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(57) ABSTRACT 

Electrical current driven through one or the other of tWo 
coils (20 and 22) draWs a ferromagnetic bob (28) along a 
chamber (26) containing a liquid Whose viscosity is to be 

measured. The current that ?oWs through the coil includes 
an AC component, and the resultant magnetic ?eld causes in 
the other coil an AC voltage Whose magnitude depends on 
the bob’s position. Aposition detector (38, 40) monitors the 
electromotive force thus induced and concludes that the 
ferromagnetic bob has reached a predetermined end-of 
travel position When the magnitude of the electromotive 
force has fallen to a predetermined fraction the maximum 
value that it had attained during the stroke, and a coil driver 
(36, 38) sWitches current drive from one coil to the other so 
as to begin driving the bob in the opposite direction. If the 
position detector fails to detect the bob’s reaching the 
end-of-travel position Within a predetermined timeout inter 
val, the coil driver reverses coil drive despite the absence of 
such detection. The predetermined timeout interval’s dura 
tion is ordinarily determined as a function of the bob-stroke 
duration that recent valid end-of-travel detections have 
de?ned. When the ?rst timeout occurs, though, the time 
out-interval duration is the same, relatively short value for 
each of the plurality of strokes in a clean-out period, after 
Which the timeout-interval duration is immediately 
increased to a relatively high value. 
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FAST-RECOVERY VISCOMETER 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] The present invention concerns viscometers. It is 
directed particularly to the type that drives a bob in alter 
nating directions through the liquid to be measured and 
infers the liquid’s viscosity from the duration of a bob 
stroke. 

BACKGROUND INFORMATION 

[0002] US. Pat. No. 4,864,849 to Hubert A. Wright, Which 
is hereby incorporated by reference, describes a type of 
viscometer that is particularly simple mechanically. A bob 
containing ferromagnetic material is disposed in a channel 
that a liquid to be measured can enter. Acoil is so positioned 
that the magnetic ?eld caused When current ?oWs through it 
tends to draW the bob in one direction along the channel. A 
second coil is so positioned as to draW the bob along the 
channel in the opposite direction. Driving ?rst one coil and 
then the other applies an alternating magnetic force to the 
ferromagnetic-material-including bob, and the viscosity of 
the liquid through Which the bob is thus driven can be 
inferred from a speed at Which it travels through the liquid 
in response to these magnetic forces. 

[0003] This use of coils to drive the bob is advantageous 
because the same coils can also be used for the bob-position 
sensing that inferring viscosity from bob speed requires. The 
Wright patent mentioned above describes a convenient 
approach to using the coils for such sensing. A small AC 
signal is superimposed on the DC level used to drive the coil 
that attracts the bob, and the magnetic-?eld component 
resulting from the driven coil’s AC current causes an AC 
voltage in the non-driven coil. The non-driven coil is 
coupled to a ?lter, Which, among other things, increases the 
system’s signal-to-noise ratio. Because the bob includes 
ferromagnetic material, coil inductance varies With bob 
position. In the Wright arrangement, the variation is such 
that the resultant ?lter-output amplitude increases to a maxi 
mum When the position of the bob’s ferromagnetic material 
is approximately symmetrical With respect to the coils, and 
the amplitude decreases thereafter. The Wright arrangement 
concludes that the bob has reached the end of its travel When 
that output’s magnitude falls to some predetermined per 
centage of the maximum that it had attained during the bob 
stroke. The current drive is then sWitched from one coil to 
the other, and the liquid’s viscosity is inferred from the time 
that elapses betWeen end-of-travel detections. 

[0004] The approach that the Wright patent describes is 
quite effective, but it has to include provisions that com 
pensate for the effects of delays that result from the need to 
enhance the system’s signal-to-noise ratio by ?ltering the 
non-driven coil’s output. In a given installation, the viscom 
eter may be intended for use in measuring the viscosity of a 
relatively viscous liquid, but that liquid’s ?oW through a 
conduit that the viscometer monitors may be interrupted 
from time to time by How of very-loW-viscosity liquid. An 
example occurs in printing-industry installations When an 
ink-color change takes place and a loW-viscosity solvent is 
used to ?ush the previous ink color out of the ink lines. The 
bob travel through the loW-viscosity solvent can be too fast 
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that for detector’s ?lter to folloW variations in the non 
driven coil’s output With any precision. As a result, the ?lter 
output does not vary enough to meet the criterion that the 
system employs to recogniZe the bob’s having reached its 
predetermined end-of-travel position. The system Would 
therefore fail to sWitch coil drive in the absence of some 
contrary provision. 

[0005] Systems that have employed the Wright approach 
have therefore included provisions for sWitching coil drive 
if the system fails to detect the end-of-travel position Within 
a timeout period Whose duration exceeds a stroke duration 
corresponding to the highest expected viscosity. But suppose 
that the stroke duration corresponding to the highest viscos 
ity intended to be measured is a full minute. That means that 
system ?ushing With a very-loW-viscosity solvent Would 
cause a delay of at least a minute before the viscosity of a 
subsequent, higher-viscosity liquid can be measured. 

[0006] To reduce this delay, some users have made the 
timeout-interval duration adjustable, setting it to the sum of 
some safety margin and the most-recent valid stroke-dura 
tion measurement. When the unit times out, they gradually 
increase the timeout duration until there is a valid end-of 
stroke detection before the timeout period ends, presumably 
because the next, higher-viscosity ?uid has begun to ?oW. 
When the viscosity of the previous liquid is signi?cantly less 
than the high end of the intended viscosity range, the 
shortened timeout period results in less delay. 

SUMMARY OF THE INVENTION 

[0007] We have developed a Way reducing the delay even 
further. In accordance With our invention, the timeout 
interval duration that prevails after a timeout has occurred is 
kept constant through subsequent cycles until a predeter 
mined time period has elapsed, at least if no valid detection 
occurs in the interim. When that timeout period ends, the 
time-out-interval duration Will typically be increased imme 
diately to a high value. 

[0008] We have recogniZed that such an approach has the 
potential to make the viscometer respond more quickly to in 
response to viscosity transients of the type mentioned above. 
Timeouts usually are the result of the viscometer’s encoun 
tering a solvent or some other loW-viscosity liquid, as Was 
mentioned above, and, in most environments, the approxi 
mate duration of the solvent’s How is knoWn ahead of time. 
The predetermined time period for Which the timeout 
interval duration is kept constant Will usually be chosen to 
approximate the expected time of solvent ?oW, so a valid 
measurement can usually be based on the ?rst stroke after 
the timeout interval is raised again. And, if the constant 
timeout-interval duration is relatively loW, the resultant 
rapid bob reciprocation ?lls the viscometer’s bob chamber 
more rapidly With the next, higher-viscosity liquid that it can 
measure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention description beloW refers to the 
accompanying draWings, of Which: 

[0010] FIG. 1 is a cross-sectional vieW of the mechanical 
part of a viscometer that employs the present invention’s 
teachings; 
[0011] FIG. 2 is a block diagram of the viscometer’s 
electronics; and 
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[0012] FIGS. 3A and 3B together form a ?oW chart 
depicting the manner in Which the viscometer adjusts its 
timeout period. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

[0013] FIG. 1 depicts in cross section the mechanical part 
10 of a viscometer that embodies the present invention’s 
teachings. A generally cylindrical shell 12 forms a ?ange 14 
that mates With a joint ?ange 16 that a pipe 18 forms. The 
liquid Whose viscosity is to be measured ?oWs in the pipe. 

[0014] The shell forms an interior chamber 19 in Which 
tWo coils 20 and 22 are mounted. The coils are coaxial With 
a generally cylindrical bob guide 24 that extends through the 
coils’ central voids and forms a bob chamber 26 in Which a 
bob 28 is slidably disposed. The bob chamber contains 
liquid from the pipe, and the liquid’s viscosity can be 
inferred from the speed at Which a given force causes the 
bob to move through the liquid. 

[0015] Surrounding the coils is a coil housing 30 that is 
generally cylindrical but has disk-shaped ends forming 
openings though Which the bob guide 24 extends. Unlike the 
shell 12, the coil housing 30 is made of ferromagnetic 
material, as is a disk-shaped divider 32 disposed betWeen the 
coils 20 and 22. The bob, too, includes ferromagnetic 
material, so it can be made to reciprocate by driving the tWo 
coils alternately With current from a cable 34. The bob 28 
can be made solely of ferromagnetic material, or it can, say, 
include a non-ferromagnetic, corrosion-resistant envelope 
enclosing ferromagnetic material. 

[0016] Since the bob includes ferromagnetic material, its 
movement changes coil inductance, and bob position can 
therefore be inferred from measurements of inductance 
dependent quantities. Although the illustrated embodiment 
measures the amplitude of the voltage signal that magnetic 
coupling from the driven coil causes in the non-driven coil, 
and although this quantity is a particular function of both 
mutual and self inductance, quantities that are different 
functions of position-dependent coil inductance can be mea 
sured instead. By thus measuring the time that the bob takes 
to move betWeen tWo positions, the viscometer determines 
the viscosity of the liquid in the bob chamber. 

[0017] As the bob 28 reciprocates, it tends to refresh the 
contents of the bob chamber 26. Speci?cally, the bob’s 
movement aWay from the bob chamber entrance tends to 
drive ?uid from the bob chamber into the pipe, and the bob’s 
movement toWard the entrance tends to draW ?uid from the 
pipe into the bob chamber. 

[0018] FIG. 2 depicts circuitry to Which cable 34 of FIG. 
1 connects the viscometer’s mechanical part. A drive circuit 
36 cooperates With a microcomputer 38 to act as a coil driver 
that alternately drives coils 20 and 22. A_ON and B_ON 
signals generated by a microcomputer 38 indicate Which coil 
the drive circuit is to drive. In determining Which coil to 
select, the microcomputer 38 relies on a DETECT signal, 
Which detection circuitry 40 generates to indicate When the 
bob 26 has reached either of tWo predetermined positions in 
its travel. As Will be explained in more detail presently, the 
detection circuitry cooperates With the microcomputer 38 to 
act as a position detector that monitors the AC signals on 
coils 20 and 22 for this purpose. The microcomputer 38 also 
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uses the time betWeen successive DETECT signals in deter 
mining the liquid’s viscosity: it bases the value of a VIS 
COSITY output that it generates on bob 28’s round-trip 
travel time. 

[0019] The drive circuitry 36 includes a clock 42 Whose 
output is a square Wave having a DC level. A loW-pass ?lter 
44 removes the higher-frequency components from the 
square Wave to produce an approximately sinusoidal AC 
component. In the ?lter’s output, this AC component is 
superimposed on a DC level set by a digital-to-analog 
converter 46’s output. The microcomputer 38 uses the 
digital-to-analog converter 46’s input signal, GAIN, to con 
trol that DC component. The DC component provides the 
coils’ main drive current. The current that the AC compo 
nent causes to ?oW in one coil causes an AC voltage Whose 
amplitude is a function of position-dependent inductances. 
The detection circuit 40 monitors that voltage. 

[0020] SWitches 48 and 49 respond to the A_ON and 
B_ON signals by forWarding ?lter 44’s output selectively to 
respective driver circuits 50 and 51, Which respectively drive 
coils 20 and 22. The drivers 50 and 51 are high-output 
impedance circuits: they produce currents Whose magni 
tudes are determined by drive-level signals from the micro 
computer and are not greatly affected by coil-impedance 
changes. The A_ON and B_ON signals are so timed that the 
coils are driven alternately: When coil 20 is being driven, 
coil 22 is not, and vice versa. 

[0021] Taking its state from the value of the A_ON signal, 
the detection circuit 40’s sWitch 52 forWards the non-driven 
coil’s voltage to a band-pass ?lter 54. That ?lter’s output 
amplitude depends on bob position. For one thing, the 
magnetic coupling betWeen the coils depends on that posi 
tion. More important in the illustrated embodiment, that 
?lter’s center frequency depends on the inductance of the 
coil 20 or 22 to Which the sWitch 52 connects it. That in turn 
depends on bob position in such a manner that the center 
frequency equals clock 42’s ?xed fundamental frequency, 
i.e., the excitation frequency, When the bob is in the middle 
of its travel. Filter 54 feeds its output to the remainder of the 
detection circuitry 40. As Was mentioned above, that cir 
cuit’s purpose is to determine When the bob 26 has reached 
a predetermined point in each stroke. 

[0022] For the sake of discussion, We Will assume that the 
viscometer’s mechanical part 10 is oriented vertically, as 
FIG. 1 indicates, although orientation is largely irrelevant. 
When the bob 26 begins its top-to-bottom stroke, most of the 
bob 28’s ferromagnetic material is initially disposed 
betWeen the coil housing 30’s top end and ferromagnetic 
divider 32, With the result that coil 20’s inductance is 
relatively loW. As the bob moves doWn, that coil’s induc 
tance falls, moving the ?lter’s center frequency closer to the 
excitation frequency until the bob’s ferromagnetic material 
is positioned more or less symmetrically With respect to the 
coils. As the ?lter’s center frequency thus approaches the 
excitation frequency, the ?lter output’s amplitude increases. 
After that, further doWnWard travel places most of the bob’s 
ferromagnetic material betWeen the ferromagnetic divider 
32 and the coil housing’s loWer end. The resultant further 
reduction in coil 20’s inductance noW moves the ?lter’s 
center frequency past the excitation frequency, so the ?lter 
output’s amplitude falls beloW the mid-stroke peak. By 
determining When the amplitude has fallen to a predeter 
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mined percentage of its peak value, the detection circuitry 
determines When the bob 26 has reached a predetermined 
position toWard the end of its doWnWard travel. 

[0023] Speci?cally, the ?lter 54 applies its output to a peak 
detector 56. The peak detector retains as its output the 
highest instantaneous voltage that it has received from ?lter 
54 since a transition in the microcomputer’s RESET output 
last reset it, at the beginning of the stroke. From that peak 
voltage, a voltage divider 58 produces an output that is, say, 
90% of the peak detector’s output. A comparator 60 sub 
tracts this 90% -peak signal from the ?lter output and thereby 
produces a square Wave so long as the peaks of the ?lter 
output exceed 90% of their highest previous level during the 
current stroke. That is, the comparator output takes the form 
of a square Wave While the amplitude increases With doWn 
Ward travel, and it continues to be a square Wave until the 
amplitude falls back to 90% of the peak. At that point, the 
square Wave ceases, indicating that the predetermined posi 
tion has been reached. 

[0024] The comparator sends its output to a one-shot 
circuit, a retriggerable monostable multivibrator 62. The 
one-shot’s purpose is to generate a high output so long as the 
square Wave is present: its output must stay high betWeen 
triggerings by the comparator output’s loW-to-high transi 
tions, but it must eventually go loW When the square Wave 
ceases. So the one-shot 62’s characteristic delay is greater 
than the clock period and thus greater than the period of 
comparator 60’s square-Wave output. Preferably, that char 
acteristic delay is actually several clock periods, because this 
makes the detection circuitry relatively immune to noise that 
might suppress one of comparator 60’s output pulses. When 
the bob 26 reaches the predetermined position and the 
comparator 60’s output square Wave therefore ceases, the 
one-shot 62 stops being triggered, and its output, the 
DETECT signal, goes loW after the one-shot’s characteristic 
delay. 

[0025] Normally, the microcomputer 38 treats this high 
to-loW DETECT-signal transition as an end-of-stroke indi 
cation. In response to this indication, it reads and resets a 
stroke-duration counter that it has incremented periodically 
since the last such resetting, it changes the states of sWitches 
48 and 49 to start driving the bob 26 in the opposite 
direction, it operates sWitch 52 to the state in Which the 
detection circuit 40 receives the voltage of the coil from 
Which coil drive has just been removed, and it resets the peak 
detector 56. It then adds the just-read stroke duration to the 
previous stroke’s duration and computes from the result the 
viscosity of the liquid through Which the bob traveled, and 
it generates a VISCOSITY output, Which represents the 
value thereby computed. 

[0026] There are occasions When the microcomputer 
changes sWitch states and thereby begins another stroke 
Without Waiting for the DETECT-signal transition. To under 
stand Why, remember that the ?lter 54 must have a band 
Width narroW enough to provide the required degree of noise 
suppression. This means that it can respond to input changes 
only sloWly. A consequence of its sloWness to respond is 
that, if the bob travels too fast, the ?lter output’s peak Will 
not exceed its other values by enough for the output of 
divider 88 ever to exceed the ?lter output’s instantaneous 
peaks. So comparator 60’s output Will keep on triggering 
monostable multivibrator 62 even after the bob reaches the 
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end of its travel, and the DETECT signal Will not make the 
high-to-loW transition that the microcomputer treats as the 
end-of-travel indication. 

[0027] In the absence of a provision to deal With this, the 
same coil-say, coil 22—Would continue to be driven inde? 
nitely, although a stop 64 (FIG. 1) provided for that purpose 
Would end bob travel. So bob time-out routines have been 
employed to deal With this possibility. If the stroke-duration 
counter reaches a predetermined timeout value, viscosity is 
not computed from it, and the coil drive is sWitched even 
though the circuit has not detected that the bob has reached 
the end of its travel. This prevents the viscometer system 
from “hanging up.” 

[0028] A Way of employing such a time-out routine is to 
make the time-out duration some ?xed value equal to, say, 
20% higher than the highest expected bob-stroke duration. 
According to the present invention, though, that timeout 
duration varies in accordance With previously measured 
stroke durations, as Will noW be explained. 

[0029] FIGS. 3A and 3B (together, “FIG. 3”) form a How 
chart of one of typically several routines that the microcom 
puter 38 enters at the end of a bob stroke. As Was just 
explained, the circuitry of FIG. 2 ordinarily considers a 
stroke to end When detection of the bob’s passing through 
one of the predetermined positions causes the DETECT 
signal to make a high-to-loW transition. Block 66 represents 
the occurrence of this transition or the end of the timeout 
interval, and such an event is the trigger for the microcom 
puter 38 to perform the remainder of FIG. 3’s operations, 
typically after it performs some other similarly triggered 
tasks. 

[0030] As Will presently be explained in more detail, the 
timeout interval’s duration is variable in accordance With the 
present invention, but systems that employ the present 
invention’s teachings may additionally provide a mode in 
Which the timeout duration does not vary, and block 68 
represents determining Whether the system is in the mode in 
Which its timeout duration is indeed variable. If not, the 
system simply skips the remainder of FIG. 3’s operations, as 
block 70 indicates. 

[0031] Also, most such systems Will provide a calibration 
mode, in Which the present invention’s teachings Would not 
be employed, either. Block 72 represents therefore deter 
mining Whether the system is in that mode. If not, the system 
employs the present invention’s teachings of making the 
timeout interval’s duration depend on recent stroke-interval 
durations. Although embodiments of the present invention 
may employ any one of a Wide variety of relationships 
betWeen recent stroke-interval durations and timeout dura 
tion, the illustrated embodiment employs a timeout duration 
that simply equals the sum of the just-measured stroke 
duration and a safety margin, but only if the resultant 
timeout duration is Within predetermined limits and only of 
the reliability of the most-recent stroke-interval duration’s 
measurement is indicated by the fact the end-of-travel 
detections occurred before the end of the timeout interval for 
both of the previous tWo bob strokes. 

[0032] Block 74 represents imposing the latter condition: 
it is only if the condition is met that the routine performs 
block 76’s step of making the timeout duration equal to the 
last measured stroke duration plus some safety margin. 
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Blocks 78, 80, 82, and 84 represent keeping the timeout 
duration Within predetermined limits. 

[0033] If a valid end-of-travel detection did indeed occur, 
then the determination made in the step represented by block 
86 is negative: the timeout interval did not expire Without a 
valid detection. In that case, the timeout interval has been set 
appropriately, and the microcomputer ends its performance 
of the FIG. 3 routine, as block 70 indicates. If that routine 
Was instead entered as a result of the timeout interval’s 
having ended before a valid end-of-travel detection, on the 
other hand, the illustrated embodiment begins a clean-out 
operation, Which Will continue for several strokes. 

[0034] To understand Why the illustrated embodiment 
performs the clean-out operation, it helps ?rst to consider the 
likely reasons Why the timeout interval has elapsed. One 
possible reason is that the liquid being measured is so 
viscous that the stroke duration exceeded the timeout 
interval maximum imposed in FIG. 3’s block 84. In most 
instances, though, that maximum is set to a value greater 
then any viscosity likely to be encountered in the viscom 
eter’s environment, so this is not the normal reason Why the 
timeout interval Will have elapsed. 

[0035] More typically, the timeout interval has elapsed 
because the viscosity has fallen beloW the normal measure 
ment range. Such a situation may arise in printing environ 
ments, for example. The liquid Whose viscosity is to be 
measured may be a relatively viscous ink, but the lines 
carrying the ink may be ?ushed out from time to time With 
a solvent Whose viscosity is Well beloW the expected mea 
surement range. When the lines thus contain solvent, the bob 
moves too fast for the detection circuitry, and a valid 
end-of-travel detection does not occur. When this happens, 
it is desirable for the bob to reciprocate rapidly for some 
time. The rapid reciprocation enables the solvent to remove 
ink of the previous color from the bob chamber quickly. 
Then, When the neW ink begins to ?oW, it rapidly draWs ink 
of the neW color into that chamber. 

[0036] In the absence of the present invention’s timeout 
duration adjustment, though, the time that Would elapse 
before the system reacts to the solvent ?oW by timing out 
Would be relatively long; it Would exceed the length of time 
that a valid stroke Would take for a liquid Whose viscosity is 
at the high end of the range. In contrast, the present 
invention enables the system to respond more quickly When 
ever the previous liquid’s viscosity Was not at the high end 
of the range. 

[0037] It responds by entering a period of rapid recipro 
cation. To this end, the routine of FIG. 3 includes a step, 
represented by block 88, of starting a clean-out timer, Which 
is intended to count up to a value representing the intended 
duration of a clean-out period, during Which the bob recip 
rocates rapidly to refresh the bob-chamber contents. That 
clean-out duration Will depend on the particular environment 
in Which the viscometer is employed. In the case of the 
multi-color-ink environment just mentioned, the duration 
may approximately equal the expected length of time 
required for solvent to ?ush the lines and for How of a 
neW-color ink to begin. Such an interval Will span many bob 
reciprocations, so the result of the block-90 test Will be 
negative during an execution of the FIG. 3 routine in Which 
the block-88 operation initialiZes the clean-out timer. As 
block-92 indicates, therefore, the timeout duration that Will 
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be employed for the next stroke is a relatively short, 
cleanout-stroke duration. As block 70 indicates, the FIG. 3 
routine returns each time after thus setting the timeout 
duration to the clean-out stroke duration, and the system 
aWaits the end of the next stroke. 

[0038] The clean-out-stroke duration is so short that the 
stroke timer next times out before any valid detection can 
occur. The routine Will therefore be entered the next time as 
a result of a timeout rather than as a result of a valid 

end-of-stroke detection. So there Will again be a positive 
result When the routine reaches the step that block 86 
represents. The block-88 and block-92 steps of incrementing 
the clean-out timer and setting the is timeout duration to the 
short, clean-out-stroke duration Will be repeated, so a tim 
eout rather than a valid end-of-stroke detection Will again be 
What causes the routine to be entered the next time. 

[0039] The timeout-interval duration used in the illus 
trated embodiment during the clean-out period is a preset 
value that is independent of events that occur during vis 
cometer operation. But some embodiments may instead give 
it a value that depends on the duration of one or more 

previous, valid strokes. Once the clean-out period starts, 
though, that duration remains the same, constant clean-out 
stroke duration. 

[0040] After a number of clean-out-period strokes, block 
88’s incrementing the clean-out timer causes it to reach the 
intended clean-out duration. When that happens, the block 
90 test yields a positive result, and the timeout duration, 
Which had been the short, clean-out-stroke duration, is 
immediately set to the stroke duration corresponding to the 
high end of the viscosity scale. What that duration is Will 
vary from installation to installation, but it Will be relatively 
long, equal to at least six times the clean-out-stroke duration, 
and typically considerably longer. In one system in Which 
We have employed a clean-out-stroke duration of tWo sec 
onds, for example, the timeout duration is immediately 
increased to thirty-tWo seconds at the end of the clean-out 
time. 

[0041] NoW, the clean-out time Will have been so set as 
normally to extend through the solvent-?ush interval and 
into the beginning of the neW ink’s ?oW. And the rapid 
reciprocation that resulted from the short timeout duration 
Will rapidly have ?lled the bob chamber With the neW ink. 
The ?uid in the bob chamber Will therefore cause the bob to 
travel sloWly enough to permit a valid end-of-stroke detec 
tion. So such a detection is What Will cause the routine to be 
entered the next time, and the viscometer Will be able to 
make a valid measurement of the neW ink’s viscosity. 

[0042] In short, the rapid reciprocation that in accordance 
With the present invention occurs during the clean-out 
interval enables the viscometer to respond rapidly to the ink 
change, and the change in timeout duration from the short, 
clean-out-stroke duration to the maximum stroke duration 
enables that ?rst stroke after the clean-out interval ordinarily 
to be used in making a valid viscosity measurement. So the 
present invention enables the viscometer to respond more 
quickly than conventional arrangements and therefore con 
stitutes a signi?cant advance in the art. 
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What is claimed is: 
1. A viscometer system including: 

A) a bob; 

B) bob guide that guides the bob along a bob path in 
Which a ?uid Whose viscosity is to be measured can be 
disposed; 

C) ?rst and second coils so positioned With respect to the 
path that current ?owing through them produces 
respective magnetic ?elds that tend to drive the bob 
along the bob path in respective opposite directions; 

D) a position detector responsive to the coils’ inductance 
to produce a detector signal that indicates When the bob 
has reached end-of-travel positions if the bob speed 
does not exceed a bob-speed maximum; 

E) a coil driver that: 

i) alternately drives the ?rst and second coils in respec 
tive drive strokes and is responsive to the position 
detector to sWitch betWeen the ?rst and second coils 
upon the earlier of: 

a) the time at Which the detector signal indicates 
When the bob has reached one of the end-of-travel 
positions; and 

b) the end of a predetermined timeout interval; 

ii) sets the duration of the predetermined timeout 
interval employed during a drive stroke to a value 
that it determines as a function of the duration of at 
least one previous drive stroke; and 

iii) responds to a stroke’s ?rst lasting to the end of a 
timeout interval by keeping the duration of the 
timeout interval at a ?xed, cleanout-stroke value for 
a clean-out period comprising a plurality of strokes 
at least if the detector signal does not in the interim 
indicate that the bob has reached one of the end-of 
travel positions; and 

F) an output generator responsive to the drive strokes’ 
durations to generate a viscosity output representative 
of the viscosity that the strokes’ durations indicate. 

2. A viscometer as de?ned in claim 1 Wherein the coil 
driver further sets the duration of the predetermined timeout 
interval for the ?rst stroke after the clean-out period to a 
value at least six times the clean-out-stroke value. 

3. Aviscometer as de?ned in claim 2 Wherein the value to 
Which the coil driver sets the duration of the predetermined 
timeout interval in at least some instances is the sum of the 
last stroke duration and a safety-margin value. 

4. Aviscometer as de?ned in claim 2 Wherein the value to 
Which the coil driver sets the duration of the predetermined 
timeout interval is the sum of the last stroke duration and a 
safety-margin value only if that sum falls Within predeter 
mined timeout-value limits. 

5. Aviscometer as de?ned in claim 2 Wherein the value to 
Which the coil driver sets the duration of the predetermined 
timeout interval is the sum of the last stroke duration and a 
safety-margin value only if the detector signal indicated that 
the bob had reached one of the end-of-travel positions 
during the previous stroke before the end of the timeout 
period. 

6. Aviscometer as de?ned in claim 5 Wherein the value to 
Which the coil driver sets the duration of the predetermined 
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timeout interval is the sum of the last stroke duration and a 
safety-margin value only if the detector signal indicated that 
the bob had reached one of the end-of-travel positions, 
during the stroke before the previous one, before the end of 
the timeout period. 

7. Aviscometer as de?ned in claim 5 Wherein the value to 
Which the coil driver sets the duration of the predetermined 
timeout interval is the sum of the last stroke duration and a 
safety-margin value only if that sum falls Within predeter 
mined timeout-value limits. 

8. A viscometer as de?ned in claim 2 Wherein ?xed, 
clean-out-stroke value is independent of previous stroke 
durations. 

9. A method of measuring viscosity that includes: 

A) providing a bob guide that includes: 

i) a bob; 

ii) bob guide that guides the bob along a bob path in 
Which a ?uid Whose viscosity is to be measured can 
be disposed; 

iii) ?rst and second coils so positioned With respect to 
the path that current ?oWing through them produces 
respective magnetic ?elds that tend to drive the bob 
along the bob path in respective opposite directions; 
and 

iv) a position detector responsive to the coils’ induc 
tance to produce a detector signal that indicates When 
the bob has reached end-of-travel positions if the bob 
speed does not exceed a bob-speed maximum; 

B) alternately driving the ?rst and second coils in respec 
tive drive strokes and is responsive to the position 
detector to sWitch betWeen the ?rst and second coils 
upon the earlier of: 

i) the time at Which the detector signal indicates When 
the bob has reached one of the end-of-travel posi 
tions; and 

ii) the end of a predetermined timeout interval; 

C) setting the duration of the predetermined timeout 
interval employed during a drive stroke to a value that 
it determined as a function of the duration of at least 
one previous drive stroke; 

D) responding to a stroke’s ?rst lasting to the end of a 
timeout interval by keeping the duration of the timeout 
interval at a ?xed, clean-out-stroke value for a clean 
out period comprising a plurality of strokes at least if 
the detector signal does not in the interim indicate that 
the bob has reached one of the end-of-travel positions; 
and 

E) in response to the drive strokes’ durations, generating 
a viscosity output representative of the viscosity that 
the strokes’ durations indicate. 

10. A method as de?ned in claim 9 further comprising 
setting the duration of the predetermined timeout interval for 
the ?rst stroke after the clean-out period to a value at least 
six times the clean-out-stroke value. 

11. A method as de?ned in claim 9 Wherein the value to 
Which the duration of the predetermined timeout interval is 
set in at least some instances is the sum of the last stroke 
duration and a safety-margin value. 
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12. A method as de?ned in claim 9 Wherein the value to 
Which the duration of the predetermined timeout interval is 
set is the sum of the last stroke duration and a safety-margin 
value only if that sum falls Within predetermined timeout 
value limits. 

13. A method as de?ned in claim 9 Wherein the value to 
Which the duration of the predetermined timeout interval is 
set is the sum of the last stroke duration and a safety-margin 
value only if the detector signal indicated that the bob had 
reached one of the end-of-travel positions during the previ 
ous stroke before the end of the timeout period. 

14. A method as de?ned in claim 13 Wherein the value to 
Which the duration of the predetermined timeout interval is 
set is the sum of the last stroke duration and a safety-margin 
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value only if the detector signal indicated that the bob had 
reached one of the end-of-travel positions, during the stroke 
before the previous one, before the end of the time-out 
period. 

15. A method as de?ned in claim 13 Wherein the value to 
Which the duration of the predetermined timeout interval is 
set is the sum of the last stroke duration and a safety-margin 
value only if that sum falls Within predetermined timeout 
value limits. 

16. A method as de?ned in claim 10 Wherein ?xed, 
clean-out-stroke value is independent of previous stroke 
durations. 


