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Foreword

ISO (the International Organization for Standardization} is a worldwide federation of
national standards bodies (ISO member bodies). The work of preparing International
Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with 1SO, also take part in the work.

Draft International Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the 1SO Council. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard ISO 7884-4 was prepared by Technical Committee ISO/TC 48,
Laboratory glassware and related apparatus.

Users should note that all International Standards undergo revision from time to time
and that any reference made herein to any other International Standard implies its
latest edition, unless otherwise stated.
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INTERNATIONAL STANDARD

ISO 7884-4 : 1987 (E)

Glass — Viscosity and viscometric fixed points —

Part 4 :

Determination of viscosity by beam bending

0 Introduction

International Standard [SO 7884, Glass — Viscosity and
viscometric fixed points, consists of the following separate
parts:

Part 1: Principles for determining viscosity and viscometric
fixed points.

Part 2: Determination of viscosity by rotation viscometers.

Part 3: Determination of viscosity by fibre elongation
viscometer.

Part 4: Determination of viscosity by beam bending.

Part 5: Determination of working point by sinking bar
viscometer.

Part 6: Determination of softening point.

Part 7: Determination of annealing point and strain point by
beam bending.

Part 8: Determination of (dilatometric] transformation
temperature.

1 Scope and field of application

This part of ISO 7884 specifies a method of determining the
dynamic viscosity of glass on a rod-shaped test specimen
.(called a beam) supported at its ends. The viscous deflection
rate of the beam is measured under a given load at the midpoint
between the supports. In addition the viscosity-temperature
relationship and the dependence of the viscosity on the thermal
history of the sample can be determined.

The viscosity range covered by this method extends from 109to
1015 dPa-s*, corresponding to measuring temperatures be-
tween about 900 and 400 °C for all glasses of normal bulk-
production compositions.

The procedures are limited to small deflections and to small
deflection rates {see 3.6).

NOTE — During beam bending, elongation flows of both signs occur
{zero passage within the neutral plane). The determination of shear

dN-s
* 1dPas=1—— =1P
mz
(P is the symbol for poise)
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viscosity is possible only with Newtonian or linear-viscoelastic
behaviour of the glass. The procedures are sensitive to interference by
devitrification of the sample. With viscosities above 1012 dPa-s the ad-
justment of the structure equilibrium within the glass is perceptibly
delayed with respect to the temperature setting. For tests within this
range it should be agreed whether it is necessary to wait for the final
equilibrium viscosity at a given temperature or to take the viscosity
value corresponding to a conventional temperature-time programme
(see 6.3).

2 Reference

IEC Publication 584-1, Thermocouples — Part 1: Reference
tables.

3 Principle

3.1 Beams

For this test procedure, rod-shaped test specimens, called
beams, are prepared from the sample. Along their length / they
have a constant cross-sectional area (see figure 1) which may
be

a) rectangular, of thickness 4, and width b;

b) circular, of diameter d.

3.2 Supports, span

The beam is placed horizontally on two supports; the beam axis
and the supports are perpendicular.

For rectangular cross-section beams the supports are horizon-
tal and have straight edges.

For circular cross-section beams the support edges may be
semi-circles or notches.

The distance /g between the supports is called the span. The
beam juts out only little beyond the supports, satisfying equa-
tion (1):

!
11<—<1,15 A}
Is

Documents1


http://www.avadocuments.com/doc/iso-7884-4-1987
http://www.avadocuments.com/doc/iso-7884-4-1987

ISO 7884-4 : 1987 (E)

[
IS
I i
2 e 2
8
B, ° B,
A — A

supports
bending edge, unloaded
bending edge, loaded (elastically deformed beam)

! beam length

span; position of bending edge at /5/2
force of the load
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bending edge, sagged position Af after measuring time At (Af is the interval between B, and B,)

Figure 1 — Principle of viscosity determination by beam bending

3.3 Load, loading pieces, bending edge

The load consists of all parts of the measuring device on which
gravity acts to produce a force on the beam by means of the
bending edge, i.e. the loading pieces {variable} and the loading
rod together with yoke and bending edge (given for the in-
dividual measuring device). The load exerts a vertically
downward directed force Fy upon the central cross-sectional
area of the beam (distance /g/2 from both supports). The bend-
ing edge is horizontal and parallel to the supports.

3.4 Dead-weight

The dead-weight stems from the beam; it can be taken into ac-
count by calculation — see equations (13) to (15). Within the
span, the force of the dead-weight acts in the same sense as
that of the load. The dead-weight of the overhanging parts of
the beam produces a force component opposed to the force of
the load; this part of the dead-weight can be neglected if equa-
tion (1) is respected.
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3.5

Flow

When the force of the load (disregarding the dead-weight) acts
upon a beam free from defects and showing Newtonian or
linear-viscoelastic behaviour, and all elastic deformations after
applying the load have faded out and thereupon the sag is suffi-
ciently small, the flow is described by equation (2) as follows:

d B F
__j: - 870 .2
dt 144 I.n
where
df/det is the midpoint deflection rate, with which the bend-

ing edge moves downward (see figure 1);
I, is the cross-sectional moment of inertia of the beam;
lg is the span;
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n is the dynamic viscosity of the glass.

NOTE — The factor 144 comprises the Trouton ratio 3 and some in-
tegration factors.

The cross-sectional moment of inertia for beams with a rec-
tangular cross-section is described by equation (3}:

3
;- b

=— . (3)
€ 12

and that for beams with a circular cross-section, by equation
(4):
nd4
I, = u ... (4)
During the measuring time A¢ the beam sags below the bend-
ing edge for a distance Af. The viscosity is calculated according
to equation (5):

. {5

n is the viscosity in decipascal seconds;

Af is the sag of the beam in millimetres during measuring
time A¢;

I, is the cross-sectional moment of inertia in millimetres to
the fourth power;

At is the measuring time in seconds;
m is the mass of the load in grams;
lg is the span in millimetres.

When calculating the viscosity it may be necessary to take cor-
rections into account (see 7.1 to 7.3).

3.6 Range of applicability of the simplified
calculations

Equations (2) and (5) hold only for very thin beams and very
small deflections. That range is characterized by the support
ratio g according to equation (6) or equation (7):

Is
— ... (6)
=%
1,2s
= =3 7
q a (7)

and also by the relative midpoint deflection z:

z=!— ... (8

Is

In equation (8) f is the total midpoint deflection of the beam,
i.e. fis the sum of the deflection Af during the measuring time
At according to equation (5) together with the elastic deflection

1ISO 7884-4 : 1987 (E)

of the beam caused by the load and — if necessary — the
deflections during previous flows.

Measuring devices with ¢ < 13 shall be checked by means of a
beam made from a reference glass! and the results empiricaily
corrected, if necessary.

Relative deflections z > 0,05 are not permissible. Beams
deflected down to this limiting value may be turned over for a
further run (see also 6.3.3).

NOTES

1 The correcting calculations known from the statics of an elastic
beam with moderate support ratios ¢ = 10 are subject to the condition
that supports are freely movable against one another in the direction of
the span. Using the test set-up this is not possible for the flow;
therefore mathematical corrections are not available.

2 The dimensions and loads recommended in 1SO 7884-7 are taken
into account. In view of a more uniform temperature distribution,
shorter beams are proposed. The essential difference in comparison
with ISO 7884-7 is that:

a) viscosities can be calculated from the bending rates (therefore
only considerably smaller relative midpoint deflections are admit-
ted);

b} the viscosity of the delivered sample having its own thermal
history is determined, if necessary (therefore the sampie is not
heated up to 1012 dPa-s, and furthermore no viscosities are deter-
mined for decreasing temperatures).

4 Apparatus

The requirements for components of the beam bending testing
device are given in 4.1 to 4.6. Figure 2 shows an example of a
testing device.

4.1 Viscometer furnace

Electrically heated furnace for temperatures up to about
900 °C. The introduction of thermocouples for the determina-
tion of temperature and temperature distribution along the
beam shall be possible. Temperature differences within the
beam shall not exceed 1 °C.

The furnace shall be controlled by a device for maintaining a
constant temperature within =1 °C or better within the work-
ing space of the furnace and for the adjustment of linear
temperature-time programmes with heating rates up to
6 °C/min.

The furnace and its control device for the temperature-time
programme shall be such that the furnace, starting from a con-
stant temperature level, reaches the required heating rate at the
latest 5 min afterwards and maintains it to =10 %.

4.2 Temperature measuring and indicating
instruments

4.2.1 The alumina-insulated platinum-10 % rhodium/plati-
num (type S according to |IEC 584-1) thermocouples or nickel-
chromium/nickel (type K according to IEC 584-1) thermo-
couples shall exhibit low thermal inertia (the diameter of the
wires should be not greater than 0,5 mm). The wires shall have
a sufficient length within the furnace (with respect to heat con-
duction along the wires).

1)} See for example 1SO 7884-1 ; 1987, annex B, “Examples of certified reference glasses for viscometric calibration”.
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