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R;';!~u;e 0: ::.. tigh- ;ncssu:-c vessel occu:s when the s:resses which arise under the action of the in:erilal p:es­
sure in the \,I<;.l!; of the vessel "t::'. ;1 a de:~ .. ':'te masnitude . whose value depends Oil the strength of the mc.terL:. 
used fo: mahln.; the vessel . 

0,;u:.11y . the . " ~..;n of a ves.iel kads ,to a C:etermination of the pressure at which the stress at :he inner wall 
attains t~e yielc s~:~.,~:; ... of the mate:-~~~ . An app:oximate solution of this problem is given by nu;-nero;.s theories 
of st:engt:-: . :t is known from ex?e,':ment th:lt thick- walled vessels sustain . before rupture. a pressure substar:tially 
l.:.rser :han ::1£:.,( ~.z.lculated flom these theor~es . This tap2erls as a consequence of the fact that a signific ant 
amount of 1V0rk- :,a:c!ening of the mate:fa~ occ urs during plastic defo:mation . and the stress distribution is improved 
in tf".;; w - calleci ?lastic zone [1) . However. even for the best modem steels. the rupture p:essure of vessels. in 
which £:. plastic layer is spread over the er.:i:e thic:{r.ess of th-'! wall , does not exceed 20 .000 to 25 ,000 kg/cm2 . 
In o:der to lncrease the pr.::ssure which a vessel can sustair:, it is necessary either to lower the stresses in the walls 
0: the vessel , or to have materials for its constructiorl which possess much Gigher strength than contempo:ary steels. 

::~g . 1. ?inciple 0: ,;,e construc­

t~orl of ::~C wedge vessel . 

Various methods . described repeatedly in the Eterature , 
£:.:e usee for lowering the st:esses in the walls of a vessel -
methods of hydraulic and mechanical backing . the method of 
concentrating the basic load on arl area sun'ounded by a large 
mass of unloaded material . etc . (1). 

:n recent times , an impo:tant trend in the cor:struction 
of high- prcssu:e apparatus is the method of replacing tensile 
stresses in the structure by compressive stresses . This makes 
use of the raet that the strength in comp:ession of such materials 
as tungsten carbide and hard steels is 3 to 4 times as la::ge as 
the strength in tension. This prir:ciple is applied . fo: example , 
iI: a structUIe which 'is known under the name of a tetr::hedral 
anv~l (2), and it permits. even no\.,r . the attainment of presst,;res 
up to 200,000 atmos in conjunction with ve ry high tempera­
tures ir.sidc the app8::atus . 

::: : ,.c_ .;~-:. four pi,tons ",(lye in a hi::," :.' V~SC()t.:5 r:.cdium (?: ;.::!~yl::'te) in a direction ~oward a com-
:~~ . .: ~~ L. _ "._ ..... _ . • ""_' , .... • --'""' ;-.v~'" .-.: I":;:~ e;-.. c. ... G .. ~~. ~v· ... i:..~:or,$ , .)e: ... (:.~.J. \..,:~:.. ch!.l ~::c py:op:"yl:i:e p.:c:d.~g SU?.?~,,-:~~S 
:;-: .... :7". ~G:r:-4 ..... te: .. : .. : .. ..: ~.:.:: " .( ... .;~: w ~.~: {j, .. ~/ .. 7:-c~:ure .. Ti:us, two fundar:1entCJ.l p,.:~j:cms are solved ir;. :hc. tc: .:-.& . .......... :~l 

c..=n~~ ... . ~ ..... ~ .:~: .) .... :~ ,,:, v.:~ 0 . .- .. : ...... :-.10V~~-"~ p~ston f &;1G ~he C:C::~~O;1 o~· a "vessel" fo:: l~gr . .?~~SSu:e sust~1n!.ng ex::emely 
,. ~::,:.:. ~~'\"" .. ;;\,.."" ,:",10... I",,:;:: ~ClliiJera~~:cs . 

1327 

-.,- -~-- --



.' '/;'j 
u" - .... '_~ ~ ___ -----.: 

/J 
'//: , I 

7 -~7J ., 
f/ //, 
fa') 
\-0~ 
///1 

'p 

;?ig. 2. Dla8r.::m of :he const::uc:ion ot an aj)?.:lr:;tus 

Hoy/ever , ti1C tv/a ifldica tcu p,c;)le :m 
can "Iso bc solved seij a~at\'ly W,:i1 the us,,-
of the ;;~'ll1e principle 'dhich is u:..:d :;1 the 

b3$ic tt.:~r"nedral anvIl. Wi~:lGut dv:e::.l;}t; 
on thc sU[lport of the pistoa, let u~ cz;ml1r.e 
the jlwbkm of male i.,:: a !l i:;!l- str'::11)h p:,,:­
sur~ v\.;ssc.l . Let us :cca~1 :-.0\'1 ti~_c.~-\" allc.d 

vessds act at pre"sures (;xcecCing the ult.lTj­
ate strength of the m,.teri:ll . A pl<!ct:'c l<..:ler , 
in whiel. ti,€. equivalent sti"c:~es h<!ve ;: con­
stant value independent of the p:c$;ure , is 
for;Twd on the inecr f:ner, of t1:-: vessel. The 
thickness of the p!a"tic 1:1 yer incre:lses with 
incrcasinJ intern;d prc;s~!l:": , :: Lu':j , ~ out 
that the cyEilder c;:n be d~v;'c:(;d i;-.~o two 

with a wedgc ve:;sei . L.iyero - plJstic anG eiast~c. The !::tter ~"cp, 
the plastic layer from brea!{~ng. A, "orne 

p:",;.;u::.?, t;.e \!l~stic i;:.yer rll?tt.:,·cs, h:w:.-:C; become t:l~nncr aLe thinner as a consequence of the thickening of the 
pl~.st:c l"yer ;:,ver ;,;orc ,;.;;.'" QO:':: o{ tte wal: tUckness; tilis marks the onset of rupture of the entire apparatus . 
Experi:ne;1t S·,10WS ,h::t high-?rcs.:"':::c ves;;e:s do inc.?ed cr::c!{ on :he outside . 

Ler. us i10W re.:.;::ese;:: ,te high- pressure vessel as m.:;dc of two laycrs: an outer el;:stic ba;:d I , a:-:.d an inner 
layer comis;ing of several hJ.rd wedges 2 \Jig. 1). It is casy to sec that the material of the wedges operates not 
in tensio:-. , but in cor.':iJression, as J. consec:ucnce of which the wedges c an sustain a substantially hig:1cr pressure 
,h.:m L;-,e w,,:is of an ordinary vessel. The prcssure [J.t the inner surf.:.ce of the wedge cylincer (i ,e., tile cylineer 

formec :!O~ t:~e wcGges grour.d in to one anothcr), I:; transr.1itted rh::o;]gh the bOGy of wedges to its outer surface. 
1':le v:::lue of ;:he stress thercby 1s decreased (in the l~r.litlng case of r.o friction between the wedges) by the ratio 

R/ r, where Rand!.. are tr.e outer and inner radii of the wedges .· 
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?ol )r;:.o::?h~c t=[J.r:~:':~on 0: o::muth 
i:1 coo:d1n::.~e:J of p~~~ca c!~spL:..cemcr.'i: 
verSJ.i pressure at the p:ess wl.ltiplier. 

On the basis 0: t:-,is principle, we designee and 

cons;:ructed the appa~a LUs with a high- preEsure vessei, 

.:l diagram of which is shown in Fig. 2. Four wedges 3 

with spherical surfaces are careful!y gryu;;d to or.e an­
other and placec! in a steel band to form the high- pres­
sure vcssel . The .1ppararus is closed at the bottom by 
the plug 5. A small steel c ylindric::l pisi:On 6 is pl;::ced 
.:It the top in the bore formed by the Hedges. T:1e pres­
su:.:: on this piston 15 crea·ted by tne conical pistor. 1. 
The shape of this piston was selected from the follow -

cO:1siderations. It is known that the geor.1ct:~c"-lly rr.o,t­
favorable form for specimens subjected to axia: load­
ir.3 is a truncated cone. It withsta:-:C:, a lc.rser pressure 
than a cylinc!er of the same area of cross sectior- be­
c::use ~he atoms on the truncated surface have mechani­
cal bonds fanning outward , to the extent that the area 
increases in the direction of the base of the cone . For 

t:1e ~a1.:e rea:;on, we lised wcd.;es who.c shape is nead; that 0: a trunca:ed cor.e . 

:'t::: s?.::cimen u::c:e!" inv(.;stig[.tion is ?l;:ced i~s~de 0: a pyrophyllite cylinder 7, Wr.iC:l is situated in t:,e bore. 
:::u:.:~::::; r::ot~o;-. of the p:ston, the pressure imide the ~o:e increases rapidly , att.:;irling a maxin-.um at the ene of 
~r,e ;~::J:on st:oke. } ... f.-ls i:.5:ant , the cone of the p:'s:on closes the wedge vessel , forming a compact assembly 
c_ ,;::j • .:: v.i' w~L};.;ta;;.c:;;..:; z.. ?,ess~:c t::;te: .h.::: 5:),000 a:::'03 in conjunctio;: lYi:1: a :-Ugh temperature in the given 

'- .... oJ ... \JA~ . 

... -0- _ ._" __ :. 
..... ...... v~ ... 1.. oJ .... : .. "'.::: :~-:'- .2er. 0: t:': . =.;;:):':'c:::~.:.:, ;:,~. :~:-;:~br wedges in high- pressu::e a;:>;:>aratu. was L:st expressed 

U/ .'; . "./. :.':": f.~ ....... ..... Jo., ~~~ ".: ... ~ tiO~ :'~~ :~zeG 2=u.c-;::(:~~: "/ ~rJ. i'L.s ::~r;l0. 

13~8 



J 

. ' ps 

.... $ -

,os -

:c 

::':li -

.or 

:,; t1:;? :;t:l!ctu;.; (;escr!bcd, the cyli.r:d ~iciil ~.:1d conie~,l pistons 6 and 1 operatcd almo:;t 'd~thout b~,eki!1[ (if 
~l: '. lca,~ Cu.: ... , '2 is nut cou;:~eu). whic;l p':::C11tte"; ,I:: (;\·Z;.luation of the p:essure attained from the clsp!acc:ment 
0; til.:: pistc .1'; . Figure:> 5:10\;1& :1 e r'::.i.,:ts of on~ of these experiments in which a small cylinder of bi3muth was 
!)laced i:;,,~":c tIl':: pywjlhyllitc cylince;. The polymorphic trans ormation of bi~rnuth , taking place at around 
'25,000 :lLn0;;, ~.::..: .;cc')~lpanicd by a decrease of voLlmc, is c learly apparent from the brec.k of the curve of piston 
dLpl::cc;;-:e:lt versus prcswre on the press n:ultiplicr. 

It :0.:0\"" frum ':::1 cxamination of Fig. 3. that, in this experiment, there was attained a !">res:urc exceeding 
~,lr::o.;t do;]bl.:: the ?rc~su:.:: of the blsmu:il transform::tlon. It s .ould be noted th;:.t experirr.c. ts carr: _ :ut repeat ­
eJ:y in :::1 app:l:atus 0: :he ir.ciicated construc ion. at pressures of around 50 ,000 atmos and terr.pe~;:.[u':~s to 1500· 

ior seve:a: ! 0t:rs , cJd not leave a:l'J noticeable changes on the internal surf::ces of tte wedge. fo:ming the bore of 
the hiS:: - ?re;;;;;;:.:: v.::sscl. 

Obviously. t!:e HC1it of pressures ;;t:a~nable in an a?p,natus of the described ty?e can be r:..i.;::cl by the a[l ­
plication 00{ oac!dng to the movb3 piston. making he pistons and wedges out of hard alloys and , wl:cn necessary . 
constructic;. v: r.1echa;:ical baekl.n::; of the wedges by known methods • 

M. ::> . Pyshkins!<.... partici?ated in t:-:e work. 
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