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CHROMATOGRAPHIC APPARATUS AND 
METHOD 

FIELD OF THE‘ INVENTION 
My present invention relates to a chromatographic 

apparatus and method and, more particularly, to a 
method of and apparatus for controlling, evaluating 
and plotting chromatograms obtained from gas chro 
matography, especially for the control of a process fol 
lowed by gas chromatographic analysis of a stream de 
rived from the process. 

BACKGROUND OF THE INVENTION 

Gas chromatographic analysis has been used hereto 
fore for a variety of purposes which may be generally 
described as analysis and process control purposes. In 
accordance with the principles of gas chromatography, 
separation of the components of a gas mixture is car 
ried out by passing the same through a “chromato 
graphic column” whereby the components of the mix 
ture are distributed between two phases, ‘i.e., the solid 
phase or the porous packing of the column, also re 
ferred to as the stationary phase, and the moving or gas 
phase which may include a carrier gas sweeping the 
components and the mixture through or along the sta 
tionary bed. The column is maintained at a constant 
temperature and a substantially constant ?ow of the gas 
mixture, entrained by the carrier gas, is passed through 
the column. 
Since the adsorption characteristics of each compo~ 

nent of the mixture differ from those of the other com 
ponents, the components are retained by the stationary 
‘phase to different degrees. The effective speeds of the 
several components of the mixture through the station 
ary phase or column thus differ. 
The column length is selected such that, when the 

components emerge from the stationary phase, they ap— 
pear as individual “bands” separated by zones of the 
carrier gas. The “de?nition" of the column or its “re 
solving power” is a measure of the ability of the column 
to separate the distinct components into discrete 
bands. In practice, however, some components may be 
so alike in adsorption characteristics and effective ve 
locities as to prevent sharp boundaries from forming 
between the bands. Hence, when the composition of 
the ef?uent is sensed by a detecting device capable of 
indicating the presence of the components qualitatively 
and quantitatively, the result is a signal having a num 
ber of “peaks” corresponding to the succession of com 
ponents. 

In process control, a gas or vapor stream is drawn 
from the end or any intermediate point of interest of a 
process line and is analyzed by gas chromatography, 
the results of such analysis being constituted as a feed 
back signal for controlling a process variable, e.g., an 
operating parameter such as temperature or pressure, 
or the amount or concentration of a particular reac 
tant. 

The principles of such control are fully described in 
Gas Chromatography, Reinhold Publishing Co., New 
York, 1959. To the extent that the present invention 
provides for a chromotographic apparatus of conven 
tional type, therefore, it is to be understood that the in 
tent is to describe a chromatographic system as set 
forth in this work. Conventional elements of the gas 
chromatograph include, of course, the source of the 
gas, the pressure-regulating means, the column, ther 
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2 
mostatic devices and temperature control arrange 
ments, the source of carrier gas, a differential detector 
and a gas-?ow-regulating or sampling system. 
Laboratory analyses make use of a simpli?ed gas 

chromatograph in which the results may be plotted, 
while process-control systems employing gas chroma 
tography additionally require means for sensing the 
peaks or any particular peak, means responsive to one 
or more peaks for producing an input altering a process 
parameter, calculating and control elements respond 
ing not only to the peak detected and plotted, but also 
to the tendency of the output’ curve, i.e., to the slope 
thereof, for providing control signals in accordance 
with proportional-control, ‘ proportional~integral con 
trol, and integrating means or planimetric-analysis 
means. The evaluation of the plot can be carried out 
manually in a time-consuming and expensive manner 
or automatically by conventional computing elements 
in the form of a digital output. For the most part, con 
ventional plotting devices are electrical, electronic or 
electromechanical, involving electrical, electronic or 
electromechanical computing elements and may make 
use of planimetric measurements derived by similar au 
tomatic means. The output of such circuitry is applied 
to electrical, electronic or electromechanical control 
lers. > 

Not only are the circuits of the above-described sys 
tems complex and expensive, but in substantially all 
cases they involve contacts and other switching devices 
which are sensitive to corrosive gases and dust which 
is generally present in abundance at the plant. While 
efforts have been made to hermetically seal systems of 
the aforedescribed type because of the danger of explo 
sion by sparking where explosive gases are used or eval— 
uated, these techniques have not succeeded in over 
coming the disadvantages of the electronic, electrical 
and electromechanical devices used heretofore. In 
practice, a high failure rate has been observed in part 
as a result of oxidation of contacts and electrical failure 
and, in part, because of corrosive mechanical and 
chemical attack upon the components. As a result, loss. 
of control of the process and the production of poor 
quality products is commonplace. It is not a satisfactory 
answer to provide nitrogen blankets, for example, ex 
plosion-proof housings or the like since these protec 
tive measures themselves may fail and open the door to 
the dangers set forth above. 

OBJECTS OF THE INVENTION 

It is the principal object of the present invention to 
provide an improved gas chromatographic method and 
apparatus which will avoid the aforedescribed disad 
vantages and provide accurate and reliable results for 
process control. 
Another object of the invention is to provide a 

method of controlling a chemical process involving a 
gas stream which is safe and reliable and makes use of 
relatively inexpensive components. 

Still another object of the invention is the provision 
of an apparatus for controlling a chemical process and 
having a safe reliable system responsive to a gas chro 
matograph. . _ 

Another object of the invention is to provide a 
method of and an apparatus for gas chromatographic 
control of a chemical process which uses components 
of low cost and high reliability, which is not sensitive to 
corrosive and explosive gases, which cannot generate 
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ignition signals, and which can carry out all of the 
mathematical functions required of such a control sys~ 
tem. 
Another object of the invention is found in the provi 

sion of a method of and an apparatus for the control of 
a gas chromatographic process and the plotting of its 
chromatogram, whereby the control system is of low 
cost and requires minimum monitoring, repair and re 
placement cost, which is completely secure against ex 
plosion and which is accurate and permits the opera 
tion of control devices from the outputs of the system. 

SUMMARY OF THE INVENTION 

These objects and others which will become apparent 
hereinafter are attained, in accordance with the present 
invention, with a fully pneumatic control system for a 
gas chromatograph having a sampling member, a col 
umn through which the sample is passed, and a detec 
tor member responsive quantitatively and qualitatively 
to the bands of the mixture emerging from the column. 
The control system, which is fully pneumatic, as noted 
earlier, comprises a pneumatic sawtooth generator for 
triggering the gas chromatograph and providing a clock 
signal in the form of pressure pulses, and a gating net 
work connected between this‘ pneumatic clock and the 
pneumatic plotter for controlling the delivery of the 
signal to be plotted to the latter. 
More speci?cally, the control of the gas chromato 

graph and the plotting apparatus, according to the in 
vention, comprises the pneumatic clock or timer which 
includes integrating means, gate means, relay means 
and switch means for generating a pneumatic signal in 
the form of a sawtooth, the latter signal being applied 
to a plurality of pneumatic switching stages performing 
the requisite control functions. One pneumatic-switch 
stage or means is employed, in accordance with the 
present invention, for triggering of a pneumatic sam 
pling means or the aforementioned sampling member 
via a pneumatic actuator so that the sample gas at pre 
determined intervals is introduced via the carrier-gas 
stream into the chromatographic column. 
According to another feature of this invention, a fur 

ther pneumatic switch stage or means controls the plot 
ter, while this or similar stages provide for storage of 
the detected signal of the component of interest, pro 
vide a null correction for the recorder and connect var 
ious mathematical operating elements including a 
pneumatic summer or adder or a pneumatic multiplier 
into the system. Additional switch signals can be pro 
vided for, for example, functional interchange of the 
columns whereby, upon depletion of one of the col 
umns, the input ‘and output conduits are connected to 
another column. Such switchover or functional inter 
change may also be used where higher resolution sta 
tionary phases are required for particular gases. 

Still another feature of this invention provides that a 
pneumatic detector is employed in the gas chromato 
graph or an electrical or electronic detector is con 
nected via an electricalpressure transducer or con 
verter to a pneumatic gating element or stage and, 
when a suitable enabling pulse is applied to the latter, 
to the storage member or stage. The gating stage may 
be triggered through a pneumatic switch stage, and a 
pneumatic differentiator (differential stage) to pass the 
signal at a predetermined time. 
When the component has attained a predetermined 

value, the differentiator closes the gate so that the corn 
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4 
ponent amplitude is applied pneumatically to the stor 
age or memory stage. Upon conclusion of the chromat 
ogram, at a predetermined instant, a relay stage applies 
the stored component amplitude through a second gate 
to the second storage stage and the signal in the latter 
to a summer or adder which, at the same time, receives 
a stored null or reference signal. In the summer, the 
null-point or zero-point signal is subtracted from the 
pressure signal representing the component amplitude 
so that only an absolute value of the level of the mea 
sured component appears at the output of the summing 
stage. The indicating means coupled to the latter can 
provide the level in terms of percent or in absolute 
quantities and can plot the magnitude as a function of 
time. 

In many cases, it is desirable to plot or indicate the 
tendency of the magnitude, i.e., to follow the change in 
magnitude when, for example, process control of the 
proportional-integral (P-I) type or process-integral 
di?erential (PID) type is required. The output signal of 
the summer, in this case, is subjected to further mathe 
matical processing. Even these processing elements, 
however, are of a pneumatic character. Also integrat 
ing devices may provide planimetric or area analysis of 
the region under the chromatographic curve. 
The advantages of the present system include com 

plete security against explosion even at the most explo 
sive atmosphere since each element is purely pneu 
matic. While in the speci?c system described below, 
various pneumatic elements have been set forth, it will 
be understood that, in most cases, the elements may be 
combined into compact units or may be replaced by 
conventional fluidics controls. The entire system is free 
from the danger of failure due to contact damage. 
When the system is operated at low pressures of, say, 
0 to 500 mm H2O (water column), preferably 0 to 100 
mm H2O, high precision and speed is obtained because 
compressibility factors are minimized and rapid chang 
ing of the storage elements is obtained. 

Finally, since the system is continuously flushed with 
air, the latter forming a signaling medium, corrosive 
fluids cannot attack the essential parts. 

DESCRIPTION OF THE DRAWING 

The above and other objects, features and advan 
tages of the present invention will become more readily 
apparent from the following description, reference 
being made to the accompanying drawing in which: 
FIG. 1 is a circuit diagram of the pneumatic control 

and plotting system for a gas chromatograph as used in 
conjunction with a process line; 
FIG. 2 is a block diagram of portions of the system 

for use in plotting the slope of the characteristic of the 
gas chromatograph; 
FIG. 3 is a diagrammatic cross-sectional view of an 

AND gate for use in the system of FIG. 1 or FIG. 2; 
FIG. 3A is a diagram graphing the output pressure 

along the ordinate against time along the abscissa for 
the pneumatic circuit element of FIG. 3; 
FIG. 4 is a diagrammatic cross-sectional view of a 

pressure ampli?er for use in the pneumatic system of 
FIG. 1 or 2; . 

FIG. 4A is a diagram graphing the relationship be 
tween the input pressure plotted along the ordinate 
against the output pressure plotted along the abscissa 
for the device of FIG. 4; 
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FIG. 5 is an axial cross-sectional view, in diagram 
matic form, of a pneumatic threshold switch or relay 
for use in the system of FIG. '1; 
FIG. 5A is a graph showing an ideal relationship be 

tween the pressure output plotted along the ordinate 
and against time plotted along the abscissa for the de 
vice of FIG. 5; 
FIG. 6 is a diagram of a pneumatic integrator for use 

in the system of FIG. 1; 
FIG. 6A is a diagram graphing the output pressure, 

plotted along the ordinate vs. time as plotted along the 
abscissa for the device of FIG. 6; 
FIG. 7 is a diagrammatic axial cross-sectional view of 

a pneumatic relay for use in the system of FIG. 1 or 
FIG. 2; 
FIG. 7A is a pressure vs. time plot illustrating ideal 

operation of the device of FIG. 7; 
FIG. 8 is an axial cross-sectional view through a 

pneumatic differentiator according to the present in 
vention; 
FIG. 8A is a graph of the output pressure, plotted 

along the ordinate against time, plotted along the ab 
scissa for the differentiator; 
FIG. 9 is a diagrammatic axial cross-sectional view 

through a pneumatic adder or summer for use in the 
system of FIG. 1; 
FIG. 10 is a cross~sectional view diagrammatically 

illustrating a pressure multiplier as employed in the sys 
tem of FIG. 2; 
FIG. 11 is an axial cross-sectional view of a mono?op 

pneumatic trigger according to the invention; 
FIG. 11A is a graph of the output pressure vs. time 

illustrating the pulse produced by the monoflop; and 
FIG. 12 is a diagrammatic axial cross-sectional view 

of a pneumatic signal inverter as employed in the sys 
tem of FIG. 2. 

SPECIFIC DESCRIPTION 

OVERALL PNEUMATIC CIRCUIT OF FIG. 1 
In FIG. 1, I have shown a gas chromatographic sys 

tem, for use in controlling a process line, which com~ 
prises a pneumatic closer or sampling system 1 to which 
the sample gas mixture and the carrying gas is fed at la 
and which permits the sample to pass at constant veloc 
ity through the pneumatic chromatographic column 1b 
which is constituted as described in GAS CHROMA 
TOGRAPHY, cited earlier. 
The column has a porous~adsorbent packing and is 

thermostatically controlled in the usual manner. The 
effluent emerges at 10 after passing through a detector 
2 which is responsive to the nature of each component 
band and to the quantity thereof to produce an output 
which is delivered to the ampli?er 4. The ampli?er 4 
may be a pneumatic ampli?er of the character to be de 
scribed in connection with FIG. 4, but may also be an 
electrical/pressure transducer of any conventional type 
designed to convert the electrical output of a conven 
tional chromatographic detector into a pressure-signal 
analog. A typical transducer of this type may include 
the nozzle~flapper system described at pages 36 _ 7 ff. 
of MECHANICAL DESIGN AND SYSTEMS HAND 
BOOK, McGraw Hill Book Co., N.Y.. 1964, wherein 
the ?apper is controlled by the electrical output of an 
electrical amplifier, the latter being energized by the 
output of the detector. A pressure amplifier 3 is con 
nected with the pneumatic actuator which constitutes 
the sampling device 1. 
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The system of the present invention comprises a 

pneumatic-sawtooth generator for controlling the plot 
ter and the chromatographic apparatus, the generator 
comprising a pneumatic integrator 5 which is fed with 
air at a predetermined pressure as represented at 5a. 
The output of the integrator 5 is applied to one input 
of a pneumatic AND gate 6, the output of which is 
vented to the atmosphere at 6a while an enabling input 
is delivered via a pneumatic-threshold switching ele 
ment 7 responsive to the buildup of a pressure signal at 
a pneumatic relay 8, the input of which is the integrator 
5 mentioned earlier. 
The relay output provides the sawtooth in the form 

of a linear pressure rise, followed by a sharp pressure 
drop as will be apparent hereinafter. The sawtooth is 
delivered to a pneumatic switching element 9 which, at 
the desired moment, triggers the pressure ampli?er 3 
via a line 9a. The output of relay 8 is, moreover, ap’ 
plied to pneumatic switches 10, 12 and 13 controlling 
the plotter and to the pressure recorder 23 which 
scribes a plot of the input pressure vs. time constituting 
the chromatogram. 
The pneumatic switch 10 and the pneumatic switch 

12 are connected to the rate~controlling input of a 
pneumatic differentiator 11, the other input of which 
derives from the ampli?er 4 and thus receives the ac 
tual measurement signal, the output of the differenti 
ator provides, via line 11a, the enabling input for a gate 
15. The pneumatic switch 13 is connected to a mono 
flop trigger~pulse generator 14,‘ hereinafter referred to 
as a pneumatic monoflop, the output pulse of which 
constitutes the enabling inputs of pneumatic AND 
gates 18 and 20 via lines 14a and. 14b. 
The measured pressure signal is applied by line 4a to 

one input of the gate 15 and is delivered by the output 
of the latter to a storage element 16, e.g., a pressure ac 
cumulator (see FLUID POWER, US. Government 
Printing Office, Washington, D.C., I966). The output 
of the storage device is appliedto a pneumatic relay 17 
and thence to the input to gate 18. The output of this 
gate is applied through a storage element 19 to the 
summer or adder 22 operating in accordance with 
pneumatic principles. Another portion of the measure 
ment signal is branched at 4b. from the line 4a 
connected with the recorder 23 and is applied to one 
input of the pneumatic gate 20 and delivered by the lat 
ter, upon receipt of an enabling signal, to ‘the storage 
element 21. The‘output of the summer 22 constitutes 
the control signal which is delivered via line 22a, on the 
one hand, to the recorder 24 and, on the other hand, 
to the process controller 25. The latter may be any of 
the process controllers described at pages 22 - 51 to 22 ‘ 
-106 of Perry’s Chemical-Engineers’ Handbook, 
McGraw-Hill Book Co., New York, 1963. 

FUNCTIONAL DESCRIPTION (FIG. 1) 

The block 5 of the sawtooth generator or pneumatic 
clock is an integrator to which a constant signal level 
is fed, e.g., in the form of a constant rate of flow of air, 
and provides an integrated output in the form of a lin 
ear increase in pressure with time. The system may be 
constituted as described in connection with FIG. 6, as 
a storage element provided with a pneumatic resis 
tance, e.g., a nozzle or an orifice forming a constric 
tion. The output signal, in terms of the increasing pres 
sure, moreover, need not be linear, but may have an ex 
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ponential characteristic. The integrated output is ap 
plied to thegate 6 and, when the latter is triggered, is 
vented to the atmosphere to bring the output pressure 
to zero and re-establish the cycling buildup of pressure 
along the ramp of the sawtooth and decline of pressure 
along the steep ?ank thereof. The gate 6 is normally 
blocked in the absence of an enabling input as applied 
by the relay 8. The relay '8 has, as its function, elimina 
tion of spurious signals as may result from minor pres 
sure variations produced by operation of the pneumatic 
switching devices downstream of the timer and the 
storage tendencies of such devices. ' 
The integration magnitude is applied via the relay 8 

to the pneumatic switch 7 which is of the threshold type 
as described hereinafter with reference to FIGS. 5 and 
5A, for example. The switch 7 is provided to trigger the 
gate 6 with a signal upon the attainment of an adjust 
able magnitude of the integration signal. The gate 6 is 
switched over from its blocked condition, as repre 
sented in FIG. 1, to a conductive condition whereby the 
integrated pressure signal is brought to zero by venting 
to the atmosphere. Consequently, the switch 7 closes 
the gate 6 and integration in unit 5 begins anew. Hence 
the pneumatic output signal at the relay 8 is in the form 
of a sawtooth. The sawtooth signal is used to trigger the 
various switching elements for operation of the gas 
chromatograph and the plotting device respectively. 
The sawtooth is, of course, applied to the pneumatic 

switch 9 which generates a pulse for the automatic sam 
pling of the process line to feed a precise volume of the 
specimen to the chromatographic column. The signal 
derived from the pneumatic switch 9 is applied to a 
pressure ampli?er, 3 (see FIG. 4) and the ampli?ed sig 
nal is applied, in turn, to the pneumatic dosing device 
1. Hence with each pulse of the sawtooth, a sampling 
is carried out. I may adjust the switch 9 so that sampling 
is effected once for each of a number of sawtooth 
pulses if so desired. 
The switch element 10 is so adjusted that, upon initi 

ation of the measurement of the component peak 
which is to be plotted, a pressure signal is applied as a 
control level to the differential element 11. In addition, 
the detector signal, derived from the ampli?er 4, is ap 
plied as a pneumatic input to the differential element 
11 as well. The increase of the signal associated with 
the measured component provides in the differential 
unit 11 a pneumatic pressure signal which falls upon 
the attainment of the component peak. At this peak, a 
signal is triggered by the differential element 11 which 
triggers the gate 15 to connect the line 4a at which the 
peak signal is maintained to the storage element 16 in 
which this peak level is stored. In order to prevent the 
following components from triggering the differenti 
ator, a second switch element 12 is provided and is set 
to respond to the decline in the magnitude associated 
with the component to be measured (the peak of which 
was stored) to block the auxiliary input to the differen 
tiator 11. When all of the components have been evalu 
ated and the chromatogram reaches a zero value, the 
pneumatic switch 13 is triggered to operate the mono 
stable pneumatic pulse generator 14 (mono?op) to 
produce a short output pulse (see FIG. 11) which 
brie?y opens the gates 18 and 20. 
The gate 18 drains a signal from the storage unit 16, 

representing the peak magnitude of the component to 
be measured, via the relay 17 to a second storage ele 
ment l9 and, via the latter, to the adder 22 (see FIG. 
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9). At the same time, the gate 20 applies the chromato 
graph signal which has fallen to its null level, to the 
storage element 21 and I hence to the adder 22. The 
adder 22 performs an algebraic summing of the compo 
nent peak magnitude and the null value of the chromat 
ogram and hence provides an output signal represent 
ing the true component level. This output signal may be 
represented in percent or can be transformed into a 
tendency measurement and is recorded at 24, the signal 
being also used to control the process line via the qual 
ity-control regulator 25. Recorder 23, of course, dis 
closes the entire chromatogram while recorder 24 reg 
isters only the peak levels of the components of interest 
as is apparent from FIG. 1. ' , 

One or more of the components of the sample can be 
measured or controlled and, for each component to be 
measured, we provide a switch system 10, 12, 13 and 
the associated storage units. 

PLANIMETRIC SYSTEM (FIG. 2) 

In FIG. 2 I have shown an area or planimetric plotting 
system using the principles of the present invention. 
This system may be employed for the measurement of 
components which have quantitative values in the form 
of a time variation of a pneumatic signal which must be 
integrated over the area of the plotted curve. The gas 
chromatographic signal is provided by line 4a while the 
output of the pneumatic clock is delivered via the line 
8a as in the system of FIG. 1. 

In this embodiment, the clock signal is applied to a 
pneumatic switch 26, the output of which triggers a 
pneumatic switch 27 and is then applied through an in 
verter 28 (FIG. 12) to a pneumatic monostable trigger 
29 (FIG. 11). The output of the pneumatic switch 26 
is also delivered to the pneumatic mono-?op 30 which 
releases a signal designed to trigger the AND gate 20 
brie?y into a conductive state, the AND gate 20 being 
connected with a storage element 21 previously de 
scribed. 
The output of the pneumatic switch 27 is applied to 

the AND gate 35 which connects the chromatograph 
input line 44 with an integrator 36 and thence with an 
AND gate 37 in series with the storage element 38 pro 
ducing one of the input signals to a multiplier 34 (see 
FIG. 10). The multiplier 34 receives a signal from the 
storage unit 19 upon triggering of the AND gate 18 by 
the mono?op 29. The AND gate 15 is provided as de 
scribed earlier between the chromatograph output line 
4a and the storage element 19 in series with the gate 
18. In this embodiment, however, an integrator 33 is 
provided between the gates 15 and 18. Pneumatic 
switches 31 and 32 are provided to trigger the AND 
gate 15. Integrators 33 and 36 are provided with auxili 
ary inputs from the storage element 21. 

Prior to the development of a component peak, the 
switch 26 and mono?op 30 trigger a brief pulse at the 
gate 20 which registers a null-point signal of the chro 
matogram in the storage element 21 and thus enables 
the null-point correction to be applied to the integra 
tors 33 and 36. Via the gate 35 which is triggered by the 
pneumatic switches 26 and 27, the successive compo 
nent peaks are applied to the integration unit 36 and 
are there stored in the form of a pressure level repre 
senting the integrated peaks. 
Switches 31 and 32 trigger the gate 15 to deliver the 

desired-component peak signal to the integrator 33. 
Upon conclusion of the chromatogram, the switches 26 
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and 27, via the inverter 28, trigger the monoflop 29 to 
release a short-duration signal which operates the gates 
18 and 37 and applies the integrated values via the stor 
age elements 19 and 38 to the multiplier 38. The multi 
plier establishes the ratio (xi IOU/x2) where x, is the 
value of the component of interest, and x2 is the sum of 
the magnitudes for all of the components. The output 
of the multiplier is then the concentration, in percent, 
of the component or interest of represents the direction 
of change of this magnitude. As in the system of FIG. 
1, the output signal is recorded and used to control the 
process variables. 

PNEUMATIC ELEMENTS 

The pneumatic elements illustrated in block form in 
FIGS. 1 and 2 may be any of the conventional pneu 
matic ampli?ers, gates, differentiators, integrators, ad 
ders, storage units or accumulators, relays and multipli 
ers known in the art in connection with ?uid calculat 
ing and computing devices and may also be of the ?uid 
ics'type operating in part in accordance with Coanda 
principles. In FIGS. 3 — 12, however, we have shown 
devices which may be used for the purposes of the pres 
ent invention in order to enable those skilled in the art 
to make and practice the invention with ease. Attention 
is directed to pages 417 ff. of SERVOMECHANISM 
PRACTICE, McGraw-Hill Book Company N.Y., 1960, 
which discuss pneumatic devices such as ampli?ers and 
relays as well as t electrical/pneumatic interfaces be 
tween electrical devices such as the detector 2 and the 
member 4. Relays and the like are also described in 
MECHANICAL DESIGN AND SYSTEMS HAND 
BOOK, McGraw-Hill Book Company, N.Y., 1964, at 
chapter 36. 
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In FIG. 3, I have shown an AND gate for use in the 35 
systems of FIGS. 1 and 2 wherein a housing 40 de?nes 
a cylinder bore 41 in which a coil spring 42 biases a 
valve body 43 against the fluid pressure in a compart 
ment 44 to which the enabling place by a spring-loaded 
detent 46 and is shiftable to unblock the outlet port 47 40 
and to disconnect the same from a vent 48 when the 
pressure of the input signal, as applied at 49, is pro 
vided in conjunction with the enabling signal at 45. 
Hence, as can be seen from FIG. 3A, the input signal 
may be applied at t, but is insuf?cient alone to displace 
the detent but, upon application of the enabling signal 
P, at time t2, the valve body is displaced to open port 
47 and generate the output signal P0. The gate of FIG. 
3 can, of course, be used as the elements 6, l5, 18, 20, 
35 and 37 of FIGS. 1 and 2. 

In FIGS. 4 and 4A, I have shown a pressure ampli?er 
of the type illustrated at 3 in FIG. 1, the ampli?er com~ 
prising a stepped housing 50 de?ning a large~diameter 
chamber 51 and a small-diameter chamber 52 in axial 
alignment therewith. The input signal P, is applied as a 
pressure at inlet 53 to the large-diameter chamber 
while the output signal is received as a pressure P, at 
the port 54. A stepped piston 55 is shiftable in the hous 
ing and has a large-diameter head 56 of area A,, and a 
body 57 of cross-sectional area A: exposed to the pres 
sure in chamber 52. Since P, X A, = P,7 X A,, the rela 
tionship between the input pressure and the output 
pressure is represented by the equation P,= (AZ/A1) P,,, 
the ratio Ag/A, being the gain of the ampli?er and also 
the slope of the input-pressure/output-pressure charac~ 
teristic (see FIG. 4A). The system of FIG. 4 is utilized 
where the pressure delivered by the switch may be in 
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suf?cient to operate a pneumatic actuator such as the 
sampling device. ‘ 

FIGS. 5 and 5A represent, in diagrammatic form, a 
threshold switch having a switching hysteresis, such 
that the actuating path is represented at I in FIG. 5A 
while the restoration path is represented at 11. It should 
be noted in connection with the characteristic curves 
of this element and the other elements described, that 
the graphs show idealized operating parameters for il 
lustrative purposes. In practice, the various portions of 
the graphs may have curvature and nonlinearity, time 
constants, etc. without affecting basic principles of the 
invention. 
The device of FIG. 5 may comprise a housing 60 hav 

ing an inlet port 61 at which the input signal P, is ap 
plied to a chamber 62 on one side: of an ori?ce 63. The 
opposing chamber 64 is connected by a port 65 to the 
device actuated by this’ switch and the output signal P, 7 
appears at this port. A valve member 66 is displaceable 
in the ori?ce to seat on opposite sides thereof and is 
held in each of its extreme positions by a spring mem 
ber 67 which is shifted through a dead-center position. 
In the ori?ce, a pressure accumulator 68 is connected 
to the system. As P, builds up to the left-hand sideof 
the valve member 66, therefore, the pressure reaches 
a point, at t’, which suffices to displace the valve mem 
ber against the force of a spring 68 which is adjustable 
by a screw 69, to close the connection between the 
input port 61 and the accumulator 68, while opening 
the connection between the accumulator and the outlet 
‘port 65. The accumulator thus discharges at the level 
P, through the port 65. When the pressure falls at time 
t" to a level suf?cient to permit the spring 68 to over 
come the retaining force of spring 67, the valve is re 
stored to its original position. The switching threshold 
can of course be adjusted by the spring 69. The device 
of FIG. 5 is used as indicated at 7 in FIG. 1. 
The integrator 5 of FIG. 1 or the integrators 33 and 

36 of FIG. 2 can be constituted as illustrated in FIGS. 
6 and 6A. Basically, the integrator comprises a storage 
element, e.g., an accumulator 70, and a pneumatic re 
sistance as represented by a constriction 71 formed by 
a needle valve 72 which, of course, if adjustable. At the 
downstream side of the construction, there is provided 
a port 73 at which the output signal P, appears, while 
the upstream side of the ori?ce is provided with an inlet 
74 at which the input signal appears. The input signal 
may be in the form of a source of fluid with a constant 
volume-rateof-flow. A check valve may be provided at 
75 in the inlet lining by virtue of the constriction (pneu 
matic resistance) and the accumulator, the output pres~ 
sure is a function of the input signal in accordance with 
,‘the itsggl 19156225111}; Ritz ISidt ‘ as indicated in’ 
FTG. 6A, the slope of the‘curve being adjustablevby‘ 
variation of the construction. 

In FIGS. 7 and 7A, we have shown a pneumatic 
switch which may be used at the locations represented 
at 9, l0, l2, 13, 27, 31, 32 in FIGS. 1 and 2, the switch 

0 comprising a valve body 80' forming a valve seat 81 for 
a valve member 82 which can be biased against the 
force of a spring 83 which is adjusted by the screw 84. 
A pressure pulse P, applied at the port 85 upstream of 
the valve member unblocks the valve to produce the 

65 output signal P0 at the time of this pulse at the outlet 
port 86 downstream of thevalve member. The pneu 
matic switch prevents pneumatic perturbations from 
producing undesired actuation of the various compo 
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nents and establishes the timing of the operation of the 
logic elements for each clock pulse. 
FIG. 8 shows a differentiating component as, for ex 

ample, provided at 11 in FIG. 1, this component com 
prising a housing 90 with an inlet 91 at which the input 
pressure P, to be differentiated is applied as the input 
signal. A diaphragm 92 separates the upstream portion 
of the chamber from the downstream portion which is 
connected to a source of pressure P: determining the 
differentiated output f (P1), see FIG. 8A, as develops 
at the conclusion of di?‘erentiation t... The output signal 
P, is derived from a bellows chamber 93 mounted upon 
the diaphragm. It follows that P, is a function of the 
time rate of change of the pressure P, with the level es 
tablished by the pressure P2. 

In FIG. 9, I show a pneumatic adder for use as the el 
ement 22 in FIG. 1 and capable of developing a pres 
sure output P, which is a function of P2+P,, the two 
input pressures. The stepped housing 100 comprises a 
large-diameter chamber 101 in which the output signal 
P0 is obtained at a port 102, and a small-diameter 
chamber 103 to which the input pressure P, is applied 
at a port 104. The stepped piston 105 has a large 
diameter step 105a de?ning an annular chamber 106 
which is effective behind the piston head 105a and re 
ceives the input signal P2 via a port 107. The small 
diameter step 105b is exposed to pressure in chamber 
103. If chambers 103 and 106 have respective effective 
areas A and the effective area of the piston in chamber 
101 is 2A, P, will be the algebraic sum of the pressures 
P1 and P2. 
FIG. 10 shows a pneumatic multiplier in accordance 

with the present invention for use at 34 in the system 
of FIG. 2. Here the housing 110 is subdivided into a 
compartment 111 receiving the input pressure P2 via a 
port 112 and a chamber 113 communicating with a 
port 114 for delivering the output pressure P,,. The par 
tition is a diaphragm system 115 carrying a valve mem 
ber 1 16 co-operating with the ori?ce of a nozzle 1 17 by 
means of which the input pressure P, is delivered via a 
conduit 118. As P, increases, it tends to bias the valve 
member upwardly, thereby increasing P0 while an in 
crease in P2 likewise acts upon the valve member in a 
similar direction. Hence the output pressure P, is a 
function of the product PlPz. 

In FIG. 11, I show a mono?op for use, for example, 
as the elements 14, 30, etc. of FIGS. 1 and 2. In this de 
vice, the housing 120 receives a piston 121 having a 
small-diameter head 121a and a large-diameter head 
121b exposed to pressure in a small chamber 122 and 
a large chamber 123, respectively. The piston is biased 
by an adjustable spring 124 against the input pressure 
which is applied to the chamber 122 via a port 125. The 
heads of the pistons form valves as will be described 
further below. The output pressure P, is derived at 126 
from chamber 123. A throttle valve 127 bleeds ?uid 
from chamber 123. With normal increase in the pres 
sure P,, the piston moves to the right against the force 
of ‘spring 124 until the pressure reaches a threshold 
level P, (FIG. 11A) whereupon the head 121a connects 
the chamber 122 with an intermediate chamber 128 to 
apply increased pressure to the head 121b at its left 
hand side. The piston suddenly shifts to the right at a 
rate greater than that at which air is bled from the 
chamber 123, to produce. the pulse illustrated in FIG. 
1 1A at the outlet 126. As soon as the head l21b clears 
the edge 129, however, the pressure behind the piston 
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12 
is relieved and the spring 124 returns the piston to its 
original position. 

In FIG. 12, there is shown an inverter wherein an 
input pressure P, is applied to a port 131 of a stepped 
housing 130 to shift the, piston 132 to the left and 
thereby develop a negative pressure in the chamber 
133 to which the outlet port 134 is connected. Hence 
the pressure P0 is proportional to (P1) and may equal it 
when the effective areas of the piston exposed to the 
input and output pressures are equal. 
The improvement described and illustrated is be 

lieved to admit of many modi?cations within the ability 
of persons skilled in the art, all such modifications 
being considered within the spirit and scope of the in 
vention except as limited by the appended claims. 

I claim: , 

1. A method of operating a gas chromatograph hav 
ing a chromatographic column, sampling means for 
passing a sample of gas containing a plurality of compo 
nents through said column and detector means for pro 
viding an output responsive to the presence of the re 
spective components, said method comprising the steps 
of: 
generating a timing chain of pressure pulses; 
pneumatically triggering said sampling means with 

said pressure pulses; 
transforming said output into a pressure magnitude; 
pneumatically storing peaks of said pressure magni 
tude in the cadence of said pulses in the form of 
storage pressures; and 

recording at least said storage pressures, said timing 
chain of pressure pulses being generated by repeat 
edly building up a pneumatic pressure level by inte 
grating a pressure signal of constant value, sensing 
the buildup magnitude and venting the same to the 
atmosphere upon the buildup magnitude attaining 
a predetermined threshold level, thereby generat 
ing a pneumatic sawtooth sequel. 

2. The method de?ned in claim 1, further comprising 
the step of pneumatically storing a pressure magnitude 
representing the zero level of the chromatogram devel 
oped by said detector means, and pneumatically adding 
said pressure magnitudes prior to recording of said 
storage pressures. 

3. The method de?ned in claim 1, further comprising 
the step of pneumatically integrating said storage pres 
sures prior to recording same. 

4. The method de?ned in claim 3, further comprising 
the step of integrating the pressure magnitude corre 
sponding to all of said components to produce a ?rst 
stored integrated signal and integrating the pressure 
magnitude corresponding to a selected one of said 
components to produce a second stored signal, said 
stored signals being in the form of said storage pres 
sures, and multiplicatively combining said stored sig 
nals to provide an output corresponding to the ratio of 
said one of said components to all of said components. 

5. The method de?ned in claim 4, further comprising 
the step of storing a zero-point signal of the output of 
said detector means and modifying the stored signals in 
accordance with said zero-point signal. 

6. The method defined in claim 1, further comprising 
the step of controlling a process line in response to said 
storage pressures. 

7. An apparatus for the chromatographic analysis of 
a gas mixture consisting of a plurality of components, 
comprising: 
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gas-chromatographic means including a chromato 
graphic column, pneumatically actuatable sam 
pling means for passing quantities of said gas mix 
ture through said column for resolution thereby 
into said components, and detector means respon 
sive to said components for producing an output 
representing the passage of same; 

a pneumatic timer for producing a train of pressure 
pulses; 

indicating means responsive to said detector means 
for displaying said output; 

pneumatic switch means responsive to said pressure 
pulses for operating said sampling means and said 
indicator means, said indicating means including a 
pressure recorder, said switch means including a 
storage element, a pneumatically actuatable gate 
connected between said detector means and said 
storage element and at least one pneumatic switch 
element responsive to a pressure pulse of said train 
for triggering said gate; 

a differential element responsive to the rate of 
change of said output and connected between said 
switch element and said gate, said switch means in 
cluding a further storage element responsive to a 
zero level of said output and a further gate con~ 
nected between said further storage element and 
said detector means, a further switch element trig 
gerable by said train of pressure pulses and a short 
duration pneumatic pulse generator pneumatically 
energizable by said further switch element for trig 
gering said further gate, and pneumatic adder 
means operatively connected to both said storage 
elements for producing a pneumatic output signal 
representing the algebraic sum of the signals stored 
in said storage elements. 

8.. The apparatus de?ned in claim 7 wherein said 
pneumatic timer comprises a pneumatic integrating el 
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ement for building up a pneumatic pressure level, a 
pneumatically actuatable gate connected to said inte 
grating element and triggerable for venting same to the 
atmosphere, thereby reducing said level to a low value, 
a threshold switch element connected to said integrat 
ing element for pneumatically triggering said gate upon 
said level reaching a predetermined threshold value, 
and a pneumatic relay connected between said inte 
grating element and said switch means for applying said 
train to the latter in the form of a pneumatic sawtooth. 

9. The apparatus de?ned in claim 7, further compris 
ing a pneumatic integrating element connected be 
tween said gate and said storage element. 

10. The apparatus defined in claim 9,,further com 
prising another integrating element for integrally sum 
ming pressure magnitudes corresponding to all of said 
components, the ‘ ?rst-mentioned integrating element 
producing a pressure output corresponding to the inte 
grated magnitude of only one of said components, an 
other gate connecting said other integrating element 
with said detector means, another storage element con 
nected to the output of said other integrating element, 
and means multiplicativelycombining the pressure sig 
nals of the last-mentioned storage element and the 
peak-magnitude storage element. 

11. The apparatus de?ned in claim 7, further com~ 
, prising a second gate triggerable by said short-duration 
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pulse generator and connected . between the ?rst‘ 
mentioned storage element and said summing means. 

12. The apparatus de?ned in claim 11, further com 
prising process-control means‘ responsive to the output 
of said summing means. 

13. The apparatus de?ned in claim 7 wherein said 
switch element includes means for registering in said 
storage element a peak magnitude representing only a 
selected one of said components. 

* * * * >k 


