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A. GENERAL DESCRIPTIONM

NB-16 is a hard wired hybrid controller which utilizes a standard line of uncommitted printed
circuit cards, 0B-16 uses 15 volt HTL digital logic for sequence and switchino functions, It
can accormodate a limited amount of 115 VAC optically coupled inputs and triac outnuts for 115
VAC input - output control functions.

Its major application is on large systems director functions which are normally not duplicated
on similar applications, Typical anplications are the automatic gauge controls for multi-stand
hot and cold rolling mills or the master director for a group of coordinated drives such as the
stand drives of a tandem cold rolling mill,

The major hardware components making un a NB-16 Controller are:

-—

. HNema 1 enclosed structure,

DC power supply.

Incoming AC circuit breaker,

.

Cabinet fans,

Fuse protection for 115 VAC innuts.

Two 40 card position cages

5 Row connector panel for common wiring of both cages.

Two fixed pot panels (8 - 5K pots ea.).

o o<} ~ (o] o > w N
.

Two fixed meter panels (8 meters ea. 15-0-15V),

-—
j=]
)

Two small swinging pot panels (6 - 5K pots ea.).

—
-—
.

Two large swinging pot panels (1 to 16 pots. ea, - any value),

12, Thru conn wiring channel with provisions for terminating transmitter and receiver boards
for inter cabinet wiring.

13. Outrigger connections from back panel to customer low noise analoa term blocks.

14, Termination panels for 115V input - output connections (40 input - output boards max.)

External signals involve high and Tow noise signal levels. Inputs for sequencing purposes and
outputs for control functions can be 115 VAC and are separated from low noise analog signals
associated with the regulating functions. When logic signals are transmitted and received
between OB-16 and other digital logic control (OB-11) transmitter and receiver PC cards are
used to condition the signals and provide noise immunity over the transmission line.
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B. PC CARD CAGE ASSEMBLY

The basic cage for the NB16 cabinet has positions for up to 40 PC cards, twenty per row, and

two basic cages can mount in one cabinet giving a total of 80 PC cards., The basic cards designed
for this cage were specifically generated without functionalization. The philosophy of the 0B16
approach is that job functionalization is accomplished by means of backplane wirina. In this
fashion, the different types of boards required should be kept to a minimum with a corresponding
greater usage of the basic boards,

0f particular importance in the NB16 approach is the desian flexibility provided by the backnlane.
Because functionalization is accomplished on the backnlane, desion changes can also be imnlemented
by associated changes in the wiring. Taken to an extreme, major desion changes can be made on a

job utilizing the existing cards merely by the qeneration of the appropriate backnlane and wirina,

A1l connections to the cage are made via edge connectors in card positions 22 to 25, The only
exception to this is the PSC bus connection. An external connection to these edee connector
positions can be from a meter assembly, from pot assemblies, from external terminal block assemblies
or from a second 0B16 cahinet, A1l of these assemblies are pre-wired with ribbon cable connectors
into an appropriately sized printed circuit board which plugs into a predesianated position on the
backplane, In this manner handwiring is eliminated from the backnlane. Any signals brought into
the cage via the terminal block, ribbon cable, or npc board assembly should be in the low noise
classification to maintain a noise free backplane.

If noisy sianals are required in the cage, which may be the case for seauence control, then they
should be brought in via logic input cards to which the connections are made by means of a front
edge connector., 115V AC from a contact, pushbutton, etc., can be broucht in to generate a logic
signal in the cage. In a similar fashion, an output board which is also mated to a front edge
connector can interface from logic siagnals to 115V AC for external sequence control,

C. HARDWARE LIMITATIONS

Associated with each 0B16 cabinet is a finite amount of hardware., It is the responsibility of
the designer to be aware of these limitations because it effects the manner in which the hardware
is allocated,

For each two row cage assemblv, there is the following available equipment:

1. 8, 15-0-15 Voltmeters - standard
2. 8, 5k ohm potentiometers, single-turn-standard.

3., 16 { or less) selectable ohmage potentiometers, single or multi-turn,

The meters are pre-wired with a cormon PSC line and 8 wires from the associated meters to fixed
terminals on a pre-selected edge connector. The potentiometers are also pre-wired to selected
terminals on pre-selected edge connectors with three wires brought to the backplane for each
potentiometer, A1l of these items are associated with the appronriate cage in that they can be
interconnected on the backplane by machine wiring.

If the cabinet contains two cage assemblies, then the second cage has its associated meter and
potentiometer panels,
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Below the cage assemblies is an area that is allocated for high noise input/output 1ines. In this
area there is space allocated for two terminal block panels. Mounted on these panels are printed
circuit board assemblies with terminal blocks that are prewired to edae connectors for front mating
to input/output boards. Each PC board assembly can contain either one or two terminal blocks with
the associated wirina to the edqe connectors. Each terminal block and 1ts associated wirina cable
connects to only one edge connector. Each panel assembly can contain uo to five PC board assemblies
for a capacity of 10 I/0 cards (20 for a two panel assembly). The incoming and outaoinag sionals on
these lines are high noise 115V AC signals from nushbutton, contactors, switches, etc., or to
relays, solenoids, lamps, etc. The prewired harness assemblies are routed through a vertical wire
channel on the left front side of the cabinet to the appropriate cages,

Analog inputs are brought into the cages through ribbon cables which are connected to terminal
blocks mounted on a vertical strut on the rear of the right side (viewed from the front). These
terminal blocks are accessible only from the rear of the cabinet. The ribbon cables are prewired
to PC boards which plug into predesiqnated positions in the cage. For each two row cage assembly,
two 12 point terminal blocks are available for hringing analoa sionals into the cage. The power
supply voltages (+24V, +15V and +5V, if used) are brought into these cages through the ribbon
cables so that the number of available low noise 1/0 Yines per two row cage is 20 or 21 depending
upon the power supplies used, Total low noise I/0 capacity for a two caqe assembly is 40 or 42
signal tines,

Hardware limitations necessitate the proper allocation of equipment in order to prevent problems
from arising when a job is implemented. The design enaineer must be aware of these limitations
because it requires consideration in the generation of schematics for a job.

D. HARDUARE STRUCTURE

0B16 is hybrid system and as such it will contain a mixture of analoq and dfaital functions,
Analog functions can be created which are identical to those existina on committed controller card
desiqgns, although it generally take more hardware with the NB16 apnroach because of the
versatility designed into the system, In a similar fashion, digital functions can be created

from the basic digital building blocks to provide whatever type of decision making is required,
The linear circuit boards contain static switches which can be used for either amplifier resetting
or for the selection of sionals into summing junctions. These static switches are operated
directly by the signals from the logic circuitry,

The basic linear controller boards in this system do not have any defined characteristics by
themselves; that is, they are not summing amplifiers nor intearating amplifiers. A functional
circuit is generated only when a linear amplifier board is inserted into an edge connector which
is wired to provide input and feedback impedances for a high gain operational amplifier., The
combination of the board(s) and the backplane wiring generates the functional circuit. Linear
circuit flexibility is provided by interconnecting the summing junctions of operational amplifiers
to appropriate impedance networks. In so doing, the backplane must be treated in a fashion
different from that of a standard variable or fixed reaulator backplane.

The basic digital card contains a set of building blocks which when wired on a backplane creates
the required digital functions. Various problems associated with the digital functions should be
considered in the desiqn, For example, if a memory circuit is created with the diaital blocks,
then the status of the device after power turn on should be considered, If reauired, a set or

a clear function for power turn on will have to be provided,

The key to proper operation of NB16 is the controlled environment aspect of the structure which is
necessary because of the type and level of sianals appearing on the backplane. The following
signals exist on the backplane: summing junction, Togic siqgnals (HTL), linear output and Tow noise
linear inputs, The most critical are the sumning junctions and the logic signals and as a result
the backplane of QB16 requlator cage is classified as a restricted access, low noise area,
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In the digital and analog card repetoire, there are some standard cards which are completely
functionalized. These functions are comparators, multiplier/dividers, DACs, etc. In addition,
there are some specialized cards which were designed for special purposes. To facilitate setup
and test procedures, test and interconnect cards are used.

E. DESIGNING WITH OB16

1. The Starting Point

The basic starting point in desianing with 0B16 is the imnlementation of the system into a
block diagram format using a standard set of symbols in a fashion analocous to what might

be done using an analog computer. The basic boards in this series are used to create single-
functioned building blocks, the composite arrangement and interconnection of which generates
the desired hardware for a specific function. Some of the basic building blocks in this
series are summing amplifiers, inteqrating amplifiers, comparators, electronic switches,
function generators, multiplier/dividers, potentiometers, english logic and input/output
interface functions, At times there may be requirements for more specialized functions
indigenous to a particular operation or mode of control, but the versatility of the basic
building blocks in this system should help reduce the need for these specialized functions.

Once the system has been put into a format using the standard symbols, implementation into
hardware can beain assuming that the hardware restrictions have been followed in the block
format. For linear circuits, the restrictions involve gains, time constants, etc. For
example, in working with a summing amplifier gains of 1 and 10 are easily obtained but not

in an unrestricted fashion. On a DCA card there are 3-200k resistors and 2-20k resistors

which can be used for inputs and/or feedback resistors. A Timitation exists then in using

this amplifier as a summer. Similar limitations exist for the other linear boards and the
user should be familiar with these limitations before generatina the block diagram, Generally,
non-standard gains and time constants are set with potentiometers.

The system block diagram can be used to closely approximate the type and quantity of boards,
potentiometers and meters required in the system, In addition, aids in troubleshooting and
set-up can be desianed into the system using the appronriate 0B16 cards,

2. Standard Symbols

Fiqure 1 is a 1ist of some of the symbols which can be used in creating a block diaaram,

3. Block Diagram Example

Figure 2 is a block diagram of the linear circuitry of a tension control function, Standard
symhols have been used wherever possible.

In Figure 2 separate functional sub-blocks of linear circuits have been arouped together
because of their functiona)l relationship and have been enclosed within dashed lines for
explanatory purposes only. Implementation into hardware requires the addition of aain and
time constant values; and when this has been added, specific boards can be selected and
interwired via backplane wiring to create the desired functions.

In referring to sub-block of a schematic, it is implied that a collected set of linear building
blocks performs a specific function on a specific sianal or signals. For example, in order to
create a resettable PI controller two summers, one inteqrator and two potentiometers are
required. The circuit for this is shown in Fiqure 3 and is functionally complete,
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Figure 3 has one input, one output, separate adjustments for the P and I gains and a combined
reset for the integrator and the output amplifiers. The output signal, *Vout, is proportional
to and the integral of the input signal, A clearly defined operation has been performed on
the input signal, When implementing this circuit into actaal hardware it is recommended that,
when possible, the various boards used to create the circuitry be in close proximity,

4, Adjustments

In viewing the requlator schematic of Figure 2, several questions can be raised, How are all
the adjustable system gains, time constants and Timits to be set during installation and/or
testing? I¢ it possible to easily troubleshoot the system in the event of a failure? These
questions led to the inclusion in the OB16 sertes of boards an Interconnect Board and a Test
Board, These two boards can be used in a system to simplify both setup and troubleshooting
procedures, Their design into a system is relatively simple,

5. Interconnect and Test Boards

The Interconnect Board is used when the system is functional, Its purpose is to route input
and output signals between functional sub-blocks by merely providing wire continuity via the
copper on the board between pins on opposite sides of the board and to provide monitor points
during normal operation for any of the signals being routed by this card, Terminals on the

1 through 30 side have been designated as fnput terminals; terminals on the 31 throuch 60 side
have been designated as output terminals. Physically opposite terminals are routed through
this board; f,e., 3 to 33, 4 to 34, etc. Not all of the terminals on the interconnect board
are used for through interconnections. The user should familiarize himself with the Inter-
connect and Test Board prior to their use.
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The test board is generally used to interrupt the siqnal flow and to allow injection of a test
signal (voltage) and to monitor the output of a functional sub-block.

Figure 4 is a simplified schematic showing the external connections of both cards. These
boards can be used in either of two ways. First, the interconnect board can be a dead-ended
monitor point. Various signals can be routed to this board for monitoring purposes only. It
is essentially providing access to selected points on the backplane without having to go
around to the back of the cabinet. In addition, if there are unused inputs feeding a linear
amplifier, it may be possible to inject a test signal at selected noints, If used in this
fashion, the associated test points will have to be shown on the schematic so that wiring is
routed to these points, /

A second way of using these boards is to design the interconnect board into the signal flow
path so that when the interconnect board is removed and the test board is inserted, siagnals
can be injected into the normal signal flow path and various points can be monitored.

For example, Figure 3 shows a PI controller with one input, one output and one loaic signal.
If this sub-block is connected as shown in Figure 5, this sub-block and the associated wiring
can be checked. The sub-block is shown connected in the normal mode, Monitor points exist

to check all signals associated with this circuit when the circuit is functioning in the
normal fashion, If the Interconnect Board is removed and the Test Board inserted in its
place, the circuitry would change to that shown in Figure 6, With this arrangement, a test
signal can be injected at TP50 {position 5A) and the output can be monitored at TP21 (position
SAg. By control of the logic signal (shorting TP26 position 5A to PSC) the operation of the
sub-block can be checked. This method can be used for set-up, calibration checks or for
troubleshooting.

The question of whether or not this method can be used depends upon the system and if it can
be sub-divided into sub-blocks and if the desiagn engineer feels it is required. This is an
added feature of the 0B16 approach,

There are some additional points to consider in using these two cards, First, the Test Card
does not show up in the normal schematic. If you want to use it be sure it is ordered some-
where, Second, the Interconnect Card can be interlocked to prevent normal operation if it

is not in its proper place. Terminals 13 and 15 in conjunction with appropriate ltogic design
can be used for this interlocking feature, Since there is not a one to one terminal corre-
spondence between the two boards, they should be checked to insure that what is required is
available, Althouah terminals 10 and 40 are throught connections on the interconnect board,
no access is available on terminal 10 of the test board and terminal 40 of<the test board is
prewired internally to =10V,

6. Hardware Allocation & Selection

The linear regulator schematic and the associated logic drawings should be looked at from the
standpoint of hardware selection and hardware positioning.

As the logic drawings are worked up it is fairly easy to keep track of the number and types of
cards used as the circuitry is implemented. As a general rule it is preferrable to keep the
logic circuitry together but this may not always be possible, The number of available signal
lines between two cages may necessitate some type of a break in the logic card positioning,
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In viewing the linear requlator schematic, the number of nots and meters can be determined
and compared against what is available in the two row cage. If an excessive quantity of nots
is required, some of the linear circuitry may have to be shifted to the second two row cage,
If the linear circuitry is sub-divided as in Fiqure 2, it is relatively easy to determine
what can be gained by shiftina a particular sub-block to the second cage.

In determining the number of linear boards, a count of two amplifiers ner board will yield

the number of amplifier boards required; but this count may be altered by the selection of
amplifier type. The linear amplifier boards come in two versions: a standard and a precision
version, The desian engineer should determine where a precision amplifier is required and so
indicate this particular requirement on the schematic.

There are a substantial number of fine points that will enter the nicture in aoina from the
linear block diagram to schematics detailing the specific circuits. Standard versus precision
amplifiers is one of them, PReference voltage is another, There may be requirements for a
more precise reference than what is obtainable with the +24 supply, and a decision may
necessitate using the Reference Requlator card which provides a hichly stable +15V for this
purpose. The position and utilization of the Test and Interconnect cards, if Tt is desired

to use them, should be considered. A1l of these points become a factor in the hardware
implementation phase.

F. HARDWARE SCHEMATICS

The linear block diagram(s) of a system have to be translated into actual hardware so that the

system can be put together, This necessitates selecting appropriate amnlifiers and impedance

networks, putting them together on a schematic sheet and connecting them to perform a specific

function, o

Figures 7 and 8 are renresentative schematics utilizing two types of boards. These two fiqures

are indicative of the manner in which the schematics can be put together. There is a certain

amount of information that needs to be known prior to this work: the relative position of associated
boards in a cage, the usage of the anpropriate subsections of the linear cards, summing junction
impedances, etc.

A substantial amount of detail is required on the schematics. Fiaure 9 is a schematic from a job
utilizina NB16, The various sub-sections of the boards are drawn differently but the detail
required on the schematics is shown, Note the detail involved in wirina of the potentiometers,
meters and the Test and Interconnect cards.
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G. WIRING GUIDELINES

1. Summing Junction Wiring

The backplane wiring in a 0B16 cabinet is used to interconnect summinag junctions of linear
circuit boards; and because of the associated low sianal levels, some extra consideration
should be given to the wiring and layout when hardware is used to implement a circuit. In
addition, the backplane is used to route a multiplicity of logic signals, For these reasons
the backplane is classified as a restricted access low noise area,

By interconnecting the summing junction of a 1inear amplifier on the backplane, qreater
flexibility is provided in the design of linear circuitry. The summing junction can be
extended within 1imits to more than the basic board for hardware implementation.

Summing junction interconnections involve the following boards:

Quad Amplifier

Nuad Amplifier - Precision

Dual Combination Amplifier

Dual Combination Amplifier - Precision
Passive Network

Quad Switch

5O P) -
.

Various combinations of these boards can be used to implement a function, In the layout of
the boards, the prime consideration from a wiring standpoint is to minimize the length of
wiring over which the summing junction is routed. Pin compatability between boards has been
provided to facilitate this requirement.

The summing junction can be extended to more than two cards if required. The main rules to
follow are that when extension takes place the cards should be in adjacent cage positions
and the selection of component sets should be such as to minimize lenaths of wire for the
summing function wherever nossible,

2. PSC Wiring

On all card positions in the NB16 cage, a PSC bus is used to nrovide a ground return. This
bus is connected to pins 1, 31, 30 and 60 of each edge connectors. In using the linear
amplifier and the passive network cards, there are many instances in which multiple arounds
are used. When these grounds are wired in whatever program used, each edge connector should
have a separately identified PSC designation so that the multiple grounds associated with a
particular position are wired to either the 1 or the 31 terminal of that respective position.
In no circumstances should the grounds be interwired between the edqge connector positions.

3. Power Supply Wiring

The various DC currents drawn by the boards in the two row cage should be checked to determine
if current levels are compatible with the existing wiring procedures. Amp wiring on the
backplane uses #24 wire; the ribbon cable assemblies use #22 wire. The corresponding current
ratings are 2 amp and 3 amps. There may be cases where additional DC power supply wires might
have to brought in to handle the requirements of special boards.
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4, Test and Interconnect Wirina

If these two boards are used for system test and set-up, and if the Test card is to be inserted
into an Interconnect card position, the connector must be appropriately wired, +24V must be
wired to this position in order to generate the +10V reference output voltages from the Test
Card. In additfon, the Test card has two adjustable voltage points designated +V; but if
potentiometers are not appropriately wired, these voltages will not exist. Two pots, single

or multi-turn must be allocated to provide these adjustable voltages., The Test card is merely
providing means to patch these voltages into the system,

H. PREFERRED CARD LOCATIONS

Input/Output cards should be mounted in the canes starting from position 01 of either Row 1B or
Row 2B. Any input or output relay boards that interface with external equipment via the backplane
wiring to the terminal blocks at the left rear of the cabinet should be mounted in position 20 of
any of the rows. These lines should be of the low energy type (to drive a reed relay) and should
go dirﬁctly from the applicable boards to the terminal blocks via the edqe connector-ribbon cable
assembly,

I. AMPLIFIER BALANCING

The linear amplifiers in the NB16 series of cards are funtionalized only by aporopriate backplane
wiring: the input and feedback impedances must be wired to complete an operational circuit. On
these appropriate boards, the summing junctions must be connected for desired functionalization
from an ideal standpoint; however, as with all practical circuits, these amplifiers have associated
errors, and in order to minimize these errors the resistance to PSC as seen by the inverting
summing junction should be a specific value.

The noninverting terminal of the operational amplifiers has a fixed resistance to PSC of 8.74k ohms,
Thus the resistance to PSC as seen by inverting input of the operational amplifier should be the
same value in order to minimize output errors due to the amplifier offset parameters, A paralled
combination of three 200k ohm and two 20k ohm resistances ytelds a resistance of 8.7k ohms, If

this combination of resistances is used in the feedback and the inputs circuits, then best drift
performance will be obtained. If additional resistors are required, then the appropriate resistors
should be tied between the summing junction and PSC,

There may be cases where more resistors are used, The PN/1 card has more combination options; but
whatever combination is used, generation of the best available resistance match will generally
yield the lowest errors at the output.

J, AMPLIFIER SELECTION

There are precision and stnadard versions of the linear amplifier boards available in the 0B series,
There are also precision and standard resistance networks available. The designer must determine
when a more precise version must be used.
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The standard amplifier boards use the 741 operational amplifier as the gain block for the
generation of linear circuits. If this amplifier is used with the standard resistance set which
includes 3-200k resistors, a multiplicity of gain options is available by connecting these resist-

ances into the circuit. Regardless of which gains are selected, the output error has to be checked
to determine suitability,

For a DC amplifier circuit, the output error due to offset is:

Rf

VO ES ——
Req

X Vos + Rf Igg

Req: Resistance seen by summing junction,
Both summing junctions see matched Req.

Vog: Amplifier Offset Voltage

Iog: Amplifier Offset Current

K. GENERAL INFORMATION - LINEAR

The uncommitted linear amplifiers in this series have an output capability of +11V at 5ma. Some of
the amplifiers can be 1imited to 0.5V in either direction with the remaining 1Tmit being 11V. Those
amplifiers with a limit option can be left without any limit, or they can have either a symmetrical
or an unsymmetrical limit. To obtain a symmetrical limit for the circuitry of Figure 10, wire
terminal 55 to terminal 25 and wire terminal 57 to terminal 23, To change to an unsymmetrical
Timiter add a wire between terminal 59 and termtnal 25 (-0.5V, +11V 1imit) or add a wire between

terminal 59 and terminal 57 (+0.5V, -11V 1imit). The wire from terminal 59 is in addition to the
other wires mentioned.

Fs¥ic40A01601 1
! ICR :
I
]
! |
] 1
| |
) |
—OH - O—
27 59

1
I
|
|
1
|
|
!
L

LIMITER WIRING

FIGURE 10
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The static switches associated with the linear circuitry boards can be used for resetting amplifiers,
for switching signals into summing junctions for for switchina points to PSC. The static switches
are referenced to PSC which requires that one of the connection points of the switch contact be at a
Tow voltage; i.e., a summing junction or PSC, The remaining terminal of the switch contact is
limited to +12V. 1In the "on" condition, the switch contacts have a typical resistance of 50 ohms.

In the "off™ condition the switch contacts have a typical impedance of 1010 ohms. The static relays
must be driven by high threshold logic (+15V), If the input to a static relay is open or a one, the
contacts are open, If the input to a static relay is PSC or a zero, the contacts are closed, Logic
signals operating static switches can be tied to PSC to activate a static relay. A static relay,
when driven by a logic element requires the loaic element to sink 2.4ma of current. This represents
a loaic load of 2.4, The static relays are all of the form A type. Logic circuitry in conjunction
with the static relays can be used to generate other equivalent forms,

On the Quad Comparator card, one of the 21,5k inputs (SF = 1) should be used in a circuit configura-
tion or if not used at least one of the 21,5k inputs should be tied to PSC.

On the Dual Multiplier/Precision drawing S#1640A19 there is shown a method for improving the accuracy
of the card., Without the balance pots the accuracy of the unit is 0.5% and if the balance pots
{three required) are used the accuracy can be improved to 0.25%, It is recommended that this card

be used without any trimming as the improvement is only miminal and exists only if the device is
batlanced properly.

L. GENERAL INFORMATION - DIGITAL
The general purpose logic board in thic series is S#1640A11,
This is an English Logic module containing AND circuits, OR circuits and NOT circuits, The positive
logic convention is used in defining the AND, OR and MOT circuits,

The AND element performs the lngic AEND function,

A A B CJQ

B AND 0 0 0 0[O

I 0 0 1})6

0 1 o0}o0

The output, Q will be 1 if 0o 1 1}0
A and B and C are 1's. 1 0 01O
1 0 10

1 1 0}0

T 1 111

The OR element performs the logic OR function BT
L 0 o 1|1

x OR P 0o 1 0]

o 1 111

1 0 0|1

The output, P, will be a 1 if L or Mor N 1 0 111
isal. 11 ol
1T 1 111
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The NOT element performs the inversion function

W NOT W Wl W

0 1
1 0

With these elements it is possible to build logic circuits directly from the Boolean expressions,
For example, the expression Z = A » B - (E D + E- Fe<G) could be expressed as:

C NOT

OPEN—]
D AND OR AND 2
E AND
L

G T

B——NOT | -
There are usually several ways of writing a Boolean expression and 1t is desirable to do some
manipulating to find the logic expression that results in the minimum number of logic elements or
the minimum number of input terminals.
For example the expression X = ABC + ABC + ABC + ABC can also

be written X = BC + AE, vhich will result
in a significant hardware savings.
i,
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Hired “And"

The outputs of these elements may be tied together to form the logic equivalent of an And output
with inputs A, B, and C,

———
v

AND

OR BT D

——{NOT

— et -k - DO D DX
—_— . O D = =D DOl
-0 = D = O = OO
- O O O O DO O O|v

Each input terminal on this board represents a logic load of 1, Fach output terminal can drive
10 logic loads.

Many of the digital boards are specialized functions and the user should check the appropriate
drawings to obtain required information., For example, the output Triac card S#1640A41 specifies
that each input signal to this card must be capable of driving ten Togic Toads which is the
maximum output capacity of a logic element on the DEA card S#1640A11,
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M. PRINTED CIRCUIT BOARDS - INDEX

+ w N
.

13.
14,

15,
16.
17,
18,
19,
20,

Quad Amplifier
Quad Amplifier-Precision
Dual Combination Amplifier
Dual Combination Amplifier-Precision
0.1% Resistors
1% PResistors
Snecial
Dual Series Limiter
Passive Newtork
1% Resistors
0.1% Resistors
Special
Quad Switch
Quad Comparator
English Logic
Reversible Binary Counter
Digital to Analog Converter

Phase Detector, Inteqrator
and Wave Shaper

Test Board
Voltage Controlled fscillator
0 to 6000 Hz
0 to 15000 Hz
Sine Wave Function Generator
Dual Multiplier-Precision
Light Emitting Diodes
Reference Requlator
Interconnect Board

Peak Voltage Detector

Westinghouse Electric Corporation

Nomenclature

NA
OA-P
DCA
DCA-P

DSL
PN/

0s
0c
DEA
RBC
DAC

PDI

vco

SFG

DM-P

LED

RR

PVD

Style No,
1640A01G0Y

1640A02601
1640A03601

1640A046G01
1640A04G02
1640A04607
1640A05G01

1640A06G01
1640A06602
1640A06607
1640A07601
1640A08G01
1640A11601
1640A13601
1640A14H01

1640A15601
1640AT6601

1640A17601
1640A17602
1640A18601
1640A19G02
1640A20G01
1640A21G01
1640A226G01
1640A23G01
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21,
22,
23,
24,
25,
26.

27,
28,
29.

Harmonic Filter
Function Generator
Input Board (Static)
Output Board (Static)
Output Relay Board
Long Period Timer
With Counter
Without Counter
Uncommi tted Passive Network Board
Transmitter

Receiver

Westinghouse Electric Corporation
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1640A24G01
1640A25601
1640A40603
1640A41G02
1640A44G02

1640A45603
1640A45G04
1678A31G01
1640A35
1640A36
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N. PRINTED CIRCUIT BOARDS MAXIMUM DC POWER REQUIREMENTS

STYLE Current Required in ma for DC Supply Voltages

NUMBER +24y =24V LP15 LEDS +15 ~15
1640A01 48,1 57.1

1640A02 48,1 57.8

1640A03 24 28,9

1640A04 24 28.9

1640A05 44 44

1640A06

1640407 5 14,4

1640A08 74,2 51.9

1640A11 100

1640A13 260

1640814 70 30 100 200

1640A15 40 40

1640A16 15 15

1640A17 40 40 95

1640A18 20 20 5 5
1640A19 35 35

1640A20 100 250

1640A21 100 100

1640A22 0 0

1640A23 30 50

1640A24 40 40

1640A25 25 25

1640A40 55

1640A41 48

1640A44 m

1640A45 55

1640A35 150 420
1640A36 100

Westinghouse Electric Corporation
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In a QB16 cage assembly, the power requirements should be tabulated to insure that the
wire capacity is not exceeded, The backplane wiring is #24 and is rated at 2 amps. The
ribbon cable is #22 and is rated at 3 amps. If the totalized currents exceed the wiring
capacity, then additional wires on the ribbon cables will have to be used; and cor-
respondingly different wire names will have to be used to feed from the additional input
nower points to the separated cards being fed from these points.
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A. GENERAL DESCRIPTION

QB-16 is @ hard wired hybrid controller which utilizes a standard line of uncommitted printed
circuit cards. QB-16 uses 15 volt HTL digital logic for sequence and switching functions, It
can accommodate a limited amount of 115 VAC optically coupled inputs and triac outputs for 115
VAC input -~ output control functions.

Its major application is on large systems director functions which are normally not duplicated
on similar applications, Typical applications are the automatic qauge controls for multi-stand
hot and celd rolling mills or the master director for a group of coordinated drives such as the
stand drives of a tandem cold rolling mill.

The major hardware components making up a QB-16 Controller are:

MODEL A (PHOTO) MOLEL B

1. Nema 1 enclosed structure, 1. Nema 1 enclosed structure.

2, DC power supply 2. DC power supply,

3. Incoming AC circuit breaker, 3. Incoming AC circuit breaker,

4, Cabinet fans. 4, Cabinet fans,

5. Fuse protection for 115 VAC inputs, 5.  Fuse protection for 115 VAC inputs.
6. Two 40 card position cages. 6. One 135 card position cage.

7. 5 Row connector panel for common wiring 7. 5 Row connector panel,

of both cages,

8. Two fixed pot panels (8 - 5K pots ea.). 8. Pot PC cards (6 - 5K pots ea.)

9, Two fixed meter panels 9. Meter PC cards (3 meters).
(8 meters ea, 15-0-15V),

10. Two small swinging pot panels 10. Meter PC cards {2 meters, 2 - 10 Pos. Sw's,).
(6 - 5K pots ea.).

11. Two large swinging pot panels 11. Pot PC cards (6 pots - any value).

(1 to 16 pots, ea. - any value).

12, Thru conn wiring channal with provisions 12, Thru conn wiring channel with provisions
for terminating transmitter.and receiver for terminating transmitter and receiver
boards for inter cabinet wiring, boards for inter cabinet wiring.

13, Outrigger connections from back panel to 13. Outrigger connections from back panel to
customer low noise analog term blocks. customer low noise analog term blocks,

14, Termination panels for 115V input - 14, Termination uprights for 115V input-output
output connections (40 input - output connections (26 input-output boards) and a
boards max,) terminations panel for 12 additional 1/0

boards if required,

15, Term blocks in rear of cabinet for 180 15
low noise signal lines. PSC Bus is provided °*
next to these blocks for grounding
incoming shields,

Term blocks in rear of cabinet for 216 low
noise signal lines. PSC Bus is provided next
to these blocks for grounding incoming shields.

External signals involve high and low noise signal ievels, Inputs for sequencing purposes and
outputs for control functions can be 115 VAC and are separated from low noise analog signals
associated with the requlating functions, When logic signals are transmitted and received between
QB-16 and other digital logic control (QB-11) transmitter and receiver PC cards are used to
condition the signals and provide noise immunity over the transmission line.
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B. PC CARD CAGE ASSEMBLY

The basic cage design for QB16 is such that all circuits plug into the backplane and therefore all
variable wiring takes place on the backplane. The basic cards designed for QB16 were specifically
generated without functionalization, The philosophy of the QB16 approach is that job
functionalization is accomplished by means of backplane wiring. In this fashion, the different
types of boards required should be kept to a minimum with a corresponding greater usage of the
basic boards.

O0f particular importance in the QB16 approach is the design flexibility provided by the backplane.
Because functionalization is accomplished on the backplane, design changes can also be implemented
by associated changes in the wiring. Taken to an extreme, major design changes can be made on a

job utilizing the existing cards merely by the generation of the appropriate backplane and wiring.

If noisy signals are required in the cage, which may be the case for sequence control, then they
should be brought in via logic input cards to which the connections are made by means of a front
edge connector. 115V AC from a contact, pushbutton, etc., can be brought in to generate a logic
signal in the cage. In a similar fashion, an output board which is also mated to a front edge
connector can interface from logic signals to 115V AC for external sequence control.

Any signals brought into the cage via the terminal block cabie in the rear of the cabinet should be
in the low noise classification to maintain a noise free backplane.

C. HARDWARE LIMITATIONS

Assoicated with each QB16 cabinet is a finite amount of hardware. It is the responsibility of the
designer to be aware of these limitations because it effects the manner in which the hardware is
allocated. The list of major hardware components is included in the general description portion
of this I.L.

Model A (Photo)

The meters are pre-wired with a common PSC line and 8 wires from the associated meters to fixed
terminals on a pre-selected edge connector. The potentiometers are also pre-wired to selected
terminals on pre-selected edge connectors with three wires brought to the backplane for each
potentiometer, A1l of these items are associated with the appropriate cage in that they can be
interconnected on the backplane by machine wiring.

Model B

Metering is available either as 3 individual meters with a common PSC line on a plug in PC board
or as 2 meters each with a 10 pos selector switch on a plug in PC board

Potentiometers are available with 6 pots to a plug in PC board either as 6, 5K potentioneters or
as 6 or less selectable ohmage potentiometers.

The front portion of the cabinet is an area that is allocated for high noise input/output lines.

In this area there is space allocated for terminal blocks that are prewired to edge connectors for
front mating to input/output boards. Each terminal block and its associated wiring cable connects
to only one edge connector. The incoming and outgoing signals on these lines are high noise 115V AC
signals from pushbutton, contactors, switches, wtc., or to relays, solenoids, iamps, etc. The
prewired cable assemblies are routed through wire channels to the appropriate cages.

Analog inputs are brought into the cages through cables which are connected to terminal blocks mounted
on a vertical strut on the rear of the right side (viewed from the front). These terminals blocks

are accessible only from the rear of the cabinet. The cables are prewired and plug into

predesignated positions in the cage. A PSC Bus is located on the customer side of the terminal
blocks. The shields from incoming low noise wiring should be connected at this Bus,

Hardware limitations necessitate the proper allocation of equipment in order to prevent problems
from arising when a job is implemented. The design engineer must be aware of these limitations
because it requires consideration in the generation of schematics for a job,
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D. HARDWARE STRUCTURE

QB16 is hybrid system and as such it will contain a mixture of analog and digital functions.

Analog functions can be created which are identical to those existing on committed controller card
designs, although it generally takes more hardware with the QB16 approach because of the versatility
designed into the system. In a similar fashion, digital functions can be created from the basic
digital building blocks to provide whatever type of decision making is required. The linear circuit
boards contain static switches which can be used for either amplifier resetting or for the selection
of signals into summing junctions. These static switches are operated directly by the signals from
the Togic circuitry,

The basic Tinear controller boards in this system do not have any defined characteristics by
themselves; that is, they are not summing amplifiers nor integrating amplifiers. A functional
circuit is generated only when a linear amplifier board is inserted into an edge connector which
is wired to provide input and feedback impedances for a high gain operational amplifier, The
combination of the board(s) and the backplane wiring generates the functional circuit. Linear
circuit flexibility is provided by interconnecting the summing junctions of operational amplifiers
to appropriate impedance networks., In so doing, the backplane must be treated in a fashion
different from that of a standard variable or fixed regulator backplane,

The basic digital card contains a set of building blocks which when wired on a backplane creates
the required digital functions. Various problems associated with the digital functions should be
considered in the design., For example, if a memory circuit is created with the digital blocks,
‘then the status of the device after power turn on should be considered, If required, a reset or
a clear function for power turn on will have to be provided,

The key to proper operation of QB16 is the controlled environmnet aspect of the structure which is
necessary because of the type and level of signals appearing on the backplane. The following
signals exist on the backplane: summing junction, logic signals (HTL), linear output and low noise
linear inputs. The most critical are the summing junctions and the Togic signals and as a result
the backplande of QB16 requlator cage is classified as a restricted access, low noise area.

Westinghouse Electric Corporation Prinred in USA



‘ ' I.L. 16-800-299
Pace 7

In the digital and analog card repetoire, there are some standard cards which are completely
functionalized. These functions are comparators, multiplier/dividers, DACs, etc. In addition,
there are some specialized cards which were designed for special purposes, To facilitate setup
and test procedures, test and interconnect cards are used.

E. DESIGNING WITH OB16

1. The Starting Point

The basic starting point in designing with 0B16 is the imnlementation of the system into a
block diagram format using a standard set of symbols in a fashion analonous to what might

be done using an analog computer. The basic boards in this series are used to create single-
functioned building blocks, the composite arrancement and interconnection of which aenerates
the desired hardware for a specific function. Some of the basic building blocks in this
series are summing amplifiers, intearating amplifiers, comparators, electronic switches,
function generators, multiplier/dividers, potentiometers, enqlish logic and input/output
interface functions. At times there may be requirements for more specialized functions
indigenous to a particular operation or mode of control, but the versatility of the basic
building blocks in this system should help reduce the need for these specialized functions.

Once the system has been put into a format using the standard symbols, implementation into
hardware can begin assuming that the hardware restrictions have been followed in the block
format. For linear circuits, the restrictions involve cains, time constants, etc. For
example, in working with a summing amplifier gains of 1 and 10 are easily obtained but not

in an unrestricted fashion. On a DCA card there are 3-200k resistors and 2-20k resistors
which can be used for inputs and/or feedback resistors. A limitation exists then in usino

this amplifier as a summer, Similar limitations exist for the other Tinear boards and the
user should be familiar with these limitations before generatina the block diagram. Generally,
non-standard gains and time constants are set with potentiometers.

The system block diagram can be used to closely approximate the tvpe and quantity of boards,
potentiometers and meters required in the system. In addition, aids in troubleshooting and
set-up can be desianed into the system using the appronriate NB16 cards,

2. Standard Symbols

Fiqure 1 is a list of some of the symbols which can be used in creating a block diaaram,

3. Block Diagram Example

Figure 2 is a block diagram of the linear circuitry of a tension control function. Standard
symhols have been used wherever possible,

In Figure 2 separate functional sub-blocks of 1inear circuits have been arouped together
because of their functional relationship and have been enclosed within dashed lines for
explanatory purposes only. Imnlementation into hardware requires the addition of aain and
time constant values: and when this has been added, specific boards can be selected and
interwired via backplane wiring to create the desired functions,

In referring to sub-block of a schematic, it is implied that a collected set of linear building
blocks performs a specific function on a specific sianal or signals, For example, in order to
create a resettable PI controller two surmers, one intearator and two potentiometers are
required. The circuit for this is shown in Figure 3 and is functionally complete,
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a)

b)

c)

d)

e)

f)

q)

h)

Summing Amplifier

ep = - (aey + bex + ce3)

Inteqrating Amplifier

o= - | fer at 41 e, dt + 1 fes dt
] 2 3
a b c

Multiplier

€ = Ke-;c ey

Divider

N

€ = k

1]

Potentiometer

€ = key 0 £k £

Electronis Switch

(0 = 0 whenlL is a "1"

lo = é] when L is a "o"

Cormparator

A = "o B =" if ae] + bep + ce3 > 0
A= "I" B =" jf aey + bep + ce3 £ 0

Amplifier Limiter

STANDARD ANALOG SYMBOLS
FIGURE 1
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Figure 3 has one input, one output, separate adjustments for the P and I qains and a combined
reset for the integrator and the output amplifiers, The output sianal, +Vgut fs proportional
to and the integral of the input signal, A clearly defined operation has been performed on
the input signal. When implementing this circuit into acteal hardware it is recommended that,
when possible, the various boards used to create the circuitry be in close proximity,

Adiustments

In viewing the requlator schematic of Figure 2, several questions can be raised, How are all
the adjustable system qains, time constants and 1imits to be set during installation and/or
testing? Is it possible to easily troubleshoot the system in the event of a failure? These
questions led to the inclusion in the MB16 series of boards an Interconnect Board and a Test
Board. These two boards can be used in a system to simplify both setup and troubleshooting
procedures, Their design into a system is relatively simple,

Interconnect and Test Boards

The Interconnect Board is used when the system is functional. Its purpose is to route input
and output signals between functional sub-blocks by merely providing wire continuity via the
copper on the board between pins on opposite sides of the board and to provide monitor points
during normal operation for any of the signals being routed by this card. Terminals on the

1 through 30 side have been designated as input terminals; terminals on the 31 through 60 side
have been designated as output terminals, Physically opposite terminals are routed through
this board; i.e., 3 to 33, 4 to 34, etc. Not all of the termipals on the interconnect board
are used for through interconnections. The user should familiarize himself with the Inter-
connect and Test Board prior to their use.
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The test board is generally used to interrupt the siqnal flow and to allow injection of a test
signal (voltage) and to monitor the output of a functional sub-block.

Figure 4 is a simplified schematic showing the external connections of both cards. These
boards can be used in either of two ways. First, the interconnect board can be a dead-ended
monitor point. Various signals can be routed to this board for monitoring purnoses only. It
is essentially providing access to selected points on the backplane without having to go
around to the back of the cabinet, In addition, if there are unused inputs feeding a linear
amplifier, it may be possible to inject a test signal at selected noints. If used in this
fashion, the associated test points will have to be shown on the schematic so that wiring is
routed to these points,

A second way of using these boards is to design the interconnect board into the sianal flow
path so that when the interconnect board is removed and the test board is inserted, sionals
can be injected into the normal signal flow path and various points can be monitored.

For example, Figure 3 shows a PI controller with one input, one output and one logic signal,
If this sub-block is connected as shown in Figure 5, this sub-block and the associated wiring
can be checked, The sub-block is shown connected in the normal mode, Monitor points exist
to check all signals associated with this circuit when the circuit is functioning in the
normal fashion, If the Interconnect Board is removed and the Test Board inserted in its
place, the circuitry would change to that shown in Figure 6, With this arrangement, a test
signal can be injected at TP50 (position 5A) and the output can be monitored at TP21 (position
5A§. By control of the logic signal (shorting TP26 position 5A to PSC) the operation of the
sub-block can be checked. This method can be used for set-up, calibration checks or for
troubleshooting.

The question of whether or not this method can be used depends upon the system and if it can
be sub-divided into sub-blocks and if the desian engineer feels it is required. This is an
added feature of the NB16 approach.

There are some additional points to consider in using these two cards, First, the Test Card
does not show up in the normal schematic. If you want to use it be sure it is ordered some-
where, Second, the Interconnect Card can be interlocked to prevent normal operation if it

is not in its proper place, Terminals 13 and 15 in conjunction with appropriate looic design
can be used for this interlocking feature. Since there is not a one to one terminal corre-
spondence between the two boards, they should be checked to insure that what is reauired is
available, Althounh terminals 10 and 40 are throught connections on the interconnect board,
no access is available on terminal 10 of the test board and terminal 40 of<the test board is
prewired internally to =10V,

6. Hardware Allocation & Selection

The tinear regulator schematic and the associated logic drawings should be looked at from the
standpoint of hardware selection and hardware positioning,

As the logic drawings are worked up it is fairly easy to keep track of the number and types of
cards used as the circuitry is implemented. As a general rule it is preferrable to keep the
logic circuitry together but this may not always be possible. The number of available signal
lines between two cages may necessitate some type of a break in the logic card positioning,
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In viewing the linear requlator schematic, the number of pots and meters can be determined
and compared against what fs available in the two row cage. If an excessive quantity of nots
is required, some of the linear circuitry may have to be shifted to the second two row cage,
If the linear circuitry is sub-divided as in Figure 2, it is relatively easy to determine
what can be gained by shiftina a particular sub-block to the second cage,

In determining the number of linear boards, a count of two amplifiers ner board will yield

the number of amplifier boards required; but this count may be altered by the selection of
amplifier type. The linear amplifier boards come in two versions: a standard and a precision
version. The desian engineer should determine where a precision amplifier is required and so
indicate this particular requirement on the schematic,

There are a substantial number of fine points that will enter the nicture in aoina from the
linear block diagram to schematics detailina the specific circuits. Standard versus precision
amplifiers is one of them. Reference voltage is another, There may be requirements for a
more precise reference than what is obtainable with the +24 supply, and a decision may
necessitate using the Reference Requlator card which provides a hiahly stable +15V for this
purpose, The position and utilization of the Test and Interconnect cards, if 7t fs desired

to use them, should be considered. A1l of these points become a factor in the hardware
implementation phase,

F. HARDWARE SCHEMATICS

The linear block diagram(s) of a system have to be translated into actual hardware so that the
system can be put together, This necessitates selecting anpronriate amnlifiers and impedance
networks, puttino them together on a schematic sheet and connecting them to perform a specific
function,

Figures 7 and 8 are renresentative schematics utilizing two types of boards. These two figures

are indicative of the manner in which the schematics can be put tocether. There is a certain

amount of information that needs to be known prior to this work: the relative position of associated
boards in a cage, the usage of the anpropriate subsections of the linear cards, summing junction
impedances, etc,

A substantial amount of detail is required on the schematics. Fioure 9 is a schematic from a job
utilizing NB16. The various sub-sections of the boards are drawn differently but the detail
required on the schematics is shown. Note the detail involved in wirina of the potentiometers,
meters and the Test and Interconnect cards.
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G. WIRING GUIDELINES

1.  Summing Junction Wiring

The backplane wiring in a OB16 cabinet is used to interconnect summina junctions of linear
circuit boards; and because of the associated low siqnal levels, some extra consideration
should be given to the wiring and layout when hardware is used to implement a circuit. In
addition, the backplane is used to route a multiplicity of loaic signals. For these reasons
the backplane is classified as a restricted access low noise area,

By interconnecting the summing junction of a linear amplifier on the backplane, areater
flexibility is provided in the design of linear circuitry. The summing junction can be
extended within 1imits to more than the basic board for hardware implementation.

Summing junction interconnections involve the following boards:

Quad Amplifier

Nuad Amplifier - Precision

Dual Combination Amplifier

Dual Combination Amplifier - Precision
Passive Network

Quad Switch

PN —
.

Various combinations of these boards can be used to implement a function. In the layout of
the boards, the prime consideration from a wiring standpoint is to minimize the length of
wiring over which the suming junction is routed. Pin compatability between boards has been
provided to facilitate this requirement.

The summing junction can be extended to more than two cards if required, The main rules to
follow are that when extension takes place the cards should be in adjacent cage positions
and the selection of component sets should be such as to minimize lenaths of wire for the
summing junction wherever possihle.

2, PSC w1ring

On all card positions in the NB16 cage, a PSC bus is used to provide a around return, This
bus is connected to pins 1, 31, 30 and 60 of each edge connectors. In using the linear
amplifier and the passive network cards, there are many instances in which multiple arounds
are used. When these grounds are wired in whatever program used, each edge connector should
have a separately identified PSC designation so that the multiple grounds associated with a
particular position are wired to either the 1 or the 31 terminal of that respective position.
In no circumstances should the arounds be interwired between the edge connector positions,

3. Pawer Supply Wiring

The various DC currents drawn by the boards in the two row cane should be checked to determine
if current levels are compatible with the existing wiring procedures. Amp wiring on the
backplane uses #24 wire; the ribbon cable assemblies use #22 wire. The corresponding current
ratings are 2 amp and 3 amps. There may be cases where additional DC power supply wires might
have to brought in to handle the requirements of special boards.
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4, Test and Interconnect Wirina

If these two boards are used for system test and set-up, and if the Test card is to be inserted
into an Interconnect card position, the connector must be appropriately wired, +24V must be
wired to this position in order to generate the +10V reference output voltages from the Test
Card. In addition, the Test card has two adjustable voltage points designated V3 but if
potentiometers are not appropriately wired, these voltages will not exist. Two pots, single
or multi-turn must be allocated to provide these adjustable voltages., The Test card is merely
providing means to patch these voltages into the system,

H. PREFERRED CARD LOCATIONS

Input/Output cards should be mounted in the caaes starting from position 01 of either Row 1B or
Row 2B. Any input or output relay boards that interface with external equipment via the backplane
wiring to the terminal blocks at the left rear of the cabinet should be mounted in position 20 of
any of the rows. These lines should be of the Tow enerqv type (to drive a reed relay) and should
go dirﬁctIy from the applicable boards to the terminal blocks via the edqge connector-ribbon cable
assembly,

I. AMPLIFIER BALANCING

The linear amplifiers in the NB16 series of cards are funtionalized only by aporopriate backplane
wiring: the input and feedback impedances must be wired to complete an operational circuit. On
these appropriate boards, the summing junctions must be connected for desired functionalization
from an ideal standpoint; however, as with all practical circuits, these amplifiers have associated
errors, and in order to minimize these errors the resistance to PSC as seen by the inverting
summing junction should be a specific value,

The noninverting terminal of the operational amplifiers has a fixed resistance to PSC of 8.74k ohms.
Thus the resistance to PSC as seen by inverting input of the operational amplifier should be the
same value in order to minimize output errors due to the amplifier offset parameters, A paralled
combination of three 200k ohm and two 20k ohm resistances ytelds a resistance of 8.7k ohms, If
this combination of resistances is used in the feedback and the inputs circuits, then best drift
performance will be obtained. If additional resistors are required, then the appropriate resistors
should be tied between the summing junction and PSC,

There may be cases where more resistors are used. The PN/ card has more combination options; but
whatever combination is used, generation of the best available resistance match will generally
yield the lowest errors at the output,

J. AMPLIFIER SELECTION

There are precision and stnadard versions of the linear amnlifier boards available in the NB series.
There are also precision and standard resistance networks available., The designer must determine
when a more precise version must be used.
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The standard amplifier boards use the 741 operational ampTifier as the gain block for the
generation of linear circuits. If this amplifier is used with the standard resistance set which
includes 3-200k resistors, a multiplicity of gain options 1s available by connecting these resiste

ances into the circuit. Regardless of which gains are selected, the output error has to be checked
to determine suitability.

For a DC amplifier circuit, the output error due to offset is:

Rf
Vo ®= — X Vos + Rf Igg
Req

Req: Resistance seen by summing junction.
Both summing junctions see matched Req.

Vog:  Amplifier Offset Voltage

Ios:  Amplifier Offset Current

K. GENERAL INFORMATION - LINEAR

The uncommitted Tinear amplifiers in this series have an output capability of +11V at 5ma. Some of
the amplifiers can be limited to 0.5V in either direction with the remaining 1Tmit being 11V. Those
amplifiers with a 1imit option can be left without any 1imit, or they can have either a symmetrical
or an unsymmetrical 1imit, To obtain a symmetrical 1imit for the circuitry of Figure 10, wire
terminal 55 to terminal 25 and wire terminal 57 to terminal 23, To change to an unsymmetrical
Timiter add a wire between terminal 59 and terminal 25 (-0,5v, +11V 1imit) or add a wire between

terminal 59 and terminal 57 (+0.5v, -11v 1imit). The wire from terminal 59 is in addition to the
other wires mentioned.
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The static switches associated with the 1inear circuitry boards can be used for resetting amplifiers,
for switching signals into summing junctions for for switchina points to PSC. The static switches
are referenced to PSC which requires that one of the connection points of the switch contact be at a
low voltage; 1.e., a summing junction or PSC. The remaining terminal of the switch contact is
Timited to +12V, In the "on" condition, the switch contacts have a typical resistance of 50 ohms.

In the "off" condition the switch contacts have a typical impedance of 1010 ohms. The static relays
must be driven by high threshold logic (+15V). If the input to a static relay is open or a one, the
contacts are open, If the input to a static relay is PSC or a zero, the contacts are closed, Logic
signals operating static switches can be tied to PSC to activate a static relay. A static relay,
when driven by a logic element requires the loaic element to sink 2.4ma of current, This represents
a logic load of 2.4, The static relays are all of the form A type. Logic circuitry in conjunction
with the static relays can be used to generate other equivalent forms,

On the Quad Comparator card, one of the 21.5k inputs (SF = 1) should be used in a circuit configura-
tion or if not used at Teast one of the 21,5k inputs should be tied to PSC.

On the Dual Multiplier/Precision drawing S#1640A19 there is shown a method for improving the accuracy
of the card. Without the balance pots the accuracy of the unit is 0.5% and if the balance pots
(three required) are used the accuracy can be improved to 0,25%, It is recommended that this card

be used without any trimming as the improvement is only miminal and exists only if the device is
balanced properly.

L.  GENERAL INFORMATION - DIGITAL
The general purpose logic board in this series is S#1640A17,
This is an Enqlish Logic module containing AND circuits, OR circuits and NOT circuits. The positive

logic convention is used in defining the AND, OR and NOT circuits.

The AND element performs the logic AND function.

A A B C1}10Q

B AND  f———10 0 0 0[O0

0 0 1160

0 1 01}0

The output, Q will be 1 if 0o 1 1{0

A and B and C are 1's, 1T 0 00

1T 0 1|0

1 1 00O

1 1 111

The OR element performs the logic OR function R

L— 3

m OR P 0o 1 011

0o 1 1|1

1 0 0{1

The output, P, will be a1l ifL or Mor N 1 0 111
is a 1.

1T 1 011

1T 1 1
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The NOT element performs the inversion function

W———— NOT

=i

W

0

1

With these elements it is possible to build logic circuits directly from the Boolean expressions.

For example, the expression Z =A- B - (E - D

+ E+ F<06) could be expressed as:

C NOT

OPEN—]
D AND OR AND
E AND
F
G
B NOT
A

There are usually several ways of writin
manipulating to find the logic expressio
the minimum number of input terminals,

For example the expression X =

be written X

in a significant hardware savings,

Westinghouse Electric Corporation

ABC

BC

vhich will result

ABC + ABC + ABC can also

9 a Boolean expression and 1t is desirable to do some
n that results in the minimum number of logic elements or
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Wired "And"

The outputs of these elements may be tied together to form the Togic equivalent of an And output
with inputs A, B, and C,

AND

OR 3+ D

NOT

- it et et OO O O >
—_— et OO —~ - D O
— D = D = O - OO
— O O O O D o 9o|w

Each input terminal on this board represents a logic load of 1, Fach output terminal can drive
10 logic loads.

Many of the digital boards are specialized functions and the user should check the appropriate
drawings to obtain required information, For example, the output Triac card S#1640A41 specifies
that each input signal to this card must be capable of driving ten logic loads which is the
maximum output capacity of a logic element on the DEA card S#i640AT1,
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M. PRINTED CIRCUIT BOARDS - INDEX

> w nN
.

13,
14,

15,
16,
17.
18,
19,
20,

Quad Amplifier
Quad Amplifier-Precision

Dual Combination Amplifier

Dual Combination Amplifier-Precision

0.1% Resistors
1% Resistors
Snecial
Dual Series Limiter
Passive Newtork
12 Resistors
0.1% Resistors
Special
Nuad Switch
Quad Comparator
Enqlish Logic
Reversible Binary Counter
Digital to Analog Converter

Phase Detector, Inteqrator
and Wave Shaper

Test Board

Voltage Controlled Oscillator

0 to 6000 Hz

0 to 15000 Hz
Sine Wave Function Generator
Dual Multiplier-Precision
Light Emitting Diodes
Reference Requlator
Interconnect Board

Peak Voltage Detector

Westinghouse Electric Corporation

Nomenclature

NA
0A-P
DCA
DCA-P

DSL
PN/T

0s
ac
DEA
RBC
DAC

PDI

vco

SFG

DM-P

LED

RR

PVD

Style No,
1640A01G601

1640AN2601
1640A036G01

1640A04601
1640A04602
1640AN46G07
1640A05G01

1640A06G01
1640A06R02
1640A06607
1640A07601
1640A08G01
1640A11601
1640A136G01
1640A14H01

1640A15601
1640A16601

1640A17601
1640A17602
1640A18601
1640A19G02
1640A20G01
1640A21601
1640A2260
1640A23601
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21,
22.
23,
24,
25,
26,
27,

28,
29,
30,

Harmonic Filter
Function Generator
Input Board (Static)
Input Board (Static)
Qutput Board (Static)
OQutput Relay Board
Long Period Timer
With Counter
Without Counter
Uncommitted Passive Network Board
Transmitter

Receiver

Westinghouse Electric Corporation

Nomenclature

HF/45
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Style No.

1640A24601
1640A25G01
1640A40G03
1640A296G03
164041602
1640A44602

1640A45G03
1640A45604
1678A31601
1640A35G602
1640A36G02
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N. PRINTED CIRCUIT BOARDS MAXIMUM DC POWER REQUIREMENTS

STYLE Current Required in ma for DC Supply Voltages
NUMBER +24v -24y LP15 LEDS +15 =15
1640A01 48,1 57.1

1640A02 48,1 57.8

1640103 24 28,9

1640704 24 28,9

1640A05 44 44

1640A06

1640A07 5 14,4

1640A08 74,2 51.9

1640AN 100

1640A13 260

1640A14 70 30 100 200

1640A15 40 40

1640A16 15 15

1640A17 40 40 95

1640A18 20 20 5 5
1640A19 35 35

1640A20 100 250
1640A21 100 100

1640A22 0 0

1640A23 30 50

1640A24 40 40

1640A25 25 25

1640A29 100

1640A40 55

1640A41 48

1640A44 n

1640A45 55

1640A35 150 420
164DA36 100
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In a OB16 caqe assembly, the power requirements should be tabulated to insure that the
wire capacity is not exceeded, The backplane wiring is #24 and is rated at 2 amps. The
ribbon cable is #22 and is rated at 3 amps., If the totalized currents exceed the wiring
capacity, then additional wires on the ribbon cables will have to be used; and cor-
respondingly different wire names will have to be used to feed from the additional input
power points to the separated cards being fed from these points.
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