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Abstract
In this article the model, allowing to estimate extent of formation of physical contact during welding glass with metal in the process of production of a new composite
material – glass-and-metal-composite is considered.

1

Introduction

The modern industry shows to the materials used, for example, in underwater shipbuilding, a bridge building and hydraulic engineering constructions, requirements of high specific
durability, shock and corrosion resistance at resource-saving production technologies. The
natural decision is development and application of composite materials and layered composites. Few researches about creation of composites have been done till now, and there is
a hope that some development in the future can have critical impact on separate branches
- even if their realization requires large-scale investments and long terms of realization.
The following references [1, 2, 3], explain creation of a glass-and-metal-composite material
and manufacturing techniques of glass-and-metal-composite.
In this work process of production three-layer glass-and-metal-composite with external
metal layers identical on thickness is modeled (Fig.2). In case of formation of a three-layer
composite (metal-glass-metal) a method of diffusive welding is applied, if the temperature
reaches the value of welding temperature glass gradually comes to a condition of viscous
liquid and at certain time processes of volume diffusion of oxides of metal develop in glass.
Process of interaction of metal with glass is considered from a position of the theory of
topochemical reactions[4] explain the interaction of metal with glass that includes three
stages : 1) formation of physical contact – rapprochement of connected surfaces as a result
of plastic deformation of one or both connected details; 2) activation of the surfaces which
consequence formation of the active centers and transition of atoms from a condition of
physical adsorption to a condition of chemical adsorption; 3) formations of the active
centers as a result of which diffusion processes are developed, which in turn give the
connection development volume character. This research work [5] shows expermentaly
that physical contact between metal and glass at production glass-and-metal-composite
is formed as a result of contact of glass in a viscous state with a metal surface. The
mathematical modeling of process of formation of the new composite, one of actual tasks
is to define the time of the first stage of the topochemical reaction for the purpose of
an assessment of formation of one-piece connection. The design of experiment help to
determine paramaters process and quality management of a received material.
In this paper the three-layer round plate is considered, the glass layer is clamped
between two metal so actually to ensure full physical contact glass has to fill the layer δ
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from above and from below (Fig.1 ).

Figure 1: Photo of weld glass to metal
The temperature is raised till all the composition becomes a viscous liquid. Then
metal plates approach under the influence of force Q̄. The model represents process of
compression of a viscous layer between two metal plates provided that thickness of a
viscous layer of h0 much less than a radius of cylinders R, the bottom plate isn’t mobile,
and top to which constant loading is attached, moves with a constant speed (Fig.2).

Figure 2: Three- layers glass-metal-composite

2

Solution

The beginning of cylindrical system of coordinates we have in the center of the bottom
plate which remains motionless (Fig.2 ). Axial symmetry, neglect acceleration of particles
of a viscous layer and thickness of plates, and also a condition of uniform motion of the
top cylinder allow to rewrite Navier-Stokes’s equations and the continuity equation as the
following [7]:
η

∂ 2 υr
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with boundary conditions
z = 0; υz = 0; υr = 0;
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dh
= υ(τ ); υr = 0
dt
r = R; p = p0
z = h; υz =

here υr is the the speed of a viscous layer in the radial direction; υ(τ ) is the the speed
of movement of the top cylinder; r and z are respectively radial and axial coordinates
of layer’s particle; h is the current thickness of layer; p is the pressure in layer; η is the
viscosity coefficient. Integrating twice the first equation (1) and using boundary conditions
we will get
!
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From the continuity equation (2)
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Expressing dp
dr from (4) and substituting in (3) we will find the final dependence of radial
speed on the speed of movement of the top plate
υr = 3υ( τ )r

z
h

2

− hz 2
h

Integrating (4) on dr we will find pressure in layer
p = −3ηυ(τ )

R2 − r 2
h3

Respectively the full pressure force operating on the top plate, is equal
F =−

3πηR4 υ(τ )
2h3

On condition of uniform motion of all plates the equation of balance will assume the shape:
−Q −

3πηR4 υ(τ )
=0
2h3

If to put the speed of rapprochement of plates by the time function υz = υ(τ ) =
will find the ordinary differential equation of the first order:
−Qdτ =

dh
dτ ,

we

3πηR4
dh
2h3

The integration of equation above, gives the following result:
!
3πηR4
1
1
− 2
τf =
4Q
h2f
h0

(5)

With τf is the formula for definition of time of formation of physical contact here h0
– the initial thickness of a glass layer, and hf - the final thickness of glass layer, after
the end of process of formation of physical contact, it is possible to consider hf = h0 −
2δ. The coefficient of dynamic viscosity should be considered depending on temperature
η = η(T ). As viscosity in the process of welding goes down gradually and continuously,
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Figure 3: Dependence of viscosity on temperature T and technological
transition of firm state to the viscous-flow happens not at strictly certain temperature (as
it is characteristic for crystals), and in transitional temperature area. At low temperatures
up to temperature of vitrification of Tg viscosity changes slightly. The sharpest falling of
viscosity in process of heating happens in the range of vitrification, then the site where
influence of temperature affects not so considerably follows again. On a scale of viscosity
(Fig.3) the main technological intervals of process of formation of products from glass and
the main temperature points are allocated: Ts - “softening” temperature at which glass is
softened under body weight; Tp - softening temperature at which glass is softened under the
influence of loading; Tg - the vitrification temperature at which glass possesses properties
of a solid elastic body with fragile destruction. The manufacturing techniques of glassand-metal-composite assumes carrying out welding in the field of temperature of softening
of Ts, however force is applied already at Тр. therefore actually physical contact can be
carried out in an interval (Tp , Ts). In the wide range of temperatures viscosity of glass is
quite precisely approximated by the equation:
η (T ) = A1 · T · [1 + A2 · exp

B
D
] · [1 + Cexp
]
RT
RT

with constants A1 , A2 , B, C and D depending on thermodynamic parameters of connecting
communications of glasses of certain structures [7], their definition represents a separate
complex challenge, for the majority of glasses they are unknown. Therefore most often in
certain temperature intervals the simplified dependences of viscosity on temperature, for
example Arreniusovsky type are used


Q
η(T ) = η0 · exp
(6)
RT
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where Q is the energy of activation of viscosity (kJ/mole), T is the temperature (0 C), R
is the universal gas constant (8.31 J / mole*К) and η0 is some the characteristic dynamic
viscosity generally depending on temperature.
The equations (5) and (6) allow to define time of formation of physical contact. It
should be noted that knowing a temperature mode, the equation (6) it can be copied as
time-dependent, in this case the equation (5) will assume a nonlinear air
!
Z τf
1 − RTQ(τ )
1
3πR4
1
e
dt =
− 2
(7)
4Q
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0 η0
In Fig. 4-5 results of calculations of dependence of time of formation of physical contact
from temperature are presented, to viscosity, glass thickness and character of a surface of
metal. In spite of the fact that defining the time of formations of physical contact it is
impossible to calculate welding duration, however it influences the optimum duration of
all process and it is necessary for experiment planning by determination of such important
parameters of diffusive welding of glass with metal, as diffusive coefficients, the sizes and
character of a diffusive layer.

Figure 4: . Graph of time formation physical contact τf , force Q and temperature T:h0 =
3 · 10−1 m; R = 1 · 10−1 m; r = 0.5 · 10−1 m; δ = 0. = 3 · 10−3 m; 1 − T = 700o C; η =
107.6 P a · s; 2 − T = 750o C; η = 106.5 P a · s; 3 − T = 800o C; η = 105.5 P a · s;
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Figure 5: Graph of time formation physical contact τf , force Q and thickness of the glass
layer h0 : R = 1·10−1 m; r = 0.5·10−1 m; η = 106.5 P a·s; T = 750o C; δ = 0.3·10−1 m; 1−h0 =
3 · 10−3 m; 2 − h0 = 4 · 10−3 m; 3 − h0 = 5 · 10−3 m;

References
[1] Pikul V. V. Efficiency of glass-and-metal-composite//Perspective materials. – 2000 .
No. 6. – P. 63-65.
[2] Patent No. 2428388 Russian Federation, MPK S03S27/02. Way of production of с glassand-metal-composite / Gridasova E. A. Lyubimova O. N., Pestov K.N. G. L. Kayak No. 2009149790/03; Application 31.12.2009; Publish . 10.09.2011, Bulletin N 25.- 6 p.
[3] Patent No. 2067060 Russian Federation . MPK S03S27/08. Way of receiving composite
Product / Pikul V. V. - No. 99102861/03; Заяв. 15.02.1999; Publish 20.01.2003.
[4] Bachin V. A.Diffusive welding of glass and ceramics with metals – M.: Mechanical
engineering, 1986. – 182 pages.
[5] Gridasova E.A. Increase of strength properties of glass as a result of metallization
by a method of diffusive welding. The thesis on competition of a scientific degree of
Candidate of Technical Sciences. Komsomolsk-on-Amur. 2013 . – 134 pages.
[6] Landau L.D., Lifshitz E.M. Hydrodynamics. - 4th Edition, stereotypical .. - Moscow:
Nauka, 1988. - 736 pages - (“Theoretical Physics”, Volume VI).
[7] Bartenev G. M., Sanditov D. S. Relaxation processes in the glass-forming systems. –
Novosibirsk: Science, 1986. – 239 pages.

378

