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Hermetic sealing applied to electronic components,
parts and units by using thermally reactive compounds
based on synthetic resins is widely used in modern
electronics. However, it is a matter of general
experience that effect produced by hermetic sealing
may not be completely achieved or even brings about
lower reliability of a sealed unit because of cracking
compound, breaking electric circuits and other failures
caused by internal stresses. [1-3].

The paper theoretically researches this problem for
cylindrical compounded hermetic units of the thin-film
electrolytic capacitors.

Fig. 1 shows the scheme of the film capacitor. The
capacitor’s case 3 is represented as thin-wall
cylindrical shell, with capacitor’s section packaged
inside, which is closed by non-hermetic textolite
membrane 4 that has a hole for the contact pin 1.

After the capacitor has been assembled, its open
side gets filled with the sealing compound. The
compound polymerization occurs at 100 °C
temperature. The same scheme is applied to make
sealed units of various forms, sizes and purposes. The
sealed unit may also be in-built into these volumes by
attaching (welding) a specific appliance to a
capacitor’s case.

The case of capacitor is made of aluminum alloy.
The contact pin is made of copper wire. The membrane
is stamped from textolite.
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1 - pin; 2 — compound; 3 — body; 4 — membrane;
5 - stamping a housing

Fig. 1. Developing mathematical model
of compound interaction with pin and shell, and
methods for providing strength and hermetic seal

To research interaction of materials, which contact
inside the water-prof sealed unit, the mathematical
model has been developed, in which thin-wall
aluminum can is assumed as cylindrical shell loaded
over the part of its length (or over the complete length)
by distributed contact pressure and the deformation of
this shell is hereinafter studied [4]. The strength or
rigidity of compound cylinder or disk can be

considered which are subjected to the pressure of the
same value but opposite sign. The interaction of the
compound with shell and pin can be considered using
the scheme of three-layer cylinders (shells), loaded by
contact pressure in the metal/compound interface. The
actual values of the contact pressure can be found from
the condition of deformation compatibility in
compound/shell and compound/pin  contacting
surfaces.

Obviously, the more the value of cylindrical
rigidity is, the easier shell will follow the compound,
and the less probability for compound exfoliation from
shell surface will be.

Analysis of capacitor design allows assuming that
having textolite membrane creates an additional
circular support and in this way shortens the shell’s
length (by a factor of 8-10), which contacts with
compound, increasing its rigidity. Therefore, we need
to check if the substitution of the textolite membrane
for a rubber one, which, because of its softness, cannot
be actually considered a real support to tightly hold a
shell, will not bring about significant shell deformation
in the contact area with compound.

This paper considers a deformation of the can-shell
and subsequent ways for improving flexibility of the
surface contacting a compound.

The formulas derived for the case of the shell with
membrane can be applied for calculation and analysis
of the sealed units all along the height of the capacitor
that extends from textolite membrane to its free end.

So we will consider the constant thickness round
cylindrical shell being forced by the internal pressure
with intensity q (fig. 2), which is symmetrical about
axis and uniformly distributed all along the height of
cylinder of the length . The bend needs to be
calculated for the middle surface of this short shell —
the can of the length I, , that extends from the
membrane to its free end.
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Fig. 2. Movement (bend) dependence of the short
shell middle surface on its length
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It is known [5] that problems relevant to symmetric
deformations of constant thickness round cylindrical
shell are confined integrating differential equation:

4
d y+ E-h y:@ ’ (1)
dz* R®-D D
where y(z) — radial movement of the shell middle
surface points; h — shell thickness; R — radius of the
shell middle surface; E — elasticity module of material;

E-h?

2
D — cylindrical rigidity; 12:A-p7)
Poisson's ratio of material; f(z) — distributed load,
applied to shell middle surface; in our case we will
assume that f(z) = q=const, meaning that possible
irregularity of the contact pressure along the contact
surface will not be considered. Then the problem is
confined to finding function y(z), i.e. solving equation:
4
d y E-h y=4 q ) (2)
i' R°-D d

Using Krylov functions [6] which are described by

expressions:
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the final bend expression is represented as:

k2+k k
Y(Z)=4'a'2— ,(B2)-
ky +4-k -k, @)
Ky -k, +4-K, -ky
—4-a —__3k ,HZ+0£ 1- k ﬁz
k2+4 k; kg ( [ )J
P
where  4DB". K (Bl,)= =012 3.

The formulas derived for the case of the shell
without membrane can be applied for calculation and
analysis of sealed units of capacitor whose textolite
membrane is substituted for rubber one (or absent at
all), e.t. it does not limit movement of the capacitor’s
shell.

Fig. 3. Movement (bend) dependence of the long
shell middle surface on its length
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Now the constant thickness round cylindrical shell
with the bottom at the left end, what means the shell of
the length [ = 1, + I, (long shell) will be considered.
The internal pressure of intensity q is distributed along
the length [, of the cylinder at the right end of the shell.
The bend calculation of the cylindrical shell for middle
surface points is confined to integrating differential
equation.

The generalized solution of the differential
equation can be represented as the sum: y =y + ys,
where:

Yo =C, -k (B2)+C, -k (B2)+C, -k, (B2)+C, -k (B2)

is generalized solution of homogenous differential
equation, y,— particular solution of that equation.

Method of operational calculus [7] is used to find
particular  solution of the equation yi(z). The
generalized solution of the original equation will be:

y(z):CK (B2)+ G K (B2)+ G K, (f2)+ C, K, (2) +
4Dﬁ“ 1Ko (A(z=4))]- n(z-4)- @)

4D,34 .:1 Ko (Z*/))]-)](Z*I).
The values of arbitrary constants Cy, Cy, C3, C4 will
be determined from boundary conditions.
Solving the  expressions, and
q
4D Ki(AD=Ki. j = 0, 1, 2, 3, solution will
appear as:

Kk (BU=1)) =Ky -k, - (BCI=1,))
k2+4EE3

Kok (BA=1))+ 4Kk Ky (A1)
ik ky(B2)+ )

+a-[L-k( Bz =L )] 7-(2=1)~a-[1-k,( B(z=1))]-n-(z-1).

Formulas (3) and (5) have been used to perform
bend calculation of the middle surface of the short
cylindrical shell (with installed textolite membrane)
and the long one (without the membrane),
correspondently, in points shown in fig. 2-3 with the
following numbers of the shells’ geometric sizes | = 50
mm, [,=50 mm, h=0,2 mm, R=16,9mm. The
material of the shell is aluminum alloy AD1.

The calculation results are represented in graphs in
figures 2-3, where the bend y(z) is expressed in relative
units:

denoting

y(z)=4a

ko (Bz)-

vy

= q .
4Dp*

The assessment of calculation results (graphs)
demonstrates that the bends of the researched shells
significantly differ only in small interval, 0.2 mm, near
the membrane, what means that in the can with
membrane the compound exfoliation may start near the
membrane and furthermore spread, in favorable
conditions, all the way along the compound. Therefore,
one of the recommendations made on this assessment
is to provide sufficient clearance between capacitor’s
shell and textolite membrane.




Cem;u}z 3. Duzuueckue, d)u3uK0-MameMamuquKue, Mamepucmoeedqecmte U mexHojiocudeckKkue OCHoe6bl npu60pocmpoenu}l

To prevent the compound leaking into this
clearance, that can be closed, for an instance, by
rubber-type compound.

For this purpose textolite membrane can be
substituted for rubber one, which will allow free shell’s
deformations when it is forced by the load of
compound. Finally, the flexibility of the shell can be
increased in the area I, where it contacts with
compound and that will be demonstrated in the second
part of the paper.
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MOJABUKHOCTb HOCUTEJIEM 3APSJIA B TOJYIIPOBOJHUKOBBIX
TOHKUX MJIEHKAX PbSnTe

MBanos B.A.L, Kpacoscknii B.B.}, ['pemenok B.®.?
1 Benopycckuii nayuonanvnoiii mexnuveckuii ynueepcumem, Munck, Pecnybnuxa Benapyco
2I'O «Hayuno-npaxmuueckuii yenmp HAH Benapycu no mamepuanosedenuioy, Munck, Pecnybnuxa Benapyco

Ionynposoauukossie coeaunenus A'VBY!' PbTe u
SnTe sBisirOTCS  MaTepUaiaMH € XOPOIIUMH
TEPMODJICKTPHYECKIMH ~ CBOWCTBAMH  a  TaKXKe
WHTEPECHBl KaK MOTCHIMAIbHBIE MAaTepUaNbl IS
JUIMHHOBOJIHOBBEIX MH(PaKpacHBIX aeTekTopoB [1-3].
[[lupuna 3ampemeHHo 30HBI ATHX MaTEpPHUATIOB
mamensiercss ot Eg = 0,18 eV g SnTe mo
Eq = 0,32eV mas PbTe [4]. Dtn coenuneHus
KpUCTAJUTM3YIOTCS B KyOndeckoit penterke thna NaCl
U SIBJISIFOTCSI BO MHOTHX OTHOIICHUSX aHayoramu. [1o
CXOJICTBY CTPYKTYyp coeautnenuii SnTe u PbTe u
OJM30CTH BEIUYUH MOCTOSHHBIX KPUCTAITHICCKUX
PEIICTOK MOXHO TPEAMOJIOKHUTh HAIUYUC MEKIY
STHMHU COEIMHEHMSIMH HETPEPHIBHOTO Psiia TBEPIBIX
pactBopoB. PbTe kpucrammmsyercs B coCTase,
ONMIBKOM K CTEXHOMETPHYECKOMY, M HEe0oOXommmast
KOHIIEHTpAUS ~ HOCHUTENeH  TOKa  IOJy4aeTcs
Jo0aBICHIEM COOTBETCTBYIOIIHIX mpuMeceit
(manpumep, ranoreHoB Juiss nonydeHus N-PbTe wu
IIENIOYHBIX METAUIOB Jyisi  mojyuenust P-PbTe).
Bakancun B TMOJAPCIICTKE CBHHIIA ABJIAKOTCA
aKIENTOpaMH, a B MOJPENIETKE TeJUTypa — JOHOPaMH.
B CIIELIUAIILHO HEJIETUPOBAHHBIX o0pasnax
JNEKTPUYECKHE CBOICTBA B IIEPBYI0  Ouepelpb
OMPEICTISIFOTCS. KOHIICHTPALUEH H30BITOYHBIX ATOMOB
TeJUTypa M CBHHIA. SNTe Bcerga KpUCTAIUTH3YETCS C
OOJIBIIION KOHILICHTpaLuen BaKaHCHUH B
MeTaJUTHYecKoil mozapemnieTke. Bakancun meramna B
KPHUCTAIUTMICCKON pelIeTKe 00pa3yIoT B 3aMpeIieHHOM

30HE JTOr0  MOJYNPOBOJHHKOBOIO  COCTUHEHHS
aKIENTOPHBIE JHEPreTHUECKHEe YPOBHH M JAHHOE
TIOJTYTIPOBOTHUKOBOE ~ COCOMHEHUS HMEET  p-THI
npoBoIMMOCTH. V3mMeHeHne cocraBa cuctemsl PbTe-
SnTe npuBOIUT K MI3MEHEHHIO BCeX cBOMCTB. [ToaTomy
HCCIIC/IOBAaHNE CBOMCTB TAKOTO MOIYIIPOBOIHUKOBOTO
COCJIMHEHUs], TOJYYCHHOTO B BHJIE TOHKHMX IUICHOK
MpescTaBinsieT  OOJBIIOW  MHTEpeC  Kak Uit
TEPMOAIICKTPUIECKOTO TaK " JUIst
(hOTORNEKTPUIECKOTO IPUMEHEHHUSL.

Just monmyyenust mwienok PbSnTe Beibpan meron
TEPMHYECKOTO  BaKyyMHOTO  HAaHECEHUS  THIA
«ropsiaeit cteHkw». [Ipu 3ToM MeToie IepeHoc napos
WCTIapsieMOT0  MaTepHayla MHWIINECHH IPOXOAUT B
LWIMHAPUYECKOM KaHalle, TeMIepaTypa CTeHOK
KOTOPOTO HE HWXKE TeMIlepaTypbl wucrapurensi. B
KauyecTBE MOJIOKEK ObUIM MCHOJIb30BaHBl CTEKJIA
mapku Corning 7059. B kauecTBe HCXOTHOTO

Mmarepuajia JIIA HanbIJICHUA HCIIOJIB30BaJINCh
TIOPOLIKH TMMOJIUKPUCTAIIIMICCKUX CIINTKOB,
MpE€ABApPUTECIIHLHO CUHTEC3UPOBAHHBIX MCTOIOM

CIUIABJICHWS B BaKyyMMHPOBAaHHBIX KBapIEBBIX
ammynax. B maHHOHM paboTe mpHBEEeHBI Pe3yIbTaThI
WCCIICAOBAaHUM  TEMIIEPATypHBIX  3aBUCUMOCTEM
TIOABIKHOCTH HOCHTENICH 3apsia B TOHKHX IDIEHKaX
PbSnTe pa3HbIx cocTaBoB.

TemneparypHble  3aBUCHUMOCTH  TOJABHXKHOCTH
HocuTenei 3apsiaa PEeruCTpUPOBAIUCH B
temneparypaom wuHtepBasie 100-400K, mpu stom
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