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•' · 

. .  A. DESCRIPTION 

STATIC RAMP GENERATOR 

The static ramp generator provides the equivalent 

functions obtained from the conventional motor operated 

rheostat and UV relay preset speed scheme. A preset 

rheostat may be used on the operator station for speed 

reference. When this preset rheostat is �et for 100-

and the section run push button is operated, the ramp 

generator will change from zero to its maximum output 

of 100 volts with the rate of the ramp determined by 

the setting within the ramp generator. The yoltage 

output will change in such a manner as to provide 

essentially constant rate acceleration or deceleration. 

One big advantage of this ramp generator is that 

four separate input reference signals may be used. 

With the main reference connected to follow the center 

section of the line, an independent amount of overspeed 

may be easily obtained by adding fixed excitation to one 

of the separate input wind ings. This system permits 

much simpler control for obtaining overspeed. 
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.. , When the loop between sections is considered as a 

storage loop ( loop tower or loop car ) , the loop position 

feedback signal may be fed into the section ramp genera-

tor instead of the individual generator regulator. This 

offers the advantage of reducing a step voltage into a 

ramp and, therefore, allows the motors to change speed 

with a minimum of load disturbance. 

The regulator used to generate the ramp function is 

shown schematically on diagram SK-RFG. The connections 

to the reference windings and the resistor and potentio-

meter values shown on this diagram are typical. For 

connections to the specific ramp generator, refer to the 

reduced size schematics included in another section of 

this instruction book. The regulator conststs of two 

stages of Magamps. The first stage is a 400 cycle 

Westinghouse preamplifier internally connected in push 

pull and operated at a reduc ed 30/36 volts input for 50/60 

cycle operation. The second stage is a size 1 standard 

Magamp. A Sola transformer provides a regulated AC 

supply voltage for the Magamps, to prevent a change in 

' 
the rate of acceleration during line voltage variations. 
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.· . 
Reset relay RS is used to provide intelligence that the 

ramp generator output is at a low value. 

B. OPERATION OF THE SYSTEM 

1. Preamplifier Operation 

During the generation of the ramp, the 

preamplifier behaves as a bi-stable amplifier. 

This means that one side of the preamplifier 

is at saturation and the other side at cut-

off. When the ramp has been completed, the 

preamplifier works on its linear range. The 

saturated voltage of the amplifier is approx­

imately 15  v. About 0. 15 AT are required for 

saturation. 

2. Power Amplifier Operation 

The differentiator or rate circuit shown 

on the schematic diagram causes the time delay 

of this amplifier to be extremely high. When 

this long delay in the amplifier is achieved, 

a proper selection of the positive feedback 

will make the amplifier behave as an integrator. 
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C. OVERALL SYSTEM OPERATION 

When the reference is set to obtaln maximum out-

put voltage-' an :Lnput of 10 AT is applied to the pre-
. 

amplifier, this signal will saturate amplifier No. 1 

and will cut off amplifier No. 2. Amplifier No. 1 

will apply a fixed AT input into the second stage. 

This AT input will only depend on the setting of.the 

adjustable :resistance lP. The second stage will 

start integrating this input; consequently, the out­

put voltage will increase at a rate that will depend 

on the magnitude of this input. rrhe integration will 

stop when the AT of the feedbacl{ clrcuit matches the 

reference AT. At this moment, the output voltage will 

become regulated, 

If the reference is turned dmm to zero, the 

ampere turns of the feedback loop will saturate 

amplifier No. 2 and cut off amplif:l.er No. L When 

this occurs9 a fixed AT signal which depends only on 

the setting of 2P will be applied to e second stage 

in the reverse direction. The second stage will 
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start integrating and the voltage will fall at a 

rate depending on the magnitude of this new input. 

The output voltage will only depend on the 

amount of reference input AT. This means that the 

output can be set at any level by varying the reference. 

Acceleration and deceleration only depend on the 

setting of lP and 2P and can be adjusted independently. 

\vhen the output voltage levels off, the amplifier that 

was saturated during acceleration ( Amplifier No. l ) will 

come out of saturation and its operating point will fall 

on the linear portion of its transfer curve. The amplifier 

that was at cut-off ( Amplifier No. 2) will also maintain 

an operating point on its linear part of its transfer 

curve. The setting of these operating points will depend 

upon the relative values of lP and 2P because the net AT 

into the second stage should be approxima,tely equal to 

zero. This occurs because we have an integrator, and the 

net AT input to the second stage must be zero when the 

integration stops. 
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Figure 2 showg a curve of m:l.ll:l..ampere input'.:.to 

the second s vs. time of :integration. This is 

a hyperbola asymto to the X and Y ax is . The 

product of tlme X inpu t remain2- reasonably constant, 

which is an indication of good integration character-

istics. 

Figures 3, -.��, ·s> and 6 show the performance of 

the regulator 

In s 3 and 5., acceleration and decel-

eration times were adjusted to be fairly similar. 

In F'igure 1+, aceeleration and eleration 

times v.rere different and the regulator was brought 

to several regulated output ls. 

In Figure 6� the acceleration and deceleration 

times were adjusted to obt approx:Lmately a 10/1 

ratio. 

Eo RATING 

Four s ep arat e input reference 
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' . 
v; i.r1d can be used. The ing of each 

winding is listed on page 20. Ten 

ampere input produces 100% (100 

volts ) output. The AC supply to the Sola 

transformer should be between 210-240 

volts, 60 cycles. 

2. Ou tpu_!;" 

The 100% output is 100 volts DC at a 

maximum load current of one ampere . .  The 

rate of ramp for acceleration and decelera-

tion can be independently adjusted from 50 volts 

per second to 4 volts per second (2-25 

seconds ) . 

F. ADJUS'rNENT AND TEST 

Each ra.mp generator is tested and adjusted at 

the factpry for the designed acceleration and decel-

eration rate for 1 on which it is to be used. 

The potentlometer sett ings made on the test 

floor are recorded on the schematic diagram for the 

speci ramp generator included in another section 
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/'" '· 

the specific regulator ) 

2 . 1 Set lP and 2P for maximum resistance 

(1000 ohms ) . 

2 . 2  Set 5P at 70 ohms ( from+ to'center 

arm ) . 

2 . 3  Set 4P at 2200 ohms. 

2. 4 Set 3P at 1 . 25 ohms. 

2.5 Set 12P at 20 ohms. 

2.6 Set llP at 100 ohms. 

2.7 Set arm of lOP at half-travel. 

2.8 Set 6P at lOOO·ohms. 

2.9 Set 8P at 170 ohms. 

3. Adjustment and Test of Ma�netic Amplifiers 

3.01 Disconnect AC supply from second 

stage Magamp. 

3.02 Open leads that go to terminals 3 

and 6 on the power amplifier. 

3.03 Connect the 36V AC supply to pre­

amplifier, and adjust the output 

voltage of each individual amplifier 

to 6 v . .  Readings should be taken 
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3. 08 Disconnect all control windings except 

the bias in the power amplifier. Set 

the bias to obtain cut-orr output volt­

age, and run a transfer curve using the 

100 turn winding (3-4). 

3.09 If the transfer curve is satisfactory 

according to magnetic amplifier test 

specification, connect all control 

windings as shown on the diagrams. 

Reset the bias for cut-orr on the 

power amplifier. 

4. Regulator Operation 

4.01 Disconnect the AC supply. 

4.02 Turn the reference on and set the 

reference rheostat for maximum volt-

age. Adjust 7P to obtain 100 rna (10 

-AT) in the pattern winding. 

4.03 Turn reference rheostat to zero .. 

4.04 Reconnect the AC supply to preampli­

fier and turn on AC power. 

4.05 Turn reference rheostat to maximum. 

- 11 -
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.. . 

4.06 Observe output voltage; it should raise 

in a ramp form . 

4.07 Reset 8P so 100 rna flows in the voltage 

feedback circuit when output voltage is 

100 v. 

4.08 Turn the reference rheostat to obtain 

50 V output. When regulator is at 

this level, open the AC supp!y of 

preamplifiers. Check variation of out­

put voltage� If the output varies 

more than �5 V in 20 seconds, readjust 

the self energizing pot 4P. If the volt­

age decreases, increase self energizing 

and vice- versa. Reconnect the AC 

supply on the preamplifier. 

4.09 Turn the reference rheostat to minimum 

to decrease the output volt�ge. 

4.10 Connect a 10-0-10 milliammeter in place 

of the 50-0-50 milliammeter in the rate 

circuit of the power amplifier. 
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,"' · ..... , 

4.11 Repeat 4.05 and observe the current in 

the rate circuit during acceleration. 

This current should remain steady over 

a range of 5 percent to 95 percent out­

put. If the current in this circuit is 

not steady, change 5P until ·optimum 

conditions are obtained. If after the 

rate damping circuit has been optimized 

a small deviation; eg. 0.2 rna, is still 

observed, optimize this by means of the 

positive feedback pot 4P. If the 

current remains steady during accelera-

tion and deceleration but its magnitude 

is different, adjust for equality by 

means of the bias potentiometer 6P. 

4.12 Connect the Brush amplifier across the 

output, using a filter consisting of 3000 

ohm resistor in series with a 20 mfd 

capacitor, and record output voltage 

from zero up to 100 V and down to zero. 

- 13 -
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0 

4.13 Disconnect the IR compensator circuit • 

4.14 Connect a 100 ohm, 200 W resistance 

across output and repeat 4.12. 

4.15 Compare results of 4.12 with 4.14. 

4.16 The time of acceleration on the record 

4.17 

obtained in 4.14 should be longer 

than the acceleration time of 4.12. 

Deceleration time of 4.14 should be 

shorter than that of 4.12. 

Connect the IR compensator circuit 

and optimize the regulator so the 

time of acceleration and deceleration 

are the same as the values obtained in 

4.12. The optimization is done by 

adjusting pot 4P. 

4�18 Reconnect the 50-0-50 milliammeter in 

rate circuit. 

4.19 If overshoot is observed when output 

voltage levels off, optimize this by 

means of pot 12P in the interstage 

damping circuit. 
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· . .  

4.20 Take a Brush recording for 4 different 

Percentage Pot 

lP 2P 

rates of acceleration and deceleration. 

Se.t lP and 2P to obtain the rna indicated 

in table below. For each of these set-

tings record total time of acceleration 

from 0 to 100% output and deceleration 

and percentage setting of lP and 2P. 

Fill in table below. 

Acceleration 

Ma in 
pattern 

16 

25 

40 

80 

Time 

No 1 Amp 
load 

Deceleration 

Ma in 
;eat tern 

16 

25 

40 

80 

Time 

No 1 Amp 
load 

Compare these results with graph in figure 1. 

5 . '  Typical Values 

5.1 Preamplifier bias - 2.5 rna. 

5.2 Second stage bias - 128 rna. 

5.3 Self energizing - 29 rna at 100 V. 

�� - 15 -
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' ) "'-·-

0 

IR compensator - 20 rna at 100 V 

and 1 amp load. Depends on load. 

5.5 The rate current for 16 ma in 

second stage pattern is 3 .5 ma 

during acceleration and decelera-

tion with no load on the output. 
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FIG- 3 FIG- 5 FIG- 6 
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PUSH-PULL MAGAMP PREAMPLIFIER 

NOMINAL A.C. RATING - 240 VOLTS - 400 cYCLES - 0.23 AMPS 

D.C. OUTPUT - 90 VOLTS - 200 MA 

REACTOR STYLE NUMBER - 427A322G02 

WINDING TURNS ,FUNCTION RATING OHMS 

A1-A2 100 CONTROL 200 MA 4.0 

A3-A4 100 CONTROL 200 MA 4.0 

A5-A6 50 CONTROL 200 MA 2.0 

A7-A8 50 CONTROL 200 MA 2.0 

A9-A10 25 CONTROL 200 MA 1.0 

A11-A12 25 CONTROL 200 MA 1.0 

B4-B5..:136 50 BIAS 200 .MA 2 .. 0 

B16-B17 AC SUPPLY ------

B1-B2-B3 OUTPUT 200 MA 

- 20 -
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PUSH-PULL MAGAMP PREAMPLIFIER 

SCHEMATIC DIAGRAM 
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400 CYCLE PUSH-PULL 

MAGAMP PREAMPLIFIER 

STYLE NO. 427 A322G02 

OPERATING ON 36 VOLT 60 CYatES 

200 OHM LOAD EACH 
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SIZE 1 SINGLE CHANNEL MAGAMP 

NOMINAL AC RATING - 230 VOLTS - 60 CYCLES - 1•75 AMPS 

D.C. OUTPUT - 170 VOLTS - 1.25 AMPS ( FORM FACTOR 1.37 ) 
REACTOR STYLE NUMBER - 614C521G01 

SILICON DIODE STYLE NUMBER - 432A921ll01 

WINDING TURNS FUNCTION RATING 

1-2 350 CONTROL 200 MA 

3-4 100 CONTROL 200 MA 

5-6 100 CONTROL 200 MA 

7-8 100 CONTROL 200 MA 

9-10 40 CONTROL 200 MA 

11-12 40 CONTROL 200 MA 

13-14 40 CONTROL 200 MA 

15-16 20 CONTROL 1A 

TYPICAL TRANSFER CURVE 65 VOLTS PER AMPERE TURN WITH 

100 OHM LOAD • 

- 24 -
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@ Westinghouse I.L. 9321-ZB 

CONTINUOUS LOOP REGULATOR 

The Solid State Continuous Loop Regulator 
provides a means to control the free hanging loop of 
a continuous processing line. 

The continuous loop regulator employes all 
solid state devices such as transistors and magnetic 
amplifiers. Physically, it consists of three major 
components: 

1. Light source, compensator, and receiver. 
2. Loop position detector amplifier. 
3. Loop regulator panel. 

The loop position detector panel consists of 
a photoelectric detector and a Sola power supply. 

The loop regulator panel consists of two 60 c/s 
magnetic preamplifiers. The first stage preamplifier 
is used as a proportional integrator, and is effective 
in performing the regulation without a steady state 
error. The second stage preamplifier is used as an 
amplifier with adjustable gain. All necessary potent­
iometers, meters, and other accessories are 
assembled in one magamp panel. 

SYSTEM OPERATION 

The loop regulator is designed to work in 

I 
I 
I 
I 
I 
I .__ C£TECIO/e 

I" HOP. HI 1..0 

i..OOP 
.RGGf./i..A/0/e 

SPEED 
R EGV.t..AIO/i 

_J F 

conjunction with a speed or voltage regulator, usually 
acting on the drive system ahead of the loop. The 
speed of this drive is changed by the signal applied 

Fig. 1 - Continuous Loop Regulator 
Application to Variable Voltage Drive System 

by the loop regulator, in such a manner as to match the line 
loop, and consequently keep the loop in the regulating zone. 

speed at the entry and exit ends of the 

The output of the detector varies from 0 to 10 MA as the light to the receiver is cut off by the 
loop. The reference AT applied to the loop regulator determines the zero regulating level. When the 
loop is at this level, the net AT input to the regulator is zero. 

If the drive ahead of the loop runs slower, the loop pulls up and more light is received by the 
receiver. The detector output decreases and the net ampere turns acting on the loop regulator are in 
the same d irection as the refer ence ampere turns. The loop regulator applies a signal to the drive 
regulator to increase motor speed and bring the loop back into zero regulating level. 

If the drive ahead of the loop runs faster the reverse action takes place to decrease the motor 
speed a1nd bring the loop back into zero reference level. 

The Pr oportional Integrator: 

The proportional integrator output consists of a step with a superimposed ramp. Both the 
magnitude of the step and the slope of the ramp are dependent upon gain and the magnitude of the input 
signal. The step component is effective in transmitting the error without a time delay and thus tends 
to improve system stability, whereas the ramp component is effective in eliminating the steady state 
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I. L. 9321- ZB Page 2 

position error. When an input is applied to the proportional integrator the output rises in the form of 
a step to a predetermined value, and integrates up in the form of a ramp until the input is removed. 
At this time the output drops immediately and remains constant thereafter. 

To obtain an output it is only necessary to apply an error signal to the proportional integrator 
and remove it when the output has integrated up the desired value. If the input is not removed, the 
output keeps on building up until limited by saturation. Obviously a steady state position error does 
not exist. This explains why the regulator regulates for zero position error. 

When the loop is completely out of range, the proportional integrator output consists of a large 
step and a short ramp to saturation. The corrective ampere turns applied to the speed regulator may 
be as high as 20-30"/o in the form of a step depending upon system parameters. 

To prevent undesirable large step speed changes such as may occur when starting a processing 
line with the loop completely out of the regulated zone, an auxiliary signal is generated by the photo­
switch detector unit when more than 90"/o or less than 10"/o light is received. This indicates complete 
position error and the signal is used to cut down the error ampere turn input to the proportional 
integrator. By adjusting the resistance in the low and high loop limit windings it is possible to limit 
the speed step to any desired value. 

The loop can be manually controlled by applying a signal to the second stage preamplifier 
directly. In this case the loop regulator output consists of a step without a ramp. 

Note should be made of certain terminology so as to not confuse the detail of operation. The 
Photoswitch loop position detector unit has maximum current output at minimum light condition. For 

-· 

a free hanging loop, this corresponds to the loop being lower than normal. If the loop completely blocks 
off all light to the receiver (low loop position), the high limit auxiliary signal is triggered on. The 
Photoswitch unit is labeled "high limit" because it corresponds to the high output current end of its 
range. This signal is used in the "low loop position" winding in the regulator because the condition 
occurs when a free hanging loop is too low. This explanation should be noted to avoid confusion between 
"high output limit" and "low loop position". An opposite effect occurs on extreme high loop. 

Loop Position Detector: 

The Loop Position Detector consists of a Photoswitch compensated photoelectric detector, and a 
Sola power supply. The detector works in conjunction with a single 36" fluorescent lamp, one com­
pensating cell located next to the light source and a receiver on the opp osite side of the loop mounted 
so that it is facing directly in center of light source. The difference between the outputs of the 
compensating cell and receiver is proportional to the loop position, and is not affected by changes in 
temperature, light intensity, dirt, dust, etc. within practical limits. This difference is amplified by 
the detector and applied to the pattern field of the loop regulator. 

COMPONENT IDENTIFICATION 

LOOP POSITION DETECTOR APPARATUS* PROPORTIONAL INTEGATOR•� 

Photoswitch loop displacement detector type Westinghouse style 427A324G01 
28MF3 Model 1000 60 c/s magnetic preamplifier 

Receiver type 41NW4 - Model 1002 is for 
total span (light source to receiver) of 6 PRE AMPLIFIER�' 
40 feet 36" 30 W Fluorescent light source Westinghouse style 427A324G01 
light compensator type 47BW4 60 c/s magnetic preamplifier 

':'Three independently adjustable, electrically interconnected devices. 

Figure 2 
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Page 3 I. L. 9321-ZB 

INSTALLATION 

The approved standard calibration tests recommended for the Continuous Loop Regulator 
detection apparatus and Magamp regulator are outlined in this leaflet. They are based on certain 
typical conditions relating to looping pit dimensions. Since these conditions vary in actual application, 
the following should be performed at installation: 

1. Recalibrate the detection apparatus (receiver and light compensator) for the specific span 
between the receiv er unit and the fluorescent light source, as installed. The procedure 
for this is outlined under "Tests". 

Each receiver unit is supplied with two 33% transparent filters. If the receiver cell 
resistance is greater than 28, 000 OHMS when exposed to the full light from the light 
source, the filters should be removed and stored in a pocket p rovided for this purpose, 
on the side of the housing. This will reduce the resistance to 1 I 3. 

At 15 feet or less, at least one filter (and possibly two) will be required; beyond 15 feet 
usually no filter (but possibly one) is re quired. For distances of 25 feet and greater no 
filter will be needed. A removable aperture in front of the inner lens holder should be 
removed for distances less than 15 feet. 

2. Check the performance of the Solid State Position Loop Regulat or under normal load 
conditions. If the output voltage and response are not satisfactory, a calibration test 
should be per formed on the Solid State Magamp Regulator individually in the same 
manner as outlined under "Tests". 

TESTS 

A. Detection Apparatus 

General Information 

The Continuous Loop Regulator Detection apparatus is manufactured by the Photoswitch 
Division-Electronics Corporation of America. It is designed to provide an electric signal which is 
linearly proportional to the amount of transmitted light. This ultimately provides position feedback 
control. The apparatus also provides two triggered output signals to ind icate that the received light 
is less than lOo/o from either end of its regulating range. These signals recalibrate the integrating 
section of the loop regulator, (supplied by Westinghouse) to provide a different action when the loop 
is completely out of r egulating range. The Photoswitch unit includes a light compensator which 
monitors the basic fluorescent lieht intensity and provides compensatio n in the amplifier circuit to 
maintain the same output curve over a 50% range of light source intensity. The position scanner 
covers a total light-to-scanner spa.n of 6 to 40 feet. Figure 3 shows the output current proportional 
to received light aud compensated for light source cha11ge. 

1he purchased items - amplifier, compensator, and 
scanner - are designed for specific use with a complete loop 
regulating magnetic amplifier system. 

Power Supply: 115 V. 50/60 cycle (re:;ulu.tor), Power 
Consumption 10 VA nomin:-.1 

Outputs: (A ) Proportional signal, li:!ear, CmA at full 
light, 10 rnA at no li6 ht 
(.3) Triggered signal, adJustable from 0 to 20% 
from end poir•ts, 2. 5 rnA. 

Ambient Temperature: 35 to 130 "F. 
Response: 50 milliseconds 

S!rTT/NG 

srrrtNGi 

Fi:;s. 3 - Photocell Characteristic 
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I. L. 9321- ZB 

Calibration (Loop 
Detector, Receiver &: 

Light Source Compen­
sator) 

1. Mount the 36", 30 
watt fluorescent 
light source verti­
cally and at a dis­
tance from the 
Receiver, as 
specified in Item 3 
below. 

2. Mount the Receiver 
such that the center 
line of the lens lines 
up with the midpoint 
of the light source. 

3. Place the receiver 
unit at a distance of 
10 feet from the 
fluorescent light 

Page 4 

source without removing either filter or the aperture from the receiver. 

4. Mount the compensating cell, type 47BW4, on the side of the h ousing of the fluorescent 
tube, such that it will receive light from the tube through the opening cutout in the side 
of the housing. It should be located so that the end of the sight tube is spaced about 
5 inches from the fluorescent tube and at least 12 inches away from an end. It must be 
securely mounted, so as not to block off any light to the main Receiver. 

5. Wires from the loop regulator detector to the light compensator and to the Receiver should 
be shielded or at least enclosed in conduit. Polarity is not important. 

6. Apply about 115 volts A. C. 50-60 cps. to terminals 1 and 2. The voltage between terminals 
9 an d 12 should be checked and should be approximately 50 volts. If it is higher than 53 

volts, the chassis should be dismounted and a connection changed to a terminal strip under­
neath the transformer. The red wire which goes to the left-hand outside terminal should be 
moved and connected to the center terminal. This will place the system on a lower secondary 
voltage. When this voltage checks out, the remaining wiring should be installed. Shorts 
between certain terminals could cause damage to transistors. 

7. Calibration Test 
After the system is electrically operable, a final calibration test should be made. 

Connect a 0-10 MA meter between terminals 3 and 4. 

Turn power on to light source and detector unit. Cover the main Receiver lens completely 
and note the output current. It should be very .close to lO MA. It may be adjusted to 
exactly 10 MA, by means of the scale range potentiometer located just above these terminals. 

When a full scale reading has been established, the receiver should be uncovered and the 
fluorescent lamp fully exposed. The current should drop to approximately 20% of full scale. 

The fluorescent lamp should now be obscured for exactly half its len�th and the extension tube 
of the compensator unlocked and rotated until a reading of exactly 5. 0 MA is obtained. This 
method gives the greatest accuracy in the central region. 

Lock the compensating cell extension tube and read the current when the fluorescent tube is 
fully exposed. The reading should be approximately zero. 

I• 
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Page 5 I. L. 9321 - ZB 

Take a transfer curve by obscuring the light source in steps of 2" starting with the light 
source fully exposed until it is fully obscured, and noting each time the detector output 
current. Figure 4 is a typical curve taken for a span of 10 feet and using the Photoswitch 
loop displacement detector type 28MF3, Receiver type 41NW4 Model 1 002, 3 6" fluorescent 
lamp 30 watt tube, and Light compensator type 47BW4. 

Note that the calibration is linear to about lO o/o of the ends of the scale. Slight non-linearity may occur 
closer to the ends due to circuit non-linearities as well as non-uniformity of the lamp. The sensitivity 
is about 0. 3 MA/inch, but this can vary from 0. 23 to 0. 7 MA/inch for different span lengths. 

In addition to the main output, static (transistor) switches are provided to cut in near each end of the 
scale. These switches provide outputs of 2. 5 MA in series with 4700 ohms which are reduced to about 
1 .  0 MA by having the high loop limit and low loop limit windings of the continuous loop regulator, 
connected to terminals 5, 6 and 7, 8 of the loop detector unit, respectively. Current is switched on 
abruptly when the preselected limit is reached. The switches are designed to switch current on as 
either end of the scale is approached, both switches being off in the central operating region. 

The switches may be adjusted to s witch on at any point within about 20 o/o of the end of the scale, and are 
factory adjusted to switch at approximately lO o/o. To prevent unstable operation at the critical operating 
point, the switches are provided with a differential of one to two percent of full scale current, so that 
if, for example, they switch on at lO o/o, they will switch off at 11 to l2 o/o. Adjustment of the limits is 
accomplished by means of two slotted shafts located just above the terminal board. Clockwise rotation 
increases the scale current at which switching takes place. 

B. Continuous Loop Regulator - Magamp Type 

General Information 

The loop regulator provides a means to control the position of a loop and automatically adjust it to 
a value specified by a reference signal. Basically, the loop regulator consists of two independently 
adjusted but electrically interconnected devices. The proportional integrator combines positive feed­
back and derivative lag networks to provide proportional plus integral characteristics. The push-pull 
preamplifier feeds its output into the main regulator which can be a speed or voltage regulator depend­
ings on the application. 

Figure 5 shows a typical family of step and ramp output curves depending on the value of error 
between the proportional position signal and normal loop position reference signal. 

Loop Detector Calibration 

a. Disconnect the following wires: From No. Bl3, No. Bl4 terminals on Preamplifier; From 
No. Bl3, No. Bl4 terminals on Proportional Integrator. 

b. Install 4 temporary wires from the loop detector to the loop regulator, and make the following 
connections: 

Loop Regulator Loop Detector 
Output of sola transformer l l8V AC Xl 1 
Output of sola transformer l l8V AC XZ 2 
Terminal AlO of PAT T Field preamp 

through milammeter 3 
Terminal A9 of PAT T Field Preamp 4 

c. Turn power to the loop regulator on and 
measure 118 V AC across 1, 2 on the loop 
detector. 

2. Proportional Integrator Calibration 

a. Connect wires to terminals Bl3 and 
B 14 on proportional integrator. 

b. Disconnect all control wires except bias 

in the proportional integrator. 

'V!N V .. ur 

( S"'> 
(4) 

TAMJYSI"'£K ,/:'VNI!T/0/11= % (I,.Pl} 

/NPVT OVTPVT 

Fig. 5 - Proportional Integrator www . 
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I. L. 9 321- 2B 

c. Turn AC power on, adjust bias to 
obtain 55V in each channel. (Voltage across 
Bl-B2, B2-B3. Obtain zero volts across 
Bl-B3). 

d. Take a combined transfer curve of 
proportional integrator by applying an external 
DC supply on winding Al l-Al 2. ( Control 
current from - 10 to 0 to 10 rna) 
The combined transfer curve should be linear 

between - 60 to 60V with a gain of 1 50 to 2 00 
V /AT. (1 70 V/AT) 

e. Turn the a-c power off. Connect 
windin gs A5-A6 A8-A7. Set Pots. 9P, l 5P, 
lOP to values specified in the diagram. Turn 
the power on and reset the bias to get SSV 
across terminals Bl-B2, B2 B3, if a change 
in the output is observed. 

Page 6 

Fig. 6 - 10 V Step Error; Proportional Integrator 

f. Connect a brush recording instrument Fig. 7 - 18 V Step Error; Proportional Integrator 

to the output of the proportional integrator, put an R- C filter in combination with the brush recorder 
consisting of 20 MFD 3000 ohms. Apply a 0. 5 rnA step input to winding A 11-A 12 and record the output 
of proportional integrator. The output should be a step of lOV and a ramp of 3V/sec approximately. 
H the brush recording does not satisfy the above condition, optimize the circuit by readjusting pots 
lOP and 1 5 P. 

3. Preamplifier Calibration 

a. Turn AC off, disconnect all control windings of the preamplifier except the bias, and the AC 
input. ( Terminals Bl3, Bl4, B4, B5, B6). 

b. Turn AC on and adjust bias to obtain SSV in each channel (between terminals Bl-B2; B2-B3)and 
zero volts between Bl-B3. 

c. Repeat item 2-d and obtain a transfer characteristic of the preamplifier. 
d. Connect winding Al-A2 and adjust gain of preamplifier to 5 5  V/AT with 1 2P. 
e. Turn A C off. Connect wires to Bl3 and Bl4 in proportional integrator and wires to A7 

and AS in preamplifier 

4 .  Combination Test 

a. Connect brush recording instrument to output of the preamplifier (terminals Bl, 83) and connect 
the same filter used in item 2-f. 

b. Apply a step of 0. 5 rnA to win dings Al l-Al 2 of proportional integrator. The output of the 
preamplifier should consist of an 18. 3 V step and a 7V /sec. ramp. 

c. If the brush recordings are off more than 10 percent of the above figures, turn the a-c power 
off. Disconnect wires from terminals A6 and A7 of the proportional integrator and take a combined 
transfer curve. The system gain should be L 83 times the proportional integrator gain. 

e. Note Fig. 8 below is a typical performance recording of the continuous loop position regulator. 

·�·--=::::::=:::.�.=.----::--.=::=::::==..-

Fig. 8 - Typical Performance of the Continuous Loop Position Regulator Showing 
the Effect of High and Low Limit Signal at 10 Sec. and 4 Sec. Travels With Large 

Step Error 

��! 
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Westinghouse 
Variable Voltage 

SCREWDOWN CONTROLLER 

This leaflet describes the basic controller 
for a variable voltage screwdown system with 
automatic gauge control (AGC) ,  manual override 
of AGC, and a Trinistor controlled rectifier 
regulator amplifier. The screw motors are in 
a sandwich series circuit and are clutch 
coupled. They have no brakes. A single 
operator's station provides for manual control. 
Single speed control is available for raising or 
lowering both screws simultaneously, or one 
screw at a time. Variations of this basic con­
troller consist of multi-speed manual operation, 
m ultiple operator's stations, differential 
leveling, and the addition of brakes. See the 
reference list at the end of this leaflet for the 
I. L. designations covering these variations. 

MACHINE CIRCUIT 

Figure 1 shows the basic sandwich-

70 FRONr MCT: 
CI.IIUI!.. i./1"/, 

I.L. 9 3 21-3 

series arrangement. Each generator is shunted 
by a voltage relay set to pick up at approximately 
1 0% of rated voltage, and an overvoltage relay. 
Each motor circuit contains an overload relay 
and a set of knife switches for isolation. Each 
motor field circuit includes a relay for field loss 
detection. FIG. f- B4SIC SANPWICH SE!e/E.S CI-€Clll T 

For "both screw" operation, both the BM and FM contacts are closed, and LM is open. For 
back screw operation, only BM and LM are closed; for front screw operation, only FM and LM are 
closed. Across resistors FR and BR, a small voltage is developed proportional to armature current. 
Each voltage operates its corresponding regulator c urrent limit circuit. The signal from BR is shorte d  
out during "both screw" operation t o  prevent two limit signals from appearing a t  the regulator at the 
same time. The fields of both generators are controlled by the regulator described later in this leaflet. 

CONTROLLER 

Fig ure 2 shows the basic controller including the operator's switch. The operation of the 
controller circuit is as follows: 

1 .  Reset - Reset relay RS is energized when all operator switches are in the off position. 
An RS contact in the master circuit energizes MR (if other contacts in this circuit are also 
closed). A second RS contact, in series with a GET D contact, provides information t o  the 
AGC circuit that all operator's switches are off. This condition calls for AGC control of 
the regulator. 

2. Generator Voltage Voltage relay contacts FGVR and BGVR energize relay lVRX only if 
both generator voltages are below a set value (generally 50V}. Contacts of 1VRX interlock 
other controller circuits to prevent closing or opening of the main armature contactors 
if generator voltage is high. 

NEW INFORMATION MAY 1962 www . 
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Page 3 I. L. 9 3 2 1 - 3  

3 .  M as ter and Off Pos i tion Interlock - Mas ter s wi tch contacts provi de i nterlocking 
between front screw and back s crew s witches , de -energizing MR if both are operated 
at the s a me time. Interlocking between both s crew and s i ngle s crew operati on is 
provi ded by a fi rst come firs t serve relay circui t wi thi n the controller. Contact TSa i s  
an i nterlock from the A C  contactor s upplyi ng the Tri ni s tor Amplifier, and de- energi zes 
MR if the amplifier is not operating. Armature overload and motor field los s  relay 
contacts also interlock MR, de- energizi ng MR in ca s e  of ove rlo a d  or los s of field. 
C ontact I VRXa prevents i ni ti al pick-up of MR if the generator voltage is high. 

O ne MR contact allows power to be applied to armature contactors BM and F M ,  clutch 
,ti mer CDTD, and the pattern circuit of the amplifier. Thus , when MR is de-energized, 
the motor armature circui t is opened and the amplifier pattern s ignal i s  removed. 
Contact MRa i nf orms the AGC circui t of the s tate of MR , thus providing for removal of 
AGC s i gnals from the amplifier. 

Level - Both - A s i gnal i s  placed on lead 1 1 4 if the "front s crew" or "back screw" 
s wi tches are operated, and a si gnal i s  placed on lea d 1 1 7 if the "both s crews " s witch is 
operated. Relays I LM X  and I S M ,  together wi th their res pecti ve contacts l LM Xb and 
l SMb, form a firs t come firs t s erve i nterlock circui t which prevents both relays fro m  
being energi zed a t  the same time. Two relays are used for each f unction i n  order to 
obtain the required number of col'tacts . Contacts l LMXa and I SM ,  together with l VRXb 
(lead 1 1 6 ) ,  form seal- in circui ts for thei r res pective relays at high generator voltages 
(c,ontact lVRXb i s  closed at high generator voltages ) .  Thus , when the operator s witches 
are returned to off { or s wi tched to s ome 

.
other condi tion) the LMX or SM relays will 

remain energized unti l the generator voltages return to a low value. Also, when the AGC 
s witch i s  on and the operator ' s  controls are in the off pos i tion, relay I SM i s  kept 
energized thru the RS contact and the AGC s witch (leads 1 7 0  and 1 1 7 ) .  

Therefore, regardles s of the command given by the operator , the controller wi ll not 
: s wi tch from one state (AGC, Level, Both) to any other s tate until the motors have nearly 

s topped. 

Clutch - Contact I LMX (lead 1 0 7 )  clos es for leveling operati ons . This energizes clutch 
contactor CC, clutch engage ti me delay CE TD, and armature contactor LM. Contactor 

. CC contai ns a trans fer contact { lead 1 72,) which can be connected wi th a j umper s o  that 
ei ther a magnet clos ed or a s pri ng closed clutch may be di sengaged when CC i s  energized. 

Contact CCb{ lea d 1 4 1 )  de-energi zes the clutch di s engage timer CDTD. Thi s relay 
provide s a time delay ( s e t  e qual to the time re qui re d to di s engage ful ly the clutch) before 
clos i ng a contact {lead 1 28 )  in the level up / level down ci rcui ts . A pattern s i gnal cannot be 
applied to the regulator unti l thi s contact clos es . 

A contact on LM {LM a ,  lead s 1 5 0,  1 5 1 )  i ndi cates to the AGC ci rcui t that a leveling 
operation i s  being performed. 

When the operator ' s  s witch i s  turned from leveli ng to off {AGC) , or to "both s crews " ,  
l LMX (lead 1 0 7 )  will open (after the genera tor voltage has dropped to a low value) 
de-energiz i ng CC and the clutch engage timer CETD. Thi s relay provides a time delay 
to allow the clutch to engage fully. Then, i t  clos es a contact in the both up - both down 
circuit { lead 1 20 )  and a contact i n  the AGC i nterlock circuit (lead 1 48 - 1 4 9 ) .  Thus , 
neither AGC s ignals nor a manual pattern s i gnal can appear at the regulator until the clutch 
has engaged fully. 

Back Screw - Front Screw - The back s crew motor contactor, BM , i s  de- energi zed when 
the front s crew s wi tch is operated, provided that LM is energiz ed. Since LM i s  controlled 
by I LMX, and I LMX is operated through I VRXb and the firs t come fi rst serve circuit 
wi th I SM, BM cannot be de-energized unti l the motors have nearly stopped. When the 
fron_t s crew s wi tch is returned to zero, BM cannot be energi zed unti l the generator voltage 
i s  ldw ·and contact 1 VRX has closed. The front s crew circuit operates in a s imilar 
m anner. www . 
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I. L. 9 32 1 - 3  Pag e  4 

Level Up - Level Down - Re lays UP or DN are ene rgized through the up o r  down 
c o ntacts on the front s c rew or back s c rew s witch e s .  T he ci rcuit m ust be pre- s et by 
the e ne rgization of l LMX and the de - e nerg ization of CDTD . Relay CDTD provide s a 
time delay to allow di s engagement of the clutch before UP or DN c an be o pe r ated. The 
up and down limit s witches prevent overtravel in either dir ection. 

Both Up - Both Down - Relays UP or DN are ene rgi zed through the up o r  down contacts 
on the "both s c rew" switch. The circuit  must be pre - s et by ene rgizing lSM and by 
de -e nergi zing CETD. Relay CETD provides a time delay whe n  switching from "level" 
to "both s c rews " operation to allow e ngagement of the clutch before UP or DN c an be 
operate d.  

Patte rn - Contacts UP and DN (leads 8 0 ,  8 1 )  apply a pattern voltage of the proper 
polarity to the regulator. 

REGULATOR 

Fig ure 3 shows the block di ag ram of the reg ulator circuit. Both generato r fields are e ne rgized 
by a rever sing "Trini s to r "  powe r am plifier (dual conve rte r) which utilize s  s ilicon controlled rectifiers 
as its active com ponents . The com plete regulator consists of the power am plifie r,  pre- amplifier. 
A. C .  c ontrol and bias circuits , calibration and damping c irc uits , mete r s , and protective devices . 
Detailed i nformation o n  
o peration and adj ustment 
is provided in the regulator 
drawing s.  Mainte nance 
and operating in structions 
for the power amplifie r 
are provided in I. L. l 6 - 80 0 - 19. 

VARIATIONS 

The frequently us ed 
variations of thi s basic 
c ontroller are de sc ribed in 
the following s upplementary 
leaflets : 

AGC itllt; 
N.lfiiiUAI. Jtl'lfo 
56N. "�Ur.-. 
SNII.D-I'DifiC 

I. L. 9 3l l - 4  - Multi ple O perato r ' s  Stations 
I. L .  932 1 - 5 - Multi -Speed Manual O peration 
I. L. 9 3l 1 - 6 - Diffe rential Leve ling 
I. L. 932 1 - 7 - Controller with B rakes 

W E S T I N G H O U S E  E L E C T R I C  C O R P O R AT I O N  
B U F F A L O  D I V I S I O N B U F F A L O  5 .  N . Y .  www . 
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o!' M-2 Trin1stor Regu.lators • 

l. Regu.lators are completely static. 

2 .  Standardised hl.gh gain-rast response 
TM.nlstor silicon - controlled 
recttrtera are used. 

3. Pover ampli!'ler- power ratlne;s up to 251tli are provided by 3 amplifier 
designs, usine; only 2 Trin1stor device 
ratlne;s. 

4. Power amplifiers are !'ully aelf­
protectlne;. 

5. Paclal8ed pulse post tion modulator 
(PP!I) Trinlstor flrine; circuits have 
dectrically isolated control inputs. 

6. Power clrC\l.its are electrically 
isolated by input trans!'onoers in 
each regu.lator. 

7. Converter type p01A!r 8lllpl1fiers provide 
reverse voltage !'oreine; in un1d1rect1onal 
designs to provide fast response for 
decreasine; output as ... u as tncreastne; 
output. 

8. DWI.l converter type powr amplifiers 
provide !'ull reverslne; output with 
a stne;le machine !'ield. 

9. The new , raot response, 1600 cycle 
magnetic preampli fier operates on 
24 V DC. 

10. Standard power ampllfiera are 
combined with a line or standard 
calibration paNf�lB to rona regulators 
for a large variety or uses. 

lL Standard deatgns perml.t tnter­
cttangeab111. ty or ma.ny parts; and 
facilitate adJustment and maintenance. 

12. The inherent high performance of 
these regulatorzs plus the wide range 
ot adJustl!lent provides unusual ease 
or adJustment to obtain excellent 
perfol'tllance� 

13. Each regul.ator includes excited 
machine meters aa well as tslgnal 
meters to allow easy observation of' 
perf'o:nnance � 

NEW INFORMAT ION 

An Int roduct ion to 

THE M-2 TRINI STOR REGULATORS 

The type M-2 l ine of West inghouse standard regulators 
represents a new concept in apply ing power and regulating 
systems to a l l  types of m i l l s  and process ing lines . This 
conecept evolved from a strong determinat ion to provide 
reliable , high -performance systems with enough f lexib i l ity 
to meet the production faci lity requ irements of a wide 
variety of the industr ies we serve . Drawing from extensive 
exper ience in sati sfying individual customer requ irement s , 
we have merged the latest developments in control components 
with the reliabi lity of standardized , regulator packages . 
Each package is pre -wired and pre -tested to insure adherence 
to rigid performance specif icat ions . The customer 
advant ages of this approach are obvious . Each package 
maximizes the benefits of individua l component deve lopment . 
Each package represents a functional unit of known 
capab i lity . Each package serves as a large bu ilding block 
for complete control system application . 

In a l l  indust ries , increasing product ion costs and more 
insistent demands for better product qua li ty make opt imum 
system performance essent ial in a l l  production applicat ions . 
The M-2 modu lar concept was designed to meet this need . 
Recent appl icat ions , especially in t he metal working 
industries for such systems have substantiated these 
customer advant ages . 

FLEXIBILITY 

In order to achi eve the f lexib i l i ty required to sat isfy 
the multitude of diverse applicat ions of our many cus tomers , 
a unique met hod of standard izing on funct ional modules was 
adopted . Each regulator is made -up of two or more standard 
sect ions which together , perform a pre-se lected regulating 
function . The function determining sections are named 
cal ibrat ion panels . Table 1 shows these panels . For 
special features , auxiliary panels are added to the primary 
cal ibration panel . These are shown in Table 2 .  From t hese 
list ings it is apparant that all regulating funct ions are 
satisf ied ; 90% by pre-tested standard uni t s . 

The other main sect ion of the regulator is the Trinistor 
Power Amplifier . The Trinistor Power Amp l if i er (T . P . A . ) 
possesses rea listic advant ages in power gain , better 
l inearity and faster response over exist ing commerc i a l  
amp l i f iers bases on d ifferent means o f  ampli fication. I t  
forms an ideal partner for the funct ion determining 
calibration pane l .  The TPA capab i l ity provides a de finite 
size advantage when compared with other static apparatus 
required to accomplish the same funct ion . For example , 
s ince the TPA i s  operable with 60 cycle supply at a l l  
ratings , often this means complete eliminat ion of the 
400 cycle equipment insta l lat ion requi rement for hi gher 
capacity regulating systems . 
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IL 932 1 - 10 PAGE 2 

TABLE 1 
TYPE M-2 REGULATORS 

S i nce t h e  c a librat ion pane l det ermines the charact e r i s t i c  of t h e  regu lator of w h i c h  i t  is a part , the r e gu la t o r  
model des ignat ion i s  ident i c a l  wi t h  t h e  c a l i b r a t i o n  p a n e l  desi gn a t i o n .  T y p i c a l  appl i c a t ions o f  some o f  t h e  models a r e  
g iv e n  i n  t he fol lowing t abu la t io n .  

MODEL NAME 

1 100 Gen e r a l purpose Voltage Regulator 

1200 V . V .  Aux i l i ar y  V o l t a ge Regulator 

1300 Reve r s i n g  Mi l l  Voltage Regu l at o r  

1500 High G a i n  V o l t a ge Regu l a t o r  

2100 Genera l Purpose Speed Regu l a t o r  

2200 V , V ,  Auxi l i ar y  Speed Regu l a t o r  

2400 High Performance Rec t i f i er 
Speed Regu l a t o r  

2500 High Performance Generator 
Speed Regulator 

2700 High Performance Motor F i e ld 
Speed Regulator 

3500 Gene r at o r  Current Regulator 

3 700 Motor F ie ld Armature Current 
Regu lator 

4600 Gene r a l  Purpose Motor F i eld 
Flux Regu l a t o r  

4300 Reversing M i l l  Mot o r  F i e ld 
Flux Regulator 

5000 M . O . R , CEMF Regulator 

5600 Gen e r a l  Purpose Motor F i e l d  
CEMF Regu l a t or 

5700 H i gh P e r formance Motor F i e ld 
CEMF Regu lator 

TYPICAL APPL ICATIONS 

Process L in e  Volt age Regulator� Reference Exc i t e r  Vo l t age Regu l a t o r  
Cont inuous H o t  M i l l  common B u s  Generators Volt age Regulators 

V . V .  Aux i l i a r y  Drives 

Main drive r e v e r s i ng hot mills v o l t a ge r e gu l a t o r  

Tandem Cold M i l l  Vol t a ge Regul ator 

Process L ine Speed Regu l a t or ; S i ngle S t and Cold Mi l l  Speed Regul a t o r  

V , V ,  Auxi l i a r y  D r i v e s  

Conti nuous H o t  M1 l l s  w i t h  E a c h  S t and powered by an i nd i v i du a l  J gu i t ron 
Re c t i fi e r  

Cont i nuous H o t  Mi l ls w i t h  e a c h  s t and powered by a n  indiv i du a l  gene r a t o r  

Con t i nuous H o t  Mi lls w i t h  st and m o t o r s  suppl i ed by common bus .  

Tension Ree l s  and B r i d les t h a t  a r e  current regul a t e d  by generator or 
booster v o l t a g e  contro l . 

Tens ion Re e l s  and Coi l e r s  t ha t  a r e  current r e gu la t e d  by motor f i eld 
contro l .  

T o  exc i t e  and cont r o l  f i eld o f  ma i n  d r i v e  s t and and r e e l  motors 

Ma i n  drive revers ing hot m i l l  motor F ie l d  Re gu l a t or 

CEMF Regu lat i o n  of Reel motor by c o n t r o l  of r e e l  motor opera t ed rheostat . 
Rheo s t a t  or Flux Regu l a t o r  must exc it e  motor f ie l d .  

Controls Ree l  Motor CEMF by d i r e c t  exc i t a t ion o f  mot o r  f i elds . 

CEMF r e gu l a t i o n  of cont i nuous Hot Mi l l  S t and Motor control led by speed 
Regu l a tors 2400 and 2500.  

TABLE 2 
Auxiliary calibration panels are used in conjunct io n  wi th a primary c a l ibrat ion panel to provide spe c i a l 

features for t he regu l a t o r , They are l i st ed in t h e  following t abu lat i o n , to show t he i r  appl ication and t h e  primary 
c a l i b r a t i o n  panel with which e ac h  is u sed . The P model series cont a i ns a pre -ampl i f i er ; t he C model des i gn a t e s  
aux i l i ar y  c i r c u i t s  o nl y ,  w i t ho u t  preamp . 

MODEL NAME 

P22 l Speed L im i t  Pre amp 

P32 l Current L imi t Preamp 

P322 Current L i m i t  Preamp 

P2 l l  Speed Compens a t i o n  
Preamp 

P3 1 1  I R  Preamp 

P551 CEMF Preamp 

C 3 l l  I R  Cumpens a t ion 

C32l <;ur r e n t  L i m i t  

C322 C u r re n t  L i m i t  

C323 Cur r e n t  L i m i t  

C324 Current L i m i t  

USED WITH 
PRI MARY CAL . PNL . APPL ICATION 

3500 

1200-2200 
4300 

2400 -2500-2700 

1500 

4600 

1 100 

1200 -2200 
1200 -2200 
1200 -2200 
1200 -2200 

Provides t h re a d  speed and speed l i m i t  for generator current regu l a t e d  
reel d r iv e .  

Provides shaped current l i m i t  f o r  V . V .  Aux i li a r y  Dr ives . 

Prov ides Current L imi t for Rev e r s i ng Hot Mi ll drives by means of motor 
f i e l d  c o n t ro l ,  

Provides droo p ,  t a i l  end compens a t ion , No-Load overspeed and auxi l i ar y  
r e fe r en c e  w i n d i n g s  for loope r s , AGC , e t c . , f o r  speed regula t ed h o t  m i l l s .  

Provides I R  compens a t i o n , Jog a n d  Auxi l i ary Reference Windings for 
Tensiom e t ers , AGC , e t c . , for Tandem Cold Mi ll Volt age Regul ators . 

Provides CEMF regu lat ion for genera t o r  speed regu l a t e d  d r i ve t h ru a 
mo t o r  f i e ld flux regu l a t or . - S i ng l e  Stand Cold M 1 l ls , 

Provides IR Compens a t i o n  f o r  Gene r a l  Purpose gene r a t o r  volt age 
r e gu la t ors , 

Spec i a l  r e gu l a t o r  features such as load bal ance , i n er t i a  compens a t i on ,  speed unbalance , e t c , whi c h  a r e  not 
ava i la b l e  on s t andard primary or aux i l iary c al i bra t i on pane l s , m a y  be added by i nd i v i dual d e s i gn of a spec i a l  
aux i l i ary c a l i b r a t i o n  panel t o  provide t h e  f e a tures desi red . www . 
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S c r e wdown Contro l l e r  

MULTIPLE O PERA T OR 'S STATIONS 

(fi r s t  c o m e ,  fi r st s e rve ) 

801"1( 
SCIUWS f I I  I � 

051 

FllONr 
SCiti.W ' I 

8ACK 
.SCtf&W 
! ' 

801"h 
SCREWS 

I I 

o s z  

I"RCNT" 
SCIUW 
' I 

I!JACK 
SGI/tEW I I 

N 

,1:/GUR£ .1 - I!JAS/C /NrcRLOCK C/RCV/r 

IFCFs ; IFCI'S)( 
COAITAC'rS 

ro f9fr1 
LDG/C 

. 

PAN£1. 
D.P4!le'Arolls� 
fir.II:/ON J�:�/C 

_____ z_ 
PAN£1. 

r'/GVIZ£ Z - SIAr/ON t!0/1/TROL ARRAA/GENeNr 

T h i s  l e aflet de sc ribe s the 

f i r s t co m e ,  fi r s t  s e rve i nte r ­
locki ng us e d  when two or mo re 
o pe r ato r ' s s tatio n s  are used to 

gove rn the same s c r ew do wn 
c o ntroller . T he bas i c  c o ntr o lle r 
i s  desc rib e d  in I. L. 9 3 2 1 - 3 .  

Under the d ual s tation 
s ys t e m  de s c ribed he r e , o pe ration 
of the s witche s at one o pe rato r ' s  

statio n will d i s c o nn e c t  the c i rc uits  

to  the o the r s tatio n ,  and hold 
them di s connected until all the 

fi r st station s witche s h av e  been 

r eturned to  O F F .  F i g u r e  1 s hows 

the basic i nte r lo ck c ir c ui t .  

C i r c uit Detai l s  

O pe ration o f  an y s witch at 

a n y  one o pe rato r ' s  s tation w i ll 

p ick u p  the relays a s s o c i ated with 
that s tation.  An i nter locking 

c o ntact of one of the r e la y s  o pe ns 

i n  the r e la y  c i r c uitr y of the othe r s tati o n .  N o r m all y o pe n  c o ntacts o f  the re lays a r e  loc ate d  i n  s e ri e s  
with t he switc h c i rc uits  t o  each o p e rato r ' s  s tation (# 1 r e l a y  c ontac t s  to O S !  and #2 r e la y  c o ntacts t o  OS 2 ) .  
T h us , c i rc uits  thru s witc h c o ntacts o f  e ithe r s tation r e m ai n  o pe n  unti l the a ppro priate r e l a ys are 

e n e r g iz e d .  T hi s  is s ho wn i n  F i g u r e  2 .  

Ci r c uits are identical (only 4 s hown h e r e )  with tho s e  s hown i n  Fi g u r e  2 of I. L .  9 3 2 1 - 3 exc e pt that 

the s ing l e  o pe r ato r ' s  s tation i s  r e plac e d  by 2 o pe r ato r ' s s tations c o nt r olled by FCFS and F CFSX c o ntac ts 
of the s tation s e lecto r  c i r c uit.  

!J 
W E S T I N G H O U S E  E L E C T R I C  C O R P O R A T I O N  
B U F F A l O  D I V I S I O N  B U F F A l O  5 ,  N . Y .  

NEW INF ORMATION MAY 1 9 62 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I. L. 9 3 2 1 - 3 0  

T IN REFLOW PHOT OELE C T RIC SCANNE R 

SYSTEM C ONCEPT 

The W e stinghouse scanne r unit is a ·phot oelectri c  device used fo r sensin g  the flow line 
l o c ation on electrolytically tinne d steel strip. It is u s e d  to p r ovide a c o r re ctive signal to the 
Re fl ow r e gulators in the event the flow line shifts p o s ition . 

A fte r the strip leave s the plating z one of an electrolytic tinning line , it has a dull, porou s  
matte surface . In o r de r  to p r ovide a shiny , non-porous s mooth surface ,  which is r e qui red for 
many appli cation s ,  the tin c o ating must be heate d until it melt s .  T he tin coating i s  r e fl owed o r  
fus e d  by induction p ower from high ( radio) frequency, p owe r o s cillat o r s  fee ding into induction 
c oil s th rough which the s trip p as s e s .  The strip i s  h e ated by eddy currents induc e d  in it by the 
changing electro-magneti c field of the c oil . N o rmally, the strip pas s e s  through seve r al induction 
heating c oil s ,  each of which is fe d by a s e parate os cillato r  c opt roll ed by a se parate r e gulator. 
The first c oil s s e rve to p r e -heat the strip,  while the last coil or "lead c oil" r ai s e s  the surfa c e  
temp e r ature to the melting p oint o f  tin. The tin c oating u sually m e l t s  a t  a p oint approximately 
two -thirds of the way through the last c oil . Refle ctivity of the tinned surface change s at thi s point, 
c r e ating a fl ow line which appea r s  to remain stati onary a s  the strip pa s s e s  through the c oil . The 
fl ow line , or "melt line" as it is s ometime s  c alle d, is define d as the point at which the tin change s  
from a matte t o  a shiny fini s h .  

SCANNER 

The s c anne r i s  a ph otoelect ri c  
device c ontaining four light s our c e s ,  
two phot o - s en sitive pickup tube s ,  and 
an amplifie r .  

Figure 1 shows the relationship 
between the s c anne r and the strip flow 
line. The four light s ourc e s  p r oj e ct 
four s e pa r ate , oval shape d light s pots 
onto the strip. The se appea r  in a 
ve rtical r ow in the cente r of the strip 
with two s pots ab ove and two spots 
below the fl ow line . The s canner,  
working on the principle o f  s c atte r e d  
light reflect e d  from the unre fl owed 
portion of the strip, p roduce s g r e ate r 
output. Since m o s t  of the light p r o ­

j e cted t o  the r e fl ow e d  surface i s  reflect­

e d  away from the s c anne r pickup unit, 
the am ount of light picked up from the 

r e fl owe d p o rtion i s  l e s s  than th at of the 
unr e fl owed s urfac e .  

New Information 

Strip 

U nre flowe d Surface 

Light Source 

Unit 

Refl owe d Su rfac.e 

Figure 1 - T in Reflew Scanne r 
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I. L. 9 32 1 - 3 0 P a g e  2 

T h e  s c ann e r  output i s  appr oximately p r o portional to the flow line p o sition. T h u s ,  if the 
flow line p ositi on change s ,  the s c anne r  output chan g e s  c o r r e s p ondingly. F o r  typic al a p pli ­
c ati on s ,  the s canne r 011tput i s  fe d to the reflow r e g ul ator syste m ,  and the o s cillator output i s  

change d t o  b ring the flow line back t o  its prope r p o sition . 

T h e  s c anne r circuit i s  pre s e nte d s ch e m ati c ally in Fi gure 2 .  When the li ght r e ach e s  the 
c atho de of eith e r  phototube 1 4T U  or l ST U ,  a s m all c u r r e nt fl ows th r ough re sistor l R ,  p r o ­

ducing a p o s itive voltage o n  the g ri d  of tube 1 6 T U .  The am ount o f  c u r r e nt fl owing th rough 1 R  
i s  p r o p o rti onal to the am ount of l i g ht re aching the c ath o de s of 1 4T U  and l ST U .  

1 /0 v'  I:::{O V  

4T 3T 2T 

PITt/ 
WL 8'68 

• 

.SC/t> 

Westinghouse E lectric Corporation 

/5 TU 
W.C::: 868 

Fi gure 2 - T in R e fl ow S cann e r  Schematic 

SCANNER 
Pc:A rE 

St/PPt. Y 
_..&?EG PC! 
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Page 3 I. L. 9 3 2 1 - 3 0  

T ub e  1 6 T U  i s  c onne cted as a cathode follower i n  o r d e r  to g e t  a l ow i m pe dan c e  output . 
T he output signal a c r o s s  l e a d s  SC 1 1  ( n e g ative ) and S C  1 2  ( p ositive) r an ge s  from approximately 
5 to 1 5  volt s .  When the s c anne r i s  pr operly adj u st e d, the output v oltage should be approx ­
i m ately in t h e  middle of thi s ran g e . 

POWER SUPPLY 

A r e g ulate d, ung r ound e d  powe r supply shoul d be u s e d  to supply approximately 85 volts 
to the s canne r plate ci rcuit.  The positive lead should be c onne ct ed to SC 9 ,  and the n e g ative 
lead to SC 1 1 . 

The light s ou r c e  re qui re s a 1 1 5 volt, single pha s e ,  50 / 6 0  cycle supply voltage applie d 
a c r o s s  SC 1 and S C 2 .  

C A LIBRAT ION PROCE DURE 

T h e  s c anne r  should be adj u sted pr ope rly before puttin g  the system int o ope rati on . It 
sh oul d alway s be l oc ated s o  that the flow line i s  opposite the ho rizontal c e nte r line of the 
s c anne r unit and the phototube l en s e s  are di re cte d approximately at th e middl e  of the strip at 
a focal di stance of appr oximately 1 5  inch e s . Initially, the s c anne r unit sh oul d be at the level  
of the fourth turn of the w o rk c oil.  T hi s  positioning can b e  a c c om pli she d  by c ranking the j ac k  
s c rew a s se m bly. A c l o c kwi s e  r otation of the handwh e e l  l owe r s  the unit, while a c ount e r ­
c l o c kwi se r otation rai s e s  it,  Howeve r ,  b e fore att e m pting to ope rate the jack s c rew a s s e m bly , 
make sure it i s  unlocked, A c ounte r - cl o c kwis e  r otation of the positi on clamp will unl ock the 
s c rew a s s e m bl y .  

W h e n  thi s initial posit i oning o f  t h e  s canne r unit i s  c ompleted, t h e  p o sition o f  th e p r oj ected 
li ght s p ot s  shoul d  be adjuste d. It  will be not e d  that th e r e  are four light s our c e s ,  e ach of which 
m u st be adj u ste d to provi de a li ght s p ot of the prope r s i z e ,  and prope rly p ositione d on the strip. 
Figure 3 shows h ow the se s p ot s  shoul d  be p o siti oned and the i r  r e c ommended size . It i s  
r e c ommended that the light s ourc e s  o n  one side o f  the s c anne r b e  adj u sted with th e li ght f r om 
the othe r s ide bl ocked off. In thi s way, only two l ight spots n e e d  be c ontende d with at a time , 
one above the flow line and one b e l ow it . 

Since the fou r light 
apply t o  the othe r  th r e e .  
make s the knurled knobs 

sour c e s  are ide ntical unit s ,  the i n st ruction s given for focusing one will 
Howeve r, please note that the b ott om units are turne d 1 80 °  which 

on the opposite side of the unit shown in Figure 4 .  

The re a r e  t h r e e  adj ustm e nt s  ne c e s s a ry t o  pr oduce a light s pot as indicat e d  i n  "Pigure 3 ,  

Westinghouse E lectric Corporation 

l'rintd in CS:\ www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



I. L. 932 1 -30 

F a c i n g  R e a r 

S c a n n e r 

T o p R. H. li ght 
s ou r c e  beam 

FLOW LINE 

B ottom R. H. 

B ottom L. . H. 
li ght s ou r c e  b e am 

T ·  
. . : � 

Page 4 

. FLOW LINE 

N OTE : 

MAT T E  
FINISH 

REF LOWED 
FINISH 

1 .  The two s p ot s  di r e ct e d  
at the m atte surface will 

appear bri ghte r than the 

tw o di r e c t e d  at the re ­
fl owe d s u r fa c e .  
2.  The foc al di stan c e  fr om 
the l e n se s to the strip i s  
a p p r oxi m ately 1 5  inche s .  

Figure 3 - Light Spot Fo cusing and P o s itioning 

R e fe r to Figure 4 fo r the l oc ati on of the adj u s t m e nt s  di s cu s s e d  b e l ow: 

1 .  A dj u st the size of the li ght s p ot . 

a) L o o s en the p r oj e ct o r  lam p m ounting as se m bl y  by r otating 
knu r l e d  kn ob "A" count e r cl o c kwi s e .  

b )  M ove the m ounti ng plate until the li ght b e am i s  fo c u s e d  t o  
pr oduce a s pot o n  the strip whi ch i s  appr oxi m ately 1 inch 

high an d 2- 1 / 2 inche s long . Moving the a s s e m b l y  fo r w a r d  

de c r e as e s  t h e  size of t h e  s p ot ,  while m ovi ng i t  backwar d 

inc re as e s  the s i z e .  T he l i ght beam should fall b etwe e n  
t h e  w o r k  c oi l s .  

c )  T i ghten the knu r l e d  knob " A "  b y  turning it c l o c kwi s e .  

Westinghouse Electric Corporation 
Printed i n  USA www . 

El
ec

tric
alP

ar
tM

an
ua

ls 
. c

om
 



P a g e  5 

V e rt i c al 
A dj u s tm e nt 

H o ri z ontal 
A dj u stment 

B a r  

L oc ki n g  
B olt C 

P r o j e ct o r  
L a m p  o r  Phototube 
Mounting 
A s s e mbly 

I .  L .  9 32 1 - 3 0  

H o r i  z ont�L� dj_u stment 

Fi gure 4 - Li ght S ource or Ph ototube A s s e mbly 

2 .  Horizontal adjustment of the li ght s p ot .  

a) L o osen the horizontal adj u stm ent a s s e m bly by r otating l o c king b olt " C "  

c ount e r c l o c kwi s e  until the re i s  sufficient space fo r m oving the 
horizontal adj u stment bar . 

b )  R otate knurl e d  kn ob " B "  until the li ght s p ot i s  di r e cted at ·c ent e r  of the 
stri p ,  a s  indi c ate d  in Fig ure 3 .  A clockwi s e  r otation m ove s the s p ot 
to the ri ght , and a c ounte r cl oc kwi s e  r otation m ove s it t o  the l e ft .  

c )  T i ghten l o c king b olt " C "  against the horizontal adj u stm ent b a r  by 
r otating it clockwi s e .  

3 .  Ve rti c al adj u stm ent o f  the li ght s p ot .  

a) L o o s e n  the l o c king nut on the ve rti c al adju stm e nt b olt " D" . 

b )  A djust the ve rti cal po siti on o f  the li ght s p ot t o  c o r r e s p on d  t o  that 
indi c ate d in Figure 3 .  A clockwi s e  r otation o f  knurl e d  kn ob " D "  m ove s 
th e s p ot down, and a c ounte r c l c. c kwi s e  r otation m ove s it up . 

NOT E :  The light s p ot s  must NOT strike the heating c oil s .  The entire  
s c anne r unit should be m ove d up o r  down in o r de r to m ake the 
s p ot s  clear the c oil and strike the strip directly. 

Westinghouse E lectric Corporation 
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I. L, 9 3 2 1 - 3 0  Page 6 

c )  T i ghten l o c king nut . 

The s c anne r light s e nsing units m u st be adjusted aft e r  the light s ource s have b e e n  p r ope rly 
adjuste d .  T h e re are t w o  s e n sing units e a ch c on si sting of a l e n s ,  a phototube and m ounting a s sem bly 
which i s  similar to the li ght s ource m ounting a s s e m bly . 

E ach phototube m u st b e  p o sitione d s o  that the light e nte ring the lens stri k e s  the phototube 
cathode , While o b s e rving the light from the l e n s  striking the cathod e ,  a dj ust the phototube p o siti on 
h o ri z ontally and ve rtic ally until all the light ent e ring stri k e s the cath ode . The h o r i z ontal and 

ve rtic al adjustments are m a de in the s am e  m anne r as d e s c ri b e d  i n  ste p s  2 and 3 for the li ght s ource . 

C A UTION :  Make sure that light r e fl e cte d fr om the strip d oe s  not st ri ke 
the phototube window dire ctl y .  Thi s c a n  be che c ke d  b y  v i s ual 

in s pe cti on. 

When thi s ste p is c om pleted,  l o o s e n  the phototube m ounting plate a s  d e s c ri b e d  in ste p  1 for 
the li ght source . M ove the plate forward and backwar d until the point of m axim um output is found .  
N ow, tighten the plate into p o siti o n ,  

MAINT ENANCE 

l .  T h e  s canne r l e ns e s  should b e  clean e d  pe ri odi cally i n  such a m anne r that the y  are free 
of dust and film . Mill conditi on s will dete r mine the time inte rval betwe en s .  
H oweve r ,  unde r n o  ci r c um stance s should thi s interval b e  l onge r than tw o we e k s ,  

2 .  Replace projector l am p s  at l e ast every two wee k s ,  

3 ,  R e place the phototube s a t  l e ast e v e ry two we e k s .  

PARTS LIST 

Light S ource Lamp - 3 2W . , 8, 5V . , 4A , , single c ontact, type T -8 bayonet b a s e  
( W )  S #  1 0 1 46 6 3  or e quivalent . 

P h ot otube ( 1 4T U  and 1 5T U }  - WL 8 6 8  or equivalent, 

A m plifie r T ub e  ( 1 6 T U }  - 6SJ7 or e quivalent . 

Westinghouse Electric Corporation 
MISD - P roce s s  Line s & Spe cial System s G r ou p  

Buffal o, New Y o rk 
Printt<! i n  USA 
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Westinghouse 
I. L. 9 3 2 1 2B 

CONTINUO U S  LOO P  REG ULATOR 

T he Solid State C ontin uous Loo p Reg ulator 
p r ovide s a means to c ontrol the free hanging loop of 
a c ontinuo u s  p roc e s sing line . 

T he c ontinuou s  loop reg ulator e m ploye s all 
s olid s tate devices s uc h  a s  tran s i st o r s  and m ag ne tic 
am plifie r s .  P hy s i c all y ,  it c on s i s t s  of three m ajor 
c o m po ne nt s :  

1 .  Light s o ur c e ,  c o m pe n s ator , and r e c eive r .  
Z .  Loo p  po sition detector am plifie r .  
3 .  Loo p  r eg ulato r panel .  

T he loo p pos ition dete c to r  panel c o ns is ts of 
a pho to e lectric detec to r  and a Sola power s u p ply . 

T he loo p reg ulator panel c o n s i s t s  of two 60 c I s  
m ag ne ti c  pream plifier s .  T he fi r s t  s tage pream plifie r 
i s  u s ed as a proportional integ rato r ,  and i s  effective 
in pe rform ing the reg ulation without a s te ady s tate 
e r ro r . The s e c o nd stage pream plifie r  i s  u s ed as an 
am plifie r with adj us table g ai n .  A l l  nec e s s ar y  pote n t ­
iometer s ,  meter s ,  and othe r ac c e s so r i e s are 
as s e mbled in one mag am p  pane l .  

S YSTEM OPERATION 

T he loo p regulator is de s ig ne d  to wo rk in 

I 
I 
I 

I 
I 
I 
.._ _  

OETECTOR 

HI LO 

400P 

/i'C:Gd/4ATOR 

F 

c o n j unc tion with a s peed o r  voltage reg ulat o r ,  us ually 
acting on the d r ive s ystem ahead of the loo p .  The 
s peed of this d rive i s  c hanged b y  the sig nal ap plied 

Fig . 1 - Continuous Loo p Regulato r 
A p plication to V ariable Voltage Drive System 

b y  the loo p  r eg ulato r ,  in s uc h  a manner as to m atch the line 
loo p ,  and c on s e que ntly kee p the loo p i n  the r e g ulating zone . 

s peed at the ent r y  and exit ends of the 

T he o utput of the detecto r  varies from 0 to 1 0  MA as the light to the receive r is c ut off by the 
loo p .  T h e  r efe rence A T  a pplied to t h e  loop r e g ulator dete r m in e s  the z e ro r e g u lating level. W hen the 
loop is at thi s leve l ,  the net A T  in put to the reg ulator is z e ro .  

If the drive ahead of the loop r u n s  s low e r ,  the loo p pulls u p  and more lig ht i s  rec eiv ed b y  the 
r e c eive r .  T he detector o ut put dec r e a s e s  an d the net am pere turns acting on the loop regulator are i n  
t he s a m e  d i rection a s  the refer ence am pe r e  t u rn s .  The loo p  reg ulator a p plies a sil:!nR l  t.--. +J-.� -' -- ·  

re ;:r ul�tor t o  i n c rP.rt S P  rnotol' s n<> PO :> nrl hl' i n cr  thP l n r> �  1-. - - '  · 
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Westi nghouse 
I .  L. 9 3 2 1 -4 

S c re wdown Contro l l e r  

M U LTIPLE O PERATOR 'S STATIONS 

{fi r s t  c om e ,  fi r st s e rve ) 

051 o s z  

80TH 1'1l01117' BACK 80TH AflON1" SACK 
SCUWS SCIUkl .SC�6W SCREWS SCIZEW SCIZ6W 
I ��· --�·----·�--��--���--�·----�· --�·----�· --�·--�· 

P:IGUR£ 1 - I!!JASIC' /IVTcli!LOCK CIR CUIT 

IFCII'S ,t III'CI"SX 
CCN7'A I! rS 

� ,...------, 

riGURE 2 - 57"ATIOA/ 

N 

T hi s  leaflet de s c ribe s the 
fi r s t co m e ,  f i r s t  s e rv e  inter ­

lo cki ng us e d  whe n two or mo re 
o pe r ato r 's s tati ons a r e  used to 
g ove r n  the s a m e  s c r e w  down 
c o ntrolle r .  T he ba s ic c o ntroll e r 

i s  de sc rib ed in I. L. 9 3 2 1 - 3 .  

Under the d ual station 
s ys t e m  d e s c r i b e d  h e r e ,  o pe r ation 
o f  the s witc he s at one o pe rator ' s  

s tati o n  wil l  di s c o nn e c t  the c i rc uits 

to the othe r s t atio n ,  and hol d 

them di s co nn e c t e d  until all the 
fi r s t statio n s wi t c h e s  have b e e n  
r et u r n e d  t o  OFF . F ig ure l s hows 
the basic i nte r lo ck c i r c ui t .  

C i r c uit Detai l s  

O p e ration o f  any s wi t c h  at 
a n y  o n e  o p e rato r ' s  s tatio n will 

pick up the r e lays a s s o c i ated with 
that s tatio n . An interlocking 
c o ntact of o ne of th e r e la y s  o pe n s  

in the r e lay c i r c uit r y  of the o th e r  s tation . Normall y  o pe n  conta cts of the relays a r e  loc ated in s e r i e s  
with the switc h c i r c uits to eac h  ope rator ' s  s tation (# 1 r elay c ontact s  t o  O S l  an d # 2  r e la y  c onta c t s  t o  OS2 ) .  
T h us , c i r c ui t s  th ru switc h c o ntacts o f  either s tation re main o pe n  unti l  the a pprop r iate r e la y s  are 
e n e r g i z e d .  T hi s  is s hown i n  F i g u r e  2 .  

Ci r c ui t s  a r e  i d e ntical {only 4 s hown h e r e )  with tho s e  s hown i n  F i g ur e  2 of I .  L .  9 3 2 1 - 3 exc e pt that 
the s in g l e  o pe rator ' s  s tation i s  re pla ce d  by 2 o pe r ato r ' s s tati o n s  c o nt r olled by FCFS and F CFSX co ntacts 
o f  th e s tation s e l e c to r  c i r c u i t .  

W E S T I N G H O U S E E L E C T R I C  C O R P O R AT I O N  
B U F F A L O  D I V I S I O N  B U F F A L O  5 ,  N . Y .  
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Westinghouse 
Vari abl e  Voltag e  

S CREWDO WN CON TRO L LER 

Th i s  l e afle t d e s c ri be s the bas i c  c ontro lle r 
fo r a va r i abl e  vo ltag e s c r ewdown s ys tem wi th a uto mati c  g auge co n tr o l  (A G C ) ,  m a n ual ove rrid e 
of A G C ,  a nd a T ri n i s to r c ontrolle d  r ec ti fi e r r eg u lato r a m pli fi e r .  T he s c re w m oto r s  are i n  a s a ndwic h s e ri e s  ci r c uit a nd a re c l utc h c o upled .  T he y h av e no br ake s . A s i ngl e  o pe rato r 's s tati o n  p rovide s fo r m a nu al c o n tro l .  Si ng l e  s pe e d c ontrol i s  avai l able fo r rai s i ng o r lowe ring both s c r e ws s im ul tane o us ly , o r o n e  s c re w at a ti m e .  Variatio ns of thi s b as i c  c on ­

trol l e r c o n s i s t  of m ul ti - s pee d m a n ual o pe r atio n ,  
m ulti ple o per ato r 's s ta ti o n s ,  diffe re ntial l e vel i ng, and the additi o n of b r ak e s . Se e  th e  r e fe r e n c e lis t at the e nd of thi s  leafl e t fo r the 1. L. de s ig nati on s c ove ri ng the s e vari ati o n s . 

M ACHINE CIR C UIT 

Fi g ur e  1 s ho ws th e b as i c  s a ndwi c h -3 e ri e s ar r ang em e nt .  Eac h g e ne rato r  i s  s h unte d 'Y a voltag e r el a y s et to pick u p at ap pr oxi matel y 
'Jo/o of r ate d voltag e ,  and an ove rvoltag e rel ay. t c h  moto r c i rc uit co n tai ns an ov e rload re lay 'l a s e t of knife s witc hes for i solati o n .  Eac h to r fi eld c i rc uit i nc l ude s a r e la y  fo r fi e ld los s � C tion.  

70 """�OIVr �017 CCIIVe . .(. /M. 

l . L . 932 1 - 3  

Fo r  "both • c re w "  op e ration ,  both the B M  an d  F M c ontac t, a re do s e d ,  a nd LM i s  o pe n .  Fo r 

' C re w o pe r atio n, o nl y  B M an d LM a re c J n, e d ;  for fro nt • c r e w  o per atio n, onl y FM and LM a re 

!. A e ro , re • i • tor , FR a nd BR ,  a • m al! vo ltag e  ; .  deve l o pe d propo rtional to arm at ure c u r re nt. 

Oltag e  o pe rate , i " co r re , po ndi ng reg ul ator c u rr en t  li mi t c i rc uit.  The s ig nal from BR i s  s h orte d 

i ng "bo th " r ew " o pv ratJon to pre ve n t  two limi t  < ig nal, from a ppe ari ng at the reg ulato r  at th e  

m e . T he fi e ld s  of bo th g e n e r ato r . a re c ontrolle d b y  t h e  re g ula to r de • c rib e d late r  i n thi• ' 
ILLER -

g ure 2 s h o ws th e  b as i c  c ontrol l er i nc l uding the o n� ­ci r c ui t i s  a s  follows : 

R e s e t  - R es e t r eJ ;o -- --
An RS c on t -
. J �  
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IL 932 1 -10 PAGE 2 

TABLE 1 

TYPE M - 2  REGULATORS 

Si nce the c a l ibrat ion pane l d e t e rmines the charac t e r i s t i c  of t he regu l a t o r  of which it is a part , the regu l a t or 
mod e l  designat ion is ident i c a l  wi t h  t he c a l i bration pane l d e s i gna t i o n .  Typi c a l  app l i c a t i ons of some of the models are 
g i ven in t he f o l lowing tabu lat ion . 

MODEL NAME 

1 100 General purpose V o l t a ge Regu lator 

1200 V . V .  Aux i l i ary Volt age Regulator 

1300 Reversing M i l l  Volt age Regu l a t or 

1 500 High Gain Vo l t ag e  Regu l a t o r  

2100 General Purpose Speed Regu l a t o r  

2 2 0 0  V , V .  Aux i liary Speed Regu l a t or 

2400 High Performance Rect i f i e r  
Speed Regu l ator 

2500 High Performance Generator 
S peed Regula tor 

2 700 High Performance Motor F i e l d  
Speed Regu lator 

3500 Generator Current Regu l a t or 

3 700 Mo•or Field Armature Current 
Regu l a t o r  

4600 General Purpose Motor F i e l d  
F l u x  Regu lator 

4300 Reversing Mi l l  Motor F ie l d  
F l u x  Regu lator 

5000 M . O . R ,  CEMF Regu lator 

5600 Genera l  Purpose Motor F i e l d  
CEMF Regu lator 

5700 High perf ormance Motor F i e l d  
CEMF Regu l a t or 

TYPICAL APPLICAT IONS 

Process L i ne Volt age Regu lators Reference Exc i t er Volt age Regu l a t o r  
Cont i nuous H o t  Mi l l  common B u s  Generators Voltage Regu l a t ors 

V . V .  Auxi l iary Drives 

Main drive revers i ng hot m i l ls volt a ge regu l ator 

Tandem Cold Mi l l  V o l t age Regu l ator 

Process Line Speed Regu lator ; S i ngle Stand Cold Mi l l  Speed Regu l ator 

v . v .  Auxi li ary Drives 

Cont i nuous Hot M1 l ls with Each St and powered by a n  individua l I gni tron 
Rect i f i e r  

Continuous H o t  Mi l ls wi t h  each s t a nd powered by an individu a l  generator 

Cont inuous Hot Mills w i t h  st and motors supplied by common bus . 

Tension Reel s  and Bridles t hat are current regulated by generator or 
booster v o l t age contro l .  

Tension Ree l s  and Coilers t hat are current regulated b y  motor f i e l d  
contro l ,  

To e xc i t e  and control f i e ld o f  m a i n  drive st and and reel motors 

Ma i n  drive reversing hot m i l l  motor F i e l d  Regu l ator 

CEMF Regu l a t ion o f  Reel motor by control o f  reel motor operated rheost at . 
Rheos t a t  or Flux Regu l ator must excite motor f i e l d .  

Contro l s  Ree l  Motor CEMF b y  direct exci t a t i o n  o f  motor f i e lds , 

CEMF regu lat ion of cont i nuous Hot M1 l l  S tand Motor cont r o l l e d  by speed 
Regu l ators 2400 and 2500 . 

TABLE 2 

Auxi l i a ry cal ibration pane l s  are used i n  conjunct ion w i t h  a primary c a l ibrat ion panel to provide s pec i a l  
f e a tures for t h e  regulator , They a r e  l is t e d  i n  t he f o l l owing t a bu l a t i on , t o  s how t he i r  appl i cat i on a n d  t he primary 
c a l i br a t i on panel with whi c h  each is used . The P model series contains a pre -ampl i f ie r ; the C model designates 
aux i l i a r y  c i rcui t s  only , w i t hout preamp. 

� NAME 

P221 Speed Limit Preamp 

P32 1  Current L i m i t  Preamp 

P322 Current L i m i t  Preamp 

P 2 1 1  Speed Compensa t i on 
Preamp 

P3 1 1  I R  Preamp 

P551 CEMF Preamp 

C 3 l l  IR Compensat i on 

C3 2 1  current Limit 

C322 Current Limit 

C323 Current L i m i t  

C324 Current L i m i t  

U S E D  WITH 
PRIMARY CAL , PNL . APPL ICATION 

3500 

1 20 0 -2200 

4300 

2400 -2500 -2700 

1500 

4600 

1 100 

1200 -2200 

1 200 -2200 

1200 -2200 

1 200 -2200 

Provides t hread speed and speed l imit f or generator current regulated 
reel driv e .  

Provides shaped current l i m i t  f o r  V . V ,  Auxili ary Drives . 

Provides Current L i m i t  for Reversing Hot Mi l l  drives by means of mo tor 
field cont ro l .  

Provides droo p ,  t a i l  end compens a t ion , No-Load overspeed and auxi l i ary 
reference windings for looper s , AGC , e t c . , for speed regu l at ed hot m i l l s . 

Provides IR compensa t i o n , Jog and Aux i l i ary Reference Windings for 
Tensiome t er s ,  AGC , e tc . , for Tandem Cold Mi l l  V o l t ag e  Regula1:ors . 

Provides CEMF regu l a t i o n  for gener a tor speed regulated drive thru a 
motor f i e l d  f lu x  regul a t o r . - S i ng l e  S•and Cold M1 l l s .  

Provides I R  Compensation f o r  General Purpose generator volt age 
regu lat ors . 

S pe c i a l  regu l a t o r  f e a tures such as load balance , i ne r t i a  compe ns a t ion , speed unba lance , e t c . which are not 
ava i lable on s tandard primary or auxi li ary c a l i bration pane l s ,  may be added by individual des i gn of a spe c i a l  
auxi l i a r y  cal ibrat ion panel t o  prov ide t he f e a tures desired . www . 
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ADVAM'I'A.GiiS 

of M-2 Trimator Rep;ulators • 

1. Rep;ulators are completely static. 

2. Standardlzed high gain-fast response 
Trtmstor silicon - controlled 
rectifiers are used. 

3. Power ampl1£1er- power ratings up to 
251W are provided by 3 amplifier 
designs, uoing only 2 Trtmstor device 
ratings. 

4. Power amplifiers are tully self­
protecting. 

5. Pa�d pulse position modulator 
(PPM) Tr1mstor firing circuits have 
electrically isolated control inputs .  

6.  Ponr circuits a re  electrically 
isolated by input trenstcraera in 
each rep;ulator. 

7. Converter t1P" ponr amplifiers provide 
reverse voltege forcing tn W'll.dtrectiona.J. 
designs to provide taat response for 
decreasing output as nll as increasing 
output. 

8. Dual converter t1P" poftr ampl1fiera 
provide tull reversing output nth 
a single l!lachine field. 

9. The new, f'ast re:spbnae • 1600 cycle 
Jllllgnlltic preamplifier operate& on 24 V DC. 

10. Standard po-r amplifiers ""' 
combined 1111 th e line of standard 
cal1bret1on panels to rom rep;ulators 
ror e large variety or uses. 

11. Standard designs perllli t inter­
changeability of lll&cy parts; and 
facilitate adJus-nt and maintenance. 

12. The inherent high performance of 
these rep;ulatora plus the nde range 
of adJustment provides um:tsual ease 
or a<l.JI.Uitlllent to obtain excellent 
performance .. 

13. Each rep;ulator ineludea excited 
machine aetera as well as signal 
meters to allow easy observation of 
perf'ormanee . 

NEW INFORMATION 

An Introduct ion to 

THE M-2 TRINI STOR REGULATORS 

The type M-2 line of West inghouse st andard regulators 
represents a new concept in applying power and regu lating 
systems to all types of mills and processing lines . This 
conecept evolved from a st rong determinat ion to prov ide 
reliable , high -performance systems with enough f lexibility 
to meet the production faci lity requi rements of a wide 
variety of the industr ies we serve . Drawing from extensive 
experience in satisfying individua l customer requirement s ,  
we have merged the latest developments in control components 
with the reliabi lity of standardized , regulator packages . 
Each package is pre -wired and pre-tested to insure adherence 
to rigid performance speci ficat ions . The customer 
advantages of this approach are obv ious . Each package 
maximizes the benefits of individual component deve lopment . 
Each package represents a funct ional unit of known 
capab i li ty . Each package serves as a large bui lding block 
for complete control system application . 

In all industries , increasing production costs and more 
insistent demands for better product quality make opt imum 
system performance essential i n  all production applicat ions . 
The M-2 modular concept was designed to meet this need . 
Recent applications , especially in the metal working 
industries for such systems have substantiated these 
customer advant ages . 

FLEXIBILITY 

In order to achieve the f lexibi l ity required to sat isfy 
the mu lt itude of diverse applications of our many customers , 
a unique method of standardizing on funct ional modules was 
adopted . Each regulator is made -up of two or more standard 
sect ions which together , perform a pre-selected regulating 
function . The funct ion determining secti ons are named 
calibration panels . Table l shows these pane ls . For 
special features , auxiliary panels are added to the primary 
calibration panel . These are shown in Table 2 .  From these 
list ings it iS apparant that all regulat ing funct ions are 
sat isfied ; 90% by pre -tested standard units . 

The other main section of the regulator i s  the Trinistor 
Power Ampli fier . The Trinistor Power Amplifier (T . P . A . } 
possesses realist ic advantages in power gain , better 
linearity and faster response over existing commercial 
amplifiers bases on different means of amplification . It 
forms an ideal partner for the function determining 
calibration pane l .  The TPA capability provides a definite 
size advantage when compared with other static apparatus 
required to accomplish the same function . For example , 
since the TPA is operable with 60 cycle supply at all 
rat ings , often this means complete elimination of the 
400 cycle equipment installation requirement for higher 
capacity regulating systems . 
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