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not that  the range is so good, it is that  the s tandard  
deviatiou is so poor for  small samples. 

The Control Char t  method of Quality Control is a 
method of keeping t rack of the variat ions in the mean 

value aa~d the degree of scatter  f rom the mean. The 
procedure is to take samples of relatively small s ize- -  
f rom 4 to 10 u sua l l y - - and  determine the mean and 
the range on each sample. The samples should be of 
the same size, and since the size is small, the range is 
a good measure of scatter, Vahies for  a group of such 
samples are given in F igure  10. 

In  setting up  the graphs  upon which such values 
are plotted, it is very  helpful  if the scatter  about  the 
mean value has been determined previously. One can 
then enter the tables provided in the manual  and 
draw charts  as shown in F igure  11. 

By observing the location of the points on such 
charts, one can determine whether  tile operation is 
aimed at the r ight  mean value and whether  the devi- 
ations f rom this value are under  control. Since the 
limits are 3a  limits, the chances of a proper ly  han- 
dled sample being out of limits by  sheer chance are 
only 3 in 1,000. Fo r  this reason the out-of-limit val- 
ues are an indication of lack of control. 

Basic Theory of Automatic Control 
C. W. BOWDEN JR., Minneapolis-Honeywell Regulator Company, Industrial Division, 
Philadelphia, Pennsylvania 

D U R I N G  the past  half  century the chemical in- 
dus t ry  in the United States has been one of the 
na t ion ' s  pr ime examples of the continuing evo- 

lution of industr ial  technology. New processes have 
been introduced, new products  have been produced, 

and, perhaps  even more 
s ign i f ican t ,  ever  g r e a t e r  
manufac tu r ing  effieiencies 
have been attained. Some- 
times when We look back 
that  far ,  statistics get a 
little fuzzy. In  the c a ~  of 
the chemical indus t ry  the 
changes and developments 
since the tu rn  of the cen- 
tu ry  have been so revolu- 
t ionary that  statistics back 
that  f a r  would be vir tu-  
a l ly  mean ing l e s s .  Le t ' s  
look at  just  the last 15 
years. This period in it- 
self presents a revealing 
picture. 

The volume of produc- 
C. W. Bowden Jr. tion in the chemical indus- 

t ry  in the year  ending 
Apri l  1953 totaled more than $19 billion, as con- 
t ras ted with less than  $4 billion in 1939. This is a 
190~  increase in volume. I f  we ad jus t  for  price 
changes, etc., i t  means that  t oday ' s  physical volume 
is three times what  it was 15 years  ago. 

Obviously this ha sn ' t  been accomplished s imply by  
the influx of hordes of additional workers. Actually,  
if we go back to our statistics, we see that  employment  
is less than  twice tha t  of 1939. 

The chemical indust ry  has reached this volume by 
encouraging and accepting technological advances, by  
introducing new continuous methods of production, 
and by  the continued applicat ion of more and more 

automatic ins t ruments  to help control these opera- 
tions. With  the new technology today ' s  chemical 
p lant  worker  turns out some $26,000 worth of mate- 
rial  while his 1939 counte rpar t  could produce only 
$15,000 worth. This is a p re t ty  impressive growth 
picture,  is it n o t : t o  have happened in only 15 years  ? 

The oil and fa t  indust ry  can take a bow also for  its 
segment of the chemical industry  has had parallel  
progress. Not to go into another  statistical study, 
there is one basic comparison which ful ly  i l lustrates 
the growth of the soaps, fats, and oils industlT. In  
p rewar  days the United States annual ly  imported 
some 1.3 billion pounds of fats  and oils. Today the 
indus t ry ' s  progress  is reflected in the fac t  that  t h e  
United States' is a net exporter of 1.1 billion pounds. 

This change has resulted f rom a number  of factors. 
There has been the increase in product ion of domestic 
oil-bearing materials  and the effect of wal~time dislo- 
cations. But  one of the major  faetoi~s has been the 
continuing development of solvent extract ion me,h- 
ods. Today ' s  techniques harness a mult ipl ic i ty  of in- 
dustr ial  instruments  to control these processes. 

F o r  example, at  the Glidden p lan t  in Indianapolis  
the processing of soybeans is accomplished b y  match- 
ing improvements  in equipment  with the applicat ion 
of new control techniques. These recording and re- 
cording-controlling instruments  made by  Honeywell  
mainta in  close watch over the process variables. The 
instruments thus contr ibute  efficient operation of the 
continuous extractor,  el iminating the hazards and ex- 
pense of solvent loss while increasing the yield of 
high-quality, reproducible end-products.  

We all realize that, this rap id  change-over to e~n- 
tinuous operation has not been eonfined to any  par-  
t icular  branch of the chemical industry.  I t  has been 
industry-wide and is being fucther  accelerated by 
economic conditions. The large growth of markets,  
the scarci ty of qualified operators,  and the r is ing la- 
bor  costs have compelled a l l  producers to seek maxi- 
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mum efficiency. Usually highest efficiency is found in 
continuous processing, and it is near ly always pos- 
sible to produce a superior  product  at  lower costs in a 
continuous plant.  

The change f rom batch to continuous method 
causes some very  significant changes in operat ional  
procedure.  ]n a batch p lant  changes are relatively 
slow. A good operator  can often handle a batch with 
a min imum of instruments.  Because of the slow rate 
of reaction, minor  errors  in t empera ture  or pressure 
tend to average out and may  not have too serious an 
effect on product  quality. 

Pin. 1. Bourdon tube for measurement of high pressure. 

Continuous processing is vast ly  different. Reaction 
time is short!  All the components of the final product  
move rapidly  through the process equipment.  Any  
mater ia l  which passes through the p lant  when all of 
the variables are not at correct  values is sub-s tandard  
and may  spoil a large quant i ty  of product�9 There is 
no time for  averaging out!  Eve ry  impor tan t  variable 
must  be held constantly within the permissible limits�9 
Such control tolerances could not be held without 
very precise measurement,  and it  is doubtful  whether  
the most highly t ra ined technician could operate the 
process manually,  even with the best of measurement .  
Accordingly automatic eontrol is essential and is 
widely utilized. As a result, side reactions are inhib- 
ited, separat ions are more complete, and product  
quali ty is higher and more uniform. 

Proof  of these facts is readily available. Statisti- 
cally speaking, the percentage of total p lant  invest- 
ment  devoted to ins t rument  purchases since 1930 has 
increased nine times. This  is in spite of the fac t  that  
ins t rument  prices have risen much more slowly than  

�9 those of most other process equipment.  Evidence that  
the process industries (chemical and petroleum) have 
contr ibuted heavily to the increased use of automatic  
control can be seen f rom current  sales to these indus- 
tries. Of all the ins t rmnents  sold, more than  40% are 
bought  by  chemical producers  and oil refiners. 

Because industr ial  ins t rmnents  and automatic  con- 
trollers have assumed such an impor tan t  place in the 
oil and fa t  industry,  the basic principles regarding 

their  correct usage should be a p a r t  of the operat ing 
knowledge o f  every technical man. 

In s t rumen t  ~leasuring Systems 

A s tudy of ins t ruments  should, of course, s ta r t  with 
measur ing systems. I shall briefly describe the vari- 
ous systems most widely used. 

Although the types of measurements  made in mod- 
ern industr ial  plants  add up  to a very sizable number,  
industr ial  ins t rumentat ion is based upon a smal l  
group of the most commonly required  quant i t i es . . In -  
cluded are temperature ,  pressure,  flow, and liquid 
level. Each of these variables can be  measured in 
several ways. I shall describe only the most conven- 
t ional means. 

Depending upon the ins t rument  range, pressures 
are measured by a Bourdon tube, a spiral,  or a spring 
loaded bellows. In  higher ranges, above about  4,000 
p.s.i.g., the Bourdon tube, as shown in F igure  1, is 
most f requent ly  used. Below 4,000 p.s.i.g., down to 
about  15 p.s.i.g., the spiral, as shown in F igure  2, is 
the most sat isfactory element. Because the spiral  is, 
in effect, a series of Bourdon tubes connected end to 
end, it  is more sensitive t h a n  a single Bourdon. 

For  ranges of 15 psig and less, neither the Bourdon 
tube nor the spiral  provides enough power to operate .  
all the functions of a recording automatic controller. 
To obtain sufficient torque a bellows is used. In  gen- 
eral, the lower the ins t rument  range, the larger  the 
bellows. The bellows is also easily adaptable  to com- 
pensation for  ambient  pressure,  where absolute pres- 
sure measurements  are necessary. Compensation is 
obtained by an addit ional evacuated bellows operat- 
ing in conjunction with the measuring bellows as 
shown in F igure  3. 

The simplest t empera ture  measur ing device is the 
pressure type of thermometer  (F igure  4). This in- 
s t rument  utilizes a metal  bulb connected b y  a capil- 
la ry  tube to a pressure-measuring element in the in- 
s t rument  case. The fill expands or contracts as bulb 
tempera ture  varies, this changes the internal  system 
pressure in proport ion to t empera ture  change. The 

FIo. 2. Spiral for pressure measurement. 
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Some users however object to the non-linear calibra- 
tion and the fact  that  inversion causes instabil i ty 
when the measured t empera tu re  reaches ambient.  

Thermometers  are supplied with ranges up to 
1,200~ but  are most f requent ly  used for  measure- 
ment  of tempera tures  below 600~ Usually for  tem- 
pera tures  above 600~ a thermocouple is employed. 
The thermoeouple can be connected to a millivolt- 
meter,  or cal ibrated galvanometer,  if about 1% aecu. 
racy is sufficient and if narrow ranges are not needed. 

Fo r  higher accuracy and narrower  ranges, the 
thermocouple is used with a potentiometer,  as shown 
in F igure  5. The major i ty  of potentiometers in use 

Fin. 3. Absolute pressure measuring unit. 

pressure is cal ibrated in terms of temperature .  Ther- 
mometers  are filled with an inert  gas, mercury,  or 
some other liquid. One var ie ty  of thermometer ,  called 
the vapor-fill type,  is par t ia l ly  filled with a volatile 
liquid. The vapor  pressure of the vaporized fluid 
over the liquid increases as t empera ture  increases. 
Because vapor  pressure increases in proport ion to the 
square of the temperature ,  this instmlment utilizes a 
square root or non-linear scale. The wide gradua-  
tions of the upper  port ions of the range give increased 
readabi l i ty  and often improve automatic control. 

Fla. 4. Pressure type thermometer including electric control unit. 
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Fla. 5. Schematic diagram of ElectroniK Potentiometer Circuit. 

today are of the electronic self-balancing type. Be- 
cause of the accuracy, versati l i ty,  and  dependabi l i ty  
of these instruments,  they have become v e r y  widely 
used for  t e m p e r a t u r e  measurement  in all ranges. 
Thermocouples are low in cost and are easy to install. 
The extension leadwires to the ins t rument  are not so 
subject  to damage as thermometer  capillaries, and, if  
damaged, the wires can be easily spliced. 

Where very  nar row tempera ture  spans must  be 
measured, the resistance thermometer  is the most 
practical  answer. The bulb,  or t empera tu re  sensitive 
element of this kind of thermometer ,  is a coil of wire 
which changes its electrical resistance as t empera tu re  
changes. The ins t rument  is usual ly a self-balancing 
wheatstone bridge. 

T h e  e l e c t r o n i c  self-balancing potentiometer,  or 
wbeatstone bridge, is today one of the most widely 
used ins t rument  types. Any measurement  which can 
be t ransduced into an emf or a resistance can be re- 
corded or controlled by  these devices. Among the 
variables which are measured by  such systems are 
pH,  conductivity,  pressure, load, speed, electrical 
power, and a grea t  many  more. 

Flow is most often measured by  means of a differ-  
ential head meter.  Some means of introducing a tem- 
pora ry  pressure differential in the flowing medium, 
such as a ven tur i  tube or thin plate orifice, is placed 
in the flow line. Pressure  taps  located to sense the 
differential are connected to a manometer  which is 
cal ibrated in te rms of flow (see F igure  6). Both mer- 
cu~- manometers  and d iaphragm differential pressure 
measur ing devices are commonly employed. 

Flow may  also be measured by  differential area 
meters such as the Rotameter .  A few other highly 
specialized devices are used for  measur ing flows 
where unusual  conditions exist. 

Liquid level measurements  differ, depending upon 
whether the vessel to be measured is under  pressure 
or exposed to atmosphere. In open tanks  the pressure 
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head of liquid gives a direct indication of level. 
Where  it is convenient, the pressure gauge is con- 
nected to the base of the tank. I f  this is not practical,  
a tube is immersed into the t ank  to a point  below 
min imum level. Air  is passed slowly into the tube 
and  bubbles up  through the liquid. The back pres- 
sure of air in the tube is a measure of liquid head (see 
F igure  7). Where  positive or negative pressure exists 
in a closed tank, some correction mus t  be made to 
compensate for  its effect on liquid head. A manome- 
ter  connected to measure the differential pressure a t  
the bot tom and the top of the vessel gives the neces- 
sary  compensation and produces a direct  measure- 
ment  of level, as shown in F igure  8. 

Air Control  

The output  of an air  controller is an air  pressure 
ra ther  than  a quant i ty  of air. Under  balanced condi- 
tions there is no flow of air  through the lines, only a 
pressure in the system, large enough to hold the valve 
at the required position against  the force of the 
spring. As a result, a well-designed a i r  controller 
should use very  little air  and sbould be very  rap id  in 
response. The response of air  control actual ly is very 
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Automat ic  Control  

Except  for  the self-balaneing potentiometer  and 
wheatstone bridge, the power available in industrial  
ins t ruments  is somewhat limited. To operate the au- 
tomatic control components therefore, i t  is necessary 
to use a min imum amount  of force. The control units, 
both electric and pneumatic,  are designed to operate 
with a very  little drag on the measuring system. 

Automat ic  controls are available with several dif- 
ferent  kinds of action. This is necessary in order to 
select the fo rm or mode of control best  suited to each 
individual  problem. While it would easily be possible 
to design a universal  controller, such an ins t rument  
would be f a r  too expensive and complicated for  most 
installations. I t  is f a r  be t te r  to have the different 
types  of controllers always available so that  the sim- 
plest uni t  which will give adequate performance  in 
any  given applicat ion can be selected. 

The great  ma jo r i ty  of modern  co~trollers are op- 
erated either b y  pneumat ic  or by  electric power. In  
the process industr ies  pneumatic  control is b y  fa r  the 
most widely used. I t  is p re fe r red  because of its 
simplicity, easy maintenance,  flexibility, high per- 
formance,  and inherent ly  non-hazardous means of 
operation. 

FIG. 7. Bubbler type liquid level measuring system for 
open tanks. 

fas t  except where long transmission lines are used. 
A long line holds a fa i r  quant i ty  of a i r  which is a 
compressible fluid. Any  change in pressure produces 
a change in volume, and flow of a i r  results. Because 
of line resistance to flow, appreciable t ime elapses be- 
fore the system balances. Where transmission dis- 
tances are less than  400 feet, the lags are insignificant. 
Transmission distances between 400 and 1,000 feet 
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Fra. 8. Momometer type liquid level measuring system for 
closed tanks. 
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can be used if maximum speed of response is not re- 
quired, but  air  transmission beyond 1,000 feet is gen- 
eral ly considered :impractical. 

Because a i r  controllers t ransmi t  pressure instead of 
quanti ty,  they are theoretically immune to the effects 
of leaks in transmission lines. Actually,  they can 
overcome the effects of small leaks in output  lines, 
provided tha t  the controller can deliver a grea ter  
quant i ty  of air  at the required pressure than  is neces- 
sary  to operate the valve and compensate for  the leak. 
As soon as a leak occurs however, flow of air  again be- 
comes a problem. I t  is evident that  regardless of con- 
troller capacity, if a leak is large enough so that  the 
pressure drop introduced by  flow becomes significant, 
the leak will seriously interfere with controller 
operation. 

The Valve 

A complete control system must  include some de- 
vice capable of accepting the signal f rom the control- 
ler and t ranslat ing it into corrective action. The 
device usually employed for  this purpose in air  con- 
trol  systems is the d iaphragm motor valve, shown in 
F igure  9. The valve body is essentially a globe valve 
with a sliding stem instead of the customary screwed 
stem. I f  the valve is a throt t l ing type  for  proport ional  
control, the disc, or valve closure, is characterized to 
give the required flow rate  for each increment of lift. 

The actuator  or d iaphragm motor for  the valve is a 
spring-loaded diaphragm, which operates a push rod 
connected to the valve stem. The spring and  dia- 
ph ragm area are matched so that  a change in pressure 
f rom 3 to 15 p.s.i, will cause the nmtor to move over 

:FIO. 9. A typical diaphragm motor valve. 

its full  range of travel. Thus the motor  mus t  take a 
definite position for  each value of t ransmi t ted  air 
pressure. 

Operation of Air  Controllers 

In order to utilize the various modes of automatic  
control most effectively, some know.ledge of their  op- 
eration is desirable. Because the basic principle of 
operation is similar in all cur rent ly  available uni ts  
regardless of the manufac turer ,  I shall describe the 
operation of the make I know best, namely Brown 
Ins t rument  a i r  control. 

The basic idea of air  control is quite simple, as 
shown in F igures  10 and 11. ] f  a restriction is placed 
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FI~. 11 ,  Controller util izing nozzle presst~re system. . 

in an air line, the pressure downstream f rom the re- 
striction can easily be varied by  regulat ing the flow 
of air  f rom the end of the line. The device used to 
regulate flow is a nozzle and flapper. The nozzle, of 
course, must  offer less restriction to flow than  the fixed 
restriction. I f  the f lapper is moved away f rom the 
nozzle, the pressure downstream from the restriction 
drops almost to zero; when the f lapper  is against  the 
nozzle, the pressure rises very nearly to supply pres- 
sure. A " T "  connection between the restriction and 
the nozzle is the controller output  connection. In  most 
cases the controlled pressure is used to operate a dia- 
phragln motor  valve. 

This simple type of nozzle pressure t ransmi t te r  is 
quite widely used, par t i cu la r ly  for  non-critical appli-  
cations. I t  is offered in on-off and nar row band  pro- 
portional control, described in Figures  12 and 13. 
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Fro. 12. Two-position pilot type controller. 
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Fro. 13. Proportional air controller. 
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The advantages  are simplici ty and low cost. The dis- 
advantages  are relat ively high air  consnmption, slow 
response, only fa i r  reproducibil i ty,  and susceptibil i ty 
to air  line leaks because of the limited output  capac- 
ity. The disadvantages are serious enough to prevent  
use of these controllers in most heavy-duty  industrial  
applications. 

The quali ty of performance needed for  the major i ty  
of industrial  uses is obtainable f rom a pilot type of 
controller. In  this kind of controller the f lapper noz- 
zle combination operates at low pressure,  f rom about  
0.5 to 3.5 p.s.i.g. This low pressure controls a much 
higher pressure output,  which is the same as for  the 
nozzle pressure system, namely 3 to 15 lbs. The noz. 
zle pressure operates the pilot. The pilot is a simple 
mul t ip ly ing relay where two bellows of different sizes 
are opposed so that  the force exerted by  the low pres- 
sure against  a large area equals the force exerted by  
the higher pressure over a smaller area. 

The quant i ty  of air  in the nozzle system is small, 
the ports  of the pilot are large since they need to be 
open only when pressure is changing. Accordingly air  
consumption is low, but  output  capaci ty is high and 
response is fast. 

The Control Nodes 

The most impor tan t  control modes in order of in- 
creasing complexity are:  

Two position, or on-off 
Floating 
Proportional plus manual reset 
Proportional plus automatic reset 
Rate action which may be added to proportional control. 

Float ing control is seldom used in the process in- 
dustries, but  it is quite impor tan t  for reasons which I 
will explain later. 

Two-position control is adequate for  many  applica- 
tions. Where measuring and control lags are small 
and process capacity is large, this control mode will 
f requent ly  mainta in  the process variable within very 
narrow limits. Even under  less favorable  conditions, 
bu t  where some deviation f rom the desired value or 
set-point is permissible, on-off control still may  be 
used. Two-position, or on-off control is only occa- 
sionally employed in continuous processing, bu t  it 
often does a very sat isfactory job in large batch proe 
esses such as the Twitchell Process. 

Two-position control produces a characteristic sine 
wave record. As process capaci ty decreases, the amp- 
litude of the wave form increases rap id ly  and fre- 
quent ly also tends to increase somewhat. When  the 
ampli tude of the wave reaches an intolerable value, 
it is necessary to ntilize some form of proport ional  
control. 

Perhaps  the simplest method for gaining propor- 
tional action is single speed floating control. I do not 
know of any  pneumatic  floating control equipment,  
bu t  electrically operated floating control is fa i r ly  
widely used. I t  is achieved by  use of a reversible mo- 
tor  to drive the valve. Two electric switches are used 
in the control instrument.  One is placed just  below 
the set point and the other just  above it. The switch 
below the set point drives the motor in a direction to 
open the valve, and the other operates the motor  in a 
reverse direction. At the set point  both switches are 
open, and the motor  remains a t  rest. 

The pr incipal  faul t  of floating control is tha t  the 
motor speed must  be quite low to prevent  driving past  
the set point. Any  considerable process upset there- 
fore results in a deviation of long duration. Fas te r  
speed motors cannot be employed to correct this faul t  
because they cause the controller to cycle ra ther  
badly. The advantage of floating control is that  it is 
not affected by  "o f f se t , "  and hence no form of reset 
is required. 

Occasionally proport ional  speed floating control is 
employed. This type of control differs f rom single  
speed floating' control in that  the speed at which the 
motor  tu rns  is proport ional  to the amount  of displace- 
ment  between the pen and the set point  index. Pro- 
port ional  speed floating control is not too widely used 
because the c i rcui t ry  is fa i r ly  complex and because 
proport ional  plus reset  control will usual ly produce 
superior  results at little or no increase in original 
cost. 

I n  t rue proport ional  control the position of the 
final control element or valve is adjusted b y  the con- 
troller to deliver the amount  of corrective agent  nec- 
essary to mainta in  the var iable  at  the set point. The 
port ion of the ins t rument  span over which propor-  
tional control will cause the valve to move f rom ful ly 
closed to ful ly  open is known as the proport ional  
band. Usually the band  width is adjustable.  As an 
example, suppose we have an ins t rument  with a range 
of zero to 100. I f  set point were a t  50 and propor- 
tional band at 10%, we would expect the valve to be 
wide open at 45 on ins t rument  scale and ful ly closed 
at 55. At set point or 50 we would expect the valve to 
be half  open. I f  the proport ional  band  were at 190%, 
the valve would be ful ly open at zero on the scale and 
ful ly  closed at 100. Frequent ly  in low capacity proc- 
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esses the proport ional  band  is set even wider  than  
100%. When  the proport ional  band  is beyond 100%; 
full  scale of movement  of the ins t rument  pen will not 
cause the valve to move f rom ful ly  open to ful ly 
closed. 

Another  convenient t e rm for  proport ional  band  is 
" g a i n . "  Gain actually is the reciprocal of propor-  
tional band. I t  can be defined as the ratio of amount  
of correction to the amount  of deviation. 

Where  on-off, or two position control is used, the 
f lapper  takes only two positions, against  the nozzle or 
well away f rom it. To obtain proport ional  action, the 
f lapper must  take pract ical ly  an infinite number  of 
intermediate  positions. The wider the proport ional  
band  is, the more precisely must  the flapper be posi- 
tioned. Fur the rmore  the total t ravel  of the f lapper to 
change output  pressure f rom 3 to 15 p.s.i, is only 
about  three-thousandths of an inch. 

I f  it were necessary to adjus t  the f lapper  f rom only 
a single point, any  lost motion in linkage would be 
completely intolerable. Even if we could manufac-  
ture par ts  with zero tolerances, costs would be en- 
t i rely prohibi t ive so some al ternate expedient must  be 
utilized to set the f lapper position. The method ac- 
tua l ly  employed is a "feed b a c k "  arrangement ,  which 
has several distinct advantages.  

In  the first place, by  adjust ing a relat ively long 
f lapper  f rom two positions, each ad jus tment  can be 
large enough so tha t  the small amount  of lost motion 
in the linkage becomes inconsequential. Secondly, ad- 
jus tments  are made f rom two sources which tend to 
cancel out all lost motion. The th i rd  advantage is 
p robab ly  most impor tan t ;  the feed back bellows ac- 
tual ly  measures controller output.  Any  errors in out- 
put  are measured and quickly corrected. 

In  the proport ional  controller the feed back uni t  
has a cal ibrated spr ing and bellows unit  which is 
pract ical ly  identical to a pressure-measuring element. 
The output  a i r  f rom the pilot valve (-the same pilot as 
in the on-off controller) is measured b y  this spr ing 
and bellows unit,  which then positions the f lapper ful- 
crum in accordance with output  pressure.  

The differential linkage, which mechanically detects 
the difference between the pen and set point  index, 
positions the f lapper f rom its. free end. Highly  accu- 
rate operation is assured b y  this arrangement .  Actu- 
ally two forms of the proport ional  controller are 
available. The simpler  of the two permits  ad jus tment  
of the band  f rom about  1 to 10% of ins t rument  span. 
A more complex unit  is precise enough to permi t  set- 
t ing the proport ional  band  as wide as 150%. 

F rom the preceding discussion it should be evident 
that  for  every position of the ins t rument  pen within 
the proport ional  band, there will be a distinct posi- 
tion of the control valve. I f  reset were not provided 
in proport ional  controllers, the valve would always be 
half  open when the ins t rument  pen was at the set 
point. This would be a very inconvenient arrange-  
ment. F o r  example, if we had a t empera ture  control- 
ler set at 150 ~ and for  some reason had to raise the set 
point  to 250 ~ , it is obvious tha t  the same valve at the 
same percentage opening could not supply  the addi- 
tional heat  necessary to mainta in  the higher tempera-  
ture. The result  would be tha t  the controller would 
finally line out at  some value below the set point. The 
difference between the set point and the actual  con- 
trolled value is called "offset"  or " d r o o p . "  

Reset is the ad jus tment  which permits  the propor-  

tional band to be shifted with respect  to the set point. 
Adjus tment  of the reset therefore changes the posi- 
tion taken b y  the valve when the ins t rument  pen is a~ 
the set point  and consequently eliminates offset. 

Automatic  Reset 

Offset or droop results when set point changes are 
made. Other conditions also result  in offset. These are 
known as load changes. In  t empera ture  control prob- 
lems, changes in ambient  temperature ,  draf ts  of air  
blowing against  the vessel, changes in the quant i ty  of 
the mater ial  being heated, or in the specific heat of 
the material ,  changes in the heat content of the cor- 
rective agent, such as steam pressure or BTU value of 
fuel, are all examples of load changes. Par t icu la r ly  
in continuous processes such load changes occur fre-  
quent ly or even constantly. 

Where  the load changes tend to be small and proc- 
ess characterist ics are such that  a nar row proport ional  
band can be used, the offset may  be small enough to 
be negligible. With  wide proport ional  bands,  load 
changes are much more serious. Because they occur 
so frequently,  manual  reset adjus tments  are unsatis- 
factory.  Automatic  reset is required. 

Automatic  reset is actual ly proport ional  speed 
floating control superimposed onto proport ional  con- 
trol. Propm~tional speed floating control tends to 
drive the valve in a direction to re tu rn  the ins t rument  
pen to the set point. The speed of the action is pro- 
port ional  to the amount  of deviation. In  automatic  
reset control the action is to move the proport ional  
band  ra ther  than  the valve, bu t  the net result  is the 
same. To describe the action of these controllers, we 
can say that  a proport ional  controller corrects accord- 
ing to the size of the deviation. Automatic  reset cor- 
rects according to the durat ion of the deviation. 

Reset is cal ibrated in repeats  per  minute,  or the 
number  of times the proport ional  action is repeated 
in either direction, in one minute  by  reset action. In  
other words, the effect of proport ional  action is dupli- 
cated by  reset, and the number  of duplications per  
minute  is the number  of repeats  per  minute.  

The operation of an automatic  reset  controller is 
somewhat more complex than  that  of a simple pro- 
portional controller and is pe rhaps  a little more diffi- 
cult to understand.  In  the Brown Air-O-Line uni t  
reset is obtained by  liquid action. Whenever  a devia- 
tion occurs, proport ional  action immediately starts  to 
correct for  it. As a result  of the changed output  pres- 
sure, the follow-up bellows assumes a new position. 
The inner  spring then exerts a pressure difference 
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Fro. 14. ] ' roport ional  controller with r~te action. 
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upon the liquid fill in the two sections of the unit,  
causing the liquid to flow through the connecting pas- 
sage unti l  presst~res are again-equalized. T]ae flow of 
liquid tends to r e tu rn  the f lapper fu lc rum to a central  
or balanced position. This changes the relationship of 
the position of the follow-up bellows to tha t  of the 
f lapper position sO that  the controller is able to bal- 
ance out at any  output  pressure which will main ta in  
the pen at  the set point. The key to unders tanding  
this kind of control is fa i r ly  simple. The two separate  
actions, proport ional  and reset, continue to change 
the output  pressure separately  and independent ly  un- 
til the ins t rument  pen re turns  to the set point. Bal- 
ance can be restored only when the controller is 
" l i ned  ou t . "  I f  the pen is not at the set point, the 
output  pressure cannot remain at any  par t icu lar  
value. 

Reset rate is set b y  adjust ing the needle valve in 
the connecting passage unti l  the liquid flows at  the 
necessary rate to give the desired number  of repeats  
per  minute. 

Hea t  exchangers usually require proport ional  plus 
reset control. Although they often seem to present  a 
simple control problem, they are actual ly somewhat 
difficult to handle because of their  small capacity.  

Propor t ional  plus reset control (F igure  15) is 
ideally adapted  to continuous operations, bu t  i t  has a 
serious weakness in batch operation. I f  in a tempera-  

MANUAL LOADING 

BY-PASS VALVE 

N 
SCHEMATIC DIAGRAM OF PNEUMATIC BALANCE 

PROP. PLUS RESET CONTROLLER 

FIG. 15, Tel-O-Set eout~-oller. 

ture control problem we star t  to heat a kettle f rom 
room tempera ture  to some higher value, the valve, of 
course, will open to admit  the heating agent. Some 
time will necessarily elapse as the kettle is heating to 
the set point. Meanwhile, because the ins t rument  pen 
is not at the set point, automatic reset will shift  the 
proport ional  band  in a direction to hold the valve 
open. The reset action will continue to shift  the band  
so long as the pen remains below the index. Often the 
band  will be moved to the end of its t ravel  where the 
valve will be wide open even though the pen is at the 
set point. 

When  the t empera ture  finally reaches the desired 
value, the controller is unable  to begin adjus t ing 
valve position because o f  the proport ional  band shift. 
The pen must  therefore  continue to rise well above the 
set point  and remain above unt i l  the reset action 
swings the band  back to its correct position. Often 
tbis  takes a considerable amount  of time, and product  
~lu~dity suffers. 

Because of this action i t  is well to avoid propor-  
tional plus reset control on batch operations and on 
units  where s ta r tup  characteristics are impor tan t  un- 
less reset is known to be required. F requen t ly  batch 
reactors are large enough so that  sat isfactory control 
can be obtained with two-position or nar row propor-  
tional band  controllers. Where  reset is required in 
batch or semi-continuous plants,  it is possible to coun- 
terac t  the undesirable features  b y  the addition of rate 
action to the controller. How this is done will be 
described later. 

Rate Action 

O c c a s i o n a l l y  control problems arc encountered 
where measuring or control lags are so serious that  
proport ional  control will not hold the  variable within 
permissible limits. Another  mode of control called 
" r a t e  ac t ion"  will 'usually produce sat isfactory '  re- 
sults. Rate action, when used, is superimposed onto 
either proport ional  or proport ional  plus reset control. 
As can be infer red  f rom the name, rate  action or de- 
r ivative control corrects in accordance with the rate  
of deviation. This is accomplished by  a t e m p o r a r y  
over-correction. The amount  of over-correction, which 
is called the amplitude,  is a fixed quanti ty.  The dura- 
tion of the over-correction, called the r a t e  time, is ad- 
justable.  The effect of rate action is to shorten briefly 
the proport ional  band  or increase the gain of the 
controller. 

The rate action unit  is a double spring-loaded bel- 
lows, which is located in the feed back line between 
pilot  output  pressure and the follow-up bellows. The 
output  pressure is delivered to the inter ior  of the bel- 
lows. The confined area outside of the bellows is con- 
nected to the follow-up bellows. There is a by-pass 
with a needle valve connected between the two lines. 

Any  deviation of the ins t rument  pen, of course, will 
change the f lapper position which will immediately 
change the pilot valve output.  I towever  the rate  ac- 
tion uni t  prevents  the follow-up action f rom re-posi- 
t ioning the f lapper fulcrum. Actual ly  the bellows of 
the rate uni t  cause it to t ransmi t  one-tenth of the 
change in output  to the follow-up unit  immediately,  
and the full  pressure is g r adua l ly  t ransmi t ted  as air  
leaks through the needle valve. The effect is a t em-  
pora ry  correction about  10 times as large a s  would be 
obtained without  rate action. The ampli tude of the 
rate action therefore is 10. The rate  time may  be 
varied over a fa i r ly  wide range by  ad jus tment  of the 
needle valve. 

The bellows in the rate  uni t  serves the very useful 
purpose of regulat ing rate amplitude.  Without  it the 
controller output  would tend to shift  between 3 and 
15 p.s.i, and would swing the process variable too 
widely: 

This rate action unit  produces its action a f t e r  tha t  
of the proport ional  or proport ional  plus reset action. 
For  continuous processes on stream, rate  action of 
.this var ie ty  does a very  adequate job. For  s ta r tup  
characteristics or batch operation, rate action should 
precede proport ional  plus reset action. 

Rate action is sometimes called ant ic ipatory  con- 
trol. This, of course, is incorrect. No control action 
can occur unti l  a deviation occurs. True  ant icipat ion 
is impossible. Rate action ao~s ~end to anticipate the 
extent of the deviation however because the extent is 
somewhat dependc:,t  upon the speed of depar ture  
f rom the set point. 

All of the Brown air :control  units operate with the 
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identical pilot valve, use the same connecting linkage, 
and are easily changed by  the user. Changing is fur-  
ther  simplified because the mounting screws are the 
same for  all units. Thus the air  control system is 
composed of interchangeable building blocks for  the 
convenience of the user and his maintenance depart-  
ment.  

Miniature Instruments 

All of the air  control units which have been dis- 
cussed are of the type mounted within the ins t rument  
case. They are operated by  mechanical linkage with 
the ins t rument  pen and set point pointer.  The advent  
of miniature  ins t ruments  a few years  ago has resulted 
in the development of a new type of air  controller. 

The new miniature  ins t ruments  are so small that  it 
has been impract ical  to m o u n t  conventional air con- 
trol units within the ins t rument  case. Fu r the rmore  
it has been found desirable in some cases to locate the 
controller as close to the valve as possible. In  order  
to meet these conditions, new separate mount ing con- 
trollers have been developed. 

Obviously some new means was necessary to relay 
a deviation signal to a separately  mounted controller. 
Pneumatic  transmission of the value of the process 
variable and the set point in te rms of an air  pressure 
between 3 and 15 p.s.i, is employed for this purpose. 

The Tel-O-Set controller is the Brown unit  of this 
type. I t  is available in three models. The simplest 
var ie ty  has a fixed proport ional  band with adjustable  
automatic reset, another  has an adjustable  propor-  
tional band and adjustable  automatic  reset, and the 
th i rd  has an adjustable  band and reset with rate 
action. 

The most widely used model is the one with adjust-  
able band  and reset. At first glance it looks quite 
complex. Actual ly  it is no more complicated than  the 
Air-O-Line. The pilot and nozzle system in this con- 
troller are quite similar to the one used with the Air- 
O-Line. The next port ion of the controller is known 
as the deviation section. I t  takes the place of the dif- 
ferential  linkage and follow-up bellows of the Air-O- 
Line. 

The deviation section is constructed so that  the air  
pressures represent ing set point  and process variable 
oppose and balance each other. Any deviation will 
upset  the balance and cause the f lapper  to change its 
position. This, of course, will immediately result  in a 
change in the output  pressure f rom the pilot. All of 
the output  pressure is fed back to the negative bal- 
aneing section, but  except at balance only a pa r t  of it 
reaches the positive or rebalaneing chamber.  The 
pressure in the positive chamber depends upon a fixed 
and an adjustable  restriction. The difference between 
the positive and negative feed back establishes the 
amount  of t rue proport ional  eorrection which the don- 
troller  immediate ly  delivers. This type of action per- 
mits the controller to balance out so that  the set point 
pressure and the process var iable  signal are at differ- 
ent Values. 

Meanwhile the output  p ressure  bleeds into the re- 
set chamber ,  causing the pressure in the positive 
chamber  to rise to that  in the negative ehamber.  This, 
of course, keeps the output  pressure changing until  
finally the controller re tu rns  to a balanced condition 
where t h e  process  variable pressure m u s t  equal the 
set point pressure. Only when balanced conditions 
exist can the controller output  stabilize, bu t  the out- 
put  pressure can stabilize at any value between 3 and 

15 p.s.i, so long as the set point and variable are 
equal. 

The Tel-O-Set controller accepts a separate  signal 
equivalent to process variable ra ther  than  a deviation 
signal as does the Air-O-Line. Because of this it is a 
relatively simple mat te r  to introduce rate actio~ into 
the process signal to the Tel-O-Set. This is actually 
done in the three-mode controller. The effect of rate 
action in this position is essentially the same as it is 
with the Air-O-Line. There is one impor tant  differ- 
ence however. 

Where  rate is added to the process variable,  the 
effect is to t ransmit  a false signal to the proport ional  
and reset sections of the controller whenever the var- 
iable is changing. The rate  action exagge ra t e s  the 
amount  of change. In  other words, it t ransmits  to the 
controller information that  the deviation which has 
occurred is much larger  thau it actually is. Therefore 
the controller overcorrects and tends to re turn  the 
pen to the set point  more rapidly.  Obviously rate  
must  be very careful ly adjusted to prevent  t h r o w i n g  
the process into a cycle. 

This exaggerated signal is very valuable in control 
of batch reactions or on s ta r tup  service where auto- 
matic  reset is employed because the signal to the con- 
troller indicates that  the var iable  has reached and 
passed the set point before it actual ly ar r ives  there. 
This causes the automatic reset action to s tar t  shift- 
ing the proport ional  band in the direction necessary 
to avoid overshoot before the set point is reached. 
When a three-mode controller of this kind is correctly 
adjusted, overshoot is comple te ly  eliminated. The 
variable rises to the set point and "lines o u t "  without 
over-travel.  Rate action, because it is proport ional  to 
the rate of deviation, has no effect when the variable 
has stabilized so the controller maintains the process 
at the t rue  set point. 

Electric Can~rol 
Every  mode of control which is available in pneu- 

matical ly operated units is also available in electri- 
cally operated units al though pneumat ic  controllers 
usually are available with much wider  proport ional  
bands than  electric control. There are other modes 
commonly offered in electric forms which are not 
available in pneumatic.  Among these are single speed 
floating control, which we have discussed, and t imed 
proport ional  control. 

Timed proport ional  control operates with an on-off 
valve. I t  differs f rom on-off action in that  the rela- 
tion of "on t i m e "  to "o f f  t i m e "  is dependent  upon 
the position of the ins t rument  pen with respect to the 
set point within the proport ional  band. In  other 
words, the two-position controller turns  the power off 
when the pen is above the set point and turns  it on 
when the pen is below the set point. The relative po- 
sition of the pen and the index determines the per- 
centage of on and off time dur ing the preset  control 
cycle. The cycle dur ing which the on and off t ime is 
varied with respect to process requirements  is adjust-  
able. The proport ional  band  is also adjustable.  Time- 
proport ional  or pulse type of controllers are available 
with and without automatic  reset. 

Timed proport ional  control is ideally adapted  to 
electr ically heated and fuel fired processes where the 
heater or burne r  does not operate efficiently at re- 
duced rates. This type of control is quite flexible and 
produces excellent results in many  cases where no 
other mode of control is adaptable.  
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I shall not describe the operation of electric con- 
trols in detail. They are not too widely used in the 
process industries. 

Selection of Controllers 
Now that  I have described the principles and the 

method of operation of the various modes of control, 
I would like very much to give some nmthematieal  
rules covering the selection of the best controller for 
every application. Such equations do exist. I t  is too 
bad  we cannot use them. Unfor tuna te ly  some of the 
terms, in each equation are impossible to define. 

To date, the applicat ion of automatic  control to 
chemical processing is largely an ar t  ra ther  than a 
science. Experienced ins t rument  men can usually se- 
lect a controller which will pe r fo rm adequately in 
most applications. The selections however are more 
often based upon comparison of the problem with one 
previously solved than on a scientific analysis of the 
problem at hand. The correct selection is made sur- 
pr is ingly often, but  wrong guesses are f requent  
enough that  a new process is seldom star ted without 
some change in controllers. 

The need for  developing a scientific approach to 
the application of autonmtie control is well recog- 
nized b y  the ins t rument  industry.  Much of our best  
bra in  power has been devoted to it for  a good m a n y  
years. Until  recently however most of the work has 
been somewhat disappointing. 

Previously the approach has been to make step 
changes in the process of the controller and to ob- 
serve the characteristics of the recovery curve. I t  
was called the t ransient  response method. The method 
was fa i r ly  good for evaluating a single component 
of a control system but  not very  sat isfactory for  eval- 
uat ing the system as a whole. 

Servo Techniques 
Shortly af ter  the last war  it became evident tha t  

an automatic  control loop is a feed back system not 
too dissimilar to an ant i -a i rcraf t  gut  pointer  or an 
a i rcraf t  autopilot. The systems developed for  the an- 
alysis of these servomechanisms should therefore be 
useful for  analysis of automatic controllers. A test 
p rogram proved that  servo theory was applicable to 
controllers, and today there is a great  deal of interest 
and activity in ~ r v o  analysis. 

Servo techniques can become quite complex, bu t  
much of the theory is relatively simple. The basis 
of the method is f requency response ra ther  than step 
change or t r a n s i e n t  response of earlier analytical  
work. Frequency  response is essentially a dynamic 
method of analys is ,  which is applicable to dynamic 
processes. 

Frequency  response analyses are made by  intro- 
ducing a sinusoidal disturbance into a system and 
observing' the output  signal. The input  disturbance 
is continually changing, and the output  follows the 
same pat tern.  However  the sine wave of the output  
lags the input  by  some increment  of time, and the 
output  signal is very likely of a different order of 
magni tude f rom that  of the input.  The output  sig- 
nal therefore shows the phase shift  and ampli tude 
difference. Studies are made at various frequencies, 
and the results can be repotCed in graphical  or math-  
ematical terms. The results are known as t ransfer  
functions. 

The basic theory of the servo approach is that  al- 
though each component of a control loop will have 

some deficiencies, the system can be designed so t ha t  
the deficiencies of one unit  are compensated for  in 
other units. Knowing the t ransfer  funct ion of a proc- 
ess and those of various available controllers, it is 
possible to select the components to accomplish the 
necessary precision of control. 

The fact  that  the servo approach is a practical  
method for  evaluating control problems has been 
proved dur ing the last few years. Our group of 
servo engineers at the Brown Division of Minneapo- 
lis-Honeywell have had the oppor tun i ty  to evaluate 
several extremely difficult control problems in cus- 
tomers '  plants. As a result  of their  findings, they 
have been able to recommend the necessary control- 
lers for  the applications studied. Af te r  installation 
of the instruments  recommended, operat ing experi- 
ence over considerable time has proved the value 
of the work. Controller per formance  has been com- 
pletely satisfactory. 

Because test results have s o  well justified servo 
analysis, we are using this technique to design the 
necessary performance  into all of our newer instru- 
ments  and automatic controls. Those i n s t r u m e n t s  
which have been designed on the basis of servo an- 
alysis are also proving their  performance in a great  
many  industr ial  applications. 

Of course, at this early date the servo approach is 
not a cure-all. Before any ins t ruments  can be selected 
by this method, a thorough study must  be made of 
the process. This is a t ime-consmning and expensive 
procedure and in some cases may  be impossible be- 
cause it is inadvisable to disturb some processes. Cer- 
tainly however as studies are made and data collected, 
not only will instruments  be improved, but  manufac-  
turers  will produce more controllable process equip- 
ment. The rewards will be tremendous. 

Even today plant  designers are using automatic 
control quite effectively. Plants  are becoming more 
compact  as surge capacity is reduced or eliminated, 
safety factors are being lowered, and the plants are 
being operated more nearly at  their  ul t imate capac- 
ity. I t  is quite difficult to estimate the savings in 
plant  cost result ing f rom max imum utilization of 
instruments,  but  large savings have resulted. For  
example, a few years ago Procter  and Gamble cited 
a ease where $15,000 was spent  for ins t ruments  which 
resulted in a saving of $40,000 in process equipment.  
There are many  more similar  eases, but  relat ively 
few have been publicized. The mere fact  that  instru- 
ment  purchases have been expanding so rapidly  is in 
itself proof  of their  value. 

W H A T  the fu ture  holds for the chemical indust ry  
is ha rd  to predict.  As I look back over the ac- 

complishments of the last half  century,  there is one 
thing in par t icular  that  stands out in my mind. More 
and more I realize that  the technological advancement  
of the indus t ry  has not been a by-product  of scien- 
tific and engineering research a lone--as  impor tant  as 
this work has been. Rather ,  it seems to me, this tre- 
mendous growth has been the result of progressive 
management  thinking. 

True, there were strong st imulants  to encourage 
the adoption of new techniques and the aeeoptanee 
of automatic  controls. There was also the high value 
of annual  product ion compared to capital  investment 
that  really necessitated waste reduction and quali ty 
improvements.  There was also the avai labi l i ty of  spe- 
cialists in engineering and the sciences to help trans- 
late such new concepts as automatic control. But, 
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above and beyond all of this, there was a manage- 
ment  philosophy t h a t - g r a s p e d  the . importance of 
these new ideas and re-directed its thinking f rom 
tradi t ional  channels to encourage the adoption of 
these ideas. Despite all of the other stimuli, the sci- 
entific and technological developments, the fact  re- 
mains that  it was not unt i l  top management  was able 
to raise its own thinking tha t  the old-fashioned ap- 
proaches to design, to processes and process control, 
were made obsolete. 

I t  is this early recognition and unders tanding of 
the basic concepts of automation b y  the chemical in- 
dus t ry  management  that  excites me about  the indus- 
t r y ' s  fu tu re  in today ' s  technological race. I have 
pointed out previously that  the obstacles on the road 
to the ul t imate in automation are not necessarily 
technological limitations. These obstacles involve the 
thinking, the at t i tudes of businessmen. A philosophy 
of industr ial  management  must  be evolved tha t  will 
correlate the work of the servo engineer, the research 
engineer, and  top management .  By its past  record 
the chemical indus t ry ' s  at t i tude is one that  has es- 
tablished a heal thy environment  for  the growth of 
the contemporary  t rend toward more automation. 

Because and as the result  of this, I believe I can 

envision the chemical p lant  of the future .  I t  will be 
a s t ructure  more modern, more self-sufficient, and 
more efficient than we know today. I t  ~vill not, for  
example, have two- th i rds  of its inventory tied up 
in storage tanks. I believe the applicat ion of servo 
mechanism techniques will eliminate the necessity 
for  mainta ining goods-in-process inventories at each 
stage of the product ion process, The servo tech- 
niques will instead mainta in  the proper  relation- 
ships between the various product ion phases and will 
permi t  the system to correct the errors without  dis- 
rupt ing  the product ion operations. Obviously under  
such conditions a reservoir  of goods-in-process inven- 
tories, s tanding idle, will not be needed to smooth 
over the product ion disruptions. I am sure that  the .  
costs of the controls will be offset by  this contraction 
of inventories. 

When  will this come a b o u t ?  Perhaps  not for  10 
years, possibly even 50 or 100. The indus t ry  knows 
more about  its coming requirements  than I do. But  
the fact  remains that  newer and more critical proc- 
esses will need more sensitive control equipment  and 
more advanced concepts of automation. We are con- 
fident that  we shall be ready  for  the problems that  
may  arise. 

Economics of Cottonseed Extraction 
K. W. BECKER and KEATOR McCUBBIN, Blaw-Knox Company, Chemical Plants Division, 
Chicago, Illinois 

S I N C E  the products  of the cottonseed indust ry  are 
so var ied and compete in f luctuating markets,  
any  economic analysis is difficult. Fu r the rmore  

a cottonseed processor is presented with several com- 
pet ing processes to replace hydraul ic  pressing. Prod-  
ucts f rom each of these processes differ in appearance  

and other propert ies  f rom 
present  t rade standards.  In  
choosing among these proc- 
esses, no processor can be 
guided by  gene ra l i za t ions  
about economics but  must  
take into account the na- 
ture of the seed available 
to him, ut i l i ty and labor  
costs in his area, and the 
acceptance of products  in 
his market .  I t  will appea r  
f rom this economic analy- 
sis that  no one process has 
clear super ior i ty  in every 
situation. 

W h y  Solvent  Extract ion? 
To provide a compara- 

tive background on solvent 
Keator McCubbln extraction, a br ief  discus- 

sion on economics of soy- 
bean extract ion is included. For  soybeans the case 
for  solvent extraction is easily demonstrated.  Solvent 
ex t rac t ion  can produce by  well-established methods 
351 pounds of oil per  ton of beans, compared with 
286 by  screw pressing, and at every historical price 
for  oil and meal there is some plant  capaci ty  above 
which investment  in a solven~ plant  can be justified. 
Since in the soybean indus t ry  it is not customary to 

adjust  the meal to constant protein content, the in- 
creased value of the product  of solvent extract ion is 
calculated as pounds of oil times the difference be- 
tween oil and meal prices. For  example, when meal 
is 3c a pound and oil is 12c a pound, the increased 
product  va lue  is 65 pounds of oil X 9c, or $5.85 per  
ton. This is an increase of 6.9% from an original total 
product  value of $84.54. 

F o r  cottonseed, solvent extraction to 1~% residual 
oil can produce 364 pounds of oil f rom a ton of seed, 
compared with 320 for hydraul ic  pressing and 330 
for  screw pressing. Since cottonseed meal is adjusted 
to a constant protein content with hulls, the increased 
value of the product  is calculated as pounds of oil 
times the difference between oil and hull prices. With  
meal a t  $60 per  ton, oil at  121~c per  pound, hulls at  
$20 per  ton, and linters averaging 71~e per  pound, 
the gross product  value per  ton of seed f rom hydraul ic  
pressing is $85.61, f rom screw pressing $86.76, and 
f rom solvent extraction $90.67. Pereentagewise the 
increase f rom hydraulic  pressing to solvent extrac- 
tion is 5.9%, and f rom screw pressing to solvent ex- 
t ract ion 4.5%. 

When compared in this way, the soybean and cot- 
tonseed pictures are not much different, and the same 
basic incentive exists which has led to almost com- 
plete adoption of solvent extraction of soybeans. There 
is no need to demonstrate  to this audience that  the 
major  variable in this picture  is the price of oil, or, 
more accurately,  oil less meal in the ease of soybeans 
and oil less hulls in the case of cottonseed. Fo r  cot- 
tonseed, the meal general ly leaves solvent plants  with 
10 to 12% moisture as compared with 7 to 10% mois- 
ture in meal f rom hydraul ic  or screw press plants. 
The moisture in raw co t t onseed  u s u a l l y  averages 
about  71~%. Therefore a cottonseed solvent p lant  


