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@ Specialty steamer for color development.

@ A steamer for color development supplies satu-
rated steam into a closed space for performing a
steaming ftreatment on a substrate that has been
subjected to a dyeing treatment and a treatment for
imparting a fising agent. The steamer (2) has a row
of substrate transport rolls (32) arranged in the upper
part of the closed space. In order to detect the
substrate, which droops between adjacent transport
rolls and is transported by means of the respective
transport rolls, the substrate detecting sensors (37),
which consists of at least two units or which is of a
continuous linear mechanism, are provided below
the space between adjacent transport rolls in the

direction of substrate drooping. If one of the sensors
(37) located in the upper row is not capable of
substrate detection, the rotational speed of the sub-
strate transport roll (32) above that non-applicable
sensor is decelerated; on the other hand, if any one
of the sensors located in the lower row has detected
the substrate (6), the rotational speed of the roll
associated with that sensor is accelerated. The time
for which the substrate (6) stays within the steamer
can be controlled by ensuring that the drooping
substrate will always be folded back between the
upper and lower rows of sensors (37).
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BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a specialty
steamer for color develpment that is adapted for
fixing dyes in fiber structures (which are hereafter
sometimes referred to as "substrates").

2. Description of the Related Art

In a steamer for color development of dyed
fabric materials which was printed only one side
thereof and heat-treated to fix the dye in the fabric
as in the printing, or a steamer for heat-treating
woven fabric materials which requires to avoid the
application of tension thereto, a transport apparatus
as shown in Fig. 3 has been commonly incor-
porated in the steamer. The mechanism for blowing
out saturated steam is omitted from Fig. 3. The
apparatus shown in Fig. 3 has an endless chain 71
that is stretched between opposite ends of each of
the rolls 70 arranged in a row. When the chain 71
is driven over a rail 72, a substrate 73, in which a
dye is to be fixed as it is hung over the individual
rolls 70 in operative association with the drive of
the chain 71, is transported through the interior of
the steamer.

In the substrate fransport apparatus for a
steamer shown in Fig. 3, the substrate 73, which is
hung over the individual rolls 70, is not advanced
by the rotation of the rolls 70 but is merely ad-
vanced by the rotation of the the chain 71 as it is
hung over the rolls 70 revolving about themselves
in the same position so as to keep a predetermined
length of droop. Under the circumstances, two sep-
arate operations have been necessary: first, before
being supplied into the steamer, the substrate 73
which is delivered continuously must be hung over
the successive rolls 70 in such a way that the
substrate will droop between adjacent rolls; sec-
ondly, the substrate 73 must remain drooping be-
tween rolls within the steamer and yet it must be
wound up smoothly as it emerges from the steam-
er. These two operations are usually performed
manually. Further, even if they can be automated, a
very sophisticated control technology is needed.

SUMMARY OF THE INVENTION

An object, therefore, of the present invention is
to provide a color development steamer that is
suitable for dyeing one side of a substrate or for
steaming knitted fabrics with which there is the
need to avoid the application of tension to the
substrate, and which steamer is capable of control-
ling the transport of the substrate by a simple
automatic control system.
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The object of the present invention can be
accomplished in the following manner. A specialty
steamer is provided, for color development, which
supplies saturated steam into a closed space for
performing a heat freatment on a substrate that has
been subjected to a dyeing treatment and a ftreat-
ment for imparting a fixing agent. The steamer
comprises a substrate entrance that is provided at
an end of the steamer, a substrate exit that is
provided at the other end, and a row of spaced
apart substrate transport rolls arranged in order
from the substrate entrance to the substrate exit
and in the upper portion of the closed space. A
substrate detecting means is provided in a position
below the space between adjacent substrate trans-
port rolls in order to detect a portion of the sub-
strate which droops between adjacent substrate
transport rolls as the substrate is transported by
the respective substrate transport rolls. Further, the
steamer includes a means for controlling the rota-
tional speeds of the substrate transport rolls in
such a way that in response to a detection signal
from a particular substrate detecting means, the
rotational speed of a substrate transport roll asso-
ciated with the particular detecting means is con-
trolled.

The surface of each substrate transport roll is
desirably subjected to an anti-slip treatment that
will provide a higher friction coefficient. Examples
of such an anti-slip treatment include providing a
number of spikes over the entire surface of the
rolls, as well as covering the rolls with a coating of
plastics, metals or other materials having a high
friction coefficient. These treatments insure that the
substrate can be transported as it remains droop-
ing between rolls without slipping down. In another
desired embodiment, each substrate detecting
means either consists of at least two units disposed
vertically in the direction of substrate drooping or
comprises a continuous linear signal detecting
mechanism. If necessary, an auxiliary roll may be
provided near each substrate transport roll in two
positions, one being upstream of the corresponding
roll and the other downstream thereof in the direc-
tion of substrate transport. The auxiliary roll located
upstream is intended to guide the substrate to be
carried by the proper transport roll, whereas the
auxiliary roll located downstream serves to prevent
the substrate from winding itself around the trans-
port rolls.

The specialty steamer for color development
according to the present invention is optimal for
use either as a steamer used for a printing in which
only one side of the fiber structures (substrates)
using dye solutions composed of reactive dyes or
vat dyes is dyed, or as a steamer of knitted fabrics
and other substrates with which there is the need
to avoid the application of tension to the substrates.
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The term "fiber structures" as used herein
means natural vegetable fibers such as cellulose
fibers, natural animal fibers such as wool, synthetic
fibers, as well as blends and unions of these fibers.

According to the present invention, the sub-
strate supplied into the steamer through the en-
trance is fransported, as it is hung over a plurality
of transport rolls, in such a way that a steaming
treatment is carried out during the substrate trans-
port. The rotational speed of each substrate trans-
port roll is controlled by the associated substrate
detecting means and rotational speed control
means, and this enables management of the
steaming period.

Each substrate detecting means may consist of
at least two units arranged vertically in the direction
of substrate drooping or, alternatively, the substrate
detecting means may comprise a continuous linear
mechanism. If one of the substrate detecting
means located in the upper row is not capable of
substrate detection, the rotational speed of the sub-
strate transport roll associated with that nonap-
plicable sensor is accelerated; on the other hand, if
any one of the substrate detecting means located
in the lower row detects the substrate, the rota-
tional speed of the substrate transport roll asso-
ciated with that sensor is decelerated. In this way,
it can be insured that the drooping substrate will
always be folded back between the upper and
lower rows of substrate detecting means, whereby
one can control the time during which the substrate
stays within the steamer.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows diagrammatically a steamer ac-
cording to an example of the present invention;
Fig. 2 is a flow chart for describing control over
the ftransport of a substrate in the steamer
shown in Fig. 1; and

Fig. 3 is a diagram showing the substrate trans-
port mechanism used in a conventional loop
steamer.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An example of the present invention is de-
scribed below with reference to the accompanying
drawings.

First, the specialty steamer for color develop-
ment which is to be used in the example under
consideration is described with reference to Fig. 1.

The steamer 2 has an entrance 30 for the
substrate 6 provided in the bottom at one end; it
also has an exit 31 for the substrate provided at the
other end in the bottom thereof. A row of substrate
transport rolls 32 are arranged in the upper part of
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the steaming space between the substrate entrance
30 and exit 31. The first substrate transport roll
32a, which is the closest to the entrance 30, en-
sures that the substrate 6, emerging from the de-
vice capable of imparting the fixing solution by
contact, is properly guided into the steamer 2. The
transport rolls 32 are driven in such a controlled
manner (for details, see below) that the substrate 6
is transported toward the exit 31 as it is hung over
the sequence of transport rolls 32. Therefore, as
shown in Fig. 1, the substrate 6 is transported in a
serpentine path (it droops between adjacent trans-
port rolls 32) and as the substrate 6 is transported
in this way, it is heated sufficiently to achieve
satisfactory dye fixation.

The means of transporting the substrate within
the steamer 2 in the embodiment under consider-
ation is optimal for the method of dyeing only one
side of the substrate, as in printing. In this case,
only the side of the substrate that does not come
in contact with the rolls 32 is printed, thus permit-
ting the substrate to be dyed to produce a good
finish without being stained by the rolls 32. Need-
less to say, the transport means is also applicable
fo dyeing both sides of the substrate as in exhaus-
tion dyeing.

In order to insure that the substrate 6 will be
transported in a serpentine path as it droops be-
tween adjacent rolls 32, the surface of each roll 32
is subjected to an anti-slip treatment that will pro-
vide a higher friction coefficient. Examples of such
an anti-slip treatment include providing a number of
spikes over the entire surface of the rolls 32, as
well as covering the rolls with a coating of plastics,
metals or other materials having a high friction
coefficient.

All tfransport rolls 32 except the first roll 32a
and the subsequent second roll 32b are provided
with auxiliary rolls 33 that are located near the rolls
32 in a position upstream of the rolls 32 in a
direction of substrate transport to insure that the
drooping substrate during transport is folded back
and positively transferred to the next roll 32. On the
other hand, all transport rolls 32, including the first
and second rolls, are provided with auxiliary rolls
34 that are located near the rolls 32 in a position
downstream of the rolls 32 in the direction of
substrate transport to insure that the substrate 6
does not wind itself around the rolls 32 having a
high friction coefficient.

An endless belt 35 runs over the second trans-
port roll 32 in such a way as to form a fransport
path that is inclined toward the first transport roll
32a. At least two units 37ax and 37ay of a first
sensor 37a for substrate detection are provided
vertically in a position that is below the first trans-
port roll 32a and which face the endless belt 35.
Two units 37x and 37y of a substrate detecting
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sensor 37 are also provided vertically for the sec-
ond and subsequent transport rolls 32 in a position
that is below the space between adjacent rolls.

The sensors 37 may be of any type that is
capable of detecting the substrate 6, as exempli-
fied by photosensors, touch sensors, etc. In the
present embodiment, sensors 37a and 37b are
photosensors and sensor 37z is a touch sensor.

A plurality of openable inspection doors 38 are
provided, as required, in the side wall of the steam-
er 2.

The steamer 2 is supplied with steam that is
blown in through a plurality of inlets 39 that are
provided uniformly along the entire length of the
bottom of the steamer 2 in such a way that they
are arranged in the direction of substrate transport.
Pressure-controlled steam from a boiler (not
shown) is blown into the steamer 2. Steam deflect-
ing covers (not shown) are provided above the
steam inlets 39 to insure that the steam gushing
out of the inlets will not make direct contact with
the substrate.

Drain baffle walls 30a and 31a are provided
within the steamer 2 around the entrance 30 and
exit 31, respectively, to insure that steam conden-
sate will not leak out of the steamer 2 through the
entrance 30 and the exit 31. Steam chambers 41
and 42 are provided on the side of the exterior wall
of the steamer 2 away from the drain baffle walls
30a and 31a, respectively; the steam discharged
through the entrance 30 and exit 31 will stay tem-
porarily in the chambers 41 and 42 and then
passes through riser pipes 43 and 45 that run on
the outer surface of the side walls of the steamer 2
before it is eventually discharged to ambient
through exhaust fans 46 and 47. Dampers 49 and
50 are provided approximately halfway along the
pipes 43 and 45, respectively, and by adjusting the
degree of their opening, the quantity of steam
present in the steamer 2 can be controlled. The
quantity of steam in the steamer 2 is detected with
a pressure sensor (not shown) and a signal for the
detected value is transmitted to damper controls
(not shown).

Next, the method of controlling the substrate 6
so that it can be transported in a serpentine path
through the steamer 2 is described. First, the lead-
ing edge of the substrate 6 to be dyed is con-
nected by sewing to a guide cloth that is prelimi-
narily stretched over all rolls 32 in the steamer 2.
Then, the substrate 6, as it is guided by the cloth,
is fed into the steamer 2 through the entrance 30.
When the interior of the steamer 2 is fully saturated
with steam, the individual transport rolls 32 start to
be driven. If the leading edge of the substrate 6 is
detected by the first sensor 37a, the endless belt
35 on the second roll 32b through a variable speed
driving motor member 132 starts to be driven,
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causing the substrate 6 to be transported with its
leading edge folded back toward the transport roll
32b. If the second sensor 37b between the second
transport roll 32b and the third transport roll 32¢
detects the drooping of the substrate, the third
transport roll 32c will start to rotate. In this way,
transport rolls positioned downstream of the direc-
tion of substrate transport start to rotate succes-
sively and the substrate will be transported as it
droops between adjacent transport rolls 32.

The printed fabric entering the steamer 2 may
have already gained a moisture content. However,
on account of the printing paste, the fabric is hard
and lacks suppleness. Hence, the fabric might
swing in the direction of transport when it bends.
The endless belt 35 is provided in order to prevent
the occurrence of such a swing.

The sensors 37 provided between the second
transport roll 32b and subsequent rolls 32 are ca-
pable of controlling the rotating speeds of the asso-
ciated rolls 32 through the variable speed driving
motor member 132 to insure that the folded por-
tions of the substrate 6 will always be positioned
within the range that can be detected by the upper
and lower rows of sensors. Stated more specifi-
cally, if any one of the sensor units 37x in the
upper row x is activated, the rotational speed of roll
32 located downstream of that sensor 37 is decel-
erated; on the other hand, if any one of the sensor
units 37y in the lower row vy is activated, the same
rotational speed of roll 32 located downstream of
the sensor 37 is accelerated. Thus, the rotation of
rolls 32 through the driving motor 132 is controlled
in such a way that the loop of the substrate is
positioned at all times in the middle of the distance
between the two units 37x and 37y of sensor 37 in
the upper and lower rows x and y, respectively.

With the droop width of the substrate 6 being
controlled in the manner described above, the time
for which the substrate 6 stays within the steamer 2
can be adjusted to an optimal value in accordance
with the material of the substrate, the mode of its
weaving, its thickness and the method of dyeing
the substrate 6. It should be noted here that the
transport of the substrate 6 in a serpentine path is
controlled by the associated control 133.

A flow chart for controlling the drive of the
transport roll as well as the above-described con-
trol over the transport of the substrate in a serpen-
tine path is shown in Fig. 2.

According to the present invention, a heat
treatment for fixing dye that has been adsorbed on
only one side of a substrate as in printing or a heat
treatment subsequent to the dyeing of fiber struc-
tures such as knitted fabrics with which there is the
need to avoid the application of tension to the
substrate can be performed without causing any
adverse effects on the finish of the dyeings.
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Although the present invention has been fully
described by way of the preferred embodiments
thereof with reference to the accompanying draw-
ings, various changes and modifications will be
apparent to those having skill in this field. There-
fore, unless these changes and modifications other-
wise depart from the scope of the present inven-
tion, they should be construed as included therein.

Claims

1. In a specialty steamer for color development
that supplies saturated steam into a closed
space for performing a heat treatment on a
substrate that has been subjected to a dyeing
freatment and a treatment for imparting a fixing
agent, the steamer having opposite ends and
the closed space including an upper portion
and a lower portion, said specialty steamer
comprising: a substrate entrance provided at
one end of said steamer; a substrate exit pro-
vided at the other end of said steamer; a row
of spaced apart substrate transport rolls ar-
ranged in order from said substrate entrance to
said substrate exit and in the upper portion of
the closed space; a substrate detecting means
provided in a position below the space be-
tween adjacent substrate transport rolls in or-
der to detect a portion of the substrate which
droops between adjacent substrate transport
rolls as the substrate is transported by the
respective substrate transport rolls; and a
means for controlling the rotational speeds of
the substrate transport rolls in such a way that
in response to a detection signal from a par-
ticular substrate detecting means, the rotational
speed of a substrate transport roll associated
with said particular detecting means is con-
trolled.

2. The specialty steamer according to claim 1,
wherein each substrate transport roll includes a
surface which contacts the substrate, said sur-
face being subjected to an anti-slip treatment
thereby to provide a higher friction coefficient
than with an untreated surface.

3. The specialty steamer according to claim 1,
wherein each substrate detecting means com-
prises at least two units disposed vertically in a
direction of substrate drooping.

4. The specialty steamer according to claim 1,
wherein each substrate detecting means com-
prises a continuous linear signal detecting
mechanism.

10

15

20

25

30

35

40

45

50

55

The specialty steamer according to claim 1,
further comprising an auxiliary roll provided
near each substrate transport roll in two posi-
tions, one position being upstream of a cor-
responding substrate transport roll and the oth-
er position downstream thereof in a direction of
substrate transport.

The specialty steamer according to claim 1,
wherein said steamer supplies steam for a
steaming treatment that is performed in dyeing
fiber structures using dye solutions comprising
one of reactive dyes and vat dyes.
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