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[57] ABSTRACT 
Apparatus for controlling the paper feeding in printing ap 
paratus, wherein the feed motor speed is controlled by the - 
combined effect of a speed-space detector whose output is 
speed-proportional voltage and said pulses are compared with 
a predetermined pulse number, and wherein the results of said 
comparison are employed in combination to provide a suitable 
paper feed power control through a bidirectional ampli?er 
which does not require a stabilized power supply. 

4 Claims, 6 Drawing Figures 
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3,656,041 1 
APPARATUS FOR CONTROLLING THE FEEDING OF 

PAPER IN HIGH-SPEED PRINTERS 

BACKGROUND OF INVENTION 

This invention relates to apparatus for controlling the paper 
feeding in high-speed printers, particularly in printers em 

processing systems. Accordingly, this 
invention concerns apparatus for controlling the acceleration, 
the braking, and the reversal of a low inertia motor according 

' , to a'predetermined sequence. 

The feeding of paper in high-speed printers is usually pro 
‘ vided by means of a motor which drives a system of sprocket, 
or toothed, wheels or chains, whose teeth engage in a set of 

.7 sprocket holes provided in the paper. The distance of the 
paper advancement must be an integral multiple of a de?nite 
quantity, usually the minimum spacing between consecutive 
printed lines. This quantity is called the “line pitch.” 
According to requirements, the paper may be controlled to 

advance, in response to an appropriate line feed signal, one, 
, two, or even three line pitches at a time during normal printing 
operations, to obtain printed texts of different densities. The 
paper may also be controlled to advance through a large 
number of line pitches by the “slew” operation, in which a 
substantially large portion of blank space is interposed 

v between portions of printed text. 
Apparatus is known for precisely controlling the position of 

the paper at the end of each line feed or slew operation. This 
usually comprises mechanical means, such pin-and-ratchet 
devices, gears, and the like. However, devices are costly and 
are subject to considerable wear and tear as a consequence of 
the mechanical stresses to which they are subjected. 
Moreover, they are usually noisy and frequently go out of ad 
justment. ' 

Other feed control apparatus uses low inertia motors for 
directly controlling the paper feed operation. Such motors 
may be, for example, direct current motors with printed-cir 

' cuit rotors, controlled by bidirectional ampli?ers suitable for 
v imparting to the motor high accelerating or decelerating 
' torques. The paper feed operation requires, in this instance, 
three states: a ?rst state of fast acceleration, a second state of 

I constant speed and a third state of fast deceleration (braking). 
‘_ In'the ?rst state the controlling ampli?er delivers a large cur 
rent of predetermined polarity, in the second state the current 
delivered is only that required to compensate for the energy 
lost by friction in order to maintain the motor at constant 
speed, and in the third state the ampli?er delivers a large cur 
rent of reversed polarity. To‘ obtain the same distance of line 
pitch in each state, the motor speed and, therefore, the ampli 
?er current delivered in each state, must be precisely con 
trolled, so that, under like control conditions, the paper ad 
vances the same number of line pitches during equal intervals. 

It is therefore necessary for the motor control ampli?er to 
have an output almost perfectly stable and independent of ex 
ternal conditions. In particular, in the prior art, great im 
portance is given to stabilizing the direct current source 
delivering the current controlled by the motor control ampli? 
er. However, precise stabilization of a large d-c current source 
is very burdensome and costly. 

Therefore, it is the object of the instant invention to provide 
a paper feed control system of low cost, great accuracy and 
high reliability. 

SUMMARY OF THE INVENTION 

According to the invention this object is attained by supply 
ing the motor from a bidirectional ampli?er which is con 
trolled by a signal provided from comparing a reference volt 
age and a voltage generated by a tachometric generator driven 
by the motor. Stabilization of the current delivered by the am 
pli?er is obtained in a simple and ef?cient manner by stabiliz 
ing an intermediate stage of the ampli?er utilizing low power 
Zener diodes. ’ 

Although the invention is primarily directed toward paper 
feeding in a high-speed printer, it may be used in a number of 
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other instances wherein it is necessary to control acceleration, 
constant speed, and deceleration and reversal a rotating 
mechanical device driven by a low-inertia motor. For exam 
ple, the invention is useful with the tape transport capstan of a 
tape handler of the “single capstan” type. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention will be described with reference to the ac 
companying drawings, wherein: 

FIG. 1 is a block diagram, including a perspective view of a 
portion of a high-speed printer of the invention; 

FIG. 2 illustrates waveforms of various voltages and cur 
rents in the embodiment of FIG. 1; 

FIG. 3 is a schematic diagram of the reference voltage 
generator and voltage comparator of the invention; 

FIG. 3a is a diagram of the equivalent circuit of the voltage 
comparator of FIG. 3; ' 

FIG. 4 is a schematic diagram of the bidirectional ampli?er 
of F IG. 1; and 

FIG. 5 is a schematic diagram of a variation of the ampli?er 
of FIG. 4; 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to FIG. 1, a paper feed motor 1 drives a 
toothed chain member 2. Member 2 engages sprocket holes in 
and thereby moves a paper web 3. Either shaft of motor 1, or 
on another shaft directly driven by the motor, are mounted a 
photodisc 4, and a tachometric d-c generator 7. Disc 4 is pro 
vided at its periphery with a set of uniformly spaced holes as 
sociated with a photoelectric pick-up device which comprises 
a lamp 5 and a photocell, or photodiode, 6. Generator 7 
delivers at its terminals a voltage proportional to the rotational 
speed of motor 1. 
The distance between adjacent holes on the periphery of 

photodisc 4 corresponds to the angle through which motor 1 
must rotate to advance paper web 3 by a single line pitch. 

receives a light pulse, and delivers an 
electric pulse, each time that the paper web advances a line 
pitch. 
The paper feeding occurs either “step-by-step," each step 

spanning one, two or three line pitches, or by “slewing," 
wherein the paper web advances through a substantially larger 
number of line pitches. Although slewing may occur at dif 
ferent speeds, depending on amount of spacing required, the 
slew speed is always greater than the step-by-step speed. For 
example, three speeds may be employed: a low speed for the 
step-by-step advancement, an intermediate speed for “slow” 
slewing, and a high speed one for “fast" slewing. Possible 
values for these three speeds may be 600 mm/sec., 1,000 
mm/sec., and 1,800 mm/sec. 

In FIG. 1, a logical device 8 receives, instruction signals on 
an input lead 9. The instruction signals correspond to the 
required type of feeding; i.e., step-by-step feeding by one, two 
or three line pitches, slow slew or fast slew, and number of 
pitches per slew operation. The pulses delivered by photocell 
6 are supplied to logical device 8 on an input lead 10. 

Logical device 8 responds to the instruction signals to con 
trol a reference voltage generator 11, which generates a 
reference voltage VR for determining the rotational speed of 
motor 1. The reference voltage generated by generator 11 is 
applied to an input lead 12 of a comparator 13. Comparator 
13 compares two voltages, reference voltage VR and a voltage 
VT, termed the tachometric voltage. The tachometric voltage 
VT, which is proportional to the voltage generated by 
tachometric generator 7, is applied to input lead 14. The ratio 
between the tachometric voltage V1 and the voltage delivered 
by generator 7 is so chosen, that for each different reference 
voltage, the tachometric voltage provided at the correspond 
ing motor speed is slightly lower than voltage VR. 
Assume, ?rst, that this ratio is equal to unity, wherein volt 

age VT is the same as the actual voltage delivered by generator 
7. In comparator 13, the tachometric voltage is subtracted 
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from the reference voltage. The difference voltage delivered 
by comparator 13 is aicontrol voltage VS which is applied to 
an input lead 15 of a bidirectional ampli?er 16. This dif 
ference voltage may be positive, if the reference voltage is 
higher than the tachometric voltage, in which case the output 
lead 17 of ampli?er l6 delivers a positive control current 
which causes motor 1 to rotate in a direction appropriate for 
feeding the paper. If the difference voltage is negative, ampli 
?er 16 supplied to the motor a negative control current, which 
has a braking effect. If the difference is zero, the motor is not 
supplied with control current. 
The waveforms of FIG. 2 illustrate the reciprocal relation 

ship between the tachometric voltage V1 and the control volt-, 
age VS and illustrate the current delivered to the motor, for 
the example of a fast slewing. In this example, responding to 
the received instruction signals, logical device 8 selects a 
reference voltage representing the fast slew. Line R 
(waveform a) represents this reference voltage VR and line T 
represents the corresponding tachometric voltage VT. Initially, 
when motor 1 is at rest, the tachometric voltage is zero, so that 
the control voltage VS, which is the difference between volt 
ages VH and VT and is represented by line S (waveform b), is 
equal to reference voltage V“. Accordingly, amplifier 16 
delivers a positive control current IM as shown by line I_ 
(waveformr')z 7 mg, I , , _ a, W 4 mm 

As the motor starts turning and increases its speed, the 
tachometric generator delivers an . increasing voltage as 
represented by line T. The control voltage Vs correspondingly 
decreases, as shown by line S, which is the difference between 
the ordinates of lines R and T. When voltage VS becomes less 
than a predetermined threshold value W, corresponding to the 
saturation conditions of ampli?er 16, the control current out- 
put IM decreases from its initial maximum value IM, and, there 
fore, the acceleration and the slope of curve T decrease. 
When the control current is only sufficient to compensate for 
frictional losses, the acceleration becomes zero and the motor 
runs at constant speed. 

During the rotation of motor 1, the pick-up, device as 
sociated with photodisc 4 transmits a number of pulses, equal 
to the number of line pitches advanced, to logical device 8. 
Logical device 8 counts these pulses by means of a counter. 
When the number of pulses received by device 8 reaches a 
quantity n-k, wherein n is the programmed number of line 
pitches of the current slew, and k is an integer suitably chosen, 
for example 5, reference voltage VR is reduced to the value 
VP, corresponding to step-by-step feeding. Accordingly, VB 
becomes lower than VT, and a negative control voltage Vs is 
delivered to ampli?er 16, which thereupon delivers a negative 
control current I,,,_ This negative control current abruptly 
slows motor 1 and reduces its speed to the step-by-step value. 

This braking action requires the duration of k photodisc pul 
ses. When the n!" pulse is received by logical device 8 the 
reference voltage is reduced to zero, the control voltage VS 
again goes negative, and the braking current brings the motor 
to a halt. 

It is apparent that the precision of the ?nal position reached 
by the paper web at the end of a feeding operation is condi 
tioned by the precision of action controlled by the braking 
current. If such action is too strong, the paper web halts too 
early, whereas if it is too weak, the paper overshoots the in 
tended ?nal position. 

Reference voltage generator 11, FIG. 3, comprises three 
transistors T1, T2 and T3, for example of the NPN type. The 
collectors of these transistors are supplied from a common 
positive voltage source, +V, (for example, +20 v) through 
respective resistors R1, R2, R3. The emitters of transistors T1, 
T2, and T3 are grounded. The collectors of transistors T1, T2, 
.and T3 are also connected to the anodes of the respective 
diodes D,,'D2, and D3. The cathodes of these three diodes are 
all connected to one end 25 of a potentiometer R4, whose 
other end is grounded. The bases of transistors T,, T2, and T3 
are connected to the respective input terminals 21, 22, 23. 
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4 
Terminals 21, 22, and 23 receive control signals from logical . 
device 8, which correspond to the required reference voltage 
to be delivered. The control signals on terminals 21, 22, and 
23 represent binary values, the binary 1 being represented by 
a positive voltage (for example instance +5 V), and the'binary 
0 being represented by 0 v. 
When a binary 1 signal; i.e., a positive voltage, is applied to 

all of the three input terminals 21, 22, 23, the three transistors 
T,, T2, and T3 conduct, their collector voltages drop practi 
cally to 0 v and, consequently, point 25 drops to 0 v. Ac~ 
cordingly, reference voltage VB on lead 12 is at 0 v. In this in 
stance, motor 1 is supplied with no current and no paper feed 
ing occurs. 

If a binary 0 signal is applied to input terminal 21, while 
input terminals 22 and 23 receive binary l signals, transistor ' 
T1 becomes non-conductive. Current flows through resistor 
R,, diode D1 and potentiometer R4. Accordingly, lead 12 is 
brought to a reference voltage Vp which depends on‘ the values 
of resistor R1 and potentiometer R4, and the position of the 
movable tap of potentiometer R4. Since the resistance of re 
sistor R1 is considerably greater than that of potentiometer R4, 
the reference voltage Vp is substantially less than the source 
voltage, +V,. By adjusting the movable tap of potentiometer 
R4, the value of voltage V1, is brought to that required for step 
by-step feeding. 

If a binary 0 signal is applied to both input terminals 21 and 
22, transistors T1 and T2 become non-conductive. Resistors R1 
and R2 effectively become parallel connected through respec 
tive diodes D1 and D2. The resulting resistance value is lower 
than in the immediately preceding case, so that the reference 
voltage at lead 12 is higher, being a reference voltage VL 
required for the slow slew. 

If a binary 0 is applied to both input terminals 21 and 23, re 
sistors R1 and R3 become effectively parallel connected. Since 
the value of resistor R3 is relatively small with respect to that 
of resistor R1, the resulting resistance value is further reduced. 
Therefore the voltage at lead 12 is relatively high, being the 
reference voltage VF required for the fast slew. 
The following table gives the binary values applied to the 

input terminals for each of the four control conditions, and the 
related reference voltages provided: 

Condition Input Terminals Ref. Voltage 
2l 22 23 . 

No feeding l l l O 
Step-by-step 0 l l V ,, 
Slow slew 0 0 l V,_ 
Fast slew ’ 0 l 0 V, 

Only four of the eight possible combinations of binary 
values at the three input terminals are used herein. Therefore, 
four remaining combinations are available , if additional 
reference voltages are needed. The choice of the four com 
binations is only representative; different combinations may 
be selected depending on the resistance values and disposition 
employed. Moreover, since only four reference voltages are 
employed in the preferred embodiment, only two input ter 
minals are required to provide the four different combinations 

- of applied binary values. However, such an arrangement might 
set too rigid a constraint on the voltage values obtainable from 
particular resistance values. Instead, with the disclosed ar 
rangement the values of the three resistances may be freely 
chosen to obtain the most suitable ratio between the three 
required feeding speeds. 
The movable tap of potentiometer R4 permits adjusting the 

step-by-step feeding speed to the required value. If R’ 
represents the portion of potentiometer R4 between the mova 
ble tap and ground, the reference voltage VR is proportional to 
R’. However, the ratios between the various reference volt 
ages are independent of R’, depending only on R,, R2, R3 and 
R4. Thus, adjusting the potentiometer tap does not change the 
ratios between the speeds. 
A set of suitable values for these resistances is, for example, 

the following: 
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R1= R2 = 2.2 Kohm 

R3 = 400 ohm 
R,,= 500 ohm 

‘which provide the following set of reference voltages: 

‘, where V is the value of the voltage source. 
Thus, the‘ ratios between reference voltages and cor 

VL/Vp = 1.69 
VS/Vp = 3.24 

If the step-by-step feeding speed is, for example, 22 inches per 
second (560 mm/s) the slow slew. speed is appr. 37 1/?inches 
per second (950 mm/s) and the fast slew speed is 71 inches 
per second (1,800 m'm/s). . 
Comparator 13, FIG. 3 comprises resistors R5, R6 and R1, 

connected as shown. The comparator receives the referencev 
voltage VR on lead 12 and delivers the control voltage VS on 
lead 15, which is the input to ampli?er 16, represented in FIG. 
3 by its input resistance RC. 

The tachometric generator 7 is connected across leads 14 
and 15 and delivers a voltage V'T proportional to the rota 
tional speed of motor 1, and, accordingly, to the feed rate of 
the paper web. Resistors R6 and R7 form a voltage divider so 
that between lead 15 and point 18 there is a tachometric volt 
age V, equal to: V’, R, (R6 + R,). The resistance values R6 
and R, are chosen such that the tachometric voltage VT is 
comparable to the reference voltage V,,; i.e., for each different 
reference voltage VR there is a rotational speed of the 
tachometric generator for which V1 is equal to VR, 
Applying Thevenin’s theorem of electric circuits to the cir 

cuit comprising the tachometric generator and resistors R6 
and R7, there is derived an equivalent circuit comprising an 

_ ideal voltage generator GT delivering voltage VT, in series with 
a resistor Rm whose resistance is that of resistors R6 and R7 in 
parallel: . - 

Req : R6 R1/ (R6 + R7) 
Accordingly, the equivalent circuit of comparator 13 is shown 
in FIG. 3a, where in GR is an ideal voltage generator providing 
the reference voltage VR and R's is a resistance equal to the 
sum of the resistances of resistor R5 and the portion R’ of 

1 potentiometer R4 included in the circuit P. The control volt 
- age V8 is the voltage developed across resistance RC. 

,1 The current I in the equivalent circuit of FIG. 3a is given by: 
VR"V1 =(Req +R's +Rc) I 

Since Vs =RCI, the equation may be written as: 
VR—VT =[(Req +R'5 +Rc) / RC] VS =KVS =V'S, where K is a 

constant and V'S is a ?ctitious signal voltage, proportional to 
control voltage V,. 

Thus, waveforms of FIG. 2 are valid even if, in place of the 
voltage V'T of generator 7, the effective voltage V1 is con 
sidered, and if, in place of the control voltage VS, the ?ctitious 
signal voltage V's is taken into account, because the voltage 
V’T is proportional to voltage V1 and voltage V's is propor 
tional to voltage Vs. This requires only changing the scale of 
waveforms a and 12. Moreover, for VR =VT, V’ 5 =0, and 

The bidirectional ampli?er 16 of FIG. 4 provides the con 
trol current to motor 1. Ampli?er 16 comprises a voltage 
preampli?er including two differential ampli?ers and a ?nal 
stage, which include transistors T10, T11, T12, T13 and TM, and a 
current ampli?er including a ?rst stage which uses comple 
mentary transistors T15 and T15, a second stage which uses 
non-complementary transistors T" and T18, and a ?nal stage 
which uses two parallel-connected power transistors T19 and 
T20 for the positive output and two parallel-connected power 
transistors T2, and T22 for the negative output. 
The ?rst differential ampli?er comprises the NPN 

transistors T10 and T“. The collectors of transistors T10 and T11 
are supplied from the stabilized voltage source + VA, through 
the respective resistor R10 and variable resistor R1,. The emit 
ters of transistors Tm and T“ are connected to the collector .of 
a transistor T12, whose emitter is connected, in turn, through a 
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resistor R12 to the stabilized negative voltage source —VA. The 
stabilized voltage sources +VA and —VA are obtained respec 
tively from two non-stabilized supply voltages + V and — V, 
applied to the respective supply terminals 33 and 34. These 
two supply voltages are substantially equal in amplitude and 
are symmetrically connected with respect to a reference volt 
age, which usually is the ground voltage. 

Stabilization of the voltages + VA and —VA is provided by 
stabilizing circuits comprising the respective Zener diodes Zl 
and Z2 and resistors R" and R18, arranged according to well 
known techniques. 
A Zener diode Z3 is connected between the emitter of 

transistor T12 and one end of resistor R12, thereby maintaining, 
in cooperation with resistor R19, the base of transistor T12 at a 
constant voltage with respect to the stabilized negative voltage 
— VA. Thus, the current ?owing through resistor R12 is main 
tained at a constant value and, consequently, the sum of the 
currents ?owing rhough transistors Tm and T11 is held con~ 
stant. ' 

The base of transistor T10 is connected through a resistor R9, 
to input lead 15, on which the control voltage VS is supplied. 
The base of transistor T11 is connected to a point 35. Point 35 
is the central point of a voltage divider comprising resistors 
R13 and R14, one end of such voltage divider being grounded 
and the other end being connected to a terminal 17, which‘ 
supplies motor 1. As it will be explained hereafter, a feed-back 
effect is thereby obtained. 
When motor 1 is at rest, and no current ?ows therethrough, 

both terminal 17 and point 35 are at ground voltage (0 v). If 
input lead'15 is also at 0 v., the same amount of current must 
?ow through transistors T10 and TH. Therefore, if R11 is equal 
to R'w, the collectors of transistors T10 and T11 are at the same 
voltage. This balanced condition can be achieved by a ?ne ad 
justment of variable resistor R“, if it is necessary to compen 
sate for differences in the intrinsic resistance of the transistor. 
However, such differences usually will be very small, in 
asmuch as transistors Tm and T11 are matched to have equal 
characteristics, to the extent possible. 
The collector voltages of transistors T10 and T11 are applied 

to the respective bases of PNP transistors T12 and T13, which 
form the second differential ampli?er. The emitters of 
transistors T12 and T13 are connected together and to one ter 
minal of a resistor R15, which is supplied at its other terminal 
from the positive stabilized voltage source +VA. The collector 
of transistor T12 is grounded. The collector of transistor T13 is 
connected, through a resistor R16, to the negative stabilized 
voltage source —VA. This second differential ampli?er is sym 
metrically driven by the output signals of the ?rst differential 
ampli?er. The employment of transistors of opposite conduc 
tivity type for the ?rst and second differential ampli?ers sub 
stantially reduces, through this compensation, the effect of 
temperature drift. 
The collector of transistor T,;, is also connected to the base 

of transistor T“. The emitter of transistor T1,, is connected to 
the stabilized negative voltage source —VA. The collector of 
transistor T14 is supplied from the stabilized positive voltage 
source +VA through a resistor R20 and a diode D. 
The ampli?er comprising transistor T14 is the ?nal stage of 

the voltage preampli?er and is provided with output points 36 
and 37, which differ in voltage by the drop through Diode D. 
In the quiescent condition; i.e., in the absence of an input con 
trol voltage Vs, the voltages at points 36 and 37 are balanced 
with respect to the ground. In this balanced condition the volt 
age at point 36 is slightly positive and the voltage at point 37 is 
slightly negative. 
When a positive control voltage is applied to input lead 15, 

the conduction of transistor Tm increases and correspondently 
the current ?owing through transistor T11 decreases. The volt 
age of the collector of transistor T10 and of the base of 
transistor T12 decreases, and the voltage of the collector of 
transistor TH and of the base of transistor T1,; increases. The 
resistance of transistor T1,, and, therefore, the voltage drop 
between its emitter and collector increases, whereby the 
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voltage of the base of transistor TH decreases. Therefore, 
current ?owing through transistor TH decreases. whereupon 
the voltages of points 36 and 37 increases. Conversely, when 
a negative control voltage is applied to input lead 15. the 
voltages of points 36 and 37 decrease. However, the differ 
ence between the voltages of points 36 and 37, being equal 
to the drop across digsiegtniqssnmihilw agate/ably: 
The above-described voltage preampli?er is followed by a 

current ampli?er. The ?rst stage of this current ampli?er com 
prises a pair of complementary transistors T15 and T16, 
transistor T15 being, for example, of the NPN type, and 
transistor T16 being of the PNP type. The collector of 
transistor T15 is connected to the positive stabilized voltage 
source +VA through a resistor R2,, and its emitter is con 
nected to a point 38. The collector of transistor T16 is con 
nected directly to the negative stabilized voltage source —VA, 
and its emitter is connected to point 38 through a resistor R22. 
The voltages of points 36 and 37 are applied to the bases of 

respective transistors T“l and T16. In the absence of an input 
control voltage VS both of transistors T15 and T16 are in a state 
of low conduction; i.e., both are close to cutoff. When a posi 
tive control voltage is applied to input lead 15 both points 36 
and 37 change positively, as described previously herein. 
Because transistors T15 and T16 are of opposite conductivity 
types, transistor T15 becomes more conductive and transistor 
T16 becomes less conductive. 
The collector of transistor T15 is connected to the base of 

transistor T1,. The emitter of transistor T16 is connected to the 
base of transistor Tm. Transistors T17 and T"; are of the PNP 
type and, with resistors R23, R2,, R25, and R26, form an ampli? 
er wherein each transistor is connected as an “emitter fol 
lower.” Such ampli?er provides a substantial ampli?cation of 
the output current. 

Transistors T" and T18 drive respectively a pair of 
transistors T19 and T20 and a pair of transistors T21 and T22. 
Each of transistors T19, T20, T21 and T22 with respective sets of 
resistors R21, R28’ R29; R30, R31, R32; R33, R34, R35; and R36, R31, 
R38 forms an emitter follower circuit. The emitter follower 
comprising transistor T19 is in parallel with the emitter fol 
lower comprising transistor T20, both such emitter followers 
being supplied by the positive supply voltage +V. The emitter 
follower Transistor T21 is in parallel with the emitter follower 
comprising transistor T22, both such emitter followers being 
supplied by the negative supply voltage —V. In absence of an 
input control voltage VS, each of transistors Tm, T20, T21 and 
T22 is in a state of low conduction, being close to cutoff, so that 
only a relatively small current ?ows through these transistors 
from terminal 33 to terminal 34, point 38 being at 0v. 
When a positive control voltage is applied to input lead 15, 

the base of transistor T15 becomes more positive and transistor 
15 becomes more conductive, whereas although the base of 
transistor T16 also becomes more positive, the conduction of 
transistor T“, decreases. Consequently, point 38 becomes 
positive and causes a positive increase of the voltage at point 
35, the base of transistor Tn.‘ Thus, the difference between the 
currents through transistor Tm Tn decreases. Thus, a negative 
feed-back effect is provided, with its well~known advantages 
of greater stability and less sensitivity to noise. 
The increase in conduction of transistor T15 and the 

decrease in conduction of transistor T16 cause a respective 
decrease of the base voltage of transistor T17 and increase of 
the base voltage of transistor Tm. Thus, transistor T" becomes 
more conductive and transistor T18 less conductive. Under 
these conditions, the decreased voltage of the emitter of 
transistor T17 causes a conduction of transistors T19 and T20 to 
increase, whereas the increased voltage of the emitter of 
transistor T18 causes the conduction of transistors T21 and T22 
to decrease. Transistors T19 and T20 thereby deliver a greater 
positive current and transistors T21 and T22 a lesser negative 
current to terminal 17. 
As a consequence, for a positive control voltage the motor 

connected to terminal 17 receives a positive current and is ac 
celerated as required. In the opposite case; i.e., wherein a 
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negative control voltage is applied to lead 15, a negative cur 
rent is supplied to the motor, with its consequent braking ef 
fect. 

Since terminal 17 is directly connected to point 38, there is 
no need to stabilize the supply voltage in the current amplif 
cation stages which follow complementary transistors Tu and 
T16. In fact, the stabilization of the voltage at points 31 and 32, 
ensures that the voltage‘ of point 38 is affected only by the con 
trol voltage at input lead 15 and not by accidental ?uctuation 
of the supply voltages +V and —V. 

Accordingly, the possible ?uctuations of the non-stabilized 
voltage supplying the following stages cannot in?uence the 
voltage of point 17, which supplies motor 1. Since the current 
required for the stage with the complementary transistors T15 
and T16 and the preceding stages is substantially lower than 
that required for the following power stages, a remarkable sav 
ing in cost and dimensions of the components of the stabilizing 
circuit is attained, relative to that which would be required for 
stabilizing the voltages +V and —V provided at terminals 33 
and 34. 
A satisfactory result, with even a lower cost of the stabiliz 

ing components, may be provided by the arrangement illus 
trated in FIG. 5. The circuit of FIG. 5 differs from that of FIG. 
4 in that the supply voltage for the complementary transistors 
T15 andv T16 is also not stabilized, but only the supply voltage 
for the preceding stages. By this arrangement, the stabilized 
voltages +VA and —-VA, obtained by use of resistors R40, and 
R41 and Zener diodes 2.1 and Z5, are present at points 40 and 
41, whereas at points 31 and 32 the non-stabilized voltages +V 
and —V are present. 
The current to be stabilized is further reduced and an addi 

tional saving thus results. In this instance the voltages of points 
36 and 37, and therefore the voltages applied to the bases of 
transistors T15 and T16 are independent of ?uctuations of volt 
ages +V and —V. The effect of such ?uctuations on the volt 
age of point 38, however, although theoretically not zero, is 
effectively negligible. In fact, this effect is reduced to the 
changes in voltage drop across the base-emitter junctions of 
transistors T15 and T16, due to changes in the current ?owing 
through these junctions as a result of such voltage ?uctua 
tions. 

I claim: 
1. A device for controlling paper feed in a printing ap 

paratus, comprising a low-inertia motor, a tachometer device 
for delivering a tachometric voltage proportional to the paper 
feed speed, a pulse generator device for delivering a pulse 
each time the paper is moved a distance equal to a line pitch, a 
logical control device having inputs to receive command 
signals and pulses generated by said pulse generator device, a 
selectively controlled reference voltage generator, for deliver 
ing a reference voltage in response to a set of control signals 
generated by said logical control device according to the com 
mand signals and pulses received thereby, said reference volt 
age generator comprising ?rst, second and third transistors 
having the collector thereof supplied from a common voltage 
source through respective ?rst, second and third resistors, the 
bases of said transistors, being connected to respective first, 
second and third input terminals, the emitters of said 
transistors being directly connected to ground, the collectors 
of said transistors being further connected to one electrode of 
respective ?rst, second and third diodes, the other electrodes 
of each of said diodes being connected to one ?xed terminal of 
a potentiometer, the other ?xed terminal of said potentiome 
ter being connected to ground, and the movable tap of said 
potentiometer being connected to the output terminal of said 
reference voltage generator, a comparing device for compar 
ing a voltage proportional to said tachometric voltage and said 
reference voltage and for generating a signal voltage having an 
amplitude depending on the difference between said reference 
voltage and said voltage proportional to the tachometric volt~ 
age, and a bidirectional ampli?er for controlling the rotational 
speed of said low-inertia motor by means of a supply current 
controlled in amplitude and direction by said signal voltage, 
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said reference voltage generator operating to deliver to said 
output terminal a particular reference voltage, selected among 
a plurality of predetermined reference voltages, in response to 
the patterns of signals when appropriate patterns of signals are 
applied by said logical control device to said reference voltage 
input terminals. 

2. The device of claim 1, wherein said comparing device 
comprises ?rst and a second series connected resistors con 
nected between a ?rst input terminal and an output terminal, a 
third resistor connected between the point common to said 
?rst and second resistors and a second input terminal, said 
tachometric device applying between said output terminal and 
said second input terminal a tachometric voltage proportional 
to the rotational speed of said motor, said ?rst input terminal 
being directly connected to the output terminal of said 
reference voltage generator. 

3. Apparatus for controlling the slewing of a print-receiving 
member to a precise ?nal position in a high-speed printer in 
response to input command signals representing the number 
of line pitches through which said member is to be slewed, 
comprising: an electric motor for slewing said print~receiving 
member through a printing position, means for sensing the 
slewing of said print-receiving member and for delivering a 
?rst type signal representing said slew speed and a pulse each 
time said print-receiving member moves a distance of one line 
pitch through said printing position, ?rst control means 
responsive to the receipt of said input command signals for 
generating a reference signal having a ?rst value representa 
tive of a predetermined slew speed, said ?rst control means 
comprising ?rst, second and third transistors having the col 
lector thereof supplied from a common voltage source 
through respective ?rst, second and third resistors, the bases 
of said transistors, being connected to respective ?rst, second 
and third input terminals, the emitters of said transistors being 
directly connected to ground, the collectors of said transistors 
being further connected to one electrode of respective ?rst, 
second and third diodes, the other electrodes of each of said 
diodes being connected to one ?xed terminal of a potentiome 
ter, the other ?xed terminal of said potentiometer being con 
nected to ground, and the movable tap of said potentiometer 
being connected to the output terminal of said ?rst control 
means, second control means responsive to said input com 
mand signals and to said pulses to generate a second type 
signal when said print-receiving member requires slewing only 
through a predetermined number of remaining line pitches, 
said ?rst control means being responsive to said second type 
signal for changing said reference signal to a second value 
representative of a deceleration of said motor, means for 
delivering a third type signal representing the algebraic dif 
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ference between said reference signal and said ?rst type 
signal, and means responsive to said third type signal to con 
trol the speed of said motor. 

4. Apparatus for controlling the slewing of a print-receiving 
member to a precise ?nal position in a high-speed printer in 
response to input command signals representingthe number 
of line pitches through which said member is to be slewed 
comprising: an electric motor for slewing said print‘receiving 
member through a printing position, a speed-sensing member 
for sensing the speed of slew of said print-receiving member 
and for delivering a first type signal representing said slew 
speed, a line pitch sensing member for sensing the slewing of 
said print-receiving member and for delivering a pulse each 
time said print-receiving member moves a distance of one line 
pitch through said printing position, ?rst control means 
responsive to receipt of said input command signals for 
generating a reference signal having a ?rst value representa 
tive of a predetermined slew speed, said ?rst control means 
comprising ?rst, second and third transistors having the col 
lector thereof supplied from a common voltage source 
through respective ?rst, second and third resistors, the bases 
of said transistors, being connected to respective ?rst, second 
and third input terminals, the emitters of said transistors being 
directl connected to round, the collectors of said transistors 
being urther connec ed to one electrode of each of said 
diodes being connected to one ?xed terminal of a potentiome 
ter, the other ?xed terminal of said potentiometer being con 
nected to ground, and the movable tap of said potentiometer 
being connected to the output terminal of said ?rst control 
means, second control means responsive to said input com 
mand signals and to said pulses to generate a second type 
signal when said print-receiving member has been slewed 
through the number of line pitches represented by said input 
command signals less a predetermined number of line pitches, 
said ?rst control means being responsive to said second type 
signal for changing said reference signal to a second value . 
representative of a deceleration of said motor, means for com 

_ paring said reference signal and said ?rst type signal for 

40 

45 

50 

55 

65 

70 

75 

delivering a third type signal representing the algebraic dif 
ference between said reference signal and said ?rst type 
signal, and means responsive to said third type signal to con 
trol said motor to accelerate said print-receiving member to 
said predetermined slew speed after said apparatus receives 
said input command signal and, after said second type signal 
has been generated, for decelerating said print-receiving 
member to stop after having been slewed through the precise 
member of line pitches represented by said input command 
signals. 

* * * * >it 


