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COMPOSITE GRANULATOR
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a technique of a granulator system, and
particularly to a composite granulator that employs roller mills (such as commonly-used
noodle makers) for providing heat as units. The composite granulator may be used for
granulating and drying high-moisture materials such as slurry materials, pasty materials
and creamy materials. The present invention may be applied in the fields of
environmental protection, metallurgy, light industry, chemical engineering, foods,
medicines, forage, treatment of agricultural (forestry, livestock, and fishery) products and
the like. The composite granulator of the present invention may also be used to granulate
and dry municipal sludge and industrial sludge.

2. Description of Related Art

[0002] A demand for drying is on the rise as new materials (raw materials) continue to
emerge. Sludge drying also serves as a prerequisite processing stage in the minimization
and non-hazardous treatment of municipal sludge and industrial sludge, wherein energy
consumption acting as a main consumption index particularly a major concern in the
drying process.

[0003] Many researches and studies have been done in an attempt to minimize energy
consumption in the drying process of sludge in environmental protection industry while
guaranteeing safety and cleanliness; to granulate and dry high-moisture materials (cake
materials, creamy materials, slurry materials and pasty materials) with minimum energy
consumption and improved capacity per machine in the industries of chemical
engineering, medicines, foods, minerals, smelting and the like.

SUMMARY OF THE INVENTION

[0004] An objective of the present invention is to provide a composite granulator using
heated roller mills as basic units. Simple heated roller mills are employed as units to be
assembled into a composite granulator which is capable of directly quenching and drying

wet and viscous materials such as cake materials, creamy materials, slurry materials and
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pasty materials into irregular monomer granules approximately hollowed out with
minimum Kinetic energy and heat consumption.

[0005] To achieve the objective of the present invention, the following technical
solution is provided:

[0006] acomposite granulator, comprising a case body, atemporary feed storage bin, a
rolling unit, a heating supply system and a power system,

[0007] the case body 11 is provided with an air outlet 03, an air inlet 12 and a bottom
support frame 16, wherein the air inlet 12 is disposed on the support frame 16 in a blind
form; wet and hot gases produced inside the case body 11 are exhausted by employing
manners such as exhausting the gases inside the case body, controlling induced air under
enclosed negative pressure, vacuum extracting or open dissipating;

[0008] the temporary feed storage bin O1 is installed at an upper portion of the case
body 11 for placing wet materials 17 therein;

[0009] the rolling unit comprises two or more layers of roller mills, each layer of roller
mills having one or more sets of roller shafts 06 to be assembled into a single roller mill
layer; the layers of roller mills are installed inside the case body 11 and vertically
arranged;

[0010] the heating supply system comprises swivel joints 04 disposed on the roller
shafts 06 of each layer of roller mills, which are matched with the air outlet 03 and the air
inlet 12 to provide three kinds of heating supply forms, respectively steam, heat transfer
oil and a hot gas; the steam and the heat transfer oil serve as indirect heat-exchanging
heat sources, and the hot gas serves as a direct heat-exchanging heat source;

[0011] the power system comprises a power assembly and a transmission system, the
power assembly is combined by one or more sets of velocity reducers and motors, the
transmission system is composed of a chain wheel, a gear wheel or a transmission shaft,
and the transmission velocity is subjected to segmented control by an automatic control
system.

[0012] Baffle plates 07 are disposed on the case body 11, and the baffle plates 07 are
respectively installed at two sides of each layer of roller mills, the baffle plates 07 at one

sides are lengthened to be in contact with an inner wall of the case body 11, and the
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lengthened baffle plates 07 at the upper layer and the lower layer are mutually staggered
to match with the air inlet 12 and the air outlet 03 to form a channel of exhausting wet
and hot gases.

[0013] A flexible stripping frame or a flexible stripping sheet 14 is disposed on each set
of roller shafts 06 to separate hard foreign matters 15 contained in wet materials 17; and
a cleaning blade 05 is disposed below each roller shaft to clean remaining materials in a
toothed groove.

[0014] The case body 11 is composed of a plurality of independent modularized case
bodies 11 with a uniform installation size, each case body 11 is provided with one layer
of roller mills, the roller mills are assembled according to an upper-lower layer manner to
form a composite granulator.

[0015] An air outlet 03 installed on a lateral side of the case body 11 of atop layer of
roller mills in the composite granulator is connected to an induced draft fan for
exhausting waste and wet gases; when a hot air flow is used as a heat source, the air inlet
and the air outlet are provided in two sides of the same layer or in intersecting sides of
respective layers.

[0016] Each set of roller shafts of each layer of roller mills of the composite granulator
may have identical or different diameters, effective lengths, as well as the toothed
grooves of identical or different shapes and sizes.

[0017] theroller shafts of alower layer of roller mills of the composite granulator has a
greater tooth face linear velocity and volume flow rate than those of the roller shafts of a
next higher layer of roller mills; and tooth face linear velocities and volume flow rates of
the toothed roller shafts of the remaining adjacent layers of roller mills may be adjusted
according to volumetric features of materials containing various rates of moisture.

[0018] An included angle 6 of a flexible blade carrier is 60~ 180 °; a gap T between a
flexible blade carrier and excircle surfaces of the roller shaft 04 of the roller millsis 2~
10 mm, generally 5 mm; and a draft angle y of the roller shaft 02 of the roller mills is 5~
90 °.

[0019] A diameter D of the roller shafts is 150~2000 mm, generally 300 mm; the

plurality of pairs of toothed roller shafts may have identical or different diameters, and
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there may be identical or different numbers of pairs of roller shaft; and milling gaps of
the layers of roller mills are vertically misaligned.

[0020] A meshing surface of the roller shaft 02 is a toothed meshing surface or plane
joint surface, and atoothed groove of the toothed meshing surface is semicircular or is of
a shape with a flat bottom; an included angle a between a connecting line from a
tooth tip of a cleaning blade (05) to a shaft center of a roller shaft and a vertical
symmetrical center line of a shaft center of the roller shaft is 5~135 °; and an included
angle B between a bottom surface of a tooth piece and a bottom of a tooth tip or a tangent
line of the excircle surface is 0~ 30 °.

[0021] The present invention achieves purposes of bringing maximum moisture of
granular materials to the surface, greatly improving a drying power of the materials, and
providing a reliable guaranty for saving heat for drying, reducing power consumption,
and prolonging the service life of equipment. This is drying means which is simplest,
most energy-saving and wear-free in the industry of drying wet and viscous materials
such as filter cakes, creamy materials, slurry materials and pasty materials, and has a
great contribution to the drying industry in the world;

[0022] the present invention employs the simple flexible blade carrier (or angle iron) to
strip (or reject) hard foreign matters mixed in granulated dried soft materials. This is a
most direct and convenient method of sorting hard foreign matters in soft, wet and
viscous materials, and also has a great contribution to industries of disposing sewage
sludge, river mud, mines and the like;

[0023] the present invention is simple in structure, convenient to operate, small in
friction and high efficiency; characteristics such as softness, viscosity, thickness and
poor permeability adverse to drying are transformed into advantageous conditions of
composite granulation; in a case of only requiring a small power of a transmission roller
mill and afriction force of approximately pulling materials (a very small area) at an edge
of atooth portion in a sliding manner on a very small surface of atoothed roller, creamy
materials, pasty materials, slurry materials and cake materials are directly transformed
into monomer materials which have dried surfaces and crackles and are mutually

non-sticky. Moisture in the materials may be maximally brought to surfaces by repeating
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combination for many times, so that the drying power of the materials is greatly
improved, a great convenience is brought to a subsequent drying process, and thus the
kinetic energy consumption and the heat energy consumption are reduced; and
hollowed-out granule shapes can be formed in repeated granulation, and thus the granule
permeability is increased, and moisture inside granules is more favorably rapidly
evaporated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] HG. 1 is a schematic view of a composite granulator with a single-set
multi-layer structure according to the present invention;

[0025] FIG. 2 isaschematic view of acomposite granulator with a multi-set multi-layer
structure according to the present invention;

[0026] FIG. 3to FIG. 6 show a schematic view of atoothed construction and a meshing
condition of roller shafts of the present invention;

[0027] HG. 7 shows a schematic view of a construction of plane meshing roller shafts.
[0028] 01 temporary feed storage bin; 02 first layer of roller mills;

[0029] 03 air outlet; 04 swivel joint;

[0030] 05 cleaning blade; 06 roller shaft;

[0031] 07 baffle plate; 08 second layer of roller mills;

[0032] 09 bar-shaped materials; 10 nth layer of roller mills;

[0033] 11 equipment case body; 12 air inlet;

[0034] 13 granular materials; 14 flexible stripping frame;

[0035] 15 hard foreign matters; 16 support frame;

[0036] 17 wet materials; 18 flat-bottomed toothed groove;

[0037] 19 semicircular toothed groove; 20 roller shaft wall;

[0038] 21 meshing-molding groove; 22 heat source medium.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0039] To make an objective, a technical solution and advantages of the present
invention be more clear and obvious, the present invention will be illustrated in details

below in conjunction with the accompanying drawings and specific embodiments.
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[0040] The present invention is a novel granulating device assembled based on a
general roller mill. When meshing toothed roller shafts of roller mills rotate in opposite
directions, materials placed at local edges of tooth surfaces are dragged into axial
grooves of a pair of two toothed nip rollers with rotation of teeth under an effect of
gravity and friction of local tooth tips and continue to move downwards until entering a
toothed meshing groove to naturally form bars. The toothed rollers with an
appropriately-designed diameter may be selected for different materials to meet a balance
of a vector sum of a suction friction force and a bar-forming force, such that the
bar-forming force is minimum. Meanwhile, for some soft materials containing irregular
and hard unwanted substances (such as bricks and debris in river channel sludge),
various diameters of roller shafts and a flexible stripping frame (sheet or angle iron) are
provided to bounce off hard granules by using an action force and a reaction force to
achieve effects of sorting and stripping.

[0041] Meanwhile, a heat source (steam or heat transfer oil, etc.) introduced into inner
cavities of toothed rollers of the roller mills are conducted by walls of the roller shafts. In
no-load areas, the walls of the roller shafts absorb energy stored by the internal heat
source (or heat energy provided by hot air), which is instantly conducted to the surfaces
of the foregoing materials. Due to great thermal differences, heat is conducted at a high
velocity. Surfaces of formed materials are heated rapidly, and then the surfaces of
bar-shaped granules are rapidly heated. Further, due to rapid heating, there are
phenomena such as crackles, surface embrittlement and rapid volume shrinkage of steam
films formed between surfaces of the materials and surfaces of the meshing toothed
grooves. Bar-shaped materials may be naturally released from the toothed grooves under
the effect of gravity due to generation of such crackles and embrittled surfaces and
volume shrinkage. A high-pressure steam film formed when the bar-shaped materials
(surfaces) are heated in the grooves have a capability of isolating bar-shaped granules
from bottom surfaces of the grooves; and since a draft angle, the bar-shaped materials
with dried and embrittled surfaces are naturally released from the grooves under the
effect of gravity, and thus a first step of drying and embrittling the formed surfaces is

completed.
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[0042] Dueto their great viscosity (or other characteristics), the foregoing crackled and
dried bars or granules with embrittled surfaces may contain water substances (or solvents)
that are partly internal water (crystal water or the like) in molecular structures.
Consequently, the water substances (or solvent) in interiors of granules may not be easily
transferred to their exteriors. Also, high-temperature thermal radiation and hesat
convection in areas of the toothed rollers not in contact with materials allow surfaces of
the foregoing materials released from the toothed grooves to keep being heated and
evaporating. Therefore, the embrittled surfaces will not soon get damp and will remain
independent, dried, embrittled and crackled after falling into toothed roller shafts of a
second layer of roller mills and before being dragged inside toothed grooves. A tooth
face linear velocity and a volume flow rate of the toothed roller shafts of the second layer
of roller mills are higher than those of toothed roller shafts of afirst layer of roller mills.
When long formed bars enter the toothed grooves of the toothed roller shafts of the
second layer of roller mills, since the linear velocity or volume flow rate increase, the
long bars are snapped and freely fall on the rollers of the second layer of roller mills.
This kind of free fall causes the long bars to be distributed irregularly on the tooth faces
of the toothed roller shafts of the second layer of roller mills and be cut into short bars or
irregular granules by the toothed rollers of the second layer of roller mills. Surfaces of
these objects are rapidly heated in the toothed grooves of the second layer of rollers,
high-pressure steam films may likewise be formed on the tooth faces, tooth bottoms and
tooth sides to isolate and to embrittle, crackle and harden material surfaces. When the
formed granules move to bottoms, they are released from the toothed grooves under the
effect of gravity. As described above, when entering a pair of toothed roller shafts of a
third layer of roller mills, bars are shorter, granules are more uniform, and granule
surfaces are further embrittled, crackled and hardened.

[0043] Asrequired, multiple layers and multiple sets of the foregoing roller mills may
be disposed vertically to satisfy the requirements of processing capacity, surface drying
granulation, and separation of big and hard materials (such as bricks and stones).

[0044] The excircle linear velocity of higher and lower layers of roller mills and the

toothed volume flow rate of their meshed toothed grooves or individual radial toothed
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grooves are keys to ensuring normal operation. In normal conditions, the excircle linear
velocity and the toothed volume flow rate of an adjacent lower layer of roller mills must
be slightly greater than those of a next higher layer of roller mills, so that the lower layer
of tooth faces may sufficiently absorb the volumetric flow from the higher layer and pull
apart bar-shaped materials falling from the higher layer to facilitate granulation. For
materials whose volumes rapidly shrink after they form noodles (granulated) and after
their surfaces are dried, the excircle linear velocity and the toothed volume flow rate of a
lower layer may be appropriately increased according to the degree of actual volume
shrinkage.

[0045] During granulation, through the differences between the excircle linear
velocities and the toothed volume flow rates of the higher and lower layers, the noodles
are pulled apart, randomly fall into the surfaces of the roller shafts at a lower layer and
are cut to again form new noodles (short noodles or granules).

[0046] During the foregoing process, as the outer surfaces of the noodles (or granules)
contact the outer surfaces of the roller shafts, heat isinstantly conducted, and the surfaces
rapidly absorb heat and evaporate. Each operation may create outer surfaces that are
dried, embrittled and crackled. When the materials are passed to a lower layer, the
previously dried, embrittled and crackled outer surfaces are drawn into interiors of new
noodles (granules). The water substances previously in the interiors are broken and
emerge to become new surfaces that rapidly absorb heat and evaporate. After multiple
layers and multiple times of repeatedly absorbing heat, being torn and cut, and having
their surfaces evaporate and dried, materials are gradually formed into irregular granules
which are approximately hollowed out and are greater in surface areas. Further, the
surfaces of the roller shaft are instantly cleaned by matched cleaning blades to ensure a
heat exchange efficiency, a heat storing efficiency and a heat releasing efficiency of the
surfaces of the roller shafts of the roller mills.

[0047] When materials to be granulated and dried may be contaminated with hard
foreign matters (river sludge, sewage sludge to be transported, mineral separation etc.), a
flexible blade carrier (or angle iron) is installed at an upper portion of a first layer of

roller shafts of the composite granulator. Soft materials are pressed into the toothed
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grooves of the toothed grooves of the roller mills under the force of gravity, while hard
foreign matters (bricks, debris, stones, screw bolts, screw nuts, metal and non-metal ware,
splinters, etc.) are retained above the flexible blade carrier or angle iron. With the
movement of the roller shafts of the roller mills, soft materials on the surfaces of the hard
foreign matters are stripped and the hard foreign matters possibly inserted into gaps
between the roller shafts and the angle iron are constantly bounced off gap areas under
the spring force of the flexible blade carrier (or angle iron) during movement because the
action force and the reaction force are produced simultaneously. The hard foreign matters
forever float above the flexible blade carrier (or angle iron) until reaching a certain
amount, and then are eliminated by halt. A worldwide problem will be solved by
employing such a simple technology.

[0048] All pairs of toothed rollers of the granulator of the present invention are
provided with movable toothed blades or flat blades for cleaning residual objects off the
grooves or the surfacesto keep the surfaces in working conditions.

[0049] A structure of a composite granulator of the present invention is described in
details below in conjunction with given embodiments and the accompanying drawings.
[0050] Firstly, with reference to FIG. 1, a composite granulator provided by the present
invention comprises main components such as a temporary feed storage bin 01, a first
layer of roller mills 02, a second layer of roller mills 08, an n™ layer of roller mills 10, an
equipment case body (with a single layer or an assembly of multiple layers) 11, a power
system, and a granulator support frame. An air outlet 03, an air inlet 12, roller shafts 06
and baffle plates 07 are disposed on the equipment case body 11; swivel joints 04 and
cleaning blades 05 are disposed on the roller shaft 06 of each layer of roller mills; a
flexible stripping frame (or sheet) 14 is disposed on the roller shaft 06 of the first layer of
roller mills, and the configuration of the composite granulator is completed.

[0051] The temporary feed storage bin Ol is installed in an upper portion of the
equipment case body 11 to cover a first layer of roller mills 02 with wet materials and
keep theroller mills in afully-loaded working state at all times. Negative pressure is well
kept in the interior of the composite granulator. The upper portion of the first layer of

roller mills 02 is blocked to prevent air from being sucked in. Further, a material level
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sensor (not shown in the figure) is disposed in the temporary feed storage bin 01 to
transmit material level signals to an automatic control system, so that a material
transportation system may timely replenish the storage with materials and keep the
material level above a minimum threshold.

[0052] A set of composite granulator generally comprises two or more layers of roller
mills. Each layer of roller mills includes a set of roller shaft 06 assembled to form an
individual operation layer; general swivel joints 04 serving as important parts of input
and output of a heat source are disposed on roller shafts 06 of all roller mills; matched
cleaning blades 05 serving as important parts of cleaning residual materials off meshed
toothed grooves are likewise installed on roller shafts 06 of the roller mills; the roller
shafts 06 of all roller mills may have identical or different diameters and meshed toothed
grooves (18, 19, 21) of identical or different shapes and sizes. In the overall design of the
composite granulator, the principle of the design is to allow materials falling from a
higher layer of roller shaft to be timely transported by an adjacent lower layer of roller
shaft. From a first layer to a second layer, since the first layer of materials have high
pressure from self-gravity, high moisture, and soft texture, and the second layer of
materials have low pressure from self-gravity, reduced moisture, and harder texture,
when gap areas formed by the pairs of roller shafts relatively moving are identical, the
volume of materials falling from the first layer is greater than that of materials falling
from the second layer, and thus the volume flow rate of the second layer must be greater
than that of the first layer. In subsequent lower layers, materials have basically equal
pressure from self-gravity. Therefore, under the precondition that materials falling from
an adjacent higher layer must be completely carried away by a lower layer without
causing blockage, the velocity ratio needs to be reduced according to the material’s
feature of volumetric change to increase the heat exchange efficiency of the roller shafts.
[0053] A flexible blade carrier (or angle iron) 14 is installed on an upper portion of the
first layer, in this way, soft materials are pressed into the toothed grooves of the roller
mills under the effect of gravity, while the hard foreign matters 15 are retained above the
flexible blade carrier or angle iron 14. With the movement of the roller shafts of the

roller mills, the soft materials on the surfaces of the hard foreign matters 15 are stripped
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and the hard foreign matters 15 possibly inserted into gaps between the roller shafts 06 of
the roller mills and the angle iron are separated (bounced off) and float above the flexible
blade carrier 14 under the spring force of the flexible blade carrier 14 during movement.
After a certain amount of the soft material are accumulated, the spring force is converted
into pulse force (torque) signals (completed by an instrument control system), which are
outputted to remind an operator to shut down the granulator for cleaning.

[0054] Innormal conditions, a peripheral linear velocity and atoothed volume flow rate
of the roller shaft 06 when the second layer of roller mills 08 rotate are higher than those
when the roller shafts 02 of the first layer of roller mills rotate. The toothed volume flow
rate refers to a product of an area of a gap between teeth between the roller shafts moving
relative to each other and atangential linear velocity of the roller shafts, that is, a volume
flow rate of the gap between roller shafts moving relative to each other. The peripheral
linear velocity and the toothed volume flow rate of the roller shafts when the n" layer of
roller mills 10 rotate are higher than those when roller shafts of a (n-1)™ layer of roller
mills rotate. The increase in velocity is determined by the volumetric feature of the
granulated materials during granulation and drying. The accumulation volume of
materials in a composite process of granulation and drying comprises three parts. a
volume expansion section, a volume unchanged section, and a volume reduction section
from top to bottom. When the volume is obviously reduced, the peripheral linear velocity
and the toothed volume flow rate of the roller shafts when a lower layer of roller mills
rotate are lower than those when a higher layer of roller mills rotate. All these are
determined according to volumetric features of materials with different moisture. Asin
conventional roller mills, a cleaning blade 05 is installed at a bottom (lateral) end of a
roller mill to timely clean residual materials off the teeth of the roller mill.

[0055] Swivel joints 04 of heat source supply and output mechanisms may be installed
ontheroller shafts of all roller mills so asto constantly provide heat energy.

[0056] The present invention provides three ways of heating, respectively, steam, heat
transfer oil and hot flue gas (or hot gas). The steam and the heat transfer oil are direct

heat-exchanging heat sources, the hot flue gas (or hot gas) is a direct heat-exchanging
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heat source, and the steam is a clean energy, while the heat transfer oil is alooped energy,
and the hot flue gas (hot gas) is a heat source which may cause secondary pollution.
[0057] The steam may be transported with large flow rate, hot heat capacity and long
distance, meanwhile, has no pollution to the environment when the possibly leaking, is
high in heat capacity in unit mass, and may be reflowed to a boiler for being repeated
heated, and is suitable for agreat project and a project which may be matched with a heat
source around.

[0058] The heat transfer oil may be suitable for medium-small drying heating projects
with heat sources; a large flow rate of the heat transfer oil is required for the same heat
load due to low heat capacity, and a consumption power of a pump package is high; it
has the advantages of completely realizing heat energy closed-loop circulation and being
small in heat transmission loss; it may pollute the environment when possibly leaking.
[0059] The hot flue gas (hot gas) is relatively low in heat load per unit and large in
volume flow rate of waste gas; tail gas purification is a most obvious problem. It is
suitable for application only when no harmful substances (such as odor, toxic gases and
the like) are contained in dried materials, otherwise, a handling device for up-to-standard
release of tail gases, which is high in operation cogt, is required.

[0060] An integral structure of the equipment case body 11 (a single layer or an
assembly of multiple layers) comprises multiple specific structure forms and sizes.
Generally, each layer of roller mills is installed in an independent case body to be
assembled vertically with other layers. The case bodies may have standardized
installation sizes to be assembled into a composite granulator with multiple modular
layers. This may facilitate standardized and modular production and the increasing or
reducing of the number of layers of roller mills (heat exchange size) in the composite
granulator in the process of system debugging. In special cases, a case body of a single
layer may be used to install multiple layers of multiple sets of roller mills of an entire set
of device. An air outlet 03 is disposed in afirst layer of the granulator and an air inlet 12
is disposed on a support frame 16, so that the evaporated waste gas may be immediately
exhausted, the content of moisture inside the case body is reduced, and the evaporation

power is improved. Each layer of case body includes a baffle plate 07 to guide materials
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into a lower layer of roller mills. Disposed in an appropriate position, the baffle plate 07
is lengthened to serve as a guide plate of internal gas. The air flow inside the entire
assembled case body is guided by the guide plate to pass through each layer of roller
mills gradually according to a certain designed flow direction and take away evaporated
water vapor, so that the drying power is enhanced; and the lowest end of the case body is
chained with the support frame 16 of the granulator.

[0061] A structural form of the support frame 16 of the granulator is a reference pattern
having an air inlet 12 with a blind. The support frame 16 of the granulator may also be
composed of a downstream device support (such as a plate-type dryer member). In this
case, granules discharged from the granulator may directly enter a downstream device for
further drying without a transportation system. Gas or a heat source may also be directly
replenished through a connector of the downstream device.

[0062] Gas inside the case body 1 may be exhausted by controlling induced draft under
enclosed negative pressure, may be exhausted by vacuum extracting or open dissipating.
If the gas is required to be replenished, an air preheating system may be disposed. If the
content of a certain element in the gas inside the granulator needs to be controlled, a
corresponding monitoring system may be disposed. Alternatively, a bypass may be
disposed in the closed loop cycling system to exhaust evaporated gas.

[0063] The transmission (not shown in the figure) of the composite granulator is as
follows: a swivel joint 04 is installed on one end of a roller shaft 06 of the roller mills
and a power transmission mechanism (such as a gear wheel, a chain wheel, a
transmission shaft, a speed reducer and a motor) is installed on another end. Generally,
each composite granulator is transmitted and operated by a set of power (an assembly of
the speed reducer and the motor) through the chain wheel, the gear wheel or the
transmission shaft. A transmission velocity is subjected to segmented control by an
automatic control system according to requirements for features of a physical linear
velocity and the toothed volume flow rate.

[0064] FIG. 2 isaschematic view of acomposite granulator with a multi-set multi-layer
structure according to the present invention. Each layer includes multiple sets of roller

shafts (each pair of roller shafts is one set), which form a plurality of milling surfaces,
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and thus the capacity of the temporary feed storage bin Ol is increased, and the efficiency
of transporting and milling wet materials is improved, and the composite granulator
meets various needs.

[0065] Theroller shafts of the roller mills may be arranged into a single line of multiple
layers (such as n layers) as shown in FIG. 1, or multiple lines (m lines) of multiple layers
(such as n layers) as shown in FIG. 2.

[0066] Diameters D;, Do, ... Dyof the pairs of the toothed roller shaft may be identical,
i.e. D1=D,= ... =Dy, or random values.

[0067] Excircle diameters D of the roller shafts are determined by the hardness and
flow features of the materials. If the diameters are high, the material compression amount
of roller shafts of a first layer of noodle makers is great, and therefore the resistance is
great and the power consumption is large. If the diameters are small, the heat exchange
area of the single roller shaft of the granulator is small, a device with equal evaporation
power may seem complicated and would have lower efficacy if including more shafts.
Therefore, the design of the excircle diameter of the roller shafts must satisfy a
requirement of smoothly forming noodles (outputting band-shaped materials) on a
premise of a lower power consumption so as to achieve a purpose of saving energy,
reducing power consumption, and accomplishing granulation and drying.

[0068] The D may be within a range of 150~2000 mm, generally 300 mm (an actual
outer diameter of the roller shafts should be deducted from €).

[0069] The D may be a random value, that is, the diameters of the roller shafts of a
same layer of noodle makers may be different, and the diameters of roller shaft of
different layers of noodle makers may also be different. Such assembled granulator may
also meet production requirements.

[0070] Inacase of many layers of noodle makers, a plurality of power sources may be
disposed to reduce a load of adriving shaft.

[0071] For materials with smaller viscosity, if there are identical numbers of pairs of
noodle makers having identical diameters, milling gaps between the noodle makers will
be in a same vertical line, which causes the materials to fall vertically through the layers

of noodle makers without any heat exchange at lower layers to affect a heat transfer
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granulation effect. Therefore, the milling gaps need to be misaligned. Having different
numbers of pairs of roller shafts or having different diameters of roller shafts may both
misalign the milling gaps between the noodle makers, so that falling materials may be
distributed on the roller shafts to achieve the heat transfer effect.

[0072] FIG. 3to FIG. 6 shows schematic views of atoothed construction and a meshing
condition of roller shafts of the present invention. Constructions of tooth faces 18, 19 and
the meshing condition of the roller shafts of the roller mills are shown. In figures, 21 isa
meshing-molding groove, 22 is a heat source medium, 20 is a roller shaft wall, a is a
tooth width, b is a tooth depth, c is a distance between a center of a circle of a tooth
bottom and a tooth face, and R is aradius of the circle of the tooth bottom.

[0073] Wherein y refers to a draft angle, which is determined according to a viscosity, a
humidity and a hardness of materials and hard pebbles that may be contained in the
materials. The draft angle is generally set between 5~90 °.

[0074] D represents excircle diameters of the roller shafts, which are determined as
required, may be identical or different, and may be determined by the hardness and flow
features of the materials. If the diameters are high, the material compression amount of
roller shafts of afirst layer of noodle makersis great, and therefore the resistance is great
and the power consumption is large. If the diameters are small, the heat exchange area of
the single roller shaft of the granulator is small, a device with equal evaporation power
may seem complicated and would have lower efficacy if including more shafts.

[0075] For materials with smaller viscosity, if there are identical numbers of pairs of
noodle makers having identical diameters, milling gaps between the noodle makers will
be in a same vertical line, which causes the materials to fall vertically through the layers
of noodle makers without any heat exchange at lower layers to affect a heat transfer
granulation effect. Therefore, the milling gaps need to be misaligned. Having different
numbers of pairs of roller shafts or having different diameters of roller shafts may both
misalign the milling gaps between the noodle makers, so that falling materials may be
distributed on the roller shafts to achieve the heat transfer effect. Accordingly, the outer

diameters of theroller shafts are designed to be different in this case.
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[0076] o refers to an axial gap between meshing tooth tips. € refers to a radial gap
between the meshing tooth tips. 8 and € are determined by the hardness, the viscosity and
the flow feature of the materials, so that sufficient gaps are provided to ensure the cutting
and the forming (noodle-shaped) of materials and also to ensure motion interference
caused by heat expansion of the roller shafts after being heated.

[0077] a refers to an included angle between a connecting line from a tooth tip to shaft
centers of roller shafts and a vertical center line of the shaft centers of the roller shafts,
which is set a 5~135 °. The included angle is determined by the arrangement of each
layer of the composite granulator and a friction pressure angle. A greater angle is
arranged for the roller shaft located at an edge as an installation space of the case body
allows, generally 105 °. Restricted by the installation space of the case body, the roller
shaft located in a middle of each layer of case body may only be angled at 5~45 °,
generally 15 °.

[0078] P refers to an included angle between a bottom surface of a tooth piece and a
tangent line of a tooth bottom (excircle) surface at a tooth tip, which is set at 0~30 °,
generally 15 °. A friction pressure angle is disposed, so that a blade may smoothly clean
residual materials off the grooves.

[0079] 6 refers to an included angle in the flexible blade carrier, which is set at 60~ 180
°. The included angle is determined by the features of the hard foreign matters that may
be contained in the soft materials and that need to be excluded.

[0080] rt refers to a gap between the flexible blade carrier and an excircle surface of the
roller shaft 04 of the roller mills. A size of the gap is generally determined by the
features of the hard foreign matters that may be contained in the soft materials and that
need to be excluded, which is set a 2~10 mm, generally 5 mm.

[0081] The purpose, the technical solution and the advantageous effect of the present
invention are further illustrated in details in combination with the above specific
embodiments. It should be appreciated that the foregoing is only specific embodiments of
the present invention, but is not intended to limit the present invention. Any changes,

equivalent substitutions, modifications and the like made within the spirit and the
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principle of the present invention should be included within a protective scope of the

present invention.
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WHAT ISCLAIMED IS:
1. A composite granulator comprising a case body, a temporary feed storage bin, a
rolling unit, a heating supply system, and a power system, wherein:

said case body (11) is provided with an air outlet (03), an air inlet (12) and a
bottom support frame (16), wherein said air inlet (12) is disposed on said
support frame (16) in a blind form; wet and hot gases produced inside said
case body (11) are exhausted by employing manners such as exhausting said
gases inside said case body, controlling induced air under enclosed negative
pressure, vacuum extracting or open dissipating;

said temporary feed storage bin (01) is installed at an upper portion of said case
body (11) for placing wet materials (17) saidrein;

said rolling unit comprises two or more layers of roller mills, each layer of roller
mills having one or more sets of roller shafts (06) to be assembled into a
single roller mill layer; said layers of roller mills are installed inside said
case body (11) and vertically arranged,;

said heating supply system comprises swivel joints (04) disposed on said roller
shafts (06) of each layer of roller mills, which are matched with said air
outlet (03) and said air inlet (12) to provide three kinds of heating supply
forms, respectively steam, heat transfer oil and a hot gas; said steam and said
heat transfer oil serve as indirect heat-exchanging heat sources, and said hot
gas serves as adirect heat-exchanging heat source;

said power system comprises a power assembly and a transmission system, said
power assembly is combined by one or more sets of velocity reducers and
motors, said transmission system is composed of a chain wheel, a gear wheel
or a transmission shaft, and said transmission velocity is subjected to
segmented control by an automatic control system.

2. The composite granulator according to claim 1, wherein baffle plates (07) are
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disposed on said case body (11), and said baffle plates (07) are respectively installed
at two sides of each layer of roller mills, said baffle plates (07) at one sides are
lengthened to be in contact with an inner wall of said case body (11), and said
lengthened baffle plates (07) at an upper layer and a lower layer are mutually
staggered to match with an air inlet (12) and an air outlet (03) to form a channel of

exhausting wet and hot gases.

. The composite granulator according to claim 2, wherein a flexible stripping frame or

a flexible stripping sheet (14) is disposed on said each set of roller shafts (06) to
separate hard foreign matters (15) contained in wet materials (17); and a cleaning
blade (05) is disposed below each roller shaft (06) to clean remaining materials in a

toothed groove.

. The composite granulator according to claim 3, wherein said case body (11) is

composed of a plurality of independent modularized case bodies (11) with a uniform
installation size, each case body (11) is provided with one layer of roller mills, the
roller mills are assembled according to an upper-lower layer manner to form a

composite granulator.

. The composite granulator according to claim 4, wherein an air outlet (03) installed on

a lateral side of the case body (11) of a top layer of roller mills in said composite
granulator is connected to an induced draft fan for exhausting waste and wet gases,
when a hot air flow is used as a heat source, an air inlet and an air outlet are provided

in two sides of the same layer or in intersecting sides of respective layers.

. The composite granulator according to claim 5, wherein each set of roller shafts of

each layer of roller mills of said composite granulator can have identical or different
diameters, effective lengths, as well as the toothed grooves of identical or different

shapes and sizes.

. The composite granulator according to claim 5, wherein roller shafts of a lower layer

of roller mills of said composite granulator has a greater tooth face linear velocity
and volume flow rate than those of the roller shafts of a next higher layer of roller
mills; tooth face linear velocities and volume flow rates of the toothed roller shafts of

the remaining adjacent layers of roller mills are adjusted according to volumetric
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features of materials containing various rates of moisture.

. The composite granulator according to claim 7, wherein an included angle 6 of a

flexible blade carrier is 60~180 °, a gap T between a flexible blade carrier and
excircle surfaces of a roller shaft (04) of roller mills is 2~10 mm, generally 5 mm;

and a draft angle y of said roller shaft (02) is 5~90 °.

. The composite granulator according to claim 8, wherein a diameter D of said roller

shafts is 150~2000 mm, generally 300 mm; said plurality of pairs of toothed roller
shafts have identical or different diameters, and there are identical or different
numbers of pairs of roller shaft; milling gaps of layers of roller mills are vertically

misaligned.

10. The composite granulator according to claim 9, wherein a meshing surface of said

roller shaft (02) is a toothed meshing surface or plane joint surface, and a toothed
groove of said toothed meshing surface is semicircular or is of a shape with a flat
bottom; an included angle @ between a connecting line from a tooth tip of a
cleaning blade (05) to a shaft center of aroller shaft and a vertical symmetrical center
line of a shaft center of said roller shaft is 5~135 °; an included angle 3 between a
bottom surface of a tooth piece and a bottom of a tooth tip or a tangent line of said

excircle surfaceis 0~ 30 °.



