
March 5, 1940. B. A. WALLACE 2,192,421 
REMOTE READING REGISTER 

Filed Nov. 25, 1935 3. Sheets-Sheet l 

6 (2 

-QH ;Cr 
G, G IIIEEI. WO 

As \ X1 A. 

irst tar: 
EETF. Inlallac E. 

fill as 72 
Fiti. It lEl. 

  

  

  



March 5, 1940. B. A. WALLACE 2,192,421 
REMOTE READING REGISTER 

Filed Nov. 25, 1935 3. Sheets-Sheet 2 

is trai: 2. 
Z727. PEli. Inlalla DE 

El -e-- 
Fiirirt at . 
--- 

  



March 5, 1940. B. A. WALLACE 2,192,421 
REMOTE READING REGISTER 

Filed Nov. 25, 1935 3. Sheets-Sheet 3 

Atas 7aa /26/s 7ae 

ad w It retir 
Mazatasar Fert F. Inlallace 

s-s-s-2%42, a3, . . 
Filot Ely. 

  



5 

0. 

15 

20 

25 

30 

35 

40 

55 

Patented Mar. 5, 1940 

UNITED STATES 

2,192,421 

PATENT OFFICE 
2,192,421 

REMOTE READING REGISTER, 

Bert A. Wallace, Oak Park, I., assignor to 
Kellogg Switchboard and Supply Company, 
Chicago, I., a corporation of liais 

Application November 25, 1935, Seria No. 51,553 
Claims. 

My present invention relates to an electrical 
System providing a reading at a central point in 
dicating or showing the setting of variable con 
tacts which are located and controlled at a distant, 
point, it is particularly applicable for registering 
Or indicating the amount of the contents of tanks 
Of a group, as oil tanks. 
The devices generally used in such systems to 

indicate the fluctuations of the contents of large 
Storage tanks, such as those used by oil refineries, 
have not been particularly satisfactory as it has 
been necessary to visit each tank individually 
and inspect its associated indicator to ascertain 
the amount of liquid in the tank or else to have 
One indicator located at the central point for 
each tank located at a remote point. 

It is an object of my invention to provide a 
Simpie, efficient and practical raeans for indi 
cating directly at the central point the amount 
of the contents in the respective tanks. 
A feature of ray invention is the provision of 

one master register upon which can be indicated 
the amount of the contents of any of the aSSO 
ciated tanks. 
Another feature of my invention is the pro 

vision of means whereby the master register is 
automatically Synchronized. With any renote 
equipment. 
A further feature of tiny invention is the simul 

taneous reading of the master register of all of 
the groups of contacts associated thereWith. 
A still further feature of my invention is the 

continuous reading upon the master register of 
all the groups of contacts individually. 

Still another feature of Iny invention is the 
provision of means whereby a single wire and 
ground circuit is required for each group of con 
tacts. 
Another feature of my invention is the auto 

natic correction upon the master register of any 
change in the contacts at any time. 
Another feature of Iny invention is the pro 

vision of means for the Synchronized control of 
tle naster register between the different groups 

5 Gi contacts for 3.SSociated registration. Such as 
feet, and fractions of an inch or decimal digit 
connections. 
Another feature of my invention is the provi 

sion of means whereby the only battery supply 
required is located at the central station. 
Furthe Okjects of Iny invention Will be readily 

apparent from the following specification con 
Sidered With the accompanying dra Wings which 
represent a particular preferred embodiment of 
my invention. 

(C. 17-351) 
The drawings comprise Figs. , 2, 3 and 4, and 

when Fig. 2 is placed to the right of Fig. 1 and 
Fig. 3 is placed to the right of Fig. 2 they show a 
complete circuit arrangement of my invention. 
Fig. 4 shows the three positions of the control 
key CE. 

Tank Clipparatus 
Fig. 1 shows a storage tank ST, the fiuctuation 

in the centents of Which causes the rise and fall 
of a float F to which is secured a cable C which 
passes over a pulley Wheel PW located at the top 
of the storage tank ST and is Secured to pulley 
wheel PWA rigidly fastened to an inch shaft IS. 
It may he here noted that the cabie C drives 
the Shaft IS aid the Shaft FS is driven from 
the shaft IS at a ratio of to 12 through the 
medium of the flexible belt, or chain CB. The 
Various drive pulleys and the connections are 
such that the shaft IS is driven by the cable C to 
cause its associated brush or Wiper to move from 
one inch contact to the next, inch contact to 
indicate by inches the change in the height of 
liquid in the tank While the Shaft FS is driven 
at one tWelfth the rate of Shaft S and thus 
causes its brushes or Wipers to move from con 
tact to contact to indicate by feet the change in 
the height of the liquid in the tank. In the en 
bodient shown the contacts associated. With the 
inch contact Wiper ICW are arranged to give one 
quarter inch isdications on the indicator. The 
Operation is the Sane when the contacts are air 
ranged to give indications for each change of one 
inch in the level of the contents of the tank. A 
counterweight CW acts on the shaft IS by means 
of the cable CA which is so arranged as to wind 
Upon itself on the shaft IS to compensate for 
additional Weight of the cable C as the contents 
of the tank decrease. In other words, as the cable 
CA is wound upon he shaft IS, due to the Suc 
cessive turns, the cable becoilines displaced a great 
er distance from the cerate of the shaft iS and 
the Weight CW exerts a greater Stress on the shaft 
iS, thus offsetting the greater Weight of the cable 
C between the foat; F and pulley PW as the con 
terts of the tank decrease. 
Commutators CE and CF are also secured to 

the inch shaft IS as well as an inch contact. Wiper 
CW. The inch contact wiper ECW is a associated 
with an inch contact bank IC which comprises 
in this particular embodiment a group of 48 con 
tacts, one for each quarter incin of a foot. 
The rotatable foot shaft FS has rigidly Secured 

thereto a pulley wheel PWB. A pair of foot con 
tact wipers FCA and FCB are secured to the foot 
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2 
shaft FS and engage successive contactS in the 
foot contact bank FC as shaft FS rotates. These 
Wipers FCA and FCB are rather close together 
and so arranged that they rest upon the same 
contact most of the time, but as the level of the 
contents of the tank approaches an exact foot 
level the wipers rest on adjacent contacts. AS 
the contents of the tank increase and closely ap 
proach the next foot level the leading Wiper FCA 
engages the next highest contact while the lag 
ging wiper FCB remains on the first contact. AS 
the contents of the tank decrease from an exact 
foot level the wiper FCB engages the next lower 
contact while the Wiper FCA remains on the pre 
viously engaged contact. A cable CB passes 
around the pulley wheel PWB and the inch shaft 
IS. The pulley wheels and shafts are so ar 
ranged that upon the movement of the float F a 
quarter of an inch, the inch contact wiper ICW 
is moved one contact and that for each one foot 
movement of the fioat F the inch contact wiper 
ICW Will make a complete revolution and will 
again rest upon the contact marked “Zero' in 
the inch contact bank C. The foot contact wip 
ers FCA and FC3 each move one contact for 
each cornplete revolution of the inch shaft IS. 
The contacts of the inch contact bank. IC are 

electrically connected to a contact bank of an 
inch contact finder switch. ICF shown in Fig. 2 
of the drawings and the contacts in the foot con 
tact bank FC are connected to a contact, bank 
associated with a foot contact finder Switch 
FCF also in Fig. 2. Associated with the contact 
bank for the inch contact, finder CF is an inch 
finder wiper IFW adapted to be driven by an 
inch contact motor magnet ICM which in turn 
is controlled by an inch interrupter relay IIR, 
and an inch switch relay ISR. This switch is of 
the type which advances the contact, wiper one 
step upon the restoration of the driving magnet 
ICM. An inch polarized relay IPR controls an 
inch contact release magnet ICR, which restores 
the inch finder wiper to normal. 
The foot contact finder shown in Fig. 2 con 

prises apparatus similar to that disclosed in the 
inch contact finder, that is, the foot contact 
motor magnet FCM steps the foot finder wiper 
over the contacts associated therewith under the 
control of the foot interrupter relay FIR, and 
the foot switching relay FSR. The release of the 
Switch is controlled by the foot polarized relay 
FPR and the foot contact release magnet FCR. 
The apparatus shown in FigS. 1 and 2 is lo 

cated at the storage tank and each set of variable 
contacts has a single conductor extending from 
it to the master register shown in Fig. 3 which 
is located at the central point which preferably 
may be a punping station or control station. 
These conductors are the conductors and FL 
which terminate in a jack J, shown in Fig. 3, 
located at the control station. 

Register apparatus 
The master register in the preferred embodi 

ment shown comprises a foot register FTR, and 
an inch register INR. The foot register is gradu 
ated into fifty steps corresponding to the fifty 
contacts shown in the foot contact bank FC and 
the foot indicator arm FIA is stepped over the 
various contacts by the foot motor magnet FM.M. 
The release of the foot indicator arm is controlled 
by the foot release magnet FRM. A foot register 
conditioning relay FRC is provided. 
The inch register is divided into forty-eight 

sections and the inch indicator arm IIA is driven 

2,192,421 
over these sections by the inch Into) magnet 
MM and is released by means of the inch release 
Inagnet IRMI. An inch register conditicining 28 
lay IRC is also provided and operates in conjunc 
tion with the foot register coaditioning relay 
FRC to disconnect positive driving battery PDB 
from the line aid to connect negative release 
battery NRB to the line. 

It is to be noted that all the relays, except 
the release relays at the tanks, and electromag 
nets at both the control station and tank can be 
operated from 8, single source of current which 
While shown on the drawing as different Soul'ces 
may be combined as one. The exception above 
noted consists of the polarized relayS and the re 
lease magnets located at the tanks which receive 
their energy from a Source of current also lo 
cated at the control station. Thus it is seen that 
all the batteries necessary for Operating the SyS 
ten are located at the control Station. 
The lamp L is provided to serve as a protec 

tion means when negative release battery is con 
nected to the line. A control key CK which haS 
three positions, nannely, read, release, and off, 
connects the naster register to a plug P. When 
the key is in its off position contacts 2, 8, 23, 
and 35 are open and the conductors leading to 
the indicating apparatus are cut off. The key is 
shown in the drawings in its inhiddle or release 
position in which position contacts 27, 8, 23, 
and 35 are closed, and contacts 9, 24, 28, and 
33 are also closed. When the key is in its “read' 
position contacts 3 and 24 are open and contacts 
28 and 3 are moved to their alternate positions 
to make direct connection with the conductors 
26 and 34. The key is normally kept in its off 
position and it is apparent that When the key is 
moved from its normal position to the read posi 
tion it, nurst pass through the release position, 
as will be more fully explained hereinafter. A 
jack J is provided for each of the tanks in the 
remote field and the conductors lead from the 
respective jacks to the variable contacts located 
at the respective tanks. 

System Operation 

Having generally indicated the character of 
the equipment I will describe the operation of 
ny System as shown. 

Operation at tank 

As the contents of the storage tank ST are in 
creased the foat Frises and causes the rotation 
of the inch shaft S. For each one-fourth inch 
rise of the float, the inch contact wiper ICW 
moves to the next contact. The inch contact 
wiper ICW is shown as two wipers, both of which 
contact the same contact due to their adjust 
ment. However, they may engage two adjacent 
contacts in the monent of transition from one 
contact to the next. The wiper TCW and the 
inch shaft IS are connected to ground G. For 
each complete revolution of the inch shaft the 
Wipers FCA and FCB move one step over the 
foot, contacts. The foot contact wipers FCA and 
FCB are electrically connected respectively to 
the commutators CE and CF by conductors 
and 2 and brushes 5 and 6. Commutator CE 
has an insulated portion 3 and commutator CF 
has an insulated portion 4. The Wiper FCA is 
connected to ground G through the commutator 
3 and inch shaft IS at all times except the in 

stant when the wiper ICW passes from the zero 
contact to the 134 contact which it does as the 
Storage tank ST empties. At this instant the 
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2,192,421 
contact 5 rests. On the insulated portion. 3 and 
the ground connection for the Wiper ECA. is 
broken. The Wiper FCB is connected to ground 
G through the contact 6 and connutator CF 
at all times except the instant when the inch 
contact wiper ICW passes from the 11% inch 
contact to the Zero contact, which it does as the 
contents of the Storage tank ST are inci'eased. 
This Synchronized control between the two 

wipers is necessary because the proper contact 
must be connected to ground to prevent the Se 
lection of the Wrong contact by the finder Switch 
of Fig. 2. The inch Wiper. ICW and the foot 
wipers FCA and FCB, at all times are in the posi 
tion to indicate the proper level of the contents of 
the tank ST and as shown in the dra Wings indi 
cate a 31 foot level in the tank. ST. The foot 
contact finder ECF and the inch contact finder 
ICF of Fig. 2 are normally, as shown in the 
figure and the wipers shown in dotted lines in 
dicate their proper position for the 31 foot, evej 
in the tank S. 
Should the operator at a central station at 

which the master register is located desire to a S 
certain the amount of contents in the Storage 
tank ST she will insert the plug Pinto the jack J 
associated with the lines FL and IL leading to 
the foot contact finder FCF and inch conta?t 
finder ICF of Fig. 2 associated with the storage 
tank ST and Will throw a control key CK. to its 
release position as shown in Fig. 3. 

Automatic synchroniaation of register 
The insertion of the plug P and the Operation. 

of the key CK to its release position closes ener 
gizing circuits for the foot register conditioning 
relay FRC and the inch register conditioning re 
lay IRC. The circuits for these relays can be 
traced from grounded battery through the Wiiid 
ing of FRC, conductor T, closed contacts 8. ai 
9 of CK, conductor 20, the sleeve contacts of the 
connected plug P and jack J, alternate contact 
2 of jack J to ground. The circuit for the relay 
IRC can be traced from grounded battery 
through the winding of relay IRC, conductor 22, 
closed contacts 23 and 24 of CK, conductor 2. 
sleeve contacts of jack J and plug P. alternate 
contact 2 of J, to ground. The relay FRC 
through its alternate contact 25 connects nega 

3 tive release battery NRB to the foot line FT, and 
establishes an energizing circuit for the polarized 
relay FPR of the foot contact finder FCF of Fig. 
2. The foot polarized relay FPR is energized by 
current flowing from the negative release battery 
NRB, lamp L, alternate contact 25 of FRC. con 
ductor 26, closed contacts 27 and 28 of CK, tip 
contact of plug P and jack. J, foot line F., 
through the winding of the foot polarized rely 
FPR to ground. Relay, FPR energizes and its 
contacts 29 assumes its alternate position to cleSC 
an energizing circuit for the foot contact release 
relay FCR, which is energized by current flowing: 
from the negative release battery over the pie 
viously described path through alternate contact 
29, the winding of foot contact release relay 
FCR, and off-normal contact 3 to ground. Of 
course, if the foot finder wiper FFW is in its 
normal position the off-normal contact. 30. Will. 
be opened and the relay FCR will not energize. 
Upon the energization of the foot contact re 
lease relay FCR, the pawl 3 f is withdrawn from 
the ratchet 32 and the foot finder wiper FEW 
is returned to its normal position under the in 
fluence of a coil spring not shown. When the 
wiper FFw returns to normal the off-normal 

contacts 30 is opened and the circuit for the 
foot contact, release: relay. FCR is broken, 
The inch register conditioning relay IRC causes 

the restoration to normal Of the inch findel 
wiper IFW by closing its alternate contact 33 
which connects negative release battery to the 
inch line IL and causes the energization of the 
inch polarized relay. IPR. The relay IPR is en 
ergized by current flowing from negative release 
battery NRB, lamp L, alternate contact 33 of 
IRC, conductor 34, closed contacts 35 and 33 of 
CK, sleeve contacts of plug P and jack J, conduc 
tor IL, winding the inch polarized relay IPR to 
ground. The inch polarized relay IPR moves 
contact 3 to its alternate position to establish 
an energizing circuit for the inch contact release 
relay. ICR, which is energized by current flowing 
from the negative release battery over the pre 
viously described circuit, through alternate con 
tact 37 of IPR, relay ICR, and off-normal contact 
38 to ground. The relay ICR energizes and with 
draws a pawl 39 from the ratchet 49 and allows 
the inch finder wiper IFW to be restored to nor 
mal under the influence of a coil spring not 
Shown. The restoration to normal. Of the inch 
finder wiper IEW Opens the off-normal contact 
38 which breaks the energizing circuit of the inch 
contact release relay ICR, which restores to nor 
na. If the inch wiper IFW was already in its 
normal position the Off-normal contact 38 Would 
be opened and the inch contact release relay ICR, 
would not operate. 
The closing of alternate contact 4 of the foot, 

conditioning relay FRC causes the register 
restoration to normal of the foot indicator arm 
FIA if it is not in its normal position. If the 
foot indicator arm. FIA is in an operated position: 
the off-normal contact 42 will be closed and the 
energizing circuit for the foot released magnet 
FRM will be established. The relay FRM will be 
operated by current flowing frain grounded hat 
tery through alternate contact 4 of F.R.C. the 
Winding of the foot, release magnet FRM, and al 
ternate contact 42 to ground. The magnet FRM 
will withdraw the pawl 43 from the ratchet 44 
and the foot, indicator an FA Will restore to 
normal under the influence of a, coil spring not 
shown, and open the off-normal contact 42 to 
break the energizing circuit of the foot, release 
magnet FRM. The inch indicator aim IIA is 
restored to normal in a similar manner by the 
operation of the inch register conditioning relay 
IRC which closes its alternate contact 45 to 
establish an energizing circuit for the inch re 
lease magnet IRM. 
Current flowing from grounded battery through 

alternate contact 45, the winding of inci) release. 
magnet IRM and off-normal contact 6 to ground 
will energize the magnet IRM causing it to . With 
draw the pawl 47 from the ratchet 48 and allow 
the inch indicator arm. A to be restored to its 
norrhal position by a coil spring not shown in the 

The restoration to moral of the inch. 
indicator arrin IIA opens the off-norinal contact. 
drawiing. 

46 and breaks the energizing circuit of the inch 
release magnet RMI. 

he master register is thus Sy) chronized with 
the tank by 

having all of the connected apparatUS restored 
the remote equipment located at 

to its normal position before aly 'egistering Op 
eration can be had. 

Registering operation 
: The attendant next moves the contiol key CE 
to the “read' position which opens the energizing 
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circuits of the relays FRC and IRC causing them 
to restore to normal and open the energizing cir 
cuits of the lamp I, and the polarized relays FPR 
and IPR. To prevent the premature operation 
of the registering means by a too rapid move 
ment of the control key CK locking circuits are 
established for the relays FRC and IRC through 
their alternate contacts 49 and 5 to the off-nor 
mal contacts 42 and 46 associated with the re 
Spective indicator arms. Therefore, the indica 
tor arms FIA and IIA will positively be restored 
to normal even though the control key CK is too 
quickly moved to its “read' position. 

Foot register Operation 

After the relays FRC and IRC are returned to 
normal, positive driving battery PDB which has 
its negative side grounded is connected through 
the foot notor magnet MM, inorinal contact 
25 of FRC, conductor 26, alternate contact 28 of 
control key CK, tip contact of the plug P and 
jack J, line FL, normal contact 29 of the foot 
polarized relay FFR, which only operates upon 
negative release battery, conductor 5, normal 
contact 52 of FIR, through the winding of foot 
contact magnet FCM to ground. The foot nag 
net FMM of the foot register FTR is energized 
to condition the foot, indicator arn IA for 
movement and the foot contact naginei, FCM of 
the foot contact finder FCF conditions the foot 
finder wiper FFW for movement. The closing 
of alternate contact 53 of FCM establishes an 
energizing circuit for the foot Switching relay 
FSR, which is of the slow operating type. The 
relay FSR is operated by current flowing from 
positive drive battery Pi)B over the previously 
traced circuit, through alternate contact 3 of 
FCM, through the winding cf FSR, to ground. 
Relay FSR closes its alternate contact 56 to 
establish an energizing circuit for the foot in 
terrupter relay FIR, which is energized by current 
flowing from the positive drive battery PDEs over 
the previously traced circuit, through alternate 
contact 54 of relay FSR, through the winding 
of the foot interrupter relay FR to ground. This 
last relay energizes and opens its contact 52 to 
interrupt the energizing circuit of the foot Switch 
ing relay FSR, which restores its contact 54 to 
normal thereby opening the energizing circuit 
of the foot interrupter relay FIR, which relay 
is of the slow-to-release type; and also deener 
gizes the foot contact magnet FCM which 
through the release of its armature 55 steps the 
foot finder wiper FFW to its first contact. 
The deemergization of the foot noto: magnet 

FMM of the master register restores its arnature 
56 and causes the movement of the foot indicator 
arm FIA to the first contact which closes the 
off-normal contact 42. The foot interrupter Irelay 
FIR, being of the slow-to-release type permits 
the deemergization of the notor magnetS FMM 
and FCM and then restores its contact 52 t0, nor 
mal to again close energizing circuits for the 
foot motor magnets FMM and FCM which again 
operate and cause the operation of the foot 
switching relay FSR and the foot interrupter 
relay FIR, to repeat the stepping of the foot 
finder wiper FFW and the foot indicator arm. 
FIA. This stepping continues in the above de 
scribed manner until the foot finder Wiper FFW 
engages a grounded contact which in the en 
bodiment shown is the thirty-first contact in 
the bank as the contents of the tank SC are at 
the thirty-one foot level. When the foot finder 
wiper FFW reaches the thirty-first contact a 

2,192,421 
shunt circuit for the foot contact magnet FCM 
is established, current flowing from the positive 
drive battery PDB through winding of the foot 
motor magnet FMM over the previously described 
circuit to contact 53 of foot contact magnet, 
FCM, thence through resistance R, foot finder 
wiper FFW, contact 5, conductor 58, contact 
59, Wiper arm FCA, conductor it, contact 5, 
Connutator CE, inch shaft IS to ground G. The 
notor magnet FM M is operated by current flow 
ing over the above described circuit, but itS Oper 
ation has no effect on the system at this time; 
the notor magnet FCM does not receive enough 
current to callse itS Operation. 

Inch register operation 
Meanwhile the inch contact finder ICF and the 

inch indicator arm IIA have been stepping in 
unison to ascertain and indicate the inch level 
of the contents of the tank S.T. Positive drive 
battery PDB supplies current to cause the en 
ergization of the inch motor magnet LMM and 
the inch contact magnet ICM. This current 
flows from positive drive battery PTOB through 
the inch motor magnet IMM, normal contact 33 
of IRC, conductor 34, contacts 35 and 36 of CK, 
sleeve contacts of the connected plug P and jack 
J, inch line IL, normal contact, 32 of IPR, nor 
mal contact 60 of LIR, through the winding of 
the inch contact magnet ICM to ground. The 
motor magnetS IMM and ICM energize to con 
dition their respective associated Wipers for nove 
ment, The closing of contact 6 of inch contact 
magnet ICM establishes an energizing circuit for 
the inch switch relay ISR, which is of the slow 
to-operate type which relay closes its alternate 
contact 62 to establish an energizing circuit for 
the inch interrupter relay TIR, which is ener 
gized by current flowing from the positive drive 
battery over the previously traced circuit to al 
ternate contact 62 of ISR, through the winding 
of the inch interrupter relay IIR to ground. The 
inch interrupter relay IIR energizes and opens 
its contact 60 to interrupt the energization of 
motor magnet IMM and ICM to restore them to 
normal and cause their associated armatures 63 
and 64 to move the inch finder wiper IFW and 
the inch indicator arm IA one step. The deen 
ergization of the inch contact magnet, ICM opens. 
the energizing circuit of the inch switching relay 
ISR at normal contact 6f which relay restores 
its contact 62 and thereby opens the anergizing 
circuit of the inch interrupter relay IIR, which 
is of the slow-to-release type but which after 
a short interval does release and close its con 
tact, 60 to reestablish the energizing circuits of 
the motor magnets IMM and ICM to cause the 
continued stepping operation of the wiper IFW 
and the inch indicator arm IIA until the proper 
contact is reached by the inch finder wiper. It w. 
When the grounded contact which in this case 

is 65 is reached by the wiper IFW a shunt cir 
cuit for the inch contact magnet ICM is estab 
lished. This circuit can be traced from the 
grounded positive drive battery PTDB through the 
winding of the inch motor magnet IMM, normal 
contact 33 of TRC, conductor 34, alternate con 
tact 35 of key CK, ring contacts of the connected 
plug and jack, inch line II, normal contact, 3. 
of relay PR, normal contact 60 of reiay IIR, re 
sistance R, the wiper IFW as shown in dotted 
lines, contact 65, conductor 66, the zero, inch con 
tact of the inch contactor IC, wiper ICW to 
ground G. This shunt circuit prevents the op 
eration of the motor magnet ICM and also of 
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2,192,421 
the inch interrupter relay IIR and the inch 
switch relay ISR, and accordingly the wiper IFW 
remains on contact 65 and the inch indicator 
arm IIA of the inch register INR remaiK.S. On the 
Zero contact of the inct register, as both the foot 
indicator airn FLA and the inch indicator aria. 
IIA remain stationary the attendant knows that 
the proper contacts have been reached by the 
wipers FFW and IFW and that the contents of 
the storage anie SY are exactly at the tility 
One foot level. W 

Contents of tank rise one-quarter inch 
Should the contents of the storage tank S. 

rise one-quarter of an inch from the thirty-one 
- foot level while the master register is connected 
thereto, the inch contact wiper ICW Will move 
from the zero contact to the one-quartei inch 
contact and in so doing will remove ground from 
the shunt circuit above described which Will per 
mit, the Operation of the inch inctor YagnetSiMT? 
and ICM as well as the Subsequent operation of 
the inch interrupter relay IRR, and inch SWitch 
ing relay ISR. The operation of these relays will 
of course deenergize the motor magnetS IMM and 
ICM to step the inch finder wiper FW to the last 
contact in the bank which is unwired. The inch 
indicator arm IIA is stepped past the Zero indi 
cating position to close the past normal contacts 
PNI which complete an energizing circuit for the 
inch conditioning relay IRC. The conditioning 
relay IRC opens its normal contact 33 to discOn 
nect the positive drive battery PDB from the inch 
line IL and closes its alternate contact 33 to con 
nect the negative release battery to the line II. 
The inch polarized relay PR shifts its contact 37 
to its alternate position to close an energizing 
circuit for the inch contact release relay ICR 
which relay operates to remove the pawl 39 from 
engagement with the ratchet teeth - 40 to permit 
the Wiper IFW to restore to its normal position. 
The closure of contact 45 of the inch register con 
ditioning relay IRC closes an energizing circuit 
for the inch release magnet IRMI which magnet 
is energized by current flowing from grounded 
battery through the alternate contact 45 of relay 
IRC, the winding of inch release magnet. IRM, 
alternate contact 50 of IRC to ground at past 
normal contact PNI. The magnet IRM with 
draws the pawl from engagement With the 
ratchet teeth 48 and the inch indicator arm. TA 
is restored to normal under the influence of the 
spring as previously described. The restoration 
of the indicator arm IIA restores the past normal 
contacts PN to their Ornal position thereby 
Opening the energizing circuit for the inch relay 
IRC which restores its contact 33 to its normal 
position to disconnect the negative release battery 
NRB from the line and to connect the positive 
drive battery POB to the line. The inch polar 
ized relay IPR and the inch contact reiease relay 
ICR are also restored to normal and the off 
normal contact 38 associated With the inch finder 
wiper IFW is also opened. The closure of normal 
contact 37 of the inch polarized relay IPR again 
closes the operating circuits for the inch notor 
magnets IMM and ICM which cause the Subse 
quent operation of the SWitching relay ISR, and 
interrupter relay IR to step the Wipers IEW and 
the indicator airi IIA until the grounded contact 
is reached by the inch finder wiper IFW which 
in this case is the first contact. 7 at which time 
the shunt circuit is again established from resist 
ance R, wiper IFW, contact , conductor T, 
the quarter inch contact of the inch contactor IC, 
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wiper ICW to ground: G. The inch indicator arm 
IIA will stop at the first mark on the register to 
indicate the quarter of an inch and as the foot 
indicator arm FIA is still on the thirty-first mark 
on the foot register the level of the contents of 
the tank Will be indicated as thirty-one feet, one 
quarter inch. 

Level fails one-quarter inch from thirty-one feet 
Should the level of the contents of the storage 

taiki ST faii Cine-quarter inch below the thirty 
one foot ieve the inch contact wiper ICW Will 
31Give to the eleven and three-quarter inch con 
tact thereby Cening the shunt circuit of the no 
tor Eaglets Illvily and ICM, and permitting the 
saile to C8;&te: O Step the inch finder Wiper EFW 
and Eze inci indicator arm IIA to their past 
Y101’inal position, at which time the inch past 
nei'nal contacts PNI. Will be closed to cause the 
operation of the inch register conditioning relay 
IRC, theiich release magnetirMi, the inch polar 
ized relay PR and the inch contact release relay 
ICR, which relays energize as above described 
to restore the wiper IFW and the inch indicator 
arin IIA to normal. As the first contact is not 
grounded the Wipers Will, continue to step until 
the inch finder Wiper TFW engages the eleven and 
three-quarter inch-contact 12 at which time the 
Sunit Circuit for the motor magnets IIM and ICM 
wiii again be established to ground G at wiper 
CWard the eleVein and three-quarter inch con 

tact. 
Will be indicating the eleven and three-quarter 
inch level. 
At the Sailine instant that the inch contact 

wipei ICW breaks connection from the zero bank 
contact, the commutator CE breaks the ground 
COIElection fro; the overiapping foot contact 
Wipei FCA which is on bank contact, 3. This 
removes the shunt circuit from the foot finder 
SWitch notor magnets FCM and FMM and these 
Imagi?aets. Operate in unison to step their respec 
tive WiperS to their past-norial position at which 
time the past normal contacts PNF are closed to 
establish an energizing circuit for the foot con 
ditioning relay FRC which relay opens its normal 
contact 25 to disconnect the positive drive battery 
PDB from the foot line FL, and closes its alter 
nate contact 25 to connect the negative release 
battery to the footine FL, to cause the opera 
tion of the foot polarized relay FPR which relay 
causes its armature 23 to move to its alternate 
position to complete an energizing circuit for the 
foot contact release relay FCR through the closed 
off-inormal contacts 36. The release relay FCR 
Withdra WS itSpaW 3 from the ratchet teeth. 32 
to permit the wiper FFW to return to its normal 
position. At the same time the foot register relay 
FRChaS closed its alternate contact 4 to estab 
lish an obvious eiergizing circuit for the foct re 
1ease in Aagnet FRIVE which magnet restores the 
foot indicator arm FIA to its normal position 
thereby opening the energizing circuit for the 
foot release magnet FRMI at off-normal contact 
A2. Which also opens the holding circuit for the 
foot register relay FRC. The original energizing 
circuit for the relay FRC is opened at past 
Oial contact PNF. The restoration to normal 

of the contact 25 of relay FRC again closes the 
Operating circuits for the foot motor magnets 
FMM and FCM which will step their associated 
Wipers until the foot fighder Wiper FFW makes 
Connection with the thirty foot bank contact 3 
Which is Connected to the tihirty foot contact in 
the bank FC, then engaged by the lagging wiper 

At this time the inch indicator an IA 
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FCB which wiper is connected to ground G 
through conductor 2 and commutator CF, which 
is rotated with the inch contactor shaft IS so 
that the insulated segment 4 has passed the po 
sition of the brush 6. The indication on the 
register is now thirty feet eleven and three 
quarter inches. 

The level rises one-quarter inch from thirty feet 
eleven and three-quarier inch registration 
When the level in the contents of the storage 

tank ST rises one-quarter of an inch from the 
thirty feet eleven and three-quarter inch mark, 
the inch Switch contact wiper breaks the ground 
connection from the eleven and three-quarter 
inch bank contact and steps ahead to the 0 posi 
tion which is then grounded by the wiper ICW 
in the regular nanner as already described. 
The inch magnets IMM and ICM will step their 
Wipers in uniSon until the Wiper TFW engages 
the 0 contact 65 at which time the shunt circuit 
Will again be closed and the indicator arm IIA 
Will indicate no inches on the master register. 
At the same instant that the inch contact 

Wiper ICW breaks connection with the eleven and 
three-quarter inch bank contact the commuta 
tor CF breaks the ground connection from the 
brush f6 to the lagging foot contact; Wiper FCB 
in the bank contact 30. This removes the stop 
ping shunt from the foot wiper switch motor 
magnet FCM and the master foot magnet FMM 
and these magnets step their associated wiper 
arm FFW and indicator arm ILA to the thirty 
One foot position where the foot finder wiper 
FFW engages contact 5 which makes a ground 
connection through conductor 58, contact, 59, 
and Overlapping Wipei FCA, conductor if, brush 
5, commutator CE and inch shaft IS to ground 

G. The master register again registers thirty 
One feet which is the level of the contents of the 
tank as shown. 
When the level of the contents of the storage 

tank ST rises at any point within the same foot 
from the One-quarter inch to eleven and three 
quarter inches, the inch indicator arm IIA foll 
loWS in the one-quarter inch steps while the foot 
reading remains constant. 

Means for preventing error 
As the foot contactor brush moves over but a 

single contact while the inch contactor brush 
moves through a complete revolution it is ex 
ceedingly difficult to So mechanically arrange 
the contact bank and relation between the 
brushes that the foot contactor brush will move 
from One of its contacts to the next at the very 
instant that the inch contactor brush moves from 
its eleven and three-quarter inch contact to its 
Zero contact or vice versa. This difficulty is 
magnified by the fact that it is exceedingly diffi 
cult to create a contact bank the contacts of 
Which are exactly Spaced throughout the Whole 
range, particularly as the dimensions of the bank 
vary Slightly due to changes in temperature and 
humidity. It is to prevent an error allising on 
account of this variation that the foot contactor 
is provided with two brushes which are arranged 
to be normally grounded but which have their 
grounds removed as the inch contactor brush 
passes from its eleven and three-quarter inch 
contact to its zero contact or from its zero con 
tact to its eleven and three-quarter inch contact. 
It will be understood that the two brushes FCA 
and FCB of the foot contactor are very close 
together and during most of the time rest upon 
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the same contact in the bank. It is only during 
the period when the level of the tank is changing 
to the next succeeding foot level position that 
these two brushes occupy adjacent contacts, 
Thus the interrupted segment 4 is adapted to 
remove ground for a short time from the brush 
FCB when the inch contactor brush moves to a 
position slightly beyond the eleven and three 
quarter inch position and if the tank is being 
emptied the commutator segment 3 acts to 
relao We gFOUnd from the brush FCA for a short 
tine when the level falls below the exact foot. 
Thus if the tank is being filled when a reading 

is taken and the inch contactor brush is in a 
position where it is about to move onto its zero 
Contact the interrupted segment 4 is so ar 
ranged that it will break the circuit to the foot 
contactor brush FCB at the instant the inch con 
tactor brush ICW passes from eleven and three 
quarter inches to zero which will prevent the 
possibility of obtaining a reading of five feet no 
inches. When the reading should be six feet no 
inches. 

If the tank is being emptied at the time a read 
ing is taken the Segment 3 is so arranged as to 
remove ground from the brush FCA at the in 
Stant the inch contactor brush ICW passes from 
its Zero contact to its eleven and three-quarter 
inch contact. This expedient insures that the 
ground Will be removed from one foot contact 
and placed on the adjacent foot contact at sub 
Stantially the instant that the inch contactor 
paSSeS from its eleven and three-quarter inch 
contact to its Zero contact or vice versa, thus 
insuring a correct reading even though there 
may be a slight lost motion in the connection 
betWen the inch contactor brush and the foot 
contactor brush or slight inaccuracies in the 
Contact bank. 
While it will be obvious from the above that 

the interrupter segments 3 and 4 must be 
placed SO as to occupy very nearly the same 
angular position, nevertheless it is necessary that 
they do not coincide in their position as in that 
case there Would be a certain position where 
neither of the two foot contactor brushes Would 
be connected to ground and if a reading was 
taken at this time it would result in the foot con 
tact finder running wild, that is, hunting and 
releasing repeatedly. Thus these interrupter 
Segments are Sufficiently angularly spaced apart 
SO that one or the other of the foot contactor 
brushes is at all times connected to ground. 
AS the inch contact finder wiper and the foot 

contact finder wiper are aranged to step in their 
hunting movement at the same time, if the con 
tents of the tank are low, say for instance five 
feet eleven and three-quarter inches, it is obvious 
that the foot contact finder will reach its stop 
ping position before the inch contact finder does. 
If at the time a reading is being taken the con 
tents of the tank are just below an exact foot 
level position it is conceivable that the level of 
the tank may pass from the eleven and three 
quarter inch level to the zero inch level during 
the period of time in which the inch contact 
finder brush is in movement after the foot con 
tact finder brush has stopped, in which case, 
Were it not for applicant's expedient, there would 
be an error of one foot in the reading of the 
contents of the tank, as the reading would then 
appear five feet no inches. 

However, as the inch contactor brush moves 
from the eleven and three-quarter inch position 
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will renove ground from the five foot contact and 
place ground on the six foot contact. This will 
remove ground from the contact occupied by the 
foot contact, fide brush and the foot CCIntact, 
finder will start hunting and will step onto the 
next (sixth) contact Where it will stop. The foot 
register artin Will move in Synchronisia. With the 
foot contact finder brush and Will also step six 
times and the register will now indicate exactly 
six feet no inches. 

If While the tank is being emptied the inch 
contactor moves from its zero to its eleven and 
three-quarter inch position during the pariod in 
which the inch contact finder brush is in move 
neit after the foot contact finder brish has 
stopped the mechanism described will act to re 
move ground from the sixth contact of the foot 
finder bank and place it upon the fifth contact. 
This will remove the ground from the contact 
occupied by the foot contact finder brush and 
the foot contact finder will start hunting and 
Will step to the end of its arc. The foot register 
arm will nove in Synchronism. With the foot con 
tact finder brush and will also step to the end of 
its arc closing the past normal contact PNF 
which will bring about the release of the foot 
contact finder and the foot contact register as 
previously described. 
Upon restoration to zero the release magnets 

of the two Switches will be deemergized and the 
foot contact finder wiper and the foot contact 
register arm will again start into motion, but 
this time Wii core to rest on their fifth contact 
indicating five feet, eleven and three-quarter 
inches. 
While this occurrence may be comparatively 

infrequent, nevertheless were it not for the ex 
pedient provided by applicant, in these rare in 
stances an error of one foot in the reading Would 
be obtained. 
While I have shown and described a preferred 

embodiment of my invention, it is to be under 
Stod that changes and nodifications will Sug 
gest themselves to those skilled in the art. , 
therefore, desire to be limited. Only by the Scope 
and Spirit of the appended claims. 

Having described my invention, what I claim 
is new and desire to Secure by United States Let 
ters Patent is: 

1. In a System of the character described, an 
object movable in opposite directions, a contact 
bank, a pair of wipers associated with said con 
tact bank, means connecting said movable object 
and Wipers to move said Wipers over the con 
tacts of Said bank in a direction corresponding 
to the direction of movement of the movable ob 
ject to cause One of said wipers, upon sufficient 
novenient of the object, to engage a new con 
tact Correspolding to the changed position of 
the object. While the other wiper may still en 
gage the previous contact, and commutator means 
associated with said connecting means and hav 
ing tWO individual contact controls, one of which 
has ineans for placing a potential on the wiper 
1Yiaking a new contact and the other of which has 
lineans for at the Same time removing the po 
tential from the other wiper, when the two 
Wigel'S engage different contacts. 

2. In a System of the character described, an 
object movable in opposite directions, a contact 
bank, a pair of Wipers associated with said bank, 
means connecting Said movable object and wipers 
to move said wigers over the contacts of said 
bank in a direction corresponding to the direction 
of movement of the innovable object and to cause 
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One of Said Wiper's, when the object noves suffi 
ciently, to engage a, new contact corresponding 
to the position of the said novable object, while 
the other wipe; nay stii: engage the previous 
CCintact, coianutator means associated with said 
Connecting (neans for piacing a potential on the 
Wiper and the contact engaged thereby corre 
Spording to the position of the movable object, 
a Secoid contact bank, means connecting the 
Cofitacts Of the Second bank to the contacts of 
Said first bank. Of contacts respectively, a third 
Wiger adapted to step over the said second bank 
of Contacts to locate the contact having the po 
tential thereon, an indicator ai'in and means in 
cluding all sectio-Yagile, controlling said third 
Wiger and az, electro-magnet controling said in 
dicator for nicving said indicator arm in unison 
with said third Wiper. 

3. In & Systern of the character described, an 
object. iiiOVabie in Opposite directions, a contact 
3.nk, a Wipei adapted to move over the contacts 

in Said Contact bark, a rotatable shaft support 
ing Said Wiper, another contact bank, a pair of 
Wiper's So Spaced they may engage adjacent con 
tacts adapted to move over the contacts of said 
Second bank in a direction corresponding to the 
direction of noverinent of the movable object, a 
rotatable shaft Supporting said pair of contact 
Wipei's, means connecting said two shafts where 
by the pair of WiperS move an aliquot part of 
a rotation of the single wiper carrying shaft, 
and Commutator means on this shaft having two 
individual contact controls, one of which has 
means for placing a potential on one of the pair 
of WiperS and a new contact and the other of 
Which haS means for, at the same time, removing 
the potential from the other wiper when the two 
Wipers of the pair engage different contacts. 

4. In a System of the character described, an 
object movable in opposite directions, a contact 
bank, a pair of Wipers associated with said con 
tact bank, means connecting said object and 
Wipers to move Said wipers in a direction corre 
Sponding to the direction of movement of the 
In OVabie object to cause one of said wipers when 
the object moves sufficiently, to engage a new 
contact corresponding to the position of said ob 
ject, While the other wiper may still engage the 
previous contact, commutator means associated 
With Said connecting ineans for placing a poten 
tial On the Wiper Cr wipers and contact engaged 
thereby corresponding to the position of the mov 
able object, a second contact bank the contacts 
of which are electrically connected with the con 
tacts of the first bank, respectively, a Wiper 
adapted to move over the second contact bank 
to locate the contact having the potential there 
On, an indicating arm and means including an 
electro-magnet controiling said third wiper and 
an electro-magnet controlling said indicator for 
moving Said indicator arm in unison with said 
Second contact bank wiper to indicate the posi 
tion of the said object. 

8. In a System of the character described, a 
Contact bank, a wiper adapted to move over the 
contacts in Said bank to place a potential there 
On, a rotatable shaft Supporting said wiper, a zero 
position for said shaft, another contact bank a 
pair of Wiper's adapted to move over the latter 
contacts and place a potential thereon, said wip 
er's engaging adjacent contacts when said shaft 
is near its zero position, a rotatable shaft sup 
porting Said pair of wipers, means Connecting 
Said shafts whereby the pair of wipers move an 
aliquot fraction of a rotation for each revolution 
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of the single Wiper carrying shaft, commutator 
means for placing a potential. On one of said pair 
of wipers and the contact engaged thereby and 
for removing such potential from the other of 
said pair of wipers and the contact engaged 
thereby during the last movement of Said. Single 
Wiper carrying shaft to its zero position in one 
direction and for removing said potential from 
the first mentioned one of the Wiper pair and 
the contact engaged thereby during the first 
movement of the single Wiper carrying shaft 
from its zero position in the opposite direction. 

6. A movement translating means comprising 
an object movable in Opposite directions, an arm 
rotatable for any movement of said object, a con 
tact bank co-operating with said arm, a pair of 
arms comprising a leading arm and a lagging 
arm and a contact bank therefor, the direction of 
rotation of all of Said arms depending on the di 
rection of movement of Said object, means con 
necting said first arm and Said pair of arms 
whereby the pair move only an aliquot fraction of 
a rotation for a complete revolution of the single 
arm, commutator means controlled by the move 
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ment of the object normally placing an electri 
cal potential on Said leading and lagging arms, 
but which removes the potential from the lag 
ging arm when the object moves sufficiently to 
cause the single arm to compiete a revolution. 

7. A movement translating means comprising 
an object movable in opposite directions, an arm 
rotatable for any movement of Said object, a 
contact bank co-operating with said arm, a pair 
of arms comprising a leading arm and a lagging 
arm and a contact bank co-operating therewith, 
the direction of rotation of all of said arms de 
pending on the direction of movement of Said 
object, means connecting said first arm and said 
pair of arms whereby the pair move Cinly a frac 
tion of a rotation for a complete revolution of 
said single arm, commutator means controlled 
by the movement of the object normally placing 
an electrical potential on the leading and lagging 
arms but which removes the potential from the 
lagging arm when the object moves sufficiently 
in either direction to cause the Single arm to 
complete a revolution. 
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