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SECTION 1

INTRODUCTION

This document provides descriptions and operating instructions for the
Acurex Innovative Point-Focus Solar Concentrator (IC) installation at Sandia
National Laboratories in Albuquerque, New Mexico. The IC was designed and
built by Acurex Corporation under a Cooperative Agreement with the United
States Department of Energy (DOE).

This document is divided into three main parts: Section 2 provides a
system installation description, Section 3 provides operating instructions and
Section 4 provides service, maintenance and repair instructions.

Care, regular service, and maintenance are recommended to provide fault
free operation.

This manual alerts operators, service and maintenance personnel to
points of particular importance, regarding safety and proper practices. These
points are identified with notes stating:

e MWarning

e Caution

e Attention, and

e Note

Safety warnings must be strictly observed to prevent injury to

personnel and damage to equipment.
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The terms "Warning" and "Caution" are used if incorrect observance or
nonobservance of operating instructions, job instructions, specified

procedures and the like may result in an injury or a serious accident.
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SECTION 2
INNOVATIVE POINT FOCUS SOLAR CONCENTRATOR SYSTEM DESCRIPTION

2.1 ACCUREX INNOVATIVE SOLAR CONCENTRATOR INSTALLATION, ALBUQUERQUE,
NEW MEXICO.

Site specific aspects of the design of this particular IC were tailored
to conditions at Sandia National Laboratories (SNL) Distributed Receiver Test
Facility (DRTF) at Kirtland AFB, Albuquerque New Mexico. Figure 2-1 shows the
IC site.

Foundation design is site specific. The IC foundation design for DRTF
is based on soil samples and information provided by SNL.

Another feature particular to this installation is the method of
resetting the control system. Pressing a keylocked button on the side of the
drive control unit (DCU) forces inspection of the concentrator after system
lockout. Forced inspection promotes safe operation and encourages developing
a thourough understad?ng of the workings of this concentrator in an
experimental setting. For a mature system in an operating field of many
modules, the design would use a different reset method. For information on
the specific interfaces of this system, see Section 2.1.4, IC Interfaces.

2.1.1 IC General Arrangement

Figure 2-2 shows a scale model of the Innovative Concentrator. The
DCU, Hydraulic Power Unit (HPU), and Battery Enclosure, which are not shown in
Figure 2-2, are mounted to the Drive Support Unit. Figure 2-3 shows a layout

of the system interfaces.
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Figure 2-1. Acurex Innovative Concentrator Location
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2.1.2 Control System Overview _$ﬁ 

——

Drawings 77491400 and I401 are block diagrams of the power and control
—

systems, respectively. The central control computer in the control room
provides operator interface and ephemeris calculations. The manual control
station provides manual control of the concentrator when enabled by the
computer. Programmable Logic Controllers, PLC-1 and PLC-2, and control logic
and electronics in the DCU implement the control algorithm. Hydraulic
cylinders move the concentrator as directed by the control system.

2.1.3 IC Design Features

The most important and innovative feature of the Innovative
Concentrator, in terms of cost reduction, is the structural integration of
stamped sheet-metal reflective panels with the panel support (dish) structure.
The reflective panels are designed to help carry wind and weight loads, thus
minimizing redundant load-bearing structure.

Other key features of the concentrator are:

e 15m dish diameter

® Microprocessor-based on-dish controls and hydraulic drive system

using standard industrial grade products

®  PCA support structure isolated from the panel support

structure -- transmits the high PCA-induced moments directly to the
drive support structure

e Tilted azimuth bearing (tilted 10° to the north) -- allows

continuous tracking in subtropical regions, such as Hawaii, when
the sun is north of zenith

2.1.4 IC Interfaces

Figure 2-3 shows the IC Interface layout., Figure 2-4 depicts the IC

System AC power interface Disc-1. Cables C-1 and C-2 of Appendix M show the
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Figure 2-2. Major Subsystems and Components of Innovative Concentrator
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power connections to the system via Disc-1. Refer to Drawing 7749E304, Cable
and Conduit Block Diagram, for cable description.

Figure 2-5 depicts the IC control wiring interface JB-1. Cables C-3
and C-4 of Appendix M show the control connections.

For a description of the foundation and other aspectes of the system
and its interface to the particular site, see Sections 2.1 and 2.2.2.7.
2.2 CONCENTRATOR SYSTEM DESCRIPTION

2.2.1 Central Control System

The essential elements of the IC are the central control computer, the

control system alarm indicator, and the central control interfaces.

2.2.1.1 Central Control Computer

The central control computer is an IBM-PC with two floppy disk drives
and 64 K-bytes of storage. The monitor is an Amdek 310A, featuring amber
display for decreased eye fatigue. The printer is an Epson FX85 parallel
printer. The control computer system is located in the control building.

The IBM-PC is augmented by a parallel communications card for RS-232
communications and an AST I/0 plus minicard battery-backed clock card.

2.2.1.2 Central Control Alarm Indicator

The central control alarm indicator (IL-412) is located in the control
building near the central control computer. It indicates alarm conditions
including the following: AC power loss, high wind conditions and control
system failure.

2.2.1.3 Central Control Interfaces

Central control interfaces include keyboard/screen operator interface
and current-loop interface to the concentrator DCU.

Figure 2-6 shows a sample display of the operator interface to the

central control computer. The screen shows the date, present mode, and time




Figure 2-4.

Figure 2-5,

IC System AC Power Interface

IC Control Wiring Interface
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ACUREX INNOVATIVE SOLAR CONCENTRATOR
01-14-1986

CURRENTLY SELECTED MODE: 8 - TRACK/OPTICAL
MODE SELECTED AT 12:20:29 MST

PRESS FUNCTION KEYS FOR MODE SELECTION AS FOLLOWS:

MODE 2 - MANUAL MODE

MODE I - EXERCISE &% SETUF MODE
MODE 4 - STOW

MODE S - DESTEER/EFHEMERIS
MODE 6 - DESTEER/OFTICAL

MODE 8 - TRACK/OPTICAL

STANDARD TIME AND CALCULATED SOLAR EFHEMERIS FOSITIONS:
(REFERENCED TO 1ODEG TILTED PLANE)
12:20: 36 MST AZIMUTH = 181.311 ELEVATION =

271 sE «[@ s[El el [ s[g]

Figure 2-6. IBM-PC Sample Display




the present mode was selected. It displays continuously updated time and
solar position information, and lists the operator-selectable modes. The
operator selects modes by pressing the function key corresponding to the

desired mode.

The current-loop interface to the DCU uses a Black Box 101-4Q CL410
adapter to convert the IBM PCs RS-232 output to a 20 mA current loop. (See
Appendix A). This current loop carries status and ephemeris information from
the IBM PC in the control room to the Siemens-Allis Automation MC-8
programmable logic controller (PLC-1) in the DCU.

2.2.2 On-Dish Systems

2.2.2,1 Reflective Panels

The reflector of the Acurex Innovative Concentrator is comprised of 40
outer panels and 20 inner panels. Each panel consists of silvered polymer
film laminated to ;ﬁé froﬁfpane1 sheet which is bonded to a stamped
hat-section back panel. In order to ?nsure long life for the prototype, the
surface to which the silvered film is laminated is prepared with an acrylic
paint. The fron;and back paneé]‘are made from aluminized deep draw-quality,
aluminum-killed cold-rolled steel. The adhesive used to bond the from and
back panels ié Pliogrip 6000 series, a 2-part urethane produced by Ashland
Chemical.

Figure 2-7 illustrates the method by which the reflective panels are
joined to each other and to the ribs of the panel support structure. All
mounting holes are accurately drilled or punched at the factory, using drill
fixtures or numerical machining methods, prior to assembly. This includes the
panel support structure ribs.

Panels are fastened to each other with a lap joint between adjoining

panels. An offset is provided on one edge of each back panel in order to
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achieve a continuous, even reflective surface. A,simi]ar joint is provided
between inner and outer panels, the offset béTﬁ§J§%3v+ded at the outer edge of
the inner back panel. Rivet holes are provided at 6-in. intervals along the
interpanel joint to provide, when assembled, an integrated dish.

Attachment to the panel support structure rib is through a "weak"
flange that will not transmit small deflections or inaccuracies in the
structure to the reflector. This flange is through-bolted or rivetted to the
radial rib. Both the offset and flange are formed with the back panel ribs
during stamping.

2.2.2.2 Support Structure

The Innovative Concentrator support structure consists of the following
four subassemblies:

e PCA Support

e Panel Support

e Drive Support

e Tripod and Support

These are shown in Figure 2-2.

2.2.2.2.1 PCA or Receiver Support Structure

The PCA support consists of two tubular truss weldments (legs) which
are joined at the central hub of the panel support. The truss consists
primarily of 3-in. square tubing.

Rails to which the PCA can be clamped are provided at the PCA-end of
each leg. The rails will accommodate PCA's 4 to 5 feet in diameter and will
allow longitudinal adjustment for proper location of the receiver aperture at

the concentrator focal plane.
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2.2.2.2.2 Dish Support Structure

The primary elements of the panel support are the ribs, central hub and
rings. The 20 repeating rib truss weldments radiate from the central hub and
resist back-wind loads. In addition there are 20 short ribs which, along with
the 20 main rib truss members, support the outer panels. Front loads are
resisted by the integrated panel assembly, once installed on the panel
support.

The central hub is a 30-in. 0.D. tube and is the central connection
member for the PCA support, the 20 main rib truss members and the elevation
pivot.

Two inner rings and one outer ring tie the panel support ribs together.
Circumferential adjustment of the ribs is provided by bolts which attach the
ribs to the rings.

2.2.2.2.3 Drive Support Structure

The drive support is the interface between the articulated portion of
the dish and the base struggggg. The drive support, tilted at 10°, rotates on
the azimuth axis. It(igiggmif;}n open structure consisting of plates, angles
and gussets, as shown in Figure 2-2.

2.2.2.2.4 Support Leg Structure

The tripod and base support is a stationary tripod structure and is the
interface between the azimuth bearing and the foundation. The portion which
supports the bearing directly is a plate weldment. The tripod legs and braces
are tubular members. Double-nut adjustment and subsequent grouting is
provided at the foundation.

2.2.2.3 Drive System

The Innovative Concentrator drive system utilizes hydraulic cylinders

and a medium pressure (3000 psi) hydraulic system to position the dish in both
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azimuth and elevation coordinates. The hydraulic components incorporated in
the design are standard, existing, mass-produced components, assembled into a
design which is unique in the control strategy employed.

2.2.2.3.1 System Configuration

Although the hydraulic components specified for the Acurex Innovative
Concentrator design are standard, the overall concept and control strategy is
unique. The hydraulic circuits are presented in schematic form in Figures 2-8
and 2-9. Note in Figure 2-8 that azimuth rotation is accomplished by placing
two hydraulic cylinders at 90° to one another, such that they work on a common
crank arm.

The control system concept requires the dish to move about each axis in
response to commands from either the optical trackers or a control computer,
in an "on-off" mode of operation. The hydraulic system responds by turning
the required hydraulic pump motor on only when movement is required, with the
directional control valve momentarily pulsed and latched in the correct
position. Therefore, no pump "dead-heading" occurs and no parasitic system
pressure drops are present. In essence, the hydraulic cylinders are
direct-coupled to the pump outputs, and thus act as a hydrostatic transmission
for converting the high-speed output of the electric drive motor to the
high-torque (high force) output of the hydraulic cylinders.

Focus and defocus slew movement is provided in the elevation axis by
Pumps P3 and P4 (in the event that either pump fails, the remaining pump
serves alone as a half-capacity backup). The control strategy requires a
brief slew speed movement into and out of focus to 1imit the dwell time of the
sun spot on the receiver aperture 1lip. The drive system therefore must
provide a much higher than average speed for a short duration to accomplish

the slew maneuver; the hydraulic system accomplishes short-term accelerated
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Figure 2-8.

Azimuth Hydraulic System Schematic
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movement by increased fluid flowrate, requiring no change in sizing pressure
rating the system's components. Pumps Pl and P2 have dual speed capability
and provide tracking in azimuth and elevation, as well as slew to stow
capability.

2.2.2.3.2 Main Bearings

The main azimuth bearing is a large diameter, slow speed, intermittent
rotation, gearless turntable bearing, manufactured by Rotek, according to
Acurex Specification 774903SP Rev. 3. It is described in Appendix N.

The main elevation bearings are Morse Sealmaster ERCI-307 with contact
seal. They are described in Appendix 0.

2.2.2.3.3 Hydraulic Cylinders

The prime movers for both the elevation and azimuth axes are Prince
Mfg. double-acting hydraulic cylinders. Table 2-1 summarizes the
characteristics of the cylinders, which are described in Appendix R. Acurex
Specification 7749-06SP describes the hydraulic cylinders in greater
detail. Appendix P describes tracking pumps Pl and P2, which are
0ildyne 634-746, Model 3SP-*W-NVSN. Appendix Q describes slew pumps P3
and P4, which are Oildyne 634-765, Model 4SP69-*W-NVSN.

2.2.2.3.4 Hydraulic Power Unit

The two tracking speed pumps and two slew speed pumps (four pumps
total) are mounted on a common baseplate and sump. The control valves and
pressure relief valves are mounted on the same baseplate, forming a complete
hydraulic power package referred to as the HPU. The primary power requirement

for the HPU is 220 VAC, single phase, 20 amperes.
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Table 2-1. Hydraulic Cylinder Specifications
Maximum Maximum
Operating Force | Holding Force| Cylinder Size| Bore Size
(1b) (1b) (in.) (in.)
Azimuth (2) 65,000 85,000 6 3
Elevation 105,000 93,000 7 5

2.2.2.4 Concentrator Electrical, Instrumentation, and Control System

2.2.2.4.1 General

The electrical, instrumentation, and control system consists of optical
trackers, limit switches, position encoders, batteries, DCU, and associated
equipment. Acurex drawings 77491400 and 77491401 show block diagrams of the

power and control systems, respectively.

2.2.2.4,2 Trackers and Electronics

The optical trackers and tracker electronics consist of two
Mann-Russell ST-1 Dual Axis Tracking Kits, with the electronics custom-mounted
in the weather resistant tracker electronics enclosure. The tracking hardware
is further described in Appendix B.

2.2.2.4.3 Limit Switch Assemblies

The 1imit switches are Allen Bradley 802M 1imit switches with Allen
Bradley 802MC-WIA roller levers. They are described in Appendix C.

2.2.2.4.4 Position Encoders

The position encoders are Astrosystems Durapot wiperless potentiometer
HDC-1000A-1 with a heavy-duty NEMA 12 transducer HST26A and separate
electronics with 0 to 10VDC output and clockwise shaft rotation. They are
described in Appendix D. The separate electronics are mounted in the DCU.
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2.2.2.4.5 Battery Power Supply and Enclosure

The batteries are Marathon 12-PMF-50 and 12-PMF-100 lead acid
batteries. They are described in Appendix E. They are enclosed in a Hoffman
A36H3012GQRLP fiberglass enclosure with louvers.

The batteries provide 12V power to the control system and slew pumps
and 36V power to the tracking pumps. Drawing 77491400 shows a block diagram
of the power system.
2,2,2.4.6 DCU

The DCU contains the logic and control electronics for operating the
IC. It also contains the battery chargers which charge the batteries
described above. The control system block diagram 77491401 shows an overview
of the DCU and other control equipment interactions.

The programmable logic controller, PLC-1, is the brains of the IC
control system. It is a Siemens-Allis Automation MC-8, described in
Appendix F. It coordinates inputs from field sensors, commands from the
manual control station, and ephemeris and command mode information from the
central computer, to control the concentrator hardware via relay logic.

The programmable logic controller, PLC-2, is a Siemens-Allis automation
IZR, described in Appendix G. It serves as a watchdog to verify PLC-1
functionality and to stow the concentrator in case PLC-1 fails.

The battery chargers are Stored Energy Systems 12V battery charger
FC-12-6 (BC-1, BC-2, and BC-3) and 36V battery charger FC-36-3 (BC-4). They
are described in Appendix H.

The relays and logic are fully detailed in drawing 7749E305. The relay
logic is designed to provide consistent and safe system operation under a wide

variety of conditions including AC power failure and component failure. The
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relays are Potter and Brumfield R10-E1-P-4-V185 and R10-E1-P4-115V and Crydom
D1D40 and D1240.
The circuit breakers are Allen Bradley rail mounted 1492-G050 and

1492-G150.

2.2.2.4.7 Manual Control Station

The pendant-hung Manual Control System is located at the back of the
concentrator drive support. It provides control mode selection and display as
well as manual control of the concentrator position.

Operation of the manual control station is described in Section 3.3.3
2.2.2.4.8 Cable Track

The cable track is Gortite Gortrac Model L-200. It is described in
Appendix I. The Gortac provides a pathway for cables between the fixed tripod
and the moving drive support structure.

2.2.2.4.9 Fused Disconnect Switch

The disconnect switch (DISC-1) is an ITE model NRH-321 two-pole,
two-fuse 240 VAC 30A heavy-duty outdoor NEMA3R safety switch. It contains two
20A fuses, Bussman FRNR or equivalent. It also contains fwo GE model
V275ME250 metal oxide varistors (MOVs) to protect the control system from
power line transients.
2.2.2.4.10 Grounding

Ground connections are tied to the Sandia DRTF grounding grid (see
Drawing 7749E304, conduit and cable block diagram). The ground connection for
the transformer and control system electronics is provided via the disconnect

enclosure DISC-1 and cables C-2 and C-21. The structure is grounded

separately by cables C-21 and C-22.




2.2.2.5 Electrical and Control Interfaces

The conduit and cable block diagram, drawing 7749E304, shows an
overview of the electrical and control interfaces between the IC and Sandia's
power and control systems.

Grounding interfaces to the DRTF grounding grid are described in
Section 2.2.2.5.10.

Power connections to the DCU for 1¢, 240V, 60 Hz, 15A service are made
via fused disconnect DISC-1 by cables C-1 and C-2.

Control connections to the DCU are made through cables C-3 an C-4,
which contain eight shielded pairs with an overall shield. Control
connections are listed in Table 2-2.
2.2.2,6 Foundation

The Innovative Concentrator foundation consists of three
poured-in-place concrete piers, each 2 ft in diameter and 20 ft deep. The
design, specific to the DRTF site, is based upon soils data from the report
prepared for the site entitled "Geotechnical Investigation Report, Solar Dish
Installation, Kirtland, AFB, Albuquerque, New Mexico; SHB Job No. E83-1179,"
by Sergent Hauskins and Beckwith, submitted to Sandia on December 7, 1983.

The foundation is designed to satisfy the requirements of the soils
conditions at Sandia's DRTF, satisfy the load conditions of the concentrator

system (including PCA), and permit rapid alignment of the tripod legs.
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Table 2-2. Control Connections
Conductor
Conductor No. Function
1 red 157 Current loop (RED+)
1 blk 158 Current Toop (RXB+)
2 red 165 Wind signal N.C.
2 bik 37 Wind signal COM
3 red 412 IL & HS COM
3 blk 40 IL-412
4 red 195 HS-195
4 blk 197 HS-197
5 red -- Spare
5 blk -- Spare
6 red -- Spare
6 blk -- Spare
7 red -- Spare
7 blk -- Spare
8 red -~ Spare
8 blk -~ Spare

2-21




SECTION 3
INNOVATIVE SOLAR CONCENTRATOR OPERATION

3.1 INTRODUCTION

The IC operator interfaces are the central control computer, manual
switches in the control room, and the pendant manual control station, located
at the rear of the drive support of the concentrator. In addition, the
central control computer, PLC-1, and PLC-2 are all continuously monitoring
various parameters to assure safe operation of the concentrator.
3.2 SAFETY AND SAFETY PROCEDURES

Follow all safety precautions in this and referenced documents, in
addition to standard safety practices and common sense. Refer to and follow
the established safety procedures detailed in the DRTF Safe Operating
Procedures: SOP for the Distributed Receiver Test Facility and for the Test
Bed Concentrators,” and to "Addendum to DRTF Safe Operating Procedures for
Acurex Innovatve Point Focus Solar Concentrator."

Take proper precautions for safety according to location, such as
wearing a hard hat in the concentrator field and using a safety belt at
elevated locations on the concentrator. Any work around batteries involves

particular electrical, chemical, and fire precautions outlined in the battery

instructions listed in Appendix E.




For maintenance requiring personnel to be on the concentrator
structure, lock out the control system power when use of the controls is not
needed. To do this, insert the key in the locking pushbutton on the side of
the DCU, depress the red pushbutton, and lock the pushbutton in the off
(depressed) position. Remove the key to insure lockout. Remember that the
batteries are the main supply of electrical power; therefore, shutting off the
AC power does NOT remove power to the system. Any work inside electrical
enclosures requires disconnecting battery power where necessary to remove
power to the enclosure, if removal of power is required. In such case, use
adequate rubber gloves or other protection when handling live circuits, and do
not leave disconnected live leads unprotected. See Appendix E for particular
precautions around the batteries.

When work on the concentrator requires the control computer to be in a
particlar mode for safety (e.g., Mode 2, manual control), cover the keyboard
with an appropriate sign, such as, "CONCENTRATOR IN MANUAL MODE. DO NOT
OPERATE KEYBOARD." Do not leave the concentrator in manual mode (central
control computer keyboard, Mode 2) unattended.

Work on the hydraulic system must be performed only with the
concentrator in the maintenance stow ("Stow North") position and the batteries
disconnected.

The concentrator reflects and concentrates intense sunlight. This is
true especially when it is focussed on the sun, but also in all modes of
operation or stow. Wear sunglases, do not look directly at bright spots, and
take all due precautions to prevent eye injury and burning of personnel,

equipment, or structures.
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3.3 CONTROL SYSTEM AND OPERATING MODES
3.3.1 General

The IBM PC central control computer in the control room is the main
operator interface for central control. In addition, there are manual
switches for maintenance stow and desteer, located above the control computer.

Local control is provided by the manual control station, which hangs as
a pendant from the back of the concentrator drive structure.

The MC-8, PLC-1, coordinates field sensor inputs and operator
interfaces to control the workings of the concentrator via relay logic. PLC-2
acts as a watchdog to stow the system in case of PLC-1 failure. The relay
logic defaults to manual control in case of relay failure.

Two of the control system's operating modes are alarm modes. The alarm
modes are not user selectable. Mode 0 is the watchdog stow mode, indicating
that either PLC-1 or PLC-2 has failed. Mode 1 is the AC power loss or high
wind stow alarm. Either alarm mode causes the concentrator to stow facing
upwards.

To reset the control system, go outside and inspect the concentrator
for damage or problems (see Section 4.1.11, Visual Inspection of IC). When
ready to proceed, unlock the keyed pushbutton on the side of the DCU and press
the pushbutton to turnoff power to the control system. Then, release the
pushbutton to turn on control system power, and lock the pushbutton in the
released (power on) position. Return the key to its authorized storage

location.

The purpose of this procedure is to insure at least a visual inspection

of the concentrator before resetting the control system.




3.3.2 Control Operating Modes

The operator can choose from six user-selectable operating modes, as
shown in the sample computer display in Figure 2-1. To select a mode, press
the special function key corresponding to the desired mode number (Modes 0
and 1 are alarms, which are not user-selectable. See Section 3.3.1).

Mode 2, the manual mode, transfers control to the manual control
station. Manual control is discussed in Section 3.3.3.

Mode 3, the exercise setup mode, exercises the concentrator's hydraulic
systems. Selection of the mode first puts the system in vertical stow, facing
upwards. Then the concentrator moves in a boxlike path of up, clockwise,
down, and counterclockwise, with each side of the "box" being 4.5°.

Mode 4 is maintenance, stow. Selection of this mode stows the
concentrator facing.

The solar tracking, Modes 5 through 8, interact as described below the
descriptions of the modes themselves.

Mode 5 is the desteer/ephemeris mode. "Desteer" is defined here as
following the sun's azimuth at an elevation 5° higher than the sun's
elevation. In Mode 5, the concentrator follows the ephemeris coordinates
computed by the central control computer but 5° in elevation above the
calculated sun position.

Mode 6 is the desteer/optical mode. Selection of this mode causes the
concentrator to follow the desteer optical tracker, which is aligned to orient
the concentrator 5° in elevation above the actual sun position.

Mode 7, the track/ephemeris mode, is not user-selectable. In Mode 7
the concentrator fb]]ows the calculated ephemeris coordinates as an

intermediate step toward optical solar tracking.
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Mode 8 is the track/optical mode. In Mode 8, the concentrator follows

the focus optical tracker, aligned to focus the concentrator on the sun.

The tracking modes interact as follows. From any of the nontracking
Modes (2, 3, and 4), entering a selected tracking mode proceeds in numerical
order of the tracking mode number. For example, if the operator selects
Mode 8 from Mode 3, first the concentrator enters Mode 5 until it acquires the
desteer/ephemeris position. Then it enters Mode 6 for a trial period in
desteer/optical mode.

If after 10 seconds the position from optical tracking is not within
tolerance of the ephemeris calculation, the concentrator is reset to Mode 5 to
start the procedure again. Otherwise, it slews into focus and enters Mode 7,
track/ephemeris. This mode serves to "fine tune" the concentrator position
according to the calculated ephemeris position.

Once the concentrator is properly oriented for focus according to the
ephemeris calculations, it enters Mode 8, track/optical. It tracks optically
from then on, unless the actual position comes out of tolerance with the
calculated ephemeris position (which is constantly updated). In such a case,
control goes back to Mode 7, track/ephemeris, to position the concentrator at
the calculated ephemeris position, af which point control re-enters Mode 8,
track/optical. 1If this fallback process happens more than three times within
100 program loops (approximately 60 to 100 seconds), the concentrator is
locked out of focus and goes to desteer/optical.

Leaving focus (like entering focus) is always accomplished by slewing
between focus and desteer positions. The focus lockout is reset when the
operator selects a nonfocus mode (Mode 6 or less). After selecting a nonfocus
mode to reset a focus lockout, the operator may select Mode 8 again to focus

the concentrator. In all of the nontracking modes, PLC-1 monitors the
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concentrator position, compares it to the ephemeris position, and slews the

o

concentrator up if it enters a region in or beneath a 4.5° "box" around the
sun. This feature protects against damage from inadvertent focusing or
near-focusing of the concentrator.

Note that the screen displays the currently selected mode. In

situations such as focus-lockout (actual mode = 6, selected mode = 8) or
manual control (actual mode is selected by manual control station, selected
mode = 2 to enable manual control station), the displayed (selected) mode is
not the actual mode chosen by PLC-1 in the DCU, which controls the
concentrator. Also, after the calculated sun elevation falls below 10°, above
the 10°, tilted plane of the concentrator, only Modes 2, 3, and 4 may be
selected, and higher modes fall back to Mode 4 (stow).

In addition to the selected mode and mode menu, the central control
computer screen displays the standard time (i.e. not daylight savings time)
and calculated solar azimuth and elevation referenced to the 10° tilted plane
of the concentrator drive bearing (a plane with an angle of 10° to the
horizontal, facing due South).

3.3.3 Manual Control

The main method of manual control of the IC is via the manual control
station. In addition to the normal operating modes selectable on the manual
control system, manual switches are provided for maintenance stow and
desteer. |

Select Mode 2 on the central control computer to activate the manual
control station.

When the manual control station is first activated, it is in Mode 2,

manual control. In this mode, the manual switches for CW/CCW and UP/DOWN are

active. The operator can use them to position the concentrator in any allowed




position (PLC-1 does not allow positioning of the concentrator in or beneath a
zone of within 4.5° of the sun).

In addition to manual positioning of the concentrator, the operator may
specify any of the user-selectable modes (described in Section 3.3.2) from the
manual station. Simply position the mode select switches according to the
binary pattern described on the side panel of the manual control station, and
push the "enter mode" button. Hold the button until the mode display
indicators update to reflect the new mode.

Read the indicators in the same manner as the mode select switches,
using the binary pattern on the side of the manual control station. Note that
the mode display indicators on the manual control station display the actual
operating mode in use by PLC-1, while the central computer displays the mode
selected by the computer keyboard, which PLC-1 may override. To deactivate
the manual control pendant, simply select a mode other than Mode 2 (manual
control) from the central computer.

3.3.4 Central Control Computer Program

The central control computer program is listed in Appendix J.

The central control computer, an IBM-PC, serves two main functions.
First it serves as a keyboard interface for operators in the control room, and
it generates continually updated solar ephemeris calculations. Second, it
sends operating mode and ephemeris information to PLC-1 via current loop. It
sends one word per second, alternating between mode, azimuth, and elevation.

3.3.5 PLC-1 and PLC-2 Programs

The PLC-1 program is listed in Appendix K. PLC-1 is a Siemens-Allis

Automation MC-8 programmed in SYBIL 6, which is similar to BASIC with analog

and digital I/0 statements.




PLC-1 monitors the current loop communications from the central control
computer, the manual control station, alarms for high wind and AC power loss,
and concentrator position feedback. It selects a mode of operation based on
these inputs and displays this mode on the manual station. PLC-1 controls the
position of the concentrator either directly (via digital outputs to relay
logic and hydraulics) or by enabling manual or optical tracker control. In
all cases it monitors and compares actual concentrator position and calculated
solar position to avoid inadvertent focus or near-focus of the concentrator.

The PLC-2 program is listed in Appendix L. PLC-2 is a Siemens-Allis
Automation I2R, programmed in SYBIL 5.

PLC-2 serves as a watchdog for PLC-1. Once in each PLC-1 program
cycle, there is a handshake with PLC-2. If PLC-1 fails to handshake within 60
seconds, PLC-2 turns on the alarm indicator and puts the concentrator in alarm
stow, facing up.

3.4 FAILURE MODES

Interaction of IC components was designed to minimize problems
resulting from single component failure.

Failure of the central control computer or its current loop
communication system would interrupt execution of PLC-1's code, which would
cause PLC-2 to stow the concentrator after 60 seconds. Failure of the PLC-1
processor would have the same result. Failure of PLC-2 would cause PLC-1 to
stow the concentrator immediately.

Position encoder failure would cause false positioning of the
concentrator with the concentrator in focus, false positioning would cause
disagreement between the position feedback and the ephemeris calculations,

which would cause PLC-1 to attempt correction of position and then force the

system to the desteer mode. Tracker failure would cause similar results.




Failure of the limit switch (LS-1 or LS-2) would cause wrong choices of
solenoid valve position by the azimuth quadrant selection relay logic, which
would disrupt azimuth drive functions. Failure of LS-3, 4, 5, or 6 would have
no effect as single failures, but removes end-of-travel feedback to PLC-2
(which acts on PLC-1 failure) and to the control logic, where it is a backup
against position feedback/PLC-1 control loop failure.

Failure of a solenoid valve (or of a solid state relay controlling a
solenoid valve) would cause a drive cylinder to operate only in one direction
regardless of control system commands to change direction, which would disrupt
tracking and drive functions.

Hydraulic pump/motor failure would cause disruption of tracking and
drive functions. If the concentrator were in focus at the time of disruption
of drive functions, disagreement between position feedback and ephemeris
calculations would cause PLC-1 to attempt correction of position and then
force the system to the desteer mode. Leaving focus under such circumstances
involves slewing elevation up out of focus using redundant slew pumps.

Manual control station failure would affect only tﬁe manual mode, which
is enabled/disabled via the central control computer keyboard failure of
battery charger 1 or 2, or their corresponding batteries would diminish
performance of concentrator slewing and eliminate 12V operation of azimuth or
elevation drives, respectively. Failure of battery charger 4 or battery 4
would eliminate 36V tracking. Failure of batter charger 3 or battery 3 would
cause control system power to come from battery charger 2, which is wired with

diodes as a backup.
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SECTION 4
SERVICE, MAINTENANCE, AND REPAIR

4.1 SERVYICE AND MAINTENANCE
4,1.1 General

The Innovative Solar Concentrator is designed to provide reliable
operation with scheduled maintenance. The system has been designed to use
commercially available, nationally serviceable parts from major equipment
suppliers.

4.1.2 Service and Maintenance Schedule

Table 4-1 provides an inspection and preventative maintenance schedule.
A maintenance log should be kept to document both scheduled and unscheduled
maintenance.

4.1.3 Service and Maintenance Procedures

Use standard procedures and observe all applicable safety precautions
(see Section 3.2) in performing service and maintenance work.

Refer to appropriate parts of Section 4 for procedures on service and
maintenance of most equipment. Inspect any remaining equipment for obvious
damage and verify that it functions properly.

4.1.4 C(Cleaning and Care of Reflective Surface

The reflective surface should be inspected as often as necessary, at
least once per quarter. Particularly look for delamination and corosion,

especially at film edges.
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Table 4-1. Inspection, Service, and Maintenance Schedule

Item

Monthly | Quarterly | Annual | Biannual

IBM control computer
and peripherals

DISC-1

Circuit breakers in DCU
Fuses in DCU

Locking handswitch on DCU
Batteries

Battery chargers

PLC-1, PLC-2, relay logic,
and manual control station

DC-1 and DC-2

Limit switches
Position encoders
Optical trackers
Stow alarms

P1 and P2

P3 and P4

Solenoid valves
Hydraulic cylinders
Gortrac cable tray

Structure

See manufacturers' literature
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If delamination is found, cut out the delaminated section of film with
an X-acto knife and use 1/2 inch FEK tape to stop further delamination and
cover the effected area. Be sure the tape covers the edges of the remaining
film.

4,1.5 Greasing of Bearings

Proper lubrication of bearings is essential to smooth operation and
long bearing life. Greasing of the azimuth and elevation bearings is
described in Appendices N and 0, respectively.

4.1.6 Inspection of Cylinders

Inspect the cylinders as often as necessary, at least once per quarter.
Particularly look for galling on cylinder rods, leaks and loose fittings, and
severe corrosion. Appendix R describes their maintenance.

4.1.7 Inspection and Service of Hydraulic Power Unit

Daily inspection of readily visible hydraulic components for obvious
leaks is recommended prior to operation of the concentrator, at least during
the initial months of operation.

Remove the HPU cover and thoroughly inspect the HPU as often as
necessary, at least once per quarter (but weekly at first). Particularly look
for hydraulic fluid level and condition, leaks and loose fittings, loose
electrical connections, and severe corrosion. The most important problem to
lTook for.is leakage of internal components and seals.

Fix any leaks or other problems immediately. Appendix P describes the
maintenance of pumps Pl and P2. Appenix Q describes the maintenance of

pumps P3 and P4.



4,1.8 Cleaning and Adjustment of Solar Sensors

Proper adjustment and periodic cleaning of the optical sensors are
essential to proper operation of the concentrator in the track/optical and
desteer/optical modes.

Installation and cleaning instructions are listed in Appendix B
(sheet B-163). The focus tracker head should be adjusted to align the
concentrator in focus on the sun. The desteer tracker head should be adjusted
such that the concentrator tracks the sun's azimuth, but at an elevation of 5°
above the sun's elevation,

4.1.9 Inspection and Adjustment of Limit Switch and Position Encoder
Assemblies

The limit switch and position encoder assemblies should be inspected as
needed, not less than once per year.

To verify limit switch operation, put the central control computer in
Mode 2, manual control. Attach a notice to the computer, covering the
keyboard, stating "Concentrator Maintenance in Progress. Do Not Operate
keyboard." While standing on the drive platform with manual control station
in hand, move the concentrator manually in each of the four directions, one at
a time, and manually operate the corresponding limit switch to verify that the

concentrator stops moving.

CAUTION
TAKE ALL DUE CARE AND PRECAUTIONS WHEN STANDING ON
THE DRIVE PLATFORM, ESPECIALLY WHEN THE CONCENTRATOR
IS MOVING. HARD HAT AND SAFETY BELT ARE REQUIRED.

Refer to Appendix D for manufacturer's information on the position
encoders. To verify position encoder operation, first move the concentrator

to azimuth and elevation coordinates (0,0), i.e., facing due North and 10°
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below the horizon. Check the azimuth and elevation output voltages in the

DCU, component block D (Azimuth terminals 310, common 345; Elevation 330,

common 345).

WARNING
IN ADDITION TO PRECAUTIONS DUE TO HEIGHT, INCLUDING
HARD HATS AND SAFETY BELTS, TAKE ALL DUE ELECTRICAL
PRECAUTIONS WHENEVER THE DCU IS OPEN. BECAUSE THE
CONTROL SYSTEM IS BATTERY-POWERED, TURNING OFF AC
POWER TO THE DCU WILL NOT TURN OFF POWER TO ALL
COMPONENTS. (SEE SECTION 3.2.)

Verify that both output voltages equal zero (+0.01V,-0.00V). See
Section 4.4.4 if encoder zeroing is required.

Verify output similarly at the extremes of position, with output
voltage = (3600/4096) x 10V x {(position in degrees/360)). If it is necessary
to adjust span, adjust potentiometers R312 and R333 (of CB-D of the DCU) for
azimuth and elevation, respectively, to obtain the proper output voltages at
component block D, azimuth terminals 311, common 345; elevation 331,
common 345. Secure any adjusted potentiometer(s) with silicone seal to
maintain its proper position.

4.1.10 Inspection and Service of Batteries and Battery Chargers

Inspection of the batteries and battery chargers at least every
3 months is strongly recommended. For inspection and service of batteries,
follow procedures and safety precautions listed in Appendix E. For inspection
and service of battery chargers, follow procedures and safety precautions

Tisted in Appendix H.
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4,1.,11 Visual Inspection of IC

The Innovative Concentrator is a newly developed prototype piece of
equipment. Special care with any such equipment is necessary to limit the
consequences of unanticipated events or failures. Since the reliability of
the equipment has not been proven, it is recommended that special precautions
be taken to detect possible failure modes as early as possible by initially
increasing the number of inspections from those expected once the system can
be judged mature.

It is recommended that the following inspections be carried out prior
to operation of the concentrator, at least on a daily basis, until the
confidence level has increased to warrant the reduction in the number of
inspections.

® Walk-around inspection of the concentrator to detect:

-- Leaks in the hydraulic system

-- Loose hardware

-- Open cabinet or electrical enclosure doors; moisture intrusion

-- Frayed hoses or kinked electrical conductors

-- Evidence of binding of the structure during movement

-- Broken retaining rings or loose shafts

-- Discoloration of paint or structural members due to heating

-- Undue wear

-- Any unusual item
Any one of the above observations may lead, if not corrected, to significant
operation or safety problems. Some problems could lead to more serious
problems than others. The most serious problem would occur when the
concentrator is tracking the sun in the on-sun condition and suddenly fails

leaving the concentrator stationary. Redundancies have been built into the
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system to prevent such an occurrance provided some obvious precautions are not
ignored. An example of a possible failure mode is a low 0il level in the oil
reservoir which supplies oil to all pumps. A low oil level may starve alil
pumps and cause the concentrator to be "frozen" in the stationary mode. An
alarm is provided to alert the operator to this condition well ahead of this
occurrence; however, a small oil leak detected by visual inspection may be the
first indication that repair prior to operation is needed aside from other
environmental considerations. The oil reservoir holds a minimum of

30 gallons. The level alarm is given at 15 gallons. Pump starvation may
occur starting at the 10-gallon level.

4,1.12 Corrosion Protection

If any inspection discloses corrosion, take steps to correct it and to
1imit its growth. Apply touch-up paint to painted areas, oil any areas in
need of o0il, and care for the reflective surface according to Section 4.1.4.

Metal parts associated with the battery enclosure are particulariy
susceptable to corrosion. Treat them in accordance with Appendix E and
observe safety precautions listed in Section 3.2.

4,2 TROUBLESHOOTING
4.2.1 General
Section 4.2.2 describes particular faults and remedies for the IC. The

operator should also use the following sources for troubleshooting.

Item Reference Source
Control system Acurex drawing package E series drawings
Individual equipment Vendor literature provided in Appendices A
through I .
Software Code listings provided in Appendices J
through L ‘

Electrical connection Connection diagrams provided in Appendix M
of equipment

4-7




WARNING

CONDUCT ALL TROUBLESHOOTING ACTIVITIES WITH ALL DUE SAFETY
PRECAUTIONS. REFER TO SECTION 3.2.

4,2.2 Faults and Remedies

Table 4-2 is a troubleshooting guide for the IC,
4.3 REMOVAL AND INSTALLATION OF COMPONENTS
4,3.1 General

Use all due precaution in removing and installing components. See
Section 3.2 for safety procedures.

4.3.2 Removal and Installation of Major Structural Components

Removal and installation of major structural components requires major
disassembly of the concentrator, including removal of the dish before removing
any other major structural components. This requires a 100-ton crane with
40 ft. boom extension,

WARNING
OBSERVE ALL STANDARD SAFETY PROCEDURES FOR MOVING HEAVY
EQUIPMENT, IN ADDITION TO SAFETY PROCEDURES OUTLINED IN
SECTION 3.2. MOVEMENT OF THE DISH IN HIGH WIND IS EXTREMELY
DANGERQUS. BE CERTAIN TO SUFFICIENTLY SECURE THE DISH AND

OTHER LARGE COMPONENTS DURING LIFTING AND WHEN THEY ARE NOT
ATTACHED TO THE STRUCTURE/FOUNDATION.

4,3.3 Removal and Installation of Batteries

The batteries are located in the battery enclosure. Their layout and
electrical connections inside the enclosure are depicted in drawing #7749E307.
Electrical connections to the battery enclosure are shown in Appendix M,

sheets 8 and 9.

WARNING

HANDLING BATTERIES REQUIRES SPECIAL SAFETY PRECAUTIONS.
CONSULT SECTION 3.2 AND APPENDIX E.




Table 4-2.

Innovative Solar Concentrator Troubleshooting Guide

Problem

Cause

Corrective Action

Trouble Light IL-412 is
on

No power to a particular
component

System will not start or
collector is stowed

Collector is erratic
or cannot track sun

Manual control
station does not work

PLC failure

HPU 0il1 level low

PLC-1 hung up by
communications
loop

PLC-1 otherwise
occupied in
control function
and PLC-2 alarmed

Blown fuse

Alarm lockout

Control computer
of f

Control system
malfunction

Battery (ies)
is/are dead

Maintenance stow
switch is
selected

Tracker failure

Position encoder
failure
(secondary
problem in
optical modes,
primary problem
in other modes)

Desteer switch
is selected

Other control/
drive system
problem

Control computer
mode

Other

Check PLC-1 and PLC-2

Check HPU 0il level

Check central control
computer and
communications loop

Check position
encoders and slew
movement

Replace fuse. All fuses
in DCU are 1A, 250V (AGCIl)
except FU-38, -44, -46,
and -48, which are 3A.

Remedy alarm condition
Reset control system
{see Section 3.3.1.)

Check control computer
Reset control system

Check fuses, PLC-1,
PLC-2, and associated
equipment in DCU

Check batteries,
connections chargers,
fuses to chargers

(see Appendices E and H).

Turn off switch in
control room

Verify operation of
alignment of trackers
(see Section 4.1.8).

Check position encoders
(see Section 4.1.9).

Turn off switch in
control room

Check relay logic, HPY
and drive system.

Select Mode 2, manual
control, on computer
keyboard

See heading "Collector
Will Not Start"
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To remove the batteries, carefully disconnect each connection, taking care to
avoid electrical shock or short circuiting batteries. If battery acid has
leaked, neutralize it with an appropriate mild alkali such as baking soda and
rinse the affected area with clean water. Remove the batteries, taking care
to avoid contact with battery acid or the electrical terminals. Store them in
a safe area according to Appendix E. To install the batteries, be sure that
the battery enclosure is clean and dry inside. Install the batteries and
connect them according to drawing #7749E307, Appendix M, sheets 8 and 9, and
Appendix E.

4.3.4 Removal and Installation of Limit Switches

To facilitate the removal and installation of limit switches, position
the concentrator such that none of the limit switches are operated. (If this
is not possible, take care to hold the limit switches securely when removing
or installing them.) Remove them by unbolting them from their brackets. When
disconnecting the wiring from the DCU, take all due precautions (such as
locking out control power -- see Section 3.2). MWiring at the limit switch is
permanent, factory-sealed epoxy.

To install limit switches, mount them in place and wire them as their
predecessors were wired (see cable connection diagrams C-10 through C-15,
Appendix M). Verify operation as described in Section 4.1.9.

4,3.5 Removal and Installation of Position Encoder Assemblies

To remove a position encoder, first release it from the bellows which
attaches to its shaft. Then unbolt its enclosure from its mounting bracket.
Simply disconnect the cannon connector to disconnect it electrically. For

manufacturer's information see Appendix D. Follow all appropriate safety

practices (see Section 3.2).




To install a position encoder, connect the cannon connector and bolt
the encoder enclosurer to its mounting bracket (see Drawing #7749E302).
Following the procedure in Section 4.4.4, carefully set the mechanical zero of
the encoder to read 0 volts when the concentrator's azimuth or elevation (as
appropriate) is zero. (Azimuth 0 = due North; elevation 0 = 10° below horizon
when azimuth is North).

WARNING
PROPER MECHANICAL ZEROING OF THE POSITION ENCODER

IS ESSENTIAL TO SAFE AND RELIABLE OPERATION OF
CONCENTRATOR

4.3.6 Removal and Installation of Solar Sensors and Electronics

To remove the solar tracker heads from their mounting brackets, unscrew
their mounting bolts . Do not attempt to remove the factory-installed cable
from the tracker head. Disconnect the cable (C-16 or C-17) at the tracker
electronics enclosure instead. See Appendix B for manufacturer's information.
See Section 3.2 for safety information. To remove the tracker electronics
enclosure, disconnect its cable C-18 at the DCU. Then unbolt the tracker
electronics enclosure from the dish support on which it is mounted.

To install the tracker electronics enclosure, mount it to its support
on the dish and wire it according to connection diagram C-18. Mount the
tracker heads on their brackets and connect their cables according to
connection diagrams C-16 and C-17, Appendix M. See Section 4.1.8 for
adjustment of the sensors.

4.3.7 Removal and Installation of Hydraulic Components

Removal of cylinders is a major operation (see Section 4.3.2).
Removing or installing the elevation cylinder requires a 100 ton crane with

40 ft boom extension to hold the dish, while another crane removes or installs
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the cylinder. Removing/installing the azimuth cylinder(s) requires securing
the dish so that it is not free to rotate.

The counter balance valves are part of the cylinders themselves. They
cannot be removed from the cylinders unless the concentrator is in a stable
position.

WARNING

DO NOT ATTEMPT TO REMOVE/INSTALL/SERVICE THE COUNTERBALANCE

VALVES WITHOUT ADEQUATELY POSITIONING AND SECURING THE

CONCENTRATOR FOR STABILITY
To remove/install counterbalance valves in the elevation cylinder, the
concentrator should be facing down; for those in the azimuth cylinders, the
azimuth cylinders, the concentrator should be facing north (because of the
10° tilted plane of the concentrator).

Because the cylinders contain counterbalance valves and thus are
self-locking, it is acceptable to simply remove hydraulic components other
than the cylinders and counterbalance vlaves. Before removing such
components, put the concentrator in an appropriate position for the
maintenance work to be done.

4.3.8 Removal and Installation of Electronic Components

Remove and install electronic components in accordance with drawings
#7749E300, - E301, -E305, and Appendix M, cable connection diagrams. Observe
all applicable safety procedures, especially removal of power to the DCU (see
Section 3.2) before working on the DCU or any electronic components.

NARNING

FAILURE TO FOLLOW SAFETY PROCEDURES OUTLINED IN SECTION 3.2

MAY RESULT IN PERSONNEL INJURY OR EQUIPMENT DAMAGE
Be certain that all power to a component is off, before removing or installing

it. Do not leave loose wires hanging in the DCU with bare ends.
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4.4 FUNCTIONAL TEST

4.4.1 General

Functional tests are important as part of periodic inspection,
maintenance and repair (see Section 4.0). In addition, functional tests
should be conducted to verify equipment performance at any time malfunction or
substandard performance is suspected for a given component.

Observe all due safety precautions as outlined in Section 3.2.

4.4.2 Ampacity Tests

Refer to Appendix E (especially page 12) for ampacity test procedure.k
Follow all safety precautions in Section 2.3 and Appendix L.

4.4.3 Travel Circuit Adjustment and Testing

The travel limit adjustment is built into the concentrator. The
adjustment of the limits during startup should not require further adjustment.
However, should adjustment be required, change the threaded locknut adjustment
of the clevis (azimuth) or red end (evaluation) on the drive cylinders. This
offsets the start/stop positions, but does not change the travel distance.
This adjustment requires several men and/or special equipment.

To test the travel limits, use the track speed motors (Pl and P2) to
run the concentrator against its mechanical travel limits. This will require
removal and re-installation of the corresponding limit switch (see
Section 4.3.4). The limit switches stop movement of the concentrator before
it reaches the mechanical stops.

WARNING
DO NOT USE THE SLEW PUMPS (P3 AND P4) TO RUN THE CONCENTRATOR

AGAINST THE STOPS. CONCENTRATOR DAMAGE AND DANGER TO PERSONNEL
MAY RESULT.
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When testing the azimuth travel limits, the 3000 psi cutoff will build
up gradually and stop the system. When testing the elevation travel limits,
the stops inside the cylinder stop motion.

4.4.4 Encoder Alignment, Zero Adjustment and Testing

Position encoders hould be installed according to Section 4.3.5. Refer
to Appendix D for manufacturers information on the position encoders.

to align the encoder shafts, first move the concentrator to its zero
azimuth and elevation coordinates, i.e., facing due North and 10° below the
horizon. It is essential that the concentrator be positioned accurately (to
within 0.1° or better) during mechanical zeroing, to insure safe and reliable
operation of the concentrator in subsequent operation.

Connect a digital voltmeter to the appropriate terminals in the DCU,
component block D (Azimuth terminals 310, common 345; Eilevation 330,
common 345), to read the encoder output voltage.

WARNING

SEE SECTION 3.2 FOR SAFETY PROCEDURE. TURNING OFF CONTROL

SYSTEM AC POWER DOES NOT DISABLE BATTERY POWER TO DCU

COMPONENTS

Carefully turn the encoder shaft until the output voltage reading at
the corrsponding terminals equals zero (+0.01V, - 0.00V). If this is
impossible by hand, it may be necessary to connect the encoder shaft to the
concentrator (via its bellows), move the concentrator until the encoder output
voltage equals zero, carefully loosen the encoder shaft connection to the
concentrator, reposition the concentrator to its zero position, and tighten
the encoder shaft connection to the concentrator, yielding zero output voltage
at the concentrator's zero position. An alternate method is to adjust the
encoder shaft to a small positive tenth of a degree error (e.g. +0.10V,

+0.20V, +0.30V etc) with the concentrator at its exact zero position, tighten
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the encoder shaft connection to the concentrator; and modify the PLC-1 code to
subtract out this error each time it reads the particular transducer. (This
requires a software development system including EPROM burner and is beyond
the scope of this manual).

Once the encoders are accuretly zeroed mechanically, the span
adjustment can be made. Attach a digital voltmeter to the appropriate
terminals in the DCU, component block D (Azimuth terminals 311, common 345,
Elevation 331, common 345), to read the span voltage.

Position the concentrator to its limits of travel, approximately 100°
of travel in elevation and 310° azimuth. It is essential either to move the
concentrator to these travel limits exactly (+ 0.01°) or to accurately
determine its position and use the co-ordinates in the following formula to
determine span voltage:

(3600/4096) x 10Vx (position in degrees/360)
0.02441 x position in degrees

Span Voltage

2.44V,
7.57Y.

For 100.0° elevation travel, span voltage
For 310.0° azimuth rotation, span voltage

With the concentrator positioned accurately at its limits of travel,

adjust potentiometers R312 and R333 (of CB-D of the DCU) for azimuth and

elevation spans respectively. Once each potentionmeter is accurately

spanned, secure it with silicone seal to maintain its proper position.

To test the position encoders, accurately position the concentrator in

its zero positions and verify that the voltages equal zero (+0.01V, - 0.00V)

at DCU component block D, Azimuth terminals 331, common 345. Then move the

concentrator to its limits of travel and verify that the span voltage is

correct according to the procedure above.




4.4.5 Solar Sensor Adjustment and Testing

To adjust the solar sensors, first be sure that the tracker heads are
paralle to their respective mounting bases. Then fine-adjust the
corresponding cards in the tracker electronics enclosure, using a manlift and
taking all due safety precautions.

The potentiometers and LED's across the top of each Mann-Russell
tracker electronics card have the following functions, from left to right
(facing the card, with the pots and LED at the top):

Night return adjustment

Night return indicator

Synthetic track cloud cover adjustment

Synthetic track indicator

Synthetic track movement adjustment

Elevation window adjustment

Elevation balance adjustment

Down indicator

Up indicator

Left indicator

Right indicator

Azimuth balance adjustment

Azimuth balance adjustment
The potentiometer in the middie of the board controls the synthetic tracking
base time, which is factory set for 4 minutes and should not be adjusted.

For azimuth (or elevation) adjustment, the window adjustment determines
the deadband between left and right (or up and down) movement. The balance
adjustment balances the cell levels, to fine-tune the pointing direction of
the concentrator. (The other potentiometers, which should not require a
re-adjustment after startup, are described later in this section).

To adjust the desteer sensors, select sensors, mode 2, manual control,
on the central control computer, and use the manual station to select mode 6
desteer/optical. Adjust the desteer electronics card in the tracker

electronics enclosure using a manlift.
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WARNING

IT IS DANGEROUS TO BRING THE CONCENTRATOR SIGNIFICANTLY CLOSER

TO FOCUS THAN TH 5° OFFSET DESTEER POSITION WITHOUT ACTUALLY

FOCUSING IT. TAKE ALL DUE PRECAUTIONS FOR EQUIPMENT AND

PERSONNEL.

Adjusting the focus sensors is much more critical than adjusting
desteer, both in need for accurate adjustment and in importance of safe
procedure. Adjust the focus sensors after adjusting the desteer sensors.
Using the manual control station, select mode 8, focus/optical. The
concentrator will first focus on the calculated ephemeris position, and then
will move to its optical focal point.

Observe the positioning error, if any, and immediately de-focus the
concentrator before trying an adjustment to the focus electronics card.

WARNING

THE CONCENTRATOR REFLECTS INTENSE CONCENTRATED SUNLIGHT. WEAR

SUNGLASSES, DO NOT LOOK DIRECTLY AT BRIGHT SPOTS, AND TAKE ALL

DUE PRECAUTIONS TO PREVENT EYE INJURY AND BURNING OF PERSONNEL,

EQUIPMENT, OR STRUCTURE
Continue this iterative adjustment process until the concentrator is tuned to
optimum optical focus.

Syntehtic Track parameters are set during startup and should not
require further adjustment. Should they require adjustment, proceed as
follows. Before positioning the concentrator near the sun, cover the nylon
lenses of the tracking heads with black electrical tape to shade them. Select
manual mode (mode 2) on the control computer and on the manual control

station. In the DCU, jumper conductor 231 to conductor 37 (common) at PLC-l

module D02(12). to activate tracker control.
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WARNING

TAKE ALL DUE PRECAUTIONS WORKING INSIDE THE DCU TO AVOID

PERSONNEL INJURY OR EQUIPMENT DAMAGE. BATTERY POWER IS ON

WHETHER OR NOT AC IS ON.

To adjust the desteer synthetic track movement adjustment, jumper DCU
conductor 227 to 37 at PLC-1 module D02(12) to power the desteer electronics.
Adjust the synthetic track movement adjustment potentiometer on the desteer
electronics card in the tracker electronics enclosure such that the
concentrator moves 1° clockwise in azimuth every 4 minutes. To adjust the
focus synthetic track movement adjustment, remove the jumper in the DCU
from 227 to 37, jumper 228 to 37, and adjust the focus electronics card
similary.

WARNING

JUMPERING CONNECTIONS IN THE DCU OVERRIDES BUILT-IN SAFETY

FUNCTIONS AND SHOULD BE DONE ONLY BY QUALIFIED PERSONNEL UNDER

FAVORABLE CONDITIONS. AVOID BRINGING THE CONCENTRATOR NEAR

FOCUS WHEN JUMPERS ARE USED. REMOVE ALL JUMPERS FROM DCU AND

MASKS FROM THE TRACKER HEADS BEFORE PROCEEDING.

The synthetic track cloud cover adjustment is also set at startup and
should require no further adjustment. It controls the Tight threshold at
which the synthetic track mode takes over. It can be adjusted simply under
conditions of varying light, using their synthetic track indicator to
determine when the synthetic track mode is in effect.

The night return adjustment is redundant in this system and should be

left at its least sensitive setting.

4.4.6 Hydraulic Power Unit Tests

The hydraulic system is designed to be able to generate and control
3000 psi pressure. To verify this capability, run the concentrator against

its mechanical limits of travel. See Section 4.4.3 for procedure and safety
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information (in addition to Section 2.3 safety procedure). Test the system
against all four stops: azimuth, clockwise and counterclockwise; and
elevation, up and down. Verify that the hydraulic pressure reaches
approximately 3000 psi.

If the pressure does not reach 3000 psi, there are two likely causes.
(1) If the relief valve setting is wrong, simply adjust it to 3000 psi.
(2) If not, the pump is probably worn and should be repaired or replaced.

4.4.7 Electronic Control Unit Tests

When testing electrical and electronic equipment, take all due safety
precautions (see Section 3.2).

WARNING

TURNING OFF AC POWER DIES NOT TURN OFF BATTERY POWER TO THE DCU

AND DC COMPONENTS
Test the battery chargers in accordance with Appendix H. Functionality of the
chargers is critical to system functionality.

Testing the central control computer is not necessary, almost all of
the computer's failure modes would stop keyboard interaction immediately and
initiate system stow within 60 seconds, illuminating indicator IL-4/2.

Test the wind stow by initiating a wind stow contact opeining. This
can be easily done by disconnecting (and later re-connecting) the red wire of
the red/blue pair on the IC field connection board in the control room behind
the red wire of the red/blue pair on the IC field connection board in the
control room behind the computer cabinets. This should cause IL-412 to light
and the concentrator to stow. Reset the system as described in Section 3.3.1.

Test the AC power loss stow by turning off AC power to the concentrator
at DISC-1. This should have the same effect as the wind stow test described

above.

4-19




To test the rest of the control electronics, select mode 2 manual
control, at the central computer keyboard. Select each user-selectable mode
to exercise the various control functions of the concentrator. Focus only
when safety and other pertinent factors permit. Do not leave the concentrator

in manual mode (central control computer mode 2) unattended.
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@ APPENDIX A

BLACKBOX RS-232 TO CURRENT LOOP CONVERTER




CL410-185

A\ BLACK BOX Corporation
4

EIA/CURRENT LOOP INTERFACE

(101-4Q)

* Small, interface powered EIA RS-232/20mA current loop converter unit for
installations with limited space

DCE/DTE switch for simple configuration

Optically isolated for RS-232 signal protection

Separate current loop power supply available

* F *

SPECIFICATIONS:
Power - Unit Operating Power; provided by EIA interface: Pin 6 when configured
for connection to DCE, Pin 20 when configured for connection to DTE
Current Loop Power - provided external (20mA, 24 VDC max.); or use BLACK BOX
PS150 power supply
Size - 2.1" Wx 1.8" L x .6" H Weight - 3 oz.
Enclosure — Black, plastic
Interface - RS-232C/V.24, DCE or DTE (switchable); 20mA current loop
Connectors - RS-232: (1) DB25P (male);
Current Loop: (1) four position screw terminal strip
Mode of Line Operation - Passive, 20mA current loop

CUSTOMER Call our technical support specialist to discuss your application. We have a 30 day money-back guarantee.
SUPPORT For technical support call: (412) 746-5565 8:30 a.m. to 6:00 p.m. (Eastern)
INFORMATION To order call: (412) 746-5530 8:00 a.m. to 8:00 p.m. (Eastern)
Mail Order: BLACK BOX Corporation, Mayview Road at Park Drive, Box 12800, Pittsburgh, PA 15241



1.0 GENERAL

The BLACK BOX EIA <--> Current Loop adapter (101-4Q) is intended for

use in interfacing terminals with RS-232C ports to neutral current

loops. The 101-4Q allows data transmission by current flow rather than

by voltage level as defined by EIA - RS-232. Current flowing (closed
loop) represents a MARK signal and no current flowing represents a

SPACE signal. The 101-4Q functions as a passive device in neutral current
loop environments operating at a maximum current of 20mA and a maximum
loop voltage of 24 VDC. Operating power for the 101-4Q is derived from
pin 6 when the DCE/DTE switch is in the DCE position, and derived from
pin 20 when the DCE/DTE switch is set on DTE. A power supply is available
from BLACK BOX (PS150) that is capable of providing loop power to up to

40 current loops.

Figure 1A 101-4Q Application
(101-4Q configured for attachment to DCE device; External Power Supply)

POWER *
SUPPLY
RS=-232 101-4 CURRENT
MODEM OR gggi -
MULTIPLEXOR

* Power may come from an active device in loop in which case power supply is
not necessary, as shown below.

Figure 1B 101-4Q Application
(101-4Q configured for attachment to DTE device; active current loop device in loop)

20mh CL ACTIVE 20mA
RS-232 101-4Q CURRENT LOOP
TERMINAL DEVICE oR CPU
o CBU TERMINAL




2.0 INSTALLATION

The 101-4Q is easily installed by completing the current loop between
the adapter, power supply, and other devices in the loop. Each loop,
transmit and receive, must be independently connected for full duplex
operation, and must be connected in a complete circuit observing
polarity markings on adapter and power supply.

Use figure 2a when using an external power supply. Reference figure
2b when an active device is in the loop.
NOTE: The 101-4Q terminals are labeled on the case as follows:

TXA - Transmit Negative
TXB - Transmit Positive
RXA Receive Negative
RXB - Receive Positive



Figure 2-1 101-4Q Installation

2A Installation with External Power Supply

whke!
PS150 CMW“"’f
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@1 G \ &\ © © © & |STRIP
|
i
| ™AQ) - vx PASSIVE
101-4Q R 4 REMOTE
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LOOP
DEVICE

Note: The above drawing shows the 101-4Q used in conjunction with the
BLACK BOX PS150 power supply and a barrier strip. The barrier strip must
isolate + and - pairs for proper operation of more than one loop per power
supply. The PS150 provides unregulated 12 VDC at lA; sufficient to power
40 current loops.

2B Installation with Active Device in Loop
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3.0

RS-232 INTERFACE

The 101-4Q has a male RS-232C connector configurable for attachment to
When the switch on the top of the 101-4Q is
set to "DCE”, the unit is configured for attachment to a DCE device
(modem or multiplexor); the "DTE" setting configures the 101-4Q for

either DCE or DTE devices.

attachment to a terminal or CPU.

RS-232 INTERFACE

Tx
TERMINAL .H_n___-ﬁ
oR  |F=mF==-——— T2
CPU
- _SeeRD _ _
- _IRr2v) _
-— e E —-—— i -— —T.
MODEM e S S
OR — — DeR(*l2v)
MULTIPLEXOR |- — 2@ ¢RD _ _

Current Loop Reverse Polarity Protection

Transmit:

'

Y 101-4Q

3 CONFIGURED
e FOR DTE

LA

3

bd

20}

25

\

2]

% 1901-4Q
7* CONFIGURED
- FOR DCE
13

<

14

=

2]

A

A ;

in the circuit but the transmit switch is protected.

Recelve:

A diode is incorporated across the transmit current loop
pair so that if they are inadvertently reversed, current will flow

A diode is incorporated across the receive current loop pair
so that inadvertent reversal will cause loop current to flow, but the
receiver will not detect current and will indicate a continuous
"spacing” condition to the attached device.
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MANN-RUSSELL MARK IV ST-2

DUAL AXES TRACKING SYSTEM
The MARK IV ST-2 DUAL AXES TRACKING SYSTEM is composed of three componernts:
1. Sensor
2. Electronic Module
3. Manual-Sutomatic Pendant
The Dual Axes Tracker may be employed by those who wish to track in whichever mode
(Axis or Elevation) they need by just leaving inoperative the operating leads

rormally connected in the circuitry to the unused mode. The factory can be of help
in this regard.

Under most circumstances the Dual Axes Tracker can be customer-installed but operating

in some atmospheres and particularly if the gear train is sloppy careful adjustment
must be adhered to in order to insure accurate and repetitive tracking. A factory
man will assist you if you find it necessary, at very reasonable rates.

The Sensor is a shadow-band device utilizing photo conductive cells as the sensors.
A fifth cell is located on the moulded head as the "Light Meter" to measure the -
incident light. Through logic circuitry it will switch to a synthetic track mode in
cloud cover conditions. Synthetic Track Logic incorporates a timed circuit causing
movements of 1/4° per minute - the approximate movement (Azimuth) of the Sun. The
Sensor also supplies the sigrnal to initiate rotation of the carriage to its Surrise
position at Sunset.

The electronic control circuitry includes the input power supply, the (MOS Logic
Circuit and a drive motor interface. It is housed in an oil-tight JIC enclosure.
The unit is designed for 110VAC input which is transformed to 24VAC that supplies
power through the reversing interface to the motors. (Not supplied.) The 24VAC
also feeds the regulated 12VDC Logic Supply. The interface will handle a total

of 2A contirnuous and H4A intermittent at 24VAC. At this voltage Class II Wiring can
be used recducing potertial voltage hazard on the collector. Various voltages can
be hardled by selection of a different transformer. The board can be "jumpered" to
supply 110VAC through the interface to 110VAC motors or contactors if this is
required. Fifty Hertz is not a problem to the operation.

The circuit will accept several emergency-type sensors,for example, one in the closed
loop circulation system, for over-temperature, and one in the storage tank, etc.

If the sensor is activated it will cause the collector to reverse (Azimuth) track
approximately four seconds to defocus the collector. It will hold this position
until the condition normalizes. The Manual-Automatic Pendant allows manual

override of the system.

Tracking accuracy of 1/10 of one degree has been obtained with drive motor speeds
producing movement of 8° - 9° per minute, and a reasonably tight gear train.

10 February 1983 B-176
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Index Arrow

ST-3 SENSOR HEAD

The Sensor Head contains five photocells in a complete molded sealed assembly with 16-feet -
of 6 conductor shielded cable. Three 10-24 X 1" flat head stainless steel screws with nuts

and lock washers are supplied for mounting.

INSTALLATION: The Sensor Head should be mounted on the array so the flat base is on the
same plane as the array and the arrow indexes to the earth true north axis.

Care should be taken when tightening the screws to prevent any distortion to the head.

The loose end of the cable will attach to the terminal strip at the top of the ST-2 Card
-+ith terminal identification and wire colors as follows:

ST-2 TERMINAL SENSOR WIRE COLOR

ST  (Synthetic Track) = White
10V (10V Positive) = Red * o e

T (Top Cell for Elevation) = Green Physical Position of

: _ the cells standing be-

B (Bottom Cell for Elevatign) = Brown hind the Head faci

R (Right Cell for Azimuth) = Blue tho Sun neg

L (Left Cell for Azimuth) = Black :

-  (Supply Ground, Shield) = Yellow OH

DT (De-~ Track) = Any number of normally open heat sensors

can be connected between this terminal
to Ground (-) Terminal.

.CLEANING: Cleaning requirements may vary depending on the type of environment in which
these units are used. Use water and a mild detergent to clean the four

photocells and the white nylon lens. A build-up of dirt could result in a loss of tracking

accuracy. If the white nylon lens gets dirty, the unit could go into the Synthetic

Track (ST) or Night Return (NR) mode earlier than normal.

3/11/82 (Rev. 9/1/82) : B-163



MANN-RUSSELL ELECTRONICS, INC.

WARRANTY °

Mann-Russell Electronics, Inc., warrants the Electronic Sun Tracking
Control System and/or Sub-components of their manufacture against original
efects of parts, material or workmanship for a period of three (3) months

from date on installation, which date will establish successful operation.

Any defective component will be replaced or repaired within the warranty
period with final determination as to whether the part or material thereof
is actually defective rests with Mann-Russell Electronics, Inc. Said
warranty covers parts, material and if required, repairs performed at Mann-

Russell's plant only with all shipping charges to be paid by the Buyer.

any component found to be damaged as a result of ‘improper maintenance,
abuse, incorrect operational procedures, acts of God and unauthorized

mechanical or electrical changes will void this warranty.

No warranty of end product is made and liability of seller is limited
to repair or replacement of the component and DOES NOT EXTEND to consequential

damages including personal injuries.

No other warranty expressed or implied shall exist between Buyer and

Seller.

3-12-82
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* PRE-WIRED FACTORY SEALED
LIMIT SWITCHES

AP AN 8-

MAYSMM . P
MWMZT-MLM 3

DESCRIPTION — The Bulletin 802M
compact pre-wired limit switch is factory
sealed to meet the demanding require-
ments for NEMA Types 1, 4, 6P and 13
enclosures. Outstanding features de-
signed into the switch make it easy to
install and economical to use.

APPLICATIONS — The Bulletin 802M is
designed for dry and wet applications.
The superior sealing system has been
developed to protect the switch from
dust, dirt and fluids normally found in in-
dustrial environments. The device has
been subjected to and passed harsh en-
vironmental testing such as alternately
drenching with a liquid and exposing to
dust and abrasive grit with the switch op-
erating 250 times per minute.

The switch is often used in applications
subject to washdowns, streams of cool-
ant, or occasionally submerged in fluids
commonly found on machines or in in-
dustrial processes. This limit switch is
being used successfully in High Water
Content Fiuid (HWCF) applications. Refer
to the nearest district sales office for ap-
plications where potentialty corrosive
fluids are of a particular concern.

SEALING SYSTEM — The cable en-
trance and wire strands are epoxy sealed
to prevent against liquids entering or
wicking into the switch. The interface be-
tween the operating head and base is
sealed with a VITON™ quad ring. The op-
erating shaft for lever type switches is
sealed with a patented 3-way seal made
of VITON. Push type switches have a
VITON boot that prevents against oil and
other foreign material from entering the
mechanism. A flexible diaphragm seal
between the operating head and the
switch body isolates the switch against
the entrance of contaminants. After pre-
wiring, the cover is factory installed and
epoxy sealed.

™ DuPont Trademark

o AR R TR L

R A . e T

CONSTRUCTION — The body and op-
erating head of the Bulletin 802M pre-
wired limit switch are constructed from a
glass filled DIALLYL PHTHALATE (DAP).
This material is characterized by excel-
lent dimensional stability and is resistant
to moisture and numerous chemicals.

The Rulletin 802M switch also capitalizes
on the corrosion-resistant properties of
the operating shaft, operating rod, and
roller pin which are made of Type 303
stainless steel. The operating head
mounting screws and adaptor mounting
foot are made of steel. They are plated
and have a chromate finish to resist
corrosion.

The basic switching mechanism has
double-throw, double-break, snap action
contacts with minimum contact bounce.
The switch is pre-wired and factory
sealed with STOR cable. An optional
Brad-Harrison connector can aiso be
supplied. Refer to modifications on Page
271.

INSTALLATION — Although physically
smaller, the Bulletin 802M switch can be
interchanged with a Bulletin 802T front
mounted lever operated switch by using
the mounting foot adaptor included. Cam
tracking characteristics from the top
mounting hole of the Bulletin 802M
switch are identical to the Bulletin 802T
non-plug-in rotary operated switch line.

Time saving factory pre-wiring makes the
switch economical to use. Internai wiring
by the installer is eliminated. No separate
cable grip or cable to purchase. Merely
connect the STOM cable to a junction
box.

802“

ok e ek

LEVER TYPE SWITCHES — These
switches are operated by means of a lev-
er which is clamped to a knurled shaft
extending from the operating head.
These devices can be easily field con-
verted to clockwise, counterclockwise, or
both directions of operation without any
loose parts. Total travel is 90° in either
direction. Operating heads are inter-
changeable and can be mounted in any
of four positions 90° apart for maximum
flexibility. The head is interlocked with
the base unit to resist accidental
shearing.

Lever type switches can be equipped
with a variety of operating levers: roller
lever, adjustable roller lever, micrometer
adjustment roller lever, rod lever, one-
way rod or roller lever and fork lever.
These can be used interchangeably on all
lever type switches.

PUSH TYPE SWITCHES — These
switches are actuated by means of a rod
or plunger located on the top or side of
the operating unit. Pushing the plunger
into the head causes the contacts to op-
erate. Two types of plungers are availa-
ble: rod and roller. Push type switches
are supplied in spring return
construction.

TEMPERATURE RANGE — 0°C to
+80°C (+32°F to +180°F). Minimum
temperature based on the absence of
freezing moisture or water.

B STO is a common identification of this cable. The more
complete identification of the cable used on the Bulle-
tin 802M is STOOW-A which incorporates an oil resis-
tant jacket and conductor insulation, for indoor and
outdoor use.

CONTACT RATINGS — All units have double-break fine silver contacts rated for

control circuit as follows:

2-CIRCUIT DEVICES
Maximum AC Contact Rating Per Pole 50 or 60 Hz
Continuous
:E;M Maximum Amperes Carrying Voitamperes
atng Voltage Current
Designation Make Break (Amperes) Make Break
AB00 A300 120 60 6.00 10 7200 720
AB00 A300 240 30 3.00 10 7200 720
AGC0 — 480 15 1.50 10 7200 720
AB00 — 600 12 120 10 7200 720
Maximum DC Contact Rating Per Pole
P150 12 1 50 138
4-CIRCUIT DEVICES
Maximum AC Contact Rating Per Pole 50 or 60 Hz
Continuous
:E:M Maximum Amperes Carrying Vottamperes
ating Voltage Current
Designation Make Break (Amperes) Make Break
8300 120 30 3.00 5 3600 360
240 15 150 5 3600 360




~ PRE-WIRED FACTORY SEALED |
LIMIT SWITCHES

WIRING DIAGRAMS SHOWING CONTACT CONFIGURATION AND TERMINAL WIRE COLOR CODE 1

STANDARD STANDARD LIMIT SWITCH WITH 4 CIRCUIT NEUTRAL POSITION
LIMIT SWITCH NEON INDICATING LIGHT OPTION CONTACT BLOCK LIMIT SWITCH

2 CIRCUIT CONTACT BLOCK Biack  White
é‘é ) Black  Whits @5‘\ Same |
Same Polarity !
Red

]
Polartty | @*Q
: ’::MWE MiOrlnoo
3. T o by
Red  Orange Purple

Wired to N.O. Wire to N.C.
(White) Wire (Orange) Wire
LEVER TYPE @ SPRING RETURN

— Note —
Contacts of Catalog Number 802M-AYS, 802M-
ATY5, B02M-HY5 and 802M-HTYS operate
when lever is moved in either direction.
Contacts of Catalog Number 802M-A15, 802M-
A1Y5, 802M-H1Y5, B02M-H1Y5, B02M- A2Y5,
802M-A2TY5 802M-H2Y5 and 802M-H2TY5
operate when lever is moved in one direction.
See target table below. These devices can be
- field converted to clockwise, counterclockwise
or both directions of operation without loose
parts.
ratin Travel Travel | :
LEVER MOVEMENT ueg 0 Operate| Maximum | To Reset | - Catalog
CONTACT OPERATION (,‘j{:‘ ) | Contacts | Travel |Contacts § Mumber
i (Max.) {Max.)
Clockwise or Counterclockwise
3In-Lbs 15° 90° 6° ~ '802M-AYS
12laz 100 z 1a0la2
3o o043 30 o4 1500 Lbs. 8° 90° 4° .- BO2M-HYS
Clockwise s
3in.-Lbs. 15° 90° 6° > S02M-A1Y5
ciriun 10|e!1o o2 13_62 E R
3 43 430 o4 I5)n-Lbs 8° 90° 4° BO2M-H1YS
o
Counterciockwise 3
3in-Lbs. 15° 90° 6° - SA2M-A2YS
Ih_.n.21o o21ol02 —
30 o043 4 3 4 5in-Lbs. g° 90° 4° """wws
= [
Clockwise or Counterclockwise < 3
_ 3in-bs. | 15° 90° 6° | B02M-ATYS 98 [B02M-AX
128302 10|02 10 (02 C ) ;
30|04 30T T4 30|04 ] " LG
s € s 6 S5 e : - .
79 os 19les s 28 lsnws | & 90° ©  Fosoawtmys | 102
Clockwise e - -
~ 3in-itbs. 15° 90° 6° - H02M-ATTYS 9 AIX
4 10]02 10|02 13_{32 T &
Circuit] 3[04 3 7] 4 30|04 o n e e 48
5 65 ] i 3
roivs rolus 1o o Shs| & | ow | o } 102 baoow-Hix
Counterclockwise o
_ 3 In-Lbs. 15° 90° 6° .}
~
12102 to0|0210]|02 :
3c{od4 3vtD4 304 -
3 s S
7o o8 1oive rolos [Shibs| & | s | o [ecdems | fi
PR L ey T

B See modifications on Page 271 for factory instafied pre-wired type STO cable in 8, 12 and 16 foot cable lengths.
LEVERS — See Page 301 for a complete listing of operating levers.




MODIFICATIONS

NEON INDICATING LIGHT —

Bulletin 802M pre-wired limit switches
can be supplied with a neon indicating
light. AC 208/240V, 50-60 Hz or 120V,
50-60 Hz, wired to one side of either the
N.O. or N.C. contact with the second lead
available as a 5th conductor for wiring
flexibility. See Page 266 for Wiring
Diagram.

To order, add the appropriate suffix listed
in the table to the catalog number listed
in the price tables on Pages 266 to 270.

Add $12 list to the list price. Example:
Catalog Number 802M-AY5 with a 120
volt indicating light wired across the N.O.
contact would be Catalog Number 802M-
AY5NF at $90 list.

AC-Voltage | Wired Tom [CHAI28 Number
120 N.O. Contact NF
50/60 Hz N.C. Contact NC
240 N.O. Contact NSF
50/60 Hz N.C. Contact N5C

CABLE LENGTH - The factory installed
pre-wired, type STOBR cable is normally
supplied in 5-foot lengths. To order other
lengths of STOM cable, replace the suffix
“Y5” in the catalog number listed in the
price tables on Pages 266 to 270 with the
listed modification catalog number suffix
and add the price addition to the list
price. Example: to order a lever type
spring return switch with 8-feet of STOR
cable the catalog number would be
802M-AY8 list price $84.

. [Catalog Number|  List Price

Modification Sutfix Addition
8-foot cable Y8 $6
12-foot cable Y12 14
16-foot cable Y16 22

5 PIN PLUG-IN RECEPTACLER — 2
CIRCUIT CONTACT BLOCK — To order
a Bulletin 802M pre-wired limit switch
with a receptacle in place of the 5-feet of
STOM cable, replace the letter “Y5” in
the catalog number with the suffix “J1”
and add $15 to the list price. Maximum
voltage rating for this receptacle is 250
Volt AC.

An appropriate female connector with
cord are available through local Brad Har-
rison, CAM-LOK or Joy distributors.

9 PIN PLUG-IN RECEPTACLER — 4
CIRCUIT CONTACT BLOCK — To order
a Bulletin 802M pre-wired limit switch
with a receptacie in place of the 5-feet of
STOM cable, replace the letter “Y5” in
the catalog number with the suffix “J1”
and add $25 to the list price. Maximum
voltage rating for this receptacle is 250
Volt AC.

An appropriate female connector with
cord are available through local Brad Har-
rison, CAM-LOK or Joy distributors.

COILED RETRACTILE CABLE — The
Bulletin 802M 2 circuit pre-wired limit
switch similar to Catalog Number 802M-
XY5 is available with a retractile coiled
STOM cable. A 4 foot length of coiled
cable can be extended to 20 feet and
neatly retracts to avoid loose cable. Typi-
cal applications wouid include traverse
type motion on a machine tool or movea-
ble gates.

To order the swilch with retractile cable
specify Catalog Number 802M-XYC4
priced at $93 list. The desired operating
head and lever (if used) must be ordered
separately.

.H the indicating Ilghl is w:red across the normally open contacts, the hght will be on wnh the hmit switch in ns

unoperated state. If the indicating light is wired across the normally closed contacts, the light will be off with the hmit

switch in its unoperated state

8 STO is a common identification of this cable. The more complete identification of the cable used on the Bulletin 802M
is STOOW-A which incorporates an oil resistant jacket and conductor insulation, for indoor and outdoor use.
M A 5 pin plug-in receptacle is supplied to facilitate retrofitting existing installations. The normal ground wire pin is not

required and is not connected inside the switch.

B A9pin plug-in receptacie is supplied to facilitate retrofitting existing installations. The normal ground wire pin is not

required and is not connected inside the switch.

Dimensions — See Page 275




APPROXIMATE DIMENSIONS AND SHIPPING WEIGHTS

Note — Dimensions shown in parentheses are in millimeters.

2-Circuit
[) @
Lever Type
2')he”
(61.9) {|@ @
25327 to 2%2” |
T (54.8) (57.9)
Adjustment
. G)\ Iliange
Y% D
(8. 0) (19.0)
l1/“~ 3
(24.2) 1%
_ W (38.1) s =
(ei” (1:/9‘ :))
) E— .
2Ys” ] l
(57.2) 134"
(46)
_ es” Dia.
#16 AWG.
[_ 4 Conductor
1’/::') - Cable 1%
(29.9) (Zf;, ™ (38.1)
fe— 155" -

(41.3)

4-Circuit and Neutral Position

2%32” to 292"

.. PRE-WIRED FACTORY SEALED
., AIMIT SWITCHES

(61.9) (54.8) (57.9) |,
Adjustment
Range
(5 3)
11e” a y
(36.5) «” Dia. n
Neutral Pos. (19.0) _"‘ " (19.0)
li/“”
|
(24.2)
4 Circuit (;‘8/2;)
s | o | O ' : |
(96.4) % | Y ¥ ,
4 Cir. ] (19.0) !
a%2" 227 4
(108.7) (72.2) T _—
Neutral 2" s
I (14.7)
) #16AWC.
8 Conductor
1832” 191“» Cable 1% 9 Pin
(;I:ﬂ. (7.5) ™ (38.1) Plug-in
L 150" —»] Rocgpucle

(44.4)

Approx. Shipping Weight: 2 Lbs. (.9 Kg)

§ Pin Plug-In Receptacle
and Neon Indicating Light Options

'
1%”
(38.1)
B T (127
Pilot - (Z‘;) |
Light Plug-In
Receptacle

Shipping Weight 1 Lb. 3 Oz. (.53 Kg)
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For Corrosion-Resistant Pre-Wired Limit Switches

ROLLER LEVER

, Roller Catalog
Material - Price
alena Diameter Width  Number

Type 316 stainless steel rofler,
roller pin and clamp pin. Yy "

One-piece cast aluminum arm
is protected with TUFRAM® I

! Type 316 stainless stee! roller,
roller pin, clamp pin and
adj. lever arm. Ya” Ya”

- Block is cast aluminum
protected with TUFRAM® B

15

Adjustable .
1%6”-3* o
radius -

ROD LEVER

Type Material Diameter C Number Price

Type 316 i
stainless steel Rod 3
5” Long 8" “B02MC-W3 $15

Block is cast aluminum &
protected with TUFRAM® R :

, Type 316
stainless steel Rod -
112" Long Yoa” . B02MC-W3A 15
Block is cast aluminum
protected with TUFRAM® Il

T

B AR

. Nylon Rod i
127 Long v . so2mc-wac | 20

! | Block is cast aluminum - .
. protected with TUFRAM® I8 .

s

£,

M TUFRAM is a synergestic coating which combines the advantages of anodizing with a controfted infusion of Teflon for
added corrosion-resistance.
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Durapot

CERTIFICATION

Astrosystems certifies that f{ts
products are thoroughly tested and
inspected and meet applicable pub-
lished specifications when shipped

from the factory. The accuracy of all
test equipment is traceable to the
National Bureau of Standards.

WARRANTY

Astrosystems uses only the high-
est quality materials and workman-
ship in manufacturing. All products
are guaranteed against defects in ma-
terials and workmanship for a period
of ninety days from the Iinvoice
date. This warranty does not extend

to any of our products which have been
subjected to misuse, neglect, acclident
or improper installation or applica-
tion, nor shall it extend to products
which have been repaired or altered
outside the factory without factory
consent .

REPAIR POLICY -

Technical Manuals are included to

provide hook-up, interface and rou-
tine maintainance information.

Factory repair service is provlided
at rates which reflect parts and la-
bor actually supplied. For service

under warranty, please advise the fac-
tory of all pertinent details. The un-
it must be returned to the factory
prepaid. We endeavor to repair and
return all units in a timely manner
from the date of receipt at the fac-
tory.

APPLICATION ASSISTANCE

Astrosystems maintains a staff of
application engineers to assist cus-
tomers in the use and application of

its -equipment. Please contact the
factory for assistance.

3C-011685
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Durapot

SECTION 1
INTRODUCTION

1-1.  SCOPE

This manual provides information regarding the operation and installa-
tion of the Astrosystems Durapot® (wiperless angular to d-c potentiometer),
Model DC1000 Series. The Durapot 1is designed and manufactured by

Astrosystems, Inc., 6 Nevada Drive, Lake Success, New York 11042.

1-2. PURPOSE OF EQUIPMENT

The Durapot 1s designed to measure mechanical motion and generate a
linear analog direct-current voltage signal directly proportional to the angu-
lar displacement of the Durapot shaft. The Durapot unit is absolute; i.e.,
shaft angle position is continuously measured and available to the user. Pri-
mary power interruptions, regardless of duration, will not require re-start or
re-zeroing of the unit in order to obtain valid data. Valid shaft angle data
will automatically be available upon restoration of primary power. The Dura-
pot Is available with a wide range of options permitting utilization in many
applications. Refer to Table 1-1 for options available. The basic Durapot
consists of a NEMA-1 enclosure, integral electronics, a choice of DC outputs,
and a choice of shaft rotation.

1-3.  PRINCIPLE OF OPERATION

The Durapot consists of an electromagnetic single-turn rotary transduc-
er to sense mechanical movement and solid-state electronics to provide excita-
tion of the transducer windings and output signal conditioning. The solid-
state electronics generates sine and cosine signals to excite the stator wind-
fngs of the transducer to create a magnetic field. The magnetic field induces
quadrature voltages in the transducer rotor windings which varies with the an-
gular displacement of the rotor shaft. The induced voltages in the rotor
windings are compared with the internal reference voltage of +10VDC generated
by the solid-state electronics or an external reference voltage of no less
than +SVDC nor greater than +12VDC. The solid-state electronics produces a DC
voltage signal proportional to the angular displacement of the transducer
shaft and the internal/external reference voltage. The equation, Vg,t=
(8/360°) x Vpef, is utilized to determine the DC voltage output signal. value
(Vout) for a given shaft angle displacement (8) by dividing the shaft angle

3C-012385 1-1
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displac

ement in degrees (8) by 360° and multiplying the resultant by the DC

reference voltage (Vpef):

1-4-

Examples -
If Vpef = +10V
(1) When 8 = 45°,
then Vgut = 45°/360° x 10V = 1.25VDC.
(2) When 8 = 135°,
then Vgout = 135°/360° x 10V = 3.75VDC.

MODEL DIFFERENCES

NEMA-12
(built-
ranges;
model 1

1-5.

1-6.

1-7.

1-80

1-2

The Durapot, Astrosystems Model DC1000 series, is available in NEMA-1,
, or NEMA-13 enclosures; and may be obtained with a choice of integral
in) or separate (remote) electronics; four different DC output voltage

and the desired direction of shaft rotation. See Figure 1-1 for the
dentification and selection chart.

ENCLOSURES. The Durapot is available in three enclosure type configur- .
ations: NEMA-1, a general purpose indoor type; NEMA-12 (HST-26 and HST-
34), a heavy-duty, dust-tight and driptight indoor type; and NEMA-13
(HST-26U and HST-34U), a heavy-duty, oiltight and dust-tight indoor

type.

ELECTRONICS. The Durapot is available with the solid-state electronics
integral to the transducer in every type of enclosure with the excep-
tion of the NEMA-12 (HST-34) and NEMA-13 (HST-34) configuration. The
separate solid-state electronics, remote from the transducer, 1is avail-
able with all model variations.

DC OUTPUT VOLTAGE RANGES. The Durapot is avallable in four different
DC output voltage ranges: OVDC to +10VDC, OVDC to -10VDC, -5VDC to
+5VDC, or -10VDC to +10VDC.

SHAFT ROTATION. The Durapot is available in clockwise or counterclock-
wise rotation, as viewed from the shaft end.

3C-011685
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Durapot

ADD H FOR

HEAVY-DUTY ADD A FOR ADD Ux FOR
NEMA 12 SEPARATE NEMA13
ENCLOSURE ELECTRONICS ENCLOSURE
] ] T;PO:O v ADD € FOR
2 07010V CLoCKuSE
3 -STO SV SHAFT
S ~10TO 10V ROTATION
Figure 1-1. Model Identification and Selection
TABLE 1-1
DURAPOT OPTIONS
Enclosure NEMA-1(ST-11) NEMA-12 & -13(HST-26)[NEMA-12 & -13(HST-34)
Model DC1000 DC1000A | HDC1000 | HDC1000A HDC1000A
ElectronicsfInternal|External{Internal | External External

DC Output

ov TO +10v, OV TO -10V, -5V TO +SV; OR -10V TO +10V

Shaft
Rotation

Clockwise(CW) or Counterclockwise (CCW)

3C-011685
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1-9.

EQUIPMENT SPECIFICATIONS

The basic specifications for the Durapot are listed in Table 1-2.

TABLE 1-2
DURAPOT SPECIFICATIONS

Item

Specification

ROTATION

ACCURACY/LINEARITY

OUTPUT VOLTAGE

Internal Reference
External Reference
(Customer Supplied)

OUTPUT LOAD

Signal Output
Internal Reference

INPUT IMPEDANCE (External Reference)
POWER REQUIREMENTS
ENVIRONMENTAL

Operating Temperature Range

Shock
Vibration

0° T0 359.99°

0.05%

0 vDC TO +10 VvDC
+5 WC< Vpep <+12 VDC

2K ohms max.
10K ohms max.

5K ohms
15 VDC at 50 mA, regulation +5%
0°C T0 70°C

50 gs for 11 msec
15 gs TO 500 Hz

1-4
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SECTION 2
INSTALLATION AND OPERATION

2-1.  INSTALLATION

This section contains specific installation instructions for the Dura-
pot being used. Under no circumstances, should an attempt be made to install
or interconnect the Durapot components without factory authorized instruc-
tions.

2-2. DURAPOT. The Durapot may consist of a transducer with an integral
(built-fn) solid-state electronics or a separate transducer and a separate
(external/remote) solid-state electronics package. Where .the solid-state
electronics are built-in, only the transducer mounting instructions are re-
quired. The type of enclosure of the transducer will determine the environ-
ment in which it may be installed.

2-3. DURAPOT/TRANSDUCER MOUNTING. It is the customer's responsibility to
interface the transducer to the device whose motion is to be monitored. The
overall dimensions and mounting facilities of the transducers are shown in
figure 2-1. The following recommendations, however, should be considered in
order to facilitate installation and alignment of the transducer and to obtain
to the maximum degree, the accuracy inherent within the Durapot system.

" The transducer mounting bracket, plate, etc., should be substantially
designed so as to minimize the detrimental effects of shock and vibration.
Avoid the use of light gauge metals and long cantilevered mountings and to
make sure that the mount is securely fastened to the frame of the machine.

The transducer shaft may be coupled to the shaft being monitored using
any of the various flexible shaft couplings available, or by gear coupling,
belt coupling, etc. In every case, avoild the introduction of backlash (lost
motion) and utilize a coupling system that is compatible with the overall Dur-
apot accuracy.

2-4. DURAPOT/TRANSDUCER ALIGNMENT. The Durapot/Transducer shaft and enclos-
ure are scribed to indicate electrical zero.

NOTE

The coupling scheme must allow for ini-
tial mechanical zeroing to ensure precise
transducer-machine shaft alignment.

3C-011685
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NEMA 1 ST-11
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NEMA 12 and NEMA 13 HST-26
HDC1000/ HDC1000A
—

RECEPTACLE MSI107R18 1P

/- MATING PLUG SUPHLIFD ‘516 e

—

e

o
C

1
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Figure 2-1. Durapot/Transducer Outline Dimensions
and Mounting Facilities
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It is imperative that the Durapot "zero" and the device coupling system
"zero" be aligned accurately to ensure proper operation.

2-5. DURAPOT EXTERNAL SOLID-STATE ELECTRONICS. The external solid-state
electronics is supplied, when applicable, with the Durapot system a:d is en-
closed in a lightweight aluminum case. The case has been designed to facili-
tate mounting in any convenient location and in any physical orientation. The
overall dimensions and mounting hole locations are shown in Figure 2-2.

Install the electronics:

1. Where there is adequate space on either end for the mating connec-
tors and thelr cables.

2. Where the air:

a. Is dry.

b. Is as free as possible of corrosive gases, coolant and other
kinds of spray, flying chips, dust and other foreign matter.

c. Has an ambient temperature within the range of 0°C to 70°C.

d. Has a relative humidity of less than 95 percent.

J2 QUTRAUT J1 TRANSDUCER

CONNECTOR ®CANNON" DE-9P NO,6~32 INC-B CONNECTOR ®CANNON® DE-9S
OR EQUIV MATING CONNECTOR, X 0,31 DEEP OR EQUIVY MATING CONNECTOR,
HOOD & SCREW LOCK ASSEMBLY 4 HOLES HOOD § SCREW LOCK ASSEMBLY
SUPPL IED SUPPLIED

I

‘ @ﬁj ‘ @
_1f0 2.00
@ 4 9

L—-— 3.00 ——e l —e 1.03 L'

L—— 3.94 ——J p— 2.00

Figure 2-2. Durapot External Solid-State Electronics
Outline Dimensions and Mounting Facilities
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2-6. DURAPOT CABLING INSTRUCTIONS. The Durapot does not come equipped with
interconnecting cables. However, the Durapot components are supplied with
mating connectors, hood, and retaining hardware (where required), as standard
equipment. It is the customer's responsibility to fabricate the interconnect-
ing cables. The customer has the option, when fabricating the interconnection
wiring, to use an externally generated DC reference voltage instead of the in-
ternally generated reference voltage. The internal reference voltage (+10vDC)
is obtained by connecting pins 1 and 5 or B and J (as applicable). The ex-
ternal reference voltage (not less than +5VDC, and not greater than +12VvDC)
may be used instead by connecting to pin 1 or J (as applicable).

Reference should be made to the applicable interconnecting wiring dia-
gram, Figures 2-3 through 2-6.

CANNON DE-98

CANNON DE-9P

L

S * DC REF IN
__ _+18vDC 1,10
—1svDC ourarot ®
- - 33 WITH
‘o —_GRND el -
CUSTOMER DC OUTPUT ELECTROMICS
ELECTRONICS - °°
NoT : : :ﬁ*::
USED
N ole
Note:

* For internally generated reference voltage
(+10VDC), connect pins 1 & 5.

Figure 2-3. DC 1000 Interconnection Wiring Diagram
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TO CUSTOMER CANNON DE-08
ELECTRONICS CANNON DE-oP CANNON DE-9S8
ELECTROMICS )
r CANNON DE-9P (P/O TRANSDUCER)
® g
DC REF IN A P
e 2|2 oOumaPOT  12)2 TRANSDUCER
18 vDC sls sls
::Dner our 144 414 NEMA 1
s s : ]
s DC OUTPUT & WITH 8 ‘
o 6 e 8T-11
EXTERNAL
NOT LR 77
usep S —18|®| ELECTROMICS (8|8
—] 0|9 )

Note:
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Durapot
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Durapot

SECTION 3
REPLACEABLE PARTS LIST

3-1. REPLACEABLE PARTS.

| Replaceable parts for the Durapot are listed in Table 3-1. The parts
1ist contains the part numbers of the replaceable transducers and electronics
of the Durapot models using separate components only.

Table 3-1
REPLACEABLE PARTS LIST

» Model ” Transducer . Electronics
DC 1000A-1 100-3698-1
DC 1000A-2 100-3557-1 100-3698-2
DC 1000A-3 100-3898-3
DC 1000A-5 100-3698-5
HDC 1000A-1 100-3698-1
HDC 1000A-2 100-3473(HST-26) 100-3698-2
HDC 1000A-3 100-4990(HST-34) 100-3698-3
HDC 1000A-5 100-3698-5
HDC 1000A-1-UK 100-3698-1
HDC 1000A-2-UK 100-5148(HST-26) 100-3698-2
HDC 1000A-3-UK 100-5145(HST-34) 100-3698-3
HDC 1000A-5-UK 100-3698-5

3C-012385 ‘ 3-1/3-2 Blank




OPERATING INSTRUCTIONS
FOR

LEAD ACID BATTERIES




SAFETY PRECAUTIONS

READ BEFORE INSTALLATION

Observe the following precautions at all times. Batteries are no
more dangerous than any other equipment when handled correctly.

* Keep batteries upright.

* Acid is corrosive - wear protective clothing, rubber gloves and
goggles when handling batteries and electrolyte.

* Do not allow metal objeéts to rest on the battery or fall
across the terminals. Never wear rings or metal wrist bands
when working on batteries.

| * Do not smoke or permit open flames near batteries or do any-
| thing to cause sparks.

* Do not spill acid on the skin or clothing. 1If acid is spilled
on the skin, wash immediately with copious amounts of clean
water, then cover with dry gauze.

If acid comes into contact with the eyes, flush with plenty of
clean water.

In all cases obtain immediate medical attention.

IMPORTANT NOTE!

CELLS SUPPLIED FILLED WITH ACID MUST BE PLACED
| ON FLOAT CHARGE OR GIVEN AN EQUALIZING OR
| FRESHENING CHARGE WITHIN 90 DAYS FROM THE DATE OF
SHIPMENT. FAILURE TO OBSERVE THIS REQUIREMENT
COULD RESULT IN PERMANENT DAMAGE TO THE CELLS.
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UNPACKING AND INSPECTION

Upon receiving a shipment of battery cells, it is advisable to
open the shipping containers and carefully check the cells and
hardware against the packing list.

The contents of each consignment are carefully inspected by
MARATHON before shipment. Any damage should be reported imme-
diately to the carrier and the damaged items retained for in-
spection by the carrier's representative.

For cells supplied filled and charged, check that the acid
level in all cells is at the "MAX" line. Any spillage should
be replaced with pure dilute sulfuric acid with the correct
specific gravity (see Section 3).

It is essential that filled and charged cells be placed on
charge within 90 days from the date of shipment. This is to
prevent irreversible sulfation of the plates and permanent
loss of battery capacity.

STORAGE

1f the battery cannot be immediately installed, the cells
should be stored in a clean, cool, dry room.

Cells supplied filled and charged should ideally be placed

on float or trickle charge until required (see Section 6 for
charging details). This charging should be carried out with
the shipping containers open, or the cells unpacked, and with
adequate ventilation to disperse the gases formed on
charging.

If continuous charging is not possible, the battery should be
given a freshening or equalize charge (see Section 6) at least
every 90 days and when distilled water is added (see Section
8).

Cells supplied dry charged may be stored for an indefinite
period, provided that they are adequately protected against
condensation and the effects of high humidity.




FILLING DRY CHARGED CELLS

3.1 ACID .

The following table gives specific gravity data at 77°F for
fully charged cells with the electrolyte at the maximum
level:

Nominal Specific Sp. Gr. for Filling Cell
Sp. Gr. Gravity Range Dry Charged Cells Type
1.210 1.205 - 1.215 1.205 SGL

SGH
1.240 1.235 - 1.250 1.235 SD

SDH

PMF
1.270 1.260 - 1.280 1.265 SPF
1.300 1.290 - 1.310 1.295 *

*For special applications only.

Pure sulfuric acid diluted with distilled or deionized water
to the correct specific gravity (see chart) is required for
filling dry charged cells. If the acid has been provided by
MARATHON, store it in a safe place until required. If acid is
purchased locally, it should conform to Federal Specification
0sS-801C.

If concentrated acid has been obtained, it is essential for it
to be diluted with distilled or deionized water before

being put into the cells. Plastic mixing tanks are ideal for
this purpose; if glass is used, care must be taken to limit
temperature rises due to the heat produced in the mixing
process. Do not use metallic mixing tanks.




3.1 ACID (Continued)

CAUTION: When mixing acid, always observe the following
safety measures:

* Wear protective clothing, gloves and goggles whenever acid
is handled.

* Make sure the mixing tank is perfectly clean before use.
* Put the water into the mixing tank first.

* TPHEN add the acid, slowly and cautiously, stirring con-
tinuously.

* NEVER ADD WATER TO ACID OR IT WILL SPLASH DANGEROUSLY.

* Allow the mixture to cool to room temperature before pour-
ing it into the cells.

Concentrated acid is normally available with a specific
gravity of 1.835 or 1.400 at 77°F. DO NOT PUT CONCENTRATED
ACID INTO THE CELLS OR THEY WILL BE RUINED.

when mixing by volume, use the table below to determine the
approximate number of parts of water to mix with one part of
acid.

Initial Final Sp. Gr.

Sp. Gr. 1.205 1.235 1.265 1.295
1.835 4.2 3.6 3.1 2.7
1.400 1.1 0.8 0.6 0.4

Always check the specific gravity of the acid before filling
the cells. Minor adjustments may be made by adding water to
lower the specific gravity or by adding acid to raise the
specific gravity.

3.2 PILLING TBE CELLS

Use glass or plastic jugs and funnels for filling the cells.
DO NOT use metallic vessels. Fill the cells to the "MAX"
level line on the cell and leave to allow the acid to soak
into the separators and plates.




3.2 FILLING THE CELLS (Continued)

After approximately 3 hours, top up with acid to the "MAX"
level line.

The quantity of dilute acid required to fill each cell is
given in Section 10.

When acid is obtained locally, we recommend that an additional
10% be purchased to allow for losses and spillage when mixing
and filling.

It is recommended that the cells be filled with acid before
installation on battery racks.

NOTE: Cells which have been filled on site must be given

an initial charge as soon as possible, preferably
within 24 hours of filling (see Section 6.1).

BATTERY ROOM REQUIREMENTS

The battery room should be dry, well ventilated and have its
temperature as moderate as the climate will allow, preferably
between 50°F (10°C) and 80°F (27°C).

DO NOT permit smoking or the use of open flames in the
battery room.

Adequate ventilation is essential to prevent an accurniulation
of the gases given off during charge.

The battery will give the best results when working in a room
temperature of 50°F (10°C) to 80°F (27°C), but will function
satisfactorily when operating in temperatures between about
0°F (-18°C) and 125°F (52°C). High temperatures increase the
performance, but decrease the life of the cells; low tempera-
tures reduce the performance.

Do not allow direct sunlight to fall on any part of the
battery.



BATTERY ROOM REQUIREMENTS (Continued)

If a rack is not supplied with the battery, suitable racks or
shelves should be provided to support the cells. These should
be arranged to provide easy access to each cell for inspec-
tion, watering and general servicing.

Suitable racks or shelves may be of wood or metal with a coat-
ing of acid resistant paint. If metal racks are used, they
must be fitted with rubber, plastic or wooden insulators to
prevent the cells coming into contact with the metal.

INSTALLATION

Make sure that all cell jars and covers are thoroughly clean
and dry.

Clean the flat contact-making surfaces of the terminal posts
with a soft clean rag. If there is evidence of acid having
been spilled, the whole length of the posts should be wiped
down with a rag which has been dipped into a non-caustic
alkali solution, preferably dilute ammonia or baking soda.
This will neutralize any acid on these parts. Do not allow
any of this solution to get into the cells. Wipe the posts
dry.

Lightly abrade the contact surfaces of the terminal posts,
using a Scotchbrite pad or fine grit abrasive paper, to remove
any surface oxidation. Wipe off any loose particles and cover
the whole length of the post down to the cover with a thin
coating of "No-Ox~Id4d" grease.

Batteries with cells or blocks weighing 75 lbs. or more are
supplied with lifting straps. Separate instructions for the
use of these items are supplied with each lifting Kkit.

WARNING: NEVER LIPT CELLS BY THE TERMINAL POSTS. ALWAYS
USE LIFTING STRAPS, WHEN PROVIDED, TOGETHER WITH
SUITABLE MECHANICAL LIPTING DEVICES, TO PREVENT
INJURY TO PERSONNEL OR DAMAGE TO THE CELLS.




INSTALLATION (Continued)

Place the cells or blocks in position on the rack at the cor-
rect spacing which will accommodate the intercell connectors
supplied. Most batteries have cells connected in a simple
series arrangement, so the cells should be arranged to pre-
serve the sequence: positive, negative, positive, negative
throughout the whole battery.

For batteries on multiple section, double tier racks, start by
placing cells or blocks on the lower tier on either side of
the upright where the rack sections meet. Any unused rack
space should be on the upper tier.

For batteries on stepped racks, leave any unused rack space on
the back (top) step.

Prepare the connectors by lightly abrading the contact sur-
faces with a Scotchbrite pad or fine grit abrasive paper. DO
NOT use a wire brush and be especially careful not to break
through the lead plating.

Apply a light coating of "No-Ox-Id" grease to the contact-

making areas of each connector. This is best done by care-
fully melting the grease and dipping connector ends (it is

unnecessary to coat the central part of the connector).

Fasten the intercell and intertier connectors in place using
the bolts, nuts and washers supplied. Before assembly,
lightly smear "No-Ox-Id" grease on the surfaces of all hard-
ware. Use the insulated wrenches supplied to tighten the
parts firmly together. Care must be taken to avoid short cir-
cuiting the cells with any of the battery hardware.

when all the cells have been placed on the rack, fasten the
intercell and intertier connectors in place using the bolts,
nuts and washers supplied.

Apply an even coating of "No-0Ox-Id" grease to all hardware
before and after assembly. Use the insulated wrenches
supplied to tighten the parts firmly together. Care must be
taken to avoid short circuiting the cells with any of the bat-
tery hardware.

The recommended torque values for the connector bolts are as
follows:




INSTALLATION (Continued)

SPR, PMF, SGL types - 50 inch pounds
SD, SGH types - 100 inch pounds
100 inch pounds for terminals with
single connectors
SDH types - 150 inch pounds for terminals with
double connectors

Make sure that the positive terminal of one cell is connected
to the negative terminal of the next throughout the battery,
leaving the main positive and negative terminals of the bat-
tery free for connection to the charging source. Take partic-
ular care to preserve the positive to negative sequence when
using flexible intertier or interstep connectors between rows
of cells.

Connect the positive terminal of the battery to the positive
terminal of the charger and the battery negative to the
charger negative.

Affix the cell number labels to the cell jars and covers
making sure that the surfaces are dry and clean. It is usual
to number the cells beginning with #1 at the positive end of
the battery, numbering consecutively in the same order as the
cells are connected electrically, through to the negative end
of the battery.

CHARGING

6.1 INITIAL CHARGE

An initial or freshening charge must be given to all batteries
before being put into service. This is particularly important
for batteries which have been filled on site (see Section 3).

The preferred method, using constant voltage charges, is to
charge the cells at a constant potential of 2.70 volts per
cell.

After the cells have started to gas, the charge current should
not be allowed to exceed the finishing rate shown in Section
10. Monitor the cell temperatures carefully and discontinue
the charge if they exceed 110°F (43°C). Allow to stand on
open circuit until the temperature falls to 100°F (38°C), at
which point the charging process may be resumed.




INITIAL CHARGE (Continued)

The duration of the initial charge under the above conditions
will be approximately 24 hours. For batteries which have been
supplied in a filled and charged condition, a lower charge
voltage (down to a minimum of 2.33 volts per cell) may be
used, but this will extend the duration of the initial charge
to as much as 100 hours.

The initial charge may be terminated when the specific gravity
readings of all cells have remained constant for at least 2
hours.

6.2 CHARGING IN SERVICE

Most standby power batteries are charged by "float" or modi-
fied constant voltage chargers. The information in these in-
structions is based on this charging method. Details of bat-
tery operation from other charging sources may be obtained
from MARATHON POWER TECHNOLOGIES, STANDBY BATTERY PRODUCTS.

Floating battery systems are those where the charger, the bat-
tery and the load are connected in parallel. The charger out-
put voltage is set to a particular value and under normal con-
ditions the applied charging voltage is maintained within very
close limits.

Most float chargers have two adjustable charge voltages: the
"equalize" setting (also known as "boost", "high rate" or "re-
charge™) will restore the battery to a fully charged state
within a relatively short period; the "float" setting will
maintain the battery in a high state of charge with minimal
water consumption.

The float voltage may be set between 2.15 and 2.25 volts per
cell. The recommended setting is 2.23 volts per cell, which
will maintain the battery in a fully charged state without the
need for periodic equalize charges.

For float voltages between 2.23 volts per cell, periodic
equalize charges should be given in accordance with the
following table:

Float Voltage Equalizing Required
(per cell) At these Intervals
2.23 _ Never
2.20 Every 6 Months
2.17 Every 3 Months
2.15 Every Month




6.2 CHARGING IN SERVICE (Continued)

Equalizing is generally required when the total voltage spread
between the cells is greater than 0.05V under float charging
conditions.

Charging at the equalize setting is necessary for fast
recharging after an emergency discharge. A short equalize
charge is also required after addition of distilled water to
make sure the acid and water are well mixed (see Section 8).

Equalizing may be carried out at voltage settings above 2.30
volts per cell. The maximum equalize voltage is generally
determined by the maximum voltage which the system can toler-
ate. Normal values of equalize voltage are around 2.33-2.35
volts per cell.

The battery should not be subjected to a final charge current,
during the gassing stage, of greater than the finishing rate
shown in Section 10. This current corresponds to a charge
voltage of approximately 2.7 volts per cell.

The length of equalize charging required will depend on the
degree of discharge, temperature and float voltage level. The
best guideline is to continue equalizing until the specific
gravity of the acid in the pilot cell (see Section 8) has been
constant for at least 2 hours.

SPECIFIC GRAVITY READINGS

when taking specific gravity readings, care must be taken to
make sure that the electrolyte level in the cell to be
measured is at the "MAX" line and that any distilled water
added recently has been properly mixed in by equalizing for
about 30 minutes.

The specific gravity of the electrolyte varies with tempera-
ture; consequently, hydrometer readings should be corrected as
follows:




SPECIFIC GRAVITY READINGS (Continued)

For every 3°F above 77°F add 1 point (0.001 specific gravity)
to the hydrometer reading.

For every 3°F below 77°F subtract 1 point (0.001 specific
gravity) from the hydrometer reading.

when using a centigrade (degrees Celsius) thermometer, the
equivalent correction is 1 point for every 1-1/2°C.

The specific gravity of the electrolyte in new cells should be
as listed in Section 3.1. During the course of years there
may be a slight fall in the maximum specific gravity values
obtainable at the end of charge.

NEVER ADD ACID TO INCREASE SPECIFIC GRAVITY READINGS.

BATTERY CARE

8.1 GENERAL

Check the electrolyte levels in all cells regularly and if
necessary top up with distilled or deionized water. Never
allow the electrolyte level to fall below the "MIN" line. Do
not overfill the cells. When water has been added, set the
charger to "equalize" for about 30 minutes to help mix the

electrolyte.

Keep the battery and surroundings clean and dry. Wipe the
cells with a clean soft cloth dampened with clean water. If
necessary, a small amount of mild detergent may be added to
the cleaning water to re=o>ve any greasy film. Do not use
scouring powders or solvents for cleaning plastic cells, as
scratching or damage to the plastic could occur.

Make sure bolted connections are tight. Keep connectors,

posts and bolted connections covered with "No-Ox-Id" grease
for protection against corrosion.

-10-



8.1 GENERAL (Continued)

Should any corrosion of the connections occur because of
spilled acid, etc., carefully remove corrosion products,
thoroughly clean and neutralize with dilute ammonia or baking
soda.

Dry the parts before liberally coating them with "No-Ox-Id"
grease to protect from further corrosion. Do not let the
neutralizing solution enter the cell.

GASES GIVEN OFF BY BATTERIES ON CHARGE ARE EXPLOSIVE!

DO NOT SMOKE OR PERMIT OPEN FLAMES NEAR BATTERIES OR DO ANY-
THING TO CAUSE SPARKS.

Keep the battery at the proper charge voltage. Give the bat-
tery an equalize charge whenever necessary.

Whenever the battery is subjected to a discharge of more than
5 to 10 percent of its rate capacity, it should be recharged
as soon as possible.

The room in which the battery is housed should be well venti-
lated and its temperature as moderate as the climate will
allow. The temperature of the electrolyte should preferably
never exceed 100°F (38°C).

8.2 CELL APPEARANCE
Examine all cells occasionally.

Healthy cells, when fully charged, show a marked contrast
between the dark brown positive and the light gray negative
plates. For cells in transparent jars (SD, SDH, SGL, SGH), it
can be useful to inspect the appearance of each cell in the
battery at regular intervals.

Any cells not showing a healthy plate coloration, or having a
specific gravity or voltage noticeably lower than the other
cells, or in which the plates gas unevenly or not at all,
should be regarded as suspect. Such cells should be carefully
examined for internal short-circuits, such as may be caused by
small pieces of scale bridging across the plates. Such short-
circuits should be removed or the cell may be ruined.




8.2 CELL APPEARANCE (Continued)

A period of charging will normally restore such cells to the
condition of the remainder of the battery, but if it does not,
expert advice should be obtained immediately from MARATHON
POWER TECHNOLOGIES, STANDBY BATTERY PRODUCTS.

8.3 PILOT CELL

For regular monitoring of the battery condition, select one
cell near the middle of the battery as a "pilot" cell (for
batteries containing more than 60 cells, select one pilot cell
for every 60 cells).

The electrolyte specific gravity of the pilot cell(s) will be
indicative of the state of charge of the whole battery.

MAINTENANCE RECORDS

Written records should be kept of battery maintenance, so that
long-term changes in battery condition may be monitored.

The following inspection procedures are recommended:
WEEKLY - Check and record the overall float voltage at the

battery terminals (not at the charger!), and
measure the pilot cell voltage.

MONTHLY - Record the battery voltage and-the voltage,
specific gravity and temperature of the pilot
cell(s).

QUARTERLY - Record the voltage, specific gravity and tempera-
ture of all cells.

A sample maintenance record sheet is shown in the Appendix.
Battery maintenance log books are available from MARATHON
POWER TECHNOLOGIES, STANDBY BATTERY PRODUCTS.

It is good practice to give the battery a full discharge test
at 5 year intervals until signs of degradation are observed or
until the battery has reached 85 percent of its original capa-
city. Once this stage has been reached, yearly capacity tests
should be conducted until the battery reaches the end of its
useful life. See IEEE Standard 450-1980 for recommendations
concerning test procedures and battery replacement criteria.

-12-



10. CELL DATA

10.1 PLANTE

Finishing Nominal ELECTROLYTE
Cell Rate Capacity Weight Volume
Type (amps) (amp hrs.) (1b) (kg) (gal) (lit)
SGL7 3.3 84 15 6.8 1.5 5.6
SGL9 4.4 112 14 6.3 1.4 5.2
SGL13 6.6 168 13 5.9 1.3 4.9
SGL17 8.7 224 21 9.5 2.1 7.9
SGL21 11 280 20 9.1 2.0 7.5
SGL29 15 392 30 14 3.1 12
SGL33 17 448 29 13 2.9 11
SGL25 13 336 32 14 3.2 12
| SGH11 23 577 77 35 7.7 29
SGH13 27 692 73 33 7.1 27
SGH15 31 807 71 32 7.0 26
SGH17 36 923 68 31 6.8 26
SGH19 40 1038 66 30 6.6 25
SGH21 45 1153 90 41 9.0 34
SGH23 49 1269 88 40 8.7 33
SGH25 54 1384 86 39 8.5 32
SGH27 59 1500 115 52 11.4 43
SGH29 63 1615 113 52 11.1 42
SGH31 67 1730 110 50 10.8 41
SGH33 72 1845 108 49 10.6 40
SGH35 76 1960 137 62 13.5 51
SGH37 81 2077 135 61 13.3 50
SGH39 85 2192 132 60 13.1 50
SGH41 90 2307 130 59 12.9 49
SGH43 94 2421 143 65 14.3 54
SGH45 99 2537 141 64 14.0 53




10.2 LEAD SELENIUM (SD/SDH)

Finishing Nominal ELECTROLYTE

Cell Rate Capacity Wweight Volume

Type (amps) (amp hrs.) (1b) (kg) (gal) (lit)
SD5 4 80 12 5.3 1.1 4.3
SD7 6 120 11 5.0 1.1 4.0
SD9 8 160 14 6.2 1.3 4.9
SD11 10 200 13 6.0 1.3 4.8
SD13 12 240 17 7.5 1.6 6.0
SD15 14 280 16 7.3 1.5 5.9
SD17 16 320 22 10.0 2.1 8.0
SD19 18 360 22 9.8 2.1 7.9
SD21 20 400 21 9.8 2.1 7.9
Sb23 22 440 20 9.2 1.9 7.3
SDH13 24 480 30 14 2.9 11.0
SDH15 28 560 30 14 2.9 10.8
SDH17 32 640 42 19 4.0 15.2
SDH19 36 720 41 18 3.9 14.7
SDH21 40 800 39 18 3.8 14.2
SDH23 44 880 50 23 4.8 18.1
SDH25 48 960 48 22 4.6 17.6
SDH27 52 1040 47 21 4.5 17.1
SDH29 56 1120 58 26 5.5 20.9
SDH31 60 1200 56 26 5.4 20.5
SDH33 64 1280 55 25 5.3 20.0
SDH35 68 1360 54 24 5.2 19.6
SDH37 72 1440 92 42 8.9 33.6
SDH39 76 1520 91 41 8.7 33.1
SDH41 80 1600 90 41 8.6 32.6
SDH43 84 1680 88 40 8.5 32.1
SDH45 88 1760 87 39 8.3 31.6
SDH47 92 1840 86 39 8.2 31.1
SDH49 96 1920 84 38 8.1 30.6
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10.3 UPS SERIES

Finishing . Nominal ELECTROLYTE
Cell Rate Capacity Weight Volume
Type (amps) (amp hrs.) (1b) (kg) (gal) (lit)
SPR2 6 136 15 6.9 1.4 5.4
SPR3 9 204 13 5.8 1.2 4.6
SPR4 12 272 1 4.8 1.0 3.8
SPR5 15 340 18 8.0 1.7 6.3
SPR6 18 408 15 7.0 1.5 5.5
SPR7 21 476 23 10.5 2.2 8.3
SPR8 24 544 21 9.5 2.0 7.5
SPR9 27 612 19 8.5 1.8 6.7
SPR10 30 680 29 13.2 2.8 10.4
SPR11 33 748 28 12.6 2.6 9.9
SPR12 36 816 25 11.4 2.4 9.0
SPR13 39 884 26 12.4 2.6 9.8

10.4 TUBULAR PLATE MONOBLOCS

Finishing Nominal ELECTROLYTE

Cell Rate Capacity Weight Volume

Type (amps) (amp hrs.) (1b) (kg) (gal) (lit)
12PMF25 1.3 25 15 7.0 1.5 5.6
12PMF50 2.5 50 14 6.5 1.4 5.2
12PMF75 3.8 75 26 12.0 2.6 9.7
12PMF100 5.0 100 26 12.0 2.6 9.7
12PMF125 6.3 125 32 14.5 3.1 1.7
12PMF150 7.5 14- 31 14.0 3.0 1.3
6PMF200 8.8 192 35 16.0 3.4 12.9
6PMF250 10.0 240 35 16.0 3.4 12.9
6PMF300 11.3 288 31 14.0 3.0 11.3

Further information on lead acid batteries (Plante, lead selenium,
low antimony and tubular types), nickel cadmium batteries and bat-
tery chargers may be obtained from:

MARATHON POWER TECHNOLOGIES
STANDBY BATTERY PRODUCTS
8301 Imperial Drive
Waco, Texas 76710

Phone: (817) 776-0650
TWX: 910-894-5203
Fax: (817) 776-6558
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5. Marathon Power Technologies

QUARTERLY BATTERY MAINTENANCE REPORT

Period: to , 19
Battery Location:
Battery Type: cells, type
* Pilot Cell No.: Are gravity readings temperature corrected? YES/NO
Weekly/Monthly Readings Individual Cell Readings
Batt. Pilot Cell (to be recorded quarterly) .
Date Volts | Volts| Temp.| Sp. Gr.
® Date: s 19
Time: A.M./P.M,
Battery Voltage: \
® Charge Current: A
Cell| Sp.Gr.| volts|| Cell[ Sp.Gr.] Volts
1 31
2 32
3 33
® 2 34
5 35
6 36
NOTE: Equalize battery for 30 min. 7 37
after water addition. Do not take 8 38
readings until battery has 9 39
® stabilized on float charge. 10 40
Water Added: Date y Qty 11 41
Date , Oty 12 1?2
13 43
Battery Discharged: 14 44
15 45
@ Date , Duration 16 46
Date , Duration 17 47
18 48
Battery Equalized: 19 49
20 50
Date , Duration 21 51
¢ Date , Duration 22 52
23 53
Remarks: 24 54
25 55
26 56
27 57
¢ 28 58
29 59
Readings taken by: 30 60
Cell temps.:#1 $12  #24 ’
#36 ,#48 ,#60
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1.1 MECA SYSTEM

The MECA System is comprised of components specitied for
industrial applications and environments and has FCC Class A
approval.

PM-1 Power Module Al-4 Analog Imnput

MB-1 Motherboard LI-1 Logic Input

MB-2 Motherboard SC-1 Switch Closure Input
CB-1 Computer base SC-3 Switch Closure Input
CB-2 Computer base DI-1 Digital Input

MC-2 Microcomputer DO-1 Digital Output

MC~-4 Microcomputer DO-2 Digital Output

MC-8 Microcomputer LD-1 Load Driver Output
MX Multiplexer AO-1 Analog Output

MX-1 Multiplexer LO-1 Logic Output

MX-2 Multiplexer

FIGURE 1-1: MECA SYSTEM
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1.1.2 MOTHERBOARDS (MB-1 and ML-2)

The MB-1 Motherboard interfaces with tne CB-1 or CB-2 computer
base and Input/Output modules. It has terminals marked A, B
and C for the power connections from the PM-1 MECA power module
using the WH-3 cable. The MB-1 provides 15 module recepatcles
numbered 1 through 15. Ten Input/Output modules may
be used in any combination or motherboard position. Positions 2,
5, 8, 11 and 14 on the MB-1 are mounted off-center and are
reserved for use by the multiplex modules. The other positions
are for use by the Input/Output modules.

An MB-2 motherboard can be provided for system expansion. The
MB-2 includes a pre-wired communication cable and connector tnat
can be attached to the MB-1l. Connection of the MB-2 is
accomplished by removing two screws (located at each end ot one
side of an empty MB-1) and sliding the rail and hardboard to one
side. Place the connector cable onto the cable cutout on the end
of the MB-1 motherboard and plug the connector onto the PC card.
Replace the side rail and hardboard and secure in place using the
two screws.

BOTE: ATTACHMENT OF CONNECTOR WITB KEY INSERTED IN KEYWAY
WILL ASSURE PROPER CORNECTION.

& —

FIGURE 1-4: UNOCCUPIED MUTHERBOARD
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MB-1 and MB-2

SPECIFICATIONS
Czpacity:
* MB-1:
1 Computer Base
l Microcomputer
5 Multiplex Modules
10 Input/Output Modules
* MB-2:

7 Multiplex Modules
14 Input/Output Modules

Electrical (MB-1/MB-2):
* FCC Class A Approval

* 3 connections (A, B and C) for PM-1 24 VAL center-tapped
power supply

* MB-2 includes interface cable to MB-1l

Environmental:

* Ambient Temperature (operation): - 20 °C to + 70 ©°cC
(-4 °F to + 158 °F)

* Ambient Temperature (storage): - 20 °C to + 85 ©°C
(-4 °F to + 185 °F)

* Humidity: 20%Z to 90Z non-condensing

Approximate Dimensions and Weight:

* 7-7/8" x 1" x 17/1/4"™ (W x H x D)
(19.9cm x 2.5cm x 43.8cm)

* Mounting Hole Diameter: 0.218 inches

* 1.92 kilograms (4.23 pounds)

Mounting:

The side rails of the MB-1/MB-2 motherboards are specitically
designed for maximum heat transfer. To ensure proper heat
transfer, it is recommended that gll mounting hole positions be
utilized. The mounting holes accept #10 screws. See Application

Note E 001.
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1.1.2 MOTHERBOARDS (MB-1 AND MB-2) (CONT.)
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FIGURE 1-6: MECA MOUNTING DIMENSIONS
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1.1.2 MOTHERBOARDS (MB-1 and MB-2) (CONT’D)

All of the modules which plug into the motherboard, except for
the multiplex modules, are keyed; there is a8 keying slot in the
printed circuit board connector between contacts. Each type of
module has a different keying slot position. In addition, there
is provision for putting a keying plug into a keyway of the
motherboard connector -- this will make it possible to restrict a
motherboard position for use by only one type of module. Refer
to table 1-1. Keys (KE-15 for MB-1; KE-21 for MB-2) are supplied
with each motherboard.

TABLE 1-1
1/0 Module Key Positions

MODULE KEY POSITION

MB-2 16-17 (Connector)
MX No Key Required
MX-1 No Key Required
MX -2 No Key Required
AI-4 6-7

LI-1 4-5

sc-1 1-2, 5-6

sC-3 5-6

DI-1 9-10

DO-1 8-9

DO-2 1-2, 10-11

LD-1 7-8

AO0-1 1-2, 12-13

LO-1 1-2, 13-14

INEEET KEY INTO
Tais S TIAY
(BE-WEEN CONTACTS)

FIGURE 1-5: RECEPTACLE KEY
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1.1.3 COMPUTER BASE (CB-1 and CB-2)

There are two types of Computer Base Modules available; the CB-1l
and the CB-2.

The CB-1 Computer Base is the original CB design and is the
the mounting receptacle for the Microcomputer (MC-2 or MC-4) and
has a fixed position on the MB-1 Motherboard. There are four (4)
screws provided to mount the CB-1 securely to the motherboard heat
sink frame.

The CB-2 Computer Base is an improved design with more current
handling capability and MUST be used with the MC-8 Microcomputer
module. The MC-2 and the MC-4 can be used with the CB-2 and
will operate cooler because of the increased heat sink
capability of the CB-2.

Both the CB-1 and the CB-2 provide terminals for the 20 milliamp
current loop and battery backup. A l12-volt battery may be used
to retain the RAM memory within the MECA system. Reter to
application notes E 002 and E 003.

The 20 mA current loop cable (WH-1) must be connected with care
to ensure that the red wire of the red/black pair is connected to
the T+ (transmitter) terminal and the black wire to the T-
terminal. The white wire of the white/black pair is attached to
the R+ (receiver) terminal and the black wire to the R- terminal.
T+ and T- are the top pair of terminals on both CB modules. The
20 mA current loop communication port is passive and requires an
external current source to operate.

FIGURE 1~-7: CB-2 COMPUTER BASE
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CB-1/CB-2
SPECIFICATIONS

Communication:
* 20 mA Current Loop (Current Source must be provided)

* Transmitter: 40V, 300 mA maximum at 25°C, 1.5V maximum
voltage drop

* Receiver: 3.5V, 85 mA maximum at 25°C

Electrical:

CB-1 CB-2
* Conforms to NEMA Noise * SAME
Test, (NEMA #I1CS2-230)
* FCC Class A approval * SAME
* Battery Back-up: 12VDC * Battery Back=-up: 12VDC
200 mA Nominal, 400 mA Max. 400 mA Nominal, 625 mA Max.
* Optical Isolation, 2500V * SAME

Environmental:

* Ambient Temperature (operation): - 20 °C to + 70 ©°C
(-4 °F to + 158 °F)

* Ambient Temperature {storage): - 20 °C to + 85 ©°C
(-4 °F to + 185 °F)

* Humidity: 20Z to 90%Z non-condensing

Wiring:

* Quick disconnect blades for terminal connections
0.187" x 0.031"

Appropriate Dimensions and Weight:

6-3/4" x 2-7/8" x 4-1/2" (W x H x D) CB-1: 1.01 1lb. (.458 Kg)
(17.1cm x 7.lcm x 1ll.4cm) CB-2: 1.15 1b. (.524 Kg)

Mounting:

This module is designed for mounting on the MB-1 Mother Board
using four #8 screws. The screws should be tightened
securely to ensure good thermal transfer.
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l1.1.4.1 MICROCOMPUTER MODULE (MC-8)

The MC-8 Microcomputer Module consumes the same volume and
space as its forerunners, the MC-2 and MC-4, but otfers many
additional features and product improvements:

Improved performance
Faster execution speed
More user memory (8k bytes)
Up to 249 Single Byte variables, in 8031 RAM memory, for use
as: Array Elements, A(l) - A(255)

Single Byte Variables or

Double Byte Variable (WORD)

Variable designations are A-Z, A0-A9 thru Z20-Z9
o Added high level language features
o 16 independent concurrent timers, timing in milliseconds,

running independent of control program
o Supports AO-1 and LO-1 I/0 modules
o Concurrent Input and Output communication during program

execution
0 Switch Select: MX, MX-1, or MX-2
o Switch Select: Baud Rate (1200 or 9600 bps)
o Switch Select: Full Duplex or Half Duplex Communication

0O 00O o0

8031
MICROPROCESSOR

. SYBIL LIBRARY

aF
= "".-I}

i)

FUNCTION

SWITCHES
0 TO 4K EPROM

4K TO 8K EPROM

FIGURE 1-9A: MC-8 MICROCOMPUTER MODULE
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The Central Processing Unit (CPU) is an Intel* Series Mcs-51(R),
type 8031; a control-oriented CPU with RAM and I/0. It“s enhanced
architecture offers:

| ) F
| P POWER
SUPPLY ! T
| g2 ¥V INDICATOR
| AT
ERROR
T
) x- Y ¥ INDICATOR
ERROR ; 0
N
I
us
i ) DATA B

- : .
x i {

20 mA
20 “"!<,::> L’FFER"<——_:> P MEMORY MEMORY MEMORY RY
Cor. OPERATING USER USER
! ———— >istst [ > Gk > 2
1 RD
& 8k
| EPROM EPROM _"'1 RAM
1/0

1,0 EFROM b I

CONTROL | ELT?ER '|
| — SELECT b

[ mMEMORY I

[ T “)l DECODER
L J ADDRESS BUS
] .

ITL

FIGURE 1-9B: MC-8 BLOCK Di1AGRAM

* 1Intel series Mcs-51(R) jg a trade mark of Intel Corporation.

The MC-8 contains the SYBIL Executive Library on a non-volatile
EPROM, Type 2764 (Erasable Programmable Read Only Memory) and two
User EPROMS, Type 2732A, offering up to an 8K Non-volatile Memory
(8192 bytes). It is programmed in SYBIL (SYlvania Basic
Industrial Language); a high-level programming language that
allows development of control programs in an easy to understand,
English-like language.

The Library EPROM, Type 2764, with its larger memory will sllow
control of additional I/0 module types (i.e., LO-1, AO-1, etc.).

Two User EPROMs, Type 2732A, offer a total of 8k non-volatile
memory space and are programmed in SYBIL using the PG-2E Desk-Top
Computer Programming System or the PPS-1 Portable Programming
System. '

Both computer systems are controlied by the popular CP/ME
(Control Program for Microcomputers) operating system, which
requires 64K RAM memory. SYBIL Version 5.0 and 6.0 are CP/M
compatible, program development software support packages that
allow the user to enter, edit, compile and debug control
applications in an efficient manmer.
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MC-8 DIP SWITCH SETTINGS
OFF ON
SWl MX OR MX-1 MX-2
Sw2 1200 BAUD 9600 BAUD
SW3 FULL DUPLEX HALF DUPLEX

SW4 NOT USED KROT USED

Communication with the MC-8, via the 20 mA current loop requires
the following data format:

BAUD RATE SELECTABLE
: PARITY oDbD

START BIT 1

DATA BITS 7

STOP BITS 1

COMMUNICATION SELECTABLE
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MC-8 SPECIFICATIONS
General:

* Intel 8031 CPU

* Intel 2764 - 8K Byte Executive Library

* Intel 2732A - Two 4K Byte User EPROM’s

* 11 MHz Processor Clock

* Switch selectable baud rate of 20 mA communication port
* Switch Selectable Multiplexers

* Switch Selectable Communication

* Real-Time Clock

Electrical:
* FCC Class A approval
* Noise Test, NEMA part #ICS2-230
* Status Indicator LEDs for Power and Reset
* Switch Selectable Multiplexers (MX, MX-1 or MX-2)
* Switch Selectable Baud Rate (1,200 or 9,600 bps)
* Switch Selectable Communication (Full or Half Duplex)

* To be used with CB-2 only

Environmental:

* Ambient Temperature (operating): O °C to 60 °C
32 °F to 140 °F

* Ambient Temperature (storage): - 20 °C to 85 °C
- 4 °F to 185 °F

* Humidity: 20% to 902, non-condensing

Approximate Dimensions and Weight:

* 4-15/16" x 1" x 4-1/2" (W x H x D)
(12.5¢cm x 2.54cm x 1ll.4cm)

* .43 pounds (.195 kg)

Mounting:

* 2 captive screws. Placed on top of CB-2 module.
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1.1.5 Multiplex Modules (MX, MX-1, MX-2)

One Multiplex module is required for each pair of Input/Output
modules. It provides control for eight (8) I1/0 points (2 I1I/0
modules). The motherboard receptacle for the multiplex module is
off-center to prevent accidental insertion. A wmultiplex module
is necessary if an Input/Output module is plugged into an
adjacent Input/Output receptacle. No wiring is required for the
MX module.

There are three (3) multiplex modules available:

o MX Module was the original multiplex design which will not
reset automatically at a power failure or brown-out. The
power to the MECA System must be turned OFF for a2 moment to
reset the total system.

o MX-1 Module is an improved MX module which provides
automatic power reset, besides all other MX design features.
It can be used on MECA Systems with the MC-2, MC-4 or MC-8
microcomputers if the MX selector switch on the MC-8 is set
properly.

o MX-2 Module is a banked multiplexer design which operates at
twice the speed of the MX-1 and has automatic power reset.
It must be used ONLY on MC-8-driven systems.

NOTE: OBELY ONE TYPE OF MULTIPLEX MODULE CAN BE USED PER
SYSTEM. DO BOT MIX MULTIPLEX MODULES.

FIGURE 1-10: MULTIPLEX MODULES
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Electrical:
* FCC Class A approva

* Noise Test: NEMA pa

MX, MX-1, MX-2

SPECIFICATIONS

1

rt I1C52-230

Environmental:
* Ambient Temperatur

- 20 °C to + 70 °

* Ambient Temperatur

- 20 °C to + 85 °cC

* Humidity: 20%Z to

e (operating):

C (- 4 OF to + 158 ©OF)

e (storage):

(- 4 °F to + 185 °F)

90Z non-condensing

Approximate Dimensions

* 6-1/2" x 3-1/4"
(16 .5cm x 8.3cm

* 137 kilograms (.

and Weight:

x 3/4" (W x H x D)
x 1.9cm)

30 pounds)

Mounting:

This module is designed for mounting on the MB-1 and MB-2.
card edge on the bottom of the module provides the electrical
connections. Two #8 captive screws secure the module to the MB-l
and MB-2, The screws should be tightened securely to ensure good

thermal transfer.
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1.1.6 INPUT MODULES

Al-4 Analog Input (0 to +5 VDC)
LI-1 Logic Input (TTL compatible)
§C-1 Switch Closure Input (24 VAC)
8§C-3 Switch Closure Imput (120 VAC)
DI-1 Digital Input (5 to 30 VDC)

* * % % *

A variety of input modules are described below. These input
modules can be placed in any I/0 receptacle on exther the MB-1 or
MB-2 motherboard. In order to avoid improper operation, it is
important to connect the input modules correctly to the operating
equipment, It is good practice to keep the wire harness of all
inputs separated from high-current-carrying power limne
installations.

FIGURE 1-11: INPUT MODULES
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Siemens-Allis Automation, Inc.
P.O. Box 9128

Waltham, MA 02254

(617) 466-3430

Models AI-1/AI-2

General

The AI-1 and AI-2 are analog
input modules with two 12 bit
input channels, each. They
sare designed for precise
measurement of analog signals
from transducers or other
voltage or curremt sources.

Features
o Full 12 bit resolution

o Bigh speed ( <200uSec A/D
hardware conversion time)

o 0.12 absolute accuracy

o User selectable <current/
voltage ranges:

Al-1: 0 to 20mA
0 to 5 volts
0 to 10 volts
Al=2: 4 to 20mA
1l to 5 volts

o Two chanpeis per module foi
optimum utilizationm.

o Optically isolated inputs

Description

The top of the AI-1(AI-2)
module has an LED to indicate
external powver, and three po-
tentiometers for calibration.
A DA-15 connector on the side
is used to interface the ana-
log input signals, the ex-
ternal power supplies and the
range/ mode select jumpers.

PRODUCT BULLETIN P-38
12 BIT ANALOG INPUT MODULES

FIGURE 1:
12 BIT ANALOG INPUT MODULES

IR ($157) (1)) mmmemmme

IR (=139) (0) ="
a1-1 omLT)
e 0y (M) - ——— e — e

T
I
—— ':2%

- ey om

ne e AL SUL0

;) wer se BUY
s srvee m:l

FIGURE 2:
Al-1/A1-2 BLOCK DIAGRAM
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SPECIFICATIONS
12 BIT ANALOG 1IKPUT MODULES

AI-1/A1-2

General

o

(]

o

12 bit resolution, 4096 in-

crements (0-4095).
Two input channels/module

(single-ended).
Refer to ECO Application

Manual for installation,
calibration, programming,
etc.

Electrical

o

Input ranges (each channel
can be programmed indepen-
dently except 0 to 10V):

AI-1: 0 to 20mA
0 to 5V
0 to 10V (both chan-
nels)
Al-2: 4 to 20mA
1l to 5V

Input impedance:

>100 megohms (voltage mode)
250 ohms (current mode)
Overvoltage protection:
+35VDC (power ON)

+25VDC (power OFF)

Overcurrent protection:
+28mA

Conversion time: <200uSec/
channel

Drift (0°C to 60°C):

+45 ppm/©C

Absolute accuracy at 25°C
+0.1% FS +1/2 LSB
(Including linearity,
and offset errors)
Optical isolation:
1500V RMS

External power supplies:
+15VDC +3% @ 70mA
-15VDC 3% @ 70mA
Ripple < 3mV pp.

gain,

5-20

ENVIRONMENTAL

o Operating temp. (ambient):
0°C to +60°C
(32°F to 140°F)
o Storage temp. (ambient):
-20°C to 85°cC
(-4°F to 1859F)
o Humidity: 5% to 95%,
densing

noncon-

APPROXIMATE DIMENSIORS ARD
WEIGHT:

o 6-1/2 x 3-1/4 x 3/4in (WxHxD)
(6.5 x 8.3 x 1.9¢cm)
o 0.371b (0.17%g)

MOUNTING
This wmodule is designed for
mounting on all ECO Mother
Boards. A card edge on the
bottom of the module provides
the electrical connections.
Two slots in the card edge
allow keying for module posi-
tion assignment. (Slots are
located between terwminals as

follows: AI-1 2,3 and 11,12
AI-2 2,3 and 12,13

Two #8 screws secure the module

to the Mother Boards. The

screws should be tightened se-
curely to ensure good thermal
transfer.

2 CHNL 12 BIT ADC \Momwwnmw

1S SUPPLY (+1SVDC)

. BELPPLY (15

14 -TEST POWNT 3 . k
13.TEST POINT 2

12-CH2 MDDE SEL B

11-CH2 MODE SFL A

10-CH 1 INPUT

9 CH 1 RETURN

*"6-SUPPLY COMMON" on AI-2

FIGURE 3:
DA-15 CONNECTOR PINOUT




AI-1/AI-2 INSTALLATION/CALIBRATION WITH MC-16

AI-1 @-1l@v

/
AlI-1 B-5v /
Al-2 1-5v /
/
/

AlI-1l B-5V
AI-2 1-5V

AXI-1 0-20mA /
AI-2 4-28ma /

AI-1 8-20mA /
AX-2 4-2fmd /

2cHnLizeirapc] AI-1 [YneTowveros

15-SUPPLY(+15VDC)

CBNL2
p-1ev

g-5v
1-5v

p-20mAa
4-28mA

e-sv
1-5v

0-22mA
4-20mA

J2-1 to J2-2 J2-11 to J2-12 J2-6 to J2-7

OPEN

OPEN
OPEN

OPEN
OPEN

SHORT
SHORT

SHORT
SHORT

Pigure 3
Range/Mode Select Jumpers

14-TEST POINT 3

13-TEST POINT 2
12-CH.2 MODE SEL B
11-CH.2 MODE SEL A
10-CH.1 INPUT
9-CH.1 RETURN

2crniz6Aoe] AL-2 |

Figure 4
AI-1 Connector

15-SUPPLY(+15VDC)

14-TEST POINT 3

15

13-TEST POINT 2
12-CH 2 MODE SEL B
11-CH 2 MODE SEL A
10-CH 1 INPUT
9-CH 1 RETURN

MC-16 APPLICATION NOTE

8

Figure 5
AI-2 Connector

5-27

OPEN

OPEN
OPEN

SHORT
SHORT

OPEN
OPEN

SHORT
SHORT

OPEN

SHORT
SHORT

SHORT
SHORT

SHORT
SHORT

SHORT
SEHORT

sV

8-SUPPLY(-15 VDC) _ =
7- PPLYCOMMON% 7

B6-RANGE SEL

.

5 TEST POINT 1 -1
4-CH 2 RETURN ,

3-CH .2 INPUT =
2-CH.1 MODE SEL A

1-CH 1 MODE SEL B

Pinout

8-SUPPLY(-15 VDC)

7-SUPPLY{COMMON)
6-SUPPLY{COMMON)

S-TEST POINT 1

4-CH 2 RETURN
3-CH 2 INPUT
2-CH 1 MODE SEL A

1-CH 1 MODE SEL B

Pinout

JUNE, 1984



1.1.6.2 LOGIC IRPUT MODULE (LI-1)

The LI-]1 Logic Input module is a general-purpose, 8-bit logic
input module that monitors onme 8-bit word. The word is
interpreted as two 4-bit BCD codes, representing a number from 0
to 99.

By attaching the BCD/BIN terminal to the COM terminal, the word
is interpreted as one binary code representing a number from
0 to 255. Leaving the BCD/BIN terminal open, defaults the module
to the BCD mode. This module accepts inputs in the form of open
collectors (or switch closures) referenced to the COM terminal
with an open state representing a logic ZERO. By attaching the
PHASE terminal to the COM terminal, an open state on the input
represents logic ONE.

28 38
iz 3¢
44
Bco/BIN 18| 4B PHASE
ﬁl_t]_' ! 4C
= | PHASE CONTROL j__"‘—L

[ 1] ] L1 [ ]

SHIFT RECISTER /DECODER |

[

L INTERFACE ]

|

70 M8

FIGURE 1-14: LI-1 LOGICAL INPUT MODULE
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Wiring of LI-1:

This module has 0.187" x 0.031" quick-disconnect blades for
terminal connections. The recommended wiring procedure is to
first connect to the bottom terminal, then proceed up towards the
top terminal. Typical switch closure wiring diagrams for
inputs on both Bimary and BCD form are shown 1in
Figure 1-15,

THE COMMON ON THIS MODULE IS AN INTERNAL COMMON
ONLY. WHEN CONNECTINEG ANY EXTERNAL COMMOR AND/OR
CHASSIS COMMON TO TERMINALS 1C AND 4C, CONSULT APP
NOTE E 001.

CAUTION:

LEAST S/IGNIFICANT MOST SICMFICANT

oicrr e r
il dare 0 ars o [E
'—rOf‘O—iﬁ-C &/ra LI-1 are —22 T{,,-v-"él
2 -
—to—o1L 2 T2 ar7 32 lcrl;'c—l
1s_ | &8s
|_! S P aire %A :__o'/cT
T 18 ] 8co/BIN Aase [ 48 T
1€~ com com [2€ !
DCITAL SWITCH OICITAL SWiTCH
THUMBAHEEL [ | THUMBWHEEL
BCD WIRING
LEAST SICMIFICANT MOST SIGNIFICANT
oGIT
L o555+ 24 ey 4 © 8175 24 T o1
es
L o0 | 28 Hmirs arre 28 1 o> '
235 2c¢ 3C 7
t——o—o——1{]8/ra 8Tz D—I—U’;ICP-I—{
k /5 1A L I"'l 4 A &8s |
tHH o= tt2 airy a/rs ,:i-—i—cv"'é—_]—'
i (L, YV PHASE [ 48 _]’
| 'C 1 com com H2E I
DICITAL SWITCH DICITAL SWITCH

THUMBWHWEEL ] THUMBWHEEL

—

BINARY WIRING

FIGURE 1-15: WIRING DIAGRAM LI-1 MODULE
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LI-1

SPECIFICATIONS

Electrical:
* Negative True Logic, TTL Compatible
* Open Collector or Switch Input

* FCC Class A approval

Environmental:
* Ambient Temperature (operatimng):

- 20 °C to + 70 °C (- 4 ©°F to + 158 °F)

* Ambient Temperature (storage):

- 20 °C to + 85 °C (- &4 °F to + 185 °F)

* Humidity: 202 to 90% non-condensing

Approximate Dimensions and Weight:

* 6-1/2" x 3-1/4" x 3/4" (W x H x D)
(16 .5¢cm x 8.3cm x 1.9cm)

* ,150 kilograms (.33 pounds)

——— —_—— — — i —— o —

Mounting:

This module is designed for mounting on the MB-1 or MB-2
motherboards. A card edge on the bottom of the module provides
the electrical connections. A slot in the card edge allows
keying for module position assignment. Two #8 captive screws
secure the module to the MB-1 or MB-2 motherboards. The screws
should be tightened securely to ensure good thermal transfer.
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1.1.6.4 DIGITAL INPUT MODULE (DI-1)

The DI-1 Digital Input Module has top-mounted LED status
indicators and contains two independent pairs of optically
isolated input circuits for sensing DC wvoltage. The input
threshold voltage is two-thirds of the applied source during the
low-to-high tramsition, and one-third of the applied source from
the high-to-low transition.

This module sends a digital signal to the microcomputer with an
input value of 0, indicating an "OPEN" switch; or a value of 1
indicating a "CLOSED" switch.

ROTE: AN EXTERNAL DC POWER SUPPLY OF 5 TO 30 VDC MUST BE
PROVIDED TO OPERATE THIS MODULE. THE TERMIKALS B+ AND
B~ (LOCATED ON EACH SIDE OF THE MODULE) ARE ISOLATED,
ALLOWING THE USE OF TWO POWER SUPPLIES AT DIFFERENT
VOLTAGE POTENTIALS.

I  REC REG ll 34

] 7 |
28 '2 rE_T, !
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FIGURE 1-18: DIGITAL INPUT MODULE DI-1
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Wiring of DI-1l:

Two types of wiring connections may be made to this module.
One type is a quarter-inch (.25") quick-disconnect blade. The
other is a self-rising screw terminal pressure plate that will
accept up to two #14 AWG copper wires. The recommended wiring
procedure when using the screw terminals is to first conmect to
the bottom terminal, then proceed up towards the top terminal.
Each side of the DI-1 module is isolated and will aitlow
independent voltage sources.
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Rp = Pull-up Resistor, which should be 10 k-ohms

FIGURE 1-19: WIRING DIAGRAM FOR DI-1 MODULE
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DI-1
SPECIFICATIORNS
DI-1 Input:

* 5 to 30 VDC

* 100 k-ohms input impedance

* 100 microseconds "ON" delay (maximum)
* 500 microseconds "OFF" delay (maximum)

Electrical:
* External DC supply, 5 - 30 VDC
* QOptical Isolatiom, 2500 volts
* FCC Class A approval

* Noise Test, NEMA part 1CS2-230

Environmental:
* Ambient Temperature (operating):
- 20 °C to + 70 °C (- 4 °F to +158 °F)
* Apbient Temperature (storage):
- 20 °C to + 85 °C (- 4 °F to + 185 °F)

* Humidity: 20% to 90% non-condensing

Approximate Dimensions and Weight:

* 6-1/2" x 3-1/4" x 3/4" (W x H x D)
(16 .5¢cm x 8.3cm x 1.9cm)

* ,205 kilograms (.45 pounds)

Mounting:

This module is designed for mounting on the MB-1 or MB-2
motherboards. A card edge on the bottom of the module provides
the electrical connections. A slot in the card edge allows
keying for module position and assignment. Two #8 screws secure
the module to the MB-1 or MB-2 motherboards. The screws should
be tightened securely to ensure good thermal transfer.
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1.1.7 OUTPUT MODULES

* % * % %

DO-1 Digital Output (5 to 30 VDC)
DO-2 Digital Output
LD-1 Load Driver Output (18 to 132 VAC)
AO-1 Analog Output (0 to 5 VDC and 4-20 mA)
LO-1 Logic Output Module (TTL compatible)

(10 to 50 VDC)

The DC and AC modules described in this section may be placed
in any receptacle on the MB~1 or MB-2 Motherboards. It is good

practice to keep the wire harness separated from high current
power lines of the operating equipment.

Opersation Manual,

FIGURE 1-20:

1/83

OUTPUT MODULES
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1.1.7.2 DIGITAL OUTPUT MODULE (D0O-2)

The DO-2 Output Module contains four independent, optically
isolated, high power DC, solid-state switches. It has four top-
mounted LED status indicators, one per switch. Contacts are
normally open. Typical uses are switching DC or full-wave
rectified AC for inductive or resistive loads.

NOTE: An external DC powver source of 10 to 50 volts DC must
be provided to operate this module. The four circuits
are isolated from each other, allowing the use of powver
sources at different potentials.

DO-2 DIGITAL OUTPUT MODULE

28 |- c@% 7& 38
A |+ /5‘ +| £A
8 |- ocH, | 45
{ /INTERFACE |
:
70 MB

FIGURE 1-23: DO-2 DIGITAL OUTPUT MODULE
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Wiring of DO-2:

Two types of wiring connections can be made to this module.
One type is a quarter inch, quick-disconnect blade; the other is
a self-rising screw terminal pressure plate that will accept up
to two #14 AWG copper wires. The recommended wiring procedure
when using the screw terminals is to first connect to the bottom
terminal, then proceed upward to the top terminal.

SolL
L j\( |+ 2A +34 ]
£
-2 8 -38 [0
=1 DO-2
r AAA 1+ 1A 144 I
]4 — RES
T 1-/18 -48 [
L |
V.= 10 7o 50VDC
TABLE 1
MODULE MAXIMUM OUTPUT
OUTPUT
NUMBER OPTION #1 OPTION #2
Output #1 1 amp 2 amp
Output #2 1 amp 0 amp
Output #3 1 amp 2 amp
Output #4 1 amp 0 amp
NOTES: Be sure to observe polarity of voltage source:

Contacts 1A, 2A, 3A and 4A require positive (+)
polarity. Contacts 1B, 2B, 3B and 4B require
common (-) polarity.
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DO-2

SPECIFICATIONS
General:

* 10 to 50 volts DC -or- 50 volts peak pulsating DC maximum
OFF voltage

* 1 amp per switch maximum, -or- 2 amps per side maximum,
steady state current. See Table I.

* 2 volts at 2 amps, maximum, ON voltage
* 10 microamps, maximum, OFF state leakage

* Zener diode transient protection up to 150 watts of peak
pulse power

* 100 watts per switch, DC operation
* 2.5 uSec ON Delay (maximum)

* 350 uSec OFF Delay (maximum)

Electrical:

* 10 to 50 volts DC, external DC source
* QOptical Isolation: 2500 volts
* FCC Class A approval

Environmental:

* Ambient Temperature (operational): - 20 °C to 70 ©cC
* Ambient Temperature (storage): = 20 °C to 85 ©°C
* Humidity: 20%Z to 90%Z, non-condensing

Approximate Dimensions and Weight:

* 6-1/2" x 3-1/4" x 3/4"™ (W x H x D) (l6.5cm x 8.3cm x 1.9cm)
* ,205 Kilograms (.45 pounds)

Mounting:

This module is designed for mounting on the MB-1 and MB-2
motherboards. A card edge on the bottom of the module provides
the electrical connections. A slot in the card edge allows
keying for module position assignment., Two #8 pan head captive
screws secure the module to the MB-1 or MB-2 motherboards. The
screws should be tightened to ensure good thermal tranmsfer.
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‘ 1.1.7.4 ARALOG OUTPUT MODULE (A0-1)

The AO-1 Analog Output Module is an optically isolated, single
channel, dual output module with FULL 8 bit capabilities. It 1is
designed to handle many tasks in control applications at 0.39%
resolution and + 0.2% accuracy. It can simultaneously supply a 0
| to +5 VDC output signal and a 4 to 20 mA signal when an operating
voltage of 15 to 30 VDC* is applied.

The LED status indicator, mounted on the top of the Analog
Output module, will emit light at various levels, depending on
signal voltage (5VDC = high output) or 4 to 20 mA current levels
(4 mA = low light output) if the 15 to 30 VDC source is active.

* See Rp vs. Vg curve

NOTE: REQUIRES THE MC-8 MICROCOMPUTER ANRD MX-2 MULTIPLEX MODULE
NOT COMPATIBLE WITH TBE MC-2 OR MC-4 MICROCOMPUTERS

FIGURE 1-25A: ANALOG OUTPUT MUDULE (AO-1)
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AO-1 BLOCK DIAGRAM
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RL MAX. = 50 Q/V (Vg - 10)
Q WHERE Vg = 15 TO 30 VDC
10004
750+

RL
500+
2504
B 20 25 30
VB

4-20 mA LOAD LIMITATION

2A o B+
POSITION
INDICATOR 2B e V+
2C e V-
] 10-30 ——— vbDC AOC-1
DAMPER 1A emA-
CONTROL
1B e mA+
l1c eB-

AO0-1 WIRING DIAGRAM

See App. Note 1/0 006 for field calibration procedure of AU-l.
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AO-1

SPECIFICATIONS
General:
* 0 to 4.98V DC at 10 mA -- Battery Voltage Vg = 10 to 30VDC,
50 mA, maximum,
Load Ry, minimum = 500 OHMS
* 4 to 20 mA Operation -- Battery Voltage Vg = 15 to 30VDC

Load: 250 OHMS at 15VDC to

1000 OHMS at 30VDC

R, Max. = 50 /v (Vg -10)
* Resolution: Full 8 bits (0.39%) + 1/2 LSB at 25 °C
* Accuracy: #* 0.2% @ 25 ©cC

* Temp Stability (0-60°C) Voltage Output #
- Current Output + 0.5%

* Slew Rate Output: < 10uSec (0.5V/uSec, 1.6 mA/uSec)

Electrical:
* 1Internal Power Supply: 24VAC center-tapped at 35 mA, max.
* External Power Supply: 15 to 30V DC at 50 mA, max.
* Power ON Reset
* Optical Isolation: 2,500 volts
*

FCC Class A approval

Environmental:

* Ambient Temperature (operating): - 20 °C to + 70 ©°cC
- 4 °F to 158 °F

* Ambient Temperature (storage): - 20 °C to + 85 ©C
- 4 OF to + 185 OF

* Humidity: 20%Z to 90X, non-condensing

Approximate Dimensions and Weight:

* 6-1/2" x 3-1/4" x 3/4" (W x H x D)
* .33 pounds (.150 kg)

Mounting:

This module is designed for mounting om the MB-1l or MB-2
motherboards. A card edge on the bottom of the module provides
the electrical connections, A slot in the card edge allows
keying for module position assignment. Two #8 screws secure the
module to the MB-1 or MB-2 motherboards. The screws should be
tightened securely to emsure good thermal transfer.
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1.1.7.5 LOGIC OUTPUT MODULE (LO-1)

The LO-1 Logic Output Module is an optically isolated, 8 bit
data control module which compliments the existing Logic Input
Module, LI-1. The LO-1 is an ideal module to directly
communicate data to peripheral devices such as an LED display or
dry contact relays. Up to four (4) BCD digits can be multiplexed
and controlled with one (1) LO-1 module.

The LO-1 is capable of providing a Binary output value from O
to 255, The LO-1 Module requires an external power supply
between 10-30 volts DC. Connection to the LO-1 Module is via a
DA-15 connector.

NOTE: REQUIRES THE MC-8 MICROCOMPUTER AND MX-2 MULTIPLEX MODULE
NOT COMPATIBLE WITH THE MC-2 OR MC-4 MICROCOMPUTERS

FIGURE 1-25B: LOGIC OUTPUT MODULE Lu-1l

DATA : LT ] (r?——c.) BT O

I apr

ol

3 o
c
CONTROL R
CIRCUIT COND

ENABLE

o—

10-30 vDC

i
o— : i L C.}IITI
o i -
I
|
I
I
I
]
1
]

FIGURE 1-25C: LO-1 BLOCK DIAGRAM
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[:::C) LOGIC OUTPUT CONNECTON WIMNG
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LO-1 WIRING
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LO-1
SPECIFICATIONS
General:
* Negative True Logic, TTL-compatible

* 8-bit Resolution

* Optically Isolated

Electrical:

Open collector output, 5 to 50VDC
Sink Current, 100 mA, maximum
On-State Voltage, 0.4VDC, maximum
Conversion Time, 100 uSec
Address Time, 100 uSec

External Power Supply, 10 to 30 VDC, at 100 mA, maximum
Output Voltage Surge Protected
Open Collector

DA-15 Connector

FCC Class A approval

2500 Volts Optical Isolation

* % % % * % % % * * %

Environmental:

* Ambient Temperature (operating): = 20 °C to 70 ©cC
- 4 °F to 158 °F

* Ambient Temperature (storage): - 20 °C to 85 ©°C
- 4 °F to 185 °F

* Humidity: 20%Z to 90%Z, non-condensing

Approximate Dimensions and Weight:

* 6-1/2" x 3-1/4" x 3/4" (W x H x D)
(16.5cm x 8.3cm x 1.9cm)

* .33 pounds (.150 kg)

Mounting:

This module is designed for mounting on the MB-1 or MB-2
motherboards. A card edge on the bottom of the module provides
the electrical connections. A slot in the card edge allows
keying for module position assignment. Two #8 screws secure the
module to the MB-! or MB-2 motherboards. The screws should be
tightened securely to ensure good thermal transfer.
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APPENDIX G
I2R PROGRAMMABLE LOGIC CONTROLLER PLC-2

G-1



GTE Products Corporation
Electronic Control Operation
100 First Avenue

Waltham, MA 02254

Model 1220

General

The 12R Stand-Alone (Model
1220) is a microprocessor based
intelligent logic controller with 8
inputs and 4 outputs utilizing fast
response circuitry.

Features

e 8 independent, optically
isolated, low-voltage DC inputs

® 4 independent, optically
isolated, low-voltage, high-
current DC outputs

e 4 ten position BCD rotary
switches

e 2 kilobyte user EPROM
memory

1R Product Bulletin P-24
24 VDC Stand-Alone

e 4 field replaceable output
transistors P1 INPUTS  DI{4,1) @ -
e Slotted mounting holes for P2 D1(4,2) S ARL 990 5
mounting on a standard tool P3 Di{4,3)
relay rail g“ g”“";) MC—2
e Rugged industrial package Pg D:ig:zi cr-1
Description sg g:zgi; P 2
The 2R Stand-Alone (Model -l L1 e]-
1220) functions as a Stand-Alone ~e r=1 i i
controller with 8 optically | m LSD | MSD LsD | “1@ b 2}~
isolated, low-voltage DC inputs ' | 1 g = s L
and 4 optically isolated, low- ' ' | ~1@ il il
. | LKT) | LK3) | olo et ol
voltage, high current DC outputs. B = |
Also included, are 2 sets of 2 S1  OQUTPUTS DO(7,1) olo . =1
BCD rotary switches capable of $2 DO(7,2) olo ~
providing any number from 0 S3 DO(7,3) sl =1d
to 9999 as a logic input. f 1/0 s4 DO(7.4) o o=
expansion is desired, the 12R W =1
Master should be considered. ale 2le
H ) o=
[ — [
Fig. 1 1/0 EQUIVALENTS
Electrical
TM — Trademark of GTE Products Corporation SYLVANIA quipr%em GTE




SPECIFICATIONS
I’R Model 1220

TERMINAL DESIGNATIONS POWER SUPPLY SPECIFICATIONS
TOP AC Input Voltage + 18-30 VAC, 10 VA max.
47-63 HZ
TERMINAL TERMINAL DC Input Voltage * 10-30 VDC, 15 watts max.
DESIGNATION FUNCTION DESIGNATION FUNCTION
B+, B- Pair 10-30 VDC MEMORY
S1-A,S1-B Pair DC Output A 24 VAC Power . )
S2-A, S2-B Pair  DC Output B 24 VAC Center Type UV-EPROM .
Tap {Intel 2716 or Equivalent)
$3-A,S3-B Pair  DC Output c 24 VAC Power Size *+ 2048 Bytes (2K)
S4-A, S4-B Pair  DC Output G Chassis Ground Language + SYBIL4.3,5.0
& 8% 1 INPUTS
B |B8|B[B|B|B|G ;goRTBEE:ST NOISE Number * 8 Independent
B+| Afla|alajc|a Input Voltage + 10-30 vDC
IMMUNITY, CONNECT .
o Input Current 9mA @24 VDC
POWER TERMINAL “B .
FACEPLATE Turn ON Current >3 mADC
TO GROUND TERMI-
NAL “G” AS SHOWN Turn OFF Current - {1.5mADC
T alalalalalala ’ Turn ON/OFF Time + 500 uS typ, 700 uS max.
~Telalelslslsls Inpgt Resllstance + 30K ohm min, @ 30V
{(Which will not cause
P1 P2 P3 P4 PS5 PE P7 FB turn ON)
Isolation + Optical, 1500V RMS
BOTTOM
OUTPUTS
BEE R AT (o] FUNCTIO gi:lhé'l\?:'ll’-ION FUNCTION Mot © @indepengem
DESIGNATION N . )
P1-A,P1-B Pair  DC Input P5-A, P5.B Pair  DC Input Output Voltage © oS0 VBE
P2-A, P2.B Pair  DC Input P6-A. P6-B Pair  DC Input Output Current 2 AMPS per Output
P3-A,P3-B Pair DC Input P7-A,P7-B Pair  DC Input Inrush Current - 10 Afor 10 mS
P4-A,P4-B Pair DC input P8-A,P8-B Pair DC Input ON-State Voltage - 1.5 VDC max.
Ki: CONNEGT + EXTERNAL SUPPLY: TO OFF-State Leakage * 10 uA max.
el A ey Turn ON Time © 25uS@24V typ.
CONNECT - EXTERNAL SUPPLY TO Turn OFF Time + 350uS @24 V typ.
TERMINALS “B” Type + Darlington Transistor
Isolation + Optical, 500 V RMS
PHYSICAL DIMENSIONS Transient Protection + Zener Diode
1
| I TRIAC ACCESS DOOR ENVIRONMENTAL AND PHYSICAL
Weight + Less than 3.5 Ibs.
|_|lt— OuTPUT 4 PAIRS Dimensions
: (In} + 3.7H x 4.5W x 6.0D
(Cm) - 9.4H x 11.4W x 15.3D
i Operating Temp. + -20°C to 60°C Ambient
600 | Storage Temp. + .20°C to 85°C Ambient
250 ' 1 Humidity + 5% to 95% Non-Condensing
\J \J ( Vibration * Vibrated at 60 HZ, up to 5.5G’s
h——— in all 3 Axis to up to 1 Min.
' H [‘ Fressanes 170 Shock « MIL STD 810C-Procedure 1
Safety + Designed to UL508
= x 11 Noise + Designed to NEMA 1C52-230
| = EMI/RFI + Shielded on 5 sides and
| 2.25- ! die-cast aluminum base
: : FCC - Class A Approval
| | Isolation + Designed to NEMA
{2 25 afes 2 25 =] 1ICS1-109.21
.V_b_‘ mﬁ_ﬂ%ig“s\gs Factory Burn-In . gach Unit Opgrating for
et o\ [ hours at 60°C ambient temp.
o Warranty * 12 months
| | 19" x 56"
0 — U - U 1=I_‘ [ SLOTS
® N ® A QS

| .
l:llgUI\i’lz'?NG lil?\el‘L DIMENSIONS anANIA Es&gr%ae!m @




*INTELLIGENT INDUSTRIAL RELAY _

~ The rugged, low-cost controller
i thats small like a relay
- but smart like acomputer.

Intelligent Industrial Relay
SYLVANIA G

ELECTRONIC CONTROLS OPERATION
WAL THAM, MA 02154




Up to two #12
wire connections ;Z’tz‘e%\é?%'eelg?\e’g{aoe- Four slotted holes
. . ... perscrew terminal ment of output triacs for mounting directly
Rugged, die-cast - provide secure ) to most industry-
aluminumalloy = m /O, battery standard control ’
®  base ensures secure p and ground relay rails.
mounting and reli- _connecuons.
able operation ~ LED status indicators
over temperature - - on all input/output
i E circuits.

Functional labels
quickly indicate
proper wiring
terminations.

resistant steel case,
fully shielded against
harsh EMI and RF!.

Ample storage of
o user programs in a
2K EPROM.
Four 10-position
rotary switches for Front cover plate
user-determined with captive screws
program operation. removes easily for
PY access to user
EPROM and pro-

gram switches.



] THE I12R" CONTROLLER PUTS PROGRAMMABLE POWER
TO WORK IN THE RELAY ENVIRONMENT.

 INTELLIGENT CONTROL.

The I2R™ (Intelligent Industrial Relay) Controller
may look like a simple relay, but its high degree of
built-in intelligence and programmable logic power
distinguish it from ordinary relay systems. The I’R
unit is a compact yet very powerful controller ready
to work alone as a complete logic control system on
a variety of small applications; or, in multiples to con-
figure more complex control systems; or, as a dedi-
cated, intelligent front-end processor to assist a larger
host machine, such as GTE's MECA™ System.

The 12R Controller's solid-state microprocessor
logic offers you full 16-bit math and 2K of user mem-
ory, all programmed in SYBIL, a high-level yet easily
! understood programming language. Never before
| has this kind of programming power been available

in such a conveniently small industrial package.

COMPACT SIZE.

The 2R Controller is comparable in size and shape
to two standard machine tool control relays, yet it
provides total system performance. The basic unit's

. 12 1/0's (8 in, 4 out) with optically isolated circuitry,
up to 26 counters and timers, 2K user memory and
four function-select switches are contained in a pack-
age with a footprint of less than 77 square inches. Its
unique space-saving design mounts directly on your
standard relay rail among the existing control hard-
ware, enabling you to conveniently configure your
total control system package.

LOW COST.

In addition to the I2R Controller's attractively low
price, its compact design and powerful intelligence
will help you realize important savings in several
areas.

First, its small size requires less of your costly
panel space and reduces your overall wiring
costs. External wires now become internal
program statements.

Secondly, increased EMI and

RFI shielding means the I2R

Controller can work exactly

where it's needed without
~_ extra protection, eliminating added
wiring and extended cabling.
In addition, the 2K user memory allows you
. townte several applications in one EPROM and
select the one you need, using the four-element
switch array. This cuts your inventory costs and
reduces.re-programming time.
‘Most importantly, the I2R Controller’s logic power
will allow your operation to be more effective, more
efficient and, thus, more productive.

INDUSTRIAL QUALITY.

The 2R Controller is designed to operate in severe
industrial environments. The fully-enclosed steel
housing minimizes contamination from dust that can
degrade the performance of electronic circuitry.
Radiated and conducted EMI and RFi are controlied
by extensive shielding and internal filtering tech-
nigues. The thermal properties of the device have
been carefully engineered to operate well over the
full industrial range of 0°C to 60°C.

FLEXIBLE APPLICATIONS.

Applications for this powerful controller are as
limitless as your imagination. For maximum flexibility,
each I2R Controller has four 10-position mini-rotary
switches which let you select up to 10,000 unique
control programs, including independent operating
modes, diagnostics and troubleshooting—all selected
by simply turning a screwdriver. This flexibility makes
the unit ideal for a variety of applications, from sensor
monitoring, to small machine control, to dedicated
system control—hundreds of control jobs, large
and small.

SIMPLE OPERATION.

You don’t need a degree in computer programming
to customize the [2R Controller. Because it is compat-
ible with the MECA" it utilizes Sylvania's Basic Indus-
trial Language (SYBIL), an English-like programming
language that is easily understood and rapidly applied.
You can quickly change programs with a few simple
keystrokes, or easily configure an entirely new appli-
cation. Simplicity of operation means the 2R unit
significantly reduces development and maintenance
time.

™Traderark of GTE Products Corp.




FEATURES

APPLICATIONS

A quick glance at the I?R Controller's features will
show you why this compact powerhouse is rapidly
changing the way industry thinks about control.
Industrial I/0 Basic unit incorporates 8 optically-
isolated switch closure inputs and 4 load-driving
outputs.

Compact Size Requires less than 17 square inches
of panel space.

Convenient Easy to install with 4 screws on a
standard machine tool relay rail.

Economical Cost competitive with EM relays

on small applications. Basic unit costs less than

4 installed relays.

Rugged Employs a unique, fully-shielded steel
enclosure.

Independent A fully contained programmable logic
controller capable of being the complete stand-alone
system.

Easy to Use Programmed in an English-like
language (SYBIL).

Expandable Designed to interface its own "“Adder”’
for I/O expansion.

Reliable Fully solid-state design provides proven
reliability and performance.

Easily Serviced Simply replace the unit, replace its
EPROM, or utilize programmable switches to initiate
diagnostics.

Fully Supported Product and service available
nationally from a network of authorized GTE
SYLVANIA Control Distributors.

General

The I2R Controller may be used as a stand-alone
control system; be combined with electro-magnetic
industrial relays to offer a hybrid approach; or, be
the smart front-end processor for a large computer-
based controller or PC. It is one of the most powerful
system building blocks available.

Small Machine Control

As a total control system for small machine appli-
cations, the unit can monitor a number of position
sensors—proximity switches, photo detectors, etc.—
and activate outputs such as motor starters, clutches
and brakes.

Industrial Press Control

The controller can conveniently monitor the press
slide to determine what sequence of operations is
permissive at any portion of the cycle. Operator
safety concerns would be implemented as program
interlocks and sequence safeguards.

Smart Sensor Applications

Programmed to monitor up to 8 inputs, the control-
ler will determine if an assembly (such as a package
on a conveyor belt) is correctly positioned to meet a
set of conditions.

Motor, Pump or Compressor Control

The controller can monitor start and stop se-
quences of a motor or pump system, along with
temperature and pressure, to determine if certain
conditions are met. Total motor control based on
proper operating conditions, diagnostics and failure
reporting can be supplied to an operator.

Annunciation

By monitoring the input and internal status
sources, the I2R unit can activate lamps and other
indicators to provide real-time operator information.

DETAILED FEATURES

» Up to 26 counters and timers.
» Up to 26 16-bit registers.
« A broad range of timers driven by a real-time

eliminates the need to cascade timers.
+ LED indicators on all I/0 circuits.

relational operators) and 16-bit counters.
+ Immediate |I/O control.

10,000 settings.

« Capable of being fully operated from battery
backup.

+ Inexpensive and reliable direct wiring.

« “Logic heavy’’ with 2K non-volatile user memory.

clock; 20 ms, sec., min., hours, and days intervals,

+ 16-bit arithmetic (add, subtract, muttiply, divide,

« User-defined programmable switches for up to




b

PRINCIPLES OF OPERATION

Manufacturing/Material Handling Systems

The unit can manage the individual segments of a
discrete parts assembly line. With a single controller
at each station, part positioning can be controlled
along with a subsequent sequence of pick and place
operations. Limit switches, photo cells and other
interlock detectors signal the arrival of the part. The
I2R unit can then activate pneumatic solenoids,
brakes, clutches, etc. Local operator annunciation
can be via LED indicators or other industrial grade
lamps. Operator pushbuttons would signal requests.
The program select switches would make each con-
troller interchangeable.

Included in the I?R Controller’s package are a
microcomputer with real-time clock, power condi-
tioner, internal memory for both user and operating
system programs, input signal conditioning and four
solid-state relay outputs.

The microcomputer controls the unit’s functions.
The user customizes it with his own applications
program stored in the user memory:.

The 2K bytes of operating system provide the user
with common software routines necessary for the
high-level user program. Input signals are transformed
into computer-compatible signals and transmitted
via internal bus structure to the microcomputer

Relay Replacement

Because of its unique size, the 2R =N
unit can directly replace industrial control PRETON SE1E07
relays. Panel space may be drastically somees
reduced by building timers, counters

SELECT
MU

and other logical control sequences into
the 2R Controller. Up to 26 timers and
counters may be replaced by a single
12R unit.

Wherever Panel Space is Limited

If panel space is a premium (such as
when explosion-proof enclosures must
be used), the savings in reduced panel
costs often more than offsets the cost
of an I*R unit.

Machine Diagnostics i

~ The I?R unit will monitor the state of

_inputs and provide alarming, annuncia-
tion end diagnostics for a machine,

VO DATA BUS
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process or other application.

The microcomputer's user program determines
the overall sequence of operation. The program may
activate any or all of the solid-state relay outputs
based upon the state of inputs, internal program -
status, results of computations or progression
of time.

The user’s program may read the input switch
settings of the four function-select switches at any
user-defined point of the sequence. A switch setting
ranging from 0 to 9,999 may result in the microcom-
puter implementing an entirely different program or
control algorithm.

Also provided through the bus structure is an
interface to the I1°R Adder for expanded input and
output capability.

The power conditioner accepts either 24v ac or a
12v dc battery backup to operate the entire unit.




MECA" SYSTEM

The MECA Programmable Control System is GTE
SYLVANIAs larger electronic controller with up to 96
input and output circuits, including switch closure
inputs, load-driver outputs, analog inputs and other
standard industrial I/O modules.

Like the 7R Controller, the MECA utilizes SYBIL
programming language for use by those unfamiliar
with computer languages. An interactive CRT termi-
nal with a standard typewriter keyboard is employed
for direct access to the microcomputer's memory.
Programs are typed and reviewed on the screen and
then sent to the microcomputer for processing.

The MECA system allows the user to simulate
and test a sequence before configuring the final pro-
gram. The small, general purpose computer simu-
lates and stores programs for future retrieval and
modification. A programmable interface is used to
burn-in a pre-tested program into the EPROM.

I’R CONTROLLER
PROGRAM DEVELOPMENT

The program development technique is simple:
configure the MECA System; develop the program
using a standard MECA Development System; then,
directly transfer the EPROM to the I2R unit for long-
term application and field use. The MECA controller
with standard modules is used as the development
system and simulator for the I2R Controller.

Once configured to emulate the I?R unit, the
MECA program is then interactively developed to
create the final version of the user PROM using the
CRT, computer programming system and program-
mable interface. When the EPROM is transferred
to the easily accessible 12R memory socket, the
controller will perform identically to the MECA
Development System.

e



SPECIFICATIONS

I’R BASIC UNIT—
ELECTRICAL SPECIFICATIONS
AC Input Voltage < 18t028 Vac, 47 to 63 Hz

AC Input Current = 0.4 A max.
DC Input Voltage  + 10-14 Vdc, 12 Vdc nominal
DC Input Current  + 0.3 A max.

User Memory Size -+ 2048 8-bit bytes
Memory Type » UV-EPROM
(Intel 2716 or equivalent)

INPUTS
Number -8
Voltage Range + 1810 30 Vac or 1010 30 Vdc

+ 10 mA =+ 10% at 24 Vac

*5mA £ 10% at 12 Vdc

+ 10 mA = 10% at 24 Vdc

+ 10 Msec typ., 15 Msec Max.
for Ac and Dc inputs

Input Current

Turnon Time

Input Resistance
which will not

cause turnon « 30K Ohm min. at 32 Vac
Input Isolation + 2500 VRMS
OUTPUTS
Number )
Voltage Range + 1810132 VAC

« Total 2A S1 and S4 only; sum
of all outputs less than 4.0A
+ 15A for 32 ms.

Output Current

Inrush Current

On State
Voltage Drop + 1.5 Vac max.
Off State Leakage  + 5 mA max.
Turnon Time * 60 Hz, 8 ms.
+ 50 Hz, 10 ms.
Turnoff Time + 60 Hz, 8 ms.
+ 50 Hz, 10 ms.
Type « Zero crossing Triac output
Output Isolation « 2500 VRMS
I’R BASIC UNIT—

ENVIRONMENTAL AND PHYSICAL

Weight * Less than 3.5 Ibs.
Dimensions

(in.) *+ 3.7Wx 4.5L x6.0H

{Cm.) +94W x11.4L x15.3H
Operating Temp.  « 0° to 60°C Ambient
Storage Temp. + —20°C to 85°C Ambient
Humidity * 95% relative, non-condensing
Vibration * Vibrated at 60Hz, up t0 5.5G's

in all 3 Axes for up to 1 min.

Shock + MiL std-810C procedure 1

Factory Burn-In + Each unit operating at 60°C

Ambient for 8 hours

Warranty + 12 Months

Safety + Designed to UL508

Noise + Designed to NEMA ICS 2-230
EMI/RFI » Shielded on 5 sides and die-

cast aluminum base.

PHYSICAL DIMENSIONS
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MOUNTING RAIL DIMENSIONS
TOP—~WIRING TERMINATIONS
TERMINAL TERMINAL
DESIGNATION FUNCTION DESIGNATION FUNCTION
X, X Terminal Spares S4-A, S4-B Pair Output Switch
B+,B-  Pair 12V dc Battery A Terminal 24 Vac Power
S1-A, S1-B Pair Output Switch B Terminal 24 Vac Center Tap
S2-A, S2-B Pair Output Switch C Terminal 24 Vac Power
S3-A, S3-B Pair Output Switch G Terminal Chassis Ground
S S S S,
REAR
X B-"B B|B|B| B|G| terminaLs
FORWARD
X B+”A AJA[AJC|A] TERMINALS
FACEPLATE
FORWARD
AAJAJA[A[A|A] TERMINALS
REAR
B|B|B|B|B|B|B]|B] ErminaLs

BOTTOM--WIRING TERMINATIONS

TERMINAL

DESIGNATION  FUNCTION

P1-A, P1-B Pair  AC/DC Input
P2-A, P2-B Pair  AC/DC Input
P3-A, P3-B Pair AC/DC input
P4-A, P4-B Pair  AC/DC input

TERMINAL

DESIGNATION FUNCTION
P5-A, P5-B Pair AC/DC input
P6-A, P6-B Pair AC/DC Input
P7-A, P7-B Pair AC/DC Input
P8-A, P8-B Pair AC/DC Input



ELECTRICAL EQUIPMENT CONTROL PRODUCTS

There are hundreds of other
Sylvania control products
with proven reliability, and
compact economical design
to meet your most exacting
industrial need.

Starters & Contactors

A complete line of NEMA
size starters 00 through 6
in open, enclosed and com-
bination types supported
by an impressive array of
accessories and kits.

Also a new horsepower-
rated starter type HP design
for specific applications.

Industrial Control Relays
Three Distinct designs:
Type P6, 600 volt con-

vertible cartridge relay for

machine tools.

Type PM, 600 vo't change-

able contact for heavy-duty
industrial control.

Type SM, 300 volt very
small precision type control
relay.

Heavy-Duty Pushbuttons

Type 100T—A rugged,
reliable, 600 volt oil-tight line
designed to perform in the
most severe industrial
applications.

Type 100M~—The most
complete and attractive 300
volt, 10 amp. pushbutton
line available.

ELECTRICAL EQUIPMENT GROUP SALES OFFICES

Alabama

Trussville, AL 35173
201 Morrow Avenue
(205) 655-8814
Arizona

Phoenix, AZ 85016
4647 N. 16th Street
(602) 277-2649
California

Fresno, CA 93703

2515 E. Lamona Avenue
(209) 237-2093

Los Angeles, CA 90012
729 E. Temple Street
(213) 625-8971

Orange, CA 92667

303 W. Katella Street, Suite 304
(714} 771-4110
Riverside, CA 92507
1180 Central Avenue #
(714) 684-1525 :
Sacramento, CA 95826
2950 Ramona Avenue
(916) 452-7621

San Diego, CA 92108
7801 Mission Center Court
Suite 410

(714) 297-1082

San Leandro, CA 94578
14895 E. 14th Street
(415) 352-3450

Santa Clara, CA 95050
400 Reed Street, Suite 106
(408) 727-4512

Santa Rosa, CA 95408
3559 Airway Drive
(707) 528-9000
Colorado

Denver, CO 80223

730 S. Jason Street
Unit 23

(303) 777-8285

GTE/ECO-30

Florida

Hollywood, FL 33020
2741 NW 29th Avenue, Suite 200B
(305) 921-26M1
Jacksonville, FL 32216
2121 Corporate Square Boulevard
Suite 171

(904) 725-1191

Orlando, FL 32809
7492 Chancellor Drive
(305) 859-6220

Tampa, FL 33607

4023 N. Armenia Avenue
Suite 102

(813) 876-9616

Georgia

Atlanta, GA 30344

2115 Sylvan Road

(404) 762-1781

Illinois

Eik Grove Village, IL 60007
800 Devon Avenue
(312) 593-3400

Indiana

Merriliville, IN 46410
8300 Broadway Avenue
(213) 887-5645

Kansas

Kansas City, KS 66115
450 Funston Road

(913) 371-3773
Louisiana

New Orleans, LA 70123
5510 Jefferson Highway
(504) 733-6970
Maryland

Columbia, MD 21044
10632 Patuxent Parkway
Suite 121

(301) 995-0222
Massachusetts
Waltham, MA 02154
100 First Avenue

(617) 880-9200
Michigan

Dearborn, M| 48126
1080 Ford Road

(313) 582-8754

Grand Rapids, Ml 49505
2828 Leelanau Drive NE
(616) 363-8778
Lapeer, M| 48446
3519 Crestwood Drive
(313) 667-0970

Minnesota

Fridiey, MN 55421

5330 Industrial Boulevard, NE
(612) 571-9400

Hastings. MN 55033

1122 Wainut Street

(612) 437-5763
Mississippi

Jackson, MS 39204

855 South Plaza Drive, Suite 205
(601) 373-9421

Missouri

Hazelwood, MO 63042
5656 Campus Parkway
(314) 731-5515

New Jersey

Teterboro, NJ 07608
1000 Huyter Street

(201) 288-9484

New York

Buffalo, NY 14224

25 Dewberry Lane

(716) 668-6136

North Carolina
Charlotte, NC 28224
8227 H Arrowridge Boulevard
(704) 527-5862

Raleigh, NC 27606

4904 Waters Edge Drive, Suite 220
{919) 851-8130

Ohio

Cincinnati, OH 45242
5480 Creek Road

(513) 793-6440
Cleveland, OH 44110
1146 E. 152nd Street
(216) 851-2200
Columbus, OH 43214
700 Morse Road

(614) 888-3428

Toledo, OH 43612

6517 Telegraph Road
(313) 847-1219
Oklahoma

Oklahoma City, OK 73106
1941 NW 17th Street
(405) 524-3641

Tulsa, OK 74114

3010 South Harvard

{918) 749-6776

Oregon

Portland, OR 97219

10151 SW Barbor Bivd. 206D
(503) 245-5508

Pennsylvania

Lionville, PA 19353

219 Welsh Pool Road

(215} 363-0490

Pittsburgh, PA 15234

250 Mt. Lebanon Boulevard
(412)341-5777

South Carolina

Mt. Pieasant, SC 29664
303 Ventura Road, SNEE Farm
{803) 881-3565

Tennessee

Nashvilie, TN 37217

Two International Plaza
Suite 303

(615) 361-4474

Texas

Dallas, TX 75207

2619 Farrington Street

(214) 631-8080

Houston, TX 77008

1440 Greengrass Drive
(713) 869-8671

Utah

Sandy, UT 84070

1270 E. 8600 South, Suite #14
(801) 561-7332
Washington

Kennewick, WA 99336
2545 West Falls Avenue, Suite A
(509) 735-2502

Seattle, WA 98108

750 South Michigan Street
(206) 763-2660

West Virginia

Huntington, WV 25705

80 Sycamore Street

(304) 529-2036

Wisconsin

Milwaukee, WI 53223

5600 West Brown Deer Road
(414) 355-1270

Puerto Rico

Canovanas, PR 00629

P.O. Box AF

(809) 751-2929

Headquarters

Electrical Equipment

GTE Products Corporation
100 Endicott Street
Danvers, MA 01923

(617} 777-1900
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\ € SENS

STORED ENERGY SYSTEMS

FC BATTERY CHARGER

®
Introduction: The SENS FC battery charger is a sophisticated battery charger.
It features fully automatic operation including "Soft Start".
Upon Delivery: The package should »e inspected for damage in transit. Any
damage should be reported immediately to the carrier. We are not
® ‘responsible for damage en route.

Installation: AWG #12 wire should be used for conmnection to the battery and
AWG #14 should be used for connection to the AC line. This should
be dane by a qualified installer. .
As soon as the battery is connected, the voltmeter should
® indicate battery voltage.
The charger should be located such that there is at least 6"
(15cm) of free air space above and below it. If this simple precaution
is not followed it could adversely affect the charger's reliability.

Operation: The front panel of a typical SENS FC charger is shown in figure 1.
e The front panel contains the AC and DC fuses, volt and ammeters and
(optional) timed BOOST switch.
When power is applied to the charger it will be in the AUTOBOOST
mode (for operation with a BOOST timer see section on MODELS WITH
TIMED BOOST). Output current will be indicated on the ammeter.

® AUTOBOOST. .. .When the charger is turned on, it will be in the BOOST mode (see
section on timed BOOST for definitions of FLOAT and BOOST). It will
stay in the BOOST mode until the battery reaches the BOOST wvoltage
setting. The charger will then AUTOMATICALLY switch to the FLOAT mode.
It will hold the battery at the proper FLOAT voltage until the charger
has a load on it that exceeds approximately 1/2 of the charger's

) rated output (this would occur when the battery is used to start an
engine). It will then switch to the BOOST mode until it reaches the
BOOST setting at which time it will again switch to the FLOAT mode.
This eliminates the need to periodically BOOST the batteries to keep
the cells at equal potential (see BOOST below).

P ****MODELS WITH TIMED BOOST****
When the timer is turned cloc