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s 

5 Claims. (C. 74-125) 

This invention relates generally to reversible incre 
mental mechanical drives and is a division of a copending 
application of the applicants', Serial No. 606,354, filed 
August 27, 1956, entitled “Perforated Tape Reader' and 
assigned to the assignee of this invention. 

For the purpose of demonstrating an application of 
the reversible incremental drive of this invention, the 
drive is illustrated herein as applied in an arrangement 
for reading perforated tape. This involves certain spe 
cific considerations which are only exemplary. 

Commercial perforated record reading apparatus fre 
quently involves a row of spring loaded pins operated 
in time sequence with the tape feeding and indexing 
mechanism which incrementally moves the tape in one 
direction. During each instant, when the tape is stopped 
by the feeding and indexing mechanism, the spring loaded 
reading pins are advanced into reading position with 
respect to the tape. In this position, certain of the pins 
may pass through perforations in the tape and certain 
other of the pins may engage the tape and be arrested 
in their movement with respect to the. tape. Thus, the 
displacement of the pins is indicative of the presence or 
absence of perforations in the tape and in accordance 
with a suitable convention of binary code, the pin posi 
tions are indicative of a particular condition. Presently 
available commercial arrangements are capable of feed 
ing the tape in one direction only. This is satisfactory 
in many applications. However, in certain applications 
wherein speed of tape handling and accuracy in final 
results represents criteria which must be obtained, ar 
rangements of this type are inadequate. 
One such application is found in machine tool automa 

tion by digital means. In such applications, any error 
existing in the perforated code in the tape may result 
in a gross error in a machine or assembly operation 
performed by the automation system which may ruin the 
part on which the machine or assembly operation is be 
ing performed. Consequently, it is highly desirable that 
arrangements be provided whereby the system is self 
checking, at least for errors of a common nature, and 
which further provides for rechecking of the tape code 
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set up so that the code depends upon odd numbers of 
holes appearing in any single row of perforations in the 
tape. Thus, a mistake of one hole or perforation in the 
tape, termed a parity error, which is a common variety 
of error, would result in the appearance of an even num 
ber of holes in any single row. The equipment receiving 
the information from the position of the pins may thus 
be organized to reject any code involving an even num 
ber of tape perforations. Also, even though an odd 
number of perforations may exist, it is conceivable that 
relays or other switching devices responsive to pin po 
sitions may operate improperly which would also pro 
duce an indication of a parity error. In either event, it 
is desirable at this point to bring the operation to a stop, 
reverse the tape to a predetermined point beyond the 
seeming error in the tape and thereafter reread the tape 
a second time to check the condition. Occurrence of the 

- error a second time may then be utilized to completely 
stop the operation to determine the source of the error. 
To accomplish this, provision must be made to reverse 

the feeding and indexing mechanism and at the same time 
to reverse one or both of the motor drives for the reels 
to effect tape reversal. Thereafter, the reverse feed must 
be stopped and the reader started up in the forward di 
rection which requires restoring the operation of the tape 
feeding and indexing mechanism together with the reel 
drives to their original conditions in which the tape is fed 

30 

40 

in a forward direction for reading. 
It will be seen from the foregoing discussions that the 

requirements of a reversible incremental drive in a per 
forated tape handling application are stringent. The drive 
must be positive in its operation and must be precise in 
indexing. Otherwise the tape may not be properly fed 
or the tape may be indexed in a position which is not 
in precise coincidence with the position of the reader 
pins. In either situation, faulty operation may result. 

Accordingly, one object of this invention is to provide 
a reversible incremental mechanical drive which is simple 
with respect to operational requirements and which is 
positive in operation. 
Another object of this invention is to provide a re 

versible incremental mechanical drive with provisions for 
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55 
at the point where, a seeming error exists, so that in the . 
event the error was the result of malfunction of some 
part of the system and not of the code the operation 
may be continued, assuming of course that the machine 
malfunction did not occur a second time. 60 

Frequently, perforated tape readers are provided with 
supply and take-up reels, the tape being fed from the 
supply reel to the take-up reel during tape movement in 
the forward reading direction through the tape reader. 
These reels are provided with electric motors which must 65 
be controlled so that the tape is fed into the reader and 
wound up at the exit side of the reader in such a way 
as to minimize tape tension between either of the reels 
and the feeding and indexing station in the reader - 
checking of tape errors requires that the reader and the 

The 

reels be reversible in operation. By way of explanation. 
- of the nature of such an error, the arrangement may be . . 

completely disengaging the driven member from the in 
cremental drive. 
A further object of this invention is to provide a re 

versible incremental drive of the character referred to 
which provides positive incremental displacement and 
indexing of the driven member. 

Still another object of this invention is to provide a 
reversible incremental mechanical drive in which revers 
ing of the drive connections takes place only when the 
drive is disconnected from the driven member. 
The foregoing statements are merely illustrative of the 

various aims and objects of this invention. Other objects 
and advantages will become apparent from a study of 
the following specification when considered in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a perspective view of a perforated tape han 
dling apparaus embodying the reversible incremental 
drive of this invention; 

Fig. 2 is an elevational view fragmentarily in section 
illustrating certain mechanical details of the reversible 
incremental. drive in one operating position; 

Fig. 3 is a sectional view taken on the line 3-3 of 
Fig. 4 illustrates the mechanism of Fig. 2 in a differ 

ent operating position; . . . . . . . . . . . . . 
Fig. 5 illustrates the mechanism of Fig. 2 in a still 

different operating position; Fig.6 illustrates the relationship of the circuits of 
Figs. 6a, 6b, and 6c diagrammatically illustrate a cir 
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3 
cuit arrangement forming part of the perforated tape 
reading system and utilized to control the apparatus of 
Fig. 2. 
The perspective illustration of Fig. 1 illustrates the gen 

eral organization of the main components of the tape 
handling apparatus. The arrangement illustrated com 
prises a tape reader generally designated 1, disposed sub 
stantially centrally on the upper side of housing 2. Reels 
3 and 4 are rotatably mounted at opposite ends of the 
tape reader 1, reel 3 being the supply wheel and reel 4 
being the take-up reel. The tape is fed normally in a 
forward direction from the supply reel 3 through the per 
forated tape reader 1 and thereafter is wound up on the 
take-up reel 4. The reels 3 and 4 are powered by re 
spective eelctric motors 5 and 6. These motors appear 
only in the wiring diagram in Figs. 6a, 6b and 6c for this 
system and are not shown at this point, in the interest of 
simplicity. Each of motors 5 and 6 is arranged in a 
suitable electrical control circuit yet to be described 
adapted to be controlled in part by respective tape ten 
sion arms 7 and 8 which are suitably pivotably mounted 
so that the tape engaging portions are gravity biased 
or spring loaded, if required, into engagement with the 
paper tape. The purpose of these arms is to provide suit 
able control over the respective reel motors 5 and 6 so 
that the tape is never tensioned as a result of improper 
supply, or take-up of the tape which has been read. 
Movement of the tape through the tape reader 1 is 

controlled by a feeding and indexing mechanism which 
drives a sprocket wheel generally designated 10 having a 
plurality of circumferentially spaced sprocket teeth 11 
which engage correspondingly spaced holes arranged in a 
line substantially centrally along the paper tape. 
sprocket wheel 10 is mounted on a shaft 12 extending ex 
ternally of the housing 13 which encloses the tape reader 
mechanism. A thumb wheel 4 is mounted on the end 
of shaft 12 so that manual rotation of the sprocket wheel 
10 may be effected as needed. 
As will be seen by reference to Fig. 1 the perforated 

tape is fed from the supply reel 3 across the top of hous 
ing 13 and passes under a forked tape guide 15 between 
the tines of which the reader pins (not shown) are 
adapted to pass. The tape proceeds from guide 15 be 
neath a slotted guide 16 having an arcuate shaped por- 45 
tion, positioned over portions of the sprocket wheel on 
opposite sides of the sprocket teeth 11, which maintains 
the tape in positive engagement with the sprocket teeth. 

The 
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35. 

The tape continues across the top of housing 13 extend 
ing through a third guide 17, passing from guide 17 be 
neath tension arm 8 and thereafter being wound upon the 
take-up reel 4. 

50 

having a single projection 31 controlling a drive link as 
sembly generally designated 32. This drive link assemi A contact roller 18 mounted on a control arm 19 is 

operable between a position in which it rotatably rides an 
edge of the tape and a second position in which it dis 
engages the tape. As will be explained hereinafter in 
connection with Figs. 6a, 6b and 6c, this roller and its 
contact plate 17a constitute a stop switch SS in an elec 
trical circuit which is completed through suitably posi 
tioned holes in the tape. Normally when the tape is being 
read in the forward direction, that is, tape movement 
from left to right as viewed in Fig. 1, suitable means are 
provided such as a stop switch magnet SSM, to lift roll 

be operated in any suitable manner. 
indicated involves an electromagnet 27 disposed in flux 

4 
tric circuit which operates to stop the rewind operation 
at this point. 

For a total rewind operation when the tape is to be 
removed and replaced by another tape, the control 
afforded by the contact roller 18 is eliminated and the 
tape is totally rewound onto supply reel 3 so that it may 
be completely removed and replaced by a reel having a 
different code. . - 
The mechanical arrangements whereby the various op 

erations referred to above and others may be accom 
plished appear in Figs. 2 and 3 which illustrate the com 
ponents of the mechanical assembly in one operational 
position, Figs. 4 and 5 indicating other operational posi 
tions. 

Referring to Figs, 2 through 5 the tape reader appa 
ratus 1 is driven by an electric motor 20 of any suitable 
type which is constantly energized during the operation 
of the reader and which operates at substantially constant 
speed. Motor. 20 drives a pulley 21, which is belt-con 
nected to a pulley 22, connected by means of a spring 
loaded friction clutch, not shown, to a shaft-23 which 
constitutes the input shaft to the reader. Thus, at any 
time when the shaft 23 is secured against rotation, pulley 
22 rotates with respect to the shaft and whenever the shaft 
is released the friction forces are sufficient to afford a 
positive drive of the shaft for the torque loading imposed 
thereon by the feeding and pin reading mechanisms. 
Rotation of the shaft 23 is controlled by a conventional 
type of single revolutional clutch, generally designated 
24, herein referred to as the reader clutch, which is pro 
vided with a peripheral projection or stop 25 adapted to 
be engaged by a spring loaded latch 26. This latch may 

The control herein 

linking relationship with latch 26 so that upon energiza 
tion of the reader clutch coil RCC the latch may be with 
drawn from the position indicated engaging stop 25 to 
release the clutch. For the purposes of this invention, 

4. 
coil RCC may be maintained constantly emergized ex 
cepting during initiation of reversing operation of the 
tape sprocket wheel 10 at which time the electromagnet 
27, as will be described hereinafter, is de-energized to 
permit engagement of the latch 26 with stop 25. Al 
though notherein illustrated, latch 26 may be additionally 
actuated by means of a can driven by the shaft 23 con 
trolling a suitable lever which engages and moves latch 
26 in a direction to engage the clutch surface. These and 
other equally obvious expedients will be apparent to those 
skilled in the art. - 

Shaft 23 is connected to and drives a feed cam 30 

bly incrementally rotates a ratchet wheel 33 which is 
55 secured to drive the shaft 12 which mounts the tape 

rotates in one direction, as indicated by the 
the can 30 in Fig. 2. 

(See : Fig. 3.) Shaft 23 always 
arrow adjacent 

sprocket wheel.. 10. 

Drive link assembly. 32. comprises a pair of pivotally 
mounted, parallel connected, cam actuated levers 34 and 

- 30 

18 of the tape to minimize frictional drag. However, 
during a message rewind operation, roll 18 is moved into 
a position engaging the tape. The holes which are 
detected by the contact roll 18 are positioned on the tape 
margin at the beginning of a message indicating the start 

65 

of the code. Thus, during rewind of the particular mes 
sage, the contact roller is separated from the bottom sec-. 
tion 17a of guide 17, which functions as the stationary 
portion of the electrical contact arrangement SS, so that 

- the circuit controlled by the contact roller is maintained 
open until the hole in the tape indicating the sta rt of the . 

70 

feed cam 30. 
applies a counter-clockwise bias, thereto sufficient to 
maintain roller 38 in contact with the surface of cam 30. 

35 respectively. Lever 34 is pivotally mounted about a 
stationary stub shaft 36 and lever 35 is pivotally mounted 
about a stationary stub shaft 37. Lever 34 is provided 
with a cam follower roller 38 which rides the surface of 

A tension spring 39 connected to ever 34 

Thus, the lever 34 is moved between the position indi 
cated and a counter-clockwise position as seen in Fig. 4 
wherein the roller 38 rides against the circular portion of 
can 30. Movement of lever 34 is imparted to lever 35 
by means of a link 40 pivotally connected between the 
links 34 and 35. Thus, as the cam roller is displaced by 
rotation of the can 30, both of the links. 34 are moved 
between the position shown in Fig.2 and a counter ise position shown in Fig. 4. 
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The free ends of evers 34 and 35 pivotally mount 
respective drive links 41 and 42, the free extremities of 
which carry respective drive pins 43 and 44. These free 
extremities are disposed on opposite sides of the ratchet 
wheel 33 and are controlled to selectively engage the 
ratchet wheel by means of a shift arm 45. Shift arm 45 
is pivotally mounted by pin 45 between spaced side por 
tions 47 and 48 of a vertical support 50 having a hori 
zontal base portion 51 which is bolted by means of bolts 
52, to the upper edge of a plate 53 constituting the main 
mounting or support plate of the reader mechanism. 
Shift arm 45 is provided with a horizontal projection 54 
as seen in Fig. 2. A clamp 56 at the top of vertical sup 
port 50 receives a reduced diameter tubular projection 57 
of the housing of a reverse feed solenoid 58 having a 
plunger 60, the end of which engages the end of projec 
tion 54 on the shift arm. A compression spring 59 dis 
posed between the support 50 and the shift arm, torques 
the shift arm in a counter-clockwise direction to the posi 
tion shown in Fig. 2 when the solenoid is de-energized. 

Drive links 4; and 42 are biased towards each other 
by means of a tension spring 61 which is tensioned be 
tween pins 62 and 63 secured in the respective drive links 
at points intermediate their respective points of pivoting 
and their free extremities, and in a position affording 
clearance between the tension spring 61 and the ratchet 
wheel 33, so that the tension spring will not interfere 
with ratchet wheel movement. Shift arm 45 is provided 
with a cam-shaped lower extremity 64 which is disposed 
between lateral extensions of the respective drive pins 
43 and 44 (see Fig. 3). As will be seen in Fig. 3, the 
shift arm extends downwardly beside the surface of sup 
port plate 53 and is provided with a suitable slot 65 

6 
is retracted to positively disengage drive pin 43 from the 
teeth of ratchet wheel 33 towards the lower end of the 

0. 

5 

20 

30 

which clears the shaft 12 in each of the two positions oc 
cupied by the shift arm. For either position of the shift 
arm 45, either the forward or the reverse drive link rides 
against the surface of the cam-shaped portion 64 of the 
shift arm. Thus, as seen in Fig. 2, the drive pin 44 of 
the reverse drive link 42 rides against can edge 66 and is 
thus prevented from engaging notches in the ratchet 
wheel 33. On the other hand, cam edge 67 is displaced 
from the path of movement of drive pin 43 of forward 
drive link 4 and, as a consequence, is not engaged by 
drive pin 43. Drive pin 43 may thus on its upward 
movement engage a notch in the ratchet wheel and drive 
the ratchet wheel a distance corresponding to the pitch of 
one tooth. 

Fig. 5 illustrates the mechanism arranged for reverse 
drive of the ratchet wheel. For this condition, the sole 
noid 58 is energized which drives the plunger 60 of the 
solenoid to the right from the position shown in Fig. 3 
to a position determined by the limits of the solenoid 
travel. Thus, the shift arm is rotated in a clockwise di 
rection to the position indicated. The edge 67 of the shift 
arm cam 64 now engages drive pin 43 of forward drive 
link 41 rotating this drive link counter-clockwise to a 
position in which the drive pin 43 no longer engages the 
teeth of ratchet wheel 33. In this position cam edge 66 
is sufficiently displaced that drive pin 44 of reverse drive 
link 42 may now engage the teeth of ratchet wheel 33. 
Thus, as the drive link assembly 32 rotates under the 
control of feed can 30, ratchet wheel 33 is rotated in a 
counter-clockwise direction to feed the tape in a reverse 
direction. . . . 
As will be seen by reference to Fig. 4, whenever the 

cam roller 38 rides on the substantially circular portion 
of feed cam 35, both of the drive links. 41 and 42 are 
retracted from engagement with the ratchet wheel 33. 
When the shift arm is disposed, as illustrated in Fig. 3, 
so that the ratchet wheel is driven in the forward direc 
ion by forward drive link41, the dri - 
tracted is displaced from the ratchet wheelby a stationary 
pin 6s which is secured in support 53. Pin 68 engages an 
offset edge 70 on the forward-drive link which cams the 
drive link 41 in a counter-clockwise direction as the link 

35 

40 

45 

50 

retraction stroke. A similar stationary pin 71 cooper 
ates with an offset edge 72 on reverse drive link 42 to 
correspondingly control the reverse drive link when the 
shift arm is in the reverse drive position. This has not 
been illustrated herein but is readily construable from 
the operation illustrated and described in connection with 
the forward drive link 4. 

Ratchet wheel 33 is positively indexed in each incre 
mental angular position by means of an indexing arm 73 
which is pivotally mounted on support 53. This pivotal 
mounting comprises an eccentric pin 74, adjustment of 
which shifts the pivot axis of the indexing arm 73 be 
tween positions to the left and to the right of that indi 
cated for the purpose of positively indexing the ratchet 
wheel in such a position that the reading pins may be 
indexed with the perforated code of the tape whenever 
the ratchet wheel is indexed. Positive indexing of the 
ratchet wheel is obtained by means of a roller 75 ro 
tatably mounted on the free end of indexing arm 75. 
This arm is spring loaded to detent position by means 
of a tension spring 76 connected between the other end 
of the indexing arm 73 and a pin 77 secured in Sup 
port 53. Provision is made herein for physically dis 
placing the index arm 73 in a counter-clockwise direc 
tion to disengage the detent roller 75 from the ratchet 
wheel 33 so that the ratchet wheel 33 may be free to 
rotate without the indexing forces acting thereon. This . 
is accomplished by means of a substantially L-shaped 
arm 78 which is pivotally mounted about the pin 74. 
This L-shaped arm is provided with an offset section 
functioning as a shoulder 80 disposed to engage an ad 
jacent edge of the indexing arm 73. The left-hand ex 
tremity of the L-shaped arm 78, as viewed, functions 
effectively as an armature being provided with a pole 
member 81 confronting a pole 82 of a solenoid or elec 
tromagnet 83. Thus, energization of this electromagnet 
is effective to supply sufficient force to the extremity of 
the L-shaped arm 78 to overcome the spring loading 
of the indexing arm 73 provided by spring 76, to rotate 
the indexing arm in a counter-clockwise direction to 
disengage the detent roller 75 from the ratchet wheel 33. 
The reading pin station is schematically illustrated at 

86. This reading pin assembly is controlled by a cam 
87 which is driven by shaft 23. A cam roller 88 is ar 
ranged in a suitable linkage 99, illustrated only in sche 
matic form in the interest of simplicity. Linkage 99 is 
conventionally connected to the reading pin assembly to 
move the reading pins to and from tape reading posi 
tions. Cam 87 is indexed with respect to feed cam 30 
so that the reading pin assembly is displaced from tape 
reading position and positively maintained cut-of-tape 
reading position and throughout that interval in which 
the linkage assembly 32 incrementally moves the ratchet 
wheel 33 to displace the tape during the tape feeding 

80 

65 

operation. Whenever the tape feed cycle is completed 
and the tape is locked against further movement by the 
detent roller 75, continued rotation of shaft 23 in the 
direction indicated, rotates cam 37 so that roller 88 
moves over a lower edge of the cam 87. This physical 
displacement of roller 88 and the linkage 90 associated 
therewith displaces the reading pin assembly 86 moves the 
reading pins into tape reading position. . 

In a practical embodiment of this invention, the axial 
position of the reading pins, as determined by the presence 
or absence of perforations in the tape, are utilized to con 
trol suitable switching means between open and closed 
positions whereby an electrical indication of the axial . 

70 
ive link 41 when re 

75 

: The mechanical arrangement describe 

position of the pins is obtained. Arrangements for de 
tecting the positions of the pins have not been illus 
trated herein in the interest of simplicity. . . 

x . - - - - hereinabove 

provides three main modes of operation, in a tion to. 
forward reading and some ancillary operations, in 
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presence of suitable control of electromagnetic devices 27, 
58 and 83. These three modes are as follows: 

(1). Message rewind-In the message rewind mode of 
operation, the tape is rewound from the end of the mes 
Sage to the start of the message which provides complete 
rewinding of the message which has just been read from 
the tape. To accomplish this, electromagnet 27 is de 
energized, which drops the latch 26 against the sur 
face of the single revolution clutch 24. Thus, as the 
projection 25 moves counter-clockwise, it is engaged by 
the latch 26, which stops further rotation of shaft 23 

10 

and locks cam 30 in a position such as illustrated in Fig. 
4. Energization of the electromagnet 83 rotates the in 
dexing arm 73 counter-clockwise to disengage the detent. 
roller 75 from the ratchet wheel. Thus, the ratchet 
wheel is released so that it may rotate freely during the 
message rewind operation. At the same time, and re 
ferring to Fig. 1, provision is made through the electrical 
circuits yet to be described to reverse the energizing 
connections for the respective reel motors so that the reel 
motors drive the reels in reverse directions. The con 
trol of the supply reel motor is such during the rewind 
operation that this motor is started up under the in 
fluence of reduced energization which takes up the slack 
in the loop of tape adjacent the supply reel and displaces 
the tension arm 7 upwardly as viewed. During this in 
terval the light tension applied to the tape by tension 
arm 7 accelerates the tape sprocket wheel 10 which is 
now freely rotatabie and the tape begins to move in the 
reverse direction through the reader. As the slack is 
taken up in the tape loop adjacent the take-up reel 4, 
tension arm 8 associated therewith also moves upwardly 
as viewed. As the tape speed increases through the tape 
reader and the respective tension arms move upwardly, 
indicating that most of the slack is out of the tape, suit 
able connections are made to increase the energiza 
tion of the Supply reel motor at which time the reel 
speeds increase and the tape is wound at high speed on 
the Supply reel 3. In this mode of operation, control 
arm 19 is displaced to engage contact roller 18 of stop 
Switch SS with the tape. When the perforation in the 
tape indicating the start of the message moves beneath 
contact roller 18, the electric circuit between contact 
roller 18 and stationary contact plate 17a is completed. 
This circuit is arranged to de-energize both reel motors 
and at the same time to control the application of reel 
brakes (not shown in detail) to stop the respective reels. 

(2) Total rewind-in the total rewind mode of op 
eration, the reader drive mechanism is positioned as de 
scribed in connection with the message rewind mode of 
operation. This operation is essentially the same as that 
described for message rewind excepting that provision 
is made to prevent the contact roller 18 from stopping 
the reel motors at the start of any particular code or 
message on the tape. This may be accomplished through 

5 
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8 
to be described. Whenever the shift mechanism is posi 
tioned in the reverse drive position, the reader clutch 
coil is again energized and the operation of cam 30 con 
tinues. The tape is now driven incrementally in the re 
verse direction with the indexing arm 73 functioning 
through detent roller 75 to positively index the tape as it 
is fed in the reverse direction. At the same time, cam 
87 is effective to actuate the reading pin assembly 85 
between reading and inactive positions. This operation 
continues a predetermined number of cycles or to the start 
cf the code or message and again whenever cam roller 
38 rides over the lower part of cam 30, solenoid 58 is 
de-energized to shift the drive mechanism to its forward 
drive position. The tape is now again moved incre 
mentally in a forward direction through the tape reading 
station. If the parity error does not occur on this second 
pass of the tape through this pin reading station, the oper 
ation continues. If, however, a parity error is again in 
dicated, arrangements are provided to stop the operation 
at that point. - 
The circuit arrangement illustrated in Fig. 6a through 

6c provides the control sequence of the electromagnetic 
devices 27, 58 and 83 to achieve the functional control 
of the system as hereinabove outlined. 

In the circuit as shown, all relays are in their deener 
gized condition. The tape is assumed to be threaded 
through the reader with sufficiently large tape loops be 
tween the reader and the respective reels that the tension 
arms 7 and 8, respectively, are in their lower positions. 

30 
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The tape reader feed motor 20 is assumed to be running. 
This motor, being uncontrolled by the circuit, is not illus 
trated therein. In this circuit condition, the coil of the 
clutch electromagnet 27 which controls rotation of the 
reader drive shaft 23 is de-energized and latch 26 is en 
gaged with projection 25 on the rotary portion of the 
clutch. Thus, shaft 23 is stationary. Similarly reel driv 
motors 5 and 6 are de-energized. 
- Normal forward reading operation.--To start the tape, 
the Switch PS in the D.C. power supply at the console is 
closed which applies direct current to the system over the 
positive and negative power supply conductors P and N, 
respectively. To start the tape in the forward direction 
the reader clutch must be energized. The circuit for 
reader clutch 27 across the power supply conductors in 
cludes, normally open contacts F2a, normally open con 
tacts, Zia, normally open contacts S3a normally closed 
Over-load tape tension contacts OLC, the coil RCC 
of reader clutch 27, and normally open contacts 
ST1a of the start tape relay ST. Manually operated 
switch S is now moved from its “off” position in 
dicated to its "on" position. This opens a contact. Sib 
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other switching arrangements in the circuit including the . 
contact roller 18 or, alternatively, may be accomplished 
by keeping the contact roller out of physical contact with 
the tape. The total rewind operation may be initiated 
and stopped by suitable manual switching means. 

(3) Reverse reading-in the reverse reading mode of 
operation, the incremental feed mechanism is switched 
from forward to reverse operation and the tape is driven 
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incrementally in a reverse direction by means of the tape 
sprocket wheel 10. Thus, in this mode of operation which 
is initiated by a parity error in the tape as earlier de 
scribed herein, the reader clutch coil is de-energized per 
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in the circuit for the coil of rewind relay R, opening 
D.C. power contacts S2b, closing D.C. power contacts 
S2a and closing contacts S3a in the reader clutch 
coil circuit. The application of D.C. power to the sys 
ten through closing of the power switch PS energizes for 
Ward relay F, in a circuit across the positive and negative 
power Supply conductors including the normally closed 
contacts Y1b of relay Y, the coil of relay F and normally 
closed contacts Y1b of relay Y, the coil of relay F and 
normally closed contacts R1b of rewind relay R. Con 
tacts F2a in the reader clutch coil circuit now close. 
Relay Z is energized in a circuit including the coil of re 
lay Z, the normally closed contacts Pib of parity relay 
PA and contacts 3Dia of relay, 3d. Relays 2D and 35 
are presently energized since contacts X3b of relay X 
are closed, relay Xpresently being de-energized. Con 
tacts Za in the clutch coil circuit now close. This com 
pletes the reader clutch coil circuit except for closing of 
contacts ST1a of start-tape relay ST. . . . . 
In this mode of operation the reversing sclenoid 58 is . . . 

mitting latch 26 to engage stop 25 to stop shaft 23 with 
the drive links retracted. Solenoid 58 is energized to 

... - move the shift arm 45 to its reverse drive position. Ener-70 
gization of this solenoid takes place only whenever the 
cam roller 38 rides on the lower part of the feed cam 30, 
in which position the drive links are completely retracted, 
as stated, and disengaged from the ratchet wheel33. This accomplished by means of the circuit arrangement yet 75 

de-energized since contacts X2a of relay. X, the only con 
tacts which control it, are open. Thus, the shift arm 45 is 
positioned to permit engagement of forward drive link 
41 with the ratchet-wheel33. . . . . . . . . . . . . 
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The circuit for controlling supply reel motor 5 for for 
ward tape feed includes the normally open contacts S2a 
of manually operated switch S, which switch is now 
closed, the normally closed contacts M4b of relay M, this 
relay being deenergized in this mode of operation, the reel 
jogging contacts RJ, resistor R8, resistor Ril which pro 
vides slow speed operation of the supply reel motor when 
shunting contacts Dia are open, calibrating resistor Rite, 
normally closed contacts M1b, the armature of supply 
reel motor 5 and normally closed contacts M2b. In the 
forward mode of operation, contacts RJ control the el 
ergization of the supply reel motor and close when the tape 
loop diminishes sufficiently to raise the tension arm 7 the 
required amount to close contacts RJ. Motor field 5F 
is energized in shunt relation with the supply reel motor 
amature. 
The circuit controlling take-up reel motor 6 to wind tape 

passing through the reader includes the now closed con 
tacts S2a of the main switch, normally closed contacts 
M4b of relay M, normally closed contacts X6b, normally 
closed contacts WC2, which are controlled by tension arm 
8 at the take-up reel, half of the take-up reel motor field 
6F and the take-up reel motor armature. Contacts WC2 
under the control of tension arm 8 close when the tape 
loop increases sufficiently. This energizes the motor to 
take up the slack in the tape. When the loop in the tape 
at the take-up reel diminishes sufficiently tension arrin 3 
opens contacts WC2 to de-energize the take-up reel 
motor 6. 

in this mode of operation, the supply reel brake coil 
SRB is not operated because the motor is operating at 
-relatively low speed and appreciable overrun does not 
occur. However, the take-up reel brake coil TRB is con 
trolled in a circuit including normally closed contacts 
M3b, normally closed contacts X4b, contacts WC oper 
ated by tension arm. 8, isolating rectifier CR2 and the coil 
TRB of the brake. This brake, not shown in detail in the 
interest of simplicity, is spring released and electromag 
netically applied. It may be any suitable type of com 
mercially available friction brake. Contacts WC are 
controlled by tension arm 3 to close and energize brake 
coil TRB to apply the brake each time the tension arm 8 
lifts sufficiently to close the contacts WC1. This move 
ent as previously explained opens contacts WC2 which 

de-energizes the take-up reel motor circuit. 
As stated hereinabove, energization of start tape relay 

ST closes contacts ST1, completing the final contact link 
in the circuit for coil RC of reader clutch 27. Energiza 
tion of reader clutch coil RCC magnetically moves latch 
26 - away from the surface of the rotary portion of the 
clutch, disengaging the latch with stop 25, permitting the 
reader shaft 23 to rotate to incrementally drive the tape 
sprocket wheel through ratchet wheel 33 and the drive 
linkage 32, as previously explained. Start tape relay ST 
may be energized in any suitable manner. Manual switch 
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ing may be utilized for this purpose if desired. If used in 
an automatic machine tool control system, energization of 
start tape relay ST may be made dependent upon place 
ment of the proper part, upon which an assembly or ma 
chine operation is to be performed, on the conveyor line 
of the system. This may be accomplished through suit 
able interlocking at the conveyor (not shown), producing 
an electrical signal for the coil of relay ST which may be 

... fed through a suitable computer and control arrangement 
90 indicated only in biock form to the coil of relay ST. 
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Such expedients are disclosed only in a general way here 
in since, per se, they form no part of this invention. 

Reyerse reading-Provision is made for checing a corn 
mon variety of error occurring in preparing the tape which 
is to be used. Usually a special type of tape punch is 
used to perforate the tape. This punch may be auto 
matically controlled from a keyboard. In this operation, 
it is not uncommon to punch one-hole more or less in a 
particular row. This type of error can be detected with a 
minimum of equipment if the code parity is based on an 
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even or odd number of holes in each row of perforation. 
If an odd parity is chosen, for example, the computer and 
control may be arranged to reject an even number of 
holes. Since this sort of error may also result from mo 
mentary malfunction of electrical components, such as re 
lays, it is desirable to recheck the tape at the point the 
seeming parity error occurred. A second parity error oc 
currence may then be regarded as significant of a tape 
error or, if not a tape error on inspection, an electrical 
failure requiring correction. As a practical matter, it 
may not be feasible to express all the information in a 
code having an odd number of holes, in which case a 
separate tape column termed the parity column may be 
used to insert a parity hole to make an odd number of 
holes in a given row, the computer discriminating the 
parity hole from the code. 
The mode of operation to be described in actually a 

reverse reading operation in which the tape movement is 
reversed by the drive, with incremental indexing in the re 
verse direction as in the forward direction. The reading 
pins operate as in the forward direction to engage the tape 
during reverse feed. This reverse feed may be stopped 
at any point beyond the error by a suitable counting ar 
rangement or the like. In one practical embodiment of 
this invention, however, it was found desirable to utilize 
a separate tape column having a single hole at the start of 
the code. In the forward direction of operation, this hole, 
indicative of start of code, signals the computer and con 
trol 99 that the coded message is about to begin. In the 
reverse mode of operation, this may be utilized again as 
an indication of the start of code but at this time to stop 
the reverse feed of the tape when it is engaged by the 
start-of-code reading pin. The signal received from the 
start-of-code pin stops the tape and initiates the shifting 
cycle to again move the tape in the forward reading 
direction. 

In the system the occurrence of a parity error whether 
in the tape or through computer and control malfunction 
results in energization of reverse tape relay RT which 
closes its contacts RTia and energizes the coil of parity 
relay PA. Contacts Pib now open and momentarily de 
energize relay Z, the circuit for which also includes con 
tacts 3Dla of relay 3D, which is now energized, and tape 
feed contacts TF. When relay Z is de-energized, its con 
tacts Zita in the circuit for the reader clutch coil RCC 
open and latch 26 engages projection 25 stopping rota 
tion of reader drive shaft 23. Contacts P1a of the parity 
relay now close. These are the only contacts in the coil 
circuit of relay X. Contacts Xa close after a delay de 
termined by the time constant of the coil circuit including 
resistor Ri4 and capacitor C15 which latter shunts the 
coil of relay X. Contacts X4a energize relay C. Con 
tacts C; a shunt the contacts Pab, which are now open, in 
the circuit for the coil of relay Z. However, relay C is 
time delayed by an RC circuit, including a series resistor 
R13 and a shunt connected capacitor C3 which delay the 
pick-up of relay C and consequently delay closing of con 
tacis Ca. The time delay on relay C is about the same 
as that of relay X. When contacts X3b open relays 2D 
and 3D are de-energized. Relay 2D drops after a delay 
but prior to closing of contacts Cia, which closes con 
tacts 2D b. Closure of contacts X3a shorts the capacitor 
C7 shunting the coil of relay 3D through a rectifier CR4 
which promptly de-energizes the coil. Contacts. 3Dia 
open immediately. Thus, when contacts Cia close the 
coil of relay Z is energized to again close the circuit for 
the reader clutch coil RCC. . - ". . . . . - 
The coil of solenoid 58 is controlled only by contacts 

X2a of relay X which is not energized. Relay X time de 
21ays einergization of shift arm 45 sufficiently to permit the 
reader clutch to stop shaft 23. Thus, after stopping of 
the reader drive shaft 23, as described, contacts X2a ener 
gize the coil of solenoid 58 to reverse the shift arm posi 
tion, shifting the drive linkage 32 for reverse feed of the 
tape. Momentarily, thereafter, relay Z, is energized by 



engagement with the teeth of the ratchet wheel. 
tacts B2a of the brake relay close and partially establish 
an energizing circuit for the coil SRB of the supply reel 

1. - 
closing of contacts Ca and D1b and the reverse fee 
operation of the tape begins. 

This operation continues, for example, until the start 
of-code reader pin (not shown) in the pin reader assem 
bly 86 detects the start of code hole in the tape. At this 
point, the signal current to the coil of reverse tape relay 
RT is cut off and relay RT is de-energized, opening its 
contacts RT1a and de-energizing parity relay P. Open 
ing of contacts P1a opens the circuit for the coil of relay 
X. However, this relay is delayed on drop-out by the 
charge on the capacitor C15 connected in shunt with the 
coil thereof. Contacts P1b close in the circuit for the 
relay Z. When relay X drops out contacts X3b close. 
Relay 2D now picks up quickly opening contacts 2Db. 
and de-energizing relay Z, which opens the reader clutch 
circuit and stops the reader. Contacts X2a open and 
solenoid 58 is de-energized which shifts the shift arm 45 
to the forward drive position. After a time delay deter 
mined by resistor R5 and shunt capacitor C7, relay 3D 
picks up and contacts 3D1a close, energizing the coil RCC 
of the reader clutch and the incremental drive in the for 
ward direction begins. 

If the parity error does not occur the second time, tape 
reading in the forward direction continues normally. If 
the parity error occurs a second time, the computer and 
control then operates to de-energize stop tape relay ST 
to stop the reader completely. 
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This function takes place within the computer and con- . 
trol and interrupts the signal supplied to the start tape 
relay ST, which opens the contacts ST1a in the circuit 30 
for reader clutch coil RCC which stops rotation of reader 
drive shaft 23. 

During this operation, since only a relatively small 
amount of tape is fed in the reverse direction, it is unnec 
essary to reverse the supply reel motor. However, the 
take-up reel motor is reversed by contacts of the X relay. 
It will be recalled that during the wind-up operation of 
the take-up reel, the take-up reel motor was controlled 
through contacts X6b and the tension arm operated con 
tacts WC2, which were normally closed and which open 
whenever the tape loop diminishes. When relay X is 
energized, contacts X6b open and contacts X5a ciose 
which shifts the energization from one extremity of the 
split field winding, 5F to the other through the contacts 
UWC2 operated by the tension arm 8. These contacts 
are closed when the tape loop is small and open when the 
tape is loose and thus operate to control the reverse rota 
tion of the take-up reel to maintain a tape loop during 
the reverse reading operation. , - 

Message rewind-Whenever the message on the tape 
for a particular operation has been completely read, Suit 
able coding in the tape may be provided to indicate the 
end of the message. This end of the message. code is 
detected by the reader pin station which applies an end 

- of the message signal to the computer and control system. 
The computer and control system now operates to ener 
gize the coil of rewind relay RWT and this operation con 
tinues until the message is completely rewound so that 
the message may be reread through the reader. . . . . 

Energization of relay RWT closes contact RWTa in th 
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until rewind is completed. Closure of contacts D1a of 
the detent solenoid energize the relay. Y. When relay Y 
is energized, its contacts Yb in the coil circuit for relay 
F open and its contacts Y1a in the circuit for the coil 
of relay M close. This circuit is completed through the 
contacts A1b of the relay A. This relay is presently de 
energized. Contacts M1a and M2a reverse the armature 
connections of the supply reel motor 5. Contacts M4b 
now open and disconnect the control for the take-up reel 
motor and contacts M4a close to complete the energizing 
connection for the Supply reel motor through the contacts 
S2a of the main switch S. Energization of the supply 
reel motor is now controlled through a resistor R911 in 
series with a resistor R9. The voltage drop across resistor 
R911 results in the application of a lowered armature 
voltage to the supply reel motor armature and this motor 
operates at a predetermined low speed, taking up the slack 
in the tape adjacent the supply reel and gradually increas 
ing the speed of the tape sprocket wheel 10 which is now 
released for free rotation due to energization of the de 
tent solenoid. Since the supply reel brake is maintained 
de-energized in this mode of operation, it occupies its 
spring released position. - 

Closing of contacts M4a also complete an energization 
circuit for reversing the take-up reel so that it rotates in 
a direction to unwind the tape. This circuit extends 
through the contacts X5b of the presently de-energized 
relay. X, through the contacts UWC2 operated by tension 
arm 8 and through the split motor field and armature in 
series in such a way as to run the take-up reel motor 6 
in a direction to unwind the tape. Contacts UWC2 are 
closed when the loop in the tape adjacent the supply reel 
diminishes a certain amount to close the motor circuit 
to unwind more tape and open as the loop increases. 
Thus, the motor is intermittently energized depending 
upon the requirement for the supply of tape. 

Contacts M3a which are now closed, in conjunction 
with contacts UWC also operated by tension arm 8, 
complete the circuit for the take-up reel brake coil. TRB. 
Contacts UWC open and close in reverse order with 
respect to contact UWC2. Thus, when the motor TRM 
is de-energized, coil TRB is energized to set the brake and 
when the motor TRM is energized the brake coil TRB is 
de-energized. Since the supply reel is powered to drag 
the tape through the reader, it is unnecessary to actuate 
the shift arm 45 to reverse the sprocket wheel drive link 
age. This mechanism is in its retracted position with 
roller 38 riding on the low part of feed cam 30 and roller 
88 riding on the high part of cam 87 which retracts the 
reading pin assembly 86 from tape reading position. 
As pointed out hereinbefore, roller contact 18 of stop 

Switch SS is utilized to detect the beginning of the message. 
This is done by moving roller 18 into a position riding 
along the edge of the tape, a suitable hole in the tape 
at the beginning of the message permitting engagement 
of roller 18 with the stationary contact plate 17a to com 
plete a control circuit for stopping the rewind operation 
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coil circuit for relay R. This opens contacts R1b and 
closes contacts R1a. Contacts. R1b de-energize relay F 
which promptly-opens contacts F2a in the clutch reader 
circuit to de-energize the reader clutch coil. RC. Thus, 
the reader drive shaft. 23 is stopped. When relay. F is 
de-energized, its contacts F1b close. This completes an 
energizing circuit for the coil of brake relay. B which 
includes contacts F1b, and the now closed contacts R1a 
of relay R. Contacts. B1a of the relay B upon closing 
energize the coil D of the detent solenoid 83 which, as 

at the beginning of the message. To this end, contacts 
B3b ; which normally energize the coil. SSM of solenoid 
83 controlling the position of contact roller 18 are open, 
it being recalled that relay - B is presently energized 
through contacts F1b and Ria. Thus the solenoid is de 

: energized and the contact roller engages the paper tape. 
65. 

The rewind speed is increased by shunting the resistor 
Ril through closing of the contacts Dia. This is accom 
plished by energizing the coil of relay iD by means of a 
delay switch DEL which is controlled by tension arm 7. 
Delay switch DEL is open when the tension arm is down 

will be seen from Fig. 2, lifts the detent roller from 
Cori- - 

and is closed when the tension arm is raised a prede 
termined amount. Thus, as the loop adjacent the supply 
wheel is taken up during the message rewind operation, 
the reel is operated at low speed and meanwhile is ac 
celerating the tape sprocket wheel. Once the sprocket 

- wheel is moving, the supply reel motor may be accelerated 
brake but this circuit is maintained open by contacts M3b is in the rewind direction. Closing of contacts DEL under 
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this condition completes the energizing circuit for the coil 
of relay 1D. This relay is delayed in pick-up by an RC 
circuit including series resistor R12 and capacitor C3 
which shunts the coil. This adds a little time to the op 
eration in the low speed range to permit further accelera 
tion of the tape and the tape sprocket wheel. 
When the beginning of the message is reached, the roll 

er contact circuit closes and completes an energizing cir 
cuit for the coil of relay A. Relay A upon energization 
opens its contacts Ab in the coil circuit of relay M, de 
energizing this relay which switches the polarity of the 
supply reel motor armature circuit through closing of 
contacts M1b and M2b. At the same time, contacts M4a 
open in the motor circuit to de-energize the supply reel 
motor. Since relay B is yet energized, contacts B2a re 
main closed so that upon closing of contacts M3b the Sup 
ply reel brake coil SRB is energized to set the brake. 
When contacts M4a open, the energizing circuit for the 
take-up reel motor is interrupted and the take-up reel 
brake coil TRB is energized in parallel with the supply 
reel brake coil SRB through a circuit including contacts 
M3b and B2a and extending through an isolating rectifier 
CR1 to the coil TRB of the take-up reel brake. 
The de-energization of relay M results in opening of 

contacts M6a in the circuit maintaining the coil of re 
lay B energized and which includes the contacts Y2a of 
the relay Y which is yet energized. De-energization of 
relay B results in opening of its contacts B1a in the coil 
circuit of the detent relay D. Thereafter, contacts D1a 
of the detent relay open, de-energizing the coil of relay 
Y. De-energization of relay Y results in opening of con 
tacts Y1a in the coil circuit of relay M and closing of 
contacts Y1b in the circuit for coil of relay F. The con 
trol of the rewind tape relay RWT need only be mo 
mentary, that is, sufficiently long to allow contacts M6a 
and Y2a in the holding circuit for the coil of relay B to 
close. Thereafter, the relay R may be de-energized which 
again closes contacts R1b. Thus, when contacts Yib 
close, the relay F is energized again to maintain contacts 
F1b open in the coil circuit of relay B. Energization of 
the relay F closes contacts F2a in the reader clutch coil 
circuit. However, this circuit is open at contact ST1a at 
this time. Thus, the rewind operation is brought to a 
stop and the circuits are reset for the next forward read 
ing operation of the message. For the arrangement de 
scribed, this may be accomplished through either manual 
or automatic energization of the coil of the start tape re 
lay ST. 

Total rewind-In an automatic machine tool control 
system, if it is desired to machine a different part a new 
tape is required. The present, tape is removed from the 
reader in a total rewind operation which is manually 
initiated. To accomplish this, tape feed switch TF is 
opened and the main switch S is moved to "off’ position. 
This closes contacts S1b in a circuit shunting the rewind 
tape relay contacts RWT. This shunt circuit also in 
cludes in series the contacts TW3a of a total wind relay 
TW. Relay TW is energized by manual closing of re 
wind contacts RW. This closes contacts TW3a and com 
pletes the energizing circuit for the coil of rewind relay 
R. At the same time, normally open contacts TW2a of 
relay TW are closed which energizes the coil SSM of the 
stop switch magnet. Thus, roller contact is is held away 
from the tape and its operation is eliminated. Contacts 
TW1a complete the circuit from the direct current Sup 
ply through the contacts S2b to the contacts M4a which 
are now closed. The circuit for energizing the supply 
reel motor in the reverse direction is now completed 
through contacts Dia, M2a and M1a. Relay M is ener 
gized in this mode of operation by reason of the opera 
tion of relays B, D and Y as previously described, the 
latter of which, through closing of contacts Yia, ener 
gizes the coil of relay M. 
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and M4a and thereafter continues through contacts X5b 
and UWC2 through half of the field winding 6F and the 
motor armature to the negative side of the line. When 
the tape is tight, contacts UWC2 remain closed so that 
the take-up reel motor remains energized. Since contacts 
M3a are closed, contacts UWC energize the take-up reel 
brake, whenever the tape is loose, to set the brake and pre 
vent excessive overrun. When the tape is completely re 
wound, the rewind switch RW is opened which stops the 
rewind operation. 

If it is desired to read back a particular block of code 
which has passed through the reader, this may be accom 
plished by depressing and closing a push button BR. The 
operation which results from closing of contacts BR is 
similar to that which is obtained by energization of the 
reverse tape relay RT and completes an energizing circuit 
for the coil of parity relay P. Thereafter, the reverse 
read operation is the same as that described in connection 
with the energization of reverse tape relay RT. Reverse 
reading with this manually initiated control can be inter 
ripted at any time, simply by releasing the push button 
BR. 
During forward tape feed by the indexing and feeding 

mechanism all of the contacts, F2a, Za, S3a, OLC and 
ST1a, in the circuit for the coil RCC of the reader clutch 
are closed so that latch 26 is retracted and shaft 23 may 
rotate. To obviate tape overload, should the rate of tape 
feed from the supply reel be insufficient for any reason, 
contacts OLC are provided and adjusted to open whenever 
the tape loop is substantially completely removed. These 
contacts are also controlled by tension arm 7 and are 
set to open after the contacts RJ close. Normally these 
contacts will not operate and operate only to stop the tape 
feed mechanism in the event the supply reel feed should 
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be inadequate. 
Although but one embodiment of this invention has been 

herein illustrated and described, it will be appreciated 
by those skilled in the art that numerous changes in this 
invention both as to the details of the disclosed arrange 
ments and as to the organization of the details may be 
made. By way of example, reference is made to the use 
of two levers 34 and 35 to actuate the respective forward 
and reverse drive links 41 and 42. Obviously a single 
linkage may be utilized involving only one lever such as 
34, having the respective drive links pivoted at a common 
point adjacent the free extremity thereof so that each has 
the same stroke for driving the ratchet wheel. This and 
other equally obvious expedients will be apparent to those 
skilled in the art. 
What is claimed is: 
1. Apparatus for incrementally displacing a member 

to be controlled in forward and reverse directions, com 
prising; a driven member; a toothed-ratchet wheel con 
nected to drive said driven member; respective drive links 
disposed on opposite sides of said ratchet wheel and hav 
ing extremities disposed to engage the teeth of said ratchet 
wheel; unidirectional rotary drive means connected 
to drive said drive links between two positions, one a 
retracted position and the other a driving position, with 
respect to said ratchet wheel; a shift mechanism oper 
able between two positions, selectively controlling en 
gagement of said drive links with said ratchet wheel; 
electromagnetic means controlling movement of said 
shift mechanism between said two positions; mechanical 
means operable to stop said drive means with said drive 
links in retracted position; electromagnetic means con 
trolling said mechanical means; and circuit means con 

70 

The circuit for energizing take-up reel motor TRM for 
unwinding the tape extends through contacts S2b, TW1 75 

trolling both said electromagnetic means to effect oper 
ation of said mechanical means to stop said drive means 
and thereafter to effect operation of said shift mech 
anism from one of said two positions to the other of said 
two positions. 

2. A reversible incremental mechanical drive compris 
ing; a toothed ratchet wheel; pivotally mounted lever 
means; drive means connected with said lever means for 
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angularly displacing said lever means between two posi 
tions; a pair of drive links pivotally connected to said lever 
means to be actuated thereby and having respective free 
extremities disposed on opposite sides of said ratchet wheel 
and adapted to engage said ratchet wheel; spring means 
engaging each drive link and biasing each drive link in 
a direction to engage said respective extremities with 
said ratchet wheel; and a movable shift lever having a 
portion disposed between said drive links and defining 
a pair of spaced edges slidably engageable with respective 
cooperating portions of said drive links; in one position 
of said shift lever, one edge maintaining the associated 

O 

drive link completely out of engagement with said ratchet 
wheel; in the other position of said shift lever, the other 
edge maintaining the associated drive link out of engage 
ment with said ratchet wheel; both drive links when re 
tracted riding said respective edges in disengaged relation 
with said ratchet wheel. 

3. A reversible incremental mechanical drive compris 
ing; a toothed ratchet wheel; pivotally mounted lever 
means; drive means connected with said lever means 
for angularly displacing said lever means between two 
positions; a pair of drive links pivotally connected to 
said lever means to be actuated thereby and having respec 
tive free extremities disposed on opposite sides of said 
ratchet wheel and adapted to engage said ratchet wheel; 
spring means engaging each drive link and biasing each 
drive link in a direction to engage said respective ex 
tremities with said ratchet wheel; a movable shift lever 
having a portion disposed between said drive links and 
defining a pair of spaced edges slidably engageable with re 
spective cooperating portions of said drive links; in one 
position of said shift lever, one edge maintaining the 
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associated drive link completely out of engagement with : 
said ratchet wheel; in the other position of said shift lever, 
the other edge maintaining the associated drive link out 
of engagement with said ratchet wheel; both drive links 
when retracted riding said respective edges in disen 
gaged relation with said ratchet wheel; and a spring loaded 
indexing member having an extremity riding the teeth 
of said ratchet wheel. 

4. A reversible incremental mechanical drive compris 
ing; a toothed ratchet wheel; pivotally mounted lever 
means; drive means connected with said lever means 
for angularly displacing said lever means between two 
positions; a pair of drive links pivotally connected to 
said lever means to be actuated thereby and having re 
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spective free extremities disposed on opposite sides of 
said ratchet wheel and adapted to engage said Tatchet 
wheel; Spring means engaging each drive link and biasing 
each drive link in a direction to engage said respective 
extremities with said ratchet wheel; a movable shift leyer 
having a portion disposed between said drive links and 
defining a pair of spaced edges slidably engagable with 
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respective cooperating portions of said drive links; in one 
position of Said shift lever, one edge maintaining the as 
Sociated drive link completely out of engagement with 
said ratchet wheel; in the other position of said shift 
lever, the other edge maintaining the associated drive link 
out of engagement with said ratchet wheel; both drive 
links when retracted riding said respective edges in disen 
gaged relation with said ratchet wheel; electromag 
netically operated means connected to actuate said shift 
lever; and circuit means connected to control said elec 
tromagnetically operated means only when said drive 
links are retracted. 

5. A reversible incremental mechanical drive compris 
ing; a toothed ratchet wheel; pivotally mounted lever 
means; drive means connected with said lever means for 
angularly displacing said lever means between two posi 
tions; a pair of drive links pivotally connected to said 
lever means to be actuated thereby and having respective 
free extremities disposed on opposite sides of said ratchet 
wheel and adapted to engage said, ratchet wheel; spring 
means engaging each drive link and biasing each drive 
link in a direction to engage said respective extremities 
With said ratchet wheel; a movable shift lever having a 
portion disposed between said drive links and defining 
a pair of spaced edges slidably engagable with respective 
cooperating portions of said drive links; in one position. 
of Said shift lever, one edge maintaining the associated 
drive link completely out of engagement with said ratchet 
wheel; in the other position of said shift lever, the other 
edge maintaining the associated drive link out of engage 
ment with said ratchet wheel; both drive links when re 
tracted riding said respective edges in disengaged relation 
with said ratchet wheel; a clutch connected to said drive 
means and operable to stop said drive means with said 
drive links retracted; electromagnetically operated 
means connected to actuate said shift lever; and circuit 
means connected to control said electromagnetically 
operated means after stopping of said drive means. 
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