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1. DESCRIPTION

1.1 General

The Vernistat Adjustable Function Generator is composed of two separate,
but integral units: (1) a Function Adjusting Assembly, and (2) an Interpo-
lating Vernistat Potentiometer. A funcltion is set up simply by manually
adjusting the positions of sliders on the Function Adjusting Assembly panel.
The panel is marked off in rectangular coordinates, with percent output as
the ordinate and shaflt position as the abscissa. The sliders provide a
visual plot of the function that is set into the function generator. By
rotation of the shaft of the interpolating vernistat with an excitation
voltage applied, the output voltage curve conforms to a series of straight-
line interpolations between voltages set up by the slider., Clockwise rota-
tion scans the function from left to right, i.e., from slider 1 to slider 3k.

1.2 Construction

1.2.1 Vernistat Function Adjusting Assembly

The Function Adjusting Assembly is approximately 1 x 7 x 8 in. and
contains: (1) a 101-tap voltage divider; (2) a 34-pole, 10l-position
printed-circuit switch; and (3) a function adjusting panel,

The voltage divider has a total of 101 equally spzced taps. These taps
divide the input voltage into 100 equal-voltage increments.

The 34-pole, 101l-position switch is a rectangular coordinate array. A
printed-~circuit grid consists of 101 parallel lines connected sequentially
to the voltage-divider taps. Each of the 34 sliding conbacts can be moved
independently across the grid lines so that each slider way contact any of
the 101 voltage divider taps. 'The voltage divider taps are spaced at 1%
increments, and therefore any voltage may be selected to within +0.5%.

A panel, marked off in rectangular coordinates, mounts directly over
the printed circuit switch so that the 34 sliders protrude through slots in
the panel and way be manually adjusted. The Y-axis is proportional to volt-
age, and the X-axls 1is proportional to the position of the Interpolating
Vernistat shaft. The X-axis represents a range of approximately 11 shaft
turns.

1.2.2 Interpolating Vernistat Potentiometer

The Interpolating Vernistat consists of: (1) a series of commutator
bars which correspond to the sliders of the Function Adjusting Assenbly;
(2) a switching mechanigm; and (3) a 360° toroidal resistance element,
precisely tapped at 120 intervals. Connection of the Function Adjusting
Assembly to the commutator bars of the Interpolating Vernistat is made



through a multiconductor cable. This cable is an inbtegral part of the
Interpolating Vernistat and plugs into the Punction Adjusting Assembly.
This is the only connection made Lo the Function Adjusting Assembly.

Rotation of the shaft of the Interpolating Vernistat switches the
taps of the interpolating resistance element, one at a time along the com-
mutator, and simultaneously controls the potentiometer output wiper. There
are approximately three interpolations per shaft turn of the Interpolating
Vernistat.

1.3 Application

The Vernistat Adjustable Function Generabor provides a convenient
means of generating mathematical and empirical nonlinear functions.

The function generator is used in the Wide-Range Counting Instrument to
modify a linear position signal so that it is equal to the logarithm of the
neutron attenuation.

1.4 Specificationsg

1.4.1 Vernistat Function Adjusting Assembly

1. Adjustable points on rotation axis: 3h,

2, Resolution of slides adjustment: 1%.

3. Maximum input voltage: 50 v.

4. Ambient temperature range: 0 to 55 C.

1.4.2 Interpolating Vernistat Potentiometers

These are size 18, 1ll-turn continuous rotation units.

1. Linearity: +0,02%.

2. Meximum output impedance: 540 ohms.
3., Minimum output-voltage increment: 0.01%.

4, Ambient temperature range: 0 to 55 °C.

1.5 Applicable Drawings

The following is the drawing number (ORNL Tnstrument and Controls
Division number) and subtitle for the Vernistat Adjustable Function Gen-
erator:

1. Q-2616-1 Circuit.
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2. THEORY O OPERATTION

Figure 1 shows the electrical relation of the Vernistat Interpolator
commutator bars, interpolating resistance element, and output wiper. By
synchronization of the switching of the interpolating resistance element
taps along the commutator bars with the wovement of the potentiometer
wiper arm, the voltage outpul consists of a series of linear interpolations
of the voltages between adjacent commutator bars. The intﬂrpolating resis-
tance element, used repetitively for oach shaft turn, is a 360° toroidal
potentiometer precisely tapped at 120° intervals.

Switching of the rb51stan e element taps from one commutator bar to the
next only requires about 30 of qhaft rotation, while a complete interpo-
latlon requires approximately 120° Therefore, the switching process of
the interpclating resistance element is a noncritical operation. No dis~
continuities of output occur, since in each instance as the output wiper
approacies a new commutator bar, the nexlt inbterpolating resistance element
section is already in position. Switching of trhe Taps of the interpolating
resistance element along the commutator bars is accowplished with a plane-
tary gear reduction, as described in The paragraphs below.

The output wiper is 50 synchronized with the switching operation that
1t is always on an energized section of the resistance element. This re-
sults in continuous, smooth interpolation throughout the output voltage
range.

The heart of the switching mechanism is a planetary gear reduction,

which consists of three elements; an internal tooth gear having as many
L 2eth as there-are commubtator bars; a planetaiy gear with one tooth less,
and an eccentric on the shaft which keeps the two gears in mesh. These
gears are shown schematically by the eccenbric cirveles in Fig. 1. Because
of the one-tooth difference, one shaft rotation results in a counter-
rotation of the planctary gear, which 1s egquivalent to the angular spacing
between commutator bars

The resistance elewment is mounted on the planstary gear and rotates
with it at a reduced specd. Tae commwtator wipers, which are connected to
the resistance element taps, are also mounted on the planetary gear. The
cutput wiper is attached to the vernistat shaft. Because the r°°istanc
element rotaues the output wiper moves from one tap to the next in les
than 120° of the shaft rotation.

The 34 sliders of the Function Adjusting Assembly are equal in number
to the commutator bars in the Interpolating Vernisbtat. Eleven shaft tuins
(39607 ) are required to generaue an entire 3k-.chord function. PEach chord
represente 116,47 (3960°/3L) of shaft rotation.

Sliders 34 and 1 are adjacent electrically; therefore, a repetitive
function may be generated by continuous rotation of the Iinput shaft.



The output wiper has Jusb passed commitator bar 2 and is interpolating

between bars 2 and 3. Resistance clement tap A is Just about to disengage
from commutator bar 1.

As the output wiper moves in a clockwise direction, the ocutput voltage
changes linearly from the voltege on commutator bar 2 to that on commuta-

tor bar 3. Resistance element tap A has disengaged from commutator bar 1
and is switching to commutator bar 4.

The output wiper is approaching commutator bar 3. Resistance element tap
A has completed switching and is in contact with commutator bar 4. Con-

tinued clockwise rotation of the.output wiper will result in smooth inter-
polation past commutator bar 3.

Fig. 1. Eleectrical Relation of Vernistat Interpolator Commutator
Bars, Interpolating Resistance Element, and Output Wiper.



3. OPERATING INSTRUCTIONS

3.1 Tnstallation

In most cases, the input voltage is applied between the CW and CCW
terminals of the interpolating potentiomebter. The cutput may be taken
between the OUT terminal and either the CW or CCW terminal. The standard
cable length of the Interpolating Vernistat is 3 feet. For installation
in the Wide-Range Counting mnstrument, the unit is modified as shown on
drawing ORNL Q-2026-6A Rl, Instrument Departwent. The circuit diagram is
shown in Fig. 2.

3.2 Operating Controls

A function is set up on the Adjustable Function Generator by manually
moving the sliders to indicate the desired voltages. Fach slider 1s pro-
vided with a detent mechanism which insures proper contact at the desired
setting. An ordinary ball-point pen is a convenient tool for adjusting
the sliders.

The function of voltages vs shaft position is obtained by rotating
the shaft of the Interpolating Vernistat. Clockwise rotation scans the
function from left to right, i.e., from slider 1 to slider 34.

Adjustment of the sliders of the PFunction Adjusting Assembly may be
made during shaft rotation with the voltage divider excited. This allows
adjustment of the generated function while monitoring the output.

3.3 Connections

For a standard uait, input and output voltages are connected at the
interpolating potentiometer. The two unilts are interconnected with a
multiconductor cable whose standard length is 3 feet. The cable has =a
mating connecting (Winchester MRE-L25.JTCHH) to the receptacle (Winchester
H2P-J6) in the Function Adjusting Assenbly.

For application to the Wide-Range Counting Instrument, the connections
are shown on drawing Q-2626-6A Rl.

b, MATINTENANCE INSTRUCTIONS

This unit is designed to operate with no periodic maintenance and no
adjustments, except for programming which is not a maintenance procedure.
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