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power input to’the material feed conveyors. An elec 
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Appl. N0.: 424,688 21 tric control circuit monitors the ower requirements 1 l P . 
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DISC TYPE REFINER WITH AUTOMATIC PLATE ‘ 
' SPACING CONTROL 

The present invention relates generally to disc type 
attrition mills and more particularly to a disc type re 
?ner having load sensing control vmeans for automati 
cally regulating the refiner plate spacing in accordance 
with the rate of material input. 
Disc type re?ners are widely used in paper pulp pro 

cessing and are characterized by a rotor supporting a 
concentric disc. A set of re?ning plates is mounted on 
one or both axial faces of the disc. The re?ning‘ plates 
are available in a variety of patterns, and the plate faces 
typically are configured in a ribbed or toothed pattern. 
A stationary set of refining plates is disposed in juxta 
posed relation to the plates of the rotor, and the mate 
rial to be re?ned is introduced near the rotor axis be 
tween the opposing plate surfaces. The relative rotation 
of the plates centrifugally advances the material radi 
ally across the plate surfaces and the relatively close 
spacing of the. plates breaks down the material ?bers. 

‘The refining'effect produced by a disc type re?ner is 
dependent on a number of factors, including the spac 
ing of the plates, the rate of?ow of material between 
the plates,‘ the speedof rotation of the disc, the re?ning 
plate pattem,-and.the consistency of the stock. Since a 
uniform work input to the stock is essential to a high 

. 2.‘ 

re?ners for processinghigh consistency (low water 
content) stock. In a conventionaltwin disc re?ner, 

, such as that shown in US. Pat. No. 3,276,701 issued on 

0 
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quality paper product, it"is impotant that the variations ' 
in stock ?ow through the re?ner be minimized to pro 
vide as constant a work input to the material as possi~ 
ble. Despite efforts‘ to maintain a constant stock feed 
rate, ?uctuations in the feed rate are for various rea 
sons inevitable and it has thus heretofore been neces 
sary to periodically manually adjust the plate spacing of 
the re?ner after an examination of samples of re?ned 
materials. ' i ‘ 

Not only does this method fail to correct the plate 
spacing until after a change in work input to the stock 
has taken place, but ‘in addition it requires the constant 
sampling of the re?ned material and an appropriate re 
adjustment of the machine. Although such a procedure 
has been commercially accepted for want of a better 
alternative, it will be evident that a device which will 
automatically adjust the plate spacing in accordance 
with the material feed rate and which will accurately 
time the plate spacing adjustments to coincide with the 
fluctuations in feed rate will not only provide a superior 
product in terms of uniformity, but will in addition ren 
der substantial savings in manpower. 
The present invention in addition to correlating the 

plate spacing with the material feed rate, also serves to 
. prevent clashing of the opposed plates in'the event that 

the feed rate should for some reason fall below that re 
quired to keep the plates apart. Devices have in the 
past been developed to open the plates and stop the 
machine in the event that the infeed rate falls below a 
certain value. Such a condition has been detected by 

_ monitoring‘ the work input into the rotor required to 
maintain a certain rotation rate, or by monitoring the 
flow rate of stock into the re?ner. The latter method 
has been carried out by several techniques including 

_weight sensitive indicators and the gauging of the 
‘ power input to. a material vfeed conveyor as in the pres 
ent system. . . . . . 

Although the present invention could be suitably em 
ployed with various types of disc re?ners, it has primar 
ily been'developed for use with so-called “twin disc” 
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Oct. 4, 1966, the rotor disc carries refining plates on 
each face thereof which cooperate with corresponding 
sets of stationary plates. The rotor is free ?oating be 
tween the stationary plates and it is accordingly neces 
sary to axially adjust only one of the stationary plate 
supporting heads to vary the plate spacing and hence 
the work input into the processed material. The largest 
re?ners of thistype have had about a 2,000 horsepower 
capacity. 

It is now proposed to build twin disc re?ners of a size 
sufficient to handle 8,000—l0,000 horsepower motors. 
It can be appreciated that with re?ner motors of this 
size, and the consequently larger capacity of the re?n 
ers, the need for an effective automaticplate spacing 
control is even more important than with smaller units 
since even a small delay in adjusting the plate spacing 
for a change in stock feed would] result in a relatively 
large quantity of non-uniform stock outpuLvSimilarly, 
the danger ofplate clashing inrefmers with such large 
motors’ would be so ‘destructive that an-_ extremely reli 
able safeguard must be provided to prevent its occur 
rence... -. ' a‘, 

Since it is not believed that a freely ?oating rotor 
could be engineered within acceptable cost limits for ‘ 
such high horsepower applications, a preferred re?ner 
for use in combination with the present plate spacing 
control, comprises a twin disc re?ner having an axially 
fixed rotor and axially adjustable non-rotating heads 
supportingre?nerplates in. juxtaposed relation to the 
disc plates. The non~rotating headsare axially adjusted 
byhydraulic cylinders which permit the heads to ?oat 
axially in response to the pressures generated between 
the juxtaposed re?ning plates, thereby insuring a con 
stant work input .to the materialpassing on both sides 
of the disc. The stock to be re?ned is, introduced along 
the'rotor shaft at each side of the disc by a ribbon screw 
and is fed to'the ribbon screws by a‘ pair of screw-type V 
stock infeed conveyors driven by electric motors. 

In the present control system, the re?ner plate spac 
ing is automatically adjusted in accordance with the 
stock feed rate by an electrical control circuit which 
monitors the power requirements of the input convey 
ors as a measure of the feed rate and correlates the 
plate spacing by control of the hydraulic cylinders of 
the non-rotating heads. Since the ?ow rate is monitored 
upstream of the re?ning plates, the plate adjustment 
can be ‘made to coincide with the arrival of the changed 
material flow at the plates. There :is accordingly no cor 
rection lag, and the uniformity of the work input to the 
stock can be assured. 

ltis accordingly a ?rst object of the present invention 
to provide an automatic plate spacing control for a disc 
type re?ner which will effectively insure a uniform 
work input to processedstock regardless of ?uctua 

1 tions in the stock feed rate. 
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A further object of the invention is to provide a re 
?ner control as described which adjusts the plate spac 
ing coincidentally with ?uctuations in the stock feed 
rate to maintain a continuously uniform work input to 
the stock. - A ' > 

An additionalobject of the invention is to provide the 
combination of a disc type re?ner and automatic con 
trol system which is, particularly suitedfor large capac 
ity‘ installations. Y > . . I 
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Still another object of the invention is to provide a 
refiner control system as described which will automat 
ically prevent plate clashing in the event of an interrup 
tion in the stock feed. 

Additional objects and advantages of the invention 
will be more readily ‘apparent from the following de 
tailed description of an embodiment thereof when‘ 
taken together with the accompanying drawings in 
which: 
FIG. 1 is a schematic view illustrating a preferred em 

bodiment of a disc type re?ner having automatic plate 
spacing control in accordance with the present inven 
tion; 
FIG. 2 is an enlarged plan view of the disc type re 

?ner shown schematically in FIG. ll; 
FIG. 3 is a side view of the re?ner shown in FIGS. 1 

and 2; » 

FIG. 4 is an end view of the re?ner as seen from the 
left in FIGS. 143; - - a - ‘ 

FIG. 5 is an enlarged partial-sectional view of the re 
finer taken along lines 5—5 of FIG. 4 and showing the 
interior re?ner details; I ' ‘ 

FIG. 6 is an enlarged partial sectional view taken 
along lines 6—6 of FIG. 4 showing details of one of the 
nonrotating'head hydraulic positioning cylinders; and 

FIG. 7 is a schematic view of the electric control cir 
cuit for adjusting the refiner plate spacing in response 
to variations in‘ the stock infeed rate. ‘ 
Referring to the drawings, FIG. 1 illustrates schemat 

ically a preferred embodiment of the present invention 
including a disc type re?ner generally designated 10 
and the hydraulic and electric circuits pertaining tothe 
re?ner automatic‘ plate spacing control. The stock to be 
re?ned, which‘ might ‘typically comprise high’ consis 
tency (low water content) wood chips, is stored in a binv 
12 and drops-from bin'hoppers 14a and 14b in'to feed 
ers l6a and l6b'respectively; From the feeders, the 
stock passes through conduits 18a and 18b into infeed 
conveyors 20a and 20b respectively of the re?ner. For 
convenience in illustrating the re?ner circuits, the re 
finer is schematically shown in FIG. 1 in a top plan view 
although‘ the bin, feeders and conduits are shown in 
side elevation." . - . 

The details of the preferred form of re?ner for use in 
combination with the present plate spacing control sys 
tem are shown in FIGS. 2-6. A re?ner base 22 supports 
a casing 24 formed by easing sections 24a and 24b 
which are separable along vertical interface 25. 
Grooved wheels 26 journaled in members 28 extending 
from each side of the casing sections movably support 
the sections on parallel rails 30 on the base 22. The cas 
ing sections are secured together during operation of 
the re?ner by a plurality of bolts 32 spaced along the 
sides of the sections perpendicular to and spanning the 
interface 25 therebetween. The casing sections are 

‘' readily separable to change the re?ner plates or for 
' other servicing of the unit by opening the bolts 32 and 
by rotation of a positioning screw 36 at the bottom of 
the outer end of each casing section. Each screw 36 is 
rotationally secured to its casing section by the collars 
38 thereon and threadly engages a block 40 on the base 
22 which extends upwardly. through a slot 42 in the cas 

. ing section. The rotation of each screw 36 will accord- ' 
. ingly move its casing section on the tracks 30 along the 
longitudinal axis of the refiner. 
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‘A rotor 44 passes centrally through the casing and 

includes a rotor shaft 45 which is supported at the outer 
end of each casing section. As shown in FIG. 5, one end 
of the rotor shaft is journaled in casing section 24a by 
bearings 46 which are mounted in a bearing support 
member 48 and secured therewithin by a clamping ring 
50. Member 48 is slidably disposed'within its casing 
section to permit axial displacement of the section 
without changing the position of the rotor with respect 
to the base. The rotor shaft extends through the casing 
section 24b as shown in FIGS. 2 and 3 and is journaled 
within this casing section in a manner similar to that 
shown in FIG. 5. Although bearings 46 are combined 
radial and thrust bearings, the bearing assembly in sec 
tion 24b should include only radial bearings to allow for 
axial thermal expansion of the rotor. Re?ner motor 
M1, as shown in FIG. 1, is connected to the extending 
rotor shaft, and for large size re?ners, may be as large 
.as 10,000 horsepower. > ' 

A radially-extending‘ rotor'disc 52 is centrally 
mounted on the rotor shaft within the casing and is 

- keyed to the shaft for rotation therewith. Sets of re?n 

25 

' in FIG. 6, the non-rotating heads are each respectively ' 
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in'g plates 54a and 54b of conventional construction are 
bolted to the opposite faces 52a and 52b of the disc 52. 
Disposed within the respective casing sections 24a and 
24b and axially juxtaposed the faces 52a and 52b of the 
rotor disc are the nonrotating heads 56a and 56b which 
are ‘axially slidable within the casing sections. As shown 

connected to a pair ,of diametrically opposed hydraulic 
cylinder assemblies 58a and 58b which control the axial 
position of the heads. 
The details on one of the hydraulic cylinders 58a are 

shown inFIG. 6. The cylinder 58a is bolted to a pro 
jecting portion'60a of the casing section and the cylin 
der piston road 62a extends through the casing section 
into threaded attachment to the axially movable head 
56a. The outward travel of the piston rod is controlled 
by the stop bolt 64a supported coaxially outwardly of 
the cylinder 58a by a supporting member 66a secured 
thereto. The range of allowable axial movement of the 
non-rotating head is small and in practice, the head ad 
justment required during operation is only a small frac- . 
tion of an inch. , 

' As shown in FIG. 5, the non-rotating heads 56a and 
56b respectively include radially extending plate sup 
port portions 68a and 68b, and cylindrical portions 70a 
and 70b coaxial with the longitudinal axis of the re?ner. 
Cylindrical outer bearing elements, only one of which 
is shown at 72a, and similar inner bearing elements 74a 
and 74b provided with seal rings (not shown) respec 
tively support the movable heads in axially slidable 
sealed relation to the respective casing section sur 
faces, only one of which is shown at 76a, and 78a and 
78b. Re?ner plates 80a and 80b are bolted to the radial 
faces of the non-rotating heads in respectively juxta 
posed relation to the plates 54a and 54b of the rotor 
52. Ring shaped’ radially disposed elements 82a and 
82b extending from between the head portions 68 and 
the plates 80 seal the non-rotating heads against cylin 
drical elements 84a and 84b secured to the casing sec 
tions and form- an annular chamber 86 between the 
non-rotating heads and circumferentially of the rotor 
into which the re?ned products are discharged. Seal 
rings 88 between the members 82a and 82b and the 
plates 84 permit sliding movement of the heads with re 

- spect to the casing while maintaining the sealed condi 
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tion of the annular chamber 86. A discharge chute 90 
at the bottom of the refiner communicates with the an 
nular chamber 86 for removal of the re?ned products 
from the machine. 
The stock infeed to the refiner as indicated above is 

controlled by the infeed conveyors Zita and 20b which 
as shown in FIGS. 2 and 4 comprise respectively infeed 
conveyor housings 92a and 92b which are attached ‘to 
the respective hollow casing section extensions 94a and 
94b. Conveyor screws 96a and 96b are respectively 
mounted in the infeed conveyor housings 92a and 92b 
and driven by feed motors M2 and M3 which are con 
nected to the feed screws by variable speed drive units 
98a and 98b. The infeed stock passes from the infeed 
conveyors through the internal conduits 100a and limb 
and exists through inclined openings 102a and 1102b in , 
the bottom thereof into the annular stock feed passages 
104a and 104th coaxial with the rotor'shaft. Sleeves 
idea and 110619 mounted on the rotor shaft abutting 
each side of the rotor disc and secured-thereagainst by 
nuts 108a and ltl?b support ribbon type screw con 

. veyor elements illlOa and 1110b within the chambers 
104a and lltMlb respectively. The ribbon conveyor 
screws 110a and 1110b haveopposite pitch ‘angles se 
lected so that rotation ofthe rotor will advance infeed 
stock from the'conduits lltlila'and 10% toward the 
rotor disc and into the throat regions of the re?ning 
plates. Similarly, the infeed conveyor screws 96a and 
96b are of opposite pitch angles, the screw 96a being 
rotated counterclockwise and the screw 96b being ro 
tated clockwise as viewed in F1655 so that the feed 
stock will be thrown by the screws toward the rotor disc 
through the inclined openings 102a and limb. ] 
The ribbon screws 110a and 1110b are utilized to per; 

mit steam generated'during the refining of low consis 
tency stock to escape along the surface of' the tubes 

and lllitb at the ends of the casing sections. A suitable 
seal assembly, only one of which is shown at lll4c‘z, is 
provided-at each ‘end of the ribbon screw conveyors 
110a and 11Gb to prevent steam and stock particles‘ 
from passing to the bearing region of the rotor. 
The mechanical operation of the refiner should to a 
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s 
The stock passing from the infeed conveyors is ad 

vanced by the ribbon conveyors 1110a and lllllb into the 
throat of the re?ning plates on each side of the disc and 
is centrifugally passed between the opposed sets of re 
?ning plates 54a and 80a, and 54b and 80b. The close 
spacing of the plates, which may be only a few thou 
sandths of an'inch, causes a fibrilation of the stock and 
in the process generates a considerable amount of 
steam which escapes axially back through the ribbon 
conveyor and out through the steam discharge spouts 
112a and 1112b. The re?ned stock passes from the re‘ 
finer through the exhaust conduit 90. 
The power requirements of the motor Ml and hence 

the work input to the stock passing through the re?ner 
will vary as a function of the spacing of the re?ner 
plates and hence the control of the plate spacing, and 
the correlation of the change in plate spacing with a 
change in the stock ?ow rate is of critical importance 
to the production of a uniform product. Since the plate 
spacing is‘ controlled by the movement of the non 
rotating heads 56a and 5612 by the hydraulic cylinders 
58a and 58b, it is apparent that the coordination of the 
change in pressures to the hydraulic cylinders with the 
change in stock ?ow rate through the infeed conveyors 
must be accurate. This is automatically accomplished 
by the electric control circuit described below. 
As‘shown in FIG. 1, the circuit includes servo valves ' 

114a and’! 14b which respectively control the pressure 
. inputs to the pairs of hydraulic cylinders 58a and 53b. 

30 

35 

The high pressure hydraulic ?uid delivered to the servo 
valvesis pumped ‘from a reservoir 116 by a pump H8 
driven by a motor 120. Pressure sensors 122a, 122b, 
124a and 124b provide an indication to the electric 
control circuit of the hydraulic force exerted on the 
non-rotating beads by the hydraulic cylinders 58a and 

' 58b. 

‘ 1106a and 1106b into the steam discharge spouts 112a - 

40 

large extent be obvious from the above discussion of 45 
the re?ne-r'structure and will be summarized prior to 
considering the details of the electrical ‘control circuit 
which provides the automatic plate spacing control. 

‘ With the rotor driven at a predetermined speed by the 
re?ner motor M1, the stock to be re?ned is fed from 
the bin 12 by feeders 16a and 16b into infeed convey: 
ors 20a and 20b. The feed motors M2 and M3 drive the 
infeed conveyors at a predetermined rate and the 
power consumed by the feed motors will vary as a func 
tion of the weight of the stock passing through the con 
veyors at any given moment. As schematically indi-_ 
cated in FIG. 1, the power input to each of the infeed 
conveyors is monitored by the electric control circuit 
to gauge the input to each side of the refiner disc. Simi 
larly, the power input to the re?ner motor M1 is gauged 
to measure the work input to the stock for a given stock 
?ow rate. Since'th'e work done to the stock is com 
monly expressed in horsepower per ton, it can be apf 
preciated that the work input can be readily deter 
mined‘by correlating the power required by the re?ner j 
main drive motor M1 and theinfeed conveyors feed 
motor'sMZ and M3. 

50 
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Referring now ‘to FIG. 7, the control circuit of the 
present invention is shownin some detail greater than 
appears in FIG. 1. More specifically, only the structure 
shown in the dashed boxes in the lower corners of FlG. 
'7 and motors M1, M2 and M3 appear in FIG. 1. The 
remainder of the system‘ of, FIG. 7 is represented in the ' 
block entitled “Electric Control Circuit” in the lower 
right hand corner of FlG._ l. r ‘ 

' As discussed in connection with FIG. 1, the hydraulic 
‘cylinders 58a and 58b, respectively, provide pressure to 
move the fixed plates 80a and 80b in response to con 
trol by servo valves 114a and 1114b, respectively. The 
controlling pressures within the hydraulic cylinder 58a 
and 58b are monitored by pressure sensors 122a and 
1124a, l22b and l24b respectively. The pressure sensors 
provide feedback information to the electrical control 
circuit, which may, when needed, cause readjustment 
of either or both servovalves 114a and 114b, 

in operation of the circuit of FIG. 7, the current of 
the feed motors M2 and M3 providing the feed drive 
are monitored by standard d.c. millivolt shunts 126 and 
.128, which provide 0 to lOO millivolt output signals 
proportional to the power consumed, respectively, by 
dc. feed motors ‘M2 and M3. As previously explained, 
the weight of woodchips in the load sensing conveyors 
determines the amount of power consumed by their 
d.c. feed motors M2 and M3. The millivolt signal is pro 
portional to the power consumed. Both feed motors 
M2 and M3, in turn, feed both lower signal selector 130 
and high signal selector 132. These selectors respec 
tively select the lower‘and higher'level signals of the 
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two inputs and provide discrete signals of the lower sig 
nal from Low Signal Detector 130 and high signals 
from High Signal Detector 132. The low and high sig- ' 
rials, now identified as such, are both fed into summing 
amplifiers 134 and 136, respectively, which apply con 
stants to each signal and perform the addition or sub 
traction to produce signals which correspond to the 
sum and difference, respectively, of the signals applied 
to each of the two ampli?ers. The difference output 
from amplifier 136 is fed through a feed differential 
alarm indicator 138 which may, for example, be a light, 
a buzzer or a bell,'or both aural and visual means to at 
tract the attention of the machine operator. In addition, 
the feed differential alarm indicator 138 may be used 
to shut down the machine automatically if the differ 
ence in loads of the two conveyor exceeds a predeter 
mined dangerous condition. The subtract summing am 
pli?er 136 produces an output, for example, between 
4 and 20 milliamperes d.c. signal proportional to the 
difference in the tonage between the'two conveyors. 
The output of summing ampli?er 134 is also a signal 

between 4 and 20 milliamperes d.c. which is propor 
tional to the total tonage (T) on both conveyors. This 
signal is fed to suitable calculator means 140 for com 
bining signals representative of tonage, horsepower of 
the main drive and ?uid pressure in the hydraulic cylin 
ders. This combination is done in accordance with the 
following mathematical expression: (HP-K‘) 
(P-KQ/(T-KQ, where HP is re?ner motor horsepower, 
P is hydraulic fluid pressure, T is tons and K1, K2, and 
K3 are predetermined constants expressing the desired 
relationship in terms peculiar to a given system. The 
HP signal is derived from the current and voltage of 
motor Ml through a watts transducer 142. Watts trans 
ducer 142 includes a wattmeter and means to translate 
the measured wattage into a do. voltage between 0 and 
100 millivolts proportional to the wattage or power 
consumed by the motor Ml. An electronic converter 
144 performs the watts to horsepower conversion using 
the well known formula and derives a horsepower out 
put signal of between 4 and 20 milliamperes dc. to be 
fed as the HP signal to calculator E40. 
The pressure (P) input to the calculator 140 is ob 

tained from amplifier modulators 146a and 1146b 
which, in turn, receive input signals from pressure sen 
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sors 122a and 124a or l22b and 124b, respectively. ' 
The outputs of these ampli?er modulators are signals 
representative of pressure Pa and Pb, respectively, in 
the cylinders 58a and 58b. These output signals are fed 
to high voltage detector 148 and low voltage detector 
150, respectively. The higher of the pressures Pa or Pb 
is taken to be the output pressure P applied to the cal 
culator'140. The high and low pressure signals are com 
bined by differential ampli?er 152 to obtain a differ, 
ence signal which, if it exceeds a predetermined, is suf 
ficient to actuate a differential alarm 154 which may 
include a light and/or buzzer or other aural device. The 
difference output signal may also, or alternately, actu 
ate means to shut down the machine should pressure 
differentials become too great. 
The calculation accomplished by computer element 

140 is anoutput of between 4 and 20 milliamperes do. 
which, in-turn, feeds the setpoint controller 156. Set 
point controller produces an output signal representa 
tive of departure from a predetermined ratio of HP to 
T which constitutes the control signal of the system 
within a range of 4 to 20 milliamperes d.c. Thisvsignal 

55 
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8 
is fed to magnetic ampli?ers 158a and 15812 which, in 
turn, act upon the servo ampli?ers 160a and 1601) to 
produce output signals of i 5 volts dc. to operate the 
servo valves 114a and ll4b respectively. Each servo 
amplifier is designed to respond to a 60 Hz 0 to 10 mil~ 
livolt a.c. signal which the magnetic ampli?ers 158a 
and l58b generate in conversion of the 4 to 20 milliam 
pere d.c. control signal. The servo valves have a built-in 
feedback to their associated servo amplifier, which 
feedback may range from a O to 10 millivolt 60 Hz a.c. 
signal. Servo valves 114a and ll4b alsoreceive a hy 
draulic supply of 3,000 pounds per square inch, as de 
scribed in connection with FIG. 1. The hydraulic cylin' 
ders move in the direction determined by the setting of 
their servo valves. 
_ The condition of the hydraulic cylinder determines 
the amount. of power consumed by the main drive 
motor M1. The position of the hydraulic cylinder is a 
function of the pressure in its supply lines which, in 
turn, is sensed as previously indicated by pressure sen 
sors 122a and 124a or l22b' and l24b which, in turn, 
feed ampli?er modulators 146a and 146b, respectively. 
The outputs from the amplifier modulators are also 
used as feedback to the servo ampli?ers 160a and 
160b, respectively, passing a 4 to 20 milliampere d.c. 
signal through 6 volt 60 Hz a.c. magnetic ampli?er 
162a and 162b. The magnetic ampli?er converts the 
dc. signals to pressure feedback signals of from 0 to l0 
millivolts 60 Hz a.c. which are applied as a feedback 
input to the servo ampli?ers 160a and 160b, respec 
tively. 

It should be observed that the generation of control 
signals from the dc. millivolts shunts 126 and 128 
through the system to the servo valves 114a and 1l4b 
is so rapid as to be considered instantaneous. This is 
compared to the level of instantaneous output signal 
from signal converter 144 which lags behind the level 
of the output signal to the adjustable setpoint controller 
156, due to the flexibility of the hydraulic system and 
the inertia of the adjustable portion of rotating heads 
56a and 56b. By the nature of the conveyor ?ights the 
load generates a slight sine wave superimposed on the 
power consumed by motors M2 and M3. Thus, the con 
trol signals throughout the system will appear with a 
slight ripple that is proportional to this output. How 
ever, because of the great inertia of the rotating parts, 
the horsepower of motor M1 is unable to respond fast 
enough to the change in pressure on the cylinders 58a 
and 58b. This delay is taken advantage of by modifying 
the horsepower signal in the calculator unit 140 which 
performs the calculation previously described. The cal 
culation then is effectively an error control or deviation 
from a set value of a ratio of horsepower to tons 
through-put of material by proper choice of constants 
K1, K2 and K3 and assuming that the factor P-K2 will 

. be small. It will be seen that as tonage signal T is varied 
in response to the output of motors M2 and M3 
through shunts 126 and 128, the signal selectors and 
summing ampli?er 134, the modi?cation due to PR;, 
will be quite large as tonage T is rising and falling as a 
response to the ripple output because the calculation 
occurs before P has either increased or decreased. This 
factor will cause a slight overreaction of the signals ap 
plied to the servo ampli?ers. Moreover, if the load on 
motors M2 and M3 is actually increasing due to a de? 
nite increase in which the overreaction will be in 
creased or exaggerated, thus bringing the horsepower 
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HP into proper relationship with T more rapidly than 
would otherwise occur. The time lag allows the system 
to combine and compensate for its inertia and it‘ also 
results in a much improved sine wave output in the T 
signal from summing amplifier 134'. The effects tend to 
balance out so that the motor Ml consumes a steady 
amount of power for a given condition of ?ow and pro. 
vides a correct amount of power at the proper times to 
produce a superior grade of wood pulp. 

Manifestly, changes in details of construction can be 
effected by those skilled in the art without departing 
from the spirit and scope of the present invention. 
We claim: ’ 

l. A disc type re?ner for the re?ning of paper pulp 
and the like comprising a base, a rotor mounted for ro~ 
tation on said base, a motor for driving said rotor in ro 
tation, a refining surface on said rotor, a non-rotating 
head on said base, a re?ning surface on said non 
rotating head in juxtaposed relation to said rotor re?n 
ing surface, means for‘axially adjusting the position of 
said non-rotating head to control the spacing of said 
juxtaposed re?ning surfaces, feed means‘for introduc 
ing materials to be refined between said re?ning sur~ 
faces, means for monitoring the ?ow rate of material 
through said feed means, and means for continuously 
adjusting the spacing of said re?ning surfaces in accor 
dance with the flow rate of material through said feed 

‘ means to provide a constantwork input to the material 
despite ?uctuations in the material ?ow rate. 

2. The invention as claimed in claim it wherein said 
feed means includes a drive motor and wherein said 
means for monitoring the ?ow rate through said feed 
means comprises means for monitoring the power con 
sumed by said feed means drive motor. 

3. The invention as claimed in claim 1 wherein said 
feed means comprises a screw conveyor, and an elec 
tric motor for driving said screw conveyor, said means 
for monitoring the ?ow rate of material through said 
feed means comprising means for monitoring the 
power consumed by said electric motor; ' 

4. The invention as claimed in claim 3 wherein said 
‘ means for axially adjusting the position of said non‘ 
rotating head comprises a hydraulic cylinder, a pressur 
ized ?uid source connected with said hydraulic cylin 
der, and electrically controlled valve means for con 
trolling the flow of ?uid from said source to said by 
draulic cylinder. - 

5. A disc type re?ner for the re?ning of paper pulp 
and the like comprising a base, a casing on said base, 
a rotor passing through said casing and mounted for ro 
tation therewithin, said rotor being axially ?xed with 
respect to said casing, a motor operatively connected 
to said rotor for driving said rotor in rotation, said rotor 
comprising a rotor disc extending radially therefrom, 
re?ning plates mounted on each axial face of said rotor 
disc, a non~rotating head mounted within said casing 
adjacent each axial face of said rotor disc, re?ning 
plates on each of said non-rotating heads juxtaposed 
said rotor re?ning plates, means for axially adjusting 
the position of each of said non-rotating heads to con 
trol the spacing of said juxtaposed re?ning plates, feed 
means for introducing materials to be re?ned between 
said re?ning plates, means for monitoring the ?ow rate 
of material passing through said feed means, and means 
for continuously adjusting the spacing of said re?ning‘ 
plates in accordance with the flow rate of material 
through said feed meansto provide a constant work 
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input to the material despite ?uctuations in the mate 
rial ?ow rate. . 

6. A disc type re?ner as claimed in claim 5 wherein 
said feed means for introducing materials between said 
re?ning plates comprises a screw conveyor adjacent 
each said nonrotating head, and an electric drive motor 
for each said screw conveyor, said means for monitor» 
ing the flow rate through said feed means comprising 
means for monitoring the power input to each said con 
veyor drive motor. ‘ ’ 

7. The invention as claimed in claim 6 wherein said 
means for axially adjusting the position of each of said 
nonrotating head comprises a hydraulic cylinder, a 
pressurized ?uid source connected with said hydraulic 
cylinder, and electrically controlled valve means for 
controlling the flow of ?uid from said source to said hy 
draulic cylinder. ‘ , 

8. The invention as claimed in claim 7 wherein said 
rotor includes a ribbon conveyor extending axially 
therealong at each side of said rotor disc for feeding 
material from said screw conveyors toward said disc 
and into the space between said re?ner plates. 

‘ 9. The invention as claimed in claim 7 wherein said 
rotor ‘motor comprises an electric motor, means for 
monitoring the power input to said rotor motor, pres 
sure sensing means associated with said hydraulic cylin 
ders for sensing the cylinder pressure and hence the 

‘ force generated by said cylinders, said means for con 
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tinuously adjusting the spacing of said re?ner plates 
comprising an electric control circuit connected with 
said pressure, sensing means, said valve means, and with 
said means for monitoring the input power to said re 
finer motor and screw ‘conveyor motors. 

10. Control means for a re?ner having opposed rela 
tively rotatable re?ning plates, hydraulic means for ad 
justing the spacing of said plates, re?ner motor means 
for driving said plates, feed means for feeding process 
material through said plates for re?nement, and feed 
motor means for the feed means, comprising means for 
sensing power of the feed motor means and means for 
producing asignal T proportional thereto representa 
tive of tons of feed, means for sensing power of the re 
finer motor means and means for producing a signal HP 
proportional thereto representative of drive horse; 
power, and means sensing pressure P in the hydraulic 
means controllng spacing of the opposed plates and 
producing a signal P proportional thereto, means to 
combine said signals in accordance with the formula 
(HP-K1) (P'K2)/(T-'K3), where K1, K2 and K3 are con 
stants dependent upon individual re?ner performance, 
and produce an output signal representative thereof, a 

' setpoint controller for comparison of said output signal 
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with a predetermined signal level, and adjust means for 
adjustment of the hydraulic means responsive to the 
setpoint controller to make correction of spacing of the 
plates of the re?ner by the hydraulic means upon devia 
tion from the setpoint by a predetermined amount. 

11. The control system of claim 10 in which the con 
trol of the hydraulic means includes a servo valve regu 
lating ?ow to the hydraulic means and a servo ampli?er 
controlling the valve in response to the control signal. 

12. The control system of claim 1111 wherein said by 
draulic means comprises a hydraulic cylinder, means 
sensing the pressure on the opposite sides of said cylin 
der, a differential ampli?er ‘for receiving and compar 
ing the signals from said latter pressure sensing means 
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to generate a signal proportional to any difference in 
pressures, said servo valve and said differential ampli 
fier providing feedback to said servo amplifier. 

13. The control system of claim 10 in which said re 
finer comprises two pairs of opposed plates each ad 
justable relative to one another, and a pair of feed 
means, one for each pair of plates, and each having its 
own drive means, wherein the signals from the respec 
tive feed motors are summed, the outputs of the respec» 
tive hydraulic cylinders are compared and the higher 
pressure used as the pressure signal. 
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14. The control system of claim 13 in which signals 

from feed motors are subtracted by differential ampli 
fier means and are compared with a standard and an 
alarm is activated when the differentialexceeds a pre 
determined amount. . 

15. The control system of claim 13 in which the pres 
sure signals are applied to a differential ampli?er and 
a difference signal derived such that, when the differ 
ence signal exceeds a predetermined amount, alarm 
means is activated. 

* * >I< >|< >l< 


