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ABSTRACT

This report describes the development of a new wheeled mobile robot aimed at
automating the crack preparation and sealing process. This robot is a differentially steered
wheeled mobile robot with centrally located router and articulated sealant head. Additionally, a
laser range sensor is installed from the front of the robot to allow for automated crack following.
The sensor is slide mounted to provide the necessary field of view. A support vehicle provides
all power and materials through the use of a tether, and also contains a vision based sensing
system for crack identification. The robot position relative to the support vehicle is thus
necessary, and it is accurately measured through a cable extension transducer based system. This
mobile robot is referred to as the Tethered Mobile Routing Robot (TMRR). This report includes
the descriptions of this unique mobile robot system and also operational instructions.
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EXECUTIVE SUMMARY

A large number of highway maintenance activities involve the sealing of cracks and
joints, the purpose of which is to prevent the intrusion of water and incompressible. When
properly performed, this operation can help retain the structural integrity of the roadway and
considerably extend the time between major rehabilitation. The operation is time consuming,
tedious, and dangerous to the personnel involved, and accordingly, it is probably the worker's
least favorite job.

Automation of this task would be extremely valuable, and thus a unique Automated
Crack Sealing Machine (ACSM) was developed by the University of California, Davis through
the Strategic Highway Research Program's H-107A project; see Velinsky, 1993. From this
research, we concluded the following regarding the robot positioning system; it is desirable to
operate on a full lane width =4 m (13 ft) and to have the ability to adequately prepare the
pavement which included the use of a pavement router to enlarge the existing crack to promote
better sealant adhesion and penetration. However, the router's weight and the forces that occur
during the operation exceed the capacity of conventional manipulator type robots. Also,
commercially available manipulator robots are costly, have relatively small workspaces
compared to that necessary, and the mechanical advantage of the robot is dependent upon its
joint positions.

Accordingly, unique concepts have been developed to overcome the inherent
disadvantages of the use of conventional robots for highway maintenance operations (Velinsky
et. al, 1994). This unique mobile robot was termed the Tethered Mobile Robot (TMR). In this
project, the TMR concept is applied to develop the Tethered Mobile Routing Robot (TMRR)
targeting a specific application, the crack sealing operation. This document reports on the
development of the TMRR at the Advanced Highway Maintenance and Construction Technology
(AHMCT) Research Center at the University of California at Davis. The TMRR is a
differentially steered wheeled mobile robot with centrally located router and articulated sealant
head. A laser range sensor is installed from the front of the robot to allow for automated crack
following. The sensor is slide mounted to provide the necessary field of view. A support vehicle
provides all power and materials through the use of a tether, and also contains a vision based
sensing system for crack identification. The robot position relative to the support vehicle utilizes
a cable extension transducer based system.

This document reviews some of the important aspects of the TMRR system development.
The mechanical configuration is first presented. Next, the control system is discussed in detail,
including hardware and software. The sensing systems including the robot localization system
and crack sensing system are then reviewed in the next chapters. The operational instructions
are included in detail in Chapter 6.
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S

CHAPTER 1
INTRODUCTION

A large number of highway maintenance activities involve the sealing of cracks and
joints, the purpose of which is to prevent the intrusion of water and incompressible. When
properly performed, this operation can help retain the structural integrity of the roadway and
considerably extend the time between major rehabilitation. The operation is time consuming,
tedious, and dangerous to the personnel involved, and accordingly, it is probably the worker's
least favorite job.

Automation of this task would be extremely valuable, and thus a unique Automated
Crack Sealing Machine (ACSM) was developed by the University of California, Davis through
the Strategic Highway Research Program's H-107A project; see Velinsky, 1993. In this concept,
a conventional SCARA (Selectively Compliant Assembly Robot Arm) manipulator was inverted
and mounted on a linear slide to provide a redundant degree of freedom allowing the manipulator
to avoid singular positions in its motion and move through any prescribed path in its dexterous
workspace. The SCARA manipulator was used to guide a secondary arm over the pavement
along specific paths (following cracks). Such an approach provided accurate and consistent
relative positioning between the maintenance device and the pavement, and additionally relieved
the manipulator of the burden of carrying the weight of the sealant head. The tool's location was
determined through the robot's joint positioning. Problems with this configuration include: the
fact that the mechanical advantage of the robot is dependent upon its joint positions, the
manipulator system is costly, and commercially available robots have relatively small
workspaces compared to that necessary; it is desirable to operate on a full lane width =4 m (13
ft). Furthermore, this system did not provide for the ability to adequately prepare the pavement
which included the use of a pavement router to enlarge the existing crack to promote better
sealant adhesion and penetration. Specifically, the router's weight and the forces that occur
during the operation exceed the relatively low load carrying capacity of the robot.

This report presents a new Wheeled Mobile Robot (WMR) aimed at automating the crack
preparation and sealing process. This robot is differentially steered with centrally located router
and articulated sealant head. The motors provide a large tractive force and the router is located
on the center of the wheel base in order for better tracking control performance. The design
provides a very small turning radius.  Additionally, a laser range sensor is installed from the
front of the robot to allow for automated crack following. The sensor is mounted to a linear slide
for an extended field of view. The robot position relative to the support vehicle is accurately
measured through Cable Extension Transducers (CETs), and all power and materials are supplied
through the use of a boom/tether. This robot is termed the Tethered Mobile Routing Robot
(TMRR).

This document concisely reviews some of the important aspects of the TMRR and
includes its detailed operational instructions. The interested reader is referred to Boyden and
Velinsky (1993), Hong (1994), Kochekali and Velinsky (1994), Winters and Velinsky (1992),
Zang and Velinsky (1994b), Matsumoto (1996), and Chung (1996) which are detailed interim
reports and theses of this and related projects, and provide significant detail on all of the areas
covered.
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CHAPTER 2

MECHANICAL CONFIGURATION

Figure 2-1 is a schematic of the TMRR. Mobility is the key feature in its design. Cracks on
roadway surfaces can be very irregular and attempting to follow one through 360" is paramount in
a successful sensing/routing/sealing operation. Computing the relative position of the TMRR to
the support vehicle is also an added complexity. Our solution for this problem of position
estimation is triangulation by two CETs mounted to large diameter radial bearings on the TMRR.
Power and material lines drop through the center of the bearings and are either mounted to rotary
unions or simply twist with robot orientation. Since the cables’ point of attachment is along the
center of the drive wheel base, the TMRR can conceivably perform a 360° rotation “in place”.

The laser range sensor mounted in front of the router unit finds cracks via triangulation and
stores three dimensional surface profiles. The limited view of a stationary laser sensor would
limit the TMRR’s practical turning radius. To overcome this, the sensor is mounted to a linear
slide thereby increasing the possible field of view. Feedback control is provided and the position
of the TMRR can be updated in real time using the offset position corrections of the laser sensor.

The router unit prepares cracks by cutting a channel which allows for increased penetration
and adhesion of sealant. The design uses an existing impact router cutting wheel hydraulically
powered with a remote power supply on the support truck. The driving motors provide the end
effector forces necessary to move the router through the pavement. The router “up-mills” in
order to both provide a high quality cut and to avoid the problem where the router can pull itself
out of the roadway. Air springs are the only points of connection between the router unit and the
complete TMRR. They provide support and dampen vibrations of the routing process with
respect to other TMRR components.

The sealant applicator delivers hot thermoplastic sealant over the roadway. A part of its
unique design is a pressurized reservoir that forces the sealant into the routed crack. The path
generated by the laser sensor following a crack will be used for not only the router, but also the
drive motor attached to the sealant applicator robot arm. Finally, to achieve proper down force of
the sealant applicator, an air cylinder counterbalances the weight of the rotating robot arm and
sealant applicator.

Figure 2-2 shows the front view of the fabricated TMRR. Figure 2-3 also shows the rear
view of the TMRR including the rear arm assembly. A commercial liftgate is modified and
attached to the back of truck as a transporting device of the TMRR. The TMRR is lifted up and
held on the lifting platform while the truck is moving without sealing. Figure 2-4 shows the
TMRR and the liftgate assembly at the back of truck.
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Figure 2-3. Rear arm assembly, I: arm, 2: gear head, 3: BLDC motor
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Figure 2-4. TMRR and lifter at the back of truck, 1: TMRR, 2: I:ﬁe, 3: CETs
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CHAPTER 3

CONTROL OF TMRR

3.1 Control Algorithms

The TMRR control system consists of three control modes, Reference Path Tracking
Control, Joystick Control, and Tracking Control with Laser Sensor. One of these control modes
can be selected depending on a required maintenance task. Figure 3-1 shows the block diagram
of the control algorithm. Each of these control modes generates reference commands for mobile
robot control and sealant arm control. Since the inertia of the sealant arm is much less than the
one of the mobile robot platform, the dynamic coupling can be ignored. Therefore, the mobile
robot platform and the sealant arm can be controlled independently. We have already developed
several control algorithms for wheeled mobile robots using feedback linearization, sliding mode,
and robust control techniques (Hong, et al., 1994; Hong, et al., 1997, b; Zhang, et al., 1997).
Also, the sealant arm can be easily controlled with a Proportional and Integral control algorithm.

This report includes the kinematic model of the TMRR and the derivation of its trajectory
tracking control algorithm. The TMRR consists of two components, the router blade on the robot
platform and the sealant applicator at the end effector of the arm, which should be controlled to
move along the crack path. The robot platform is driven by two driving wheels and the robot arm
is separately actuated by an electric motor. There is dynamic interaction between the platform
and the arm. However, the robot platform is designed to have a much heavier weight than the
arm, so that the dynamic effect of the arm motion to the robot platform can be neglected; at the
present design stage, the platform weight is expected to be over 200 kg and the arm weight is
about 10% of it. The robot platform can therefore be controlled without considering the arm
dynamics. The derivation of the tracking control is based on the work of Hong et al., 1997.

In order to describe the motion of the robot, two reference coordinate systems are introduced
as shown in Figure 3-2. The X-Y coordinate system is attached to the support vehicle. The
equations of motion are described based on the assumption that this coordinate system is
stationary, so that it becomes a global coordinate system fixed with respect to the ground. The
effect of the supporting vehicle's motion can be easily compensated later since it is primarily

TMRR TMRR
P T
Rcfen?nce Path osture c Robot Tracking Tiving Wheels
Tracking Control +N Control
Current Posture
Joystick Control Robot Positioning :
System @
Laser Tracking Position reference
Con‘tml of sealant a
e R »Bealant Arn]
4 Control
Laser Range Sensor
Angular position of selant arm @

Figure 3-1. Block diagram of control software
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translational in nature. The second coordinate system is the body fixed system attached to the
TMRR with the x and y components representing the forward and lateral directions of the robot,
respectively. The origin of the body centered coordinate system coincides with the control point
C whose position is controlled to track the detected crack path; e.g., point C describes the router
blade location. The control point C is placed on the center line, that is, on the x axis and on the
center of the wheel baseline.

The elements of the posture vector include the translations in the x and y directions and the
angular position y. After imposing the no slip condition, which forces the lateral velocity v, to
be equal to er, then the first derivative of the posture vector of the TMRR at point C in the

global coordinate frame is written as

X, cosy, O "
Y. |=|siny, o[c}, (-1
ve] | 0 1

where u. represents the forward velocity of the TMRR and r,. represents the yaw rate of the

robot. The posture X E(X C,YC,WC)T of the robot at C in the global coordinate system is
obtained after integrating Eqn. (3-1) given the linear and the angular velocities

of the robot. Point D denotes the desired control point location, and we denote the posture vector
for the point D as X, . Also, let us denote the error posture in the body coordinates as x,. Then
the error posture can be expressed as:

Laser Range Sensor

Linear Slide \ Crack
y .

x  Sealant Applicator

Figure 3-2. Schematic of WMR and Coordinate Systems
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cosy,. siny. O
X, =|-siny,. cosy,. O (XD —Xc). (3-2)
0 0 1

By differentiating the Eqn. (3-2) and substituting in Eqn. (3-1), we can obtain the following
system equation:

x, Uy cos v, -1y, "
ye = uD Sin We + 0 - ‘xe { C:| (3'3)
. Te
v, p 0 -1
where u,, r,, are the desired forward velocity and yaw rate of the robot at the point D. Our

. . 7 . .
control problem is defined as finding a control law (u.,7.) such that, starting from an arbitrary

location in a region €2, the state (x,,y,, ¥, )T tends to 0 as ¢ — eo, given the nonlinear system
described by Eqn. (3-3).

The system has three outputs and two control inputs; thus it is not square. Therefore, the
coefficient matrix of the control input (u.7, )T is not invertable, which complicates the problem.
Here, let us introduce a new variable, z,, and positive constant ¢. The new variable can be used
as a new state variable provided that the lemma is true: for z, =y, +c¥, and c¢>0, both y, and
Y, go to zero, as z, goes to zero. Proof has been shown in Hong et al., 1997. Consequently, by
using the new state variable z,, the equation of motion (3-3) becomes square as follows:

x=f(x;)+ E(x;t)u (3-4)

where

‘xe . _ uD COSW{: . _ _1 ye _ uC
“Le:|, f(x’t)—_':ub siny, +ch]’ E(X’t)_{ 0 —(x, +c):|’ u“[rc}' (3-5)

Finding a control law is fairly straight forward using the feedback linearization method
which is commonly referred to as the computed torque method in robotics literature; see Fu et al.
(1988). By selecting the control law as follows

u=E"(-f -Kx), (3-6)
then Eqn. (3-4) is transformed to

x+Kx=0 (3-7)

A
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Thus, the control is locally exponentially stable provided that the gain matrix K is chosen
suchthat the eigenvalues of the characteristic equations lie in the left-half plane.

The position X, of the end-effector of the arm in the global frame is expressed with the
robot posture and the angular position of the arm itself, such that:

X, = [XC}_ [cosyfc —~sim//cj![— (d+ lcosB)} 55

Y, siny, cosy, —1Isin®

Since the dynamic interaction between the arm and the robot platform is negligibly small,
the arm angular position is independently controlled with a Proportional & Integral (PI) control
algorithm, such that the motor torque 7 is expressed as

T=K,0 + 6.dt
PYe KIJ e (3_9)

where 6, is the angular position error of the arm and K,, K, are proportional and integral
control gains respectively.

3.2 Controller Architecture

The TMRR controller hardware is optimally designed in order to implement the developed
control algorithms. The controller structure is shown in Figure 3-3. The main CPU of the
controller is Pentium micro-processor based on PCI and ISA buses. The basic PC components,
such as video card and hard disk controller, are housed in the PCI bus. Other peripheral boards
necessary for control implementation are plugged into the ISA bus. The ISA is currently the
most popular bus structure. Accordingly, commercially available hardware is available. The
TMRR consists of two driving wheels and one sealant arm which are driven by Brushless DC
motors. Accordingly, the TMRR controller should have motor controllers with as many node
axes as the number of the total driving units. The motor controllers take +10 VDC analog signals
as control commands, so that a multi-channel D/A converter board is used in order to interface
them to the host computer. For the Joystick Control mode, an industrial type joystick is
interfaced through an A/D converter. The ISA based encoder interface boards are used for the
cable extension transducers and the joint encoder of the sealant arm. Also, the laser sensor
system consists of ISA bus based boards which are an image-processing board and a digital
signal processing (DSP) board. In addition, the controller is equipped with 15 ISA slots that can
be used to expand controller capability for various control purposes.

Figure 3-4 illustrates signal wiring between each unit. The back panel of the control
computer is shown in Figure 3-5, which identifies each signal cable. Figure 3-6 shows the motor
drives, the first drives, DM30’s, are for the driving wheels, the third drive, DM20, is for the rear
arm, and the last drive is for the linear slide of the laser sensor system. Also, Figure 3-7 shows
power wiring on the back panel of the controller cabinet. The labels on the power circuit

10
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components shown in Figure 3-8 are used to identify the circuit components in the Figure 3-9.
The numbers on the switches shown in Figure 3-8 correspond to the picture of the controller front

panel shown in Figure 6-3.

[+ Control peripheral boards, . pisplay |

« Configure

17 oSfEticE—

]
f data flows, sampling timel | | | motor [ Control |
interrupts, display, etc. drives, etc.
- Reference path planner [ | ] [ Joystick ||
» Robot position tracking |
| N ! ! L |
] | l | [ + I
4 HD ||| ||| Paratel | 1| serir |l ] AD ||
| Floppy | Monitor | Comm. | Comm. [ Converter |
- N A —_ - L — —_

Image Proce-
ssing Board

D/A
Converter

Laser
Sensor

* Laser range sensor

Motor
Drive

Motor

Left Wheel }]

Figure 3-3. Block diagram of control hardware
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Figure 3-4. Overall wiring diagram of TMRR controller
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Figure 3-5. Back of omputer, 1: keyboard connector, 2: COMI, 3: monitor cable, 4: encoder

interface board #2, 5: laser processing board, 6: encoder interface board #1, 7: A/D converter
board, 8: D/A converter board, 9: digital I/O board, 10: laser controller
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Figure 3-7. Power wiring on cabinet back panel, 1: magnetic contacter, 2: fuse blocks
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CHAPTER 4

ROBOT LOCALIZATION SYSTEM

The motion of the robot is controlled relative to the support vehicle, so that a relative
position tracking system is essential. Based on the intended applications of the robot system and
the corresponding tracking system requirements, a new approach for robot localization has been
developed (Hong, et al., 1995).

The developed sensor approach is novel in that it uses new technology in the form of cable-
extension transducers (CETs) to determine robot position. CETs are linear-displacement sensors
which produce electrical signals proportional to the travel of their extension cables. CETs
achieve a 0.01% accuracy for up to approximately a 40 meter range, and they are relatively
robust, inexpensive, and easy to use compared to other approaches. CETs do require a physical
connection between the support vehicle and the mobile robot, but the support vehicle must
provide power and materials, and thus a physical connection already exists.

The configuration of the sensor system is shown in Figure 4-1. The cables from both cable-
extension transducers are passed around the pulleys and are attached to the robot. The pulleys
are required to allow the cable to exit from the transducer with the same orientation, which is a
necessity, yet locate an arbitrary position in the workspace. Also, the picture of the assembled
sensor system is shown in the Figure 2-4.

The position equations are derived based on the parameters shown in the schematic diagram
of the sensor system, Figure 4-1. The cables from both cable-extension transducers are passed
around the pulleys A and B and are attached to point P on the robot. The pulleys are required to
allow the cable to exit from the transducer with the same orientation, which is a

0;

] j
C LT1 LT2 D

1 H -
-

r

Figure 4-1. Schematic diagram of CET sensor system
necessity, yet locate an arbitrary position P in the workspace. The size of the pulleys in the figure
are exaggerated for illustrative purposes.
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The pulleys' diameters should be determined based on space constraints and the system's
expected life. While this is a slow speed application, the cable's bending stresses will still dictate
the life of the cable; i.e., cable fatigue due to the cyclic bending stresses will ultimately cause the
cable to fail. In general, a relatively large pulley diameter compared to the cable diameter is
necessary. In this application, there is no need to use a pulley diameter significantly larger than
the diameter of the CET"s spool.

The coordinate system is assigned as follows: x passes through the centers of both pulleys
and its origin is midway between the two pulleys. The cable length is defined as the distance of
P from the point C or D on the pulley circumference as shown in Fig. 4-1. This augmented cable
length can be easily obtained by appropriately resetting the counter of the CETs or adding an
offset value. Due to the pulley effect, it is impossible to find an explicit form for the position
equation of point P. Thus, parametric variables, 6, and 6,, which are the inner angles formed by
the x-axis and the cables, are used. With these parameters, the following relationships are
obtained:

L —r(n—6,)—(y,—rcosf,)/sinf, =0 4-1)
ypcotl — H—x, —r/sinf, =0 (4-2)
L, —r(m=0,)=(y, —rcos8,)/sin 6, =0 (4-3)
ypcotO, —H+x, —rlsin6,=0. (4-4)

In these equations, x and y are the dependent variables that need to be determined. The
input variables are the lengths of each cable, L and L,. However, we cannot reduce the
equations and get explicit equation forms for x and y in terms of L and L, due to the
nonlinearities with respect to the parametric variables 6, and 8,. Consequently, the problem at
hand is to numerically solve the nonlinear simultaneous equations (4-1) through (4-4) to obtain
the four unknowns x, y, 6;, and 6, given L and L,. The detailed schemes to solve these
equations in real-time fashion are discussed in Hong, et al., 1995.

The general plane motion of a rigid body is described with three variables; x, y position
and 6 orientation. The position of the robot was determined by solving the above equations. In
order to obtain the orientation of the robot, the rotational sensor system shown in the Figure 4-2
is installed on the robot center. The rotational sensor system has two rings mounted on ball
bearings. The CET cables are attached on the rings, so that the rings freely turn due to cable
tension as the robot moves around. The orientation of the robot is therefore determined by
reading the rotation of one ring. In the Figure 4-2, the mark and mark sensors are provided to
read the angular rotation of the ring. Since any frictional force hinders free rotation of the ring,
the non-contact mark sensors are utilized. In order to detect rotational direction, two sensors and
two rows of marks are placed in the way that 90° phase difference exists between each other.
This also makes it possible to treat the sensor signals as quadrature inputs. The sensor signals are
boosted up with differential line driver circuit in order to remove electric noise.
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Figure 4-2. Rotational sensor assembly, /. mark sensor, 2: mark
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CHAPTER 5

CRACK FINDING SENSOR

Based on the study of a variety of sensor technologies, Krulewich and Velinsky (1992)
selected a laser range finder based sensor for their crack detecting device and showed its ability
to identify cracks in both Asphalt Concrete (AC) and Portland Cement Concrete (PCC)
pavements. The same laser range finder sensor is attached at the front of the TMRR platform in
this work as shown in Figure 5-1. The laser range finder sensor scans the road surface with a
narrow line of structured light produced through a cylindrical lens. It provides a line scan of the
profile of the road surface. The field of view of the laser range sensor is about 5-8 cm. Also, the
laser range sensor cannot be installed close to the control point due to the physical dimension of
the router unit and also due to the debris produced by the router blade. In order to cope with this
limitation on the small field of view, a linear slide is provided on which the laser range sensor is
attached. The laser range sensor travels back and forth on the slide in a wide range, ~50 cm. The
laser range sensor is controlled to always lie on the crack position detected at the previous
sampling time, so that the sensor can detect the current crack with the small field of view. The
sensor system and crack detection algorithms are detailed in Matsumoto, 1996.

The y component of the detected crack position in the body fixed coordinate frame is the
offset value, the distance between the sensor center (which aligns with the centerline of the
mobile robot) and the crack reservoir center. The global coordinates of the detected crack
position are then obtained by coordinate transformation. The distance d of the laser range sensor
from the origin of the body coordinates in the x direction is fixed. The following equation
expresses the crack position in the global coordinate system based on the robot position, the
sensor position, and the sensed offset value:

X, X, cosy. -siny,. || d
MR ' (5-1)
Y, Y, siny.  cosy | offset
where the subscript i denotes the i-th sampling instance and (X ,Y, )" is the position vector of

the TMR. With the time function of X; and Y, in discrete form, the tangent angle of the crack
path is obtained as

Y -7
= —i izl . i)
v atan( X; - Xi—l ) (5 )

The posture vector of the crack, (X,,Y,, wi)r is formed from Eqns. (5-1) and (5-2). This

posture vector is stored in buffer memory at each sampling time and utilized to determine the
reference posture for the robot tracking control.
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5: gear head, 6,7: air springs

22

Copyright 2011, AHMCT Research Center, UC Davis

Vermeer Manufacturing Company — Ex. 2041
Kubotav. Vermeer

|PR2025-00381

Page 27 of 194



CHAPTER 6

OPERATIONAL INSTRUCTIONS

6-1. Liftgate Operation

The liftgate operation consists of four different basic modes, Crack sealing/routing mode,
Load/unload mode, Move-ahead mode, and Transport mode. The TMRR should be held on the
lifting platform at 1.4 m (4.5 ft) up-position from the ground while it is being transported over
long distances as shown in Figure 6-1 (c). In this transport mode, the CET cables should be
disconnected from the TMRR. Also, the secondary support frame should be slid out and tied to
the TMRR. The Move-ahead mode is used for short distance travel. In this mode, the TMRR is
lifted up about 30 cm (1 ft) from the ground without disconnecting the CET cables and without
tying the TMRR to the lifting platform. The Load/unload mode is used to load/unload the
TMRR from the liftgate. In this mode, the lifting platform should make contact on the ground.
In the Crack sealing/routing mode, the lifting platform should be folded (that is, up-right
position), since the platform may be inside of the TMRR’s workspace.

Figure 6-2 shows the liftgate control pendent. The first switch from the top is used to lift
the liftgate up and down, the second switch is used to lock/unlock the liftgate, and the third
switch is used to tilt up and down the lifting platform.

6-2. Descriptions of Switches on Controller Cabinet

Figure 6-3 shows the front panel of the controller cabinet. This section describes the
functions of each switch on the controller cabinet as follows.

1. Emergency shutoff switch: It is a mushroom switch to shutoff motor power in the
event of an emergency. It does not turn off the computer power.

load/unload move—chead transport
O T (
(a) Load/unload mode (b) Move-ahead mode (c) Transport mode

Figure 6-1. Tllustration of TMRR liftgate operating modes
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Figure 6-2. Liftgate control pendent

2. Motor controller power indicator light: It indicates that the motor controller power is
ready to be turned on. It does not necessarily mean that the motors are already turned
on.

3. Motor controller off/enable switch: Only when this switch is on, the motors can be
turned on (with the motor controller on indicator light/push button (#4 in the Figure
6-2)). It should be switched to the right position to turn on.

4. Motor controller on indicator light/push button: It is a push button to turn on the
motor power. It also indicates whether the motor power is on or not.

5. Linear slide power indicator light: It indicates that linear slide power is ready to be
turned on. It does not necessarily mean that the linear slide is already turned on.

6. Linear slide off/enable switch: Only when this switch is on, the linear slide can be
turned on (with the linear slide on indicator light/push button (#7 in the Figure 6-2)).
It should be switched to the right position to turn on.

7. Linear slide on indicator light/push button: It is a push button to turn on the motor
power. It also indicates whether the motor power is on or not.

8. Master power switch: It is a keyed switch to turn on all power. Anything in the
controller cabinet cannot be turned on when this is off (left position).

9. Computer power switch: Computer power switch.

10. Laser controller power push button: It turns on the laser controller power.

11. Laser controller test push button: It is used to test the laser controller.

12. Laser controller master switch: It is a keyed master switch for the laser controller.

13. Laser indicator light: It indicates that the power is going through the laser.

14. Laser current control knob: It controls the amount of current going through laser.

6-3. TMRR Operation

This section describes how to operate the TMRR with the basic knowledge described in
the previous section. Before TMRR operation, the liftgate should be in the Crack sealing/routing
mode (that is, the TMRR is on the ground and the lifting platform is in the up-right position) and
all power cables should be properly connected. The operation procedures will be described step
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Figure 6-3. Front panel of controller cabinet, 1: emergency shutoff switch, 2: motor controller
power indicator light, 3: motor controller off/enable switch, 4: motor controller on indicator
light/push button, 5: linear slide power indicator light, 6: linear slide off/enable switch, 7: linear
slide on indicator light/push button, 8: master power switch, 9: computer power switch, 10: laser
controller power push button, 11: laser controller test push button, 12: laser controller master
switch, 13: laser indicator light, 14: laser current control knob

by step in the following sub-sections. First, power-up procedures will be explained. Then,
control program initialization and three different control modes will follow.

A. Power-Up

1. Turn on the UPS which is placed in front of the controller cabinet. The computer power is
supplied through the UPS.

2. Turn on the master power switch (#8 in the Figure 6-3). Make sure that the emergency
shutoff switch (#1 in the Figure 6-3) and the emergency foot switch (Figure 6-4) are in pull
position. Then, the indicator lights #2 and #5 in the Figure 6-3 should be lit.

3. Make sure that the motor controller off/enable switch should be at off position. This is
because the command signal for the motor controller should be initialized before the motor
power is supplied and this is done by the computer boot-up routine. Then, Turn on the
computer power switch (#9 in the Figure 6-3) and the computer monitor.

B. TMRR Control Program Initialization

The control program is in the directory ‘CATMRR’. Go into that directory and run ‘TMRR’.

2. You will get the message, “Place the robot at the initial position and type y when ready”.
Then, place the TMRR at the index position and press ‘y’.

3. Then, you will get the prompt, “TMR>>". Now, you are ready to run the following
commands.

p—t
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: Help screen

: Joystick control including rear arm

: Clear rear arm control flag

: Read CET

: Turn off relay

: Halt all motors

: Joystick control (not include rear arm)
: Swing rear arm with joystick

: Laser tracking control

: Turn on relay

: Preprogrammed path

: Quit!

: Set rear arm position command (0-120000 = 0-180degree)
: Send speed commands to motor drives
: Return to default video mode

< v "amg o mR"DDFHRO O D

4. Turn the motor controller off/enable switch to the right and push the motor controller on
indicator light/push button. Then, the push the motor controller on indicator light/push
button will be lit, which means the motor controller is powered up.

. Joystick Control
Type j° right after the prompt to run the joystick control mode.
Type ‘0’ to enable the motor drives.
Figure 6-5 shows the joystick control device.
Type any key to return the main prompt “TMR>>".

AR =M

. Pre-programmed Path Following
Place the robot around (-40, 70) with approximately 70° using the joystick control mode.
Type ‘0’ to enable the motor controllers.
Type ‘b’ to run the tracking control mode, then, the robot will start to follow the path.
Type any key to stop the robot. Then, you will get the main prompt “TMR>>".

Ll

E. Laser Tracking Control

1. You have to turn on the laser controller first. To do that, turn on the laser controller master
switch (#12 in the Figure 6-3) and push the laser controller power push button (#10 in the
Figure 6-3).

2. Place the robot on the starting position of a crack using the joystick control mode.

3. Type ‘m’ to run laser control mode and wait for a while until the laser sensor is initialized
and stop on the crack.

4. You can stop the robot by hitting any key while operation.
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. Emergency foot switch | Figure 6-5. Joystick
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CHAPTER 7
CONCLUSION

The Tethered Mobile Routing Robot (TMRR) has been developed at the Advanced
Highway Maintenance and Construction Technology (AHMCT) Research Center at the
University of California at Davis in order to automate the highway crack sealing operation. The
TMRR is a differentially steered wheeled mobile robot with a centrally located router and
articulated sealant head. A laser range sensor is installed from the front of the robot to allow for
automated crack following. The sensor is slide mounted to provide the necessary field of view.
A support vehicle provides all power and materials through the use of a tether, and also contains
a vision based sensing system for crack identification. The robot position relative to the support
vehicle utilizes a cable extension transducer based system.

The development effort has involved development of system design concept evolved
from the TMR concept, improvement of sensor systems including robot localization system using
CETs and crack sensing system, design and construction of a prototype TMRR attached to the
Automated Crack Sealing Machine (ACSM). Also, the controller hardware was appropriately
constructed and the control algorithm developed in the previous stage was successfully
implemented on the robot.

This document has concisely reviewed some of the important aspects of the TMRR
system development. The interested reader is referred to the noted technical reports and
documents for additional detail.
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APPENDIX A

COMPONENT LIST
Table 1. Component list
Name Model Manufacturer Et.c
Pentium CPU Board SB586P Industrial Computer Pentium single board
Source computer
A/D Converter Board CYDAS 8JR-AO CyberResearch, Inc.
D/A Converter Board CYRDDA 06 CyberResearch
Encoder Interface Board MS5312B Industrial Computer 4 channel encoder
Source interface card
PC to Incremental Encoder | PC7166 U.S. Digital Co. 4 channel encoder
Interface Card interface card
Digital I/O Board CYRDIO 32 CyberResearch
Laser Sensor Laser Vision Sensor MVS- | MVS Modular Vision
30 Systems Inc.
BLDC Motor S-3016 Electro-Craft Brushless DC motor
BLDC Motor S-4050 Electro-Craft Brushless DC motor
BLDC Motor Drive DM-20 Electro-Craft Motor drive for S-3016
BLDC Motor Drive DM-30 Electro-Craft Motor drive for S-4050
Linear Slide Assembly Linear Positioner JASTA
Gear Head RA90-100 Bayside 100:1 ratio
Cable Extension PT9150 Celesco
Transducer (CET)
Joystick Induction Type Joystick Maurey Allied Electronics, Co.

Control

Industrial PC Enclosure

7500

Industrial Computer
Source

15 slots enclosure

Subminiature Mark Sensor

MQ-VD2AR-DC12-24V

Aromat
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APPENDIX B

TMRR CONTROL PROGRAM
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i

17 /"
// TMRR CONTROL PROGRAM /
/! /"
// AUTHOR: DAEHIE HONG 1/
I 1/
// REVISION: /7
" timer interrupt & CET real-time calculation "
/4 joystick control including rear arm, sampling rate for the joystick "
I control is 25Hz (=40ms). /"
I pre-programmed path. I
Vi timer interrput routine is replaced with new one (no assembly parts).  //

it

#include <process.h>
#include <stdio.h>
#include <bios.h>
#include <conio.h>
#include <string.h>
#include <math.h>
#include <dos.h>
#include <graph.h>
#include <stdlib.h>

#include "m5312.¢c"
#include "ibm.h"

#define TMR_INTR

/¥

/* Define parameters */

/

#define S_limit 4000 // speed limit for driving wheels

#define Sr_limit 500 /I speed limit for rear arm

#definerp  2.037 // CET pulley radius

#define HH 17 /1 CET base length

#define DD  38.074 /] 2%(HH+1p)

#define DD2  19.037 // DD/2

#define Thr0 0.8142 /] =46.65degree, initial angle for robot
// angular position measurement

#define IL1 31.633 // initial cable lengths

#define IL2 31.633

#define MaxEncoder 16777216  /* Maximum number of the 24 bit counter */
#define MaxEncoder2 8388608 /* and half of it */
#define Sensitivity  1004.804  /* 251.201 pulses per inch */

#define PI  3.141592654
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S

#define cot(a) (cos(a)/sin(a))
#define NTRIAL 5

#define TOLX 1.0e-6
#defineN 4

#define TOLF 1.0e-6

#define RARM_LENGTH 12 // rear arm length = 12"

/
/* Define parameters for A/D converter */

/

#define BASE 0x200

#define ADC_LSB BASE

#define ADC_MSB BASE + 1
#define ADC_START BASE+1
#define ADC_CONTROL BASE +2
#define ADC_STATUS BASE+2
#define ADC_CH_0 0

#define ADC_CH_1 1

/
/* Define parameters for screen display */

/
#define dashed OxAOAQ
#define solid OxFFFF
#define red 4

#define cyan 3

#define green 2

#define yellow 14
#define white 7

#define 1t_blue 9
#define brt_green O
#define It_magenta 13
#define black 0

#define blue 1

#define no_vert_lines 18

#define xconstant 35

#define no_horiz_lines 11

#define yconstant 35

#define pi 3.1415927

#define cga 2.0833333 /* distance from front of TMR to applicator in inches */
#define cgb 0.416667 /* distance from rear of TMR to applicator in inches */

/
/* Define parameters for sound (timer, speaker) */

/
#define TIMER_FREQ  1193180L
#define TIMER_COUNT  0x42
#define TIMER_MODE  0x43
#define TIMER_OSC  0xb6
#define OUT_8255 0x61

#define SPKRON 3
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/* Define function prototypes

i
void relay_on(int);

void relay_off(int);

void Send_Velocity_Commands(int, int);
void Send_Velocity_RearArm(int);

float AD_convert(int);

void init_joystick(void);

void joystick(int);

void  Stop_Motors(void);

long Read_Rear_Encoder(void);

void joystick_rear(int);

void cet_rt(float *, float *, float *);

void get CET(float *, float *, float *);
void usrfun(float, float);

void mnewt(int,int,float,float, float,float);
void lubksb(int,int *);

float aatan(float, float, float, float);

int  Tracking_Control(void);

void Help_Screen();

void draw_tmr(float, float, float, int, int, int, int, int, int);
void create_replace_grid(void);

void mark_origin(int, int);

void set_workspace(void);

void draw_tmr_trajectory(void);

void sound_on(unsigned);

void sound_off(void);

#ifdef TMR_INTR

void (interrupt far *OldTimerVect)(); /* save original vector */

void interrupt far Timer_Intr_SR(void);
void init_timer(void);
void restore_timer(void);
void settimer( long ms );
long ReadClock();
#endif

#define ESC 27
extern void sendline(unsigned char *s);
extern void rsout(unsigned char ch);

float Volt0_i,Voltl_i; /* initial voltages of joystick */
int BaseAddr = 0x320; /* Base Address for D/A borad */

/I parameters for timer interrupt

long int no_ticks=0L;

long int ms=5L;

/I parameters for rear arm position control
long int pos_c, pos_e;

long int pos_r=0;

long int pos_e_int=0;

int RA_flag=0;

/I parameters for real-time calculation of CET system
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float x[N+1], alpha[N+1][N+1], bet[N+1];

// buffer for robot posture

#define BL 2000

float Xcc[BL], Yec[BL], Tec[BL];

int bf=0, bp=0, nbf=0, nbp=0, bp1=0, bp2=0, bpo=0;

int movef_flag=0, outside_arm=0, inside_arm=0, bf_bp=0;

int x_pos, y_pos, x0, x1, x2, x3, x4, yy0, yy1, y2, y3, y4;
int tx1, X2, tx3, tx4, tx5, tx6, tx7, tx8;
inttyl, ty2, ty3, ty4, ty5, ty6, ty7, ty8;

main()

{

int rn,wl,wr,ra;

char ch, ccl;

long d_cnt; /* counter values */

long tmp_pos_r1;

float Xc,Yc,Tc; // Robot Posture w.r.t. fixed frames

float xcr, yer,xerl,ycrl; // Robot posture w.r.t. rear arm frames
long int begtime, no_sampling=0;

float cosT,sinT,radarm, arm_angle;

int loop_count, bpp;

int ik;

relay_off(0);
relay_off(1);
relay_off(2);
Stop_Motors();

init_joystick(); /* get initial position of joystick */

#ifdef TMR_INTR

init_timer();

settimer(ms); // generate timer interrupt every ms (default=5) ms
#endif

/** initialize each encoder - see manual for detail parameter setting **/
init_encoder(AXIS_A, MCRE, ICR, OCCR, QR, enc_base); /* init a
init_encoder(AXIS_B, MCRE, ICR, OCCR, QR, enc_base); /* init b
init_encoder(AXIS_C, MCRE, ICR, OCCR, QR, enc_base); /* initc
init_encoder(AXIS_D, MCRE, ICR, OCCR, QR, enc_base); /* initd
printf("\n");
do {

printf("\rPlace the robot at the initial position and type y when ready");
ccl = getchar();
}while( ccl I="y");

load_cntr(WR_ALL, 0], enc_base); /* zero counters of encoders on linkage
do
{

printf("\nTMR>> ");
ch = getchar();
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switch (ch) {
case '?":
Help_Screen();
break;

case 'a’: /1 joystick control including rear arm,
RA_flag=1;
begtime = ReadClock();
no_sampling = 0;
while( tkbhit() ) {
joystick(1); // forward motion only
cet_rt(&Xc,&Ye,&Tc);

if (RA_flag) {
if (bf >=BL) {
bf=0; /1 if buffer front >= buffer length, return to buffer

nbf++; /1 start & increase number of turns

}

if (movef_flag) { // if the robot moves forward,
Xec[bf] = Xc; // store robot posture in buffer.
Yec[bf] = Yc;
Tec[bf] = Tc;
bf++;

/1 printf("\n------~---- I\n");

cosT = cos(Tc);
sinT = sin(Tc¢);
inside_arm = 0;
outside_arm = 0;

Vi printf("\n----------- 2\n");
/ if (bp ==BL) { bp = 0; nbp++; }

xcr = (Xcc[bp] - Xc)*cosT + (Yee[bp] - Ye)*sinT;
yer = -(Xcc[bp] - Xc)*sinT + (Yec[bp] - Yc)*cosT + 16.0;
XCI = -XCT;
yer = -ycr;
radarm = sqrt(xcr¥xcr + yer¥ycr);
Vi printf("\n%f %f %f\n",xcr,ycr,radarm);
if ((yer > 0) && (radarm >= RARM_LENGTH) ) {
outside_arm = 1;
inside_arm = 0;
while(linside_arm) {
bp++;
if (bp == BL) { bp = 0; nbp++; }
xer = (Xce[bpl-Xc)*cosT + (Yec[bpl-Yc)*sinT;
yer = -(Xce[bp]-Xc)*sinT + (Yce[bpl-Yc)*cosT +
16.0;
radarm = sqrt(xcr*xcr + yer#ycr);
if (radarm < RARM_LENGTH) {
inside_arm = 1;
XCT = -XCT;
yer = -ycr;
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arm_angle = aatan(0,0,xcr,ycr) * 120000/P1;
pos_r = (long) arm_angle;
}

}

1

if (inside_arm) bp--;

if ((bp==-1)&& (nbp!=0))bp=BL-1;

}

while( (ReadClock()-begtime) < 10 ); // 10 ms sampling time

case'b':

case'c':

no_sampling++;
printf("\rRobot posture: %6.2f %6.2f %6.2f %1d",Xc,Yc,Tc,no_sampling);
begtime = ReadClock();

cet_rt(&Xc,&Yc,&Tc);
printf("\nRobot posture: %6.2f %6.2f %6.2f\n",Xc,Yc,Tc);

break;

case 'f" :
relay_off(0);
relay_off(1);
relay_off(2);
RA_flag=0;
break;

case 'h':
relay_off(0);
relay_off(1);
relay_off(2);
RA_flag=0;
Stop_Motors();
break;

case j':
RA_flag=0;

sendline("CALL DEMO");

while( !kbhit() ) {

joystick(0);
cet_rt(&Xc,&Yc,&Tc);
printf("\rRobot posture: %6.2f %6.2f %6.2f ", Xc,Yc,Tc);

}
rsout(ESC);
break;

case 'k':
relay_off(0);
relay_off(1);
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relay_on(2);
RA_flag=0;
while( 'kbhit() ) joystick_rear(0);
relay_off(2);

break;
1%
case 1':
ik = Tracking_Control_Laser();
if (ik I=0)
printf("\n...... Tracking crack path. Type any key to stop.");
else
printf("\n......Error on tracking control with laser.");
break;
case 'm':
ik = Tracking_Control_Laser_real();
if (ik!=0)
printf("\n......Tracking crack path. Type any key to stop.");
else
printf("\n......Error on tracking control with laser.");
break;
*/
case '0':

relay_on(0);
relay_on(1);
relay_on(2);

break;
case p':
ik = Tracking_Control();
if (ik 1=0)
printf("\n...... Tracking sinusoidal curve. Type any key to stop.");
else
printf("\n......Error on tracking control mode.");
break;
case 'q':

sendline("STOP");
Stop_Motors();
relay_off(0);
relay_off(1);

RA _flag=1;
begtime = ReadClock();
pos_r =0;

while( ReadClock() - begtime < 2000 );
relay_off(2);

#ifdef TMR_INTR
restore_timer();
#endif //TMR_INTR

exit(1);
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9]

Vet

case ' :

relay_on(2);

RA_flag=1;

printf("\nEnter reference position (0 - 120000): ");

scanf("%Id",&tmp_pos_r);

if (tmp_pos_r < 0 Il tmp_pos_r > 120000) {
Send_Velocity_RearArm(0);
break;

}

else pos_r = tmp_pos_r;

break;

case's':
relay_on(2);
printf("\n\nInput speeds (left, right, rear arm (RPM)): ");
scanf("%d %d %d",&wl, &wr, &ra);
Send_Velocity_Commands(wl,wr);
Send_Velocity_RearArm(ra );
break;

case 'v':
_setvideomode( _DEFAULTMODE );
break;
15

}while(1);
}

void Help_Screen()

{
printf("\n ? : Help screen ");
printf("\n a : Joystick control including rear arm ");
printf("\n b : Clear rear arm control flag ");
printf("\n c:Read CET ");
printf("\n f: Turn off relay ");
printf("\n h : Halt all motors ");
printf("\n j : Joystick control (not include rear arm) ");
printf("\n k : Swing rear arm with joystick ");
printf("\n 1 : Laser tracking control ");
printf("\n o : Turn on relay ");
printf("\n p : Preprogrammed path ");
printf("\n q : Quit! ");
printf("\n r: Set rear arm position command (0-120000 = 0-180degree) ");
printf("\n s : Send speed commands to motor drives ");
printf("\n v : Return to default vedio mode \n");

}

#ifdef TMR_INTR /I T

void interrupt far Timer_Intr_SR(void)
/*  Interrupt Service Routine */
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/*  This routine is interrupted whenever timer 0 overflows i
{

intra;

intRA_flag 1=1;

if (pos_r < 0 Il pos_r > 120000) RA_flag_1=0;
if (RA_flag && RA_flag_1) {

pos_c = Read_Rear_Encoder();

POS_e = POs_T - pos_C;

ra = (int) (pos_e / 20);

if (pos_e < 10000) pos_e_int = pos_e_int + pos_e;
pos_e_int = pos_e_int / 20;

ra=ra+ pos_e_int;

Send_Velocity_RearArm( ra );

no_ticks++;
outp(INTCTLO, TMREOI);

void init_timer(void)
/¥ initialize timer and interrupt enable register */

OldTimerVect = _dos_getvect(TIMER_VECT); /*save old vector  */
_disable();
_dos_setvect(TIMER_VECT, Timer_Intr_SR); /* set a new vector */
_enable();

}

void restore_timer(void)
{

settimer(-1);

_dos_setvect(TIMER_VECT, OldTimerVect); /* restore DOS timer vector */
1

long ReadClock() // return time in milisecond, resolution is ms
{ return( ms * no_ticks );

}

/

PROCEDURE

settimer - set interrupt interval in millisecond

SYNOPSIS
settimer( long ms )

PARAMETERS
ms - interval in millisecond
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REMARKS
Since the max interval for the IBM-PC corresponds to a max
count 65535, the maximum value of ms is limited to 54.9 ms.

void settimer( long ms )

{

long count;

if ((ms>O0L) && (ms <55L))

{
count = ((CLOCKFREQ * ms) + 500L) / 1000L;

outp(TIMER_CTL, 0x36); // mode 3, 16-bit binary count

outp(TIMER, count & Oxff);  // send least sig byte first,
outp(TIMER, (count >> 8) & 0xff); // and then most sig byte
}

else if (ms <=0L) //reset to DOS clock rate

€2

{
) outp( TIMER_CTL, 0x36);
outp( TIMER, 0xff);
outp( TIMER, 0xff);
}
else
{
printf("settimer: %1d ms out of timer range\n", ms);
}

}

sendif /1T LTI LTI T T T

void relay_on(int rn)

{
int base,reg,bitnum, portx;
char ch;

s

base = 0x330;

reg=rn/8;
if (reg == 0) bitnum =1n;
else bitnum =rn - 8;

if (reg == 0) {
portx = inp(base + 4);
portx = portx | (1 << bitnum);
outp(base+4,portx);

}

else {
portx = inp(base + 5);
portx = portx | (1 << bitnum);
outp(base+5,portx);
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}
}

void relay_off(int rn)

{
int base,reg,bitnum, portx;
char ch;

base = 0x330;

reg=1n/8;
if (reg == 0) bitnum = rn;
else bitnum =rn - 8;

if (reg == 0) {
portx = inp(base + 4);
portx = portx & ~(1 << bitnum);
outp(base+4,portx);

else {
portx = inp(base + 5);
portx = portx & ~(1 << bitnumy);

outp(base+5,portx);
1
!
/ /
void joystick(int flag)
/ k]

float VoltO, Voltl, Left, Right;
int wl, wr;

VoltQ = AD_convert(0) - VoltO_i;
Voltl = AD_convert(1) - Voltl_i;
if (fabs(Volt0) < 0.05) Volt0 = 0;
if (fabs(Voltl) < 0.05) Voltl = 0;

if (Volt0 <= -0.05) movef_flag = 1; // move forward flag
else movef_flag = 0;

if (flag && 'movef_flag) VoltO = 0; //if flag is true, forward motion only

Left = - VoltO * 1500 + 1000 * Voltl;
Right = Volt0 * 1500 + 1000 * Volt1;

wl = (int) Left;

wr = (int) Right;
Send_Velocity_Commands(wl,wr);

}

/ /
void joystick_rear(int flag)
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ko]

float Volt0, Voltl, Left, Right;
int wl, wr;

Volt0 = AD_convert(0) - VoltO_i;
Voltl = AD_convert(1) - Voltl_i;
if (fabs(Volt0) < 0.05) Volt0 = 0;
if (fabs(Voltl) < 0.05) Voltl = 0;

Left = Volt0 * 500,
printf("Voltages: %5.3f %5.3f \r", Volt0, Voltl);
if (flag) {
Left = Left * 0.2;
Right = Right * 0.2;
}
wl = (int) Left;
Send_Velocity_RearArm(wl);
Vi fprintf(outfile,"%4.2f %4.2f\n" Left,Right);

}

/ /
float AD_convert(int ch_no)

/ !

{
unsigned ADC_value, MSB, LSB;
inti;
float Volt;

outp(ADC_CONTROL, ch_no);

outp(ADC_START, 0);

for (i=0; i<10; i++); // wait for a while to aviod over-running the ADC
while( inp(ADC_STATUS) & 0x80 );

MSB = inp(ADC_MSB) & 0xff;

LSB = inp(ADC_LSB) & 0xf0;

ADC_value = MSB * 16 + LSB / 16;

Volt = ((float) ADC_value) / 409.5 - 5;

return(Volt);
}
/ /
void init_joystick(void)
/ /
{

inti;

VoltO_i = 0;

Voltl_i=0;

for (i=0; i<10; i++) {
VoltO_i = AD_convert(0) + VoltO_i;
Voltl_i = AD_convert(1) + Voltl_i;
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}

}
Volt0_i = VoltO_i / 10;
Voltl_i = Voltl_i/ 10;

/

/* Send velocity commands to the motor drives */

/

void Send_Velocity_Commands(int wl, int wr)

{

}

int tmp_read;

int chl; /* Channel and value to write */
int HByte, LByte; /* High byte and low byte */
wl = -wl;

WI = -WT;

if (wl > S_limit) wl = S_limit;
if (wl < -S_limit) wl=-S_limit;
if (wr > S_limit) wr = S_limit;
if (wr < -S_limit) wr = -S_limit;

wl=wl/2+2047; /* convertrpm to DAC number */
wr = wr /2 + 2047; /* 0 = -4000 rpm, 2048 = 0 rpm, 4095 = 4000 rpm */

HByte = wl /256; /* Convert to high byte */
LByte = wl & OxFF; /* Convert to low byte */
chl=0;

outp(BaseAddr+chl*2,L Byte); /* Write low byte first */
outp(BaseAddr+chl*2+1,HByte);  /* Write high byte second */

HByte = wr / 256; /* Convert to high byte */
LByte = wr & OxFF; /* Convert to low byte */
chl=1;

outp(BaseAddr+chl*2,LByte); /* Write low byte first */
outp(BaseAddr+chl*2+1,HByte); /* Write high byte second */

/

/* Send zero velocity commands to the motor drives */

/

void Stop_Motors()

{

int wi, HByte, LByte, chl;

wl= 2047; /¥ convert rpm to DAC number */

HByte = wl /256; /* Convert to high byte */
LByte = wl & OxFF; /* Convert to low byte */
chl=0;

outp(BaseAddr+chl*2,LByte); /* Write low byte first */
outp(BaseAddr+chl*2+1,HByte);  /* Write high byte second */
chl=1;

outp(BaseAddr+chl*2,LByte); /* Write low byte first */
outp(BaseAddr+chl*2+1,HByte);  /* Write high byte second */
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chl=2;

outp(BaseAddr+chl*2,LByte); /* Write low byte first */
outp(BaseAddr+chl*2+1,HByte);  /* Write high byte second */

}

/ /
/* Send velocity commands to the rear arm motor drives */
/ /
void Send_Velocity_RearArm(int w)
{
int chl; /* Channel and value to write */
int HByte, LByte; /* High byte and low byte */
W= -W;
if (w> Sr_limit) w = Sr_limit;
if (w < -Sr_limit) w = -Sr_limit;
w=w/2+2047; /*convertrpmto DAC number */
/* 0 =-4000 rpm, 2048 = O rpm, 4095 = 4000 rpm */
HByte = w / 256; /* Convert to high byte */
LByte = w & OxFF; /* Convert to low byte */
chl=2;
outp(BaseAddr+chl*2,L Byte); /* Write low byte first */
outp(BaseAddr+chl*2+1,HByte); /* Write high byte second */
}
/ /
/* Read encoder on rear-arm */
/ /
long Read_Rear_Encoder()
{
long d_cnt;
d_cnt = read_cntr(AXIS_D, enc_base);
if (d_cnt > 8388608 ) d_cnt = 16777215 - d_cnt;
else d_cnt = - d_cnt;
return(d_cnt);
}
/ /
/* Real-time solutions for CET measurement */
/ /
void cet_rt(float *Xc, float *Yc, float *Tc)
{
int 1,j,k.kk;
float xx, L1, L2,t1,12,AA, th;
get_CET(&L1,&L2,&th);
/1 printf("\n%f %f \n",L1,L.2);
/1 printf("\nEnter L1 L2 :");
/] scanf("%f %f",&L1,&1.2);
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/1 printf("\n");

/f check validity of data, L1,1.2.

if (L1+L2<DD) It L1+DD < L2) I (L2+DD < L1))
printf("\nlt's not a triangle! Try again\n");
else {
if (DD >=L1L1) && (DD >=L2)) {
AA = acos((L1*L1+L2*L2-DD*DD)/(2*L1*L2));
t2 = asin(L1*sin(AA)/DD);
t1 = asin(L2*sin(AA)/DD);
} -
else if (L1 >=DD) && (L1>=12)) {
t2 = acos((DD*DD+L2*L2-L1*L1)/(2*DD*L2));
tl = asin(L2*sin(t2)/L1);
}
else {
t1 = acos((LL1*L1+DD*DD-L2*L.2)/(2*L.1*DD));
t2 = asin(L1*sin(t1)/L2);
}

// Initial guess

/7
1"
/"
1/
/"
/"

1"
/"
1
I

x[1] =-DD2 + L1 * cos(t1);
x[2] = L1 * sin(tl);

x[3] =tI;

x[4] =12;

printf("Starting initial vector \n");
for (i=1;i<=4;i++) {
printf("%7s%1d%s %5.2f\n",
"x["5,"] =" x[D);
1
printf("\n"); .
mnewt(10,N,TOLX,TOLF,L1,L2);

usrfun(L1,L2);
printf("%5s %13s %13s\n","i","x[i]","f");
for (i=1;i<=N;i++)
printf("%5d %14.6f %15.6f\n"i,x[i],-bet[i]);
}

th = -th*0.00011877 - x[4] + Thr0;

#Xc=x[1];
*Ye =x[2];
*Tc = th;

i

void get_CET(float *L1, float *L2, float *th)

/

{

long a_cnt, b_cnt, c_cnt; /* Counter values */
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a_cnt = read_cntr(AXIS_A, enc_base); /* Reading counters */
b_cnt = read_cntr(AXIS_B, enc_base);
c_cnt = read_cntr(AXIS_C, enc_base);

/! printf("\n%Id %1d %ld\n",a_cnt,b_cnt,c_cnt);

if ( a_cnt > MaxEncoder2 ) {
*L1 = MaxEncoder - a_cnt;
}
else {
*L1 =-a_cnt;
}
*L1 = *L.1/Sensitivity + IL1;

if ( b_cnt > MaxEncoder2 ) {
*1.2 = MaxEncoder - b_cnt;
}
else {
*L2 =-b_cnt;
}
*1.2 = *L.2/Sensitivity + IL2;

if ( ¢c_cnt > MaxEncoder2 ) {
*th = MaxEncoder - ¢c_cnt;

}
else {
*th = - c_cnt;

}
}
/ /
/* User functions (non-linear simultaneous equations) to be solved ~ */
/* CET position equations are listed below. */
/ /
void usrfun(float L1,float L.2)
{

alpha[1][1]=0.0;

alpha[1][2] = 1.0;

alpha[1][3] = -L1%*cos(x[3]) - rp*sin(x[3]) + rp*(PI-x[3])*cos(x[3]) + rp*sin(x[3]);
alpha[1][4] = 0.0;

alpha[2][1] = sin(x[3]);

alpha[2][2] = -cos(x[3]);

alpha[2][3] = x[2]*sin(x[3]) + (HH+x[1])*cos(x[3]);

alpha[2][4] = 0.0;

alpha[3][1] = 0.0;

alpha[3][2] = 1.0;

alpha[3][3] = 0.0;

alpha[3][4] = -L2%*cos(x[4]) - rp*sin(x[4]) + rp*(PI-x[4])*cos(x[4]) + rp*sin(x[4]);
alpha[4][1] = -sin(x[4]);

alpha[4][2] = -cos(x[4]);

alpha[4][3] = 0.0;

alpha[4][4] = x[2]*sin(x[4]) + (HH-x[1])*cos(x[4]);

bet[1] = L1*sin(x[3]) - rp*(PI-x[3D*sin(x[3]) - x[2] + rp*cos(x[3]);

bet[2] = x[2]*cos(x[3]) - (HH+x[1])*sin(x[3]) - rp;
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}

bet[3] = L2%sin(x[4]) - rp*(PI-x[4])*sin(x[4]) - x[2] + rp*cos(x[4]);

bet[4] = x[2]*cos(x[4]) - (HH-x[1])*sin(x[4]) - rp;

#define TINY 1.0e-20;

void ludemp(int n,int *indx,float *d)

{

int i,imax,j,k;
float big,dum,sum,temp;
float vv[N+1];

*d=1.0;

for (i=1;i<=n;i++) {

}

big=0.0;
for (j=1;j<=n;j++)

if ((temp=fabs(alpha[i][j])) > big) big=temp;
if (big == 0.0) printf("\nSingular matrix in routine LUDCMP\n");

vv[i]=1.0/big;

for (j=1;j<=nyj++) {

for (i=1;i<j;i++) {
sum=alphal[i][j];

for (k=1;k<i;k-++) sum -= alphali][k]*alpha[k][j];

alphal[i][jl=sum;
}
big=0.0;
for (i=jsi<=n;i++) {
sum=alpha[i][j];
for (k=1;k<j;k++)
sum -= alpha[i][k]*alpha[k][j];
alphal[i][jl=sum;
if ( (dum=vv[i]*fabs(sum)) >= big) {

big=dum;
imax=i;
}
}
if § != imax) {
for (k=1;k<=n;k++) {
dum=alphalimax][k];
alpha[imax]{k]=alpha[j][k];
alphalj]{k]=dum;
}
*d = -(*d);
vv[imax]=vv[j];
}

indx[jJ=imax;
if (alpha[j][j] == 0.0) alpha(j][j]=TINY;
if G I=n) {

dum=1.0/(alpha[j1{j1);

for (i=j+1;i<=n;i++) alpha[i][j] *= dum;
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#undef TINY

void lubksb(int n,int *indx)

{

int 1,1i=0,ip,j;
float sum;

for (i=1;i<=n;i++) {

}

ip=indx[i];
sum=bet[ip];
bet[ip]=bet[i];
if (ii)
for (j=ii;j<=i-1;j++) sum -= alpha[i][j]*bet[j];
else if (sum) ii=i;
bet[i]=sum;

for (i=n;i>=1;i--) {

sum=bet[i];
for (j=i+1;j<=n;j++) sum -= alpha[i]{j]*bet[j];
bet[i]=sum/alpha[i][i];

void mnewt(int ntrial,int n,float tolx float tolf, float L1,float L.2)

{

s

int k,i,indx[N+1];
float errx,errf,d;

for (k=1;k<=ntrial;k++) {

}

return;

usrfun(L.1,L2);
errf=0.0;
for (i=1;i<=n;i++) errf += fabs(bet[i]);
if (errf <= tolf) return;
ludemp(n,indx,&d);
lubksb(n,indx);
errx=0.0;
for (i=1;i<=n;i++) {
errx += fabs(bet[i]);
x[i] += bet[i];

if (errx <= tolx) return;

float aatan(float x1, float y1, float x2, float y2)

{

dx =x2 - x1;
dy=y2-ylL

if (dx==0){

float dx, dy, ang, dydx;
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if (dy > 0 ) ang = PI/2;
else if (dy <0) ang = -PI/2;
else ang = 1000;

}

elseif (dx>0) {
if (dy==0)ang=0;
elseif (dy>0) {
dydx = dy/dx;
if (dydx > 100000 ) ang = PI/2;
else ang = atan(dydx);
}
else {
dydx = dy/dx;
if ( dydx <-100000 ) ang = -PI/2;
else ang = - atan(-dydx);
}
}

else {
if (dy ==0) ang=PIL;
elseif (dy>0) {
dydx = dy/dx;
if ( dydx < -100000 ) ang = PI/2;
else ang = PI - atan(-dydx);
}
else {
dydx = dy/dx;
if ( dydx > 100000 ) ang = -PI/2;
else ang = PI + atan(dydx);
}
}
return(ang);

}

/ /
/* Tracking control with table reference */
/ /
int  Tracking_Control(void)
{

int  wli, wri, ttt, tti;

float th1,th2,th3, Xr,Yr,Tr, ur,i, Xc,Ye,Tc, xa,y,p, X0,Y0,T0;

float e=0,c=1.2,T2=24.0,R=17.0;

float invE[2][2], f[2], K[2][2], z, u[2], ul[2], W], wr;

char sf[20];

char buffer1[100], buffer2[100];

int  jk, xorigin, yorigin;

int  left_corner_x, left_corner_y, right_corner_x, right_corner_y;

int x_old, x_new, y_old, y_new, x_old_r, y_old_r, x_new_r, y_new_Tr;
int  hor_lines, ver_lines, line_start_x, line_start_y;

char xvalue, yvalue, thetavalue;

float angular_pos, X_pos, y_pos;
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long begtime;
FILE *fl;

if ( (f1 = fopen("c:\\nong\\tmr\\ncontrol\ref_path.dat","r")) == NULL ) {
printf("\nError! Reference path data file can not be opened");
return(0);

}

/* Set control gain matrix */
printf("\nInput control gains( K(1,1),X(1,2),K(2,1),K(2,2)): ");
scanf("%f %f %f %t ,&K[0][0],&K[0][1].&K[1][0],&K[1][1]);

cet_rt(&X0,&Y0,&T0);

TO =TO + 1.5708;

_setvideomode( _VRES16COLOR );
set_workspace();

/* MAKES GRIDLINES FOR WORKSPACE #*/
xorigin = 9+no_vert_lines/2*xconstant;

yorigin = 65+(no_horiz_lines-2)*yconstant;
mark_origin(xorigin, yorigin);

SCANS FIRST POSTURE OF TMR */

x_old = xorigin+(int)(X0*xconstant/12);

y_old = yorigin-(int)(YO*yconstant/12);

*

/

fscanf(f1,"%f %f %f %f %f\n" ,&Xr,&Yr,&Tr,&ur,&rr);
Yr=Yr+30;

x_old_r = xorigin+(int)(Xr*xconstant/12);

y_old_r = yorigin-(int)(Yr*yconstant/12);

begtime = ReadClock();

while( 'kbhit() && ((fscanf(fl,"%f %f %f %f %f\n",&Xr,&Yr,&Tr,&ur,&1r)) = EOF) ) {
cet_rt(&Xc,&Yc,&Tc);
Yr=Yr+30;
Tc = Tc + 1.5708;
/* Calculate error posture in body coordinate */
xa = (Xr - Xc)y*cos(Tc) + (Yr - Ye)*sin(Tc);
y = -(Xr - Xc)*sin(Tc) + (Yr - Yc)*cos(Tc);
p=Tr-Tc;
invE[0][0] = -1;
invE[0][1] = -y/(e+xa+c);
invE[1][0] = 0;
invE[1][1] = -1/(e+xa+c);
£{0] = ur*cos(p);
f[1] = ur*sin(p) + c*1r;

z=y +c¥p;

ul[0] = -f[0] - K[0][0] * xa -K[0][1] * z;

ul[1] = -f[1] - K[1][0] * xa -K[1][1] * z;

u[0] = invE[0][0] * ul[O] + invE[O][1] * ul[l];
u[1] = invE[1]{0] * ul[0] + invE[1][1] * ul[1];
wl = (u[0] - T2*u[1] ) /R * 9.55;

wr = (u[0] + T2*u[1] )/ R * 9.55;
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wli = (int)wl; wri = (int)wr; wri = -wri;
Send_Velocity_Commands(wli,wri);

x_new = xorigin+(int)(Xc*xconstant/12);
y_new = yorigin-(int)(Yc*yconstant/12);
X_new_r = xorigin+(int)(Xr*xconstant/12);
y_new_r = yorigin-(int)(Yr*yconstant/12);

/* DISPAYS X AND Y COORDINATES AND THETA */
_settextcolor(white);
_settextposition(3,10);
sprintf(buffer2,"x: %fin y: %fin theta: %f degrees", Xc, Yc, Tc*180/pi);
_outtext(buffer2);

/* DRAWS REFERENCE PATH */
_setcolor(green);
_moveto(x_old_r, y_old_r);
_lineto(x_new_r, y_new_r);

/* DRAWS TMR PATH */
_setcolor(lt_magenta);
_moveto(x_old, y_old);
_lineto(x_new, y_new);

x_old = x_new;
y_old = y_new;

x_old_r = x_new_r;
y_old_r=y_new_r;

/! printf("\rRobot posture: %6.2f %6.2f %6.2f",Xc,Yc,Tc);

while( ReadClock() - begtime < 20 );

begtime = ReadClock();
/" fprintf(ft," %If %If %If %If %l BIf %If %If %If %If %lf\n", Xr,Yr,Tr,Xc,Ye, Te,x,y,p,ul0l,u[1]);
Vi fprintf(ft2," %If\n" tused);

}

wlhi=0; wri=0;

Send_Velocity_Commands(wli,wri);
/I fclose(ft);

fclose(fl);

_setvideomode( _DEFAULTMODE );

return(1);

void set_workspace(void)

_setbkcolor ( BLACK);
_clearscreen(_ GCLEARSCREEN);
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_settextcolor(white);
_settextposition(1,30);

_outtext ("WORKSPACE OF TMR");
create_replace_grid();

}

/#* MARKS ORIGIN */

void mark_origin(int xorigin, int yorigin)

{
xorigin = 9+no_vert_lines/2*xconstant;
yorigin = 65+(no_horiz_lines-2)*yconstant;
_setcolor(white);
_setlinestyle(solid);
_moveto(xorigin-xconstant, yorigin);
_lineto(xorigin+xconstant, yorigin);
_moveto( xorigin,yorigin-yconstant);
_lineto( xorigin,yorigin+yconstant);

}

/* REPLACES PARITALLY LOST GRID AND ORIGIN MARKER */
void create_replace_grid(void)
{ . .
int i;
_setcolor(cyan);
_rectangle(_GBORDER, 9, 65, 639, 450);
_settextcolor(white);
_settextposition(13,0);
_outtext ("60\n\n\n\n\n\n\n\n\n\n\n0");
_settextposition(30,18);
_outtext ("-60 0 60");

/* HORIZONTAL LINES */
for(i = 1; i< no_horiz_lines; i++)

{
_setcolor(red);
_setlinestyle(dashed);
_moveto(9, 65+i*yconstant);
_lineto (639, 65+i*yconstant);
}

/* VERITICAL LINES */
for(i = 1; i< no_vert_lines; i++)

{
_setcolor(red);
_setlinestyle(dashed);
_moveto(9+i*xconstant, 65);
_lineto (9+i*xconstant, 450);

}

/* DRAWS HALF-CIRCLE */
_setcolor(yellow);

_arc(79,135,569,625,569,380,79,380);
} .

void draw_tmr(float x, float y, float angular_pos, int xorigin, int yorigin, int x_old, int x_new, int y_old, int y_new)
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inti, j;

extern int X_pos, y_pos, x0, x1, x2, x3, x4, yy0, yy1, y2, y3, y4;
extern int tx1, tx2, tx3, tx4, tx5, tx6, tx7, tx8;
extern int tyl, ty2, ty3, ty4, ty5, ty6, ty7, ty8;
float tmrlength, tmrwidth, halflength, halfwidth, tirelength, tirewidth;
char buffer1[100], buffer2[100];

tmrlength = 30.0/12;
tmrwidth = 20.0/12;
halfwidth = tmrwidth/2;
halflength = tmrlength/2;
tirelength = 10.5/12;
tirewidth = 3.5/12;

/¥  REDRAWS THE TMR IN BLACK TO HIDE IT  */
_setcolor(black);
_moveto(x1, yyl);
_lineto(x2, y2);
_lineto(x3, y3);
_lineto(x4, y4);
_lineto(x1, yy1);
_moveto(txL,ty1l);
_lineto(tx2, ty2);
_lineto(tx3, ty3);
_lineto(tx4, ty4);
_lineto(tx1, ty1);
_moveto(tx5,ty5);
_lineto(tx6, ty6);
_lineto(tx7, ty7);
_lineto(tx8, ty8);
_lineto(tx5, tyS);
—ellipse(_GBORDER, (int)(x_pos-4), (int)(y_pos+4), (int)(x_pos+4), (int)(y_pos-4));

X_pos = xorigin+(int)(x/12*xconstant);
y_pos = yorigin-(int)(y/12¥yconstant);

/* DISPAYS X AND Y COORDINATES AND THETA */
_settextcolor(white);
_settextposition(3,10);
sprintf(buffer2,"x: %If in y: %If in theta: %If degrees”, X, y, angular_pos*180/pi);
_outtext(buffer2);

/* CALCULATES THE CORNER COORDINATES OF THE TMR */
x0 = (int)(x_pos + xconstant*cga*cos(angular_pos));
yy0 = (int)(y_pos - yconstant*cga*sin(angular_pos));
x1 = (int)(x0 + xconstant*halfwidth*sin(angular_pos));
yyl = (int)(yy0 + yconstant*halfwidth*cos(angular_pos));
x2 = (int)(x1 - xconstant*tmrlength*cos(angular_pos));
y2 = (int)(yy1 + yconstant*tmrlength*sin(angular_pos));
x3 = (int)(x2 - xconstant*tmrwidth*sin(angular_pos));
y3 = (int)(y2 - yconstant*tmrwidth*cos(angular_pos));
x4 = (int)(x1 - xconstant*tmrwidth*sin(angular_pos));
y4 = (int)(yy1 - yconstant*tmrwidth*cos(angular_pos));
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/¥ CALCULATES THE TMR'S TIRE COORDINATES */
tx1 = (int)(x3 - 5*sin(angular_pos));
tyl = (int)(y3 - 5*cos(angular_pos));
tx2 = (int)(tx1 - xconstant*tirewidth*sin(angular_pos));
ty2 = (int)(ty1 - yconstant*tirewidth*cos(angular_pos));
tx3 = (int)(tx2 + xconstant*tirelength*cos(angular_pos));
ty3 = (int)(ty2 - yconstant*tirelength*sin(angular_pos));
tx4 = (int)(tx1 + xconstant*tirelength*cos(angular_pos));
ty4 = (int)(ty1 - yconstant*tirelength*sin(angular_pos));
tx5 = (int)(x2 + S*sin(angular_pos));
ty5 = (int)(y2 + 5*cos(angular_pos));
tx6 = (int)(tx5 + xconstant*tirewidth*sin(angular_pos));
ty6 = (int)(ty5 + yconstant*tirewidth*cos(angular_pos));
tx7 = (int)(tx6 + xconstant*tirelength*cos(angular_pos));
ty7 = (int)(ty6 - yconstant*tirelength*sin(angular_pos));
tx8 = (int)(tx5 + xconstant*tirelength*cos(angular_pos));
ty8 = (int)(ty5 - yconstant*tirelength*sin(angular_pos));

/* DRAWS TMR */
_setcolor(it_blue);
_moveto(x1, yyl);
_lineto(x2, y2);
_lineto(x3, y3);
_lineto(x4, y4);
_lineto(x1, yy1);

/I _setcolor(blue);
_moveto(tx1,tyl);
_lineto(tx2, ty2);
_lineto(tx3, ty3);
_lineto(tx4, ty4);
_lineto(tx1, ty1);
_moveto(tx5,ty5);
_lineto(tx6, ty6);
_lineto(tx7, ty7);
_lineto(tx8, ty8);
_lineto(tx5, ty5);
_setcolor(green);

_ellipse(_GBORDER, (int)(x_pos-4), (int)(y_pos+4), (int)(x_pos+4), (int)(y_pos-4));

gevt(x, 7, bufferl); /* gevt converts a double to a string */
gevi(y, 7, bufferl);
gevt(angular_pos, 7, bufferl);

/* DRAWS TMR PATH */
_setcolor(lt_magenta);
_moveto(x_old, y_old);
_lineto(Xx_new, y_new);

/* ADDING TO DISPLAY TIME */
/% for(i = 0; i<20000; i++)
{

}

for(j = 0; j<25; j++);

/* REPLACES THE ENTIRE GRID AND ORIGIN */
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create_replace_grid();
mark_origin(xorigin, yorigin);

}

void sound_on(unsigned freq)

{

unsigned status, ratio, part_ratio;

status = inp(OUT_8255);
outp(TIMER_MODE,TIMER_0OSC);
ratio = (unsigned (TIMER_FREQ/freq);
part_ratio = ratio & Oxff;
outp(TIMER_COUNT,part_ratio);
part_ratio = (ratio >> 8) & Oxff;
outp(TIMER_COUNT,part_ratio);
outp(OUT_8255,(status | SPKRON));

}

void sound_off(void)

{

unsigned status;
status = inp(OUT_8255);
outp(OUT_8255,(status & ~SPKRON));
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Drawing #
TMR-001
TMR-002
TMR-003
TMR-004
TMR-005
TMR-006
TMR-007
TMR-008
TMR-009
TMR-010
TMR-011
TMR-012
TMR-100
TMR-101
TMR-102
TMR-103
TMR-104
TMR-105
TMR-106
TMR-201
TMR-201A
TMR-202
TMR-203
TMR-204A
TMR-204B
TMR-205
TMR-206
TMR-207
TMR-208
TMR-209
TMR-210
TMR-211
TMR-300
TMR-301
TMR-302
TMR-303
TMR-304
TMR-401
TMR-402
TMR-403
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APPENDIX C

TECHNICAL DRAWINGS

Title

Base Plate

Applicator Plate

Linear Transducer Base Mount

Set Off Block

Pulley

Pulley Standoffs

Rotation Assembly

Line Connection

Rotary Components

Encoder Platform

Extra Components

Gearbox Adapters

Arm Assembly

Arm Base Mount

Vari Plate

Height Adjusting Rod/Joint Rods
Bearing Capture Versions

Arm Tubes

Outside Pipe

Welded Frame With Gearbox Holes
Welded Frame With Extender Holes
Frame Components

Index Plate

Air Spring Supports - Frame

Air Spring Supports - Router Box
Drive Shaft

Bearing Capture

Air Spring Supports - Router Box Angle
Front Wheel Supports

Welded Extender Frame

Air Spring Supports - Frame Angle
C-channel Hoops on Router Frame
Router Inner Case

Router Inner Case - Back Plate
Router Inner Case - Front Wall
Router Inner Case - Side Walls
Caster Plates and Support Triangles
Base Plate for Large CETS

Set Off Block

Pulley
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TMR-404
TMR-405
TMR-406
TMR-407
TMR-501
TMR-502
TMR-503
v TMR-504
TMR-505
TMR-601
TMR-602
TMR-603
TMR-604
TMR-605
TMR-606
TMR-607
TMR-608
TMR-609
TMR-610
TMR-611
TMR-612
TMR-701
TMR-702
TMR-703
TMR-704
TMR-705
TMR-706
TMR-707
TMR-708
TMR-709
TMR-800
TMR-900
TMR-901
TMR-902
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Pulley Standoffs

Line Connections

Rotary Components

Encoder Platform

Applicator Mount

4-Bar Links

Rotating Attachment

Keyway Attachment

Motor Seat

Support for TMRR

Support Brackets

Support Bar

Support Bar: Rear

Stop Block

Chain Brackets

Plates - Lift Gate

C-Channel: Lift Gate

Base: Lift Gate

Gusset: Lift Gate

Slide Block for ACSM Truck

Slide Plates for ACSM Truck

Laser Sensor Cover

TMRR CET Mount Pulley Assembly
TMRR CET Mount Guide Assembly
TMRR CET Mount Right Face Plate
TMRR CET Mount Left Face Plate
TMRR CET Mount Base Plate
TMRR CET Mount Right Back Plate
TMRR CET Mount Left BackPlate
TMRR Laser Cover Mounting Plate
Indexing Tool

Booth

LEXAN Retatining Strips

Hexagon Die
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Chapter 1: Introduction

General

The SB586P(V) series CPU board is a full featured, industrialized, single board computer support-
ing the Intel® Pentium™ processor. It combines many of the features normalily needed for system
operation (high speed serial ports, parallel port, disk controllers) on one board. This reduces the
number of slots required on the passive backplane, allowing room for additional feature cards. All
of the onboard controllers may be totally disabled through the system BIOS if desired.

The CPU board uses the Peripheral Component Interconnect (PCI) bus to communicate with the
onboard features. The external bus architecture complies with the Industrial Standard Architecture
(ISA) with a PCI bus extension. The PCI bus extension supports the DEC bridge chip, allowing
additional peripherals on the PCI bus.

A full range of Pentium processors with speeds ranging from 75MHz to 133MHz are supported on
the SB586P(V) board. The processor is installed in a Low Insertion Force (LIF) socket and in-
cludes a heat sink to dissipate the excess heat it may generate. In environments exceeding +40°C,
a fan cooled heat sink is recommended.

The board has four SIMM sockets, arranged in two banks, and will accept up to 192MB of RAM

using 36 bit SIMMSs. A 256k or 512k onboard cache option is available and is upgraded with plug-
in Cache Modules.

On-Board Controllers

On-board controllers are incorporated into the design of the SB586P(V) series CPU for disk drives,
serial and parallel ports, and video except on the SB586P models. All on-board controllers are
individually enabled or disabled with the system BIOS.

Display

The SB586PV contains a SVGA controller which offers 1MB of DRAM and is upgradable to
2MB. The SVGA controller offers resolutions of up to 1280 x 1024 with 256 colors. The display
portion includes a VESA feature connector, allowing other peripherals to share signals and control
of the VGA circuitry. The PV Series Display Drivers and Utilities set is included with the CPU
board and offers programs for display enhancements: Disk 1 is for DOS; Disk 2 and 3 are for
Windows 3.1 and OS/2 2.1; Disk four is for OS/2 2.1X through 3.0. Please refer to Appendix B for
further information on the video drivers. A video controller is not included on the SB586P series

CPU.

Resolution 1 Meg 2 Meg

640 x 480 16M 16M

800 x 600 64k 16M

1024x768 | 256 64k

1280 x 1024 N/A 256
Table 1-1: Video Resolutions and Colors

Manual Number: 00431-027-1 Page 1-1
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SB586PV Manual
Disk Drive

Disk controllers are provided for floppy disk drives and SCSI devices, and a drive interface is
provided for IDE fixed disk drives. The IDE interface, located on the PCI local bus, supports two
drives and includes LBA and PIO mode 3 support allowing up to 12MB/sec throughput speeds.
The floppy drive controller also supports two drives, ranging in density from 360K to 2.88MB
floppy drives.

The SCSI controller is a single-ended SCSI-2 Wide and Fast controller, and is Adaptec AHA 2940
compatible. The bus width is jumper selectable as 8 bit or 16 bit to maintain maximum compatibil-
ity. With the 16 bit bus width selected (Wide SCSI), throughputs of up to 20MB/sec are possible.

Connection to the SCSI controller is provided through a Single-Ended, 68 pin "P'" connector. The
included SCSI cable altows for full use of 16 bit wide bus transfers. A 68 pin to 50 pin adapter is
available to channel the SCSI bus signals to the standard 8 bit,"50 pin connection for older SCSI
peripherals.

Normal SCSI and SCSI Wide devices may be used on the same SCSI bus via an optional adapter. If
this is done, it is recommended to have a terminated SCSI Wide Device at the end of the cable
to insure proper termination of all SCSI signals.

Please see the SCSI Connection section in Chapter 2 for further information.

/0 Ports
Two serial ports compatible with the 16550 UART are available on the SB586P(V) CPU. The
serial ports are extended through 10 pin headers on the board to bracket mounted DB-9 connectors.

Also included is an Enhanced parallel port, capable of Bi-directional communication. The parallel
port is accessible through the DB-25 connector on the rear bracket of the CPU board.

Watch Dog Circuit

The watch dog circuit is a hardware timer that resets the CPU if the timer is not refreshed periodi-
cally. The circuit is refreshed by a trigger pulse provided by the BALE bus line. Any event, such as
a read or write to memory, disk drive activity, video refresh, etc., will trigger the BALE line and
thus reset the timer. If the processor should become hung-up, the watch dog circuit will time out
and reset the CPU. The watchdog circuit is set to reset the CPU if it is not refreshed for 150msec or
greater. Also, a power monitor, built into the same circuit, is set to reset the CPU if the +SVDC
power varies by more than 5%.
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Chapter 1: Introduction

Specifications

Processors Supported
Intel Pentium in a LIF (Light Insertion Force) Socket

Processor Clock Rate
75MHz, 90MHz, 100MHz, 120MHz, or 133MHz

Chip Set
Neptune IT

BIOS
Hi-Flex Pentium AMIBIOS, Flash EPROM Support

ISA Bus Clock Rate
8.33Mhz

PCI Bus Clock Rate
25Mhz, 30Mhz, or 33Mhz

Memory Capacity
192MB Maximum On-board

SIMM Support
2 Banks, 2 Sockets each, 72-Pin
Supports 256k x 36(1MB), 1M x 36(4MB), 2M x 36(8MB), 4M x 36(16MB),
8M x 36(32MB), and 16M x 36(64M) SIMMs.
Note: Only Bank 0 supports 16M x 36 SIMM:s.

Memory Speed Required
70ns or faster

Video Controller - SB586PV
SVGA Video
IMB DRAM installed, Sockets for additional IMB DRAM
VESA Feature Connector
Driver Sﬁpport under supported operating systems
Rear Panel DB-9, High Density, 15 pin connector, female

Cache Memory
16kB Internal Pentium Chip Cache
256kB or 512kB Cache Options, plug in modules
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SB586PV Manual

IDE Disk Controller _
2 Fixed Disk Drives Supported on the PCI Local Bus
Secondary Controller Support
LBA and PIO Mode 3 Support

SCSI Disk Controller
SCSI-2 Fast, Wide controller, Located on PCI Local Bus
8-bit or 16-bit bus, Jumper Selectable
To 20MB/sec Throughput
Adaptec AIC-7870 Single-Chip Host Adapter

Floppy Controller
2 Floppy Drives, up to 2.88MB Supported

Serial Ports
2, RS232, 16550 Compatible, FIFO Buffer
Isolated to +1500V ESD
MAX?211E Component incorporated for enhanced ESD protection

Parallel Port
1, Centronics Compatible, Bi-directional Compatibility
EPP and ECP Enhanced Port Modes

Keyboard, Speaker, & Reset Port
Single 8 pin Header Connector for System Interface

Note: The keyboard may be selected as absent or present by the system BIOS. This will allow the
system to boot without a keyboard attached.

Watchdog Timer
Reset CPU automatically if CPU stops operating
Reset CPU automatically if +5VDC varies more than 5%

CMOS Battery
On-board, Included

Supported Operating Systems
Windows NT,,, V3.1 and later
Windows '95_,

SCO Unix,,
MS-DOS,,
Windows 3.11,

QNX,,,

0S8/2,,, V2.0 and later
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Operating Environment

Chapter 1: Introduction

Temperature: -10°C to +55°C
Humidity: 5% to 95% RHNC

Shock: 5G, Any Axis

Vibration: .5G, 10-500Hz, Any Axis

Altitude: 0 to 10,000ft

Storage Environment

Temperature: -40°C to +85°C
Humidity: 5% to 95% RHNC

Shock: 10G, Any Axis

Vibration: 1G, Any Axis

MTBF

Calculated with Mil-Hndbk-217e

. >92,500 P.O.H. @ 25°C

Power Requirements

+5V @ 2.8A Typical, No DRAM or Cache

+12V @ <100mA Typical
-12V @ <100mA Typical

Compatibility Testing

XXCAL Labs Gold Certification
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CYDAS” 8JR Multifunction A/D Boards from $99!

The Lowest-Cost Solution for Data Acquisition

The CrDAS 8JR Series of mulufunction analog and digital [/0O
boards plug directly into a PC expansion slot. They're designed
specifically for educational & high-volume OEM applications where
cost is the primary consideration. With Labtech NOTEBOOK software,
you get a complete data acquisition solution for only $199!

The CyDAS 8JR is ideal for low-speed (up to 20kHz) data acqui-
sition applications with signals in the =5V range. such as: test
and measurement, process control, transducer monitoring, data
collection, and laboratory experiments. The
CyDAS 8JRAO, with 2 channels of Analog
Qutput (D/A), can be used to control devices
such as proportional valves.

CrDAS 8]JR Series boards feature:

+ 12-bit A/D converter which resolves to
2.4mV steps. Sustained Sample Rates up
to 20,000/sec. (1,000 samples/sec. max.
using bundled ver. of NOTEBOOK software.)

« 8 Channels of Single Ended Analog
Input (A/D) with overvoltage protection
to £30V max., continuous.

» Analog Inputs have a fixed £S5V input
range. A 2usec sample & hold captures
the signal for the A/D converter.
Acquisition/transfer cycles can only
be triggered via a software command.

* 16 bits of Digital 1/0, 8 out/8 inputs
can control 8 discrete devices, & monitor 8
contact closures. Digital outputs are high-current,
able to sink 24mA to drive electronic devices, such as LEDs.

« Option: 2 Independent 12-bit Analog OQutput Channels can
output voltage at 5V, in 2.4mV steps. (CyDAS 8JRAO versions)

* Option: LABTECH NOTEBOOK Solution Pkg. (LT Versions)
+ All the analog and digital 1/0 connections are made via an
industry-standard 37-pin "D-type” connector at the rear of the

PC. A selection of matching. economically-priced terminal
boards and interface cables is available starting on page 124.

CYDAS 8JR + LABTECH NOTEBOOK™ = Solution Package

CyberResearch has developed a new Solution Package which
includes the CYDAS B8JR with a Special Version of the powerful
LABTECH NOTEBOOK software package for DOS or Windows,
complete with all necessary drivers for the CyDAS 8JR. This is the
full $495 version of LABTECH NOTEBOOK, with limited speed
capability, and drivers for use with the CYDAS 8jR series only.

The CyDAS 8JRLT solution package converts your PC into
a powerful data acquisition system. With just 2 clicks of the
mouse, you are ready to collect data. The product is so simple that
the manual has been replaced by extensive on-line help. Yet
it maintains the powerful features that have
made NOTEBOOK such a popular program for
data acquisition and control. You can
collect, analyze, display, & store data,
plus monitor and control physical variables
such as force, pressure, temperature, flow.
and transducer outputs. Setups are fast and
easy with NOTEBOOK's iconic graphical
interface and Windows® On-Line Help.

Flexible process monitoring capabilities allow

the user to configure applications with a variety of

sampling rates and sensor types. Simple menus are
used to initiate data logging. and real-time calcula-
tions. Sampling rates from a thousand points per
second (max) to a few points per day may be sched-
uled. with each I/0 point having its own sampling

rate and triggering conditions. Software triggering
can be set on an analog,. digital, or calculated value,
to start or stop monitoring of an 1/0 point, or offer
visual instructions to the operator. For accurate control
of analog devices, PID control is included. The operator
interface graphically displays data and controls processes
in real time. Users can quickly design and implement

custom displays using the Windows Icon tool-bar. Data
can be displayed in a number of formats, including strip
charts, meters, and bar charts. You can change the way
data is displayed while it is being acquired. Users can create

" knobs, dials, slide bars, and buttons: and use the powerful

drawing and animation tools to customize displays which can be
animated to best demonsirate what is happening in real time.

. 143
Copyright 2011, AHMCT Research Center, UC Davis

Vermeer Manufacturing Company — Ex. 2041
Kubotav. Vermeer

|PR2025-00381

Page 145 of 194



DDA-06 MANUAL GENERAIL DESCRIPTION

1.1 SUMMARY OF DDA-06 FUNCTIONS

The DDA-06 is an analog/digital I/0 expansion board for the IBM
Personal Computerl providing 6 channels of 12-bit analog output and 24
lines of digital I/O. The following functions are implemented on the
DDA-06:

1. 6 independent 12-bit D/A converters are provided. Each is
individually switch and jumper selectable to any of the following
ranges:

0 to +10 V
0 to +5 V

-2.5 V to +2.5 V

-5V to +5 V

-10 V to +10 V

4-20 mA current loop (sink)

Each D/A has a double buffered input for single step update and
occupies its own I/0 location. By means of jumper blocks, it is
possible to select any or all of the D/As to update
simultaneously. Since each D/A output uses one pin of the rear 37-
pin D-type connector, D/As may be operated in either voltage
output mode or current output (but not both together). In voltage
mode, output settling time is typically 3 microseconds to 0.01%
for a full-scale step.

2. 24 bits of digital I/0 are provided on the rear connector
consisting of 3 ports of 8 bits. Each port may be independently
programmed as an input or output and is TTL/CMOS compatible. An
8255 programmable peripheral interface chip is used for digital
I/0 and can be operated in any of the 8255 modes 0-2 (straight
I/0, strobed I/0, and bidirectional I/O).

The following utility software is included with the DDA-06 on a single
sided PC DOS 1.10 format 5 1/4-inch floppy disk (compatible with DOS
2.0/2.1/3.0 etc.):

1) DDAO6.EXE/.BAS - A comprehensive installation, switch setting,
calibration, and test program.

2) EX.BAS - A “mergeable” BASIC D/A driver subroutine.

1. Registered trademark of International Business Machines Corporation.

-1 -
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GENERAL DESCRIPTION DDA-06 MANUAI

A system block diagram appears in Fig. 1-1. To extend the

capabilities of the DDA-06, the following expansion modules can be

connected via flat insulation displacement cable to the main 37-pin

D-type connector:

1) SCREW TERMINAL CONNECTOR BOARD - The STA-U universal screw
connector board can be used for making screwdriver conmections to

all the I/0 functions.

The STA-U also provides a “daisy-chain”

socket for connection to further accessories, e.g. ERB-24 relay

board.

2) ERB-24 ELECTROMECHANICAL RELAY BOARD - This board provides 24
D.P.D.T. (double pole changeover) relays, each driven by one of

the

DDA-06 digital I/0 lines.

DDA-06.

Copyright 2011, AHMCT Research Center, UC Davis
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Introduction and Installation 1

1 Introduction and Installation

1.1 Description

The Model 5312B Quadrature Encoder
Input card is PC Bus compatible. It
provides inputs and decoding for up to
four incremental quadrature encoders
depending on the model purchased. The
card also may be used as a high-speed
pulse counter (up/down and
pulse/direction) for general counting applications. Figure 1.1 shows a functional block
diagram.

SAMPLE
CLoCk

DATA B [ PHASE A
00-D7 us - DIGITAL DIFFERENT 1AL
BUFFER u-ar FILTER INPUT PHASE B
MAT | -MODE ————  1NDEX
|| counTER
I
A0-A7 ADORESS n DIGITAL DIEFERENTIA  PHASE A
71080 DECOD ING 2 oe FILTER NpuT — Prase 8
710ExP. | comten t—  NDEX
/R0 CONTROL L
I DIGITAL PMASE A
Pl 8us FICTER OLECEREMTIAL __ puase 8
[ tn0Ex
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o
Al e

ZINTAK

Figure 1.1 Functional block diagram for the 5312

For each encoder circuit, Phase A (Phase 0), Phase B (Phase 90), and Index pulse inputs are
provided. Jumper options on the board allow inputs to be configured as single-ended TTL or
differential (the recommended connection method). Individual connectors for each encoder
provide power (+5V) and ground for the encoder if needed.
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2 SECTION1 Model 5312B Technical Reference

The Model 5312B may also be used as an event (pulse) counter. Four independent events
may be counted, or the counters may be cascaded to provide high speed pulse counting over
an extended count range.

Inputs are conditioned by a four-stage digital filter. The filter clock is one of five
jumper-selectable sampling frequencies ranging up to 10 MHz. Selecting the lowest
frequency compatible with the highest expected input rate will maximize noise immunity.
The maximum input rate per phase in Quadrature Decode Mode is approximately 333 kHz.
The maximum input rate in the Count Mode is approximately 1.25 MHz. Sample clock
frequency selection is described in detail in section 2.

The conditioned inputs are applied to a 24-bit counter provided for each encoder. The
counters may be used for quadrature decoding, pulse and direction input counting, or as a
pulse input up/down counter. Count output is available for the PC Bus in binary or binary
coded decimal (BCD) form. The count value may be latched on command, latched on an index
pulse, or latched with a new count value when an index pulse occurs.

The Model 5312B is capable of generating interrupts. Maskable interrupts may come from
a valid index pulse, counter overflow/underflow, or on count value match with a preset
compare value.

| 1.2 Technical Specifications

® Voltage Requirements
* PC Bus: 5 Volts at:

4-axis 1.5A (typical) 2.0A (maximum)

3-axis 1.25A (typical) 1.75A (maximum)

2-axis 1.0A (typical) 1.5A (maximum)

1-axis 0.9A (typical) 1.25A (maximum)
® Compatibility

* PC/XT/AT

¢ Single-ended or Differential
¢ Incremental Encoders

¢ TTL or CMOS Signal Sources

® Operating Range: 0 to 70 degrees Celsius
® Mating Connectors

* 9-pin D-sub
¢ Ansley 609-9p
. ¢ Amphenol 841-17-DEFR-BOSP

® Card Dimensions: 13.3 x 4.2 x 0.5 inches
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TETFVATL|| PC7166 encoter interiace card

Technical Data, Rev. 05.09.96, May 1996

The PC7166 daughter board plugs into a standard 8 or 16 bit ISA ~ Features

slot of IBM PC compatible computers. Itincludes four LS716624-  « 4 channels

bit quadrature counters and accepts single ended TTL signals  « Preloadable up/down 24 bit counters

or RS422 differential quadrature inputs. This card also provides < | giched counter outputs

5V power to the encoders. ' +X1, X2, X4 resolution multiplier

Software with source code in C for DOS, Windows 3.1, and  «TTL and RS422 differential interface

Windows 95/NT is included. The software displays the position  « |nterfaces to S1, S2, E2 encoders and T2 inclinometers
of each encoder and allows the user to c_hange the parameters Demo software

of the PC7166. This is a good starting point for the development | Prototyping area on board

of your custom software. !

Incremental Encoders

Incremental Encoder Iatorfoce

-
&
[ ) i Encoder connectors
high low (closed) The PC7166 card uses 16 consecutive [0 | ‘' 1eM using a j

(open) (=t A4 addresses. The location is determined by | 2 Pin connec- 1 97531 375
= % ﬁg the setting of addresses A4 to A9 on the | torin pilace of : I
cm|4 A7 DIP switch. This address block must not a 10-pin . exncna PHdEH
=5 A8 be used by other devices on the bus. Prob- connector, use !
B8 A3 ceq able ahoices are: 220, 240, 250,260, 300, | the upper row 05642 X
=18 unused 310,330, 340, 350, 360 hex (factory default (pin 1 to pin 1). 1
DIP switch is 300). '} The connector should be centered and well seated.

( Functional pin description
Pin Name Description
1 GND Ground, common for power and data. . )
2 GND | Ground, common for power and data. Part Number:
3,4 No connection .
5 A- Quadrature input, differential or TTL, see note 1. : PC7166 PC7166 Price:
6 A+ Quadrature input, differential only, see note 1. $155/100
7 | PWR_ | Power supply output to encoder (190 mA max per encoder). $205/10
8 | PWR | Power supply output to encoder (190 mA max per encoder). $225/2
9 B- Quadrature input, differentialor TTL, see note 1. $250/1
. 10 B+ Quadrature input, differential only, see note 1. L 3
[ Absolute maximum ratings )
Parameter Min. Max. Units
Storage temperature -40 | 100 °C
Operating_temperature 0 70 | _°C
\_Humidity (non-condensing) 0 95 | % |

Phone (360) 696-2468 « Sales (800) 736-0194 « Fax-Back (360) 696-3836 ¢ Fax (360) 696-2469
Internet E-Mail: sales @ usdigital.com ¢ World Wide Web: http://www.usdigital.com
U.S. Digital Corporation « 3800 N.E. 68th Street, Suite A3 » Vancouver, WA 98661-1353
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( | page |
: — ~ | PC7166 575
DC Electrical Characteristics Notes:
Over operating temperature range. Typical values are specified at 25°C 1) The power output (PWR) to the encoders is
Parameter Min _ Typ. Max. Units Notes +5.25V regulated from the +12V supply of the
+5V input current (from ISA bus) 310 | mA | independent of load ISA bus. Therefore the current drawn from the
+12V input current (from ISA bus) 80 | mA | noload. See note 1 +12V supply is £ 80mA plus current drawn by
Output voltage PWR (to encoders) | 5.00 | 5.25| 5.50 | Volts | See note 1 || the encoders (and termination resistors, if
Output current (per encoder) 190 | mA | See note 1 installed). The power output to the encoders
Differential input voltage 0.2 14 | Volts| See note 2 is protected against shorts, but a peak current
of about 2.5A can occur for each encoder pair
1A+ - A-l, 1B+ - B-l ! >
- during a short. When using long cables,
Common mode input voltage -7 12 | Volts| See note 2 consider the voltage drop due to the current
(A-+A+)/2, (B-+B+)/2 : consumption of the encoder.
Input current (Vin =0 to 5V) A-, B- | -0.4 2.7 | mA | no termination 2) The quadrature inputs are setup to receive
A+, B+ 2.7 2.7 | mA | resistors installed differential signals (RS422) or single ended
Single ended input voltage low 1.8 | Volts | See note 2 TTL signals. When using the single ended
A-, B- interface, use A- (pin 5) and B- (pin 9). Those
Single ended input voltage high | 3.2 Volts | See note 2 pins have a 2.2 kQ pullup to +5V. The A+ and
A-, B- Eq-pm; I'zla;(rge2 2.2 k.(z. rest‘storg \!/o +5C\’/ and toplr:js
ave 2. resistors to +5V and to ground,
A Count frequency 0 10 | MHz J | effectively 1.1 kQt0 2.5V, to keep them at that
— level when they are not used.
3) When using the differential interface, termination resistors can be optionally instalied in the socket provided (R3 & R4 for encoder
1, R5 & R6 for encoder 2, R8 & R9 for encoder 3, R10 & R11 for encoder 4). Those termination resistors must be removed if a single
ended, TTL encoder is to be used. For twisted pair cables, the typical termination resistor value is 100 Q.
4) Differential interface is recommended for noisy environments, cables longer than 6 feet, and high speed applications. The PC4 option
can be added to our S1, S2, E2, E3, H1, H3 and T2 encoders to convert them to differential outputs.

A I 8 I c I 5}
s S[EERss LEay
ISA BUS e T ) c;{’ . ;
; . o ¢ " go- LIPS (AR v e A HE BY
LA O =]
PIA e b [ T o o
= = Tl . = S
i T . f et =z
= W _;_—1 eocron
—rer ] o pon it <
SoE s 2 N -
i {-“?«‘Jb {;’ 157166 i x o ~
i : us et o |
fﬂ o > M e li Vo A e
= wam, - o
msnn- - - o
% 1 Ny For g
2 S |8 1 i g & 2
& v £ocTeM
5
\ Y, ;ig 53 ssgx r
X
L g (57166 3 2 3‘ N s ™
i Ry or | 3 Pa T
Py g = L Ly 5™ ki go- ‘e TR | S
Hs—r—o¥ G el | S
Cis g u7 A Q
- = 1; o ;%Z‘ { z
- = oy W
Firad— JEE ettt bon ~e ] l €601
N
=== A = 1 3
= c4 [
= =] e 2
A g (57166 " rip | 19T | o
Ei2n = s | G
ot S
L - —] RIT O
- + 1 TO L z—:
4 S 5 - & DA LOG1OM
E
B T Si=: I s
Lt - 55 = i
:
i v oot L = US Glel Coro. (206) 696-2468
4 T s we (Lo e 4
? e LS7166 PC INTERFACE CARD
o - [
A S A A TR A A A g (57166 0 g 3 . [En T tn
sf= ofe 2fc ote ots ote ofe ote ote oTs ote ; l grs o B PC7166 13
DAe. §-3=34 Degrn y U
6 6 6 6 v Flergme PL7166~3.501 Sheel Vo€ Y
0

A 1

8

I [¢

(Al information subject to change without notice. )
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1

Overview

The PIO-32 Series boards are part of a family of digital input and output
(I/0) boards for the IBM® PC/XT™ and PC AT® computers and
compatibles. These boards provide a flexible interface for a variety of
parallel I/O devices, including instruments, displays, and control systems.
The members of the PIO-32 Series are as follows:

e PIO-32I/O, which provides 16 digital inputs and 16 digital outputs

e PIO-32IN, which provides 32 digital inputs

e PIO-320UT, which provides 32 digital outputs

The major features of all PIO-32 Series boards include the following:

e 300V isolation, channel-to-channel and channel-to-computer

o Input level (if included) of 3.5 VDC to 28 VDC

e Output relay contacts (if included), Form A, 0.75 A at 200 VDC

e Connections through on-board ribbon headers

e High-density channel count

e Only one slot required for the board

1-1
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2

Functional Description

This chapter describes the general layout of the PIO-32 Series boards and
provides schematics of the typical input and output circuits.

The PIO-32 Series boards are channel-to-channel isolated and handle
digital voltages in a broader range than standard TTL levels. Optional
accessories for the board include screw terminal panels (STPs) and the
C-3200 cables. The C-3200 cables are 30-inches long; they let you route
the signals from 40-pin headers on the board through a slot in the rear
panel bracket to 37-D male connectors. You connect the 37-D connectors
to the optional STPs.

Figure 2-1 shows the general layout of PIO-32 Series boards. Note the
ribbon headers, labeled J1 and/or J2, on your board; these ribbon headers
provide 16 digital input or output channels each. The orientation of the
headers differs among the boards, as shown in Figure 2-1.

37-D connectors
40-pin ribbon header (male pins)

(orientation for IN and VO boards) \ adapter plate

pin 1

C-3200
optional
cables

40-pin ribbon header 2 ft.
(orientation for OUT board only)

Figure 2-1. General Layout of PIO-32 Series Boards
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Input Circuitry

The PIO-32I/O has 16 digital input channels and uses the J1 ribbon
header (channels 0 to 15). The PIO-32IN has 32 digital input channels
and uses the J1 and J2 ribbon headers (channels 0 to 31). Each input
channel is rated to 500 V of optical isolation; however, ribbon cables such
as the C-3200 limit isolation to 300 V. Figure 2-2 shows each input
channel schematically. Voltages greater than 28 VDC require external
resistors. In addition, you must limit the input current to 15 mA
maximum. The positive input signals are labeled PriP (where 7 is the bit
number, 0 to 31); the negative input signals are labeled PnN (where £ is
the bit number, 0 to 31).

+5V
47 kK

20k 12w PnP
To HCT logic

(inverted logic) vV
Z To ribbon header
15 mA (maximum) input

—0
PaN
1/4 of ILQ-2

Figure 2-2. Typical Input Circuit

22 A Functional Description
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Output Circuitry

The PIO-321/0 has 16 digital output channels and uses the J2 ribbon
header (channels 16 to 31). The PIO-320UT has 32 digital output
channels and uses the J1 and J2 ribbon headers (channels 0 to 31).

Figure 2-3 shows the output channels schematically. The output channels
are reed relays (form A) rated to 10 W at 0.75 A or 200 VDC (resistive)
and rated to 500 VDC isolation, with the exception that ribbon cables
such as the C-3200 limit isolation to 300 VDC. The relay connections are
not polarized (positive or negative equivalent) and are labeled PrP and
PnN (where # is the bit number, O to 15).

178
+5V
7418244 2 PoP
0O
read l
back To ribbon header
output
1/2 1
relay driver
1/8 0
relay PR
74LS273
data
register

Figure 2-3. Typical Output Circuit
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Resolution and Accuracy

The Laser Vision camerais calibxated to work in the above mentioned optimum area.
All accuracy and resoiution specifications are specified for this area.

Horizontal Vextical
Speed images/sec 60 30
Resolution: 0.005" 0.0025° 0.006"
0.125mm 0.064mm 0.15mm
Accuracy 0.006" 0.003° 0.008°
position: 0.15mm 0.076mm 0.2mm
Accuracy 0.002°
mismatch: 0.05mm
Accuracy gap: 0.012° 0.006"
e 0.3mm 0.1
Mounting

The LaserVision sensor is mounted on the torch using
the camera bracket supplied. This precision machined
part shoutd be installed without any warping on a
custom machined and insutated brackst mounted on
the welding torch. Mounting should ensure fiexibility of
vertical or (ateral adjustment. A 5° sensor tilt towards the
lorch tip is recommended. The distance to torch tip
should be as short as possible, but at least 0.5° longer
than the longest expected tack weld.

Applications

The MVS-30 LaserVision sensor is a medium
resolution sensor spedifically designed for both
tracking and {nspection robotic applications. The
elongated field of view helps in the inital past location,
as wall as the weld pool observation. it is best used for
V-grooved butt joints, large lap joints and fillet joints.
Hotgas. kanes  The maximum 1ap joint height is about 1° or 25mm.
MVS-30 sensor is designed for MIG, subarc, plasma
and fluxcore with welding currents up 10 900A.

Specifications
Spead. 60 wnages pas second - RS170
Spaner 50 images per second - CCR

Coobng: bausd 1/4 USg:f‘bn(ll)potm‘mu (ar
cooling tor sul c And cutients up Lo SO A)

A 0.11 CFM (3t pec e}
MVS-30 Weld pool weght: S0z (250g)

MVS Modular Vision Systems inc., 3195 De Minlac, Montreat, Canada, H4S-1S9, (514)-333-0140, FAX (514)-333-8636
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LaserVision Sensor MVS-30 Specifications

General

LaserViston is a new generation of highly
parts, specilicalty designed for weiding and
affordable vision based sensor, providing high
than adequate information for statistical process

welding or

reliable 1aser range (profile) sensors with no moving
saalant dispensing applications. [t is the first reaty
processing speed and reliable tracking with more
control and improved parameter control. At he

hours of maintenance free operation under extrerme spatier conditions (900A Suxcore). The
ou(putlromt\esensorisacommnWsignal,alowingmeinageslobemcordedmmoxﬂity
Assurance on a standard VCR.

Principle of Operation

TheLaserV:sionsensorusesalaserighlpmjec&edh
aptaneapproximate{yperpendwaﬁomeobsarved

jthThemssdionloe\assrpbmdﬁgtﬂand
ﬂ’wp&pmdwesab«ighli\e.wv\enﬂisimis
obsuvedbyaocomraalmangb(zo'!omn
ghows the surface featres.

Adedatedvisionpmcssofboardlfs-zﬁooxtracu
Mwﬂaoepfoﬁleofsomwm\t!-mn
under extreme arc kght and spatter conditions. The
relative distance of the surface points under the sensol
is then caicutated (by trianguiation) and features of the

N mew

-

e

VERTICAL

zvn

HORIZONTAL
£ oo & o,

MVS-30 Field of View

¢ 8 yamee

wowrecy sw reteAton

proﬁle.sud\asjohiposﬂionandgmmry.am
extracted and measured.

Fieid of View

The field of view is trapezoidal in shape (see drawing}
due to the angle of observation of the taser piane. An
wnportant feature of this approach s that a straight ne
remains a straight he.bmang&esmm(preserved.
Tﬁsgeometryalbwstotalmetradmgalgorﬁhns!o
be periormed in the camera space. A simple set of
equations, with eight coefiicients obtained by the
LaserVision camera calibration procedure, describes
the camera space and all the range points can be
easy calibrated. The shaded area is the optimum
working area for the LaserVision camera where
msolutionistﬁghest.!mbrbommelaseﬂhemd
the camera is optimal and distortion of the optics is
minimal.

TUS patent #4.853,829. August 22. 1969. Canada. Wastern Europe and Japan apobed foc.
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MVS Modylar Vision Systems Inc. LaserVision Sensor & Processing

3 LASERVISION SENSOR AND PROCESSOR

3.1 introduction

The LaserVision sensor is a range fype sensor. It
uses a laser Hght projacted in a plane approximately
perpendicufar o the observed joint. The cross
LAsER gome section of the laser plane of light and the part
//CCD produces a bright ine. When this kne is observed by

a CCD camera at an angle (20 to 30°) it shows the

o LQ' “7 surface features. A dedicated vision processor board
LPB-200 extracts this profife of the surface 60 times

Lews por second even under extreme arc ight and spatter
condilions. A relalive distance of the surface points

/ under the sensor is then cakulated (by trianguiation)
and features of the profie, as joint position and

/ geomelry, are caiculaled by an array processor
NOMINAL PART DISTAMCE SKY-320 and the AT-PC compatible commser.
| Each caiculated joint position point is further verifiad,
LASERVISIIN SENSOR fitered and stored inlo the memory as a frafectory

! FERCIRE O oreTatoe queve. This point is then oulput al appropriate
moment (o the positioning subsystem when the torch

Figure 3.1.1 LaserVision Sensor arrives al the position where this particutar joint
Optics and Principle of Operation position s measured (see the Motion Controt section

of this manual).
" 3.2 The LaserVision Sensor

Warning: Please read LASER SAFETY INFORMATION! A serious eye injury csn
resuit If the laser safety is not respected.

The LaserVision sensor consists of a CCD camera (a sofid state TV camera) and a
semiconductor laser. A pinhole, lens and filler combinalion serves as the objective for the CCD
camera. A cylindrical lens is used to focus the laser beam into a plane of fight. The beam Is
further restricted by the siot on the skding protective plate. Small glass windows are used behind
the slots and in front of the fens in order to further protect the lenses from spatter and metal
fumes.

The entire camera is pressurized o prevent welding fumas from entering. Pressure is relieved
through both the faser siot and the pinhole. In order not to disturb.a gas shisld around the torch
the direction of the biown gas is away from the weld pool and the amount of the gas used is
minimal (3.5 klres, or slightly less than one US gallon per minute). A clean pressurized air or mert
gas should be used. if shop compressed air is used a reliable water, of and dust! filter shouid be
instalted in the air ime. 1/8° barbed connectors are used for air and cooling water connection,
suitable for 1/8° PVC tubing. The connector is rated for 150 psi of pressure when proper tubing is
used.
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Water cooting is mandatory for open arc currents of more than S0A. Air coofing can also be used
for applications of less than SOA on open arc of a subarc system with currents up to 200-300A .

The interference filters are:

«  30nm bandwidih for TIG arc up to 100A and wire feeder in front; up S0A TiG without
wire feeder in lront and subarc applications.

«  10nm bandwidih for higher current TIG, plasma, MIG and flux core wire.

*  Snm bandwidth for some very bright arcs, usualy plasma, with use of a fibre oplic
taser.

in case of 10nm fiter bandwidth chilled (and heated in case of low operating temperatures) watsr
is required to maintain a precise operating temparature for the laser {+3°C).

For mora informalion consult the LaserVision sensor data sheets.

3.3 LaserVision Sensor Controf and Processing
Thecamemwdeoandsynd\mnizaﬁonslgnalsa'eledviamecavwapmmpplylom
LaserVision Processing Board LPB-200 (200-SYS-01). The camera power supply is factory
adjusted. If required, please refer to the CCD camera and power supply information included.

The taser ittensily is aiso controfied by the Same processor board wa signal IPUL (ILIN in eariier
versions). A Laser Fitter Board LFB-265 (265-SYS-02) provides opiical isolation for the laser
intensity controt signal and a dedicated floating taser power supply connections. The laser
controt signal s a puise with modulated signal with 60Hz base frequency. Maximum intensity and
Enearity of the control is adjusted by the potentiometer P1.

The taser power supply +5.25V and -12.0V Is switched by the refay R1 by the interconnection
" board 1B-240. The 1B-240 board enables the laser only i

+  the EMERGENCY STOP Is not pressed,
« there is no ALARM condition (walch-dog timer) and
* the LASER push button is engaged.

The signat received by the LPB—Mﬁogrdaswllasmeprohessedpfofies and lradmgwmfs‘
can be observed on a profiie monitor fed by the LPB-200.

Y
For more information on the LaserVision Processing Board see the LaserVision Profie
Processing Board - Technical Description

For the maintenance consult the LaserVision Camera Maintenance section.
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MYS Modular Vision Systems Inc. LazerVision Sepsor & Processing,

4 LASERVISION PROFILE PROCESSING BOARD LPB-200

4.1 introduction

MVS LaserVision Profile Board (LPB) Is an image procassing board specifically designed for
extracting profiles of objects using a structured light and CCD camera. These profiles are
generalsdbyproiecﬁngalasarhemanobieclandobsoMngilalmang!ewﬂhastandam
CCD video camera. Digital fiitering techniques are used in order 10 ensure reliable operation in a
high noise environment (i.e. arc weiding) and suppress refiection artifacts.

LPB plugs into a single siot of an IBM-AT cornpalible computer.

4.2 LPB Main Features

The LPB can be used either alone as the only vision module in the system or with additional
modules for increased perdormance, such as the DSP board with the Texas Instrument DSP
processor TMS32010. A separate oulput port is provided for the transfer of profile data to the
DSP board.

The principal features of the LPB module:

* Camera input, digitized at 8 bit per pixel.

*  High resohstion of 512 pixets per line standard.

* Highly stable digilal phase locked loop synchronization of the internal pixel clock to
the horizontal sync signal. A non cumulative jitler s less than +/- 12% of the pixel
clock period. allowing for sub-pixel measurement accuracy. A reliable operation is
achieved even with the standard VCR.

* Two groups of 2Kx8 (8Kx8 oplional) bit input Look-up Tables, one group for
processing and other for histogram.

*  Monitor oulput with 8Kx8 (32kx8 optional) bit cutput Look-up Tabtes.

* Histogram circuit for 256 possible leveis operating either on entire frame or area of
interest window.

* Real time digital filter for the accurale fealure extraction (profite) . -

* Profile exraclor slores x, y coordinates and intensities of the most probable line
points into 2Kx16 (BKx16 optional) profile memory capable to contain 4 (16) profite
veclors of 240 coordinates. This memory is accessible either to the AT host or a
separate DSP processor board via a DSP outpul port,

* Eight selectable Area of Interest windows, easily movable around the picture area
by specifying only the X-Y oifset coordinales. Both histogram and profile extractor
can be set 10 work onty within this area of interest window.
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MYS Modular Vigion Systems inc. LaserVision Sensor & Progessing,

* Flexible RAM based video clock and cursor generation aows for easy
synchronization with wide range of standard and nonstandard video inputs.

¢ Capabiity lo display “raw" profile or other intermediate resuits by simply loading
pixel coordinate for each line into FIFO circuil.

* Laser intensity control output at 8 bil resohition.

4.3 Functional Overview
Main functions of the LaserVision Profile Board are shown on the Block Diagram (LPB.DWG).

The LaserVision camera is connecled direclly to the LPB wia the provided cable.- External
syndxtonlzaﬁonlsnotmallywed.bmherek:.apru\n‘sionlousehlemalsyncextradbniromlhe
video signal (VCR use) with some sacrifice in vertical positioning accuracy. Generation of
internal synchronization signals is RAM based and afiows for nonstandard video signals.

Initiakization program supplied with the LPB loads necessary vaiues for the RS-170 standard
(North American B&W video) or CCIR standard (European) depending on type of camera. Same
memory aiso serves for generalion of two independent cursors.

Tbevideosignalconinglrocnlhewnera'sfwstcondilmodtmndigﬂizedbabﬁmcy.
Two sets of look-up tables are provided, one for the digital fiter and other for the histogram
drcuit. This allows entirely independent operation of the histogram circuit.

The digital fiter is optimized for both noise suppression and laser fine signal exiraction. The
taser line signals are enhanced and all other noise signals as ambient light are attenuated.

The digital filter circuit is followed by the profile extraction circuit. This circuil setects the pesk of
the laser line signal for each active video kne and stores the result into Profile Memory during the
horizontal blanking interval.

Results stored in the Profile Memory are accessible for further processing either by the host
computer or via the DSP Oulput Port by the DSP board.

In order to further improve the noise Immunity of the processing the LPB features the Area of
Interast Window. Up lo 8 different windows can be stored into window memory. Windows are
selected through the control registers and they can easily be moved around the active video
frame via X-Y offset registers. Both Histogram and Peak detector circuits can be set to operate
only within the window and to ignore areas outside the window. :

Typically the window shape is selected 1o closely match the axpected joint profie. ‘Oncs the joint
profile i recognized and tracked, the window is set to closely fofiow the joint profile. Thus any

- noise outside the window ol interest is automatically rejected. The described windowing
technique also improves rejection of reflection artfacts.

The calcidated profile or resufls of other intermediale calcidations can be displayed on the
monitor via the FIFO (first in first out) circuil. The FIFO has depth of 512 9 bit words, and # can
be accessed via a single porl. Total of 512 accesses fitis the FIFO memory. When activated, the
content of the FIFO memory is read synchronously with every active video fine starting from the
*ze10" location. A single dot is output to the screen for every of 4B0 active ines al the pixel
position equal to the address value stored into the corresponding FIFO location. The same
oulput is automatically repiayed every video frame without further program intervention.

. 159
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MYS Modular Vision Systems Inc. LaserVision Sensot & Procesaing

The Output Look-Up Table circuit assigns gray levels to the digital filter resuils and the filtering
operation can be observed in real time on the monitor. Windows, profile (FIFO) and cursors are

displayed as bright overlay.
4.4 Specifications

Camera input:

Monitor Oulput:

Digitization:

Processor:

Qutput Port:

Measurements:

Copyright 2011, AHMCT Research Center, UC Davis

Video: 1Vpp

Sync: TTL compatible, Standard
RS170 or CCIR, other standards can
be programmed.

RS170 or CCIR Composile sync.
Rate: 9.8304 Mhz standard
Resoiution: 8 bits.

Jitter: less than +/- 12% of pixel width,
Non cumulative.

IBM-AT compatible, up to 8 Mhz, bus

speed, requires 64K memory mapped
space.

16 bit data, TTL compatible
handshake control, up to 10 Mhz
transfer rate, SKY320 compatible.

Width resolution: 240 points at 60
kmages per second, 480 points at 30
images per second, RS 70 standard,
of 256 points at 50 images per
sacond, 512 points at 25 images per
second, CCIR standard.

Height resolution: 512 points.

- Nontinear field of view due to

trianguiation technique used. however
straight knes in actual space remain
straight fines in transformed (wméfa)
space. Calibration can be applied on
final results only fi.e. after
segmentation).
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Specifications

2.3 S-Series Motor Specifications (TENV) [5]

Model 5-2003 | S-2005 | S~3007 | S~3016 | S-4030 | S-4050 | S-4075 | S-6100 | S-6200 | S-6300 | S-8350 | S-8S00
Stall
{fbmiue) 2.7 5.0 7.0 20 30 80 80 100 200 325 350 450
~in
(Nm) 0.30 0.56 0.78 2.26 3.33 6.78 10.2 44.3 2.6 36.7 33.5 50.8
Speedm
(rpm) 6000 6000 5000 5000 4000 4000 3000 3000 3000 3000 2000 2000
@
Kt
(b-4n/a) 1.47 1.47 2.5 2.5 4.4 4.4 6.7 6.0 5.8 6.2 7.6 8.2
(Nm/A) 0.13 0.43 0.28 0.28 0.50 0.50 0.76 0.68 0.66 0.70 0.86 0.92
=]
Ke
v/xron) 16 16 34 34 €0 60 80 82 80 85 104 142
@
R
(ohms) 7.3 2.6 6.6 1.3 2.0 0.8 0.9 0.49 0.18 0.12 0.13 0.10
L 7]
(=0 8.7 4.4 12.0 3.4 9.0 3.3 5.4 4.4 2.2 5.2 2.5 2.4
J
{1b-in-s3} || 0.00007|0.00043|0.00027|0.00072| 0.0022 | 0.0044 | 0.006 | 0.042 | 0.0214 | 0.030 | 0.056 | 0.083
xg-m2) .000008 10.000045{0.00003 {0.00008{0.00025{0.00046|0.00068{ 0.0043 | 0.0024 | 0.0034 | 0.0063 | 0.0084
BRU-500 —_— . | DM-2S | DM-25 | DM-25 | DM-50 | DM-50 | DM-50 | DM-100 | DM-450 | DM—100 | DM-150
BRU~200 DM-10 | DM—10 | DM-10 | DM~20 | DM-20 | DM-30 | DM-30 N p— —_— _ —_—

)
2
3]
(4]
(5]

maximum continuous operating speed

peak amps of per phase sine wave

peak volts of line to line sine wave

phase to phase '

totally enclosed nonventilated

BRU-200/BRU-500 Brushless Drives Instruction Manual
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Specifications

SECTION Il - SPECIFICATIONS

2.1 Drive Module Specifications -

BRU-500 Model DM-25 DM-50 DM-100 DM-150
Continuous 20 40 50 65
Amps[1]
Peak Amps[1] 25 ) 50 100 150
Bus Voltage 125-375 VDC
(325 VDC with 230 VAC input)
Command Signal + 10 VDC (13.3k Ohms impedance)
Input Range
Ambient Temp. 32° -122° F (0° -50° C)
Weight 24.2Ibs (11.0 kg)
BRU-200 Model DM-10 DM-20 DM-30
Continuous 5 10 15
Amps [1]
Peak Amps [1] 10 20 30
Input Volts 88-265 VAC RMS (Single Phase)
Internal DC 125-375 VDC
Bus Voltage (325 VDC with 230 VAC Input)
Command Signal + 10 VDC (13.3k Ohms impedance)
Input Range
Continuous 50 W
Shunt Power
2]
Peak Shunt Power 4.5 kW
{2]
Ambient Temp. 32° -122° F (0° -50° C)
Weight 11 Ibs (5 kg)
[1] peak value of sine wave per phase

DM-150X

85

150

[2] DM-30 has provision for optional external shunt resistor that provides 200 W continuous and 6000

W peak shunt power. See drawing 9101-1104 in Section X for additional details.

BRU-200/BRU-500 Brushless Drives Instruction Manual
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Linear Positioner Series Introduction

General

Jasta-Dynact's Linear Positioner or *Rodless C
where long stroke tengths, high velocities. o

Stroke length

See the table below for ali stroke

desired.

Gearing

Jasta-Dynact's standard gear ratios for the lin
designates “direct drive® and The letter “T" r

Drive screws and Drive Chains

‘Screw” drive inear positioners use 3 types
after the letter designates the screw pitch.
information on drive sérews. °High-velocity®

maximum velocity, (see page 47).

Motors

Jasta-Dynact offers a wide varie

ty of motors. Any number preceding the letter *D*

viinder” series are high quality units designed for opplications
nd precise resolution and repeatability are necessary.

lengths available per series: Final stroke length depends on screw vel_ocﬁy

ear positioners are also listed in the table below. The letter D"
epresents a “timing” belt drive. All

numbers following each
specified letter represent the ratio available. Please refer to page 6 for more information.

of drive screws: Vee (V). Acme (A). and Ball (8). The number
s listed in the table below. Please refer to pages 4-5 for more
or “Cable chain® drive linear positioners use drive chains for

relates to the voltoge

of the motor, and the number preceding the letter 'S*relates to the frame size of the step motor. The number
following the letters D", "BU", and 'S designates the size of the motor relative to the sizes within its category.
Pledsse refer to pages 13-16 for more information.

Model “Stioke Length Geaing Drive Screws Motors

roso 020 inches o1 VA0, V20, A4, A2, A 17512401 & BUSO

- V20.B8.88.5.A10. .

100 0-72¥ches DL TI.T2&T267 POrerye 2404, 9002, BU100. & 2354

150 " 072iches oLTI&R V20.A10.A5.A2.85& 82 | 2405, 9003, BU200, & 351

1P 100 KV 0-20Feot Dlan N/A 2404, S002. BU00, & 2354

P 1SOHV 0-20 Foet DI &T2 NA 2405, 9003, BU200, & M1
Options

Various options adding to the operationof the linear positioners are (BR) Electromechanical Fail-Safe Brake,
(MSR) Magnetic Switch Relay. (MS) Magnetic Reed Switch., (ES) Environmentally Sealed, (ZN) Anti-Backiash
Nut, (L2) Low-Backiash Baill Nut, (EN) Optical Encoder, (CN) Brake or Encoder Canister, (CND) Brake and
Encoder Canister. and (GRS) Guide-Rail Supports. Please refer to pages 53-55 for more information.

Mounting ’ :
“Screw” drive linear positioners can also be manufactured where the motor is mounted parallel to the drive
screw. as in the cose of an actuator for instance. This altemative method of operation is available for the
linear positioner *screw” drive series only. (refer fo page 51). “High-velocity* finear positioners are mounted
where the motor ks perpendicular to the cylinder body. ’

Clamp-On Foot Mount (CFM) option: The “Clomp-on Foot Mount™ (CFM) may be substituted for the standard
linear positioner foot mounts. (See pages 38. 41 and 42).
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Linear Positioner Features

Screw Drive

Vee. acme, or boll dive-nut ks
guided by a key which cardes the
positioner’s lood and moments.

Vee. acme. or ball thread form screw (ifetime lubricated).

Mounting foot

2
2o
o)
&)
=}
5
g
o}
=
2
<
[}
5
Adjustable idler for cable choin tension. B
:
='2 T
. <
45 =
o
i
=
=S
o,
o
o}
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Linear Positioner Features

- Aluminum extrusion for durabifity,
non-comrosiveness. and long-fe.

Cable-Chain Drive (High velocity)

Switch frack for mounting mechanica or
magnetic switches.

165
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Linear Positioner Specifications

Screw Drive
Load, Thrust, and Bending Moments Specifications
Mcxioraam Bending Morment N
Pach 00 okt O} Yo Oiv) Lload/te. Tt/
Mode! Mumber /e /e n/oe (M) -
P oS0 .9 55 A L] 0
P 100 o 55 0 80 220
1P 120 500 175 20 120 «0
Weight Specification Table
Mocel Number . Bane Welght w/kiclor Weight per lnch of Sroke
1P OS50 13 0x D4 Bx.
1P W0 2% 22t
P 150 W S0 e

Load, Thrust, and Bending
Moments Diagram

Belt Drive (High-Velocity)

Load, Thrust, and Bending Moments Specifications

Copyright 2011, AHMCT Research Center, UC Davis

SAcirwarn Bencing Moment
Fich 00 204 Od) Yow Odvy Lood/me. et/
Model Murnder n/te n /e, e, L4 (-2
P O HV W0 55 - 0 Py ©
P 15O HV 0 175 20 1% o
- Cable Chaln Specification Table
Model Number Dedve Rloy Civc, Py Fe—
P o Hv 2.50 nches 300 (e,
Ll 400 nctws. 00,
Polyurethane
Cable Chain 1
. Lown)
’ Stainless
Steel Cable
' Sprocket
Weight Specification Table
Model Nurrtrer Sane Weicht w/Mokor Weighi per 1\ch of Skoke
P O HV [1- 8 RIY-S
P ISOHV 18 e, 34
47
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Linear Positioner Dimensions (screw Drive)

Parallel Mount configuration
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Drive Screws and Nuts

General Description

The screws used in Jasta actuators and positioners
are “rolled” screws with alead accuracy of £.003 to
+.005 inch per foot of screw. “Ground™ screws are
ovailable at a considerably higher price. The
ground screw lead error ks +0.0005 inch per foot of
length. non-accumuiative.

Lubrication

All Jasta actuators and linear positioners are fac-
tory lubricated with the proper screw lubricants for
the life of the particular unit. For special opplica-
tions: Le.., extremely high or low temperature or for
vacuum operation, Jasta will lubricate accord-

Materials

Jasta Vee and Acme screws are cold-rolled 1018
steel or stalnless steel if required. Most Josta Ball
screws are 1018 steel hardened to RCES.

Designation

The screw designation ks used throughout thiscata-
log. Tointerpret the designation. the letter (V. A. or
B) designates the screw type. ond the number
following the letter designates the screw pitch, as
described in the table below. .

Pitch

This designates the number of threads per inch of
screw(l.e.. V20 aVes thread fomwith 20 threads
per Enear inch).

Lead

The screwlead s the linear distonce the screw dive
nut wil move for each revolution of the screw (Le..
V20 = 1.00 inch/20 threads = 0.05 inch/revolution.

Efficiency (e) :
The screw efficiency is detemined by measuring
the torque required to rotate the screw in order for
the diive nut to lift aknown load.
e = Load (Lbs.) x screw lead x 16 oz/lb.
+ 2r x Torque (oz/in.)

Specifications .
Josta finear actuators aond positioners utiize the
drive screwsistedinthe Table below: Eoch actuator
is given a catalog size reference . For example:

Size 1 = Mite, Mini-Pulse, PP I, and Mini-Jac
Size 2 = Act I, Act II, Jasta-Jac, PPIT and PPIlI
Sze 3 = Brute

Type

Josta actuators and positioners are available with
three types of screws: Vee thread. Acme thread,
and Ball thread. Vee thread screws offer very fine
teads and are quite useful for applications not
requiring high velocities, high loads or high duty
cycles. Acmescrews are very usefutinapplications
where nolse is a consideration because they are
generally quieter running. The acme also offersa
wide variety of screw diometers and leads. conbe
selfHocking ond ks less expensive when compared
to ball screws. Ball screws have many advantages
over acme and vee thread screws such as: higher
efficiencies, higher speeds. higher loads, higher
duty cycles. less fiiction and longer fife.
“Efficiencies in the table below are based on Detrn
AF drive nuts on the Vee and Acme screws, and
ball nuts on the ball screws.

For Bronze nuts reduce the efficiency of Delrin AF
nuts in theTable by §%..

Drive Screw Data’
Designation v4g V20 AlQ A2 Al 88.5 B8 B85 82
Thread Form Vee Vee | Acme | Acme| Acme| Acme| Boll Boll Baft | Bofl
Pitch - 40 20 10 2 1 8.5 8 S 2
Lteod 025" 05 10 2 5 1.00° 118° 125 2 .

| Efficlency .18 25 .30 .40 60 65 90 0 90 90
Bockdidve® No |- No No No Yes Yes Yes Yes Yes Yes
Mox. Duty. 40% 0% | 0% &% 70% 80% 100% | 100% | 100% 100%

e 1 Diomet: 3757 375"} 375" 378" 375 | 375 397 375" N/A |- N/A |
2 Diomet N/A S0 S0 S0 S0 .50 N/A N/A 5625 S0

Actuator Sze 3 Diometers | N/A 29 75 - N/A N/A ‘N/A N/A 1 N/A 75" 75

“The higher the lead of the screw the less effort required to backdrive either the screw of the nut. Asarute.

the lead of the screw shou

N/A = Non-Applicable
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S’

Drive Screws and Nuts

Screw Linear Velocity

All screw types are limited as to the speed to which a screw may be rotated. At a porticular speed for o
particulor screw, the “critical velocity” of the screw will be reached, causing the screw to whip and vibrate.,
thereby becoming unstable ond unusable. This critical velocity is a result of screw rolohonol speed. screw
diometer. ond screw length (refer to page 11).

Screw life

The operating fife of Jasta finear actuators ond positioners is dependent on numerous factors: stroke
velocity. thrust, load. moment, environment, screw type. motor type and duty. Upon selecting an actuator
or positioner for a continuous duty operation, choase a ball screw and nut along with a motor rated for
continuous duty (100%). Acme screws (with leads below .5 and nuts are relatively high-fiction with
efficiencies of léss than 60%. and generate heat ot high linear velocities and high duty cycles. Ball screw/
nut combinations have efficiencies of 90% and are designed for higher loads and speeds. Once an
actuator is property selected. the life con range to a high-end of 50 million cycles for a ball screw model
under nomal conditions.

Drive Nuts

Ball Nut Delrin AF Nut . Anfi-Backiash
Acme Nut

Ball Nut

Jasta "Ball” nuts utilize high quality steel bonnuhmmredrwhﬁndﬁed balls for long ife and heavy loads.
Nomal backiash ts approximatety .002° to .004°.

Delrin AF Nut

The De!rhAF‘drivenmisccombhohondekhorxﬂeﬂonplosﬁcdﬁvenm utilzed in all Josta acme and
vee threads for actuator loads under 500 Ibs. Some advantages of this nut are ifs quiet running and low
friction operation.

Anti-Backlash Acme Nut
The Delrin AF "ZN" nut (Anti-bacidash Acme Nut) ks available with a zero backiash design. This is accom-
plished by preloading the nut by spring compression.

Bronze Nut

A Bronze drive nut is used on acme screws in opplicohons where fhtus? requirements exceed 500 1bs. s
main advantage is its heavy load capability.

169
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Gearing

Jasta actuators are driven by three types of gear reduction:
1. Synchronous (timing) belts and pulleys

2. Worm gear drives
3. Inline drive (no gear reduction)

Designation

Allgearing has aspecific designation thru-out this catal
G "wormn gear” or ‘right ongle” drive, and "D”

Ratios

Ratios are described by the number followi
For instance: 12 = Timing belt (2:1 ratio)

log. T represents a fiming
represents o “direct drive.”

beltdrive®. "W represents

ng the letter representing the type of gearing.
D1 = Direct drive (1:1 ratio) W10 = Worm gear (10:1 ratio)

Synchronous Belfs and Pufleys:

Worm Gear (Right angle) Drives:

Infine Drive (Direct Coupled):

The majority of Jasta actuators
use a no-siip, very fow backiash,
synchronous bett drive known as

Timing belts ond pulleyshave the
following advantages over spur
and worm gears: .

A) Long life

B) Low backiosh .

C) No tubication required

D) Quiet running

E) Unaffected by minor mis-
alignments :

F) High efficiency ~ 90% +

Jasta utilizes worm gear drives in
the Jasta Jac and Mini Joc series
of actuators. The advantoge of
the worm gearisahighratioina
small space and high loading
capablity: however, the geor
efficiency ks low ~50%.

Jastawom gearratiosavailable:
«10:1

«20:1
«40:1

“The 40:1 ratio with a ball screw
- will not backdrive under load.

Jasta Pulse Power seres use a
direct drive with no gear
reduction. The motor shaft is
coupled directly to the drve
screw with a high quality zero-
backiash coupling.

The advantages withdirectinline
coupling are:

A) Zero-backlash
B) Long fife

' C) No gear noise

D) Highest efficiency

. 70
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Selecting an Actuator

Screw RPM's . Ciritical Speed Curve
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Selecting an Actuator

Step 9:  Using the motor curve selected from STEP 8. verify that the required tordue and speed fall into
fhe commrect duty cycle area. as indicated within the curve area by being either shaded or nonshaded:
ie.. 100%. 60%. 30%. or 10%.

Step 10: Use the table in FIGURE 7 to determine the resolution and repeatability of the octuctor selected.

Screw Repeatability + in. Resolution (in.)
Lead *24VDC *90VDC Step | 200 steps per
Screw (@n.) Motor Motor Motor screw rotation
V40 025 003 005 L0005 125X 10°
v20 05 003 005 0005 25X 10°%
Al0 10 003 006 .0005 5X10*
. B8-B8.S 1250118 003 006 0005 6.25X 10*
AS5-BS .20 .004 006 0005 1X10°7
A2-82 50 .008 010 0005 25X10°
Al-B1 1.00 010 015 0005 5x10°
*Repeatability figures are based on positioning by fimit switches.
Figure 7

Step 11: Consider the envirbmnenfd requirements that moy beinvolvedin the particular application:i.e..
dust, water, wash downs, extremety high or low temperature, conosives. etc.
Jasta actuators can handie many extreme conditions. Check with the factory for special requirements.

Step 12 -

Ensure the load ks acting down the centerine of the fransiating fube os shown In IGURE 8. Only the near
positioners can take bending moments. Extemal linear guides should be incorporated to eliminate
bending moments on all other Josta actuators.

B~
o

Figure 8

Step 13: Mounting requirements can be detemnined by referring fo the *Mounting Components® section
on pages 37-43. .

Step, 14: Refer to pages 54-56 for options that may be added to enhance actuator performance.
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Motor Data

The motors utilized by Jasta on linear octuatorsond 1
positioners fall into one of four categories: i

1. Pemanent magnet, brush type direct current
motors. which are available in 12, 24. and 90
VvOC.

2. Permanent magnet. brush type servo motors:
which are available in 24 ond 90 VOC.

3. Permanent magnet, direct current two and four
phaose step motors, with 200 or 400 steps per
revolution. . .

4. Brushless servo motors with complete control *Josta will also install the motor of your choice if it
systerns. which are available in 115 VAC or 230 meets Jasta's installation requirements.
VAC input to amplifier.

o Motor Type Advantages Disadvantages
Pefmanent Magnet DC Brush eEconomical «Brush wear
«Fast accelerotion «Electromagnetic interference
«High speed

«High Torque in a small frome
«Maximum Torque af stall

«No starting capacitors required
«Speed controllable

Permanent Magnet DC Servo #All of the above «Same as above
»Better precision
»Better brushes
Step Motor «Long life «Low to moderate speed
«No brushes «Electromagnetic interference
«Moderate cost «Hot running
«High Torque -
«Continuous duty
«Precision
Brushless Servo +No brushes «Most expensive
«High Speed

«High Torque in a small frame

«Fast acceleration/deceleration

elncremental or Absolute
encoder

«Speed and/or positioning
control

«Continuous duty

slong life

b

=
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Motor Specifications

DC Motors No
Stall Cont. Stall KT KE Resist-  Induct Ltoad
Motor Voltage Torque Torque Current  (in.-oz (Voits/ ance -ance Speed
Number (OC) (Gn-0®) Gn-on) (Amp) /Amp) Krpm)  (Ohm) (Mh) (rpm)

1204 12 204 32 1 47 433 | 321 27 A4 3700
2401 | 24 2 | 4 | 33 | 40 32 a4 33 | 7300
24D2 24 42 7 8 53 | 37 3.1 5.1 5100
24D3 24 107 16 139 7.8 5.77 1.73 254 | 4087
24D4 24 275 4 333 8.4 62 72 40 4300
24D5 24 1000 %0 136 7.35 556 5 50 3500
9001 0 %0 5 20 450 340 450 40 2500
Q002 %0 200 | .40 45 440 333 18.5 18.0 2700
" 9003 90 650 81 13 59.1 450 68 120 2000
90D4 90 3800 416 50 610 45.1 1.4 65 2000
Step Motors . No
- stall | Cont. | Max. Min. KE Resist- | Induct- | Load

Motor Voltagel Torque | Torque | Allow. Reqd | (Voits ance ance | Speed
Number ©C) | Gn.-02) | (n.-02) | Amp/Ph.| Voits/Phi /Kip) (Ohm) (MH2) (rpm)

1751 | 1240 | 444 . 12 40 NA 33 3 .
2351 1260 | 53 . 1 50 NA 5.1 10 .
235102 160 &0 < | 0 50 |. Na 50 8 .
2352 | 12«0 53 . 38 1.2 NA 33 .
2353 1240 | 100 . 47 16 NA 35 .
2353-06° 160 150 . 29 34 NA 12 29 .
2334 1260 | 150 . 46 22 | NA A 1 .
3451 12-60 450 - 48 3.3 NA 65 42 .
3453-11° | 160 | 450 . 55 29 NA 52 22 .
252120 | 160 | 100 . 6.1 36 | Na 6 36 .

Note: Step Motor performance for speed and torque s based on the type of control used.

See motor curves on pages 13-14. “These motors come equipped with a six foot length of cable and
are encoder ready. :

Brushless Servo Motors No Note:

. Peak Cont. Peak Load ;
Mofor  Voltage Torque Torque Cument Speed 2‘:1‘?2:?:;5:‘“ M°§:" ;F:‘?Sf‘;ﬁon

Number . based
- (AC)  Gnjoz) G(n-on) Amps) ®PM) | [iihe use of the JBUTOO Control

BUSO  110/220 68 23 29 4500 | ©sfound on pages 63-64.
BUIO0  110/220 135 45 7.1 4500

BU200 110/220 270 90 84 4500
2S5 |

13
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Motor Dimensions

'DC Brush Motors DC Brush Motors Step Motors
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Note: Z represents the side of motor mounted to actuator.
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DC Step Motor Torque vs. Speed Curves
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Note: Percentoges under curve represent motor duty cycle (assuming proper drive and cooling systerms are used).
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“JDI" Series Step Motor Controls

+Includes a powerful built-in indexer, driver, and power supply -

+Optically coupled step and direction inputs for reliable
operation

Easy to learn English-like instructions -

«Built-in editor allows creation of up to 88 different motion
programs :

*RS-232 communications allows daisy chaining of mulfiple
devices , ,
*Home, extend & retract limits, and multiple programmable

inputs and outputs
«Encoder feedback capabilities (JDI-6M & 8M only)
«Short circuit and over temperature protected

General i .

The"JOI" serles step motor controls are fully compatible with all Jasta-Dynact actuator series. utiizing the step
motor as the driving motor. These units are of the highest quality and finest workmanship and are designed
to deliver optimum performance to all Jasta-Dynact actuators.

61
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*JDI" Series Specifications

Common Specifications JDI-3F

Orive Type.

Power (inputs). 115-230V, 50/60Hz. SOVA.

Power (Outputs). 0.2-2.8 omp/phase pro-
grommable.

Protection (Shoxt circuit)... Phase to phase. phase to ground.

Foult Outout

Protection (Over Temperature;

Low Power Mode (Auto reduce).......oueue

Programmable "Hold™
current 1% resoiution.

JDI-6M & JDI-8M

2 phase. bipoior. constant current. MOSFET chopper. 20 KHz fixed...............

200. 400. 1000. 2000, S000. 10000. 18000.
20000. 21600. 25000. 25400. 25600. 36000

90-135VAC, S0/60HZ. +5VOC I0QIC. oeurerererneens
JOI-6M=0.2to 6 omps  JDI-8BM=2 to 8 omps.

Intemal air temperature exceeds 140° F (60° C).
50% of running cumrent when motor Is stationory.
Sinking output to OUTCOM, 5-24VDC, 60mA maximum. Dtsob!e!.EDon ..............

DIP switch enabled. Current drops to 50%
of selected volue if no step putses are

received in one second....
Environmental (Temperohre)..........ccveweee Drive max. 130° F(55° Q). Oxive heatsink max. 140° F (60° C):
storoge -50° Fto 185° F Motor cose mox. 212° F (100° C):
(-45°10 85° C). Storage ~40° F 1o 185° F (-40° C 10 85° C).......
Environmental (HUMIKY).........ovcemmceeeeee 0-95% NOR-CONGENSINg
Additional Specifications
Opesational
Acceleration. Progrommaobile rompes. Opimal non-ineor mathematicol
Step Accurocy. 20 steps.
Position Range. +17 miltion steps. 12.1 bilion steps.
Speed Ronge. 0 to 23.000 putses/second. 010 750.000 puses/sec. 1% max. speed....
Communications
Type RS-232 serial or RS-422. RS-232C seridl, 3 wire imolementcﬁon
) (Ix, Rx, Ground).
Boud Rates. 300, 1200. 2400, 4800, 1200. 2400, 4800, 9600, 19200...cccceemmsmsenermnens
: 9600, 19200.
Mode Full duplex.
Foanat 8 data bits: 1 stop bit. no pority; ASCRt characters.
Mutti-Axds, Dolsy choin 32 indexers Datsy chain up to 36 indexers froma
on RS-422. single host RS-232C POt..u.veernresesivasmenssnassens
Inputs
Type. Optically solated. SVDC. Opticatly lsolated. TIL or S-1SVDC
Uinits. : CW. CCW, HOME
Programmaobie. Five. Thirteen.
Interrupts. One.
Jog. Hold. Stop. Thwee. Software assignoble to progrommabile
. nputs.
Active State. HighonPowerlUp - High ot low. Softwore selectable.......eeeeee
1O ports TN, logic low.
Outputs ~
Type . Open collector with puli-up Optically isoloted. Open coliector
resistors. 5-15VDC, 25 miElicmp Makmum........
Foutt. N/AL Overtemp, under-voltage or under-Cu
Progrommable. Two. TiLiogic low level-On. Eight. Active high or low. Software
selectable
Encoder
Channets, None. Compiimentary A & B channelin quodﬂ}
ture with index channel. Maxdmum input
frequency rate of 256 kHz on A & B channel
(prequadratxe).
Dimensions 4LWxad Hx4-1/4' L JOIOM =3 Wx9-1/2 Hx 6-7/8" L

JOI-BM® = 4-9/16 W x 9-1/7 Hx &7/8°L

o
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Control Block Diagrams & Accessories
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Actuator and Linear Positioner Series Options

General

Jasta offers the following as options for the actua-
tors and positioners. These items enhance overall
perforrmance. protect operating components,
and increase longevity.

Overload Protection

Jasta actuators and positioners should not be con-
finually operated against the end stops, thereby
putting the motor in “stall’. Overoad protection
devices such as mechanical Bmit switches, mag-
nefic reed swifches. and linear potentiometers are
some of the options which should be Incomporated
into the actuator or positioner fo prevent overload.

Description: .
BR - Electromechanical Brake: Required on all
unifswitha ballscrew nut combination oranacme
tead of .5inch or over in applications where load is
acling opposite to drive force, tending to “back-
drive” the systern when stopped.

ES~ Environmentally Sealed: A special sealing on
the actuator or positioner to guoard against very
tough environmental conditions; Le., snow., heavy
raln, washdowns, sandstom. etc.

MSR- Magnetic Switch Relay: The MSRisanaddon
package whichconvertsthe magnetic reed swifch
signal into a stand alone Emit switch package. It
can be wired directty In line with the motor and ks
copable of switching up to 15 amps - enough to
handle full motor current on most of Jasta’s
cc’ruofor&

MS - Magnetic Reed Switches: Reed switchescon
be adjusted at any position along the actuator or
positioner’s switch frack. Amagnet within the drive
nut of the actuator “frips” the switch as it passes. A
magnet on the LP camiage *hips™ the switch ‘as it
passes. Rated: 0.15 amp maxdmum at 100 VDC.
Rated fife: 5 milion cycles. Refer to page 55 for
morerinformation regarding dimensions.

IN - Antibackiash Acme Nut:  Removes backiash
frommeplosﬁcdwenufand!susedhpcedse
positioning applications where lost motion cannot
be tolerated. Please refer to page § for more info.

1z- Lochcklosthikwt' Thebonrmlshcﬁ\dduoﬂy
fitted to the screw, giving moximwn bcddosh of
OII)Torless

GSR- Gulde Rail Suppors: Used only for the Linear
Positioner sedes LP100 and LP150. These support
ralls serve In accomodating higher loads  (See
page 48).

EN - Optical Encoder:  An encoder is fitted to the
actuatoror positioner forservo or step motor closed-
loopsystems. Refer to page 55 formore information
regarding dimensions.

°LPO - Linear Potentiometer: Position of the actua-
tor stroke can be determined by resistance output
proportional to the actuator stroke position. The
PO kslineor to + 1% of totdl stroke. PO output ks
1500chms perinch of stroke length. Strokeavailibility
of23,6,9.and 12.

*LPOIs not available with Jasta's "Linear Positioners®.

CN- Encoder or Brake Canister: A protective
canister which houses an encoder or brake option
and conveniently includes quick connect/
disconnect terminals for all wiring associated with
the encoder or brake option. Refer to page 55 for
more Information regarding dimensions.

CND- Encoder and Brake Canister: Same function
as the "CN" option but designed to house both the
encoder and brake options. Refer to page 55 for
more Information regarding dimensions.

Magnetic Reed Switch

180
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Actuator and Linear Positioner Option Dimensions

Motor, Brake and € Canl Dl ! (CND) Electromechanical Fall-sate Buka (BR)
Encodent PO Connector (9 Pin)
: Motor & Brake Connector (8 Pin)

2375
zoLs il
“This dmension changes 1o 3.00° for & size 2
Motor, Brake of Encoder C: [o! tons (CN)
PO oc Brake C
; 2375
o o [
{
1312 V7
“This Gimeasion changes 10 3.00" for a size 2
Magnetic Switch Relay (MSR)
[ 40"~
f
20
" i
13 WIRES (1207 #2507 Magnetic Reed Switch (MS)
T e o paciconi g L ICLL
! ot 242 e e
250 T
Tz 551
|
WIRES (12.0° #2507 - =
Note: For more information regarding opfion specifications contoct Jasta. “Wires are In no specific ordec
55
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Option Locations

Magnetic Reed Switches (MS) Brake (BR)
are adjustable along switch track

l

i 1 g

|
o |Hi——Tk [o] |

Magnetic Switch Relay (MSR) Brake and/or Encoder Canister (CN or CND})

; [ !
ﬁ ;
o |k m o Cm

Quick Connect Terminals

Optical Encoder (CN)

o = T

All of the option mounting locations as shown in these configuraticns for the finear actuator are the same
for the linear positioner series. ’
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SVUS oLy oBOD P.o3

- B2 Series gasmdy

Technical Data, Rev. 1.28, Feb. 1995 Encoder

{ The E2 optical incremental shaft eacoder is & noncoptacting rotary to digital position
feadbackdcviecdcsigxxedwcasilymouu:wanuiningﬂu&

The internal lithlc electronic module coaverts the realt shaft angle, speed and
direction into TTL~compatiblc outpats. Simplicity and Jow cost make the £2 ideal for both
high and low volume motion controt applicatioas. .

The E2 consists of four parts: base, cover, code wheel and encoder module. Theencoder
modale incorporates a lensed LED light source and monolithic photodetector array with
signal shaping electronics to peoduce the two channel bounceless TTL outputs.

The bub diameter is specified when ocdering 10 adapt 10 any shaft diamcter up to 38",
Standard di s are stock ‘.Qukkuunmm»dtimcisa!soon‘«edformyspecidorda
diameter. .

Tbe cover isavailable in th 0, joas: The standaed is a solid fush back which can
sccommodate a shafllengthupty -57°.Option"H specifiesa 375" dinsneter holeinthe flush

1§ back forthe shaft to pass through. This hole diameter s _S00” when the 3/8° diameter hub

lsspcdﬁcd.Opﬁoa'E‘pmv&duccylindﬂcd extension making room foce /4~ shaft length.

The base provides mounting holes for 2 (2-56 0c 4-40) screws in'n . 750" bolt circlc oc 3 (0
20) screws in 2 823" bolt elrele. Optioa-3 makes all five of these hole dlameters 125,

diameter center hole can also mate with a motoe boss. The standard base is flat. Option ‘A
adds 2 497" diameter aligament shoulder designed to slip into 2 .500* diameter recess
centered around the shaft. :

S T

[fdesiced, thetwo 096" dismcter recesses will mate with matching sligning plns. The 438"

Features

= Quick and simple assembly & dis-assembly
* Rugged screw-together housing

* Low cost

* Accepts £.010” axial shaft play

*Smallsize |
* Tracks from 0 to 100,000 cycles/sec i
* 96101024 cycles/rev.

* 384 10 4096 codes per revolution

* 2 channel quadrature TTL Squarewave outputs

* Optional index (3rd channel)

*-4010 +100°Coperating temperature

* Compatible with HP HEDS-SS00

* Fits shaft diameters to 2mm to 3/8”

* Single +Sv supply

* Flush back, through shaft hole, or extended back
« Flator self-aligning base

* Also adaptsto 1.812" bolt circle (2 or 3 holes)

Electrical Specifications: o
Secour HEDS Optical Encoder Module date sheet.

Standerd dix. = 109
Optiaa-3 &z = 125

Te allow shell to pass Gongh, eptioa T
s Siudh back with 375 die hole (500 &,
whan 28 thall dacucter bt specitled).

300 Ga. cxtanded back e emly
o epticn T for 4 thall kgt

T
%w&mm

[ .
Mechaunical Specifications

Mechanical Specifications t

Parameter . . Dimeasion Units Parameter Dimension _Units

Moment of Inertia ) 80x10¢ | oz-in-g? | 3 Screw BoltCircle Diameter 8234003 inches

Hub Set Screw Size 348 inches 2Screw Bolt Circle Diameter .750+005 { inches |

Hex Wrench Size 050 inches Required Shakt Length A4519.570° | inches
|_Encoder Base Plate Thickness 135 inches with'E' Option 445t0.800° | inches

3 Mounting Screw Size 080 inches with 'H' Option >.445¢ inches

2Mouating Screw Size 2-560c440 | inches * Add 125" to the required shaft length when using the

. P-option or R-option adapter plates.
Phone (360) 696-2468 Sales (800) 736-0194 Fax (360) 696-2469

For Product Information call our automated Fax Service at (360) 696-3836 from your fax machine.

U.S. Digital Corp. « 3800 N.E. 68th St, Suite A3 « Vancouver, WA 98661-1353
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D
IMENSIONS © MOTOR

@ ey O 7 @
I LB
© t
® L @ —r
®| | || ® @}k~
= = ‘ L@
® ' i
S S ®
®- L:]——m®——~ OUTPUT VIEW
© & @
Square Bolt Bolt Pilot  Output Shaft Output Shaft  Pilot Flange Recess
Model  Flange Hole Circle Diameter  Diameter Length  Thickness Thickness  Length Radius

No. in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm)

RABD 236 (60) 197 (50) 2756 (70) 1.969 (50) 0630 (16) 098 (25) 098 (25 051 (13 106 (27) R187 (5}
RAYY 354 (90) 256 (65) 3937 {100)  3.150 (80) 0.787 {20} 157 (40) A8 (300 047 (12) 125 (32) R2863 {7)
RA1S 453 (115) 335 (85) 5.8 (130) 4331 (110) 0945 (24) 197 (50) A3 (35) 055 (14) 155 (39  R2% (8
RA142 559 (142) 433 (11.0) 6495 (165)  SM8 (130} 1575 (40) 315 (80) 138 (35 078 (20) 3.00 (76) R410 (10)
RA180  7.17 (182) 512 (130) 8485 (215  6.299 (160) 1963 (50} 374 (99) 394 (100) 098 (25) 312 (79 RS500 (13)
RA220 866 (220 669 (170) 9843 (250)  7.087 (180) 2953 (75) .10 (155) 501 (150) 138 (39 350 (8%  R625 (16)
RA300 11.81 (300) 827 (210) 13780 (350)  9.843 (250) 3937 (100) 709 (180) 787 {200) 197 (50) 433 (10} R787 {20

® © W ® © ©@ ® ® © ©

Dist. to Output Dist. to Input Taper Dist. From Keyway Keyway Keyway Shoulder Shoulder
Model Centerline  Length Width Centerline  Dist.  ShaftEnd Length Height Thickness Height  Diameter
No. in (mm)in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm) in (mm)
RA G0 283 (72} 402 (102 237 7% 189 4% 136 38 w8 (3 0630 (16) 071 (180} 617 (5 04 oa8r (22
RASD 358 (91) 535 (136 334 a0h 217 438 203 32 197 (3 1102 (28 083 (225 026 B 04 oy 18 {3
RA NS 461 (117) 685 (174 508 i129) 283 72) 283 42 6 (1) t260 (3 106 (270) 0315 @B 6 a3 ST (40)
RA 142 657 (167) 947 (261 £33 {182 338 19n 331 8% 315 (8) 2480 (631 169 (430) 0472 (12 6 13 197 (S0)
RA180 839 (213) 1197 (304 835 Q07 457 (161 448 iy 226 (§) 27% () 211 (3835 0551 (14 08 2 2% (69
RA22 1002 (57) 1445 (367) 932 @52) 530 (142) 48 (1% N5 (8) 3937 (1000 315 (800) 0787 {200 08 2 3% (90
RA300 1260 (320) 1850 (470 1378 3501 78T (200) 531 (13 591 (15) 433t (N0) 43 (1M00) 1102 () 2 3) 4% (129

*AD = Adapter Length. Adapter will vary. depending on motor. Consult appropriate motor sizing chart for details.

BAYSIDE RIGHT ANGLE PLANETARY GEARHEADS PERFORMANCE SPECIFICATIONS
Model Rated Output Torque Peak Output Torque Maximum input Speed Standard Backlash Low Backlash Efficiency

No. in-lbs  (Nm) in-lbs  (Nm) (RPM} (minutes) (minutes) (%)
RA 60 300 (339 498 (56.3) 5000 10 5 90%
RA 90 800 (90.4) 1328 (150.1) 5000 10 5 90%

RA 115 1600 (180.8) 2656 (300.1) - 5000 10 5 90%
RA142 4600 (519.8) 7636 (862.9) 4000 10 5 90%
RA 180 8000  (904.0) 15000  (1685.0) 4000 10 5 90%
-RA220 12000 (1356.0) 20000  (2260.0) 4000 10 S 90%
RA300 24000 (2711.9) 36000  (4067.8) 2500 10 S 90%
Model Moment of Inertia Torsional Stiffness Maximum Weight Radial Load (1) Axial Load

No. Oz-in-sec? (kg m2) in-tbs/min (Nm/min) lbs (kg) Ibs (N) Ibs (N)
RA 60 6x104  (4x108) - 50 (5.7 5 (23) ’ 400 (1779.4) 400 (1779.4)
RAS0 3x103 (2x10%5) 80 (9.0) 9 (4.1) 600 (2669.0) 600 (2669.0)
RA 115 7x103  (5x10%) 140 (15.8) 20 9.1 1100 (4893.2) 1100 (4893.2)
RA 142 5x102 (4x104) 360 (40.7) 43 (19.5) 1800 (8007.1) 1800  (8007.1)
RA 180 9x10? (6x104) 640 (72.3) 85 (38.6) 2800  (12455.5) 2800 (12455.5)
RA 220 3x10°" (2x103) 960  (108.5) 160 (72.6) 10000 (44484.0) 10000 (44484.0)
RA 300 1x107 (7x103) 1200 (135.6) 340  (154.5) 12000 (53380.8) 12000 (53380.8)

(1) Radial loads are at 1.00 inches (25 4mm) from the face of the gearhead.
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Cable-Extension Position Transducer

W Medium to Long Range / Industrial Grade
M Incremental-Encoder Output

Standard Specifications:

' GENERAL

Range......... 0-75, -100, -150, -200, -250, -300, -400, -450, -500, -550 inches
Extended Ranges t0 1750 inches .......cccocovccveecennee p!ease consult factory
WEIGNE ..ottt b. typical
Housing Material ... . Powder-Pamted Alummum
Optional ......c........ reereeee et eaea syttt s st s et e ae e rreabenseeas Stainless Steel

Sensor......cocenecurcieneaes .. Incremental Optical Encoder
Electrical CONNECLOT ........ccccurerermrieercacereneariersenseennseneeecnes MS3102E-14S-6P
Mating Connector (INCUded) ........ocoveeeneurcrenmcicrerennencene MS3106E-14S-6S,
ELECTRICAL
INPUL VOIAGE c..ecveeenenreeceeeeeceecrenencrcecnse e nensenssessme s sennansses 45-13.2VDC

ptions.......... ettt eeenenes see fig. 4
Input Current .. . 50 mA max.
Output Stage ......... .4, option 1
Output Channels ....... %ee fig. 1)
Optional Channels........cccovvvncceecannee Index and compliments of A, B, & Index
PERFORMANCE ,
ACCUTACY .erveeerenrereranerrereenerrnenrasscranineosssceses 0.04% of Full Stroke +/- 1 pulse
Repeatibility .. eetrte ettt nene st nens 0.02% of Full Stroke
Resolution:

ENGUSH et 100 pulses per inch nominal**

MELTIC ...t 5 pulses per mm nominal*™*
MECHANICAL
Cable TENSION ...cuvverereteeerereteersesessasssnsesscriessesssessssssncsesseesesseas see fig. 3
Cable Diameter Eeetetae ettt sta e et et eas s et et e eneneasene 0.024 in, **
Cable FittiNg .....cceeeeeeereeccncmcnenecernincnnens MS20668 Stainless Steel Eye Fitting
ENVIRONMENTAL
Operating Temperature................. ereterererenrasearsesesennas 0° to 160°F
Enwronmengg! unqq ég ........ Indoor/Outdoor
Oprerating-Hu dtﬁ,' IS5 NEMA 4, IP 67
VIBration .......o.iseeeececrnenncreneenneerieeecrinencnes reeaeneeenes upto 10G'sto 2000 Hz

**See order code for more options

Celesco Transducer Products, Inc. 7800 Deering Avenue Canoga Park, CA 91309

PT9150

The PT9150 is for long range measure-
ment applications that require a digital
incremental encoder position feedback
signal. Available in extended ranges up
to 1750", the PT9150 comes in a variety
of resolutions and output stages that will -
fit almost any requirement. '

Like other members of Celesco's inno-
vative family of NEMA 4 rated cable-
extension transducers, the PT9150 can
be installed in minutes, function properly
without perfect parallel alignment, and fit
into areas unsuitable for rod-type mea-
surement devices. When its stainjess-
steel cable is retracted, the PT9150 is
only 6" long. Its small-size-and-low-
cost-to-measurementratio offersremark-
able flexibility and value.

fig. 1 Output Waveforms

: & 360° J\
H Q ’ ‘——~T— S
channel A m
channel B ML_
index X l
channel A m
channel B w

index % %
Q: quadrature 90° +/- 30°  S: symmetry 180° +/- 10°
Iz index 90° to 270°

celesco

Tel: (800) 423-5483 Fax: (818) 340-1175
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fig 2 Cable Exit fig 4 Output Stage

1 CMOS /TTL Pin Signal

45..13.2VDC
common
channel B
channel A

n/c

nfc

TmMmOoOOw>

2 Open Collector Pin Signal

10.8...26.4 VDC
common
channel B
channel A

nfc

n/c

signals .

ALTERNATE CABLE EXIT
@ DIRECTIONS (80° INTERVALS)

mTmMmoOw>

. n 3 Line Driver Pin Signal
a fig 3 Cable Tension signals B 5 VDG

A

AR, B common
C channel B
D

E

F

Standard Cable Tension

channel A
channel B'
channel A'

30o0z.—- ¢

{2;,,?_&_-./@- Tro Pttt hrete L]
4 Universal Line Driver Pin Signal __ FoR bews |

.AABBIT 1 4.75...30 VDC
SRS 2 common

3 channel B

6 channel A

7 index

11 channel B'

12 channel A'
Increased Cable Tension 15 index'

15 0z. —

signals ..

| |
100 in. 550 in.
Full-Stroke Range

mwmes cable at full extension
s cable at full retraction

5 Open Coll. w/ 5K puliup PIN SIGNAL

..A, B 10.8...26.4 VDC
i common
channel B
channel A

nj/c

n/c

600z. — b od

signals .

300z.—f

T T
100 in. 550 in.
Fuil-Stroke Range

mMmMOoOOm>»

mmwen  cable at full extension

. W cable at full retraction
230s celesco
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B PT9150 Medium to Long Range / industrial Grade - Incremental Encoder Output

fig. 5 Outline Drawing

r—— 6.000 (152.4) —————i

0.85 (21.6) —~

F e N 2= ¥ X
il
T (7 §
0 0 0| /™A
4.800 (121.9)
} =1 i
S e | a=aas
Lo o
: (TYP)
i | — l—0.64 (16.3)
1.21 (30.7) ——f=—eh . 4 PLACES
(DIMENSION AT FULL ]
CABLE EXTENSION] g J 0.19 (4.7) DIA THRU
l— *A* DIM
(MAX DIMENSION AT FULL
CABLE RETRACTION)
CONNECTOR .
MS3102E - 14S -6P
E}/‘(OR EQUIV)
I rf
4.84 (122.9)
] P
- f_ -
0.25 (s_q)J 7.70 (185.8)
ALL DIMENSIONS ARE IN INCHES(MM)
fig. 6 Mating Connectors
1 6-pin 3 18-pin
®

Dimension "A"
English Metric
Range  0.024" 0.047" Range 0.61mm  1.19mm
(in)  dia. cable dia. cable (mm) dia. cable dia. cable
75 1.36" 1.50 2500 |34.5mm | 38.2mm
100 1.40" 1.60" 3750 |35.7mm | 40.7mm
150 1.50" 1.80" 5000 |38.2mm | 45.6mm
200 1.60" 1.99" 6250 |40.6mm | 50.5mm
250 1.70" 2.19" 7500 |43.2mm | 55.6mm
300 1.80" 2.38" 8750 |45.7mm | 60.5mm
350 1.90" 2.58" 10000 |48.2mm | 65.5mm
400 2.00" nfa 11250 | 50.8mm nfa
450 210" nfa . 12500 | 53.3mm nfa
500 220" nfa 13750 |55.9mm nfa
550 2.30" nfa 15000 | 58.4mm nja
- 1.50 =
(38.1)
APPROX
5.10 (128.5)
(REF)
4.64 (117.9)

L— 5.40 (137.2) ————]

DURING INSTALLATION
REFERENCE WIRING INFO.
SUPPLIED WITH TRANSDUCER

celesco

Celesco Transducer Products, Inc. 7800 Deering Avenue Canoga Park, CA 91309 Tel: (800) 423-5483 Fax: (818) 340-1175

PT9150.PM5 7.18.94
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JRSINEN. S4

-5 Leads

L‘-S""“*f sinios | 3OYSTICK CONTROL

. ' * Red '
7 f ! Bilve .
1.405 « 2 1.8K &

-

A +
Q)

3 cr
[—— Green
-1 = Black

] Yetiow

2l
L 1.405 -‘J bt

Equlvalent Circult

— 1.80 ——

l &Y Maurey

AINDUCTION TYPE

Operating Volitage:

4510 150 vouts, D.C. .

Current: 15 ma at 10 volts, D.C.

Output iImpedance: 1800 O) (Signals) |
Center Tap impeocance: 340 0 :

Equivalent Noise Resistance: NONE

Temnperature Range 30°to 105° C

Center Tac Voltage: 50% of input Voltage
“rsotution: tntinite

s

.ads

Knob has spring return to canter.

Veitege Swing:

Copyright 2011, AHMCT Research Center, UC Davis
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S

Chapter 1: Introduction

General

The 7500 series computer chassis from Industrial Computer Source provide the ruggedness
and durability required for industrial applications. There are several models, i.e. mounting
configurations, of chassis available in this series, all with essentially the same construction

but slightly different features.

MODEL MOUNT BACKPLANE
7515-33H RACK PASSIVE, 15 SLOT
7508-33H RACK MOTHERBOARD MOUNT
7615-33H BENCH TOP PASSIVE, 15 SLOT
7608-33H BENCH TOP MOTHERBOARD MOUNT
7915-33H FLOOR PASSIVE, 15 SLOT
7918-33H FLOOR MOTHERBOARD MOUNT
7815-33H RACK, KEYBD DRAWER PASSIVE, 15 SLOT
7818-33H RACK, KEYBD DRAWER MOTHERBOARD MOUNT
7500-XC RACK, EXPANSION PASSIVE, 15 SLOT
7600-XC BENCH TOP, EXPANSION PASSIVE, 15 SLOT

The passive backplane chassis are designed and built for the most demanding of industrial
needs. These units have a 15 slot, all AT, passive backplane which accepts your selection
from a wide range of available CPU cards. These CPUs plug into the backplane as any
other adapter card would. The backplane itself has very few components. The components
it does have are the necessary sockets to accept up to fifteen adapter cards and LED
indicating circuitry, Industrial Computer Source's Bus Power Check™ circuitry, for each
power supply output, +5VDC and +12VDC.

The difference between the chassis is the mounting configurations, i.e. whether they rack
mount in 19" equipment cabinets, set on a bench top, or set on the floor with or without
optional shock mount stands. The motherboard mounting chassis appear identical to the
passive backplane units from the outside. Inside they have provisions for mounting typical
XT or AT compatible motherboards rather than a passive backplane. These chassis offer you
the capability to take your choice of motherboards from “office” systems and ruggedize them
for use in factory floor environments. The hole pattern for acceptable mother boards, such as
full size and "Baby AT" boards, is found in the installation section of this manual.

Power Supply

The power supply in this series of chassis provides more than adequate power for even the
most rigorous requirements. A switching type power supply is incorporated to provide large
amounts of power without the heat and weight associated with transformer, linear power
supplies. The total output of the supply is 315 Watts with up to 35 Amps available from the
+5VDC supply and up to 10 Amps at +12VDC.

NUAL 00431-080-31

' 89
Copyright 2011, AHMCT Research Center, UC Davis 1

Page 1

Vermeer Manufacturing Company — Ex. 2041
Kubotav. Vermeer
|PR2025-00381

Page 191 of

194



7500 Series Manual

Disk Drives

The chassis, except for the expansion chassis, will accept up to three half-height disk drive
devices or a full-height and a half-height. The mounting configuration for drives utilizes
shock mounts to permit use in high vibration and shock applications. The expansion chassis,
the 7500 and 7600, can accept fixed disk drives in a drive cage but provide no front panel
access.

Cooling and Filtration

The chassis are designed for use in industrial areas. Positive pressurization of the chassis is
accomplished through the use of heavy duty fans. Two 106 CFM fans are included in the
card cage area with an additional 24CFM fan mounted in the power supply module. These
three fans, with their filtered intakes, provide protection for the full system, including the
disk drives, from environmental dirt and grit.

Specifications

Power Suppply:
35 Amps @ +5 VDC
1 Amp @ -5 VDC
10 Amps @ +12 VDC
1 Amp @ -12 VDC

Fuse:
5 Amp, 250V, 3AG, Fast Blow

Power Requirements:
120VAC +10%/-25% or 220VAC +10%/-25% , 49-61Hz
The power supply switches automatically
The supply will operate normally at 400Hz input power
frequency - however, the system is NOT UL/CSA
Recognized in that mode of operation.

Operating Temperature:
+5 to +50°C, 5 - 95% R. H. Non-condensing

Storage Temperature:
-5 to +75°C, 5 - 95% R. H. Non-condensing

Shock Tolerance:
5g, Half sine, 15mSeconds duration

FCC Classification:
Meets FCC Part 15, Class A Emission Limits

UL Ratings:
UL 478, UL Recognized

Page 2 : MANUAL 00431-(
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Introduction

nstruction:
Chassis: 0.055" Aluminum Alloy, Gold Zinc finish
Front Panel: 0.125" Aluminum Alloy, Medium Texture Sherwin

Williams Paint #F63-A-3080

ns, Filtration:
Card Cage Area: 2, 106 CEM, 4.68" Fans, filtered to 45 ppi

Power Supply Module: 1, 24 CFM, 3.15" Fan, filtered to 45 ppi

nnectors, External:
Keyboard 5 pin DIN connector, front and rear

Accessory power outlet plug, rear

ritches:
Power on, CPU reset, front panel

(Keylock power on/reset switch optional)

ive Capacity:
Three half-height on shock mounts or one half-height and one full-height on shock
mounts. 3.5" devices will require an adapter mounting bracket for 5.25" device

mounts.
eight:
35 Lbs (16.0 Kg)
(Shipping - 45 Lbs (20.5 Kg))
mensions:
Rack Mount: 23"(58.42cm) D x 7.0"(17.78cm) H x 19"(48.26cm) W, Front
Panel, 17"(43.18cm) W chassis
Bench Top: 23"(58.42cm) D x 7.0"(17.78cm) H x 17"(43.18cm) W
Floor Mount: 25"(63.50cm) D x 17"(43.18cm) H x 7.0"(17.78cm) W

ssive Backplane:
15 slot, 4 layer, low capacitance backplane standard configuration, all AT (16 bit) slots.
Rear panel has 15 slot access. Different configurations available on special request.

otherboard:
Mother Board CPU, 8 slot rear panel with DIN keyboard connector cutout. Hole
patterns in floor of chassis to accept most standard AT and "Baby AT" mother boards.

L 00431-080-31 Page 3
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JuL 29 ’86 13:28 PAGE . @82

SUBMINIATURE MARK SENSOF MQ
- | i b i e Mark Sensor

Subminiature with built in amplifier, with detection speed of 1,000 times per
second achieved.

* High speed detection: 1,000 times/second
* Subminiature with built-in amplifier
¢ Mark sensing or bar code (UPC code)

" e Detection of 0.5 mm 0.02 inch width's possible
e Light ON or OFF output detection is selectable
* Wide range operation 12/24 vV DC
* Environmental resistance (IEC IP67)

MQ-VD2AR Mark Sensor ¢ Horizontal or vertical maumiﬂg

(diffused retlection type) ¢ Simple sensitivity adjustment

Sensing distance: 2 em apptox 9.8 nches

ORDERING INFORMATION

: . - o B Packing qty.
Detect ethod | Product name Part No. ndition tting distance e s e e e e St
ton m noe Operating condi Setting di Toner Garton | Outer Garton

) ~ | MO-VD2AR Light ON, . .
Diffused reflection | o Sensor MQ-VD2AR-DC12-24V Dark ON selection 2 cm approx. 0.8 mches 1 I 10
Note: A special mounting bracket is provided as accassory. —
RATINGS AND PERFORMANCE SUMMARY
1. Ratings _
- - ftem l ,_PQSF‘!'*D!?QQ _
- N . Rated operating voltage ; OC 12/24 V
o Operating side 1 Rated cument consumption Less than 35 mA (excluding load)
i Load side | Output current capacity . 100 mA max.
2. Performance summary
e T Type : T piffuse reflective
—— - PR . - .
item | T MQ-VD2AR
Light source Red light emilting diode*
Standard target 2.0 mm .07¢ mch mark on white field
Minimurn mark detection width 0.5 mm 020 inch (at rated setting distance)
Operating voltage range . o 9.6 to 30 V DC including ripple (P-P) —
Max. sensing distance R 2+0.2 cm
Hysteresis d4 . Less than 20 % (at raled setting distance)
Detection speed 1,000 times/second {at 2 mm (79 inch black and 1 mm 03¢ inch white mark width}
- Insulation resistance (Initiaf) Batween l/Oterminal and outer case 20 MOQ.(with 500 V DC megger)
Dieleciric strength (initial) e " Beween I/O terminal ang outer case 500 V AC for # minute
Vibration endurance . ) " P
Malfurction vibration 10 t0 55 Hz (1 min cycle) ampmu?e 1.5 mm 058 inch 2 hon 3 axes
S‘ an‘: u: netion ;ﬁ ' 100 G 6 times in each direction
Protactive construction — N ""Diecast case immersion proof form (Equivalent to IEC 1P67)
Usable ambient fight ' Incandescent lamp: fess than 3.000 lux; Sunlfight: less than 10.000 lux. s
Us:;!i)lei . Detection object ' Translucent, opaque body and mark .
2‘:,,6“-,;15 Usable ambient temperalure - 25°C 10 +55°C 13F to + 131+
Usable ambient hurnidity Less than 85% ) B
Indicator T Indicator fights with light input (red), surplus indicator (red)

Notes: 1. Undesignaled measurement conditons are at rated operaling voltage. StOrage batlery pOWer source, umbient temperature + 20°C - 5y'+ standard detection
obicet, light receiving surtace light intensity less than 200 lux. ! . "
2. Because the rated setting distance and response difference distance for the diltused reflecton type are measured with the stangard detection object. the
distance will vary depending upon the material, color, and size of the object.
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