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ABSTRACT

» The combination of our "Lobetrol" (én assembly of relays, switches,
etc.) with a commercial recorder (such a.s_Leé‘d's and Northrup Type G v
Speed-O-Max) constitutes‘ a self-balancing, indicating and recording po- =
- téentiometer whose range is a rﬁultipl_e of the range of the comfn‘ercial re-
‘corder. The resolution of thé combination is equal to the resolution of the

recorder.



' UCRL 2049 ReV
Unclas Slfled Instrumentation D1str1but1on .
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BASIC EXPANSION CIRCUIT

Consider the simple scale expansion circuit in Fig. 1. ‘. Heree, =
ey +'ev, ey is the '"bucking potential' and e, is the potential at the voltmeter:
terminals, If ey = nV (where n'is any integer from zero ton inclusive), and
if the voltmeter scale covers the range from zero to V any ein between zero
v and (n +1) V can be measured, S _

The circuit we use is shown in Fig. 2, in wh1ch e = ey £ e'"r'.‘ "Whe"'n -
ey = 2nV (n as above) and the voltmeter scale covers the range from zero to
V, any e between -V and (Zn +1) V can be measured This cn'cuit diff.ers
from the one ‘shown in Fig 1 in that: (1) for'a given number of steps, twice
the range is covered, and, more 1mportant, (2) ‘with a slow voltmeter (such
as a self-balancing potentiometer) the mdication of € is mterrupted only
while the switches are moving from one position to another. (In the system-
of Fig. 1, the indication is interrupted while the voltmeter indicator moves |
frpm V to zero or from zero to V, when ey is stepped. ). " .

The following is an example of the’ operation of our expansmn system

(Fig. 2).
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Increase e, from zero to2.5V.
Seg_ggncg' €in Sf‘ll-::_. v' ""Rel?.tiér; "

RN

. o v

e =0+e  0le V.

2 0<ei~n <V. +
+

o o o I‘Im "

W
<

'eh.'=,0-‘|—e‘: ' £

Reverse S-1, Step increase S-2 to 2V,

v 2V .. - e, =2V -e Ly
_ : _ T G v
Ve, <72V 2V ! e,

2V -e, ‘V>e'v>0

NN ;o

2V . 2v - e

ZYV-eY 0

@

" Reverse S-l.

2v o 2v T ¢ e =2Va4e. 0 -,
in v _

0

S100 2V<e, T3V 2V . 4+ e =2Vide, 0le LV

' 11 Z. SV . ZV - t) + . N i e.- = ZV + e ! .ot s .‘ ’ ® 5V‘
Now feduce"eh‘l'to zero. : ‘ '
13 . 2v .. 2V .+ . e _=2Vi4e 0
14 . Reverse S=1, - KR o e :
. 15 2V 2V i e . e, =2V ,e s . 0
2 in ¢ © v, »

in

16 2V>em>V »z‘y“ e ey =2V -e _A"Q<ev§v‘“ |

7w v 2v - e._=2V-e. .V
. . mn \'4

18 ~  Reverse S-1, Step decrease S-2 to zero,

.1.9 v - 0 ' + em=0+ev - v

20 V>em>0 0 A 4 ) Lo E ,0;_+1e,v o V>ev>0 -
21 0 0 - + e. =0+e SR

The above sequence can be generalized as follows:
- (a) When the voltmeter reaches its lower limit, reverse its polarity.

(b) If e is increasing and the voltmeter reaches its upper limit,

reverse its pqlar'i_ty and increase ey one step,
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(c) If e; is decreasing and the voltmeter reaches its upper limit, vrevérse
its polarlty and decrease e, one step.
. In Fig. 3, a curve (a) is repeated on narrow charts (b, c) The system
of Fig. 1 results in a series of offset segments of the or1g1na1 curve ((Flg 3b).

The Fig. 2 method folds the curve between the lines e, = 0 and e, = = V (Fig. 3c).
AUTOMATIC SCALE EXPANSION

The circuit of Fig. 1 lends itself ‘readily to automatic 'seaI.e expansion.
If the voltmeter is equipped with switches which operate at zero and at V, op-
eration of the "'V switch indieates that e is in_'cr-easing (de/dt 1s positive) and
.calls fo; €b, =epy t+ _V‘((S-Z steps up). Operation of the '""Zero'" switch (indicat-
ing de/dt is negative) calls for €by = €by - V (S:2 steps down). This method is
being used successfully with a slowly varying input. A one hundred times scale
expansion, recording resistance thermometer has been described by D. C. Stulll°
~A. J. Williams of Leeds-Northrup Company has descr1bed a preliminary com-
“mercial model of the Stull 1nstrument2 '
. Figure 4 is a generalized schematic representation of a device whikh
/ operated S-1and S-2 of Figure 2 automatically. We call this automatic device
a Lebetrol The Lobetrol senses and responds to the cond1t1ons a, b, and ¢ hsted _
under Basic Scale Expansion Circuit. Condition "a'" is met by reversing the po-
sition of S-1 each time the '"Zero' switch is operated :(at e, = 0). When the v"-V"" |
switch is operated {at e, = V +) the Lobetrol must decide whether condition.''b'""
or condition ''c'" applies, and act accordingly. If S-1 is in normal (plus) position
and the voltmeter pointer is moving toward "V" an.increasing e (input vel_ta;ge)

is indicated. Therefore, if S-1is plus when the V switch
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vﬁwe;éz_*

(c) If €. is decreasing and the voltmeter reaches its upper limit,

rse its polarity and decrease eb one step.

In Fig. 3, a curve (a) is repeated on naprow charts (b, c).. The
s:ystern'of F1g lr
(Fig. 3b). The Fig
e, =V (Fig. 3c).

sults in a senies of offset segmgnts of the original curve

2 method folds the curve betyeen the lines e = 0 and

end at V, operation of the "W" s > in is increasing (de/dt
; . Operation of the "Zero"
switch (indicating de/dt is netwe) cal 4,; for eb4 = €p3 - 'V (S-2 steps down)
This method is being used succssfullywuh a slowly varying input.” A one .

hundred times scale expansion, 1ng resistance thermometer has been

described by D. C. Stulll. A.J
model of the Stull instrument‘z.

described a preliminary commexciil
'€7dt is indicated by thHerinitial

: - In the Mﬁ:g . e TP i .
..positions'of S-1 and S-2 and the g ‘ of operating the "Zero“ and "V"

switches. A continuing sequenc -35. V,\Zero, V, Zero, V, Zero, etc., indi-

iams of Leeds-Northrup Company has-

34
£

cates constant sign of de/dt. w eithbr switch is‘_ operated twice without

the operation of the alternate s posed, a ‘cha;nge in the'sign of de/ﬁdt
is indicated. Also, each additig i ‘
conditions corresponds to anzé litional cha ge of sign of de/dt.

Figure 4 is a generalized schemiatic representation of the subject
of this discussion. We call the alitomatic de Yice which operates S-1 and S-2 |
of Fig. 2 a "Lobetrol" (from "1ob§e" and "contol" - it's not much of a bram
just a small lobe - a few ha its, § one item ory, a dull consc1ence)

The Lobetrol sensés t%:e responds to\ the cond1t1ons a, b, and ¢
‘ 11sted under Basic Scale Expansio Circuit Coition "a" is met by revers-
ing the position of S-1 each time the " Zero" sw1tch‘1s operated (at e, =0).
When the "V switch is operated (at e, t V+) the Ldpetrol must dec1de whether
condition (b) or condition (c) app11es, and act accord\mgly If S-1is in normal
(plus) position and the voltmeter pointer is moving toward "V'" an increasing

(1nput voltage) is indicated. Therefore, if S-1is plus when the V switch
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is closed S-1 is reversed and .S—Z is stepped up. If S-1 is minus and the volt-
meter pointervis moving toward V a decreasing e is indicated. Thus if -1
is minus when the V switch is closed S-1 is reversed and . S-2 is stepped ii_'o_\z_t_l_
A relay controlled by the position of S-1 chooses either the step-
up or the step-down mechanism and the operation of this relay is delayed td

prevent a change in choice while S-2 is stepping.

THE SELF.—BALANCING RECORDING POTENTIOMETER

The voltmeter we use ln the scale expansion system is a self-
balancing, recording. potentiometer (commonly called a recorder). Recorders
are being mass—pro‘dﬁced by several nianufacturers:and are built with a
variety’ of characteristics. Specifications of the instruments we use with-

this scale expanding accessory include:

Range: -1 through zero to + 11 millivolts.
~Accuracy: better than 0.25 percent.
Chart width ... ,approximately 10 inches.

Maximum pen speed:, 10 inches per second. o »
. The elements of a recorder are d1sp1ayed schemat1cally in Fig. 5.

The amplifier (in the position of the galvanometer in the usual potentiometer
circuit) senses the direction. of unbala_.nce and drives the motor in the 'direction
to correct the unbalance. The chart is driven by a choice of:

1. Synchronous motor ‘ -

2. Synchro | N : o _ _

3. Balancing motor (such as drives the pen).

. Leeds and Northrup Company refers to the direction of mot1on of
 the pens in their Speed-O-Max recorders as the ;'"X” cl1rect1on_, .thu_s the chart
moves in the "y" direction. With a synchronous motor drive, y = kt. The
pen position is proportional to the input voltage, x = klex" Thus ex(t) (input
voltage as a function of time) is plotted.

When the chart is driven by a synchro the position of the. chart
' equals k ,0, where 6 is the angular position of the transmitting synchro. A
rack and pinion can be used to convert "s" (d;svtance) into angle "6" so that
e (9) or e (s) may be plotted. _ , . ’

When the chart is coupled to a self balancmg potentwmeter similar

to the system driving the pen, y = k?}eY and ex(ey) is plotted. We use thls
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combination to draw magne’tiiatio‘ﬁp:éuf{/‘es automatically. A motor drives,

a potentlometer in the magnet current regulator circuit to increase the cur-
rent unlformly, a 200’ millivolt shunt in series with the magnet w1nd1ng is the
source of e, while e, is the voltage drop in a blsmuth re51stor ‘whose resist-
ance is a function of magnet1c f1e1d A curve equ1va1ent to'a 48 inch by 48 1nch

"'graph can eas11y be folded within an 8 1nch square when' both e and ey are

expanded with Lobetrols ‘See F1g 6.




i -9 I UCRL-2049 Rev

' REFERENCES

1. ‘ D R. Stull, An Autometic R:ecorder for Resistapce_ _'I‘he.l_',momet_r,y,t,
RSI Vol. 16, No. 11, pp 318-321, Nov. 1945. ) _
S 2. A, J Williams, Jr. Electromc Recorder Wlth Range and Precision

Adequate for the Platmum Resistance. Thermometer Cornmumcat1on
and Electronlcs (AIEE), No. 2, p 289, Sept 1952 (1nc1udes a biblio-

graphy). . :
3. UCRL Drawing 3V8665, 'Ma'gnetic Measdrements Lobetrol Schematic.

' I'ﬁ'for_m'ation Division
1-21-54 bl



10- UCRL-2049 Rev

€in

[ | I
|

) VOLTMETER
+ RANGE: O to K
ev V.

.9K>V

AAAA
YWWA-

AAAA,
W\

A
VW

FIGURE 1

SIMPLE SCALE EXPANSION (ZERO SUPPRESSION) CIRCUIT. .

t

+
+
1 4 )
3 . {
. { i VOLTMETER
" €in 7 I RANGE:0 toK
R 3 v I K>V
3 |
= i .
2 2v s-2 |
) : 3 I
§ Yo i
T < T ) !
Pr o [
- $-1
FIGURE 2

"UP AND DOWN"

SCALE EXPANSION CIRCUIT.

MU-4817



¥

e -11- o - UCRL-2049 Rev

3VAq

"UP AND DOWN" OR "FOLDED" 3(c)
FIGURE 3 .
HOW NARROW CHARTS DISPLAY HIGH RESOLUTION DATA.
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ZERO P
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SWITCH .
o o o\c
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"REVERSE §-I .
" FROM S~-I
DELAY

STEP INCREASE €

a o ~- oo

——-O. .
: : : o ' v
STEP DECREASE €p : o SWITCH

Fig 4--- Schematic - Represenfdhon of Lobetrol’s -
System for Automotlc Range Extension

MU-7856



-12- | ~ UCRL-2049 Rev

|

REVERSE S-1
D e )

SCHEMATIC REF ESENTATION OF LOBETRLS SYSTEM
FOR UTOMA'IFIG RANGE EXTENg
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POTENTIOMETERS.
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. FIGURE 6
COMPARISON OF. CONVENTIONAL AND FOLDED PLOTS
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MU-4821

UCRL-2049 Rev





