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It was found that calculation of stresses arising in a bead seal can be simplified
by computing the stresses in two equivalent sandwich seals. Equations for the
calculation of stresses in the glass element of the seal are derived. 4 good agree-
ment between the experimental and computed temperature dependence of the
stresses was found. :

INTRODUCTION

The extensive stresses, which can arise in glass during annealing, are the main
cause of failures in glass-to-metal joints in electrical vacuum devices. The stress
values can be strongly influenced by changes in the temperature-time conditions
of the seal annealing schedules. The experimental trial-and-error method is quite
often ineffective because of the great number of possible variations involved. A ra-
tional choice of the annealing schedule for glass-to-metal seals should be based
on a mathematical analysis of the stresses arising in the glass element of the seal.

Structural and mechanical relaxation in the glass element of a seal [1], [2] is
an important factor determining the stresses in glass-to-metal seals. The fractional
exponent, proposed by Kohlrausch [3], is often applied in the description of relaxat-
ion processes in glass. Numerous experimental data show that glass is a linear
viscoelastic material (see e.g. [4]). The relaxation processes become too complex
when the temperature and the fictive temperature of glass seal element vary, so
that it is advisable to use an electronic computer to predict the results of annealing

THEORETICAL

Sandwich (Fig. 1a) and bead (Fig. 1b) seals are often used as a base for the eva-
luation of stresses in glass-to-metal joints of electronic devices (see e.g. [2], [5]).
The algorithm of stress calculation in a sandwich seal duringits annealing according
to a given temperature-time schedule, derived in [6] (also refer to [2]) includes:
1. computing the fictive temperature of glass, its viscosity and dilatometric length;
2. calculating the stresses depending on the difference between the thermal expan-
sion of glass and metal and on the rate of stress relaxation. The uniformity of the
state of stress in the glass layer of the sandwich allowed to use a simple algorithm,
based on computing the so-called free size [1], [2], [6] of the glass component.

It is far more difficult to use an algorithm of this type for a bead seal, as this is
characterized by different values of radial ¢r, tangential oo and axial o, stresses.
In addition to this, o, and og are variable along the radius of the seal. Application
of the algorithm, based on computing the “free sizes” of the glass element in three
directions, would require the glass element to be divided into several layers.
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Fig. 1. The types of glass-to-metal seals;
a — sandwich seal, b — bead seal; 1 — glass, 2 — maetal.

A visco-elasticity analysis for a bead seal was presented in [7]. However, the equat-
ions obtained appear to be too complex. This can hamper the use of the respective
algorithm by other investigators and the application of the method for the analysis
of stresses in more complex glass-to-metal seals.

To simplify the calculations one can use the idea that the stressesin a bead seal
relax similarly to those in the sandwich seal which has the samerigidity ratio. This
assumption was utilized in [2] for very rough approximations. Below it will be
shown how the idea can be employed to develop an effective and sufficiently precise
method for stress calculation in glass-to-metal bead seals.

To determine the stresses in a bead seal, the principle of correspondence of the
elastic and visco-elastic problems was used [8], [9]. This principle was applied to
the solution adduced in [9]. With regard to this, the Laplace transforms of functions
of radial g,(t), tangential g¢ (t) and axial o, (t) stresses (where ¢ is time) may be
represented as follows:

ot (8) = oy ) estdt = [1 - (3‘3’—)2] o (9)
0 2r
D) \2
og (8) = [1 + (‘?:—) ]01 (8),
07 (8) = a2 (8) + 207 (S),
where
E
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R*(S) AL*(8)S
E@) .R ’ (2)

0, (8) = E®

E@, E(m are modul of elasticity of the glass and the metal respectively,
' v is Poisson‘s ratio, which is considered constant for the glass and assumed
to be the same for both elements of the bead seal,
7 is the distance between the axis of the seal and the point at which the
stresses are calculated,
S is a complex variable,
E@R(t) is the relaxation function of the glass,
AL(¢) is the difference of the dilatometric changes in length of the metal and
glass elements,

D@ \2 1
- (_W ) -
D), Dim) are the diameters of the seal and the metal elements respectively (cf.
Fig. 1b).
The Laplace transform of the function of stresses in a sandwich seal ¢(t), whose

parameters are equal to B, E™, d9. d™, v, (cf. Fig. 1a) may be written in the
following form:

EY R*(S) AL*(S)S
1 — v, EWdY
Egm)dgm)

o*(S) = (3)

*(S)S

On comparing the equations (1), (2) and (3), one can draw the conclusion that in
order to determine the stresses in a bead seal it is sufficient to calculate stresses
01(t) and o,(t) in two equivalent sandwich seals. The parameters of these equivalent
selas B9, E9,, B, B, d9), d¥, di™), d{™), ve,1, Ve, must satisfy the following
equations:

Ew@
ED=——"— FE9 — E@, E™ = E™) = E(m)
€1 2—211+/3 e,2 ’ e 1 €2 H
do, A
o = (1 —29)B, —d%;,,z) =B, ve1 = ve,2=0.
&1 e, 2

When D@ [D(m) > 4, the term 2v0,(t) can be neglected in practical calculations
while maintaining a sufficient accuracy. In this instance the calculation of the axial
stresses is restricted to that described in [2].

RESULTS AND CONCLUSION

The relationships obtained by the method suggested conform well to known expe-
rimental data. These data include all the results presented in [7]. Of special interest
is the case when in the heated seal the sign of ¢, remains the same but that of the
difference 0o —a, changes at a certain temperature (cf. [2], where the experimental
results by I. N. Dulkina were presented). This experimental fact demonstrates
clearly that a purely elastic analysis is incapable of providing even a qualitative
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agreement between calculations and experimental data. Unfortunately, this partic-
ular case was not analysed by the authors of [7]. We have chosen it to illustrate
the validity of our method.

Fig. 2 shows the experimental data [2], obtained by measuring the stresses in
a bead seal by means of the photoelasticity method. The diagram clearly shows the
variation of stresses ¢, (a) and the difference ¢g — gy (b) arising in the course of
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Fig. 2. Experimental ( x ) and calculated (—) dependences of stresses in glass during the
heating of a bead seal of borosilicate glass with molybdenum, which has been previously subjected
to isothermal holding at 788 K for 3 hours; the rate of temperature changes during cooling and
heating was 3 K per minute;

DD = 4;

a: 0z; b; a9 — oy for r = 0.62Dm),

heating of a seal which has previously been subjected to an isothermal hold at
788 K. The necessary characteristics of the seal elements were taken over from [2]
(these characteristics were also used in [7]). The results of the calculations are plo-
tted as full lines. The calculated dependences conform well to the experimental
data, so that the assumptions taken in the present paper may be considered to be
correct.
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VYPOCET PNUTI, VZNIKAJICIHO PRI CHLAZENI SPOJE
MEZI SKLEM A KOVEM V PERLE

Sergej Viktorovi¢ Borovinskij, Oleg Vsevolovi¢ Mazurin*

Leningradsky technologicky institut Lensovetu, Leningrad
*Ustav chemie silikdti Akademie véd SSSR, Leningrad

Bylo zjisténo, Ze vypoéet pnuti v perle mtize byt zjednoduSen tim, zZe je pfeveden na stanovené
pnuti ve dvou ekvivalentnich sendvi¢ovych spojich. Byly odvozeny vztahy pro vypocet pnuti
v ekvivalentnich spojich. Vypoc¢itané hodnoty dobie soublasi s experimentélnimi vysledky.

Obr. 1. Typy spojé mezi sklem a kovem; a — sendviéovy spoj, b — perlovy spoj, 1 — sklo, 2 — kov.
Obr. 2. Experimentdlné stanovend ( X ) a vypocitand (—) zdvislost pnuti ve skle v prubéhu zahfivini
perlového spoje boritokiemiéitého skla s molybdenem. Spoj byl chlazen izotermni vydrEi p#i
teploté 788 K 3 hodiny, rychlost teplotni zmény béhem chladnuti a zahfivini &inila 3 K
za minutu;
D@D — 4;
a; 0z, b: 6g — 0, ptir = 0,62Dm),

PACUET HAIIPAKEH U,
BOSHURAOIIUX IIPU OTHUIE BYCHHROBEIX CITAEB
CTERJIA C METAJIJOM

Cepreil BuxtopoBuy BopoBurckuii, O:1er Beeso:iogosuy Masypun*

Jenurepadckuit mexnosozuneckuii unemumym umenu Jencosema, Jlenunepad
* Hremumym zusmuu cuauramos AH CCCP, Jenunzpad

YCTaHOB:I€HO, MTO pacyeT HANps:KeHUIl B 8yCHHKOBLIX CIasX MOsKeT OBITb YIPOUIEH CBe-
JeHHEM ero K ONpele;IeHU® HAIPAMEHUM B (BYX IKBHBAJICHTHHX COHJBHYEBBIX cOAAX.
IToxyuensl (GoOpMy:IBE jI7IA BBIYMCIEHMA IIdPAMETPOB JKBMBWJIEHTHRIX cllaeB. PacueTel mo
Npe/VIOKeHHOH MeTOANKe XOPOHIO COTJIACYIOTCsI ¢ 1I3BECTHBIMH JKCIEPAMEHTAJIbHBIMU
AaHHBIMH.

Puc. 1. Tunvt cnaee cmexaa ¢ memasrom: a — condeuneswile cnav, 6 — 6Gycurkescvili Cnai,
1 — cmekao, 2 — memaan.

Puc. 2. Oxcnepumenmaavrvie (X) u peacuemmdle (—) 3a6UCUMOCINU HANDIHCEHUL 6 CMeEKae
npu Ha2pegaHuu GYcurKo8020 cnai GOPOCUAUKAMHO20 CINEKAA C MOAUODEHOM, KOMOpbLL
Ha cmaduu oxaaxndeHus nodeepaaacs uzomepmuuecxkoli ewidepyucke npu 788 K ¢ me-
wenHue 3 4acos; cKOPOCMb UIMEHEHUR INEMNEPAMYPLL NPU 0XAANOCHUU U HA2PEEARUU
cocmagasna 3 K[mun;
D@D = 4;
a:o0;; b:og—or npn r =0,62Dm.
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