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Figure 4. Electrohy draulic servo valve 

Figure 5. Hydraulically actuated proc­
ess valve 

Figure 6. Electrohydraulic valve posi­
tioner 

transformer was added to inject a small 
amount of " stick off" voltage, sometimes 
called "dither" voltage . The third 
component was an electro hydraulic 
servo valve of smaller and more customary 
size than the one shown above. The 
one used for letdown control (Figure 4) 
was rated at 6 gallons per minute. 

The high temperature, high pressure, 
and high speed letdown valve (Figure 5) 
was the most successful of any tested 
(IO-m inute life). I t was used in the 
fourth approach, where limited operat­
ing life ceased to be a problem. 

4. T he simple servo SYSLem was 
modified to produce a higher degree of 
oscillation th iln was inhcrcnt in this 
integral can tra iler . The amount of 
dither injected was 5 to 10 times the 
d irect current £ignal which produced full 
output. 

In thc first Lests with this con1.mller, 
the le tdown prohlems vanished. Operat­
ing life of . the valve was essentially 
indefinite and pressure dcviations were 
too small to be indicated by the gages. 
\,\rhcnever a pelle t condenscd, the 
valve snapped open, passed the pellet, 
and closed before the reaction pressure 
showed a ppreciable deviation. 

T he chemical uses for a control of 

Table I. Relative Importance of Speed of Control for Various Reactions 

Tolcmnce for 
l ~caction 

FlucLuations 

Any 
Narrow 
Wide 
Narrow 
Wide 

Sensitivity 
(Explosion 
lIazard) 

High 
Moderate 
Moderate 
Moderate 
Low 

this type arc obvious. One useful 
component has not, however, been 
mentioned. Figme 6 shows an electro­
hydr'ilulic pu~itillIH:I', which illcol'poratcs 
the salllc serv() v;dvc in <I pacbge with 
an integral hydraulic ralll. The laller 
corrcsponds to the hydraulic actuator 
which is otherwise part of the process 
valve. This package also ineludes a 
sealed slide-wire to indicate position of 
the ram which would be directly con­
nected to the process valve stem. This 
position feedback signal offers many 
more circuit possibilities than the simple 
servo system particularly to achieve 
true proportional control action in 
which the valve position is proportional 
to pressure error. 

Linearization or Controls by 
High Ditner Techniques 

The usefulness of high amplitude 
dither was recognized by Oldenburger (7) 

SysLem 
Compressibility 

Any 
Hard 
Hard 
Soft 
Soft 

Relative Need 
for Speed 

Required for safety 
Required for operation 
Convenient or economic 
Convenient 
Not recommended 

The rrequency of I [ither should be much 
higher than thc frcCJueney of self-oscillation 
in its absence. 

1'1](' rrrrl'l('I1CY or JJit/wr Illus l not he fi O 
high that ;U1Y ('kll1("lIt of' tIll! /iyJraldic 
;tlliplilicr C(" ; ISC~ to 1110"". 

Vibration of tlte stetn of the proc('ss 
valve shou ld be invisible, but discerniblc 
by touch. , 

Satisfactory operation in elosed loops 
can be obtained at higher signal frequencies 
when H ither is used. 

Summary of Response 
and Needs for Speed 

The responses achieved with the 
controls described are somewhat higher 
than their nominal ratings, as maximum 
outputs are seldom required at the 
small strokes of high pressure valves. 
Estimated and small signal responses for 
the components illustrated have been 
tabulated to serve as a guide. for the 
initial selection of control techniques 
for new applications. 

The names applied to the controls 

Ultimate Response CapabiliTies of Selected Components 

Title 

Instant-action shutoff valve 
High frequency pressure transducer 
Precision pressure isolator 
Servo valve for large plants 
Magnetostriction valve operator 

Magnetostriction motor 
Simple servo system 
ElectrohydrauIic servo valve 
Hydraulically actuated valve 
Electrohydraulic positioner 

to provide satisfactory stabilization in 
hydraulic control systems of the high 
dither type. Successful applicarion for 
several olher control problems has 
shown, further, that Hither is a powerful 
tool with more than one usc in the 
can trol fie·ld. 

PertinenL design critcria include the 
following: 

The use o/" IJirhct" mny be indicated 
when controllers oscill ate wiJdly and when 
the maximum gain for stable operation 
fails to hold the deviation within tolerable 
limils. 

The magnitude of alternating . current 
ampere-turns in the servo valve.: coil should 
bc 5 to 10 times greater than the direct 
current ampere-tums required to saturate 
the servo valve. 

Pertinent Ratings, 
"" Lb./Sq. Inch 

130,000 
25,000 (adapter) 
30 , 000 
60 gal./min. 

(lOOO-lb. thrust) 
(0. OOI-inch stroke) 

300-lb. thrust 
6-60 gai./min. 
6 gal ./min. 
30,000 
300-lb . thrust 

Responsc, 
Cycles/Scc. 

7 J.LS. 
250,000 

250 (est .) 
82 

10,000 (est.) 

50 (est.) 
190 
190 
200 (est.) 

65 

and examples indicate where high speed 
controls have been used by the rocket 
industry. Requirements for speed of 
control are similar in both fields . Table 
I tabu Jares the reaction propcrties that 
influence relative requiremcnts for high 
speed controls. 

Literature Cited 

(1) Oldcl\burgct", Rufus, "Sig!1:l1 St"bili-
z:.ltion of a Control S"stem," AS:--IE 
Paper 56-A-92, AS~r.E Annual ~ leet­
ing, New Yod,:, Nov. 25 to 3D, 1956. 

RECEIVED for review April 12, 1957 
A CCEPTED October IS, 1957 

Division of Industrial and Engineering 
Chemistry, High Pressure Symposium , 131 st 
Meeting, ACS, Miami, Fla., April 1957 

1998 INDUSTRIAL AND ENGINEERING CHEMISTRY 

( 

I 
\ 
I 

I 
\ 
! 

( 
~ , 
t, 

t 

I 
i 
i 
'i 
I 

\ 
) 

! 

\ 

.;. 

I 

I 
f 
~ 

r • 


