on the pressure of the medium, the hardness of the material  of the parts to be 
made airtight, the finish quality of the sealing surfaces, the dimensions of the packing (the angle of the cone gen~ 
eratrix, the mean diameter of the packing, and the width of the sealing surface), and the properties of the medium. 

The experiments were performed on assembled steel specimens, composed of a lid and a frame wkh conical 
sealing surfaces. Gas from a high-pressure compressor was supplied to the inside of the specimens. The specimens 
were pressed in a membrane oil press (Fig. 1). The compressing device of the press consisted of the upper and the 
lower lids with free flanges and two annealed-copper membranes resting on the inside washer and hetd by the central 
bolt; along the periphery, the membranes were clamped between the lids and the flanges. 

The specimen under investigation was mounted on the upper lid of the compressing device and was pressed up~ 
ward by means of a wedge mechanism until it came into contact with the upper plate of the press. A manual press 
was used for supplying oil to the inside of the compressing device, the upper and lower cavities of which communi-  
cated through a channel in the bolt. 

Due to the pliability of the membranes, the compressing device exerts the pressure Pop on the specimen: 

Pop = gpoFop 

where Po is the oil pressure recorded by the pressure gauge, Fop = 0.785 D2op the operating area of the compressing 
device (Dop = 20.9 cm is the inside sealing diameter of the lids), and g a correction factor which takes into account 
the resistance of the membranes to the extension of the compressing device; according to a preliminary calibration 
of the press (performed by compressing a hydraulic dynamometer with tensometer gauges), g = 0.91. 

In performing the experiments, a certain given compressive force was created by supplying oil to the c o m -  
pressing device. The test pressure pg was then secured by supplying gas to the specimen. After this, the gas valve 
was shut. After a few minutes, the gas pressure inside the specimen was recorded. If  it dropped to p'~, the compres~ 
sire force exerted by the press was increased, and the exposure was repeated, beginning with pgo T~s  operation 
was repeated until the gas pressure ceased to drop. 

* Candidates of Technical  Sciences. 

191 



L_ -LL[ _ L ~ P  ressed 

Fig. 1. Mounting of the specimen in the press. 
1) Press plates;  2) columns; 3 and 5) lids of the 

compressing device;  4) membranes;  6)flanges; 
7) inside washer; 8) center  bolt;  9)specimen; 
10) shims; 11) pressure gauges. 
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Fig. 3. Effect of the packing width b on: a) the 
specific force q; b) the specific pressure p. 
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Dependence of the specific pressure 

p on the air pressure pg. 

q, k g / c m  

700 

GO0 

500 

~00 

300 

ZOO 

I00 

J 

J 

f 

IOQ ZOO HB 

Fig. 4. Effect of the hardness of the spec i -  
men 's  ma te r i a l  on the q value for b = 2.2 cm.  
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Fig. 5. Dependence of q on the air pres sure 

pg for different quali t ies  of finish of the sea l -  
ing surfaces(b = 2.14 cm ; ct= 11~ Dme=8.48 cm).  

An exposure t ime of 3 min was used; in each test series, 
it  was increased at random to 6 rain or more.  For small  vo l -  
umes of the gas system (the inside volume of the specimen 

and the adjoining pressure gauge tubes), not exceeding 30-40 cm 3, the above method makes it possible to determine 
the moment  when airtighmess sets in with an accuracy sufficient for prac t ica l  purposes. 
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The q and p values were ca lcu la ted  by using the equations 

Pop - -  0 . 7 8 5 D ~ e  pg  
q =  tg~,~ 

DmeSln e 1 -t- tg ~ } 

P o p - -  0 .785D~e  Pg 
p - -  

where D o, Dme,  and D i are the outside, the mean,  and the inside diameters  of the packing,  respect ively ,  a the angle 
between the cone generatr ix and the specimen 's  axis, and ~ the friction angle ( tgo ~ 0.16 [3]). 

Figures 2 and 3 show the graphs plot ted with respect to data from experiments  in air on specimens made of 
steel 45 with a hardness HB 197 for a class V9 surface finish (c~ = 5*40 ' ,  Dine = 8.72 cm).  Figure 5 shows the depend-  
ence of q on the finish qual i ty  of the sealing surfaces. Final ly ,  Fig. 6 provides the results of experiments  performed 

on the same specimens,  but in different gas media .  

Experiments performed with the aim of determining the dependence of q on c~ and Dine have shown that the 

angle and the d iameter  of the packing hardly affect the q value.  

The q value increases with an increase in the pressure of the medium.  For pg > 180 k g / c m  2, this dependence 
can be considered as a rec t i l inear  dependence with a sufficient degree of accuracy  (for pg < 180 k g / c m  2, it  appar-  

ently becomes nonlinear and not ent i re ly  re l iable  : The effect  of distorting factors - the r igidi ty  of the membranes in 

the press and the inconstancy of the friction c o e f f i c i e n t -  becomes pronounced in this case [3]). 

The hardness of the mate r ia l  exerts a considerable influence on the q value.  Thus, with changes in hardness 
from HB 111 to HB 207, the q values (air pressure: pg = 350 kg /cm ~ increase by a factor of 40% for a packing whose 

width is b = 2~ cm (Fig. 4). For narrower packings,  the effect  of hardness is even more strongly pronounced. 

The quali ty of finish of the sealing surfaces great ly affects the value of the specific sealing force~ For in o 
stance,  it  follows from Fig. 5 that ,  for V8,  the q value (pressure: 350 k g / c m  2) will  be almost twice as 1urge as 

for V9. 

It is assumed that a continuous contact  zone is formed neither  for a V8 finish nor a V9 finish in the case of 
wide packings.  Actua l ly ,  the height of microroughnesses on ground surfaces with c tass-V8 or c lass -V9 finish a t -  

tains 0.8 and 0.2/1, respect ively,  i . e . ,  it exceeds by a factor of several thousands the dimensions of d ia tomic  gas 

molecules .  

Since the leakage of a gas in its laminar  flow through a long charmel is proport ional  to the fourth power of the 
c learance  [4], the airtightness of a packing in the case of elastoplast ic  compression of the outlets will  main ly  depend 
on the quali ty of the finish. 
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Fig. 6. Effect of the gas medium on the q value 
for b = 2.2 cm. 

The character is t ic  dependence of q on the packing width 
was also established exper imenta l ly .  For instance,  it  is seen 
from Fig. 3a that ,  under constant gas pressure, the q value i n -  
creases with an increase in the width b and that this increase 

becomes gradually slower. Beginning with 16-20 mm,  q re,.. 
mains p rac t ica l ly  constant.  Thus, an increase in b.beyond 20 
mm will  not cause a not iceable  increase in the q value.  

The decisive factor in determining the r f in imum p a c k -  
ing width( i t  is always greater than 20 mm in indus t r ia lequip-  
ment  locks) is the protect ion of the sealing surfaces from 
overloads in in i t ia l  t ightening.  For instance, in the ease of a 
simple conica l  lock, the packing is loaded with a specific 
force 
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0,785D2me P'g 
q t=q-b 

=Dmesin=/1 + tg~ ~" \ tg,z / 

A packing with greater width is less sensitive to chance damage. 

If we assume that the quality of finish and the machining accuracy are uniform over the entire cone surface, 
the elastoplastie deformations of microroughnesses will develop uniformly over every square centimeter of the surface 
due to the constancy of p. Consequently, the residual clearances will correspond to a certain given p value regard- 
less of the packing width. 

This assumption agrees with the fact (see Fig. 3b) that the width of the sealing surface must be increased in 
order to make the packing airtight in the case of higher gas pressures. 

The results of comparative experiments with air and helium (Fig. 6) show that, for the same gas pressure pg, 
the q value for helium (which has smaller molecules and is characterized by a higher penetrating ability) is always 
larger than for air. For instance, for pg = 350 k g / c m  2, the q value for helium is higher than the q value for air by 
20% 

The above also confirms the assumption of the labyrinth (capillary) character of hermetic sealing of a wide 
elastic packing. 

In the gradual compression of a nonhermetic joint, the hydraulic resistance of the microclearances increases, 
and the forces of molecular interaction between the metal  and the medium should become more pronounced as the 
sealing surfaces come into closer contact. In the case of conical packings, this process is even more effective than 
in the case of fiat packings, since, with the slipping of the packing cones with respect to each other, oxide films are 
destroyed, and the unoxidized metal surface is bared. At the moment when the inside gas pressure is balanced by 
the action of these forces, virtual impenetrability of the packing is achieved. 
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