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United States Patent 

RC RATE GEP~ERATOW FOR SLOW 
SPEED MEASUREMENT 

William M. nlcCampbelll and Clayton Lovd. R/Iadison, 
Ala., assignors to file United Staies of Axherica xs re& " 
resented %y the AdrniwisBralos of the National ~ e r o -  
nauties and Space AdrninisfraSion 
Conkinmation-in-pahd of application Ser. No. 516,795, 

Dee. 27, 1965. This application Jane 22, 1966, Ser. 
No. 560,968 

4 Claims. (Cl. 324-70) 
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A siow speed measuring system including first and sec- 15 
ond RC rate generators, each consisting of a continuous 
rotation potentiometer having their respective resistors 
connected across a DC source and their wiper arms 
coupled to capacitors. The wiper arms are driven in ac- 
cordance with the speed to be measured and are angularly 20 
displaced from one another. Switching means responsive 
to the position of the wiper arms are provided for alter- 
nately coupling the outputs of the RC rate generators 
to current indicating means so as to maintain the cur- 
rent indicating means connected to the RC rate generator 25 
operating in its continuous interval. Additional switch- 
ing means are provided to discharge the respective capaci- 
tors after disconnection with the current indicating means 
and to connect the output of thc RC rate generator not 
connected to the current indicating means to current con- 30 
ducting means. 

The invention described herein may be manufactured 
and used or for the Government of the United States of 35 
America for governmental purposes without the payment 
of any royalties thereon or therefor. 

This application is a continuation-in-part of application 
Ser. No. 516,795 filed Dec. 27, 3965, now abandoned. 

This invention relates to a continuous speed measure- qo 
ment apparatus and more particularly to an apparatus 
utilizing RC rate generators for continuous measurement 
of slow speeds. Though the invention is not limited there- 
to such a speed measurement apparatus is particularly 
adapted for use in a welding system for providing con- 43 
tinuous measurement of weld wire feed rates which may 
be of the order of five inches per minute so as to either 
provide a record for quality control purposes or to pro- 
vide a control signal indicative OF the actual feeding rate. 

In such welding systems it has been the general practice 50 
in the past to employ DC tachometers to translate the 
travel speed of the weld wire into an electrical output. 
Howcver, DC tachometers, which are essentially small 
permanent magnet or separately excited generators that 
produce an electrical output proportional to the rota- 55 
tional speed of the generator, have not proven entirely 
satisfactory under all conditions for the reason that be- 
cause they have a non-linear output at slow speeds it 
has been necessary to drive the DC tachometer with a gear 
having a step-up ratio. The use of such a gear driven by 60 
either the weld wire or the weld wire feed motor allows 
the DC tachometer to be driven at a higher speed so as 
to operate on its linear portion but it is also inherently 
accompanied by an increase in the torque requirements 
necessary to drive the tachometer and as the torque neces- 65 
sary to drive the tachometer is already high due to brush 
friction and hysteresis effects, this increase can have the 
undesirable effect of either retarding the feeding of the 
weld wire or causing slipping to occur between the weld 
wire and the tachometer. 70 

The difficulties encountered in operating a DC tach- 
ometer on its linear portion without introducing excessive 

2 
torque requirements on the system has ~cs~:lted in an 
investigztion being made into the possibiii!~cs of obtain- 
ing a low torque and low speed device fen providir~g 
accurate measurement of slow travcl speeds and w h i ~ h  
may be driven directly by the object whose speed is b c i ~ ~ g  
observed. 

Accordingly it is an object of this invention to prolidc 
an accurate device for continuous slow sp.eed me~isure- 
ment. 

Another object of this invention is to provide a  lo^ 
torque device for slow speed measurement. 

Other and further objects, uses, and advantages of the 
present inve~tion will become apparent as the descrip- 
tion proceeds. 

In accordance with this invention a signal is obtdined 
which is directly proportional to the spced of the object 
beiog observed by use of an RC rate ge~lcrator which 
consists of a contiiiuous rotation potentiometer h a v q  2 
linear varying resistor and a wipe1 3rrn an4 a capb~cltoi 
connected to the wiper arm. In opcrdtion the ends of the 
linear varying resistor are connected across a soxce of 
regulated DC voltage and the wiper arm is dliven by the 
object whose speed is being observed, sucil as the welci 
wire, in such a manner that an increasingly greater volt- 
age is applied to the capacitor. This incieasing voltage 
will cause a capacitor charging current that lass ao aver- 
age value that is directly proporiional to the velociiji of 
the object being observed and this relationship will exnst 
for all positions of the wiper arm except when the \vipet 
arm has rotated to  a position between the ends of the re- 
sistor. During this position, hereinafter refcried to as 
tile portion of discontinuity, the wiper a:m rs not con- 
nected to the resistor and no charging current will b2 
generated. 

To overcome the problem caused by the portion of dis- 
continuity and provide a continuous indicatioip of speeil 
the present invention provides a second RC rate gener- 
ator having substantially the same charge late as thc first 
RC rate generator. The wiper arm of the second RC late 
generator is also driven by the object whow speed is be- 
ing observed however the wiper arm is angularly dis 
placed from the wiper arm of the first RC r ~ ~ t e  generator 
by an angle greater than the portion of discontinuity so 
that both wiper arms are never travelling in ,he portran 
of discontinuity at the same time. The outputs of tbesc 
generators are then alternately connected to current indi- 
cating means by providing a control circuit dcsigned to 
transfer the current indicating means froni one RC rate 
generator to the other in such a manner that the RC rate 
generator feeding the current indicating means is always 
operating on the continuous portion of the potentiometer 

This will be more readily understood by the follo~ving 
detailed description when taken together with ti, l e  accom- 
panying drawing in which the sole figure is a schematic 
diagram of a speed measuring apparatus incorporating 
the present invention. 

Referring now to the drawing there is shown a circuit 
diagram of a RC rate generator system for slow speed 
measurement incorporating the present invention. The 
system includes a first and a second RC rate genelatois 
generally shown at XI and 13, consisting of continuor~s 
rotation potentiometers 15 and 17 having substantidllj 
equal linear varqing resistors 19 and 21 connected aciosc a 
regulated DC source and having wiper arms 23 and 25 
connected to substantially equal capacitors 27 and 29 
through diodes 31  and 33. While the potentiometers are 
designed for continuous rotation they are of neccqsity 
discontinuous for a small part of the cycle 60 that the 
ends of the linear varying resistors 19 and 22 are electri- 
cally separated. For example in the enlbadirnent as shown 
thc wiper arms 23 and 25 will be electrically connected 
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to t ~ e  rcsistois 89 and 21 for 350 degrees of the cycle a change in the difference of voltage applied to the capac- 
'tnd a~cor~imgiy the portion of discontinuity will be 10 itor 27 with respect to time, vviil decrease or increase the 
dcgrzes The wiper arms 23 and 25 are mechanically con- charging current II depending on whether the speed is 
pled togctincr by shaft 35 which is adapted to bc driven faster or slower; however, I, will remain directly propol- 
by gear 27 a ~ d  the wiper arms are angularly displaced 5 tiona! to the shaft 35 rotational speed as long as wiper arm 
Frorrl one ailother 'sy an angle greater than the portion 19 remains on the continuous part of resistor 23. \>/hen 
L I E  ri~xont~niilty so that at the time shown and wilh the wiper arm 23 rotates past the 350 degree end of resistor 
d,re~t~oii of roiat~on of gear 37 shonn by arrow 36 wiper 19 no charging current will be generated as wiper arm 19 
aim 23 is approaching the 350 degree end of resistor 19 will now be disconnected from the DC source. In the 
arid wiper arm 25 is rotating away from zero degree end example shown, that is a 10 degree period of discon- 
ci resistor 21. tinuity of resistor 19, there would be no current generated 

Associated with RC rate generator 11 are a plurality for a period of 1.8 seconds if wiper arm 19 were rotating 
of s.cvitc:-ies 43, 45, and 47 that are controlled by solenoid at one r.P.nl. 
41 and associated with RC rate generator 13 are a plural- The present invention overcomes the problem caused 
nty of swrtctles 63, 65 and 67 that are controlled by sole- 13 by the discontinuity by providing a second RC rate gen- 
noid 61. with solenoids 41  m d  41 de-energised the re- erator 13 having substantially the same charge rate as the 
spective swlches as&,ume of the positions as shown so that first RC rate generator 11 in which the wiper arm of the 
juncllon 39 is collnccted throL,gh closed switch 45 to second RC rate generator is angularly displaced from the 
sw~rches 57 and 59 ,~nd junction PO1 is connected through wiper aim of the first Senerator by an angle gleater than 
closcil sV/iicli 65 to switches 53 and 55. Switches 53, 55, 20 the period of discontinuity so that both wiper arms will 
56, 57 and 59 ,Ire conirol!ed by solenoid 51 and with sole- never be in the period of discontinuity at the same time. 
nold 51 de-cneigized assume the positions as shown so The operation of the second RC rate generator 13 is simi- 
that s-vitcb 45 IS connected to the current indicating means lar to that of RC rate generator 11 and as disclosed in the 
711 through closed slvitch 57 and switch 65 is connected to drawing wiper arm 25 is angularly displaced from the 
ies;%tor 73 through closed switch 55. Energizaiion of 25 wiper arm 23 by an angle greater than the poltion of dis- 
sulcnoid 51 reverse5 the positions of switches 53, 55, 56, continuity. As shown wiper arm 25 is driven by shaft 35 
57 and 59 so as to connect switch 45 to resistor 73 through in a Counter C ~ O C ~ < W ~ S ~  direction so that an increasing 
swrtch 59 and to connect switch 65 to the current indicat- greater voltage is applied to capacitor 29 and the output 
ing means 71 through switch 53. Resistor 73 is a matching of R e  rate generator 15 at junction 101 is co~~nected 
resiitor rr?d has substantially the same resistance as the 30 through closed switches 65 and 55 to resistor 73. Since 
laternma1 resiqtan~e of curlent indicating means 71. Sole- both wiper arms 19 and 25 are driven at the same rota- 
n o d  511 15 connected across an AC source through switch tional speed, capacitor 29 charging current Iz in the 
67 Lontiol!e-J by solenoid 6 1  and through switch 47 con- direction as indicated in the drawing, will be equal to I1 
lxolled 41  with locking switch 56 connected if leaistor 73 equals the internal resistance of current indi- 
In p d r a ~ ~ e ~  urth switch 47 and controlfed by solenoid 51. 33 cating means 71 as the change in voltage applied to capaci- 

~~~~h RS rare generator also includes a capacitor dis- tors 27 and 29 with respect to time will be equal in both 
cnaiging ~irciiit. AS seen in the drawing associated with rate generators. 
RC rate generaior 11 is the series combination of switch The switching of the current indicating means from the 
43 and ieslseoi 75  that are connected across capacitor 27 output of one RC rate generator to the output of the other 
to jcmc?ioas 38 ana 39 and associated with RC rate gen- RC rate generator so as to obtain a continuous indica- 
erator 13 is the sciies combination of switch 65 and re- tion of speed is accomplished in the following manner. 
sistor 77 that are connected across capacitor 29 to junc- As wiper arm 23 approaches the 350 degree end of resistor 
lions 101 and 103. 19 a point will be reached where the back bias caused 

Solenoids 43 and 61 which control the position of by battery 83 is overcome and thyratron 79 will fire so as 
switches 43, 45 and 47 and 63, 65 and 67 respectively are 45 to energize solenoid 41. Switch 45 previously closed will 
coni~ccted acioss the AC source through the respective open to disconnect junction 39 of RC rate generator 11 
platc to cathode ciicuits of thyrations 79 and 81. These from current indicating means 71 and switch 47 pre- 
thyratrons lie norrilally rendered non-conductive by the viously open will close, thereby connecting solenoid 51 
rcclusroa of a constarlt voltage source such as batteries 83 across the AC source through the already closed switch 
and 85 in the respective grid circuit of the thyratrons. As 50 67. With solenoid 51 energized switch 55 will open and 
shown wiper arm 23 is connected to the grid of thyratron switch 53 will close so that junction 101 of RC rate gen- 
79 through battery 83 and resistor 91 and wiper arm 25 erator 11 is disconnected from resistor 73 and simul- 
ns conl~ecisil to the grid of thyratron 81 through battery taneously connected to current indicating means 71. The 
85 and re5istor 93. Capacitors 95 and 97 couple the grid current indicating means 71 will thereby carry I2 which 
to the calllode oi the respective thyratrons. 55 was already equal to I1 (assuming no change in rotation 

The operation of- the present invention may best be speed of shaft 35) as long as solenoid 51 remains ener- 
nnderstooa by first referring to the operation of RC rate gized. Additionally switch 43 also controlled by solenoid 
generator 11. As shown in the drawing, wiper arm 23 is 41 will close upon the energization of solenoid 41 to dis- 
driven by sbait 35 and at the time shown in the drawing charge capacitor 27 through resistor 75 thereby resetting 
with a ro~ation of gear 37 as shown by arrow 36 wiper GO RC rate generator 11. 
arm 23 is approaching the 350 degree end of resistor 19. When wiper arm 23 goes past the 350 degree end of re- 
Switches 45 and 57 are both in closed position so as to sistor 19 into the period of discontinuity thyratron 79 will 
~onnect  the output of the RC rate generator 11 at junc- again become non-conductive due to the back bias voltage 
tion 39 to current indicating means 71. Since resistor 19 applied by battery 83 and solenoid 41 will be deenergized 
is connected across the regulated DC source and wiper 6; thereby ret~~rning switch 47 to its open position, switch 
arm 23 is moving in a counter clockwise direction an in- 45 to its closed position and switch 43 to its open posi- 
creasiilgly greater voltage is applied to capacitor 27 which tion. To insure that the opening of switch 47 does not 
will cause a capacitor charging current 4 in the direction de-energize solenoid 51 prematurely, locking switch 56 
as indicated on the drawing to flow through current indi- controlled by solenoid 51 is provided in parallel circuit 
catlng means 71. 70 relationship with switch 47. Switch 56 originally open was 
I1 the product of X.G is small (wherein R equals the closed upon the initial energization of solenoid 51 thereby 

internal ieslstance at the current indicating means and C maintaining a current path for solenoid 51 even though 
eqil,~is the capacitance of capacitor 27) the charging cur- switch 47 is returned to its open position by the de-encr- 
sent Idl wnli be directly proportional to the rotational speed gization of solenoid 41. 
of shaft 35. A change in the speed of shaft 35 and thereby 75 The continued energization of solenoid 51 alao pro- 
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vides a reversal of the positions of switches 59 and 57 as Obviously, many other modifications and v. riations of 
shown on the drawing so that switch 59 is now closed and the present invention are possible in light of the above 
switch 57 is now open thereby connecting the output of teachings. Therefore, this invention is to be considered as 
RC rate generator 11 at junction 39 to matching resistor limited only in accordance with the teachings ll~eieof as 
73 through closed switch 45. As the wiper arm 23 con- 5 set forth in the claims appended hereto. 
tinues its rotation and goes past the period of discontinuity What is claimed is: 
and into the period of continuity of resistor 19 a capacitor 1. A speed measuring apparatus comprising: 
27 charging current I1 will again be generated and as (a)  a first and a second continuous rotation potentiom- 
previously explained this charging current will be equal to eter each having a resistor having first and second 
the current charging capacitor 29 since the change in volt- ends and each having a arm engageable 
age with respect to time applied to capacitors 27 and 29 said resistors; 
will be equal. (b) a source of direct current having positive aild 

In the embodiment as shown the switching of the current negative output terminals respectively conne~ted to 
indicating means back to the output of the first RC rate said first and second ends of said resistors: 
generator 11 is accomplished by essentially the same way 15 (c)  means for moving each of said wiper arms along its 
in which the original switching occurred. That is as wiper resistor from said second end to said first e ~ d  and 
arm 25 rotates toward the 350 degree end of resistor 21 a then out of engagement therewith to the second erd 
point is reached when the back bias on thyratron 81 is again at a rate proportional to the speed to bc 
overcome and the thyratron will conduct to energize measured, said wiper arms being connected for rr-iobe- 
solenoid 61. This condition reverses the position of switch 20 merit out of phase with each other; 
65 to disconnect RC rate generator 13 from the current (d) first and second capacitors reipectiveiy co~pled lo 
indicating means and also opens switch 67 to overcome the said wiper arms of said first and second potentiom- 
locking action of switch 56 so as to de-energize solenoid eters; 
51. Switches 59 and 57 which were held respectively (e)  current indicating means having a first end arid a 
closed and open by the energized solenoid 51 will now 25 second end, said first end connected to said second 
reverse their position so that to output of RC rate genera- ends of said resistors; 
tor 11 at junction 39 will again be connected to current ( f)  current conducting means having a first end and a 
indicating means 71. Switch 63 closed by energization of second end, said first end connected to said second 
solenoid 61 will provide a discharge path for capacitor ends of said resistors; 
29 so that RC rate generator 13 is effectively reset. 30 (g) switching means for alternately coupling said cc.pac- 

When the wiper arm 25 reaches the period of discon- itors to said second ends of said current indicating 
tinuity of resistor 21 thyratron 81 will again become non- means and said current conduct~ng mp a n s :  
conductive and solenoid 61 will be de-energized thereby (h) means actuating said switching means to break the 
returning switch 63 to its open position, switch 65 to its connection between the current Indicating means and 
closed position and switch 67 to its closed position. The 35 each capacitor before the wiper arm contiollirig tbc 
closing of switch 67 at this time will not however energize circuit thereof moves out of engdgemeiit with i t s  
solenoid 51 because locking switch 56 was opened by the resistor, to complete a connect~on to the othcr ca- 
ini!ial de-energization of solenoid 51. In this manner the pacitor in which the wiper arm controlling the cir- 
output of the RC rate generator 13 at junction 101 is again cuit thereof has moved into engagement with ;t\ 
connected to matching resistor 73 through closed switch 40 resistor and to connect the current conducting nieans 
55 and when wiper arm 25 reaches the portion of con- to said capacitor disconnected f ~ o m  said current in- 
tinuity of resistor 21 a capacitor 29 charging current I2 dicating means after the wiper arm controlling t i le 
will again be generated. The cycle continues in this man- circuit thereof has moved into engagement wilh atz 
ner with first one of the RC rate generators feeding the resistor; and 
current indicating means and then the other, thereby over- 45 (i) means for discharging said capacitors after dizcon 
coming the problem caused by the period of discontinuity nection from said current indicating rncans a d  bc- 
on resistors 19 and 21. Continuous operation of the sys- fore connection with said current condr~cting mean\ 
tem is insured by provision of the capacitor discharge cir- 2. The system of claim 1 in which: 
cuits which assure that capacitors 27 and 29 are receptive (a)  said actuating means includles a first position rc- 
to a charging current when the respective wiper arms re- 50 sponsive device coupled to said wiper arm of sniJ 
turn to the portion of continuity of the resistors. first potentiometer for producing a first control signii 

From the foregoing it is seen that a speed measuring when said wiper arm is within a predetermined prox- 
system utilizing RC rate generators has been disclosed imity with said first end of its ~ e s i ~ t o r  and for p!o- 
that provides continuous indication or measurement of ducing a second control signal when said wipe1 arrii 
slow speeds. Also it is seen that the transfer from one RC 55 is out of engagement with its resistor and a second 
rate generator to the other is accomplished without the position responsive device coupled to said wiper arm 
effect of stealing current from the RC rate generator as of said second RC rate generator for producing a 
the present invention uses the voltage (increasing with the third control signal when said ~ i p e r  arm is w~tbin '3 

advancing position of the wiper arms on the potentiom- predetermined proximity with said first end of its re- 
eter) to produce the necessary bias to fire the solenoid 60 sistor and for producing a fourth control signal .ivhesr 
actuating thyratron. Additionally it is apparent that the said wiper arm is out of engagement with its re- 
system has low torque requirements so that it can be sistor; and 
driven by means of a wheel in contact with the object (b)  said switching means includes a first plurality of 
whose speed is being observed to measure actual speed. switches responsive to said first control signal foi 

Although the embodiment of the present invention has 65 providing an open circnit between said first capacito: 
been described utilizing a thyratron switching circuit it is and said current indicating means and a closed cir- 
believed evident to those skilled in the art that various cuit between said second capacitor and said airrent 
other means could be employed without departing from indicating means and responsive to said second con- 
the invention. For example these means could include any trol signal for providing a closed circuit between said 
of several semiconductor devices or electron tube circuits 70 first capacitor and said current conducting means. and 
responsive to the angular position of the respective wipers. a second plurality of switches responsike to said 
Also the current indicating means could take several dif- third control signal for providing an open circiiit 
ferent forms in the practice of this invention. For example between said second capacitor and said current in- 
if a record is desired for quality control purposes a re- dicating means and a closed circuit between said 
corder could be utilized. 7 5  first capacitor and said current indicating means and 
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responsive to said fourth control signal for providing of said first potentiometer for sensing the voltage ap- 
a closed circuit between said second capacitor and plied to said wiper arm; and 
said current conducting means. ( b )  said second position responsive device includes a 

3. The system of claim 2 in which: second voltage responsive device coupled to said 
(a) said capacitor discharge means includes a iirst and 3 wiper arm of said second potention~eter for sensing 

a second series circuit respectively connected across the voltage applied to said wiper arm. 
said first and second capacitors, a resistor and a 
switch in each of said circuits: and References Cited 

( b )  means responsive to said first control signal for UNITED STATES PATENTS 
actuating said switch of said first circuit to provide a 2,575,494 11/1951 ~ ~ ~ ~ f ~ ~ k  ------------ 324-70 
discharge path for said first capacitor and means 
responsive to said third control signal for actuating OTHER REFERENCES 
said switch of said second circuit-to provide a dis- The Review of Scientific Instruments, vol. 32, No. 6, 
charge path for said second capacitor. June 1961, pp. 757, 758 (Bossert). 

4. The system of claim 2 in which: 
(a)  said first position responsive device inclttdes a first l5 RUDOLPH V. ROLINEC, Pt3itnary Examiner, 

vo1tzge responsive device coupled to said wiper arm M. J. LYNCH, Assistent Examiner. 




