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[5 7 ] . ABSTRACT 

An apparatus for agglomerating particulate material as 
in a briquetting or compacting construction. The im 
provement of the invention relates to drive means for 
the agglomerating rolls. The drive means include indi 

,. vidual hydraulic motors for the rolls with separate or 
common pumps being employed in conjunction with 
the hydraulic motors. Detecting means may be con 
nected to at least one of the roll shafts for thereby de 
termining the relative angular positions of the rolls 
mounted on the shaft. Control means are operated by 
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HYDRAULIC ROLL DRIVE MEANS FOR 
BRIQUETTERS AND COMPACTORS 

This invention is directed to drive means for agglom 
erating constructions. The invention is particularly 
concerned with constructions such as briquetters and 
compactors which employ a pair of rolls, and which 
have means for feeding particulate material between 
‘the rolls. The rolls are mounted so that high pressure 
is applied to the particulate material passing between 
the rolls. ' 

Briquetters and compactors have commonly em 
ployed speed reducers in conjunction with roll drive 
systems. Speed reducers perform the desired function 
of controlling various drive characteristics; however, in 
briquetting and compacting operations, the speed re 
ducers are subjected to excessive gear loading whereby 
gear wear becomes a signi?cant problem. Excessive 
loading is experienced by speed reducer internals when 
the torque on one roll varies from O to 100 percent in 
a‘ substantially instantaneous fashion. The sharp load 
ing causes torsional ?exing in the internals with exces 
sive wear and consequent expense to the customer A 
being the result. These problems occur in rather regu~ 
lar fashion on any large units used for briquetting and 
compacting purposes. 

In the case of briquetting machines, the rolls may de 
fine opposed pockets whereby the particulate material 
will be formed into briquets. Flat sheets or other com 
pacted forms can also be produced with constructions 
of this type. It has been found that the quality of a bri 
quet or other compacted article depends to some ex 
tent on the nature of the forces which are applied dur 
ing an agglomerating operation. In an ideal situation, 
the forces applied are substantially all compressive 
forces; however, various factors can lead to differential 
stress including shear and tensile forces. Where an 
ideal force distribution does not occur, the agglomer 
ated product may contain cracks or other defects. 

In briquetting machines, it has been recognized that 
the best force distribution during agglomerating is 
achieved when the agglomerating rolls operate at sub 
stantially the same speed with the pockets thereof 
being in an aligned relationship during briquet forma 
tion. Speed reducers have been employed so that the 
operation of one roll can be synchronized with the op 
eration of another roll. As indicated, however, the 
speed reducers create other problems since their oper 
ation requires a rather substantial application of force 
to gears which leads to excessive loading and to gear 
wear. 

It is a general object of this invention to provide an 
improved hydraulic drive system for briquetting and 
compacting equipment. 

It is a more specific object of this invention to pro 
vide improved drive arrangements for the rolls of bri 
quetting and compacting machines whereby roll syn 
chronization can be maintained without requiring ex 
cessive loading and without incurring excessive wear of 
component parts. - 

These and other objects of this invention will appear 
hereinafter, and for purposes of illustration, but not of 
limitation, specific embodiments of the invention are 
shown in the accompanying drawings in which: 
FIG. 1 is a diagrammatic illustration ofa briquetting 

construction characterized by the features of this in~ 
vention; 
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2 
FIG. 2 is a schematic illustration of a slightly modi 

?ed version of the invention shown in FIG. 1; 
FIG. 3 is a schematic illustration of a further modi 

?ed version of’the invention; 
FIG. 4 is a detailed schematic illustration of a com 

bined roll position detecting and control system which 
may be utilized in the practice of the invention; and, 
FIG. 5 is a graphical illustration of the operating 

characteristics of the detecting means shown in FIG. 4. 
The apparatus of the invention relates to a briquett 

ing and compacting construction or any other similar 
apparatus employed for agglomerating particulate ma 
terial. Particularly included are constructions which in 
clude a pair of agglomerating rolls along with means for 
feeding particulate material through the rolls whereby 
briquets, compacted sheets, or similar products can be 
formed. 
The invention is particularly concerned with im 

proved drive means for the agglomerating rolls. Speci? 
cally, the drive means consist of a pair of hydraulic mo 
tors with one motor being connected to each roll. 
Pump means are employed for operating the hydraulic 
motors, and a separate electric motor or the like is uti 
lized for operating the pump means. 
The structures of the invention may include a detect 

ing and control system utilized for achieving momen 
tary variations in the speed of rotation of the agglomer 
ating rolls so that roll synchronization can be main 
tained throughout the agglomerating operation. The 
detecting means preferably comprise a pair of signal 
generators connected directly to the rotating shafts car 
rying the agglomerating rolls. The signals generated are 
fed to a comparator, and if the agglomerating rolls are 
in proper synchronization, then there will be no net sig 
nal observed by the comparator. On the other hand, if 
there is a difference in the angular positions of the rolls, 
then an output from the comparator will serve to mo 
mentarily vary the roll speeds to bring the rolls back to 
proper synchronization. By providing a quick response 
system, the agglomerating rolls can be maintained in 
substantially constant synchronization thereby provid 
ing a uniform and satisfactory production. 
FIG. 1 illustrates a system incorporating various as 

pects of the instant invention. In this system, a pair of 
briquetting rolls l0 and 12 are mounted on supporting 
shafts 14 and 16 which are in turn supported by bear 
ings l8 and 20. The shafts are connected through cou 
plings 22 and 24 to hydraulic drive motors 26 and 28. 
The hydraulic drive motor 26 is connected through 

lines 30 and 32 to a variable displacement hydraulic 
pump 34. This pump is connected through couplings 36 
to an electrical drive motor 38. 
The drive motor 38 includes a ?rst shaft 40 con 

nected to the coupling 36 and a second oppositely ex 
tending shaft 42 connected to coupling 44. The cou 
pling 44 is connected to hydraulic pump 46 which is in 
turn connected through lines 48 and 50 to the other hy 
draulic motor 28. 
A speed adjusting control 52 is attached to the vari 

able displacement pump 34. This speed adjuster may 
include an appropriate manual control so that the dis 
placement of the pump 34 can be located at a desired 
position. With this arrangement, the hydraulic drive 
motor 26 will perform in a ?xed fashion unless an ad 
justment is made by means of the construction 52. 
The roll drive system described may be comple 

mented by an electric controller 54 connected to the 
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pump 46. The controller may be a null signal balance 
type as illustrated or any comparable type. The control 
ler is operated by the output of an electric signal com 
parator 56. The comparator 56 is connected to a pair 
of roll position detecting devices 58 and 60. The detec 
tor 58 is associated with the shaft 62 which extends out 
wardly from, and is formed integrally with, the roll sup 
porting shaft 14. Similarly, the detector 60 is associated 
with the extension 64 of the shaft 16. 
The detectors 58 and 60 may be of various types in 

cluding position transducers, precision electrical ta 
chometers, Selsyn motors and rotary differential trans 
formers. In any event, the output from the detectors is 
fed to the comparator 56 whereby the output of the 
comparator will depend on any differences in the roll 
positions. If the roll positions are synchronized, when 
the comparator output will be zero so that the control 
ler 54 will not change the displacement of pump 46. 
Where the rolls are out of synchronization, the compar 
ator 56 will develop a signal proportional to the differ 
ences in position thereby causing the controller to 
make a proportional change in the displacement of 
pump 46. The adjustment will continue until the rolls 
return to proper synchronization. 
FIG. 2 illustrates a modi?cation of the roll drive 

means of the invention. In this arrangement, the pumps 
34 and 36 are each provided with a separate electric 
motor 66 and 68. Where a roll synchronization means 
is desired, the pumps could be controlled by the system 
illustrated in FIG, 1 with the electric motors 66 and 68 
operating at equal ?xed speeds. On the other hand, de 
tectors such as the detectors 58 and 60 may be con 
nected to a controller 70 for one of the electric motors. 
By providing a variable speed electric motor, depar 
tures from roll synchronization can be employed for 
developing a signal which will lead to a variation in the 
output of pump 34 to eventually accomplish and then 
maintain roll synchronization. 

In the embodiment shown in FIG. 3, a single pump 72 
and a single electric motor 74 are provided. The output 
from the pump 72 is divided between the hydraulic mo 
tors 26 and 28. With this arrangement detectors such 
as shown at 58 and 60 may be associated with a by-pass 
valve 76 connected between the pump and one of the 
hydraulic motors. Any departures from synchroniza 
tion ‘will proportionally control the operation of this by 
pass valve thereby affecting the operation of the hy 
draulic motor 28. Again, the detecting and control 
means will operate to equalize and maintain the roll 
synchronization. The same results can be achieved if 
the by-pass valve or a flow retarding valve is inserted 
directly in the line between pump 72 and hydraulic 
motor 28. 
FIGS. 4 and 5 illustrate one suitable detecting ar 

rangement for achieving roll synchronization. In this 
arrangement, the shaft extensions 62 and 64 are each 
provided with four equally spaced cams 78. The detec 
tors associated with these shaft extensions comprise 
differential transformers 80 and 82. These transformers 
include reciprocally mounted armatures 84 and 86 and 
the armatures are spring loaded so that the ends thereof 
will ride on the cam surfaces. As the shafts rotate, the 
positions of the armatures relative to the transformer 
windings will vary thereby producing a varying electri 
cal output signal. 
The characteristics of the output signals are illus 

trated in FIG. 5. As indicated, equal and opposite sig 
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4 
nals are produced by the respective transformers, and 
when the cams have the same alignment on each shaft, 
there will be no variation in the angular positions of the 
shafts and the combined output will be zero. 
The transformers are connected so that the individ 

ual outputs are of opposite polarity. The respective sig 
nals are then bucked against one another in the manner 
shown or in a simple Wheatstone bridge circuit. A sig 
nal will be generated whenever the respective outputs 
from the transformers are not equal and opposite dur 
ing every degree of rotation of the rolls. Any differen 
tial signal produced can then be fed to a null balance 
type of electrical controller which will produce a signal 
to momentarily adjust the relative roll speeds until syn 
chronization is achieved. 

In the example illustrated, the signals vary between 
zero and I00 percent in 45° of angular rotation, and the 
magnitude of any signal to the controller will depend 
on the respective positions of the cams on the roll 
shafts. A very accurate synchronization can be 
achieved. Thus, a typical system will have an accuracy 
of about two percent or less so that the rolls can be kept 
in angular position synchronization within O.9° of angu 
lar rotation. It will be appreciated that the number of 
cams can be varied and that other means can be em 

ployed for detecting the relative positions of the roll 
shafts and then using this information for providing mo 
mentary variations in roll speed. 
As indicated, the output controller may be applied to 

one of the pumps, to an electric motor driving a pump, 
to a ?ow control valve, to a by-pass valve associated 
with one of the hydraulic drive motors, or to any other 
appropriate mechanism which will serve to synchronize 
the roll operations. 

In briquetting, double output shaft speed reducers 
are commonly used to minimize expense; however, this 
restricts the use of different roll sizes. The hydraulic 
systems described are much more compatible with 
changes in roll sizes. 

It has also been found that systems incorporating the 
teachings of this invention are highly efficient when 
compared with prior art systems ofthe type using speed 
reducers. Specially designed, double output, speed re 
ducers are often required and these are relatively ex 
pensive. The concepts of this invention do not lead to 
excessive gear loading or gear wear or to other condi 
tions which lead to deterioration of a drive system. 
Where roll position detectors are utilized, the indi 

vidual elements employed in the system are all of a rel 
atively simple nature and elements such as the compar 
ator, controller and adjuster structures are standard 
items which, therefore, can be readily obtained. 

It will be understood that various changes and modi 
?cations may be made in the above described construc 
tion which provide the characteristics of this invention 
without departing from the spirit thereof particularly as 
de?ned in the following claims. 
That which is claimed is: 
1. In an apparatus for agglomerating particulate ma 

terial including a pair of agglomerating rolls de?ning 
mating material shaping portions and means for feeding 
material between said rolls, the improvement in drive 
means for said rolls comprising a pair of hydraulic mo 
tors, each of said motors being connected to a particu 
lar one of said rolls, hydraulic pump means connected 
to said hydraulic motors, and additional motor means 
for operating said pump means, means for setting the 
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speed of one of said hydraulic motors, detecting means 
connected to at least one of said rolls for determining 
the angular position thereof, and control means con 
nected to said detecting means, said control means 
being connected to the other of said hydraulic motors 
for synchronizing the angular position of said other hy 
draulic motor with the angular position of said one hy 
draulic motor having the set speed. 

2. An apparatus in accordance with claim 1 wherein 
said pump means consists of a pump attached to each 
hydraulic motor, a least one of said pumps being of the 
variable displacement type, said one pump being con~ 
nected to said other hydraulic motor and said control 
means operating to vary the displacement of said one 
pump in response to the operation of said detecting 
means. 

3. An apparatus in accordance with claim 1 including 
one pump connected to both of said motors, and in 
cluding a by-pass valvevconnected between said pump 
and at least one of the hydraulic motors, said control 
means operating to control the ?ow of hydraulic ?uid 
through said by-pass valve in response to the operation 
of said detecting means. 

4. An apparatus in accordance with claim 2 wherein 
the motor means driving said pumps comprises a dou 
ble shaft electric motor, said electric motor serving to 
drive both of said pumps. 

5. An apparatus in accordance with claim 2 wherein 
said motor means comprises a separate electric motor 
for each of said pumps. - 

6. An apparatus in accordance with claim 1 wherein 
said pump means comprise a separate pump for each 
hydraulic motor, said motor means comprising a sepa 
rate electric motor connected to the respective pumps, 
and wherein said control means are connected to at 
least one of said electric motors. 

7. An apparatus in accordance with claim I wherein 
said indicating means comprise electrical signal genera 
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6 
tors connected to shafts carrying said rolls whereby sig 
nalsare generated in accordance with the angular posi 
tions of said rolls, said control means comprising a sig- ~ 
nal comparator adapted to produce an output corre 
sponding to the difference in angular positions of said 
rolls. 

8. An apparatus in accordance with claim 7 wherein 
said electrical signal generators comprise a pair of 
transformers each carrying a movable armature, a cam 
mounted on each of the shafts carrying said rolls, the 
respective cams being engageable with the movable ar 
matures of said generators, said cams being of an iden 
tical con?guration so that movement of the armatures 
relative to the respective transformer windings will be 
synchronized when said rolls are synchronized. 

9. An apparatus in accordance with claim 1 including 
one pump connected to both of said motors. 

10. In an apparatus including a pair of rolls, and drive 
means for said rolls, the improvement comprising de 
tecting means connected to at least one of said rolls for 
determining the angular position thereof, and control 
means connected to said detecting means for synchro 
nizing the angular positions of said rolls, said indicating 
means comprising electrical signal generators con 
nected to shafts carrying said rolls whereby signals are 
generated in accordance with the angular positions of 
said rolls, said control means comprising a signal com 
parator adapted to produce an output corresponding to 
the difference in angular positions of said rolls, said 
electrical signal generators comprising a pair of trans 
formers each carrying a movable armature, a cam 
mounted on each of the shafts carrying said rolls, the 
respective cams being engageable with the movable ar 
matures of said generators, said cams being of an iden 
tical con?guration so that movement of the armatures 
relative to the respective transformer windings will be 
synchronized when said rolls are synchronized. 

* * * * >l< 


