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Abstract

CONTROL SYSTEM DESIGN FOR A C-130 RO-RO SENSOR
DEPLOYMENT PLATFORM

by Robert Paul Hayes

A WVU team of engineers designed and built a palletized system that will be used
to deploy surveillance sensors from a C-130 cargo airplane. There will be two pallets,
one that will house the Operator Station and one that will carry a mechanical arm with a
Sensor Pod, where the sensors will reside. This pallet will be placed on the C-130 rear
door, which will be opened while in flight. The mechanical arm is designed to rotate the
Sensor Pod underneath the door so the sensors can observe the ground.

Computer/Electrical engineers were asked to design the control circuit for the
Sensor Pallet, providing the user with a user interface to control deployment of the
mechanical arm and Sensor Pod. The mechanical arm should also be deployable in an
automated process, controlled by a computerized system. They were also responsible for
designing the circuit to provide power to the system, interfacing with the power generated
on the C-130 cargo airplane.

The thesis “Control System Design for a C-130 Ro-Ro Sensor Deployment
Platform” details the power distribution circuit design, the control circuit design and the
design of the automated process program.
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Chapter 1: Introduction

The people of the United States of America are continuously facing threats to
their everyday way of life, including the constant spread of drug use among the American
population and the threat of terrorism from groups like al Qaida. The Department of
Defense and the National Guard are constantly searching for new ways to combat these
dangers. The philosophy employed by these enforcement agencies is that of preventive
action; find the terrorists or the fields of marijuana before they crop up on our city streets
and before the profits are made to finance terrorism.

For several years now, there has been the need to quickly and economically deploy
surveillance sensors such as a Forward-L ooking Infrared (FLIR) turret, high-resolution
digital cameras, video recording cameras, radar, multispectral imaging, and other sensors.
The C-130 cargo airplane is an attractive candidate to deploy these sensors based on the
availability of the airplane (there are many C-130’s currently in service across the nation)
and the large payload of the C-130. The problem becomes where to mount the
surveillance sensors on the large, vibrating freight carriers of the skies? Certainly, the
people that own the C-130’s and perform routine maintenance on them do not want to
have to alter or modify the airplane in any way. That means that the sensors can not be
attached to the bottom or the wings of the aircraft. This fact leaves only the rear doors of
the airplane, which can be opened while in flight, as an area from which the sensors can
be quickly and economically deployed. This concept, for a C-130 sensor deployment
system built from commercial-off-the-shelf (COTS) components and to be used without
modifying the aircraft, became Project Oculus, which was designed and built by the

WVU-CIRA team of engineers.



1.1 C-130 Sensor Deployment Systems Study

Deployment of surveillance sensors from a C-130 platform is not a new and novel
idea originated by the WVU-CIRA engineers. On the contrary, there are several
predecessors for Project Oculus to follow. Other systems have been developed by both

National Guard units and by private industry, funded by the federal government.

1.1.1 137" National Guard Airlift Wing Sensor Pallet

One of the first sensor pallet systems developed for the C-130 is the
reconnaissance system built by the 137" National Guard Airlift Wing located in
Oklahoma City, Oklahoma. This system did not have the same wide-sweeping goals as
Project Oculus; this sensor pallet was only designed to deploy a KC-1B mapping camera,
a KS-87 framing camera, and a KA-91A panoramic camera [1]. An illustration of this

system is shown in Figure 1.1 below.

Figure 1.1: 137" National Guard Airlift Wing Sensor Pallet [1]



As seen in the illustration above, the sensors are not mounted on a basic pallet;
instead, it is mounted on the rear door of the C-130 by the use of two mounting
connections on the cargo door. To deploy the cameras, this system extends two arms out
over the edge of the rear door to point the cameras at the ground below. This allows the
cameras to view directly below the plane and any ground behind the plane’s path.
However, the cameras are limited by the rear cargo door and cannot look forward. With
the extendable/retractable arms, the operators are able to reload the wet film cameras or
even replace the camera entirely. The system is shown in use in Figure 1.2. The 137"
Airlift Wing has stopped production of this sensor deployment system and is no longer

developing similar systems [1].
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Figure 1.2: 137" National Guard Airlift Wing Sensor Pallet, Shown In Use[1]



1.1.2 146™ National Guard Airlift Wing Sensor Pallet

Another sensor deployment system, similar to the system developed by the 137"
Airlift Wing, was created by the 146™ National Guard Airlift Wing, located in Port
Hueneme, California. This pallet also accommodates a KS-87 framing camera and a KS-
91 panoramic camera; the system can also deploy a three camera configuration. Instead
of the retractable arms that are present in the 137" Airlift Wing’s sensor pallet, the 146™
Airlift Wing’s pallet must be mounted with the cameras already positioned hanging out
over the end of the rear cargo door, from which the cameras can film the ground directly
underneath the aircraft [1]. This concept limits the components that may fail while in
use, but also limits the system’s usability.

The 146™ Airlift Wing is currently testing a new system that will allow them to
deploy Synthetic Aperture Radar (SAR) and infrared sensors. This system will be
useable even with the rear cargo door closed, unlike the previous systems discussed.

Ilustrations of both systems developed by the 146™ Airlift Wing are unavailable [1].

1.1.3 152" National Guard Airlift Wing Sensor Pallet

The 152™ National Guard Airlift Wing, located in Reno, Nevada, has created a
sensor pallet systems analogous to the one designed by the 1370 Airlift Wing.
Commercial surveillance cameras, which could be the KS-87 camera, the KS-91 camera,
or the KS-87 long lens camera, are mounted are two retractable arms and extended over
the end of the rear cargo door, exactly like the 137" Airlift Wing’s sensor pallet [1]. This

pallet is illustrated in Figure 1.3 shown below.
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Figure 1.3: 152" National Guard Airlift Wing Sensor Pallet [1]

However, the 152" Airlift Wing has expanded the scope of the normal sensor
pallet configurations with the development of the SCATHE view system. The SCATHE
system provides near real-time data by introducing the use of a gimbaled turret mounted
beneath the nose of the airplane, an operator workstation built atop a pallet loaded into
the cargo bay, and a communication link from the system to a ground base. The turret
encompasses a FLIR unit, a spotter scope, and a laser rangefinder. Ongoing testing to
add newer and better sensors to the system is still under way [1]. The system, shown

with the palletized workstations, is illustrated in Figure 1.4 below.
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Figure 1.4: 152" Airlift Wing Sensor Pallet with Palletized Workstations[1]

1.1.4 Hairy Buffalo Il

The systems discussed above were all designed to mostly handle only the KS-87
framing camera, the KS-91 panoramic camera, and the KC-1B mapping camera, and due
to the mounting position on the rear cargo door, had a limited field of view (FOV) of only
the ground directly underneath the plane. These systems were also only equipped with
wet-film cameras, which do not provide the operators with real-time data. As can be seen
with the 152™ Airlift Wing’s sensor pallet, the C-130 sensor deployment system was
beginning to evolve to providing near real-time data to the operators, and the FOV of the
system was increasing to include more of the ground below. However, attaching the
gimbaled turret to the aircraft nose took time; therefore, a sensor deployment system that

could position the sensors below the rear cargo door or C-130 fuselage was desired.



The federal government began to fund C-130 sensor deployment projects with the
introduction of the “Hairy Buffalo” mission. NAVAIR Inc. followed this system with
Hairy Buffalo II. The system includes three operator stations built on an operator pallet,
a C4 shelter designed to plug into a C-130 jump door for a fourth operator, and a wing
mounted ISR sensor pod based on Lockheed Martin’s SAMSON pod [1, 4]. The system

is shown below in Figure 1.5.

Operator

Onverator Locations

Sensor Pod

Figure 1.5: Hairy Buffalo || Sensor Pod and Operator Stations|[1]

The sensor pod is mounted just below the C-130 jump door and is controlled by
the operator seated in the customized AS-6 Door Plug. The sensor pod provides a full

360° of ground coverage beneath the aircraft and can be modified to house any currently



available sensor or future sensors, including Star Safire FLIR units, Lynx SAR radar,
MODSAR radar, hyperspectral sensors, CA-260 EO digital framing cameras, and
VHF/UHF antennas. The door plug itself is equipped with a GPS antenna that will relay
exact coordinates of an event to a ground base [1, 4].

The door plug and sensor pod

components are illustrated in Figure 1.6.
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Figure 1.6: Hairy Buffalo Il —Sensor Pod and Door Plug Unit [1]

The sensors can see out of the pod through cutouts in the bottom of the pod. The
MODSAR radar is mounted in the front fairing to eliminate interference with other
sensors. The sensor pod yields 14.7 ft of volume for sensors and can weigh up to 600
Ibs. with full sensor payload [1]. A closer view of the sensor pod with included sensors is

shown in Figure 1.7 below.
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Figure 1.7: Hairy Buffalo Il Sensor Pod (Sensor Payload) [1]

The AS-6 Door Plug cannot be installed without the entire removal of the C-130
jump door. Based on the fact that the system requires significant aircraft modification
and an extensive amount of time and effort to become operational, the Hairy Buffalo II
project and its federal government funding has been terminated [1]. Instead, funding for
a system that does not require modifications to the aircraft and can be flown with
minimal time and effort has been undertaken at West Virginia University with the

emergence of Project Oculus.

1.2 Project Oculus

In the spring of 2003, the WVU-CIRA team of engineers proposed a solution to
the sensor deployment problem. The proposal was to create a palletized system, using
standard C-130 Gen-X freight pallets used by the military, with the slight modification of
adding a %" top plate on the pallet, rather than the standard 0.063”. One pallet would

house sensor interface equipment, computer equipment, and the operators themselves,



and is known as the “Operator Station.” The Operator Station is shown in Figure 1.8,
showing two of the operator’s seats, two entry doors, three electronic equipment racks,

and one side of the input/output power connector and sensor communication panels [3].

Figure 1.8: Operator Station (Shown Without Rooftop) [5]

The “Sensor Pallet”, as the second pallet is called, would be the platform from
which the surveillance sensors would be deployed. The sensors would be mounted into
or on the outer edges of a “Sensor Pod”, which would be bolted to the end of four
mechanical stabilizing arms that will rotate out the open rear door of the C-130 and
position itself against the butt plate on the exterior of the rear ramp. The mechanical
arms will be on a shaft that is turned by a gearbox and a 2.0 HP 240 VAC motor. These

components are placed on top of a translating plate that is moved by a 1/3 HP 110 VAC
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motor. The translating plate and all other components will be mounted permanently on

the Sensor Pallet [3]. This pallet is shown in Figure 1.9 below.

Figure 1.9: The Sensor Pallet Platform (Shown in Deployed Position) [5]

1.3 Project Oculus Deployment Procedure

The deployment procedure of the Sensor Pod from its fully stowed position to its
fully extended position is a 3-step process. A profile view of the sensor pallet in its fully

stowed position is shown in Figure 1.10 below.
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Figure 1.10: Sensor Pallet Completely Stowed [6]

Step 1 of the deployment procedure involves the movement of the translating plate. The
translating plate travels 19 inches towards the back of the plane on stainless steel rails
attached to the top of the pallet. It is imperative that the translating plate completes the
movement so that when the arm is rotated, it does not strike the pallet or the C-130 door.

A profile view of a completed Step 1 is shown in Figure 1.11.
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Figure 1.11: Completion of Step 1 -Translating Plate Moved 19" [6]
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Step 2 of the deployment procedure involves the rotation of the arm so that the sensor
pod is positioned underneath the plane. The arm is rotated 206° from its resting position
to its position underneath the C-130 door. A profile view of a completed Step 2 is shown

in Figure 1.12.
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Figure 1.12: Completion of Step 2 - Arm Rotated 206° under C-130 Ramp [6]

The final phase of the deployment procedure, Step 3, again involves movement of the
translation plate. Here, the translating plate returns toward the front of the plane until the
pod is pulled in tight against the butt plate on the exterior of the ramp. This provides
stabilization of the sensor pod, which is important because of the sensitivity of the
sensors mounted inside. A constant vibration or movement of the pod could cause
pictures to be blurry, noisy signals, and so on. A profile view of a completed Step 3 is

shown in Figure 1.13.
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Figure 1.13: Completion of Step 3 - Sensor Pod Pulled Back Against C-130 Ramp Butt Plate [6]

The stowing procedure of the Sensor Pod performs these three steps in the exact
opposite order. First, the translating plate moves outward to the fully extended position
to give the arm room to rotate. Then, the arm rotates back to its resting position upon the
arm supports. Finally, the translating plate travels backward to its fully stowed position,

completing the stowing procedures.

1.4 Automatic and Manual Modes

During the design process, it was decided that the deployment and stowing
procedures could be done in one of two modes: automatic mode or manual mode.
Manual mode should be performed without the use of a computer; it is completely
controlled by the system operator. Therefore, the system operator can precisely place the
“mechanical arm” and/or translating plate in the exact position that he or she prefers.
This could aid in maintenance on the sensor pod or the mechanical arm, or in sensor

placement or maintenance inside the pod.
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Automatic mode is controlled by a computer; the only user inputs that control
automatic mode are a single push of the Extend and Stow buttons. There will also be
input from sensors to describe the location of the translating plate and the rotational arm.

Each mode is controlled from a user pendant, which consists of a combination of
three pushbuttons and two switches. The pushbuttons are the Emergency Stop button, the
Extend button, and the Stow button; the switches are the Automatic/Manual Mode switch
and the Translate/Rotate switch. A diagram showing a picture of the pendant with the

layout of the pushbuttons and switches is shown in Figure 1.14 below.
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Figure 1.14: Pendant with Pushbutton/Switch L ayout
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1.5 Statement of the Thesis Project Problem

Project Oculus required electrical design of rotational and translational motors
power, interface design, automatic mode control, and sensors for detecting the translating
plate and rotational arm positions.

The rest of this document is intended to detail the design of the sensor pallet
electrical components and the development of the automatic mode Programmable Logic
Controller (PLC) program. The circuit designed to implement the desired functions will
be discussed, as well as the hardware chosen to build the circuit. Also, the development
of the PLC software will be discussed thoroughly, complete with a tutorial on the use of
the PLC programming software and ladder programming in general. All circuit
diagrams, component data sheets, and the PLC program are available in the appendices at

the end of the document.
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Chapter 2: Project Background

For Project Oculus to be a success, the WVU-CIRA electrical engineers had to do
some preliminary background work before they could proceed. The first topic of
discussion was about how the implementation of the system would take place. Basically,
a general overview of what the system would look like must first be discussed.

The second subject that needed to be researched was for a power source for the
system once it had been loaded onto the plane. The engineers needed to know the type of
power that is generated and where the power outlets were located in the C-130 Ro-Ro
cargo area.

Third, a study of the types of proximity sensors that are commercially available
for the system must be conducted. When designing and building the control circuit for
the Sensor Pallet, the engineers will be using some type of position sensors to sense the
position of the sensor head. The various strengths and weaknesses of the different kinds
of proximity sensors need to be identified so that the best position sensor for the job is
chosen.

The last topic of discussion here will be programming PLC’s, most notably,
programming with the DirectSoft32° software. In Chapter 4, it will be discussed that the
DO0-06DD2 PLC available from Automation Direct is chosen to run Automatic mode and
that the DirectSoft32° software, designed specifically for programming with the DL06
PLC processor, is the tool that one uses to program this PLC. Before programming the
PLC, the engineer had to learn how to use the software; this background discussion will

teach the reader how to use the software as well.
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2.1 General Overview of Project Oculus

For the WVU-CIRA electrical engineers, there are several issues that must be
solved during the design and building process of Project Oculus. Here, a quick overview
of the problems and proposed solutions are discussed. The design of these circuits and
programs are discussed further in future chapters.

First, the problem of supplying power to the sensor pallet had to be solved. The
proposed solution is to use the 28VDC 200Amp power supply connector on the bulkhead
of the C-130. The Operator Station would plug into this power source and then with the
use of an inverter convert the DC power to split-phase 220VAC 60Hz. Using a power
outlet connector on the external panel of the Operator Station, the Sensor Pallet can plug
into the power generated in the Operator Station. Using the 220VAC split-phase, the
translational motor can be supplied with 110VAC 60Hz and the rotational motor can be
supplied with 220VAC 60Hz.

Once the power is available to the motors on the sensor pallet, the question of
controlling the motors through manual and automatic modes had to be designed. For the
proposed solution, the pendant that was pictured before will be used with the same
buttons and switches. The pendant will use a 24VDC signal to engage relays that send
the 110VAC 60Hz power to the translational motor or generates 3-phase 220VAC 60Hz
power to the rotational motor.

Finally, how will automatic mode be controlled? Automatic mode will be run by
a Programmable Logic Controller (PLC). It will respond to inputs from the user (Extend
button or Stow button pushed) and sensors that identify the position of the translating

plate and the rotational arm. These sensors will take the form of capacitive proximity
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sensors that will be strategically placed on the pallet and the translating plate. There will
also be LED indicators mounted somewhere on the Sensor Pallet with the purpose of
communicating the progress of the Sensor Pallet deployment procedure to the user.
These LED’s can be driven by the PLC or the proximity sensors, or a combination of

both. The exact layout of LED’s will be discussed in the design.

2.2 C-130 Power Sources

Project Oculus requires an ample amount of power to be functional. For an
estimate of the power required by the system, please see Appendix 2 “Project Oculus
Power Budget”. Where will this power come from once the system has been loaded onto
the plane? The WVU-CIRA electrical engineers needed to know this information before
they could design the power interface circuit that will reside in the Operator Station.

After making a visit to the Air National Guard base in Charleston, WV, to study a
C-130, the engineers were able to gather the information they required. All C-130
airplanes generate both 28VDC and 115/200VAC 400Hz power. Though some of the
planes also supply 115/200VAC 60Hz power, the Project Oculus engineering team could
not design the system with the assumption that this power supply would be available
onboard any given plane used to deploy the system. There are various power outlets
available in the cargo bay area, as well. A summary of these power outlets, with voltage
and current supplied, connector manufacturer, connector model number, and the

calculated power available from that power outlet is shown below in Table 2.1.
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Table 2.1: Overview of Power Outletsin C-130 Cargo Bay

Connector  |Voltage Current Calc Power
Location Label Label Label AC(Hz)/DC |Connector MFG |Connector Model |(Watts)  |Wire Size
Jump Door DC outlet 28V 10A DC Hubbel 7526M2 280(10 AWG
Iron Lung 28V 25A DC Amphenol MS 3102R-24-9S 700{4 AWG
Galley 115VAC 20A 400Hz Bendix MS 3102A-20-4S 2300|112 AWG
Winch Cable |DC outlet 28V 200A DC AMFS America |?
(forward rectangular |28V 200A DC Fleet Service  |AN2552-3A 5600|"0" AWG
bulkhead) (small round) |28V 10A DC Hubbel 7526M2 280|10 AWG
(big round)  |115/200VAC [50A 400Hz Bendix MS 3102R-22-22S |5750@115 [8 AWG
Forward Right |DC outlet 28V 10A DC Hubbel 7526M2 280[10 AWG
Side Iron Lung 28V 25A DC Amphenol MS 3102R-24-9S 700(4 AWG
Galley 115VAC 20A 400Hz Bendix MS 3102A-20-4S 2300|112 AWG
(giant round) |115VAC 20A 400Hz Bendix MS 3102A-18-10S 2300|14 AWG

One power source in this table is significant. At the Winch Cable, located at the
forward bulkhead, there is a “rectangular” power outlet, part number AN2552-3A, that
supplies 28VDC 200A, for a total amount of power of S600W. Preliminary calculations
suggest that that should be enough power for Project Oculus to function. However, if this
power source is used, a rather large and heavy cable (Table 2.1 refers to it as “0” AWG
cable, but 2/0 AWG cable will be used) will have to be used to connect the Winch Cable
power outlet to the Operator Station. This might make the system cumbersome to use, a
result that may make potential customers reluctant to use the system.

As an alternative solution, the engineers may be able to use a combination of the
400Hz power supplies that are available. There are two power outlets available at the
“forward right side” of the plane, the galley and a round connector, that provide up to
2300W of 400Hz power each. Because these outlets are not as high current as the
AN2552-3A, the cables connecting to these outlets would not have to be nearly as thick
and heavy. However, this poses a new problem; no computers, monitors, or radios

operate on 400Hz power. Therefore, there would have to be some sort of “frequency
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changer” residing in the Operator Station that could turn the 400Hz power down to 60Hz.
Though this sounds easily done, a frequency changer that could perform this operation
and meet aircraft specifications would be a rather expensive solution. Thus, the AN2552-
3A DC power outlet was chosen as the power source for the system while on the plane.

This is discussed further in Chapter 3.

2.3 Proximity Sensors Study

There are several kinds of proximity sensors commercially available:
mechanically, inductive, capacitive, photoelectric, and ultrasonic. Before the WVU-
CIRA celectrical engineers can decide which proximity sensor is right for Project Oculus,
a knowledgeable study about each type was conducted. Presented here are the findings

of this study.

2.3.1 Inductive Proximity Sensors

Inductive proximity sensors are intended to be non-contact sensors that detect the
presence, or lack thereof, of ferrous material. The ideal target for sensing is mild steel,
more than 1mm thick, and is at least the same diameter as the sensing face of the device.
The four major components of an inductive proximity sensor are (1) a ferrite core with
coil, (2) an oscillator, (3) a Schmitt trigger, and (4) an output amplifier [7]. These

components are illustrated in Figure 2.1 shown below.
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Figure 2.1: Components of an Inductive Proximity Sensor [7]

The inductive proximity sensor works by using a magnetic field. The oscillator
creates a symmetrical oscillating magnetic field which radiates out through the coil array
and extends out past the sensing face, making up the “sensing area” shown in Figure 2.1.
Whenever a magnetic metal is placed in the sensing area, Eddy currents are induced on
the face of the metal, hence the name “inductive” proximity sensor. This creates a power
loss in the amplitude of the magnetic field produced by the oscillator, which is known as
the Eddy Current Killed Oscillator (ECKO) principle. The reduced amplitude in the
oscillations is “noticed” by the Schmitt trigger, which then generates and sends an output
that the object has been detected [7].

Because of the limitations of magnetic fields, inductive proximity sensors have a

very small sensing range from fractions of a millimeter to up to 60mm. The speed of an
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inductive proximity sensor is rather fast, as well; 10-20Hz for most AC models, and 500-
5kHz for DC models. Inductive proximity sensors are also rather rugged in design and

nature, and they are equipped to handle any environment [7].

2.3.2 Capacitive Proximity Sensors

Capacitive proximity sensors give the user a few more options than the inductive
proximity sensors. By design, capacitive sensors can sense any material and are not
limited to detecting ferrous material like the inductive sensors. Capacitive sensors are
comprised of (1) two plates (acting as an open capacitor), (2) an oscillator, (3) a Schmitt
trigger, and (4) an output amplifier [7]. A diagram of the capacitive proximity sensor is

shown in Figure 2.2 below.

-l P

Figure 2.2: Components of a Capacitive Proximity Sensor [7]

The capacitive proximity sensor works by using the properties of the open
capacitor. When an object enters the sensing area, the capacitance between the two plates
increases and causes the oscillator to increase its oscillations. This is registered by the
Schmitt trigger, which generates and sends the detecting output. The capacitive
proximity sensor works in a “reverse” way as the inductive proximity sensor; the

inductive sensor senses when the oscillations of the oscillator lose amplitude, the
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capacitive sensor senses when the amplitude of the oscillations of the oscillator increases
[7].

This operating principle of the capacitive sensor makes it slightly slower than the
inductive sensor, usually ranging from 10-50Hz. Their sensing range is comparable to
inductive sensors, ranging anywhere from 3-60mm [7]. They are also ruggedly built and
are ideal for any rough environment. Extra care must be taken when mounting these
sensors, however; since they sense any material, they could pick up something else in the

environment and be falsely triggered.

2.3.3 Photoelectric Proximity Sensors

Photoelectric proximity sensors are the fastest growing field of proximity sensors
available. They have one of the greatest sensing distances obtainable, and can detect
objects as small as 0.0lmm in diameter. Though there are several flavors of the
photoelectric sensor, each one has a few basic parts: (1) an emitter, a light source such as
an LED or a laser diode, (2) a photodiode or phototransistor receiver to detect this light
source, and (3) supporting electronics to amplify the signal relayed from the receiver.
The three kinds of photoelectric proximity sensors are Through-Beam sensors, Retro-

Reflective sensors, and Diffuse sensors [7].

2.3.3.1 Through-Beam Photoelectric Sensors

Through-Beam sensors separate the light source and the receiver from one
another. The light source is beamed to the receiver; detection occurs when an object
passes through the beam of light and the receiver fails to receive the beam [7]. Figure 2.3

illustrates the use of a Through-Beam photoelectric sensor.
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Figure 2.3: Through-Beam Photoelectric Sensors|[7]

Depending on the light source, these units can offer detecting distances of up to
60m. Even at these distances, an object 3mm in diameter can be sensed, and at closer
ranges, an object only 0.0lmm in diameter can be detected. The speed of sensing is
generally the same for all light sources, which is 500Hz [7]. These sensors are good for
most environments; they can detect objects even with the presence of dirt or other
contaminants in the air. However, this type of sensor requires the user to wire up both
the transmitter and the receiver; the transmitter must have power to operate, and the
receiver generates the output. This could be a drawback on the use of this sensor,

depending on the application.

2.3.3.2 Retro-Reflective Photodlectric Sensor s

The Retro-Reflective sensor works on the same general concept of the Through-

Beam sensor. Instead of mounting the receiver on the other side of the beam of light,
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however, the receiver and emitter are together in the same housing. The receiver sees the
beam of light from a reflector mounted on the other side of the sensing area. Detection
occurs when the beam is broken, meaning that the beam is no longer being reflected back
to the receiver, causing the receiver to generate a detecting output [7]. Figure 2.4

illustrates the use of a Retro-Reflective photoelectric sensor.

Figure 2.4: Retro-Reflective Photoelectric Sensors[7]

This is done to solve the problem with Through-Beam sensors, where it may be
difficult to wire up both the transmitter and receiver; here, they are in the same area and

should be easier to get to. Sensing distances for this type of sensor range up to 10m.

2.3.3.3 Diffuse Photoedlectric Sensors

Diffuse sensors work on a little bit different concept as the Retro-Reflective
sensors. Again, the transmitter and receiver are housed together. Instead of using a
reflector for the beam, however, these sensors use the object itself as the reflector.

Detection, then, does not occur when the beam is “broken”’; rather, detection occurs when
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an object reflects the beam back to the receiver [7]. Figure 2.5 illustrates the use of a

diffuse photoelectric sensor.

E T Dromsfioffiec» » ST b - b v

Figure 2.5: Diffuse Photoelectric Sensor [7]

This operating principle means that the diffuse sensor is limited by the object it is
meant to detect. If the object does not reflect light, or is oriented in a certain fashion so
that it does not reflect the light back to the receiver, the sensor will not work. Also,
background objects could reflect the light back to the receiver and cause a false trigger.

Therefore, these sensors cannot be used in all environments.

2.3.4 Ultrasonic Proximity Sensors

Ultrasonic sensors employ the use of sound waves instead of light beams to detect
objects. Because they use sound waves, they are not limited by the objects color,
transparency, or orientation; however, they are subject to the texture of the object. But
for the most part, they can detect just about any object. They come in the same flavors as
photoelectric sensors: Through-Beam, Retro-Reflective, and Diffuse [7].

Ultrasonic sensors use a special sonic transducer that not only emits a series of
sonic pulses but also can receive the reflected sound waves. When the sensor “hears” the

reflected pulses, it generates an output of detection. At the same time, this type of sensor
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can also tell the distance from the sensor to the detected object. This may be important
information to know for certain types of applications. Sensing distances for these sensors

range up to 2.5m [7].

2.4 DirectSoft32° Programming Tutorial

In Chapter 4, the selection of the D0-06DD2 PLC as the device to control
Automatic mode of deployment of the Sensor Pallet is discussed at length. Here, the use
of the programming software for that PLC, which is called DirectSoft32°, will be
discussed. In this abbreviated tutorial, only the software features needed to program
Project Oculus are covered. Subjects covered here are getting started with the software,
intro to ladder programming, entering normally open/closed contacts, programming with
PLC timers, and setting/resetting PLC memory locations. Whenever appropriate,
screenshots will be included for the reader’s convenience. For a complete overview of

the software and its features, please see the user’s manual that accompanied this software.

2.4.1 Introduction to Ladder Programming

Ladder programming is rather different from any other kind of programming. In
many ways, ladder programming is easier than programming in one of the popular
programming languages such as C, C++, or even Visual Basic. One of the major
differences is that when running a program written in any of these languages, the
program runs through once, finishes, and does not continue. With PLC ladder
programming, the PLC continues to scan the inputs, running through the program over

and over again, without the programmer having to include loops of any kind. This is an
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important feature because PLC users want the program to be running continuously,
always checking the inputs and reacting accordingly.

The basic principle of ladder programming is to think of the program as one
would think of an electrical circuit. The “power line” runs down the left side of the
ladder programming window. To turn on the outputs, which are placed on the right end
of each “ladder rung”, the contacts or conditions placed on the ladder rung must be true,
thereby relaying the power from the “power line” to the output. Therefore, if there are no
conditions or contacts placed on the rung, the output will always be true. If any or all of
the conditions on the rung are false, the output will not be turned on. Ladder rungs can
also be placed in parallel; this way, an output can be turned on with several different
combinations of contacts and conditions, just like a parallel electrical circuit.

The DirectSoft32° graphical interface software makes ladder programming rather

easy. The next section will teach the reader how to use this programming software.

2.4.2 DirectSoft32° - Getting Started

Upon starting the DirectSoft32° software, the “DSLaunch” window is displayed.

Figure 2.6 shows a screenshot of the DSLaunch window.
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Figure 2.6: Screenshot of the DSLaunch Window

From this window, past projects can be viewed and opened, communication links to
available PLC’s can be viewed, and the utilities provided by the software can be
manipulated. The programming application can be launched from this window by
double-clicking “DirectSoft32° Programming 4” located at the top left corner of the

screen. After double-clicking this icon, the screenshot shown in Figure 2.7 is displayed.
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Figure 2.7: Open New Project Screen

This is the New Project screen. In the “New Project” title box, type the new project
name; the example here will be called “Thesis Example”. The D0-06DD2 PLC has the
DLO06 processor, so DL06 has to be chosen in “Type” as well. Once this is done, click

the “OK” button to see the Ladder View of the new project, which is shown in Figure 2.8.
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Figure2.8: Ladder View of Project

Once the user has reached this point, he is ready to edit the new project. To edit
the ladder program, the user must first click on the yellow “Edit Mode” button at the top
of the screen. When it is yellow, it says “Edit Mode: OFF”; after clicking it, the button
turns gray and says “Edit Mode: ON”. When the Edit Mode is on, the user is supplied
with a toolbar at the bottom of the screen, showing all the types of contacts that can be

added to the program. This toolbar is shown in Figure 2.9 below.

Figure 2.9: Program Editing Toolbar
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2.4.3 Entering Contacts/Conditions onto Ladder Rungs

To place a contact or condition on a ladder rung, the Edit Mode must first be
turned on. Then, place the cursor on the ladder rung where the contact should be located.
Next, identify whether the contact should be a normally open or normally closed contact.
If a certain contact input should be “on” to make the output true, use the normally open
contact. If the input should be “off”, then use the normally closed contact. Once the
correct contact has been chosen, the user should click on the corresponding button on the
toolbar shown in Figure 2.9. The normally open contact is shown on the far left; the
normally closed contact is the next one on the right. Once the correct button is clicked,
the contact will appear on the ladder rung where the cursor was placed. At this point, the
user should type in the input that should be scanned here; any input from X0-X23 will

suffice. An example of each contact being entered is shown in Figure 2.10 below.
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Figure 2.10: Entering Normally Open/Closed Contacts

The same process is used to enter a conditional statement on a ladder rung. The
user can make a comparison, such as greater than, less than, equal to, or not equal to,
between any two inputs or two memory locations. All the user needs to do is click on the
corresponding button on the toolbar; the comparison buttons are the fifth through eighth

buttons from the left. Once the button has been clicked, the “comparison contact” will
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appear where the cursor has been placed. Then the user can type in what inputs or
memory locations that he wants to compare. Figure 2.11 shows the addition of a

comparison contact.
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Figure2.11: Entering a Comparison Contact

The user will also need to know how to enter parallel ladder rungs. To create a
parallel ladder rung, first define the connection point from one ladder rung to the new
parallel ladder rung and place the cursor at this point. Then, while holding down the Ctrl
button, press the arrow keys to “draw” the rung into the program. The new ladder rung
should be drawn until it terminates on the originating ladder rung or on the “power line.”

A parallel ladder rung is shown in Figure 2.12 below.
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Figure2.12: Adding a Parallel Ladder Rung

2.4.4 Ladder Rung Outputs

Now the user needs to learn how to set up outputs in a ladder program. The most
basic output command, of course, is the “OUT” command. To program any output, first
place the cursor on the output point of the ladder rung, normally designated with the

letters “NOP” in parentheses. For the out command, just type the word “OUT” and press
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Enter. At this point, the software requires the user to type the output point that will be
turned on, which can be any output from Y0-Y17. Figure 2.13 shows the adding of an

“OUT” command.
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Figure 2.13: Adding an OUT Command

Another ladder rung output is writing messages to the LCD screen on the PLC.
To begin, again place the cursor on an output point and type the letters “LCD”. After

pressing Enter, the screen shown in Figure 2.14 appears.
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Figure 2.14: Defining an LCD Message

The LCD screen has two lines on which to display text. In this screen, the user can
specify the line number on which to place the message. Using “K1” designates the first
line; using “K2” designates the second line. Then, the message to be displayed is

specified. In the message text box, the message should be typed, surrounded by
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quotation marks. The message is limited to 17 characters. Once finished filling out this

screen, pressing the Enter button will finish adding the command. Figure 2.15 shows a

completed LCD command statement.

Figure2.15: Adding an LCD Command

The next series of outputs deal with setting and resetting memory locations. To
set a memory location, first highlight the output point with the cursor and then type
“SET” and press Enter. At this point, the user can type in the memory location that he
wants to set. Setting memory locations is important for applications like remembering
button presses. To reset a memory location, again highlight the output point with the
cursor and type “RST” before pressing Enter. Again, the user will be prompted to type in

the memory location to reset. Figure 2.16 shows adding both a SET and RST command.

Figure 2.16: Adding SET and RST Commands
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The final output to be covered is timers. The D0-06DD2 PLC has 256 separate
configurable timers available for use by the programmer. Each of the timers is numbered
from T0-T377, based on the octal numbering system employed by the PLC. When the
timer is in the output, that timer is set to a certain number of seconds, and the countdown
begins immediately. To use the finished timer countdown, a normally open contact for
that timer should be present on a ladder rung. To remember that the timer has finished its
countdown, this normally open contact input could set a memory location at the output.

To program a timer, highlight the output point and type “TMR” before pressing
Enter. The user will then be prompted to identify the timer to use and the number of
seconds the timer will be programmed to count down. Time is specified in the following
manner: if the user wants to program the timer for 3.0 seconds, he would type in K30 in
the time field. This way, the user can specify fractions of a second; if the user wanted the
timer to count 5.5 seconds, he would type K55. Figure 2.17 illustrates the adding of a

timer to the program.
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Figure2.17: Addinga TMR Command
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2.4.5 Optional Module Setup

The D0-06DD2 PLC is equipped with four expansion slots for a multitude of
optional modules that are designed to accommodate several different inputs and outputs.
Two optional modules are used in the implementation of Automatic mode: the F0-04AD-
1 analog input board and the D0-08CDD1 digital input/output board. The D0-08CDD1
module is plug-and-play; the D0-06DD2 PLC automatically knows how to use the board
for inputs and outputs. However, use of the FO-04AD-1 analog input module requires the
programmer to instruct the D0-06DD2 PLC how to deal with the inputs from this
module.

There are four instructions used when setting up the FO-04AD-1 module. The
first instruction loads a constant that contains the number of channels to scan and the
stored input data format requested by the user. This constant can be either K400 or
K8400; the upper byte selects the data format (0 = BCD and 8 = Binary) and the number
of channels, here set to four for the 4-channel F0-04AD-1 [8].

Next, using the OUT command, this constant is stored in a special V-memory
location assigned to expansion slot 1 of the D0-06DD2 PLC, which is the first slot on the
left. The value stored in that V-memory location configures the input data coming into
that slot. All slots have an assigned V-memory location; the V-memory location
corresponding to the expansion slot where the FO-04AD-1 must be used here [8]. V-
memory locations for the other slots can be found in Figure 2.18 below.

The third instruction is loading the octal value 02000 for the first V-memory
location that will be used to store the incoming data, using the LDA command. By doing

this, the incoming data from the 4-channels are designated as such: Channel 1 — V2000,
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Channel 2 — V2001, Channel 3 — V2002, Channel 4 — V2003. Any unused memory
location can be used for this purpose; V2000 is used here in this system [8].

The final instruction outputs this value to a predetermined input pointer
corresponding to the chosen expansion slot, using the OUT command. For the first
expansion slot, the pointer is V-memory location V701 [8]. Figure 2.18 shown below

shows the designated input pointer for each expansion slot.

Analog Input Module
DL06 Special V-memory Locations
1

Slot No. 2 3 4
No. of Channels V700 V710 V720 V730
Input Pointer V701 \'Tak V721 Vi3t

Figure 2.18: Special V-Memory L ocationsfor D0-06DD2 Expansion Slots[8]

In Chapter 4, the CLN-50 current sensor is discussed; this device creates the data
that will be input to the FO-04AD-1 analog input module. This data will be compared to
a value determined in Chapter 4, which is 10mA. However, the data that is stored in V-
memory location V2000 (Channel 1) is in Binary Coded Decimal (BCD) format.
Therefore, 10mA needs to be converted to BCD and stored in the PLC memory for use in
the program. The following formula converts 10mA to BCD [8].

D =(4095/16) (A —4)
D = (4095/16) (10mA — 4)
D =255.93*%6
D=1536
To store this value, the constant K1536 is loaded and then stored to V-memory location

V2004 using the OUT command [8]. In the Automatic mode program, V-memory

locations V2000 and V2004 are compared to determine if the Sensor Pod has pulled up
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tightly against the butt plate on the C-130 door. These instructions are placed on an
unconditional ladder rung at the beginning of the program. They are showed in Figure

2.19 below.

Figure 2.19: FO-04AD-1 Analog I nput Module Setup

This concludes the project background section. The next chapter will begin to

detail the circuit design that will power up and control Project Oculus.
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Chapter 3: Project Oculus Circuit Design

For Project Oculus to function correctly, the WVU-CIRA electrical engineers had
several tasks to complete. First, the entire system, both the Operator Station and the
Sensor Pallet, needs power in order to operate. As was discussed in the literature review
presented in Chapter 2, most C-130 Ro-Ro airplanes only have two types of power
available; 28VDC and 400 Hz AC power. There will most likely be a need for DC power
to run certain sensors designed to operate on aircraft power, such as the Star Safire FLIR,
but what about the computers, monitors, VCRs, and radios in the Operator Station and
the motors on the Sensor Pallet? These devices all run off 110/220 VAC 60 Hz power,
not 400 Hz AC that is available on the plane. Therefore, the engineers need to design
how to bring power into the system and invert it to 110/220 VAC 60 Hz power that these
devices can use. The second task to be undertaken by the WVU-CIRA electrical
engineers is to design the control circuitry and user interface pendant to control
Automatic and Manual modes on the Sensor Pallet. This chapter will discuss both of
these tasks in depth, showing the circuit designs and hardware chosen to carry out the

design.

3.1 Operator Station Power Distribution Circuit

There are several issues that must be addressed while designing the Operator
Station power distribution circuit. First, what power sources are going to be used and
how will that power enter the Operator Station? Should there be a fuse on the power
input(s) to protect the circuitry and the operators sitting inside the station? Second, how
will the 110/220 VAC 60Hz power be generated and supplied to the devices inside the

Operator Station? In relation to this problem, will there be circuit breakers to protect the
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computers and other devices? Third, how will the Sensor Pallet receive the 110/220
VAC 60Hz power that it needs to operate?

While answering these questions, other issues were raised. Should there be any
indicators, in the form of LED’s, to signify what kind of power is available to the system?
Should the user be able to turn the power off and on? Where will these components
reside in the Operator Station? All these topics will be resolved in the discussion of the

design.

3.1.1 Input Power for Project Oculus

The first question to solve is the source of the input power to the system. Of
course, the system needed to receive power on the C-130 Ro-Ro; therefore, one of the
two available power sources on the plane had to be utilized. Of the sensors that would be
deployed from the Sensor Pallet and the devices that would be placed in the Operator
Station, nothing operated from 400Hz AC power. Also, a “frequency changer” that
would turn the 400Hz AC power to 60Hz AC power was rather expensive. For these
reasons, the electrical engineers decided to make use of the 28VDC 200 Amp power

supply available on the plane when the system is in use.

3.1.1.1 28V DC 200 Amp I nput Power

As was discussed in Chapter 2, there are several 28VDC power outlets available
in the plane; it was decided that the normal plug-in point would be the connector at the
bulkhead of the aircraft.

Now that the power source on the aircraft has been chosen, the electrical

engineers had to determine the parts needed to connect to the power connector on the
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plane and plug into the Operator Station. The DC power connector on the Operator
Station was chosen to match the connector on the aircraft’s bulkhead. The 28VDC 200
Amp connector found there is a standard connector with the part number AN2552-3A.
This part was purchased from Aircraft Spruce and mounted on the outside of the Operator
Station on the “power-in” panel. The AN2552-3A DC power connector is shown in

Figure 3.1 below.

Figure 3.1: AN2552-3A 28V DC 200Amp Connector [9]

The plug that mates with the AN2552-3A is the AN2551 [9]. A cable with this
plug connector at each end was constructed to connect the power source plug on the
aircraft bulkhead to the Operator Station. The cable was built 60 feet long so that it
would have enough slack to go up and over freight stored on the plane and still reach
from the bulkhead to the Operator Station no matter where it was located in the freight
area. The cable was made from two pieces of 2/0 SOOW welding cable, one wire for the

positive connection and one for the negative connection.
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3.1.1.2 220VAC 30Amp I nput Power

The WVU-CIRA celectrical engineers realized that there may not always be a
28VDC 200Amp power supply available to the system for power when it is on the
ground and not in use. Therefore, the ability to interface to an alternative power source,
220VAC 30Amp single phase, was designed for the system. For safety purposes, the
cable carrying current from the power source would have a female plug on the end;
therefore, the male connector would be mounted on the Operator Station. The female

plug chosen was the HBL430C12W, which is pictured in Figure 3.2 shown below.

Figure 3.2: HBL430C12W 220VAC 30Amp Female Plug Power Connector [10]

This plug was placed on the end of a 60 foot piece of 10/4 SOOW welding cable. The
other end that connects to the power source was not part of the finalized design. This is
because there are several 220VAC power receptacles that the cable could have to
interface with; therefore, there was no plug attached to that end.

The male connector that mates with the HBL430C12W is the HBL430B12W
power connector. The HBL430B12W power connector was added to the “power-in”

panel on the exterior of the Operator Station. This connector is pictured in Figure 3.3.
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Figure 3.3: HBL430B12W 220VAC 30Amp Male Chassis Mount Power Connector [11]

3.1.2 AC Power Inverter

Now that the sources of power have been defined, the electrical engineers had to
figure out what to do with it. Recall that most of the components in the Operator Station
and the translational motor run off 110VAC 60Hz, and the rotational motor runs off
220VAC 60Hz. Therefore, an inverter is required to take the DC power available and

make it 60Hz AC.

3.1.2.1 Vanner TSC24-4500D Inverter Overview

To this effect, the Vanner, Inc. TruSine 4500 Inverter/Charger System model
number TSC24-4500D was chosen to perform this task. The TSC24-4500D is pictured in

Figure 3.4 shown below, and a drawing of the front panel is shown in Figure 3.5.
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Figure 3.4: Vanner Inverter TSC24-4500D [12]

LOW BATT

T RY

GEW ITART E-ATT BATT.

FOR CONMECTION TO
l:l'l- CLABEZ CIRCLATE OMLY

VN
: Je4d
Om” [] sz
:Fqu
OFF | ON
AC QUTFUT
GIRGUIT BREAKER _“%

3.5 KW Power Inverter

Figure 3.5: Vanner Inverter TSC24-4500D Front Panel [13]

This inverter is designed to take an input of either 21-34 VDC or 120/240 VAC single
phase and provide an output of 120/240 VAC 60Hz [13]. In Table 3.1 shown below,
several specifications for the TSC24-4500D are shown; for a complete specification

sheet, view Appendix 1.
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Table 3.1: Specificationsfor the Vanner TSC24-4500D Inverter [13]

ltem Specification
AC Input 120/240 V % 10%, 3-wire, 10
DC Input 21-34 VDC
No Load: 1.8 Amps
Full Power: 210 Amps
AC Output 120/240 VAC £ 3%
Frequency 60Hz + 0.5%
L1 to Neutral 2250W (18.8 Amps)
L2 to Neutral 2250W (18.8 Amps)
L1toL2 4500W (18.8 Amps)
Inverter Efficiency, @ 4500W 82.5%
Dimensions 17.5”H x 19.0”W x 8.5”D
Weight 83 Ibs.
Mount Wall or Shelf Mounting

3.1.2.2 Inverter Efficiency and Power Budge Study

In Table 3.1, the inverter efficiency at 4500W is shown to be 82.5%. This is an
important specification to take into consideration; not all of the power is available to the
system for use. The DC power available to the system from the C-130 bulkhead is:

PDC-available = VI
Ppc.avaitable = 28V * 180A
PDC-available = 5040W
But this power is limited by the efficiency of the inverter; the power that can be counted
on for use by the system is calculated to be:
Pinverter = Pavaitable * Inverter Efficiency
Pinverter = 5040W * 82.5%
Pinverter =4158W
Using the TSC24-4500D, only 4158W of AC power is guaranteed for use by the system.

Based on this observation, it would be beneficial to conduct a power budget study for

Project Oculus. The power budget is shown in Appendix 2.
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3.1.2.3 TSR-2 Remote Control for the TSC24-4500D | nverter

The TSC24-4500D is equipped with an optional TSR-2 remote control. The
TSR-2 remote contains an alphanumeric LCD display and a functional keypad with
up/down, left/right, Menu and ESC functions. Through the remote control, system status
messages can be displayed, any faults that occur are reported, system functions can be
enabled/disabled, and system set points may be examined and modified. The TSR-2

remote control is pictured in Figure 3.6 below.

Figure 3.6: TSR-2 Remote Control for the TSC24-4500D Inverter [13]

3.1.3 Operator Station Circuit Design

Now the WVU-CIRA electrical engineers had to design the circuit that brings
power to the Vanner TSC24-4500D inverter. Even though the inverter is built to sustain
up to a 10,000W surge [13], it is important to protect the electronics inside the Operator
Station. Therefore, it was decided to place fuses on both the 28VDC input and the
110/220 VAC 60Hz input. A 200 Amp DC fuse was placed on both the positive and
negative line of the DC input, and a 30 Amp fuse was placed on both Line 1 and Line 2

of the AC input.
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In addition to fuses on the power input, the electrical engineers also designed a
sort of “interlock” between the two inputs. The idea behind this interlock is to keep the
inverter from seeing both AC and DC inputs. The interlock was designed using a DC
contactor on the DC input circuit and an AC contactor on the AC input circuit. The
operator inside the station can choose which power input to use by flipping on/off
switches that control each input. The toggle switches that were chosen for the system,

part number 23F1895 from Newark Electronics, are shown in Figure 3.7.

Figure 3.7: On/Off Toggle Switch [14]

3.1.3.1 LED Indicators

Also included in the design are LED indicators. Three red LED’s will be installed
on the DC input and on each line of the AC input. These LED’s are designed to show the
user which power sources are available to the system. In addition, three green LED’s
will be installed; one for DC and one for each of the two AC lines. Whenever the user
flips on the DC or the AC power input, the green LED’s will turn on to indicate that that
power source has been turned on. To ensure that 220VAC 60Hz and 28VDC power is
available to the system, more green LED indicators were installed on the output from the
TSC24-4500D inverter. The LED’s that were picked for the Operator Station “Power In”

and “Power Out” panels are outlined in Table 3.2 shown below.

49



Table 3.2: Operator Station LED Indicators[11, 12]

Red DC LED Green DC Red ACLED Green AC
LED LED
Voltage 24VDC 24VDC 130VAC 130VAC
Current 17 mA 17 mA 6 mA 6 mA
Size (Diameter) 0.550” 0.550” 0.550” 0.550”
Part Number 95C0354 95C0356 95C0364 95C0365

This circuit design can be studied in Appendix 4 “C-130 Operator Station Power

Schematic”.

3.1.3.2 DC Contactor

The DC contactor chosen for the system was the Albright SW190. This contactor

is a Double Pole Single Throw (DPST) normally open contactor with a maximum current

rating of 200 Amps, which is the current rating of the 28VDC power source. The SW190

is shown in Figure 3.8 below.

Figure 3.8: Albright SW190 DC Contactor [17]
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3.1.3.3 AC Contactor

The AC contactor chosen for the system was the GHI15FT-3-00A contactor
available from Automation Direct. This is a 120V 60Hz contactor; Line 1 and Line 2
from the AC input have their own contact. The contacts are rated at 32 Amps each [18],
which is above the rating of each AC line that is fused at 30 Amps. However, this
contactor does not have enough contacts to build the circuit shown in the diagram in
Appendix 4. The GH15S11 auxiliary contacts, one normally open and one normally
closed, available from Automation Direct, was added to solve this problem. The
GHI15S11 contact mounts on the side of the GHISFT-3-00A contactor [19]. The
GHI15FT-3-00A contactor and the GH15S11 auxiliary contact are shown in Figure 3.9

below.

Figure 3.9: GH15FT-3-00A AC Contactor and GH15S11 Auxiliary Contact [14, 15]

3.1.4 110VAC 60Hz Outlet Circuit

The devices mounted in the electronics racks, such as the computers, monitors,
VCRs, and radio receivers, all run off 110VAC 60Hz power. They are equipped with

standard AC power plugs. Therefore, the Operator Station racks needed to be outfitted
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with outlet strips. Three outlet strips, measuring 60 in length, were purchased from
Wiremold. These outlet strips contain ten AC outlets spaced 6 apart. One outlet strip
was mounted behind or near each of the three electronic racks.

To protect the devices in the electronic racks, every two outlets in the outlet strips
were put on a 10 Amp circuit breaker. The circuit breakers that were used in the system
were Klixon 7274-11-10 aircraft circuit breakers. One of these circuit breakers is
pictured in Figure 3.10 shown below, and the components of the circuit breaker are

shown in Figure 3.11.

Figure 3.10: Klixon 7274-11 Aircraft Circuit Breaker [20]
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Figure 3.11: Klixon 7274-11 Circuit Breaker Components[20]
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These circuit breakers are designed specifically for use on aircraft. Some pertinent
specifications for the Klixon 7274-11 are shown in Table 3.3. A full data sheet for the
Klixon aircraft circuit breakers can be found in Appendix 3; dimensions of the circuit

breakers and other important information can be found there.

Table 3.3: Klixon 7274-11 Aircraft Circuit Breaker Specifications[20]

ltem Specification

Vibration 10 G minimum, 50-500 Hz
Mechanical Shock 35G
Acceleration 10 G
Weight 33 grams
Max Voltage Drop

10 Amp 028 V

20 Amp 025V
Mil Spec Rating

7274-11-10 MS 22073-10

7274-11-20 N/A

MIL-C-5809 Qualified

3.1.5 Operator Station Panel Design

All these components that have been discussed, namely the LED indicators, the
toggle switches, the circuit breakers, and the TSR-2 remote control to the inverter, have
to be mounted somewhere in the Operator Station for ease of use. The area chosen to
mount these components was in the top of the three electronic racks.

First, the TSC24-4500D power inverter was mounted in the top of the center rack.
This means that the TSR-2 remote control should be mounted closely to it, as well as the
LED indicators attached to the inverter output. A panel was then fashioned to house the
TSR-2 inverter remote control and these LED indicators; this panel was mounted in front

of the inverter in the top of the center rack.
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Second, the “Power In” LED indicators and the on/off toggle switches had to be
mounted. Since the input power connectors are on the left hand side input panel, the
“Power In” panel was mounted in the top of the left hand rack.

Finally, the aircraft circuit breakers had to be mounted. For the sake of
symmetry, and the desire to move the circuit breakers up where operators couldn’t kick
or bump into the breakers, the circuit breakers were mounted in the top of the right hand
rack. A panel with a piano hinge was fashioned to house the circuit breakers; the piano
hinge is important so that the operators can get in behind the circuit breakers to check
wiring and the like. The rough drawing of the finalized design of these panels is shown
in Figure 3.12 below. The figure includes future optional 400Hz input and output power

LED indicators.

® Power In *® Power Out <112 Breaker Panel
O
60Hz DC 400Hz :(eo ol ol el [ellollel [olells
z & |8 @ ¢ 909 900
e § 89 :(H ¢ (0|0 [o|o||0] 0|00
- oo ¢[00 [o|o||0] [o|0|0
A% ASNERNY i ¢ [o||0] [o|0||0] (o] e|e
¢l (o]0 [o|0||o] [0 0|e
==) o, ||| (oo o
e K ae - " (@ ‘W G0k bc
L [ & @ o] ]

Figure 3.12: Operator Station Panel Design

3.1.6 Power Out to Sensor Pallet

The final part of the Operator Station power circuit design is the power out circuit
to the Sensor Pallet. The power that will be sent to the Sensor Pallet is the 120/240VAC
60Hz “split-phase” power generated by the TSC24-4500D inverter. Line 1 and Line 2 of

this AC output is run to 20 Amp Klixon aircraft circuit breakers, part number 7274-11-
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20. From the circuit breakers, the lines are run to a chassis mount power connector. For
safety reason, the female connector HBL430R12W was chosen for the system. The
connector was mounted on the “communication panel” that was designed to mount
connectors for sensor inputs from the Sensor Pallet to the computers housed inside the

Operator Station. The HBL430R12W connector is pictured in Figure 3.13 shown below.

Figure 3.13: HBL430R12W 120/240VAC 60Hz 30Amp Female Chassis Mount Power Connector [21]

The HBL430R12W female chassis connector mates with the HBL430P12W male
plug connector. This connector is attached to a 60 foot piece of 10/4 SOOW cable that

runs to the Sensor Pallet. The HBL430P12W plug is shown in Figure 3.14 below.

Figure 3.14: HBL430P12W 120/240VAC 60Hz 30Amp Male Plug Power Connector [22]
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3.2 Sensor Pallet Control — Hardware and Circuit Design

The Sensor Pallet control circuit needs to accomplish two tasks, running both
Automatic and Manual modes. Automatic mode will mostly be covered in both Chapter
4 “Automatic Mode Hardware Design” and Chapter 5 “Automatic Mode Software
Design.” But in this section, several components for both modes of the circuit are
determined.

The fundamental problem to be solved here is turning on the translation and
rotational motors in the correct direction whenever the operator desires to do so.
Therefore, a user interface pendant needs to be designed and built; through this pendant, a
signal needs to be sent to relay 110VAC 60Hz to the translation motor or power on the
220VAC 60Hz 3-phase rotational motor (engaging each motor in the correct direction

depending on the operator’s wishes).

3.2.1 Translation and Rotational Motor Power Sources

The control circuit that is designed has to supply the right power to each motor.
As previously stated, the translation motor uses 110VAC 60Hz for power in both
clockwise and counterclockwise directions. The rotational motor uses 220VAC 60Hz 3-
phase power to operate. However, the power that is generated in the Operator Station
and delivered to the Sensor Pallet is 220VAC 60Hz “split-phase”, which means that there
are two lines with 110VAC on each. Therefore, a 3-phase power source was found for

the rotational motor.

56



3.2.1.1 Trandation M otor Power Source

The translation motor has four wires; a green ground wire, a white neutral wire, a
blue wire that turns the motor clockwise, and a red wire that turns the motor
counterclockwise. The translation motor also requires a 68 puF starting capacitor; this
capacitor is utilized by placing two 136 uF capacitors in series on the red and blue input
wires. Since the power coming from the Operator Station is 220VAC split-phase, just

one of the lines gives 110VAC 60Hz that can be used to operate the translation motor.

3.2.1.2 Rotation Motor Power Source

The rotation motor is more complicated than the translation motor. A 3-phase
power source has been found to operate the motor. The WVU-CIRA electrical engineers
decided to use a motor controller for this task; the GS2-22P0 motor controller, available
from Automation Direct, was chosen for the system. The GS2-22P0 is pictured in Figure

3.15 below.

Figure 3.15: GS2-22P0 Motor Controller [23]

Specifications for the GS2-22P0 are shown in Table 3.4; more specs are in Appendix 7.
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Table 3.4: GS2-22P0 Motor Controller Specifications [24]

ltem Specification
Motor Rating
Horsepower 2.0 HP
Power 1.5 kW
Rated Input Voltage Single/Three Phase:
200/208/220/230/240VAC = 10%
50/60 Hz + 5%
Rated Output Voltage Corresponds to Input Voltage, 3-phase
Rated Input Current 15.7/8.8 A
Rated Output Current 7.0 A
Climate

Ambient Operating Temperature
(without derating)

-10°C to 50°C (14°F to 122°F)

Humidity 20% to 90% (no condensation)
Vibration 1G at less than 10Hz; 0.6G at 10-60Hz
Location Altitude 1,000m or less
Weight 3.7 Ib.

Dimensions 151.0mm x 100.0mm x 140.5mm

The GS2-22P0 is a programmable motor controller. Several parameters have to

be set through programming. The programs can be accessed by using the “Program” and

“Enter” keys on the keypad. Table 3.5 gives an outline of the programs and their correct

value.

Table 3.5: GS2-22P0 Motor Controller Programs[25]

Program Value

P 0.00 Motor Nameplate Voltage 220V

P 0.02 Motor Base Frequency 60 Hz

P 0.03 Motor Base RPM 1750 RPM

P 0.04 Maximum Motor RPM 1800 RPM

P 1.00 Stop Methods 00 (Ramp to Stop)

P 1.01 Acceleration Time 5.0 seconds

P 1.02 Deceleration Time 0.1 seconds

P 3.00 Source of Operation Command

01 (Operation determined by external
control terminals. Keypad STOP is enabled.)

P 3.01 Multi-Function Input Terminals

00 DI1 - FWD/STOP
DI2 — REV/STOP
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When setting programs P3.00 and P3.01 as outlined in Table 3.5, the digital inputs are

wired up as shown in Figure 3.16.

"
| e

FWDO/STOP

_ DI1 |

i
REV/STOP

56 Di2

DCM

Figure 3.16: GS2-22P0 Motor Controller Wiring Diagram [25]

3.2.2 LED Indicators

The WVU-CIRA engineers decided that a good feature for the system deployment
would be LED indicators to show the operator where the system was and what it was
doing. A system of eight LED indicators was chosen. There would be three LED’s for
both translation and rotation, identifying to the user whether the system was in
translation/rotation extended, translation/rotation stowed, translation/rotation operate
mode. Also, there would be two LED’s indicating whether the system was in Automatic
or Manual mode. The LED colors are as follows: yellow for translation/rotation
extended, green for translation/rotation stowed, and blue for translation/rotation operate.
Also, there would be a red LED to indicate the system is in Manual mode and a green

LED to indicate the system is in Automatic mode.
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How these LED’s are turned on vary for different LED’s. The Automatic mode
and translate/rotate operate LED indicators are turned on by PLC outputs (further
discussed in Chapters 4 and 5); the translate/rotate operate LED’s will not be functional
in manual mode. The Manual mode LED indicator will be turned on whenever the user
selects “Manual” with the Automatic/Manual selector switch on the pendant. The
extended and stowed LED indicators will be turned on by the various proximity sensors,
which are further defined in Chapter 4. The LED’s that will be used in the system are

outlined in Table 3.6 below.

Table 3.6: Sensor Pallet LED Indicators[16]

Red DC LED Green DC BlueDC LED Yellow DC
LED LED
Voltage 24VDC 24VDC 24VDC 24VDC
Current 17 mA 17 mA 17 mA 17 mA
Size (Diameter) 0.550” 0.550” 0.550” 0.550”
Part Number 95C0354 95C0356 95C0357 95C0355

3.2.3 Operator Pendant

The operator pendant was introduced previously in Chapter 1. The concept is to
have a “box” that houses certain buttons and switches to accomplish the task of running
the Sensor Pallet. The pendant should have two pushbuttons; one to “extend” the Sensor
Pod and one to “stow” the Sensor Pod. Of course, “extending” and “stowing” can occur
with both translation and rotation; therefore, there should be a selector switch to
determine if the user wants to operate the translation motor or the rotation motor. In
addition, there are two modes that the user can deploy the Sensor Pod: Automatic and

Manual. Thus, another selector switch should be present to switch between each mode.
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Finally, there should be one overriding pushbutton that will stop any motion; to that end,

an emergency stop pushbutton should also exist in the operator pendant.

3.2.3.1 Pendant Pushbuttons

The pushbuttons and selector switches chosen for the operator pendant had to be
watertight, commercially available, and able to fit inside the chosen pendant enclosure.
Square D pushbuttons, selector switches, and the corresponding contact blocks were
chosen, since they are equipped with rubber sealing gaskets and fit standard 30mm holes
in commercially available pendant enclosures. The emergency stop pushbutton, Grainger

part number 2EN49, is pictured in Figure 3.17.

Figure 3.17: Emergency Stop Pushbutton [26]

The selector switch that will be used for both the Automatic/Manual switch and the

Translate/Rotate switch, Grainger part number 5B445, is shown in Figure 3.18.
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Figure 3.18: Selector Switch [27]

The pushbutton that will be used as both the “Extend” and “Stow” buttons, Grainger part
number 5B517, is shown in Figure 3.19. This pushbutton is a “universal” model because
it has several colored inserts; it was decided that the “Stow” button would assume the
green colored insert (for safety, pod moving back into plane) and the “Extend” button

would assume the yellow colored insert (for caution, pod moving out plane door).

Figure 3.19: Extend and Stow Pushbutton [28]

3.2.3.2 Pendant Enclosure

The pendant enclosure chosen for the system had to be watertight, heavy duty,

and would accommodate up to five 30mm pushbuttons/switches. The Square D pendant
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enclosure, Grainger part number 2ER81, was chosen. This enclosure had only four
30mm holes, but had a place at the top of the faceplate where another hole could be
drilled out for a fifth pushbutton. This enclosure was also equipped with a watertight
sealing rubber grommet around the faceplate. It is made out of heavy duty plastic, and
this entire assembly meets NEMA 1, 3, 4, 4X, and 13 standards. This enclosure even had
a ¥«” NPT conduit hole in the top for the pendant cable to enter [29]. The 2ER81 Square

D pendant enclosure is pictured in Figure 3.20 below.

Figure 3.20: Operator Pendant Enclosure [29]

3.2.4 Control Circuit Design

The control circuit diagrams can be found in Appendix 6: “Sensor Pallet Control
Circuit Diagrams.” There are three general areas to explore: operator pendant circuit, the
translation/rotation motor control circuit, and the PLC circuit. All these circuits work

together to make Project Oculus a success.
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The WVU-CIRA electrical engineers had to decide how to relay the required
power, or turn on the motor controller, at the right time. The answer was to use relays;
for example, when the user wants the translation motor to operate in the “extend”
direction, a certain signal will be sent to energize the “translation extend” relay and
supply 110VAC 60Hz to the counterclockwise input wire on the translation motor. With
this idea in mind, what “signal” should be supplied? Relays with 24VDC coils were

chosen; therefore, a +24VDC power supply was needed to generate the “signal.”

3.2.4.1 24vDC Power Supply

The 24VDC power supply chosen for the system is the PS24-075D available from

Automation Direct. This power supply is pictured in Figure 3.21 below.

Figure 3.21: PS24-075D 24VDC Power Supply [30]

Important specifications for the PS24-075D are given in Table 3.7 below. Further

specifications can be found in Appendix 8.
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Table 3.7: PS24-075D 24V DC Power Supply Specifications[31]

ltem Specification
Input Voltage 93-132VAC
187-264VAC

Input Frequency 47-63Hz
Input Current

115VAC 3.0A

230VAC 1.7A
Efficiency 84%
Output Voltage 24VDC
Output Current (Max.) 3.0A
Output Power 5W
3.2.4.2 Relays

To utilize the circuit “Motor Circuit Diagram” shown in Appendix 6, no fewer
than seven relays will be used. To distinguish between each relay, they were given
descriptive names which were later abbreviated, as can be seen by the circuit diagram in
Appendix 6.

The first relays discussed will be the R-TCCW and the R-TCW relays. These
acronyms stand for “Relay - Translation Counterclockwise” and “Relay — Translation
Clockwise.” Whenever these relays are energized by a +24VDC signal, they supply
110VAC 60Hz to the respective input wires on the translation motor. A block diagram

illustrating the use of the R-TCW and R-TCCW relays is shown in Figure 3.22.
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Figure 3.22: Block Diagram of R-TCW and R-TCCW Relays

The second relays discussed will be the R-RF and the R-RR relays. These
acronyms stand for “Relay — Rotation Forward” and “Relay — Rotation Reverse.” The
R-RF relay controls digital input DI1 and the R-RR relay controls digital input DI2 on the
GS2-22P0 motor controller. Whenever these relays are energized by a +24VDC signal,

they close a circuit that shorts DC common to the digital inputs; refer to Figure 3.16 for

wiring. A block diagram illustrating the use of the R-RF and R-RR relays is shown in

Figure 3.23.
DC M
N Common otor
» R RI(Z:OF?IeIay - Controller
DIl
R-TR Relay
Coil
DC
R-RR Common Motor
» Relay Coil - Controller
y DI2

Figure 3.23: Block Diagram of R-RF and R-RR Relays
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Next, the R-RB relay will be discussed. This acronym stands for “Relay —
Rotation Brake.” This relay is energized when the digital inputs on the motor controller
receive a signal. It then relays 220VAC 60Hz to the brake on the rotation motor,
releasing the brake so that the motor can turn. A block diagram illustrating the use of the

R-RB relay is shown in Figure 3.24 below.

220 VAC L1 >

Rotation
Motor
Brake

220 VAC L2 —()

O

R-RB Relay
Cail

GS2-22P0
DI1 & DI2

Figure 3.24: Block Diagram of R-RB Relay

To determine whether the translation or rotation relays receive the +24VDC
signal from the Extend/Stow buttons on the pendant, the R-TR control relay is
implemented. This acronym stands for “Relay — Translation/Rotation.” The energizing
signal for this relay comes from the Translate/Rotate selector switch on the pendant.
When the relay is not energized, the +24VDC signal is relayed from the Extend/Stow
buttons is sent to the translation relays, R-TCW and R-TCCW. When the relay is
energized, the +24VDC signal is relayed from the Extend/Stow to the rotation relays, R-
RF and R-RR. A block diagram illustrating the use of the R-TR relay is shown below in

Figure 3.25.
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Figure 3.25: Block Diagram of R-TR Relay

The final relay to discuss is the R-PLC relay in the PLC circuit diagram. This

2

acronym stands for “Relay — Programmable Logic Controller.” This relay is energized
when the Automatic/Manual selector switch on the pendant is set to “Automatic.” When
energized, this relay sends 220VAC 60Hz to the PLC to turn it on and run Automatic
mode. Automatic mode will be further discussed in Chapters 4 and 5. A block diagram

illustrating the use of the R-PLC relay is shown below in Figure 3.26.
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Figure 3.26: Block Diagram of R-PLC Relay

The relay chosen to perform all these tasks was the QL2X1-D24 available from

Automation Direct. It is pictured in Figure 3.27 shown below.

Figure 3.27: QL2X1-D24 24VDC Relay [32]

Important specifications for the QL2X1-D24 are given in Table 3.8 below. Further

specifications can be found in Appendix 9.
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Table 3.8: QL2X1-D24 Relay Specifications[33]

ltem | Specification
Contact Specifications

Contact Rating, Current 10A
Contact Rating, Max. Voltage 250VAC/125VDC
Configuration 2PDT

Coail Specifications
Coil Voltage 24VDC
Rated Current at 50Hz/60Hz 36.9mA
Coil Resistance 650Q
Power Consumption 0.9W

Options

LED Indicator, Diode Protection

General Specifications

Operate Time 25 ms
Release Time 25 ms
Vibration Resistance 10Hz to 55Hz

Shock Resistance

1,000 m/s” (approx. 100G)

Ambient Temperature

-25°C to 70°C (-13°F to 158°F)

Ambient Humidity 45% to 85% Relative Humidity
Weight 35g (1.24 0z.)
Socket Needed SQLOSD

3.2.4.3 Limit Switches

To protect the operator from damaging the translation motor or any other part in
the system, two mechanical limit switches were added to the design of the circuit. One
limit switch was placed at the stowed position and the other switch was placed at the
extended position of the translating plate’s path of motion. Whenever the plate translates
too far in either direction, the limit switch will be “tripped” and the motion will stop.
This is done by putting the limit switches in line with the signal from the R-TR relay to
the R-TCW and R-TCCW relays. The “stowed limit switch” is placed in line with the R-
TCW relay and the “extended limit switch” is placed in line with the R-TCCW relay.

The limit switch chosen for the system is the ABM6E42Z11 available from

Automation Direct. It comes equipped with an aluminum chassis and a stainless steel
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roller actuator. It also has three cable entry holes that will accommodate 2" NPT conduit

[34]. This limit switch is pictured in Figure 3.28 shown below.

Figure 3.28: ABM6E42Z11 Limit Switch [34]

3.2.4.4 Pendant Circuit Design

The pendant has a combination of five pushbuttons and switches and several tasks
to accomplish. The Extend and Stow buttons actually have to serve a dual purpose.
When the system is in Manual mode, these buttons should relay the +24VDC signal
directly to the respective translation relay; when the system is in Automatic mode, these
buttons should send the +24VDC signal to the PLC (discussed further in Chapters 4 and
5). These separate functions can be realized by using two different contact blocks
(Automatic and Manual) for both the Extend and Stow buttons.

First, the +24VDC signal will be brought into the pendant. Since the Emergency
Stop button is supposed to end all motion when pressed, this button is placed on the
+24VDC signal line with a normally closed (NC) contact. When the button is pressed,
the circuit is opened and the +24VDC signal is not relayed through the other buttons;

therefore, none of the relays are energized in the circuit and everything turns off.

71



From the emergency stop button, the +24VDC signal is run through the
Automatic/Manual selector switch. When the switch is on “Automatic”, the +24VDC
signal is relayed to three places: (1) the R-PLC relay, (2) the Extend button (Automatic
NO contact), and (3) the Stow button (Automatic NO contact). Then, when either the
Extend or Stow buttons are pushed, the circuit is closed and the +24VDC signal is
relayed to the respective input on the PLC (inputs defined in Chapter 5).

When the switch is on “Manual”, the +24VDC signal is relayed to three places:
(1) +24VDC turns the red Manual LED Indicator on, (2) the Translate/Rotate switch,
which should only receive power in Manual mode (this switch is inoperable in Automatic
mode), and (3) the Extend button (Manual NC contact). When the Extend button is not
being pressed, the signal is sent through the NC contact to the Stow button; this ensures
that the user cannot send an “extend” and “stow” signal to the system at the same time in
manual mode. When the Extend button is pressed, the +24VDC signal is relayed to the
R-TCCW relay; when the Stow button is pressed, the +24VDC signal is relayed to the R-
TCW relay. This entire process is illustrated in the drawing “C-130 Pendant Schematic”

found in Appendix 6.
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Chapter 4. Automatic Mode Hardware Design

As discussed previously, a Programmable Logic Controller (PLC) will execute
the automatic mode of deployment of the mechanical arm. First, though, the WVU-
CIRA engineers had to look at the operation of the mechanical arm and sensor pod itself
and recall the deployment steps of the system presented earlier in Chapter 1. First, the
translating plate has to travel 19 inches outward, moved by the 110VAC 60Hz translating
motor. Second, the mechanical arm has to be rotated 206° to its final position under the
C-130 door. Finally, the translating plate has to be moved backward until it presses up
firmly against the butt plate on the door, providing stability to the sensor pod and the
delicate electrical equipment stored inside. Though the engineers knew the initial
translating distance and the rotational angle for every deployment procedure that the arm
will undertake, the final distance that the pod must travel back to the butt plate can vary
every time, depending on the type of C-130 that the system has been loaded upon and is
operating from. This fact had to be taken into consideration; therefore, the use of a
proximity sensor to determine the final translating distance back to the butt plate was
impossible. Thus, the first task to be undertaken before writing code is to determine the
placement of the proximity sensors to identify the position of the translating plate and the
rotating arm, and then the second task would be to determine the solution to the problem

of identifying when the sensor pod has pulled up tight against the butt plate.

4.1 Proximity Sensor Design

Now that it has been determined that automatic mode will use input from
proximity sensors, the specific proximity sensors that will be used in the system needs to

be determined. There are several determining factors to deciding on a proximity sensor.
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All factors should be considered during the design process. First, the WVU-CIRA
engineers reviewed the proximity sensor design criteria, and then finally made a decision

as to which proximity sensor to employ in the system.

4.1.1 Proximity Sensor Design Criteria

First, should the sensor be an NPN-type or PNP-type; in other words, should the
sensor sink or source current when sensing? This needs to be considered with the
specific PLC or computing equipment in mind. The PLC inputs either will sink or source
current, so the proximity sensor needs to be picked accordingly.

Second, what kind of sensor should it be? There are a several types of proximity
sensors, which were clearly defined and discussed in the literature review in Chapter 2.
The most popular are inductive proximity sensors and capacitive proximity sensors.
Inductive proximity sensors can only sense magnetic metals, while capacitive sensors can
sense just about anything, including everything from non-magnetic metals to a person’s
finger.

Third, what should the sensing distance for the respective proximity sensors be?
This question can relate back to what kind of sensor should be chosen, since different
kinds of proximity sensors have vastly different sensing distances. Sensing distances can
vary from a couple of millimeters to several meters in length. Adding complexity to this
problem is the fact that the sensor needs to sense moving components; the translating
plate and the rotating arm will be moving when the proximity sensor should sense them.

Finally, in what type of environment will the sensor be used? If the environment
is electrically noisy, this could render the proximity sensor useless. However, this

problem can be corrected with the use of a shielded sensor. Proximity sensors can be
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built with electrically shielded bodies so that exterior electrical noise cannot interfere
with the delicate circuitry found inside the sensor. Also, the cable leading to the sensor
can be shielded so that the signal from the sensor cannot be electrically interfered with as
well. Considering the electrical environment that the sensor will be used in is extremely
important because the noise interference will most likely cause a false positive signal to

be generated on the signal line coming from the sensor.

4.1.2 Choosing a Proximity Sensor

All these design criteria were weighed in determining the right proximity sensor
for the job. First, should the proximity sensor be NPN or PNP? The WVU-CIRA
engineers decided that the PLC chosen would sink current at the inputs, so therefore a
PNP proximity sensor, a sensor that sources current when sensing, should be chosen so
that the two components interface properly.

Second, what kind of sensor should be chosen? The selection process came down
to inductive or capacitive proximity sensors. The metal that the sensor will be sensing is
aluminum; the rotating arm is made from aluminum, as well as the manual stops
underneath the translating plate that the sensors will be seeing. The WVU-CIRA
mechanical engineers chose to use aluminum because it is easier to work with and weighs
less than stainless steel while also being corrosion resistant. However, aluminum is not a
magnetic metal, which makes the use of an inductive proximity sensor impossible.
Therefore, a capacitive proximity sensor will be needed.

Third, what sensing distance is required for the chosen proximity sensor? Since
the proximity sensor will have to be picking up moving objects, albeit slow-moving

objects, it should have a sensing distance that is far enough away so that it picks up the
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moving object and delivers the signal to the PLC in time for it to turn off the respective
motor before the object collides with the sensor itself and damages it. A study of
available sensors finds that a sensing distance of up to 15mm is readily available.

Lastly, should the proximity sensor be built with a shielded body and a shielded
cable? The C-130 itself is notorious for being electrically noisy, since it houses power
generators and is outfitted with a lot of communications equipment. Also recall the
intention of Project Oculus; to deploy sensors such as a FLIR, radar, and an antenna for
communication, among various other pieces of equipment. Any of these sensors could
cause a critical amount of electrical noise for the proximity sensors. In addition, the
power to the rotational and translational motors should be considered. The rotational
motor, as mentioned earlier, is a 2.0 HP motor operating from 220VAC 60 Hz 3-phase
power that is generated from a PWM inverter. This kind of power has the potential to
create a serious amount of electrical noise. With all these possible sources of electrical
noise that can cause havoc with the proximity sensor, it was decided that a proximity
sensor with a shielded body and cable would be best for the job at hand.

The final design constraints for a proximity sensor are thus: a PNP capacitive
proximity sensor with a sensing distance of up to 15mm and comes equipped with a
shielded body and cable. One product that meets these requirements is the CT1-AP-1A, a
capacitive proximity sensor that encompasses most of these specified criteria and made

available by Automation Direct. The CT1-AP-1A is pictured in Figure 4.1 shown below.
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Figure4.1: CT1-AP-1A Proximity Sensor [35]

The CT1-AP-1A has two status LED’s in its base; a green “Power-On” LED and

ared “Sensing” LED. The equivalent circuit for the PNP output is shown in Figure 4.2.

PHP output

B M

BEA=HD PF

BEA2

BLL3

Figure 4.2: CT1-AP-1A Equivalent Output Cir cuit [36]

Relevant specifications for the CT1-AP-1A are given below in Table 4.1; further
specifications can be found on the CT1-AP-1A data sheet supplied from Automation

Direct shown in Appendix 11.
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Table 4.1: Specifications of the CT1-AP-1A Proximity Sensor [36]

ltem Specification
Size of sensing face 30mm
Power Source 10-30 VDC
Maximum Source Current 200mA
Output Type PNP
Shielded/Unshielded Shielded Body, Unshielded 3-Wire Cable

Sensing Distance

Adjustable 2-15mm nominal sensing
distance

NO or NC?

Normally Open Output

Type of Sensor?

Capacitive

By examining the specifications of this specific sensor, the reader will notice that
the 3-wire cable for the sensor is not shielded. However, this is easily fixed by replacing
the supplied cable with a piece of shielded 3-conductor 18 AWG cable. The three wires
in the cable are for +24 VDC and DC common, so that the sensor can be powered, and a
signal line that will carry current whenever the sensor is sensing an object.

Now that a proximity sensor has been chosen, the engineers must decide where

the sensors will be placed. This topic is discussed in the next section.

4.2 Proximity Sensor Placement

To determine the placement of the proximity sensors, the WVU-CIRA engineers
first had to establish what positions needed to be sensed. It was decided that it was
important to sense the instant when the translating plate or the rotating arm had finished a

given movement.

4.2.1 Placement of the Translation Proximity Sensors

The movements that the translating plate would be performing during the

extending and stowing procedures would be translating outward a full 19 inches and
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returning to its “home” position. Therefore, one proximity sensor would be needed at the
“home” position and another would be needed at the 19 inch mark. This “home” position
sensor was named the “Translation Stow Sensor,” or otherwise known as the “T-Stow
Sensor,” and the sensor placed at the 19-inch mark was named the “Translation Extend
Sensor,” or otherwise known as the “T-Extend Sensor.” It was decided that the proximity
sensors would be a normally open circuit until the translating plate reached the sensor, at

which time the proximity sensor would sense the plate was there and close the circuit.

4.2.2 Placement of the Rotation Proximity Sensors

The movements that the rotating arm would be performing during the extending
and stowing procedures would be rotating outward 206° to its position under the door and
rotating back to the arm supports mounted on top of the translating plate. Therefore, one
proximity sensor would be mounted on the arm support itself to see when the arm had
reached its stowed position, and another would be placed on the front of the translating
plate underneath the rotating shaft to sense when the arm had finished rotating 206°. The
proximity sensor mounted on the arm support was named the “Rotation Stow Sensor,”
also known as the “R-Stow Sensor,” and the proximity sensor mounted on the front of the
translating plate was named the “Rotation Extend Sensor,” also known as the “R-Extend
Sensor.” As before, it was decided that these proximity sensors would be a normally
open circuit until the rotating arm reached the sensor, at which time the proximity sensor
would sense the arm was there and close the circuit.

In the end, the important positions of the translating plate and the rotating arm
should be known with the use of four simple proximity sensors. The placement of these

sensors (shown in red) as discussed above is illustrated in Figure 4.3 shown below.
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Figure 4.3: Placement of Proximity Sensorson the Sensor Pallet [5]
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4.3 Final Deployment Positioning — Current Sensor

The sensor pod is in its fully deployed position when it has finished rotating and
pulled back up tight against the butt plate on the C-130 door. But in automatic mode,
how will the PLC be told that the sensor pod has finished pulling up against the door? As

discussed before, the use of a proximity sensor to perform this operation is impossible.

4.3.1 Solution — Current Sensor

To solve this problem, the WVU-CIRA engineers looked at the conditions
surrounding the problem; in other words, what conditions exist when the sensor pod has
pulled up against the door that did not exist before it happened? The sensor pod is pulled
back against the door by using the 110VAC 60Hz translational motor. Whenever the
sensor pod pulls up against the door and cannot be moved any further, this causes the
translational motor to “bind up,” which results in a current spike to the motor. If the PLC
could sense this current spike, then it would know that the sensor pod has reached its
fully deployed state and therefore turn off the translation motor. To perform this
operation, a current sensor can be used; the PLC should be able to be programmed to
search for a specific range of current so it knows when to shut off the translation motor.

A Hall Effect current sensor was chosen to solve this problem. Regardless of the
direction the translation motor is turning, the neutral wire to the motor is always carrying
current; therefore, the neutral wire to the translation motor can be run through the Hall
Effect current sensor to measure the current to the motor.

The Hall Effect current sensor chosen for the system was the CLN-50 from F.W.

Bell. This sensor is pictured in Figure 4.4 shown below.
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Figure4.4: CLN-50 Current Sensor [37]

The CLN-50 is a small square device with a square hole in the middle where the current-
carrying wire will pass through the sensor. This current sensor has three pins; a pin each
for a +V and —V power source, and a third pin for the output O/P. The CLN-50 requires
a +/-12 VDC power source. The power source is used as a reference voltage for the O/P;
the current sensor can measure positive and negative current. Further specifications for
the CLN-50 hall-effect current sensor can be found in Appendix 12, a data sheet provided

by F.W. Bell.

4.4 Programmable Logic Controller Design

Now that all the other components for Automatic Mode have been selected, the
heart and soul of the system must be chosen: the Programmable Logic Controller.
Choosing a PLC for the job depends on several criteria, each of which was considered

carefully by the WVU-CIRA engineers.
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4.4.1 Programmable Logic Controller Design Criteria

First, what kind of input does the PLC accept? This refers to whether the inputs
sink or source current, and whether the inputs are AC or DC. Second, what kind of
outputs does the PLC give? Again, this is in reference to whether the outputs sink or
source current, and also whether the outputs are AC or DC. Third, does the PLC have the
ability to accept different kinds of input? There can be a mixture of AC and DC inputs;
this system may need a PLC that has this kind of flexibility in its inputs, whether the
inputs come standard on the PLC or can be added through additional optional modules.
A final specification that would be appreciated is to choose a PLC that is easy to
program. Most commercially available PLCs use ladder logic to create their programs.
Ladder logic is an easy way to define the certain outputs that should be turned on when

specific inputs are present.

4.4.2 Choosing a Programmable Logic Controller

Now that the design criterion has been established, a choice for a PLC can be
made. Based on the selection of the PNP proximity sensors and the design of the pendant
circuit discussed in Chapter 3, the PLC inputs must sink current provided from a 24VDC
power source. However, there is also a required input from the CLN-50 current sensor
discussed in the previous section. The output provided from this sensor is an AC signal;
therefore, the PLC chosen must accept analog input or have the ability to add an
expansion module to do so.

As for the next requirement, the PLC outputs need to source DC current. This is
based on the fact that the outputs need to energize 24VDC relays to run the translation

motor, a design that was discussed in Chapter 3, and also must drive 24VDC LED
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indicators, also discussed in Chapter 3. However, this does not define all needed outputs
from the PLC. The PLC needs to be able to run the GS2-22P0 motor controller discussed
in Chapter 3. Recall that the digital inputs used to control the motor controller source DC
current; therefore, the PLC must be able to have two outputs that can sink current.
Keeping these requirements in mind, the D0-06DD2 PLC available from
Automation Direct was chosen for Project Oculus. This unit is a cost effective yet easy
to program as the solution to the problem at hand. The D0-06DD2 PLC is pictured in

Figure 4.5 shown below.

Figure 4.5: D0-06DD2 Programmable Logic Controller [38]

The D0-06DD2 PLC accepts up to 20 24VDC inputs and provides up to 16
24VDC outputs. The first four inputs (inputs X0-X3) to the unit are high-speed inputs;
they are generally not going to be used for this system. The next 16 inputs (inputs X4-
X23) are standard inputs [39]. The equivalent circuit for these inputs is shown in Figure

4.6.
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Figure 4.6: Equivalent Input Circuit on the DO-06DD2 PLC [39]

Of the 16 available outputs provided by the D0-06DD2 PLC, the first two outputs
(outputs YO-Y1) are configurable pulse outputs and will not be used in the system. The
next 14 outputs (outputs Y2-Y17) are standard and will be used in the system [39]. The

equivalent circuit for these standard outputs is shown in Figure 4.7 below.

Equivalent autpat elrcutt
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Figure 4.7: Equivalent Output Circuit on the D0O-06DD2 PL C [39]

The DO0-06DD2 PLC also has four expansion slots for additional optional

modules. These expansion slots will be used for optional modules that will handle the
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AC input from the current sensor and provide the output needed for the digital inputs to
the GS2-22P0 motor controller. These expansion modules will be discussed further in
Section 4.4.4 PLC Optional Modules.

Relevant specifications for the D0-06DD2 PLC are given below in Table 4.2;
further specifications can be found on the D0-06DD2 PLC data sheet supplied from

Automation Direct shown in Appendix 13.

Table 4.2: Specifications of the D0O-06DD2 Programmable L ogic Controller [39]

ltem Specification
Power Supply 110/220 VAC
Auxiliary DC Power Supply 0.3A 24VDC Power Supply
Communication Ports e 2 built-in RS232C ports
e RS232C/RS422/RS485 secondary port
Inputs e 20 DC inputs
e 12-24 VDC current sinking/sourcing
e 5 isolated commons (4 I/Ps per common)
e 4 configurable high-speed I/Ps
Outputs e 16 DC outputs
e 12-24 VDC current sourcing
¢ 1.0A per point maximum
¢ 4 non-isolated commons (4 O/Ps per
common)
Expansion Slots 4 option slots available
CPU DL06 CPU
Programming Software DirectSoft32° Software for the DL06 CPU
DIN Rail Mountable? Yes

4.4.3 PLC Accessories

Along with the D0-06DD2 PLC, several accessories needed to be added. First,
this PLC affords the ability to add an LCD display to the front of the unit. When
programming the unit, text can be written to the LCD display to inform the user of which

step the PLC is performing at any given time. The LCD display that is available for the
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D0-06DD2 PLC is the D0-06LCD, also available from Automation Direct. It can display
16 characters across two rows, for a total display of 32 maximum characters [40]. The

DO0-06LCD LCD display is pictured in Figure 4.8 shown below.

Figure 4.8: DO-06L CD L CD Display for the DO-06DD2 PL C [40]

The next accessory for the D0-06DD2 PLC that is needed is the programming
cable. Once the programmer writes the controlling program on a personal computer, the
programming cable is needed to transfer this program to the PLC. The programming
cable for the D0-06DD2 is the D2-DSCBL, available from Automation Direct. It is a
12ft. (3.66m) RS232 shielded PC programming cable that is specifically used for DLOS5,
DLO06, DL205, D3-350, and D4-450 CPUs. It is equipped with a 9-pin D-shell female
connector on one end that connects to the PC, and an RJ12 6P6C connector on the other
end that attaches to the D0-06DD2 PLC via Port 1 [41]. This important cable is pictured

in Figure 4.9.
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Figure 4.9: D2-DSCBL Programming Cable for the DO-06DD2 PLC [41]

Finally, the PLC cannot be programmed without the programming software itself.
Of course, there is specific programming software for the particular Version 4.0 DL06
CPU that controls the DO0-06DD2 PLC. This programming software is called
DirectSoft32©, and it is part number PC-PGM-BRICK, available from Automation
Direct. As is the case with most PLCs, this programming software is based on ladder
logic. The ladder rungs are illustrated in the software; the inputs that make the rung
“true” are placed on the rungs and the resulting output(s) are placed at the end of the
rung. The software provides the user with instant programming error-checking, the
ability to add element names and documentation, and full printing features. It also
manages the connection between the PC and the PLC. DirectSoft32° is compatible with
Windows 98/2000/NT 4.0 or later, and all Windows XP versions. There are no UNIX,
LINUX, Macintosh, or DOS versions of this product available. The minimum system
requirements for running this software are a Pentium/Celeron CPU running at 333MHz

clock speed, CD-ROM for loading the software, 32MB of free memory, 11MB free hard
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drive disk space, at least one unused serial communication port, and a color SVGA

monitor [42].

4.4.4 PLC Optional Modules

The D0-06DD2 PLC gives the user the ability to add up to four optional modules;
Project Oculus will require the use of two of these expansion slots. The CLN-50 hall-
effect current sensor has an analog output that the PLC must be able to receive.
However, the standard inputs on the unit are 12-24 VDC inputs. Therefore, an optional
module that will enable the D0-06DD2 PLC to accept an analog input must be added.
The F0-04AD-1 4-channel analog input module, available from Automation Direct, will
be installed in the first expansion slot. This input module has a range of 4-20mA or 0-

20mA and a 12 bit resolution. The FO-04AD-1 input module is shown in Figure 4.10.

Figure 4.10: FO-04AD-1 Analog I nput Module [43]

All specifications and user manual information about the F0-04AD-1 analog input
module supplied from Automation Direct are shown in Appendix 14. It is important that

the module is placed in the first expansion slot, the one that is located to the far left of the
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expansion slots. The reason for this is software based; when writing the program to
control the PLC, code is written to configure the FO-04AD-1 analog input module and
refer to memory locations associated with the first expansion slot.

For the F0-04AD-1 analog input module to accept the signal from the CLN-50
current sensor, the O/P signal needs to be rectified into a +/- signal. To do this, the O/P
signal is ran through a bridge rectifier. The circuit to perform this operation is shown

below in Figure 4.11.

OIP 7
From
CLN-50 Al A +
- FO-04AD-1
,_,/ AT 300 uF Optional
_ Module

N/

Common GND From
+- 12 VDC Supply

Figure4.11: Current Sensor to FO-04AD-1 Analog I nput M odule Cir cuit

Studying the specifications for the D0-06DD2 PLC, one will find that the outputs
source current. The source current here is needed to energize the relays for the
translation motor and drive the LED indicators, but this type of output will not operate
the digital inputs on the GS2-22P0 motor controller. Therefore, the second optional
module that is needed for the system is a digital output module that will sink current
rather than source current. The optional module chosen for this operation is the DO-

08CDDI1 available from Automation Direct. This module is actually a combination of
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four digital inputs and four digital outputs; however, only the digital outputs are

important here. This module is pictured in Figure 4.12 shown below.

Figure 4.12: DO-08CDD1 Digital Output Module [44]

The outputs’ operating voltage range is 6-27 VDC, and the maximum output
current is 0.3A per point and 1.2A per common [44]. All specifications supplied by
Automation Direct for the D0-08CDD1 digital output module are shown in Appendix 15.

Also, the equivalent circuit for the digital output is shown in Figure 4.13 below.
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Figure 4.13: Equivalent Output Circuit for the DO-08CDD1 [45]
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This concludes the hardware specifications for automatic mode. Now that the
hardware has chosen and the placement for proximity sensors has been set, the program
to run automatic mode must be designed and written. Chapter 5 will detail the design and

coding of the automatic mode ladder program.
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Chapter 5: Automatic Mode Software Design

Now that the Programmable Logic Controller (PLC) has been chosen to be the
DO0-06DD?2 available from Automation Direct, the WVU-CIRA computer engineer had to
program it to carry out the automatic mode deployment of the sensor arm/pod system. To
program the PLC, the engineer needed to use the special programming software designed
especially for the DL06 PLC processor, which is the DirectSoft32° programming
software that was described in Chapter 2. This chapter will detail the process followed in
designing the program and programming the PLC.

First, the inputs to and outputs from the PLC need to be defined. Once the inputs
and outputs have been determined, a program must be created that responds to certain
groups of inputs and generates the correct corresponding outputs. Finally, certain error
states that could occur during operation should be determined and prepared for in the

program itself.

5.1 Definition of PLC Inputs and Outputs

The PLC inputs and outputs were first defined and then mapped to input and
output points on the PLC itself. The inputs have been basically defined in previous
chapters. There are four proximity sensors, defined in Chapter 4 as “T-Stow Sensor”, “T-
Extend Sensor”, “R-Stow Sensor”, and “R-Extend Sensor”, as well as two operator
pushbuttons on the pendant, the Extend and Stow buttons, that need to be inputs accepted
by the PLC. These six inputs take the form of 24VDC signals. Also, there is an analog
signal generated by the CLN-50 current sensor that the PLC must see as an input. This
input is received by the optional F0-04AD-1 analog input module discussed in Chapter 4.

For the D0-06DD2 PLC to accept inputs from this optional module, the optional module

93



and the expansion slot that it is mounted in needs to be “configured” in the program
itself, which was covered in Chapter 2.

The outputs have changed during the course of the design and now have been
finalized at five standard outputs and two outputs from the D0-08CDDI1 digital output
module. The standard outputs are of course two signals to turn on the R-TCW and R-
TCCW relays, an output to turn on the green Automatic Mode LED indicator, and two
outputs to turn on the Translation and Rotation Operating LED indicators. The other
LED indicators that are present in the system will be driven by their respective proximity
Sensors.

The two outputs from the D0-08CDDI1 digital output module control the digital
inputs of the GS2-22P0 motor controller. When using the D0-08CDD1 module, the DO-
06DD2 PLC reserves certain output reference names for the four outputs present on the
module. D0-08CDDI1 module outputs 0-3 directly map to D0-06DD2 PLC outputs
Y100-Y103 that can be controlled through the DirectSoft32° programming software.
The D0-08CDD1 module does not need to be configured for use in the program like the
F0-04AD-1 module; it is strictly plug-and-play.

These inputs and outputs described above were mapped to the D0-06DD2 PLC
input/output points, which are illustrated in Figure 5.1 shown below. All the commons
on the input side of the PLC, points C0-C4, were tied together to the PS24-075D 24VDC
power supply common. The voltage input points on the output side were tied together to
the PS24-075D + 24VDC power supply, and the single common point CO was wired to

the PS24-075D power supply common.
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Figureb5.1: D0-06DD2 PLC General Wiring Diagram [39]

This figure provides a general wiring diagram for the D0-06DD2 PLC; for the
specific wiring diagram created for the Project Oculus system, please see the drawing “C-
130 PLC Circuit Diagram” shown in Appendix 6 “Sensor Pallet Control Circuit
Diagrams.”

Table 5.1 shown below illustrates the way the inputs and outputs were mapped to
the input/output points on the PLC. Inputs X0-X3 were not used because they are high-
speed inputs; likewise, outputs YO-Y 1 were not used because they generate pulse outputs.

Since outputs Y2-Y3 were in the same bank as YO0-Y 1, they were also skipped.
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Table5.1: D0-06DD2 PL C Input/Output Map

| nputs Outputs
I nput Point Status Output Point Status
X0 Not Used — High YO0 Not Used — Pulse
Speed Input Output
X1 Not Used — High Yl Not Used — Pulse
Speed Input Output
X2 Not Used — High Y2 Not Used
Speed Input
X3 Not Used — High Y3 Not Used
Speed Input
X4 Extend Button Y4 Not Used
X5 Stow Button Y5 Not Used
X6 Rotation Extend Y6 Translate Operate
Sensor LED Indicator
X7 Rotation Stow Y7 Not Used
Sensor
X10 Translation Extend Y10 Not Used
Sensor
X11 Translation Stow Y11 Rotate Operate
Sensor LED Indicator
X12 Not Used Y12 Not Used
X13 Not Used Y13 Not Used
X14 Not Used Y14 Not Used
X15 Not Used Y15 Not Used
X16 Not Used Y16 R-TCCW Relay
X17 Not Used Y17 R-TCW Relay
X20 Not Used Y100 GS2-22P0 DI2
X21 Not Used Y101 GS2-22P0 DI1
X22 Not Used Y102 Not Used
X23 Not Used Y103 Not Used

5.2 Automatic Mode Program Design

When determining the design of the PLC program that will operate Automatic
mode, a state diagram is a good way to illustrate what needs to happen. The state
diagram can show all the stages that the system can be in and the inputs that need to be

present to cause a change of state. The state diagram is shown in Figure 5.2 below.
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Figure5.2: PLC Program State Diagram
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5.2.1 Discussion of the State Diagram

Recall from Chapter 1 that there are three steps or stages to both of the extending
and stowing procedures. When the system is extending, first the translating plate moves
outward 197, then the rotating arm rotates 206°, and finally the translating plate moves
backward till the Sensor Pod has fit tightly up against the C-130 door. When the system
is stowing, first the translating plate moves outward to its 19” fully extended position,
then the rotating arm rotates back to its resting position, and then the translating plate
moves backward to its fully stowed position.

The state diagram shown in Figure 5.2 above shows each of these states, as well
as the stimuli that must be present to jump from state-to-state. The fully stowed position,
where the translating plate and rotating arm are in their initial resting positions, is
represented by state So. The fully deployed state, where the arm has rotated completely
and the Sensor Pod has been pulled back against the butt plate underneath the door, is

represented by state Sy.

5.2.1.1 State Diagram - System Deployment Procedure

The three stages of the extending (deployment) procedure are illustrated by states
Si1, S,, and S;. To leave the stowed state Sy and enter the deployment procedure at state
Si, the user must press the Extend Button on the operator pendant. This sets the
translating plate into motion outward. To do this, the R-TCCW relay must be energized
(output Y16 must be turned “ON”). This puts 110VAC on the red wire of the translation
motor and turns the motor in the counterclockwise direction, moving the translating plate
outward. Also, the Translation Operate LED indicator (output Y6) will be turned on at

this time.
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Once the plate has moved 19” outward, it reaches the “T-Extend” proximity
sensor. When this sensor is tripped, the system moves to state S,, where the rotating arm
rotates 206° to its final position underneath the plane’s door. This is done by sending a
signal to the GS2-22P0 motor controller digital input DI1, which is done by turning on
output Y101. In this stage, the Rotation Operation LED indicator (output Y11) will be
turned on as well.

When the rotating arm has completed its motion, it reaches the “R-Extend”
proximity sensor. By tripping this sensor, the system is put into state Ss;, where the
translating plate pulls the Sensor Pod back against the butt plate underneath the C-130
door. To perform this stage, the PLC must energize the R-TCW relay (output Y17). This
puts 110VAC on the blue wire to the translation motor and turns the motor in the
clockwise direction, moving the translating plate inward. Again, the Translation Operate
LED indicator (output Y6) will be turned on at this time.

Once the Sensor Pod makes contact with the butt plate and pulls up tight, the
translation motor pulls more and more current, causing a current spike of up to 11A or
more. When this happens, the CLN-50 current sensor registers the current spike; the
analog output on the O/P pin on the CLN-50 sensor will go over 10mA at this point. The
F0-04AD-1 analog input module is continually taking the value from the O/P pin and
storing the value in PLC memory location V2000 (directly maps to Channel 1 on the FO-
04AD-1 when mounted in expansion slot 1). A comparison is made during each PLC
sweep comparing the value stored in V2000 to V2004, which stores the value 10mA in

BCD format (1536); at the point that the current spike occurs, the value in V2000 goes
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over 10mA and the translation motor is shut off. The system is now in state S4, which is
the fully deployed system state.

At any point during this deployment process, the user may be able to push the
Extend or Stow buttons on the user pendant. In any of the states S;-S4, if the Extend
button is pushed, the system should remain in its current state. However, if the Stow
button is pressed, the system should stop and jump to a different state to begin the stow
procedure. If the system is in state S;, the system will jump to state Sy; if the system is in
state S, the system will jump to state S¢; and if the system is in state S;, the system will

jump to state Ss.

5.2.1.2 State Diagram — System Stowing Procedure

The three stages of the stowing (retracting) procedure are illustrated by states Ss,
S¢, and S7. To leave the fully deployed state S4 and enter the retracting procedure at state
Ss, the user must press the Stow Button on the operator pendant. This sets the translating
plate into motion outward. To do this, the R-TCCW relay must be energized (output Y16
must be turned “ON”). This puts 110VAC on the red wire of the translation motor and
turns the motor in the counterclockwise direction, moving the translating plate outward.
Also, the Translation Operate LED indicator (output Y6) will be turned on at this time.

Once the plate has moved outward as far as it will go, it reaches the “T-Extend”
proximity sensor. When this sensor is tripped, the system moves to state S¢, where the
rotating arm rotates back to its resting position on the arm supports mounted on the
translating plate. This is done by sending a signal to the GS2-22P0 motor controller
digital input DI2, which is done by turning on output Y100. In this stage, the Rotation

Operation LED indicator (output Y11) will be turned on as well.
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When the rotating arm has completed its motion, it reaches the “R-Stow”
proximity sensor. By tripping this sensor, the system is put into state S;, where the
translating plate translates back to its initial, resting, position. To perform this stage, the
PLC must energize the R-TCW relay (output Y17). This puts 110VAC on the blue wire
to the translation motor and turns the motor in the clockwise direction, moving the
translating plate inward. Again, the Translation Operate LED indicator (output Y6) will
be turned on at this time.

When the translating plate reaches its initial stowed position, the “T-Stow”
proximity sensor is tripped, and the system has completely returned to its fully stowed
state, represented by state So. All motors are turned off and the system returns to waiting
for any user input in the form of button presses on the pendant.

At any point during this deployment process, the user may be able to push the
Extend or Stow buttons on the user pendant. In any of the states Ss-S;, if the Stow button
is pushed, the system should remain in its current state. However, if the Extend button is
pressed, the system should stop and jump to a different state to begin the extend
procedure. If the system is in state Ss, the system will jump to state S;; if the system is in
state S¢, the system will jump to state S,; and if the system is in state Sy, the system will

jump to state S;.

5.2.2 PLC Program Specifications

Besides performing the steps illustrated in the State Diagram, there are other
specifications that the program should have. The WVU-CIRA engineers decided that

there should be a timed delay whenever the system goes from state-to-state. There will
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also be status messages displayed on the PLC’s LCD screen so that the operator will be

able to determine the PLC state in case of an error.

5.2.2.1 Timed Delaysin the Program

Timed delays are important for safety reasons; if either the Extend or Stow button
is pressed with anyone in the way of the system, that person will be able to clear the area
before the system is set in motion. Otherwise, the person may be injured by the
translating plate or the heavy Sensor Pod. Also, after the system has already been set into
motion, there should be a delay from state-to-state to protect the components in the
system. Quickly changing outputs and turning on different motors could cause damage to
the system components.

Whenever the Extend or Stow button is pressed, there will be a five second delay
before any motion takes place, regardless of where the translating plate or rotating arm is
positioned at the time. Between states, there will only be a three second delay before the
next stage of motion takes place. Programming with timers in the DirectSoft32° software
was discussed in Chapter 2. When programming, there was a different timer used for

each change of state. The timers that are used in the PLC program are illustrated below

in Table 5.2.
Table5.2: Timersin the PLC Program
PLC Timer Timer Use
TO 5-sec. Extend Button Timer
T1 5-sec. Stow Button Timer
T2 3-sec. Translating Out to Rotating Out Timer (Extend Process)
T3 3-sec. Rotating Out to Translating Back Timer (Extend Process)
T4 3-sec. Translating Out to Rotating In Timer (Stow Process)
T5 3-sec. Rotating In to Translating Back Timer (Stow Process)
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5.2.2.2 LCD Screen Messages

The program utilizes LCD screen messages so that the user will know what state
the program is in (or going to be in once the respective timer completes its countdown)
and for the purpose of error diagnosis. Writing messages to the LCD screen in the
program is detailed in Chapter 2.

Whenever the PLC receives a new input, a new message appears on the LCD
screen. The LCD has two lines on which a message can be displayed. The top line
should always read “Automatic Mode”; this is an unconditional output to the LCD screen
in the program and cannot be changed as long as the program is functioning correctly.
The second line will display the state of the program. Table 5.3 shown below outlines the

possible LCD messages and what they mean.

Table5.3: LCD Messages

L CD Message M eaning

“Fully Stowed” Translating plate and rotating arm are in
their resting positions

“E: Button Push” Error: Extend and Stow button have been
pushed simultaneously, which should not
occur

“Extend Button” Extend Button has been pressed

“Translating Out” The translating plate is translating outward

“Rotating Out” The rotating arm is rotating outward

“Translating Back” The translating plate is translating backward

“Fully Extended” Current Sensor has been tripped, should
mean that the Sensor Pod has been pulled up
tightly against the butt plate on the door

“Stow Button” Stow Button has been pressed

“Rotating In” The rotating arm is rotating inward
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5.2.3 Error States

With every system, errors can occur. The user may input erroneous stimuli,
sensors may be accidentally tripped or could fail completely, or any other unforeseen
problem could occur. One of the error states that can clearly occur in this system is the
user pressing both the Extend and Stow buttons on the pendant simultaneously. At that
point, the PLC will be confused as to how to proceed, most likely beginning motion in
one direction and then the other. This could somehow cause damage to components as
well, jumping from state to state in such a manner.

Therefore, to prevent an occurrence of such a nature from harming components,
an error state is introduced to the program. Whenever the PLC receives input from both
the Extend and Stow buttons at the same time, all motion is halted and all timers and
memory locations are reset. Once a single button is pushed, whether it is the Extend or
Stow button, the error state is cleared and normal operation of the system can continue.

Other error states may exist, such as the ones alluded to before where sensors may
fail, but the PLC program does not account for these error states. Future work in this area

may be needed to be done for the system to become more fully functional.

5.2.4 PLC Memory Locations Used in Program

PLC’s are constantly scanning their inputs and reacting accordingly, as well as
checking their timers. Their outputs are based on the inputs and timer countdowns that
occurred during that “sweep”; therefore, if a button is pressed for a moment and then
released, that input is only seen for that moment. Likewise for a timer; when the timer
finishes counting down, the PLC only sees that it finished its countdown for a single

“sweep”. Though this makes the PLC dynamic and allows it to react to a series of inputs
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without making the programmer write a series of loops, it does cause other programming

problems. How might the PLC “remember” that a certain input has occurred? In the

PLC program, this is an important question; stages in the program that last for several

“sweeps” in a row depend on whether the Extend or Stow button has been pressed or

whether a timer has finished its countdown. The answer is to use PLC memory locations

to store when a button press has occurred or a timer has finished its countdown. The

memory locations used in the programs and what is stored there are shown below in

Table 5.4.

Table5.4: Memory L ocation Definition

Memory L ocation Data Stor ed

X50 Extend Button Memory

X51 Stow Button Memory

X52 Extend Timer Memory (5-sec.)

X53 Stow Timer Memory (5-sec.)

X54 Current Sensor Comparison Memory
(V2000 >V2004)

X55 Extend/Stow Button Press Error Memory

X56 Translating Out to Rotating Out Timer
Memory (3-sec.)

X57 Rotating Out to Translating Back Timer
Memory (3-sec.)

X60 Translating Out to Rotating In Timer
Memory (3-sec.)

X61 Rotating In to Translating Back Timer

Memory (3-sec.)

This concludes the description of the PLC program development. To see the PLC

program as it was coded, please see Appendix 5. The program is shown there fully

commented to ease in reading.
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Chapter 6: Project Results

Over the last few months, the electrical design for the Operator Station and the
Sensor Pallet, as well as the Automatic mode program, were implemented in the system
assembled by the Project Oculus team of engineers. Once everything was assembled, the

testing process began.

6.1 Testing the Operator Station Circuit

After the Operator Station had been wired, the system had to be tested. The first
test for the system was to power it up using a 28VDC 200A “generator set” that
simulated the power supply aboard the C-130. This power source was equipped with an
AN2551 female plug to fit into the AN2552-3A male socket on the power input side of
the Operator Station. A red LED located inside the operator station in the top left rack
indicates that a 28VDC power source is available. Upon the flip of the “ON” switch, the
green LED came on to indicate that DC power was powering the system. A look at the
TSC24-4500D inverter remote controller showed that the inverter was converting the DC
power to 220VAC 60Hz split-phase, indicating that it was working properly. All 30
power outlets (ten outlets on three power outlet strips located on the back of the racks
inside the operator station) were tested to ensure that they were supplying 110VAC 60Hz
for the devices that would reside in the racks inside the Operator Station. The circuit
breakers were also tested to ensure that they would manually open the circuit.

The next test for the Operator Station circuit was to make certain that it could be
powered from a standard 220VAC 60Hz power source. A cable equipped with a
220VAC 30Amp plug on one end to fit the 220VAC wall outlet located in the WVU

hanger wall, and a HBL430C12W on the other end was plugged into the power input side
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of the Operator Station. Again, the red LED indicators corresponding to Line 1 and Line
2 of the 220VAC input came on, signifying that 60Hz AC power was directly available
for the system. Flipping the switch powered on the system, just as the DC power had
before.

The final test for the Operator Station power input circuit was to make sure that
the interlocking between the two possible power sources would work. If the DC power
source is available and turned on, the interlocking circuit should not allow the user to
apply an available 60Hz AC power to the system, and vice versa. To perform this test,
both 60Hz AC and DC power sources were connected as in the previous tests. First, the
60Hz AC power source was turned on with the switch, supplying power to the system.
Then, the DC power switch was flipped to the “on” position; the system remained
powered by the 60Hz AC power, and the green LED indicator showing that the system
was powered from DC remained off. Next, the system was powered from the DC power
source, and the 60Hz AC power was turned on; the system remained powered from DC
and did not allow the 60Hz AC power to be available. Having completed all these tests,

the Operator Station power input circuit design was deemed a success.

6.2 Testing the Sensor Pallet Circuit and Program

Next, the electrical engineers had to test the Sensor Pallet to ensure it was in good
working order. The Sensor Pallet had three general areas to test: (1) would the sensor
pallet electronics power up when its power cord was plugged into the Operator Station,
(2) manual mode operation with the operator pendant, and (3) Automatic mode, including

all electronics and software associated with Automatic mode.
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6.2.1 Testing the Sensor Pallet Power

To test the Sensor Pallet, the jumper cable located on the Sensor Pallet must be
connected into the Operator Station power. The HBL430P12W plug on the jumper cable
needs to be plugged into the matching HBL430R12W receptacle on the exterior of the
Operator Station facing the Sensor Pallet. Then, the power in the Operator Station needs
to be turned on to supply power to the Sensor Pallet. Upon doing this, visual inspection
of the Sensor Pallet shows that the GS2-22P0 motor controller inside the motor control
panel and the 24VDC power supply power are on. The red Manual mode LED indicator
located on the motor control panel comes on if the Automatic/Manual switch on the
operator pendant is switched to “Manual.” Switching the Automatic/Manual switch to
“Automatic” turns off the red Manual mode LED indicator and powers on the D0-06DD2
Programmable Logic Controller (PLC). Seeing that all the Sensor Pallet electronics are

powering on, this test is successful.

6.2.2 Testing the Sensor Pallet in Manual Mode

Now that the Sensor Pallet is powered, the two different modes of operation of the
Sensor Pallet can be tested. First, the engineers will test Manual mode. The testing

procedure is illustrated in the flow chart shown in Figure 6.1 below.
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Automatic / Manual
Switch

"Manual Selected”

Translate / Rotate
Switch

"Translate Selected"

"Extend Button Press"
Until Limit Switch
(Position at 19 inches)

"Stow Button Press"
Until Limit Switch
(Initial Rest Position)

Translate / Rotate
Switch

"Rotate Selected"

"Extend Button Press"

- No Limits

"Stow Button Press"

Until Arm Reaches
Supports

Figure 6.1: Manual Mode Testing Procedure

To run the pallet in Manual mode, the Automatic/Manual switch should be set to
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“Manual.” In manual mode, the operator designates which motor he wants to run by
using the Translate/Rotate switch, also on the operator pendant. Flipping this switch to
“Translate”, the engineers first tested Manual mode for the translation process. When
pressing the Extend button, the translating plate moved from its initial resting position to
its fully extended position 19 inches outward before the limit switch mounted there was

triggered and stopped the translation. Pressing the Stow button moved the translating




plate back to its initial resting position; again the process was ended by triggering the
other limit switch. All components of that process, which included powering the
translation motor, wiring of the buttons and switches, and the use of the limit switches,
were deemed a success.

Flipping the Translate/Rotate switch to “Rotate”, the engineers may now test
Manual mode for the rotation process. For this test to be successful, the GS2-22P0 motor
controller digital inputs must be wired correctly and supply sufficient power to the
rotation motor. When pressing the Extend button, the rotating arm rotated outward,
going as far as the user wants it to go, considering there are no limiting factors on its
manual motion as there is on the translational process. Pressing the Stow button moved
the rotating arm back to its initial resting position on the supports mounted on the
translating plate. All components of this process, which included sending the correct
signals to the motor controller, powering on the rotation motor, and the wiring of the

buttons and switches, were deemed a success.

6.2.3 Testing the Sensor Pallet in Automatic Mode

To test the Sensor Pallet, the Automatic/Manual switch needs to be on
“Automatic” and the D0-06DD2 needs to be set on “Run”, which means it is running the
program that is stored in the PLC’s memory. No motion should occur right away; the
system is waiting on input from the user pendant pushbuttons. Also, the Translate/Rotate
switch is nonfunctional in Automatic mode.

The engineers tried to test a full cycle of the automated process. Upon pushing
the Extend button, the deployment procedure began. The translating plate moved from

its initial position to its fully extended position 19 outward, and then the system began to
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try to rotate the arm out. However, a problem occurred at this point. The PLC was
receiving conflicting inputs from the rotation stowed and extended proximity sensors,
sending the system into two different states at the same time. Therefore, the system was
not functional at that time.

This was the major bug that had to be fixed in the system. The problem was
hypothesized to be electrical noise interference generated by the power cord to the
rotational motor being picked up by the proximity sensor cables. This noise would cause
a false triggering signal on the sensing lines of these sensors. Indeed, the test prototype
ran both the power cable to the rotational motor and the proximity sensor cables together
through the same conduit.

The first solution to the problem was to run shielded cable to the proximity
sensors rather than the unshielded cable that the sensors were purchased with. The shield
was grounded to the box housing the electronic equipment, and the shielded cable was
run all the way from the sensor to the PLC inputs. But when the test was run again, the
same problem still occurred. Though this was a good idea that normally fixes problems
such as these, another approach was needed.

After other failed attempts at solving the problem, which included increasing the
sourcing current from the proximity sensors, it was decided that physical separation of
the cables was required to make the system work. The rotation stowed and rotation
extended proximity sensors were moved to the opposite side of the pallet but remained
connected with shielded cable. The testing procedure was repeated, again pressing the
Extend button to begin the deployment procedure. When the translating plate finished its

motion, the rotating arm began rotating with no problem. A full cycle of both the
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deployment and stowing procedures were completed to ensure that Automatic mode was

in full working order. Finally, Automatic mode was deemed a success.

6.3 Project Oculus Tested on the C-130

In February, 2004, the WVU-CIRA team of engineers accompanied the Project
Oculus system to the Air National Guard base in Charleston, WV, to load the pallets onto
the plane for testing purposes and for a show-and-tell session. The Operator Station was
plugged into the plane’s 28VDC power source, just as it was designed to do, and was
powered up with no problems. The Sensor Pallet was placed on the C-130 rear door,
where the mechanical arm was completely deployed using only Manual mode.
Automatic mode was not tested at this time; though it had been proven to work, the
engineers feared they may damage the plane in some way. The visit and test session in

Charleston was a success; Figure 6.2 below shows the Sensor Pallet on the C-130 door.
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Figure 6.2: Sensor Pallet in Operation on C-130in Charleston, WV
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Chapter 7: Conclusion

First, in these concluding remarks, it must be said that one of the overriding goals
of this thesis was to be a complete summary of all the work performed by the electrical
engineers on Project Oculus. It should be a fully inclusive manual providing all the
design criteria, circuit diagrams, program design, and specifications of the hardware that

was put into this project.

7.1 Project Conclusions

This project has been completely designed, built, programmed, and tested. It
seems that every aspect of the project has passed all testing configurations. The Operator
Station power distribution circuit design is a success; it works, providing all devices with
their required power. After working out a few bugs, the Sensor Pallet control circuit,
operating in both Automatic and Manual modes, is also in working order.

One main issue of concern, however, in this design is the amount of power that is
needed to run all components involved and the sensors that will be deployed in the
Sensor Pod on the Sensor Pallet. This study is shown in Appendix 2, which is a Power
Budget prepared by team member Jonathan Byrd. The team of electrical engineers

perhaps should make decisions on supplemental forms of power for the system.

7.2 Recommendations for Future Work

Because no design is ever finished or completely optimized with every known
feature, recommendations for future work are offered here. There are a few areas of the
project that can be improved or modified in the future. First, plans for additional power

need to be addressed in the near future.
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The second area that needs improved is “system protection” in Manual mode.
The electrical engineers did install mechanical limit switches to protect system
components when the system is running in Manual Translate mode; however, there is no
analogous feature for Manual Rotate mode. The operator can extend the mechanical arm
as far as he wants to, which could allow the arm to strike and damage the “R-Extend”
proximity sensor.

And the final area that needs improved is the Automatic mode ladder program.
Through this study, error states had already begun to be defined, but only one error state
was really handled in the code itself. Future work on the project could revolve around
making the Automatic mode program better by handling more errors, such as defining the
process to follow if the proximity sensors should fail. Other unforeseen features could
most likely be added to the program as well; the system should stay up-to-date with the

future requirements of the system.
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Appendix 1. Vanner TSC24-4500D Inverter Specifications

This appendix contains data sheets and general information regarding the Vanner TSC24-
4500D power inverter and the optional TSR remote control [46].
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DuraSine TSC
AC Power Inverter/Charger

Your AC solution for display vans, mobile offices, communications backup,
sensitive test equipment, traffic signal backup, and maore!

Introdudion ‘ 5 ' 3T ’
The TruSine” 4.5 system consists of a high-perfarmance 4500 wat sine-wave inverter, four i' & .
stage batery charger'conditioner, and an avtematic AC fransfer switch. The aystem offers vou - & i

unparalleled capabilities for the most demanding applicatiors.  For example, a high-efficiency,

low power sing-wave inverer saves energy by operating when only small AC loods such o batiery
rechargers are present. Bacouse the test squipment and toals you vse may be sensifive fo the qualiy
of AT power, we have designed the TruSine” inverer/charger fo supply high quality, low Total Harmonic Distorion sine-wave power
while also maintaining high operating efficiencies over the power range.

Recognizing thet installation configurations and requirements vary, we have designed maximwm flexdbility info the TruSine®
inverter/charger system. We have separmled the aperaior's console/remote confrol fram the inverter enclosure, allowing you ta
coniral ard monitor the system from wherever you waont. Our datg commu rications network allows you to inshall multiple oparafor's
comsoles near the irverer, or af remote locations. Installation i simplified with the consolidafion of all wiring on the bottom panel of
five unit [the bottom sudoce an the wall mourted uni). This panel contains an Bolated AC wiring companment, complete with calble
clamps far the exernal AC cables, and a unique B wiring compariment & provided for the batiery cobles with two screw-type
ferminals to accommadate the DT cables.

Underwriters Laboratories Listed =10
TruSing® modals TSC24-4500 and TSC24-45000 are UL and CUL Listed as 0 Power inverter for Land /e reational Vehicles.

Power Inverter

Vanner's advanced TruSire® fechnology inventer design produces o smoath, extramely high quality
simsoidal wavetorm that hos no visible steps. This produces less than 1. 7 5% Tatal Harmonic

R Distortion [THE), enabling loods such 03 matars and elecironic equipment to operale moare
efficiantly than with stepped sine-woveor modified sinewave imverters. Cutput AC voltoge &
regulated to +/- 3% and frequency regulation ks mairdained 1o wilhin % 0.1 He: The imerier
produces 4 500 watts of coninbaus power and 10,000 watls of surge petver, enabling o run the
most demanding loads. In order o meet your irstallation needs, we offer twea AC power

. configurations:

Adual phot of TruSine™ . 15004 45000: 1 20/240 vobi/40 Hz 3-wire “aplit-phass® input and output

waveform at 4500 walts . [9r0g 4500: 120 volifS0 He gngle phase input and sulp

Battery Charger/Conditioner

Batiery charging & accomplished efficiently with the TruZing” system’s 100 amp 24 wolt), four-stage charging sequence. This
approach quickly charges the batiery bark, then applies o oat charge to mairtain the charge. For Tlooded leod acid batienies, the
operatar may call for an equalize charge opcle through the remate aperator's comale.

Auvtomatic AC Transfer Switch
The systems’ automatic AC frarsfer switch conneds the AC input to both the AC output and 1o the batery charger when AC output
power iz present. The iransfer will noour ofler an adjusinble time delay which allows for generator stabilzation. Upon loss of AT input
pawer, the fransfer back ta the nverter will oocur instantly (within 40 milliseconds) o minimize power
inderruption to the AC loads.

Operator Controls

‘When complate fundhion control and monitoning i required, we recommend iratalling the optianal TSR
Operator's Congole. The T5R allows you to operatathe Try Zine® inventer system fram mubiple locations.
You can locote a TSR near the inverter and others atremate locations. The T3R remote cantrol panel & a
compad but pawerulfermingl consisling of a baddifLCD display, fundion keypad and alomm LED
indicotor. The TSR functions provide system sintvs display foult mondtoring and alom deplay, paswond Optlenal TSR Remate
profecied data parometer programming, disploy of dota values, and system aperating mode contral.

lo simplify opergfion, o main menu is provided along with an advanced function menu for the more complex furctions. The TSR

aasily irstlled with four screws in a panel cutow.
EXPERIENCE THE POWER.
& & & * & L L * * * + +* » L L
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DuraSine TSC

AC Power Inverter/Charger

TruSine 4.5kW Inverter/Charger Specifications

Mo Lood, Inverter On
Ma Looad, Inverter Standby
Full Pavwer

Battery Charger:

Maximum Chorgar Power

Input Yaltage

Input Current Wavefarm

Input Current Rating

Input Frequency

AC Transfer Switch:

Powear Rating

Transfer Spead

System:

Operating Ambient Temp.

Coaling

Maunting

‘Weight

Dimensions

0.5 Amps (13 Watts)
0.2 Amps [5.2 Wats)
225 Amm

100 Amps DC
120Vac +/- 10%
Simpsaidal
32 Amps
G0 Hz +/- 12%

30 Amps af 120Ve:
= 40 millsaconds

0.5 Amps {13 Wats)
0.2 Amps {5.2 Watts)
225 Ams

100 Amps DC
T120/2400ac [-wine) 4/ 10%
Sinsoidal
16 Amps pear Lag
S0Hz +/- 12%

30 Amps ot 120/240Vae
= 40 millseconds

-A0C [MOF) to +40C (104F)

Thermostatically controlled exhaust fan

Wall or shelf
B3 Lbs (37.7 kg
175"H = 19.0™W = B.5"D)

Model T5C24-4500 T5C24-4500D TSC-4500EX*
Inverter:
AL Output ¥altage 120ac +/- 3% 120/ 24Wac +/- 3% 230Vac +/- 3%
Confinuous Power at 25C 4500 Weatts [37.50 Amps) 4500 Wans [TR.75 Amps par Lag) 4500 Wans [1B.75 Amps)
Surge Power 10,000 ‘Wats 10,000 Wats 10,000 Watts
Frequency &0 He /- 0.1 Hz &0Hz +/- 0.1 He 50 Hz +/- 0.1 Hz
AL Waveform Pure Sine-wave Pure Sins-wave Pure Sinewave
Total Harmanic Distorfion [THD) < 1.75% < 1.75% = 1.75%
Powear Foclor Allowed Oda 1o +0 Ok 10 +0 Dol w+0
OC Input
HMaominal 24 Vals 24 Valts 24 Valis
Operating Range 12 ta 34 Vals 1210 34 Vo 1240 34 Vol

0.5 Amos (13 W)
0.2 Amps (5.2 Wats)
225 Amps

100 Amps DC
23Mac +/- 10%
Sinusaidal
16 Amps
SO He &+ 12%

30 Amps at 230Ve:
= 40 mil lsaconds

Your authorized Vanner distributor is:

Corporate Office:
Vanner, Inc.

4282 Reynolds Drive
Hilliard, Chic 43026
Tel: 614-771-2718
Fox: 614-771-4%04

Coperight 2001, Vanner, Inc.
Printed July 2001

Yonne®, Ve Grm e ow Deagn’ ond Tndine "o mdsmada of Yo, inc,

L ] * * *

L ] L ] *
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800-AC POWER

www.vanner.com
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Appendix 2: Project Oculus Power Budget

This appendix contains the Project Oculus Power Budget, created as an Excel spreadsheet
by C-130 project team member Jonathan Byrd. This budget consists of all components
that exist in the system and the power that these components consume. Not all
components will be drawing power at the same time; therefore, an “In Use” column was
added so that the user may determine the available power when only certain components
are being used. The power budget is shown below with all components in use.
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Project Oculus Power Budget
Developed by Jonathan Byrd
Created: March B, 2004

Last Revised: Apnil 12, 2004

There are S040 W available as total power,
4158 W of that can be used as AC power.

Power Available:

Description: Max Voltage (V) Max Current (A) Efficiency
28 Volt DC Input from bulkhead 28 180 MN/A
‘Wanner inverter DC - AC efi@4500W 82 5% 120 3465 0825
DC power available on sensor pallet 24 3 N/A
SENSOR PALLET

Power Used.

lem Description Quantity ACorDC  Voltage (V)
Proximity Sensors 4 DC 2
Rotational Motor 2HP 1

Translational Motor 13HP 1

Camera and Sensor 1 DC 28
Flir System 1 DC 28
Cooling Fans 2 AC 110
OPERATOR STATION

Power Used.

ltem Description Quantity ACorDC  Voltage (V)
KM Switch CS-228 1 AC 120
Little Lite Rack Mount Light 3 AC 120
Communications Reciever IC-RI000L 1 AC 120
VCR Sony SV0-1630 1 AC 120
STC Leicus Dehumidifier 1 AC 120
Overhead Florescent Lights 2 AC 120
Exhaust Fan 2 AC 120
Florescent Lighting (behind rack) 2 AC 120
LCD Flat Panel Monitors 2 AC 120
Computer Power Supplies 2 AC 120

124

Total Input Power (W)

5040
4158
72

Current (A)
02

10.714285
17.142857
0.338181818

Remaining DC power on SP (W)

-7304
Remaining AC power (W)
-112.67
Total Remaining Power (W)

76933

Power Used (W)
24
1492
24867
300
480
744

In Use (1 or0)

— o —

Power Used (W)
72
72
54
16
180
68
3%
80
140
700

— . —



Appendix 3: Klixon Aircraft Circuit Breakers, 7274 Series

This appendix consists of specifications and general information for the 7274 series of
Klixon aircraft circuit breakers, made by Texas Instruments. Specifically, the Project
Oculus system uses Klixon series 7274-11 circuit breakers, with current ratings of 10
Amps and 20 Amps. Circuit breakers used in the system are highlighted where

appropriate [20].
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7274 Series

Single Phase, Non-Compensated

7 W
=y

Features

Uses Minimum Space

Light Weight

Current Rating (72 to 20 Amps)
MIL-C-5809 Qualified

High Vibration Resistance

Overview

The Klixon® 7274 series are small, lightweight, low amperage devices that are
specifically designed to protect aircraft/aerospace cable and components in airborne
vehicles and equipment.

The 7274 series features a trip-free, indicating-type reset button. They are available in
standard ratings from ’2 to 20 amps.

Options
e Long Pushbuttons
e Auxiliary Switch
e Dust Boot !

! Part number 14500-1 fits 15/32 bushing
Part number 14500-5 fits 7/16 bushing

Calibration: 1-20 Amps (Typical*)

Temp Min. Ult. = Max. Ult. Trip Time - Seconds
°C Trip Trip 200% 500% 1000%
+25 115% 150% 2-20 d6-1.2 .046-.80
-55 135% 180% - - -
+71 90% 130% - - -

*The above calibration chart is representative of a standard commercial device. TI offers
specific variants with similar performance dependant on military or customer
specifications.

126



Performance

Vibration*................. 10 G minimum, 50-500 Hz
Mechanical Shock.....35 G
Acceleration.............. 10 G

Weight.......cccuveenneen. 7274-2 - 28 grams

7274-2-5 - 19.8 grams
7274-4 - 28 grams
7274-11 - 33 grams
7274-11-5 - 24.7 grams
7274-69 - 33 grams
7274-70 - 33 grams

*Qther vibration levels available

I nterrupting Capacity Endurance
% - 5 amps Unlimited amps at 28 VDC 2500 cycles 120 VAC. 400 Hz, Inductive
7% -15amps 2000 amps at 28 VDC 5000 cycles 120 VAC. 400 Hz, Resistive
YVo-1% amps  Unlimited amps at 120 VAC, 400 Hz 2500 cycles 30 VDC, Inductive
2 - 5 amps 800 amps at 120 VAC, 400 Hz 5000 cycles 30 VDC, Resistive
7% -20 amps 500 amps at 120 VAC. 400 Hz 10,000 cycles Mechanical, No Load
Amp Voltage Amp Voltage
Rating Drop (max)* Rating Drop (max)*
) 2.00 4 0.45
Ya 1.45 5 0.35
1 1.10 7Y 0.30
1'% 0.75 10 0.28
2 0.75 15 0.25
2Ys 0.70 20 0.25
3 0.55

*Max voltage drop at nominal rated current.

Qualifications

TI Number M'S Number TI Number M S Number
7274-2-Y2  MS 26574-% 7274-4-Ys  MS 26574-%A
7274-2-%  MS 26574-% 7274-4-%  MS 26574-%A
7274-2-1  MS 26574-1 7274-4-1  MS 26574-1A
7274-2-12 MS 26574-1 7274-4-1'2 MS 26574-12A
7274-2-2  MS 26574-2 7274-4-2  MS 26574-2A
7274-2-2'> MS 26574-2"» 7274-4-2'> MS 26574-212A
7274-2-3  MS 26574-3 7274-4-3  MS 26574-3A
7274-2-4  MS 26574-4 7274-4-4  MS 26574-4A
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7274-2-5  MS 26574-5 7274-4-5  MS 26574-5A
7274-2-7 Y2 MS 26574-7% 7274-4-7 Y2 MS 26574-T%A
7274-2-10 MS 26574-10  7274-4-10 MS 26574-10A
7274-2-15 n/a 7274-4-15 n/a
7274-2-20 n/a 7274-4-20 n/a
Tl Number M S Number TI Number MSNumber TI Number M SNumber
7274-11-Y2  MS 22073-Y, 7274-69-2  MS 22073-1.V 7274-70-Y2  MS 26574-%L
7274-11-%  MS 22073-% 7274-69-%  MS 22073-34V 7274-70-%  MS 26574-3%4L
7274-11-1 MS 22073-1 7274-69-1 MS 22073-1V 7274-70-1 MS 26574-1L
7274-11-1%2 MS 22073-1% 7274-69-1%2 MS 22073-14V 7274-70-1%2 MS 26574-1'%L
7274-11-2  MS 22073-2 7274-69-2 MS 22073-2V 7274-70-2 MS 26574-2L
7274-11-2%2  MS 22073-2% 7274-69-2', MS 22073-2'4V 7274-70-2%, MS 26574-2%L
7274-11-3 MS 22073-3 7274-69-3 MS 22073-3V 7274-70-3 MS 26574-3L
7274-11-4  MS 22073-4 7274-69-4  MS 22073-4V 7274-70-4  MS 26574-4L
7274-11-5 MS 22073-5 7274-69-5 MS 22073-5V 7274-70-5 MS 26574-5L
7274-11-7 % MS 22073-7% 7274-69-7 2 MS 22073-7'4V 7274-70-7 2 MS 26574-7L
7274-11-10 MS 22073-10 7274-69-10 MS 22073-10V 7274-70-10 MS 26574-10L
7274-11-15 n/a 7274-69-15 n/a 7274-70-15 n/a
7274-11-20 n/a 7274-69-20 n/a 7274-70-20 n/a
7274-11 and 7274-69
Tﬂp View Side View
_! - ‘_. :,:.“ . I 49 _1 sl i e el
23 ‘ﬁ\ + = — 4i¢_l
I 4—6 H G B === mal £
e i ‘w‘i/i__j: WDAINTING HUT
- o7 — 1L o
WEW WASHER DETAIL ! ‘:'” LOCK WASHER
450 KEYWAY WASHER
o o |
! MCHE- - IR S
q@ | T? ;‘_ % 4 e LOCKWASHER

a5

%, -

R S

Nominal dimensions provided for reference purposes.
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Approximate Time-Current Curves at 25°C
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Appendix 4. Operator Station Circuit Diagrams

This appendix consists of the Operator Station input power circuit diagrams. The
diagrams shown are

(1) C-130 Operator Station Power In/Out: An illustration of input power available
to the system and output power for the Sensor Pallet.

(2) C-130 Operator Station Power Schematic: Circuit diagram for DC and 60Hz
AC input power, Vanner inverter, and AC and DC circuit breakers.

(3) C-130 Operator Station Power In Control: Close-up version of the power
input control interlocking circuit shown in diagram (2).

The circuits were originally designed by Dr. Roy S. Nutter; these diagrams were drawn
by Robert P. Hayes.
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200110 VAC 400 Hz
To C-130 - — - -
Bulkhead s o

208110 VAC 60 Hz

ToShore %
Powet

30 Amp 10°4 SO Cable

To C-130
Bulkhead %
Winch

Connector
28VDC 200 Amp

2 2/0 Welding Cable

Operator Station

Sensor
Connectors

Sensor
Comnectors

Sensor
Connectors

Power

Sensor Pallet
Sensor
bl Connectors
Power
Ed Connector

208110 VAC 60 Hz 30

Amp 10 AWG SO Cable

Title: C-130 Operator Station Power In/Out

Created by: Dr. Roy S. Nutter
Drawn by: Robert P. Hayes

Version No.: 1.0
Date: November 10. 2003
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i ! O] [O}——F— !}
DC Fuse i : -le + |5 — ;
- DC g o .
28 VDC Q (o]
o e n|BF——
- 28 VDC Ol% = [
Codl g 2 & g E— "
e o8 &3S =
(&) o —__ 1y
4 AWG Welding Cable ole Sla i "
o of—""—u
4 AWG Welding Cable O] (=]
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Version No.: 2.2
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Appendix 5: Automatic Mode Ladder Program

This appendix contains the ladder program written to control the Automatic mode
deployment of the Sensor Pallet, written using the DirectSoft32° programming software.
Every rung of the program is commented to explain the purpose of each rung. The
program was written by Robert P. Hayes.
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fimal program v10

Rung 7; Heme are the unconditional outputs forthe program. Several status outputs are
present, as well asinitialization parameters to use the FO-04AD-1 AD input board. The
ASD bioard iz =at up to keap ite data in BCD format, and ited channel input iz mappad to
W-memony locations WZ000-2003, The constant 10mA, the amperage thatswe zhould zee
from the curment sensorwhen the motor has finished translating, iz loaded into W-memony
location w2004 Here are the outputs:

01 hies=age on the LCD should read "Automatic Moda”

LCEx
Ling Number: K1
"Autamatic Mad &
LD
] K00
ouT
B WToa
LDt
B 02000
ouT
] vro
L[
B 1530
ouT
Channel 1 is compared
to this value
Comparison Walue
l Yoo
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final program 10

Rung 2: On the first scan through the program, the memorny locations used to store button
pushes and timers should be ¢leared. Here, this iz done. Memony locations 250, X581,
X502, X853, X549, X585, X508, xX57, X80, and X811 are cleared.

Extend Button Memoaony

) Locatiaon
_FirstSean E-Bitten Memany

P
.ﬁq. x?: RST )
Stow Button Memoaony

Lozation
S-Button Memory

%51
——{ Rr=sT )

Extend Timer Memony

Location
E-TimerMamory

x50
—— RsT )

Stow Timer Memorny

Location
S-Timerhemory

x53
——{ R8T )

Current Sensor
Comparison Mamony

Locatian
C-Sensar Memoarny

ﬂnm J

Extand/Stow Button Error

Memony Location
B-Errar Memonyg

255
— RsT )

Translating Out to
Rotating Out Timer

Memony Location
TO-to-FO Memory

jHET}

Fatating Qut ta
Translating Back Timer

hemary Location
RO-t5-TH hemary

—xflns-r}

Tran=lating Qut to
Ratating In Timer

femony Location
TO-to-R 1 Memony

ﬁRST}

Rotating In to
Translating Back Timer

hemorny Location
FiI-to- Tl oy

~81

——{ RsT )
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Rung 3: This rung enly controls the LCD monitor, 1§ the PLC inputs are:

I1.1 Translation Stow Sensaris on
|2.1 Extend Button has not been pushed

the PLC output should be:

01.1 The LCD display should read "Fully Stowed"

Extend Button Memony

Tranzlation Stow Sensar Location
T-Stou Senzor E- Button Memony

X1
| |

x50
|| 1=

& final program w10

LCD
Line Mumber : k2
"Fully Stowed"
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firal program w10

Fung <: This is the ladder rung that handles the error state of pushing both the Extend

Button and Stows Button at once. Ifthe PLC inputs are:

1.3 Extend Button is pushed
12 Stowe Button is pushed

the PLC outputs ara:

013 The LCD display should read "E: Button Push"
02 The Extend Button memony location is cleared.
O3 The Stow Button memany location is clearad.
04 The Extend Timer memony location is cleared.
05 The Stow Timer memorny location is clearad.

06 The Extend!Stow Button Error memaony location is set.

OF 3 The TO-to-RO Timer memany location is clearad.
023 The RO-to-TB Timer memony location is clearad.
025 The TO-to-Rl Timer memany lacation is clearad.

Extend Button Stowe Button
Extend Button Stow Button
2 )

L [
Line Humber : b2
"E: Button Push"
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Extend Button Memony

Location
E-Button hdemoaony

RST |

Stow Button Memony

Location
S-Button hemoaony

4)&?1 RST |

Extend Timer hdamony

Location
E-Timer hlemory

JZRST}

Stowe Timer Memoany

Location
S-Timer hlemory

ﬂRST}

ExtendsStow Button Errar

Memaony Location
B-Errar hemoany

jSET}

Translating Out to
Fotating Out Timer

Memaon Location
TO-to-RO Memory

ﬂnm}

Rotating Out ta
Translating Back Time
Memc-[r-,r Location
FO-to-TH Memany

a7
—— RrsT )

Translating Cut to
Rotating In Timer

Memony Location
TO-to-F 1 hdemony

ﬂRST}I

Raotating In to
Translating Back Time

tlemane Location
Fil-to- Pl oy

J1 RST )



Rung 5. Thisis anather errar handling ladder rung. If the Button Emor memony location is
zet, and anly the Extand Button is pushed, the Button Eror memony location should be
resat,

Extend!Stow Button Error Extend!Stow Button Ermor
Extend Button Stow Button Memarny Location Memany Location
Extend Button Stouw Button B-Error Memony B-Errar Memony
e ] et X@

| | = [} { raT )

Rung &: Thiz is another error handling ladder rung. I the Buttan Ermor memony location is
zet, and only the Stow Button is pushed, the Button Error memony location should be
resat,

Extend/Stow Buttan Errar Extend/Stow Buttan Errar
Extend Button Stow Button Memany Location Memany Location
Extend Button St Button B-Error bemony B-Error Memony
x4 x5 ;55 X:?S

e | | || { RsT )

Rung ¥: Thiz rung setsthe extend process into motion. When the Extend Buttan is
pushed, the Extend Button memany location iz set. The PLC inputs are:

1.3 The Extend Button is pushed.
12.1 The ExtendfStow Button Errar memaony location is not set.

The PLC autputs are;

01 The Extend Button memany location is set.
02 The LCL display should read "Extend Button".

Extend/Stow Buttan Errar Extend Button Memony
Extend Button Memany Location Location
Extend Button B-Error bemony E- Button bdemony
x4 ;55 X.FEI
|| - [ sET )
\‘LED
Line Humboer: K2

"Extand Button"

139



10

Fung &: Thizrung isto handle the memorny locations. If the Stow Button memany location
iz zetwhen the Extend Button is pushed, the memony locations associated with the stom
process should be reset, The PLC inputs are;

11.1 The Extend Button is pushed.
2. The Stow Button memony location is set.

The PLC outputs are;

01.) The Stow Button memony location is reset.
02 The Stow Timer memony location is reset.
032 The TO-to-Rl Timer memoany location is reset,
043 The Rl-to-TB Timer memarny location is reset.

Stove Button Memony Stowe Button Memony
Ewtend Button Location Location
E:xtend Button S-Button bMemony S-Button hdemany
x4 XA 1
7 ) T et )

Stoun Timer Mdemony

Location
S-Timer emorny

4)(?3 RST

Translating Qut to
Rotating In Timer

flemony Location
TIII-t-:--HI Mlemony

JD RST

Rotating In ta
Translating Back Timer
Meml:u_llj,éLl:-cati-:-n
R I-to- hlemory

4)(?1 RST )

Fung 9: When the Extend Button is pushed, it sets 3 5.0 zecond timer that must finish itz
countdoven before the extend process begins. Here, the Extend Button Timer is setto 5.0
zaconds.

Extend Button Memorny ThF
Lacation Extend Button Timer
E-Button Memony Extend Timer
s 0

1T
[ctaln]

Fung 10; The FLC must remember that the Extend Button Timer finished its countdown,
=0 at this rung, when the Extend Button Timer finishes, the Extend Timer memony location
iz set.

Extend Timer Memony

Extend Button Timer Location
Extend Timer E-Timer hiemony
TO 2
I x? SET )
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Rung 11: This rung only controls the LCD display. If the PLC inputs are:

1.1 The Extend Button memorny location iz set.
120 The Extend Timer memoany location is set.
123 The Rotation Extend Sensor is not on.
14 The Rotation Stow Sensoris an.
153 The Translation Extend Sensoriz not an.
.0OF-
1.1 The Extend Button memorny location iz set.
120 The Extend Timer memoany location is set.
13-6. All Sensors are not an.
-0F-
119 The Stow Button memorny location iz set.
120 The Stows Button memorny location iz set.

13-6. All Sensors are not an.

Extend Button hdemony

Location
E-Button hemony

Xa0
1|

Extend Timer hemorny

Location
E-Timer hemuony

Rotation Extend Sensor
R-Extend Sensor
s

1 1 |

Extend Button hdemony

Locatian
E-Buttan hdemany

X0
11

Exstend Timer Memony

Location
E-Tirmer hemony

=

Rotation Extend Sensor
R-Extend Sensar
s

Stow Button Memony
Location
S-Button Memony
=

Stoww Timer Memony
Location
S-Timer hemony

i

o

Rotation Extend Sensor
R-Extend Sensor
s

Fatation Stow Sensar
F-Stoun Sensor

L IXT-' |

Translation Extend

Sansor
T-Extend Sensor

I>§1I:I

i

Rotation Stow Sensor
R-Stoww Senzar

xT
|

Translation Extend

Sensor
T-Exend Senzar

I}{1EI

Translation Stow Sensor
T-Stow Sensar
,IKZH

Rotation Stow Sensar
Fi-Stow Sensar
T

Translation Extend
Sensar
T-Extend Senzar
I>‘-11III

Translation Stow Sensor
T-Stow Sensar
fﬂ‘l

=

=

=4t

| CL
Line Mumber :
"Translating Out"
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Rung 12 Thiz rang contrals the LCD dizplay azwell 3z sets the Translating Out to
Fotating Clut Timerto 3.0 seconds. Ifthe PLC inputs are:

113 The Extend Button memony location is set.
[2.) The Extend Timer memony location is set.
[2.) The Rotation Extend Senzoris not on,
143 The Translation Extend Senzoris on.

the PLC outputs are:

01.) The LCD display should read "Rotating Qut'.
023 The TO-to-RO Timer iz zet to 3.0 seconds.

Extend Button Memany Extend Timer Memony Translation Extend
Lacation Lacation Rotation Extend Senzor Senzarl
E-Button tMemon E-Timer Memony R-Extend Sensar T-Bxtend Sensar

- = ) -

LCD
Line Humber
"Rotating Qut"

| 1} = |

Fung 13 When the TO-to-RO Timer finishes itz 3.0 second countdown, the PLC needs
to remember that the timer has finished. Here, the TO-to-RO memony location is setwhen
the timer finishes its countdown.

Tranzlating Out to

Ruotating Qut Timer
TO-to-R O Timer

[ThiR
Tran=lating Out to

Rotating Qut Timer
TO-to-RO Timer

T2

ka0

Translating Out to
Rotating Qut Timer
Memory Location
TIII-to-I?I:I [

7 sET )
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Rung 14: This rung controls the LCD display and sets the Rotating Out to Translating
Back Timerto 3.0 seconds. |f the PLC inputs are:

111 The Extend Button memony location is set.
1271 The Extend Timer memary location is set.
121 The Rotation Extend Sensor is on.

the PLC outputs are:

01.1 The LCD display should read "Translating Back".
02 The RO-to-TB Timer is set to 3.0 seconds.

Extend Button Memony Extend Timer emony

Location Location Rotation Extend Sensor
E-Button Memoany E-Timer Memoaony R-Extend Sensar
xa2 i

XA0
| | | | ]

LCO
Line Number : K2
"Translating Back"

TrAR
Rotating Out to

Translating Back Timer
RO-to-TH Timer
T3

acii]

Rung 16: When the RO-to-TB Timer finishes its 3.0 second countdown, the PLC nee

dz

to remember that the timer haz finizhed. Here, the RO-to-TB memony location is zet when

the timer finishes its countdown.

Rotating Olut to

Rotating Out to

Tranzlating Back Timer

Tranzlating Back Timer Memon Location
R O-to-TE Timer RO-to-TH hemony
T3 7
| x? SET )

143




G

Fung 16: In this stage, the plate finishes translating irward and i=s in its fully extendead
position. This is initiated by the platefarm jamming up against the C-1320 door, causing a
current spike seen by the current sensor CLM-50 and captured by the FO-0440-1 A5

input board. W'hen thiz occurs, the current spike should rize abowe 10mA, and this is
reflected by setting the Current Sensor Comparison memony location. The PLC inputs are:

M. Channel 1 of the A input board (stored at W200070 is greater than or equal to 10mA
(stored in W2009)

The FLC should output:

01.3 The Current Sensor Comparizson memony location is set.
02 The Extend Buttan memorny location is reset.

032 The Extend Timer memony location is reset.

04 The Stowe Button memony location is reset.

057 The Stow Timer memony location is reset.

OG5 The TO-to-RO Timer memony location is reset,

O7F. 2 The RO-1o0-TB Timer memony lacation is reset.

Current Sensor

FO-04AD-1 Channel 1

Channel 1 iz zompared

Comparizon hlemaony

[rata to this walue Location
Channel 1 Comparison Walus C-Senzor blemony
w2000 w2003 X?-#
| = } { sET )

Extend Button Memony

Laocation
E-Button hdemaony

JD RST )

Extend Timer Memany

Lozation
E-Timer bemaory

L rer )

Stowe Button Memaony

Lozation
S-Button bMemony

J1 RST )

Stow Timer Memony

Lozation
S-Timer bemaory

4)?3 RST )

Translating Out to
Fotating Cut Timer

Memony Location
TO-to- RO hdemory

JE RET )

Fotating Out to
Translating Back Timer

Memony Location
FO-to- TH hlemony

X57

—— RsT )

Translating Out to
Fotating In Timer

Mlemony Location
TO-to-R | bemany

4)4?0 RST )

Fotating In to
Translating Back Timer

Mlemony Location
Fl-to- e mory

4)(?1 RST )
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Fung 17: Thiz rung only contrals the LCD display. When the Current Sensor Comparison
memony location is set, the LCD display should read "Fully Extended".

Current Senszor LCD
Comparizon Memony Line Humber : k2
Location "Fully Extended"
C-Sensor Memoaony
i
10

Fung 18: This rung takes care of setting the memony locations. When the Extend Button
memony location has been set, but now the Stow Button has been pushed, the memony
locations related to the extend process should be reset. If the PLC inputs are:

113 The Extend Button memaony location is set.
129 The Stows Button has been pushed.

the PLC autputs are:

041.1 The Extend Button memony location is reset.
023 The Extend Timer memony location is reset.
023 The TO-to-RO Timer memorny location is reset.
043 The RO-to-TB Timer memoany location is reset.

Extend Button hemany E:xtend Button hemaony
Location Stow Button Location
E-Button hemany Stow Button E-Button hdemany
xa0 xh ]
N N T ket )

Extend Timer Memany

Location
E-Timer Memary

jz RST )

Translating Ot o
Fotating Out Timer

hemony Location
TO-1to- RO hdemary

4&?6 RsT )

Faotating Out ta
Translating Back Timer

Memory Location
Ri0-to-TH Memony

ﬂ? RST )

145



19

21

Rung 19: In this rung, the stow process iz set into effect. It begins by setting the Stow

Button memony location when the Stow Button is pushed. If the PLC inputs are:

1.9 The Stow Button is pushed.
2.1 The ExtendfStow Button Ermor memony location is not set.

the PLC outputs are:

O1. The Stow Button memany location iz zet.
023 The Current Sensor Comparison memony location is reset.
033 The LCD display shauld read "Stow Button".

ExtendsStow Buttan Errar

Stow Button Memorny Location
Stow Button B-Error hemory
Xh

Stowe Button Memany

Lacation
S Button bemony

b
|| =1

1]

i SET )

Current Senszor
Comparison hemoany

Lacation
C-Sensar Memonyg

%54
— RsT )

LCD

Line Humber : k2
"Stow Button"

Fung 20: When the Stow Button is pushed, it sets 3 5.0 second timer that must finish its
countdown before the stow process begins. Here, the Stow Bulton Timer is set to 5.0

saconds,

Stowe Button Memaony TR
Location Stowy Button Timer
S-Button hdemony Stoww Timer
551 T
10
ka0

Rung 21: The PLC must rememberthat the Stow Button Timer finished its countdown, sa
at this rung, when the Stow Button Timer finishes, the Stow Timer memony location is set.

Stouy Button Timer
Stowe Timer
|T1|

Stowe Timer Memoaony

Location
S-Timer Memony

X532
¥
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Rung 22: This rung only controls the LED display. If the PLC inputs are:

110 The Stow Button memony location iz get.
120 The Stow Timer memaony location is set.
133 The Rotation Extand Sensor iz an.

14y The Translation Extend Sensoris not on.

the PLC output is;

0411 The LED dizplay should read "Translating Cut"

Stow Button Memorny Stow Timer Memony Translation Extend

Lacation Lacation Rotation Extend Sensor Senzar
S-Button hlemony S-Timer hemaony R-E:xtend Sensar T-Edtend Sensor
2B

251 XE3 X0
| 1 I ] |

Rung 23: This rung controlsthe LCE dizplay and sets the Translating Out to Rotating In
Timerto 2.0 zeconds. If the PLC inputs are:

11.3 The Stow Button memony location is set.
120 The Stow Timer memaony location is et
13 The Rotation Stow Senszaris not on.

14 The Translation Extand Sensor iz an.

the PLC outputs are:

0411 The LED dizplay should read "Rotating In".
023 The TO-to-RIl Timer is set to 3.0 zeconds,
Stow Button Memorny

Stow Timer bemany Translation Extend

Locatian Locatian Rotation Stow Sensor Sensor
S-Buttan Memaony S-Timer Memoany R- Stow Senzar T-Extend Senzor
xr

o1 e 0

A 1|

Rung 24 When the TO-te-RI Timer finishes it 2.0 second countdown, the FLE needs to
remember that the timer has finished. Here, the TO-to-Rl memony location iz setwhen the
timer finizhes its countdown.

Translating Out to

LCD
Line Mumber : K2
"Translating Qut"
LCD
Line Mumber : K2
"Rotating In"
TR
Translating Qut to
Fotating In Timer
TO-to- Rl Timer
T4
K30

Translating Cut to
Fatating In Timer
TO-to-Rl Timer
IT4I

Rotating In Timer

Memaory Location
TO-ta-Rl Memany

)?D SET )
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Rung 25: This rung contrals the LCD display and sets the Rotating In to Translating Badk

Timerto 2.0 zaconds. Ifthe PLC inputs are:

1. The Stow Button memony location is set.
12 The Stow Timer memaony location is set.
123 The Rotation Stow Sensor is on.

1941 The Translation Stow Sensor is not on.

the PLC outputs are:

041 The LCD dizplay should read "Translating Back.
02 The Rl-to-TB Timer is set to 3.0 seconds.

Stoww Button Memone  Stow Timer Memony

Location Location Rotation Stow Sensor
S-Button Memony S-Timer Memony R- Stow Sensor
Rt

x01 xT
11 11 11

Translation Stow Sensor
T-Stow Sensor
X

LCD
Line Humber :
"Translating Back"

Kz

=

Fung 26: When the Rl-to-THB Timer finishes ite 2.0 sacond countdown, the PLC needs to
rememberthat the timer has finizshed. Here, the Rl-to-TB memony location is setwhen the

timer finishes its countdoun,

Fatating In to
Translating Back Timer
Rl-to-TH Timer
IT5I

ThAR
Faotating In to

Translating Back Timer
RI-to-TH Timer

TS

K0

Ruaotating In to
Translating Back Timer
Memon Lacation

Fung 27: This rung takes care of setting fresetting memony locations. If the Translation
Stowe Sensor turns on after the Stow Button has been pushed, the memony locations

related to the stow process should be reset. fthe PLC inputs are:

113 The Translation Stow Sensor is on.
12 The Stow Button memony location is set.

the PLC autputs are:

01.3 The Stow Button memony location is reset.
02 The Stow Timer memaony [ocation is reset.
02 The TO-to-Rl Timer memany location is reset.
04 The Rl-to-TB Timer memony location is reset.

Stoww Button Memony

Translation Stow Sensar Location
T-Stow Sensor S-Button Memony

11 201
| | | |

R I-to- Pl i ey
1
x? SET )

Ston Button Memany

Location
S-Button Memony

)(?1
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Stowe Timer Memony

Location
S-Timer hdemary

JS RST

Translating Qut to
Rotating In Timer

Memory Location
TO-to-R [ Memony

—X?D RST

Ratating In to
Translating Back Timer

Memon Location
R I-to- e mary

—X?H RET )



Rung 28:; Qutput 7 (Tranzlation Clockmize - In) is turned onowhen the PLC inputs are:

[1.) The Extend Button memony location is zet.
[2.) The Extend Timer memory [ocation iz sat.
[3. The RO-te-TB Timer memany location is set.
14.1 The Rotation Extend Sensoris on.

.0R-
[1.) The Stow Button memony location is set.
[2.) The Stow Timer memary location iz sat,
[2. The Rl-to-TB Timer memony location is set.
[4.1 The Rotation Stow Senzor iz on.
15.1 The Translation Stow Sensar iz nat an.

Fotating Out to

Extend Button Memory  Extend Timerbemory  Tranzlating Back Timer Translation Clodaize
Location Location WMeman Location  Rotation Extend Senzor CnntrnI‘}"IN]
E-Buttan Memany E-Timer hdamany RO-ta-TH Memony R-Extend Senzor R-TC
a0 A AT b 7
] N "l N [ ot )

Stow Button Memory  Stow Timer Memony

Location Lacation
S-Button Memuony S-Timer bemony

51 A3
| | | 1

Ratating In ta
Translating Back Timer
KT cation Rotation Stow Sensor Translation Stow Sensor
Fl-to-TB Memaory R-Stow Senzor T-Stom Senzor
DI@]I IX?I 511
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Rung 29: Output™6 (Translation CounterClodawize - Out) is onwhen PLC inputs are:

11 The Extend Button memony location is zet.
12 The Extend Timer memony location is set.
12.1 The Rotation Extend Sensor iz not an.
141 The Rotation Stow Sensoris on.
5.1 The Translation Extend Sensor iz not an.
LOR-
11.) The Stow Button memany location is set.
12 The Stow Timer memorny location is set.
12.1 The Rotation Extend Sensor iz on.
141 The Translation Extend Sensoris not on.
-OR-
11.1 The Extend Button memorny location is set.
12.1 The Extend Timer memony location is set.
13-6.1 All Sensors are not an.
LOR-
11 The Stow Button memony location iz set.

Extend Button Memony

Extend Timer Memoany

Location Location Rotation Extend Sensor
E-Button hemany E-Timer hMamaony R-Extend Sensar
80 XAz b A
{ | { | -
Stoww Button Memony Stovw Timer Memony
Location Location Rotation Extend Sensor
S-Button hMemany S-Timer Mamaony R-Extend Sensar
X581 i) i)
[ | [ [
Extend Button Memony Extend Timer Memoany
Lacation Lacation Fotation Extend Sensor
E-Button Memony E-Timer Memony R-Extend Sensor
xa0 xe2 i)
[ | [ | =R
Stoww Button Memony Stovw Timer Memony
Lacation Lacation Fotation Extend Sensor
S-Button Memony S-Timer Memony R-Extend Sensor
X581 i) i)
[ | [ =R
Translation
) Translation Extend CounterClodaize
Rotation Stow Sensar Sensar Cantral EDUT)
F-Stow Sensor T-Estend Sansar R-TC Chr
v x40 16
|| | { our )
Translation Extend
Sensar
T-E«dend Sensar

IX'HZI

Translation Extend

Rotation Stow Sensar Sensar Translation Stow Senzor
F-Stow Sensor T-Estend Sansar T-Stow Sensar
v

IX'HZI

IX'H

Translation Extend

Rotation Stow Sensar Sensar Translation Stow Senzor
F-Stow Sensor T-Estend Sansar T-Stow Sensar
v

IX'HZI

IX'H
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Rung 30: Output ™ (Translation Operate LED Indicator) is on when the PLC inputs are:

11-2.1 Thie Extend Button and Extend Timer memory locations are zet.
13,1 The Rotation Extend Sensor iz not on.
141 The Rotation Stow Sensor iz an.
151 The Tranzlation Extend Sensor is not on.
-0OR-
11-2.1 Thie Extend Button and Extend Timer memory locations are zet.
13.) The RO-to-TH memony location is set.
14 The Rotation Extend Sensor iz on.
-0OR-
11-2.) The Stow Button and Stow Timer memony locations are set.
133 The Rotation Extend Sensor iz on.
141 The Tranzlation Extend Sensor is not on.
-0OR-
11-2.) The Stow Button and Stow Timer memany [ocations are set.
131 The Rl-to-TB memoany location is zet.
141 The Rotation Stow Sensor iz an.

Extend Button Memory  Extend Timer Memony Tranzlation Extend

Lacation Lacation Rotation Extend Sensor Rotation Stow Sensor Sanzar
E-Button hemony E-Timer hlemony R-Extend Sensor R-Stowm Sensar T-Extend Sensor

IXEE: A A7 I)('1[!

Translation Operate
LED Indicator
T-Operate LED

i

Pt
1 f II H II __-r"'-r-

Fotating Outto

Esxtend Button Memory  Extend Timer Memary  Translating Back Timer

Location Lacation Kiem onilocation Rotation Extend Senzor
E-Button Memorny E-Timer bdemony RO-to- TH bemoan; R-Extend Sensor

xA0 il xaY it}
[ [ I | ]

{oout )

Stow Button Memorny Stoww Timer Memorny Tranzlation Extend

Location Location Ruotation Extend Senzor Sensor
S-Button Memony E-Timer Memany R-Extend Sensor T-BEstend Sensor

i K53 A x40
| | | | ] |

Ruotating In to

Stow Button Memorny Stow Timer Memory  Translating Back Timer

Lacation Lacation Memon Location
S-Button Memarny S-Timer bemony RI-t-:--'I[E hemary R-Stow Senzor T-Stow Senzor

i K53 XA A7 AN
| | | | | | |

Rotation Stows Senzor Translation Stow Senzor

Fung 31: Output™11 (Rotation Operate LED Indicator) istumead onwhen the PLC inputs
are:

11.) The Extend Button memorny location is zet,
12 The Extend Timer memony location iz set.
13,0 The TO-to-RO Timer memaorny location is zet,
141 The Rotation Extend Sensar iz not on.
15.) The Translation Extend Sensoris on.
-0OR-
11.) The Stow Button memaorny location is zet,
12,1 The Stow Timer memony location is st
130 The TO-to-Rl memony location is zet.
14 The Rotation Stow Senzoriz not on.
151 The Translation Extend Sensor is an.
Translating Qut to

Extend Button Memory Extend Timer Memony  Rotating Out Timer Translation Extend

Lacation Lacation Memaory Location  Fotation Extend Senzor Sensor
E-Button Memorny E-Timer hdemony TO-to-FO Meman; R-Extend Sensor T-Extend Senzor

IXEE: X52 XE6 LG .I>§1IZII

Rotation Operate LED
Indicator
R-Operate LED
11
{ outr )

1| 1| 1| 4 P

Translating Qut to

Stow Button Memony Stow Timer Memony Raotating In Timer Translation Extend

Location Location Memory Location  Fotation Stow Senzor Sensor
S-Button Memorny S-Timer hdemony TD-b:--HI i emony Fi-Stom Sensor T-Extend Senzor

A0
11 11 | L

IXE 1| X33 HED X7

1 1 1 1 1 1 ,-I-"-r 1T
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Rung32: Output 01 (Rotation Mator Fonward Contraller istumed on when the PLC
inputs ara:

11 The Extend Button memony location isset.
123 The Extend Timer memony location iz set.
13 The TO-to-RO Timer memony location iz set.
14 The Rotation Extend Sensoris not on.

15 The Translation Extend Senzoris on.

Tranzlating Qut to

Extand Button Memory  Extand Timer Memary Rotating Out Timer Tranzlation Extend
Lacation Location Memon Location Rotation Extend Senzor Senzor
E-Button hdemany E-Timear Memany TO-to-RO hemany R-Extend Sensor T-Extend Senzor
FE0 rA2 FE6 ] A0

Rotation hatar Fonward
Contral
R-totor Fonuard
Na L

1| 1| 1| = 1|

Rung 33 Output vM00 (Rotation bMotor Rewerse Controller) iz turned anowhen the PLC
inputs are:

11.1 The Stowe Button memarny location is set.
12,1 The Stowe Timer memony location is set.
131 The TO-to-Rl Timer memary location is set.
141 The Rotation Stowe Sensar is not on.

151 The Translation Extend Senzor is on.

Translating Out to

Stow Button Memory  Stow Timer Memory  Rotating In Timer Translation Extend
Location Location Memons Location  rotation Stow Sensor Sensar
S-Button Memarny S-Timer bemony TD-tu-HI Mlemuarny R-Stow Sensor T-Extend Sensor

13(5 1| A3 Rl A7 .IXA DI

{ out

Ruotation Motor Reverze
Contral
R-Motor Reverse
00

1| 1| 1| = 1|

Rung34: Thiz isthe END rung, the end of the program.

{ out )

{ Enp )
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Appendix 6: Sensor Pallet Control Circuit Diagrams

This appendix contains the circuit diagrams used to implement Automatic and Manual
mode deployment of the Sensor Pallet. The diagrams shown here are:

(1) C-130 Pendant Schematic: Diagram of how the Emergency Stop, Extend, and
Stow pushbuttons and Automatic/Manual and Translate/Rotate switches are
wired in the operator pendant.

(2) C-130 Motors Circuit Diagram: Control circuit for the translation and rotation
motors used on the Sensor Pallet.

(3) C-130 PLC Circuit Diagram: Diagram showing how the Programmable Logic
Controller was wired up, including the inputs and outputs, and the proximity
Sensors.

The circuits were originally designed by Dr. Roy S. Nutter; these diagrams were drawn
by Robert P. Hayes.
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Extend + X10
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FO.04AD1
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Cnmnn_GHD From b4
#L 12 VDC Supply T4
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Hote: Circled Humbers Are Contact Blocks
Hote: Numbers In Squares Are Relay Contacs

V| #—
- Translate Extend Indicator Q.
- Translate Operate Indicator '_.
-
Y7 Translate Stow lndicator L
V2 ¢—a
o Rotate Extend indicatos @_‘
| Rotate Operate Indicator ._.
s Rotate Stow ndicator L
Y13
Vie—a
Y14
T'IEI #* To R-TCCW
Y117 * To R-TCW
CO »—
* To GS2DN1
& To GS.2 DI2
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Appendix 7. GS2-22P0 Motor Controller Specifications

This appendix contains information for the GS2-22P0 2.0HP motor controller used to
operate the rotation motor on the Sensor Pallet. This includes specifications, installation,
wiring diagrams, and diagrams for the device. This device and further information is
available from Automation Direct [24].
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GS2 Su_ms - INTRODUCTION

=TT
.8 1 2 3 § | 75| 10
SANE Ty kW [o4]o7s| 15 |22 ar]|s5]| 78
Single/Three Phase 200 Vol Class | / | « v
Three Phase 200 Vot Class AR ari
Three-Phase 400 Volf Class v V¥ ||y
._“_-_-_-____-—-—-_

U‘JEI‘ViE FEH'“'EE »Opticnzl Elhernel communicalians

The GS2 scries of AC drives offers all of ~+ SIMPIE Vols/Rertz conirol NHLICE iz

Bl f GS1 do 1 «Sinusaldal PulseWidth Madulztion (Y] o

dynamic braking, PID and 2 removable  * MXHEcamrfquency Aceassnries

¢ *
keypad. The drive can be configured « IGBT technokgy « EMI Fillers

« 175% slarling torque
« 150 rated current fior ane minute

using the buile-in digical keypad ar with
rhe standard B5-483 serial communica-
tions port. The standard keypad allows
you o configuse the drive, ser the speed,
start and stop the drive, and monicar
specific parameters during operation.
Each (352 fearurs one analog and sm
programmable digital inpurs, and one
analog and owo programmable relay
CULELLS.

« Badronic overload protection
« Sl prevention
« Adjustable accel and decel Famps

« S-curve seltings for accalaration and
daceleration

« Automal ko borque compensation
« Automal ki slip compensation

« Dynarm i lokaking circu it

« [ braking

« Thres skip frequencies

= Trip higtory

« Programimalole jog spead

« Iritesgral PID coriral

« Braking resislors

« Fuse kits and replacement fuses

« Elhetnal intetface

« Replacement keypads

« Keypad calles In L, 3and 5 meter lengths

« Faur and eight porl communication boands

D a'ied cegoripiions and gpecificafong for me
FEZ accepsariag are avaiiadie fater i iy sacion.

« Rermovabl e keyped with spesd potentiomsier

« Pregrammakele analog input

« Pregrammalole analag cutpul
«5b programmzble digital inputs
« Two programmable relay oulputs

« R5-2324a5 MODBLE communications @354k
GS2 series part numbering system

GS2- 4 7P5

OPE: 0.5HP
2P0: 2.0HP
5PO: 5.0HP

Input Valtage
20 200-240WAC
4 3B0-4B0VAC

&  Sgries Name
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Applicable Motor Capacity

1PD: 1.0HP
AP 3.0HP
TP5: 7.5HP
010: 10HP




GS2 SERIES SPECIFICATIONS

Dvives (NN rail mounied)

Model GS2-20F5 G52-21P0 C2-22P0 (522300 GE2-25P0 GS2-77P5
Price Hagnn 200000 o0 32000 FH400 56700
Maior Rating |HF' 1EHP 1 He kL ai-IF TEHP
L4k TSN 1.5K8 e ATHY SERN
Rated Oulput Capacity (20017 ki i 14 a7 28 13 a5
Rated Input Voltage singhThros phae: 00CURC20CANCAINAG 105, S00Hr 60, | o 00 AUV ENAAL
Rated Duiput Valtage Comezponds o npuk vllege
Rated Input Current {A) [ HER3 15.T/88 s 195 A
Rated Dulput Current (A) 5 a0 i 0 17 x
D Braking Fresquanecy 601-0Hr, (-10CRG raled cumenl, stat lime 0.0-5.0 seconds, Siop Time 004250 seconds
Prolective Skruckire Frakcked chessis [FA)
107 1o 40
Ambient Operating Temper afure AFC o SFT (14°F 1o 122°F) wihout demiing {14 I A0E°F)
wilhout derding
Slorage Tamperakure -3 1o E0°C {-4° 1o 440°F ) during shor lemm e portation pericd
Humidity 20k 9% Hurmidity o condensation)
Vibration 08 s’ {15 al kess han 10 He 5.9 mis? {00650 10 1o 60 He
Location ANilde 1 000m o less, Kisp from corneive qases Bquids or dust
Wati Loss 100% (1) u g w 1 1= X
Weight: Ib) 15 ik 7 [T is &5
Dimensions f(HxWxD) { mm) 154 0mm x40 Crorm = 140 5mm Z00mm x 25.0rmm ¢ 1895mm
Accassaries
. Single Phase | SR | GERHRHAP | SSEFHRARH | GS2HLAAM i &
Lie Reactor Three Phase | S-20FARAMH | GEDIRFLASMH | GREPPORAPH | GS-25P0-LRoM GS25A-LR [ AT
Braking Resistor GEAF-BR G5-2PC-BR GEZ2PI-ER G5-23P0-BR G3-Z5MHER GE-2TPSBR
EMI Filter XORTIWS LORTIWEE A0TDESRE
Single Phase | c-ofRm-p | GR2IPHNFP | GREFLRTMP | GS-2IPHFREIP [ &
Fuse Hit Three Plase | GoOFSHRI-P | GERNPRFAFSP | GREPIARIOP | GSHPRRMTSR | GSOOPS-REIT | GS-2FPS-FRT
Single Phase | GOFREEP | GEEIFDFIBEAP | GRUPHFUSEP | GS-ESPOFUSEAP () A
Replacement Fuses - -
Three Plase | GE20P-FEES | GEIFOFIEEIP | GRUPMFUSE®P | GEEOAUSER | GE-ESPOALEE G2TPE-FUSE
Spare Keypad, G52 Series Drive G32KFD
Keypad Cable, G52 Series, 1 meler GE-CRL2AL
Keypad Cable, G52 Series, 3 meler GE-CRL2-AL
Keypad Cable, G52 Series, 5 meter GE-CRLEL
Ethernet Communications module for 652 Sevies = EOR
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GS2 SpeciFICATIONS — INSTALLATION

Understanding the installanon requirements
fior wour (352 dnve will help o ensure that ic
operates within its environmental and dec-
crical limits.

Wofe: Never uge oniy fitiy desk ré'aence for imeaivarion
ingtruetions o aperdion of sguipment.

Exvironmental Specifications

Prolective Skruckure ! (P20
ion reany SO,
Temperalure ! ks 7 SHP and tigher
S )
T "F‘mm, 20 0 D0 {4°F b 140°F)

= T 0,
Humidity (o conderrsation]
Vibration + e,

(Wit 1700 m or b,
Location W(EWW
o

1: Profective siochoe (2 baged opon ENGOS2S

2: The ambient fampemmiorg must be in te range of
-10 fo 40° &, If fhe range WY De up fo 507 C, you
wiii need fa gef e camier frequency fo 2 1 ki or
Tees and derafe e oufpof corrent fo A0% or fags.
Fee oor Web sife for derafing conves.

3: The starege fam perature miers fo e short-fam
tam peratre during fENEHOFT,

4 Confarms fo e fest method specitied in JiF G971
(1684)

Walt-loss Chart
G52 Drive Model | 100% k"
G52-20P5 ER
GE2-21P0 5
GE2-22P0 m
GE2-23P0 I
GE2-25P0 15
G&2-27PS a
GE2-41P0 i
GE2-42P0 5
GE2-43P0 [
GE2-45P0 irn
GE2-47PS 240
GE24010 i

Warning: Maximurm armbiznl lemperatures
rmust not excesd S50°C (122°F), or
40°C 104°F) for models 7.5Hp

5.5k and higher!

Adr Flow I

|

Warning: AC drives generate a large

amount of heal which may damage
b AC drive. Auxiliary cooling meth-
ods are bypically required in order nat
lo exceed maximum ambient termpera-
tures.
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GS2 SpeciFicATIONS — TERMINALS
| Main Circait Wiring |

Terminal | Description
11,02 L3 put powar
1,12, 13 AT e culpd

; T msismrhp.t ' '
T & WARNING: &2 S S s Lo

£ W

200 |

LI\ WaRNING  EZSSSmTha T I
L

T e N N N S R e N N N e e e oy

RAD[RIC| &1 [ FER.! MDE[IS[IIEE[H )&l 'ﬂ'.l.llll [l

-y

L BERCIERUIE R |

|
i

[Bely oufput 1 ncamally chosed
|fﬁlay wipul | common

Ralay oulpul 2 nomally cpen
[Belay ouiput 2 ncemally chosed
Ralay oufpul 2 common
Digit input 1

Digil input 2

Cigit input 3

Cigil input 4

CigiE inputS

Cigil input 6

Cigit commion

ardlog inpul

Inlzmal power spply (DG 10W)
oy culput

lirdog common

SEEEEEEECEEEE

L=
=

HE

Worg: e migfed-phieided, igfedpair or shieided-fead wires for e control signal wiring. It i meommended i run aif #igna’ wiring [n 8 separre sleel comiuir,
The giigid wire £0ouid oWy be connecied af the drive. Do nof connect ghigid Wi on bof ends.
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GS2 Seecirications — Basic Wirineg Diagram

ore: Lisers CONMECT Winm acording B CIFE QFENT £O0RD DO,

Power Source Jphese” . G L AC Motor

T1
200-240V+-10% GS2-000¢
(50,60Hz+-5%) -0\ o—/TOD M0 L2 =

380-480V+-10% T3

(50,60Hz+-5%) WD L3 p—

* zelect any of the two power terminals B1 Braking resistor
for gingle phase models B2 {optional)
Grounding resistance L_C' @

less than 0.10 =

Multi-function cutput contacts
120VACI24VDC @5A

wactory default: .
230VAC @254

O——# bi
Forward/Stop Ia' i *Factory default:
i “; Inverter Running
o o— g0
Reverss/Stop |

Multi-function output contacts
120VACR24VDC @5A
230VAC @2 54

*Factory default:

oo § D3

External Fault {(M.0.)

oulle o O

Multi-Speed 1 Inverter Fault
oIS
”» gr,;% » s0d 2 Potentiometer {1k01)
ulti-Spes . .—r-vD }—l
O/"'G . E 'y oG g\ G1:|1,..-:|ﬁ T ’.}F:-\"
Multi-Speed3 |} | ACM -
1
%.”.‘ OCM wFactory default:
]_/ ndicates output frequency
Anala% voltage A T RJ-11 Serial Comm Port
0-1 : C {max) Interface (see note below)
gﬁt9é1£gmeter I Al RS-485 | RS-232
™ 2:GND | 2: GHND
Analog current- 3:5G- | 3:RXD
4-20mA T/ ACH 4:SG+ | 4 TXD
B +5Y S5V

*Factory default: output frequency determined by the potentiometer on the keypad.

O Main circuit (power) terminals @ Contrel circuit terminal =|: Shielded leads

darmage may result. Terminals 2 and & should ot ke used a5 a power source for your communication

i Wamana: Do not plug a modem or lelephone inla the G52 R]-11 Serial Comm Pord, or pemanent
connection.
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GS2 SeeciFicaTIONS — DIMENSIONS

G52-2015, G52-211M0, G52-2210, G52-2310, G52-411M0, G52-42T1'0, G52-43T0

100.0 C3.541]

B9.0 [3.501

1610 [£.34]
1510 [5.94]
140.0 [5.51]

A9
&P

=80 [£.78]

£4.0 [0.911

| 14.0 [0551

A

1403 [5.53]

1265 [5.06]

16.0 [0.39]

i
I
I
I

|

u"

.0 [0.08]

{

i

l[450 177

GS2-25T0, GS2-27T5, GS52-4510, G52-47T'5, (G52-4010
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Appendix 8: PS24-075D 24VDC Power Supply
Specifications

This appendix contains the specifications and dimensions of the PS24-075D +24VDC
power supply used on the Sensor Pallet to power up the proximity sensors and as the
operator pendant input signal. This device and further information is available from
Automation Direct [31].
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PS Stries PowWER SUPPLIES SPECIFICATIONS

General Specifications

Clperai it -25°C ho+ TP max
[
Eim;a(mc?a%-ﬁ“ﬁbhﬁ‘ﬂm
Temparira dil 0 02410

Humidity S5 (mon-condensing ) reative bumidity mae

Input vanidion: + 0.2% meax

Output Load varialiore

Regulation |04, T5W, 1500 modal: = 1% ma
0N, SO0, ROV meokls: £ 0.3 % mae

PS24-075D Rt .
Nota: AN gpecifeations are valid af nomi- m SRl ST enaich)
nai inpwt woitage, ol load and +25°C after
wammup fime, mnisss ofherwiss sfated. Dt Cumant limit 110% mesimum culpu raling

Protection  |Vollage limi: 140% Vot nom

Vibrafion 1gn 20 swesps sach ais

Input Specifications

r Shock 15gn. 11m& each asds
drart Input Curren lrush Current | Ffr Enclosure
Part o Input Voltage | gy ency | (Typical) ?{mf Rating IP20
- Range T15VAC | 230VAC |T15UAC |230UAC)(Th- - ——
PE24-0750 ?3};323\'1:53 - Eam Alumirum (chassis) / slainkess skl (oover)
fwich smbctati) et 1.TA 0 <1634 <334 Mounting & E,;I‘;wmm"_m*mammmrgﬁm
Comrection |Removable sorew brminds Jor 22-10 800G
ULfel L 60950 ized
spmy [EEH I s
Output Specifications m 5 :gﬁg.}’ 'ﬂd %%Miﬂmﬂﬁ g:atpltx
Ouiput | Owiput (O Hold Ti MTBF 5060 and ,which are rol
Part Number | rice | WP | o Current| Power ! o Time | 1ec 1700 I T
Adj. Range |(Max. | (Max. ) |Regulation™| 175 V4C | 230040 | & 25°0) Wik All spacifications are valid at nominal inputvoliags,
FEEIEEIER T ERED 1% o5 T | A [ A iy S ek
[ —— Notes: Oufpof corrent o are cfarizfie soable for Baffery charging appiica- -
i {014 tiong. Not meommended for redundan ey or parailel aparation. Pa rl numberinq S‘\Fstem

PS12-050D

e Co: Dot Rail Mounting

Crunpue Wars

Cutpue Vol

F5: Sarias Mame

PS Series Power SuppLies DIMENSIONS

Nota: Al die neiong are in millimaters fnehes)
P512-075D, PS24-075D

UOOUOOUa ol =
| an il g g
Yo
& '
@ B | H
T o
I 2 |
_lonpoqggonnn)
- 00354 5 56.7 ma3y

wa

{0k

unﬁuﬁ"uufﬁ
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Appendix 9: QL2X1-D24 Series Relays Specifications

This appendix contains information for the QL2X1-D24 relay used in the implementation
of the control circuit on the Sensor Pallet. This includes coil and contact specifications,
wiring diagrams, derating curves, and dimensions of the device. This component and
further information is available from Automation Direct [33].
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ErecTro MecuanicaL Reray Serection Guine

Specification 0L Series
Coil Voltagas 110 A00AL, ZX0NAC, 20VDC
Configuration 2PLT, APDT
Cantact Rating 104
Bage Socket 8 or 14 pin s ade tmminal
e
Pricing Stating d 7.0

OL Series ELecTro MecHanicaL Reway Setection GuIDE

QL senes relays are peneral purpose relays designed for a wide range of applications,
from power o sequence contmls in vanous factory machines and control panels.

They are ideal for electric control panels requiring stable and reliable relays.

Features

«Small package design
« ARC Barrler equipped
« Sllwer Cadiurm Dedoke conlact

« High diglectric sirergth {1,200 YAC)

« High ralizbility and lang life

« Ulira-high sensitivity with quick

resporse lme (25 s ma)

« High vileration and sheck resistance

* (RnER SOCKET SERLRATELY

« LED indicator en all models, soyou can
eas lly se= If relay is working properly
withoul using a valtmeter

« Dol protection avallable on 29VDC

mekels, which pratects contack and
elacironic companents from back EMF
« LIL recognized, CE certified, C5A

approval pending

+ DPOT and 4POT medels

0L Series Selaction Guida

Part Number

Price

Coil Voltage

Configurafian  |Condsct Rating

. . Relay Socket
Dimensions Part Number

Price

Dimensians

OL2x1-024

fam0

2N

sl 104

Figurs 1 SOLD&D

AL

Fiqure 3
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OL Series EtecTrRo MechaNICAL RELAY SPECIFICATIONS

Part Numbers oL2x1-024
Comtact Specificaions
Current Rating 10&
Contact Type OFOT
Terminal Type Spade Plug-in Socket
Rated Max. Resstive Load TR INVACHDAG2ANVDD
Aated Max. Inductive Load TAAS T VALY SAGE24VDC
Max. Switching Cap. (Resistive Load) 1100, 2408
Max. Switching Cap. (nductive Load) Q2SN 120
Max. Comact Rating AL VG
Goll Specificafions
f LED
0 pions '"?%E%?&"’*
Cail lnput VoRage 4voe
Rated Current & 50Hz 3E.0mA
Rated Current & 60Hz FE.0mA
Cail Resistance [17T]
Pawer Consumpiion Epproe. 00N
F‘ﬂﬂ!ﬂ;&%ﬂw Min. 10%
Pick-Lp Valtage Ma. 8% of Ihe ralad
(Must operate voltage) ool voltage
. morimous voliage) 0% o the e il cllage
Min. Operating Vokage 0% of the raled coil vllage
General Specifications
Service Life Mecharicat AC: Min. 50 milkon operalions; DC: Min 100 million operdions {al operaling frequancy of 18000 operaiioms/hour)
Hezkicat OPOT: Min. 500k opastions; 4P0T: Min 200k operalions (3t operaling fraquency ol 1,800 operdiors/hour)

Operate Time 2ms ma
Release Time 25ms ma
|Amibient Temperature Ll TIPC (2°F 01520 F)
IAmibient Humidity 4% RHto &% FH
Cantact Material Sivar Cadium Cide
Contact Resistance Sl ma.
Operating Frequency Meachanial 18 000 opamtionshour; Electrical 1 800 operaliomshour
Vibrafion Resisance 10Hz o 25Hr &t double ampliuda of 1 Omm
Shock Resistance A 000mes (approes, 100G
Weight 5 (1 2400
\Agency Aporovals and Standards LIL Lisked (#EAS0E50), CE Cerifiad (55571 B5-2311], C2A Cartified
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OL Series WirinG DingRAMS AND DeRATING GURVES

Wiring Diadrams Derating Curves DPDT
[2X1-D24 Max. Switching capacity
— AC resistive
=
£ 10
% 5 1 W T
= Q AT industi
E f=04
§. m{asis?wﬁ
Bl
TN
& OE[1TEG inductive
ml i |
o4
| |
5 10 50 100 500

Rated opsrating vohlages (V)

QL DPDT

OL Series DimensionaL DRAWINGS

Mounting dimensions (mm/in)

Figure 1
L2 Dimensions .
o T
S
14-3.0 [0.12] I | 2 B}
| f ' =
1 = [ I ]
{——— B/ SR DA -
et ED ++ i
) 1 =
el VEFEL ¥
_‘ 3.0 012 ]
1
Max 360 [1.42] [ | &4 0.28) Mae 21.5
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Appendix 10: ABM6E42Z11 Mechanical Limit Switch
Specifications

This appendix contains information for the ABM6E42Z11 mechanical limit switches
used in the implementation of the control circuit on the Sensor Pallet. This includes
specifications of the switch and the contact blocks and how the actuator may be adjusted
for the user’s needs. This device and further information is available from Automation
Direct [47].
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CentsasLE™ IEC LiMiT SWITCHES

ABM series heavy-duty IEC limit switches

= Fealiring a dia-cask aluminum body for heawy-duty industrid applicalions

= Singk: and mulliple conduit openings o save witing lime and monay when nlarconrezing severd limil switches
= Conduit opaningsin 127 NPT or G135

. %imﬂ achuator shak dlows vary fire adusiment of awitch 1o il al applications

= Chooee from aighl difkrent ackatos induding roller levers and plungars

= Chooss from sic nlerchangeable combinalions of conlact blocks

ABM Series

Number of
Comduit Dimensions:
Part Number m Threads Body/ Heatl
ef wilh_sh=in-
ABMBE42Z11 | £ ﬁ%ﬁfgﬁ%a Threcablehles | 27 VT thraass | Figus 2.8
HI-S- ELell ]

CentsaLe™ 1EC Limir SwitcHeS DIMENSIONS

Switch body
dimensions

Dirmensions are in millimetars. 258 mm = 1 inch
Far exarnple, 20 mm to Inches = 30/258 = L181 inches.

Fig. 8: Side rotary with roller (ABM, ABP models)
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CenTsABLE™ IEC GontacT BLOCK SPECIFICATIONS

w (€

Approvals
1l CEMELEL EN 50041, CEI EN A0047-5-1 Plastic models: LIL {508, C54 G222 Ho 14-K1

Environmental
Degree of Pratection e T e
Eﬁsh:rm:dub- ing: -3 Jip AP

Temperature Range
Pollution Degree

minum modals: stocking: 207 f B0 227t 176
ume that the dmosphera is e of maksture, which o

Mechanical Ratings

4| jalthouoh some tpes of achudion, such as a long, heavy spring with the adiestable achuator fully edonded, may notwork
Working Positions pm?ﬁhr il installed 1 horeontal psition) A ugors can hErrtiad in 007 norements) d =

(St aight li king heads: 20 mills fi id heack: 25 milli linng, multidrectioral heads: 10 milli
Mechanical Life nmaggmlgnw ing millian cperafiore, side ratEry heads: 25 million operations, mulidrectional heads: 10 million

Enclosure Material Flaztic modaks: fiberglass-reinioresd plastic-v0 ches (UL3): duminum modeks: die cast abminum

Contact Blocks Rating

Positive Opening* e, all modak

Maximum Switching Frequency Contact bloeks: all two cyekes por 2acond

Repeat Accuracy 100 mm on the operafing poinks at 1 million operafions
Shont-Cireuit Protection Canridge fusss g 108-500 1003038 1 100KA
Contact Resistance = 25milli ohme

i snap-achion contads: 210 mim per minuie
Recommended Minimum Operating Speed ih sloh-ackion confacts: 506 o per minuE***

Rated Insuiation Voltage e
Terminals Marking larording o CENELEC EN 50013
Wiring Connections P 2 Emme (WG 14) bo 2 05mme (4NG18)
Wiring Terminal Type Caplive serew with sslHifting pressure plae
Wiring Terminal Markings ceonding to CEHELES EMS0013
User Protection Diouble inewlalion (plastic modeke only)
Operation Frequency 3600 opsh
Working Factor s
ACTS VAT 100, 1200AC: 658, 200AC: 44 400WAC: 254
Ll bciz EVDC: 158, 110VDC: 054

Tools Neaded
Phillips screwdriver, #1 2/ Hax wrench, 10mm

* Paaitive cpaning in & mnap-scton contsct blck it ,i;-b.m.db,-.ri_;id machanion that Forces the MUC sontact o open in cus the mmap sdtion wechaninm fals. This seubd provids protection & far soanple, the contcts bacume
Sesldud” togathar by socsari cormnt ruk. Sersnbe podtive opssing b not comidersd to work propark o reftchen with schuskbors that are et w sclid deaign (mich s 0 spring or nubbar rollar), deaphs the fect that the corbect
block e haa positivs opesing. b order to ks conddersd wr baving podtiee opesing, » reich must rot havs fodble conporsnts bebsean sduskor schioning points snd the shecencl comtact.

¥ This in the spasd st which inap-sction contact blocks sre terbec. Thers b e mininun cpansting spsed formap-sction contacn becwms the ppassd b no isfluercs o the reiich schion. When uris g o pring ectustom, the chngs-
covar b may vary from 1 bs 5 s from s b min cparsting speed

¥ Hlowpction contacts et nok b oparsted st vary los spaseds bacaums of the tandency to nainbais the arc B contects sre nok rapidhy smparsted.
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Centsate™ IEC Limir Switces Bar CHaRTsS

Bar charts

Limit switch tvpes

Spap action contact: A& contact element
in which the contact motion is indepen-
dent of the speed of the actuarcr. This
feature ensures reliable elecrrical perfor-
mance even in applications involving
wery slow moving actuators

Slow make — slow break conracts: A
contace element in which the conrace
motion is dependent on the actuator

speed.

1
13=14
13=14

LA J

Terminal identification (IEC)

Each terminal is marked with e digies.
The first digit indicates the pole (circuir).
The second digic indicates the oype of

CoOnrac.

12 s NG, _3-.4 s NO,
s 11-12, 21-22 are N.C., while 13-14,
23-24 are N.O.

Make-before.bsale (overhppirg SPOT: che N 0O, conner
chosmes before che WO conmact opens.

Boreak.before-make (offier) SPDT: the M.C. conner opens
bsfars the KLO. conmar closs.

Simulupecos make and beeak SPOT: the N.C. conmer
opens at the same dme as the MO, oonmcr closs.
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[ = Differandal mavel (B - T
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Appendix 11: CT1-AP-1A Proximity Sensor Specification

This appendix contains information for the CT1-AP-1A capacitive proximity sensors
used in the implementation of Automatic mode on the Sensor Pallet. This includes
general specifications, dimensions, and a wiring diagram for the device. This component
and further information is available from Automation Direct [36].
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CT Series M30 CapaciTive PRoOXIMITY SENSORS

Capacitive proximity sensors:
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« Completeoverload protaction

+|P&E proteciion degres

+ Double LED s latus Indicators
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{1 Tie Doy Beors ATy T o
Input Voltage Transfent Protection o, ool 1T Tl i G 1l e ST, ermgdlairams
Input Foner Folarlly Reversal Protection [
' wer ratecion T | swheh akoresals Tk e rioad 15 nmed) i st
Tempar dlure Range I o 4T G -1 R 1 F)
Temparature Drift 2% B
| Prodection Degree (DN 40050) EG s
LED Indicators Grezn supple Fiad (H.0. outpad snemized)
Housing Makeril Vidakplakd brass
Sensing Face Material PBT
Thien ot HMin (737 By M ety E1f
Weight (eablatcomnae ar} g (1988
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Appendix 12: CLN-50 Current Sensor Specifications

This appendix contains information about the CLN-50 Hall Effect current sensor used in
the implementation circuit of Automatic mode on the Sensor Pallet. Though these data
sheets shown here include the CLN-100, only the CLN-50 was used in the system. This
device and further information is available from F.W. Bell [37].
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Description
Modals CLNS0 and CLN-10O are closed loop Hall effect curment sensors that accurately measure DT and AC
currents and provide electrical isclation between the current carnying conductor and the cutput of the sensor,

Features

+ Noncontact measurement of high curent
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+ Power supply Equipment

* Measure and control system
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Appendix 13: DO-06DD2 Programmable Logic Controller
Specifications

This appendix contains general information about the D0-06DD2 programmable logic
controller used in the implementation of Automatic mode on the Sensor Pallet. This
includes specifications and wiring diagrams for the device, as well as diagrams of the
each input and output available on the device; programming specifications for this PLC is
covered elsewhere. This component, accessories, and further information are available
from Automation Direct [39].
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DLOG 1/0 SpeciFICATIONS
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Appendix 14: FO-04AD-1 Analog Input Module
Specifications

This appendix contains information for the 4-channel F0-04AD-1 analog input module
used in conjunction with the D0-06DD2 PLC. This includes input specifications and
wiring diagrams for the device. This component and further documentation is available
from Automation Direct [48].
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Appendix 15: DO-08CDD1 Digital Output Module
Specifications

This appendix contains information for the D0-08CDD1 digital input/output module used
in conjunction with the D0-06DD2 PLC. Though this specification includes both the
input and output specifications, only the outputs were used in the system. This device
and further information is available from Automation Direct [45].
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Appendix 16: Quick Troubleshooting Handbook for
Project Oculus

This appendix is a quick troubleshooting handbook that can be used as a reference for the
electrical engineer working on Project Oculus. It should be used in conjunction with the
circuit diagrams presented in appendices 4 and 6. Included here are:

(1) GS2-22P0 Motor Controller Program Table: For Project Oculus to operate
correctly, the GS2-22P0 should have these values set for each program listed
in the table.

(2) CT1-AP-1A Proximity Sensor Equivalent Output Circuit: Output circuit for
the proximity sensors used on the Sensor Pallet.

(3) D0-06DD2 Equivalent Input Circuit: Input circuit for the D0-06DD2 PLC
normal inputs. Inputs should be connected as illustrated there.

(4) D0-06DD2 Equivalent Output Circuit: Output circuit for the D0-06DD2 PLC
normal outputs. Outputs should be connected as illustrated there.

(5) D0-06DD2 General Wiring Diagram: Illustration showing a general wiring
diagram for the D0-06DD2 PLC.

(6) CLN-50 to FO-04AD-1 Analog Input Module Circuit: Diagram of the circuit
connecting the CLN-50 current sensor output to the F0-04AD-1 analog input
module input.

(7) D0-08CDDI1 Equivalent Output Circuit: Output circuit for the D0-08CDDI1
input/output module used with the D0-06DD2 PLC. Only the outputs on this
module are used, so that is the only circuit shown here. The outputs should be
connected as illustrated there.

(8) D0-06DD2 PLC LCD Messages: Table showing the possible LCD messages
that will appear on the LCD screen of the D0-06DD2 PLC while in Automatic
mode operation and what they mean to the user.

(9) D0-06DD2 PLC Input/Output Map: Table showing all possible inputs and
outputs for the D0-06DD2 PLC and where these inputs and outputs are
mapped to in the system.
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GS2-22P0 Motor Controller Programs

Program Value

P 0.00 Motor Nameplate Voltage 220V

P 0.02 Motor Base Frequency 60 Hz

P 0.03 Motor Base RPM 1750 RPM

P 0.04 Maximum Motor RPM 1800 RPM

P 1.00 Stop Methods 00 (Ramp to Stop)

P 1.01 Acceleration Time 5.0 seconds

P 1.02 Deceleration Time 0.1 seconds

P 3.00 Source of Operation Command

01 (Operation determined by external
control terminals. Keypad STOP is enabled.)

P 3.01 Multi-Function Input Terminals

00 DI1 - FWD/STOP
DI2 — REV/STOP

PHP output

ERA

BEA=MD F I

BE2

BLIZ

CT1-AP-1A Proximity Sensor Equivalent Output Circuit [36]

Equivalent lnput clrcult,
Standard Inputs [(4-X23)

| |'|[] Lt
C ummun T

Omotical
Iscl ator
Tor LED

Equivalent Input Circuit on the DO-06DD2 PL C [39]

185




Equivalent sutpat clrcult
Standard autpat (Y2-Y17)

+ ":""
= 24D |

Clutput

Commion

I Ogtical
| Isclator

e e

Equivalent Output Circuit on the DO-06DD2 PL C [39]

Power
Input wirlng Output point witlng
@ i
—  +24VDC
o) HHUL | UUNE | HHUL LL—I—T'
QUTPUT, S ing Oulput 12 =24V o= 1,04 PWR: 100=-24 CI'\-'"VF-E—H AQA, .
v@@@@@@@@@@@ggg@@( _D0-06DD2
mnw@)ﬂ@_@;@\@@@@@@Q@@@@Q@@@

Direct 06

Koyo

PPE FEED 05T STEH BT e

D0-06DD2 PLC General Wiring Diagram [39]
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OIP

From
CLN-50

+
F0-04AD-1
Cptional
Module

Commeon GND From
+- 12 VDC Supply

Current Sensor to FO-04AD-1 Analog I nput Module Circuit

Equivalent autput chrcult

Wi

24V
L] 1
|
+

g’ :
) /£

'1 LED

Equivalent Output Circuit for the DO-08CDD1 [45]

D0-06DD2 PLC LCD Messages

L CD Message

Meaning

“Fully Stowed”

Translating plate and rotating arm are in
their resting positions

“E: Button Push”

Error: Extend and Stow button have been
pushed simultaneously, which should not
occur

“Extend Button” Extend Button has been pressed
“Translating Out” The translating plate is translating outward
“Rotating Out” The rotating arm is rotating outward
“Translating Back” The translating plate is translating backward
“Fully Extended” Current Sensor has been tripped, should

mean that the Sensor Pod has been pulled up
tightly against the butt plate on the door

“Stow Button”

Stow Button has been pressed

“Rotating In”

The rotating arm is rotating inward
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D0-06DD2 PL C I nput/Output M ap

| nputs Outputs
I nput Point Status Output Point Status
X0 Not Used — High YO0 Not Used — Pulse
Speed Input Output
X1 Not Used — High Y1 Not Used — Pulse
Speed Input Output
X2 Not Used — High Y2 Not Used
Speed Input
X3 Not Used — High Y3 Not Used
Speed Input
X4 Extend Button Y4 Not Used
X5 Stow Button Y5 Not Used
X6 Rotation Extend Y6 Translate Operate
Sensor LED Indicator
X7 Rotation Stow Y7 Not Used
Sensor
X10 Translation Extend Y10 Not Used
Sensor
X11 Translation Stow Y11 Rotate Operate
Sensor LED Indicator
X12 Not Used Y12 Not Used
X13 Not Used Y13 Automatic Mode
LED Indicator
X14 Not Used Y14 Not Used
X15 Not Used Y15 Not Used
X16 Not Used Y16 R-TCCW Relay
X17 Not Used Y17 R-TCW Relay
X20 Not Used Y100 GS2-22P0 DI2
X21 Not Used Y101 GS2-22P0 DI1
X22 Not Used Y102 Not Used
X23 Not Used Y103 Not Used
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