
Draft for Review 
Not for Publication 

FABRICATION AND TESTING 
OF 

MAINTENANCE EQUIPMENT 
USED FOR 

PAVEMENT SURFACE REPAIRS 

Final Report of Phase II - Part I 

SHRP H-107A 

ucD - A-R R - 92- - o~ - \ 5 ..- 0 \ 
Participating Organizations 

University of California, Davis 

California Department of Transportation 

Bechtel, Inc. 

ERES Consultants, Inc. 

Steven A. Velinsky, Principal Investigator 

Department of Mechanical Engineering 

University of California, Davis "" 

April 15, 1992 

Strategic Highway Research Program 
National Research Council 

Washington, D.C. 

Copyright 2011, AHMCT Research Center, UC Davis



Copyright 2011, AHMCT Research Center, UC Davis



TABLE OF CONTENTS 

1.0 - FABRICATION OF FIRST GENERATION COMPONENT PROTOTYPES ............ 1 
1.1 - Introduction ......................................................................................................... 1 
1.2 - Purpose ............................................................................................................... 2 

2.0 -INTEGRATION AND CONTROL UNIT (ICU) ............................................................ .4 
2.1 - Introduction ......................................................................................................... 4 
2.2 - The Development Environment ...................................................................... 5 
2.3 - Detailed Components Description ................................................................. 6 

2.3.1 - Hardware Components ..................................................................... 7 
2.3.2 - Software Components-Basic System ............................................. 8 
2.3.3 - Software Components-System Test Modules .............................. 8 
2.3.4 - Software Components-Data Modules ............................................ 9 
2.3.5 - Software Components-Communication Modules ........................ 9 
2.3.6 - Software Components-Main Module .............................................. 9 

2.4 - Description of Tasks .......................................................................................... 9 
2.5 - Component Interaction ..................................................................................... 11 

3.0 - VISION SENSING SYSTEM (VSS) ........................................................................... 12 
3.1 - System Description ........................................................................................... 1 2 
3.2 - Principles of Operation ..................................................................................... 12 

4.0 - LOCAL SENSING SYSTEM (LSS) ............................................................................ 20 
4.1 - Component Description .................................................................................... 20 
4.2 - Principles of Operation ..................................................................................... 23 

5.0 - ROBOT POSITIONING SYSTEM (RPS) .................................................................... 32 
5.1 - General Positioning System ............................................................................ 32 

5.1.1 -Introduction .......................................................................................... 32 
5.1.2 - Component Description and Principles of Operation .................. 32 

5.1.2.1 - A-51 0 manipulator: ............................................................. 32 
5.1.2.2 - Karel controller: ................................................................... 32 
5.1.2.3 - Linear slide: .......................................................................... 35 

5.2 - Longitudinal Positioning System .................................................................... 36 
5.2.1 - Component Description .................................................................... 36 

5.2.1.1 - Longitudinal Machine ......................................................... 37 
5.2.1.2 - Actuator and Controller ...................................................... 38 

5.2.2 - Principles Of Operation .................................................................... .43 

6.0 - APPLICATOR & PERIPHERALS SYSTEM (APS) .................................................. .47 
6.1 - Router ................................................................................................................... 47 

6.1.1 - Component Description .................................................................... 47 
6.1.2 - Principles of Operation ...................................................................... 52 

6.2 - Heating/Cleaning/Debris Removal. ................................................................ 54 
6.2.1 - Component Selection ........................................................................ 54 
6.2.2 - System Description ............................................................................ 55 
6.2.3 - Principles of Operation ...................................................................... 56 

6.3 - Sealant Applicator ............................................................................................. 58 

Copyright 2011, AHMCT Research Center, UC Davis



Copyright 2011, AHMCT Research Center, UC Davis



6.3.1 - Subassembly A ................................................................................... 58 
6.3.2 - Subassembly B ................................................................................... 60 
6.3.3 - Subassembly C .................................................................................. 63 
6.3.4 - Subassembly 0 .................................................................................. 66 

7.0 - VEHICLE ORIENTATION AND CONTROL SYSTEM (VOG) ................................. 67 
7.1 - System Description ........................................................................................... 67 
7.2 - Principles of Operation ..................................................................................... 67 
7.3 - The Use of Fifth Wheels .................................................................................... 70 
7.4 - Position and Orientation Kinematics .............................................................. 71 

7.4.1 - Introduction .......................................................................................... 71 
7.4.2 - Definitions ............................................................................................ 72 

7.4.2.1 - Subscripts ............................................................................. 72 
7.4.2.2 - Constants .............................................................................. 72 
7.4.2.3 - Variables ............................................................................... 73 

7.4.2.3.1 - Angles .................................................................... 73 
7.4.2.3.2 - Points ..................................................................... 74 
7.4.2.3.3 - Miscellaneous Variables .................................... 74 

7.4.3 - The Kinematics of The Problem ....................................................... 75 
7.4.3.1 - General Kinematics ............................................................ 75 
7.4.3.2 - Kinematics w/Respect to Local Reference Frame ......... 76 
7.4.3.3 - Kinematics w/Respect to Global Reference Frame ....... 79 

7.5 - VOG Computer Program and System Interface ........................................... 84 
7.6 - Cart Test of Integrated First Generation Prototype ...................................... 86 
7.7 - Component Descriptions .................................................................................. 86 

7.7.1 - Fifth wheeL ........................................................................................... 86 
7.7.2 - Encoder ................................................................................................ 87 

7.8 - Technical Progress ............................................................................................ 87 
7.8.1 - Progress to Date ................................................................................. 87 
7.8.2 - Current Tasks ...................................................................................... 88 
7.8.3 - Future Tasks ........................................................................................ 88 

APPENDIX A - IGU SPECiFiCATIONS ............................................................................... 90 

APPENDIX B - VSS SPECIFICATIONS ............................................................................. 124 

APPENDIX C - LSS SPECIFICATIONS ............................................................................. 141 

APPENDIX 0 - RPS SPECIFICATIONS AND DRAWINGS ............................................ 149 
0.1 - General Positioning System ........................................................................... 149 
0.2 - Longitudinal Positioning System ................................................................... 184 

0.2.1 - Manufacturer's Specifications ......................................................... 184 
0.2.2 - Detail Drawings .................................................................................. 190 

APPENDIX E - APS SPECIFICATIONS AND DRAWINGS ............................................. 208 
E.1 - Router .................................................................................................................. 208 
E.2 - Heating/Cleaning/Debris Removal System .................................................. 226 

E.2.1 - General Specifications ...................................................................... 226 
E.2.1 - Manufacturer's Specifications ......................................................... 228 

E.3 - Sealant Applicator ............................................................................................. 240 

ii 
Copyright 2011, AHMCT Research Center, UC Davis



Copyright 2011, AHMCT Research Center, UC Davis



LIST OF FIGURES 

Figure 2.1 - ICU functional architecture .......................................................................... 11 
Figure 3.1 - Vision Sensing System Functional Layout. ............................................. 1 3 
Figure 3.2 - Principles of Operation ................................................................................. 1 4 
Figure 3.3 - Crack directions within 5x5 area of interest. ............................................. 1 5 
Figure 3.4 - Histogram of cracked and non-cracked tile .............................................. 15 
Figure 3.5 - Moment Computation ................................................................................... 16 
Figure 3.6 - Continuity Levels ........................................................................................... 17 
Figure 3.7 - Example of comparisons .............................................................................. 18 
Figure 3.8 - Comparisons for eight directions ................................................................ 1 9 
Figure 4.1 - Photo of local sensor mounted in test stand ............................................. 23 
Figure 4.2 - LSS interconnect diagram ........................................................................... 24 
Figure 4.3 _ PrinCiple of triangulation .............................................................................. 26 
Figure 4.4 - Structured Light ............................................................................................. 27 
Figure 4.5 -Crack profile before filtering ........................................................................ 30 
Figure 4.6 - Crack profile after filtering ............................................................................ 30 
Figure 5.1 - GMF A-51 0 inverted configuration ............................................................. 33 
Figure 5.2 - The GMF A-510 mounted on a linear slide on the back of a truck ...... 34 
Figure 5.3 - Workspace of the A-510 manipulator ........................................................ 34 
Figure 5.4 - Longitudinal machine basic components ................................................. 39 
Figure 5.5 - Longitudinal configuration without router attached ................................. 40 
Figure 5.6 - Longitudinal configuration with router attached ..................................... .41 
Figure 5.7 - Motion of the longitudinal machine ........................................................... .42 
Figure 5.8 - Longitudinal linkage with representative components ........................... 44 
Figure 5.9 - Physical limitations to longitudinal crack sealing linkage ...................... 45 
Figure 6.1 - Description of router assembly .................................................................. .48 
Figure 6.2 - Photo of the fabricated router unit ............................................................. .49 
Figure 6.3 - The router unit underside ............................................................................. 50 
Figure 6.4 - Router cutting wheel extension and retraction ......................................... 51 
Figure 6.5 - Description of router cutting wheel operation .......................................... 53 
Figure 6.6 - Predicted Eclipse Thermal Blast Heater performance ........................... 56 
Figure 6.7 - Sketch of HCD system deployed for longitudinal sealing ..................... 57 
Figure 6.8 - The sealing dispensing unit mounted on the base plate ....................... 59 
Figure 6.9 - The sealant applicator at the end of the longitudinal machine ............. 59 
Figure 7.1 - Crack sealing truck showing integrated voe, VSS, RPS, and leu .... 68 
Figure 7.2 - Placement of encoders on crack sealing truck .............................. : ......... 69 
Figure 7.3 - voe system kinematics ................................................................................ 77 
Figure 7.4 - voe system kinematics ................................................................................ 78 
Figure 7.5 - voe system kinematics ................................................................................ 80 
Figure 7.6 - voe system kinematics ................................................................................ 81 
Figure 7.7 - voe system kinematics ................................................................................ 83 
Figure 7.8 - Flow chart of voe system and interface ................................................... 85 
Figure 7.9 - Schematic illustration of test cart and integrated ..................................... 86 
Figure 7.10 - Schematic Illustration of Encoder Disk with Radial Line Slits ............... 88 
Figure 7.11 - Schematic Illustration of Encoder Light Source & Light Detector ........ 89 

iii 
Copyright 2011, AHMCT Research Center, UC Davis



Copyright 2011, AHMCT Research Center, UC Davis



LIST OF TABLES 

Table 4.1 - Local Sensing System (LSS) software and hardware ................................ 22 
Table 4.2 - Laser vision system specifications .................................................................. 25 
Table 5.1 - General specifications for the GMF A-51 0 manipulator .............................. 35 
Table 5.2 - Features of the Karel controller ........................................................................ 36 

iv 
Copyright 2011, AHMCT Research Center, UC Davis



Copyright 2011, AHMCT Research Center, UC Davis



1.0 - FABRICATION OF FIRST GENERATION 
COMPONENT PROTOTYPES 

1.1 - Introduction 
The ultimate goal of the SHRP H-107A project is to develop prototype automated 

machinery that will sense, prepare, and seal (or fill) cracks and joints on pavement. As 

such, the primary objectives of this project are to design machinery for the sealing and 

filling of joints and cracks in pavement in order to: 

• Increase the cost-effectiveness of these operations, 

• Increase the quality, consistency, and life of the resultant seals and fills, 

• Increase the safety of workers and highway users, and 

• Increase the use of remote operation and control of equipment to attain the 

above. 

Machinery that satisfies these objectives will additionally reduce lane and highway 

closures and thus, will playa significant role in reducing traffic congestion, an area of 

considerable concern in the major urban regions around the world. The cost 

effectiveness of such machinery is due to a combination of the increased speed of 

sealing and reduced manpower needs, in addition to the higher quality seal which will 

reduce the frequency of major highway rehabilitations. 

In order to have the greatest impact, such machinery should satisfactorily perform 

the following functions automatically: 

• Sense the occurrence and location of cracks in pavement. 

• Adequately prepare the pavement surface for sealing/filling with the 

appropriate methods; for example, any operation that is deemed necessary 

such as removing entrapped moisture and debris, preheating the road to 

ensure maximum sealant adhesion, refacing of reservoirs, etc. 

• Prepare the sealant/filler for application; i.e., heat and mix the material, etc. 

• Dispense the sealant/filler. 

• Form the sealer/filler into the desired configuration. 

• Finish the sealer/filler. 

Additionally, as overall functional specifications, this machinery should be: 

• Reasonable in cost, 

• Easy to use, 

• Reliable and fast, 
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• Rugged, 

• Safe, 
• Capable of being driven on the highway under its own power, 

• Self-contained (contain all of the components necessary to perform task), 

• Primarily powered by an internal combustion engine, 

• Provided with a heavy duty electrical system with sufficient capacity for safe 

operation of all components, 

• Compatible with repair materials to be identified under SHRP H-106, 

• Fabricated in such a manner that the eventual addition of safety lighting & 

appurtenances (arrow boards, etc.) is pOSSible, and 

• Compliant with any applicable OSHA standards. 

Phase I of this project involved a feasibility study on the possible development of 

the automated pavement repair machinery discussed above, the design of first 

generation machine components, and the conceptual design of the integrated 

prototype machinery. Phase I work was performed during the period December 1, 

1990 through May 31, 1991. A detailed report discussing these items was delivered at 

the end of Phase I, the Phase I Final Report, at which time continuation through Phase 

II was approved. 

Phase II of the H-107A project included two specific tasks; TASK 3} the fabrication 

of first generation component prototypes, and TASK 4} the testing of these 

components and the development of component modifications based on this testing. 

More globally, the goal of this phase was to make satisfactory progress concerning 

machine components such that the development of the integrated machinery in the 

last phase can be accomplished. Phase II work was performed during the period from 

June 1, 1991 through March 31, 1992. 

1.2 - Purpose 
The purpose of this document, Part I of the Phase II Final Report, is to report on the 

completion of TASK 3 of SHRP H-107A, Fabrication of First Generation Prototypes. 

This task involved the fabrication of first generation components, the development of 

required software, the purchase of numerous commercially available components, and 

the issuance of subcontracts to expedite machine fabrication and development. The 

work has been based on the approval by SHRP of the plans, specifications and shop 

drawings from the Phase I final report. Part II of the Phase II Final Report, published 

separately, discusses TASK 4 of SHRP H107A, Conduct a Laboratory Test Program 

Using Prototype Components & Prepare an Interim Report of Phase II. 
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In the sections that follow, detail component descriptions and a discussions on the 

principles of operation of each of the machine components and subsystems are 

presented. When appropriate, engineering drawings of the various components have 

been included along with photos of the manufactured components. Appendices have 

also been included which contain the vendor specifications for much of the equipment 

purchased. 

The Integration and Control Unit (leU) is discussed first, in Section 2, followed by 

the Vision Sensing and Local Sensing Systems (VSS and LSS) in Sections 3 and 4. 

The remaining three sections cover the Robot POSitioning System (RPS), Applicator 

and Peripherals Systems (APS), and Vehicle Orientation and Control System (VOC). 

The remainder of the H-107A project involves the development of the prototype 

integrated machinery, its field testing, and the reporting of results and documentation. 

These activities are comprised in Phases III and IV which are divided into four tasks. 

Since SHRP's sunset is March 31, 1993, the H-107A project must be entirely 

completed by that date. Accordingly, Phases III and IV encompass 12 months. 
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2.0 - INTEGRATION AND CONTROL UNIT (ICU) 

2.1 - Introduction 
The development of an Automated Crack Sealing machine (ACSM) includes the 

integration of a variety of sensing, command and actuating systems, many of which 

will synchronously perform tasks in real-time. A control architecture has been 

developed to assure that these systems act in a coordinated manner to achieve the 

overalI goal of sealing pavement cracks at an acceptable performance level. It is 

important to note that control system architectures have the definitive purpose of 

ensuring that a task is achieved and correcting for any deviations affecting the 

execution of this plan. From a technical standpoint, the control architecture requires a 

modular configuration in order to profoundly affect the versatility and maintainability of 

the resulting product. There is also a direct connection between the control 
architecture and design time, integration and overall functionality of the product. 

Furthermore, from an industrial standpoint, architecture choices are commercially 
important in the production costs and marketing appeal considerations. In short, the 

choice of the control architecture for a particular product can have a profound affect on 

the development as welI as the commercialization of that product. 

During the Phase I feasibility study, it was determined that the Integrated Control 
Unit (ICU) of the Automated Crack Sealing Machine oversee all operations from start 

to finish. This control unit needs to coordinate and initiate information and control flow 

between the separate systems of the machine. The ICU, therefore, acts as a liaison 

between the otherwise disassociated systems. In addition, the control system must 
perform efficiently to sustain ACSM operation at the required speeds. 

Specifically, the ICU must take crack location information from the Vision Sensing 

System (VSS) and use Vehicle Orientation information to translate that information 

into a path configuration usable by the Robot Positioning System and valid for the 

current reference frame. Thus, the ICU will accommodate path planning and updating 

algorithms necessary for accurate crack/joint sealing/filling. The ICU will also interact 

with the Applicator and Peripherals Sytem (APS) in order to synchronize applicator 
positioning and usage. 

In review of the machine requirements, it is apparently necessary for the leu to 
meet the following criteria: 
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• fast and efficient computation 

• able to recognize and process prioritized interrupts 
• process concurrent information rapidly (multi-tasking) 

• retain sufficient spare capacity and flexibility to expand 

• support multiple processors 
• expandable backplane 

In addition to these necessary requirements, other development requirements 

were recommended as follows: 

• modular in both hardware and software design 
• application software should be developed in a user-friendly environment that 

is common to many programmers 

• system software should be ROMabie to enable an embedded application 
• vehicle mounted ICU needs to be rugged to operate in a hostile environment 

(the environment as described in the Phase I report) 

• compatible with other CaiTrans/UCD in-house development efforts and 

expertise 

Considering the responsibilities of task monitoring as well as the development 

requirements, the ICU team assessed, recommended and purchased a "mother 
system" for the crack sealing machine and acquired a development system. Based on 

compatibility with other subsystems, ruggedness, bus transfer rate, multi-processing 

capability, and compatibility with other highway maintenance automation projects, the 

Single Board, Smart I/O, STD Bus, PC/AT, and MultiBus options were eliminated. The 

VME system bus architecture utilizing an OS-9 real-time operating system was 

selected as the most desirable based on all considerations and requirements. The 

VME bus provides the highest bus transfer rate, is rugged enough to perform in the 

maintenance vehicle environment and is a truly flexible system. The VME bus 

provides the flexibility, compatibility, modularity, and mUlti-processing necessary for 

the efficient operation of the ACSM. OS-9 was recommended as the operating system 

for the VME bus because it is increasingly accepted as a standard and complies with 

the requirement to be compatible with other ACSM subsystems and other CalTrans 

and UC-Davis automated highway maintenance projects. 

2.2 - The Development Environment 
The development system described in the Phase I report as the Apollo workstation 

has been replaced by a Sun SPARC II workstation. The Sun workstation was more 

readily available and provided the user-friendly programming environment required of 
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a development system. This workstation has been loaned to the project by CalTrans 

and is used only for ICU development; the final ICU will not employ this workstation, 

only the VME hardware. The Sun workstation is connected to the VME system (target 

system) via Ethernet backbone. The Sun workstation combined with the VME system 
is referred to as the 'development environment' and serves as the programming 

environment when connected via the 'telnet' command. Using the VME system 

terminal, only one process, such as editing a program or executing code, can be run at 

once. In using the Sun workstation development system, however, multiple windows 
and multiple tasks are accommodated. Thus, several windows and processes can be 

open and running on the workstation. In this manner, the programmers can edit a 

program in one window while another program is compiling in another window and, 

perhaps, even executing through another window. Therefore, many processes can be 

executed at once, allowing for quicker program development and accurate testing of 

the multitasking capability of the VME system. Since it is connected to the VME system 
via Ethernet, the Sun workstation also serves to simulate the Vision Sensing System 

(VSS). 
In order to provide a user-friendly graphical interface, the RAVE (Real-time Audio 

Visual Environment) system was added to the system recommended in the Phase I 
report. The RAVE system, software developed by Microware, Inc. and hardware 

developed by Vigra Corporation, is designed to allow development of a graphical user 

interface. The RAVE software provides a library of graphics, representing dials, 

meters, buttons, etc., and allows the programmer to create an interactive operator 

screen. RAVE generates the resulting code for the graphics portion of the interface, 

while the programmer adds the code to be executed upon user interaction. For 

example, the programmer can specify that a red and black vertical meter be placed on 

the interactive screen in a certain position; RAVE will generate the code to recreate 

this graphic image; the programmer can then add code to cause the vertical meter to 

move according to certain input. In this manner, a complete user interface screen to 

serve as the "Crack Sealing Machine Control Panel" is easily defined and developed. 

In this manner, an Input/Output simulation program has been developed. 

2.3 - Detailed Components Description 
The components of the ICU are of two types - hardware and software. During 

Phase II some hardware components were added and several software components 

were developed. These components were developed individually and then integrated 

to form the ICU. Following is a current list of ICU components with detailed 
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descriptions of each. Appendix A contains manufacturer's specifications for many of 

the items discussed below. 

2.3.1 - Hardware Components 
Backplane (HSE/17R-12V-W60-F3-S1S0-Ethernet Cables) 

The backplane integrates all the cards of the ICU. It includes a 17.S inch (height) 

rack mount enclosure with 12-slot VME card cage, SOO Watt power supply, 60 MB 

Embedded SCSI hard disk drive, 2 MB 3.S" (38W7 format type) floppy disk drive, 

1S0 MB 1/4" Archive Streamer Tape Drive and Ethernet Cable Package which 

includes an Ethernet Transceiver, Transceiver cable, 10ft. Thin Net Cable, T­

connector (Thin-Net) and 2-Terminators (Thin-Net). 

CPU Card (HK68HN3E-4 MB) 

Includes a SO MHz 68030 CPU with 4 MB DRAM, 128 bytes non-volatile RAM, 4 

RS-232 ports, single parallel port, VSB compatible bus interface, SCSI interface, 

time of day clock and full interface to VME bus with four level system controller 

functions. 

Analog 1/0 Card (XVMES40) 

Analog 1/0 card. 12-bit AID and DIA conversion. 16 channel, 4 channel output. 

Inputs configurable to bipolar or unipolar with 12-bit conversion resolution. 

Digital 1/0 Card (XVME201) 

Digital 1/0 card. VME bus interface, two 68230 Parallel Interface Timer (Plrr) chips, 

and TTL buffers to provide 48-bits of digital 110. 4 bi-directional 8-bit ports and two 

16-bit ports. 

Communications Card (CMC ENP-10) 

Ethernet communications card. Interface between VME bus host system and 

Ethernet. Processes network protocols, manages the local bus and performs DMA 

transfers across the bus. 

Multi Media Graphics Card (MMI2S0) 

Hardware component of the Real Time Audio Visual Environment (RAVE). A high 

performance graphics board for the VME bus that combines graphics frame store, 
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keyboard, RS-232C, and sound output functions to provide an effective man­

machine interface. It is a standard 6U board with both VME bus and VSB bus 

interfaces, and provides a bit-mapped color graphics controller, an IBM/PC 

compatible keyboard interface, two RS-232C compatible serial ports, and 4 MB of 

multi-ported frame store RAM. The MMI250 provides the hardware necessary to 

run the user interface screen, keyboard, speaker and the graphical processing 

required for real time display of information. 

Test Box 

A Test Box was designed and developed to provide and take digital and analog 

signals. These signals were used to simulate input and output information coming 

into and going out of the ICU. Functions of the test box were displayed on the user 

interface and control of the test box hardware was accomplished using the user 

interface. 

2.3.2 - Software Components-Basic System 
Software modules developed by the team are typically generic. This simplifies the 

task of interfacing with other subsystems of the crack sealing machine. Integration will 

require only minor modifications to software modules. 

Operating System (OS-9 Professional) 

Real time, multi-user, multi-tasking operating system with a system state debugger 

and a source level debugger. 

Software Drivers (ENP-10 and VXME982) 

Software drivers for Ethernet and 1/0 cards with all requisite libraries. 

Real Time Audio Visual Environment (RAVE) 

A graphical user interface development package which can be customized for a 

specific application. This has the capability to provide real time machine control 

and to provide real time user feedback. 

2.3.3 - Software Components-System Test Modules 

The following modules were developed to test the 1/0 cards and to develop multi­

tasking capabilities: 
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analogio.c initializes the analog 1/0 board(XVME540) and reads analog input 

signals from input channels. 

anrave.c a modified version of analogio.c to work with RAVE. 

diotimer.c tests the functionality and initializes the digital 110 board. 

dem0540.c tests the interrupt generating capability of the analog 1/0 board 

(XVME201). 

proc1.c tests the multi-tasking capabilities of OS-9 operating system. In 

particular, tests the signal and pipe mechanism while running 

concurrent processes. 

2.3.4 - Software Components-Data Modules 
icu.data disk based crack configurations generated by the Vision Sensing 

System (VSS). 

2.3.5 - Software Components-Communication Modules 
The following modules were developed to test the communication cards and to 

develop data transfer capabilities on the Ethernet network: 
comdraw.c receives crack information from the Vision Sensing System (VSS) 

and displays it on the user interface. 

drawarray.c displays crack information obtained from magnetic media(disk) 

hold.c a network driven interrupt handler to facilitate processing of 
information exchange on the Ethernet. 

send.c a module to send data from icu.data to comdraw.c over the Ethernet 

network. 

2.3.6 - Software Components-Main Module 
icudemo.c main module of the demonstration program which integrates the 

above mentioned Test, Data and Communication modules. This 

demonstration will give a representation of the graphics and user 

interface capabilities of the ICU. Various submodules are utilized by 

icudemo.c which include graphics generators, mouse and keyboard 

facilitators, sound generators and communication subroutines. 

2.4 - Description of Tasks 
Four distinct ICU tasks are as follows: 

1. System diagnosis and initialization 

2. Data communications with other ACSM subsystems 

3. Input/output with machine hardware 
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4. Operator machine control and monitoring via user interface 

The task of system diagnosis and initialization would be conducted at the 

beginning of a crack sealing run. Initialization clears any control lines and resets them 

to an initial setting. ICU input/output boards are reset to accept and place information 

on the 'correct' lines using an expected format. Other dependent systems are also 
reset and prepared for communication. Any system and/or subsystem problems are 

identified and corrected, if possible, in this stage. The initialization routine for the ICU 

is executed by several independent routines: analogio.c or anrave.c, diotimer.c, 
dem0540.c, proc1.c, and system.c. These routines specifically initialize and diagnose 
the XVME540 (Analog I/O), XVME201 (Digital I/O), and HK68H/V3E-4 MB (CPU) 

boards of the ICU. In the future, the initialization and diagnosis processes will be 

incorporated into one independent routine. 

The task of communicating with ACSM subsystem refers to Ethernet 
communications through the ENP10 Ethernet board and backbone. Ethernet 

communication will be used with subsystems such as the Vision Sensing System 

(VSS) and the Robot Positioning System (RPS). At this point in the project, the vision 
system information passing is performed through the Sun workstation. 
Communication from the workstation to the ICU is via Ethernet. Data from the VSS is 
sent over the Ethernet network to the ICU. The ICU waits for the data and displays it 

on the user interface whenever it is transmitted. The ICU displays a window once a 

data transmission begins and closes it after data transmission is complete. The 

socket.c, comdraw.c, drawarray.c, hold.c, and send.c routines facilitate the task of 

communication over the CMC ENP-10 (Ethernet) board. 

Subsystem input/output includes information passing through the analog and 

digital boards. This task handles the subsystem control and/or monitoring not handled 
through the Ethernet link. An example is the control of various subsysterms of the 

Applicator and Peripherals System (APS). The sealant temperature would be 

controlled by the user through an analog channel. The user specified temperature is 

translated to the pre-determined analog channel, which directly connects to the 

sealant temperature adjuster. These I/O tasks are handled by some routines within the 
icudata.c module accessing the XVME201 (Digital I/O) and XVME540 (Analog I/O) 
cards. 

The user interface allows control of the machine and displays the status of the 

ACSM in real-time. Interactive slide bars and buttons on the user interface can 

provide controls such as switching the heater on and off and setting and changing 

temperature and level parameters on the heater and dispenser. The user screen 
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displays status and emergency indicators, also with the use of graphical meters and 

buttons. The icudemo.c module, developed in part by the RAVE software, uses the 

MMI250 (Audio/Graphics) card to affect a friendly user screen. 

2.5 - Component Interaction 
The following diagram, Figure 2.1, provides some insight into the current ICU 

architecture and information flow from other subsystems. This information is based on 

integration discussions between the ICU and various subsystem groups. 

Global Vision 
(CPU) 

Vehicle 
Orientation 

User 
Interface 

Path 
Planning 

leu 
(CPU) 

/ info 
etrl 

Robot Positioning 
(CPU) 

info 

Local Sensing 
(CPU) 

Applicator 
Peripherals 

Figure 2.1 - leu functional architecture, minor links are not shown. 
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3.0 - VISION SENSING SYSTEM (VSS) 

3.1 - System Description 
The purpose of the Vision Sensing System (VSS) is to locate pavement crack 

positions using machine vision. This section describes the functional aspects of the 

VSS, which is followed by a physical description of the system, its components, and a 

description of how it relates to other parts of the automated crack sealing machine 

(ACSM). 
The VSS processes information from a gray scale image of the top view of a 

section of pavement, approximately 12 feet wide (one lane width). Acquisition of the 

image is coordinated with the rotation of the ACSM wheels in order to maintain a 
proper aspect ratio of the pavement image. Hence, the image is created by the 

forward movement of the vehicle. As the computer acquires sufficient blocks of image 

data, a ten inch long by 12 foot wide block of video data is built in increments of two 
inch square tiles. For each of the tiles the determination is made as to whether a crack 

exists, and if so, in which of eight directions is it headed. This data is immediately 
transferred to a remote storage area for path planning and updating from the ICU and 

Vehicle Orientation and Control System (VOC) as the vehicle continues to move 
forward. No attempt is made by the VSS to connect indications of crack presence 

among tiles. This is left for the path planning function. Functional components of the 

VSS can be seen in Figure 3.1. The actual operational steps (single camera shown 

for convenience only) are shown in Figure 3.2, Principles of Operation. 

3.2 - Principles of Operation 
The most fundamental portion of the Vision Sensing System is the algorithm that 

determines crack presence. This algorithm consists basically of four steps: 

1. Divide the pavement image into a grid for which the mesh (tile size) 

depends on speed requirements, desired resolution, and acceptability of 
falsely recognized cracks. 

2. Build a histogram representing each tile. 

3. Compute a statistical moment of each histogram. 

4. Compare local values of moments to identify cracks. 
We make note that the algorithm makes no attempt at obtaining a binary image in 

order to determine more specific qualities of crack segments through chain coding or 

other means. To follow is a more detailed description of these four steps. 
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Figure 3.1 - Vision Sensing System Functional Layout. 

A video image is first created of the pavement with a pixel resolution sufficient to 

resolve an 1/8 inch feature. In order to satisfy the Nyquist sampling frequency this 

requires a pixel for every 1/16 inch of highway pavement. A grid is then created to 

carry information about pavement features contained within tiles (see Figure 3.3). 

Each tile within the grid is represented by 32x32 (1024) pixels. Through the building 

of a histogram for each tile and a moment computation, the data representing each tile 

can be reduced from 1024 counts of 8 bit data (8192 bits) to one integer (moment) 

consisting of 32 bits. This allows quick manipulation of data in order to determine the 

presence of a crack. The manipulation of the reduced data is further described below. 

The tile size of 32x32 pixels allows for a minimal variance in local modes by 

reducing the effects of intensity changes within a tile due to differing shades of 

aggregate and surface defects without significantly affecting the accuracy required to 
perform the sealing operation. The small variance in modes allows for a comparable 

measure of darker grey level values among adjacent tiles. This characteristic of local 

modes is what specifically allows for the recognition of cracks based on moments 

about local modes. Local is defined as a 5x5 grouping of tiles. This is the minimum 
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Figure 3.2 - Principles of Operation. 
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number of tiles required to identify eight directions we have chosen to recognize. 

Next, histograms are created for each tile. A histogram is an ordering of pixel 

values based on intensities. The number of pixel values that occur in a given area are 

represented by 256 vertical bars, one for each image grey level (see Figure 3.4). 

Following the creation of a histogram, a statistical moment is taken about the mode 

of the histogram for each tile. The mode is the highest bar in the distribution. The 

moment is taken by multiplying the cubed distance from the mode by the height of the 

bar for a given intensity value. This is shown in Figure 3.5. 

Area 
of 

13 feet (78 tiles) 

Lane width 
(approx 12 feet) 

Figure 3.3 - Crack directions within SxS area of interest. 

pixel elements 
in tile 

Typical histogram of tile with crack 

------1 ... ..- white 

Typical histogram of tile without crack 

•• • •• ••• ••• • 
, ...... II---,'--grey ... white 

Figure 3.4 - Histogram of cracked and non-cracked tile. 
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Figure 3.5 - Moment Computation. 
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Once the moments are computed for each tile, the moment values are compared 
within independent 5x5 tile grids. See Figure 3.3 for four of the eight directions which 

can occur in this grid. Every tile in the grid (except two tiles on each end) takes its turn 

as the center tile in the 5x5 area of interest. The comparisons are based on two 

parameters, the continuity level and the uniformity level. These two parameters 

determine the extent and what type of comparisons are made within the 5x5 area of 

interest in order to determine the presence of a crack and its direction. 

There are three selectable crack lengths for a crack to exist. These selectable 
levels are called continuity levels. Figure 3.6 shows North East bound crack segments 

and the required continuity levels which will accept or reject a crack based on its 

length. From Figure 3.6 it can be seen that a continuity level of 1 requires a crack to 

occupy only one tile, a continuity level of 2 requires a crack to occupy three tiles, and a 

continuity level of 3 requires a crack to occupy five tiles. Most of the test results to date 
have been using the continuity level of 3. 
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Figure 3.6 - Continuity Levels. 
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The number of neighboring tiles that are used for comparisons in a SxS area of 

interest is called the uniformity level. Figure 3.7 shows how these comparisons are 

made for a continuity level of 2 with a North East bound crack segment within an area 

of interest. As the uniformity level increases, each tile associated with a given 

continuity level must be compared to a greater number of neighboring tiles. That is to 

say; for a greater uniformity level, the moment values called "cracks" must be so 

relative to a larger sample of neighboring tiles. Note that a crack is recognized at the 

center tile marked by "i" only if all of the uniformity level comparisons are true. If any 

condition is false, it is determined that no crack exists for a given direction. The test 

results to date have been based on using the maximum number of continuity levels for 

each direction. These comparisons could be optimized with further testing. The 

continuity and uniformity levels for all directions are shown in Figure 3.8. 

For a more in depth discussion of the VSS, the interested reader is referred to the 

Phase I Final Report and Appendix B of this report which contains company literature 

describing the wheel encoder, vision system and cameras purchased. 
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Figure 3.8 - Comparisons for eight directions. 
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4.0 - LOCAL SENSING SYSTEM (LSS) 

4.1 - Component Description 
The purpose of the Local Sensing System is to locate crack position and measure 

crack width to a degree of precision such that the crack preparation, sealant 

application and shaping of the seal can be performed in an automated fashion. 
On the general crack sealing machine, the LSS will work in conjunction with the 

VSS to confirm the presence of a crack within a given area. The VSS will locate the 

approximate position of a possible crack using a video camera. This camera uses a 

line scan charged coupled device (CCO) as its sensing element. As the vehicle 
moves, lines across the lane width will be gathered to form an area view of the road 

surface. Through measuring the intensity of gray levels which the camera senses, it is 

possible to determine the position of possible cracks. However, since the line sc~m 

camera only has two-dimensional measuring capabilities, it may mistake an oil spot, 

shadow, or previously filled crack for an actual crack. The purpose of the LSS on the 
general machine is to scan the area near the potential crack location identified by the 

VSS to confirm or reject the presence of a crack. Furthermore, there are inherent 
inaccuracies in the VSS crack identification algorithm which gives it a resolution of 

approximately +/-1 ". There are also errors associated with the motion of the vehicle 

that will result in errors in the crack location identified by the VSS. Therefore, the LSS 

will also provide more precise position information to the general Robot Positioning 

System (RPS). Local sensing will provide range information that can accurately sense 

the presence and position of a crack. However, local sensing alone would not be 

adequate because the local sensor requires a planned path to scan for random 

cracks. Given the operating speed of the vehicle, the update rate and field of view of 

the local sensor are not adequate to track random cracks without prior knowledge of 

crack direction. 
On the longitudinal crack sealing machine, the local sensor will provide all 

sensing information to the longitudinal RPS. Because the longitudinal cracks do not 

randomly vary in direction, it is possible to design a sensing system in which the local 

sensing system provides an error feedback signal to the longitudinal RPS. The start of 

the crack must initially be placed within the local sensor field of view, and then through 

real time controls and feedback provided by the local sensor, it will be possible for the 

longitudinal RPS to follow the longitudinal crack. 
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A variety of sensors technologies have been researched in order to select a 

sensing system which best meets the sensing requirements. The Local Sensing 

System which has been selected is the most cost effective, off-the-shelf component 

which meets all the requirements. The system selected is a laser vision sensor which 

measures range information using triangulation. Using triangulation, distance 

measurements are determined by transmitting a laser light source, then focusing the 
diffusely reflected light source on a photosensitive device. This method of detection 

has proved to be reliable and is commerCially available and widely used for seam 

detection during automated welding. 
Sensing systems based on triangulation are impervious to color variations. 

Therefore, a laser range finding sensor will work well on all pavements. Also, laser 

sensors are not sensitive to a dusty environment. Furthermore, laser triangulation is 
insensitive to lighting conditions because the sensor provides its own lighting via the 

laser. Overall, laser triangulation is a proven reliable technique for extracting three­
dimensional surface characteristics. 

To achieve optimal field of view and update rate from the sensor, a laser vision 

system using structured light was chosen. Laser vision systems based on structured 
light offer reliability, design simplicity, compactness, while maintaining cost 
effectiveness. Structured light extracts a three dimensional surface profile by 

projecting a laser pattern in a plane perpendicular to the surface being measures. The 

line of light is then observed by a eeD camera at an angle allowing the surface 

features to be found. 

Because the goal was to use off-the-shelf components, five companies which 

manufacture laser vision systems were found and considered. Modular Vision 
Systems (MVS) was the only manufacturer who produced a commercially available 

sensor which met the requirements. The MVS LaserVision system provides off-the­
shelf reliability and its image processing board is completely IBM compatible. It was 

specifically designed for tracking and inspection in robotics applications. Furthermore, 

this sensor is simple to use and rugged in harsh environments. The sensor has a 

built-in heat exchanger for cooling and a cleaning mechanism which prevents dust 

from settling on the lens which would distort the image. These attributes are attractive 

given the harsh environment associated with automated crack sealing. The MVS 
LaserVision system consists of the hardware and software listed in Table 4.1. Figure 
4.1 contains a photo of the unit mounted in a test stand. 

The sensor itself is a small package weighing 9 ounces and measuring 4" x 3" x 

1.6". This package contains a laser light source, a eeD camera, and appropriate 
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One Laser Vision Sensor 

One 30mW laser source 

One sensor and laser power supply 

One Laser Vision Image Processor 

One co-processor board 

One Microsoft compatible C5.1 library of driver routines 

Menu Driven Program 

- Profile capture, store, segment, recall 

- Adjust laser intensity 

Segmentation Program 

IBM compatible 386-25 MHz 

- VGA color monitor and graphics card 

- Four empty full sized slots 

- Two serial ports 

- 40 MB hard drive 

- 4 MB RAM 

Table 4.1 - Local Sensing System (LSS) software and hardware. 

optics. The sensor will be mounted to the robot with a provided precision machined 

camera bracket. A vibration isolator will be placed between this bracket and the robot 

arm to protect the sensor from harsh vibrations and to prevent the image from being 

distorted. It should be noted that moderate vibration will not destroy the reliability of 

the camera data because the camera captures a "blur" and the image is placed 

optimally within this blur to compensate for the vibration. Mounting will provide 

flexibility of vertical and lateral adjustment for initial calibration procedures. 

Power for both the laser and the camera is provided by a standard rack mounted 

power supply. Cabling will run between the sensor and this power supply as shown in 

Figure 4.2. Output from the camera will be input to the laser vision profile processing 

board, which will be placed in a standard IBM-AT compatible slot, where the camera 

data will be processed and the profile will be extracted. For increased performance, 

the profile data will be transferred to a co-processor board, which also plugs into a 

standard IBM-AT compatible slot. 
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Figure 4.1 - Photo of local sensor mounted in test stand. 

A summary of the pertinent specifications for the LSS is shown in Table 4.2. For 

detailed specifications, see the manufacturer's specifications in Appendix C. 

4.2 - Principles of Operation 

As previously discussed, a laser vision system using triangulation was chosen to 

locally locate a crack in pavement. Figure 4.3 illustrates the principle of triangulation. 

Distance measurements are determined by transmitting a focused laser light source 

onto an object and then imaging the diffusely reflected light onto a photosensitive 

device. The photosensitive device (PSD) is an analog light sensor that is sensitive to 

the intensity and position of a light spot in its field of view. Knowing the position of the 

image on the PSD, the distance between the detector lens and light source and the 
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Figure 4.2 - LSS interconnect diagram. 
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projection angle of the source, the distance measurement can be geometrically 

determined. 

Figure 4.4 illustrates a laser vision system using structured light to develop three 

dimensional surface profiles. A laser light source is projected approximately 

perpendicular to the direction of the crack. The bright line produced by this laser 

source on the surface is then observed by a CCO camera at an angle (20°-30°). The 
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Horizontal Vertical 

Speed images/sec 60 30 

Resolution* 0.005" 0.0025" 0.006" 

Accuracy position* 0.006" 0.003" 0.008" 

Accuracy mismatch* 0.002" 

Accuracy gap* 0.012" 0.006" 

Mounting distance to road 6.5" max. 

Fie Id of View 4.34" max. 

Moisture to 85% 

Vibration typical vehicle vibration 

Temperature -20 to 1600 F 

Service Life 10 years. 

Speed 60 images per second - RS170 

50 images per second - CCir standard 

Water cooling 0.25 gallon per minute 

Air cooling 0.11 CFM 

Weight 9 oz (250 g) 

Processor IBM-AT compatible, up to 8 MHz bus speed, requires 

64K memory mapped space 

Table 4.2 - Laser vIsion system specifications. *Accuracy and resolution 
specifications are based on operating the sensor in the optimum area. 
The sensor will be operated outside this area to achieve a larger field of 
view. However, the manufacturer has guaranteed that the sensor will 
still meet the system requirements with a 4" field of view. 

analog camera data is then digitized, filtered, and processed using triangulation to 

determine depth information. 

The MVS LaserVision sensor projects a laser light source approximately 

perpendicular to the direction of the crack. The bright line produced by this laser 

source on the surface is then observed by a CCD camera at an angle (20°-30°). At 

this angle the line will appear to be broken. 

The camera output of the laser sensor is then input to the MVS LaserVision Profile 

Board (LPB-200). The LPB-200 is an image processing board designed to extract the 

three dimensional profile from the surface of an object. The broken laser line of data 
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Figure 4.3 - Principle of triangulation. 

acquired by the CCD camera is input to the LPB-200 and the surface profile is 

extracted at 60 times per second. The LPB can be used in a stand alone 

configuration, or with an additional co-processor board for increased performance. 

For the crack detecting application, a Spirit-30 co-processor board will be used. The 

profile data will be transferred to the co-processor board via a separate output port 

which is internal to the computer. 

Among many features, the LPB-200 contains a histogram circuit which can 

operate on either an entire frame captured by the camera, or a selected window area 

of interest. Eight Area of Interest windows are user selectable and may be easily 

moved around the picture area using software routines. Performing the histogram 

function in hardware rather than software decreases required processor time. 

The Area of Interest window can also be set to work on the extracted profile data. 

The profile extractor on the LPB stores x, y coordinates and light intensities of the most 

probable line. The data is digitally filtered in real time for accurate profile data. 

The LPB board also contains an output which can control the laser intensity. This 

value is set in software using the provided software functions. 

For more detailed feature descriptions, see the MVS LaserVision specifications in 

Appendix C. 
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LASER 

Figure 4.4 - Structured Ught 

In order to acquire and interpret the depth information gathered by the sensor, a 

customized software program was developed. This program acquires data, interprets 

the data and extracts information relating to the position of the crack, and 

communicates this information to the appropriate systems. 

The calling program will operate in real-time on an IBM compatible 386-25 Mhz 

computer. The program will be compiled using Microsoft QuickC, which is compatible 
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with the Microsoft compiler which has compiled the functions provided with the MVS 

sensor. The supplied functions are contained in a library which will be linked to the 

calling program during compilation. 

The program consists of an initialization procedure followed by the main body of 

the program which senses the presence of cracks in pavement. In the main body, first 

a profile of the road surface is captured. Next, each individual data point along the 

profile is analyzed to determine if a crack has been found. If a crack has been located, 

the program sends position information to the Robot Positioning System and then 

loops back to the start of the main body and captures the next profile. If the entire 

profile is analyzed and no crack has been located, a signal is sent to the ICU and then 

the program loops back the start of the main body and captures the next profile. 

Details of each task performed by the crack senSing program are described in the 

following sections. 

Before the main body of the program can begin acquiring data and detecting crack 

location, an initialization procedure in software must be performed. During the 

initialization procedure, the LSS hardware is initialized. This is done through calls to 

initialization procedures which were provided with the MVS system software. The 

laser intensity is also set to maximum intensity by calling a procedure provided with 

the system software. Maximum intenSity has reliably given optimal results on 

pavement surfaces during testing. Serial communication is also initialized. Two serial 

ports are used for communications (COM1 and COM2). The baud rate, number of stop 

bits, and parity (odd, even, or none) must be set for each serial port before 

communication can be successfully established. Using C function calls to the DOS 

operating system, the serial ports are initialized. Also, a profile is extracted using MVS 

system software and the typical roughness of the pavement surface being measured is 

determined. This measurement is necessary in order to determine typical depth 

variations from the sensor to the pavement surface. From the typical variance, an 

acceptable tolerance is set. Depth measurements exceeding the tolerance are 

therefore considered a crack. Lastly, the average depth of the pavement at the 

beginning of the profile is determined. This is accomplished by averaging the first 

twenty-five extracted data points over a typical section of pavement not containing a 

crack. This average is used to initialize the digital filter. 

To compensate for varying surface profiles and normal height deviations in 

pavement, a digital low pass filter is used on the extracted data. A low pass filter was 

chosen to filter out normal high frequency variations in the depth measurements since 

the measurements of concern are low frequency components in the depth 
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measurements - due to the presence of a crack. The digital filter was modeled after a 

low pass second order filter. The filter constants were determined using a Digital 

Fourier Transform (OFT) analysis. Figure 4.5 shows the profile of a crack measured by 

the local sensor before filtering, while Figure 4.6 shows the crack profile after filtering. 

Before the program continues, it waits for a start signal from the ICU via the COM2 

serial port. Once the signal to begin is received, the first task performed by the calling 

program is to determine if the sensor has located a crack. If the sensor is located over 

a crack, location is determined and sent to the RPS. If no crack is found, an indicating 

signal is sent to the ICU. This is performed by making a software function call to 

extract a profile and calibrate the data. The result is x, y coordinates in millimeters, 

where x is the direction along the line of light, and y is the depth measurement from the 

sensor to the surface. The zero coordinate along the x direction is located in the 

center of the scan. The result is stored in an array accessible to the program. Each 

element in this array is consecutively filtered and then compared to the previous value 

to determine if the starting edge of a crack has been located. If the current 

measurement varies by more than the accepted tolerance determined in the 

initialization procedure, then the program assumes that the leading edge of the crack 

has been located. 

A simpler routine would be to compare the current data to a set point value. 

However, this approach was not taken because the road surface profile may vary 

gradually within the sensor field of view by more than the accepted tolerance without a 

crack being present. By comparing the current value to the previous value, gradual 

changes in profile are allowed for, and erroneous indications of the presence of cracks 

are avoided. 

A problem arises in requiring that a previous value be set for both the filtering 

routine and the crack detection routine. Without an initial value, it would be impossible 

to detect a crack if it was located at the first data point. To solve this problem, the 

average value determined during the initialization routine is used. 

Once the program has determined that the sensor has detected the leading edge 

of a crack, a flag is set, and the x coordinate of the leading edge of the crack is stored. 

This flag will remain set until the trailing edge of the crack is located. The trailing edge 

of the crack is located by again comparing the current depth measurement to the last 

measurement taken. When the depth variance exceeds the tolerance, the trailing 

edge of the crack has been located. The x coordinate of the trailing edge of the crack 

is then stored. 
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Figure 4.5 - Crack profile before filtering. 
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Figure 4.6 - Crack profile after filtering. 

The next software task is to determine the width of the crack. This is simply 

determined by subtracting the leading edge coordinate from the trailing edge 

coordinate. Cracks less than 1/8" in width are not sealed (same as no crack located). 

This effectively serves as a threshold filter which ignores unwanted spikes due to 

noise in the data. In the case where a crack less than 1/8" wide is located, the 

program continues to analyze the remainder of data points in the scan line for a crack 

in the same manner as described above. 
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Once the crack has been located and the width has been determined to be greater 

than 1/8", the midpoint of the crack is calculated by averaging the leading edge and 

trailing edge coordinates. This location constitutes the error feedback signal required 

by the RPS to follow the crack. 

Once the error signal is determined, it is sent to the RPS directly via an RS-232 

port. Using C function calls to the DOS operating system, data is sent one byte at a 
time per the RS-232 standard protocol. 

The program then loops back to the beginning, where a profile is once again 
extracted and analyzed. The remainder of data points extracted during the last 

measurement are not further analyzed because the current machine operation does 

not address situations when two cracks have been located within the local sensor field 

of view. Because the other subsystems do not currently support the situation of 

multiple cracks, it would be counter productive to further analyze the data. However, 
only minor modifications to the program are necessary to alter the operation such that 

error signals can be sent to the RPS each time the sensor locates a crack, regardless 
of the number of cracks which have been located. 

If each element of the extracted profile is analyzed and no crack location is found, 
an indicating signal is sent to the ICU. This signal is also sent over a second serial 

port (COM2). Under normal conditions, the sensor will be located over a crack and no 

signal will be sent to the ICU. Therefore, the ICU must constantly be polling this port to 

see if a signal has been sent. After the indicating signal is sent to the ICU, the program 

loops back to the starting point, where once again a profile is extracted and analyzed. 
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5.0 - ROBOT POSITIONING SYSTEM (RPS) 

5.1 - General Positioning System 

5.1.1 - Introduction 
The following describes the GMF A-510 SCARA manipulator and the Karel 

controller which have been purchased for the AHMT crack-sealing project. The 

purpose of the manipulator is to guide process carts over pavement cracks as part of 

the general crack sealing machine. The A-510 manipulator will be inverted and 
mounted on a linear slide on the back of the crack sealing truck. The Karel controller 

is a fully integrated robot motion controller which will be responsible for all motion of 

the manipulator. The controller will receive input from the LSS and the ICU which will 

provide it with necessary information to control the manipulator which in turn guides 

the process carts over cracks in the pavement. The slide-mounted A-510 and the 

Karel controller are currently schedule to be shipped to the UCD campus from GMF in 

Auburn Hills, Michigan on May 20, 1992. 

5.1.2 - Component Description and Principles of Operation 

5.1.2.1 - A-51 0 manipulator: 

The GMF A-51 0 is a SCARA type four degree-of-freedom manipulator (see Figure 

5.1). Manipulators such as these are commonly used for assembly operations, food 

packing, and palletizing. Each joint shown is driven by a servo motor and the relative 

position of the joint is recorded by encoders. The servo motors and encoders are 

interfaced with the Karel controller. The Karel controller is able to use information from 

the encoders to move the end effector to locations within the workspace of 

manipulator. Pre-programmed information on the manipulator kinematics allows the 

controller to move the manipulator to points in Cartesian space with respect to the 

base of the manipulator. 

5.1 .2.2 - Karel controller: 

The Karel controller is capable of making calculations and running programs 

similar to many high level programming languages. These programs allow the robot 

motion to be controlled to execute a variety of complex tasks. In addition, the Karel 

controller can interface with other systems through digital 110 ports and serial lines. 

This allows the controller to operate with information from sensors and also to send 

motion information to other systems. As an additional feature, the Karel controller is 
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b 

Figure 5.1 - GMF A-51 0 inverted configuration, a) joint 1 - translation, b) joint 2 -
rotation, c) joint 3 - rotation, d) joint 4 - end effector flange rotation. 

capable of controlling machinery other than the manipulator. As an example, in an 

assembly environment the controller could be used to operate conveyors, parts 

feeders and linear actuators. Integration with other machinery can include custom 

hardware integration such as the integration of the A-51 0 and the linear slide or it can 
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Figure 5.2 - The GMF A-51 0 mounted on a linear slide on the back of a truck. 

37.4" 

, 04.8" 

a. b. 

Figure 5.3 - Workspace of the A-510 manipulator, a) without the linear slide and b) 
with the linear slide. 
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Maximum reach 37.4 in. 

Payload 22 lb. 

Weight 330 lb. 

Maximum overall height 55.3" 

Joint 1 Stroke 11.8 in. 

Speed 27.6 in/sec 

Joint 2 Rotation 300° 

Speed 3000/sec 

Joint 3 Rotation 300° 

Speed 3000/sec 

Joint 4 Rotation .540° 

Speed 5400/sec 

Table 5.1 - General speafications for the GMF A-510 manipulator. 

take place through any of the I/O devices that were previously mentioned. The 

flexibility of the Karel controller and its ability to integrate with other systems make it an 

ideal component for use in a research environment. 

Additional degrees-of-freedom can be incorporated into the manipulator motion 

using the Karel controller. This will allow the manipulator to be mounted on a linear 

slide with the slide and manipulator operating as a single unit in the eyes of the user. 

5.1.2.3 - Linear slide: 

The manipulator will be mounted on a custom built, servo controlled linear slide 

which will be integrated to the Karel controller. The slide will have an overall width of 

8 feet to fit on the back of the crack sealing truck. The slide will have 2.5 feet of 

horizontal travel (see Figure 5.2). Note that the travel of the slide is restricted by such 

factors as the width of the manipulator base. A custom built slide manipulator unit may 

be desirable during the commercialization stage. The addition of the linear slide will 

increase the reachable workspace of the manipulator and enhance its dexterity in 

certain areas near the edge of the workspace. A normal SCARA configuration 

manipulator can not necessarily move along a given path within its workspace. In 

addition to extending the workspace, the addition of the linear slide provides a 

redundant degree of freedom which will allow the manipulator to move in any direction 
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Operator interface through Karel programming language 

Simultaneous control of up to 9 motion axes 

Capable of remote or local operation 

2MBRAM 

Serial communication capability 

Analog to Digital module 

8 Channel Digital 1/0 

4 Channel Analog Input 

2 Channel Analog Output 

Real time VO monitoring 

Complete programming.control structures 

Full Cartesian level transformation capability 

Continuous path motions 

Basic and advanced arithmetic functions 

Flexible operator interface 

Table 5.2 - Features of the Karel controller. 

and along any path (e.g. following a crack) within its workspace. The workspace of the 

manipulator with and without the linear slide is shown in Figure 5.3. 

The A-51 0 manipulator was selected from a field of commercial manipulators on 

the basis of workspace, payload, and controllability. Important specifications of the 

GMF A-51 0 are listed in the Table 5.1. Important features of the Karel controller are 

shown in Table 5.2. 

5.2 - Longitudinal Positioning System 

5.2.1 - Component Description 
Due to the nature of the tasks involved, the development and fabrication of the 

longitudinal RPS design has occurred in two stages. The first stage included the 

design and fabrication of the mechanical structure, the longitudinal machine, which 

includes the cart, linear slide table, and the connecting links. The second stage 

consisted of the selection, purchase, and integration of the actuator and control 

system. The first stage has been completed but the purchasing process is pacing the 

receipt of the actuator and control system in the second stage. Completion is pending 
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the receipt of the actuator and control system and integration which can be completed 

once the hardware is available. 

5.2.1.1 - Longitudinal Machine 

The longitudinal machine was designed to serve as the test vehicle for the APS 

components and a prototype to the longitudinal RPS. Important design criteria 

identified during development follow: 

1) The actuator control system is simple. To accommodate this, the linkage 
allows the cart to translate laterally with the movement of the actuator. 

2) The linkage design is such that motion of the cart due to the changes in 

elevation and angle of the road surface result in the least possible lateral 

translation - which would are compensated for by the actuator. 
3) Stowage is simple. 

4) A cart length of 5 feet is provided toallow installation of APS components 
in the worst case configuration. Lateral movement of the cart is limited to 

12 inches total, representative of driver's abilities when crack sealing. 

5) Simplification of the design is important to prove the concept and have a 

working prototype to support the APS component testing. Development 

for commercialization should address issues such as optimum cart 
configuration and stowage design. 

6) Designed for ease of application to any size support vehicle. The 

particular prototype built is dimensioned around the 40 inch high bed of 

the test vehicle made available to the project by CalTrans. 

Figure 5.4 depicts the basic components of the longitudinal machine which are 

described in the following paragraphs. It should be noted that the item numbers 

discussed correspond with those of the figure and those of the detail assembly 
drawing, SHRP(LPS)LM-A 100 in Appendix D.2.2. 

1 ) Linear slide table (item 2) - The base of the table (item 1) is bolted to the 

truck bed and can be adjusted to set the slide table parallel to the road, 

allowing for an adjustment of 0.75 inches. A linear actuator (item 11) with 

a 12 inch stroke drives the slide table which is mounted on two linear 

bearings (item 12), 39 inches in length. 

2) Upper link (item 3) - During operation of the machine, this link serves as a 

structural member rigidly attached to the slide table and extending down 

to the lower link attached to the cart. The linear movement of the table on 

top of the truck is transferred by this link down to the cart (item 5) near the 

road. It is hinged to the table at one end and can be unlocked to allow it to 
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rotate upward lifting the cart up for stowage. The length of the link 

between the attachment pOint on the table to the lower link would be sized 

for the vehicle to which it is attached, and this is the only part that would 
need to be adjusted in mounting the unit to another vehicle. 

3} Lower link (item 4) - The link is hinged at the upper link and the center of 

the cart. The hinge points allow the cart to translate vertically and rotate 
about its longitudinal axis as it follows the road. Lateral translation of the 

linear table is transferred to the cart across this link. At nominal 

dimensions on a flat road the axes of both hinge points line in a plane 

parallel to the road. The bend in the arms of the link provide clearance to 

allow the casters (item 10) on the cart to rotate 360°. 

4} Cart (item 5) - The cart is a simple rectangular frame usually mounted on a 

pair of casters. The casters support the weight of the frame and 
components while maintaining a constant height with respect to the road 

surface (see Figure 5.5). When operated in a configuration that includes 
the router (see Figure 5.6), the casters are removed and the cart is 

attached to the frame of the router. Rotation of the cart about the 

transverse axis (pitch) is prevented by the reaction forces across the lower 

link. So, the cart longitudinal axis is always parallel to the longitudinal 

axis of the truck. Bolt holes are placed in the frame as required to attach 

the APS components. 

During operation the links allow the cart to follow the road surface defined by the 

contact points at the casters. The cart is free to move vertically and rotate about the 

hinges on the lower link as shown in Figure 5.7. The stowage of the cart is achieved 

by rotating the upper link upward as shown. This is presently done by using an 

overhead hoist attached to the lower link. Modifications to the upper link and the use 

of hydraulic actuators during commercialization would allow for other stowing 

configurations. 

5.2.1 .2 - Actuator and Controller 

A commercially available prepackaged electro-hydraulic linear drive was selected 
for the longitudinal RPS. The system, presently on order, uses a programmable digital 

controller to operate the servo valve on a hydraulic cylinder and operates in a closed 

loop with the feedback from a position transducer on the hydraulic cylinder. The 
controller can be programmed to accept input from the LSS across a RS-232 port. 

Given a value for position, the controller will then drive the actuator to the location at 
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Figure 5.4 - Longitudinal machine basic components. Item numbers correspond to 
assembly drawing SHRP(LPS)LM-A100 in Appendix 0.2.2. 
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Figure 5.5 - Longitudinal configuration without router attached. Note the pneumatic 
casters which support the linkage. 
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Figure 5.6 - Longitudinal configuration with router attached. Note: the casters have 
been removed, the linkage is supported by the router wheels. 
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Figure 5.7 - Motion of the longitudinal machine. 
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preprogrammed acceleration and velocity values. Information will be provided by the 

LSS and the controller operating at 10Hz. The chosen system has higher speed 

capabilities with minor hardware and software modifications, although the noted rate is 

expected to be more than adequate. 

5.2.2 - Principles Of Operation 
The longitudinal RPS is the subsystem that carries the local sensor, the router, the 

vacuum and heater/blower ducts and the sealant applicator unit during operations on 

longitudinal pavement cracks running parallel to the roadway. The system consists of 

a cart in which these APS components can be installed in various configurations and, 

an actuation and control system that guides it. Figure 5.8 shows an early photo of the 

longitudinal linkage described above deployed from a truck with mock-up subsystems 

installed. 

The cart is attached to the side of the road maintenance vehicle with a mechanical 

linkage that allows the cart to move laterally a distance representative of crack 

geometry and driver capabilities as the vehicle is driven alongside the crack. The 

lateral movement is controlled automatically to correct for the relative position of the 

vehicle to the crack. The linkage also allows the cart to be retracted from the road 

when not in operation. 

A single actuator provides the force to move the cart. It is driven by a controller 

that receives input from the LSS which is mounted at the centerline, forward end of the 

cart. As the cart is pulled forward, its lateral location is continually updated to keep the 

cart centerline over the crack, as measured at the local sensor. 

The APS components, which are located on the centerline of the cart, prepare and 

fill the crack as it passes beneath them. These components are modular and can be 

installed in- various configurations to allow for different crack sealing methods used by 

various DOTs. The support equipment necessary to operate the various components 

is located on the vehicle. 

The configuration of the components installed in the cart imposes design 

constraints that specify the overall size of the cart, structural strength, stowing 

configuration options, and the limits on the system's ability to follow changes in crack 

path. To maintain flexibility in the development of the system and APS components, a 

worst case configuration was considered. This includes installation of the components 

in the following order beginning at the forward end of the cart (see Figure 5.6): 

1) Local Sensor - Required for all configurations to provide for crack location 

through the LSS. 
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Figure 5.8 - Longitudinal linkage with representative components. 

2) Vacuum Duct - Required for use in combination with the router to remove 

debris from the area around the crack and control exposure to dust 

created during routing. This ducting would be integrated within the body 

of the router. 

3) Router - Required for some methods of crack preparation prior to sealing. 

4) Heater/Blower Duct - Required for some methods of crack preparation. It 

could conceivably be used in conjunction with the router for preparation of 

the crack. With this configuration , a pyrometer used to sense the road 

surface temperature is located immediately behind the hot air duct to 

control the application of heat. 

5) Sealant applicator - Required for sealing the crack. It places a five inch 

wide band over the prepared crack and will always be the last component 

on the cart. 

When following a crack, the combination of all five components is most limiting 

since they are located on the centerline of the cart and define the minimum distance 

between the local sensor and sealant applicator. This distance then imposes a limit 

on the maximum rate of change in relative position between the crack and the 

maintenance vehicle (see Figure 5.9). Actuation of the cart is limited to translation in 

the direction perpendicular to the centerline of the cart, which is parallel to the 
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Figure 5.9 - Physical limitations to longitudinal crack sealing linkage. 

45 
Copyright 2011, AHMCT Research Center, UC Davis



direction of travel of the vehicle. The cart follows the crack located by the sensor at the 
forward end, which has a maximum four inch field of view. The applicator at the aft 

end lays a band of sealant five inches wide. The router cannot cut a path without a 

significant forward component since the cart does not have a rotational component 

which would allow the router to follow a circular path. These basic limitations on the 

crack following capability are inherent in the definition of 'parallel crack' but, as noted, 

are dependent on factors that include selection of crack preparation components. 
The longitudinal RPS will operate as a component of the crack sealing machine 

controlled through the ICU, but it can be used independently as a self-contained unit 

with the LSS output provided directly to the controller. For initial development, testing, 

and evaluation, the system has been configured to operate on a test vehicle which 

supports only the longitudinal RPS. The capability to operate as a self-contained 

system, the relative simplicity of its operation, and the modularity of the APS 

components, support the commercial viability of the longitudinal RPS. 
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6.0 - APPLICATOR & PERIPHERALS SYSTEM 
(APS) 

6.1 - Router 

6.1.1 - Component Description 
The routing component consists of a commercial impact cutting wheel mounted in 

a frame supported on casters. It is a modular unit that can be attached to the 
longitudinal or general crack sealing machines. The weight of the router unit is 

supported entirely by its wheels and the wheeled frame is designed to resist all forces 

that act to upset the cart during operation including forces from the RPS to which it is 
attached. The cutting wheel is driven by a hydraulic motor with the fluid flow lines 

running from the cart to the power unit on the truck bed. Detail drawings of the router 

are located in Appendix E.1. Figure 6.1 depicts the basic components which are 

described in the following paragraphs. Note that the item numbers in this figure 

correspond with those of the router assembly drawing SHRP(APS)RM-A 100 in 

Appendix E.1. Photos of the actual fabricated unit can be seen in Figures 6.2 and 6.3. 
The router cutting wheel (item 14) is a commercial unit removed from the manually 

operated router described above. The cutting wheel holds six rows of cutters and is 
designed to run at 2000 RPM. The cutters have a diameter of 4.75 inches and the total 
effective cutting diameter of the wheel is 15 inches. The maximum cutting width of this 

particular wheel is 2.25 inches, limited by its cutting wheel design. 

The router cutting wheel and hydraulic motor (item 8) are mounted on bearings 

(item 12) attached to the cutter frame (item 13) which is hinged at the forward end. 

This allows the cutter to be extended into the road and retracted. The range of motion 

in the present design allows for a cutting depth of up to .85 inches and a retraction of 1 

inch. An electric linear drive actuator (items 3 & 7) is used to extend and retract the 

cutting wheel. The cutter frame rotates about the C-channel pin (item 11) which is 

bolted to the inner frame (item 6). The inner frame serves as the shroud and the 

attachment point for the linear drive and linkage which extends and retracts the cutting 

wheel. This assembly is a very compact self-contained mechanism which is then 

bolted to the wheel support frame (item 2). 

The wheel support frame is mounted on four casters (item 1) and supports the 

weight and cutting forces of the complete router. It also provides the interface to the 

RPS machines. It is designed to sit inside the longitudinal machine cart and in this 
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Figure 6.1 - Description of router assembly, items numbers are circled. 
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Figure 6.2 - Photo of the fabricated router unit. For illustration purposes the top 
cover was removed. 

configuration, the casters of the longitudinal machine are removed and the weight of 

the longitudinal machine cart and the other APS components is carried by the wheel 

support frame of the router. An attachment point on the top of the wheel support frame 

provides the interface for the general machine. 

The linear drive has a range of 4 inches and extends and retracts the cutting 

wheel by rotating two of the links as part of a four bar linkage as depicted in Figure 6.4. 

It acts at the upper and lower link capture (item 5) which is a clevis that shares a pin 

with two links on the actuator side of the assembly. The two upper links (item 4) are 
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o 

Figure 6.3 - The router unit underside. Note the compact hydraulic motor. 

attached to a common shaft at the upper link pin (item 9) and move as a single 

member acting on the two separate lower links (item 15). The linkage is designed so 

that at full extension of the actuator, the upper and lower links are in line with each 

other and the loads transmitted from the router cutting wheel to the inner frame have 

no component in the direction of the actuator. In order to provide for cutting at different 

depths, the attachment of the lower link hinge point to the cutter frame is adjusted at 

the lower link pin block (item 10). The adjustment is set prior to operation of the router. 

The linkage is designed to retract the cutting wheel 1 inch above the surface of the 

road. Through the use of a linkage that is in effect, self-locking, the actuator will only 

be subjected to routing impact forces while it is extending the cutting wheel into the 

road. The nominal cutting depth that the router can be set for is 0.1 to 0.85 inches. 

This accommodates the .75 inch cut being evaluated in SHRP H-106. 

A debris shroud from the debris removal system will be attached to the bottom of 

the router shroud that serves as the intermediate frame. It includes a deflector plate 

forward of the cutting wheel which directs the debris to the vertical tube attached to the 

vacuum line of the debris removal system. The debris shroud will provide a partial 
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Figure 6.4 - Router cutting wheel extension and retraction. 
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vacuum seal with the road surface and will act to retain the debris ejected by the 

cutting wheel. The debris is emitted in the forward direction by the action of the cutting 

wheel so the flow of the air wi" be directed by the vacuum in this same direction and 
exit forward through a transition from a rectangular cross section into a 3 inch diameter 

tube. 

The hydraulic motor is keyed directly into the end of the shaft that drives the cutting 

wheel. The displacement of the motor is 1.95 in3/rev which is designed to have an 

output of about 17 HP at 2000 RPM with an input pressure of 2000 PSI. The power for 

the test system is being provided by a hydraulic power supply system that was 
acquired with other than SHRP funds. Operation of the router is achieved by powering 

the motor with the router retracted, then extending the cutting wheel into the ground to 
full extension while stationary. Once extended the router is moved forward to cut the 

channel. 

6.1.2 - Principles of Operation 
The router, one of the APS components, is used to prepare cracks by cutting a 

channel along the crack in a profile that allows for increased penetration and 

adhesion of the sealant. The router was developed to accommodate the unique 

requirements imposed by the crack sealing machine. The design uses an existing 
impact router cutting wheel installed in a configuration that wi" follow random cracks 

with the general purpose RPS or the nearly linear cracks with the longitudinal RPS. It 
is hydraulically powered which allows it to be operated with a remote power supply. 

As a result, its size and weight are minimized to best accommodate its use with the 

RPS systems. In addition, the design allows for cutting at the increased speeds 

necessary for the automated crack sealing applications. The impact cutter design 

allows for variations in cutting depth and width which can be adjusted by placing the 
individual cutting wheels in various configurations. Adding cutters and increasing the 

rotational speed of the cutting wheel assembly also allows for operation at higher road 
speeds. The router component is a modular unit that will operate in both systems with 

minor modifications. 

The basic principles of impact router operation have been verified on a manually 

operated commercial routing unit. The operator, while walking backwards and pulling 

the machine, guides the unit by observing the cutting wheel as it follows the crack. 

Debris is thrown in the direction away from the operator. This mode of cutting runs the 

cutter wheel in a "down-milling" cut direction {see Figure 6.5}. Testing showed that the 

router tended to pull itself up out of the road bed when operated at higher surface 
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speeds. By pushing the router, which results in a conventional "up-milling" cut (see 

Figure 6.5), the operation of the router is considerably smoother. Greater force is 

required to push the unit since the resulting cutting force acts in the direction opposite 
the direction of travel. However, a significant advantage is that the routing machine 

does not pull itself out of the roadway when "up-milling". Test results determined that 

operating the router in the conventional "up-milling" mode was the most efficient and 

would be used for the APS router component. This option is not possible with the 

manually guided machine since the debris would be thrown toward the operator. 

6.2 - Heating/Cleaning/Debris Removal 

6.2.1 - Component Selection 
The main component in the heating, cleaning and debris removal (HCD) 

subsystem is the burner. Four liquid propane heating systems from major burner 

manufacturing companies were identified using the computational models developed 

earlier and appeared to closely meet the overall design criteria. However, two were 

logically concluded to best do so: the previously investigated Sur-Lite burner and the 

Eclipse Thermal Blast Heater. As mentioned in previous reports, Sur-Lite's modular 
design affords the possibility of incorporating a larger blower. However, the recently 

investigated Eclipse Thermal Blast Heater is limited to a maximum 400 SCFM of air 

flow. Yet, this burner is built for high pressure operation, up to 50 PSI, and has been 

designed around the operating envelope specific to this application. The Eclipse 

burner also ejects its hot exhaust via a 4" diameter duct as opposed to Sur-Lite's 6" 

exit. This means that in order to reduce the exhaust area at the nozzle to increase flow 

velocity, the Sur-Lite system would experience a much greater pressure drop and 

generally be more bulky. Also, the Thermal Blast Heater is designed specifically for 

remote blower placement. In the case of the Sur-Lite burner, less routine 

modifications would be necessary. Therefore, it seemed reasonable to conclude that if 

the heat output from the Eclipse burner is not significantly limited by the 400 SCFM 

maximum flow and the burner can heat the crack to 250°F at a relative speed of 2 

MPH, then it should be selected as the preferred method. A simulation using the 

convective model was run and indeed, a sufficient surface temperature of 260°F was 
achieved (see Figure 6.6 below). Thus, the Eclipse burner was chosen for integration 

with the automated crack sealing vehicle. Selection of the flame safeguard and fuel 

train was fairly straight forward since it is made of components commonly available 

through most burner manufacturing companies. For convenience, a local vendor, 
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Control Technology Specialists, was chosen to provide this portion of the HCO system 

and to help install and fine tune the heating system as needed. 

More straight forward were the component selection choices for the blower and 

debris separator. The Paxton CB-87 comes as a complete package as opposed to 

most other hydraulic blower and therefore, best meets project goals in terms of off-the­

shelf reliability. EG & G Rotron provides a debris separator that is able to be easily 

emptied using a standard 55 gallon drum mounted on casters. Both of these units 

were therefore purchased for use with the heating system outlined above. 

6.2.2 - System Description 
The automated pavement crack heating, cleaning, and debris removal (HCO) 

system designed and purchased primarily consists of an EG & G Rotron debris 

separator, model IVM2000PF (approximately the size of 2 - 55 gallon drums stacked 
vertically), a 5 PSI, 400 SCFM hydraulically powered centrifugal blower, Paxton 

Centrifugal Blowers model CB-87, a 692,000 BTU/hr Eclipse Thermal Blast Heater, 

and an infrared pyrometer, Raytek model ET3LT, which measures crack temperature 
and thereby modulates fuel flow to the burner. Overseeing safe operation of the 

burner is a standard flame safeguard control panel built by Control Technology 
Specialists. It features additional control panel functions for diverter valve actuation (to 

ensure safe idle operation), CLEAN ONLY operation (no heat), and a PIO controller to 

interface with the pyrometer. 
The debris removal portion of this system consists of a debris shroud mounted to 

the router casing, the EG &G Rotron debris separator unit and waste container located 

on the truck bed, and two (2) 3" diameter flexible hoses. The Paxton blower provides 

vacuum air to the debris shroud and separator unit and the waste container houses all 

collected debris for later disposal. Both the blower and burner units are to be located 

on the truck in a location which minimizes pressure and heat losses through minimal 

bending and plumbing distance. Proper insulation will protect subsystems and 

operators from danger. Hydraulic power to the blower is provided by the central 

hydraulic system. Perhaps in the future, a drive train power take-off unit could be used 

to power other subsystems. The pyrometer is located just aft of the burner exhaust 

nozzle on the longitudinal sealant cart and between the sealant applicator and heater 
nozzle exit on the general process cart. Appendix E.2.1 contains the general 

specifications used in evaluating available commercial equipment and Appendix E.2.2 

contains manufacturer's specifications for the major equipment purchased (exclusive 

of the flame safeguard unit and fuel train). 
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Figure 6.6 - Predicted Eclipse Thermal Blast Heater performance. Relative speed is 
2 MPH, nozzle exit diameter is necked down to 2.5", and the exit gas 
temperature is set at 1500°F. 

The Eclipse burner purchased, at maximum output, consumes approximately 28 

LB of liquid propane (LP gas) per hour, meaning that for a normal eight hour work day, 

224 LB of fuel could be consumed if run continuously. By outfitting the support vehicle 

with 2 additional vapor withdrawal 100 LB tanks, in addition to the 2 tanks already 

present for use with the melter, this consumption rate can be met. 

6.2.3 - Principles of Operation 
Since both the debris removal and the surface heating portions of the HCD system 

require high volume / low pressure air, it is obvious that combining their required air 

flows into one centralized system, affords the possibility of utilizing a single blower. 

Vacuum air from the debris removal portion is therefore cleaned of debris in the 

separator unit, then exhausted to a burner, and blown onto the road surface to heat it 

to the proper temperature. This setup provides the best solution in terms of cost and 
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Figure 6.7 - Sketch of HCD system deployed for longitudinal sealing. 

efficiency. Figure 6.7 shows a conceptual sketch of this set-up deployed for 
longitudinal sealing. 

The system is also designed such that it can operate in the CLEAN ONLY or HEAT 
AND CLEAN mode. In the CLEAN ONLY mode, the heater is not ignited and the 
blower is used by itself, with or without the debris removal attachment. This is a 

necessary feature since many DOTs do not heat the roadway prior to sealing. The 

diverter valve is also necessary to adjust for the proper component pressure loads 

during system qualification. This will ensure maximum performance of the 

components while not causing damage to them. 

Operation of the integrated unit takes place via a control panel to be mounted 

conveniently on the crack sealing vehicle. To begin operation, the unit is first 

configured for the type of sealing desired. (Some DOT's do not route or heat, others 
route and heat, while some may only route etc.) After configuration, the system is 

activated by first switching on the main subsystem power (assuming the ICU is in 

operation and power is present in the hydraulic system) then flipping solenoid 

switches that regulate hydraulic fluid flow to the blower. Normally the diverter should 
be set to divert flow from the pavement for safety reasons during start-up. After the 

blower reaches operating speed, the diverter valve can be released to deflect flow to 
the pavement enabling the burner to be ignited. 
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In general, the burner operates similar to most LP gas burner packages with a few 
exceptions. Ignition of the burner is automatically controlled by the flame safeguard 

system and takes place only after an air purge has been verified (1-5 seconds). Once 

ignited, the burner operates as a self contained unit as long as air flow is present. 

Should the air lines become clogged or the blower shut down, pressure switches 

sensing deviant air pressure would trip thereby shutting down the fuel flow. Fuel flow 

is normally maintained through a PID controller connected to the pyrometer - as 

opposed to a manually or permanently set flow rate. Based on the surface 
temperature of the pavement, the pyrometer returns a signal, roughly between 12 and 

16 rnA (200°F and 300°F), back to the PID controller which in turn sends out a 4-20 rnA 

signal, linear over the turn down range of the fuel control valve, either increasing or 

decreasing fuel flow in order to approach the desired surface pre-heat temperature. 

The burner output is therefore automatically proportionally adjusted for the set point 

programmed into the PID controller. 

6.3 - Sealant Applicator 
The sealant applicator unit constitutes a significant advancement in crack sealing 

technology. It was designed to deliver hot thermoplastic sealant at an increased 

velocity over current crack sealing techniques, as well as shape the material to 

produce a variety of sealant finish configurations. A significant advantage this unit 
possesses over other sealing methods is that it uses a small amount of pressure to 

force sealant into the crack. The sealant flow rate is automatically adjusted according 
to the cross-sectional area of the crack and is described below. 

During Phase II of this project, the design of the sealant applicator was finalized 

and a first generation prototype was built (see Figures 6.8 and 6.9). In the following 

paragraphs, the principles of operation and a description of the various subassemblies 

is provided (see Figures 6.10 - 6.13). 

6.3.1 - Subassembly A 
Figure 6.10, Subassembly A shows the sealant supply tube. The hot-pour sealant 

is supplied to the tube through a teflon hose from a melter unit mounted on the truck 

platform. During the time it takes for the sealant to flow from the melter to the 

pavement crack, the sealant must be kept at a high temperature in order to prevent the 

sealant from solidifying. To accomplish this, a continuous hot oil line is doubly 

wrapped around the teflon hose. The line is broken when it reaches the sealant 

applicator and each end is mounted to the top of the subassembly (item 10). The 

entering oil sees a cavity in the shape of a half-circle (item 10, Section A-A), flows 
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Figure6.8 - The sealing dispensing unit mounted on the base plate for the 
longitudinal crack sealing machine. 

Figure6.9 - The sealant applicator at the end of the longitudinal machine. 
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through this cavity, then travels through an area between the sealant tube (item 1) and 

an outer wall (item 2). Two rods press-fitted between the sealant tube and the outer 

wall (item 32, Section 8-8) force the oil to flow down the length of the sealant tube on 
one side and then back up on the other side where it exits. Proper sealant application 
temperature is maintained by this design. High-temperature O-ring seals in the design 

insure that both sealant and oil do not leak outside the body or into each other. 
At the base of the center tube (item 1) there is a cone-valve (item 7 mounted to 

item 9). The cone is spring-loaded, so when there is no sealant flowing, the sealant 

orifice is closed off. The force of the spring is just equal to the weight of a standing 

column of sealant. At the time when sealant is to be applied, pressure generated by 

the melter pump opens the cone-valve. When the applicator reaches the end of a 

crack, the sealant flow is stopped and the cone-valve closes, preventing extra sealant 

from flowing out of the tube. 

6.3.2 - Subassembly B 
During design it was necessary to address protection of temperature-sensitive 

parts of the applicator from the very high temperatures necessary to retain sealant 
fluidity. It is apparent that over a period of time, the entire Subassembly A will reach 
350-400°F. This problem was solved in three ways: insulating material was used 

between Subassembly A and the rest of the applicator (Figure 6.11, items 4,5 and 13), 

contact points were minimized (item 10), and heat fins were provided for maximum 

heat dissipation (item 6). 

Another design issue concerned the manner in which the applicator would follow 

the contour of a road. All roads are not perfectly flat; i.e., surface irregularities are 

always present in pavement. The manner in which this problem is addressed is 

apparent by considering the drawing of Subassembly B. Three hardened Thompson 

shafts (item 3) are mounted between the upper and lower sections of the applicator 

(items 6 and 14). The shafts pass through three linear bearings captured in the frame. 

The result is that the entire sealant applicator assembly has the ability to move 

vertically over a range of 5.5" yet still be rigid in the horizontal plane. Overall, the 

modular design of the sealant applicator allows it to be mounted to the longitudinal 
machine, the general crack sealing machine, or any other compatible device. 

The last design feature described using the Subassembly 8 drawing is the method 

by which the applicator controls the flow of sealant over a given crack. Consider the 

flow of sealant through the sealant tube (item 1). At the base of the tube, the sealant 

both fills up a crack and pushes a float (item 30) upwards (Circle A). The volume of 
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Figure 6.11 - Sealant applicator unit, Subassembly B. 
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sealant underneath the float is referred to as the reservoir. The float in turn 

compresses a spring (between items 21 and 30) which deflects a circular plate (item 

21) on which four strain gages are mounted. The output of the strain gage circuit is 
conditioned and transformed into a voltage representing the amount of sealant in the 

reservoir. The circuit controls a proportional valve which adjusts the rate of sealant 

flow. 

As the applicator travels along a crack, a varying amount of sealant (dependent on 

crack width and depth) is pushed into the crack from the reservoir (Circle A). Note that 

the spring pushes against the float, forcing sealant into the crack. The internal sealant 

pressure in the reservoir is maintained between 2 and 8 PSI. As the float lowers due 

to sealant dispensing, the strain gage circuit signals for an increase in sealant flow into 

the reservoir. Once the reservoir fills, the sealant flow is again decreased, etc. The 
closed loop nature of the applicator provides continuous and complete filling of cracks 
independent of crack size and applicator surface speed. 

6.3.3 - Subassembly C 
As mentioned in the Phase I final report the sealant applicator is a combination 

sealant dispenser and shaper (squeegee). To provide for a wide variety of crack seal 
configurations, the rubber ring/squeegee at the base of the applicator was selected to 

have a 5" inside diameter (ID). During development, a problem concerning the contact 

between the rubber ring and the ground was identified. The rubber has to withstand 

frictional forces due to vehicle movement as well as high temperature sealant. As 
such, as is shown in Figure 6.12, Subassembly C, a ring of mesh-reinforced high­

temperature Hypalon industrial tubing (item 31) is used. This ring will flex on the road 

surface and can provide for a flush sealant configuration over the crack. It is easily 

replaceable as it slips on and off an outer wall (item 17) and it is held in place by an 

adjustable clamp. 

Proper operation of traditional squeegees requires a downward force of 10 - 20 
LB. The weight of the sealant applicator is approximately 35 LB. Accordingly, this 

weight is counterbalanced by two compressed air cylinders (not shown) so as to 
provide proper down force. 

Angular contact ball bearings permit the rotation of the tubing ring providing for 

other sealant configurations (e.g., overband) as mentioned in the Phase I final report. 

This rotation additionally provides for more uniform wear of the tubing ring and 

reduces the possibility of sealant buildup on the ring (item 31). The bearings are 

mounted within the applicator body, away from the base to protect them from the 
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Figure 6.12 - Sealant applicator unit, Subassembly C. 
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Figure 6.13 - Sealant applicator unit, Subassembly D. 
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environment (items 15, 18, 19 and 27). A V-belt drives all the various rotating 
components through a pulley (item 11) mounted to the outer wall (item 17). 

6.3.4 - Subassembly 0 
Figure 6.13, Subassembly D shows a half-view of the entire sealant applicator 

assembly. On the left, a variable speed DC motor (item 33) drives a shaft (item 34). 
The shaft has a raceway for a ball bearing which is mounted to a smaller pulley (item 

28). The bearing acts in two ways: 1) it allows the pulley to move up and down with 

the main body of the applicator as it travels down the road and, 2) it allows the pulley 

to spin due to the rotation of the shaft. The shaft assembly can also be moved back 
and forth in guiding groves (items 25 and 26) in order to adjust tension and change the 

belt that rotates the tube assembly. As noted above, this rotation provides for more 
uniform tubing ring wear and less sealant build-up. 

66 
Copyright 2011, AHMCT Research Center, UC Davis



Copyright 2011, AHMCT Research Center, UC Davis



7.0 - VEHICLE ORIENTATION AND CONTROL 
SYSTEM (VOC) 

7.1 - System Description 
The Vehicle Orientation and Control (VOC) system tracks the position of cracks on 

the road surface with respect to a fixed point (e.g. the robot base) located on the truck. 

This system is required so that the position of road cracks identified by the Vision 

Sensing System (VSS) at the front of the crack sealing truck can be tracked 
continuously as the truck moves forward moving the cracks into the work space of the 

robot arms at the rear of the truck. At that point, the crack position data will be sent to 

the controllers on the robot arms (RPS) via the ICU. The robot controllers will then 

send signals to position the end effectors of the robot arms over the cracks. Once 
positioned, the end effectors will rout, clean, heat, and finally seal the cracks. It is our 

intent that ultimately the entire process of identifying the cracks, tracking their 
positions, positioning the robot end effectors, and performing the crack repair 

operation will be done in a continuous fashion with the truck moving ahead at a slow 

forward speed. A schematic illustration of the crack sealing truck and the integrated 
VOC, VSS, RPS, and ICU is given in Figure 7.1. 

The task of tracking points on a crack would be simple if the truck were moving 

straight ahead or if it were turning a corner of constant radius. However, this is usually 

not the case. To illustrate this point, it is noted here that after a particular point on a 

crack is identified by the VSS, the truck must move ahead approximately 35 feet 

before that same point on the crack moves into the work space of a robot arm. 
Throughout this distance it is unlikely that the truck will maintain a straight heading or 

even a turn of constant radius. Instead it is very likely that the truck will be moving with 

many combinations of left and right turns (of various radii) and straight ahead motion. 

The heading variations may be small but they will be significant enough to have a 

large impact on the accurate positioning of the robot end effectors. 

7.2 - Principles of Operation 
The entire VOC system will use digital communication. Two (2) optical, rotary, 

incremental encoders will each be mounted on separate "fifth wheel" assemblies. The 

fifth wheel assemblies will be mounted on either side of the truck outside of the rear 

wheels and midway between the two rear axles of the truck so that the center line of 
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Figure 7.1 - Crack sealing truck showing integrated VDC, VSS, RPS, and ICU 
(conceptual illustration only). 

the encoders passes through the center of rotation of the truck (see Figure 7.2). The 

fifth wheel assemblies will be located approximately 10 feet apart. The fifth wheel 

assemblies will continuously monitor the change in position of each side of the truck. 
From position data obtained from the encoders, the translation of the truck (laterally 
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Figure 7.2 - Placement of encoders on crack sealing truck. 

with respect to the road surface) and rotation of the truck (yaw - about a vertical axis 

with respect to the road surface) can be continuously calculated. 

An on-board computer will also be a part of the vac. This computer will serve 

several functions. In general, crack position data will be sent to the vac computer 

from the VSS and truck position data will gathered from the encoders on the fifth 

wheels. Calculations of truck position and orientation and crack position (with respect 

to the truck) will be performed by the vac computer. This information will be shared 

with the ICU. The vac computer will also update the path planning module in the 

ICU. Finally, the vac computer will send current crack position data to the RPS for 

immediate crack sealing. 

More specifically, the vac computer will perform as follows. The Cartesian 

reference frame used by the computer program will be fixed on the truck near the 
center of the rear bumper. This reference frame will move (in position and orientation 

with respect to the road surface) as the truck moves. The vac computer will receive 

(from the VSS) the position, perpendicular to the direction of travel of the truck (with 
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respect to the truck), of points on cracks as they are identified by the VSS camera at 
the front of the truck. The VOC computer will note the time instant when this data was 
received. Then the VOC will begin tracking the change in position and orientation of 

the truck with respect to the time instant when the data was received from the VSS by 

sampling data (at a set time frequency) from the right and left encoders. When the 

crack moves into the work space of the RPS and is immediately ready to be sealed, 

the VSS will perform a final calculation of points on the crack with respect to the truck. 
This information will be sent immediately to the RPS so that the RPS end effectors can 

clean, heat, and seal the crack. Once the crack repair operation is completed on that 
particular portion of crack, that crack portion will no longer be tracked by the VOC 

computer. Refer to Figure 7.8 for a flow chart of the integration of the VOC with the 

VSS, RPS, and ICU. 

7.3 - The Use of Fifth Wheels 
One design consideration that merits some discussion is the decision to mount the 

position encoders on fifth wheels rather than attaching them directly to the tires of the 

crack sealing truck. There are several advantages to the fifth wheel design. These 

advantages follow. 

• All drive train noise that is transmitted through the truck wheels is not 

transmitted to the encoders. 

• The wheel base distance can be increased (if necessary) to allow greater 

accuracy in computing the vehicle position and orientation. 

• Noise coming from the truck and various systems can be dampened through 

the fifth wheel connection (to the truck) so that the noise is minimized by the 

time it reaches the encoders. 

• The truck tires are subject to fluctuations in radius caused by tires of low 

stiffness and changes in tire pressure, vehicle weight, consumable materials 

fluctuations, number and weights of persons riding the truck, vibrations, etc. 

Nearly all problems caused by changes in tire diameter can be eliminated 

through the use of a relatively high stiffness wheel attached to a fifth wheel 

assembly. This would allow for greater accuracy in the encoder data since 

fluctuations in wheel radius will be minimized. 

• For a tandem axle truck that is turning any sort of corner, the tires of one of the 

rear axles must always "scrub" sideways slightly. If more of the vehicle 

weight is resting on the front rear axle, the back rear axle tires will do the 

majority of scrubbing. Conversely, if more of the vehicle weight is resting on 
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the back rear axle, the front rear axle tires will do the majority of scrubbing. 
This phenomenon effectively changes the distance between the front of the 

truck (where the VSS cameras are located) and the rear axle that is in contact 

with the road surface. This change causes a slight error in the results of the 

kinematics equations used for the voe system. This error can be minimized 

by centering the encoders midway between the rear axles of the truck. As an 

added benefit, the scrub on the encoder wheels is minimized. The fifth wheel 

is an effective design feature for mounting the encoders midway between the 
rear axles of the truck. 

• The fifth wheels can be designed to be more sensitive to the road surface 

than truck tires by optimizing design characteristics such as damping, wheel 

stiffness, road/wheel contact force, natural frequencies of fifth wheel 
components, etc. 

7.4 - Position and Orientation Kinematics 

7.4.1 - Introduction 
The task of tracking points on a crack would be simple if the truck were moving 

straight ahead or if it were turning a corner of constant radius. However, this will 

probably not be the case. To illustrate this point, it is noted here that after a particular 

point on a crack is identified by the VSS, the truck must move ahead approximately 35 

feet before that same point on the crack moves into the work space of a robot arm. 
Throughout this distance it is unlikely that the truck will maintain a straight heading or 

even a turn of constant radius. Instead it is very likely that the truck will be moving with 

many combinations of left and right turns (of various radii) and straight ahead motion. 

The heading variations may be small, but they will be significant enough to have a 

large impact on the accurate positioning of the robot end effectors. 

To accomplish the complicated task of tracking road cracks with respect to the 

crack sealing truck, it is necessary to develop the proper kinematics of the problem 

and incorporate them into the voe computer program. The kinematics of the crack 
tracking problem are developed in the sections that follow. It is noted here that since 

the maximum speed of the truck during the crack sealing operation likely to be not 

more that 2 MPH, dynamic effects of the truck and the various AeSM subsystems have 

a negligible effect on the crack tracking problem. Therefore, it is possible to get a very 

accurate solution to this problem by including only the kinematic equations of the 
systems involved. 
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7.4.2 - Definitions 

7.4.2.1 - Subscripts 

[-/II - Any subscript of the form [#1#] identifies the variable to which it is attached 

as having its particular value between step "[If' and step "1#]" of the truck. 

An example is [4,5]. The variable to which this subscript is attached has 

its particular value between step 4 and step 5 of the truck. A general 

example is "[n-1/n]". The variable to which this subscript is attached has 

its particular value between step "n-1" and step Un" of the truck. 

- Any subscript not contained within"[ ]" identifies the coordinate frame 

from which the value of the variable to which the subscript is attached is 

measured with respect to. For the example of "4" the variable to which this 

subscript is attached is measured with respect to the 4th moving 

coordinate frame (4th step of the truck). For the example of "n-1", the 

variable to which this subscript is attached is measured with respect to the 

"n-1" moving coordinate frame. For the example of "0", the variable to 

which this subscript is attached is measured with respect to the "0" or fixed 

coordinate frame. 

[~ - Any subscript of the form [I] identifies the variable to which the subscript is 

attached as having the particular value for step "#" of the truck. An 

example is "[3]". The variable to which this subscript is attached has the 

particular value for step "3" of the truck. A general example is "[n]". The 

variable to which this subscript is attached has its particular value for step 

"n" of the truck. 

7.4.2.2 - Constants 

D - The lateral distance (in the "y" direction) between the left encoder wheel 

and the right encoder wheel. Refer to Figure 7.3. 

Ne - The total number of encoder pulses per revolution of the encoder wheel 

(fifth wheel). Refer to Figure 7.10. 

Re - The radius of the encoder wheel. Refer to Figure 7.10. 

W - The lateral distance (in the "y" direction) between the right encoder wheel 

and the point "8" located on the truck. Refer to Figure 7.3. 
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7.4.2.3 - Variables 

7.4.2.3. 1 - Angles 

13[')0 - The angle, about a vertical axis, from a line drawn through point "8 [n)" and 

parallel to the x-axis of the "0" (fixed) reference frame to a line drawn 

through point "8 [n)" and point "A". The subscript "[#]" denotes the step of 

the truck motion to which this value belongs. Refer to Section 7.4.2.1 and 

Figure 7.4. This angle is defined and used only for intermediate 

manipulation of the kinematics formulas. In the final equations it is 

eliminated through reverse substitution. This variable makes sense only 

when referring to the "0" reference frame. 

$[,) - The angle, about a vertical axis, from a line drawn through point "8 [n)" and 

parallel to the x-axis of the "#-1" reference frame to a line drawn through 

point "B[n)" and point "A". The subscript "[I]" denotes the step of the truck 

motion to which this value belongs. Refer to Section 7.4.2.1 and Figure 

7.4. This angle is defined and used only for intermediate manipulation of 

the kinematics formulas. In the final equations it is eliminated through 

reverse substitution. 

'If [,.1/#) - The angle, about a vertical axis, from a line drawn through point "8 [#-1)" 

and point "8[1)" to the x-axis of the "#-1" reference frame. The subscript "[#-

11" refers to point "B[I-lt. The subscript "1#]" refers to point "B[,)". Refer to 

Section 7.4.2.1 and Figure 7.4. The value of this angle is independent of 

the reference frame with respect to which it is measured. This angle is 

defined and used only for intermediate manipulation of the kinematics 

formulas. In the final equations it is eliminated through reverse 

substitution. 

S [#) - The angle, about a vertical axis, through which the truck rotates. The 

STotal 

subscript "[#]" denotes the step of the truck motion at which this rotation 

occurred. This angle is commonly referred to as the "yaw angle". The 

value of this angle is independent of the reference frame with respect to 

which it is measured. Refer to Section 7.4.2.1 and Figure 7.4. 

- The sum of all "S [II)" values up to and including the present step of truck 

motion. 
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7.4.2.3.2 - Points 

A - The point, located on the road surface, that is being tracked. Refer to 

Figure 7.3. 

8 [~] - The point (on the truck), located on the center line of the right and left 

encoders, at a distance "W" to the left of the right encoder. The subscript 

identifies the variable to which it is attached as belonging to the [I] step. 

Refer to Figure 7.3. 

7.4.2.3.3 - Miscellaneous Variables 

A[~] - The distance between a point "A" and the point "8[~]". Refer to Section 

7.4.2.1 and Figure 7.7. 

Ax[~]~ - The "x" distance, measured with respect to a particular reference frame 

(denoted by the subscript "#"), between a point "A" and the origin of the [I] 

reference frame. The subscript [I] denotes the step of the truck to which 

this value belongs. Refer to Section 7.4.2.1 and Figure 7.6. 

Ay [~]~ - The "y" distance, measured with respect to a particular reference frame 

(denoted by the subscript "#"), between a point "A" and the origin of the [I] 

reference frame. The subscript [I] denotes the step of the truck to which 

this value belongs. Refer to Section 7.4.2.1 and Figure 7.6. 

ARCI [II~] - The length of the arc traversed by the left encoder from step "[#/" to step 

"II]". Refer to Section 7.4.2.1 and Figure 7.3. 

ARCr [1111] - The length of the arc traversed by the right encoder from step "[#/" to step 

"/#]". Refer to Section 7.4.2.1 and Figure 7.3. 

8 [II"] - The distance between one point "8" (denoted by the subscript "[#/") and 

another point 8 (denoted by the subscript "/#]. Refer to Section 7.4.2.1 

and Figure 7.7. 

- The "x" distance, measured with respect to a particular reference frame 

(denoted by the subscript "#"), between one point "8" (denoted by the 

subscript "[#/") and another point 8 (denoted by the subscript "/#]. Refer to 

Section 7.4.2.1 and Figure 7.5. 

8x(cum)0 - The cumulative sum of all "8x[II#]0" values up to and including the value for 

the last step of the truck. This variable makes sense only when referring 

to the "0" reference frame. 
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- The "y" distance, measured with respect to a particular reference frame 

(denoted by the subscript "#"), between one point "8" (denoted by the 

subscript "[#/") and another point 8 (denoted by the subscript "/#]. Refer to 

Section 7.4.2.1 and Figure 7.5. 

8y(cum)0 - The cumulative sum of all "8y [II'JO" values up to and including the value for 

the last step of the truck. This variable makes sense only when referring 

to the "0" reference frame. 

n - The variable "n" refers to either the current step of the truck or the current 

moving coordinate frame depending on the context in which it is used. 

Additionally, "n-1" refers to the previous step or moving coordinate frame, 

"n-2" refers to the step or moving coordinate frame previous to the "n-1" 

step or moving coordinate frame, etc. 

NI [II'] - The number of encoder pulses counted by the left encoder from step "[#/" 

to step "/#]". 

Nr [II'J - The number of encoder pulses counted by the right encoder from step "[#/" 

to step "/#]". 

Rb [.I'J - The length of the radius between step "[#/," and step "/#]" of the truck 

drawn from the center of rotation of the truck and the arc traced by the 

point "8" (on the truck). Refer to Section 7.4.2.1 and Figure 7.3. 

RI [II"'J - The length of the radius between step "[#/," and step "/#]" of the truck 

drawn from the center of rotation of the truck and the arc traced by the left 

encoder wheel. Refer to Section 7.4.2.1 and Figure 7.3. 

Rr [III] - The length of the radius between step "[#/," and step "/#]" of the truck 

drawn from the center of rotation of the truck and the arc traced by the right 

encoder wheel. Refer to Section 7.4.2.1 and Figure 7.3. 

7 .4.3 - The Ki nematics of The Problem 

7.4.3.1 - General Kinematics 

First equations for several of the basic variables are derived. From Figure 7.3, it can 

be easily shown that: 

ARC I R 
(

NI [D-ltnJ ) 
[n-lIn] = 2 x 1t x e N e [n-lIn] 

(7.1 ) 

and 
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ARC R (
Nr [n-llnJ ) r [n-lln] = 2 x 1t x e N -

e [n-lIn] 

Next, a formula for Rr[n_l/n] is derived. From Figure 7.3, it can be seen that: 

ARCr [n-1/n] _ ARCI [n-1/n] 

Rr [n-1/n] - RI [n-1/n) 

and 

RI [n-l/n] = Rr [n-l/n] + D. 

Substituting Eqns. 7.4 into 7.3 and rearranging, 

( 
(ARCr [n-l/n]) D ) 

Rr [n-l/n] = . ARCI [n-l/n] - ARCr [n-l/n] 

Also, from Figure 7.3, 

Rb [n-l/n] = Rr [n-lln] + W, 

9 _ (ARCr to-1InJ) 
[n] - R ' r [n-l/n] 

and 
e = (ARCI tn-lin] - ARCr [n-1I0]) 

[n] D . 

From Figure 7.4, 

q, = tan-1 (AY to-l] n-l - By [n-1InJ 0-1) 
[n] Ax [n-l] n-l - Bx [n-l/n] n-l 

7.4.3.2 - Kinematics w/Respect to Local Reference Frame 

Now, from Figure 7.5 it can be seen that: 

~Bx[n-lIn]n_l = Rb[n_lIn] sin (9 [n]) 

and 

(7.2) 

(7.3) 

(7.4) 

(7.5) 

(7.6) 

(7.7) 

(7.8) 

(7.9) 

(7.10) 

(7.11 ) 

Now substitute Eqn. 7.5 into Eqn. 7.6. Then substitute Eqns. 7.6 and 7.8 into Eqns. 

7.10 and 7.11, 
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Figure 7.3 - VaG system kinematics. 
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Figure 7.4 - VaG system kinematics. 
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B _ ( (ARCrro_'/01) D w)SI-n (ARCI [n-"nJ~ ARCr In_lInJ) 
l1 X [0-'10] 0-' - ARCI ARC + [0-'10] - r [0-110] 

(7.12) 

1 refer to Figure 7.51 
and 

AB = ( (ARCr [0-'/0]) D W)(1 _ ( ARCl ln_lID] - ARCr [D-lln])) 
u y [rl-1I0] 0-' ARCI _ ARCr + co s D . [0-110] [0-110] 

(7.13) 

I refer to Figure 7.51 

Now develop equations for point A. Referring to Figure 7.6, 

Ax [0] 0 = ( (Ax [0-'] 0-' - l1Bx [0-110] rl-,)2 + (Ay [0-'] 0-' - l1By [0-1/0] 0_,)2 COS (cp [0] + a [0]) (7.14) 

and 

Ay [0] 0 = ( (Ax [0-'] 0-' - l1Bx [0-110] 0_,)2 + (Ay [0-'] 0-' - l1By [0-1/0] 0_,)2 sin (cp [0] + a [0]). (7.15) 

Substituting Eqns. 7.8 and 7.9 into Eqns. 7.14 and 7.15, 

Ax [0] 0 = ( (Ax [0-'] 0-' - l1Bx [0-110] 0_,)2 + (Ay [0-'] 0-' - l1By [0-110) 0_1)2 

cos (tan-1 (AYID_']O_' -l1BY 10_1I0]0_')+ (ARCI In-l/n]~ ARcr I0_1I0])) 

Ax [0-'] 0-1 - l1Bx [0-110] 0-' 

x 

1 refer to Figure 7.61 
and 

Ay [0) 0 = ( (Ax [0-1) 0-1 - l1Bx [0-'/0] 0_,)2 + (Ay [0-'] 0-' - l1By [0-110] n_l)2 X 

sin (tan-1 (AY [n_,] 0-' - l1By [o-lIn] no') + 
\. Ax [0-'] 0-' - l1Bx [0-110] n-l 

( ARCllo_lInJ ~ ARCr In_lInJ) )-

7.4.3.3 - Kinematics w/Respect to Global Reference Frame 

Referring to Figure 7.4, it can be seen that: 

lI( = tan-1 (- l1By In-lInJ no') ,.. [0-110] ABx 
u [n-1I0] n-, 

and 

aTotal = a[,]O + .-. + a[0-']rl-2 + a [0] n-l" 
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(7.17) 

(7.18) 

(7.19) 
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Figure 7.5 - VaG system kinematics. 
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Figure 7.6 - VaG system kinematics. 
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From Figure 7.7: 

B [n-l/n] = " (~Bx [n-l/n] n_l)2 + (~By [n-l/n] n_l)2. (7.20) 

Now, referring to Figure 7.5, 

~Bx [o-l/n] 0 = B[n-l/n] cos ('I' [n] n-l + eTotal + e [n] n-l) (7.21 ) 

and 

~By [n-l/n] 0 = B [n-l/n] sin ('I' [n] n-l + eTotal + e [n] no,). (7.22) 

Note that the correct signs (+/-) of ~Bx[n_l/n]O and ~BY[n-l/n]O in Eqns. 7.21 and 7.22 may not 

be preserved since B [n-l/n] (which was calculated in Eqn. 7.20) was calculated by 

squaring ~BX[n_l/n]n_l and ~BY[n-l/n]n-l' adding them, and taking their square root. This must 
be taken into account in any computer program. 

Substituting Eqns. 7.8, 7.18, 7.19, and 7.20 into Eqn. 7.21, 

(7.23) 

(t -1 (- ~By [n-lIoJ n_l) ( ARCI [112] - ARCr [112]) 
cos an ~B + 0 + '" + 

X [n-l/n] n-l 
( ARCI [n-2!0-1] ~ ARCr [n-2/0-1]) ). 

I refer to Figure 7.51 

Similarly, substituting Eqns. 7.8, 7.18, 7.19, and 7.20 into Eqn. 7.22, 

~By [n-l/n] 0 = (....J (~Bx [n-l/n] n_l)2 + (~By [O-l/n] n_l)2) X (7.24) 

- (t -1 (- ~By [n-lIn] n_l) ( ARCI [112] - ARCr [1/2]) 
Sin an ~B + 0 + ... + 

X [n-1/n] n-l 
( ARCI [0-2/0-1] ~ ARCr [O_2!O_1]) )-

1 refer to Figure 7.51 

Now for develop equations for point "A". First, 

~Bx(cum) 0 = ~Bx [112] ° + ... + ~Bx [0-210-1] ° + ~Bx [n-l/n] ° (7.25) 

and 

~By{cum) ° = ~By [112]0 + -.. + ~By [n-2In-l] 0 + ~By [n-l/n] 0' (7.26) 
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Figure 7.7 - VaG system kinematics. 
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From Figure 7.4, it is seen that: 

Now, referring to Figure 7.6: 

and 

_ (AY [110 - .1.By(cum) 0) 
f3[n]O - Ax [1] 0 - .1.Bx(cum) 0 . 

AY[n]o = ( {AX[l)O-.1.Bx(Cum)0)2 + (AY[1]0-.1.BY(Cum}0)2 sin (f3[n]o). 

Substituting Eqn. 7.27 into Eqns. 7.28 and 7.29, 

Similarly, 

(
AY (1] 0 -.1. By ( cum) 0) 

cos Ax [1] 0 - .1.Bx( cum} 0 . 

I refer to Figure 7.61 

Ay [n]o= ( (Ax [1]0 - .1.Bx(cum) 0)2 + (Ay [1)0 - .1.By(cum) 0)2 x 

. (AY (11 ° - .1. By ( cum) 0) 
Sin Ax [1] 0 - .1.Bx( cu m) 0 . 

Irefer to Figure 7.61 

7.S - VOC Computer Program and System Interface 

(7.27) 

(7.28) 

(7.29) 

(7.30) 

(7.31 ) 

The voe system consists of two optical encoders, a computer interface card, and 

software. The encoders output a square wave pulse as the vehicle moves, and the 

computer interface card records the number of pulses. 

The software performs does three functions: 1) reads the number of recorded 

pulses on the computer interface card, 2) calculates the vehicle's new pOSition and 

heading based on the number of recorded pulses, and 3) provides the RPS crack 
locations upon request. The new position and heading are calculated in the program 

using kinematics schemes similar to the ones previously described. When the RPS 

requests new crack locations, the program does a matrix transformation routine that 

provides an updated crack location based on the current vehicle location and the old 

crack locations provided by the VSS. 
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Tro.nsforM OLd Cro.ck 
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New Truck Position 

)

send New Cro.ck 
Coordlno. tes 

(to RPS) 

Figure 7.8 - Flow chart of VaG system and interface. 
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7.6 - Cart Test of Integrated First Generation Prototype 
The integrated first generation prototype of the vee system was recently tested 

and debugged on a specially designed test cart (see Figure 7.9). The test cart was 

used as the vee system platform for the first generation prototype in place of the crack 

sealing truck. The test cart provided a convenient, scaled-down test platform on which 

the vee system could be easily tested and debugged. In Phase III, the second 

generation prototype will be developed and manufactured as well as integrated with 

the AeSM. It will essentially be identical to the first generation prototype except for 

refinements in the design and modifications (fifth wheels) what will allow the second 

generation prototype to be mounted directly to the crack sealing truck. 

~ 
VDC COMPUTER, KEYBOARD, 8. 

DAT A ACQUISITION CARD 

COMPUTER PO~ER CORD ~ ENCODER ATTACHMENT BRACKET 

~ ~ ENCODER/COMPUTER 
DATA TRANSFER LINES 

Figure 7.9 - Schematic illustration of test cart and integrated 
first generation VaG system prototype. 

7.7 - Component Descriptions 

7.7.1 - Fifth wheel 

The fifth wheel subassembly is used for providing data to the vee computer 

program for the purpose of tracking the position and orientation of the crack sealing 

truck. The fifth wheel subassembly consists of the following components: 
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• a wheel that rolls on the road surface and thus turns the rotary encoder, 

• an encoder for converting the rotary input to digital, electrical outputs, and 

• all linkage, fastening components, and electrical cables necessary for 

attaching the wheel and encoder to the crack sealing truck and vae 

computer. 

Refer to Figure 7.1 for a schematic illustration of the integration of the two fifth wheels 

subassemblies on the crack sealing truck. 

7.7.2 - Encoder 
A simplified optical, rotary encoder consists of three major parts. These include: 

• a disk with radial line slits (see Figure 7.10), 

• a light source, and 

• a light detector (see Figure 7.11). 

As the disk rotates, light is transmitted between radial line slits to the light detector 

which generates a triangular wave voltage output. This output is fed to a comparator 

that transforms it to a square wave voltage. The square wave is then fed to a counter 

which is triggered by the leading edge of the square wave. 

Optical incremental encoders are used to detect vehicle motion by tracking the 

difference of counts between encoder readings. For the voe, the primary interest is in 

the forward distance, and therefore only forward motion and distances are tracked. 

However, the encoders have the capability to detect both forward and reverse truck 

motion. This capability should be fully implemented in a future vae system 

configu ration. 

7.8 - Technical Progress 

7.8.1 - Progress to Date 
The development of the vae system began in early November, 1991. It was decided 

to install the first generation prototype on a test cart (approximately 3' wide by 5' long -

see Figure 7.9) for testing and debugging purposes. The first generation prototype will 

be refined and a fifth wheel linkage will be developed, manufactured, and integrated 

with the refined prototype. This will be the second generation prototype. The second 

generation prototype will be installed on the crack sealing truck and integrated with the 

VSS, RPS, and leu. 

The following tasks have been completed to date. 

• The vae test cart has been completely designed, manufactured, and tested. 

• The encoders and counters have been fully tested and debugged. 
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Figure 7.10-

Figure 5.3.7. An incremental encoder disk having 200 radial lines. A resolution 
of 1.8° is possible with such a device. (Courtesy of Dynamics Research Corp .. 
Wilmington. MA.) 

Schematic Illustration of Encoder Disk with Radial Line Slits. 

• The voe system components (hardware and software) have been fully 

integrated with the test cart. 

• The crack following kinematics have been completely developed and verified 

through computer simulation. 

7.8.2 - Current Tasks 

The following tasks are currently being performed. 

• Testing and debugging of the system software is being completed. 

• Documentation and drawings of system hardware and software is being 
completed. 

7.8.3 - Future Tasks 

The following tasks must still be performed. 

• The fifth wheel mounts for the for the crack sealing truck must be designed 

and manufactured. 

88 
Copyright 2011, AHMCT Research Center, UC Davis



• The completed vae system must be integrated with the truck, VSS, RPS, and 

ICU. 

• The integrated system must be tested and debugged. 
• The final report on vae system must be produced. 

/ 
/ 

/ 
/ 
/ 

Stationary Plate 
(Reticle) 

Lens / 

Q~------
Figure 5.3.9. Section of a single chan­
nel encloder. (Redrawn with permis­
sion of Dynamics Research Corp., Wil­
mington, MA. From "Techniques for 
Digitizing Rotary and Linear Motion," 
Fig 4-1, p. 4-2, 1976.) 

Light 
Source 

Figure 7. 11 - Schematic Illustration of Encoder Light Source & Light Detector. 
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APPENDIX A - ICU SPECIFICATIONS 
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a 

a 
E1 

a 
B 

D 

HK68/V''' VME FAMILY 

HK68/V3E 
Heurikon's Powerful 32-bit Single-Board 
Microcomputer for Real-Tune Applications 

Centronics Compatible 
Parallel Port D 128 bytes Non-Volatile RAM 

SCSI Interface £I Up to 2 Mb)'1es EPROM 

4 RS-232 Serial Ports D Up to 33 MHz 68030 CPU 
(RS-422 optional) 

Gser-Programmable LEDs 
rm Optional 68882 Floating Point 

Coprocessor 

Control Panel Interface m VSB Interface 

1 to 16 Mb)'1es ofDRA;\I EEl VME Interface 

Please see reverse side for technical specifications 

91 

• ••••• ...... 
• • • • • • • • • • • • • • 

HElRIK8N 
® 

OPEN SYSTEMS :: OPEN TOOLS 

Copyright 2011, AHMCT Research Center, UC Davis



HK68;vn'VME FAMILY 

HK68/V3E 
Bus Interface 
VMEbus 
, YMEbus architecrure with 32·bit 
data path, 32·bit addressing and 7 
bus interrupts ' Operates in Master 
or Slave Mode (Compliance level: 
D32A32(7)) , System level controller 
functions including 4 level arbitra· 
tion ' Watchdog timer terminates 
accesses otherwise causing system 
deadlock 
Mailbox Interrupts 
, Allows remote control of the 
HK68N3E via specified YMEbus 
addresses' CPU Halt, reset, inter· 
rupt and VMEbus lock functions 
supported 
VSB Bus . 
, VSB compatible high speed memo­
ry expansion for up to 960 Mbytes 
, Supports secondary masters 

Processor 
CPU 
, Motorola 68030 CPU operating at 
up to 50 MHz ' 32·bit non·multi· 
plexed address and data buses 
, 256 byte instruction cache and 256 
byte daia cache accessible simultane· 
ously , 4 Gb)le direct addressing 
range ' Paged memory management 
unit providing logical to physical 
address translation ' \'(atchdog timer 
tertninates accesses otherwise caus­
ing on-card deadlock 
Floating Point Coprocessor 
, 688S2 Floating Point Coprocessor 
on·board ' Implements IEEE·P754 
Binary Floating Point Standard 
, Concurrent execution of floating 
point operations in hardware at 
speeds up to 100 times that of the 
68030 ' Optional optimizing C com· 

HK68N3E BLOCK DIAGRAM 

Spccifiotions subject to change v.ithout notice 
9.91.V3E 

piler generating 68882 in·line code 
Random Access Memorv 
, 1. 2, 3. 4, 8, or 16 Mbn~s of on· 
board DRAM with pari~' , Dual 
access' Static column mode sup· 
ported for burst cache refill and 
sequential accesses ' One parity bit 
per b)le ' Transparent discrete hard· 
ware refresh 
Read Only Memory 
, 1\\"0 32.pin Rm! sockets for up to 
2 Mbytes EPRO~! ' Compatible v.ith 
28-pin ROM chips' Optional paged 
ROM, EPROM or EEPROM 
Non·Volatile RA.\! 
, 128 b'les non·volatile RAM in 256 x 
4 configuration' User definable func· 
tions such as default baud rates, soft· 
ware and hardware re,ision levels 
and system configuration information 
, Internal EEPROM' 10 ms store 
cycle ' 100 year retention' 10,000 
store cycle lifetime. 
Status and User LEDs 
, Three on·board LEDs to indicate 
master, slave and fail ' Four addition· 
aI User·programmable LEDs 

Peripheral 1/0 
Small Computer Systems Interface 
, WD33C93 ANSI compatible high. 
speed SCSI pertnits connection of up 
to eight independent, compatible lJO 
controllers' Burst transfer rates of 
up to 1.5 ~lb)lesfsec. asynchronous 
and 2 Mbytes/sec. synchronous 
obtainable 
Serial 110 
, Four serial I/O ports pro\ided via 
two Z8530 SCC chips' 
Asmchronous and smchronous 
mixles ' Internal software controlled 
baud rate generator for each POrt ' 
RS·232·C standard v.ith EIA RS·422 
available \ia intelligent cable ' 
Transfer rates of up to 38AK baud 
asmchronous and 1 ~lbitlsec. sm· 
chronous obtainable . 

Technical 
Specifications 

Paralle1110 
, 8·bit parallel "nte and 8-bit starus 
input POrt configurable for direct 
communication "ith CentrOnics com· 
patible de\ices 
CIO 
, Three programmable H;·bit 
counteritimer channels ar-ailable 

Board Support 
Software Support 
, Readv Systems' YRTX32~ Real·Tune 
Executive', .\ficroware's 0S-9~ 
ProfeSSional and Industrial ' WlOd 
River S)~tems' Vx\\orks" 'ReaI·time 
development systems 
Configuration Options 
, CPU-20. 25, 30. or 33 ~!Hz 68030 
, 68882 floating point coprocessor 
, RS-i22 on 2 or ~ serial ports 
, TIme-of-dav clock Standard with 
banery back.~p· 
PhYSical and Emironmental 
Characrerlstics 
, Multilayer "ith ground and VCC 
planes' Board size: 23.3; em x 16.0 
cm (9.19 in. x 6.3 in.) , Power 
requirements: +5\'DC @ S.O.-\, 
+ 12VDC @ 0.5A. ·l2VDC @ O.5A ' 
Operating range: 0 to 55' C. 100% 
relative humidity (non-condensing) 

• HK68\'is:tmdcmm:ofHeurikonCorp . • J:nitis 
:t ti"Jdcmm: of.{I"&T Bell ubor.uork:>. Inc. • \1ITX32 
is a tr.Idetnl!'k of Re2,d\' S')Iem$. Inc.. • ()$.9 is a 
tnd«nm: of ~hCTO'll.~ S~~etn) Corp .• \'x:-'~'ooo ~:l 
U2dem:trkofUind Rh-er $~~ems. lnc. 

For more information on Heurikon's line 
ofV)IEbus and other microcomputer 
products. plea.<e contaCt a Heurikon rep­
resentative. Or C:ill: 

1·800·356·9602 

Heurikon Corporation 
8000 E.xcel<ior Dri\'e 
>\adison. \\1 ;3-1-

608·$.\1,0900 
TL\: ;69;32 

FA.X: 608-831-12.9 
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FAMILY OF SYSTEM ENCLOSURES 

HCE/17R·21 

• VME 21-card capacity or Multibus II 20-
card capacity 

• 1000W Supply (l;OOW optionalt 

• All metal construction with interlocking 
joints meeting FCC Class A EMI;RFI 

• Optimized design for reliability and ease 
of cabling. 

• Semi-transparent front panel option. 

Please see reverse side for technical specifications 
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Heurikon Family of System Enclosures 

HCE/17R·21 
The HCE/17R-21 System 
Enclosure is designed for VME 
and Multibus 1I applications 
requiring 21-slot card capadt)' 
and minimum space. Power and 
cooling provisions have been pro­
vided to accommodate a fully 
loaded card cage. 

With Heurikon's board and sys­
tems manufacturing experience, 
we understand the needs of the 
system integrator. That's why 
we've paid particular attention to 
both the mechanical and thermal 
elements to provide optimum 
operating conditions for your sys­
tem. This affords you not only 
maximum card capacity, but a sta­
ble operating environment as 
well. 

Dimensions 

• 17.5' H x 17.0" W (19" with 
flanges) x 21.0" 0 

• Enclosure Weight: approximate­
ly 40 Ibs (without boards). 
• Operating Temperature: 10°-
50,(; 5 -95% non-condensing 
humidity 

Construction 

• All metal enclosed construction 
for mounting in a standard 19" 
RETMArack. 

• Construction and materials 
compliant to FCC Class A, listed 
to UL 1950, classified to IEC 950 

• Three 100 cfm fans with filtered 
intake providing a properly 
cooled and thermally stable oper­
ating environment. 

• Interlocking searns mean ma.'ti­
mum shielding and construction 
durability with an efficient 
grounding structure to minimize 
noise. 

• Cable routing channels provid­
ing easy access to front to back 
cabling and P2 to back. Maximum 
clearances maintained between 
cabling and cabinetry. 

• Fully featured front panel with 
remote DC inhibit rotary switch, 
power-on indicator, reset switch, 
interrupt switch, and output volt­
age monitor. 

HCE/17R·21 Rear Panel 

~~~~~~~~~~~~~~~~~~~~~~J~~~~~~~~~m~~~~~~ 
15 plft '0' Ctft~"u~. 
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• Semi-ttanSparent front panel 
option providing easy viewing of 
all board front panels. 

• Optional peripheral storage 
subsystem for additional drive 
capacity. 

• Rack slide mount option. 

Power 

• Operating Range: 90-132/180· 
264 VAC; 47-63 Hz (operator 
selectable; consult factory for 
exact specifications). 

20A input connector-U.S. 
16A input connectof­
International 

• Output: l000W maximum out­
put standard-DC power +5V @ 
150A; ± 12V @ lOA. l;OOW 
optional configuration-5V @ 
200A; ± 12V @ 20A. 

• Switched AC breaker 

• All outputs may be referenced 
to each other or to chassis 
ground as required. 

• The bus bar distribution 
scheme ensures maximum power 
to the card cage at all times. 

• Clearances have been designed 
into the HCE/liR-21 to allow 
easy access for cabling or e.xpedi­
ent servicing of the unit minimiz­
ingMTTR. 

• Easy access to bus backplane to 
allow cabling such as VSBbus or 

Technical 
Specifications 

110 connectors on the P2. 

• Jl backplane complies '\\ith 
VMEbus specifications (IEEE­
P1014).J2 complies with VMEbus 
specifications and allows VSBbus 
configurations. 

Rear Panel Connectors: 
DB·15 2 positions 
DB-2; 24 positions 
DB-50 2 poSitions 
Ceiltronics 1 position 
IEEE-488 1 position 
BNC 8 positions 

In additon to the standard back 
panel, Heurikon offers a 'Wide 
range of customization services 
to meet demanding applications. 
For example, new back panels 
can be fabricated fOf applications 
requiring extensive serial, video 
or other types of custom 1i0. 
Heurikon also offers FCC and 
safety standards certification ser­
vices. 

For more information on Heurikon's 
line of microcomputer products. 
please contact a Heurikon represen­
tative, or call: 

1-800-356-9602 

Heurikon Corporation 
8000 E.~celsior Drive 
Madison, \1{15371i 
608-831-0900 
TLX: 469532 
FAX: 608-831-4249 

HElRIK8N 
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Heurikon System Software 

OS-9 
Real-Time Unix-Compatible Operating System 

05-9 is a multitasking, multiuser real-time operating system which 
works on a range of Heurikon 680x0 single board computers and 
complete systems. It's user interactive capability as well as its real­
time response make OS-9 ideal for a range of applications from image 
processing to industrial control. 

The 05-9 design brings you many benefits: 

• Extensive and efficient management of all system resources 
including IJO, memory and CPC time, allows you to design a 
system v.ith the detenninistic qualities critical to real-time. 

• An optional C Source Debugger helps you debug your applications 
and speed your time to market. 

• A powerful and user friendly interface lets you to learn how to use 
the operating system quickly "'hich means you can bring your 
product to market or project to completion more quickly. 

95 
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• OS-9 can be self hosted which means you don't have to purchase 
both a host development environment and a target run-time 
system. OS-9 also supports cross development environments. 

• A modular approach means you can use e.xactly the modules 
necessary for your application without the perfonnance and 
memory space OI'erhead of unused features, 

• Full support for ROMed applicatiOns lets you develop systems 
which don't require magnetiC media. 

• Re-entrant programming allows many processes to use a single 
resource sal'ing valuable memory. 

• A low price gh-es you the flexibility you need to keep costs under 
control. 

• An advanced symbolic debugger helps you debug your 
applications quicker and a system state debugger speeds 
development of custom dri\-ers. 

HElRIK9N® 
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The Heurikon Advantage 

High Performance 
Sample System Response Times 

05-9 applications are segmented into uSee 
tasks or processes which are allocated Send Send Signa: 86 

CPU time based on user defined SPrior Change process pnonly 50 

scheduling priorities. It's the efficient 
management of tasks and system 

TaskSwllch 55,1 + 1.51' 
Interrupt Time to reach the first instructIon 6+5,lpt 

of interrupt seNice routine 
resources which in part give 05-9 irs 
e;memely high performance, Other 

• t represents Ine numoer of tasks In the active process 

factors conuibuting to 05·9 perform· 
queue and I > 1. t p represents the polling sequence 
number of a driver on a particular vector. 

ance are the advanced kernel. liO Nole: limes are based on a 20 MHz 68020. 

system modules and device drivers 
';'hich are optimized assembly language interrupt latency can easily be calculated 

as a function of the hardware and 
number of tasks running at a given time. 

system programs. Other system 
resources which are not speed critical 
such as the 5hell and command set, are 
written in C. 

Modularity 
The ability of the user to dynamically 05-9 is a highly modular operating 

system, It has been designed so that 
each module provides specific functions, 

define task priorities makes 05-9 highly 
deterministic, COntext switch time and 

DalMod: 

DalEvent: 
NewEvent 

Proc1: 
Proc2: 
Pr0c3: 
Proc4: 
Pr0c5: 

np24: 
np35: 

Sig24: 
Sig42: 
Sig35: 
Sig53: 

A globally accessible Da:a Module. 

An Event created by Procl, and linked to by Pr0c2 & Pr0c3. 
An Event used by Procl to signal otner processes that Procl wanlS to access DatMod for a 
global update, This will prevent a race condition which would not aliow Procl to take control of 
DaIMod. 

A process that updates Da:Mod. 
A process Iha: reads DatMod and communicates the data to Pr0C4. 
A process that reads DatMod and communicates the data to ProcS. 
A process contrOlling a robotic arm requiring data input via Named pipe from Pr0c2. 
A process controllin a robotic arm requiring data input via Named pipe from Pr0c3. 

A Named Pipe for communication between Pr0c2 and Proc4. 
A Named Pipe for communication between Pr0c3 and Pr0c5, 

A Signal sent from Pr0c2 to Proc4 to indicate a refresh is available in np24. 
A Signal sent from Pr0C4 to Pr0c2 to request a data refresh. 
A Signal sent from Pr0c2lo Pr0C4lo indicate a refresh is available in np24, 
A Signal sent from Pr0c5 to Pr0c3 to request a data refresh. 
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The modularity of 05-9 allows 
individual modules to be included or 
deleted in the system when 05-9 is 
configured for ~ specific computer 
(depending on the functions that the 
operating system is to perform). For 
example, a small, ROM based control 
computer does not need the disk related 
05-9 modules. 05-9 modularity allows 
you to use exaedy the modules 'you 
need for your application v.ithout the 
performance and memory overhead of 
unused modules. It also allows for easy 
expansion and in·field maintenance. 

The operating system also has extensive 
suppon for modular software 
programming techniques which allows 
OS·9 to be easily customized or 
reconfigured by users. Customization 
does not require recompilation of the 
entire operating system, but only the 
specific memory module supporung the 
additional service. In addition, 
customization may be accomplished 
while the operating system is up and 
running, and does not require a new 
bOOlfile. 

0S-9 can be readily configured for use 
on almost any type of system, from small 
single·board computers up to large 
multiuser systems, OS-9 is ROMable 
and has extensive support for ROMed 
application software. 

Professional Ease of Use 
OS-9 Professional is designed to be easy 
to use, but with the sophistication 
necessary for demanding real·time 
applications, The C language has 
become the defacto industry standard 
for application development and is a 
fundamental parr of 05-9. Microware C 
follows the Kernighan and Ritchie 
guidelines with powerful VAXiUnix 
extensions. And a special set of OS-
9/Unix library routines are included for 
application portability. Advanced 
development tools such as the llMACS 
editor which allows a user to open 
multiple files and cut and paste between 
them, work to drastically shorten your 
development time. Other development 
toois like Make and a symbolic debugger 
plus over 90 other utility commands are 

Copyright 2011, AHMCT Research Center, UC Davis



In Open Systems for Real-Time 

Interprocess 
Communications 

Feature Function 

Data Modules Analogous to global memory, 
allowing multiple processes to 
share data with security and error 
chec!<ino. 

Pipes (named and Enable concurrently executing 
unnamedl processes to communicate 

data as a "first in first out" (FIFO) 
serial device. 

Events or Ensure global data module data 
Semaphores integrity and ladlitates 

inter·process synchronization. 
Events can also control execution 
01 asynchronous processes. 

Signals Control execution and passes 
control 01 multiple, asynchronous 

I processes. 
Alarms Signals from the kernel to a 

process for sequeoong. 

a standard part of the OS-9 Professional 
operating system. Interactive archiving 
utilities are provided for convenient 
backup, vital for project security. 

An optional source level debugger is 
available for testing and debugging OS-9 
C language programs. It allows you to 
execute C programs interactively with 
the debugger to Significantly decrease 
your software development time. 
Another optional debugger is the System 
State Debugger. The System State 
Debugger is intended for debugging 
both system and user state programs 
resident on the OS·9 host/target. The 
debugger is a very powerful tool for 
testing and debugging resident target 
system hardware device drivers and 
device descriptors. It runs in system 
state and takes effective control of the 
CPU by causing the kernel to ignore 
other processes while active. 

Industrial OS·9 
Industrial OS-9 v;as designed to provide 
the system support critical for real-time 
applications and is intended for ROMed 
applications. Industrial OS-9 
applications are developed under 
Professional OS-9 and are RO:l-ied as a 
subset of the professional version. The 
kernel ",as "Tilten in native assemblv 
language for outstanding performan~e 
"ith minimal memory requirements. 

Industrial OS-9 supportS om 12; . 
system calls and reqUires less than 24K 
ROM/RAM. 

File System 
The OS-9 file system has a hierarchical 
organization similar to the U nLx" 
operating system. This gives you a great 
deal of flexibility for file organization. 
Under OS-9. files can be stored 
contiguously for faster access or 
segmented for efficient disk space usage. 
OS-9 also provides file attributes to 
prevent accidental changing or removal 
of files and for file access securitY. In 
addition, to make files portable. 'OS-9 
offers an option which supportS the 
DOS file format. 

OS-9 differs dramaticallv from Unix in 
that it pushes a majoritY of the I/O 
processing from the kernel to file 
managers. I/O is also interrupt driven 
and byte stream oriented which allo", it 
to respond in real-time. 

OS-9 utilizes file managers which are a 
collection of major subroutines and 
provide I/O for a process to a physical 
device. File managers reside in OS-9 as 
standard memory modules. They are 
position independent and can be shared 
by multiple processes and physical 
devices. 

The function of a file manager is to 
process the raw data sttCam to or from 
device drivers for a class of similar 
devices. The file manager makes a 
de>ice driver conform to the OS-9 
standard I/O and file structure by 
removing as many unique device 
operational characteristics as possible 
from I/O operatiOns. File managers are 
also responsible for mass storage 
allocation and directory processing if 
applicable to the class of devices they 
service. A memory sa;ing feature of OS-
9 is that only the file managers required 
by the application will be loaded into 
the system. For instance. if there is no 
disk storage. RBF will not be present. 
Four file managers typically in an OS·9 
system are: 
.. RBF (Random Block File Manager): 

This manager operates random­
access, block-structured de,ices such 
as disk systems. 
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• SCF (Sequential Character File 
Manager): This manager is used 
"ith single-character-oriented 
de\ices such as CRT or hard copy 
temlinaIs. printers and modems. 

• PIPDl-\.t'll (Pipe File Manager): This 
manager supports interprocess 
communication through memory 
buffers called "pipes-.' . 

• SBF (Sequential Block File Manager): 
This manager is used "ith sequential 
block-structured de\ices such as tape 
systems 

Connectivity 
OS-9 has an optional extension called 
NFM (Xetwork File ~!anager) to pro\ide 
a powerful software·based network 
architecture. It pro\ides the same 
functionalitl'as the disk file manager 
(RBF) orer a network. allo"ing files and 
de,ices reSident on remOte 5',tems to 
be accessed in the same man:ner as if 
they were resident on a local machine. 

Another optional package called ESP .. ISP 
allo", communication between OS-9 
and other operating systems m'er 
Ethernet using TCP/IP. Standard 
features such as m (File Transfer 

Copyright 2011, AHMCT Research Center, UC Davis



Protocol), BSD Sockets and Telnet (a virrual 
termlnallnterface) provide the functionality 
necessary for networked applications. NFS" 
(Network File System) is also available as an 
05-9 option providing industry standard 
transparent file transfer and file access over a 
network. 

Shell and Utilities 
OS-9 provides a Unix-like "shell" command 
interpreter program that aliows users a high­
level interface to the interoal functions of the 
operating system. The OS-9 Shell Utility Set 
contains over 90 commands. These commands 
set the "user" environment, allocate memory, 
redirect I/O, monitor processes, match wild 
card patterns, manipulate files, manage time, 
edit text and provide a host of other functions. 

OS·9 Shell/Utility Commands 

anr 
backup 
binex 
build 
cfp 
chd 
chx 
crop 
code 
compress 
copy 
count 

date 
dcheck 
dena 
del 
deldir 
dir 
dsave 
dump 
echo 
edt 
ex 
exbin 
expand 
fixmod 
fonnat 
free 
frestore 
fsave 
Step 
help 
ident 
iniz 
kill 
link 
Ust 

1.91.HK:tynx 

Display or change file attributes 
Make backup copy of a disk 
Convert binary data to S records 
Build a short text file from standard input 
Create/execute temporary procedure file 
Change data directory 
Change execution directory 
Compare twO files 
Return hex value of terminal key 
Compress an ASCll file 
Copyfile{s) 
COUnt charact~, lines and words in a 
file 
Display system date and time 
Check directorylfile integrity 
Detach devices 
Delete files 
Delete a directory 
Display directory contents 
Copy direclOry structure 
Fonnaned display of file contents 
Echo text to output 
Une-oriented text editor 
DireCt execution of specified program 
Con''Crt S record(s) to binary data 
Expand a compressed liIe 
Fix module CRC and parity 
Fonna! an RBF dO\ice 
Report free space on disk 
Restore directory strucrure(s) 
Back up directory struCture 
Search file for lines matching expression 
Display usage of OS·9 utilities 
Display module infonnation 
Attach de>ices 
Abort specified process 
Unk a module in memorY 
List contents ofa file . 

Complete System Solutions 
In addition to offering OS-9 on a range of 
68000 to 68040 Multibus I and VME single 
board computers, Heurikon has complete OS-9 
Professional development packages called 
Orion. Orion systems are available in 3 or 9 
slot rugged metal enclosures v.;th a range of 
both hard disk and floppy disk drives. By 
letting Heurikon do the system integration. you 
can concentrate on your application rather 
than worrying about the details of making the 
hardware work together. 

05-9 can be completely self hosted or used in a 
cross development environment. Being self 
hosted gives you a big advantage - you don't 
have to purchase both a host development 
environment and a target run·time system. 

load Load a module into memory 
login Tlffiesharing security log·in system 
logout Tennin .. e cumnt SHELL; execute 

:.logout" file 
makdir Create a n<!\V direCtory file 
make I'rogr:lm maintenance tool 
mdir Display module direCtory 
merge Merge ftIe(s) to standard output 
mlree Display system memory information 
os9gen Create boot on disk 
pd Print path of data or execution 

direclOry 
pr Display file in specified fonnat 
primen\-" Display SHELL emironment variables 
procs Display userlSj~tem process 

information 
qsort QUick sort of me in memory 
rename Rename a file or directory 
save Save modules to mes 
set Set SHELL options 
setenv Set environment variable to ,.alue 
setirne Set Sj"em data and time 
shell Command interpreter 
sleep Suspend process for ticks/seconds 
tape Tape de>ice special control commands 
tee Copy input to multiple output paths 
tmode Display/change tenninal characteristics 
touch Update the date of a file 
tr Convert all occurrence.< of chm in ""0 

strings 
tsman Timesharing device monitor 
unlink Unlink modules from memorY 
unsentenv Clcar value of cn\;ronmcnt \~riable 
w Wait for last process to die 
wait Wait for child process to die 
mode D~playichange SCF dc,ice deSCriptor 

optiOns 

Your application development and run-time 
code can use the same hardware sa,;ng time 
and money. However. if you already own a 
development workstation such as a SUN or PC 
or you need to link your OS-9 application to 
Unix or PC-DOS, UniBridge and PCBridge offer 
cross development options. 

PCBridge is an optional low-cost, easy-te-use, 
PC-hosted development and supervisory 
system. PCBridge can be linked to a variety of 
real-time taSks. and can provide a gateway for 
05-9 data and applications on PC-DOS. A total 
distributed application can be developed on 
the PC host and imegrated into an OS-9 real­
time environment using PCBridge. 

UniBridge is an optional software package for 
C and Assembly Language development and 
communication connecting Unix to the 05-9 
real-time operating system. UniBridge is an 
integrated collection of Unix and 05-9 sofm-are 
modules designed to support distributed OS-9 
C programming, remote debugging and Unix 
supervision of real-time processes. Supported 
Unix hosts include Sun 3 and 4, Apollo, VAX 
and others. 

Hcurikon retains the right to make changes to these 
specifications at my time. without notice. 

• UNIX is 'tr.ldem3rk of AT&T • Open Toois 3lld Hturikon 

are trademm of Heurikon Corporation· Ethernet is 3. 

trademark of Xerox Corpol'ltion 

For more information on Heurikon's line of 
microcomputer products, please contact a 
Heurikon representative. Or Call: 

1 • 800 • 356 • 9602 

Heurikon Corporation 
8000 Excelsior Drive 
Madison. \\:'1 53i17 
608' 831 • 0900 

Telex: 469532 
Fax: 608 • 831 • 4249 
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dvanced Features For 
Demanding Applications 

High Performance and Real-Time Response 

OS-9 was carefully designed for maximum 
efficiency with minimum overhead. All 
speed-critical portions of OS-9 were carefully 
hand-coded in native assembly language. so 
system performance does not suffer from 
compiler-generated code. OS-9 includes 
special features to facilitate real-time 
programming. These features include 
preemptive task switching. process execution 
control, flexible interrupt service routines and 
fast interprocess communication facilities. 

A 1Iioduiar Architecture 

OS-9 consists of a collection of independent 
modules dynamically linked by a memory 
management system at execution time. Each 
object in memory is named and kept in a 
standardized memory module format. A 
memory module directory containing the 
name and address of each module is 
maintained by the kernel. r.-lultiple 
applications can dynamically ··link·· to memory 
modules. sharing common code and data to 
dramatically reduce system R.<\M 
requirements. Users can easily install or 
repl~ce new modules (including 110 drivers) 
while the system is running for easy field 
configuration. 

05-9 Modular Architecture 
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System-Level Extensions: 
Customizing Your OS-9 
Environment 

Input/Output: 
Capabilities Beyond Limitation 

OS-9 features an I/O system crafted for 
versatility, reliability and high performance. 
Input/output redirection, pipelines and device­
independent, interrupt-driven 1/0 are standard 
features. OS-9 systems can be configured to 
support virtually any combination of flexible 
disks, hard disks, tape drives, terminals, 
printers, modems and other peripherals. 

Network Options: 
Tying Your Systems Together 

Microware offers three options for linking 
multiple OS-9 systems, as well as linking OS-9 
systems to UNIX, VAX and other operating 
system environments. 

OS-9/NFM (Network File Manager) is a 
hardware-independent link between multiple 
OS-9 systems. OS-9/NFM fits directly into 
OS-9·s unified 110 system and is compatible 
with all popular networking hardware, 
including ARCNET, Ethernet, OMNINET and 
others. OS-9/NFM can also be used for 
multiple processor support allowing 
communication between CPUs sharing a 
common data bus. 

OS-9/ISP (Internet Support Package) 
supports network communications between 
OS-9 and other systems using the DARPA 
Transmission Control Protocolllnternet 
Protocol (TCPIIP). OS-9I1SP is modular and 
features a Socket File Manager (for BSD4.3 
UNIX socket-style interface) and a complete 
Internet C library. The package also includes 
gateway and IP packet routing, and FTP and 
Telnet protocols for file transfer and remote 
login. A device-dependent interface layer 
allows OS-9I1SP to be used in almost any 
net\vork transport hardware including 
communications in multiple processor 
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systems. OS-9/ISP is also fully RO)bble i.), 
dedicated applications and can be used ic', 
both system booting (BootPI and system 
communications. 

OS-9/X.F.S. (Xetwork File System) pro\'ides 
an integrated and seamless soitware 
environment for distributed application 
development and implementation. 
OS-9/?\.F.S. allows soft\\'are developers to \,-rite 
an application on a single host. compile the 
code and store the application on the host's 
disk. Then. the remote systems. regardle..;s of 
operating system or hardware platform. c.m 
mount the host's file system \'ia the standard 
OS-9 I/O interface and transparently execute 
the application at the remote location. The 
distribution of applications is reduced whkh 
decreases development time and speeds your 
products to market. 

Graphics Options: Multimedia Development 
and X Windows Support 

RA VE (Real- Time AudiolVideo Em'ironment) 

As more powerful hardware. coupled with 
high-quality video and audio become the 
standard. man/machine interfaces (l'I~lIsl are 
required that virtually anyone can use. 
Interfaces must be designed so that objects 
look and sound so much like real objects that 
the user intuitively understands ho\\' to 
control the process. Microware's RA\'E 
pro\'ides the tools necessary for creating these 
real-world 1>11>1ls. RA.VE speeds the 
de\'elopment of MMls by automatically 
generating source code for objects represented 
by the man/machine interface. This capability 
drastically reduces development time and 
speeds delivery of products to market. 

OS·9/X l1lndows 

X \\'indows is an industry-standard graphics 
windowing system designed to operate over a 
TCP/IP communications network. OS-9/X 
\\indows is a robust implementation of ~lIrs 
X \\'indows System. It gives designers the tc'Ols 
necessary to de\'elop and deploy pO\\'erful 
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graphics-based arplications under OS·g and 
other com!,uter platforms across an Ethernet 
nen,·ork. 

OS-9/X Windows 

OS-9's Outstanding 
Multilingual Abilities 

OS-9 is supported by a suite of top-notch 
compiler systems for the most-wanted 
programming languages. All Microware 
programming languages produce compact, 
RO"!able. reentrant and position indepen­
dent code. 

C Language - The OS-9 C Compiler system 
represents highly ad\'anced C language 
technology for the 680XO microprocessors and 
is a complete implementation in accordance 
\\'ith Kernighan and Ritchie specifications. The 
comprehensive OS-9 C Compiler standard 
library includes both unique OS-9 system 
calls. as well as L");IX system call equivalents. 
This permits direct compilation and execution 
of virtually any UXIX application software. 
)licroware offers cross-versions of the C 
Compiler ior the most popular UNIX-based 
workstations. An optional OS-9 C Source Level 
Debugger is also available to decrease software 
de\'elopment time and simplify programming. 
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Pascal 

• Implementation according to ISO 7185.1 

• Extended file access for sequential, 
random and interactive files 

• Bitwise logical operators 

• Produces highly optimized 680XO 
assembly language source code 

Microware BASIC 

• All standard BASIC statements 

• Pascal-type loop constructs and data 
structures 

• Interactive compiler design for error 
reporting at time of input 

• Integrated string and line number 
oriented text editor 

• Symbolic debugging system included 

OS-9 Fortran 77 

• Two-pass compiler generates optimized 
68000 and 68020 object code 

• Superior debugging facilities including 
trace, breakpoint. disassemble and 
examination/alteration of variables 

Cross-Development Tools for 
Distributed Programming 
UniBridge is a software package for C and 
Assembly Language development and 
communications connecting UNIX to OS-9. 
UniBridge is an integrated collection of UNIX 
and OS-9 software modules designed to 
support distributed OS-9 C programming. 
remote debugging and UNIX supervision of 
real-time processes. 

PCBridge is a low-cost. easy-to-use. PC-hosted 
development and supervisory system for intel­
ligent 680XO-based applications. PCBridge·can 
be linked to a variety of real-time tasks and 
can provide a gateway for OS-9 data and 
applications on PC-DOS. A total distributed 
application can be developed on the PC host 
and integrated into an OS-9 real-time 
environment using PCBridge. 
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Technical Workstations 

05-9 provides real-time "bridges" to 
other development platforms, 

Productivity Tools: Increasing 
Your Efficiency . 
As a total operating system. OS-9 also offers 
optional productivity tools that increase the 
efficiency of users. OS-9/SmartWare is a 
fully-integrated office automation software 
package that includes a Data Manager. Word 
Processor. Spreadsheet and Time Manager. The 
OS-9 Programmer's Toolbox includes E-Mail. 
fJMacs screen editor. COM communications 
package and Print Spooler. 

Support Services: Added Value 
for OS-9 Users 
Microware offers a variety of support services 
to help users take full advantage of their 
investment in Micro\\'are software products. 
Training and Education Seminars are 
regularly conducted at our Des Moines 
location. Seminars cover a wide variety of 
topics and are a combination of lecture. 
example implementations and hands-on lab 
exercises. Microware also offers specialized 
seminars at any Microware location or on-site 
at your facilities. 

l\licroware Technical Software Support 
provides direct communication between OS-9 
users and our programming staff. The 
Technical Support team is staffed by software 
engineers who can save you valuable time 
when you need assistance regarding 
installation and use of all Microware products. 
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MICROWARE 

Why Microware Software 
Should Be Your First Choice 
At Microware, we believe that every product 

we create must advance the state of the art 

in real-time development and offer signifi­

cant new features for our users. We are I 
proud of the fact that we are specialists in 

designing products for the Motorola 680XO 

family of microprocessors and have become 

the industry leader for real-time system I 
software. 

We listen and respond to users who work 

with a broad spectrum of microcomputer 

applications. Then, we incorporate many 

features into our software based on their 

real-world experiences. This is reflected by 

the fact that over 650 leading computer 

product manufacturers have licensed 

Microware's OS-9 Operating System and 

OS-9 now has an installed base in excess 

oflOO,OOO systems that continues to 

grow rapidly. 

SYSTEMS CORPORATION 

Corporate Headquarters' 1900 N.W. 114th Street· Des Moines, Iowa 50325 • Phone: (515) 224-1929 • Fax: (515) 224-1352 
Western Regional Office 
Phone: (408) 980-0201 

Microware Systems K.K. (Japan) 
Phone: (81) 3-3257-9000 

Southeastern Regional Office 
Phone: (407) 725-2840 

Microware Systems (U.K.) Ltd. 
Phone: (44) 703 601990 

Northeastern Regional Office 
Phone: (603) 929-4107 

Microware SYstems France 
Phone: (33) 4i 58 63 00 

Microware. 0S-9. RAVE and UniBridge are registered trademarks of Microware Systems Corporation. 05--9/68000, Microware Basic, PCB ridge, 
OS-9/NFM. OS-91N.F.S. and OS-9!ISP are trademarks of Microware. SmartWare is a registered trademark of Infermix Software Inc. UNIX is a trademark of 
AT&T. PC-DOS is a trademark of 18M. VAX is a trademark of Digital Equipment Corporation. AU other brand and product names are trademarks or 
registered trademarks of their respective holders. 
Copyright April. 1991 Microware Systems Corporation 
All Rights Reserved. Printed in U.S.A. 
Product Code: POV68NA68SL 
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OS-9 UNIBRIDGE 

• 

The Complete Unix/Real-Time Connection. 
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.• '~:~~i~it~~'~fi;;~~1r~k'ii:~ 
.' arid 05-9 to work togeth'er foi',;," 

,', :distributed progra'mming and',; corrllnunications. Yet 
over >:,'::Supervisoryoperation . . 'differ:sfrom; 

generation',',;:':'- process control . '. . in physical size and I 10':\ " 
communiCa,: "Bridgecoritains response. 05-9 is 100% ROMableand. 

control/remOte'file shar~.' :;. • tools needed to utiliies efficie'nt pre-emptive' task' .' ,;:,' 
: '" " . recbrdfocklriganofinally, the>::~;, . between a Unix hbst and 05-9 target: ;.switching; ideal for embedded pro- :.' 
c. <." Unix C,compil.er.,» ':. ..... ; Unix Cross C Compiler, Unix Cross :",~:( ,'cess control systemS.UniBridge . 

, .... TheC langtiagewasorigitiany' . , Assemblerand linker, 05-9 Ethernef,.:,.· brings together the mostversatiIe 
::.'; " ,'developed for Unix and has become. " . Support Package, 05-9 680xO C Com7.>~~. development and real-time envi~, 
./ ,;,: ';: the premier programming language' '. piler, 05-9 C Source Level Debugger" .:: ronment to accomodate 10daY's' 
:".~: <::.:. ·'forprocesscontro1.:!-Iowever, Unix' . and 05-9 System State Debugger.··, ~r',' demandingC language aOIDlic:ation:. 
:~:,'::·'.:is not wellsuitedfor rea.l-time ari<;l .: . '05-9 iswidely accepted as a srar1c '.;." , . UniBridge is the complete 
.::: ;;>::,;'must~e separated froin ~he target ... · .. : '. <lard real-time operating system,for·:.;. . Real-TIme connection. ' 
"'. :, Process9f.inorder for Cprograms' .' 68000 family microprocessors. 05-9 ..... : 

to'exectite'in'real-time: Thissittiation ' '. was designed with Unix in mind and .. 
presentS many challenges to the Unix., 

. developer. First, areal-time operating' 
. ' . systerri must be selected for the target 
... , .. proceSsorcapableofexecutingC 

~ -: .,' < programs developed f~om the Unix 
. ~ .. ; .. , host. Then, the.two·operatingsys­

terns must be linked together to allow 
efficient access and file transfer of 
system utilities and C applications. 

'. .' Finally, the developer must main­
'tain a sufficient development envi­
ronment on both systems so C 
applications can be debugged from 
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Develop on 
HP 9000 tv()rk<f:>tir'" 

Unix standard C and II 0 library 
support for Unix to 05-9 and 05-9 
to Unix compatibility. 

/ 
05-9 Cross C Compiler with 

_ " Assembler and Linker for either 
"Y7'~ ·~68oooor68020. withfu/l 

i 68881 support. . 

i 
I 

OS-9/XCC 
UniBridge contains both Unix and OS-9 resident C compilers for 

either 68000 or 68020 microprocessors with full 68881 support. Users 
have the unique option to compile on the host or target to produce 
com pad, re-entrant, position independent objed code for real-time 
execution. OS-9/XCC is available for use on a variety of popular 
development systems including: 

• VAX BSD4.2 • HP/UX • MOTOROLA V68 
• SUN/OS • APOLLO/DOMAIN 

OS-9/XCC serves as a gateway between these host environments 
and OS-9. Since the OS-9 C Compiler utilizes UNIX C standard libraries, 
C programs can be compiled with OS-9/XCC to operate on OS-9 
resident systems without program conversion. Unix standard libraries 
also allow OS-9 C programs to be easily ported to the host environment. 
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rnJ7ln:>JJJOJpBerke/ey 

File Transfer Protocol (FTP) for efficient 
transfer of 05-9 and Unix files. 

Com ile or assemble compact, 
pOSitlfJ n independent, re-entrant, 
ROM ble code. 

:=~::::':.::::'---""" 
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---OS-9/ UNIBRID, 

Full Ethernet TCPIIP 
communication support. 

Utilizes Professional 05-9 real-time, 
multi-user, multi-tasking operating system. 

05-9 Virtual Terminal Fife Manager. 

Telnet support for remote login. 

OS-9/ESP 

Independent, modularfile managers 
for industrial II 0, magnetic or optical disk, 
magnetic tape, graphics support. 

OS-9/ESP Ethernet Support Package provides complete Ethernet 
TCP liP communication between the host environment and OS-g based 
systems. OS-9/ESP incorporates both FTP and Telnet protocols for 
efficient iile transfer and remote login. Users can easily access OS-g 
from the Unix host Unix from OS-g, and OS-g from OS-g for distributed 
software development and supervisory real-time execution. 

OS-9/ESP ieatures a C-compatible Berkeley 4.2 socket library 
combined into an Internet database as a single OS-g data module. And 
since OS-g data modules are re-entrant and position independent, 
OS-gl ESP can be added to OS-g ROM-based target systems. 
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Compile application software on 
the target using the same 05-9 host 

ccz" 

Ruggedized, "crash-proof", 
hierarchical disk file system. 
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Resident C Source Level Debugger 
~ for increased productivity. 

---------- Symbolic System State Debugger 
for dynamic monitoring of target 
system state processes. 

Unix-like Shell user interface. 

05-9/ Debuggers 
UniBridge contains a high-level C source debugger and a powerful 

system state debugger to provide a robust environment for developing 
C and Assembly language programs. 

UniBug is a distributed C source level debugger that allows users to 
debug code developed under UNIX on the 05-9 target. Object, symbol 
and debug files are automatically downloaded to the target over Ethernet 
when UniBug is invoked. UniBug features a C expression interpreter 
with full debugger control, communications, data manipulation and 
system commands. 

5Y5DBG provides complete system state debugging of device drivers 
and system tasks on the 05-9 target. 
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Unix oriented tasks: exe< 
exit, sleep, set priority, \\ 

l 

Versatile inr 
facilities: d. 
namedpip< 
signa/sand 

•• 
- ~ . 

• d . -
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Pre-emptive task scheduling with 
time share option. 

Support up to 65,535 individual 
processes with up to 65,535 priority levels. 

I 

r 

U
. . I 

niX onented tasks: exec, foil<, 
exit, sleep, set priority, wait. ' 

I 

Veo,W. ,,,,,Jk "mm"ni~ri," 
facilities: data modules, pipes, 
named pipes, events, semaphores, 

"gn,/, 'nd ,n'rp •. 

OS-9 is modular, compact and 
completely ROMable. 

UniBridge 
UniBridge is the complete communication and devel­

opment package for distributed programming and super­
visory control of 68000 family-based real-time applications. 

UniBridge is distributed on magnetic tape and diskette 
and includes: 

- OS-9/XCC C Compilers 
- Unix resident Cross C Compiler 
- OS-9 resident C compiler 

- OS-9/ESP Ethernet Support Package 
- OS-9/SRCDBG 

- OS-9 resident C Source Level Debugger 
- OS-9 resident System State Debugger 

-Complete documentation and hotline support 
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UniBridge is written entirely by Microware to assure 
100 percent compatibility with every module in the Uni­
Bridge package. At Microware, we believe that every prod­
uct we create must advance the state oi the art and provide 
a complete solution. But our job doesn't stop'there. Everv 
Microware product is backed by our comprehensive soit­
ware support program and ,'''licroware's total commitment 
to customer sati,iaction. 

Contact Microware today and ask us for UniBridge: 
The Complete Unix/Real-Time Connection. 
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Real-TIme Audio/Video Environment 
process control systems. 

/ As an extension of the 05-9 
RAVE (Real-Time 
Audio/Video Environment) is 
a multimedia development tool 
and user interface that greatly sim­
plifies the design of realistic man/ 
machine interfaces for real-time 

real-time operating system, 
RAVE enables designers to com­
bine high-quality audio and video, 
computer generated graphics and 
customizable menus in the same 
user interface. 

The Evolution of User Interfaces 

Historically, the user interfaces 
available for embedded svs­
tems and process contro(ap-

Furthennore, these interfaces were 
still hard to use and understand by non­
technical users. Simply put, these.stan­
dards were designed by programmers 
for use by programmers. And because 
programmers have not always had the time 
or resources to create artistic masterpieces, 
graphic images left much to be desired 

WIth RAVE, designers can quickly 
configure realistic user interfaces 
and control panels using real-world 
sounds and images. Because the 
resulting user interface better rep­
resents the actual control environ­
ment, it can be manipulated and 
understood by non-technical users. 

plications have been difficult to use, and in 
some cases, intimidating. These interfaces 
typically consisted of non-interactive dis­
plays or light boards. At best, they were 
based on black and white graphics drawn 
on a conventional CKr. 

In the early 1980's user interfaces such 
as GKS and VOl were developed and popu­
larized. Users could now hope to find at 
least color drawings representing actual 
devices that the system controlled. Audio 
capabilities, if any, were pretty much 
limited to "beeps" and "buzzes" and other 
non-descriptive noises. To compound the 
problem, these emerging interfaces were 

in the realm 01 visual understa;d;i;n;g~~~~~!~iiii~~ii~~i~i~i and recognition. All 01 this 
resulted in man/machine 
interfaces that could not 
be easily 1Inderstood, 
let alone actively 
manipulated by non­
technical users. 

RAVE was devel­
oped on the simple 
premise that non­
technical users 
can intuitively 
understand real­
world visual rep­
resentation - or 
pictures - far 
easier than basic 
drawn images. 

designed for UNIX or IBM Personal 
Computer systems without any consider­
ation for real-time software requirements. 
Because these standards had not been inte­
grated with a real·time operating system 
or kernel, factory floor systems were still 
largely limited to 1960's-style user interfaces. 

Introducing RAVE 

Recognizing this complete lack 
01 an easy-to-use and easy­
to-understand man/machine 

interface for real-time process control sys­
tems, Microware has developed RAVE 
(Real-1ime Audio/Video Environment). 
RAVE was developed on the simple prem­
ise that non-technical users can intuitively 
understand real-world visual representa­
tion - or pictures - far easier than basic 
drawn images. Now, with RAVE the tools 
lor user interlace development are a 
microphone and camera, rather than a 
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mouse and keyboard. Not only does RAVE 
support high-resolution, real-world pic­
tures, but it also offers full-motion video 
and CD-quality sound. These advanced 
features allow a process or model to be 
represented by its natural image and natu­
ral sounds, as opposed to a programmer's 
personal conception of how that item 
should be represented. 
RAVE consists of three packages: 

• The Graphic File Manager 
• Graphics Support Library 
• The Presentation Editor 
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The Graphics File Manager (GFM) 
provides the audio, video and input driv­
ers needed to support the run-time user 
interface. The input drivers support a 
keyboard, as well as pointing devices. The 
keyboard driver supports any keyboard, 
from an IBM PC compatible keyboard, to 
a custom keyboard designed specifically 
for an application. The pointing device 
may be a mouse, touch pad, touch screen 
or any device that returns X:Y coordinate 
information. 

The Graphics Support Library (GSL) 
builds upon the GFM to create the more 
complex concepts required for an applica­
tion. These include controls, indicators, 
and menus. Controls are objects on the dis­
play that mimic the behavior of switches. 
Indicators are objects on the display that 
mimic the behavior of output devices. 
Both controls and indicators may be imple­
mented as computer generated objects, or 
by digitizing an actual image of the device. 

RAVE's third package, known as the 
Presentation Editor, draws upon the GSL 
and GFM to provide an interactive, menu­

driven development 
environment for 
building applications. 
WIth the Presentation 
Editor, designers 
create the controls, 
indicators, and menus 
supported by the 
Graphics Support 
Library. 

Designers interact 
with the Presentation 
Editor via a keyboard 

=;-c=::::=1rr====;, and mouse. Audio 

IEJ-

Before RAVE, man/ 
machine interfaces (like 
the ones sizmvn above) 
wcredifficult to use 
and understand. 

can be input directly 
through a micro­
phone, or loaded 
from disk. Video 
can either be cap­
tured via a cam­
era, or built from 
scratch using 
graphics primi­
tives. A Paintbox 
can be used to 

modify both computer-generated or real­
world video images. 

To use RAVE on new hardware, 
deSigners need only to port the low-level 
graphics, audio and input drivers. 

And RAVE was implemented as an 
extension to Microware's 05-9 Real-TIme 
Operating System. RAVE provides users 
with complete access to the real-time func­
tionalitv of OS-9, which is vital for manv 
process control applications. Exception~ 
ally fast interrupt response, preemptive 
task switching and a ROMabie modular 
architecture make 05-9 the operating sys­
tem of choice for real-time factory floor 
applications. • 

The 05-9 Real-Time Operating System 

RAVE runs on top of the 05-9 
Real-Tune Operating Sys­
tem, the pre-eminent oper-

ating system for the Motorola 68000 
family of microprocessors. 05-9 
incorporates a number of powerful 
programming features such as multi­
tasking, "SHELL" user interface, utility 
programs, hierarchical file structure 
and record locking, a complete suite of 
resident development tools, network­
ing and a host of high-level languages 
including a C Compiler with UNIX/ 
BSD 4.2 extensions. 

OS-9 features a full-function, real­
time kernel and independent file man­
agers that accommodate every class of 
II 0 device and peripherals, plus net­
working and interprocess communica­
tions. By supporting development, as 
well as execution on the target, the 05-9 
single-source solution not only reduces 
hardware costs, but greatly simplifies 
system integration. 05-9 also offers 
cross development packages for all 
popular UNIX and PC-DOS environ­
ments which provide distributed real­
time programming, remote testing and 
supervision of real-time processing. 

To facilitate easy installation and 

The modular architecture of 05-9. 
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structured programming techniques, 
OS-9 employs a modular design which 
permits software engineers to signifi­
cantly reduce the size of their applica­
tion and conserve memory. And 05-9 

Microware de­
signs and sup­
ports all of its 
own software 
packages, so you 
are assured of to­
tal compatibility 
across the entire 
spectrum of Mi­
croware products. 

is available from virtually every 
VME manufacturer world \vide. Plus, 
Microware designs and supports all of 
its own software packages, so you are 
assured of total compatibility across the 
entire spectrum of Microware products. 
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The Graphics 
File Manager (GFM) 

1·' he Graphics File Man-
~ ager (GFM) brings 

together all the physical 
resources needed for the user inter­
face. This includes a video driver, 
an audio driver and drivers for the 
input devices. The diagram at right 
shows the hierarchy supported by 
theGFM. 

The Video Driver provides a 
very robust set of drawing and 
block copy functions. An applica­
tion may draw lines, rectangles, 
polygons, circles, ellipsis, rectan­
gles with rounded comers or text. 
With all drawing functions, the 
application may select several vari­
ations such as drawing with a 
pattern, using variable size pens, 
using dashed lines or any combina­
tion of the above. 

All drawing is done on what is 
called a drawmap. The application 
may create several drawmaps and 
select anyone to be displayed. The 
application may select a rrew draw­
map to be displayed at any time. 

Simple and complex regions 
are also supported. These regions 
may be created and mixed very 
easily. After creating a region, it 
may be drawn onto a drawmap, or 
used for clipping. In the later case, 
all drawing outside the region will 
be clipped (not drawn). 

A very powerful set of block 
copy and exchange functions are 
also supported. This allows an 
application to copy or exchange 
images between drawmaps. Part of 
an.image can be declared as trans­
parent. This is done by using a 

clipped region, or using a trans­
parent color. 

The Audio Driver supports 
playback of pre-recorded audio. 
This audio data can be in memory, 
or loaded off of disk. The quality 
of the audio is only limited by the 
hardware. 

Two types of Input Drivers are 
supported: pointer and keyboard. 
The pointing device may be a 
mouse, touch pad, touch screen or 
any hardware device that returns 
X:Y coordinate information. Any 
type of keyboard may be sup­
ported using the GFM. The key­
board may be PC compatible, or 
one developed specifically for 
an application. 

The Graphics 
Support Library (GSL) 

T;he Graphics Support 
Library (GSL) builds upon 
the GFM to create the 

more complex concepts needed by 
an application. These include con­
trols, menus and indicators. 

Controls are objects on the dis­
play that mimic the behavior of 
switches and slide-bars. The user 
may interact with a control on the 
display to tum something on or off. 
A slide-bar could be used to mimic 
something like a volume control. 

Menus (called requests in the 
GSL) give deSigners a means of con­
figuriI1g an interface that enables 
users to select various controls and 
indicators. These menus may be 
simple text or complex images. The 
application may also select whether 
the menu is displayed all the time 
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A diagram of the RAVE Graphics File Manager. 

(menu bar), or only when appropri­
ate (pop-up menu). 

Indicators are objects on the 
display that mimic the behavior 
of output devices. These include a 
digital readout, slide indicator, LED 
meter, linear meter, and a strip chart 
recorder. These may be computer­
generated objects or actual images of 
a real device. The GSL provides the 
following controls and indicators: 

Controls 
l. Push-button controls 

such as on/ off and fire 
buttons. 

2. Multi-state controls such 
as the source selector or 
an amplifier. 

3. Slidebar controls such as 
a volume control. 

Indicators 
1. Linear meter indicators 

such as the V.U. meter 
on an audio mixer board. 

2. Level indicators such as 
the fluid level in a tank. 

3. Strip chart indicators 
such as an EKG readout. 

4. LED meter indicators 
such as a record level in 
a cassette deck. 

S. Numeric readout indi-
cators such as the fre-
quency on a frequency 
generator. 
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In addition to supporting on­
screen objects, the GSL provides a 
number of housekeeping functions 
that simplify the development of 
an application. These include mes­
sage handling, a clip board, and 
resources. 

The Presentation 
Editor 

~e RAVE Presentation 
Editor is used to develop 
applications. The Presen-

tation Editor automatically generates 
C source code for all the software 
routines necessary to control the 
user interface. With RAVE the 

A flow chart for building a typical RAVE application. 

designer is not required to write one 
line of A!V control code. The entire 
interface may be designed interac­
tively by using this tool. 

With the Presentation Editor, 
a designer can create the controls, 
menus and indicators supported by 
the GSL. These objects may be com­
bined onto the display to form the 
interface for an application. Since 
RAVE supports real audio and real 
images in addition to those com­
puter generated, the Presentation 
Editor has tools for manipulating 
this data. 

The Presentation Editor audio 
tools allow the designer to capture, 
edit and playback audio segments. 
The video tools allow the same facili­
ties for video images. In addition, a 
paint facility is available for creating 
new images or touching up images 
captured by camera or other means. 
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Configuring RAVE 

/I; AVE is configured to 
• provide both run-time 

and development 
environments. 

With RAVE the 
designer is not re­
quired to write 
one line of A/V 
control code. 

RUN-TIME ENVIRONMENT 
Rave's Graphic File Manager 

(GFM) and Graphics Support 
Library (GSL) form the foundation 
of the OS-9!RAVE run-time environ­
ment. This run-time environment 
provides a sophisticated man! 
machine interface for virtually any 
type of audio and video hardware; 
including mouse, touch screen, ter­
minal, microphone and speaker. 
Furthermore, the GSL provides 
basic indicators and controls so soft­
ware engineers can build an appli­
cation without the use of more 
complex and expensive develop­
menttools. 

The entire RAVE run-time envi­
ronment is completely ROMable, 
compact in size and designed ex­
pressly for use in embedded applica­
tions. An OS-9!RAVE application 
can be embedded in systems sup­
porting as little as 128K of system 
RAM. 

The RAVE run-time environ-
. - ment is configured for distribution 

under Installation Pak and OEM 
License. These packages include all 
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of the software source code and doc­
umentation necessary to install the 
run-time environment on a given 
hardware platfonn. 

DEVELOPMENT SYSTEM 
The Presentation Editor and its 

related hardware (microphone, 
frame grabber, camera, paint box, 
video monitor, etc.) comprise the 
RAVE development environment. 

Microware understands that the 
ever increasing pace of technological 
advancements make product design 
time a key factor of a product's com­
mercial success. The time devoted to 
developing a man/machine inter­
face using conventional program­
ming techniques can render a 
product obsolete long before it is 

brought to market. The Presentation 
Editor reduces the amount of time 
spent on developing the application 
by automatically generating, in C 
source code, all the software rou­
tines necessary to control the user 
interface. Simply put, by using the 
RAVE development environment, 
you can get your product to market 
quicker with less expense. 

End user copies of the presenta­
tion editor can be purchased indi­
vidually from Microware and 
Authorized Microware Distributors. 

v 

A completely integrated 
multi-media development environment. 
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Frequency Generator 
Demonstration 

~
'" 

he following is an exam­
_ pIe application of a fre­

quency generator. A 
flowchart of the application is 
shown below, along with a picture 
of the video display that appears 
when it runs. 

In this application, the user may 
change the frequency or voltage by 
touching the respective buttons on 
the frequency generator. The shape 
of the wave may also be altered and 
you may select a square wave, sine 
wave or triangle wave. 

A visual representation.of the 
wave is displayed continuously 

"Frequency generator" f/awchart. 
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A RAVE application illustrating a frequency 
generator. items dL<pitxyed include a captured 
image (voltage meter) and other video images 

created by using a paint system. 

on the strip chart. In a similar man­
ner, the voltage is shown on the 
voltmeter. 

Simply put, by us­
ing RAVE, you can 
get your product 
to market quicker 
with less expense. 

The actual code written bv the 
programmer is very minimal~ A 
flowchart of this code is shown at 
right. As shown in the flowchart, all 
code dealing with the manipulation 
of the display is automatically gener­
ated by the Presentation Editor. 

Copyright 2011, AHMCT Research Center, UC Davis



119 
Copyright 2011, AHMCT Research Center, UC Davis



(' 

ENPm SER I ES~d~l&usm 
Network Technology for System Builders 

• High-performance Ethernet controllers for 
VMEbus and MULTIBUS systems 

• Link-level controllers for use with host-based 
network protocols 

• Intelligent protocol processors for off-loading 
host network protocol processing 

• Motorola 68000-family processor onboard 

• Dual-ported packet data memory 

• Uses AMD Local Area Network Controller for 
Ethernet (LANCEN) 

• OptionallOBASE-T (twisted pair Ethernet) 
transceiver onboard (ENP-IO Series only) 

Description 

The ENP Series of Ethernet adapters are low-cost, high­
performance networking solutions for builders of 
VMEbus and MULTIBUS systems. They are ideal in 
multi-user UNIX!!> systems, network or file servers, and 
process control applications. The ENP Series integrate 
easily with the host operating system using CMC's link­
level Ethernet firmware or CMC's advanced TCP/IP or 
OSI protocol software. 

Advantages of an 
Intelligent Protocol Processor 

Designers of high-performance networked computer 
systems have stringent performance criteria. For these 
system builders CMC designed the "i" series of intelli­
gent Ethernet protocol processors: for VMEbus, the 
ENp·lOi and ENP-IOOi: and for MULTIBUS the .ENP-30i. 
These processors have significant advantages over data 
link controllers. They process networking protocols 
independently of the host processor, offering high data 
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throughput with minimal impact on host performance. 
Intelligent protocol processors function best in host systems 
that must handle large numbers of simultaneous network 
connections, such as a file server or database server. 

Advantages of a Link-level Adapter 

Developers of personal workstations and process control 
systems have built around inexpensive 16- and 32-bit 
microprocessors to reduce total system cost. For these 
systems, an intelligent networking solution may be very 
expensive compared with the system cost. For these 
users, CMC's "L" series oflink-kvel adapters are optimum: 
for VMEbus, the ENP·lOL and ENp·!OOL: and for :-'lCLTI· 
BUS the ENP-30L. Data link adapters rely on the host to 
perform the protocol processing function, and prO\'idc 
an efficient link-level interface with host·based pro· 
tocols. These function best in host systems that generate 
a limited number of Simultaneous network connections. 
----- --- --------- --- --------------- - ----- -- -- ----- -- ------------ ----------------------- - -- ---
~=':"= -=-. 

A Rockwell International Company 

The Power of Partnership.~ 
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ENP Series for VMEbusand MULTIBUS 

Features 

• Common internal shared bus architecture for cOSt­
effective memory usage 

• Powerful Motorola M6S000-family microprocessor unit 
(MPU) clocked at 10 or 12';MHz 

• 128 to 512KByte DRAM with no wait states 

• Up to 128KByte EPROM containing onboard diagnostics, 
CMC's exclusive Kl Kernel, and link-level firmware 

• Am7990 LANCE Ethernet controller 

• OptionaI10B.-\sE-T (twisted pair Ethernet) or 10BASE2 
(thin Ethernet) rransceiver onboard (ENP-IO Series only) 

• Bus master mode or slave mode operation 

• Optional high-performance link-level host interface 

• Optional DoD and Internet standard TCPIIP or 
TOP/GOSIP compliant OSI protocol software 
("i" series only) 

• Drivers available for many popular real-time 
operating systems 

• Standard twO year warranty 

The Processor Module 

All ENP Series adapters feature a MotOrola 6S000-family 
microprocessor unit (MPU). The MPU controls access to 
the system bus, executes kernel functions, link-level pro­
tocols, network communications protocols, provides 
system timers, and runs diagnostic tests on Start-up. From 
16KBytes to 128KBytes of program EPROM is available. 

The Memory Module 

The dual ported DRAM is the central memorv for all net­
worklhostIMPU data and control interactions: It provides 
buffering of data between the bus and the network. In the 
Hi" series, network protocol software is downloaded to and 
executed from this DRAM. 

The Host Interface 

All ENP Series Ethernet adapters are s~ple to integrate into 
host systems. The board appears as memory to the host 
operating system. Both slave mode and master mode 
operation is supported. In slave mode, the host processor 
rransfers the data between host memorv and the board in 
master mode the ENP Series adapter hmdies the exch~ge. 
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The Ethernet Interface Module 

The ENP Series utilizes Advanced Micro Devices' Am7990 
Local Area Network Controller for Ethernet (LANCE) and 
the Am7992 Serial Interface Adapter (SIA). These con­
trollers optimize the Physical and Data Link Layer functions 
as defmed by OSI standard 8802/3, minimizing processing 
burden on the MPU. A full l6-bit registered data path is us­
ed between the LANCE and the buffer memory for effi­
cient bandwidth usage. 

The Control Firmware and Kl Kernel 

The ENP Series adapter executes the physical and link layer 
protocols through onboard link-level driver firmware. In 
the Hi" series of intelligent processors the network and 
rransport layer protocols are additionally executed onboard, 
removing this processing burden from the host. The 
LANCE processor handies OSI 8802/3 standard Ethernet 
access, while the MPU controls higher layer protocols. 

CMC's exclusive Kl Kernel real-time communications exec­
utive has years of proven experience in thousands of instal­
lations as a reliable and efficient interface between the LANCE 
and upper-level protocol software. It supervises board-level 
activities such as network event timing, memory refresh, 
interrupt scheduling and statisties gathering. 

A master mode link-level driver is available as part of the 
standard firmware. This allows the ENP Series adapter to 
act as a high-speed data link device for use with host-based 
protocols. The link level driver is designed to be easily 
implemented in BSD 4.3 environments. 

The Protocol Software 

The Hi" series of intelligent processors support CMe's 
optimized TCPIIP protocol softvl'are suite. CMe's TCPIIP 
conforms to the standards established by the Department 
of Defense, and consists of a board-level component and 
host-level component. Standard 1/0 driver and protocol 
interface software for Ur-.'1X System V Release 3 environ­
ments is provided and includes STREAMS support. 

The board-level component, which runs entirely on the ENP 
Series processor, includes TCp, IP, UDP, ARP, ICMp, and SNMP 
agent functionality. Large IP and UDP datagram service is 
provided. On the ENP-I0i and ENP-30i, TCPIIP protocol 
firmware in EPROM is available for embedded system 
applications. 
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The host-side components include the TELNET, ITP and 
SMTP protocols, and 4.3BSD "r-utilities" such as rlogin, rsh 
and rep. For users who prefer to develop their own 
network applications, CMC supplies a C-language 4.3BSD 
socket library; as well as a System v Interf.!ce DefInition 
(SVID) compliant TLilibrary. 

Full-function lower-layer OSI protocol software is also 
av:illable from CMC for intelligent processors, conforming 

ENP Architecture 

to the Government OS! Profile (GOSIP) revision 1.0. 
The software includes T?4, CLT?, elNP, ES-1S and LLC1 
protocols which execute onboard. The host-side compo­
nents includes CMe's implementation of popular 4.3BSD 
"r-utilities" such as rlogin, rsh and rep, as well as a 
C-Ianguage 4.3BSD socket library. CMe's onboard OS1 
software is designed to easily integrate with the user's 
upper-layer OSI applications such as ITAL\1 and X.400. 
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SPECIFICATIONS 
ENP Series for VMEbus and MULTIBUS 

Bus and Network Bus Master Bus Slave 
Model Number Interface Type Memory Processor Clock Interface Interface 

ENP-l0L VMEbus link-level 12SK 

ENP-lOi VMEbus intelligent 512K 

ENP-100L VMEbus link-level 256K 

ENP-100i VMEbus intelligent 512K 

ENP-30L Multibus link-level 12SK 

ENP-30i Multibus intelligent 512K 

Bus Compliance 
-ENP-IOL, ENP-lOi, ENP-I00L, ENP-100i comply with VITA 

Rev. C.l and IEEE 1014 VMEbus specifications 
-ENP-30L, ENP-30i comply with IEEE 796 MULTIBUS 

specifications 

Ethernet Interface 
-Am7990 LANCE and Am7992 Serial Interface AdaptOr 
-Complies with Ethernet 1.0, 2.0 and IEEE S02.3 

specifications 
-Onboard S02.3 AUI interface 
-ENP-IOi and ENP-IOL available with optionailOBASE2 

(thin Ethernet) or 10BASE-T (twisted pair Ethernet) 
tranSceiver onboard 

MonitorlDebugger Port 
-Dual asynchronous lines via one 2681 DUART 
-Optional Software Development Kit (SDK) with EPROM 

monitor for onboard protocol development 

AMD and UNCE arC" tl"2dcmarb o( Ad\l':tnced Micro Devices. Inc. 
UNiX is:l. ~~cred tl'2demark of tJSL 
MUlTIBUS is a tndcmark of Inld CotpOr2tion. 
ENP 2nd CMC arc tl"2dem.ub o( C~c. 
C 1991 Ode. AII1Ip«lnOtion.-. subjC'Ct to change without notice, 
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68000 IOMHz O16:A24 

68010 10M Hz DI6:A24 

68020 12.5MHz D32fD16fDOS: 
A32li\24L-\16 

68020 12.5MHz D32fD16fDOS: 
A32L-\24L-\16 

68000 IOMHz DI6:A24li\20 

68010 1O:VIHz DI6:A24L-\20 

Physical Characteristics 
-Power Requirements 

DI6:A32L-\24 

O16:A32L-\24 

D32fD16fDOS: 
A32/A24 

D32fD16J1)()S: 
A32/A24 

O16:A24L-\20 

O16:A24120 

+ 5V: 4.; A typical; + 12V: ;00 rnA typical 
-Operating Temperature 

5° to ;0° C. 

-Storage Temperature 
_40° to S5° C. 

-Operating Relative Humiclity 
5% to 95% (non-condensing) 

-Dimensions 
ENP-IOL, ENP-lOi, ENP-100L, ENP-100i 

233 x 160mm 
Occupy single VMEbus card slot (6C form factor) 

ENP-30L, ENP-30i 
305 x 16;mm 
Occupy single MCLTIBCS card slot (IEEE 796 form 
factor) 

Indicators 
-On board visual FAULT and RUN inclicators 

----- --- -------- ----------------- - ----- -- -- - ----- - ------- ---------------------- -- - -- ----------- ---- -_._- --
A Rockwell International Company 

The Power of Partnership:" 
CMC, 125 Cr<!mona Drive. Santa Barbara. C\ 93117 
Phone: 805/968·4262 1·800·01C-802.3 
Fa.x: 805/968-6478 
CMC U.K. Limited. Central House, 3 Lampton Road 
Hounslow. Middlesex. England 1WC IHY 
Phone: 44-81·5/i-2800 Fa.x: 44·81·572·/i16 Telex: 25463 ROCIl'.'T G . 
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co-processor 

• Segmented local bus arch itecture 

• 1 Mbyte Zero wait-state SRAM 

• Up to 4 Mbyte high speed SRAM 

• High performance VSB 
interface with DMA 

• 32 bit Advanced Processor 
Extension bus 

• Extensive Multiprocessing support 

• Two 32 pin JEDEC sites 

• Two asynchronous serial ports, 
RS232 or RS422 

• Real-Time Clock 

• VIC068 VME interface up to 
40Mbyte!sec 

The 68-33 is specially designed for 
applications requiring high data 
throughput, intensive multiprocessing 
or extremely fast real-time response. 
Typical uses include image 
processing, simulation, data 
acquisition and scientific systems. 
68-33's unique Freeflow architecture 
with its dual local buses matches data -

throughput to the speed of the 
processor, which runs at speeds up to 
50MHz. Unlike traditional single 
board computers, the 68-33 does not 
become local bus bandwidth limited. 

The 68-33 is also suitable as a 
single-slot networked target board 
when fitted with APEX-1 00 Ethernet 
interface. 

Processor 
The 68030 CPU operating at clock 
speeds up to SOMHz is matched with 
an optional 68882 floating point 
co-processor and 1 Mbyte zero 
wait-state SRAM all on a separate 
local bus. The use of 35ns SRAM with 
2-clock-cycle, synchronous mode 
access gives performance up to 
15,000 dhrystones and ensures 
ultra-fast real-time response. 

Segmented Internal Buses 
The Radstone 68-33 board has two 
local buses. The Processor Local Bus 
holds the 68030, 68882 and 1 Mbyte 
of zero wait-state SRAM. This is 
isolated with high speed bus 
transceivers from the I/O Local Bus 
which carries an additional SRAM 
memory module, I/O functions and 
VME and V5B bus interfaces. 

The segmented architecture enables 
the 68030 to continue processing at 
up to 50MHz concurrently with I/O 
transfers or large block moves of data 
between another processor or 
intelligent controller board and the 
second SRAM module. This 
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concurrency results in an increase in 
the local bus total bandwidth and 
reduced bus latency. 

Memory 
The 68-33 has 1 Mbyte of 35ns SRAM 
on the Processor Local Bus. 

An additional memory module 
offering either 1 or 4 Mbytes of 85ns 
SRAM can be accessed from I/O, 
VME, V5B and the 68030 processor. 
Connected to the I/O Local Bus, this 
memory provides inter-processor and 
I/O buffer space, and supports VME 
and VSB block move operation for 
maximum data throughput. This 
minimizes the time taken to transfer a 
block of data across the VMEbus 
while enabling more data to be 
transferred between processors 
without VMEbus bandwidth becoming 
the limiting factor. 

The 68-33 has two 32 pin ]EDEC sites 
for up to 1 Mbyte EPROM. 

VSB Interface 
The VME Subsystem Bus (VSB) 
provides a full 32 bit expansion bus 
and can be used for multiprocessing, 
memory expansion or to increase total 
available bus bandwidth. It can also 
be used to connect intelligent I/O 
controllers such as SCSI-11, freeing 
the VMEbus for higher level 
inter-processor or global transfers 
within a multiprocessor 
implementation. 
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A high performance ASIC design has 
been adopted for the 68-33 VSB 
interface. Full master, slave, interrupt, 
arbitration and block transfer 
functions to VSB Rev C specification 
are supported, as well as a single 
channel OMA controller. 

Multiprocessing 
The 68-33 is ideally suited to 
multiprocessing configurations, with 
dual VMEand VSB buses, high speed 
multiported memory, separate 
processor local bus and VIC068 VME 
controller. . 

The VIC068 provides eight 
interprocessor communication 
registers, four location monitors 
(mailboxes), four broadcast location 
monitors and remote reset. These 
enable specific processors to be 
addressed or a message to be passed 
simultaneously to a group of 
processors. 

Up to sixteen boards can be be 
uniquely identified by the board 10 
switch which simplifies system 
configuration. 

APEX Interface 
The APEX 32 bit extension interface 
enables the 68-33 to be easily tailored 
to meet application specific 
requirements. Extra functionality can 

be added to the 68-33 board with 
plug-in modules, while still occupying 
a single VME backplane slot. A range 
-of standard modules including 
Ethernet, SCSI, floppy disk, IEEE 488 
and parallel I/O interfaces are 
available. 

Custom interface may be added to suit 
particular application requirements. 

Serial Ports 
Two asynchronous serial ports are 
provided using a 68681 OUART 
device. Individually configurable for 
RS232 or RS422 operation, access is 
via front panel mounted 9 way 0 
connectors. 

Real-Time Clock 
Year, month, day, hours, minutes and 
seconds. Integral battery backup with 
automatic fail write protection plus 2 
Kbyte battery-backed SRAM. 

Configuration 
Board-specific configuration 
parameters such as serial number or 
network address may be stored in a 
128byte non-volatile EEPROM. 

A front-panel mounted 10 switch 
serves to identify a particular board in 
a multiprocessor system, independent 
of VME slot position. 
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VMEbus Interface 
Fully compatible with IEEE 1014 

Utilizes VIC068 VMEbus Interface 
.Controller providing: 

Requester with fairness option 

Interrupter 

Write posting of data 

Block transier cycles 

High speed OMA channel 
(up to 40 Mbyte/sec VIC to VIC) 

Heartbeat timer 

VMEbus timeouts 

Interprocessor Communication 
Registers 

4 level arbiter 

7 level interrupt handler 

Software 
. The 68-33 processor board is 

supported by PLUM, Radstone's 
PROM-based Monitor package, and 
by a range oi operating systems for 
development and real-time 
environments. For further details refer 
to the Software section of this catalog. 
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Figure 2-1. MAX-GRAPH Element Flow Diagram (Showing Configuration Block 1 of2) 
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Figure 2-2. :MAX-GRAPH Element Flow Diagram (Configuration Block 2 of 2) 
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3 States 

Figure 2-1. ROI-STORE Element Flow Diagram . 
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Figure 2-1. FEATUREMAX MKII Element Flow Diagram 
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Diagram 1 of 2. MAX-8CAN Element Flow Diagram (Showing Configuration Block 1 of 3) 
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Diagram 2 of 2. MAX-SCAN Element Flow Diagram (Configuration Blocks 2 and 3) 
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( Mountsin 
Three Minutes! 
WPT-1000 has 

the features 
you need 

for proven 
accuracy, 

efficiency and 
versatility in 

vehicle testing: 

• Rugged, shock-resistant 
construction 

• Maintains accuracy under all 
weather conditions 

• Proven, reliable mounting 
system- tested to 200 m.p.h. 

• Mounts with a standard 
hex wrench 

• Quick centering method 
• Precision adaptors mount 

directly onto standard wheel 
nuts or bolts 
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CATRON 
TECHNOLOGY 

• Adaptable to all configurations, 
including trucks and busses 

• Suction-mounted reaction arm 
• Sealed all-weather connectors at 

sensor 
• Works on steered and 

un-steered wheels 
• Pivot joints allow full suspension 

travel 
• 1-Year Limited Warranty on 

workmanship and materials 
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The WPT-1000 
Mounts in Three 
Simple Steps ... 

STEP 1: Place mounting adaptors flush over wheel nut. 

STEP 2: Slide the centering star over the unit and tum until 
snug against adaptors. Tighten adaptors and remove star. 

STEP 3: Attach suction holders. 

Complete WPT-1000 KIT includes: 

- Wheel pulse transducer with vertical pivot 
- Suction mount with 3'·(lm) rubber-booted guide tube and 

horizontal pivot 
- Mounting plate for 3,4, 5 or 6 stud wheels having bolt circles 

3.9 - 5.75" (98 - 147 mm) IOtherConfigunmonsAvaiiable Upon Request] 

- Five (5) 17mm or 19mm adaptors 
- One (1) centering star 

-- 13' (4m) cable with LEMOSA connector 
- LEMOSA-to-pigtail extension cable 

- Hex wrench 
- Rugged, shock-resistant carrying case 

Options: 
- Reference pulse: 1 per revolution 

- Quadrature signal -
- CORREVIT EEP-2, -3, or -4 computers for data logging 

Specifications: 
Output: 1000 pulses/rev., 5V, TTL 

compatible square wave 
(other resolutions from 50 - 5000 
pulses/rev. available) 

Accuracy: +/-1 pulse 
Speed range: 0- 200 mph (0 - 320 kmph) 

0-3000 rpm 
Power requirements: 5VDC,0.6W 
Cable length: 13' (4m) 

Cable connector 0.0.: .583" (14.8 mm) 

Weight 5.5 lb. (2.5 kg), 
including mounting hardware 

Temperature range: -40·F to +230·F (-40·C to + 110·C) 
Dust/splash protection: Meets IP 64 (DIN 40050, IEC 529) 
Permissible vibration 
(including mounting): 216 ft.!sec.' (65 m/s'), 10 - 2000 Hz 
Permissible acceleration 
(including mounting): 2160 ftJsec.' (650 mrs') 
Allowable 
suspension travel: 5" (125 mm) 

Specifications sub'ect to chan e without notice. g 

CATRON 
TECHNOLOGY 
1-800-832-0732 

34115 West Twelve Mile Road, Suite 120 

Farmington Hills, MI 48331 

313.489.3140· FAX: 313.489.3144 
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FAIRCHILD 
WESTON 
SYSTEMS 

CCD IMAGING DIVISION 

FEATURES (0 2~ C-c:-r 2 (\ ~ 

CAM1800 Series 
Line Scan Cameras 

FUNCTIONAL DESCRIPTION 

PRELIMINARY 

• 2592 or 2048 element CCD sensor Se-j.,LAD 
• Anti-blooming ~ I 

The circuitry within the camera is comprised of differential line drivers 
and receivers, timing control logic. high capacitive load clock drivers. 
a CCD181 linear imaging sensor. video amplifiers with adjustable gain. 
DC restoration. video multiplexing circuitry. and a video output buffer. 

• Electronic exposure control 
• AR coated window on sensor 
• Precision sensor alignment 
• Single channel DC restored video output 
• Remote operation 
• Dynamic range 2000:1 minimum 
• Video data rate to 20 MHz 

DESCRIPTION 

The Fairchild Weston CAMl800 is a rugged line scan camera designed 
for incorporation into non-contact electro-optical measurement and 
process control systems. The CAM 1800 comes in two versions (2592 
or 2048 x 1 pixels) and incorporates such features as anti-blooming, 
electronic exposure control and a single channel DC restored video 
output. 

This camera is an entirely new design, offering several performance 
improvements, including lower RMS noise, reduced clock coupling 
into the video output, an improved grounding system, precision sen­
sor alignment, improved MTF at high data rates, and higher speed 
operation. . 

Two differential clock signals are required for controlling the camera's 
data rate, line rate, and integration time. The camera will accept 3 clocks 
for added flexibility. The data rate clock, CLK.DR. determines the rate 
the video is clocked out of the camera. The line clock. CLK.LlNE. deter­
mines the SCan rate of the camera. The integration control clock. 
CLK.lNT, determines the integration time of the sensor. CLK.LINE and 
CLK.lNT may be tied together, in which case the duty cycle of the 
combined signal will determine the integration time. 

The CAM1800 supplies as outputs 21ine synchronization signals­
Valid Video (VV), which is high when pixel data is present at the video 
output. and <;>X. which triggers on the prescan elements. In addition, 
a chain of sampling pulses. synchronized with the pixel data at the 
video output. is generated by the camera. This output may be used 
to trigger a flash A/D or a Sample/Hold amplifier. The video data is 
available on a single 7511 coaxial line. Video amplitude is 1 vOlt when 
terminated with 75 n. 
The camera requires power supply inputs of +5, +15. and -15 volts 
regulated DC. Optionally, it may be configured to accept ± 5V regulated 
and ±20 V unregulated power. The camera uses asingle D type con­
nector with an integral coaxial pin for video. Three separate grounds 
are used inside the camera-analog. digital, and case ground. These 
should be tied together at a single. low impedance point in the user's 
system. 

Fairchild Weston Systems. Inc.. ceo Imaging Oivision. 
lSOI McCarthy Blvd .. Milpitas, CA 95035 
1 eoo 325-6975. TWX 910-373-2110. (408) 433-2500 
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IMAGE SENSOR 

The Charge Coupled Device (CCD) employed is the Fairchild Weston 
CCD181 high speed linear imaging sensor. This device is a monolithic 
component containing a single row of 10"m x 10"m light sensing 
elements (photosites or pixels). two analog shift registers, and two. 
output sense amplifiers for the sensor's two channels of video. The 
sensor has enhanced spectral response in the blue region, anti­
blooming, and integration control. Ught energy detected by the 
photosites generates electron charge packets proportional to the prod­
uct of integration time and incident light intensity. The device inte­
grates when the CLK.lNT clock signal sent to the camera is at a logic 
low level. The photosite charge packets are transferred in parallel to 
analog transport registers in response to the low to high edge of 
CLK.LINE. The transport registers, in response to CLK.DR, deliver 
the charge packets to a charge sensing amplifier where they are con­
verted into proportional voltage levels. 

The advantages of Fairchild Weston's isoplanar buried channel CCD 
sensor include high data rate capability, high transfer efficiencies, low 
noise and small pixel sizes. 

c 1989 Fairchild Weston reserves the right to make changes 
in the circuitry or spe<:ifications at any time without notice. 

Printed in U.S.A. 
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PRELIMINARY CAM1800 

OPERATION 

The CAM1800 is operated by supplying three clock inputs and power. 

Clock Signals-The output data rate is controlled by ClKDR. This 
signal may vary in frequency from O.5MHz to 20M Hz. Pixels are out­
put from the camera at this frequency. The duty cycle of this clock 
must be 45-55%. This is critical only at the higher frequencies. A 
higher duty cycle at high frequency will cause a reduced MTF. A lower 
duty cycle will cause a greater drooping of the video between pixels. 

The line scan rate is controlled by ClK.LINE.A low to high transition 
of this clock causes a new line to appear at the output. The level of 
this clock is sensed synchronously. at rising edges of ClK.DR. so 
any changes in the level of ClKLINE are valid only if they occur over 
at least one rising edge of ClK.DR. 

The integration time is controlled by ClKINT. Photo-charge is dumped 
to the substrate when this clock is high. Thus. the integration time 
is the time between the low to high transition of ClK.LINE and the 
previous high to low transition of CLK.lNT (in fact. the integration time 
ends 22 ClK.DR periods after the riSing edge of ClKLlNE). ClK.INT 
may go high at the same time CLK.LINE does without affecting the 
previous integration time. Thus. the two lines may be tied together 
(it is best to do this at the users end of the cable. from a line termina­
tion point of view). The duty cycle of this combined signal will then 
determine the integration time. 

Requests for a new line during the time a line is being clocked out 
are stored until the current line is finished. Pixel 1 of the next line will 
occur 44 ClK.DR periods after the last pixel of the previous line. 

Driving Differential Signals- For long cable lengths or high fre­
quency signals. the best method to drive the camera inputs is to use 
differential drivers. such as the 75AlS192. and twisted pair wires. 
Under some circumstances biasing the - input to 1.0V and driving 
the + input with a single ended signal may be possible. The + and 

CAM180Q. 

LENS MOUNT 
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- inputs are terminated inside the camera with a 100 II resistor be­
tween them. 

SenSing the Differential Outputs-The recommended method of 
sensing the differential outputs is to use a differential receiver. such 
as the 75AlSI95. with the twisted pairs terminated with a 100 II resistor 
between them. The output signal is not a floating signal in the sense 
that one end may be tied to any common mode voltage. Both the + 
and - outputs swing from 0 to 5 volts. 180 degrees out of phase with 
each other. Do NOT tie either output to a DC voltage. 

Power Supplies-The + 15V supply is the most critical for low noise 
operation. Noise on this line will couple into the output. DC levels away 
from 15.0 Volts will first affect the anti-blooming operation. Higher DC 
levels will decrease the saturation voltage (V,Bt) amplitude. and lower 
levels will increase v .. t • but reduce the effect of the antiblooming cir­
cuitry. For applications such as fang cable lengths where controlling 
this voltage is difficult. the camera may be ordered in a version which 
has internal regulators for + and - 15 valls. and requires instead 
+20 volts on pin 6 and -20 volts on pin 5. 

Outputs-A line of video output consists first of transferring photosite 
charge from the photo sites to the shift registers inside the CCDI81. 
This occurs during the time <t>X is high. <t>X stays high for 20 ClK.DR 
periods. starting at the third rising edge of CLK.DR after the rising 
edge of ClK.lINE. Following the falling edge of <t>X is the output 
of 4 isolation cells. 8 dark reference cells and 8 more isolation cells. 
At this point. W (valid video) goes high and the first photosite pixel 
is output. Pixels are then clocked out until the last. when W goes 
low again. Between lines. i.e. after the last pixel is clocked out and 
before a new line request is made. the camera keeps clocking the 
shift refisters and sampling the outputs. The video present. however. 
is due only to dark current. blooming (if the light intenSity is more than 
5 times greater than saturation). or optical crosstalk. Optical crosstalk 
is greater if IR radiation is incident on the sensor. No IR filter is within 
the camera. 
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CAM1800 PRELIMINARY 

The video output is DC referenced to the level of the dark reference 
cells. The 6th and 7th dark reference cells are clamped to 30 mY. Under 
conditions of extreme IR radiation on the CCD, the dark reference cells 
will be driven to a high signal level. When the video is then referenced 
to this high level, the resulting output video signal will be reduced. 

When IR is present in the image spectrum, an IR stop filter should 
be employed. For best optical performance, this filter should be placed 
in front of the lens. 

The pixel sampling clock (ODV) provides a rising edge near the center 
of each pixel. This signal provides a convenient sampling pulse. It 
may be used as the hold signal on a sample/hold amplifier or as the 
convert command on an ADC, for example. The W signal may be 
used to gate these pulses, so that they will sample only valid pixel dala. 

Operating Conditions 

Symbol Parameter 

t,. Set up time CLK.lNT and CLK.L1NE 10 CLKDR 

t, Hold Time 

f", CLK.DR Frequency 

f.,. CLK.L1NE Frequency 

V= Differential input common mode range 

f", Differential output 9urrent 

+15V 15 Volt Supply 

+5V 5 Volt Supply 

-15V -15 Vall Supply 

T. Operating Temperature 

Ts Siorage Temperature 

NOISE 

Both coherent and incoherent noise can exist on the output video. 
Coherent noise (in sync. with Ihe pixel dala rale) will be found as ringing 
belween pixels and a sampling feed·lhrough spike in the center of 
each pixel 'as Ihe internal sample·and-hold switches 10 hold mode. 
A small pedeslal slep may occur al this point as well. Thus, as long 
as the sampling occurs on a specific portion of Ihe pixel, Ihe coherenl 
noise produces only an offset to the signal. 

The dynamic range limitation comes only from the random noise. This 
can be measured by sublracting a long term (grealer Ihan 32 lines) 
average of the video signal from ilself, and making an RMS measure­
ment of the result. It is this signallhal is specified as noise al the faCiory. 

Min l';p Max Units 

25 35 ns 

-20 -10 ns 

0.5 20 MHz 

0 10 MHz 

±7 V 

±20 mA 

14.8 15.0 15.2 V 

4.5 5.0 5.5 V 

-15.5 -15.0 -14.5 V 

0.0 60 OC 

-40.0 100 OC 

Performance Characteristics (Conditions: T. = 250, f", = 5MHz, nominal voltages.) 

Symbol Parameter Min Typ Max Units 

V_, Differential input sensilivily 200 mV 

V,,, Differential input hysteresis 120 mV 

V,,, Saturalion Output Level 0.95 1.0 1.05 V 

V_ Oulpul Signal Coherent Noise (P-P) 30 60 mV 

Npp Random Noise (P-P) 1.3 2.0 mV 

NRI.fs Random Noise (RMS) 350 450 ~V 
-~ 

~~ DC Offsel 0 25 50 mV 

DR Dynamic Range 
(relative 10 Pop noise) 500:1 
(relative to RMS noise) 2000:1 

SE Saturation Exposure 0.3 ~!c"2~ 
CTE Charge Transfer Efficiency .99996 .99999 ----- ------ --i------ ----- '-PRNU Pholorespon~_~-,,-nifor~I~) 60 160 mV -- -----------
DSNU Dark signal Non-uniformity 

----1----- 5 10 mV -.. --
R Reponsivity 5 Vcm'lp.J 

Notes 
1) V", will drop slightly at higher frequencies. It drops 10 0.7 volts (min) al 20MHz. 

2) V"".,. will increase wilh frequency. It becomes 150mV p.p (max) at 20MHz. 
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CAM1800 PRELIMINARY 

SIGNAL DESCRIPTIONS 

Power and Grounds 

Signal Name Pin Description 

AGND 16 Analog ground. All the analog ground pins are connected internally. 

DGND 14 Digital ground. This ground is isolated from AGND. 

CGND 15 Case ground. This ground is isolated from AGND and DGND. 

+ 15V 6 + 15 Volt supply (2BOmA @ 20MHz, 100mA @IMHz). 

+5V 4 + 5 Volt supply (450mA @ 20MHz, 3BOmA @ 1 MHz). 

-15V 5 -15 Volt supply (BOmA @20MHz, 70mA @IMHz). 

Inputs 

Signa' Name Pin Description 

CLK.DR (+) 1 Data rate clock. Duly cycle must be 45-550/0. Data is output at this frequency. 
CLK.DR (-) 11 

CLK.UN£: (+) 2 Line control clock. New lines are started on the low to high transition of this clock. The state 01 this 
CLK.UN£: (-) 12 clock is sensed on the rising edge of eLK.DR. Requests for a new line which occur before the previous 

line is finished are stored, causing a new line to start as soon as the previous one ends. 

CLK.INT(+) 3 Integration control clock. When low, photosites accumulate charge. When high, charge previously accumu-
CLK.INT(-) 13 lated is dumped to the substrate. Changes in state are sensed synchronously on the riSing edge of CLK.DR. 

Outputs 

Signal Name Pin Description 

VOUT A Video output. 

W(+) B Valid Video. This signal is high when actual photosite data is present. 
W(-) 18 

<t>X(+) 9 Pulse indicating start of new line. 
<t>X (-) 19 

ODV(+) 10 Output sampling pulses, synchronized with pixel data. 
ODV (-) 20 

LINE TIMING DIAGRAM 
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ClK.lNT 
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PRELIMINARY CAM1800 

Camera body without lens mount 

.04 

<I> .1254 .15 DEEP 
.1257 

(2x) 

MOUNTING THE CAM1800 CAMERA 

Mounting considerations vary between applications. There are several 
methods 01 mounting and aligning the CAM1800 camera which vary 
in mounting accuracy and complexity. 

The foot of the L bracket has a '1.-20 tapped hole and 2 through holes. 
The simplest mounting scheme is to attach the camera to the use'-s 
system using one or more of these holes. Mounting at this paint will 
provide for a repeatability of ±0.1S inch. 

The L bracket may be rotated around the camera optical axis at 90° 
increments. See the next section for details. 

Alignment holes are provided in the foot of the L bracket for greater 
repeatability in mounting. Aligning off of the hole and slot will provide 
for repeatability of ±.OOS inch. 

An alignment accuracy of ± .003 inches may be obtained by remov­
ing the lens mount and L bracket. and aligning the customer's system 
directly off of the alignment features on the camera body itself. See 
the mechanical drawing for these features. 

REMOVING THE L BRACKET 

The lens mount and L bracket may be removed as follows. First, us­
ing the special tool included wIth the camera, unscrew the bayonet 
screw, located inside the lens mount. The mount will then slide off. 
Now the cap screws holding the L bracket may be removed. When 
remounting the L bracket, care must be taken to preserve the align­
ment. The pins on the L bracket align to a hole and a slot on the camera 
body. The L bracket should be pushed counter-clockwise with respect 

the camera body (front view) before the screws are tightened. This 
will ensure the alignment pin is pressed against the reference edge 
of the slot in the camera housing. This bracket may be mounted in 
any of 4 positions. 

SENSOR ALIGNMENT 

139 

FRONT TOP 

The senso"s aligned althe factory so that :.X and Z 
are less than 0.002 inches. 
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CAM1800 PRELIMINARY 

MECHANICAL DIMENSIONS 
ALL DIMENSIONS ARE IN INCHES 

CONNECTOR 

10~20 

1 ~11 

Ma\t"g Connector: 
ITT Cannon OBM21W1 S 
with a OM53742-1 Coax Insert 

Pin Signal Pin 

1 CLK DR + 11 
2 CLK.LlNE + 12 

1 CLKINT-;. 13 , +5V " , -15V 15 

6 +15V 16 

7 He 17 
8 vv + 18 , .x + 19 I. ODV + 2. 

ORDERING INFORMATION 

CAM1830-2048 pixels 

Signal 

CLK DR ~ 

CLK L1NE-

elK INT(-
VGND 

eCND 

AGND 
He 
vv -
.X(-
ODV-

+ 

REAR VIEW 

CAM1840-f~~4'IS~ ~ a c~ 
Add suffix 0 for Olympus lens mount :5~-
Add suffix N for Nikon lens mounl 

Add suffix U if unregulated ± 20 Vall input is required. 

Fairchild Weston cannot assume responSIbility for use 01 
any CtrcUltry described other than CIrCUItry embodIed m a 
Falrchtld Weston product. No other CirCUIt patent licenses 
are implied. 
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FRONT VIEW 

2.25 

.75 

~ 
11~ 

3.775 ttT!::::==~c::l~ 

LL~ 
BOTTOM VIEW 

WARRANTY 

v.-20 

1/. Ihru 

Within twelve months of delivery to the end customer, Fairchild 
Weston CCO Imaging will repair or replace, at our option, any 
Fairchild Weston camera product if any part is found to be defec­
tive in materials or workmanship. Contact factory for assignment 
of warranty return number and shipping instructions to ensure 
prompt repair or replacement. 

CERTIFICATION 

Fairchild Weston CCO Imaging Division certifies that all products 
are carefully inspected and tested at the factory prior to shipment 
and will meet all requirements of the specification under which it 
is furnished. 

SPECIALS 

All Fairchild Weston CCO cameras and camera systems can be 
modified to suit unusual applications. The CCO Imaging Division 
is interested in developing and manufacturing customized ver~ 
sions of the basic camera for volume purchasers and is willing to 
assist low-volume purchasers in development of custom modifica~ 
tions by provision of deSIgn and applicalions engIneering 
assistance. 

~& FAIRCHILD WESTON SYSTEMS INC. 
CCO IMAGING DIVISION - 1801 McCarthy Blvd .. Milpitas, CA 95035 

(408) 433-2500 • 1 800 325-6975 

Manufactured under one 01 the follOWIng U.S Patents 
2981877,3015048,3064167,3108359,3117260; other patents 
pendIng. 
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AMer metal wire 

Wetdpool Umlls 

lVe Kg/II 

Jokll tefllor 

Resolution and Accuracy 

The Laser Vision camera is calibrated to work in the above mentioned optimum area. 
All accuracy and resolution specifications are specified for this area. 

Speed images/sec 

Resolution: 

Accuracy 
position: 

Accuracy 
mismatch: 

Accuracy gap: 

1 8/, 
J 

..J Lm 

Horizontal Vertical 

60 30 

0.005" 0.0025" 0.006-
0.12Smm 0.064mm O.ISmm 

0.006- 0.003- 0.008-
O.ISmm 0.076mm 0.2mm 

0.002" 
O.OSmm 

0.012- 0.006" 
0.3mm O.ISmm 

Mounting 

The LaserVision sensor is mounted on the torch using 
the camera bracket supplied. This precision machined 
part should be installed without any warping on a 
custom machined and Insulated bracket mounted on 
the welding torch. Mounting should ensure flexibility of 
vertical or lateral adjustment. A 5° sensor tilt towards the 
torch 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 

Camera Bracket The MVS-30 LaserVision sensor is a medium 

MVS-30 Weld pool 

resolution sensor specifically deSigned for both 
tracking and Inspection robotic applications. The 
elongated field of view helps in the initial part location, 
as well as the weld pool observation. It is best used for 
V-grooved butt joints, large lap joints and fillet lolnts. 

Hoi gas. /umes The maximum lap joint height is about I" or 2Smm. 
MVS-30 sensor is designed for MIG, subarc, plasma 
and fluxcore with welding currents up to 900A. 

Specifications 

speed: 

Cooling: 

Air: 

Weight: 

60 images pel second - RS 170 
50 images pel second - CCIR standard 

~~~/to.u;ug::~~A~I)c~~~~~~ t~a~o A) 

O. t 1 CFM (31 per mmute) 

90z (250g) 

""'I.-...a"""'."""'DIA' _ __ C'1I.J1~YO_"''' 

"""'-11 --.>.£_ot __ 

_'_.UoMA~ 

MVS Modular Vision Systems Inc., 3195 De Mln)ac, Montreal, Canada, H4S-1S9, (514)-333-0140, FAX (514)-333-8636 
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LaserVision Sensor MVS-30 Specifications 

General 

LaserVlslon is a new generation of highly reliable laser range (profile) sensors with no moving 
parts, specifically designed for welding and sealant dispensing applications. It is the first really 
affordable vision based sensor, providing high processing speed and reliable tracking with more 
than adequate information for statistical process control and improved parameter control. At the 
same time, LaserVision is simple to use and rugged enough to provide trouble free service in any 
welding or other hostile industrial environment. A unique patented 1 design allows for over 200 
hours of maIntenance free operatfon under extreme spaller conditions (900A nuxcore). The 
output from the sensor is a common TV signal, allowing the images to be recorded for the Quality 
Assurance on a standard VCR. 

MVS-30 Outline and Optics 

o It I 2f.O 

HORIZONTAL 

100 
ISO 
2<lO .,. 

'00 

... 
mill ~~~::":~y o~=':-~colut~ 

MVS-30 Field of View 

Principle of Operation 

The LaserVision sensor uses a laser light projected in 
a plane approximately perpendicular to the observed 
jOint. The cross section of the laser plane of light and 
the part produces a bright line. When this line is 
observed by a CCO camera at an angle (200 to 30°) it 
shows the surface features. 

A dedicated vision processor board LPB-200 extracts 
the surface profile of 60 times per second - even 
under extreme arc light and spatter conditions. The 
relative distance of the surface points under the sensor 
is then calculated (by triangulation) and features of the 
profile, sllch as joint position and geometry, are 
extracted and measured. 

Field of View 

The field of view is trapezoidal in shape (see drawing) 
due to the angle of observation of the laser plane. An 
important feature of this approach is that a straight line 
remains a straight line, but angles are not preserved. 
This geometry allows for all the tracking algorithms to 
be performed in the camera space. A simple set of 
equations, with eight coefficients obtained by the 
LaserVision camera calibration procedure, describes 
the camera space and all the range points can be 
easily calibrated. The shaded area is the optimum 
working area for the LaserVision camera where 
resolution is highest, focus for both the laser line and 
the camera is optimal and distortion of the optics is 
minimal. 

I US palent #4.859.829. August 22. 1989. Canada. Western Europe and Japan applied for. 
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3 LASERVISION SENSOR AND PROCESSOR 

3.1 Introduction 

LASERVISION SENSOR 
F'RINClPt.£ D'" Df'[.Altm 

Figure 3.1.1 LaserVislon Sensor 
Optics and Principle 01 Operation 

3.2 The LaserVislon Sensor 

The LaserVision sensor is a range Iype sensor. II 
uses a laser lighl projected in a plane approximalely 
perpendiculrlr to the observed joint. The cross 
section of the laser plane of light and the part 
produces a bright line. When this line is observed by 
a CCO camera at an angle (20' 10 30") il shows the 
sur1ace features. A dedicated vision processor board 
LPB-200 exlracts this profile of the surface 60 times 
per second even under extreme arc light and spatter 
conditions. A relalive distance of the surface points 
under Ihe sensor Is then calculated (by triangulation) 
and features of the profile, as joint position and 
geometry, are calculated by an array processor 
SKY-320 and the AT -PC compatible computer. 
Each calculated loint position point Is further verified, 
fillered and stored Into the memory as a traJectory 
queue. This polnl Is then output at appropriate 
momenl 10 the positioning subsystem when Ihe lorch 
arrives at the position where this particular joint 
position Is measured (see the Molion Conlrol section 
of this manual). 

Warning: Please read LASER SAFETY INFORMATION! A serious eye Injury can 
result If the laser safety Is not respected. 

The LaserVision sensor consists of a CCO camera (a solid state TV camera) and a 
semiconduclor laser. A pinhole, lens and filter combinalion serves as the objective for the CGO 
camera. A cylindrical lens is used to focus the taser beam into a plane of light. The beam Is 
further restricted by the slot on the sliding prolective plate. Smi'll! glass windows ate lIsed behind 
the slots and in front of the lens In order to furlher prolect Ihe lenses from spaller and melal 
fumes. 

The enlire camera is pressurized to prevenl welding fumes from enlering. Pressure is relieved 
through bolh the laser slot and Ihe pinhole. In order nol 10 dislurb.a gas shield around the torch 
the direclion 01 Ihe blown gas is away from the weld pool and the amount 01 Ihe gas used is 
minimal (3.5 IiIres, or slightly less than one US gallon per minule). A clean pressurized air or inert 
gas should be used. If shop compressed air is used a reliable waler, oil and dusl filler should be 
Installed in Ihe air line. l/S" barbed conneclors are used for air and cooling water connection, 
suitable for I/S" PVC tubing. The connector is raled for 150 psi of pressure when proper tubing is 
used. 
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Water cooling is mandatory for open arc currents of more thim SOA. Air cooling can also be used 
for applications of less than SOA on open arc or a sub arc system with currents up to 200-300A . 

TIle interference IiIters are: 

• 30nm bandwidlh for TIG arc up 10 1 OOA and wire feeder in fronl; up SOA TIG withoul 
wire feeder in front and subarc applicalions. 

• 10nm bandwidlh for higher currenl TIG, plasma, MIG and nux core wire . 

• Snm bandwidlh for some very brighl arcs, usually plasma, wilh use of a fibre optic 
laser. 

In case of 10nm filler bandwldlh chilled (and healed in case of low operating temperatures) water 
is required to maintain a precise operating temperature for the laser (±3"C). 

For more information consull the LaserVision sensor data sheels. 

3.3 LaserVision Sensor Control and Processing 

The camera video and synchronization signals are fed via Ihe camera power supply to Ihe 
LaserVision Processing Board LPB-200 (200-SYS-Ol). The camera power supply is faclory 
adjusled. If required, please refer 10 Ihe CCD camera and power supply information included. 

TIle laser Intensity is also conlrolled by Ihe same processor board via signal IPUL (IlIN in earlier 
versions). A Laser Filler Board LFB-26S (26S-SYS-02) provides opUcal isolation for Ihe laser 
Inlensity conlrol signal and a dedicated floating laser power supply connections. The laser 
control Signal is a pulse with modulated signal with 60Hz base frequency. Maximum inlensity and 
linearity of Ihe control is adjusted by the polentiomeler PI. 

The laser power supply +S.25V and -12.0V is switched by Ihe relay Rl by Ihe interconnection 
board IB-240. The IB-240 board enables Ihe laser only if: 

• Ihe EMERGENCY STOP Is nol pressed, 

• there is no ALARM condilion (walch-dog timer) and 

• the LASER push bullon Is engilged. 

The signal received by Ihe LPB-200 board ilS well as the processed profiles and Iracking cursors 
can be observed on a profile monitor fed by Ihe LPO-200. 

For more Information on Ihe LaserVision Processing Board see the LaserVision Profile 
Processing Board - Technical Description 

For Ihe mainlenance consullihe LaserVision Camera Maintenilnce section. 
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4 LASERVISION PROFILE PROCESSING BOARD LPB-200 

4.1 Introduction 

MVS LaserVision Prolile Board (LPB) is an image processing board specifically designed lor 
extracting profiles 01 objects using a structured light and CCD camera. These proliles are 
generated by projecting a laser line on an object and observing it at an angle with a standard 
CCD video camera. Digital IiIterinq techniques are used in order to ensure reliable opera lion In a 
high noise environment (i.e. arc welding) and suppress refleclion artifacts. 

LPB plugs Into a singte slot 01 an IBM-ATcompalible 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 lor Increased perlormance, such as the DSP board with the Texas Instrument DSP 
processor TMS32010. A separate output port is provided lor the transfer 01 profile data to the 
DSP board. 

The prinCipal fealures of the LPB module: 

* Camera input, digitized at B bit per pixel. 

* High resolution 01 512 pixels per line standard. 

* Highly stable digital phase locked loop synchronization of the internal pixel clock to 
the horizontal sync signal. A non cumulative jitter Is less than ~/- 12% 01 the pixel 
clock period. allowing for sub-pixel measurement accuracy. A reliable operation Is 
achieved even with the standard VCR. 

* Two groups of 2KxB (BKxB optional) bit input Look-up Tables, one group for 
processing and other for histogram. 

* Monitor output with 8KxB (32kxB optional) bit output Look-up Tables. 

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

* Realtime digital filter for the accurate feature extraction (profile) 

* Profile extraclor stores x. y coordinates and Inlensities of the most probable line 
points Inlo 2Kx16 (8Kx16 optional) profile memory capable 10 contain 4 (16) profile 
veclors of 240 coordinates. This memory is accessible either to the AT host or a 
separate DSP processor board via a DSP output port .. 

* Eight selectable Area of Inlerest windows. easily movable around the picture area 
by specifying only the X-Y offset coordinates. Both histogram and profile extractor 
can be set to work only within Ihis area of interest window. 
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• Flexible RAM based video clock and cursor generation allows for easy 
synchronization with wide range of standard and nonstandard video inputs. 

• Capability to display "raw" profile or other intermediate results by simply loading 
pixel coordinate for each line into FIFO circuil. 

• Laser intenSity control output at 8 bit resolution. 

4.3 Functional Overview 

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

The LaserVision camera is connected direclly to the LPB via the provided cable. External 
synchronization is normally used, but there is a provision to use internal sync extraction from the 
video Signal (VCR use) with some sacrifice in vertical positioning accuracy. Generation of 
internal synchronization signals is RAM based and allows for nonstandard video Signals. 

tnitialization program supplied with the LPB loads necessary values for the RS-t70 standard 
(North American B&W video) or CCIR standard (European) depending on type of camera. Same 
memory also serves for generation of two independent cursors. 

The video signaf coming from the camera is first conditioned then digitized to 8 bit accuracy. 
Two sets of look-up tables are provided, one for the digital filler and other for the histogram 
clrcuil. This allows entirely independent operation of the histogram circuil. 

The digital filter is optimized for both noise suppression and laser line Signal extraction. The 
laser line Signals are enhanced and all other noise signats as ambient light are attenuated. 

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

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

In order to further Improve the noise immunity of the processing the LPB features the Area of 
Interest Window. Up to 8 different windows can be stored into window memory. Windows are 
selected through the conlrol registers and they can easily be moved around the active video 
frame via X-Y offsel registers. Both Histogram ilnd 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 to closely match the expected joint profile: 'Once the lolnt 
profile is recognIzed and tracked, the window is set to closely follow thR joint profile. Thus any 
noise outside the window of interl')5t is automatically rejected. The described windowing 
technique also improves rejection of reflection artifacts. 

The calculated profile or resulls of other intermediate calculations can bl') displayed on the 
monitor via the FIFO (first in first out) circuil. The FIFO hilS depth of 512 9 bit words, and it can 
be accessed via a singte port. Total of 512 accesses fills the FIFO memory. When activated, the 
content of the FIFO memory Is read synchronOUSly with every active video line starling from the 
"zero" location. A singte dot is output to the screen for every of 480 active lines at the pixel 
position equal to the address value stored inlo the corresponding FIFO location. The same 
output is automatically replayed every video frame without further program Intervention. 
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The Output Look-Up Table circuit assigns gray levels to the digital filter results 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 Output: 

Digitization: 

Processor: 

Oulput Port: 

Measurements: 

Video: IVpp 

Sync: TTL compalible. Slandard 
RS170 or CCIR. other standards can 
be programmed. 

RS 170 or CCIR Composite sync. 

Rate: 9.8304 Mhz standard 

Resolution: 8 bils. 

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

IBM-AT compatible. up 10 8 Mhz. bus 
speed. requires 64K memory mapped 
space. 

16 bit data. TTL compatible 
handshake control. up 10 10 Mhz 
Iransfer rate. SKY320 compatible. 

Width resolution: 240 points at 60 
images per second. 480 points al 30 
images per second. RS 170 standard. 
or 256 points al 50 images per 
second. 512 points at 25 images per 
second. CCIR standard. 

Height resolution: 512 points. 

Nonlinear field of view due to 
triangulation technique used; however 
straighl lines in actual space remain 
straighllines in transformed (camera) 
space. Calibriltion can be applied on 
finill results only (i.e. after 
segmentation). 
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APPENDIX D - RPS SPECIFICATIONS AND 
DRAWINGS 

0.1 - General Positioning System 
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GiVii= Robotics 
Basic Description 
The GMFanuc A-510 IS a four-axis horizon­
tally articulated SCARA type robot featuring 
maximum versatility for electrical/electronic 
assembly. mechanical assembly. material 
handling. palletizing. and dispensing. In 
fact. it is also the highest periormance 
robot of its kind. The ultra-reliable KAREL ~ 
controller utilizes the latest proven 
technologies in the industry. Rexibility is 
further enhanced by the pcMI8riul KAREL 
programming language and available 
INSIGHTTM vision SyStem. 

Features and Benefits 

• All-electric AC servo drive eliminates 
brush maintenance. 

• Easy to install and program for quick 
pay-back. 

• Rugged construction for long 
service life. 

• Can operate in environments from 
the harshest to Class 10 clean room. 

• 17.2 ft3 (0.487 m3) work envelope' for 
real-worid applications. 

• Hollow design encloses all cable 
routing to eliminate snagging. 

• 99 lb. (45 kg) vertical force for 
pressing parts". 

• Integral fall-safe brakes for safety. 
• Absolute position detection system 

provides automatic calibration. 
• Hefty 44lb. (20kg) payload-' for 

realistic EOAT design and part 
weight. 

• Base-located Z-axis improves 
clearance for restrictive installations. 

• Proximity switches for overtravel 
protection. 

• F100r Moort configuratIOn only. 
··FIoor and IrNerted Moort conIlQuralions 

Inverted Mount Configuration Features and Benefits 

A .. 51 0 

• Robot can nON '(jouble-back" on itself for increased 
access space. 

• Placement directly over conveyors for maximum 
part manipulation. 

Extended Reach Option Features and Benefits 

• Maximum reach increased by 28.4% for an even 
larger v.Qrk envelOpe. 

• Available in standard and Inverted mount 
configurations. 

Clean Room Option Features and Benefits 

Class 10 configuration provides 
additional customer benefits: 
• Meets IES-RP-CC.Q06--84-T and 

ASTM 50-83 dean room 
standards. 

• Centrifugal bl0\N8r and hosing for 
particulate evacuation. 

• Z-axis in base reduces motion over 
the v.Qrk area. 

©1990 GMFanuc Robotics Corporation. All nghts reserved. 
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• Internal cable routing reduces 
contamination and laminar alr-flON 
agitation. 
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Dimensions 

Specifications 

Configuration! 
Option Avaiiable 

Payload 

MomentiAxis 4l 
Repeatability 

Work Envelope 
Maximum Reach 

Axis 1 (Base) Rotation 
Speed 

Axis 2 ("Z') Stroke 
Speed 

Axis 3 (Elbow) Rotation 
Speed 

Axis 4 (Wrist) Rotation 
Speed 

Weight-Mechanical Unit 

Speclf<:atons subject 10 change wrthoul notICe 

GiYiF Robotics 
.q~? ane" 01 ITUf"'\I~tll C::,., 

520mm 430mm 

Exto"'" •• ..," 1-{20.5")-j~{'1'O")-1 
Option Show I 41Omml 330mm 

n h'6. 1") ~{'3 '-rl '28mm ~."'-f----'-'" (S.O") , --..l 
'so" 

AoorMount 
Standard and Clean Rm. 

44ib (20kg) 

7OJ<fLx em 

±O.G02" (±O.DSmm) 

29.1" (740mm) 

300° 
3OO0 /sec 
118" (3OOmm) 
276"lsec (7OOmmlsec) 

3000 
3OO0 /sec 

540° 
5400 /sec 

330 Ib (150kg) 

GMFanuc RobollCS Corporalion 
2000 S. Adams Road 

Floor Mount- Ext. Reach 
Standard and Clean Rm. 

22ib (10kg) 

50kClxan 

±0.003" (±O.065mm) 

374" (95Omm) 

3000 
2700 /sec 

118" (300mm) 
23.6"/sec (6OOmm/sec) 

300° 
2700 /sec 

540° 
5400 /sec 

340 Ib (l54kg) 

GMFanuc RobollCS Canada. lid. 
6395 Keslrel Road 

Auroom HIlls. MI48057·2090 
literalure Requesl,·aoo·634'() '89 
M;:IIr'1 ()ffI("P {1i1\ ':I77.7lio"'1(\ 

Mlssssauga. On!. LST '54 
Canada 
1,.4:::un ()ff1N:> (d1~\ r:.7n·t;7r;r; 
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Grid Scale: 

950R 
{31.Q 

I 

,L 
(55") 

7_ 
(29.1") 

1 block = l00mm (3.9") 

IlM!rted Mount" 
Standard 

44lb (20kg) 

70kgxan 

±0002" (±OOSmm) 

29.1" (74Omm) 

3000 
3000 /sec 

118" (3OOmm) 
2Z6"/sec (7oomm/sec) 

300° 
3000 /sec 

540° 
5400 /sec 
330 Ib (l50kg) 

'Extended Reach ()p!on avadable 

GMFanuc RobohCS Europe (GmbH) 
Helnnch·Hertz·Str.4 
4006 Erl<ralh·Unlerfeldhaus 
Wesl Germany 
M;:nn ntfl{'P 011-<19·21 , ·25(X)4.() 
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GMranuc Robotics 
BASIC DESCRIPTION 
The GMF KAREL" Controller is a self· 
diagnostic robot control system with full 
program development and edit 
capabilities. It is available in tv.o enclosure 
sizes. both of which leature teach pen· 
dant multiple Motorola 68000 
microprocessors, tv.o optionalI/O inter· 
lace styles, built·in operator panel, and 
optional integral or remote keyboard/CRT. 
This state-ol·the-art controller is designed 
for compatibility with all GMF robot 
mechanical units. The controller hardware 
has been developed from proven perfor· 
mance in over 300,000 NC controller and 
10,000 robot controller installations. 

KAREL features Include: 
• Powerful KAREL programming 

language featuring all new, easy to use 
operator interface 

• Menu driven operator functions 
• Advanced Technology Digital Servos 
• Up to nine axis simultaneous control 
• Optional Integral MAP interface 
• INSIGHT'· (Integral vision system 

option) 
• Remote robot operation 
• Remote keyboard/CRT option 
• Up to 128 discrete digital I/O' points with 

optional modular or fixed I/O interface 
• Analog I/O 
• TIM) enclosure sizes, both featuring 

single door access. 
• Auxiliary axis control 

KAREL OPERATOR PANEL 
The KAREL operator's panel 
contains system status LED's 
along with the control switches 
needed for day-1o-day opera· 
tion of the robot 

The Operator Panel 
Features Include: 
• Long·Life LED system status 

indicators 
• Remote/Local Operation 

Keyswitch 
• Overtravel Release 

Pushbutton 
• Fault Indication LED and 

KAREL I/O (INPUTS/OUTPUTS) 
The KAREL controller suports mounted within the controller 
either a Modular (rack) style I/O enclosure Modules are 
system or a Fixed (card) I/O available in either 8 or 16 point 
system. The modular system is configurations. 
designed for applications re-
quiring a wide variety or larger Discrete Inputs: 
quantity of I/O points. The fixed 24 VDC, 120 VAG 50/60 HZ 
I/O card is designed for ap­
plications with more limrted I/O 
requirements. 

Modular VO System: Supports 
both analog and digital I/O 
modules which plug into a rack 

Discrete Outputs: 
24 VDC sink or source 120 and 
240 VAG 50/60 HZ 

KAREL: 
Controller 

Reset Pushbutton 
• Programmable "Cycle Start" 

Pushbutton 
• Full Size Emergency Stop 
• 2 User Programmable Push· 

buttons and LED's 
• Calibration Status LED and 

Analog Inputs: 
4 channels per module. 
voltage or current input. 12 bit 
resolution 

Analog Outputs: 
2 channels per module. 
voltage or current Input 12 bit 
resolution 

Fixed I/O System: 
Single system board which 
supports the follOWing 110 on a 

Calibrate Pushbutton 
• Serial Port connections for 

Optional CRT unit (portable 
unit only) and disk drive unit 
or user device (printer. host 
compu1er. etc.) 

smple quick disconnect 
connector: 
24 point 24 VDC outputs 
32 point 24 VDC Inputs 

Additional Modular I/O 
features include: 
• OUlck disconnect terminal 

strips 
• IndiVidual LED indicators on 

each I/O point 
• Fused 120 VAC and 240 VAC 

output modules With blown 
fuse IndICators. 
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KAREL TEACH PENDANT 
The all new 'T style hand held messages and diagnostic 
teach pendant is used for jog- information. 
ging the robot and teaching Additional features include: 
positions. A large B line try 40 _ Ergonomically designed 
character display provides axis lightweight plastic case 
coordinates. robot program _ Integrated "Deadman" safety 
data, descriptive user switch for programmer 

KAREL KEYBOARD/CRT 
The optional GMF KAREL 
KeyboardlCRT is used for pro­
gramming and system setup of 
the KAREL controller. It can 
also be used to display 
operator messages from a 
KAREL applications program, 
as ~II as diagnostics and 

status information about a run­
ning robot system. 
It has the following key 
features: 
_ Designed for Industrial Use. 

Fully Sealed 
_ Full.Adion Sealed ASCII 

Keyboard 

protection 
_ Sealed full travel keypad 
_ Hard-wired Emergency Stop 

SNitch 
_ Backlit LCD Display 
_ Menu driven function 

displays 

_ High Resolution 9-inch 
CRT (built-in), 12-inch CRT 
(remote) 

_ BO Column x 24 Line 
Display to display opera­
tional and robot status 
information 

_ Available as a built-in unit 

KAREL CONTROLLER CPU (Central Processing Units) 
The KAREL controller is based _ Up to 9 axes of simultaneous chip-count and improves 
on Motorola 6BOOO control for auxiliary axes. (3 system reliability. 
microprocessors. and TMS auxilliary axes in addition to _ Rugged industrial design 
32C25digital signal processors the base robot axes) Bubble Memory has been in-
for digital servo control. _ Noise immune fiber optic corpcrated to store Controller 
Hardware features Include: links connect the modular 1/0 and User Programs. This 
- Digital servo control is used system to the main controller permits fast field updating 01 

for all servo axes which electronics. controller software 
eliminates temperature drift- - _ The KAREL controller makes _ Up to 4 Mbytes of bubble 
ing and the need for analog extensive use of VLSI memory (2.0 Mbytes 
adjustments. technology. This I~rs the standard) 

KAREL LANGUAGE 
The KAREL controller incor­
porates the KAREL program­
ming language: a general 
purpcse robot and automation 
programming language which 
greatly simplifies robot applica­
tion programming. 
Programming features 
Include: 
_ English-like programming 

statements. 
_ Basic and advanced 

arithmetic functions including 
trigonometric and log­
arithmic functions. 

- Complete set of program 

control structures including 
branching and looping. 

II Real-time 1/0 monitoring and 
user interrupts. 

_ Relative motion statements 
which reduce the number of 
taught positions. 

_ Coordinate transforms for 
position shift. offset and 
rotation. 

_ Continuous path motion. 
_ English names for positions, 

variables. and 1/0 points. 
_ Operator messages 

displayed at either the CRT 
or Teach Pendant 

• User comments for 
documenting developed 
programs. 

Positional data features 
Include: 
_ Storage of data in cartesian 

coordinates. 
_ Separation of program logic 

and pcsition pcint data. 
This permits: 

_ Referencing a position mult~ 
pie times without using addi­
tional memory 

_ Sharing data between multi­
ple programs 

_ Insert change. or delete data 

(large cabinet only) or as a 
portable unit that sits conve­
niently on top of the small 
enclosure. or on a v.orktable. 

• VT-1CO and VT-220 com­
patibility, terminal emulation 
for IBM Fe, optionally 
available. 

• Up to 2 Mbytes of RAM me­
mory(1.5 Mbytes standard) 

• Pptional P~rfail Recovery 
suppcrt 

• Optional integrated grayscale 
VISion System INSIGHT'" im­
plemented as a backplane 
plug-in 

• Optional MAP interface im­
plemented as a backplane 
plug-in 

without altering program 
logic. 

_ Use of the same program 
logic with different sets of 
positions. This is useful for 
different parts with a com­
mon process. 

• Dynamic changing of pro­
gram and positional data 
from the keyboard, teach 
pendant sensors. or host 
computers. 

SPECIFICATIONS CONTROLLER CABINET DIMENSIONS 
Ambient Temperature: 0-50 deg C, (32-122 deg F) 
Power Requirements: 200 to 575 VAC. 50/60 HZ, 1.7 KWatts 

(including robot) 

~..::o-. '","1 ~ ~ T'~ ~T 
Weight: 
Large ("'C" size) Enclosure 400 Kg. (BBO Ibs.) 
Side Cabinet 140 Kg. (30B Ibs.) 
Small ("B" size) Enclosure 250 Kg. (550 Ibs.) 

GMranuc 
Robotics 

SpecifICatIons subject to Change ",Ithout notICe 

I~-'. . '~", I. 
~ ... ! ~I ~ ~ / ~ / 

12'H-j '.' aN I 

-c-s.:...w:a.n...tl\ 
.... U_I~ 

'~I"·I 

GMFanuc Rol:xJ(oes Corporaten 
2000 S Adams Road 

GMFanuc Rol:xJ(oesCorooratoQrl 
6395 Kes!rel Road 

Auburn H,lIs MI48057·2090 
loIeraiure Request 1·800·4 7·ROBOT 
Ma,n ()(foee (313) 377-7000 
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M'ss'ssauga Ont LST 154 
Canada 
Ma·n ()(foee (416) 670-5755 

NOlE HEIGHT 
INCLUOES RISER 
12OOm~(a-JI 

GMFanuc Rol:xJ(oes C()!po!aten 
Helnrlch·Hertz·Str 4 
4006 Erkrath·UnterleldhauS 
We':J.Germany 
Ma,n ()(foCe 011·49·211·250040 
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GKr Roboti cs 
A-S10 

reatures, runctions and Benefits 

DRIVE AND rEEDBAC~ SYSTEKS 

DIGITAL 
sava tI\IVZ$ 

tu:~e DE'lICE 
MIlO! COIITJIOts '!lIE 
tu:c:n.tCAL I'OWD. 
THAT IS JVP'UED 'to 
'ftIE DR%VE ~ 

DE'lI CE THAT III:ASlJIU:S 
AIm TlWlSllITS AXIS 
DIl!VE IC'tOI! POSInOll 
III!"OIt!v.TIOll 'to '!lIE 
1I01ICI1'~. 

ALI. IOI'OI\ t'OImtOl. IS 
DIUCTED II '!lIE Gl1P 
ItAUI. COImIOt..tD . 
/IAADICUt .MI) _ 

'NUE ttD'/'CI\S AM. snclllLU IlESIGIIZII fOIl APrUOonOll III ~ 
IIOeors .MI) I!J.OIlIU: ~I.S. 'ftIE lrOTAIU ata.OIlI:>. Stu-o:lOtoll:D 11M) 

IlllUSllLESS STItIICTIIU GttU.n.!' JtmICU IPDlOOIC DIInC'llOft A/Il) 

~ nEIl III SI!\"DE O~ camITlCIIS. !lIE ~ 
IlCSIOll II ran ..-~ ~ CI:I'ft1I'JU'lOft LOU. ~ IIlCIII 
TOIIQUI:S II!l /IlCIH SPUIlS wnII RICIII In'lc:IDa. 

• azn:If JI)I:ICU CICIVDDIO A WIlli: ftIOQUI IWO:IE ..- 1 lII-OI ~ SID 
AU.DWS fOIl COIIUU:cr IIA'I'CIIl/I:J or _ 'to I.QN) 

• ~ATDft1:l) nrn:aaAL ftA'l'Olt .MI) CAn IlCSIOll. ALOIIQ wnw ~A2'I:IITEI) _ 

IlCSIOll ~1'O"UI£S fOIl A c:ct!PN:T COIII'IGUMnOll. ~ _ ftMSItISSlc. 
'to THE /tOIIOr AIm /UGH ~ 'to lJfDI:Tu. u.nos rca QUlClt ftAItIS 
AIm I'l'OPS 

• ~ P'IWIE • IIIlU"I' AIm ItMIIII:l IIAIln'Am LOItCI LIn A/Il) t.eCIJIIII!lE 
ALl~ \JII1lD 'nil: SJ:IID.E I.QN) CDIllInOllS or JrlGII ftN( ~ 

II!t ACC:/:l.EIIM'IOll AIm ElCc:El.DA%lOll 

• DIltECT COUPtzI) Pllt.SE _ IXIII.ITS utlAIU AIm lI'rAIIU COItnIOL 
au.n.c:n:nsna n.n ..- NIf'l JU_E llClAl' CNIIC /It DlftOllttca 
~ PlA1' III or c:oun.1IIOI ,.., __ 

o !WE RIG!! N:CtJPN:f Pllt.SE _ no:7V'IDU IIItOCTII 1OO'!:an~ CI*'!IICIL. 
ASSURING IUGH 1'Uc:I1l0ll. 

DIGITAL sava DIlIVES UIPIOOVE _ ~ VIT1I rASTD JOltrr 'to 
I'OItrr POSITIOIIING .MI) IETrI:Il ,AnI N:;CI1tUCt. 

!WE AIQl.OG S_ USr:l) III II)ST IIO.a!'S '!'OIloU USE ftAlUWU) °a.ASSlCAL­
nn ccm'ItOl. 'nIEOJIY. 'nIET DPI'VlIZE _ FlXJ:l) 'AI\AI'!I:TDS fOIl om 
GIVI:II SET or COftDITlOllS. 'to OIm:it 'nIESt rIXJ:l) 'AI\AI'!I:TDS nPlCALU 
II£MS IWI\IAI.I.T -nMING· I'UCISIc.r I'Onlft1CIIIETEU III 'nil: nux:ITT CCIIftItCII. 
UIIt'l (VCUI. 'nil: DIGITAL II:I!VO HIPI.1'ID (DSAI OPDATU _ A CCIft1I)l. 

TIIEOI<T 'l1IAT a.osts !WE COftI'ItOI. LIlOP II!l 'nil: au Melt. IIA%IID TIIAII II!l na: 
'I'C'U CIt DSA. WITH THIS CAPAIIILln IT II I'OSSIIU 'to AL!D.. DIGITALU. 
f'IIOI1 '!lIE au. '!lIE r~ A DIGITAL._ HIPI.1'ID lETS FOlIO It. 
CIVIl! 1CIYZI1Etrr. 

TI!DJ: u.s no&Al!t.T IlO'l' _ All N1<1)ltC% AS SIGRtrlCAIft III 'nil: rIELD or 
1IO.a!' fCnOll COIITJIOI. SIIICI: 'ftIE snn ..- tmlRALlC DIU'9P '10 &:Uc:n.tC 
tI\IVZ$ III IIOeors 

ASSOW'rE Pllt.SE CODEltS ~ fOIl I'OWD.lIIQ _ or ftJ: _ nSTZK 
wnItOI1r ftJ: LOSS or _ POSInOftAL Dt.'fA. 

SItOIIW '!WE _ AnS IE ~ _. VITII _ on'. 'l1li: _Inc.:.. 

Dt.'fA WILl. IlO'l' IE t..osr. 

THE Gl1P IWIEL cetmtOt.I.D IS A 1EI.IAalZ. IrTII!tE 01' 'nil: Na. PVI.L nMCTIc. 
JtOIlOI' AIm >aU<aLL C'OIn'IOOLlD. PLEASE ~ THE SEC'llOl! or TIIIS 
IWfUAI. TIIAT AlXlllESSts ALI. 'nil: rEATIIRE$. FlmCTIOIIS A/Il) IlEllEPITS or ~ 
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GMF Robotics 
A-S10 

Features, Functions and Benefits 

A-S10 MECHANICAL SYSTEMS 
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A·510 MECHANICAL UNIT 

This chapter describes the A-SlO mechanical unit. including its specifications 
and motion ranges. Complete details on the mechanica1 unit are provided in 
the A-2OOiA-5/O MQilll~IIQIIC~ Qlld Trou!ll('slloorillg Rt/trtlla Manual. 

GENERAL SPECIFICATIONS 

The GMF A-S10 Robot is a four-:lxi~ hori;t:Ontal articulated type robot 
powered by brushless AC senlomotors. All four axes are controlled 
simultaneously. 

A-S10 Mech:lnic:ll Vnit General Specifications 

ITBI SPECIFICATIONS REMARKS 

Coordinate S\'slem H(\rilOnl~1 Aniculaled Type 

Controlled Axe~ Theta. Z. LT. Alpha. 

Motion Theta Axis -I~(I' to -150' 

Ran~e (rotation) (300'/secondl 

(Maximum 

Speed) Z Axis .WOmm 
(upldo"'n) (7()(l mm;~etondl 

U Axis -1~O' to "'150' 

(rotation I 3OO'/secondl 

Alpha Axis 540' 
(f~cerl~te (54(l"/oeeond', 

rotltion) 
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A-510 Mechanical Unit General Specifications 
(Continued) 

ITEM SPECIFICA nONS REMARKS 
Maximum Load 20k, 
Capacity at Wrist 7 kr for faster ICcelention and 

deceleration -
Pavload lneni. 0.7 (about center of faceplate) , ., 
(kg x cm x sec-) 

Repeatability :0,05 mm 
(::OO:~ mm ba~d on lIS B6~~0 testing) 

Dri\'C Mechanism Electric Servo dri\'e usin! AC servo motor 

Inst .. II"tion Floor mount or ceiling mount 

t>bstering Filturc A\'ailable Option 

Air Control Set A"ailable Option 
.. 

Installation En,·tronment Ambient temperature: 0 to 45 IKC 

Ambient humidil~': 

Usual: Less1han 7:;c:t-RH 

Short period (one month or less): 

Less than 95c:t-RII 

Condensation free 

Vibration: Less thltn O.S G 

Cable 

Power drop to controller Customer-supplied 
(:!:!O-!lSO VAC, 3-Ph.se) 

Robot connection cables . Standard: 7 meters 
(controller 10 robot) 

.-. , ... ' Optional: 14 meters 

Teach Pendant to Standard: 10 meters 
controller Optional: 20 meters 

-
Remote CRT/KB to Standard: 7 meters 

controller Optional: J4 meters 
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Major Compontnts 

Major components of the A·SlO mechanical unit are shown 

u. ... u ... 

,,.l.ouarm , 

Krve m':'lCt ..... 
"­'''''n ... r 

"1\.(' mC~(I: 

\. 

\ U .. XJlarm 

/ 
/ 

tcfl;O "'0101 

A·SlO Major Components 
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ROBOT MOTION 

Robot motion control is via the servo control system, which controls the 
drive motors that position the individual robot axes. Position control is done 
through position encoders, which monitor the position of the drive motor 
shaft. Some robot systems use incremental encoders; others use absolute 
pulse coders. The A·510 uses absolute pulse coders (APes). 

This section contains the following inrormation on robot motion 
specifications: 

• Motion of controlled axe~ 

• Motion range (work envelope) 

• r.lotion limits 

• Positioning repeatability 

NOTE 
Mechanical unit axes are de~ignated in Greek and English 
letters (Theta. Z. U. and Alpha). However, the 
KAREL controller designates axes as 1 through 4: 

I = H (Theta) 
2 = Z 
3 = U 
4 = u (Alpha) 
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Motion of Controlled Axes 

Z Axil t .::> Alpha Axil 

A·510 Basic Axes 

The basic axes of the A·51O. as ~hown 

• Z Axis (up/do\\n) 

The Z axis can be continuously mO\'ed within a venical range of 
300 mm. 

• Theta Axis (rotation) 
The Theta axis can be continuously rotated within a lateral range 
of 300 degrees. . .,.. .... 

• U Axis (inner 'arm ~otation) 
The U axis can be continuously rotated within a lateral range of 
300 degrees, 

• Alpha Axis (faceplate rot:ltion) 
The Alpha axis can be continuously rotated within a range of 540 
degrees. 
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Motion Range 

The motion range (work envelope) of the A-SI0 robot is shown 

A-S 10 Robot Motion Range 
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Motion Limits 

Because the axis motions must be limited to the specified motion ranges, the 
controller monitors each axis to detect axi~ overtravel. As shown in Figure 

a limit switch gUlirds ellch axis to prevent it from exceeding its motion 
range. 

Lia::.it '''JL:t. 
,,~ ... ichft' Inotion 
ha:1l (-0":'1 

Figure 

CouroUtd asi, 

Motion Limit S ..... itches 

ptCl ad.n, D"Iotlon 
lunit t-O'!I 

Once the robot is mastered. an nxi~ cnnnot exceed its motion range and trip 
its overtrllvel switch unless there is a fnilure of the servo system or a system 
error causing loss of the mastering information. The overtravel switches 
prevent the robot nxis from hitting the hnrd stops at the extremes of the 
mechanical motion limit. 

NOTE 
Ouring shipment and prior to installation the robot is in 
lin o\"ertnwel condition. 

The 'u' (third) and Alpha (fourth) axis on 
the A-S10 ARE NOT protected by overtravel 
limit switches. They ARE protected by software 
limits ($UPPERLIKS AND $LOWERLIKS). They are 
mechanically capable or continuous rotation, 
althou9h this would eventually result in damage 
to cablin9. 
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Repeatability Specifications 

Positioning repeatability is the value obtained by measuring the position 
variance when the same motion is repeated while applying the maximum 
load capacity to the wrist flange. 

The positioning repeatability of the A·SIO robot is :!:O.OSmm . 

• Theta Axis (rotation) 

The positioning repeatability of the Theta axis is measured in the 
lbeta-axis direction. :It :I point on the U-axis center. when the 
lbeta axis is moved from 'Illeta =_900 to Theta = 90" with Z .. 0 
mm. U .,. 90°. and Alpha == 0°. 

,II-u.is 
+90·~ 

. p J~O·~ 
100 

A-SlO Theta-Axis Positioning Repeatability 

• Z Axis (uP/down) 

Positioning repeat:lbility of the Z :lxis is measured :lIang the 
Z-axis direction when the wrist is moved from Z "" 0 mm 
to Z = 300 mm. v.ith U = 00 :lnd Alpha =0". 

300mm 

t::is 
100 

A-S10 Z-Axis Positioning Repeatability 
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• 11 Axis (inner arm rotation) 

The positioning repeatability at the rotation center of the Alpha 
axis along the U-axis direction is measured when the wrist is moved 
from U == -90" to U .. 90°, with z .. 0 mm nnd Alpha _ 0°. 

+90· ~ -90· U_is 

If ! Y 70 

A-510 l1-Axis Positioning Repeatability 

• Alpha Axis (f:Jceplate rotation) 

Positioning repeatability at 100 mm from the center of the Alpha 
axis along !'ie Alpha·:lxi~ direction is obtained when the wrist is 
moved from Alpha = -90~ to Alpha = 90", with Z == 0 mm and 
U = 0·. 

Q-axis 

+90~-90· 
100 

A-510 Alpha-Axis Positioning Repeatability 
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WRIST LOAD SPECIFICATIONS 

Wrist load refers to the total weight. including the end effector and 
workpiece, which can be supponed by the faceplate. 

The maximum allowable wrist load of the A·SIO is 20 kg. A payload of 7 
kg or less will permit faster acceleration and deceleration, with a 
corresponding decrease in cycle times. TIle maximum payload is selected by 
the adjustment of a system variable·. This must be done "'ith the assistance 
ofGMF. 

Wrist load specifications for the A·51O are listed in Table 2·3. Figure 2·9 
shows wri~t load conditions. 

A·Sl0 Wrist Load Specifications 

ITEM 

Wrist Load 

Wrist Load Inerria about Alpha Axis (kit x em x se(
2) 

Wrist StMic Load Moment about Center of Faceplate (kg x em) 

<...D 
~ I lc:r 

FQ 

SPECIFICA nON 

20 kg 

0.71 

70 

Load '"ttti.· 0., or J ... 
M u load .apa"\1: 20 k. 

A·SlO Wrist Load Specifications 
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INSTALLATION SPECIFICATIONS 

Table provides installation specifications for the A-SIO. 

A-SIO Robot Installation Specifications 

ITEM SPECIFICA nON 
Elrctrlcal 

Input Volta(!e 22012401.'80/415/46OI4801500tSSOIS7SV AC + 1()<l,.-I~'l-

Power Consumption Averllre 1 kW 

Air Pressure 

Feed Pressure ~ - 7 k(!lcm:! (set pressure S Iepcm2) 

Air Consumption Maximum peak 150 N liter/min (Nole 1) 

Ph~slc.t 

Wei(!ht of Mechanical Unit About ~!'O k(! -
Weii!ht of Connol Unit B Size ~Ic Size /Side Cabinet 

About ~~O Ie!! About 400 Ie!! About 140 k!! 

Dimensions Refer to Section 5.2 

En"ironment 

Allo"'able Ambient Temperature o - 4~ del!rees C 

Allo"'able Ambient Humidity Usual: Less than 75"" RH 

Short period (one month or less): 

Max 9!''''' RH or less (Condensation free) 

Atmosphere (Note 2' Free of corrosh'e !!ases 

Vibration Less than 0.5 G 

NOTE I: This value indicates the maximum capacity of the air control set. 
Adjust the flow to be less than this value. 

NOTE 2: Contact your GMF Service Representative if the robot is to be 
useu in an environment where it will be exposed to any of the following: 

• Severe vibration 

• Heavy dust contamination 

• Cutting oil splash 

• Contamination from nny other substance 
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HARDWARE DIMENSIONS 

Dimensions given are for the units themselves. An additional area must be 
set aside to allow for movement around the outside of the operating 
envelope. 

Dimensions for the mechanicnl unit. controller. and faceplate are in 
millimeters. . 

Mechanical Unit 

Figure shows the elCtemal dimensions (in millimeters) of the A·510 
mechanical unit. 

NOTE 

The robot must be installed in an area clear of objects 
that could interfere with the robot motion. 
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End·Effector Mounting Face Dimensions 

TIlis section describes the dimensions of the A-51O end-effector mounting 
face. 

Position the end effector using two cf,6H8 reamer holes and mount it using 
JO M6 tapped holes. The length of the M6 bolts should be 10 mm or less. 

70 

I ,-
+ ..I 
I - I -I , - -

U
1 

J , 
-j 

I 

~S61l7 

,SOW 

30' 

10 1040 tap depth 10.17 Oft pitch circl. diame.er 

End-Effector Mounting Face· A-510 
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Maintenance Area 

Keep adequate space around the mechanical unit and controller clear for 
maintenance. The maintenance area required for the A·510 is shown in 
Figure 

g 
~., 

j 

500 500 

Maunm,aftct area 

A·510 Maintenance Area 
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TRANSPORTATION AND PRE-INSTALLATION 

11lis section describes techniques for transporting the robot and provides 
pre-installation requirements. 

Before transporting the A-51O robot. perform the following procedure: 

1. Remove the end effector. 

2. Orient the Theta axis toward the center front. 

3. Set the Z axis to the lowest position. 

4. Set the U axis so that there is approximately 10 mm clearance between 
the outer arm casting and the Z-axis housing. 

5. Secure the 11leta axis in place using the shipping clamps provided with 
initial delivery. Install shipping clamps under the Theta-axis drive unit 
coyer. as shown 

6. Disconnect the cable from the KAREL controller. 

CAUTION 

Do NOT disconnect the battery cables during 
transportation and installation of the mechanical unit. If 
the battery cables are disconnected the stored position 
data will be lost. 

Shipping Clamps - A-510 
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Transportation Methods 

The A-510 mechanical unit is furnished with red shipping brackets mounted 
to the robot base. These shipping brackets allow the robot to be transported 
by crane or forklift. Brackets may be left in place during installation and 
operation of the robot. 

1lle A-510 mechaniCllI unit and the KAREL controller can be moved by 
crane or forklift in the following manner: 

Transportalion t:sin~ I Crane: 

Mount four M20 eye bolts to the shipping brackets and move the robot using 
four ropes or cables as shown in Figure 5·9. To avoid damaging the robot. 
do not apply external force to the mnin body of the robot. 

Controller eyebolts are 10000ted on the top of the cabinet. 

CAUTION 

Use a bumper or shielding device to protect the U-axis 
arm from damage resulting from contact with the rope 
or cable used in lilting. 

Transportation Using a Forklift: 

To move the robot \\ith a forklift. the forklift must engage the shipping 
brackets to a depth that will allow the robot to remain stable while moving. 
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Support Bracild 

A·510 Transportation Using a Crane 
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Pre·lnstallation 

Site Preparation 

TIle oose of the robot is pre-drilled with four <1>18 mm through holes for 
installation. During installation. four anchor l:x;>lts pass through the base to 
secure it to a prepc1red surface. 

Prepare a foundation as shown in Figure and mount the robot using 
customer-supplied anchor bolts and leveling plates as shown in Figure 
The foundation depth is determined by the size of the anchor bolts. 

Lt..w.a pia,. 

Figure 

.'~I:'~': Ilobo, III&in body bue : .... ., .... 
•••• :. CImmII 
: .~ 
.: 

.......,.~~: . ... : ::-:::::"; -:: 

Foundation Installation Diagram 

..... fotlnoa ... n _ . 

--:::;::==-..:_-- ~ c::::::> 
9; Froat 

Figure A-510 Base Diagram 
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Ceiling Installation 

The A-S10 mechanical unit can be inverted and mounted upside down after 
modification by the customer. Modification procedures are detailed in the 
A-2UOIA-S/O MaillWlallC~ alld Troub/~s"oorillg R~ftr~IIC~ Manual. 

For ceiling installation of the A-S10 mechanical unit, provide support 
appropriate to the weight and forces exerted by the robot, end effector, and 
workpiece during operation. 

Table provides baseplate loading specifications for the A-SlO 
mechanical unit. 

A-SlO Baseplate Loading Specifications 

ITt\1 SI'ECIFICA TlO~ 

Z-axis Inertia 333 k~f 

Moment about Z (kg x em) 5700 

MC'ment ~bout X andlor Y (k~ ~ c:ml 24500 

Weight and Z·axis Inertia 48.1 kgf 

t Z·axi. inortia 

w:. ~. 

T4 
I! I 
~ 

In: 
~... ..... , 

Momont about X a.d/or Y 

Weicht and Z .. uil i".rtia 
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Base Dimensions 

Figure shows dimensions of the A-S10 robot base. 

Cround cab1t' 
cenn.,,",n, tap 
("'~) 

figure 

:w 
«x. ---: :lrrfswucrtor .... 1lioft 

c-­
T : • 

~ Aachor .... It tllzOUJll hole. 

A-S10 Robot Base Dimensions 

MOUDtiDI fac. of 
lI'Iut.enn& ftllLun 

rront 

Appl\" the face indicnted by "xxx" in Figure to' the prepared re~erence 
f:lce or positioning pins. and mount the robot securely: The mou~tm~ fnee 
for the mnstering fixture is indicated by "//1". Do not Install a projection on 
this surface which is used for mastering. 

--
OFf." 

A-510 Instnllntion Plate 

The robot base hns machined surfaces for precise positioning of the 
mech:lnical unit nnd for mounting the mastering fixture. If the path taught 
to one robot must be transferred to 3 new robot when the robot mechanical 
units are exchanged. prepare an installation plate as shown in Figure 
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The A-SlO Extended Reach Option 

The GMF A-SlO Robot has available an Extended Reach option 
that can be supplied to enhance the work envelope 
capabilities of the standard A-SlO robot. 

The Extended Reach Option increases the maximum radiul of the 
work envelope from 740mm (29.1 in.) to 940mm (37 in.). This 
increale is accomplilhed by increaling the length of both the 
first (llOmm increase) and second (lOOmm increase) 'arm' of 
the robot. 

Some compromises must be made in other performance factors to 
accomplish the expanded work envelope of the !xtended Reach 
Option. The most notable effect is the altered payload 
capability, which is decreased from 20 kg (44 lb.) to 10 kg 
(22 lb.). While this change in payload may seem dramatic, a 
large portion of the applications for which the standard 
A-SIO is used have required even less payload capability. 

The utilization of the standard A-SlO has often been in 
applications· requiring either its high speed and/or its 
excellent repeatability. In both of these areas the !xtended 
Reach Option holds close with the standard A-SlO. The first 
and third axis perform at 270 degrees/second while the 'z' 
axis is controlled to 600mm/sec. The forth, or wrist axis is 
maintained at its standard 540 degrees/second. The 
repeatability of the A-SlO Extended Reach Option il held to a 
respectable +/- 0.06Smm (.003in). 

Overall, the A-SlO with the Extended Reach Option presents 
itself as an excellent choice for those applications 
requiring a high speed and highly repeatable robot, at lower 
payloads, with the increased work envelope offered by this 
option. 
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ITEM STANDARD !:XTENDED 
SPECIFICATION SPECIFICATION 

REACH First Arm 410 IIlDI 520 IIlDI 
Second Arm 330 IIlDI 430 mm 
Maximum 740 mm 950 mm 

MAXIMUM Theta Axis 300 degrees 300 degrees 
TRAVEL ' Z, axis 300 mm 300 DUn 

'u' axis 300 degrees 300 degrees 
Alpha axis 540 degrees 540 degrees 

MAXIMUM Theta axis 300 degrees/sec 270 degrees/sec 
SPEED ,z, axis 700 mm/second 600 mm/second 

'u' axis 300 degrees/sec 270 degrees/sec 
Alpha axis 540 degrees/sec 540 degrees/sec 

REPEATABILITY +/-.040 mm +/-.065 mm 

-
MAX. PAYLOAD OFFSET 35 mm 50 mm 

MAX. PAYLOAD OFFSET 20 kg 10 kg 

chh 15feba8 
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A-S10 with Extended Reach Option 
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The A-S10 Class 10 Clean room Upgrade Option 

The GMF A-S10 Robot has available a Clean room Upgrade Option that 
can be supplied to allow the robot to work in a class 10 cleanroom 
environment. 

Supplied with the Class 10 Cleanroom Upgrade Option are all 
necessary mechanical unit modifications, and the accessory hardware 
needed to achieve the class 10 rating for the robot. The accessory 
hardware includes a centrifugal blower and the connecting hose to 
the mechanical unit. 

GMF has tested the A-S10 with the Cleanroom Upgrade Option under the 
auspices of an independent cleanroom certification consultant, Dr. 
Phillip R. Austin and PEL Associates, to meet the requirements of 
Federal Standard 209C. 

utilization of this option requires no downgrading of any of the 
operational characteristics or performance of the standard A-S10. 
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A-510 DRIVE TRAIN 
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A-51O 

'4naAC 
IIft"lIO motor 
(ACI~H) 

THETA (1st) AXIS 
DRIVE TRAIN DESCRIPTION 

A-SI0 ,z· (2nd) AXIS 
DRIVE TRAIN DESCRIPTION 
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A-S10 'u' (3rd) AXIS 

U...u. Ate ....., DOtor 
(AC1-4) 

DRIVE TRAIN DESCRIPTION 

A-S10 ALPHA (4th) AXIS 

..u:iI AC .-.0 motor 
(AO-4) 

DRIVE TRAIN DESCRIPTION 
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D.2 - longitudinal Positioning System 

0.2.1 - Manufacturer's Specifications 
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The PLA actuator is an integrated assembly that eliminates 
transducer mounting brackets, valve manifolds, plumbing and 
other items associated with using separate components. 
The versatility of the Series PLA allows you to 
design an actuator for accurate position control. 

Features 

• Rugged industrial-grade servo valve, 
pad-mounnted for maximum drive stiffness 

• Simplified machine design with integrated 
components 

• Standard JIC mounts available 

• Maximum Operating Pressure: 
210 bar (3000 PSI), 185 bar (2700 PSI) 
for 4 inch bore 

Low Friction Gland 

Available Sizes 
The actuator is available in any stroke length up to 

36 inches: 

1) In three standard mounting styles: 
NFPA MT1 Head Trunnion 
NFPA MS2 Side Lug 
NFPA ME5 Head Rectangular 

2) In five bore/rod diameter combinations: 
Bore (Inches) Rod Diameter (Inches) 

2.0 1.375 
2.5 1.375 
3.25 1.375 
4.0 
5.0 

1.750 
2.000 

For other actuator sizes or mounting styles, consult 
the factory. 

The PLA actuator is provided with a standard low friction gland assembly which features Parker's (screw-in) 
Jewel Gland for easy service. Below is a cross-sectional representation of a Parker PLA Series low friction 
gland. The dual step seals are of a bronze-filled PTFE material. The expanders are a fluorocarbon elastomer. 
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The "BO" Series servo valves provide 
high resolution in the control of position, 
velocity and force in motion control 
applications. 

Features 
• Rugged, reliable, trouble-free operation 

• Reduced contaminant sensitivity 

• Linear flow gain characteristics 

• Intrinsically safe model available 

• Explosion proof model available 

'. 

Quick Reference Data Chart 
Flow Capacities Max. Pressure Model @1000 PSID 

LPM(GPM) Rating 

8015 
3.78 (1.0). 9.45 (2.5). 

210 bar (3000 PSI) 18.9 (5.0). 37.8 (10.0). 
56.7 (15.0).75.6 (20.0) 

8030 75.6 (20.0). 94.5 (25.0). 
113.4 (30.0).151.2 (40.0) 

210 bar (3000 PSI) 

Specifications 
Rated Flow 
@1000PSID 

3.78 -151.2 LPM (1.0 -40 GPM) 

Linearity 

Hysteresis 

Threshold 

$5% 

$3% 

$ 0.5% 

Pressure Gain (Blocked Port) Typical 30% 
(% change in pressure per 1 % change in input command) 

Null Shift 
with Temperature 
with Supply Pressure 

Internal Leakage 

(Standard Spool Lap) 

Step Response 
Input 

Frequency Response 

Pressure Ranges 

< ± 2% per 38°C (100°F) 
< 2% per 70 bar (1000 PSI) 

8015 - 1.51-2.08 LPM 
(.40-.55 GPM) 

8030 - 2.08-2.46 LPM 
(.55-.65 GPM) 

Model 

8015 
8030 

8015 

8030 

Typical Step 
Response Input 

10 to 90%, 26ms 
10 to 90%. 30ms 

50 Hz@900 

35 Hz@900 

For optimum performance, Parker Servo Valves are 
designed to operate within specific system supply pressure 
ranges. 

System Supoly Pressure 

180-210 bar (2600-3000 PSI) 
138-172 bar (2000-2500 PSI) 
95--133 bar (1400-1950 PSI) 
68-90 bar (1000-1300 PSI) 

48-66 bar (700-950 PSI) 
14-45 bar (200-650 PSI) 
0-210 bar (0-3000 PSI) 

Filtration SAE Class 3 or better. ISO Code 15112 

Max. Tank 
Electrical Input 

Coil Resistance (Std.) Single Weight Pressure Coil (Std.) Each Coil 

14 bar (200 PSI) 60mA 60 Ohms 1.16 kg. (2.6 Ibs.) 
(Full Flow) 

14 bar (200 PSI) 60mA 60 Ohms 2.86 kg. (6.3 Ibs.) (Full Flow) 
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This magnetostrictive type linear 
transducer precisely senses a magnet 
mounted to the rear of the cylinder 
piston in order to measure position with 
high accuracy. -

Features 
• Non-contacting 

• Integral protected mount 

• High response - standard ruggedized 
design protects electronics from mechanical 

and environmental noise 

Specifications 

Input Voltage ±12 VDC to ±15 VDC 

Power 
Requirements 

Hysteresis 

Frequency 
Response 

Nonlinearity 

Repeatability 

• Transducer Only - ±15 VDC @ 
1 OOmA max .. 25mA min. (current draw 
varies with magnet. position. maximum 
draw occurs when magnet is 50.8mm 
(2 in.) from the flange and min. update 
time is being used. 
• Transducer for Digital Option -
+15 VDC@ 150mA max .• 75mA min .• 
-15 VDC @ 1 OOmA max., 25mA min. 
• Transducer for Analog Output­
±15 VDC@ 200m A ±1% 
Note: max. current draw 

0.02mm (0.0008 in.) max. 

Stroke dependent. 200 Hz to 50 Hz is 
typical for lengths of 304.8mm (12 in.) 
to 2540mm (100 in.) respectively. 
Wider response is available. For digital 
systems. output is updated at discrete 
intervals. 

<0.05% of full stroke; min. of 
±0.05mm (±0.002 in.) 

<0.001% of full stroke or 
±0.0025mm (±0.0001 in.). 
whichever is greater 
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Temperature Coefficient 

• Transducer Less than .005mm/cC + 

[0.21 ppmrc per mm of full stroke] 
(Less than 0.00011 inJOF + 
[3ppm/CF per in. of full stroke]) 

• Analog 36ppmrC (20ppm/C F) 
Output Module 

Operating Temperature 

• Head Electronics -40 to 66c C (-40 to 150°F) 

• Transducer Rod -40 to 85cC (-40 to 185°F) 

• Analog Output 
Module 

Operating Press. 

Output (absolute) 

• Analog 

• Digital 

FM certified to 210 bar (3000 PSI) 
continuous; 550 bar (8000 PSI) 
static 

o to + 10 VDC (other voltages 
available. consult factory rep.) 
TTL level. nominal 0 and 5 VDC, 
true high, parallel transmission. 

Output Impedance 10 n 

Velocity Output 
(optional) 

Digital Version with 

o to ±10 VDC. pos. traveling away 
from the transducer head 
assembly. neg. traveling towards 
the head assembly. 

User Supplied Controls 

~ 
mm (inches) 

Number of 
Recirculations 

25.4-152.4 (1-6) 16 

177.8-584.2 (7-23) 12 

609.6-736.6 (24-29) 

762.0-914.4 (30-36) 

8 

4 
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The Parker PMC Series controllers combine the output 
of high performance linear position transducers with 
advanced digital servo control to provide the utmost in 
precision motion control. 

Functional Description 
The Parker PMC series motion controller is designed as a 
complete stand-alone unit. No additional circuitry is required 
to implement two axes of feedback servo control. The 
controller is available in single or dual axis models. 

An integral keypad and LCD display are used to set up 
control parameters, to enter program steps, to monitor 
functions, to run programs, or to jog an axis directly. 

For each axis, the PMC provides the following connections: 

• ATemposonics transducer input interface. 

• A servo output interface. 

• Two limit inputs and a drive enable output. 

• A Run input, to start a selected program for the given 
axis. 

• Three program select inputs, to select a program for the 
axis. 

• All connections except the ac power input use removable 
terminal blocks. 

Dimensions 
"Inch equivalents for millimeter dimensions are shown in ("T 

368.3 387.4 

,M_", 'T" 

~ 
-<D-

f--- 168.3---1 
(6.63) 
212.7 
(8.38) 

PMC10T/20T 
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Specifications 

Processor 

Internal 
Conversion 

Servo 
Output 

Control 
Algorithm 

I/O 

Operator 
Panel 

Display 

Power 
Supply 

Serial 
Interface 

Weight 

16-bit 80188 CPU 

12-bit D/A servo command conversation 

for resolution to ±.05% of full scale 

±10 VDC, differential, standard; 0 to +10 

VDC, ±5 VDC, sgl. ended or differential, 

& ±50 mA jumper selectable, other 
current outputs available 

Proportional, integral, derivative (PID). 
dbl. derivative (acceleration). & feed 
forward loop compensations -
2ms loop update time 

14 input and 5 output dedicated 
functions; 12 inputs and 10 outputs user 
programmable; optical isolation 
to 7500 volts 

2D-key pad with 3 software-<lefined 
function keys 

4 lines by 16 character backlit LCD 

Built-in +5. -15 and +15 VDC outputs 

RS232. RS485 for up to 8 units in a 
multi-drop network, each with its own 10 

3.4 kg. (7.5 Ibs.) 

Power 117 VAC ±1 0% (220 VAC available), 
Requirements 47 to 63 Hz, 1 amp continuous. 5 amp 

in rush 

Operating 
Environment 

o to 50°C (32 to 122°F); 
10 to 90% humidity, non-condensing 

Copyright 2011, AHMCT Research Center, UC Davis



Wiring Diagram 

~Eltc:trohsdr.UlICS 
DI.te.J S ... "o Contr"oll.,. 

I 
FI 

7 . 
1 

GND 
. ACN 

ACH 

PK: 20T 

F2 F' 

• t 

S " 

2 , 
0 + 

"I 

,.,," 
'" 
-.. 
V 

Ct..", 
""TRY 
EHTEJ< 

• Power Requirements - 93-132 VAC, 

47-63 Hz, 1A continuous 

All electrical signal wiring (DC) to be #22 

awg. U.O.S. 

• Electrical supply circuit wiring to be #18 awg. 

3 conductor stranded shielded wire, 

189 

PIN j:I 

PIN S 

• Interlock must be "on" (connected to + 15 
VDC) in order for controller to operate 
actuator. 

• Access must be "on" (connected to + 15 VDC) 
in order to gain access to the program and 
setup modes . 

Limits must have a path to ground when 
controller is in normal operation. 
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0.2.2 - Detail Drawings 
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16X 

8X 

JOINT BETWEEN 
ITEM 2 AND 

REVISION 
~ 

IHITIAl RfUME YA'w!MB 

ID 

c 

ITEMS 5&6 OR 5&7 
4X 

2 

B 

I UNIVERSITY OF CALIFORNIA, DAVIS I A 
MrCIWUCAl ENG~EER1NC DEP}Rtt.£Nl 

nnL ACTUATm TARE SlIOC 
v[lDHOH 

$CIU 1.3 SHRP<LPS)lH-CIOOn 

$(l( 0 1·~2 OF' 21moJECf $fRP PRIXlRAH Copyright 2011, AHMCT Research Center, UC Davis



8 I 7 I 6 I 5 I 4 I 3 T 2 I 1 
REVISION 

"" """ ""'"'"" to\Jt ~'H In' 

--- 30' ~ 4.00- -,- .05 
A lNurAl RELEASE IfWtrlVI\V DIll 

1.00 - ....- - r- .375 - 4.00-

Li 
f r r D 1.00 r G D 

4.25 4.25 4.25 

! ! ! 
l- i-

-5 -6 - ~ .500 -7 - ~ .500 

54' 

~~ 
54' 36' 

A A 
c / \ -4 l \ [ A (1.105) 

c 

I" "I 
1.75 

25.46 

I- ~ (1410) t D I-

~ -; -3 \ 7 2.30 , 
V V (3.000) 

36' 54' (.170) J-- 4.00-

-8 ~QIES' Iml ESS QIHEBWISE SEECIElED 
B 1) PIECES WELDED AT NEXT ASSEMBLY. B 

I" 

32.00 

"I 

8 LH~C200~8 ROO< 1018 mEL 

7 lH'(lOO-7 PlATE '1 1018 STEEL 

[ • lH¥C200-6 PlATE III 1010 STEEL 

5 lH-C200-S GUSSET 1018 STEEL 
-2 • LH-CZOO-of C-CIWKL l'RACt 11 C3 X 4.1 D-WKL 

STEEL ASTH A 3b 
I-

3 lH-CZOO-3 C·[IWKL l'RACt II C3 X U OWKL 

ST[El ASIH A 36 

1 lH-C200-2 C-ClM/EL SIOC PIECE Col X 5.4 OWfIEl 

STEEL ASTH A 3. Et'S4) I LH-C2OCH C-ClWKl (R[J$S PIECE CoC x 5.4 OWfiEL 

1 

39.37 

l 
$1[(\. ASTH It 36 

001 PART I HONOlClAl\.R[ / W.TERW.! QT\' 
00. 10 NO, OCSCRPnoo SPE:C1flCATlOI{ RtOO 

A PART LIST A 
-1 (4.000) u>ws om(l:'.i~~ UNIVERSITY OF CAIJFORNIA. DAVlS 

.XX ± .03 N~S :0.5" MECHmlCAl ENCt4[ERlNG DEPJFlMElIT 

.xxx :t.OIO 4Y TTl\! ACTUATCR TAil.E sttOC 

(1.584) I;I(VAV OI.f[nIJ7J9<. \J[lD~HI PIECES 
VAV "" """"''''. 

~DAB "'" 1m: 
SlIRPQPSllH-(200 

fll'll"'"DAB $!l'C 0 1rH'I1 OF 1 ~ SI-RP PRIXifWi 

8 1 __ 7 I 6 I 5 I 4 I 3 I 2 1 1 
._-- -
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8 r=-- 7 6 

---8r---------- 36_916 

D' 

~ ----------------------l[ 

I- 2X)~ 

cl t 
f 

1.25 

U 
I 1 

i 
_99 f 

~ '\/ BI 

~ ",Y/ (84') 
.... 

I-

~ 
4X) V O--.~ 2X~ 

A 

(36_916) --------;..l 

8 , 7 I 6 

.-

5 4 , 
3 

CP 
NEARSIDE 
AND 
FARSIDE 
4X 

(36_925) 
VIEW A 

I 2 1 
REVISION =r 

~ I ztlNt IlHITIAL~~~[ ~~=I;; 

&& 
NOTES' UN! [5S OTHERWISE SPfClFlED 
1) BREAK ALL SHARP EDGES 

2) WELDS SHALL BE AS FOLLOWS: 
A. V-GROOVE WELDS SHALL BE 1/4 IN SIZE WITH 60'-90' 

GROOVE ANGLE. GRIND FLUSH. 
B. BEVEL GROOVE WELDS SHALL BE 3/16 IN SIZE WITH 45-

GROOVE ANGLE. 

D 

I-

C. ALL FILLET WELDS SHALL BE 1/4 IN SIZE. I C 

2X~ 

.5 R I \ ~ ~ 19.875~ r- 1.30 

I-

B 

• lH-D200-9 C.wN:L 14 

(39_211) 
~ 

.!. 

8 lH-DZOO-B CIWt£L 13 

35.911 17 lH-ll200-7 BRACt: '1 
LH-l\200-6 BRACE III 

lH-D200-5 BOSS 

lH-DZOO-4 GUSS(T 1J ~ 4X) b -
LH-D200-3 C-UWKll2 

lM-D200-2 C-OWH:L II 1 

4X 
4 

w.TEfMl.~r 
SP[CIF'lCATIOU R(OO 

lH-D200-1 rLANG[ 

11m PARr I tf()UOiC!.ATVRE I 
NO. 10 NO. ocsa1PllOH ;:0-10 UN~r ______ -t----' 

SEE VIEW A 

PAR T II S T A 

33.625 ~I 

UUS$ o~~~ UNIVERSITY OF CALIFORNIA, DAVIS 
.xx :t,O) mGlfS ;laS' I.l(CfWlfCAl ENCNEERING OCPAATI.£NT 
.XXl( ± ,010 4Y tf'P£R lit« 

"$ H \/A\I 0IJ'['3/111~ V(tD~HT 
,""""VAV r I ,..".,...., 
»mI DAB ~ 1.5 SURP(lPSX-H-DlOO 
~DAB ----I ISQt I) I SHT 1 OF-~ s~p' PROCRAA 

1~-"""5 -, 4 I 3 2 Copyright 2011, AHMCT Research Center, UC Davis



8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 
REVISION 

u/t lOOt ""~ Oo\.Tt t«'Mf}lf> 

A INITIAl. R£LEI\St ~ VAIJ DAB 

50.53 f(15 X 1.5) 

~3~ 
b(1.5 X 1.5) 

48.~ Q48. D 
») -7 D 

48' 84' L (.120 WALL) -6 (.120 WALL) 

t--

T
25 2.00¢D T 75 

-
(45') I 22.00 -5 

I~ -- 4 

-4 t 4.00 
t 2.00 - r '1 45' c I 1.50 J 

c 
26.00 "'- HOO 30.00 

~ 
>-

-1 

- - 3.30 1.00 
t-- t--

f 1.00 ~QT"~' Iml ~~~ QTIlEBl'iI~E seECIEIEO 

I ) ) 
2.00 J L 1) PIECES WELDED AT NEXT ASSEMBLY. 

ITEM NO. DIMENSION 'A' 
-- (.184) 

45' 9 UH1200-9 OWHlU C .. X S,' (}W!oj£L 

-2 35.625 STEEL ASTH 36 
B 

[S! ~\ • • lH-n200-8 QM,{l'3 Col X 5.4 OWi1EL B 

(4.000) -8 37.911 STEEL ASTH 36 

7 lH-D200-7 FlIACE M2 L5Xl.SXI.2 \JAll 

t STEEL ASTH-SOO 

I 6 LH-DZOO-6 FlIACEOi I.SXI.SXI.2 WALL 

A - (1.584) slm AITH-SOO 

5 lH-D200-5 ross JOta SlEEL 
l- f 1.00 

• lH-DZllH rusIn IGl9 STEEL 

3 lH-D200-3 C-CIWHL .e C4 X :\,4 CHA.~Et 

~ n ) 2 L 2.00 J 
11m AIIH 36 

ITEM NO. DIMENSION '8' 2 LH-D200-2 C-CiWKL II C4 X 5.4 OWiiEL 

-- (.184) STEEL ASTH 3b 

I UHl200-1 FlAIl(;[ IGI8 STEEL PlATE 

45' -9 35.625 I1DI PMrI / OOUENCI.IITW[ / ~TE1Ml/ Qrt 
"0. 10 00. OCSCRPllQtl SP(Of'ICATION ,roo 

~ ~\ • PAR T II S 1 A A 
(4.000) -3 37.911 u.u:ss~~ UNIVERSITY OF CAIJFORNIA. DAVIS , .xx :1::.03 JNCl.[$ :to.5' MECHANICAL [Net/EERING DEPNiTMENT 

.XXX '*.0[0 '-Y mu: lJIP£R LIN{ 

I ut~\IAV twl'3!11I~ IiElDI£HI Pl(C[S 

8 - (1.584) VAV '" """"'.,. 
"""DAB SCIU \13 SHRP«.PSX.H-DZOO 

DAB sea D WI 1 OF I I'fI¢.jtcr S~P PRIllRAM 

8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 

Copyright 2011, AHMCT Research Center, UC Davis



8 7 6 5 4 3 2 
REVISION 

""...,. tl\.Tt~N'P 

INITiAL REUASE VA\! DAlI 

67.50 

A 
D 37.416 

I D 

~-0 6 
- - -

/ 

r-- r--

~ 

~ 
A 25.000 

SEE 
c SHEET 2 c 

8 1.25<b THRU 

~ 8L \ 4X 
- -

60.500 L.-
8 3 

2X SEE SHEET 2 
2X 

B 
5 

B 

lH-[200-7 GUSstl 

4 
lH-[200-6 TAS 

UH200-S TUOC eM' 

lH-[200-.{ AAH CAP 

&& 3 lH-[200-3 fLl"« 

8 LH-E200-2 AAH 

lH-[200-1 TUB( rRA.'4: 

NOTES' UN! ESS OTHERWISE SPECIFlEO IIDI PART / tK:*.IDH:tA1Ul( / ~""'TEfMl. / ON 
'10. to NO. """,,f'llOH SP(of'lCI.TlON "'00 1) BREAK ALL SHARP EDGES 

P A ft T l t S 1 A A 2) WELDS SHALL BE AS FOLLOWS: WlESS ornomSE: NOrm UNIVERSITY OF CAIJFORNIA, DAVIS 
A. V-GROOVE WELDS SHALL BE 1/4 IN SIZE WITH 60' -90' '''''',.,'' U[CtwlICAl EOO~EERING OEPAAT).£}ll .XX '00 HlGlES :1:0.5' GROOVE ANGLE. GRIND FLUSH. .xxx :t.{lIO 

~ mu: lOV£R lIt« B. BE.VEL GROOVE WELDS SHALL BE 3/16 IN SIZE WITH 45' 
GROOVE ANGLE. VAV omtJ/f7l92 IIt:LIl£Hl 

C. ALL FILLET WELDS SHALL BE 1/4 IN SIZE. VAV "" I ""'"""'. 
"""IIAB SClU 114 SHRPQPS>LH-ElOOA 

DAB ~, D $Mf1 OF 2 ~ SfRP PR[X)RAH 

8 7 6 5 4 3 2 1 
_._--_._-------
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01 

c 

B 

A 

7 

DRILL THRU AND 
THREAD FOR 
1/8 NPT 
GREASE FiniNG 
4X 

VIEW A 
2X 

'--___ 8 7 

6 5 

JOINT BETWEEN ITEMS 7 AND 1 
AND BETWEEN ITEMS 7 AND 6 

6 5 

4 

NEARSIDE AND ~ 
FARSIDE 

1/8 

2X) 1/8 7\ " 

1/8 

4 

3 

I ~ 

VIEW B 
2X 

VIEW C 

3 

2 

C 

I 

2X 

-~ 
c 

2 

<m 
A 

REVISION 

IHtTlf,t. RELEAS( _ VA'" MJI 

10 

c 

B 

i UNIVERSITY OF CALIFORNIA, DAVIS I A 
MECHANICAL ENGNEERl~~ DEPAATWlT 

mu: LOVER lit« 
IJ[LDI£HT 

tAA\ffi.oo. 
SCIU·· ijJ£ I SHRP(lPS>ltH1OOB 
SIlt n - rSRi':ijjr~ ~p PROGRAM 

1 
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8 I 7 I 6 I 5 1 4 I 3 I 2 I 1 
REVISION 

Ult ZON( ""~ "'" """ "" 

I" 
67.00 

"I 
A lHlHfi. R[L[~SE In'UI'liVA\I DAB 

0 

I n -1 

I a D 

(.125 WALL) 

I-- 1-1 

2.00 R-+1 [ -r .375 STOCK 

(3.0 X 3.0) 7 I 

h350 

2.60 

c 17.11 
"I 

(52') t c 
'\ 

~J 1.00 -2 -7 
~ 

- I. "I I--t 2.00 L(.188 WALL) 
--l 

16.66 

D T~igCK 1 
2.00 - r \ 30' 2.64 

B ~ 

K 
r ,& B 

-3 )- 3.00 J L 1.90 NQIES' Ut::H (55 QItlEBWISE seECIEIED 

~ 

~.ooo STOCK 

1) PIECES WELDED AT NEXT ASSEMBLY 

-4 7 lH-(200-7 GUSSET 1018 STEEL PlATE - - 3.30 6 lH-[200-6 TAn 1018 STEEL PLME 

5 lH,(200,5 TUB( eN' 1019 STEEL PL~T[ 
- • lH-[2oo-<4 AAH elP 1019 STEEL PLATt: 

-I-- .250 3 lH-[2oo-3 flAlIG[ UHB SlE(l PLATE 

2 lH-[cOO-2 ARH 3 X 3 X .ISS VAlL r 5
.
91 i \45' 

STOCK STEEl ASTH-SOO 

I lIH200-1 lUll( fRAI« 40 OD .125 Wll 

200R~ 
~ f G 

101851[[l 

I-- f10I PAAT / tKlUEUClATOO[ / ~TEfMl/ OTV 

I>- riO. 10 NO. OCSCRP11ON SPECl/1CATION "'00 

A -6 4.00 P A It T liS T A 

/ 
I--

t 
uWS~s(OOTm UNIVERSITY OF CAUFORNIA, DAVIS 

,~~ 

.xx :t.03 N./Gt..£S ±0.5' I.t[CliANlCAl ENGtlEERlNC: D€PAATWENT 

L7.21- L 1 .000 STOCK 

.xxx ±,010 4Y rm.t LOvtR Ulf< 

VAV MtUII7IfJ(. IIElDI£HT Plms - -5 VAV "" c.tVAllQtI.), 

~IJoI' ~ '0 SHRPQPSX-.H-E200 

IJoI. ~, D ~ 1 OF 1 PI'IMCf SI-RP PIUXiRN4 

8 I 7 I 6 _--L 5 1 4 I 3 I 2 I 1 
.. -
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8 I 7 I 6 I 5 4 -r 3 I 2 I 1 I 
REVISION 

,m "'"' ""'"..,.,. ""Tt.~»f> 

• IHITlIi. RELEASE VA'" DAB 

60.00 

I'" ;; 

D D 

- 24.00 I-

/ 
IA: '" ~ C 

~ 
c 

.750-10 UNC THRU\ //' 2X 

CP 4X 
2X 

\J /"'- (1.584) - -
- f... - (.184) I--

~ ! 
( t I \ II I 2.000 

\ l f \1 
T t 

B 
~ (4.000) 3.30 I B 

/ - - 3.60 

'" 
2X 

7 
--

ill&' 
2 lH-D100-2 flANG[ lOIS STEEL 

UQIES' UN! ES, QItiEBWISE ,eECIEIW I UHIOCH fRN£ C-Cwm£l C4 X 5.4 OWf/(L 

1) BREAK ALL SKARP EDGES STEEl ASTH A 36 

2) WELDS SHALL BE AS FOLLOWS: I1DJ PART / HOUrncv.T\.fl[ / WoT[FMl I OTY 
"0. 10 no. D£SCRPTlOO sP[OflCtI.u:m "'00 

A. V-GROOVE WELDS SHALL BE 1/4 IN SIZE WITH 60' -90' 
PAR T II S 1 A A GROOVE ANGLE. GRIND FLUSH. 

B. BEVEL GROOVE WELDS SHALL 8E 3/16 IN SIZE WITH 45' ttUSS o~z£ If'Jtm UNIVERSITY OF CAlJFORNIA, DAVIS 
GROOVE ANGLE. """"'" MECH.mlCAl. E!'K:NEERlNG OEPAATMENT .XX . ., NKitLS :lOS 

C. ALL FILLET WELDS SHALL BE 1/4 IN SIZE. ,)(xx ±,Oto 4.Y mu: CART 

VAV ootUlt1l92 \J£LDI£NT 
~VAV "" I """"''''. 

"""DAB sou: h4 SHRP<LPSJtH-rlOO 

DAB SIU D $1(11 OF 1~ SI4?PPRlXlRAH 

1 7 J 6 1 5 L 4 1 3 --~ 2 J 1 
_. __ ._._-----
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D 

f-

c 

f--

B 

f--

A 

8 I 7 I 6 J 5 

6.00 .. I 

[ .69 

iL-l e -~---il-------'-21,: 
4.00 

LII e edl j 

.375-16 UNC THRU 
4X 

(.375) l r r 1.19 
3.625 .397¢ THRU 2X 

ill 1.25 

2.50 1 ~ /\ A. .1 L \ r~.L-, -Y (.500)J 

J 4 I 3 

f- 2.001. 1 r (.375) 

@) 

2X )---,~ 

&& 
NOTES· UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 

2} WELDS SHAlL BE AS FOLLOWS, 

2 

J 

1/8'" 

A. V-GROOVE WELDS SHALL BE 1/4 IN SIZE WITH 60' -90' 
GROOVE ANGLE. GRIND FLUSH. 

B. BEVEL GROOVE WELDS SHALL BE 3/16 IN SIZE WITH 45' 
GROOVE ANGLE. 

c. ALL FILLET WELDS SHALL BE 1/4 IN SIZE. 

2 I 
REVISION 

~: I ~ 'IH!H~~~( ~1=1:a 

REMOVE BUILD-UP 
.03 R MAX 

3 I LH-G100-3 I GO'S!:1 

2 jlH-GlOO-2 V[RTJCN. PlATE 

I lH-GlOO-l BASE 

aD.! .,'" / NOf,JEHctATOO£ / 
110. m NO. OCiCRF'noo 

PAR T LIS T 

lOla STEEL 2 

1018 STECl 

.375 PlATE I 

1018 SIEEL 

.51)) PlAT[ I 

lOiS STEEL 

l«T£RY.l/ ON 
sprOflCATION ",00 

lKl:SS~ItN~ UNIVERSITY OF CALIFORNIA, DAVIS 
.>.:X ± .03 N,1Cl[S :1:0.5' MCCHmICAl (t¥>tlEERltlG DEPARTMENT 

.xxx: :t .oIG ~ CASTER BRACK£T 

,~I;KVAV 

jOoWrii VAV 

~IJA' 

Q.\1t131f7192 \ltLDl£III 

""""'" SHRf'QPS>LH-G1OO 

DAB 
"" 2 
~l 
Wf[) 5WI OF llmMCf Sll!P PRlXiRAH 

8 7 6 J 5 4 3 2 

D 

I--

c 

f-

B 

IA 

Copyright 2011, AHMCT Research Center, UC Davis



Copyright 2011, AHMCT Research Center, UC Davis



APPENDIX E - APS SPECIFICATIONS AND 
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8 

o 

I-

c 

I-

B 

I-

A 

I 7 I 6 

~ ~rl I 
L I---l 

A 

t 
nl Ir-I 

c:J 

@~ B---

~ 
~~-

I 

A 

t 

@ 

5 4 I 

;(J) 

@ 

@ 

@ 

, 
~ 

® SECTION AA 

o 
L 

~ 

TIt: 
@j SECTION 

® 

tJ 
w _______ 

BB 

3 

o 
(jJ) 

([9 

@ 

I 

15 RH-AIOI 
14 

13 RH-CIOO 

12 

11 RH-AIOJ 

10 RH-AIOS 

RH-AI06 

RH-DIOO 
RH-A104 

RH-AI02 

I RH-BIOO 

ITEM PAAT / 
flO. 10 NO. 

2 I 
"''''''PTlOO 

I I I REVISION ~Ttl~lwp LTR I IOfj( 

A I IIIIITIAL RELEASE 1I11/9~ KJ-I I DAB 

LOIlER LINK 1018 STEEL 
ROUTER CUTTltl; IIHEEL 

CUTTER FRANE lOIS STEEL 
SEALED BEARltl;S 

C-CHAHt£L PIN 1018 STEEL 

LOIlER lINKPIN BLOCK 1018 STEEL 

lPPER lIHKPtu 1040 STEEL 

HYDRAULIC HOTOR 
lI1lEAR DRIVE MOTOR 

tuNER FRAHE ASSEHBLY 11018 STEEL 
lPPER ~ LOIIER lIHK CAPTURE I lOIS STEEL 

lPPER LINK 1018 STEEL 

ELECTRIC LINEAR WIVE 
llfEEL SUPPORT FRAME 11018 STEEL 

CASTERS HCH-CARR 2494181 

NOt.lENCLAlURE / MATER1A.l / 
DESCRIPTION SPEC1FtCAllON 

PART LIST 

aTY 
REOO 

o 

I-

c 

I-

B 

UNltSS onmr«I$( »:)TED: 

T!X.EP.4UCES 
.xx ±.DI AlleLES ±0.5' 
.XXX ± .005 6,y 

UNIVERSITY OF CALIFORNIA. DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

r-----------11 ~ 
nILE ROUTER ASSEMBLY 

0<5<" DAB IIAII ·"'1/30/92 
I OOAAH KjH IOTY j-OP.A\frIKi Ito, 

".,.'" DAB =t, 1'1 SHRP(APSlRH-AIOO 
I flu..t:A5L DAB I SllE D SHRP PROGRAM 

7 _________ L-__ . 6 __ ~ 5 4 ~_ 3 2 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

1.250 0 A INITIAL RELEASE 1/30/92 KJM DAB 

;--

D 

\ 
D 

1.000 R 

- l-

e e 
4.050 4.300 

I 

- - 0.750 -

" -'- , 

2.000 - / -B -
~~ B 

-
0.750 -... 

~ ~-
I 6.048x2x.375 1018 STEEL 2 

ITEM I PART / NOMENCLATURE / MATERIAL / QTY 

0.375 NO. 10 NO. DESCRIPTION SPECIFICATION REQD 
- -

PAR T LIS T 

& UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.xx ± .01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6V TITLE UPPER LINK A A 
NOTES: UNLESS OTHERWISE SPECIFIED DESIGN DAB \01 A \01 DATE 1130/92 ROUTER ASSEMBLY 

1) BREAK ALL SHARP EDGES DRAWN KJM OTY I I DRAWING NO. 

APPRV DAB SCALE \1\ I SHRP(APS)RM-A102 

RELEASE DAB SIZE B I SHT I PROJECT SHRP PROGRAM 

4 I 3 T 2 I 1 
- ----" 
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4 T 3 I 2 I 1 
REVISION 

1.000 ¢ 2X LTR ZONE OESCRIPTION OATE DRWN APP 

A INITIAL RELEASE 1/30/92 KJM DAB -

1.000 Yi: r\ D D 
2X 

I~ 
.~ 

--

C C 
4.523 I 4.778 

t-- I--

~I~ 
B ~~ B 

2.000 --
- 1 6.523x2x.375 1018 STEEL 2 --

~ ~ 
ITEM T PART / NOMENCLATURE / MATERIAL / QTY 

0.375 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

I--

ill 
-

PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± .01 ANGLES ± 0.5' MECHANICAL ENGINEERING DEPARTMENT 

.xxx ± .005 6,v TITLE LOVER LINK 
A A 

NOTES: UNLESS OTHERWISE SPECIFIED DESIGN DAB VAV DATE 1130/92 ROUTER ASSEMBLY 

1) BREAK ALL SHARP EDGES DRAWN I(JM QlY 1 I DRAWING NO. 

APPRV DAB SCALE \11 I SHRP(APS)RM-AIOI 

RELEASE DAB SIZE B I SHT I PROJECT SHRP PROGRAM 

4 T 3 _L_ 2 I 1 
---- ,.~~--. .-
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4 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

.500 Dio 1.750 Dio A INITIAL RELEASE 1/30/92 KJM DAB 

D D 
A 

~ 
A 

I----
t t 

\J V 
-

c 
I 1/2-20 UNC 

c 

V 1 .5 DEEP 
I----

f ~ ~ 
I----

~III~ 2.321 0.093 
B 

t ~~ B 

r A 1 (1 1.750x2.321 1018 STEEL 1 

ITEM·' PART / NOMENCLATURE / MATERIAL / QTY 

& 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

I---- -

PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± .01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6~ TITLE C -CHANNEL PIN 
A A 

NOTES: UNLESS OTHERWISE SPECIFIED DESIGN DAB VAV DATE 1 /30/92 ROUTER ASSEMBLY 

1) BREAK ALL SHARP EDGES DRAWN KJM QlY 1 I DRAWING NO. 

APPRV DAB SCALE 111 I SHRP(APS)RM-A103 

RELEASE DAB SIZE B I SHT I PROJECT SHRP PROGRAM 

4 1 3 I 2 I 1 
._._-
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 1/30/92 KJM DAB 

D A 1.000 Oio .. 2.000 - D 
A 

B () 1\ t-- I--- ---r -

~ 
I--- - -b 

1.000 Rod 

~ C C 
1/2-20 UNC THO. 

1.558 

2.062 .. - __ L -
- I t--

//1 V~~ J 0.312 ~ V/~ ~ B 
""~ 

B 

~ 3062 --~-T IT:M I PART / 

5.062x2x1.558 1018 STEEL 1 

NOMENCLATURE / MATERIAL / QTY 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

- t--
PAR T LIS T 

& UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± ,01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y TITLE UPPER 8, LOIJER LINK CAPTURE A A 
NOTES: UNLESS OTHERWISE SPECIFIED DESIGN DAB IJ A 'vi DATE 1130/92 ROUTER ASSEMBLY 

1) BREAK ALL SHARP EDGES DRAWN KJM OlY 1 I DRAWING NO. 

APPRV DAB SCALE 1,1 I SHRP(APS)RM-AI04 

RELEASE DAB SIZE B I SHT I PROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 
-
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4 I 3 I 2 I 1 

r} ~ 
REVISION 

1.090 LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 1/30/92 KJM DAB 

D T D 
1.125 .--

;-) 2.250 
3/8-20 UNC ." 

t-- --------L? 
... I-

THRU I ~ 
C DRILL AND TAP ---I ---- 0.715 C 

2X 3/8-20 UNC 
0.500 THRU 

_L ~ 1.250 
I 

- I---
f\ ~ 3 

t ;cb 
-

- 2X 3/8-20 .875 DEEP 
1.500 

I 
B 1.00 Dio --- -

~ D B f\_ 

f 
\.J 

-

~ ~ 
1 2.25x2.25x1.090 1018 STEEL 1 

ITEM I PART / NOMENCLATURE / MATERIAL / QTY 

2.250 NO. ID NO. DESCRIPTION SPECIFICATION REQD 
- I---

PAR T LIS T 

ill 
I 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± .01 ANGLES ± OS MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6~ TITLE LO\.JER LINK PIN BLOCK A A 
NOTES: UNLESS OTHERWISE SPECIFIED DESIGN DAB VA\.J DATEI130/92 ROUTER ASSEMBLY 

1) BREAK ALL SHARP EDGES DRAWN KJM QTY 1 I DRAWING NO. 

N'PRV DAB SCALE 111 I SHRP(APS)RM-AI05 
RELEASE DAB SIZE B I SHT I PROJECT SHRP PROGRAM 

4 1 3 I 2 I 1 
----
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 1/30/92 KJM DAB 

D D 

- - 9.562 - 1/2-20 HELICOIL -- 1.25 DEEP 2X 

" C C 
I-- t--

( 0 i) 
1-'-----

~~l-- ~ 
j~ -

0.375 1.000 ¢ 
I - - .707 I 

B ill B 

1 ¢ 1.000x9.812 1040 Steel I 

NOTES: UNLESS OTHERWISE SPECIFIED ITEM I PART / NOMENCLATURE / MATERIAL / QTY 

1) BREAK ALL SHARP EDGES NO. ID NO. DESCRIPTION SPECIFICATION REQD 
- I--

PAR T LIS T 

UNLESS OTHERWISE NOTED; UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± .01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.xxx ± .005 6~ TITLE UPPER LlNKPIN 
A A 

DESIGN DAB VAV DATE 1130/92 ROUTER ASSEMBLY 

DRAWN I(JM DTY 1 I DRAWING NO. 

APPRV DAB SCALE 1,1 I SHRP(APS)RM-AI06 

RELEASE DAB SIZE B I SHT I PROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 Copyright 2011, AHMCT Research Center, UC Davis



8 I 7 1 6 I 5 I 4 1 3 I 2 I 1 
I I I REVISION I I I 

lrn ZONE "''''''''''''''' MTE omrn J.Pf> 

A INITIN.. RELEASE 1IJ1/9~ K.,t.( DAB 

1 

0 (2) /@ 0 

Gl \ ~4X 

"c::~ . I·V eD 

I-- '--

®~ .. :.: .. 
• 4X 

~. • • 0 o~ 
C 

o. ~ ~I ®\ c 
J 4- 4X 

4X/ V L ® 
(j) ._/ /® 

I--

~2X 
~ f--

'! I'< / 1\ 
0 

A_ Cfi! ~ /(fl 
"""'M ~ B B 

(( CASTERS HCM-CARR 2194T81 4 

10 RH-BI02-2 BACK STEEL PLATE 1018 STEEL I 

(V 9 RH-BI03-6 FRONT STEEL GUSSET 10lB STEEL I 

@ 8 RH-BI03-5 STEEL BOSS 1018 STEEL I 
7 RM-BI03-4 BACK STEEL GUSSET 1018 STEEL I 

&~ 
6 RH-BlOl-2 STEEL PLATE 1018 STEEL I 
5 RH-BI03-3 EXTENDED STEEL rOOT 1018 STEEL I f--
4 RH-BI03-2 BACK STEEL fOOT 1018 STEEL I 
3 RH-BI03-1 FRotH STEEL HIlT 1016 STEEL I 
2 RH-BIOH STEEL PLATE 1016 STEEL 2 

tJQTES; !.!tJl ESS QT!::IEBIYISE SPECIEIEQ I RH-BI02-1 FRotH STEEL PLATE 1018 STEEL I 
1) BREAK ALL SHARP EDGES IT£M PART / NOMENCLAlURE / MATER~ / QTY 

2) WELDS SHALL BE AS FOLLOWS: 
uo. 10 NO. DESCRIPTION SPECIFICATION REOO 

A. V-GROOVE WELDS SHALL BE 1/4 IN SIZE WITH 60' -90' PAR r L I 5 T 

GROOVE ANGLE. GRIND FLUSH. UHL.£SS OTH[R'1II1S[ '~TID: UNIVERSITY OF CALIFORNIA, DAVIS 
~ A 

B. BEVEL GROOVE WELDS SHALL BE 3/16 IN SIZE WITH 45' TCilEfW/aS 
MECt-W-llCAL ENGINE(RING DEPARTMENT .XX 'm ANGlES '0.5' GROOVE ANGLE. .xxx ± .005 6.y 1T11.£ \/HEEL SU'PORT FRAME C. ALL FILLET WELDS SHALL BE 1/4 IN SIZE. 

0ES<ll DA8 IIAII DAT[1/30/92 ROOTER ASSEHBLY 

I """""KJH OlY I 0R.'¥t{Q NO. 

#"f'fN DAB SC)L( 111 SHRP(APS:RH-BIOO 
I RULASl DAB size D grr 

PRO.<cr SHRP PROtiR'*l 

8 I 7 1 6 I 5 I 4 I 3 I 2 I 1 

Copyright 2011, AHMCT Research Center, UC Davis



8 

o 

I--

c 

I-

B 

I-

A 

I 7 6 I 5 I 4 

L~ 12.25 
Rod 

I 

I 

3 I 2 I 
LID I ZOME I O£SCfI!P'T'ION 

I I I IMTEI~I_ REVISION 

A I ililITJA!. RELEASE 1131i9cfK.Ri I DAB 

o 

,.... 17.43 I 
r--Ir------T------lil 1.75 -4--1 1-1 

I-

, , , 
I I I 9.471 

i ~,t-~\ i 
I I I \ I 

18.5 It-----i- -+--~----~ 
i '\, i j i 
i '--r~ i 

I, 1''- 3X .375 HOLE I' 
ON A 3 DIA 0.500 

, 'B.C.' 

------- --------0+--'-

1 
.3750 THRU 8X 

-6 

~ 3.875 

18.43 

19) THRU 

-2 
& 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 

9.213 

c 

I-

B 

f-I 

1/4' STEEL PLATE 

1/4' STEEL PLATE 

ITEM NOMENeLAllJRE / OTY 
NO. DESCRIPTION REoo 

PAR T LIS 1 

TOl[RAHCES • U'"''' onlE''''''[ "'Ill>. UNIVERSITY OF CALIFORNIA DAVIS A 
. xx i m AlIGlES MECHAllICAl ENG'NEERING DEPARTlIENT 

.xxx i nDS 6.y rnu OUTER SHIELD CDff'fJIIEIlIS 

[)£!>)Qi DAD VAV ROJIER ASSEHBL Y 
I DRMiH"K-jH- I ON . IORAWw) UO. 

""IN DAB SCOJ.[ 1'1 SHRP(APSlRH-BIQI 
I flUf.ASE DAB I SIZC D PROJECT SHRP PROGRAM 

643 L-____ ~ ______ -L ____ ~ ________ L_ ____ . _________ ~__________ __ _________ ~L _____________ -L ______________ L_ ________ _ 
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8 I 

D 

1.75 

I-

c 

t--

B 

t--

A 

8 I 

7 1 6 

L 12.25 ---1 k.5ROd, __ ~ 

I 5 4 1 3 

LI-- 16.93~ 
L·5 

Rod I 
=--r-' ---------.,--------!, 

2 1 
Ti REVISION 

lTR I ZONe I O(S(.RIPl'lON 

A I !INITIAL RELEASE 
MTE ,DRWH 

1/3I/9~ K"" DAB 
I 

o 

J ./", 1.75 J 
.--,---- r 

(.25)J 

G------ - -e- - - -0-- ~tf 
5.625 

0.625 
3.875 

- ---------

1--

c 

19.5 f-------------- 24.0 19.5 6.00 1------- --j 6.5 15.0 24.0 

7 

[l=::.r;-·oo f--

6.00 --
9.00 

• ~~ 
2.0 
s~ ~ 

-1 

I 6 1 

5.0 

ill 

5 

B 

t I -e--o------- )1 t--

~ 

6!J 
1 0 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 

4 1 3 

I-

10 I 1"4' STEEL PLATE I lOIS SlEEl I I 
I J 1"4' STEEL PLATE 

ITDA PART I NOMENCLAWRE / 
NO. 10 NO. DESCRIPTION 

I lOIS STEEL I I 
"'AlERtAl / -----r aTY 
SPECIFICATION I REOO 

PART LIST 

UHtrSS OnI£RWlS[ t>:l1!l>. UNIVERSITY OF CALIFORNIA DAVIS Ii. 
,xx ±T~tRAlK.£S IAECHAN1CAL ENGINEERING OEPAR;IAENT A 
.xxx ± ~05 tm.E DUTER SHIELD COIfl)NEHTS 

!l€S>;" DAB VAV 
WNKJH 

Ii'''''' DAB 
DAB 

2 

RElITER ASSEHBL Y 

QrY IORAWIW Ito. 
SClU 1'1 SHRP(APS)B-l02 
SIze B PROJECT SHRP ?ROGRI>.~ 

1 
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8 

D 

f--

c 

I-

4.5 

B 

I-

A 

I 7 6 5 4 3 

r 
LJ~ 5.0 -7 

L 
-9 

~ 6.25 ---l --1 ~ 3.25 

11- 28.43 --I 
I <j1--4-- -------. ---------r--tp 

I I I I 

I I I I -5 

J 4.5 

r-~-------------------t-=__1, 

L L.--------+----+ ::1 
------------ ---- -----+.+---+----.-

0.625 

1.5000 

4.75 4.75 

-2 -3 ill 
NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 

ID 

f--

c 

16X ¢ .500 THRU 

f--

B 

9 1/4' STEEL PLA1E lOIS STEEL 2 

7 114' STEEL PLA1E 1018 STEEL 2 

5 3/S' SlEEL PLATE 1018 SlEEL I 
4 114' STEEL PLA1E lOIS SlEEL 1 
3 1/4' STEEL PLA1E lOIS SlEEL I 

TEM PART / NOMENCLATURE / MATER"L / QiY 
NO. lOtIO, DESCRIPTKm SPECIFICATION REao 

PART liST 

UHltSS orn£FNI'IS£ »lTID:. 
TOl[~CES 

.XX t mANGLES to.5' 

UNIVERSITY OF CALIFORNIA. DAVIS 
MECHANICAL ENGINEERING DEPARTMENT ~=---~~----~I~ 1 ~:::._t~~~5. 6.y 1= OUTER SHIELD CUtfllNlNI, 
ROOTER ASSEHBL Y 

1\ .. -," ION 1 ·~-IOAAWIGNo. 
5C't£ 1'1 SHRP(APS)B-103 
SIZE D I SHT PROJ(CT SHRP :::lROGRAM 

L-___ ~8 ___ ~ ____ ~7 ____ ~ ___ ~6 ____ L_ __ ~5 ____ L_ __ ~4 ___ _J ___ ~3 ___ i_ __ ~ ___ ~ __ ~ _____ __ 
Copyright 2011, AHMCT Research Center, UC Davis



8 I 7 I 6 1 5 1 4 1 3 2 1 1 
I I I REVISION I 

lm ZOKE [)(SCRlPllOO MTE 0fl'((H WP 

A IHITII>L RELEASE 113119~ KJ-I DAB 

D 

®~ ® 
D 

2X /"-. 

- -

w~ 
0 

II I u I I 

c Q)/ c 

c- c-

I II I I I 0 

B && B 

CD 5 RH-CI02-3 BRONZE BUSlHtli 2 
r- 4 RH-CIOI-2 currER !<JIDE PLATE 1018 STEEL 2 

NOTES: UNLESS OTHERWISE SPECIFIED 3 RH-CI02-2 PLATE 1018 STEEL 2 

1) BREAK ALL SHARP EDGES 
2 RH-CI02 I BACK PLATE 10lB STEEL I 

I RH-CIOl-l currER !<JIDE PLATE S' C CHANNEL 2 

2) WELDS SHALL BE AS FOLLOWS: ITEM PART / NOJ.lENCLAlUR[ / UATER~L / QTY 
NO. 10 NO. DESCRIPTION SPECIFICATION REOO 

A. V-GROOVE WELDS SHALL BE 1/4 IN SIZE WITH 60'-90' PAR T LIS 1 

GROOVE ANGLE. GRIND FLUSH. 
UHILSS OTH[R'lI!lS[ OOTID: UNIVERSITY OF CALIFORNIA. DAVIS A B. BEVEL GROOVE WELDS SHALL BE 3/16 IN SIZE WITH 45' TOltlV#C($ 

~tECHANICAL ENGINEERING DEPARTMENT ~ .xx ±m ANGLES ±OS 
GROOVE ANGLE. .xxx ± nos "0' 1ln£ CUTTER GUIDE ASSEHBL Y 

C. ALL FILLET WELDS SHALL BE 1/4 IN SIZE. 0""" DAB IIAII ""1130/92 R[lJTER ASSEHBL Y 

""""'KJH 01'1 I 0RAWt~ 110. 

/oI'f'fY DAB ~[}fl SHRP(APSlRH-CIOO 

"U~DAB SIlt D 51{[ PRO.<CT SHRP PROGRAM 

8 1 __ .7 1 6 ._J. __ 5 1 4 I 3 2 I 1 
.. ---
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D 

f-

c 

I-

B 

f-

A 

8 1 7 1 6 J 5 1 4 3 1 2 I 
I REVISION 

Lm I ZOHE I O(SCRIPno« ~l'E IPflWNI N"f' 

A I IIII1TlI'L RELEAS£ I/lI/9<1 K.Jof I DAB 

I" 17.562 ·1 

f A 0 0 

5.000 

! o 1.500 Dia THRU 

1.756 ] 0.688 

~ 
4.00 I 2.500 Rod 

1.250 t r 6X .500 Dia THRU 

I I 'j I 
91~;5 -.4 '~' , , 'I' ~ ~ 

& 

1.410 

2.500 -I I- J 
-01 SHOWN AS ABOVE 

I-- 5.875 -02 MIRROR IMAGE OF -01 

11.625 ., 

& 

CUTlER GUIDE PLATE 

CUTlER GUIDE PLATE 

ITEM NOMENCLAlURE / OTY 
NO. DESCRIPHON REQD 

PART LIST 

D 

f-

c 

f-

B 

f-

TOlEIWiCES ' 
U'lESS omERWlSE ,,,lID. UNIVERSITY OF CALIFORNIA DAVIS ~ 

.XX 'm ANGlES '0.5' ~IECHANICAl ENGINEERING DEPARTMENT 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAI< ALL SHARP EDGES 

8 I·· 7 6 5 4 3 

.XXX 'nos 6,y TITl£ CUTTER GUIDE PLATE 

ROUTER ASSEHBl Y 
ON]··· ==JOfV.WjjO· ikl. 
$COLE 111 SHRP(APS)RH-ClOl 
512'1: D I sm "",,-<cr SIlRP PROGRAM Copyright 2011, AHMCT Research Center, UC Davis



8 I 7 1 6 I 5 I 4 I 3 1 2 1 1 
I I I REVISION IT . I 

LTR ZONE [l{~PTlOH ()I,lE ORWH N'P 

A INITII>L RELEASE 1/31/911 K.N I DAB 
T -I 

D D 

~ 10.77----j 
_ 3.197 I I -

A. t A 

t 5.000 t 
I 1 02.250 ~ etc 

• A A 

0.J: r- 6.340 1 01750
1 ~I 

~ ,- ~ r-L I .1500 ~ I [ 2.200 

B IlL 04375 DiG ~~ 5L ~$--. B 

1--1 0.71 4 . 1 2 5 ~. T 

0.500 - 1 - 2 - 3 
~ -

3 BRONZE IlUSHII(; 2 
e 114' STEEL PLATE 1018 STEEL 2 

1 BACK PLATE 1016 STEEL 1 

ITtM PART / NOMENCLATlJRE I MATERW- / Qrr 
/\ NO. 10 NO. DESCRIPTION SPECIFICATION REQO 

ill PART liST 

A UHtrSS 01H[~= UNIVERSITY OF CALIFORNIA, DAVIS A 
.xx ±.oJ ANGlES ±O.5" I.1ECI-W-lICAl ENGINEERING DEPARn.CENT 11 
,XXX ± nos 64/ 

NOTES: UNLESS OTHERWISE SPECIFIED v un< HHAtflEL ASSEMBLY COMPONENTS 
""'" DAB IIAII 0>."1130/92 RlllTER ASSEHBL Y 

1) BREAI< ALL SHARP EDGES I-"KJH OTV 1 ' ..... >l1l tlO, 

N'I'fN DAB SC'I.t '" SHRP(APSlRH-Cl0e 
I fI~~ DAB SIZC D SHT PROJECT SHRP PROGRAM 

8 I 71 6 I 5 I 4 I 3 I 2 I 1 
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D 

-
f-

c 

13.726 

f-

B 

f-

A 

B I 

7 5 

~ I ~~ tlNl~~~~E M~I~I: 

,.._ 1.00 /0 t- .563 ~ ,---- A 

D 

[ 
2X~ 

o f-

.375 DIA THRU (2X) 
1.500 DIA --............. 
.1 DEEP a C-BORE -----..... ~2X PP. SIDE(2i<)-" 11,1--

2X~ 
r/-]~------------------I~ 

r----l-IVev 
16.263 

8.516 

c 

t-

~® ~ 
16.926 -I L--. A B 

&ffi 
6 Rfi·DIOz.z SII:( PlATE lOIS STEEL I 

5 RN-DIOJ-J STEEL PlATE 1010 StEEL I 

• RH-DIOH! STEEL PlATE 1019 STEEL I 

NOTES: UNI ESS OTHERWISE SPECIFIED 3 Rfi-D10H ctIlVED UP1'(R PlATE 1016 STEEL I 

2 RH-D1OZ-1 SIt( PlATE 1019 StEEL I 

I RH-D1OJ-l l.PP£R PIN stlCJT 1018 STEEl 2 
1) BREAK ALL SHARP EDGES 

nrn PART / ttOIlOiCtAME/ IMTERIAl / OlY 

'''. to NO. OESCRIPTlO« SP(OF'lCATIOtI REoo 2) WELDS SHALL BE AS FOLLOWS: 
A. V-GROOVE WELDS SHALL BE 1/4 IN SIZE WITH 60'-90" 

GROOVE ANGLE. GRIND FLUSH. 
PART LIST A 

7 I 6 r 5 

B. BEVEL GROOVE WELDS SHALL BE 3/16 IN SIZE WITH 45" 
GROOVE ANGLE. 

C. ALL FILLET WELDS SHALL BE 1/4 IN SIZE. 

J 4 I 3 J 

uws ~c:~ UNIVERSITY OF CAUFORNlA, DAVIS 
.XX *,Ot J.NClES :±OS MECHANICAL ENGNEERlOO O(PJ,RTJ.l}(f 

.xxx '.005~ lifO fRAIlE ASSEHIllY 

DAB VAV 00(1/:))/92 ROOTER ASSEHSlY 

'.1< 
~DAB 

~uAnDAB 

2 

""I 
~I 
sac D 

1 

"""""'. SHRP<APSlRH-DlOO 
---lrnoJtCt SffiP PRlXlRAH 

"1 
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8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 
I 

REVISION 
I 

"" """ =..,.,. "" ,.,,,,,,. 
A mlHH.. RELEASE K..Ii MB 

D 

/ 
5.750 WIDE D 

~ 2.000 
Dia 

BUSHING 
f-- 1" THICK f--

8.250 Rad 
L----- + 

1.000 Dia THRU 

~ ~ J~L c -- 1 c 

-4 0.250 

f-- r 5.750 - f---

J 
5.750 -

1 
B 6.740 B 

L J 3.683 -2 f--

ill -3 f---

I III' mEL PLATE IIns STEEL I 

3 III' STEEL PLATE 11)18 STEEL I 

2 III' STEEL PLAIE Iota STEEL I 

1 U'PtR PIN soerr 1018 SlEEl 2 

"'" PAAl I HOOO/ClATUR£ / WoTERW. / OTV 
NO. 10 NO. OCSCflP1lON SP£OflCATIOH REOO 

A PART LIST A 
ltIlC$O~5£HOrm UNIVERSITY OF CAUFORNIA, DAVIS 

tOUltHlC£S 

NOTES: UNLESS OTHERWISE SPECIFIED ,XI( ;toOt mGLES ±0.5" J.4(CHAN!CAL (NGt{£ERlN(: DEPMTl.E}lJ 

1) BREAK ALL SHARP EDGES 
.xxx ±,oo:i 

~ mu: It<<:R ASSEKftY PlATES 

DAB 11M/ 1Wl1I~/92 ROOTER ASSD<fllY 

'K.II "" I ...... .,. 
"""DAB SCOlt I,J SHRP<IIP$>RH-DIOI 

DAB "" D '"' 1'OOJtCf Sf~P PRIXiRAH 

8 I 7 I 6 I 5 I 4 I 3 I 2 I 1 
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8 1 

o 

I-

c 

I-

8 

I-

A 

8 1 

7 1 6 1 5 I 4 

18.425 -----------1 

--; f-- 3.260 

6" 

1 

J/~ r 1546 

1 r-- 1.125 

f--~@ 
1- I ';" 

I ~. 
3.375 

10.256 

L 2.000Jl~ ] 

- t 7.952 

10 Deg 

7 I 6 

-1 
2 

I 

AS SHOWN 
MIRROR 
EXCEPT 

IMAGE OF 
FOR CU 

& 
NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAI< ALL SHARP EDGES 

5 I 4 

I 3 

11 0.375 

1 

-1 
ABOVE 

-1 3 

-T 

15.521 

1 

2 1 
REVISION 

A I !InITIAl Rfl.EAS£ Irnnd K .... I MB 

o 

I-

c 

I-

8 

I-

2 I liN' STm KATE I lOla mEL -1 I 
110lS SUEL II l I 111'" STEEL PlATE 

1:~~(K>« l~oo fTO,I PART I IKlHrncu.TWE I 
NO. 10 NO. OESCRpnoo 

PAR T II S T A 
wu:ss ~~..= UNIVERSITY OF CALIFORNIA, DAVIS 

.xx ±.o! NntS :1:0.5' M[CtwlICAL EtKltlEERlOO O€PAATMENT 

.XXX ±,005~ mu: SIt( PLATE 

;M MB VAV om:l/~/92 ROOTER ASSEMBlY ,... r- i I"""""'" N'f'ffl DAB se<U III SBRPCAPS>RH-Dl02 
lWl IlAB SUt D I:IHI I~ SIfW-PROCJRAH 

2 
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E.2 - Heating/Cleaning/Debris Removal System 

E.2.1 - General Specifications 

1 .0 INTRODUCTION 
1 .1 This document serves to provide detail specifications for the DEBRIS SEPARATOR, BLOWER, 

BURNER, and FUEL TRAIN/FLAME SAFEGUARD units to be provided by vendors and installed 
by UCD on the above mentioned crack sealing machine. 

1.2 The heating/cleaning system shall be sold to UCD as components only and will be assembled by 
UCD. Section 8.0 contains a list of deliverables. 

2.0 DEBRIS SEPARATOR 
2.1 The unit shall provide enough suction to remove approximate 1/2" diameter chunks of asphalt 

concrete at no less than 400 standard cubic feet per minute of air flow. 
2.2 Clean air shall be exhausted at approximately 8-10 micron filtration. 
2.3 Debris shall be collected in no less than a 55 gallon drum that shall be mounted on wheels for easy 

emptying. 
2.4 A vacuum relief valve shall be provided in case a clog occurs. 
2.5 The unit shall incur a pressure loss of no more than 1 PSI @ 400 SCFM. 

3.0 BLOWER SPECIFICATIONS 
3.1 The blower shall move air at no less than 400 standard cubic feet per minute (SCFM) at no less 

than 5 PSI. 
3.2 The blower shall be hydraulically driven and actuated electrically using 110 VAC solenoids. 
3.3 Inlet and exit diameters shall be no less than 3" and no greater than 4". 
3.4 Blower shall operate using hydrauliC fluid supplied at 2000 PSI and pumped at up to 20 gallons 

per minute (GPM). 

4.0 BURNER SPECIFICATIONS 
4.1 The burner shall heat no less than 400 standard cubic feet per minute (SCFM) to no less than 

1500°F. 
4.2 The burner shall be able to accommodate a gage pressure at the burner exit of no less than 2 PSI. 
4.3 The burner shall take no longer than 15 seconds to reach 90% of its steady state heat output. 
4.4 Combustion air shall be provided to the burner inlet by UCD via a hydraulically powered 5 PSI, 400 

SCFM centrifugal blower. 
4.5 All necessary plumbing and insulation downstream of the burner nozzle exit shall be designed 

and purchased separately by UCD. 

5.0 FUEL TRAIN AND FLAME SAFEGUARD SVSTEM SPECIFICATIONS 
5.1 A standard control box/panel shall house all major electrical components and a wiring pin diagram 

shall be provided to UCD outlining connections to fuel train components. 
5.2 All primary controls and switches shall also be mounted on the face of the box/panel in a "user 

friendly" manner. These shall include an easily accessible emergency shut off type switCh. Other 
necessary meters, lights, etc ... may be added provided they shall enhance the ease and safety of 
operation of the system. 

5.3 Two 2-way, electrically actuated, 3" diameter valves shall be provided by the vendor. They shall 
be configured such that when one is open the other is closed. They shall provide a means of 
deflected flow from the pavement, upstream of the burner. A properly sized DPDT toggle switch 
located on the control box/panel face shall toggle these valves. 

5.4 A 11 OVAC, 3A push button switch shall be added to the face of the control box/panel. This 
switch will serve as a means of turning on the blower solenoid provided by UCD. 

5.5 When the air flow is switched to deflect flow from the burner, or DIVERT as it will be referred to 
herein, fuel flow to the burner should be cut off without turning off power to the blower. 
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5.6 A pressure differential circuit breaker in the blower airway shall protect crack sealing machine 
subsystems by shutting down the burner fuel flow and blower in proper succession should an 
obstruction in the inlet or exit of the heating system occur. 

5.7 Fuel flow control shall occur via a 4-20 rnA input from a UCD provided infrared pyrometer which will 
measure pavement surface temperature between 0 and 400°F. The fuel flow shall be 
automatically continuously adjusted by a PID type controller to attain a surface temperature of 
250°F. The fuel flow control valve shall have a 95% response time of 0.5 seconds or less. 

5.8 The specifications mentioned above should by no means bypass or override the standard and 
legally required flame safeguard system. 

5.9 All necessary wiring and minor plumbing supplies shall be provided by UCD. They need not be 
quoted by the vendor but must be specified. 

5.10 The heating system may be able to be operated in either the BLOW ONLY or HEAT mode. 

6.0 POWER SYSTEMS 
6.1 All electrical systems and subsystems shall operate using 110 VAC requiring no more than 3 kW 

of combined power. 
6.2 All methane fuel used shall be standard commercially available liquid propane. 
6.3 LP gas will be provided by UCD via 4-100 lb. vapor withdrawal tanks. The burner and fuel train 

system provided must be able to operate at maximum fuel flow given this fuel system. 
6.4 All electrical systems shall have circuit breakers to protect other unrelated systems on the crack 

sealing machine. In the event of a power failure to any system, proper sequenced shut-down 
should automatically occur in the heating/cleaning system. 

7.0 PHYSICAL CONSTRAINTS 
7.1 All deliverables shall be able to withstand typical vehicle shock and vibration. 
7.2 The control panel need NOT be NEMA 4 rated. It will only be operated in a closed room or dry 

weather day. 

8.0 DEUYERABLES - shall meet all of the above and below specifications. 
8.1 Debris Separator 

8.1.1 Debris separator meeting Section 2 specifications 
8.1.2 (2) 3" diameter vacuum hoses (30 feet total) 
8.1.3 (1) custom fabricated router shroud (built-in router design) 

8.2 Blower meeting Section 3 specifications 
8.3 Burner 

8.3.1 (1) Burner meeting Section 4 specifications 
8.3.2 (1) Flame rod 
8.3.3 (1) Spark ignitor 
8.3.4 Complete set of manufacturer instructions and documentation. 

8.4 Fuel train and flame safeguard system 
8.4.1 (1) Control paneVbox and flame safeguard system (see Section 5) 
8.4.2 (1) PID digital process controller for fuel flow control. 
8.4.3 (1) Fuel flow control valve. 
8.4.4 Standard fuel train components necessary to ensure the safe, efficient operation of the 

above described system. 
8.4.5 List of wiring and minor plumbing supplies (nipples, connectors, elbows, etc.). (All 

necessary wiring and minor plumbing supplies will be provided by UCD). 
8.4.6 (2) 2-way, electrically actuated, 3" diameter valves for DIVERTEB. 
8.4.7 (1) DPDTswitch for DIVERTER actuation mounted on control panel face. 
8.4.8 (1) 110VAC, 3A push button switch mounted on control panel face. 
8.4.9 (1) Pressure differential switch. 
8.4.10 All necessary and standard regulators, filters, safety valves, etc. 
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E.2.1 - Manufacturer's Specifications 
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APPENDIX E· MANUFACTURE'S EQUIPMENT 
SPECIFICATIONS 

FEATlJ'RES 
• Manufactured in the U.S.A. 
• Dry Material Collection 
• Epoxy Coated Steel Separator and Receiver 
• Centrifugal Separation and Self-cleaning 

Permanent Filter 
• Secondary 8-10 Micron Cartridge Filter 
• Easy Access Filter 
• Dolly-mounted Collection Canister 
• Accepts Industry Standard Drums for 

Collection 
• Blower-to-Separator Interconnecting Piping 
• Brass Vacuum Relief Valve 
• Continuous-duty Regenerative Blower 
• Blower Construction-Cast Aluminum Housing, 

Impeller and Cover 
• Noise Level Within OSHA Standards when 

Properly Piped and Muffled 
• Capacity: 55 gallons (208 Iiters)/7.5 cu ft 

OPTIONS 
• High EffiCiency Particulate Air Filtration 
• 575 Volt and Explosion-proof Motors 
• Stainless Steel Receiver and Separator 
• Surface Treatments or Plating 
• Accessories Available 

r 
I 

...--1 
r 

OJ 
I 
;?; 

PERFORMANCE AT SEA LEVEL 
AIRFLOW - M3/MIN 

2 4 6 8 10 12 14 
-120 
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a: -80~ 
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2000 

~ 
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LU 
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DIMENSIONS ~~ 

TOLERANCES, XX : -Yf 
Specification SuOJect To 
Change Without Notice 

::::t~Ct'''er 31lve 
S',~ ... ~r 

SPECIFICATIONS 
I 
I Model 

I Part No. 

Motor Type 

Motor Horsepower 

Voltage" 

Phase 

I Frequency' I Hz) 

I Recommenaed NEMA Starter 

Total Shipping WeighHbs Ikg) 

Max, # 
1.25" Hose Diameter 

of 1 S' Hose Diameter 
Dperators2 

2,0" Hose Diameter 

I I 
! Slower Dimensions lin i 

l x W x H ! Imm ! 

; Blowe' Inlet Outlet Diameter 

'/ac:...ul""'l 
Rehel 
Valve 

.. .:, ,-. -~'~'::':::::;:/:'~·"~-:-· 

I 
i 
! 

C~r""'anen[ 
':,ller ,7T\ 

1/ \ " 

7616 
'i'93s 

I 

L 

IVM2000PF 
i 

IVM2000PF 
12BE72W . 8BB72W 

037826 I 037825 

TEFC I TEFC 

15.0 10.0 

230/460 230/460 

3 ! 3 

60 60 

2:2 211 

804 (364) 636 (288) 

9 I 5 

6 3 

4 I 2 
I 

24.3 x 19.6 x 25,4 ! 24.1 x 18,6 x 23.9 
I 

! 

61 i x 498 x 645 ! 612 x -li2 x 607 

3" NPSC 2':" NPSC 

'. :",:~ .. " :~'~'. ~ - ~:.,: -: -:; :-.: .'~. . ....... :;.: ;'-:: - ,,.. ;'.\--:-:'~",;'::" :'~'I 

230 

CI>=oC 
1 

I 
I 

i 
I 

<£ 0 ~ 

IVM2000PF IVM2000PF 
I 
I 

808AYi2W I 
038140 037959 

I 

i 
TEFC - I 

7.5 - I 
230/460 - I 

3 - I 
60 - I 
1/1 - I 

579 (262) 378 (171) I 
4 - I 

I 
2 - I 

I 

1 ! - I 

22,6 x 18,7 x 21.1 - I 

574 x 475 x 536 - ! 

2'.2" NPSC I -
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Blowers 

EFFICIENT 
Paxton specializes in powerful but compact blowers for pressure 
and/or vacuum applications. If your requirements fall within the 
Paxton performance range, you probably won't find another 
blower competitive with Paxton's features. 

The belt drive design allows the RM series to be driven with 1/2. 
1,2.3,5,7'1/2,10,15 and 20 HP, Single or Three·Phase. TEFC or 
Explosion PrOOf, motors. We also regularly ship these units with 
complete engines or hydraulic motors. No special foundation or 
vibration isolation is required. Blowers may be mounted in any 
rotation' even upside down. 

COMPACT 
Most Paxton blowers take up less than one cubic foot of space 
and weigh less than 30 Ibs, yet comfortably deliver over 1,000 
CFM. Competitive blowers can weigh from 300 to 2,000 Ibs, 
require heavy foundations, costly silencing equipment, more floor 
space, and present major problems in shipping and handling· all 
factors which represent unnecessary hidden costs. Paxton's 
compact design eliminates these unnecessary hidden costs. 

USED ALL OVER THE WORLD 
Paxton centrifugal blowers are performing vital roles for JHeraUy 
thousands of major food, metal, automotive, photographic, wood, 
aviation, disposal, and chemical companies around the work/. 
Wherever noise, weight or space is a factor, you'll find Paxton 
Centrifugal Blowers. 

CALL OUR ENGINEERS 

AWIDE 
PERFORMANCE 

RANGE 

< 

-

'SO 
. ., 
'10 

." 
'" 

"" 00 ., 
" '" ,. .. 
30 

'" " 

. ~ . " 
. . ...... ' . 

.. ,. '~Z:'i':. 

For costs and delivery information, to accurately specify optimum RPM, BHP1HicI Acceuortes, or to help solve 
a problem, call or write our engineers with your requirements. T"'~ (213)' ~ or FAX (213) 452·8093, 
7:00 am to 3:30 pm Pacific Time. 

231 
Copyright 2011, AHMCT Research Center, UC Davis



PJgTOII 
~)tntrifugaI810wers 

RELIABLE 
Paxton CB models have a unique internal planetary ball drive that 
steps up input shaft speed without gears. Five matched grade 
chrome steel ball bearings within a raceway, machined to within 
±.00005", steps up shaft speed quietly and without vibration. 
Reliable blower·motor set·ups are available with 1/2 to 100 BHP 
motors. Within their recommended performance ranges Paxton 
blowers produce efficiently, are very reliable, and are warranted 
for continuous unattended duty. 

QUALITY 
Blowers with gears and multiple Impellers must be large and 
heavy to stand up. We've eliminate<! those restrictive ......... 
from our blower design and have built a centrifugal blower out of 
aluminum and high-strength steels that is as strong .. any other . 
blower, no matter how large or heavy. 
Each impeller and scroll are machine<! to a perfect fit. And. a 
complete, 100% operational, performance and vibration test Is 
conducted on every blower prior to shipment. 

HOT OR CORROSIVE GAS 
Paxton blowers utilize a fluorocarbon seal that has been proven, 
under extreme conditions, to provide an oil-free gas stream over 
a wide range of ~as conditions. 
For special condItions we produce Paxton blowers In stalnJes. 
steel, monel and hastelloy to withstand high temperature. or 
corrosive gases. 

~·H~r-____________ ~V~A~CU~U~M~ ______ ~.~~~.~.,~~~~,,~,~~.~.~~.~~~~ 
:' :)1-,50 
·O.lO-·~G 1--------------------------1 
"'~-:)(l 

H!- ::~ t-?~::==::::::::.;;;:::;::;~=_=.:;==~:::;;:::::;::;::;;:::::-I 
~.09- '!,j 

_ ';:-'oc 1-"*'~:.......~~~"+~--":.:.....c.:..,...-""'"--~-"'-=-~c__-1 
; ~o2- ~ 
~ }~-~rf~~~~~~ 
:, S '01- '0 

~ U'- e:<: 
;- l¢.d~ so 

~~~~~~~~,~,~~~,~~~~~;~~~ 
Flow in SCFM -.":y,:.,_, v ~~:' ...... _~ l><f'f~" '" .... 

PAXTON CENTRIFUGAL BLOWERS, 929 Olympic Blvd., Santa MQn;c; .... ,~1III,!! 
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PfgToII 
~)tntrifUgal Blowers 

LOW COST, EASY MAINTENANCE 
The RM Series blowers are belt driven from the drive mechanism. The sealed 
bearing design and integral belt drive operate 15,000 . 20,000 hours between 
service. Should the blower fail it can be removed by one man in minutes and 
inexpensively shipped back to the factory for prompt, expert service. Many 
companies that use them extensively have a spare blower head assembly so 
that a unit can be replaced in a matter of minutes with virtually no down time. 

TYPICAL APPLICATIONS 
DRYING/BLOW·OFF 
• Printed circuit boards 
• Steel. plastic. glass sheets 
• Fruits, vegetables, other food products 
• Plastic strand drier 
• Oust removal .. bearings. optic sensors, 

grinding" polishing 
• Fllte .. .,.lt dewatering systems 

PROCESS AIR 
• Flow "'nch testing 
• Purge air 
• Air curtains (fumace •• dusty 

environments) 
• Air cushions (floating air pallets) 
• Power take-off units (farm machinery) 
• Air sampling (laboratory test equipment) 
• Metal and plastic molds and extrusions 

AERATION/AGITATION 
• Plating tanks 
• urge·scale film processing tanks 
• Wastewater treatment tanks 
• Fish ponds and other aquaculture tanks 
• Investment casting (fluidizing sand beds) 
• Fluidized resin (fiberglass. PVC powder. 

etc) 

FROM INJECTION MOLDING 
OR COMPONENT ASSEMBLY UNE 

INOUCEO 
VAC:":UM 

POLLUTION CONTROL AND 
COMBUSTIBLE GASES 

• Exhaust and corrosive fumes - stainless 
steel. monel. hastelloy and other special 
blower materials available 

• Vapor recovery (petroleum. chemical and 
oth.r .torag. tanka) 

• Exhaust t_,stacle scrubbers and 
... cycla .. 

• Exhaust emtaaIon aneIyzer systnts 
• Contalnment ............ .,.­

(nuclear plants) 
• Soil cleanuplfume f'8COYfiT 

landfill sit •• ( ..... thane gas recovery) 
• Digester gas 
• Combustion air 

COOLING 
• Supercomputer cooling 
• Military aircraft ground support 

equipment. missl. launchers. other 
mobil. and airbome n.eds. 

• Environmental t8St chaml:Htrs 

VACUUMIEXHAUST PROCESSES 
• Complete portable vacuum systems 

Vacuum excavation· truck mountad 
• Vacuum holding (packaging procauaa) 

Central vacuum (chips. dust. etc) 
• Pneumatic conveying 

Air sampling (laboratQf'y tast equipment) 

PARTS 
OI$CHARCi;:O 

TO 
COLLECTOR 

OPERATING SPECiFiCATIONS: 
.. '.'·0,:.' ~"'l"I"c:.,r ::lot.'''; '!o!¢ 
.:'::~ . :C~ ;:~V ,jO' ~:.~.\t'"' ICOC::y 
•. '0 0:: ~: zorv~yw";C 
.. ::;~o..t~ X ~:~e"S or Se::..1~::l:or:s 
.. S"¥<c"trC t..rl:S !rQ(!" , .-: 'c 2C _;:l 
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A COMPLETE AIR KNIFE DRYER 
Blower/Air Knife System is complete 

and self contained. ready to run. 
• System ;s bUilt to SUIt your needs. 
• Ideal for conveyors 2 rnc!1es to 24 feet 

wide . 
• Handles speeds 3 to 300 teet/mlr.~te. 
• Reliable. Quiet. COmp3C! and !ignr....,el~r.t. 
• Efficiently replaces :nost cor.:pressec a:r 

and mUltiple low oress:.;re :an sys~er:-:s. 
• E!iminates most hea!er ba:"lks. 
• Great for PC boards. ;J1a.s:!cs. ;;:ass. 

metal striPS. conW"H . .:Ct,.:S ~ia~:r.g, c'::'c,-a. 
bottles. cans an.: ~Ore. 

• Quick delivery er. s:ancarc ...;:-:::S. 

OESIGN FEATURES 
·Ov';!·J;,.o.r:-e~('.s.: 

:>s·;.~~ 
Z2·wce 

• ;O:')l~';'~'''' 26C co: 
• · ... ose "tvOt ~c c& 
• 'S·JC ;.lI':.a.oaC::"1 

:§~~~~~~~' 
• ;.3SY a::::;CS! :t.r.-e :';:, .... 
·l;'C!~ol""" ... ~.,e$ 
• ~OC"'I('C ~oc: :::'.;l,><C 
·51~'e::" '~'cc':;~a:sc 

""0101$ .J.v,lloAC.<1! 
• ' "P:o 2C -~, '..:~''> 
• =.owe~/Mo:C!S ::ce',l:e 

VACUUM CLEANER 
WfTH CYCLONE SEPARATOR 
:t.:NIT Sl--OWf\( tS :;I"'P 5"5:"S'.-\\ 
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Paxton Centrifugal Blowers are performing vital roles for thousands of major food, metal, 
automotive, aviation, disposal and chemical companies, world-wide. 

Paxton specializes in providing complete air knife, vacuum and conveying systems. 
DIMENSIONS ARE IN INCHES. GENERAL TOLERANCE :t .06' EXCEPT WHERE SPECIFICED (- = .50' TOLERANCE). OHJEH = 1.0. HOSE CONNECTIONS. 

CALL OUR ENGINEERS ••• 
BHP and Acc.ssorl.s, or to help 
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BLOWER OUTLET ORIENTATION 
PAXTON MODELS RM I CB I PT SERIES 

~G 

E' 
VIEW A VIEW B VIEW C 

TillS DRAWING IS FOR GENERAL REFERENCE ONLY. . 

"AX I ON "'HJI)UL I ~ INc..... 

929 Ol.YMP'IC UlVO. 

SAMrA MorUCA. CA.l.. 90"0,", 

12131394'2751 

AVAILABILITY OF SPECIFIC ORIENTATION MAY BE LIMITED BY TYPE OF MOTOR ENCLOSURE AND JUNCTION BOX LOCATION. 
AS CB & PT SERIES BLOWERS ARE BASE PLATE MOUNTED BLOWERS, TilEY ARE NOT AVAILABLE IN ORIENTATION E.F.M.N. 
AND VIEW B. 

8/20//34 
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ECLIPSE THERMAL BLAST AIR HEATERS 
H-44-3 
Bulletin 

9/83 
SERIES "TBH" 

COMPLETE HEATER 

Eclipse Thermal Blast Air Heaters are high temperature. 
high pressure. air heaters designed to produce 50 to 400 scfm 
of heated air with a temperature rise of 3000 to 16000 F. at 
pressures up to 50 psi. They are suitable for a wide range of 
industrial heating and drying applications. These include: 
mold and core box heating. water dry-off. paper and fabric 
drying. plastic treating. food processing. air curtains. and 
aggregate drying. 

OPERATION 
Air piping upStream and downstream of the Thermal Blast 

Heater should be sized according to required air flow through 
t\le heater. See page 2 for recommended piping and transitions 
for various ai; flows. For normal operation. air is supplied to 
the burner at a constant pressure and volume. and gas flow 
only iscontrolled. 

ADVANTAGES 
• Nozzle-mixing design 

••• Single valve control 

Exceptional flame stability 
Broad range of discharge pressures 

• Broad range of discharge tempera(Ures 
Easy installation 

IGNITION 
Eclipse "TBH" heaters are furnished with an ignition plug 

which will light the burner anywhere within its operating 
range. The spark plug may be used in either of tWO openings 
provided on the heater (see Dimensions and Specifications. 
page 2). 

FLAME MONITORING 
Flame monitoring may be provided by using either a flame 

electrode or an ultra-violet scanner monitoring the flame. A 
tapped opening is provided on the heater for installing either 
flame rod or scanner (see Dimensions and Specifications. 
page 2). 

DESIGN FEATURES 
Eclipse "TBH" heaters have separate air and gas inlets and 

mixing takes place internally. No complex proportionating 
equipment is required. "TBH" heaters are designed to produce 
high discharge pressures with relatively low blower pressure. 
Air flows straight through the burner. minimizing pressure 
drops. The heater inlet is threaded and outlet is fh.nged fot 
ease of installation. 

ASSEMBLIES 
Eclipse "TBH" heaters are available in either basic or com­

plete assemblies. The Basic Heater consists of heater with 
ignition plus and peepsight. The Complete Heater. pictured 
above. includes the basic heater plus air butterfly valve. gas 
adjusting tee. gas cock. and necessary pipe nipples. 

CAUTION: It ill dangerous to UN any fuel buming equip­
ment unless it is equipped with suitable flame sensing 
device(s) and automatic fuel shut-off valve(s). Eclipse 
can supply such equipment or information on alternate 
sources. 

CAPACITIES 

Boma:R SCFK MlN. GAS PItEIII. BTUIIm. BTu/HlL BTu/llR. !oU.XIJ(t1Ji( DIICILUIClII: _UU:-
CATALOG HEATED IN "W. C. ABOVlC ~~:;.... ~_~o !;._ AT MIN. MlNIIIUJI IN "W.C. FOR VA..B.lOUll BLOWER_ORES 
HUKB.EJl AlII DIIlCHABGE PJUa. TElIP. RIlE" TEMP. mu: & 0&. 

30 4.S 56,500 -\3.250 16.000 300 F to 

dot-1OTBH tOO 5 . .5 1 ;3.000 :36. SOO 32.000 3000 F S 
150 I j' .0 259,000 129.000 'S.OOO 300 F 5 
200 ::/,5 34:5 000 172 500 64 000 3000 F --

84-HTBH 250 ,., 432. 000 ~16. 000 SO.OOO 300 F --
300 B.O 510.000 ~59.000 110.000 3400 F --
350 7.u 605,000 302.500 137. 000 362 F --
,00 '!.5 692.000 396.000 166.000 3840 F --. inputs ao not taJc.e lDtO consu:1eratlon m3.nllold h~at .oss. Actual lnputS wllU be higher by a.mount of heat loss . 

··Temper:a.ture rLSe does not take lnto con:nderatlon manuoid neat loss. Actua.l rlSe wlll be somewha.t less . 
.... .Delivery pressure based on 10' of Pipe between blower and. burner. Loss in extra pipe length must be subtracted 

from del1\'ery pressure. Lo::>::> through bell reducer b.a.s been considered in abo .... e table. 

ECLIPSE COMBUSTION 
A DIVISION OF ECLIPSE. INC. 
ROCKFORD. ILLINOIS 61103 (815)877'3031 

Uoz. 16os. 100&. 
t7 2< 31 
t5 22 29 
t2 t9 26 

8 t5 22 
7 14 21 
3 10 t6 

-- S t5 

-- 3 to 

IN CANADA. eCl.IPSe fUeL eNGINeeRING co OF CANADA.. LTO. DON M II.. I..S. ONTARIO 
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!Wac. 3200 48 ... 
38 

I 
52 79 

36 50 i7 
33 <7 7< 
29 <3 70 
28 <2 69 
23 38 6' 
22 36 63 
17 3t 53 
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4" X 21f," 
REDUCER 

PREFERRED PIPING & TRANSITIONS 

4" x 3" 
REDUCER J" PIPE 

2"PIPE ~ ,...--,t.!_-wY'" 3" PIPE J" x 2" 4" PIPE 

l....-I,I --1..1 Dr--/---J 
HEATER 1 .1 HEATER HEATER I· . I 

JO" MIN. 

_ AIR FLOW--... 

50 - 1 JO SCFM HEATED AIR 

3/4" N. P. T. 
FOR FLAME 
ELECTRODE 
OR SCANNER 

ALTER!'1ATE 
SPARK PLUG TAP 

1/2" N. P. T. 

30" MIN. JO" MIN. 

- AIR FLOW--... --AIR FLOW --... 

131 - 300 SCFM HEATED AIR 301 - 400 SCFM HEATED AIR 

DIMENSIONS & SPECIFICATIONS 

'----- 15-7il6" -------~I 
>---11-1/2" : 

2" 

--:T 
i 8" 

1IHbr--.---t 

---l i- 1-1;4" 

1 
i" 

. 1 
'L I 4-1/8" .., 

SPARK PL UG- 2 HOLES 
180 DEGREES APART 

1/2" N.P. T. 

!'10TE: c==:JIllustrates "Basic Heater." 
~Illustrates additional components included with "Complete Heater." 

Air Inlet in \4" 
8=8;4=2 

CATALOG NUMBER EXAMPLE 

Gas Inlet in \4" 
4 = 4,4 = 1" 

8 4 10 TBH 

Gas Jet Dia. in 1 /32" 
10 = 10/32 = .Oi6 Area Sq. In. 

ECLIPSE COMBUSTION 
A DIVISION OF ECLIPSE. INC. 
ROCKFORD. ILLINOIS 61103 (811S) 877-3031 

Thermal Blast 
Heater 

IN CANAOA: ECLIPSE FUEL. ENGINEEftlNG co. OF CANADA. LTO. OON MILLS. ONTARIO 
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Thermalert ET 
noncontact temperature sensors 

for process monitoring and control 

= i -;t''1<jors mE.:;sur-: :e'-oe!3it..:re m ,"/fT7 . . DaDer and metal 
'.'Od:02 rS 'e;(:,i';::S ""r)~!al-::rc !j('r,[ crvers. a/astle. glass anc 

~e:ai :,"J:f'ii;flr: ~r:t: .-:c'c:r;c r.'l2C.'1tneS. :ooe, class ana 
.,""""'II;af :)rcr,;.';". ~.';C '::C"'·IDm~n! ?inc ':/Icer. Naf"3rs 

'~<;!qr:t-:il' '"':et;:,7 J"G I'/r:'v~ sCfce"N; (1e"'IC~s 
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Noncontact temperature sensors 
offer significant advantages over 
contact devices in many OEM 
applications. 
ET sensors acc:...~ate:'l :T.eaSLie :1":12 
temoerailJre or ,naccess:ble 00· 
Jeets. movlnc ma:er:ai$ ana WeDs 
ihey have ta-s1er resocnse :HTl€S 
than thermocoupies ror :::et:er 
control or orocess healers arc 
lncex!ng. n~!S gives you oe:~er 
control of process cuall:'i ar.c 
allows yOtJ :0 Opllr.'11Ze :hrougno1;: 
andyrelc. 

Rugged, reliable and repeatable 
The ET senes co:nclr.es ser.sor ane 
electroniCS :n a slng1e. :,uggec 
package. They're easy to ,nSlall ane 
Slmole 10 acrusl Anc ET sensors 
generally last longer and reQuire far 
less $ervrce \nar. contact deVices. 

ET sensors use ctgllallcgtc 
clrcuitry!o crov!de reliable. repeat· 
able data over a wide temceraiure 
range. 

Des!gnee for conHnuous 24 ·;'Ol.,r 

operaIton. ET sensors are aV21:aCie 
In two oaslc configurations· 

ET.II-Thermocouple Output 
The ET-II provides slmulalea J. K. R. 
or S type thermocouple oulput for 
use wilh any aisplay. recording or 
conlrol oevlce reqUlnng thermococ;­
pie Input. 

ET·UI-Current Output 
The ET·III provides a 4 to 20 mil. 
current output for use with anv 
display. recording or cOntrol deVice 
requIring a current In out. The E.-ill 
has lour selectable temoerature 
ranges. 

Models are availaole lor measc;r­
Ing glass. plasncs, ana nigher 
temperature targets, All models 
Include a mounting nut. f!xec 
bracket and Inlerconnectlnc caole 
for easy InstaHallon. -

Both the ET-II and III can be 
customlzed to meet specific iem· 
perature apolicanons. 

:IRaytek-
P10neerrng Infrared Tecnnology 
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OtSTANC£. SENSOR fO OIt.lECT .IHI 
OISTAHCE SENSOR 1"0 08JEC-:" ,., 

:)ISTA $EN "OO&.J£CT 

,:4+ 10' .", 'N 
~ 

,,' .,.. ! { 
., lC " go 'ZO 

~ 
ET2l T ET3LT 1.··.p 

'I, 
E"!"2LT ETjL -: a ", 

O.10~ 

~ 413" ~ " " , .. 
0:5.33:1 OS = 30'1 0:$ = 17'1 

~ + ~ '0 .• + 
" ,$17k", 

a ,,+ CLOSE FOCUS a + " ~ " to '00 .'" 'to ,,. ,.. ~ .. '00 '" 
,.. ~ '" to '00 'to 

"0 ,to no 
CHSTAHCE SENSOR TO OaJECT .CMI DISTANCE SENSOR TO 08JECT lCM\ 

DISTANCE SEHSOA TO oeJECT ICM\ 

OI$TANC£ SENSOR TO oeJ1CT INI STA •• TO 8.1 CT IN DISTANCE S£NSOfiI TO O8.I£CT ,IH) 

! 
. , lC .. to ,,. 

! '" to ,,. 
! " '" to to 

ET2HT. EnHT a O.:W a ET2G5. EnG5 

~ .', 0', 
,. , ", ~ 

~ •• < 

~ '-' " " , , ,. 
"J: :t , , 

~ 0:5 = 35:1 0:5 .. 33;1 ~ 0:$:11; 33:1 - + ~ ,.+ ,.+ ,.+ ., • ..+ ,,+ + ~ + .,+ '.1 ~ Ok'" '.0 .,+ + a STANDARD FOCUS a ~ a ... 
~ i ""m 

~ '" .. '00 ' .. ,to "" 2t4 20 eo '00 74O , 20 to 70O , .. ,to "" DfSTANCf. SENIOft TO ot.JI.CT.(CMI OtSTANCf: saNlOfll TO a..tECT.ICMl OtIT.l.HCI:UHIOfiI TO OI.JECT.ICM) 

SPECIFICATIONS ET2LT ET3LT ET2G5 ET3G5 ET2P7 I ET3P7 I ET2HT ET3HT 

Measurement ranges 

Soec:ra: response 

AcCl..raey 

ReoeataOtli!'y 

EmISSIVIty 

l=IeSDonse lime 

Power 

V·bratlon 

4rrOIent operattng 
rar"lge 

8 fa 14 Mioons ILow Temp j Nominal 52 Moons {Glass} Nominal 79 MIcrons (PlaShC) 

!OO of Aeadln~ above '50 F (65 C). 2 S"F (! 4'C) or bener. belOw !SO F (6S"C) 

-05°0 of Reading ',' dIgIt For C 

o '0 to 10 dIgItally aClJustaole 

300 mSec (ao ."Sec option) 

AdJustaOle Peak HOld. VarIable AveragIng Filler 

12 VAC nominal. 100 mAo 50 !O 60 Hz 

NEMA·4 (lEC529. t?65) with conduit & compreSSIOr"l t'nlng 

MIL STO 8100 (lEG 68·2·6) 3G's. any aX's. 11 10 200 Hz 

Mil STO 8100 (lEG 68·2·27) 500'5. 11mSec any '''5 

32 to 120 F 10 10 50 C) wIthout cooling 32 to 350~F (Q to H7~\ -Nlm cooling 

ConnecltOf' DetachaOle '5 It (45 ITo) caole standard 

DimenSIons (L . O'al 70 225"" ('S 57 crn) Standard 70 30 ,n (18 76crJ ,.,', .... :oourg 

Welgnt • 2 lOS (05 Kg) Standard. 17 Ibs (OB Kg) with COOhng 

Oorlons Water-air cooleO hOUSIng (Includes air purge collar) 50 f! (15 rnl :aole '00 ~ (30 m). 200 ft (60 m) cable 

80 mSec standard 

,.. 

"" 
" , 

= ,,+ 
2t4 

(mu.tM~~) __ ~~~IS~T~C~a~"b~r~al~,o~n~G~e~r~"'~~~t~~~n~.~K~.S~T~~~d~a~~o~u~lp~u~I __________________ ~~~~ ________________________________ 1 
).ccessofles Aif purge collar. sighting vteWer. nght angle 'TurrOt. Oloe aoaotor swn,e! oracket. 11Qi220 VAC to 12 VAG power supply 

"ReOlslereo Tr8C1emarl( 01 RayTek. Inc" TraClemarl( Of Ray'e" Inc 

Raytek offers a full line of noncontact temperature measurement products for a Wide range of applications. Both portable 
and online units are available. For additional InformatIon or a free product demonstration. contact Raytek at (800) 227-8074 
In the Continental US. or 1408) 458-1110 or your local Raytek representative. 

239 

=IRaytek~ 
(800) 227·8074 
1201 Shatter Roac!. Box 1820. 
Santa Cruz. CA 95061-1820 
Phone (408) 458-1110 Telex 171890 
FAX 408-458-1239 

Pioneering Infrared Technology 
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E.3 - Sealant Applicator 
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B 7 6 5 4 3 2 

'819CJ lIAS I 00 
JJI K.It DAB 

@ K.ltlMI 

D D 

36 ITEMe A132 6061-T6 I 1 
35 ITEM# A131 6061-T6 I 1 
34- ITEM# A130 304- 55 I 2 
33 DC MOTOR GRAINGER H4Z529 
32 ITEM# A129 300 SERIES S5 
31 RUBBER RING 

30 ITEM# A200 SUB PS5Y 6061-T6 11 
29 lTEM# A128 6061-T6 l' 
28 ITEM# A127 OIL IMPREG BRONZE 12 

CI I I I I IUl X/_ bQd ~ 127 ITEM# A126 6061-T6.1 1 1 C 
26 ITEM# A125 6061-T6 

25 ITEMII A124 6061-T6 
24 ITEMU A123 6061-T6 
23 ITEMII A122 6061-T6 

22 ITEM# A121 6061-T6 
21 ITEMI/ A120 6061-T6 

20 ITEM# A119 6061-T6 

@ r 19 ITEM# A118 1018 STEEL 

18 ITEM# A117 1018 STEEL 
17 ITEMH A116 300 SERIES SS 
16 ITEM# AI15 6061-T6 

i 1~~~(2O) 
15 ITwD A114 6061-T6 @)-1 I *=f )1 f; I 14 ITEMI/ A113 6061-T6 

I 13 ITEM# Al12 G-l0 or 7 
BI 9 ~ I 12 ITEMII Alii 300 SERIES SS B 

11 ITEMH All0 6061-T6 
10 ITEMII Al09 6061-T6 
9 ITEM# Al08 6061-T6 

8 ITEM# Al07 6061-T6 
7 ITEM# Al06 6061-T6 1 

6 ITEM# Al05 6061-T6 1 
5 ITEM# Al04 G-l0 or 7 2 
4 ITEMU Al03 G-l0 or 7 1 
3 ITEM# Al 02 THOMSON SHAfT MOD. 3 

2 ITEM# A1Dl 6061-T6 
1 ITEM# Al00 6061-T6 

~ II~~.I ,/OIJ(}IClATUtC / I ~~~(oo I~ 1l<SrnI'11011 

AI \ 
PAR T l. 1ST IA ~ u.tas onvt'tls( NOTro: UNIVERSITY OF CAlJFORNlA. DAVlS , ........ 

MECHANICAl. ENCtlEERlOO O£PNUI.ENT .xx ... NiCl..[S :l:0.s-
.><XX :1.005 ~ nn.t S(AlNlT APPlJCAT[R ASSY 

lIAS KJH DJO tulS/9/91 
DAB K.II DJD -.,. 

N'f"f«DAB ~ lo1.25 SHRP<APSlSH-A 

." D mc.x.a smp PRIU:cT 

B 7 6 5 4 3 2 1 Copyright 2011, AHMCT Research Center, UC Davis



4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 00/01/91 'vI'vIN DAB 

D D 

17,547 

I-- I--

- L600 l - 0,92 ,..-

~ 3x 0.125 

¢1.
3121 0.120 - -

C r- J C 
~JT//7J/7J t 1------- -- ---- -- -~ -- ----:fo , 

- 1---- -!- -- ¢1.126 ¢1.500 

t ~ I--
------ ///////////.-1 V AL-

I--

&& II 1I4-12UNF THD. TO DEPTH SHOIoIN 
HL5 NPT -" ~ 2x ¢1.313 

f- 1.250 

B B 

1 TUBE 12l1.5DDx1.0IDxI8.467LDNG 6061-T6 ALUMINUM 1 

ITEM I PART / NOMENCLATURE / MATERIAL / OTY 
NO. ID NO. DESCRIPTION SPECIFICATION REOD 

- I--
PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± ,01 ANGLES ±O.5' MECHANICAL ENGINEERING DEPARTMENT 

.xxx ±.OO5 6.y TITLE INSIDE PIPE A A 
NOTES: UNLESS OTHER'vIISE SPECIFIED DESIGN DAB 8. KJM DATE 08/01191 SEALANT APPLICATOR 

1. BREAI< ALL SHARP EDGES, DRAWN'vIN OTY 1 I DRAWING NO. 

2, HARD BLACI< ANODIZE APPRV DAB SCALE 1.1 I SHRP(APS)SM-AlOO 
RELEASE DAB SIZE B I SHT IPROJECT SHRP PROJECT 

4 I 3 I 2 I 1 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 
A INITIAL RELEASE 08/1/91 \.,I \.,IN DAB 

D D 

13,867 
-

~I 
~ 

0.499 -

¢2,250 0,120 -

~ 
C C ~///////// 

. t 
w1.875 

i-- - -- - -- - -- - -- - -- --- -- --------------- ------------ -

f--- ¢2,125 f--

V / / / / / / / / / / / / / / / / / b='i Vt\ ~ 
B && 

2'1I[6UNS THD. TO DEPTH SHOIIN ~ B 

I TUBE 1'l2,250Dx1'l1.875IDx15LONG 6061- T6 ALUMINUM I 

ITEM I PART / NOMENCLATURE / MATERIAL / OTY 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

I- r---I 
PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± ,01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

NOTES: UNLESS OTHERWISE SPECIFIED .xxx ± .005 6~ TfTLE OUTSIDE PIPE A A 
1~ BREAK ALL SHARP EDGES DESIGN DAB & KJM DATE08/1/91 SEALANT APPLICATOR 
2 HARD BLACK ANODIZE DRAWN \.,IN DTY I I DRAWING NO. 

APPRV DAB SCAlE 1,1 I SHRP(APS)SM-AIOI 

RELEASE DAB SIZE B T SHT I PROJECT SHRP PROGRAM 

4 I 3 I 2 T 1 Copyright 2011, AHMCT Research Center, UC Davis



D 

I--

c 

I--

B 

4 I 3 1 2 I 1 
REVISION 

LTR I ZONE I DESCRIPTION DATE I DRWN lAPP 

A I I INITIAL RELEASE 08/01/911 \.I\.IN I DAB 

0.500 1 I 5.500 I I 

-~~~ J ::D RELlEF (110.500 ] 

1/4-20UNC THD. 
0.80 DEEP 

3/8-16UNC THD. A 
TO DEPTH SHO~N ~ 

ITEM PART / 
NO. ID NO. 

¢O.500x6.000 

NOMENCLATURE / 
DESCRIPTION 

THOMSON SHAFT 

MATERIAL / 
SPECIFICATION 

3 

OlY 
REOD 

D 

I--

c 

I--

B 

1--1 I--

A NOTES: UNLESS OTHER'vIISE SPECIFIED 
1. BREAK ALL SHARP EDGES. 

4 I 3 I 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

.XX ± .01 ANGLES ±O.S' 

.XXX ± .005 6,y 

PART LIST 

UNIVERSITY OF CALIFORNIA. DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

TITLE STAND OFF 

DESIGN DAB & KJM DATE 08/01191 SEALANT APPLICATOR 

I DRAWN \.IN t I Q1Y 3 ==1 DRAWING NO. 
APPRV DAB SCALE 111 SHRP(APS)SM-AI02 

RELEASE DAB I SIZE B 1 SHT iPROJECT SHRP PROJECT 

2 1 

A 
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D 

f---------

c 

f---------

B 

f---------

A 

4 1 3 I 

I 

,~ 
o.o::-T 

3x <;10.125 HOLE, THRU 
ON A <;15.280 B.C. 

/ 
/ 

1 

------
./ I 

--------
& 

~ 
" 
\ 

\ 

/ --1 

-+1--- ---ll \ I 

\ / 
\ I 

I 

" / . . ~ ,/ 

" / ~--- --
4 I 3 1 

2 I 1 
REVISION 

LTR I ZONE DESCRIPTION DATE I DRWN lAPP 

A INITIAL RELEASE OS/01l9111J1JN I DAB 

f/J 2.25 

ITEM PART / 
NO. ID NO. 

NOTES: UNLESS OTHERVIISE SPECIFIED 
1. BREAK ALL SHARP EDGES. 

¢6.00xO.062 

NOMENCLATURE / 
DESCRIPTION 

PART LIST 

G-IO or G-7 

MATERIAL / 
SPECIFICATION 

QTY 
REQD 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

.XX ± .01 ANGLES ±0.5' 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6-V 
DESIGN DAB 8. KJM DATEOB/01l91 

TITLE INSULATING IJASHER 

SEALANT APPLICATOR 

I DRAWN IJN I QlY I DRAWING NO. 

N'PRV DAB SCALE hi SHRP(APS)SM-A103 

RELEASE DAB I SIZE B I SHT I PROJECT SHRP PROJECT 

2 1 1 

D 

I--

c 

I--

B 

I--

A 
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4 3 T 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 08/01/91 \J\JN DAB 

D D 

I ,~ , 
I 

0,06;T I r-- -

C 1 04,620 
C 

I 
I 

~-t--" ~ 
I--

02,250 / I ' -

;' ! '~ 4x CLEARANCE HOLE FOR 10-32 SCREW' 
ON A 03,54 B.c, 

~-t---- --~~~ 
B B 

, i ,/ 
1 ¢5.00xO.250 G-lO or G-7 2 

, "I / ITEM I PART / NOMENCLATURE / MATERIAL / QTY 

~ -4 " NO. ID NO. DESCRIPTION SPECIFICATION REQD 
- - -~ ~ 

PAR T LIS T 
I 

ill I 
UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 

TOLERANCES 

T .XX ± .01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y 
A TITLE INSULATING \JASHER A 

NOTES: UNLESS [JTHERVIISE SPECIFIED DESIGN DAB 8. KJM DATE 08/01191 
1. BREAK ALL SHARP EDGES. DRAWN 1,/. NEDERBRAG QTY 2 I DRAWING NO. 

APPRV DAB SCALE !II I SHRP(APS)SM-A104 

RELEASE DAB SIZE B I SHT IPROJECT AHMT PROGRAM 

4 1 3 I 2 I 1 
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4 3 

D 

c A 

B 

A 

SECTION A-A 

4 3 

A 

--~ 

4x CLEARANCE HOLE fOR 10-32 SCRE'" 
EQUALLY SPACE, ON A ¢3.54 B.C. 

2 

3x CLEARANCE HOLE fOR A 1/4-20 SCRE'" 
¢0.500 C'BORE TO DEPTH Of FINS <0.500), 
EOUALL Y SPACED, ON A ¢7.520 B.C. 

ITEM 
NO. 

PART / 
ID NO. 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

1 
REVISION 

LTR I ZONE OESCRIPTlON DATE I DRWN lAPP 

A INITIAL RELEASE 08/011911 WN I DAB 

NOTES' UNLESS OTHERWISE SPECifiED 'l BREAK ALL SHARP EDGES 
2 HARD BLACK ANODIZE 

(69.000 x 1.000 

NOMENCLATURE / 
DESCRIPTION 

PART LIST 

6061- T6 ALUMINUM 

MATERIAL / 
SPECIFICATION 

OTY 
REOD 

UNIVERSITY OF CALIFORNIA, DAVIS 

.XX ± ,01 ANGLES ± 0.5' MECHANICAL ENGINEERING DEPARTMENT 

.xxx ±.005 6,y TITLE HEAT TRANSFER FINS 

DESIGN DAB 8. KJM DATE 07 131191 SEALANT APPLICATOR 

DRAWN VlN QTY 

APPRV DAB SCALE 

RELEASE DAB SIZE C T SHT TPROJECT SHRP PROJECT 

2 I 1 

D 

c 

B 

IA 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 07/31/91 \d\dN DAB 

D D 

r ,680 f 

~ I 
1.242 REF. 

-

t 
-

I 

t L31.J C C 

SECTION A-A 

NOTES: UNLESS OTHERWISE SPECIFIED 
I--- 1~ BREAK ALL SHARP EDGES 

-

2 HARD BLACK ANODIZE 

B 
I B ¢1,482 

¢O.400 ,---- 1 ~1.5x1.25 6061- T6 ALUMINUM 1 -, ITEM I PART / NOMENCLATURE / MATERIAL / QTY 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

r--
A -

I A PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS && TOLERANCES 

.XX ± ,01 ANGLES ±OS MECHANICAL ENGINEERING DEPARTMENT 

.xxx ± ,005 
6-V A 

TITLE CONE A 
DESIGN KJM 8. DAB DATE 07/31191 SEALANT APPLICATOR 

DRAWN \dN OTY 1 I DRAWING NO. 

APPRV DAB SCALE 1.1 I SHRP(APS)SM-A106 

RElEASE DAB SIZE B I SHT IPROJECT SHRP PROJECT 

4 I 3 I 2 I 1 
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4 3 I 

I--- (Il2.250 --

D 

1 1/4-12UNF THD. THRU 0.120 

: --2 1/16-16UNS THD. . 
TO DEPTH SHO\olN 

I--

.~ 
f 0.52 

t 
1.921 

c j 
(Il1.803 SECTION A-A 

I--

B 

&&1 r 3x 4-40 HELl-CDIL 
0.80 DEEP, ON A (Il2.026 B.C. 

~ -, "', /-< 
I-- 30· 30· 

A 

-~ 
A A 

~I~ 3x 0.520 

4 3 1 

2 I 1 
REVISION 

LTR I ZONE DESCRIPTION DATE I DRWN lAPP 

A INITIAL RELEASE 071311911 \,I\,IN I DAB 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 
2) HARD BLACK ANODIZE (MASK 4-40 HOLES) 

ITEM 1 PART / 
NO. ID NO. 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

¢2.25x2.00 

NOMENCLATURE / 
DESCRIPTION 

PART LIST 

6061-T6 ALUMINUM I 1 

MATERIAL / I QTY 
SPECIFICATION REQD 

.XX ± .01 ANGLES ±O.5' 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y 
TITLE CONE -STOP 

DESIGN KJM 8. DAB DATE 07/31191 SEALANT APPLICATOR 

f DRAWN \,IN I QlY I DRAWING NO. 

APPRV DAB SCAlE 1.1 _ .. SHRP(APS)SM-A107 
RELEASE DAB I SIZE B I SHT IPROJECT SHRP PROJECT 

2 1 

D 

I--

c 

I--

B 

I--

A 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 
A INlTIAL RELEASE 07131191 \oI\oIN DAB 

D D 

o --I 1== (ll0.400 
.14 J t I I -I 3x 1.125R 

- !t~::Z ~ 
0.250 0 5]-

0.125 (ll Thru 

C SECTION A-A C 

- -

30· k ffi & 
3 1246R /\ i NOTES: UNLESS OTHERWISE SPECIFIED 

x . I ¢1.482 1) BREAK ALL SHARP EDGES 
B I i 2) HARD BLACK ANODIZE (DO NOT MASK HOLES) B 

_ _ _ _ I ____ I 3x 0.500 1 ¢2.500xO.25 6061- T6 ALUMINUM 1 r I ITEM I PART / NOMENCLATURE / MATERIAL / QTY 
_ I f NO. ID NO. DESCRIPTION SPECIFICATION REQD I--

PART LIST 
A I A 

I 
UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA DAVIS 

"'..... TOLERANCES I i I .XX ± .01 ANGLES ±0.5· MECHANICAL ENGINEERING DEPARTMENT 

30. I-- 3x DRILL & C'SINK FOR .XXX ± .005 64/ TITLE CONE SUPPORT ISPRING HOLDER A I 4-40 FLAT HEAD SCREVI V A 
ON A ¢2.026 B.C. DESIGN DAB & KJM DATEO? 131191 SEALANT APPLICA TDR 

DRAWN \oIN ON 1 I DRAWING NO. 

APPRV DAB SCALE 111 I SHRP(APS)SM-AI08 

RELEASE DAB SIZE B I SHT I PROJECT SHRP PROJECT 

4 I 3___ I 2 ___ I 1 
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D 

c 

B 

A 

4 

/~.~ 
,<y"---l 

, '" ' r- '00" ~ 
,~ 

2, 3/8-18 NPT, EQUALLY SPACED 

4 

3 

3 

2 1 
REVISION 

LTR I ZONE I DESCRIPTION DATE I DRWN lAPP 

A I I INITIAL RELEASE 00/02/91 WWN I DAB 

~~dli:e}Us~~c~~"o2'~ ~~E~8 NOTES; UNLESS OTHERWISE SPECIFIED 

1.875 ~ 

3.670 ~ 

2.250 ~ 

A 

4, DRILL C'SORE(OPPOSITE SIDE) FOR 
A 10-32 SCREW, EQUALLY SPACED 
ON A 03.54 B.C. 

~4.293 ITEM 
NO. 

PART I 
ID NO. 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

1) BREAK ALL SHARP EDGES 
2) HARD BLACK ANODIZE (MASK HOLES UNDER .M) 

M.293 x 2.72 

NOMENCLATURE I 
DESCRIPTION 

PART LIST 

6061-T6 ALUMINUM 

MATERIAL I 
SPECIFICATION 

QTY 
REQD 

.XX ± .01 ANGLES ± 0.5' 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

.xxx ± .005 6~ 

DESIGN DAB & KJM DATE 08/02/91 
DRAWN WN 
APPRV DAB 
RELEASE DAB 

2 

TITLE INLET FOR HOT OIL 

SEALANT APPLICATOR 
OTY 

SCALE 

PROJECT SHRP PROJECT 

1 

D 

c 

B 

A 
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D 

c 

B 

A 

4 3 2 1 
REVISION 

lTR I ZONE DESCRIPTION DATE I DRWN lAPP 
0.406 A INITIAL RELEASE 00/02/911 \oI\oIN I DAB 

t="~ ~1W£~ 
0,725 0'11~ 

B 19/12 I KJM I KJM THICKNESS CHG TO 0,725 

SECTION A-A 

ffi& 
I 

g ---~ ------// ---

A A 

\ 

~ 
~/ 

---- r---

4 3 

6x DRILL FOR 10-32 SCRE\oI 
EQUALL Y SPACED, ON A 955,437 B,C, 

955,000 

956,686 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 
2) HARD BLACK ANODIZE (MASK HOLES UNDER 11>0,50) 

ITEM PART / 
NO. ID NO. 

956,686 x ,500 

NOMENCLATURE / 
DESCRIPTION 

PART LIST 

6061- T6 ALUMINUM 

MATERIAL / 
SPECIFICATION 

QTY 
REQD 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

.XX ± ,01 ANGLES ±0.5" 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± ,005 6-V 

DESIGN DAB 8. KJM D .... TE 08/02/91 
DRAWN \oIN 
APPRV DAB 
RELEASE DAB 

2 

TfTlE V-BELT PULLEY 

SEALANT APPLICATOR 
OTY 

PROJECT SHRP PROJECT 

1 

D 

c 

B 

A 
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4 I 3 I 

I 

":@ ;b[ 
L_I -$- V

J ±-~ 0.125 

0,500 0,313 

I I SECTION A-A 

D 

I-

c 

I 

1 
I-- ~4.125 I 

I ~5,OOO 

I 
I 

B I !\\-----!--- -In 
I 

I-

I 

I 
A T 

4 I 3 I 

2 I 1 
REVISION 

LTR I ZONE OESCRIPTION DATE I DRWN lAPP 

A INITIAL RELEASE 00/02/911 \{wN I DAB 

4x 11 4-20UNC THD, HOLES 
EQUALLY SPACED 

ITEM PART / 
NO. ID NO. 

NOTES, UNLESS DTHER\JISE SPECIFIED 
1. BREAK ALL SHARP EDGES, 

~5,OOO x ,50 

NOMENCLATURE / 
DESCRIPTION 

PART LIST 

300 SERIES SS 

MATERIAL / 
SPECIFICATION 

OTY 
REOD 

UNLESS OTHERWISE NOTED; 
TOLERANCES 

.XX ± ,01 ANGLES ±0.5' 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y 
TITLE SPACER 

DESIGN DAB & KJM DATE08/02/91 SEALANT APPLICATOR 

I DRAWN \oIN I QlY I DRAWING NO. 

APPRV DAB SCALE 111 SHRP(APS)SM-A111 

RELEASE DAB I SIZE B I SHT I PROJECT SHRP PROJECT 

2 1 

D 

I--

c 

I--

B 

I-

A 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 00/02/91 \/\/N DAB 

D D 
I t 

P??? 2 2? 2 2 2 ZI I 12 Z Z Z Z 2:Z 2:2 2 a 

I 0,062 ] 
I-- I--

SECTION A-A 

C C 

1 
9)2,250 

I 

I--

I 
9)4.185 I--

-l-

I 
NOTES, UNLESS OTHERIJISE SPECIFIED 
1. BREAK ALL SHARP EDGES, 

B I B , --- --- --- +-- -, 1 9l4.185xO,062 G-IO or G-7 1 
I 

A I 
A 

ITEM I PART / NOMENCLATURE / MATERIAL / QTY 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

- r--
I PAR T LIS T 

I 
UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 

TOLERANCES 

.xx ±,01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.xxx ± ,005 6~ A 
I 

TITLE \/ ASHER A 
DESIGN DAB 8. KJM DATE 08/02/91 SEALANT APPLICATOR 

DRAWN \/\/N OTY 1 I DRAWING NO. 

APPRV DAB SCALE hi I SHRP(APS)SM-A112 

RELEASE DAB SIZE B I SHT IPROJECT SHRP PROJECT 

4 I 3 I 2 I 1 
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D 

I--

c 

I--

B 

f---

A 

4 

0.127 

0.440 4--h 

I 3 I 
SECTION A-A -------------------

~¢ 5.793 4 
~. 4.5000 1 1 J 

1~063: __ ~ 
TI.. ¢ 8.250 .. It 

I 

I 
I 

I 

A 

/ 

~ 

(9) 

~" 

-F 
• 

I ,. 
© A 

1.000 

¢ 8.500 

2 I 
REVISION 

LTR I ZONE DESCRIPTION 

A INITIAL RELEASE 

DRILL AND C'BORE 
FOR 10-32 SHCS 
6 HOLES EO. SPACED 
ON 7.64 DIA. B.C. 
THRU 

- -tfo-r -- --1- -+-+ ---- J 3/8-16 HELICOIL 
-----Ll--~ 3 HOLES EO. SPACED 

J ,. ON 7.52 DIA. B.C. 
THRU 

1/4-20 UNC-2B ~ 
3 HOLES EO. SPACED 
THRU TO 4.500 DIA. © 

(9) 
4-40-UNC-2B 

'---- 3 HOLES EO. SPACED 

1 

DATE I DRWN lAPP 

8911 KJMIDAB 

D 

I--

c 

I--

B 
ON 5.28 DIA. B.C. I 

/\.. b.. .50 DEEP 11 08.500 x 1.000 6061-T6 ALUM 1 

4 

~ ~ liTEM PART / NOMENCLATURE / MATERIAL / OTY 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 
2) HARD BLACK ANODIZE (MASK TAPPED HOLES) 

1 3 I 

NO. 10 NO. DESCRIPTION SPECIFICATION REOD 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

.xx ± .01 ANGLES ±0.5' 

PART LIST 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

r--

.xxx ± .005 6..y 
TITLE Top-Ring <of lower o.sseMbly) I A 

DESIGN DAB DATES/2/91 

DRAWN DJD/KJM OlY I DRAWING NO. 

SCM£ 1.2.25 SHRP(APS)SM-AI13 APPRY DAB 
RElEASE SIZE B I SHT I PROJECT SHRP PROGRAM 

2 1 Copyright 2011, AHMCT Research Center, UC Davis



4 3 2 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 KJM DAB 
Vi 6.500 

D Vi 5.0000 D 

10-32 UNF-2B 
4 HOLES EO. SPACED 
THRU 

L 
0.125 2XJ I- ¢ 4 760 ·1 

C c 
SECTION A-A 

10-24 HEll-COIL 
6 HOLES EO. SPACED 
ON 5.437 DIA. B.C . 
. 875 MAX. HOLE DEPTH 

A A NOTES: UNLESS OTHERWISE SPECIFIED 

B 1) BREAK ALL SHARP EDGES B 
2) HARD BLACK ANODIZE (MASK TAPPED HOLES) 

1 ¢6.686 x 1.875 6061-T6 1 
ITEM PART / NOMENCLATURE / MATERIAL / OlY 
NO. ID NO. DESCRIPTION SPECIFICATION REOD 

PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
¢ 6.686 TOLERANCES 

.xx ± .01 ANGLES ±0.5' 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6~ TITLE Rota. tion Block A A 
DESIGN DAB/KJM/DJD DATE8/2/91 

DRAWN KJM/DJD QTY 

APPRV DAB SCALE 

RELEASE PROJECT SHRP PROGRAM 

4 3 2 1 
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4 I 3 I 2 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 KJM DAB 

D D 

-1 I- 0.8000 
.--- A 

I/J 4.500 
I-- I--

I I I/J 4.125 

I 
C C 

I/J 4.185 - - - - - - - - - - +-

L I 
I 

I-- -

ffiffi --- A 

B 
8.650 

B 

SECTION A-A 1 TUBING 4.50Dx4.125ID 6061-T6 ALUM. 1 
ITEM PART / NOMENCLATURE / MATERIAL / 01Y 
NO. ID NO. DESCRIPTION SPECIFICATION REOD 

I-- I--
PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.xx ± .01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ±.OOS 6~ TITLE Outwulll A A NOTES: UNLESS OTHERWISE SPECIFIED 
DESIGN DAB/KJM/DJD DATE8/2/91 

1~ BREAK ALL SHARP EDGES DRAWN DJD/KJM OTY 1 I DRAWING NO. 

2 HARD BLACK ANODIZE APPRV DAB SCAlE !l1.S I SHRP(APS)SM-A115 
RELEASE SIZE B I SHT IPROJECT SHRP PROGRAM 

4 I 3 I 2 1 Copyright 2011, AHMCT Research Center, UC Davis



4 I 3 1 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 KJM DAB 

D D 

A 
f--

C/J 5.000 
f--

I C/J 4.760 

C C 

- - - - - - - ----

\ 

f-- f--

---
B I- 7.192 ,I A 

B 

&& 
1 TUBING 5.00Dx4.76ID 304 SS 1 

SECTION A-A ITEM PART / NOMENCLATURE / MATERIAL / OTY 
NO. 10 NO. DESCRIPTION SPECIFICATION REQD 

f-- I--
PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.xx ±.01 ANGLES ±0.5' 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6~ TITLE Outwo.ll2 A A 
NOTES: UNLESS OTHERWISE SPECIFIED DESIGN KJM/DAB DATES/2/91 

DRAWN KJM/DJD DTY 1 J DRAWING NO. 
1~ BREAK ALL SHARP EDGES 

APPRV DAB SCALE 111.5 I SHRP(APS)SM-A116 
2 HAVE A NICE DAY! 

RELEASE SIZE B I SHT TPROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 KJM DAB 
SECTION A-A 

D 0.250 
D 

~ 
9 I 9 

t 
- I -

1. 
0 6.814 

C C 
0 7.000 

A I A 
,---- I--

- - - -

NOTES: UNLESS OTHERWISE SPECIFIED 

B 1~ BREAK ALL SHARP EDGES 
2 ZINC COATING B 

I 

I 1 TUBING ¢7.0x.25 1018 1 
ITEM PART / NOMENCLATURE / MATERIAL / QTY 
NO. 10 NO. DESCRIPTION SPECIFICATION REQD 

,----

&~ 
I--

PAR T LIS T 

UNLESS OTHERWISE NOTED; UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± .01 ANGLES ± 0.5' 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y 
A 

TITLE Hoop1 A 
OESIGN DAB DATES/2/91 

DRAWN KJM 01Y 1 I DRAWING NO. 

APPRV DAB SCAlE \11.5 I SHRP(APS)SM-A117 
RELEASE SIZE B I SHT IPROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 Copyright 2011, AHMCT Research Center, UC Davis



4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

i 

~ 
1.250 A INITIAL RELEASE 891 KJM DAB 

D I I D 

f 
I-- SECTION A-A -

C C/J 6.500 C 

I 
C/J 6.686 

- A A I--

I 

NOTES: UNLESS OTHERWISE SPECIFIED 

B 1~ BREAK ALL SHARP EDGES B 
2 ZINC COATING 

I 

I 
1 TUBING 6.750Dx1.25LONG 1018STEEL 1 

ITEM PART / NOMENCLATURE / MATERIAL / OTY 
NO. ID NO. DESCRIPTION SPECIFICATION REOD 

f-- I--
PAR T LIS T 

&& UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± .01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y TITLE Hoop2 A A 
DESIGN DAB DATES/2/91 

DRAWN KJM QTY 1 , DRAWING NO. 

APPRV DAB SCALE 1,1.5 I SHRP(APS)SM-A1I8 

RELEASE SIZE B I SHT I PROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 
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4 .. 3 2 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 DJD DAB 
B HOLE PLACEMENT 991 KJM DAB 

D D 

¢ 6.754 --.1'-- 0.1250 

C C 

~QIES' lml ESS QltlEBWISE SEECIEIED 
.201 DIA. 1 ~ BREAK ALL SHARP EDGES 
4 HOLES ON 2 HARD BLACK ANODIZE 

8.000 DIA. B.C. 
LOCA TION SHOW'N 
THRU 

B B ¢ 8.500 
.201 DIA. 
7 HOLES EO. SPACED 
ON 8.000 DIA. B.C. 8.50Dx6.865IDx.125 6061-T6 ALUM. 

THRU ITEM PART / NOMENCLATURE / MATERIAL / OTY 
NO. ID NO. DESCRIPTION SPECIFICATION REOD 

&~ 
PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.xx ± .01 ANGLES ±0.5' MECHANICAL ENGINEERING DEPARTMENT 

.xxx ±.OO5 6,y TITLE Inner Spo.cer A A 
DESIGN DAB/DJD DATE8/5/91 

DRAWN DJD OlY 

APPRV DAB SCALE 

RELEASE PROJECT SHRP PROGRAM 

4 3 2 1 Copyright 2011, AHMCT Research Center, UC Davis



4 3 2 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 8/5/91 DAB DAB 

D D 

/' 

A A 
0.02 slice 
Thru Wall 

+ 
C 

J 
C 0.220 ¢ Thru ~~B 3X Eq Spaced 

On A 3.70 ¢ Be 

DETAIL B 
Scale 3: 1 

B 
SECTION AA B 

r-- 3.3
1
6 ¢ ----1 0.26 1 ¢4.10XO.91 6061-T6 

i i ITEM PART / NOMENCLATURE / MATERIAL / QTY 

U I I 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

l .\ ,- 0.91 PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

~4}O¢~~! 
.xx ± .01 ANGLES ± D.S' MECHANICAL ENGINEERING DEPARTMENT 

.xxx ± .005 6-y TITLE STRAIN PLATE LOCK A A 
DESIGN DAB DATE 8 2 91 SEALANT APPLICATOR 

DRAWN DAB QlY 

APPRV DAB SCALE 

RELEASE SIZE PROJECT SHRP PROJECT 

4 3 2 1 
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4 3 2 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE /5/91 DAB DAB 
B BOlTOM PLATE REMOVED 11/2/91 I<JM DAB 

D ¢4.120 D -- -/ ~, 

A A 

c C 

3X 10-24 UNC 
Thru Eq Spaced 
On A 3.70 ¢ BC 

------ - ¢3.36 C Bore As Shown 

)\ 
f- 30· 

SECTION 
B B 

• ~ 1.04 1 \b4.12X1.04 6061-T6 

II~ 
ITEM PART / NOMENCLATURE / MATERIAL / QTY 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

PAR T LIS T 

/ 0.400 UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

3X 4-40 .xx ± .01 ANGLES ± 0.5' MECHANICAL ENGINEERING DEPARTMENT 

HEll-COIL 0.40 .xxx ±.005 ~ TITLE Strain Plote Holder A DEEP, ON A 3.70 B.C. A 
DESIGN DAB DATE 8 2 91 Sealant Applicator 

DRAWN KJM aN 
APPRV DAB SCALE 

RELEASE PROJECT SHRP PROJECT 

4 3 2 1 Copyright 2011, AHMCT Research Center, UC Davis



4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 DJD DAB 
B .625 THICK/SHORTENED 991 KJM KJM 

D D 
.201 DIA 
4 HOLES 
LOCATIONS SHOWN 
THRU 

f---- - - 0.625 R.100 4X ---l 

- / ~ R3.407 

C 
23' 

20' 2X C 

Ii 
10' 2X 

--- - --- ---------

- ~- :143 b ~ f---

b R4.000 

B -

R4.250/ \y 1 
B 

¢8.5x.50 6061-T6 1 

&& ITEM PART / NOMENCLATURE / MATERIAL / Q1Y 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

~ -
PAR T LIS T 

NOTES: UNLESS OTHERWISE SPECIFIED UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

1~ BREAK ALL SHARP EDGES .xx ± .01 ANGLES ±O.5' MECHANICAL ENGINEERING DEPARTMENT 

2 HARD BLACK ANODIZE .xxx ±.OO5 6,y TITLE Inner SpQcer 2 A A 
DESIGN DJD DATES/5/91 

DRAWN DJD QTY 
1 I DRAWING NO. 

N'PRV DAB SCALE 1.1 I SHRP(APS)SM-AI22 
RELEASE SIZE B I SHT I PROJECT SHRP PROGRAM 

4 1 3 1 2 I 1 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 DJD DAB 

D D 

- ,250 2X I--

--i ~ 0,6250 
r---

.201 DIA. ( 

C 
3 HOLES ON 45 DEG. 2X C 3,500 DIA, B,C. 
THRU 

- - e-
~ R 1.50 'I 

--

R 2.000 0 R.10 4X NOTES: UNLESS OTHERWISE SPECIFIED ~ 

B &ffi 
1~ BREAK ALL SHARP EDGES 
2 HARD BLACK ANODIZE B 

1 ¢4.0x.625 6061-T6 1 
ITEM PART / NOMENCLATURE / MATERIAL / QlY 
NO. 10 NO. DESCRIPTION SPECIFICATION REQD 

--
PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TDLERANCES 

.xx ± .01 ANGLES ±0.5' 
MECHANICAL ENGINEERING DEPARTMENT 

.xxx ±.OO5 6V TITLE Outer Spncer A A 
DESIGN DJD DATES/5/91 

DRAWN DJD QTY 
1 I DRAWING NO. 

APPRV DAB SCALE 111 I SHRP(APS)SM-A123 
RELEASE SIZE B I SHT IPROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 Copyright 2011, AHMCT Research Center, UC Davis



4 3 2 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 DJD DAB 
B HOLES MILL PATH 91 KJM KJM 

D D 
.201 DIA. 
6 HOLES AT 
LOCATIONS SHO\.JN 
THRU 

.250 2X 

SECTION A-A 

0.500 

C 11.750 r 1 0.125 C 

tWA ~ IU 
DRILL & C'BORE T I I~ L n FOR 10-32 SHCS ---l 2000 I---
3 HOLES ON 3.5 01A. . 
B.C. THRU 0.200 

R2.000 0.530 

\ 

\ 

1\ 1\ \ '\, R.IO 4X NOTES: UNLESS OTHERWISE SPECIFIED 
B ill ~ "', 1) BREAK ALL SHARP EDGES B 

"-. 2) HARD BLACK ANODIZE 
, R6.3200 

',- 1 6.0x6.4x.25 6061-T6 1 
ITEM PART / NOMENCLATURE / MATERIAL / QTY 
NO. 10 NO. DESCRIPTION SPECIFICATION REQD 

PART LIST 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA DAVIS 
TOLERANCES ' 

.XX ± ,01 ANGLES ±O.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 64/ TITLE T H t" A v op 0 uer A 
DESIGN DJD DATE8/5/91 
DRAWN DJD QTY 

APPRV DAB SCALE 

RELEASE PROJECT SHRP PROGRAM 

4 3 2 1 

Copyright 2011, AHMCT Research Center, UC Davis



4 J 3 J 2 

D 
DRILL FOR 10-32 
SCHS 6X AT LOCATIONS 
SHOWN THRU. C-80RE 
OPP. SIDE 

.250 2X 

I--

/ 
SECTION A-A 

c 

I--

A~2Xi l -' ,.® r L 1 2.000 I 
"_,, / - -- - ---1-- ~ , ~ I~ 
HEUCOIL ~20", , 0 200 J --I : I- -. 
3 HOLES ON \ • T 
iH~O~ DIA. B.C. 0 1.750 

\ & ill 
\ R6.3200 

\ 

B 
\;~1~4! 

1 
ITEM PART / 
NO. ID NO. 

1 1 
REVISION 

LTR 1Z0NE DESCRIPTION DATE DRWN 

A1 INITIAL RELEASE 891 DJD 
B1 HOLES7MILL PATH ~91 KJM 

0.5000 

6.0x6.5x.50 6061-T6 
NOMENCLATURE / 
DESCRIPTION 

MATERIAL / 
SPECIFICATION 

APP 

DAB 
KJM 

1 
OTY 
REQD 

D 

r--

c 

I-

B 

I----l t--

A NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 
2) HARD BLACK ANODIZE 

4 I 3 I 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

.XX ± .01 ANGLES ±OS 

.XXX ± .005 6.y 

PART LIST 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

TITLE BOttOM Holder 

DESIGN DJD DATES/5/91 

I DRAWN DJD I OlY I DRAWING NO. 

APPRV DAB SCALE 112 SHRP(APS)SM-A125 
RELEASE I SIZE B I SHT I PROJECT SHRP PROGRAM 

2 1 

A 
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D 

c 

B 

A 

10-32 HELICOIL 
4 HOLES ON 
B.OOO DIA. B.C. 

4 

AT LOCATIONS SHOWN 
.62 DEEP 

A 

4 

3 

A 

-*-MJ 

. 500 2X 

10-32 HELICOIL 
7 HOLES EO. SPACED 
ON 8.000 DIA. B.C. 
1. 12 DEEP FROM TOP 
OF PART 

10-32 HELICOIL 
6 HOLES EO. SPACED' 
ON 7.640 DIA. B.C . 
. 63 HOLE DEPTH MAX . 

!. >'7'1000 • ! I 0.2500 

J I =m-. I 

1 
ITEM 
NO. 

2 

PART / 
ID NO. 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

1 
REVISION 

LTR I ZONE DESCRIPTION DATE I ORWN lAPP 

A 
B 

INITIAL RELEASE 8911DJDIDAB 
HOLE PLACEMENT 9911KJMIDAB 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 
2) HARD BLACK ANODIZE 

¢8.50x2.0 
NOMENCLATURE / 
DESCRIPTION 

PART LIST 

6061-T6 
MATERIAL / 
SPECIFICATION 

1 
QTY 
REQD 

.XX ± ,01 ANGLES ±0,5' 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

SECTION A-A .XXX ± .005 6V 
TITLE Thrust Holcler 

OESIGN DJD OATE8/5/91 

DRAWN DJD OlY 

JlPPRY DAB SCALE 

RELEASE PROJECT SHRP PROGRAM 

3 2 1 

D 

c 

B 

A 
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4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP - 1.000 A INITIAL RELEASE 891 DJD DAB 
B THREADED 991 KJM KJM 

D C SHOULDER EXTENSION 109 KJM KJM D 
0.500 D FLAT ADDED 119 KJM KJM .. ... 

A A 

~ R\' '--- I~ I~ -

C C 

3/4-16UNF-2A 

~ 
0.563 Rod 

TO DEPTH SHOWN 
-

~ 
0.5000 -

THREAD RELIEF 

B 
t \ B NOTES, UNLESS OTHER'vIISE SPECIFIED 

1.100 k/ if(ll,7500 

1. BREAK ALL SHARP EDGES, 

1 C/J 1 .00x.5425 
OIL-IMPREGNATED 

2 BRONZE BUSHING 

~ ITEM PART / NOMENCLATURE / MATERIAL / QTY 
NO. 10 NO. DESCRIPTION SPECIFICATION REQD 

- -

~I I O,5000 PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 

ill TOLERANCES 

0,250 .xx ± ,01 ANGLES ±0.5' 
MECHANICAL ENGINEERING DEPARTMENT 

SECTION A-A .xxx ± ,005 6,y TITLE Bushing 
A A 

DESIGN DAB\DJD DATES/5/91 

DRAWN DJD QTY 2 I DRAWING NO. 

APPRV DAB SCALE 1,,5 I SHRP(APS)SM-AI27 
RELEASE SIZE B I SHT IPROJECT SHRP PROGRAM 

4 1 3 I 2 I 1 Copyright 2011, AHMCT Research Center, UC Davis



4 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 DJD DAB 

D D 

t 02,000 - r 0.406 
A 

I 
A I -

~ 
-

G- rT\ -J :3 
I E:=132O I 

~ 
I 

O,500J 

~ 
I 
~ 00,5015±,001 

c c 

I && 
T SECTION A-A 

:-- -

NOTES: UNLESS OTHER'vIISE SPECIFIED 
1. BREAK ALL SHARP EDGES. 

B 2) Hord Block Anodize B Musk All Holes Under 0.3 r/J 

1 CAPS)SM-A128 6061- T6 1 
ITEM I PART / NOMENCLATURE / MATERIAL / QTY 
NO. 10 NO. DESCRIPTION SPECIFICATION REQO 

- I---
PAR T LIS T 

UNLESS OTHERWISE NOTED; UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.xx ± .01 ANGLES ±0.5' 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6~ TITLE Motor Pulley A A 
DESIGN DJD DATES/5/91 

DRAWN DJD OlY 1 I DRAWING NO. 

APPRV DAB SCALE 1:.75 I SHRP(APS)SM-AI28 
RELEASE SIZE B I SHT I PROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 
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4 

D 

I-----

c 

8-32 UNC 

I---

B 

I 3 I 2 I 1 
REVISION 

LTR I ZONE DESCRIPTION DATE I DRWN lAPP 

A INITIAL RELEASE ~/02/911 K JM 1 DAB 

I

" 14.000----------' 

THD. _____ , , "I 

J l 
1---.1 

0.500 & 0.1870 

ITEM PART / 
NO. ID NO. 

NOTES: UNLESS OTHERWISE SPECIFIED 
1) BREAK ALL SHARP EDGES 

~.1875xI4.000 

NOMENCLATURE / 
DESCRIPTION 

300 SERIES SS 

MATERIAL / 
SPECIFICATION 

2 

QTY 
REQD 

D 

I---

c 

I--

B 

I--l j--

A 

4 I 3 I 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

.XX ± .01 ANGLES ±0.5' 

.XXX ± .005 6~ 

PART LIST 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

DESIGN KJM DATE 08/07/91 

TITLE DIVIDING BAR 

SEALANT APPLICATOR 

I DRAWN I(JM I Q1Y 2 I DRAWING NO. 

APPRV DAB SCAlE 1.1 SHRP(APS)SM-AI29 

RELEASE DAB I SIZE B I SHT I PROJECT SHRP PROJECT 

2 1 

A 
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4 I 3 I 2 I 1 . 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 891 DAB DAB 

D D 

- 8,18 I--

1/4-28 UNF THU ~ 2.39 . 0.156 R 

I-- 1.50 1 A 
0,50 -",r-

C c 

~~~~A ®, 
-

0,500 rtJ '- -1.00 DEEP 0.125 R 1.00 rtJ 

~ SECTION AA A 
0,500 C/J 

B B 

1 01.00x8.18 304 SS 1 
NOTES: UNLESS OTHERWISE SPECIFIED ITEM I PART / NOMENCLATURE / MATERIAL / OTY 

1) BREAK ALL SHARP EDGES NO. ID NO. DESCRIPTION SPECIFICATION REOD 
- -

PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

.XX ± ,01 ANGLES ±O.5' MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y TITLE Motor Adopter A A 
DESIGN DAB 0l\TE 8/9/91 
DRAWN DAB QlY 1 I DRAWING NO. 

APPRV DAB SCALE VI I SHRP(APS)SM-AI30 
RELEASE SIZE B I SHT I PROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 
- - - ---------
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D 

I--

c 

f--

B 

I--

A 

4 I 3 

SECTION AA 

~ 10'lr -;II 
TfH"'" '1'= 

0.150 

¢ 4.120 

03.70 

02.33 

~ 

f 

A 

4 I 

0.075 

_~r 
, '/ 
~'~\ 

\ 

I 

/' 

3 

, 
, 
/ 

'I' 

1 2 I 1 
REVISION 

LTR I ZONE I DESCRIPTION DATE I DRWN lAPP 

A I IiNITIAl RELEASE 11/2/9111(JM I DAB 

0.372 

3X DRILL & C'SINK 
4-40 FLAT HEAD 
SCREW ON A 3.70 B.C. 

• 
A 

1 

1 
ITEM PART / 
NO. ID NO. 

UNLESS OTHERWISE NOTED; 
TOLERANCES 

04.12 x 0.15 
NOMENCLATURE / 
DESCRIPTION 

PART LIST 

6061-T6 
MATERIAL / 
SPECIFICATION 

QTY 
REQD 

.XX ± .01 ANGLES ± 0.5' 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 ~ 
TiTLE Strain Plate 

DESIGN KJM DATE 11-/2/911 Sealant Applicator 
DRAWN KJM 
APPRV DAB 
RELEASE 

2 

ON 1 I DRAWING NO. 

SC.ALE 1: 1 SHRP(APS)SM-A 131 

SIZE 8 I SHT I PROJECT SHRP PROJECT 

1 1 

D 

f--

c 

I--

B 

I--

A 
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D 

I 2 I 1 
4 3 REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 11/2/91 I<JM DAB 

D 02.33 

- A ~ A ~ 

jl I Jl (\71 C C I 

I 

I-- 02.986 '--

SECTION M --\ r10 B 

B \1 0.375 1 ¢ 2.986 X 0.55 6061 T6 1 
I i I RE / MATERIAL / OTY ~ '~ ~ ~ ITEM PART / NOMENCLATU SPECIFICATION REOD -- . ~ NO. ID NO. DESCRIPTION i--

-L ____ --j 

-,----.-- -. PART LIST 

- J I I--- ¢ 2.78
6 ----II \ """ """"" "'''', UNIVERSITY OF CAUFORNIA, DAVIS 

0.275 0 550 --1 t-- 0.100 TOLERANCES. MECHANICAL ENGINEERING DEPARTMENT 
• .XX ±.01 ANGLES ±0.5 

.XXX ± .005 ~ TITLE Spring Capture A 
DESIGN DATE 11/2/91 Sealant Applicator 

A KJM ON J DRAWING NO. 

DRAWN KJM 1 SHRP(APS)SM-A 132 
APPRV SCALE 1 : 1 I 

DAB SIZE B I SHT I PROJECT SHRP PROJECT RELEASE 

4 I 3 I 2 I 1 
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4 I 3 1 

DI &ffi 

I-- A A 

c -t-

~ 
-t-

I--

B 

fCD 
I~ I 

~ 

I-- 2 

Lwffi'~ t::s&,,~ 
A 

SECTION A-A ~® 

4 I 3 I 

2 1 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 8/~ 1 KJI.! DAB 

I 

NOTES: UNLESS OTHERWISE SPECIFIED 

1) HARD BLACK ANODIZE 
MASK ALL HOLES UNDER 0.3 DIA 

2) SHRINK FIT ITEl()l INTQ)2 
.0005/.0007 AFTER PLATING 

ID 

I--

c 

I--

B 
1~2~1--~~(A-P-S~)S-M--A-2-02~1------~~1 6061-T6 I 1 

1 I I (APS)SM-A201 6061-T6 I 1 
ITEM PART / NOMENCLATURE / 
NO. ID NO. DESCRIPTION 

MATERIAL / I QTY 
SPECIFICATION REQD 

PART LIST 

UNLESS OTHERWISE NOTED: 
TOLERANCES 

.XX ± .01 ANGLES ±0.5' 

UNIVERSITY OF CALIFORNIA, DAVIS 
MECHANICAL ENGINEERING DEPARTMENT 

.XXX ± .005 6,y 
TITLE noo. tel" 

DESIGN DAB DATEg/1I91 

I DRAWN KJM I QTY I DRAWING NO.. 

APPRV DAB SCALE 1,1 SHRP(APS)SM-A200 
RELEASE I SIZE B I SRT IPRo.JECT SHRP PROGRAM 

2 1 

I--

A 
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4 I 3 I 2 I 1 
¢ 3.961 REVISION 

LTR Zo.NE DESCRIPTIo.N DATE DRWN APP 

¢ 4.085 A INITIAL RELEASE 8/f 1 KJli DAI 

D D 
A A 

~ f-- I--

- + 

C C 
¢ 

I 
2.414 

¢ 2.290 
I-- -

SECTION A-A 
NOTES: UNLESS OTHERWISE SPECIFIED 

B r .100 1) BREAK ALL SHARP EDGES B 

I ! I 1 ¢4.085x1.938 6061-T6 1 

I 
ITEM PART I NOMENCLATURE I MATERIAL I QTY 
NO. ID NO. DESCRIPTION SPECIFICATION REQD 

I-- 1.81 1.938 r--
PAR T LIS T 

L ~ 
UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 

TOLERANCES 
MECHAN[CAL ENGINEERING DEPARTMENT 

.XX ± .01 ANGLES ±0.5+ 

~!~ J .XXX ± .005 6,y TITLE Flo 0. ter-A A A 
DESIGN DAB DATEg/1/91 

~ ¢2.485 

DRAWN
KJM 

QTY 1 I DRAWING NO.. 

APPRVDAB SCALE 111 I SHRP(APS)SM-A201 

RELEASE SIZE B I SlIT IPRo.JECT SHRP PROGRAM 

4 I 3 I 2 I 1 
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.. 4 I 3 I 2 I 1 
REVISION 

LTR ZONE DESCRIPTION DATE DRWN APP 

A INITIAL RELEASE 8/~ 1 KJM DAT: 

D rj) 4.080 D 

r-- A 

~ 
A I--

C I C 

I-- r--

¢ 2.290 

I 
.225 NOTES: UNLESS OTHERWISE SPECIFIED 

B l ~ 1) BREAK ALL SHARP EDGES B 

T~ ~'\:l 

t 1 ¢4.080x.225 6061-T6 1 .125 
ITEM PART / NOMENCLATURE / MATERIAL / QTY 

rj) 3.9615 
NO. m NO. DESCRIPTlON SPECIFICATION REQD 

I-- r--
PAR T LIS T 

UNLESS OTHERWISE NOTED: UNIVERSITY OF CALIFORNIA, DAVIS 
TOLERANCES 

SECTION A-A .xx ± .01 ANGLES ± as MECHANICAL ENGINEERING DEPARTMENT 

.xxx ± .005 601 TITLE Flouter-B A A 
DESIGN DAB DATEg/I/91 
DRAWN

KJM 
QTY 1 I DRAWING NO. 

APPRVDAB SCALE 111 I SHRP(APS)SM-A202 

RELEASE SIZE B I SHT IPROJECT SHRP PROGRAM 

4 I 3 I 2 I 1 Copyright 2011, AHMCT Research Center, UC Davis
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