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Stresses in Dumet-to-Glass Seals
By Toru KISHIE
{Lamp and Tube Manufacturing Department, Tokyo Shibaura Electric Company’

Dr. Takagi proposed a theory, which seems to be almost satisfactory, of dumet-to-
glass sealing. But on application to practical manufacturing, there were difficulties, i.
e., equivalent setting point was unknown, material-constants to be employed in the
theory were uacertain, and its reliability and limitation were niot confirmed by experi- B )
mental works. Moreover, few useful characteristics of dumet wires and glasses were ' e
found in liferatures. )
In this paper, dumet wires of diameter of 1.0mm and of copper ratios of 22% or
315 and three kinds of glasses of considerably different characteristics were employed
as samples, and their thermal expansion and annealing points of glasses were measur-
ed. Ra dial, tangential or axial stresses in glass and their changes with temperature
were observed photo-elastically with the dumet-to-glass cylindrical seals made of these
samples, Agreement between the theory and experimental results were rather good and
annealing points could be taken as the equivalent setting points for practical purposes.
Suitable combination of dumet wire and glass for good sealing were also dis-
cussed theoretically along with testing methods for dumet-to-glass seals.
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B glass Corning code 0080 type soda-lime-magnesia

BT Ch o TEE~DIGASHE Ch . ¥4 glass
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Fig. 1 Viscosity vs. temperature relations
of several glasses measured by
fiber elongation method after sta-
bilization of maximum 8 hrs.
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Fig. 2 Thermal expansion curveaé)f glasses.
Heating and cooling sprateeds near
their annealing ranges were 3°C/min.

Table 3 Thermal expansion of core metals,
vacoum melted copper and glasses
( pfcm)
temper-
o wc 100 150 200 250 300 350 400 440 500 520
core metal 0,0 2.6 5.0 7.6 10.2 14.3 2.7 26.4 36.2*
3

a
dumet 22
{heating)
core metal 0.0 2.7 5.3 7.5 10.0 12.9 18.7 24.6 33.5*
nf
dumet 31
(heating)
core taetal (.0 2.9 5.4 8.0 10.5 13.5 16.8 25.1
of
durnet 31
[cocling)
vacuum 0.0 9.1 17.% 26.8 35.9 45.3 54,8 62.6 To.4*
melted
copper §
(heating}
B glass 0.0 5.2 10.4 15.7 21.4 27.2 3.0 B4 4.1 53.2
{cooling)
S glass 0.0 4.5 9.6 14.7 19.7 5.2 30.6 37.6
{cooling)
P glass
{cooling)
#: quoted from the authors previous paper.’®?
*: extrapolated value,

0.0 4.8 9.4 14,0 18,9 23.2 20.3 36.1
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Fig. 3 Radial expansion of dumet wires. Full

lines indicate expansion curves cal-

assuming that yield

strength of copper is zero.
* : sample length 15 mm, others 8 mm,
an : annealed. others as received

« : heating
+ : cooling
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Fig. 4 Method of hold-
ing sample for measuring
axial expansion of dumet
wires and core metals by
dilatometer made of sili-
ca glass
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Fig. 5 Axial expansion of dumet wires and
core metals. [Full lines indicate exp-
ansion curves calculated by assuming
that yield strength of copper is zero.
All were annealed before measnre-

ment.
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Fig. 7 Methods for measuring radial-tangen-
tial a) and axial b) stresses in
dumet-to-glass cylindrical seal by
polarized light.
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* Fig. 8 Changes of coefficients A, with tem-
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Fig. 9 Changes of coefficients C, with tem-

perature for various dumet-to-glass

cylindrical seals.

VI EKICEEEHERORE"
wBE T, T #HEKD O&. 8l 2O
e S B IATEE LR IR A ET S B’
NEZEL ¢ Bl icR, D@k 7 AL REENIC, W
I (RRRE P) B S E Thul, BE
To4r iR 5 AnC; BEXMO BRECEME L
THATERDENS.
A=Ay A+ TaGada) )
C,=C, 00+ C bt JeBandd) )
a,,= (ka—k.)r.a,,z(ka--kzjf

(43

¥z
A=« {2(1—.3%(1 +0,} + -3 rt—fl;‘l—2 g } /d
R
opaf0mDEE)
1-2q,+ (1+03)ﬂ+2cw3} 'Irz_'l
i E, /
Cs”=3(1—~a)[(1“8) {“(}E—? o) —1}+2_;gyd

4= L e =20 (L)
1-48

T EE,
—3(1—-20) —28(1+0;]

Zf (o) (1—20,+4)

a=atib?, f=cib T E QY 7E, o X7V vl
rERBLT.

[w(l—20)f —3a+2(1-20)}

+




7r S 8 [1] 1958

30 ‘
Ta= P [A-8(t+ay(1-20)2¢
“Ed E,
a(l-2¢){-3e+2(1 -0} (1-2a)
-+
E, i
Y —~a(1-20,)}
Je= gD A-20){1-20,+ (1+2)9)

+(1--26)(1-3 d)ae,]
2P {e(1-HA—-20)(+0,)
E4 E,
_d 6:4(1"_2 ﬂl) +1_'2 U:!+ (1+as}ﬂt
E, §
PP, N OEMIERE P L
P, =P (sinh~'¢, —sinh =) 1 3

P,-- P“ I/]'—(smh“(,,—-smh“(b}
VT ;/1+Cb
(o BIO (o b
F= 2 C?' _1_
TV |hr—e,| #
O
-100 T T T T T 17T 1
W
— g0} K 3
A
-e0fF 2 T
-.—40—
po49 -
g=T2 A
20k a
pb—L 4 1 a2 11
22 25 X 2
Copper ratic (%)
&
i T T T T T T T T
WP a0

c

20— —— 872, A

-0 .
i p=72
C3 A=49 5
o I 1 1 i 1 1 1 : L
22 25 30 32

Copper ratic (%)

Fig. 10 Changes of coeflicients A, A.”,C/
and C,” with copper ratio.
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- Fig. 11 Schematic representation of changes
of stresses in domet-to-glass cylin-
drical seals with temperature.
cf. Redston and Stanworth™
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