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ABSTRACT

The Dragline Data Link Prototype System, developed under DOE Contract
Number DE-AC22-76ET12201, Modification MOG7, provides for direct data
transfer between the Display and Information Gathering System (DIGS)
located on board a dragiine and a computer system located in the mine
office. Reports of dragline activity availabie from the DIGS on the
dragline can also be accessed from the mine office. This report
describes the Data Link System design, installation, application

and evaluation in a working mine environment.
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FOREWORD

Thic report was ;reparad by McDonnell Douglas Electronics Company (MDEC)
uiider the Department of Energy Contract DE-AC22-76E712201 (formerly ET-
7000205200 wvikieu Devel opment of COperational Aids for Improved Dragline
Utitiravion. Mogidicatior MOOT7, dated September 14, 1979, specifically
authoiizes the devalapment of the Dragline Data Link System, This modifi-
cation was administered under the dirvection of Mr. J. C. Riggs and Mr.

H. & Parkinson of the Carbondaie Mining Technology Center. Mr. C. H. Curtis

was che contrect administrator for the Department of Energy.

A special note of appreciation is directed to the personnel of the 0ld Ben
Coa! Company of (akland City, Indiana who assisted in the installation and

evgruation of the Data Link System.
MDEC personne! contributing to this report include C. W. Eschman,

J. S Thorn, and M. A, Trelz. Mr. G. D. Dalton and W. J. Lally coordinated

contractual matters.
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1.0 EXECUTIVE SUMMARY

Productivity of draglines and other large mining equipment is dependont
upon several factors. These include the overators skill in Using tha
equipment and managements skill in aralvrisg mine operation and providing
direction, training and procedures to mining personnel. Operational aids
such as the dragline Displav and Information Gathering System (DIGS) were
developed to assist equipment operators and mine management personnel in

-

the pursuit of better productivity. In addition to aidirg the cperators
with pertinent pzrformance displays the DIGS gathers, prccesses, records
and prepares reports of the mine production activities of the drag!iie.
These reports were availsable only on-board the dragline. To furiher
increase the usage of these management veports a data lirk svstem has been
added which transmits dragline activity data directly to the mine office
where reports are immediately available. The feasibility of applyiny a
radio data link between a dragline operating in a typical mining environ-

ment and a remote receiving station (mine office) far the purpose of digital

data transmission has been demonstrated during the course of this pragram.

Background. As part of a program to develop techniques and equipment to
increase coal productivity, McDonnell Dcuglas Electronics Company (MDEC) was
awarded Contract No. H0262056 by the U.S. Bureau of Mines in Septembzr of
1976. This program was transferred to the Department of Energy in January
of 1978 and continued under Contract No. ET-76-C-01-8%822. The contract
number was later changed to DE-AC22-76ET12201. This program, titled
Operational Aids for Improved Dragline Utilization, continued the develop-
ment of an on-board display and information gathering system and dragline
computer simulaftion model begun under a prior U.S. Bureau of Mines Contract

Number J0255014, Concept Feasibility Study for Training Equipment to Improve



Coal Productivity. The dragline Display and Information Gathering System
(DIGS) was developed to the prototype state and the system was installed

at the Jim Bridger Mine in Wyoming to collect and record data pertinent to
the evaluation of the system. During this validation exercise, the
introspective training value and the productivity reporting capability of
DIGS was confirmed. The DIGS was consequently developed for production and
offered on the commercial market. In addition to the initial prototype,
three production systems have been installed and are operational and a

fourth will soon be activated.

In September of 1979 DOE modified Contract No. DE-A(22-76ET12207 {(Modification
MOQ7) to incorporate the Draglire Data Link. The objective of this nodification
was to "modify an existing on-board dragline display system and demonstrate/
evaluate the benefits of a data 1ink connecting a computer located in 2 remotie
office, with the data recording system located on board the dragline.” The
dragline data link system was completed and installed at 01d Ben Ccal {o.

01d Ben Number Z Mine near Oakland City, Indiana in November 1980. The system
is interfaced to a DIGS installed on a Bucyrus-Erie Model 1370 dragiine. The
remote installation is in the engineers office at the mine office. The system

performed flawlessly during the two month evaluation peried.

Display and Information Gathering System (DIGS). The prime objective of

the base contract, that inciudes the development of the Dragline Data Link,
is to increase dragline utilization and, therefore, mine productivity. Data
Link can aid productivity improvement only as a vehicle to speed the flow of

data to those whose decisions affect production. This data is the important



factor and its usefullness is dependent upon its accuracy, completensass
and timeliness. Since this data is autcmatically gathered and processed
by DIGS, it is necessary to understand this process such that the Data

Link can be evaluated in qualitative productivity terms.

DIGS is a system marketed by MDEC for installation on-board a dragline to
provide and record feedback of the draglines activities. It has two separate
but related functions both of which are directed toward productivity improve-
ment. Ths most visible is its display capability. From a console located

in the cab the operator can obtain a variety of feedback data relative to

his performance in operating the dragline. This data is additionally

processed and stored for future use by the report preparation capability.

System Operation. The components of the DIGS are shown in Figure 1-1.

The control and display console (Figures 1-1, center) is installed in the cab
within reach of the operator. The teletypewriter, computer console, and input/
out box are installed on-board the dragline at environmentally suitable and
convenient locations. In addition, sensors for hoist, drag and swing positions
and power data are installed at the source of this data. Typical positicn sensor
installations are shown in Figures 1-2 and 1-3. Figure 1-4 block diagram
describes the data flow. Feedback from the sensors and the control panel are
input into the computer. Operator inputs include his code, the job code and

down time codes. This data is processed in the computer to drive the displays
shown in Figure 1-5, Bucket position is shown in the "Height", "Reach" and

"Swing Angle" displays.
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A figure of merit for last cycle performiance is shown in the bar graphs

labeled "DIG", "SWING TO DUMP", "SWING T DIG" and total "CYCLE". Lighted push-
button switches allow the operator to enter down time, operator code, job

code, perform self diagnostic (DIGS) and select display codes. In addition,
alert indicators for multipass operation, tightlining and excessive power usage
are included in this cluster. The keyboard is used to enter appropriate codes
for that function selected by the pushbutton switches or to call up specific
displays when the display pushbutton is depressed. These groups of information

are available:
(1) Totals, such as number of cycles, yardages, and strip rates.

(2) Averages, such as yardage, load distance, load time, cycle time

and energy usage.

{3) Last cycle information, such as yardage, load time, cycle time

and energy.

Report Generation: The feedback data collected from the draaline

sensors and the operators control panel are additionally processed and stored

in a disk mass storage device. Approximately two weeks of data may te stored
on a dual density flexible disk and retained in that form as a permarent record.
This data can also be accessed at any time and for any period of operating

time within the two week period by specified (usually management) personnel.
This is accomplished by requesting the type of report desired on the tele-
typewriter. Figures 1-6, 1-7 and 1-8 are examples of a Chronological Report,
Operator Summary Report and Total Summary Report. Other optimal reports

include Dragline Operating Summary, Current Rope and Chain, Post Rope and

Chain and Power Use Reports.
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FlLw caaL HiANILE
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0. 0. 12402,
0. 0. 3435,
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CYCLES 44, Q. a.
YRS w149, 0. o.
RUH 1125, 0. 0.
AV 51 ANG P4, Q. 0.
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TL STAT 0. 9 0,
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tEF YARLDS 403, 0. 0.
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1.OMG CYCLE 0110 ~
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14 HOVE UF AND LEVELING 1 4 -
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OVRBRTIN BENCH BENCH CLEAN RE-

REMDVAL KEYCUT REMOVAL FILL COAL HANDLE
OFERATOR # 55 FROM MON 13-MAR-1978 3111 TO THU 1&4-MAR-1%78 4:54
HINUTES 114, 0. 0. Q. 0. &0.
CYCLES 75, 0. 0. 0. 0. 49,
YARDS 8824. 0. 0. . 0. 5430.
KWH 2014, 0. 0. G. Q. 10035.
AV SW ANG 118. 0. 0. 0. Q. &0,
XTRA PASS 3. 0. 0. 0. 0. 1.
TL STAT 4, 0. G. 0. 0. 2.
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STRIFP RATE 4425, 0. 0. 0. 0. 5450,
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THU 146-MAR-1978
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LONG CYCLE 4: 5 - a: 9 4 MIN 49 KWH
LONG CYCLE 4 9 - 4112 3 MIN 33 KwH
LONG CYCLE 4112 - 4:15 3 MIN 54 KWH
LLONG CYCLE 4115 - 419 4 MIN 59 KWH

14 HMOVE UP AND LEVELING 4125 - 4129 4 MIN 0 KWH

14 MOVE UFP AND LEVELING 4140 - 4142 2 MIN 0 KW
LONG CYCLE 4143 - 4144 3 MIN 31 KuWH

MUVED & STEFSe Al 477 UEUREEDS? LN 3 MIN

MOVE COMPLETED AT 4:51
30-823.28 MOVE COMFLETED AT 4:51
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"
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434.
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15,
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Most DIGS users agree that reports summarizing production are desirable at
least on a daily basis and that other reports such as maintenance activity
reports should be available on demand. This would require daily visits to

the dragline to acquire the desired routine data and occasional additional
visits to obtain specific data as its need arises. Aside from the
inconvenience to the authorized system operator, his travel time and the

time spent waiting for generation and printout of the reports could >e better
applied to his primary function. Although the data collection means provided
by the DIGS is significantly more efficient than that by conventional means
the printing of the DIGS reports is often postponed and sometimes igrored due
to other pressing matters of mine operation. The role of the data link system,
as applied to DIGS, is to provide the means to collect current dragline
performance and maintenance data when it is desired with minimum inconvenience

and time loss.

Installation Site. The choice of an installation and evaluation site

for the Dragline Data Link System was limited to users of DIGS. This criteria,
in itself, lends credence to the site selection since it implies an active

mine operation with progressive management interested in improving productivity
through better data communication. 01d Ben Coal Co. through their Regional
Office at Oakland City, Indiana agreed to participate in this program. A

DIGS was in use on a Bucyrus Erie Model 1370 dragline at their 0ld Ben No. 2

Mine approximately ten miles north of Oakland City. Their personnel participated
in the installation of the system on the dragline and in the engineering area at
the mine office and were the prime equipment operators during the evaluation

phase.



01d Ben Mine No. 2 Mine provided most of the objectives used in the system
daiian of the data Tirk sysian,  They copevais inder a variety of weather
Jhviiotong and proviae a transmission path over aivregular terrain with the line
af 3ight broken by 39031 peaks.  The antennra to antennpa distanse varied from

about 1 to 1.3 miles, however, and did not allow verification of longer distance

transmission.

A radio operation license was appliad for and receivad from the Federal
Communications Commission through the Special Tndustrial Radio Service
Association Inc. in the name of the Old Ben Coal Company Inc. A frequency

“n the high band VHF range was assigned.

14



2.0 SYSTEM APPROACH

The design of the Data Link System was predicated upon a universal appli-
cation for data exchange in a mining environment. The model system <hown

in Figure 2-1 and 2-2 consists of a central base installation at the mine
office capable of supporting many remote or mobile data collection scurces.
Data transfer is initiated from the base installaticn by entering the remote
system address, the data category and the period of time for which tre data

is desired. The addressed remote system will respond and transmit tle
required data to the base station. A1l record print-out routines are

resident in the base system such that print-out can be immediately ottained
following completion of the data transfer. The system evaluated uses a

radio frequency (RF) data link, however, the data format and protocol is
compatible with a conventional telephone link. Both half and full diplex
transmission modes can be accommodated although a single frequency system

was used for the evaluation. Terrain and topography considerations for the RF
link are based upon irregular terrain with the line of sight transmission path
blocked by "spoil" piles located near the remote system. A figure of 99%
probability of reception at any location within a five mile sector radius

was made a design goal. Wherever practical, readily available commercial

quality equipment consistent with the environmental conditions were (tilized,

2.1 Site Selection. 01d Ben Coal Company agreed to allow MDEC to install

the Data Link at their 01d Ben Number 2 Mine near Oakland City, Indiena. They
also assisted in its installation and evaluation. Their selection was almost
mandatory since they were the sole established user of a production [IGS at

the time that site selection was made.

15
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01d Ben Coal Company provided space in their engineering office for installation
of the mine office data 1ink and computer system. A 20a 115V service outlet was
availakie to powey this ecuipment. Approximately six square feet of floor space
is reguived for this installation. The equipment is free standing with the
radio and modem stacked on the computer. The teletypewriter is positioned

adjacent to the computer. Figurs 2-3 shows this installation.

The dragline data link system was installed in the DIGS room located in the tub
of the BE Model 1370 dragline. This room was previocusly constructed for and
contains the computer and teletvpewriter suppliad with DI8S. The room is
sealed to dust, insulated and temperature controlled between 120C to 24°¢,
Vibration/shock laveis recorrded or two models nof draglines indicate levels of
Tess than .5 grms. Although the model 1370 was not specifically tested, its

similarity of construction and operation, tends to support simitar results.

Installation of the radio and modem is identical to that of the base station,
i.e., free standing on the 0IGS computer. Power is supplied by conventional
20 amp 115V service outlets. Figures 2-4 and 2-5 depict the dragline data

Yink installavion.

<
)

The topography at 01d Ben Mine Number 2 is typical of midwestern strip mines.
The terrain is irregular dus to past mining activity. Conventional benching
and speiling techniques are emplcyed. At various dragline positions the
antenna to antenna line of sight is interrupted by spcil peaks. Figure 2-6
shows the approximate line of sight path. The base station antenna is located
about midway on the mast adjacent to the mine office. The dragline's antenna

is located on the "A" franme.

18
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2.2 Frequency Selection. In reviewing the Federal Communications Ccmmission

rules for frequency assignment it was determined that the mine data link
application resides with the Special Industrial Radio Service Group. Reasonahla
selections available were in bands about 150 MHZ, 170 MHZ and 450 MHZ. Due to
path loss considerations the lower frequency groups were desired. Application
for frequency recommendation was made to the Special Industrial Radio Service
(SIRSA). After coordination with radio users in the Oakland City locale they
recommended that 154.46375 MHZ be used. Application was made and a radio
license received from the FCC in Nov. 1980, in the name of 01d Ben Coal Co.
The license provides for 35 watt output, type 6F9 emmission, and 203.5 HZ tone
controlled squelch frequency. The base station (mine office) is classed as
Operational Fixed and utilizes a directional antenna having 10db gain. Its
location is 38°26'10" Tattitude and 87°14'42" longitude. The remote station
(dragline) is classed as Temporary Operational Fixed. It also provides for

35 watts output, type 6F9 emmission but uses a unity gain omnidirect onal

antenna.

2.3 Design Considerations.

2.3.1 Transmission Path Loss: The Data Link model used for the loss calculation

is as follows:

Receiver Sensitivity (20db quieting) - 0.5 uv
Base Antenna, Directional 3 element

Yaggi gain over dipole - 7dB
Base Antenna Height - 50 Ft.
Dragline Antenna, Dipole Gain - Unity
Dragline Antenna Height {Sround

Level) - 40 Ft.
Distance Between Antennas - 5 Miles
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Total Length Coaxial Cable - 500 Ft.

Frequency - 154.46375 MHZ

The theoretical plane earth received power between dipoles, empirically
modified for irregular terrain at above 40 MHZ is given by

- hthpe 2 40,2 -14
P .=0.335 (""" ") (+=)° P, x 10 (1)
r —-d-z— ?_ t

where Pr = Received power - watts

po
n

Transmitting antenna height - feet

t
hr = Receiving antenna height - feet
d = Distance between antennas - miles
f = Frequency - MHZ
Py = Transmitted power - watts

For the model specified and Py = THatt

Pr\ ‘]2

1.48 x 10
118.3 dBw

watts

Py

The path loss calculation methods per foot note(1) were statistically and
empirically derived for 50 percentile locations. The results are adjusted
statistically to achieve better coverage by applying the power terrain factor
fo; fixed to vehicular service. From footnote (1)

for 90 percentile locations add -24dB

for 99 percentile locations add -33dB

{1) Radio Propagation Above 40 MHZ Over iIrregular Terrain, John J. Egli,

Proceedings of IRE Oct 1957, Page 1383.
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The received power figure for the 99 percentile location is

Pp = -151.3

Additional loss for coaxial cable at 0.027 db per foot 13.5db
Total Path Toss then is -164.8db
System gain for receiver sensitivity specified at

0.5 microvelts into a 50 ohm load is -143db
Antenna gain over dipole is 7db
Total system gain -150db
Total gain deficit 14,8db

The transmitter power required to achieve the required level of reception for
the given model is:

P, = 10"°%8 = 30.2 watts

The antenna separation at evaluation site, however, was a maximum of 1.5 miles

giving a net gain for transmitter power of one watt equal to 7.9 dBw.

2.3.2 Bandwidth. The dragline data link system was designed for compatability
with conventional unconditioned telephone 1ine transmission. Transmission bit
rate established at 1200 bits per second. The data modem provided Frequency
Shift Keyed (FSK) modulation with a 1200 HZ mark and 2200 HZ space. For FSK
telegraphy, the required bandwidth is given by

Bw = BK + 2D (2)

where Bw = bandwidth Tw HZ ¢
B = Band rate - bits per sec.
K = Distortion factor (for nonfading signals = 3)
D = Half the difference between maximum and minimum modulaticn
frequencies.
Bw = 4600 HZ

(2) Reference Data for Radio Engineers, International Telephone and Telegraph
Corp. Fourth Edition.
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Conventional FM modulation techniques were used for the RF lirk. The frequency
deviation was established at 3.6 KHz giving a modulation index of 3 and 1.7

for the mark and space respectively. Reviewing the side band distribution in
conjunction with the Bessel Function of the first kind and using a frequency
deviation of 3.6 KHZ, better than 70% of the modulation power is contained within

a 5 KHZ bandwidth.

2.3.3 Information Transfer/Modem. The modem and interface used in the Data

Link system was chosen to be compatible with EIA Standard RS-232C. The modem
is also compatible with Bell WE-202D. This system was selected based upon
appiicability, availability and relative cost of equipment. Frequency shift
keyed modulation is used at a rate of 1200 bits per second. Data is transmitted
in groups of 256 bytes. Four additional bytes are used for addressing and
transfer validity. The transmission duty cycle is approximately 50%. Data
processing and timing delays make up the other 50% of the time. A complete
transmission cycle requires about 2 sec. At that rate a full disk of data

(480 blocks of 512 bytes each) can be transmitted in about 30 minutes. Reports
used at 01d Ben Coal Co. range from 80,000 bytes for power to 110 bytes for
current rope and chain reports. These reports require about 22 and less

than 1 minute of transmission time respectively.

2.4 Equipment Specification. The major eaquipment items making up the data

link system are the computer, line interface, data modem, radio and antenna.
Both the mine office and dragiine installations are functionally the same.

The functional schematic of the system is shown in Figure 2-7. The parts list

is shown in Table 2-1.
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500

Part No.
DLVI1-E
PDP1103-L

Ups~-202D
BCOSC-25
F15GKAUGGA
DB-230
DB-201
RG-80
SK10937

TABLE 2-1.

Name
Asynchronous Line Interface
Computer W/LA120 DecWriter
Fortran/RJ-11/RX02 Disk/
Cables and Installation
Data modem and cable
Model Cable
Transmitter/Receiver
Antenna, 1/AGI
Antenna, Dipole
Cable, Coaxial

Transmitter Keying
Circuit Assy

PARTS LIST, RADIO DATA LINK
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Manufacturer

Digital Equipment
Corp. {DEC)
Digital Equipment
Corp. (DEC)

Universal Data Systems
(Uns)

DEC

GE

Decibel Products

De¢ibel Products

MDLC



2.4.1 Computer. The Digital Equipment Corporation Model PDP1103-L (omputer
System was selected for the data 1ink system. This is the same computer as
used on DIGS. It has 56 kilo bytes of memory and utilizes the RX02 dual
flexible disk and LA120 DecWriter. FORTRAN/RJ-11 system software is provided.
The computer system, shown in Figure_2-4, is packaged in a short cabinet
configuration suitable for office environment. Its operating temperature range
is 5 to 40°C. The internal configuration of the mine office and dragline

computers is shown in Figure 2.8.

2.4.2 Data Modem Interface. The DLV11-B is an asynchronous line interface

module that interfaces the PDP 1103L bus to any of several types of serial
communications lines. The module receives serial data from a peripheral
device, assembles it into parallel data and transfers it to the bus. It
accepts data from the bus, converts it into serial data and transmits it to

the peripheral device. The DLV11-E offers full modem control and is compatible
with EIA Standard RS-232C, Bell WE-202D and other devices. The DLVI1-E is a
circuit card that is installed directly intc the PDP1103-L computer system.
Various functional configurations are implemented by jumper on the card.

Figure 2-9shows the configuration used with the data link.

2.4.3 Data Modem. The Universal Data Systems Model 202D is a phase coherent,
frequency shift keyed (FSK) data modem designed for asynchronous operation up
to 180C bps. The modem, packaged as a desk top unit, complies with EIA
Standard RS-232C and is compatible with existing Bell WE-202D modems. The
UDS-202D processes up to 1200 bits per second serial, asynchronous, digital,

input data fer transmissicn over unconditioned lines and up to 1800 bits per
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second over conditioned lines. In the dragline data link application the

FSK modulating frequencies are level controlled and input directly to the

audio input terminals of the transmitter. The modems were modified at MDEC

by the addition of a transmitter keying circuit as shown in Figure 2-10. The
circuit provides a relay closure in lieu of the microphone press to talk switch
upon receipt of a request to send signal from the computer. The data modem cable

is modified to acdd the keying feature as shown in Figure 2-11. Specifications are

as follows:
Dimensions - 9 x 2.6 x 10 inches

Weight - 5 1bs.
Operating Temperature -0 to 65°C
Storage Temperature -40 to 70°C
Humidity -95% relative (no condensation)
Power - 115VAC = 10% single phase
47 to 63 HZ, 5 watts maximum

Data Rate 0 - 1200 bps, unconditicned line

0 - 1800 bps, C2 conditioned line
Modulation - Frequency Shift Keyed
Audio frequencies - Mark - 1200Hz

Space - 2200Hz

Soft carrier turn-off - 900 Hz

Frequency Stability 1%
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Transmitter Output Level
(Strap Selectable)

Receiver Input Level

Carrier Detect Level
(Strap Selectable)

Carrier Detect Delay
Operate
Release

Line Impedance

Operating Modes

Test
Digital Interface

Clear to Send Delay
(Strap Selectable)

Receiver and Call Turn
Around Squelch

Soft Carrier Turn off

Front Panel Switchs
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6, -2, -4, -6, -8, -10,
-12 dbm

0 to ~48 dbm

0 to -30dbm

-12 to -48dbm

6+ 1msor23+3ms
6+ 1 ms

600 ohmn, balanced

Half Duplex (2 wire)
Full Duplex (4 wire)

Remove and iocal
EIA STD RS=-232C

8.5+ 1 ms, 30 £ 3 ms
60 + 6 ms, 200 + 20ms

Squelch Receiver during

local transmission and for 110

ms after end of transmission

900 HZ tone for 25 ms

Local/Operate/Remote select
Power On



The UDS-202D data modem can be configured for various applications by shorting
strap placement. The strap or jumper configuration as used with the data

link are shown in Figure 2-12. The data modems are used in the four wire

full dupiex mode even though the data link system is half duplex. This allows
use of convenient local and remote loop back from the computer terminal. Test
selection is switchable from the modem front panel as shown in Figure 2-13.

The modem timing is setup as follows: The local modem receives a request to
send (RTS) commands from the computer. The transmitter is keyed and a mark
frequency of 1200 HZ applied. After a 200 millisecond delay the clear to send
(CTS) is enabled and data is transmitted. When data transmission is completed
the RTS is removed by the computer. The transmitter maintains transmission of
a 900HZ signal for an additional 25 milliseconds under modem control. This
soft carrier turn-off prevents erratic reception by the receiving modem at the
end of transmission. The remote modem receives the mark frequency and after 25
milliseconds sets the carrier detect (CD). Data can now be received. The
carrier detect signal is maintained for an additional 23 milliseconds after the
data transmission is completed to avoid early termination of data reception.
The modem is returned to its neutral state awaiting another request to send
from the computer or a carrier detect from the receiver. The receiver input

level is set at zero dBm. The carrier detect Tevel is set at -30dBm.
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2.4.4 Radio. The MASTR Executive II transmitter-receiver manufactured by
General Electric was chosen for the dragline data 1ink. Although laryer

than its mobile radic counterpart it has the advantage of a built-in power
supply for 115VAC operation and the proper interface for direct connection

to the data modem. The radio, part number F156KAULLA, is a desk top

station, Its dimensions are 6 x 20.25 x 13.75 inches and weigh 46 1bs.

Power requirements are 121/242 volts, 50/60 HZ at 260 watts transmit, 45 watts
receive and 20 watts standby. The operating temperature range is -30 to

60°C. The transmitter specifications are:

RF Power Qutput 35 Watts
(Adjustable from 10 to 35 watts)
Crystal Multiplication Factor 12
Frequency Stability + ,0005%
Spurious and Harmonic Emission At least 80 dB below maximum
at 150.8 to 174 MHt rated power output.
Modulation Adjustable from 0 to +5 KHZ Swing
Modulation Sensitivity 75 to 120 millivolts
Audio Frequency Characteristics Within +1 to -3dB of a 6--dB/octave
preemphasis from 300 to 3000 HZ
per EIA STD.
Distortion Less than 5%
Deviation Symmetry 0.5 KHZ maximum
Maximum Freq Spread
Full Specification 2 MHZ
1 dB Degradation 2.5 MHZ
Duty Cycle EIA 20 Intermittent
RF Qutput Impedance 50 Chms.
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Control Local or Remote

Frequency Transmit 154.46375 MHZ
Option Channel Guard at 203 HZ

Receiver Specifications

Sensitivity (-20 dB Quieting)

.50 Microvolts

Selectivity (EIA Two Signal Method) -90 dB
Spurious Response -100dB
Intermodulation (EIA) -85dB
Frequency Stability t .0005%
Modulation Acceptarnce + 7KHZ
Squelch Sensitivity 4 dB SINAD
Maximum Frequency Separation
Full Specification 1.0 MHZ
3dB Degradation 1.8 MHZ

Within + and -8dB of a standard
6 -dB per octave deemphasis curve
from 300 to 3000 HZ

Frequency Response
fRF Input Impedance 50 Ohm
RF Frequency 154.46375 MHZ

The radio panel contains a volume and squelch control and a channel
guard defeat switch. The band select switch is disabled since only a single
frequency is used. Figure 2-7 shows the radio interconnection to the modem.
The microphone usually connected to TB901 is removed and the transmit function
of the modem tied in to this interconnect. The press to talk switch s also

interconnected to TP901.

The General Electric MASTR Executive II stations contain DC control boards for
direct application of remote control. On the data link system this feature has
been configured for a four wire telephone line hook-up. Specifications for the

remote control board are:
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Line Terminating Impedance 600 Ohms

Line Loop Impedance 11000 Ohms maximum

Audio Line Qutput -20 to +11 dBm

Frequency Response +3dB from 300 to 3000 HZ
Distortion Less than 3%

The radios installed at 01d Ben Coal Comoany were adjusted for 15 walt output.
Frequency deviation was set at 3.6KHZ. Audio output to the modem is 5V peak

to peak.

2.4.5 Antenna: The antenna installed at the mine office shown in Figure
2-14 is a Model DB-230 Broad Directional Antenna manufactured by

Decibel Products Inc. The DB-203 is a three element Yagi having a forward
gain of 7db over half wave dipole. Gain is provided over a relative'y broad
horizontal pattern so that mounting is not critical. It can be mounted to the

top or side of the tower. Pertinent specifications are:

Frequency Range 148 to 174 MHZ
{Tuned to transmit frequency at
installation)
VSWR 1.5 to or less at .7 MHI Bandwidth
Nominal Impedance 500 Ohms
Maximum Midband Gain
(over half wave dipole) 7dB
Maximum Power Input 500 Watts
Horizontal Pattern Beamwidth 76°
(half power points)
Front to Back Ratio 22dB
Lighting Protection Direct Ground

a
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Figure 2-14
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Height 6.6 Ft.

Length 6.5 Ft.
Weight W/Clamps, Brackets 27 Lbs.
Wind Rating
Survival W/0 Ice 110 MPH
Survival With 0.5 In. Ice 75 MPH

The dragline mounted antenna is a Decibel Products Inc. Model DB-201. This
ground plane antenna is omnidirectional with a unity gain with respect to a
half wave dipole. It is designed to mount on top of a tower or pole. Its

installation of 01d Ben Coal Co. is shown in Figure 2-15 and 2-16. Its

specifications are:

Frequency Range

Bandwidth

VSWR

Nominal Impedance

Gain (over half wave dipole)
Maximum Power Input
Vertical Pattern Beamwidth
Lighting Protection

Height (above base plate)
Overall Length

Maximum Width

Net Weight (with Clamps)
Wind Rating

Survival/Without Ice
Survival (1/2 Inch Radial Ice)

43

144-174 MHZ

2% of Frequency
1.5 to 1 or Tess
50 ohms

Unity

500 Watts

78°

Direct Ground
18 Inches

30 Inches

49 Inches

10 Lbs.

Over 125 MPH
Qver 125 MPH
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Figure 2-15



45



The base antenna is mounted to the existing tower at 01d Ben Coal Co. Mine
No. 2 Mine approximately 50 feet above ground level. It is positioned with
its forward lobe pointing north. The dragiine antenna is mounted on the "A"

frame approximately 90 feet above bench level.

2.5 Computer Program. The data link computer programs, like the DIGS programs,

run an the Digital Egquipment Corporation Model PDP 11V03 Computer under the RT-11
operating system. File and device names in the following discussion foliow the

RT-11 convention.

The computer program, BSRPRT, runs in the mine office computer and operates
one end of the radio 1ink. It will, on command, initiate transfers of data
files from the dragline to the office. BSRPRT also contains the report

writing subroutines necessary to produce all the DIGS printouts.

2.5.1 Operating Instructions: To obtain data from the dragline via radio,

the radio transceivers and modems must be powered. A diskette containing the
file BSRPRT.SAV, plus space for the files which will be obtained from the dragline:
CMPRS.DAT, CANDR.DAT, and CRACCU.DAT must be loaded in the disk drive which is
assigned to be DK:. One disk in the system should be assigned to be CYC: and

should have 125 free blocks to receive KWH.DAT.
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Run BSRPRT. The computer will explain th2 responses needed. It will type:

TO OBTAIN DATA FROM THE DRAGLINE VIA RADIO
TYPE "DIGGING", "ROPES", OR "POWER".

TO PRINT A REPORT, TYPE "RPRT".

TYPE "SEND" FOR TWX MODE.

Before a report can be printed, the appropriate data file will need to be
transfered. Type "DIGGING" to transfer CMPRS.DAT, type "ROPES" to transfer
CANDR.DAT and CRACCU.DAT, or type "POWER" to transfer KWH.DAT. The computer

will send the appropriate signal to the dragline to initiate the transfer.

The requested data file will be sent in packets of 256 bytes each. After each
packet of data, the office computer will check its validity and eithe~ acknowledge
its receipt or request retransmission. If all data is received correctly, a
message for the file transferred will be printed and the program will be re-
started. If no response is received from the dragline within a fixed time
interval, the message "TIME OUT. THE DRAGLINE DOESNT ANSWER." will be printed

and the program will print the original message.

The procedure for printing a report is the same as used on the dragline DIGS.

If you type “SEND" and a one line message, the message will be printed on the
other end of the radio Tink. Messages can be sent from the office to the
dragline or from the dragline to the office. When a message is received, the
bell on the typewriter rings 3 times and the message is preceded by the

character "2,
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2.5.2 Description of Data Link Programs

DLINK--Radio Interface Handlers

Data is transmitted and received over the radio by means of special assembly
language interface handler routines contained in the module DLINK. There are
three independent subroutines in DLINK: XMIT, Figure 2-17, is called from a
FORTRAN program to initiate a transmission. XISR, Figure 2-18, executes upon

a transmitter interrupt and outputs one byte of data to the radio, and RISR,
Figures 2-19 and 2-20, 1inputs one byte of data from the radio when a receiver

interrupt occurs.

XMIT sets up the transmission of a message with length of up to 256 bytes.
The starting address of the message, the number of bytes in it, the call
letters of the station to which the message is directed and a status flag
are passed as arguments to XMIT by the calling program. The call letters
are two bytes which are unique for each station in the communication system.
The status flag indicates to the calling program if it was impossible to
transmit the message because of traffic on the air or if the message length

exceeded the limit of 256 bytes.

The interface between the computer and the radio complies to the RS-232 standard.
Besides turning on the carrier in the modem, the RS-232 "request to send" signal
also keys the radio transmitter. When XMIT is invoked to send a message, it
first checks the length of the message. Then it checks to see if a transmission
is already in progress. When these checks pass, the message pointer, byte

count and call letters are stored for the interrupt service routine and the
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AMIT IS CALLED BY A FORTRAN PROGRAM TO INITIATE TRANSMISSION
OF MESSAGE NAMED MSG WITH LENGTH N BYTES, USING CALL LETTERS, ID

TOO MANY BYTES
AT ONCE?

TRANSMISSION ALREADY

IN PROGRESS?

CARRIER
RECEIVED?

BUSY/STATUS FLAG
CHECKSUM
MESSAGE POINTER
MESSAGE LENGTH
CALL LETTERS
POINTER
MESSAGE INDEX

KEY THE MIKE

CLEAR TO SEND?

XMIT(MSG,N,ID,LBSY)

=> (YES)

LBSY = -1

0 (YESl___

LBSY = 1
1 (YES)
LBSY = 2

TRANSMISSION NOT DONE

LBSY = 0
i ( RETURN )
MSGI = MSG
NI = N
IDI = 1D RTS - REQUEST TO SEND; ENABLES MODEM XMTR
e AND KEYS THE RADIO XMTR
NIP4 = Ned CTS - CLEAR TO SEND; TURNED ON EY THE MODEM
AFTER FIXED DELAY ISSUANCE OF RTS
CAR - CARRIER DETECT; ON IF INCOMING CARRIER
EXISTS
RTS = 1 IMAX - CONSTANT LIMIT ON NUMBER OF BYTES TO
BE SENT AT ONE TIME
0 ¢1s
TXNTON = 0
! ENABLE RETURN
XMTR
 INTERRUPTS
Figure 2-17. Program Diagram - XMIT
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XISR (ENTER ON XMTR INTERRUPT)

MESSAGE INDEX

BYTE
COUNT

CHECKSUM

<

CALL LETTERS

DONE :
RTS = 0 RELEASE MIKE KEY
wt LAMTDN = 1 0 orpansMIssTon
DONE™

DATA

(CALCULATE CHECKSUM

XBUF = NI XBUF = IDI(I)
v |
= Nt ,/’///i:\\\\\
< N+4
LAST:
XBUF = CKSUM XBUF = MSGI(I-3)
l
CKSUM = (CKSUM+MSGI(1-3))MoD 28
3 B
l RETRN
I =141

RETURN

4
INHIBIT
AMTR

FROM
INTERRUPT

Figure 2-18. program Diagram

INTERRUPTS

- XISR
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ENTER ON RECEIVER INTERRUPT

BYTE=RBU=

0 (YES) ///:;;LDN RECEIPTION COMPLETE?

= 0 (NO)
(:E:) See Figure B
RECEIVER STATE

2

LISTEN

FIRST SECOND
CALL CALL
LETTER LETTER

Y (NO) BYTE:

CALL(1)
= (YES) NSOFAR=1 | BYTES REC'D
- LISTEN = 3
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RETURN
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UPDATE
CHECKSUM

> (YES) ALL BYTES

RECEIVED
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Mop 28

NSOFAR=NSOFAR+1

RTN FROM
INTERRUPT

CHECKSUM
EOM: = (NO) CORRECT?
LISTEN =0
LRCVDN =-1
LRCVDN =1
LISTEN =0 '
RECEPTION
INHIBIT RCVR , COMPLETE
INTERRUPTS P




"request to send" signal is issued. The routine loops while waiting for the
"clear to send" signal from the modem to become true and then enables the
transmitter interface interrupts. When a message is transmitted, it is
preceded by:the two call letter bytes and a byte which contains the number
of bytes in the message. The message is followed by a check sum which is
formed by adding all the bytes of the message and allowing the sum to over-

flow. The least significant byte of the sum is the checksum byte.

XISR is the transmitter interrupt service routine. It is executed when the
transmitter interface is ready to transmit the next byte and performs an
interrupt. The checksum is computed from each byte as it is transmitted.
After the call letters, byte count, message and checksum have been trins-
mitted, XISR turns off the transmitter by clearing "request to send" and

inhibits further transmitter interface interrupts.

RISR is the receiver interrupt service routine. It is executed each time a

new byte is passed by the modem to the receiver interface. Bytes are ignored
by RISR until the two bytes of its staticn's call letters are received ir

order. The next byte received is then regarded as the count of bytes to follow.
(A count of 0 is interpreted as 256--no zero length messages should be sent.)
That many bytes are then stored (one for each receiver interrupt} in the

array NBUF. The checksum is computed as each byte is received. The byte

after the message is then compared to the computed checksum. The flag LRCVDN
is set to +] if they are equal. LRCVDN is set to -1 if the checksums do not

agree.
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BSRPRT--Base Station file transfer programs. BSRPT program heirarchy is shown in
Figure 2-21. When a command is given to the BSRPRT program to obtain a data file

from the dragline, it executes one of the subroutines DIGuliNe, RIPES, or POWER.

DIGGING obtains the primary DIGS data file, 'CMPRS.DAT', from the dragline.
That file contains the dragline's digging performance informetion. Rather
than having the entire file sent each time, the routine requests the "earliest
date of interest" to be entered at the keyboard, and then sends that date

to the dragline. The dragline then returns only those date sactions of
‘CMPRS.DAT' with dates following the entered date. DIGGING builds a base
station copy of 'CMPRS.DAT' from the received packets of data. After receipt
of each packet, the routine ACKNOG is called to ackinowledge it. Receipt of a
message with length equal 1 byte signals the end of transmission. Receipt of
a message with length equal to 2 bytes signais that a bad block exists in the
'CMPRS.DAT' file on board the dragline and the transmissicn is aborted. When
the end of data message is received, the number of 'CMPRS.DAT' records

transmitted is printed on the typewriter.

POWER obtains the 'KWH.DAT' data file, 01d Ben's special power monitor data
file, from the dragline. Complete transmission of fhe file takes about one
half hour under normal conditions. When the file has been transmitted

'KWH.DAT RECEIVED' 1is printed at the typewriter.

ROPES obtains 01d Ben's special rope and chain veport files, CANDR.DAT' and
"CRACCU.DAT'. Each packet of data is received by the subroutine 'LISTEN' and is
acknowledged by the routine ACKNOG, The message 'CANDR.DAT and CRACCU.DAT

RECEIVED' follows receipt of both files.
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LISTEN, an integer function, monitors the receipt of a packet of data from the
dragline. It requests retransmission of the packet if a checksum error
ocourred in its original transmission, or if no packet is recefved within 30
seconds. After 3 requests for retransmissions due to time out, it prints 'TIME

OUT. THE DRAGLINE DOESN'T ANSWER.' at the typewriter.

RADIO~--Dragliine Half of Data Link

The main loop of the DIGS program, HIMAIN, Figure 2-22, receives messages from
the DIGS typewriter or from the radio data link via the routine READIN. If
the first four characters of a message are "RDIO", the subroutine RADIO is

catlad to transmit a data file.

The second group of 4 characters following "RDIC" determine which data file

is to be transmitted. "CMPR" causes the normal digging data file, "CMPRS.DAT"
te be sent., RADIO sends the power data file, KWH.DAT, if it sees "POWR",

and the rope data files, CANDR.DAT and CRACCU.DAT when "ROPE" is received.

If "CMPR" is the message, the two bytes following the message comprise an
integer date. Only that data in CMPRS.DAT following that date are transmitted.

The other data files are always transmitted in their entirety.

REDIC calls the subroutine ITALK to transmit blocks of 256 bytes. ITALK invokes
XMIT and then monitors the receive done flag, LRCVDN. If the acknowledgement
message is received from the base station, ITALK returns to the caller. If

the base station sends anything other than the acknowliedgement, then the data

bicck is retransmitted. If nothing is heard from the base station within 100
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seconds, RADIO sets a time out flag, rings the typewriter bell and returns.

RCY prepares the system to receive a new message by resetting the reception

complete flag and the receiver buffer index.

The DIGS Radio Data Link Program and Handlers are listed in the Appendix.
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3.0 DEVELOPMENT AND LABORATORY TESTING

The Dragline Data Link System component less antennas were received &nd
functionally tested by MDEC prior to delivery toc the mine site. Each
component was operationally checked against its specifications and assembled
in the functional configuration for system developmental tests. Two test
set-ups were used. The first set-up used the data link computer, a similar
computer, to simulate the DIGS computer, and the data modems interconnecting
the computers directly. This test confiquration was used mainly during the
software development phase. The second test configuration simulated the
field installation except radio were coupled through attenuators. Antennas
were not used nor were any radiation tests made. The system configuration was
used to verify operation of the system at predetermined timing and signal

level.

3.1 Radio: The transmitters were operated into a dummy loads and pawer output
levels checked. Power adjustments range from less than 1 watt to about 43
watts. Power levels were set at 15 watts for bench tests. Figure 3-1 shows

the opened power chassis and power adjustment potentiometer.

Receiver sensitivities were checked using a Hewlett Packard HP 86408 signal
generator, with the frequency set at 154.46375 MHZ, modulation frequencies
at 900,120C and 2200 HZ, and peak deviation at 3.6 KHZ usable signals were

obtained with inputs varied from 20 to -130 dBm.
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Peak deviation was checked using the procedure above to determine a reference
output. The HP8640B signal generator was set at the licensed frequency with

the modulation frequency at 2200 {Z, peek deviation at 3600 HZ and input level at
-60 dBm. The receiver output was measured at 8V peak to peak. The transmitter
to be checked was substituted for the RF signal generator and coupled tc the
reference receiver through attenuators. A Wave Tek Model 114 audio signal
generator provided 2200HZ modulation to the transmitter. The receiver output
with the transmitter keyed was measured at 8V peak to peak. The rolzss of the

two radios were interchanged in this test with duplicate results. Tasts were

performed at 5 and 15 watt RF output levels of the transmitters.

3.2 Modem: The data modems were configured as described in paragraoh 2.4.3.
Carrier detect level was set by selectable strap at -30 dBm. Transmitter ocutput
level of Zero dBm was selected. Modem tests were conducted in a system test
configuration. The pair of modems were used to interconnect two comouter
systems. The capability of the modems to transmit data and to satisfactorily

pass local and remote loop back tests were criteria for acceptance.

3.3 Computer: The PDP 1103 computer system used with data link is basically
identical to the DIGS computer. These devices are tested upon receiot by a
Digital Equipment Corp. representative using established diagnostic srograms.
The test is witnessed by a MDEC representative. The device is then jperated

for a minimum of 100 hours and retested using diagnostic routines.
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3.4 System Tests: The data link system and a computer simulating the DIGS

wera configured as shown in Figure 3-2. The functional interconnection is
vdeptical to that shown in Figure 2-7 except the radio interconnection was
accompiished using attenuators providing 70dB attenuation. Power Tevels are
set at 5 and 15 watts. End to end tests using both the teletype and data
transfer modes were repeated over a period of two weeks. During this period
only minor changes were required to the software. The receiver outputs of
both radios were adjusted to 5V peak to peak and the soft carrier delay was

increased to 25 milliseconds from 8 milliseconds.
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4.0 FIELD INSTALLATION AND TEST

DIGS Data Link System was installed and went on the air at 01d Ben Coal Co.

Mine No. 2 on 25 November 1980. The radio communication of ddta files worked
without problem from the start. The first transmission used the teletype

mode. These results are shown in Figure 4-1. A minor software problem in the base
station was corrected. A more serious problem with the DIGS as modified by

Data Link was discovered. When a report was being printed with the drag-

line was in operation, the computer memory was insufficient for all the input/
output buffers. An additional disk overlay was created to reduce the main

memory requirement to an acceptable Tevel.

4.1 Dragline System. Installation of the dragline system amounted to stacking

the radio and modem on the DIGS computer and installing two modem interconnecting
cables. The antenna had previously been installed by a subcontractor, Tri-
State Communications, Inc. of Evansville, Indiana. The antenna was trimmed to
the assigned frequency and secured to the "A" frame of the dragline. Figure

2-18 shows the antenna installation. RG-8U coaxial cable was routed through
cable ways to the DIGS computer room, The DIGS and Dragline Data Link installa-

tion are shown in Figures 2-4 and 2-5.

4.2 Mine Office Installation. The mine office data 1ink installation is shown

in Figure 2-3. The computer and teletypewriter were placed in the

mine engineering office. The radio and modem were stacked on top of the computer.
The mine office antenna was secured to an existing mast adjacent to the mine
office by Tri State Communications, Inc. Figure 4-2 is a view of the 01d Ben

No. 2 mine office showing the radio mast.
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LROOT DYS™U
BOOT LX3

RT-115J YO3-02
+385IGN DX1: CYC

+R ORD
SEND HELLD
~ HELLO
SEND HEY DAVE "G"G767GTGTE"6G  ARE YOU THERE®?
SEND WARE UF YOU GUYS!
= YES T AM
~u
SEND WE'RE HERE TOQO!
SEND I GUESS IT WORKS,
SEND TYFPE SOMETHING ELSE DAVE.

I GUEES WE ARE IN BUSINSEND I AM A SLOW TYFEST

SEND HOORAY .
SEMD

~ I AM ASLO A RAN SPELLER
HOW ABOUTY N YN TYFPING *DIGGING®

= DID YOU GETSEND LNIGGING
SEND DON‘T TYFE "SEND DIGGING"» JUST TYFE *"DIGGING®.
SEND SEE IF YOU CAN PRINT A RFEGRT NOW.,

» I ALREADY HAVE
SEND GREAT
SEND DD YOU HAVE ANY CHAMPAGNE?

2 NOs BUTT I HAVE SOME RIFFLE
SEND IF YCU LEAVE BEFORE WE GET BACK... WE’LL BE BACK TOMORROW
SEND WE’LL KEEP THE COMFPUTER ROOM KEY

- GEND THAT WILL BE FINE
SEND GOODI N \NEBYE.N.\ FOR NOW.

Figure 4-1. The First Data Link Transmission
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4.3 System Tests. Test of the data link system at the system level included

transmission and comparison of reports from data generated by the operational
dragline. Various RF power level settings from less than 1.0 to 15 watts were
used during transmission tests. Figure 4-2 is a typical "“ROPES" report as

used by 01d Ben Coal Co. This report was transmitted to the mine office via the
data 1ink with the transmitters adjusted to 5 watts RF power. Identical reports
were transmitted at 2 and 15 watts RF power. The “rope and chains" report consist
of 5730 bytes of data. This requires approximately 26 transmissions toc transfer
this report by data link. The total time required to transfer this report was
measured at one minute and forty nine seconds. At two seconds per transmission
and a 50% duty cycle the theoretical transmission time is one minute and forty
four seconds. The "power" report consists of 80,000 bytes or 303 transmissions.
This report required 23 minutes to transmit. Two extra transmissions were

noted during this run. Transmissions are repeated (up to three times) if a
transmission of 256 bytes fails the parity or checksum tests. The "digging"
report can vary, depending upon the length of time data is acquired, up to

64000 bytes. A full record would require 250 transmissions and require 16
minutes and 40 seconds. The "digging" report requested contained 13,200 bytes
and reguired 5 minutes and 24 seconds to complete. The average transmission
time as measured over these timed runs is 1.91 seconds. Repeated transmissions
were made without Toss of data with RF power settings at less than 1 watt,

5 watts, 7.5 watts, 10 watts and 15 watts. Some distortion was noted at the
lower power settings (less than 5 watt) but not to the extent to cause loss of
data. The transmitter has a specified power range of 10 to 35 watts. On
several occasions during early tests some interference was noted. Since it was
infrequent and random, no analysis was possible. It appeared on the audio as
heard through the speaker as data, not voice. It did not abort report trans-
mission, but since it did not occur during timed runs its effect on byte

retransmission was not determined. The system has been in operation from
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ROFES
CANDR.DAT AND CRACCU.DAT RECIEVED

TO GET DATA FROM THE DRAGLINE VIA RADIO
TYFE 'DIGGING's 'FOWER'» OR °*ROPESY
TYFPE *RPRT' TO PRINT A REPORT

TYPE °*SEND® FOR TWX MODE

SEND REFORT HAS REEN TRANSMITTED AS HAS BEEN RECIEVED....,
GEND WILL NOW RUN
RFRT

IF YOU YANT...

# CHRONOLOGICAL REPORT,» ENTER 14

TOGTALS BY OPERATOR: ENTER 2i

TOTALSy ENTER 34

4 DRAGLINE OPERATING SUMMARY» ENTER 47

A CURRENT ROPE AND CHAIN REFORT, ENTER 33
A PAST ROPE AND CHAIN REPORT» ENTER 4,
POWER USE, ENTER 7.

]

FIMD THE TOF OF THE FAGE AND HIT RETURN

Figure 4.2. Typical 01d Ben Ropes Report (Sheet 1 of 7)
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O KT
WIRE ROFES CHAINS
UFFER LOWER
DRAG HBIST DRAG HOIST HOIST
ACTIVITY 40 33 40 70 8¢
DATE OF ACTIVITY 18-DEC-1980 11-DEC-193C 19-SEFP-1980 11-0CT-197% 7-JUN-1979
DATE INSTALLED 18-DEC-1980 31-JUL-1980 18-5EP-1980¢ 11-0€T-1979 7-JUN-1%79
TARDS SINCE INSTALLED 490883, 3357823, 1437936, 9522451, 11907172,
YARDS SINCE ACTIVITY 679383, 52179, 14377346, ¢5234T1. 11907172,
CYCLES SINCE ACTIVITY 114792, 16633, 23395, 168301, 2053584,
HOURS OF DIGGING 223, 321, 5190, 3430, 4364,

SINCE ACTIVITY
END OF REFORT

TQ GET DATA FROM THE DRAGLINE VIA RAUIO
TYFE *DIGGING®: °"POWER®, CR *ROPES®;
TYPE *3PRT* TQ PRINT A REPFORT

TYFE 'SERL® FOR TWX MODE

RERT

IF YOU WANT...

A CTHRONDLOGICAL REFORT» ENTER 14

TOTALS BY QPERATOR: ENTER 2i

TCTALSy ENTER 3

DRAGLINE OFERATING SUMMARYs ENTER 4i
CURRENT ROFE AND CHAIN REFORT» ENTER S
A FAST ROFE AND CHAIN REPORT» ENTER 6.
FOWER USEr ENTER 7.

s

-]

F

<

A
v

FIND THE TOF OF THE FAGE AND HIT RETURN

Figure 4-2., Typical 01d Ben Ropes Report (Sheet 2 of 7)
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WIRE ROFES CHAINS

UPPER LOWER
DRAG HOIST ORAG HOIST HOIST
AETIVITY 43 a2 40 70 80
LATE OF ACTIVITY 14-MAY-1979 24-MAT-197% 7-JUN-1979 7-JUN-1979 7-JUN-1979
YARDS SINCE ACTIVITY 2084632, 1305011, 250311, 1988502, 11907172,
CYCLES SINCE ACTIVITY 3058, 17366, 3445, 35203, 205386,
HOURS OF DIGGING 583, 348, 73, 744, 4304,
SINCE ACTIVITY
ACTIVITY 44 33 al 70
DATE OF ACTIVITY 11-JUN-1979 29-JUN-197% 12-JUN-1%79 4-0CT-1979
TARDS SINCE ACTIVITY 232064, G, 237435, 0.
CYCLES SINCE ACTIVITY 3308, 0. 323, 0.
HOURS OF DIGGING 76, 0. 7 0.
SINCE ACTIVITY
ACTIVITY 44 53 &2 70
DATE OF ACTIVITY 13-JUN=1979 29-JUN=-1979 12-JUN-197% 4-0CT-1979
YARDS SINCE ACTIVITY 509973, 3083553, 310351, 294011,
CYCLES SINCE ACTIVITY 2697, 3493. $178. S082.
HOURS OF DIGGING 207, 119, 113, 112,
SINCE ACTIVITY
ACTIVITY 45 50 63 70
DATE OF ACTIVITY 27-JUN-1979 12-JUL-1979 1B-JUN-1979 11-0CT-1979%
YARDS SINCE ACTIVITY 0. 675035, 73787, 9622451,
CYCLES SINCE ACTIVITY Q. 12354, 1390, 163301,
HOURS OF DIGGING 0. 258, 29, 3450,
SINCE ACTIVITY
ACTIVITY 40 S0 64
DATE OF ACTIVITY 27-JUN-1979 4-0CT-1979 19-JUN=1979
TARDS SINCE ACTIVITY 0 253743, 824740,
CYCLES SINCE ACTIVITY 0. 4372, 15102,
HOURS OF DIGGING 0. 98, 335,
SINCE ACTIVITY
ACTIVITY 40 50 &3
DATE OF ACTIVITY 27-JUN-1979 10-0CT-1979 24-JUL-1979
YARDS SINCE ACTIVITY 679247, 5882, 473727,
CYCLES SINCE ACTIVITY 131435, 161, 7996
HOURS OF DIGGING 273, 2, 174,
SINCE ACTIVITY
ACTIVITY 43 50 50
DATE OF ACTIVITY 7-AUG~-197% 10-0CT-197% 3-0CT-1979
YARDS SINCE ACTIVITY Q. 0. 31944,
CYCLES SINCE ACTIVITY 0. 0. 372,
HOURS OF DIGGING 0. Q. 11,

SINCE ACTIVITY
Figure 4.2. Typical QOld Eenﬁ%o;es Rerort (Sheet 3 of 7)



ACTIVITY

DATE OF ACTIVITY
YARDS SINCE ACTIVITY
CYCLES SINCE ACTIVITY
HOURS OF DIGGING
ZINCE ACTIVITY

ACTIVITY

DATE OF ACTIVITY
YARDS SINCE ACTIVITY
CYCLES SINCE ACTIVITY
HGURS OF DIGGING
SINCE ACTIVITY

ACTIVITY.

DATE OF ACTIVITY
TARDS SINCE ACTIVITY
YCLES SINCE ACTIVITY

HOURS OF DIGGING
SINCE ACTIVITY

ACTIVITY

LATE GF ACTIVITY
fARDS SINCE ACTIVITY
CYCLES SINCE ACTIVITY
HOURS OF DIGGING
SINCE ACTIVITY

ACTIVITY

DATE OF ACTIVITY
TARDS SINCE ACTIVITY
CYCLES SINCE ACTIVITY
HOURS OF DIGGBING
SINCE ACTIVITY

ACTIVITY

DATE OF ACTIVITY
YARDS SINCE ACTIVITY
CYCLES SINCE ACTIVITY
HOURS OF DIGGING
SINCE ACTIVITY

ACTIVITY

DATE QF ACTIVITY
YARDS SIMCE ACTIVITY
CYCLES SINCE ACTIVITY
HOURS OF DIGGING
SINCE ACTIVITY

Figure 4.2. Typical 01d Ben Ropes Report (Sheet 4 of 7) n

WIRE ROFES

. .

CHAINS

S . - ——— - - ——
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HOURS OF DIGGING
SINCE ACTIVITY

ACTIVITY

DATE OF ACTIVITY
YARDS SINCE ACTIVITY
CYCLES SINCE ACTIVITY
HOURS OF DIGGING
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HOURS OF DIGGING
SINCE ACTIVITY

ACTIVITY

DATE QF ACTIVITY
YARDS SINCE ACTIVITY
CYCLES SINCE ACTIVITY
HOURS OF DIGGING
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WIRE ROFES CHAINS

A o P S - - D - o D D . - ——— .

UFPER LOWER
DRAG HOIST DRAG HOIST HOIST
ACTIVITY 41
DATE OF ACTIVITY i1-DEC-1980
YARDS SINCE ACTIVITY 264313,
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ACTIVITY 40
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TARDS SINCE ACTIVITY 690883,
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AQURS OF DIGGING 223,

SINCE ACTIVITY

THE FOLLOWING AHOUNTS 119 59 35 1§ 3
HAVE BEEN USED FROM THE ROPE AND CHAIN RECORDS OUT OF 281 POSSIBLE FOR EACH ONE

END OF REFORT

Figure 4.2. Typical 01d Ben Ropes Report (Sheet 7 of 7)
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25 November 1980 through the completion without problem. Data trans-
mitted and reports obtained through the data 1ink system have been consistently

reliable when compared with reports generated on the prime DIGS.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Design Goals. Goals of the Dragline Data Link program have been fully

achieved with respect to operation and data transfer fidelity. Test performed
at the evaluation site demonstrated that the data link system can be applied
to the surface mining environment. The evaluation site provided a test range
that met the criteria of the design model with the exception of rance. The
design model established a conservative five mile range as a typicél maximum
distance between the base and remote station. An equally conservative path
loss analysis established a RF power requirement at 30 watts. 01d Een Coal
Co. provided a 1.3 mile range. Transmission tests using as low as cne watt

of RF power demonstrated the feasibility of longer range operaticn énd the

validity of the path loss analysis.

5.2 Operational Goals: The ultimate goal of DIGS as enhanced by the data

link system is to increase mining productivity. As determined from proprietary
data obtained from DIGS users, a minimum of 3% increase in productivity is
noted. The added effects attributable to data link are not yet as clearly
determined. The DIGS statistics required years of data gathering to assure
adequate normalization. The short evaluation time could not provide the

cause and effect relationships and the necessary response by the mine operator
to an over abundance of data to achieve measurable productivity improvement.
The benefits noted by the mine operator are superficial at this time. The

data link system provides convenient access to the data already available

at the dragline DIGS. It eliminates time spent in travel to the dragline and
the time spent awaiting report printouts. It encourages frequent collection of

this data and more responsive use of available reports.
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A more subtle but interesting benefit is being considered. The ready availa-
bility of data from the dragline provides for new and innovative uses for DIGS.
More detailed reports such as cycle by cycle reports or real {ime reporting of
detailed dragline activities could provide for more realistic and accurate time

and productivity studies. The expansion of similar data acquisition and

reporting systems to other draglines, shovels and material handling equipment

of many types, serviced by a single data 1ink system (some 676 system can presently
be individually addressed) can lead to composite production reports and offer

even greater mine management potential.

5.3 Recommendations: The value of a data 1ink system as applied to DIGS and

related data systems could not be verified in full during a two month evaluation
period. It will require the innovative application by a progressive and
dedicated mining operation over a long period of time to develop the methods

and confidence to effect productivity improvements. To this end it is suggested
that the evaluation of the dragline data link system be continued by & mine
operator and that they be encouraged to try new and innovative techniques in

data gathering, reporting and management for productivity.

The design of the data 1ink system was predicated upon use of available

equipment containing built-in options for direct integration into a data
transmission system. The radio for example is a desk top unit with buiit-in
power supply and DC remote interface board. The data modem is of a commercial
design and provides for selectable interface options. This equipment is
acceptable for the dragline where space and the environment are not critical
factors. This eguipment, however, would not be suitable for the more restraining

space requirements and harsh environment of equipment such as a front end loader.
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It is suggested that the data link design be evolved into a more rugjed and smaller
system utilizing a mobile radio and developing a dedicated interface and data modem
peculiar to its restricted application. Size, power reguirement and its ability

to survive the harsh temperature, dust, humidity, vibration and shoc< environments
should be considered. Interface with mine and microcomputer systems should also be

addressed.

Additional system developments including full duplex operation and low power

remote systems using repeater stations are recommended.
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1 +TITLE DIGS RADID DATA LINK HANDLERS
2 175510 RCSR=17:3610

3 173612 RBUF=17'3412

4 173514 XCSR=173614

3 173614 XBUF=173616

§ 050000 -PSECT  RADIO»RYsDyGBLIRELSOUR
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? 000402 000000 NING  JMORD OQ
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1 000000

€ F

4 000000
5 900002
& 000004
7 000004
8 000010
9 000014
10 000016
11 000922
12 000024
13 900030
14 000032
15 000026
15 000040
17 000044
18 200050
19 000054
20 000056
21 000040
22 160044
23 000070
24 040074
25 000102
26 000106
27 000112
28 000120
29
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iND
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i TRANSMISSION ALREADY IN PROSRESS?
iNO
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CARRIER DETELT?

iNDs GO AHEAD
+LB5Y=2

#RESET CHECKSUM
$MESSAGE POINTER
#BYTE COUNT
iCALL LETTERS

FISSUE REQUEST TO SEND

# (THE FOLLOWING TEST IS 10/SEC, NOT FREE RUMNINGs ON DRAGLINE)

{RS)+1R0
MOV {RS) 41RO
MoV {RS)+sR1
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e (R11, %254,
BLE s
Hov -1,0(R5)4
RIS o
%3 18T LXuTDH
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PSS ¥
RTS PC
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)
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$CLEAR TO SENI?
Ny YAIT

FINHIBIT INTERRUPTE
FENABLE XMIT INTERRUPTS
JENABLE INTERRUPTS
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FCHECKSUM

1DONE
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FUPDATE CHECKSUN

$XMIT CHECKSUM
iCOUNT A BYTE
iPOP RO
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i CHECKSUM

i THICE
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RADID 000404
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RISH 300254
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004 NOKSH
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000244R
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$00130%
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FORTRAN IV V62,04 Thu 12-Feb-81 00104233 FAGE 001

0ol FROGRAW BSRPRT
£
¢ BSRPRT IS THE DIGS REFORT WRITING FROGRAH
c USED &T THE MINME OFFICE. DIATA IS RECEIVED
C FROM THE DRAGLINE VIA THE RADIO DATA LINK,
€

1042 EXTERNAL RISRyXISR

3003 _OGICALX1 LS(S0)sNERUF

1004 EQUIVALERCE (5,LE5(1))

0GLS COMMON /RADIO/NBUF(204)»LRCVIN/NIN

2604 DATA TD/7AR‘/

2907 IE=IADDR(RIER)

9208 IT=IADBDR{XISR)

5ane CaLl IFOKE("172,'200)

G019 CALL IPORE(®*170:IR)

Lo CALL IFDKE('1746,7200)

0212 CALL IPOKE(*174,17)

0013 CALL IFOKE("175610:°100)

Q0141 WRITE(7,100)

Q015 100 FORMAT(/Y TO GET DATA FROM THE DRAGLINE VIA

¥ RADIN’/’ TYFE *DIGBING®s "FPOWER'» OR *ROFES"i‘/
k' TYPE *RPRT* TO FRINT A REPQORT’/
¥’ TYFE "SENU® FOR TWX MODE’//)

001y 2 CALL READIN(LSsN)
Q017 IF(S.EQ.'DIGG’)Y CALL DIGGING
0017 IF(S.EQ.'FOUE’) CALL POUER
0021 IF¢S.EQ,'ROFPE‘) CALL ROFES
2023 IF(S.EQ.’RFRT’) CALL RFRT
DO3T IFS, Q.’SEND’ 60 10 3
0Q27 IF(S.EQ. "HAR Go 70 4
3629 GO 10 1

C
0030 3 3="HARK"
0031 CALL XMIT{LSsMINO(2T4)N)» AR’ ,LESY)
gezz G0 1D 2

WRITE(75200) 72797 (LE{(D)+I=5sN)»"12

Za 4

[ ]

fad Iad
[

Y

0024 200 FORMAT(” »7973A1//7)
00725 60 TC 2

0934 END

BERFRT

PFORTRAN~-I-CUBSRFRTI] Errorst 0y Warninas: 1



FORTRAN 1Y Storade Maep for Program Unit BSRPRT

Local Varisbless JPSECT $DATAs Size = 000142 ( A9, words)

Hame Tyre {(ffset Name Tere QOffset Nzme Ture Offset
I Ix2 000134 iD Ix2 000122 IR Ix2 00012¢
17 %2 000130 LEBSY I%x2 000134 N Ix2 000132
5 Rx4 000002 Eav

COMMON Block /RADIO /» Size = 000404 ( 130. words)

Nznme Tyre {(ffset Hame Ture 0Offset Namo Turr Offset
HBUF Lk 000000 LRCUDN Ix2 000400 NIN Ix2 000402

Local 3nd COMMON Arraus?

Name Tuyre Section Offset =~~w-- Size-=-r~- Dimensions
LS Lx1 $DATA 000002 000120 ( 40,) (30)
NBUF  Lad RADIO 000000 000400 ( 128.) (254)

Subroutiness Functionss Statement and Processnr-Defined Functions:

Name Ture Mame Ture Name Tyre Name Ture Mame Ture
DIGGIN RXx4 IADDR 1x2 IFOKE 12 MINO I1%2 POWER Rx4
READIN Rx4 RISR RX4 ROFES Rx4 RFRT R%x4 ZISK R%4
XMIT R14
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TIRTRAN IV

2031

0002
0003
Q004
0005
2004

0907
02613
TLGY
5010
3911
0012
50132
3013
001
2014

G0LS
0017
D021
Q022
Q024
0235
Q027
0028
0029
2039
032
00213
G024

co3S

2036
2037
0n2e
Q039
0040
0041
0042
H043

Lon L IR e INE g N o ]
D O D D
) B s b
) ~d O~ G s

3y Mm o0

o]

200

n

oM

~0

400

10
0o

YC2.04 Thy 12-Feb-31 00104051

SUBROUTINE DIGGIHG

DIGGING ORTAINS CHMFRS.DAT DATA FROM THE DRAGUINE

VIA THE RADIO DATS LINK. BSRFRT CALLS DIGGING.

LOGICALX1 NBUF

COMMON /RALIOD/NBUF (234) s LRCVDNSNIN
REAL CMBG(3)

EQUIVALENCE (CMSG(3!yIDATE)

[ATA CMSG/ RIIO‘ s "CMFR’ 0./

CALL ASSIGN(Zs "CHPFRS.DAT »¥)
DEFIHE FILE 2(3000:4yUrIawv)
1=3

WRITE(7:100)

FORMAT (' 3ENTER EARLIEST DATE OF IMTEREST (DDMMYT...

READ(S,200) DATE
FORMAT(F2C.0)

Call DAY(IDATE,DATE)

CALL XMIT(CMSG»10s ‘AR’ LBSY)
IF(LESY.HE,Q) GO 70 5

K=LISTEND)

IF(K.EG.1) GO 70 9

IF(K.ER.0) GO TD 2

Catl CLOSE(3)

RETURN

IF(NIN.EQ.2) GO TO 10

B0 6 J=1,NIN/B

WRITE(I/I) (NEUF(K) K=8%(J-1)+1.830)
I=1I+1

IF (NRUF(Sx{J-1)41).E0Q.,-1) NDXOF=1
NDXDT=1]

WRITE(I’1) NDXDT,NDXOP

CALL ACKNOG

G0 TO 1

WRITE (371) 0

WRITE(7+400) 1-2

FORMAT(XsI4y’ RECORDS RECEIVED FROM *CMFRS.DAT® "/}
CALL ACKNCG

caLL CLOSE (32)

RETURN

WRITE(7,500)

FAGE 001

e

FORMAT(’ A BAD BLOCK EXISTS IN THE DRAGLIMES 'CMFRS.DAT‘/

X’ TRANSMISSICN ARORTEU,” /)
CALL CLOSE(3)

CAaLL ACKRNCE

RETURN

ENL



FORTRAN IV Storsde Mar for Frodrsm Unit DIGSIN

Local Yariableszs L,PSELCT $DATAy Size = 000050 ( 20, words)

Hame Tuere {Offset Nare Ture OFffset Mane Ture (Offset
GATE RY4 000024 I Ix2 000922 sy Ix2 SAGGEG Eav
IDATE  Ix2 000012 Eav J Ix2 000034 K I%2 g00032
LE3Y %2 500039 NDXDT  1a2 000040 NUXOF Ix2 000034
COMMON EBlock /RADID /» Size = 000404 { 330, words)

Nzme Ture Offset Name Ture 0Off.et Nane Tuyre Offset
HEBUF L¥1 000000 LRCVDN Ix2 0004090 NIN I%2 co0402

Local and COMMON Arraus:

Hame Tura Section Offset —-==—=- Sire----- Dimensions
£MS6 6 ¥ $DATA 400002 000014 ( &) (3
NBUF Lx1 RADID 000000 000400 ( 128, (258)

Subroutiness Functionsy Statement and Processor-Defined Funeticns!

Name Ture Name Ture Name Tyre Name Ture Name Time
ACKROG R¥4 ASEIGN RIa CLOSE Ra14 LAY RxAa LIBTEN Ix2
AMIT Rx4

A-13



FORTRAN IV

0001

0002
0003
Q004
0003

0006
007

ne08
0009

0012
0013
0013
0017
Q018
0019
029
2021
0022
0023

0024
0025
0024
0027
0028
0029
FOWER

[l NNyl

- ()

&

ra

w“

400

02,04 Thu 12-Feb-81 003105113

SUBROUTINE POWER

FOMER OBTAINS KWH.DAT DATA FROM THE DRAGLINE

VIA THE RADID DATA LINK. BSRFRT CALLS POWER.

LOGICALX1 NBUF

COMMON /RADIO/NBUF(2356)yLRCYDN/NIN
REAL PMSG(2)

DATA FMSG/’'RDIO’»’POWR’/

CALL ASSIGN(14s'KUH.DAT’»7)
DEFINE FILE 16(12000+4:U 1AV

CALL XMIT(FMSGs8» AB" LBSY)
IF(IRSY,.NE.Q) GO 1O 1

I=t

K=LISTEN()

IF(K.EQ.L) GO TQ ¢

IF(K.EQ.0) GO 1O 2

CaAlL CLOSE(14)

RETURN

D0 5 J=1,NIN/B

WRITE(167°1) (NBUF(K)»K=8%(J-1)+1,8%J)
I=I+1

CALL ACKNOG

50 10 3

WRITE(7,400)

FORMAT(’ KWH.DAT RECIEVED")
CALL ACKNOG

CALL CLOSE(1&)

RETURN
END

A-14
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FORTRAN IV Storage Mar for Prodrasm Unit POUER

Locsl WYariabless PSECT $DATA» Size = 000022 ¢ 13, woras?
Hame Ture DOffset Name Ture Offset Name Tume
I Ix2 000020 InY Ix2 000012 Eav IBSY 137
J %2 000024 K Ix2 000022 LBSY Ty2
COMMON Block /RADIO /s Size = 000404 ( 130, words)

MHaue Ture Offset Nazme Ture Offset Nama Tare
HERUF Ll 000000 LRCYUDH Ix2 000400 NIN I%2
Local and COMMON Arraus!

Name Tyre Section Offset =—====- Sizpemw-- Digensions
NEBUF i1 RADIO 000000 000400 (  128.) (254)

FMEG R%4 $DATA Q00000 000010 ¢ A (D)

ffset
0o001Ls
DOGCL S

Cffset
000402

Subroutiness Functionss Statement and Procassor-Defined Functions!

Mame
XMIT

Ture
Ix2

Natme
LISTEN

Ture
Rx4

Name
CLOSE

Mame Tyre
ASSIGN Ri4

Name Ture
ACKNOG  Rx4

A-15
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FOFTRAM TV

GUOL

b}

RE
Wi

Gohs
Sad7 1
G008
35055
2011
4012
014

8018 2
2017
nei9
G020
6021 3
3023
2024
025

3027

33

5048
Q29
2030
2031

L7 I

~0 )

G032
6033
GOR4
LISTEN

Y02.04 Thu 12-Feb-B1 00105331

FUNCTION LISTEN

LISTEN FOR REFLY

TOGICALY Y KBUF

BUunboH SEeELO/HBUF{238 1y LROVENHD
THTEGER ITIMEL2) 2 V1(R

LATA TTAGUT/18G0/

ITCNT=0Q

CALL RCV

Cal.L GTIMCITIME)

IF(LRCYINJNE.OY 60 TO 2

CALL GTIM{ITL)
IFCTABS(IYI(Z)-ITINE(2)).GT,ITHOUT) €0 TO 3
GO T9 5

IF(LRCVIN.EQ.-1) GO 7D I
IF{NC.EQ.1} B0 7O 9
LISTEN=Q

RETURN

IFCITCNTLBT.2IG0 T0 4
ITCHNT=ITCMTHL

CALL XMIT( 7721, "AB’sLESY)
IF(LBSY.NE.Q) GO 10 3

GO TO &

YRITE(7,300)

FORMAT (Y TIME OUT. THE DRAGLINE DOESNT AHSWER.’)
LISTEN=-1

RETURN

LISTEN=1
RETURN
END

FAGE 001



FORTRAN IV Storage Har for Frogram Unit LISTEN

Local VYarisblessy PSECT $DATA» Siza = 000022 ?. words)

Name Ture 0Offset Name Ture QOffset Name Ture
ITOCNT Ix2 000014 ITMOUT 1x2 000012 LESY Iyl
LISTEN Ix2 000010 Euv

COMMON Block /RADIC /» Size = 000404 { 130, uwords)

Name Tyre (ffset Name Tysre Offset Name Ture
NBUF LXx1 000000 LRCUDIN T%2 000400 NC %2
Laocal 3nd COMMON Arraust

Hame T4re Section Offszet -=-e-- Sizep-=m=- limensions
ITIME Ix2 $0aTA 000000 000004 ( 2.0 4

iTt Ix2 $DATA 000004 Q00004 ( 2.y (D)

NEUF Lxl RALIO 000000 000400 ¢ 128.,) (258}

Offcat
000014

gffset
0¢0402

Subroutinesy Functionsy Sistement and Frocessur-Defined Functicns:

Naae Ture Name Tyre Name Ture Name Tura
GTINM Rx4 IABS Ix2 RCV R4 XMIT Rt4

A-17
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FORTRAN IV

001
0002
0003
0004
2003
0007
0008
0610
0011
ACKNOG

[N ]

Y02.04 Thu 12-Feb-81 0010547

SUBROUTIME ACKNOG

INTEGER 102}, (D)

CALL GTIMN(D)

CaLlL GTIM(Y)
TF(IABECI(2)-T(2)).LT.40) GO T0 2
CALL XMITC(’R’+1s'AB’LBSY)
IF(LBSY.NE.D) GO 7D 1

RETURN

END

A-18
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FARTRAN IV Storage Mae for Progras Unit ACKNCG

Local VYarisbles» PSECT $DATAs Size = 000014 ( 6. words)

Name Tuyra Offset Nane Tuyre Offset Name Ture
{BSY Ix2 000010

Loecal and COMMON Arrasst

Name Tyre Section Offset ------ Size----- Dimencions
1 Ix2 $DATA 000000 000004 ( 2.0 ()
J I%2 $DATA 000004 9000004 ( 2.) (2}

Offset

Subroutiness Functions» Statement and Processor-Defined Functions!

Name Tere Name Tere Name Tyre Mame Tyre Mame

GTIN R¥4  IABS 132 XMIT Ri4

A-19
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FPR/CODEITHR/LIST Y
FOR/CCEE.THR/LIETITTI/NCORJ ROFES
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FORTRAM IV

0001

0002
0003
0004

0003

6004
0G07

0008
Q0ee

0011
0012
2014
£01s

0014
5017
g018
0019
0029
Qo022

€023

0024
00235
0028
£027
U028
¢030
0032
0033

0034
Q033
Q37
0033
0039
0040

0041
0042
0043
Q044
0C4S

CICT IO

[ o]

e

(o)

13

100

UG2.04 Thu 12-Feb-81 0010&:31 FAGE

SUBROUTINE ROPES

ROFES OBTAINS CANDR.DAT AND CRACCU.DAT
FROM THE DRAGLINE VIA THE RADIO DATA LINK.
BSRFRT CALLS RGOFES.

LOGICAL %1 NRUF

COMMON /RADIO/NBUF(254)»LRCVIN
REAL RMSG(2)

BATA RMSG/'RDBID’ s ROFE‘/

CALL ASSIGN(10, ' CANDR.DAT 9?2
DEFINE FILE 10(S.11,I00)

CALL XMIT(RMSG:+B: AE’»LESY)
IF(LBSY,NE.Q) GO TO 1

K=LISTENC()
IF(K.EQ.0) GO TO 2
CatL CLOSE(10)
RETURN

B0 2 I=1,5

WRITEC(LO/I) {NBUF(J)rJ=22%(I-1)+1,2241)
CALL CLOSE(10)

CALL ACKNOG

IF(LISTEN().,HE.1) RETURN

CaLL ACKNOG

CONTINUE

MOW GET CRACCU.DAT

CALL ASSIGN(11, CRACCU.DAT 100
DEFINE FILE 11(281.10.UsIAY)
J=1

K=LISTEN()

IF(X.EQ.1) GO TO 19

IF(K.EQ.0) GO TO 12

CabL CLOSE(11)

RETURN

D0 14 I=1,12

IF(12%(J-11+41.67.281) 6O 7O 135
WRITE(11/12%(J-1)+1) (NBUF (K} K=20%(I-1}+1,2CED)
J=J+1

CALL ACKNOG

60 T 13

CalL CLOSE(1D)
WRITE(Z,100)

FORMAT{(’ CANDR,DAT AND CRACCU.DAT RECIEVED")
Catl ACKNOG

RETURN

A-21
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FORTRAN IV 02,04 Thu 12-Feb-81 00:04:21 FABE 002

0044 END
ROPES
TFORTRAN-1-LROPES ] Errors: 0+ UWarninds? 1
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FORTRAN TV Storadge Mar for Prodram Unit ROPES

Local VYariabless, FSECT $DATA: Size = 000034 ( 14, words)

Name Tere Offsat Nzaane Tere Offzet Name Ture (ffsat
I %2 000022 IaV T1%2 000014 Eav J Ix2 000024
K 1x2 000020 LBSY 112 000014

COMMON Block /RADID /» Size = 000402 ( 129. words)

Name Ture 0Offset Name Ture Offcet Name Tyre 0Offset
NEUF L¥1 000000 LRCVDN 122 000400

Local and COMMON Arraus!

Name Tyre Section Offset ------ Sizp~wwm- Dimensicns
NBUF Lkl RADID 000000 000400 ( 128.) (234}
RMS6 Rx4 $CATA 000000 000010 (¢ 4,) (2}

Subroutiness Functions» Statement 2nd Processor-Defined Functions!

Neme Tyre Name Ture Name Tyre Name Tyre Nome Tupe
ACKNOG Rx4 AS5IGN K24 CLOSE R24 LLISTEN 1I%2 XMIT Rx4

A-23



FOR/CODEITHR/LISTITT /NCORY RADIO
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FORTRAN IV V02,04 Thu 12-Feb-81 00:09:02
0001 SUBROUTINE RADIC
L DATA LINK RACKGROUND ON BOARD DRAGLINE
C  OCCUPIES & REPORT OVERLAY
c
0002 LOBICALXI FILE,XBUF (256)NBUF
0003 COMMON /RADIO/FILE(256) sLRCYDN
0004 EQUIVALENCE (XsFILE(S)) s (NDATE»FILE(S))
0005 DATA NOGOOD/’NG'/NG/2/1D/ AR"/
c
0004 IF(X.EQ.‘CHFR’) GO TO 1
0008 IF(X.EQ.’POUR’) GO TO 1000
0010 IF(X.EQ, “ROFE’) GO TO 2000
0012 RETURN
r
c
C TRANSMIT CMFRS.DAT SECTIONS SINCE REQUEST DATE
c
0013 1 CALL ASSIGN(12;’CMPRS,DAT/ 49+ /0LD")
0014 DEFINE FILE 12(8000,4UsL)
0015 READ(12°1,ERR=999) NDXDT
0016 L=3
0017 2 READ(12'L,ERR=3) IDATE
0018 L=L-1
0019 IF (IDATE,GE,NDATE) GO TO 4
0021 3 IF(INCBLK(L,NDXDT) .EQ,0) G0 TO 2
0023 60 TO 10
c
0024 4 10 4 I=1,32
0025 READ(12/L,ERR=999) (XBUF (1)sJ=8X(I-1)+1,8%1)
0024 IF (L,BE,NDXDT) B0 TO 9
0028 6 CONTINUE
2029 I-I-1
0030 9 IF (ITALK (XBUF,8%I,1D).HE.~1) GO TO 11
0032 10  CALL CLOSE (12)
0033 RETURN
c
0034 11  IF(L.LT.NDXDT) GO TO 4
c
c
C SIGNAL END OF DATA
¢
00346 I=ITALK(Q»1,1D)
0027 60 TO 10
c
c
C BAD BLOCK--BIVE IT UF
;
0038 999  I=ITALK(NOGOOD,NG»ID)
0039 60 TO 10
c
c
C POMER FILE
c
0040 1000 CALL ASSIBN(12s’CYCIKWH.DAT':11)

A-25
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FORTRAN IV

3041

q042
0043
0CA4
0045
2044
0047
0049

- B R A & S 4 € DD
[l B - B S I ) [o- IR & W e
o~ (N on ¢ LA N An un
< 0 0 ~d L1 3 el e O

0041
0G&2

2063
0044
00&S
00&¢
c0&7

Lor i o Ii'es]
<o Sy O
haY SRt I 4.8
D L0

Q072
0073

0074
2073
9074
0277
00678
£038
cae:
¢cel
GCE4
00833
00es

1909

1007
1608

[rs [
>
s
Lor ]

£33 0L O

2009
2011

[aw O I 0% |
© 3
- D
< 0

V02.04 Thiz 12-Fab-81 00309102
DEFIME FILE 12(10000,4,UsTAV)

LF=1

DO 1010 I=1y313

10 1009 J=1,32
READ(L2/LE) (XBUF (K) 1 K=BX(J=1)+1,8%.0)
LP=LP41

IF(LP.GT.10000) GO TO 1007

CONTINUE

J=J-1

IFCITALKOXBUF 834, ID).NE.-1) GO TO 1004
CaLl CLOSE{(:2)

RETURN

IF(LF,LT.10000) GO TO 1010
[=ITALK{Os1,1ID)

CalLL CLOSE(12)

RETURN

CONTINUE

CaLL CLOSE(12)

RETURN

CANDR/CRACCU -- OLD BEN’S ROFPE FILES

CALL ASSIGN(1Q» "CANDR.DAT ¢%» 0LD")
DEFINE FILE 10(S»11,U,INV2

DO 2001 I=1,35

READ(10/T) (XBUF(J)sJ=22%(I-1)41,22%]1)
CONTINUE

IF(ITALK(XEUF»110+ID),NE.,-1) GO TO 2002

CALL CLOSE(1O)
RETURN

I=ITALK(Os1,II)
CALL CLOSE(10)

CALL ASSIGN(11, CRACCU.DAT »10,’0LD")
DEFINE FILE 11(281,10.U.18V)

D0 2010 I=1,24

D0 2009 J=1.12

IF((12%(1-12443.67,281) GO 7O 2011
READ(11712%x(I-1)+d) (XBUF(KX)sK=20X(J-1)+1,20%J)
IF(ITALK(XBUF»240,ID} . NE.-1) GO TO 2008
CALL CLOSE(11)

RETURN

CONTINUE

CONTINUE

I=ITALK(O,1,II1
CALL CLOBE(1L)

A-26
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FORTRAN IV v02.04 Thu 12-Feb-81 00:09:02 FAGE 003

oog? RETURN
Q070 END
RADIO

?FORTRAN-I-TRADIO ] Errors? Qr Warninds: 2
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TORTRAN IV Storade Mze for FProdrza Unit RALICQ

Local Varizblesy .PSECT $DATAs SBize

Hame Tuwre 0ffset Hame Ture
I Ix2 000426 I Ix2
IDATE  Ix%2 000424 J Ix2
L Ix2 600420 Eav LF Ix2
NIADT  Ix2 000422 NG %2

CCMMON Block /RADIO /» Size = 000402

Nzme Taire Offset Name Tore O0Offset
FILE Lx1 000000 Eav LRCYVON X2 000100
NDAETE  Tx2 Q00010 Eav

Loczsl and COMMON Arraus:

fHame Tere Section Offset -~-==-- Size--
FILE Lx1 RADID 000000 000400 (
LEUF Lx1 $DATA Q00000 000400 ¢

200736 |

Offcet
000432
000430
000434
000402

Eay

191, words)

Name
In

K

NBUF
NOGOOD

{ 129, words)

Name
X

Turme
I%2
Ix2
Lxt
22

Ture
R4

Dimensions

128.) (258)
128.)

(256

Nffset
000404
000434
000414
000400

Nffeot
100024 Eav

Subroutinesy Functionsy Statement snd Processur-lefired Functianst

Name Tare Nzme Ture Mame Ture
Ix2

AS5IGN  RXY cLOstE Rxa4 INCEBLYK

Name
ITALK

A-28
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FORTRAN IV yo2.04 This 12-Feb-B1 00109143 FAGBE 001

0001 FUNCTION ITALK(MSGsNsID)
c
8002 INTEGER VECTRINGsDSFN,FAZE,FC,FNNF,STEFR
0003 LOGICAL%L DNTM,OFPRsDSFY,DISF,DMPF,CYFLGDIGF,DIGS
0004 LOGICAL¥] DOWNsWALKFsPRFLFsFULSE
00CS INTEGER DTR,DTS,DTF,THALK
0004 COMMON RING(15+20%,CYFLGsDIGFREF(4Y,DCI3}9A(3),V(T)
¢097 COMMON DEMINCI) sDCMAX(3)»VECTyBSPNsFAZE»FCyFRMP o MNF S TF
4008 COMMON T+FsW»DISFsDMPFsBFZsZNyZDF» NF » NHMF
0009 COMMON DOWN WALKFDTR, DTS, DTF  TWALK IANG)STER» PRPLFPULSE > SH
601G LOGICAL¥1 NBUF,IOK
0011 COMMON/RADIO/NBUF (2563 LRCYDN
0012 HATA TIHOUT/1000./
0012 DaTa IOK//R‘/
2014 1 CALL XMIT(MEGsNsIDsLESY)
00135 IF(LBSY.NE.Q) GO TO 1
geL7 TT=7
0013 LRCVEN=0
0019 2 IF(LRCVINLEQ.L) OO TO 3
0021 IFCABS(T-TT).GE.TINOUT) GO 70 4
0023 CAaLL OBRD
0024 6o 1Q 2
c
poe 2 IF(NBUF(1).NE,IOK) B0 7O 1
0027 ITALK=0
0028 RETURN
c
0e27 4 ITALK=-1
0030 I=ITTOUR(Z)
0031 RETURN
0032 END
ITALK
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FORTRAN 1V Storage Mae for Frogram Unit ITALK

Local Variabless .PSECT $DATAs Sizz = 000034 ¢ 15. words)

Name Ture Offset Name Tyre Offset Name Ture (Offset
DIGS L¥l 000020 DNTH L3 000015 DSPY Lyt (000017
1 %2 000030 I Ix2 @ 000004 10K Lxl (00014
ITALK Ix2 0000046 Eav LBSY 1%2 000022 MSG I1¥2 @ 000000
N I¥2 @ 000002 OFR Lxl 000018 TINOUT Rx4 N0G010
TT R%4 000024

COMMON Rlock / /y Bize = 002120 ( 552, words)

Naxe Ture Offset N3me Ture Offset Name Ture Offset
RIMNG 1%2 000000 CYFLG L¥t 001700 DIGF 1.¥1 N01701
REF Rx4 0017902 ne R¥4 001722 A Rx4 N81736
v RX4 001752 DCMIN Rx4 001764 DCMAX RX4 002002
VECT Ix2 002016 DSPN 122 002020 FAZE Ix2 002022
FC 1%2 002024 FNMNP 1%2 002025 NE %2 302030
TF R¥4 002032 T R34 002038 P RxA 902042
¥ R%4 002044 DISF Lx1 002052 DMFPF L2l 002053
3F2 3 £ 002054 20 RZA 002080 0P R34 2020464
NF I%2 002070 NMP Ix2 002072 DOWN 1Ll 002074
WALKF Lx1 002075 DTR 122 002074 b1s Ix2 202100
DTF 1x2 002102 TUALK Ix2 002104 TANG 12 002104
STEP Ix2 002110 PRPLP Lxi 002112 PULSE L31 002113

S¥ kx4 002114
COMMOMN Block /RADIO /» Size = 000402 ( 129. words)

Nawe Ture 0Offset Nane Ture 0Offset Name Ture Offset
NBUF Lx1 000000 LRCVUDMN Ix%2 000400

Local and COMMON Arraus!

Nare Ture Section Dffset ------ Size--=-~ Dimensions
A R4 L5888, 001734 000014 ( d.) ()

nC RX4 5888, 001722 000014 ¢ 6. (D)

DCMAY Rx4 +$%8%, 002002 000014 ( &.) (D)

DCHMIN Rx%4 9388, 0017656 000013 ( &.) (3)

NEUF  Lx1 RADIC 000000 000400 ( 128.) (254)

REF Rx4 5688, 001702 000020 ¢ 8.) (4)

RING 152 Yec 8888, 000000 001700 ( 480.) (146530}

y RXx4 +$83%, 001752 000014 ( 6. (D)

Subroytinesr Functionsy Stateaent znd Processor-Defined Functicne?

Name Ture Name Ture Hame Tsre Name Tere Mime Teure
ABS REA ITTOUR 132  OBD Rx4  XMIT R¥4

#U.S. GOVERNMENT PRINTING OFFICE: 1981-740-145/2313
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