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The present invention relates to the carrying out of 
standard determinations of kinematic viscosities of hydro 
carbon oils. More particularly, the invention relates to 
the determination of such viscosities employing a novel 
automatic viscometer which conforms, as to results, to 
the standard kinematic viscometer determination as stated 
in Standard Procedure ASTM D-445. The capillary 
type Ubbelohde viscometer has been conventionally used 
for many years and comprises in essence a capillary tube 
of standard internal diameter through which the rate of 
flow of the particular oil under test is determined by a 
standard method involving the accurate measurement of 
time. 

In the past, a sample of oil whose viscosity was to be 
determined was charged to the conventional standard 
apparatus which was then immersed in a water bath or 
a suitable constant temperature bath to allow the oil to 
come to equilibrium at the temperature desired for the 
measurement. This usually was at 100 F. or at 210 F. 
and sometimes at 130 F. After the oil had reached the 
equilibrium temperature, suction was applied to the oil 
to pull it into the standard capillary tube and the oil was 
allowed to ascend so that it half filled the small bulb at 
the top of the capillary. The suction was then released 
and the oil was allowed to flow downwardly through the 
capillary. When the meniscus of the oil reaches an upper 
mark, a timing in suitable fractions of a second begins, 
which timing is stopped when the oil meniscus reaches 
the capillary tube. By a standard formula, the kinematic 
viscosity in centistokes is determined. From such viscos 
ity determinations at different temperatures, it is possible 
to calculate the viscosity index of the oil which is, of 
course, a standard and conventional inspection tool for 
determining one of the important properties of oils proc 
essed and marketed by the petroleum industry. 

In present day refinery operations, particularly in the 
case of larger refineries, many hundreds of viscosity de 
terminations must be made during the course of a day. 
A considerable number of trained technicians must be 
kept constantly at the task of making these determina 
tions. This is time-consuming and requires a consider 
able number of men. Also, because of the fact that the 
timing is usually done manually, i.e., with a stop watch, 
and depends to some extent on the particular skill and 
training of the operator, uniformity of determinations is 
not always possible and so the accuracy in many cases 
leaves something to be desired, particularly in the hands 
of the technician who may be incompletely skilled in per 
forming the operation and taking the time measurements. 

It is therefore of tremendous importance from the 
standpoint of accuracy of determination and efficient 
utilization of manpower to devise and successfully operate 
an automatic viscometer of the type herein described. In 
order to calculate accurately, the viscosity index based 
upon the viscosity determination, it is necessary... to have 
a precision of 0.2% or better. The present invention in 
devising a successful automatic viscometer achieves a 
speed-up in viscosity determinations, a great saving of 
skilled manpower, and has accomplished an accuracy at 
short test times which has heretofore been unattainable 
by any previously employed methods for viscosity 
determinations. 
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The novel invention may best be described in general 

terms as follows. A sample of oil whose viscosity is to 
be determined at a constant temperature, for example, 
100 F. is placed in the same type of capillary viscometer 
tube as described in standard method designated ASTM 
D-445. This tube is permanently mounted in a thermo 
statically controlled constant temperature bath. The 
lower portion of the viscometer tube extends sufficiently 
below the bath so that it is possible by the application of 
vacuum to the top of the capillary to draw the oil to be 
tested into the capillary tube. Once the oil has been 
allowed to come to temperature equilibrium in the con 
stant temperature bath, a system of light sources, each 
having a corresponding photodetector mounted opposite 
the light source, is employed for actuating certain elec 
tronic equipment, upon the basis of which it is possible 
to electronically and accurately determine the length of 
time elapsing between the passage of the oil meniscus 
through a first paired light beam-photodetector arrange 
ment and then through a second paired light beam 
photodetector arrangement. The time elapsing between 
these two positions is translated into electrical impulses 
which, in turn, are utilized for the activation of an elec 
tronic counter mechanism, and with a properly calibrated 
capillary, it is possible to read in centistokes directly 
from the electronic counter, the viscosity of the oil under 
test. Also and somewhat more desirable, it is possible to 
translate the viscosity in centistokes from the electronic 
counter by means of an electrically actuated printer to 
the label attached to the sample bottle containing the oil 
under test. These variations and a fuller description of 
the invention will be more fully hereinafter undertaken 
with reference to the drawings. 
The electrical impulses emanating from the photode 

tectors are amplified by means of amplifiers so that they 
can be used to trigger the operation of the electronic 

The data "read' by the counter may be either 
recorded on tape, visually read and recorded, or printed 
or stamped on a sample tag or on a bottle label. One 
of the great advantages of the present installation lies in 
the fact that not only is there a relatively short measuring 
time which is accurately determined, but the overall test 
ing time is reduced because the capillary tube is perma 
nently mounted in the constant temperature bath which 
is maintained at the selected test temperature at all times. 
Only a very small sample is used so that the “soaking' 
time required to bring the oil sample to temperature 
equilibrium with the constant temperature bath is usually 
less than three minutes as compared with from 10 to 15 
minutes required in a conventional viscosity determination. 
Also, since the capillary tube does not require handling 
and has a minimum of surface, the cleaning and drying 
operation at the conclusion of the test, preparatory to 
using the viscometer for another sample, is far less than 
the time normally required in conventional determina 
tions. Recause of the fact that so many samples must be 
tested in the course of a day, the minutes and seconds 
saved in making the determination and preparing the 
viscometer for the next determination are of tremendous 
significance in the efficient utilization of technical man 
power in modern petroleum refineries. 

Referring now to the drawings for a fuller understand 
ing of the invention, FIGURE 1 represents a diagram 
matic view in partial sectional elevational of a single vis 
cometer aild the connections thereto for automatically se 
curing electrical impulses which can be translated into 
centistokes by other equipment described in the additional 
figures. 
FIGURE 2 represents in plan view and somewhat dia 

grammatically the manifold 17 shown in FIGURE 1. 
FIGURE 3 is a sectional elevation of the manifold 17 
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shown in the plan view FIGURE 2 and taken along the 
line III-III of FIGURE 2, 
FIGURE 4 is a schematic diagram of a single vis 

cometer installation showing the operation of the elec 
tronic control system and of the hydraulic control sys 
ten for handing the sample bottles. 
FIGURE 5 is a diagrammatic elevational view show 

ing the travel pattern through which a sample bottle 
passes in making two viscosity determinations at two dif 
ferent temperatures. 
FIGURE 6 shows schematically and in plan view the 

printing System together with a portion of the equipment 
used in recording on the label of the sample bottle the 
centistoke values for the oil sample whose viscosity has 
been determined. 
FIGURE 7 shows schematically the electronic units and 

connections employed in operating the first portion of 
the Viscosity determination cycle, namely the introduction 
of the oil into the viscometer and the holding of the oil 
iri the viscometer for a period of three minutes to bring it 
S. imperature equilibrium with the constant temperature 
ath. 
FIGURE 8 shows schematically the electronic equip 

ment employed to receive the impulses and record in 
ceritistokes the viscosity of the oil under determination 
and shows in part the electronic system used for record 
ing, by printing, of the centistoke values on the sample 
bottle label. 
FIGURE 9 schematically shows the electronic equip 

ment required for operating the cleaning cycle for the 
capillary tube preparatory to introducing a new sample 
into the system. 

Referring now to FIGURE 1, sample bottle 4 contain 
ing an oil, whose viscosity is to be determined, is placed 
under viscometer tube 2 with the oil level being sufficiently 
above point 5 of the viscometer tube so that by the ap 
plication of Suction the oil will be drawn into the capil 
lary. The capillary tube 2 is placed within water bath 
3 which is held at a constant temperature, for example, 
100 F. by conventional means (not shown). At points 
8, 9, and 0 of capillary tube 2 are light sources 14, 15, 
and 16, in water tight seals commonly miniature light 
bulbs and opposite them are photodetectors 4a, 15a, and 
6a, also in water tight seals, so positioned that a light 
beam from a miniature light bulb passes through the 
glass capillary tube 2 at the respective points 8, 9, and 10 
and strikes the light sensitive portions of the detectors 14a, 
15a, and 16a. The miniature light bulbs are connected 
to a conventional source of electricity 26. 
A holdup reservoir 11 provides a volume of light oils 

for flow times sufficiently long to allow accurate measure 
ments of time intervals. Obtaining this volume by means 
of a reservoir rather than a long tube is desirable to 
avoid a widely varying liquid head. A working reservoir 
2 provides protection against liquid level overshoot on 

the charging cycle which might otherwise cause contamina 
tion of valve chambers above the capillary tube. 

In operating the automatic viscometer at the preselected 
temperature of 210 F., the photodetectors 14a, 15a, and 
16a are placed outside of the constant temperature bath 
3 and the light source from the miniature light Sources 
4, 15, and 16 is transmitted to the photodetectors by 
means of Lucite or quartz, rods which, of course, are 
capable of transmitting light rays with very little loss in 
transmission. These are commonly referred to as light 
pipes and, in the instant installation, are usually metal 
encased or shielded with a suitable metal such as copper 
or brass. The light sources may also be outside of the 
bath 3 and light pipes employed to conduct the light to 
points 8, 9, and 10. 
The light beam is maintained constant between the light 

source and the particular photodiode. In other words, 
the light beam is continuous between 16 and 16a, between 
15 and 15a, and between 14 and 4a. The color of the 
oil is not governing. As long as the oil transmits light 
and does not contain suspended matter, the straight 
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4. 
through system depends on the lens effect of the oil in 
the capillary. The photodetector actuates the appropriate 
relay in the control system by reason of the differential 
between high and low intensity light striking its photo 
sensitive area. 

In the case of determining the viscosity of oils which 
are dark in color such as, for example, cutback asphalts, 
road oils, or oils which contain Suspended carbonaceous 
matter and which might be considered as dirty or dark 
oils, the light beam Source and the photodetector are 
usually not mounted on opposite.sides of the viscometer 
tube, i.e. at 180° from each other, but are usually offset 
so that they are mounted at 120, 60, and 45, etc. 
from each other and so that the light beam passes through 
only a portion of the total diameter of the oil column in 
the capillary tube. In this instance, the oil does not act 
as a light lens, but rather operates the photodetectors by 
reason of the "scatter lens' effect. 

In preparing to make a viscosity determination and 
after sample bottle 4 containing the oil to be tested is 
placed in the position shown in FIGURE 1, valve 25 is 
opened and vacuum is admitted to the System through 
line 24 connected to manifold 17 which is, in turn, con 
nected to the top of the viscosity capillary tube 2. The 
oil rises through the dip tube section 6, having a bias 
tapered end 5, through the section of reduced diameter 7, 
and past the first light beam existing between 14 and 14a 
at point 8. The vacuum, which may be gradually in 
creased as oil is soaked into tube capillary 7, is continued 
until the oil has been drawn to the point where the me 
niscus of the oil intersects the light beam between 16 
and 16a at point 10, at which time the vacuum Solenoid 
valve 25 is closed. 
At the time of closing of vacuum solenoid valve 25, 

vent solenoid valve 23 is opened. After this operation, 
oil drains from viscometer tube 2 into the sample bottle 
4 until the top of the meniscus in tube 2 has reached the 
point of intersecting light beam 14 and 14a at point 
8. This operation is for the purpose of wetting the inner 
glass surfaces of the capillary. At this time, photodetec 
tor 14a is actuated, and by a system of controls, the elec 
trical impulses from photodetector 14a close solenoid 
vent valve 23 and at the same time open Solenoid vacu 
um valve 25. The sample is again drawn up into the 
viscometer tube 2 until the top meniscus of the oil again 
intersects the light beam between 16 and 16a at point 
10, at which time the vacuum solenoid valve 25 is closed. 
During the foregoing operations, sample bottle 4 is held 
stationary under the viscometer tube 2 with the lower 
section of viscometer tube (dip tube 6) immersed in the 
oil sample in sample bottle 4. 
At the closing of the vacuum solenoid valve 25, one 

timing mechanism is also actuated by a system of controls 
from the photodetector 6a. The timing mechanism starts 
a three minute “hold and soak” cycle during which time 
the sample in the viscometer tube 2 is allowed to reach 
the temperature of the bath. During this same period, 
certain additional operations are carried out. Thus, a 
second timing mechanism is also actuated at the Same 
time by the system of controls from the photodetector 
16a. This second timing mechanism starts a 30 Second 
period during which time the sample bottle 4 is held in 
position under the viscometer tube 2 with the dip tube 
6 immersed in the oil sample in sample bottle 4. The 
sample bottle 4 is held in this position for this period to 
allow the oil in the viscometer tube 2 to reach an equilibri 
um position with the internal vacuum within the upper 
section of viscometer tube 2 and within the manifold 
17. At the end of the 30 second period, the sample 
bottle 4 is lowered to the point where dip tube 6 is no 
longer immersed in the oil sample in sample bottle 4. 
At the end of the above-mentioned 30 second period, a 
timing mechanism starts a one minute "hold' cycle, dur 
ing which time the oil drains from the dip tube 6 sec 
tion of the viscometer tube 2 into sample bottle 4. At 
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the completion of the one minute "hold" cycle, the drain 
cup 91 (shown in FIGURE 4) is positioned under viscom 
eter tube 2. 
No further operations take place until the completion 

of the three minute “hold-and-soak” cycle. At the com 
pletion of the three minute timing cycle, the solenoid 
vent valve 23 is opened so that the oil is then under 
atmospheric pressure. The oil then flows downwardly 
through the capillary tube 2. Once the meniscus in 
tersects the light beam existing between 16 and 16a, 
photodetector 15a becomes energized and will emit an 
electrical impulse when the meniscus reaches point 9 in 
the tube 2. Upon reaching this point, the detector 15a 
starts the timing mechanism. The timing mechanism is 
stopped by a second electrical impulse from 14a which 
is emitted at point 8 when the oil meniscus passes this 
point. The signal from photodetector 14a is relayed to 
the control system. By means hereinafter described, the 
time elapsed for the oil to go from point 9 to point 8 
is then translated into centistokes. 
The dimensions of capillary tube 2 and the volume of 

the section between timing points 8 and 9 are designed 
to provide direct reading in terms of centistokes on the 
particular type of timing mechanism used. In one in 
stance, the viscometer was designed for use with a count 
er measuring in units of 0.01 second. In another in 
stance, the viscometer was designed for use with a high 
speed printer-counter measuring in units of 25 cycles per 
second. Calibration in each instance was designed so 
that the counter would read out directly in terms of 
centistokes. 

In the present viscometer, the capillary sizes and shapes 
are chosen to operate in the stream-line flow region so 
that linearity between viscosity and time is maintained. 
To measure samples covering a range of viscosities in 
about the same time, three different size capiliary tubes 
are employed. For example, one unit employed cov 
ered the range from 10 centistokes to 500 centistokes. 
The design of capillary and efflux times chosen is also 
governed by the type of data recorder employed. The 
viscometer unit shown in the drawings employs a data 
recorder which is capable of accepting 25 cycles per sec 
ond impulses. For recording devices with greater speed 
of response, it would be possible to decrease efflux times. 
This would require a redesign of the capillary tube. For 
example, with a recording device capable of accepting 
100 cycles per second impulses, and a capillary with a 
bulb volume of 4 the size shown and described herein, 
the efflux time would be reduced by a factor of four. 
At the conclusion of the measurement, sample bottle 

4 is removed and, as will be shown in connection with 
FIGURE 4, a sump or drain pan is raised under the dip 
tube portion 6 of viscometer tube 2. The sump or drain 
pan 91 is raised until contact is made with the bottom 
edge of a cylinder or collar (not shown) which surrounds 
and extends beyond the dip tube portion 6 of viscometer 
2, and is designed to protect the dip tube from possible 
breakage by contact with the sump. Solvent solenoid 
valve 19 is opened and solvent, usually a light naphtha, is 
introduced into the system through line 18, and flows 
for a period of about 2 minutes through the capillary tube 
2 for the purpose of dissolving oil and removing it from 
the inner surfaces of the capillary tube 2. At the same 
time, a solvent solenoid valve (not shown) is also opened 
and solvent from the same pump supplying solvent to 
solvent Solenoid valve 49 is pumped through a series of 
jets surrounding the outside of the dip tube portion 6 
of the viscometer tube 2. This is for the purpose of 
removing oil from the outer surface of dip tube 6, thus 
preventing this oil from becoming mixed with the next 
oil sample. The solvent-oil mixture is allowed to go 
into the drain pan and is discarded. Usually, better 
cleaning results are attained if a pulse pump is used to 
pump the solvent into the system since the additional 
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6 
solvent turbulence from use of such a pump seems to 
give a somewhat better cleaning action than the use of 
uniformly flowing solvent. 

After about two minutes of solvent washing, solenoid 
valve 9 is closed and solenoid valve 21 is opened per 
mitting nitrogen, carbon dioxide, or some other inert 
gas to flow through viscometer tube 2 in order to remove 
from the system all solvent vapors. At the same time 
that solenoid valve 21 is opened, another inert gas 
Solenoid valve (not shown) is also opened, permitting 
nitrogen, carbon dioxide, or some other inert gas to flow 
through the series of jets surrounding the outside of the 
dip tube portion 6 of the viscometer tube 2. This clean 
ing cycle is accomplished in about two minutes, after 
which the solenoid valve 21 is closed (as well as the 
valve controlling the jets) and the viscometer unit is 
then ready to receive the next sample. - 
FIGURE 2 illustrates schematically, the arrangement 

of manifold 17 of FIGURE 1. Although FIGURE 2 
illustrates the manifold head 35 in square arrangement, 
the head and conduits are usually circular in arrange 
ment, in practice. For using the viscometer tube 2, as 
previously described, it is desirable that the manifold 
inlets, exits, and connections be made as short as possible. 
The positioning of the various solenoids for their par 
ticular uses is conveniently arranged so that in order of 
nearness to the inlet to tube 2 they are vent opening, 
vacuum outlet, solvent inlet and finally inert gas inlet. 
Opening 41 feeds into the top of viscometer tube 2 so 
that in that portion of the cycle as previously explained 
in connection with FIGURE 11, inert gas such as nitro 
gen, carbon dioxide or air is introduced by means of 
line 42 through open solenoid valve 37 and then by 
means of conduit 36 is introduced into the top of vis 
cometer tube 2 through opening 41. In other words, 
the inert gas travels the complete length of the manifold 
conduit 36, Solvent inlet tube 43 which is controlled 
by solenoid valve 38 travels approximately only three 
fourths of the length of manifold tube 36 before it is 
introduced into the viscometer tube 2 by means of open 
ing 41. The application of vacuum to the viscometer 
tube 2 is by means of solenoid valve 39 and vacuum 
outlet line 44. Solenoid vent valve 40 and the opening 
to the atmosphere through line 45 is closest to the vis 
cometer tube 2 and the opening 41 to the viscometer 
tube 2. 
The correlation of the valves in FIGURE 2 with the 

valves in FiGURE 1 is as follows: vacuum valve 25 of 
FIGURE 1 corresponds to the solenoid vacuum valve 
39. Of FIGURE. 2. Weint valve 23 of FIGURE 1 corre 
sponds to solenoid vent valve 40 of FIGURE 2; inert 
gas valve 21 of FIGURE 1 corresponds to solenoid gas 
valve 37 of FIGURE 2 and finally solvent valve 19 
of FIGURE 1 corresponds to solenoid solvent valve 38 
of FIGURE 2, 
FIGURE 3 is partly schematic and partly in section 

and shows an elevational view of the manifold head 
arrangement 35 along the line III-III of FIGURE 2. 
Only solenoid valves 38 and 39 are shown in the figure 
together with the accompanying inlet and exit lines 43 
and 44 respectively. FIGURE 3 does, however, show 
the arrangement whereby manifold conduit 36 is con 
nected to viscometer tube 2 by means of a ball 47 which 
is integral with the viscometer tube and a socket 48 
which is integral with conduit 36 and outlet 41. A groove 
in the ball portion 47 is adapted to receive and hold an 
O ring 46 which acts as the seal between the ball 47 and 
the socket 48 so that the manifold may be readily dis 
connected from viscometer tube 2 at this ball and socket 
connection. Alternatively, the groove may be in the 
socket 48 instead of the ball portion 47. Solenoid valves 
38 and 39 are identical in construction. They contain 
springs 51 and 54 which tend to keep the valves closed. 
The seats rest upon the main portion of the valve or 
valve bases 49 and 52 respectively. These valves operate 
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so that when actuated by electric current the valve por 
tions rise against the tension of springs 51 and 54 and 
remain open so that the washers 50 and 53 remain away 
from the orifices until such time as the current is turned 
off, at which time the springs 51 and 54 again operate to 
seat the valves 49 and 52 in closed position. 
FIGURE 4 represents in schematic form somewhat the 

same representation as is shown in FIGURE 1 but, in 
addition, the positioning of the control chassis 60 is 
shown and the hydraulic system for lifting sample bottles 
so that the liquid contained therein is in contact with the 
lower portion of the dip tube 6 is also shown. Addi 
tionally, the hydraulically operated drain pan 91 for 
receiving and removing from the system the waste solvent 
and residual oil preparatory to carrying out the next 
determination is also shown. The details of the control 
chassis 60 are shown in FIGURES 7, 8, and 9. Solenoid 
valves 19, 21, 23, and 25 are the same as those of like 
number illustrated in FIGURE 1. Similarly, lines 18, 
20, 22, and 24 are identical with those in FIGURE 1. 
Pulse pump 63 is shown in line 18 and regulator valve 
62 is shown in the inert gas (nitrogen) inlet line 20. In 
vacuum line 24, the manostat or variable vacuum regu 
lating valve 61 is shown. Electrical connections 64, 65, 
and 66 will be more fully explained and their significance 
with respect to control chassis 60 will be more fully 
understood by reference to FIGURE 7. 
The details of the print control circuit are to be found 

in FIGURE 8 and electrical impulses from the control 
chassis 60 are connected and joined with the mecha 
nism of the print control circuit through connections 67 
and 68. Interlock circuits necessary for the simultane 
ous operation of multiple units are not shown, but it is 
contemplated to so operate a plurality of automatic vis 
cometers in commercial usage for most efficient utiliza 
tion of the novel devices. 

Referring now to FIGURE 4, after the oil has been 
drawn up into the viscometer tube 2 and the final timing 
determination is ready to be made, hydraulic fluid is 
pumped, by means of pump 81, through lines 82, 30, and 
85, through solenoid valve 79, actuated from control 
chassis 60 and through line 88, so that piston 93 which 
controls lift 94 moves downwardly to lower the sample 
bottle. Previously, the direction of movement of piston 
93 was upwardly at the time the sample was to be with 
drawn from the sample bottle 4. After the sample 
bottle has been lowered sufficiently to clear the sump 
and drain pan 91, solenoid valve 77 is opened and hy 
draulic fluid flows through lines 83 and 86 to actuate 
piston 89 which rotates the drain pan 91 in a vertical 
axis, so that it swings under the dip tube 6 at the lower 
portion of the viscometer tube 2. The height of the 
drain pan or sump 91 having drain connection 92 is 
controlled by piston 90 and the previously mentioned 
collar (not shown) surrounding dip tube 6, and piston 
90 is actuated by hydraulic fluid entering the piston 
through lines 84 and 87 and controlled by solenoid valve 
78. It will be appreciated that the hydraulic pistons 
have connections so that by use of three-way valves at 
77, 78, and 79, fluid may be introduced into the pistons 
to either extend the piston rod or to retract the piston 
rod so that there is a positive two-way movement of the 
lift 94, of the drain pan 91, and of the height of drain 
pan 91. 
FIGURE 5 represents schematically a diagram of the 

use of the automatic viscometer in a wholly automatic 
operation wherein the viscosity of the same oil sample is 
determined at two different temperatures and the vis 
cosity in centistokes is either read on a register, is printed 
directly onto a tag or is printed directly onto a label at 
tached to the sides of the sample bottle. Sample bottle 
4 containing the oil whose viscosity is to be determined at 
two different temperatures moves onto lift 94 by means of 
conveyor belt 95. Piston 93 then operates to raise the 
lift 94 sufficiently high that sample bottle 4 is positioned 
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8 
with the dip tube 6 of viscometer 2 below the oil level 
in the sample bottle 4 after which the sequence of steps 
previously described with respect to FIGURE 1 occurs. 
As depicted in FIGURE 5, the viscosity determination at 
100 F. is made, after which the sample bottle 4 is low 
ered by means of lift 94 to the same position or plane 
as conveyor 94, i.e. its original position, and, upon com 
pletion of the measuring cycle, conveyor 96 then carries 
sample bottle 4 to the position 93 where the printing 
of the sample label or where the recording in centistokes 
is made. The bottle then, by means of conveyor 96, 
is carried onto lift 94a which operates in exactly the same 
manner with respect to viscometer tube 2a as was the case 
first described. The only difference between the sequence 
of operation of a viscosity determination in the case of 
the tube 2a is that the temperature, for example, will be 
a different one from that originally used, usually this 
temperature is 210 F. In that instance, as previously 
described, detectors 14a, 15a, and 16a are actually located 
outside of the constant temperature bath and they receive 
the light measurements from lights 14, 5, and 16, which 
may also be outside of the bath, by means of light tubes 
which are either quartz or Lucite and which are enclosed 
in watertight copper or brass sheaths. The operation of 
sumps or drain pans 91 and 91a is as previously de 
scribed with respect to those pans with reference to FIG 
URE 4. Piston 93a then recedes with sample bottle 4 
on the lift 94a and when the next bottle containing an oil 
sample is positioned onto lift 94a, sample bottle 4 is re 
moved to the conveyor belt 97 where it again is stopped 
in position 99 to receive the viscosity information in centi 
stokes from the printing stage 99. As previously stated, 
this information can be printed directly on a label at 
tached to the side walls of the sample bottle, it may be 
printed on a tag attached to or to be attached to the 
sample bottle, or it can be visually read and recorded 
by an operator. Once this determination has been com 
pieted, conveyor 97 removes sample bottle 4 from the 
automatic viscometer installation. 
FIGURE 6 illustrates schematically one method em 

ployed for printing directly on the pressure sensitive labels 
attached to the sides of the sample bottles, the viscosity 
determination data in centistokes, at the stages 98 and 99 
of FIGURE 5. Electrical connections 67 and 68 in the 
control chassis 106 are directly connected to like num 
bered lines shown in FIGURE 4 as being connected to 
control chassis 60. In the schematic illustrations shown 
in FIGURE 6, sample bottle 4, which is resting on either 
convevor 96 or 97, stops at either print position 98 or 
99. This places the sample bottle 4 in the position shown 
in FIGURE 6. During the timing cycle, i.e. when the oil 
is between the marks 8 and 9 on viscometer tube 2, the 
high speed counter 102 through its relays 103 and by 
means of the print control chassis 104 supplied from 
power unit 105 through line 114 is recording and regis 
tering directly in centistokes, the viscosity of the oil being 
measured. Of course, registration of the counting starts 
when the oil reaches point 9 and stops when it reaches 
point 8, after which the recorded counter-printer 116 is 
pressed against pressure sensitive label wrapper 115 around 
sample bottle 4. The bottle 4 of course is on the con 
veyor belt 96 or 97, and in order to record the data 
on wrapper 115 air pressure is employed in pneumatic 
piston 100 containing pneumatic arm 101. In turn, piston 
rod 10g containing print shoe 10 is extended so that 
shoe 110 presses the bottle 4 against the counter-printer 
116 after which the air pressure is released and arm 101 
recedes, allowing the free bottle to continue its movement 
on the conveyors 96 or 97 as the case may be. Genera 
tor 97 operates, by means of connection 112, switch 
tubes in the control chassis 106 which in turn actuates 
the print control chassis 104 by means of electrical con 
nections 108 and 109. The operation of this particular 
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circuit is more fully hereinafter explained with reference 
to FIGURE 8. 
The successful operation of the automatic viscometer is 

dependent upon the principle that a light beam passing 
through tube 2 and striking the photodetectors 14a, 15a, 
and 16a tends to concentrate or decrease in intensity by 
the passing through the oil in viscometer tube 2, i.e., the 
light is focused on the photodetectors by the column of 
oil acting as a lens or if opaque or dark oils are present 
by the scattering of the light intensity present in the empty 
capillary tube. Conversely, the light striking the photo 
diode tubes when oil is not present between the light 
source and the particular detector tube tends to diffuse 
and thus decrease in intensity in the case of light colored 
oils and vice versa in the case of dark or opaque oils in 
the second instance. The operation of the present inven 
tion is dependent upon this change in light intensity. 
When the system is ready to inaugurate a viscosity de 

termination there is, of course, no oil in the tube and 
there is no sample bottle immediately below the tube. 
Under such conditions and referring now to FIGURE 7, 
a more detailed description of control chassis 60 is now 
set forth. The “bottleup” switch 124 is in the “off” posi 
tion and the “bottledown' switch 125 is likewise in the 
“off” position. Similarly, all electrical energizing of sole 
noid valves 19, 21, 23, and 25 is off. Sample bottle 4 
is placed in position under the bottom of viscometer tube 
2 and the tube immersed in the oil sample as shown in 
FIGURE 1 by operation of piston 93 as shown in FIG 
URE 4. Bottleup switch 124 is turned on. This pulls 
in and locks in (electrically) the main power relay 123. 
Power flows through power relay 120 to vacuum solenoid 
25. Vacuum applied to the top of viscometer tube 2 
draws oil up into the tube. Clear light colored oil pass 
ing the bottom detector 14a and point 8 causes an in 
crease in current in detector 14a, amplifiers 14b and 14c. 
and actuates sensitive relay 14d. The oil continues to 
rise. Oil passing middle detector 15a and point 9 causes 
an increase in current in detector 15a and amplifiers 15b 
and 15c and pulls in sensitive relay 15d. As the oil con 
tinues to rise, its meniscus passes the top detector 16a 
and point 10 causing an increase in current in detector 
16a and amplifiers 16b and 16c and thus pulls in sensi 
tive relay 16d. Since relays 14d and 15d are closed, the 
action of relay 16d. pulls in power relay 120 and it locks 
in electrically. The action of relay 120 turns vacuum 
solenoid 25 off and turns vent solenoid 23 on. The ac 
tion of relay 120 also actuates vent lock-out ready relay 
121 which locks itself in electrically. The vent solenoid 
23 being actuated, allows the oil to drop in tube 2. As 
the oil leaves top detector 16a and the current decreases 
in amplifiers 16b and 16c, sensitive relay 16d drops out 
but relay 120 does not drop out because of electrical 
lock-in. As the oil continues to drop and leaves middle 
detector 15a and the current decreases in amplifiers 15b 
and 15c, sensitive relay. 15d drops out but there is no 
action of relay 120 or relay 121 due to electrical inter 
locking. As the oil continues to drop and leaves the bot 
tom detector 14a and the current is reduced in ampli 
fiers 14b and 14c, sensitive relay 14d drops out. This 
causes relay 120 to drop out and vent lockout relay 122 
to pull “in” and electrically lock in. The action of relay 
120 turns the vent solenoid 23 'off' and vacuum sole 
noid 25 "on.' Vacuum is once again applied to the top 
of tube 2 causing the oil to rise again in tube 2. Oil pass 
ing bottom photodetector 14a causes an increase in cur 
rent at photodetector 14a and through amplifiers. 14b. 
and 14c and sensitive relay 14d is pulled "in.” Due to 
electrical interlocking this has no effect on the system. 
The higher current through relay amplifier 14c causes 
positive voltage to appear at control point B (line,68) 
of count gate control amplifier 126. Appearance of oil 
at the middle photodetector 15a increases current in am 
plifiers 15b and 15c and pulls "in" sensitive relay. 15d. 
Due to electrical interlocking this has no effect on the 
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system. Higher current in relay amplifier 15c causes 
positive voltage to appear at control point A (line 67) of 
count gate amplifier 126. When the oil once again 
reaches the top detector 16a causing increased current in 
amplifiers 16b and 16c, sensitive relay 16d is pulled 
“in.” This actuates power relay 120 which turns vacuum 
solenoid 25 "off,” but due to the lock-out action of relay 
122 the vent remains closed. The oil stops in the viscom 
eter tube 2 just above the top detector 16a. At this point 
in the cycle, soak timer 129 and bottledown timer 130 
are actuated by the functions of relays 120 and 122. 
After one minute (or any preselected time interval) the 
bottledown timer 130 turns on bottledown indicator 
light 131. At this point the sample bottle 4 should be 
dropped below tube 2 so that the dip tube 6 of tube 2 
does not touch the surface of the oil in the sample bottle 
4. Bottledown switch. 125 should be turned “on” and 
bottleup switch 124 should be turned “off.” Soak timer 
129 runs for about 3 minutes to allow the oil to come to 
equilibrium temperature with the temperature of the con 
stant temperature bath 3. After about 3 minutes, soak 
timer 129 actuates vent release relay 128 and counter 
"arm' relay 132. Vent release relay 128 actuates vent 
Solenoid 23 and allows oil to drop in tube 2. Counter 
"arm' relay 132 prepares the counting system for op 
eration. Oil leaving the top detector 16a reduces the cur 
rent in amplifiers 16b and 16c and drops out sensitive 
relay 6d. By relay 16d dropping out, the complete 
System will be allowed to drop out at end of the time 
measuring cycle. 

Oil leaving the middle detector 15a reduces the cur 
rent in amplifiers 15b and 15c and drops out sensitive 
relay 15d. The operation of sensitive relay 15d has no 
effect but opens the system drop out loop. Reduced cur 
rent in amplifier 15c causes the voltage at control point 
A (line 67) on count gate control amplifier 126 to drop 
to zero. (Since control voltage B (line 68) is positive 
and counter arm relay 132 is actuated, the counting 
(measurement) system is actuated as more fully herein 
after described in connection with FIGURE 8.) Oil 
leaving the bottom detector 14a reduces the current in 
amplifiers 14b and 14c and drops out sensitive relay 14d. 
Sensitive relay 14d drops out the main power interlock 
loop through main power drop out relay 127 and the 
Systein returns to its starting condition. The reduced 
current in amplifier 14c causes the voltage at control 
point B (line 68) of the count gate amplifier 126 to drop 
to Zero. This stops the counter operation and completes 
the actual viscosity time measurement. 
FIGURE 8 shows the control arrangement for the con 

version of the signals of FIGURE 7 into data relating to 
viscosity. In the conversion of the measurement signals, 
above discussed, to the printing of the data from those 
signals, a basic timing pulse is first generated by a 200 
cycles per second tuning fork 133 (accuracy 1 part in 
100,000). Frequency is divided by a series of 3 binaries 
(flip-flops) 134, i35, and 136 to supply 25 cycles per 
second to the input side of the count gate amplifier 126. 
Items 133, 34, 135 and 36 together are shown as 107 
in FIGURE 6. Items 126 and 137 together constitute 
106 of FIGURE 6. There is a constant input of 25 cycles 
per Second square wave voltage to count gate amplifier 
126, so that the appearance of a signal at the output of 
amplifier 126 depends on the voltages present at control 
points A and B (lines 67 and 68 respectively of FIG 
URE 4) from amplifiers 15c and 14c of FIGURE 7. 
Output will appear from amplifier 126 only when control 
voltage A (line 67) is zero and control voltage B (line 
68) is positive. Since this condition occurs during the 
charging and conditioning cycle, the counter system is 
prevented from operating through the action of counter 
"arm' relay 132 and amplifier -- switch tube 137. Am 
plifier -- switch tube 137 will only produce output to 
the power amplifier 138 when counter "arm' relay 132 
has been actuated after the 3 minute temperature equilib 
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rium part of the cycle. Oil passing the middle detector 
15a causes control voltage A (line 67) to drop to zero, am 
plifier 126 passes the 25 cycles per second signal to am 
plifier 137. With relay 132 “on,' amplifier 137 passes 
the signal to power amplifier 138. Power amplifier 138 
in turn actuates millisecond relay 139 (together shown 
as 104 in FIGURE 6) which turns counter power 140 
(105 in FIGURE 6) “off” and “on,” and thus actuates 
counter/printer coil 141 (102 in FIGURE 6). When oil 
passes the bottom detector 14a, control voltage B (line 
68) drops to zero and the 25 cycles per second output 
from count gate amplifier 126 stops and the counter stops. 
When charging equipment (FIGURE 7) drops out, count 
er "arm' relay 132 drops out. This action starts print 
timer 143 which puts power on print shoe 142 to cause 
mechanical printing action. After about 10 seconds the 
print timer 143 drops the power from the print shoe 142 
and starts the reset timer 144. After about 20 seconds, 
the reset timer actuates the reset pulse power 146 caus 
ing reset motor 145 to be operated. The system returns 
to normal at the end of the reset period and the cycle 
is repeated on the next sample determination. After 
measurement is complete, sample bottle 4 is removed 
from below measuring tube 2 and the drain pan 91 is 
placed in position under the tube. 

Referring now to FIGURE 9, cleaning switch 147 is 
turned "on.' This actuates solvent timer 148 and sol 
vent solenoid 19 which allows suitable solvent to enter 
the upper end of viscometer tube 2. As previously de 
scribed, the solvent timer 148 allows solvent to flow for 
about 2-3 minutes. At the end of this period, the inert 
gas (nitrogen) timer 149 is actuated as the solvent timer 
148 goes “off.” Solvent timer 149 turns “on” the nitrogen 
solenoid 21 which allows nitrogen or other inert gas 
under slight pressure to flow through the viscometer 
tube 2 for about 2-3 minutes to evaporate all of the 
solvent and dry the tube. After the 2-3 minute period 
of operation of inert gas timer 149, the cleaning cycle is 
shut down automatically and the cleaning switch 147 may 
be turned off and another sample determination may be 
started. 
The novel automatic viscometer herein described can 

also be applied to a system which is directly connected 
to a pipe line in a refinery so that either at prearranged 
intervals of time or, as desired, samples of the oil within 
the pipe line may be withdrawn and their viscosity auto 
matically determined without actually removing a sample 
from the pipe line system. This is accomplished by 
simply tapping the pipe line with a three-way valve and 
allowing a portion of the oil in the pipe line to proceed 
through a by-pass, the by-pass line being, in turn, directly 
connected to dip tube 6 of the automatic viscometer. 
By the application of vacuum through the regulation of 
the by-pass valve, it is possible to maintain a controlled 
flow of oil in the by-pass line and to subject the sample 
of oil so withdrawn to an automatic viscosity determina 
tion in the novel apparatus. 
The particular viscometer disclosed in FIGURE 1 was 

designed for determining viscosities of oils having a vis 
cosity range between about 10 and about 300 centistokes 
at 100 F. and flow times of between about 10 and about 
300 seconds and for determining viscosities of oils of 
about 2 to 100 centistokes at 210' F. with flow time 
measurements ranging from about 20 to about 1000 sec 
onds. Obvious modifications of the Atlantic type vis 
cometer while still employing the principles of the present 
invention are readily apparent and are within the purview 
of the invention hereindescribed. 

Having now thus fully described and illustrated the 
character of the invention, what is desired to be secured 
by the Letters Patent is: 

1. An automatic viscometer which comprises (1) a 
vertical, light transparent capillary tube, (2) a first light 
Source positioned near the lower end of said capillary tube 
and disposed to transmit light beams substantially trans 

10 

5 

20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

75 

12 
versely through at least a portion thereof, (3) a first 
photoelectric cell positioned to receive light beams from 
said first light source after passing through at least a por 
tion of said capillary tube, said first light source and 
said first photoelectric cell together constituting a first de 
tector pair, (4) a second detector pair positioned at a 
middle location with reference to said capillary tube, (5) 
a third detector pair positioned at an upper location with 
respect to said capillary tube, (6) a first conduit con 
nected to said capillary tube above said third detector 
pair wherethrough said tube may be evacuated to draw 
up thereinto a liquid of which the viscosity is to be de 
termined, (7) valve means in said first conduit whereby 
the passage through said first conduit may be substantial 
ly completely closed, (8) a second conduit connected to 
said capillary tube above said third detector pair where 
through said tube may be vented to let fall therein a 
liquid of which the viscosity is to be determined, (9) 
valve means in said second conduit whereby the passage 
through said second conduit may be substantially com 
pletely closed, a manifold whereby the first and second 
conduits may be selectively connected to the capillary 
tube, (10) first and second series of amplifiers and relays 
adapted to convert electrical input signals into lapsed 
time data, (11) electrical connections between the photo 
electric cells of said first and second detector pairs and 
said first and second series of amplifiers and relays where 
by input signals corresponding to output signals from 
the photoelectric cells of said first and second detector 
pairs may be imposed upon said first and second series of 
amplifiers and relays, (12) electrical actuating means op 
eratively connected to said valve means in said first and 
second conduits, (13) a third series of amplifiers and re 
lays adapted to convert electrical input signals into power 
outputs, said third series of amplifiers and relays being 
connected to said electrical actuating means to impose 
said power outputs thereupon whereby said valve means 
in said first and second conduits may be actuated in 
directions to close the passage through said first conduit 
and open the passage through said second conduit, and 
(14) electrical connections between the photoelectric cell 
of said third detector pair and said third series of ampli 
fiers and relays whereby input signals corresponding to 
output signals from the photoelectric cell of said third 
detector pair may be imposed upon said third series of 
amplifiers and relays. 

2. An automatic viscometer according to claim 1 which 
comprises further (15) a third conduit connected to said 
capillary tube above said third detector pair where 
through said tube may be flushed out with solvent liquid, 
(16) valve means in said third conduit whereby the pas 
Sage through said third conduit may be substantially com 
pletely closed, (17) a fourth conduit connected to said 
capillary tube above said third detector pair where 
through said tube may be blown out with inert gas, (18) 
valve means in said fourth conduit whereby the passage 
through said fourth conduit may be substantially com 
pletely closed, a manifold whereby the first, second, third 
and fourth conduits may be selectively connected to the 
capillary tube and (19) electrical actuating means oper 
atively connected to said valve means in said third and 
fourth conduits to cause said capillary tube to be flushed 
out with solvent liquid and then blown out with inert gas. 

3. An automatic viscometer according to claim 1 which 
comprises further a counter-printer circuit and mecha 
nism connected electrically to said first and second series 
of amplifiers and relays, and adapted to convert lapsed 
time data therefrom into printing surfaces giving a read 
ing of liquid viscosity in selected units. 

4. An automatic viscometer according to claim 1 which 
comprises further a first positioning means in spaced, 
operative relation to said capillary tube whereby vessels 
containing liquid of which the viscosity is to be deter 
mined may be raised and lowered to bring said liquid into 
and out of contact with the lower end of said tube. 
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5. An automatic viscometer according to claim 4 which 
comprises further a second positioning means in spaced, 
operative relation to said capillary tube, said second posi 
tioning means including a drain pan and being adapted 
to move said drain pan into and out of liquid-catching 
alignment with said capillary tube below the lower end 
of said tube. 

6. A process for automatically measuring the viscosity 
of a liquid which comprises the steps of (1) drawing up 
a column of said liquid from a body thereof in a con 
tainer vessel into a transparent capillary tube by the ap 
plication of vacuum to said tube to carry the meniscus 
of said column successively through first, second, and 
third light beams directed respectively toward first, sec 
ond, and third photoelectric cells; (2) using the output 
signal from said third photoelectric cell after passage 
through said third light beam of the meniscus of said 
column in rising motion to terminate the application of 
vacuum to said tube and vent said tube to allow said col 
umn to descend therein, using the output signal from said 
first photoelectric cell after the passage through said first 
light beam of the meniscus of said first column in de 
scending motion to terminate the venting of said tube and 
reapply vacuum thereto to draw up a second column of 
said liquid thereinto to carry the meniscus of said second 
column through said third light beam, using the output 
signal from said third photoelectric cell after passage 
through said third light beam of said second column in 
rising motion to terminate the application of vacuum to 
said tube, and (3) using the output signals from said 
second and first photoelectric cells after passage through 
said second and first light beams of the meniscus of 
said column in descending motion to generate lapsed 
time data signals. 

7. A process for automatically measuring the viscosity 
of a liquid according to claim 6 which comprises further 
the steps of draining said column of said liquid completely 
out of said capillary tube after the meniscus of said col 
umn has passed through said first light beam in descend 
ing motion; thereafter flushing out said tube with solvent 
liquid, and thereafter blowing out said tube with inert gas. 

8. A process for automatically measuring the viscosity 
of a liquid which comprises the steps of (1) positioning 
a container vessel and a body of said liquid therein be 
low the lower end of a transparent capillary tube, and 
elevating said container vessel relative to said tube to 
immerse the lower end of said tube in said body of 
liquid; (2) - drawing up a first column of said liquid into 
said tube by the application of vacuum thereto to carry 
the meniscus of said first column successively through 
first, second, and third light beams directed respectively 
toward first, second, and third photoelectric cells; (3) 
using the output signal from said third photoelectric cell 
after passage through said third light beam of the menis 
cus of said first column in rising motion to terminate the 
application of vacuum to said tube and vent said tube to 
allow said first column to descend therein; (4) using the 
output signal from said first photoelectric cell after the 
passage through said first light beam of the meniscus of 
said first column in descending motion to terminate the 
venting of said tube and reapply vacuum thereto to draw 
up a second column of said liquid thereinto to carry the 
meniscus of said second column through said third light 
beam; (5) using the output signal from said third photo 
electric cell after passage through said third light beam 
of said second column in rising motion to terminate the 
application of vacuum to said tube, lower said container 
vessel to bring the surface of that portion of said body 
of liquid still remaining therein below the lower end of 
said tube, and vent said tube to allow said second col 
umn to descend therein, and (6) using the output signals 
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from said second and first photoelectric cells after pas 
sage through said second and first light beams of the 
meniscus of said second column in descending motion to 
generate lapsed time data signals. 

9. A process for automatically measuring the viscosity 
of a liquid at at least two temperatures which comprises 
the steps of (1) positioning a container vessel and a body 
of said liquid therein below the lower end of a first trans 
parent capillary tube, and elevating said container vessel 
relative to said first tube to immerse the lower end of said 
first tube in said body of liquid; (2) drawing up a first 
column of said liquid into said first tube by the applica 
tion of vacuum thereto to carry the meniscus of said first 
column successively through first lower and upper light 
beams directed respectively toward first lower and upper 
photoelectric cells; (3) holding said first column by vac 
uum in said first tube for a first determinate period of 
time with the meniscus of said first column above said 
first upper light beam, and during this period maintain 
ing at least part of said first tube at a first predetermined 
temperature, said first determinate period of time being 
sufficiently long for said first column of liquid to assume 
essentially said first predetermined temperature; (4) low 
ering said container vessel to bring the surface of that 
portion of said body of liquid still remaining therein be 
low the lower end of said first tube and positioning said 
container vessel and said remaining liquid body portion 
below the lower end of a second transparent capillary 
tube; (5) venting said first tube to allow said first column 
of liquid therein to descend; (6) using the ouput signals 
from said first upper and lower photoelectric cells after 
passage through said first upper and lower light beams 
of the meniscus of said first column in descending mo 
tion to generate lapsed time data signals; (7) elevating 
said container vessel relative to said second tube to im 
merse the lower end of said second tube in said remain 
ing liquid body portion; (8) drawing up a second column 
of said liquid into said second tube by the application of 
vacuum thereto to carry the meniscus of said second 
column successively through second lower and upper light 
beams directed respectively toward second lower and up 
per photoelectric cells; (9) holding said second column 
by vacuum in said second tube for a second determinate 
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period of time with the meniscus of said second column 
above said second upper light beam, and during this pe 
riod maintaining at least part of said second tube at a 
second predetermined temperature, said second determi 
nate period of time being sufficiently long for said second 
column of liquid to assume essentially said second pre 
determined temperature; (10) lowering said container 
vessel to bring the surface of that portion of said body 
of liquid still remaining therein below the lower end of 
said second tube; (11) venting said second tube to allow 
said second column of liquid therein to descend, and (12) 
using the output signals from said second upper and lower 
photoelectric cells after passage through said first upper 
and lower light beams of the meniscus of said second 
column in descending motion to generate lapsed time 
data signals. 
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