CHAPTER SEVEN

GRAVITY

Slumping and sagging glass are processes of the use of heat and
gravity to change the shape of a flat tile to a three dimensional form. These
terms are similar in meaning and are often used interchangeably, leading to
confusion. Because words are tools of communication, clarification of
specific terms is necessary.

Slumping is nearly synonymous with sagging, however, slumping
usually implies a bending without noticeable change in the thickness of the
cross section of the glass. By keeping the temperature as close as possible
to the fiber softening point (but high enough to allow downward movement),
noticeable stretching is avoided.

Sagging is the downward sinking of glass, caused by its own unsup-
ported weight as the glass softens when heated. We refer to sagging as a
process whereby the thickness of the glass cross section changes noticeabiy
due to stretching. nm_um. >

Glasses are often referred to as hard or soft. Harder glasses generally [ ]
slump at higher temperatures and at a slower rate than soft glasses. Win-
dow glass and GNA glass are considered hard glasses. Some Bullseye
glasses are hard, such as white, pink opal, and green opal. Others are soft, +
such as black and most Bullseye cathedrals. This means that different
glasses, even from one glass manufacturer, can vary. Spectrum and Wasser n’
glass are relatively soft glasses.

Glass melts or moves when exposed to heat work, not just temperature. L J
A beef roast can be cooked at 400°F for three hours to achieve doneness or
at 300°F for five hours to achieve the same doneness. It is heat work that + ﬁ
cooks the roast. It is heat work, time and temperature, that should be

controlled when sagging or slumping glass.

SLUMPING
When a tile is placed over a mold and fired between 1300°F and

1350°F, the glass will slump and conform to the shape of the mold. Slump-
ing should be done slowly. It is often necessary to slow the temperature rise
of the kiln at 1300°F to-allow heat soaking of the glass. This will even the
temperature across the pre-fused tile, resulting in better, more even confor- [
mation to the mold.

Glass slumps first where the most weight is unsupported. Edges that
overhang a mold will turn up as the middle sinks down, unless the overhang ?

is great. As the slump progresses, the edges fall and the mold fills. Ina
square mold, the corners always fill last.

Vent holes are necessary in all nonporous molds. Vent holes should be X ]
placed in the areas of the mold that fill last. The center of the bottom always
fills first, therefore is not the proper place for venting air trapped between the
glass and the mold.

Opposite page: Fused glass deep slumped
bowl, 18" diameter, Tim ONeill,
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SAGGING, THE DROP-QUT

The basic “drop-out” glass form is made by sagging two or three layers
of glass through the center hole of a donut-shaped mold. This process is
often carried out during one firing. The glass blanks placed on the mold, at
one time, laminate together (fuse, but not fully) as they sag through the hole
in the donut-shaped mold. The glass stretches until it reaches the kiln shelf
and flattens, forming the bottom of the vase. There are many variations of
this process, some using pre-fused discs and others using more than one
hole in the mold.

The shape of a drop-out form is affected or developed by controlling
many factors. These are: the glass composition, the rate of the sag, the
shape of the opening in the mold, the distance the glass sags before reach-
ing the kiln shelf or kiln floor, and the location of heat sources within the Kiln.

The sagging (and slumping) properties of a particular glass are uniquely
linked to its composition; glass of a specific composition stretches or deforms
under its own weight, as affected by gravity, at a rate and temperature
determined by its composition. Bullseye black 0100 and white 0113 slump at
different temperatures, approximately 50°F apart. These two glasses also
different rates; black moves rapidly and white moves slowly. This
ullseye colors may be extreme, but should point out

c::w.\m:_v:“o:éo m _. .
:_a?“:\.:s::..: compatible glasses aré used, large variations may exist.
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Glass sagging through four flower molds
with different sized stem openings. The
mold with the largest opening sags first and
forms the longest stem.

Window glass (1/8 inch float process glass) sags through a drop-out
mold at a temperature 100°F above the sag point of Bullseye and 125°F
above the sag point of Spectrum. The slumping properties of a glass are not
determined by the coefficient of expansion of a glass but by other character-
istics of glass composition.

Therefore, concise temperature information cannot be stated for the
drop-out process. In general, the drop-out process is carried out between
the temperatures of 1300°F and 1400°F, over a period of 45 minutes after
the glass starts to move. The shape and size of the mold as well as the
distance of the drop affects the time it will take and the shape of the finished
piece.

The temperature at which various glasses start to move or deform also
depends on the amount of time spent in reaching that temperature. If GNA
glass is heated to 1350°F over a two hour period it will start to sag through a
5 1/2" opening; if heated to the same temperature in 1 hour it will not. GNA
will start to sag at approximately 1375°F to 1400°F, if the temperature rise is
greater than 20°F per minute. And once it starts moving, it will drop through

the mold opening at a faster rate than that of GNA heated more slowly,
resulting in a loss of control.

The slower the temperature rise after the glass starts to move, the more
nw::o_ you will have, resulting in a more even wall thickness in Sm_zam:ma
.n_mom. The time spent in the slumping zone has the greatest effect in achiev-
ing control. As a rule of thumb, a firing rate of not m

. ore than 5°F rise in
temperature per minute should be maintained after reaching 1200°F. This
can be varied depending on the hardness of the gla 26 a

Ss an
shape of the mold. : il
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A top fired fusing kiln is not the best kiln for sagging glass. This can be
easily understood once you see the product from different types of kilns. For
discussion purposes let’'s say we are going to slump two 8" glass blanks
through a donut shaped mold with a round 5 1/2" opening that has been
stilted 6" above the kiln floor. If a top fired kiln is used, all the heat radiation
from the top of the kiln heats the glass evenly until it starts to move. As the
glass sags through the opening in the mold it moves further away from the
heat. The glass closest to the top of the kiln stays hotter and stretches
thinner, the thinner glass accepts heat faster and the result is paper thin
glass just under the lip of the finished form.

This is not the case when the elements are on the sides of the kiln or on
the bottom half of the kiln. A ceramic kiln with two rings (such as Skutt 818),
where the elements can be controlled separately (upper and lower ele-
ments), is an excellent kiln for accomplishing the drop-out process. As the
glass starts to sag, the upper elements can be turned down and the lower
elements can be turned up. This heats the glass more evenly as it moves
through the opening and drops toward the bottom of the kiln. Many small
front-loading kilns are on the market that have elements only on three sides
of the kiln. These kilns heat the glass unevenly and often cause the finished
form to be off-center and uneven because the glass stretches less on the
door side where there is no heat source.

The heat source configuration (position of elements) in the kiln affects
control of glass movement. This is not to say that a special kiln is necessary
for the drop-out or air mold process. By slowing down the heating rate just
as the glass starts to move, control can be gained in any kiln.

TOP FIRE

THE GLASS GETS FURTHER
FRem THE HEAT AS IT SAGS

SIDE FIRE
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WHEN FIRING DROP-0OUTS
IN A SIOE FIRE KILN, THE
WALL THICKNESS REMAINS
MORE EVEN THAL WHEN
FIRING TOP FIRE



w
24}
w
o

o

=}

Us)
A4
o

=

n

o

uad

0 pap

SaJim U

ddns

pauo

-

10
WUy

Qo) ol

)

IMOQ 3.y} Ynm o) pabbes pataidwod







Constructed, clear, sagged forms cast into
Ultracal base.

Annealing wire sagged forms is very direct, since most glasses will
anneal by just letting the kiln cool at its natural rate. The wire cools at a
similar rate to the glass and is affected by the glass, since there is no other
mold to cause uneven cooling. Annealing is not usually a problem, no matter
how large the glass piece.

AN OVERVIEW
Glass tiles ready to be slumped are usually larger, thicker and often

more uneven than during initial fusing and this glass is effected by the mold
and the material it's made from, so more attention must be given to the even
heating of the glass to avoid thermal shock. Understanding how glass heats,
and the factors that affect its heating rate, can often be best understood by
drawing a diagram of the glass on the mold in the kiln. This visual represen-
tation should include an indication of materials that could affect the thermal
gradient within the glass. Such a diagram and observation of the glass
during firing will prevent more potential problems than can be covered in any
book. The following general notes should be considered for all slumping and
sagging situations.

1. Thermal shock is cause by uneven heating or cooling.

2. Whenever possible, molds should be uniform in thickness.

3. Vent holes should be placed in the parts of the mold that will fill /ast -

not always the lowest points within the mold cavity.
4. Shelf primer should be applied to all molds and allowed to dry.
5. Steep, vertical sides should be avoided when creating mold shapes, but
can be achieved with multiple slumps.

. Molds should be level before firing.
. Molds should be slightly elevated from the kiln floor.
8. Slumping and sagging should be performed slowly, maximizing control

over the movement of the glass.
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