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FORWARD

This report was prepared bv ENSCO, Inc., Earth Sciences and
Systems Division, Springtfield, Virginia under USBM Number
H0177069. It was administered under the technical direction
of the Bureau orf Mines with Dr. H. Sacks and Merle Bowser
acting as Technical Project Officer. A. G. Young was the
contract administrator for the Bureau of Mines. This report
is a summary of the work recently completed as part of this
contract during the period September 30, 1977 to February 29,
1980. :

DISCLAIMER

The views and conclusions contained in this document are those
of the authors and should not be interpreted as necessarily
representing the official policies or recommendations of the
Interior Department's Bureau of Mines or the U.S. Government.
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1. EXECUTIVE SUMMARY

Throughout the history of coal mining, the dangers associated

with elevated levels of methane gas within the mine environ-

ment has posed serious hazards. It has been directly responsible
for the distruction of many mines as well as the death of many
miners. In response to this, the United States government through
the Bureau of Mines has undertaken many research projects

whose purpose have been and are to develop methods by which

the measurement of the level of this deadly mine hazard as

well as the control of the level can be accomplished.

One of the control techniques which has been developed is the
use of long horizontal boreholes being placed along a coal
seam. Coal which is beneath the earth's surface tends to
contain gas, much as a sponge will hold water. Research as
well as industry practice shows that by the drilling of the
boreholes in the coal seam permit the coal to release large
amounts of the gas through the hole where it can be safely
vented out of the mine. This technique 1is particularly bene-
ficial because methane drainage can be done well ahead of the
actual mining of the coal seam. Since modern mining methods
and equipment expose virgin coal at such a rapid rate, the
prerelease of entrapped gas almost becomes a requirement to
keep methane levels below the danger point.

The drilling of these long (approx. 2000 feet) boreholes,
however, is not without problems. Specifically, maintaining
the drill within the coal seam during drilling coupled with
the desire to know where the drill is located geographically
are problems faced by the drill operator. Until recently,
the most widely used technique for surveving during the
drilling operation was the use of the Sperry Sun Multi-Shot
tool. This tool is used by pumping it down the center of the
drill string until it gets to the drill bit. Then a photo



of the internal compass and pendulum position is taken

and the tool retrieved. After development of the photo,
it 1s read and the drill operator is given the heading
(bearing) and inclination of the drill position. The
process 1s repeated at increments, such as when additional
lengths of pipe are added, thereby providing a history

and current location of the drill string. Each shot takes

approximately 30 minutes to complete from the time the

drill stops until drilling resumes.

In the early 70's the Bureau of Mines developed a system that
would give the driller information within minutes. If featured
radio communication between the drill and the driller, and the
use of a computer on the surface to analyze the data and inform
the driller of the results. This svstem provides information

in less time than the earlier techniques. However, it did have
operational disadvantages, as the computer operators on the sur-
face had to phone the results to the driller in the mine.

With the development of microprocessors in the mid-70's, it
became possible to develop a computer small enough to go into

the mine, and designed for the driller to operate 1it. The
Bureau of Mines then awarded a contract to ENSCO, Inc. to develop
that computer and to enhance the downhole unit that transmits
information. This report contains the results of this research
project along with conclusions and recommendations for the
continued operation and enhancement of the Cableless Survey
System (CSS).

The resulting CSS tells the driller where his drill is very
quickly following the stopping of the drill. Figure 1
shows the operational setup of the CSS. Time is saved over



previous surveyv techniques in that CSS remains "downhole"
in the horizontal borehole during drilling operations. It
is rugged enough to withstand the shock and vibration result-

ing from the drilling operation.
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Figure 1. Cableless Survey System

The CSS works by measuring with its on-board sensors the
position of the earths magnetic and gravitational vectors.
It then relavs that data by induction of an electric current
through the drill and the surrounding coal material to the
"uphole' receiver/processor. The processor then computes the
current position of the tool with Tespect to the vectors
mentioned above and displays the results to the driller.

In addition, the processor then adds the new data point

to the survey as drill rods are added, thus giving survey
information such as vertical and horizontal deviations from
a straight line based on initial headings and inclinations

at the beginning of the borehole.



Figure 2 1is a photograph of the front panel drillers displav
of the CSS Processor. The kevboards are used to key in initial
conditions as well as control the survev operations. Under

a hinged panel on the right hand side 1s located a thermal
printer where survey results are printed for reference and
records the entire survev. As designed, the entire rec-

eiver, processor, displav and printer are intrinsically safe.
This now permits the driller to have all aspects of the survey

system located at the drill site.

This research project which started in October of 1977, was
conducted in three phases. A detailed description of the work
accomplished in each phase is contained in this report. The
three phases are as follows:

Phase 1I: Repair and Evaluation of Existing System

Phase II: Design and Fabrication of a Portable
Display and Processing Unit

Phase III: Field Test and Upgraded System

During Phase I the initial downhole tool and receiver was
repaired and field tested in the Mariana Mines to determine
its capability. Results of this testing was the decision

to upgrade and enhance the downhole tool to make it more
reliable and operationally efficient. Additionally, sensors

were added to improve system measurement capability.

Activities under Phase II were the design and fabrication of

a portable, intrinsically safe receiver processor. Hardware
was designed, developed and tested. Initial field calibration
tests were conducted which indicated that the system worked
within expected limits. Bearing and inclination errors were

within the =z0.5° and =z0.01° respectively.
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Phase III work covered the in mine drilling tests and
demonstrations. During this phase, the CSS was used during
Ectual drilling operation in two different coal mines.
Although, holes that were surveved totaled slightly over

800 feet, the tool was in place for many redrilling and

reaming operations which subjected it to a significant number

of drilling hours. Operational problems were encountered
during drilling. Most of the problems were associated with
battery packs and connections. All were repaired but system

availability was hampered by these problems. Other opera-
tional problems were in the area of the size and weight of the

tool and its effects on drill guidance.

In conclusion, the newly enhanced and upgraded CSS provides

critical survey information in a timely and efficient

manner to the drill operator. The development of the per-
missible microprocessor subsystem has provided a system that
can be tailored for future expansion of the CSS as well as
other research applications requiring data acquisition and
processing on site in the hazardous mine environment. The
operational problems discovered during actual field use should
be further examined and incorporated in future design. The
’research project has provided the industry with the capability

f increased productivity in degassing operations.

4
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2. PROGRAM ACTIVITIES

The objective of this program was to recondition the United
States Bureau of Mines (USBM) cableless surveving svstem (CSS)
and imporve its operational capability. The program was divided

into three separate phases. They are as follows:

) Phase I: Repair and Evaluate Existing System
° Phase II: Design and Fabricate a Portable
Display and Processing Unit
° Phase III: Field Test of Upgraded System
Phase I

Phase I of the program started in October 1977 and culminated
in May of 1978 with the submission of the Phase I report.
During this phase, work consisted of the repair of the down-
hole unit to make it operational, field testing and an eval-

uation of its capability.

The repair of the downhole unit involved both mechanical and
electrical aspects of the device. Some of the repair work
actually involved minor modifications to improve previous
known difficulties. The centralizers which support the inner
canister 1in the outer driller collar as originally designed
failed during previous testing. In addition, these centralizers
did not properly support the inner unit which permitted it to
flex and disturb proper sensor alignment. New centralizers
were designed and fabricated by molding urethane to form a
collar with spacers which fit around the inner canister. This
later proved to be very successful. The new pieces slipped on
and off with no direct attachment and could be easily replaced

and spaced along the entire length of the canister.



Another activity that went bevond what would normally be ccn-
sidered as repair was a modification that permitted the batteries
to be recharged without disassembly of the downhole unit as
previously reguired. Circuitry was added to the power control
circuit boards which permitted a modified audio power

oscillator to be connected to the downhole transducer in a

fresh air environment. This technique fully recharges the
batteries in about sixteen hours and eliminates the require-

ment for disassembly of the tool.

Once the downhole unit was considered operational, it was
subjected to pressure tests to ensure that the integrety of
the explosion proof canister still met permissability require-
ments. The inner canister was subjected to a minimum pressure
of 1500 psi over a 10 hour period. During the test a peak
pressure of 1700 psi was experienced. After testing the unit
was operated and then disassembled to determine if any leakage
had occurred. The unit operated satisfactorly and no leaks

had occurred.

Following the above repair and rehabilitation the CSS was
taken to the mine for field testing and data acquisition.

The mine chosen for the field testing was Marianna #58 in
Pennsvlvania. During the field tests the downhole unit
operated satisfactorily when exposed to more than 25 hours

of drilling operations including several hours of hole
reaming activities. Only minor problems were encountered
during this testing. They involved thermally induced drift
of the system receiver, operational difficulties associated
with mounting the up-hole toroid and excessive water pressure
required to trigger the downhole unit. All of these problems
were expected prior to testing and steps were already planned

for Phase II that would correct them.



The data from the field test was tabulated and returned to
ENSCO, Inc. for detailed analysis. In addition, survev

data from the Sperrv-Sun survey tocl used to survey the same
hole was gathered for comparison. Results of the comparison
indicated that the CSS closely matched the survey results
obtained with the Sperry Sun. For example, in a survey of

a 330 foot hole, the two survey tools differed by approximately
2.3 feet in vertical deviation and less than 1 foot in lateral
deviation. Further lab testing indicated that certain instrument
biases associated with sensor mechanical alignment and
electrical offsets did exist in the CSS. Also, an error
analvsis was done by feeding simulated data into a computer
which indicated significant errors could exist with the CSS
when 1t 1s directed along a northerly or southerly heading.

It was determined that by adding two additional sensors to

the downhole unit, there errors would be greatly reduced.

A report for Phase I which gives the details of all Phase I
activities was prepared and submitted to the USBM. Results of

the computer analysis are contained in Appendix A of this report.
Phase T1I

Program activities that were accomplished during Phase II of
the contract were the modification and upgrade of the down-
hole tool, and the design and development of a new portable

uphole receiver-processor.

As a result of Phase I activities, as well as previous drilling
experience, a number of deficiencies with the downhole survey

tool were outlined. They were as follows:

) Water pressure required for triggering down-
hole tool too high,

° Excessive errors caused by sensor ambilguities
when operated along a northerly or southerly
heading,

14



) Electronic components included originally
which were no longer availlable,

) Transmit clock instability which prohibited
receive tracking on a reliable basis.

The downhole tool was designed to send a transmission sequence
when the water pressure in the drill collar is raised to a
level greater than 100 psi. In actual field test operation
this pressure was difficult to obtain. A number of factors
were responsible such as too small or defective pump, lack of
enough water volume, debris clogging the water way, etc.

Since the pressure problem was still evident in Phase I of
this program, it was decided to install a lower pressure
trigger switch. An identical switch with a lower range which
now activates the downhole tool with approximately 70 psi

water pressure was installed.

In order to correct the anomallies associated with the north-
south problem, it was decided to add two additional sensors.
These sensors consisted of biaxial accelerometers oriented

to detect the gravatational vector along the planes from

side to side and top to bottom of the sensor canister. A
single package was procurred that contained both accelerometers

mechanically aligned 90° apart from each other.
) g p

The addition of the new sensors required that the sensor
canister be made longer. In order to make room for this
extension while maintaining the original overall package
length forced the repackaging of the electronics to provide
the additional space. The requirement for repackaging also
" provided the opportunity to improve several other known

deficiencies.




In the original design, the survey tool clock was controlled
bv resistor-capacitor timing. This proved to be unstable

in the drilling environment and therefore required wide band-
widths in the receiver tracking circuits. The increased
bandwidth also increases the suseptability to noise problems.
Therefore, a crystal controlled clock was installed 1in the
survey tool. This will permit narrow bandwidths to be used

in the telemetry receiver.

During the rehabilitation of the downhole package done 1in

Phase I the A/D converter was found to be inoperative. Attempts
to replace the unit led to the discovery that the particular
part was no longer manufactured. Fortunately, one was found

and installed for testing, but no spare units for future

repair would be available.

In light of all of the above it was decided that the downhole
survey tool electronics would be upgraded throughout with
commercially available components. Further, the existing
explosion proof canister would be retained unaltered so as

to retain permissibility.

Appendix B3 gives the resulting mechanical layout of the up-
graded tool along with its output specifications and sensors

specifications.

The second aspect of the Phase II activity was the design and
development of a permissible portable uphole receiver and
processor. A system design was submitted that called for
the use of low power CMOS circuitry. It was felt that the
use of this low power integrated circuit technology would
simplify the permissibility process because power require-
ments would fall within the intrinsically safe levels. igure

2 shows the front panel of the resulting receiver/processor.

16



A detailed description of the system design is included in

Section 3 of this report,.

The final activity of Phase II was the testing and alignment

of the system. Since this device uses the earth's magnetic
field as its input and this field is disturbed in the proximity
of magnetic materials, i.e., buildings, cars, pipes, etc., the
svstem was taken to an open land area. The field tests
consisted of rotating the package around each axis and plotting
the output from each sensor to determine exact scale factor

and offset. After exact scale factor and offsets for each
sensor channel were determined new alogirthm coefficients

were calculated and incorporated in the processor programmable
memory. The rotational tests were then repeated for verification.

It should be noted that vertical rotation of the package was
not accomplished. This was due to the fact that the package
was very long and heavy and would require a complicated and
costly fixture to support the unit while providing precise

alignment.

Following the alignment tests, the system was subjected to a
simulated trajectory test. This was done by placing a pattern

of nine holes in a board in the following arrangement.

'Y e3 ol

o9 ol e5

5 o/ 06
The coordinate distance between each hole was such that movement
between any two adjacent holes vertically or horizontally

repositioned the tool by 1° in bearing for horizontal and 1°
in inclinations verticallv. The simulated survey was performed



by entering the initial conditions for hole #1 at an initial

string length of 20 feet. Then a survey of the first hole

nosition was done and an assumed 10 foot drill rod added. The
/tool was then positioned sequentially in each hole and a survey
done adding 10 foot rod sections for each hole until hole =1
was repeatad. This resulted in a total simulated survey of

120 feet of string length. Figure 3A shows a comparison of
calculated bearings versus tool measurements. Figure 3B

gives the same comparison for inclination. Figure 3C compares
the theoretical survey path to the computer results provided bv
the cableless survey system. As seen in Figures 3A and 5B

the bearing and inclination readout fall very close to the ex-
pected accuracies for the tranducers, i.e., +0.5° for the
magnetometer and +0.1° for the accelerometers. Some of the
inclination errors are slightly outside of the expected
variance. This has been attributed to two factors. First,

a buildup of tolerance and secondly a slight play in the inter-
/ face of the holes in the target and the positioning pin. In
addition, errors 1in the absolute position of the hole were

/ not corrected or compensated.

The errors associated with sensor relative alignments were
examined by repeating the simulated trajectory test twice.
First, two readings separated by a 180° rotation were average

’ for each hole and then repeated taking four readings separated

bv 90° rotations for each hole. The results of these tests are:
/ 2 Readings 4 Readings
Per Hole Per Hole
Bearing errors: mean 0.149° 0.145°
Standard Deviation 1.12° 0.078°
Variance 1.20° 0.006°

Inclination errors:

/ mean

0.008° 0.006°
Standand Deviation 0.084° 0.07°
Variance 3.00°° 0.005°

R
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These results are interesting in that the errors associatesd
with the accelerometers are fairly consistent in both cases
and are well within the expected ranges. The bearing cal-
culation is the result of combining the outputs of three
orthagonallv oriented magnetometers. The inclination is the
result of a single accelerometer oriented axially within the
package. Therefore, the bearing includes the combination of
three independent errors whereas the inclination error 1is the
result of a single transducer and thus the larger bearing

errors and the statistical improvement with four readings.

Phase III

Phase III began in July of 1979 with the first in-mine drilling
test of the upgraded system. Testing began in Eastern Coal
Company's Federal %1 mine near Fairmont West Vigrinia. A
series of problems with the drilling operation caused a one
month delay in the field test activities. The problems were
primarily associated with the drill motor itself and the water

pump used.

Upon return to Federal #1 in mid August the USBM had installed
a new drill motor and water pump system. The CSS was installed
and drilling was begun. During the testing phase the only

problem encountered with the CSS centered around two areas.

First was the batteries. In both the downhole tool as well

as the uphole tool battery life seemed to be much less than
the theoretical life should be. Later examination of the
batteries revealed failed cells in the positive side of the
downhole battery pak and failed cells in the receive side of
the uphole processor. Batteries were replaced prior to future

drilling operations.

9
[ 8]




The second problem deals with an intermittent contact on the
downhole torid connections. This was fairly a fairly severe
problem in that the toriod connection is buried deep within
the potted transducer. The connection was reconditioned and
future drilling activities were accomplished without problems
in this area. Another aspect with this same connector was
discovered during this test series was the problem of debris
in the water supply lodging against the connector and the
result blockage of sufficient water flow and pressure. It
was reallized that a water supply filter must be used when
the CSS is used to restrict particles greater than 1/16 inch

from being pumped into the drill string.

Even with the above problems, the CSS was used successfully
diring actual drilling operation to survey from 35 feet to

520 feet in the hole. In addition, the Sperry Sun Tool was
used to survey the same hole. Figure 4 shows a comparison

of the CSS results and the Sperry Sun for vertical depth of
the hole. The difference between the two surveys falls
primarily in an initial reported offset. Although no specific
reason for the difference was determined, the basic output of

the two tool results does correlate.

A record of automatic receiver gain settings was kept and is
given in Figure 5. As shown as string length increased,
received gain also increased. This 1s especially true out
to about 290 feet. Beyond 290 feet receiver gain started to
decrease. This was due to an abandoned drill string which
was seized in an adjacent hole. In fact the drill bit
eventually hit the adjacent drill steel at 329 feet. Note
that the readings taxen while the two drill strings were in
contact were 34d3 and 1043. These very low gain readings
were due to the excellent conductivity of the return signal

path provided bv the seized drill string.

(92}
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The readings which were taken out at 215 feet and 255 feet
were higher than expected and were actually getting close

to the limit of the receive capability. Later testing showed
that these high readings were the result of the "dirty" hole.
For example, in hole depths on the order of 400 to 500 feet
receiver gains of 40 to 50dB were common provided the hole

had been washed clean of cuttings prior to the transmission.

Hole %2 was abandoned after several attempts to redirect the
drill had failed. A third hole was started but had to be
abandoned when the drill could not be kept in the hole. Th:re-

fore, no other survey tests were conducted at Federal 'line

#1.

The tool was returned to ENSCO while the next drilling site
was being prepared. While at ENSCO, adjustments were made
to improve the operational characteristics of the system.
These improvements were based on experience gained during
the Federal #1 mine drillings. These changes occurred
primarily in the area of monitoring capabilitv and operating
signalling via the front panel to indicate what operation

the svstem is performing. These changes were most beneficial

(0]
O

in removing the "mvstery'" of the electronic survey system.

The next drilling activity occurred in December of 1979 at
the Mariana #58 Mine in Pennsylvania. During the drilling
program the CSS was successfully used to survev the drilling
operation to a depth of 490 feet.

While drilling at the Mariana Mine the survev system worked
fairly well. On several occasions when the survev indicated
that drilling was approaching regions known to contain slate

binder lavers within the coal seam, cuttings indicated <hat



the layers were hit within 3 feet along the driil path. This
was at a string length of 434 feet. Records of the receilver
cains attained in this field trial indicated that with a clean
hole, good ground and good bit to coal thrust pressure, numbers
on the order of 40 to 60dB of gain were common through this

drilling from 55 feet to 490 feet.

As with the previous testing exercise, batteries continued
to be less than adequate. The problem was traced to be the
interconnections within the battery cansiter and the relavs
used to activate the system. These items were all

repaired and no further debilitating problems occurred.
Another less serious problem that occurred throughout the
testing was the triggering of the down hole unit. This is
done by raising the water pressure to at least 70 psi and
then permitting it to fall below 60 psi. The various pumps
used and available water supplies were often not capable of
not delivering the required levels unless orifices were

installed in the bit to restrict flow.

The final aspect of Phase III was the development of an O&M
Manual and a classroom training session given at the Bruceton
Research Center. Personnel from the Bureau and from the
independent drilling contractor were trained in this operation

and maintenance -of the system.
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YSTEM DESCRIPTION
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The Cableless Surveyv Svstem (CSS) is designed to provide
near real time data during degasing operations in coal mines.
Degasing is performed by drilling long (up to 2000 feest)
horizontal boreholes into a virgin coal seam. The survey

or downhole tool is attached directly behind the drill bit.

This 1s shown in Figure 6 below.

NON-MANETIC | CRYiL BIT

TRANSMITTING
ELECTRONICS SISO’ CANNISTER EXTENSICN 37 ASSDOLY

’ | |

B c = E _—l_:é]

Figure 6. Survey Tool and Drill Bit

In the survev tool, the transmitter and battery are separate
assemblies which join together in a pressure-tight tube. The
sensors are in a separate pressure-tight tube which joins to
the first. This pressure tube assembly is then enclosed in
an outer tube with an annular space between them for water
passage. The transmitting transformer joins the main package
with a water-tight electrical fitting and has a hole through
its center for water flow. A short non-magnetic extension of
the same size as the outer tube is added at the sensor end

of the unit to isolate the effects of magnetism which might
exist in the drill bits and subs. The downhole unit mounts
close behind the drill bit. Figure 7 1s a block diagram of the

survey tool electronics.

The sensor outputs are sampled in a time division multiplex
technique in which each sample 1is converted from analog to

digital form and used to modulate the phase shift transmitter.
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The sensor data transmission is preceeded by a long pulse
of the carrier followed by a fixed message for receiving
synchronization. The exact message and data format of the
survey tool are contained in Appendix B. The transmitter
output is efficiently coupled to the drill string by the
transmitting transformer. The transmitting transformer

is oriented such that it induces a true electric field into
the drill string. The return path for the electric current

is through the surrounding coal.

The signal on the drill string is picked up at the surface
by the Receiving Transformer,Figure 8,and then passed via

the toriod cable.

The receiving Transformer is mounted on the drill rig at the
surface so that the drill pipe passes through it. The Pro-
cessor, which includes the computer and receiver, is adjacent

to the drill rig.

As mentioned before the survey tool contains a triaxial
magnetometer, a biaxial accelerometer, and a single axis
accelerometer. These sensors are used to measure the vector
relationship in each axis to the earth's magnetic field and
the earth's gravitation vector. Figure 9 shows graphically

the directions of the earth's vector.

The Processor utilizes an automatic gain ranging, variable
bandwidth phase lock technique for maximum separation of the
signal from the noise. The Processor then calculates the

bearing and inclination of the downhole unit.

When given the length of drill pipe sections, the Processor
calculates the location of the bit and its deviation from the

desired course.



Receiving Transformer

gure 8.
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Figure 10is a block diagram of the system receiver. Figure 11
is a block diagram of the microprocessor based processor and

displayv unit.

When the processor receives data from the svstem receiver it
performs several functions. First, it does data error testing
by examining that data parity is correct and that the raw data
values are within reasonable limits. Following the data
checking, the processor then processes the received data

to calculate the necessary parameters for the survey. Finally,
the processor displavs on its front panel those parameters

that the drill operator needs to know such that he can initiate
drill actions to guide the drill within the coal seam. Appendix
D contains the detailed schematics of the survey tool, receiver
and processor. Also includes are the software program listings
employed by the processor. Appendix E contains a discussion

of the computer algorithms that are employed by the processor.

wul
(&3]




ONTHWEY

ANOLVINHON: U

HSVEH

NOLL

DV

TOLENOD)

OOV

W

UAZ INOUHONAS

weaser( Yoo[d JA0A19D0y AX13duWo[al

vivd

‘01 2and 1y

|

DOV

WAL TR

> X0
UAZ INOMEINAS
Al
> VIvd
HOIVULINT
5 LASR
TOWIRO ASYATS
WL HOWVONLLLY (VU1
OLOV “WIAO
NHINEE YOLVONLLLY JINY R NOLVIN:LLLY WAL
GALLN T UNODAS HSTON MO 1S AN




METER

c£xXT
POWER

3
CHARGING

POWER

EXT
o—o

COWPUTER

Y
INTERFACE

+12, +5

COMPUTER

+3, -8
RECETVER

CLOCK 3 DATA

APTO-ISOLATORS

SYSTEM BUS

Figure 11.

- KEYBO\RDS
N
T
E
R
" 3= DISPLAY
\
C
E
1 LED'S
| PRINTER
ARITIMETTC
PROCESSOR

i
T
H

1
D
2
M in,.
T3

e
AItn
e

Block Diagram of Uphole Processor and Display Unit

(2]

[OR]

)



4. CONCLUSIONS AND RECOMMENDATIONS

The Cableless Survey System developed in this project has
proved that drilling efficiency can be enhanced when detailed
drill bit position is made available to the drill operator in
near real time environment. Field tests have shown the CSS

i1s as accurate as previous methods for borehole surveving and
saves time in that the survey tool can withstand the drilling
shock and vibration. The uphole receiver processor has proven

to be reliable and most importantly portable,

As with any project of this nature, looking back over the final
design as it related to operational use there are, of course,
some recommendations that ENSCO, Inc. feels would significantly
enhance the tools operation. Efforts to further utilize, up-

grade and improve the system should be continued.

The following is a list of recommendations by subsystem that
should be explored in any further development.

PROCESSOR

() Access to the values of average inclination and
bearing that the Processor uses for advancing
the survey will allow projection of hypothetical
survevs.

° Allow initial values for seam dip angle and vertical
depth in the seam so the computer will read out (on
demand) the current vertical seam depth.

. Extend the memory by 2K-4K to allow for program
expansion.

. Change the batteries used to take advantage of
recent improvements in sealed lead acid cells.



SURVEY TCOL

Break the package about 10 feet back from
the front end so a stabilizer can be put at
a more effective distance from the front and
to make the package more manageable.

Change the batteries to lead acid. They are
more durable and need fewer inter-cell connections.

Use a pumpable battery pack or downhole water
turbine generator (could also be used to measure
water flow).

Develop sensors to read thrust, RPM and torque.

Lighten the inner canister.

Operate the tool as radio source to get attenuation
curves in coal and other media.

Reduce the outside diameter of the downhole package
to allow more drilling control.

Provide two way radio communication to eliminate
the need for water pressure triggering.

Design a new means for lengthwise compensation
of the inner sections. The existing rubber
cushions take a set and are difficult to install.
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During Phase I the (CSS was field tested by surveving a
horizontal borehole. The hole was also surveved with the
Sperry-Sun device. The results of both surveys were fed
into a computer and comparisons made between the two. Since
the Sperry-Sun device is subject to reader interpretation,

the films were interpreted by two readers and their results
averaged,

An obvious discrepancy in surveyv depth between the Sperrv-Sun
and ENSCO survevs is evident in Figures 12a and 12b. Figure
12a compares the two survevs without a depth correction, while
the comparison in Figure 12b includes a 10 ft. depth reduction
in the ENSCO survev at the 200 ft. point. The greatly im-
proved correlation between surveys in Figurel2b indicates
that an error in survey depth was made and comparison of the
ENSCO and Driller's logs reveals that the first survey point
on March 16 was taken at 200 ft. but was imnroperly entered
in the ENSCO log as 210 ft., creating the 10 ft. offset.

The depth correction was made before final survey data was
processed in the computer and is included in the data used

in the following discussion.

The inclinations of the two survevs are represented graphically
in Figurel> and the correlation between the surveys is excel-
lent, especially when standard deviation of 1.134° between

the two readers of the Sperry-Sun surveyvy is considered. There
does exist however a consistent negative bias between the

ENSCO and the Sperry-Sun surveys. This bias becomes more
apparent when the plots of vertical deviation for the two sur-
vevs are compared in Figure 14. The accompanying nlot of the
difference between the vertical deviation of the two survevs
depicts an ENSCO survev bias of about +0.106°. Since the ENSCO
procecdure of taking two readings, separated in rotation at 180°,
at each survey point would have removed anv internal bias
errors, the difference must be attributed to external factors
such as the bit rise created bv the use of only a front stabi-

lizer or a sag in the non-magnetic extension between the bit
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and the sensor svstem. Even with the bias, the survevs still
compare very well with discrepancy of only 2.38 ft. in a 830
ft. hole. The ENSCO plot of vertical deviation includes the
plot of the survey when the drill went into the roof and the

hole was redrilled.

Azimuth plots for the two survey systems are shown in Figure
15 The Sperry-Sun graph includes a plot of the first survey
taken March 17th and a plot of the average of two readers

for the final survey. The surveys have some points of dis-
crepancy, but once again excellent overall correlation exists.
The lateral deviation plots (Figure 16 are very close with

a maximum difference of only 1,17 feet ard a difference of
cnly .76 feet at the 830 ft. depth. Only the two reader
averages of the final Sperry-Sun survey were used in the
deviation plots. It should be noted that a standard devia-
tion of N.78° exists hetween the first and second Sperry-Sun
survevs and standard deviation of 0.18° exists between the
two readers of the final Smerrv-Sun survev., The ENSCO survey
was also the average of two different survey points as shown
in Figure 17. The ENSCO survev procedure was designed to
cancel errors by taking two survey points at each depth

with an angular package rotation of 180° between points.

The source of the differences between the ENSCO and Sperryv-
Sun survevs is not clear and the correlation between the two
seems more than adequate for this application. It will be
noted that the two Sperry-Sun surveys have an initial bias
difference between thtem of anproximately 1°. The survev tool
was initially aligned against the first Sperrv-Sun survey.
Since all three runs (2 Sperry-Sun and one Survey Tool run)
agree very well except for this bias difference, we are
inclined to believe that there is an offset error in the

Sperry-Sun tool.
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SPECIAL TESTING

During drill operation, significant non-linear variations in
azimuth corresnonding to angular nackage rotation were
experienced as shown graohically in Figure 18a. The magnitude
of these variations prompted a series of tests, relating
magnetometer outputs to angular rotation, to define the source

of this non-linearitv,

The first test involved rotating the assembled inner package
through 360° of roll in 10° intervals and triggering the
package at each interval. The package outputs were picked up
by the receiver, logged and nrocessed in the comnuter as
survey data. The resulting plot of azimuth versus package
rotation (Figure 18bhreveals a variation of over +1.5 degrees,
indicating the existence of the nroblem without the outer
canister in place. An analvsis of the raw data indicated
that the nreviouslv calculated magnetometer offset factors
were no longer valid and a reduction in azimuth variation

could be effected bv offset correction.

The next sten in the elimination process was tc physically
semarate the sensor canister from the electronics canister,
while retaining the electrical integritv. The resulting data
had slightlv less variation with rotation than data taken with
the comnlete package, but the same character was retained, as

-
r

shown in Figure 18c. The effect of the electronic canister

<

does not apnear to he a problem.

The next step was to disassemble the sensor canister, noting

the resultant changes in magnetometer outnuts associated with

J

each component's removal. The component having the greatest
effect was the accelerometer, followed bv much smaller but
significant changes associated with the magnetometer align-
ment rods and outer sensor canister itself., DNata on the

magnetometer alone shows some reduction in azimuth variation

- 17
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with rotation but more importantly the character of the
variation was significantly different. This indicated that a
change in the magnetic environment of the magnetometer had

occurred.

The axis offsets were greatlv changed so new offset factors,
derived from current experiments, were inserted in the program.
The resulting data contains only a +.35° variation in azimuth
with rotation as shown in Figure 18d.It also possesses a

character conducive to further reduction.

An attempt was then made to reduce the errors in previous
configurations by appronriate changes in offset factors.
A small improvement resulted in each case, but in no case

was the error reduced less than +1°.

The above testing indicates that either all sotrces of mag-
netic abnormalities in the sensor canister must be removed
bv relocation of components and decaussing or the procedure
of taking two measurements at each survev point (with ar
angular package rotation of 130° between measurements) nust
be continued.

There was no reaquirement to investigate the potential limits
of accuracy of this tvpe of tool. However, the question of
limiting accuracy of a magnetic tool is often asked. Figure
191is a plot of heading degrees versus the rotational angle
of the drill string taken over a reasonably stfaight section
of the hole. An envelope containing the majoritvy of these
points is shown as the solid line. The mid point of this
envelope 1is shown as the dotted line. The mean of all noints
with respmect to the dotted line is 7.5x10°° degrees. The
standard deviation, <=, is .1146°. The low value of the mean
indicates that the dotted line represents a svstematic varia-
tion which, with sufficient design or computational effort,

19
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could be removed. The = of .146° includes both actual changes
in hole direction and statistical scatter of noints. This
indicates that a svstem such as this with an accuracyv of

better than *.1 degree is feasible,
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CALCULATION OF LOCATION VECTOR

The RDS-500 computer was programmed to calculate the direction
vectors for the down-hole package using the inputs from the
package. In order to test these routines and to study the
sensitivity of the calculations, simulated data was input to
the programs.

Before discussing the results, the following terms must be
defined:

= :dip angle of the magnetic vector
= dip of package with respect to the horizontal
angle of package with respect to magnetic North

€ = @ Q
"

= angle of rotation of a tick on the package with
respect to vertical.

Using this terminology and the equations described in the pro-
posal, we calculated 3, f#, and ¥ given a and the direction

cosines from the magnetometers and the accelerometer reading.

As was discussed in the proposal, when f was near 0° or 180°
(i.e. north or south), the calculations become more difficult.
To show this, Figure 20 shows the standard deviation of the
error from 100 runs of each direction when noise is added to
the magnetometer channels. The amount of noise is comparable
to a Gaussian white noise with a standard deviation of 1/2
degree. The error in f is small (below 1°) for directions
between 20° and 160°. However, the error goes up near the
north or south directions. This is because f is calculated as
an arc cosine function. This has more error near these values
and also it is impossible to tell when the reading corresponds

to negative angles.

The ambiguity of negative angles of § is impossible to resolve

without an additional sensor on board. No combination of
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mathematical tricks or package rotations can resolve this

ambiguity.

As discussed in the proposal, two additional ambiguities exist.
When the package is aligned with the magnetic vector, it is
impossible to resolve the angle ¥ . The final ambiguity exists
when 6 = 90° (i.e. drilling in a vertical direction).* Figure
21shows this result. This figure is a plot of the error in

g as a function of & for f§ = 90°.

The ambiguity of not knowing whether the package is pointing
west or east of north can be relieved by telling the system

the initial direction as was done previously. However, if

the direction is close to the North direction small measurement

errors will cause larger direction errors.

The system was next programmed for the equations using two
added accelerometers. The comparative error curves are shown
on Figure 1. This step would reduce all errors due to geo-
metrical factors with the possible exception of the elevaticn
angle. Although we have not investigated it in detaill, it is
believe that even these errors could be eliminated using alter-
nate algorithms. The added accelerometers also eliminate the

ambiguities which exist in the present system.

*I1t should be recorded however that the system was never
intended for vertical work. The original specification
in fact limited the angles to horizontal, plus or minus
45°., Thus, the ambiguity associated with drilling
along the magnetic vector was nrohibited.
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CABLELESS SURVEY SYSTEM DOWNHOLE
TOOL OQUTPUT SPECIFICATION
Carrier Frequency: 4.0527KHz = .005% Crystal Controlled
Transmitter Output Power: 1 watt nominal to input of trans-
mit Toriod) varies with coupling
conditions)
Modulation: Manchester Code * 60° Phase Modulation

Data Rate: 31.66Hz = Carrier divided by 128

Transmitter Sequence: 16 Seconds 0° Phase Shift Carrier
4 Seconds All 1's data

32 Bits Preamble
30 Bits Random Data (Not Used)
130 Bits Ten 12 3it Data Channel
Parity
) Upon triggering the downhole tool transmits

16 seconds of 0° phase shift carrier (no
modulation) which is used by the receiver
to establish carrier phase lock and auto
gain range.

° The downhole tools follows the carrier with
4 seconds of all 1's data which is used by
the receiver to establish the data clock
phase lock.

° The downhole tool follows the all 1's with
a 32 bit preamble which the receiver uses
to acknowledge that the upcoming data is
real and prepares to alert the microprocessor.

The preamble code 1is:
10110000110111001011000011011100

If the exact code is not recognized, the receiver will 1ignore
the remainder of the transmission.

° The next 30 bits of data transmitter are sent
to the microprocessor but are thrown away as
meaningless.




The last 130 bits are transmitted and received
bv the receiver and serially passed onto the
microprocessor unchanged. They represent 10
channels of 12 Bit offset binary data plus one
parity bit per channel as outlined below:

~MSB LSB . P
1 channel data + paritv: 1 2 5 4 56 7 8 9 10 11 12 13
TIME~
MSB LSB

A/D Scalang:

Parity:

000000O0O0OO0OOODODO + Full Scale + 5.000 Volts

0000000O0O0OUOVDO1 + Full Scale - 1 Count =
4.99976 Volts

011111111111 + 1 Count * 0.0024 Volts
100000000O0O0O0 Zero
100000000001 -1 Count = 0.0024 Volts
111111111110 - Full Scale + 1 Count

= 4.9951 Volts

111111111111 - Full Scale = 4.9976 Volts

Parity 1s a single bit for each channel that is based
on the number of 1's output by the A/D and is added
only to maintain even longitudinal parity.

Channel Assignment:

Ch.
Ch.
Ch.
Ch.
Ch.
Ch.
Ch.
Ch.
Ch.
Ch.

1:

[§W]

O ur B U

~3

i
Magnetometer X Axis * 0.7 gauss = £ 5 volts
Magnetometer Y Axis * 0.7 gauss = + 5 volts
Magnetometer Z Axis £ 0.7 gauss = & 5 vg¥ts

Acceleromter Single Axis "Z" Axis 19 = £ 5 volts

Accelerometer Biaxial "A'" Axis 1g = ¢ volts

]
Accelerometer Biaxial "3" Axis 1lg = = 5 volts
Temperature 0°C + 50°C = 0 to +5 volts
Reference Voltage + 2.45 volts
Negative Battery Voltage Monitor -2.85 volts nominal

Positive Battery Voltage Monitor -2.85 volts nominal

60



Transducers:

1) "I'" Axis Accelerometer:

Manufacturer: Sunstrand Data Control
Model: QA 116-15

Range (Full Scale). . . . . . . . . . . . . . . . . . . =15/g
Sensitivity (Nominal) . . . . . . . . . . . . . . . . . 250 mV/g
Qutput Resistance (Nominal) . . . . . . . . . . . . . . 250 ohms
Frequency Response (Nominal, =5%) . . . . . . . . . . . DC to 500H:z
Natural Response (Nominal). . . . . . . . . . . . . . . 100Hz
Noise (Nominal): 0 to 10Hz . . . . . . . . . . . . . . 100 uV rms

0 to 500 Hz . . . « + . . . . . . . . 300 4V rms

500 to 10Hz . . . . . . . . . . . . . 600 uv rms

Broadband . . . . . . . . . . . . . .1 mVorms .
Excitation VOltage. . « + o + o o o v v e v o . . . . . =15 VDC £10%
Excitation Current. . . . . . . « + + « « < « « « « « « 17 mA qguiescent,

35 mA full scale

Sensitivity Shift with Excitation Voltage . . . . . . . 0.005%/V

0 ug/Vv
Resolution (DC) .000001

Zero Shift with Excitation Voltage 5
.o 0

Threshold (DC) . . . . . . . . . . . . . . . . . . . . 0.000001
0
0

g
=]
g
>

Linearity (DC) .03% of reading

Hvsteresis (Less Than). .001% of full

scale
Repeatability . « . . . . . . . . . . . . . . . . . . . 0.003% of full
scale
Zero Unbalance (Less Than). . . . . . + « « . « + . . . *x0.02 g
Damping Ratio (Approx) (3). . . . . . . . . . . . . . . 0.6
Thermal Zero Shift (Max) e e e e e e e e e ... .. . 0.0002 f/°F
Thermal Sensitivity Shift (Max) . . . . . . . . . . . . 0.01%/°F
Transverse Sensitivity . . . . . . . . .+ . . .« . . . . 0.002 g/g
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2) v and Y Axis Accelerometer

Manufacturer: Terra Technology
Model: MP-200A

Range: =1 g (minimum)

Scale Factor: 8.5 VDC/g =0.5%

Null Offset: <0.020 volts

Temperature Coefficient: 0.01% of FS/°F (Max)
Lineraitv: +0.02% of Full Scale

Hysteresis and Resolution: 0.0001% of Full Scale

Turn-on to turn-on Repeatability: <Zmv
(no tapping allowed)

Axis Alignment (WRT Case): +0.50°

Biaxial Orthagonality: £0.25°

Qutput Impedance: <15,000 ohms

"A" Axis to pe aligned to 8-32 Hole within 0.5°
Excitation Voltage: +10 to #15V

Excitation Current: £24

3) Tri Axis Magnetometer

Manufacturer: EMCO
The Electro Mechanics Company

Model: 6715
Range: 0.7 Gauss
Scale Factor: .14 Gauss/volt (z5V)
Resolutions: +0.5°
Excitation Voltage: +13 to =18 VDC
Excitation Current: 60ma max

Voltage Ripple: =55

Batteries:
Manufacturer: Gould Inc.
Model: 2.2SC (1/2D) Nicad

Quanity: 24



APPENDIX C

CABLELESS SurRVEY SysTeM TesT PLAN
AND TesT RESULTS



This Appendix C contains the test plan submitted to the USBM
in September 1978. Immediatly following the plan is the
results of the svstem test and description of any deviations

which were noted.
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TEST PLAN FOR CABLELESS SURVEY SYSTEM

DESIGN REQUIREMENTS

A. Check to verify that the following are displaved:

YES O
L v e Bearing in degrees and minutes

4 e Inclination 1n degrees and minutes
J o e Rotation Angle in degrees
v . e Horizontal deviation in feet
v . e Vertical deviation in feet
v . e Drill string depth

B. Verify that the following can be entered from the keyboard:

YES NO

v . e Magnetic dip angle

Y L e Initial bearing

v . e Number of drill rods

C. Verify that hard copy can be produced from data received
from the downhole unit.

YES NO

~

D. Verify that self-checking can be performed on the:

YES NO
v e Receilver
v e Computational circuitry



Verify that data error detection and warning capability

m

is functioning

YES  NO

Vv

F. Verify the following phyvsical requirements:

YES  NO
/ e Weight, approx. 40 1lbs.
o o e Size
Width 13-3/4 inches
Height 14-1/4 inches
Depth 11/7/16 inches
4 e Unit's own carrying case with
T o Protective cover
Handle
L v e Does handle serve as means to positilon
and display at various viewing angles?
v . e [s transit case supplied?
G. Is the unit intrinsically safe as defined in MESA

Schedule 2G 7

YES NO

4 _ ¢ Does the system operate from an external
12-volt automobile battery?

H. Is the electronic construction of modular design to

allow rapid rapair?
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2. RECEIVER TESTS

4

Equipment necessary for this test will include a down-hole
transmitter link emulator. This emulator will generate lock

t accordance with those trans-

ct
Ui
ra

and transnt
mitted by the
4.0525 KH +=.02%. Th

It will also contain a white noise generator and a means to

.
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sum the two outputs. The signal should have a range of -30uv
to 3v (100 dB) in 10 dB steps an- the output noise levels

should be adjustable to -3 dB below the signal. 1If a signal

is properly received and decoded, the computer will detect
the preamble and generate a ''data error" signal because of
the absence of the data field.

Procedure

1. With a full batterv charge, turn the unit on and verify

proper operation with Self-Test function.

2. Connect the emulator to the receiver input and begin the
tests with a signal level of 30.v and a noise level of
-3 dB, at a carrier center frequency of 1052.5 Hz. Send
the preamble five times and note presence or absence of
data error indication.

3. Repeat Step 2 nine more times, each time 1ncreasing sig-
nal and noise levels +10 dB.

1. Repeat Steps 2 and 3 for 4052 H:z and 30553.5 carrier
center freguencies.

5. Measure receiver battery voltage and note elapsed test
time.

NOTE: If at any time there 1s a low battery voltage indica-

a
tion in the ection, stop the test and re-

(@]
Q
P

S
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ct
D
-
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charge those bhatteries.
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s under which an error 1s not det

n e
mbles are sent (under allowable cond
r

I£ any prea
“hat do not cause data error indications, the receilver
prohlem must be corrected and the tests run again from
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5. BATTERY LIFE T

The purpose of this test 1s to determine
n

will operate for si:

X
set of operating conditions.

el

Procedure

1. Charge the batteries normally,

ant battery voltage.

ours ccntinuously,

vhether the unit
given a reasonanle

and measure the result-

2 Apply the proper preamble from the smulator to the re-

ceiver every 15 minutes and check for data error indi-

cation. Every hour, operate the self test function

and then measure battery voltage.

ing battery voltage every 15 minutes

indicates a cell voltage of 1.1lv,

occurs.
Record
1 Results of Step 3 versus
2. Results of Step 4 versus time of day,

battery voltage indicators.

Preface

5. After six continuous hours,

continue the test, measur-

until that voltace

until a malfunction

and cordition of

"The unit" will refer to the processing and display svsten.



1. ENVIRONMENTAL TESTS

1.1 IMMERSION
he purpose of this test is to prove compliance with Mil-Std-

812C Method 512, Procedure 1.

Procedure

1. Obtain a clean vessel with a cross section large enough
to accept the unit and a total height of 48", and fill
with water at 18° +5°C to within 10" of the top.

2. Remove all internal components from the unit that are
not secured with external fasteners.

3. Heat the unit, cover open, in a temperature chamber,
for two hours at 45° +3°C.

4 Open and close the cover three times, then secure it with
the built in latches.

5 Submerge the unit, as modified in Step 2, to the bottom
of the vessel, using a method that will restralin the
buovancy of about 100 1lbs. wihtout damage to any part of
the unit.

6. After 120 +5 minutes, remove the unit from the water
and wipe the exterior surfaces dry.

7. Open the unit and inspect the interior and contents for
evidence of leakage.

Record

1. Location and approximate amount of intericr moisture 0b-

served 1n Step 7.




est 1s to prove compliance with Mil-Std-

1 t
od 316.1, Procedure II, Transit Drop Test.

Procedure

1. Provide a test bed of 2" plvwood, with greater cross
section than the unit's transit case, on a concrete

base.

2. Place the unit in 1ts transit case and secure properly

all closures.

From a height of 48" above the plywood surface, drop

(92}

the case on each face, edge, and corner for a total of

26 drops.

3. Run the unit through all initial tests (Steps 1 and

4 of Receiver Testing).

Record

1. Results of Step 4.

2. Any observable phvsical changes in the transit case,

foam packing, or the unit itself.

1.3 OPERATING TEMPERATURE TESTS

The purpose of this test is to verify operation of the unit

es
over the specified range of 0°C to 30°C.

Procedure

The unit will be turned on and the specified warm up

—

time allowed to elapse. Test conditions will be entered

into the processor on the keyboard.



The unit will be placed in a chamber with a viewing
port in the front, of sufficient size to view the dis-
play, and with a means to allow signal lines fron the

normal receiver input to be led out of the chanber.

Connect the emulator to the receiver input with an
input level of 300uv and a noise level -6 dB and a

carrier frequency of 4052.5 Hz.

4. Send preamble and record presence or absence of data
error indication. NOTE: Presence of data error
verifies proper decoding of preamble.

5. Repeat Steps 3 and 4 at carrier frequencies of 4053 H:
and 4053.5 Hz.

6. Temperature of the chamber will be lowered to 0°C and
allowed to stabilize for one hour.

B Repeat Steps 53-5.

S. The temperature of the chamber will be raised to +50°C
and the unit allowed to stabilize for one hour.

9. Repeat Steps 3-5.

Record

1. Operating conditions and results of each Step 4 test.




4.4 TEMPERATURE SHOCK TEST

A g

The purpose of this test 1s to prove compliance with “il-S

«t

3

ents

@

Z32E, Method 107D,A, as modified to protect certailn condon
and conserve testing time. Specifically, the liquid cryvstal
display and the satteries are not specified to withstand the
high temperature extreme of 80°C. The display, the batteries,
the DC/DC converters, the kevboard, and the printer will not
withstand the low temperature extreme of -55°C. The batter-
les, converters, and display are not easily removed. The dis-
plav has the narrowest range, namely -20°C to +70°C, so we

are modifying this thermal shock test to be performed over

that range.

Procedure

1. The unit, with cover closed, will be placed in -a tempera-
ture chamber cooled to -20°C for four hours, with no
more than five minutes elapsed if it is being cooled

from the high temperature.

2. The unit is then heated to +70°C, with no more than
five minutes in the transition from -20°C, where it

will remain for four hours.

5. Steps 1 and 2 are each performed a total of five times

in sequence,

1. At room temperature, turn the unit on, allow time to
warm up, then perform the Receiver Test Section, Steps

1 and S.

NOTE: If the unit weight 1s below 30 lbs., times at tempera-

ture extremes may be reduced to two hours each.

Record
1 Results of Step 5
2 Any phvsical changes evident on post test inspection.



1.5 HUMIDITY TEST

The purpose of this t=st is to prove compliance of the unit
with Mil-Std-810C, “ethod 507.1, Procedure I, as modified oV

SNSCO to conserve Costs.

Procedure

1. Full charge the unit batteries, remove the protective
cover, and connect a dummy connector to the receiver
input. Install the connector caps for the power and

computer connectors.
2. Place the unit in the temperature chamber and slowly

raise the temperature and humidity over a period of

two hours to 65°C and 92% r.h., respectively.

3. Maintain the condition of Step 2 for six hours.

1. Open the test chamber and allow it to stabilize at room

temperature.

5. Cperate the self-test and note proper response.
Record

1. Results of Step 5.

2. Any physical changes noted in the unit.




J.

FIELD SURVEY TEST

This test will demonstrate the inteqgrity of the svstem as a

whole. Several compass points and package inclinaticns will

be surveyed and compared with coincident transit readings.

Transit accuracies will be kept to +.01°.

Procedure

5.1 INITIAL MEASUREMENTS

1. Assemble the cableless survey tool with all batteries
at full charge.

2. Run Self-Test.

3. Position and level the tool at due magnetic north (0°)
and trigger the package.

4. Check the axis alignment offset constants and monitor
housekeeping data from the down-hole package.

5. Initiate dip calculation on computer. NOTE: In the
following steps, use the external control panel of
the computer to read out sensor readings for each
point desired.

6. Align the package with an elevation of -1°, and a head-
ing of 0°, and take readings for the following package
rotations: 0°, 48°, 90°, 135°, 180°, 225°, 270°, and
315°. Use a transit at each point for a reference read-
ing.

7. Repeat Step 6 for an elevation of 0°.

8. Repeat Step 6 Ior an elevation of +1°.

9. Repeat Steps 6, 7, and 8 at a heading of 90°.




11.

12.

SIMULATED DRILLING TRAJECTORY TEST

Align the package to 0° heading. Perform 10 random
alignments within the range of 359° to 1° (heading)

and -1° to 1° (elevation) to simulate the drilling
operation. Each point will be entered into the proces-
sor as though it were 10' of drill rod from the pre-
vious point. Take transit readings of each point for

reference.

Repeat Step 10, but within the heading range of 269°
to 271°.

Calculate the simulated course from the transit read-

ings. Then compare with the survey tool results.

Record

1.

-

.

b

Results of Steps 2, 4, and 5.

Sensor readouts and corresponding transit reading for

each of the 24 points in Steps 6, 7, 8, and 9.

Results of Steps 10 and 11.

Deviations from actual course derived in Step 12.

DRILLING TESTS

This test will insure that the cableless survey tool operates

to design specifications in the actual drilling environment.

Procedure

Initial Measurements

1.

Complete assembly of cableless survey tool, with all
batteries fully charged, at the surface site of the

chosen drilling location.



(]

Initiate Self-Test.

3. Trigger the package transmission and determine the meschani-

cal offset of the assembled package.
1. Determine local dip angle, using the computer.

Installation in the Mine

5. Set up the driller console (processing and display sub-
system) in the mine. Be certain that connector caps

are installed on power and computer connectors.

6. Enter initializing data.
7. Install receiver transducer.
8. Initiate Self-Test.

Initial Surveyv

9. Perform a Sperrv-Sun Multi-Shot survey of the existing

portion of the hole.

10. Survey the existing hole with the cableless survey tool.
At each 10-foot measurement, stop the drill and trigger '
a transmission. Then rotate the package 180° +10° and

trigger another transmission.
11. Compare the results of Steps 9 and 10.

Drill and Survey
12. Continue drilling and survey every 10', as in Step 10,

to a depth of 1500'.

15. Remove the tool and surveyvy the new hole drilled in Step

12 everyv 20 feet, using the Sperry-Sun YMulti-Shot.

— 77



14. Compare the results of Steps 12 and 13.
NOTE: Recharge the batteries and service the printer at the
end of each day's operation or sooner if required.

Compare daily results with printer output.

Record

1. Results of Step 2.

2. Results of Steps 3 and 4.

3. Results of Step 8.

4. Enter log obtained in Step 9, including house-keeping

data from the down-hole package.

S. Parameters of bearing, inclination, angle, horizontal
and vertical deviation, drill string depth, and true
depth for each point in Step 10.

6. Results of Step 12, as above.

7. Enter log obtained in Step 13.



DEVIATIONS FROM TEST PLAN

m

MENTS

n
S

4

1. DESIGN REQU

1.A Bearing and inclination angles are displayed as decimal

]

degrees - example: Bearing + 69.28° rather than degrees

and minutes.
1.B No Deviations
1.C No Deviations
1.D No Deviations
1.E No Deviations

1.F All requirements are met except that handle cannot be

used to position unit at various display angles.

1.G The system is designed to be intrinsically safe,
although as of this date, the uphole processor has
not completed certification by MSHA. The downhole
tool's explosion proof housing was retained unaltered

and continues to remain certified explosion proof.

1.H No Deviations

2. RECEIVER TEST

Under this contract no downhole emulator was constructed.
Internal self test in the receiver/processor were included
within the uphole unit. This self test does include a com-
plete simulation of carrier lock, preamble recognition and

data verification.

The receiver was tested using the downhole breadboard unit.
Signal to noise ratios from 0dB to +6dB was inserted in the
input of the receiver with a signal level of 3uv and 30uv.
At 30uv no errors occurred above a signal to noise ratio of
+2dB. At a signal level of 5uv phase shift which occurred

during the auto gain ranging did not always allow adequate
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time for the carrier phase lock loop to stabilize thereby
crohibiting the preamble from being detected. This problen
was corrected by employing wider bandwidth amplifiers in the
auto gain ranging section of the receiver. After this correct
transmission was received without error with a signal to noise

ratio of +3dB.

At 30uv signal level some data was received without error

with a signal to noise ratio of 0dB. However, since less than
90% of the transmissions were correct, the false alarm or error
detection rate was deemed to high. It should be noted that in
more than 90% of the cases when the preamble is recognized all
data 1is transferred without error. Conversley, since the
receiver does not indicate a data transmission unless the
-preamble is recognized, very few bad transmissions are even
detected.

5. BATTERY LIFE TEST

The battery life test was performed for six continuous hours,

at which time the receiver battery was automatically disconnected
due to low voltage (as designed). Four data errors were en-
countered during that time, but this was due to inadvertently

not terminating the receiver input.

4. ENVIRONMENTAL TESTS

1.1 Immersion
No interior moisture was evident.

4.2 Shock Tests
Deleted by Contract Modification.
1.3 Operating Temperature Tests

At 0°C, there was no data errors using the self test,
the LCD display was slow but functional, and the printer
performed properlv. At 50°C, there was no data errors
using the self test and all other devices functioned

normally.
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1.1 Temperature Shock Test
As noted before a downhole survey tool emulator was
not produced. Therefore, the self-test function was
used. After the cycling and at room temperature, all
systems functioned properly with no errors. No physical
changes were evident.

4.5 Humidity Test
The proper response was obtained from the self test.

5. FIELD SURVEY TEST

5.1 Initial Measurements

See Figure - Magnetometer output for Y axis and Z axis

for rotation about X axis.
See Figure - Accelerometer output for Y axis and Z axis

See Figure

5.2

The

for rotation about X axis.

Magnetometer output for Y axis and X axis

for rotation about Z axis.

Simulated Drilling Trajectory Test

simulated trajectory test was done by placing a pattern

of nine holes in a board as shown below:

' Y e> 0d
o9 ol e5

o8 o7 Y]

The coordinate distance between each hole was such that move-

ment between any two adjacent holes vertically or horizontally

repositioned the tool by 1° in bearing for horizontal and 1°

in inclinations vertically. The simulated survev was performed

bv entering the initial conditions for hole #1 at an initial
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string length of 20 feet. Then a survey of the dirst hole
position was done and an assumed 10 foot drill rod added.

The tool was then positioned sequentially in each hole and

a survey done adding 10 foot rod sections for each hole until
hole #1 was repeated. This resulted in a total simulated

survey of 120 feet of string length. Figure 26A shows a
comparison of calculated bearings versus tool measurements.
Figure 26B gives the same comparison for inclination. Figure 26c¢
compares the theoretical survey path to the computer results pro-
vided by the cableless survey svstem.

5.3 Drilling Tests

Drilling tests were performed at the Federal #1 mine in
Granttown West Virginia. The following deviations from this
test plan are noted.
° The hole depth was terminated at 330 feet
due to drilling problems with the drilling

equipment and the contact of a ceized drill
string located in an adjacent hole.

) No readings were taken with the Sperry Sun
Multishot svstem between 75 and 165 feet.

Figure 27 shows the comparison of vertical deviation as

measured by the two systems.
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Figure 27 . Vertical Survey of "Horizontal" Drill Hole
Jsing Spverrv Sun Survev Svstem and Cableless
Electronic Survey Syvsten
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CONNECTOR DESIGNATION AND PIN
ASSIGNMENTS FOR DOWNHOLE PACKAGE

Sensor Canister/Electronics: J1/P1

Connector:

Pin

G - m MmO 0O wo o

< 4 o mogoA

Bendix PT02A-14-18S/P

Signal

Wiper Pressure Switch

X Axis Accelerometer

Y Axis Accelerometer

+12 volts, Z Axis Accelerometer
Power Return, Z Axis Accelerometer
NC

Signal Return, Z Axis Accelerometer

+12 volts, X,Y Axis Accelerometer and
X,Y,Z, Axis Magnetometer

-12 volts, X,Y Axis Accelerometer and
X,Y,Z, Axis Magnetometer

Power and Signal Retrun, X,Y AXxis
Accelerometer and X,Y,I, Axis Magnetometer

+12 volts, Pressure Switch

Signal Return, Pressure Switch

-12 volts, Z Axis Accelerometer
Signal Output Y Axis Magnetometer
Signal Output X Asis Accelerometer
Signal Output X Axis Magnetometer
Signal Output Z Axis Magnetometer

Electronics/Batterv Pack: P2/J2

Connector:

1

mom oo 0w

Bendix PT06-10-6- S/P

Signal
Transmit Toriod

Return, Transmit Torriod and Case Ground

Battery Voltage

i+

Battery Return
+ Battery Voltage
NC

90



Z-Axis Accelerometer: J3

Connector: Sunstrand Date Control CA-116-15-30

Pin Signal

-

f

+12 volts

[ I

Signal Return
Signal Output
-12 volts
Power Return
Self Test

(@ ) NN VL B S ¥

X,Y Axis Accelerometer: No Connector

Pin Signal
1 +12 volts
2 -12 volts
3 Power and Signal Return
4 X Axis Output
S Y Axis Output

Magnetometer J4

Connector: PT02-C-10-65

Signal

g
.
3

+12 volt

Power and Signal Return
-12 volt

X Axis Output

Y Axis Output

"TlmUOUJ')'l

-

Z Axis OQOutput
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" METER
F AND
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Processing and Display Subsystem Interconnection Diagram

FROM
TRANSDUCER



CONNECTOR DESIGNATIONS AND PIN ASSIGNMENTS
FOR UPHOLE RECEIVER/PROCESSOR PACKAGE

Right Kevboard to Front Panel PCB: JA
Left Keyboard to Front Panel PCB: JB

Connector: Burndy 8 Pin

in Signal R
(7335275
/ = _/

jav]

<l c2z C3» C4

> = JOO008
“ <0000

re| OO0V
R4 R4 DDDD ‘;P

CK)\IO\U'i-JALNr\JP—‘l
(@]
£

Front Panel to Computer Board #1: JC/PC
Connector: Augat 110-26001-102

Signal
DX0
DX1
DX2
DX3
DX4
DX5S
DX6
DX7
DX8
DX9
DX10
DX11
GND
+5Vm (Switched)
SYS RESET

T
-
3

~1 O Ul = L 9 r—‘l

I = T S U S S Y ST Vo S o)

Ul = U 1w O



Pin Signal

16 KACK-

17 KREQ2+

18 KREQL+

19 +5Vm (Switched)
20 +5Vm (Switched)
21 +5Vm (Source)
22 AF1

23 AF2

24 AW2

25 +5Vm (Source)
26 +5Vm (Source)

Front Panel PCB to LCD: JD
Connector: Augat 325AG1F

Pin Signal
1 BP
2 E6
3 D6
4 Cé
5 DP5-6
6 ES
i DS
8 o
9 : DP4-5
10 Ed
11 D4
12 C4
13 DP3-4
14 E3
15 o . ]?3
TES /5694 -R-06 LiguiDELYSTAL DISPLAY
59 26

! L 102



jav)
-
3

—
1 O

—
O

[§N]

(§%)
P

O N Y R NI
~d O Ul et

(VTN VT B U7 N U7 B N R U2 B O R V2 |
~1 O Ul = U = O W W

4 -
- O W w

192 TP TS OUNN SO U SR EN T
[ TE o Y.< T T N 2 RIS S VAR A5
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Signal

C3
DP2-3
E2
D2
Cc2
DP1-2



Front Panel Electronics to Printer: JE/PE
Connector: Augat 110-26001-102

Pin Signal

DIG 1
DIG 9
DOT 5
DIG 7
DOT 4
DIG 5
DIG 3
DIG 1
NC
NC
NC
NC
NC
DIG
DIG
DIG
DOT
DIG
DOT
DIG
DIG
DOT 1

Motor Yellow
Motor Red

R L I = == T = T Vo S~ - BN W' S V2 B O O S AR S
O W -1 G U B U O
=T N

(3N}

(ST S NS I e NV N B e

S~ v ow

Motor Orange

N NN e Y

Motor Brown

[o NNV, ]

104



Front Panel Cable to Printer Element: JF

Connector: Part of Texas Instruments Printer EPNO112
Pin Signal

1 NC

2 DIG 12

3 DIG 11

4 DIG 10

5 DIG 9 naks

6 DIG 8 o)
7 DOT 5 "“““‘T‘“‘1~

‘

8 : DOT 3 ;

9 DIG 7 e
o )6 s —o0O .
11 DOT 4 m
12 DOT 2 o
13 DIG 5 °

14 DIG 4

15 DIG 3

16 DIG 2

17 DIG 1

18 DOT 1

Computer Board #1 to Front Panel: JG/PG

Connector: Augat 110-26001-601
Pin Signal

(Same as JC/PC)



Computer Board *1 (JH) to Front Panel
Ext. Computer (JL)

Connector: Augat 110-26001-601

Pin Signal
1 AF4d

2 AF3

3 BS4

4 Bw?2

5 RCVR CLK

6 RCVR DATA

7 UART CLK

8 720 DATA

9 GND

10 500 BAUD

11 +5V from TTY
12 SV UART

13 NC

14 NC

15 Printer +5VB

16 Printer Pwr Control

17 Printer +12VB

18 +5Vm to RCVR OPTO ISO
19 GND to RCVR OPTO ISO

2 SELF Test Output

21 +12V from TTY Interface
22 UART DATA

23 -12V FROM TTY Interface
24 CR Wait from TTY

25 Printer +12VB

26 NC

106
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’

Receiver (JM),

Destlnation

JQ
JQ
JQ
JQ
IM
IM
JL
JL
JL
JL
JL
JL

JQ
JQ
JQ
JM
IM
IM
JL
JL
JL
JL

JQ



Computer Board 1,2,3, JI, JJ, JK (all connectors bussed pin for pin)

Connector: Viking 3VH 36/I1JND

Pin Signal
1 NC

2 BF3

3 +5VC Unswitched
4 +12VA

5 *SVM

6 XTB

7 XTA

8 \/'M Lo

9 INT GNT
10 SKP INT
11 DEVSEL

12 GND

13 Sys Res § Pwr Up
14 Sys Res
15 Y

16 AS2

17 Cc2

18 MEMSW

19 MEMSW

20 Cl1

21 +12VB

22 GND

23 NC

24 *S5Vy

25 APU OFF
26 2.4315MHz
27 XTC

28 24.315KHz
29 READD

30 MEMSEL

31 AS2



Pin Signal
32 NC

33 NC

54 Wait

35 AR1L

36 +3VB

37 NC

58 LXMAR

39 S-T DATA
40 NC

11 NC

42 DX8

43 DX7

44 DX9

45 DX0

16 GND

17 DX10

18 DX1

19 NC

50 DX11

51 DX6

52 GND

53 AW1

54 DX2

55 4MHZ

56 DX3

57 Power A CTL
58 GND

59 DX4

60 NC-

61 NC

62 DX5

63 NC

64 GND

65 PWR B Control
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Pin Signal

—_— =
66 BF4

67 NC

68 NC

69 NC

70 +5VM

71 NC

72 +5vM

External Computer Connector: JL
Connector: ITT KPTO7El16-26S

Pin Signal
CR Wait
W Spare
X UART DATA
Y -12V
z +12V
a GND
c +5V (from TTY)
B UART CLK
C 500 BAND

Receiver to Computer JM
Connector: Winchester MRE-GP/PR

Signal

Receiver Data Out
Receiver Clock Out
Computer GND

+SVM

Self Test Input

m@nm'}»'*o
[N
=]
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External Receiver Input Connector JN
Connector: XPTO7E 16-8S

C Input 1
D Shield
E Input 2
Receiver Power Input: JO

Connector: Winchester MRE 95J

Pin Signal

A +8 Volts

B - 8 Volts

C GND

D Low Voltage Alarm
E +5V

External Power and Charging Connector: JP
Connector: ITT KPTO7E12-8S

Signal

Ext. Pwr

RCVR Batt Chg

RCVR GND

Processor Batt Chg
Processor GND
Spare

RCVR Batt Sense
Proc Batt Sense

:Em*nrnc:mm’,»l'o
-
3

Front Panel to Computer Board #3: JQ
Connector: Augat 110-26001-601

Pin Signal
1 AF4
2 AF3
3 B54
3 BW2
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Pin Sigznal

il it Al

15 +SVB Printer

16 Printer Power Control
17 +12VB Printer

25 +12VB Printer

Battery Module Connector: JR
Connector: Winchester MRE 95

Pin Signal

A Ext Pwr

B RCVR Batt Chg

C RCVR GND

D Processor Batt Chg
E Processor GND

F RCVR Source

H RCVR Sense

J Processor Source

K Processor Sense

Power Supply Board: JS
Connector: Elco 6007-22-44B

Pin Signal
1 NC
2 -8V to RCVR
3 +8V to RCVR
4 +SV to RCVR
5 RCVR GND
6 RCVR LOW Voltage Alarm
7 NC
8 RCVR Batt Sense
9 RCVR Pwr +5V (Unswitched)
10 RCVR Batt Source
11 Proc GND
- 111



Pin Signal

12 Proc Batt Low Alarm
13 Proc Battery Sense

14 +SVC to RAM § Proc. Switch (Unswitched)
15 Proc Batt Source

16 +12VB to Printer

17 Printer Pwr Control B
18 +SVM to Proc

19 AM9511 Pwr Control A
20 +5V5 to Printer |
21 +5VA to AMS511

22 +12VA to AM9511

Power Supply Board to Power Switch JT
Connector: Waldom 03-06-1041

Pin Signal

1 +SVR Unswitched
2 GND

3 +5VR Switched

Battery Modules to Concience Fuser: JV
Connector: Waldom 03-06-10Y1

Pin Signal
1 RCVR Source

RCVR Source (Fused)
PROC Source
PROC Source (Fused)

(8]

=

Front Panel Meter to Power Supply: JW
Connector: Waldom 03-06-1041

Pin Signal
1 PROC GND
2 RCVR Source
3 PROC Source
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EFront Panel Meter to RCVR: JX

Connector: RCA Phono

Pin Signal
Tip RCVR VCXO Control Voltage
Ring RCVR GND

113
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The following schematics represent auxillary equipment
developed during this project, but are not part of either
the downhole or uphole package. None of these items are

required for operational use.

e



| | 4 v ¢ _ v
.:...— ~ -— 31v36 NOILYDI 144y
\r > @ e _ THEINY 9 MO Q3N . ASSY LX 3N
| #or -9 | ese90 | @
AN ON SMImYYO ON LN3al 3007 | 3218 YN S ANIWIYINL
v Ly win v
o ﬂw\u\m ~M |23 CIVINILVYN
UACRNTTRINL R TR By B YR P ooz [2] S 3T wuofos w07 s00F 010 T "we/i T
13 Y44 BIVYIY
e e 3y Iive Iuniynae s118My .,,Auu%muuxuﬂﬂ_“wn“‘
WUNE3I0 W SI903 JUVHS Wy Jue 2
2 )
— VINIOMIA ‘QT13149NI¥dS 6GoocLtLiol 103141345 61MUINLO 983 NN -
- .
oz— oomzu TON LOYWLINOD
9 9
IOAIVHD I HDIFL Twm 0] ‘e
(o)
—P WA CINOH 41 NI TSI 19l I1H 2 < -
MOl = sa7IsIs3d NY )
TI10N
A O f\i - [P ———e
MMy hi})wwﬁ.ﬁ 01 N s
5 : B I e ¥ s 5
I9AY 4D - e _ :_ n:zo»J,w ...@ -
NaNigd = >~‘ Hmﬂm@ ﬁJ 04 o1 -
F0IVHD @b Ann 28] E e
5 5
a a
1 ]
t | z A € b



...:-— F IENFETEY OV I¥I Iaay
HEINT g LLEITL) 186V ixaw
| eero o ooi | 65€90 | D
“iv ow swimvwo |ox 1wd0r d0e) | 3218 el MLILESRLTY
» (I I N NN A S ez
Ly !
VFIDIOA L 1OMg g L 1 viedivn .
?T —-.:_ s o woos 03 e00 F u. N anNo @ - ,ﬂw‘ﬁ.avozs
VAT O DU A D »1vo TSI 2 emy a2 o
WUNE IOV 190D JUTHE XY INE T DA - . - - {any Sv S
\J INOISN IMIQ 1 -
VINIOHIA .D—W-Eoz_zﬁm ﬂJQ OLLIOW LG 41I1eS IBIMNINLO $83 1NN
-
UZ— .OQm zu OM LIVEMINOD ur_ },f.(xx - . 1
. ! I
. tLhe - byo N R
L] [ — N
N " 7’ L9v9 = €40 EL h H Hﬁi “a3 > N by 5 )
™ NHY « 745 N
. hgif" I aap9- 'us ki
: R b _ b 1969 : 'm
cossNg l_ ‘ (&) °9ha -y TN ERD |
- “f - Q @ 40 ova wQ Tt Sibo QYoM -
Sy h (I [Pa i ! S -y IOM
YN SVVIY - i J # ¢ (9)
i prann anaa it " *ov7 VDI IO QU ROV
NS RN I P ‘ 1 P 5
TR N e .a_‘_ mm. C b5 ixq
17} an e ~ ) - B
- o o
tu - - \
@A s Y y
SOk Db - N _ I \%: @ SN
o618 - 45 —— 1111 " % 7 23] - (05 Exa
1- 1019 - oy - . rlm e
P 23
hetOpe -t - .unn lw‘o_UM;
06Ot - S ¢ 5] ¢ ol. & :
b20’d - a'v'o'r % N nMI_ ) _
LA T3 vz e ﬁ ol b xq . b mﬂ% | b5 Saxo
206Dh - N'1'O : .
R - IRNY TN -] 12 o7 2 ,ﬂ\i\‘_‘
SA S AIN MO - A L2 a Y N ]1]L :,..W -
1IDO0S €099 . D ‘o L S roxd 1 < I
= : o — S imox s S, S5t E 20 S SR P
es1U 00V -V p B LI S AS S xq _—— s {7 3
$, 01 - T R BN 2V ] .
®  _j.gw bh*wum.l
&)
[RE2] _ I—
o2 B - -
Vi oy Segef 3L T iy e 9 xqea- b fegtd_ . (5 Vaxg
oL 1w - RS MﬂAf‘ ° ' vy NN.. A Q(N U -
—— — 2 f N
fov- ik “fo sol———m1x0 ) 21 g PR !
e | _ ovfZ - c.;:@ ol ~ AL L _
EIN h t__ O L Moo~ el o m:‘”w.._ﬁ (- [ L RS (54 Yxa
.’ n— F o L] A S R U NS L LR Y i~ b
¢ o, - - N -
wt [ 4 13005 ; Laas ¥
o Q) Ao f b €l 2128 ‘ b oo
. oo ,i..\ ~ i %099 i (1 exa - - |- | -t 2 a
~.Tw 3 = £ 23 < . R < v 1as (€
. . ~
m el - v N ol A ' cl il [RELY L r www..% [
i vy S0 10 e - _ﬁ Coe L .
; Coeny — v
- % I O ;L:sacel _ e 8xg A 6x0 - ! (kb Ve
E0% R W I ) =R [T > rawd [€ Hny s
AGL e vl s’ P araourald . _., _
M c\‘ R " @ . arsof? - w
o ot — ..
vpee— % T E%S - .‘_ 3‘ o), , omll e Ag oix) - = ,.,,v : (b 1mxa
S ady .JJ‘;. " <5 2 15 ‘
i T_ ¥ Al A g e o
CAnS .
, @) L L e
ang A @ niint b ann M " - ("~ RRIED
Ag YA oot o o (3
U R A LIp) L
M\ \
v M Q2 o A
=1 P g o e, —
.v‘\_ - — ) - g #r v 3] & — A — AAAAS { ¢ X
LIRL nraar BEIALR L " - - - -
A R R Nl Bt S Jddo
SNOIS 1A JY - S U e

130




_ | 2 ¢ b
Vo | T 1hvse ®Otiv I vaey
M N CTILIY) LINR1 L ARSY AW )N
Saoe - -~ 70z | 6SE90 | D ML
Adw O swiavud {ow twpar 3003 | Klle lywty TANINLVIVL .
LR L)
pg\ REAR! ~
v | FovHenin foand 3430 ALL GNY BANSH " = 5] % LV -
Ny vIQ DY HaUIG vo LI mz‘ 6
VINIOHIA ‘G13149NINdS bo0LLION L031213)48 JH18¥INL0 832 N0
-Uz- .ouwzu OR 12VWANOD - S
o E
1Yo, AAYONODIG JJIDUIIN| NO QNvg 0O64H 23N :2ION X _
T 1STAYYG
gee oa L t A—_.e 004 Ny
woe Q) ) m , ove N2 er&&«T, R o R 24002
9 8
Favt o (D) 1 0 @) £ A
=4 L » QO
22916 @ am- ot |b— }ﬁ - -t a_m
YZ OV er M.zl‘lli -
L] ~ b 0-— 9
bovs nIYG 4315
8 ® Jass il - P B
orve @ [
v
eaars (M A—/ _||’ll|'m_
=51
2l- 0 ————— 9}
24 O S
—P S+ O~ (]
~
wiva ¢ $%| p3q
L A B \a! A9
23 n
4 oe
U p - 62 Ao AZ-
€ - — 92 b [ R
7 - e @ >t - /1 10O vyt
vava 22| em ow [B2 2 \A.Wd.
ﬁmmaﬂd! B 2] Sy ﬂ ,,,,,, A€ WMI) Arever oSt
s -
, < <z f1°
b L o sat b ~.6nzﬂ\*. .. o
—‘ u, ? *Z|5cay UL T A ﬁ EI
] AS B @ & S 7 o nsn.,
'y .
— [ nonvR 0SLy \u —
1WUOCMS 6 b — 3¢
T * b - F 17N
rAG Y A3 )
o
b— - | -
6% @ " g
AT
a
-.l\ﬂs‘—‘\ :h.xq — T ‘ﬂ.-x.tua-a \—yux_ moy
SWOISIAI Y

151



The microprocessor emploved in the uphole processor is the

Intersil IM6100. It is a 12 bit CMCS type LSI Integrated

Circuit that evaluates the software of the Digital Equipment
Corporation (DEC) PDP8/E. All of the assembly language

nrosrans listed below are assembled using PDPS/E assembler

. -~
from DEC.

available

COMPUTER PROGRAM INDEX

PROGRAMS

ACC Accumulate keyboard #'s

ANG,AVG Displays angle average

ANGA, ANGE Displays angle; changes keyboard #
to radians

AON Turns on APU power

APU DRIVERS FLT; DIVF; ADDF; SUBF; PUSH; ARTAN;
POP; MULF; MULD; ARSIN; SORT; FIX;
DIVD; SUBD; SINE; CRAB; BW; WTAPUF;
RDAPUF

APU OPERATORS LDS; ADDS; MULS; XCH
CHS

AVGV Averages values

BATCHK Checks batteries

BLANK & DISPR Writes Display

BRTAB KYSR branch table

CHEK BATCHK extended

CHLITE Changes lights

COoM, COM1 Compares 2 values for out of limits

CONOE Continue or enter

CONV Displays memory

DATA Accepts receiver data

DATCAL Calculates data; battery condition
and temperature

DAT1 DATCAL extended

DELAY Delay

DIP/CAL Calculates dip angle

DISCO Displays code

DISTR Distributes data for APU

DOOB Loads and floats #

ENT Enters 10,000

EXEC Examines and modifies

EXEC OVERFLOW EXEC extended

EXITE EXEC extended 152



COMPUTER PROGRAM INDEX (CONT'D.)

FAULT Handles the 9 code

GET Gets a data word

GETIN Computes initial conditions
GTIN Sequences initial conditions
GTIN EXTENDED Extends rouginte GTIN

INIT Initialization bootstrap
INITCO Initial conditions print routine
KYBLK Key blank; KYSR patch

KYEX KYSR extended

KYSR Left-hand keyboard service routine
KYSRC KYSR calling routine

LOA,B Lights off - A,B

LSW Least significant word

MAIN1 Main program, part 1

MAINZ Main program, part 2

MA1EX MAIN1 extended

MONITOR System monitor

M2EX MAINZ extended

NORM Normalizes data

ONES FILLER Fills memory with 1's

PIAS Pi; add or subtract

POF Adds .005

PRINT Operates printer

PRINT ROUTINES INCO; RST; SUR

PROC1 Process 1

PROC2 Does survey calculations
PROM BURNER Burns programmable read-only memory chips
PROPA Process 1 extended

RBAT Checks receiver batteries
RDT Handles data monitoring
RESTR Restart-print routine
RESTART Restart

RSTC Restart calling routine



SCDATA

SELF TEST
CALLS §&
PATCHES

STATUS
STEST
STESTC

STZ

SUM
SURVEY
TEME

WAIT

.00S FLOAT

COMPUTER PROGRAM INDEX (CONT'D.)

Scale datsa
STST; STSTD; STSTC

Checks sign of APU #

Self test

Self test calling routine
Scale data; call

Sums keyboard numbers
Survey-print routine
Temperature errors

Waits for receiver clock

Supplies the number .005



/Erom P1...Add or Subtract

=11

«o 0SS
IS 1a4: FIAT. TARD SEUFY/ 1f PBUF is 0
S0e TeS IrmThAs
0T I JMF FLOS /return
EAQY 1ve CHLLS /otherwise, load Pl and proceed
144 :
r I

3
=
-
=
=
-
4

i
c
_
=4
bt
.

Na [c;l rl_l r|:| o o |'|_| Co T Doy oy

12 C2Tre /3 times?
LT = UE /no, do it again
STS O SETURM /ves

<
4
':, .
I LEE P FEYTY /1if kevt hard 0
21z TeSh HE LA
I1g 5317 MF F1Z /add P1
1S 31Ss I3 /otherwise, subtract Pl
T1E SIE0 JMFE R
317 41T FLIeoA
IE0n SSETS O Flo. FETLEH
*
2IIT O OTTTH OF -5
2340 TTTS THEM. -3
241 T0s MCORM. D25 CTF23 /make CTR2 point to beginning of data
ZIas 13 TAD THm: /make CTR count 3 things
a4 zoE g 2T
SEd4 L0 TRD JTFZ /AC point to 1st word
2349 41T NSl s /write the word
SIde 3143 Fa /square it
ZE4T 41s0 M
SIS0 1ol T=LOTEMS /"w' makes TEM noint to next word
e SR U IZZ2 C2TFE /35 times?
2T SrId4I S HAY S /no, do it again
SIS 4153 =i /ves, do (DW1)2+(DW2)2+(DW3) 2
2154 4193 A S
S1EE 41T CALLY /J/(DW1)Z#(DW2)-+(DW3) =N
A IoeTs
ZIST O 1EaD TAD THM /set unp CTR for 3 things again
IR0 INED LA CTF s .
ZIsl 1uss TeD ITFES /point to 1st word acain
RS i W LIa Tew
38 4145 HE. F /save N
SIAS 1L TR TEMS /write DW1
ST 17 B
Siee 417 ZrLLE /do DWL1=:N
ST 2144 M
A S 2 '
EIETD IS BB eIl TEMY /point back to DW1
ZiTe o LIy Telr 20t /replace DW1 with DW1=N
IET I s14az =3
z <4 S
ST
SIve 9
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Jo e e G o s e WO s Do 0 fon e Do Do D D

i o—

Il
TEM=TT
CRLL=41TE Loads up the data bvtes
FETLURN=ST7T
IsTh=74
FERIL =SS0 Ctomes back with AC=0...timeout
TEML =20 error, >25 ms between clks
TEMEZ=DSTD l...no errors
CTr=o1
CTR1=ZE
CTRE=42
BIE=rdas
FEUF =43
LOR=3154
300
TTEE TH - e
=g UHT L s 4
KENEAD R 1
TTEE TE- -1z
oot Tl e
TINT DRTH. CLA CLbL IRC FRL /0002
217E CHLL 8
TIzd DIZZd /displav "2V
417 Tl
2154 LC~ /lights off
T1ED TTL /make sure all of L1 is off
11Tz CHLL
zTie CILHLITZ
1Ean TS T /set CTR up to count 301O data bits that will
RN ICR ZTF /41 has already been be thrown awav
=zra ImE SAREL thrown awavy by EXEC, so
21T ERSFE CALL /jump right to GARBIL
SSST WEIT '
eI e
eTe FETIFH
oTT 3ARELs  LiiH TEMD /has a 1 if no timeout error here
R X IZIZ CTF
sSz0 AP SARE /throw awav another one
b} TAD [~T1/addr of 1st 4 bvte data location
ERIR] 0CH 1 /into an autoindex
Ok 7o TE/CTR1 is channel counter, set up with 1010
R DDA TR
T4 Ao oA T /clear PFOB
a7z CHLi /get a data word of 1210 bits
NG 2T
TS IrRCLm /timeout error?
sSTS EETURH /ves
1073 TS TEME /get data word
T3 FHL /adjust it to be 2's complement binary
TOd0 DRI
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= Ay
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= >
DATA, Page 2 = =z
= 2
3 =
T FRFE = =
T4 IR TEM=/and save it
417z CHLL/ form 16 bit # in TEM2(LO) § TEM1I(HI)
ooz nItTHR
1074 TAD TZris/get data word LO
EES N ODCA I 13/out in 1st of 4 bytes (i.e., location 244 § 215)
10ze TRD TEM1/get data word HI
EER Y oA I 10/put in 2nd of 4 bytes. Now a single precision 16 bit
T4 DCA 1 10 /INCR autoindex integer is available in the for
EERRY DCA I 16 /INCR autoindex the APU likes
417z CRLL/wait for next clock
29TV WRIT
TES MA CLA/timeout error?
ST FETUFM /yes
TION “UA 1ZLL/no, get vnarity bit
A0 ~ REALD
nEns AMD MIF /mask off LSB, bit 11
e TAD FEUUF/add the nmarity counter
XERN ~rr/get CSB of result into link
TIL CLA/Parity OK?
aMe o /no

122 CTF1/parity OK, chalk up another channel in CTRl
JMF A /get another one

Y |T|
Poa T

I U TR e TN J N I TR Il B B )
(£ H

TS JmF I /all done
G T CrE/turn on data error light
421 Fac
Lo Fee/link is set, so make bit 0=1 for ''data error' light
1Te CALL/do it
ZSl= CHLITE
L THD II/display a "'6'" for parity error
+1 CHLL
IE LIZCO
= DA TEMi/put a 0 in TEMO to signal ''data error"
pE MF A /get another word without stopping
2 T Call/get receiver data
B SET
TS ZHA CLH/timeout error?
STTT FETILIFM /ves
1o 4 T TEMZ/TEMZ has binarvy receiver data
ECARY ORI 1% /nut it into last data location
LETT T;*g TEM/recall error info
STTE FETURY
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L 17E | /CHAGE LITE

CHLITE

EIT s

S
T T d- vl

Jaoa

0=L3 latches
1=L4 latches
MO:  O=turn off an item

LINK:

T D N e

—r
S B S I Y

[ Ve Y}

ST AN A
"

WM ERS=E 43S O=turn on an item
FiZ=ed T AC: bit to be turned on or off
TEMC=T3 turn on-all zeros but desired bit

turn off-all ones but desired bit

*-S e

ICH TEMl/hold AC

~ZL/L3 or L4° .

TRD L4 /AC=1400g signifies L4 latches
TAD L/AC=1000g signifies L3 latches

WZFAH /select the appropriate latch
IZL LLp

JME T

TRD ChZ/if L3, load TEC with L3R address
Dos TZMo

RIS

T=D CEa/1f L4, load TEMC with L4R address
DA TEmC -

ShiF/see 1if it's a turn on or a turn off

TTA LR

dmE IHE/its a turn-on

TeD I TEMI /get contents of latch register for turn off

AT TEMt/turn off the selected bit (i.e., latch the register’
Hhic /by doing an AW2

dme gEIT

=)
TAD [ TEMC /get contents of latch register
ML /put in M0 so can do an OR
TRL TEM1/get the turn on word

ri7A/0OR the latch register with the desired turn on word

FLic/turn on that bit

e I TEMC /update the latch holding register

Ll
FCTLEH
{ann
300
Lo

LR
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LoMAIT Return with AC=1 if no timeout error, else AC=0

25T gneS Rl <
1555 441E LARTE . -LIes
ISST 13S2 WAIT. TSD WATE /load CRT2 with timeout delay
N B Ry iR CTRE
EAT-5 SIS S S T A EIZ /data clock?
2SRZ SIeS IMF W& /no, jump to count down for timeout
JEsT TIot CLA IR /set AC=1
2SE4 SSTS FETLRHN
SSES 2042 WS 122 CTFZ/incr timeout counter
ISEE SIEL IrMFouit/check again for data clock
ISET TIan CLA CLL CMA/signal "L3'' § "turn on'' to CTILITE
2ST0 T4Zd ML
ISTL O OTLIO ITL FRF /set "data error'" bit
zETE 41TE CRLL
2STT ZSte CHLITE /tight up ''data error"
IS74 135S TAD FI /send ""S" message code to display
2STS S1vE CELL
ZSTE O ZET3 nIrzig
ISTT  SSTS FETURM
i Forms a raw 12 bit data word § return with
e3TES PBUF indicating parity of that word

Nt MIE L 1

T TTES Tu- -14
z 1232 3ET . TSD T /CTR will count 12, . bits
: tRai neE CTRE 10
2 TOTS LR TEME/clr TEM2, the data word accwnulator (DWA)
z Thnd 32T Fal/get link back 1n bit 11
1nTa THD TEMZ/put into DWA
aT Taa FAL/move to the left
T T4 2R TEMZ/store back
TTIE 41T ZS9LL /wait for a data clk
LTI ST WJHIT
ERE SV L >"H/timeout error?
iTal 9ETE FETLIEN /ves
ITaz TIan CLAH Ll
ITAT SS0 SEARDD /read a data bit (appears in AC's LSB)
744 OIS BHT MIED /and mask it off
ITaS Tt FsF /put it in link
TTYE TAI0 7ZL/1s it a 1?
74T TiOdl 1.2 FEWLF/yes, coutn it in PBUF
ITS0 InI [.Z ZT#/no or ves, count # of bits, skin if 12 10 counted
EIR D A JMF 3ZT1/get another one
ITSE S TOnd ~rL/put LSB of data into bit 11
TSI 10743 THDD TZME /add to DWA
ITEd I 4 DA TCMZ /3 replace
ITes o Tt CLL IAT /signal no timeout error
ITSE SSTS FETURH
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Forms a 16 bit 2's complement binarv # for APU

200 from data word
SO0 onld METE ., to
>Nt o=t MIt el

Znz TTT4 FR -4

0z TZEL1 DIITEC DAM

g 1In0z Tal FF /set up CTR to count 4 times
ns Doz 2R CTFR

e poTe THD Temz/get data word

T Tro0 DITLs ~LL/get 4 msb's into 4 LSB's of M

10 Tood AL
TS TLIF
Td FsL
Tee ZhiF

S0z 122 TR

Sy dME DIZH

TOLE TR /put 8 LSB's of data word back in place
TaLE FETF

ERD LA TEMZ/store in TEM2, call it DATA WORD LOW

TS| T

R DCA TEM1 /store in TEML, call it DATA WORD HI
) TED TEML
a0 RHI MAIF /mask off sign bit

DRt I PO O

N I

=
=
[usy
[
=
=
[ul
[oul
=
=
(=
o
[
[

I N S T =

H
il
4,

TESD A CLA /negative?

Sz BT =

1=t TsD MIM /its negative...fill in one's for the 3 bit APU
10Es TRDY TEM1 /get DATA WORD HI

B oA TEML /restore

Tl ceL

SSv3 FETIIEMN

~DIZiZ2

=ZEOE Fnter with # to be message in AC
TEMD=75 exits with that # saved in TEMD

LT

07 DITNG. DDA TEMDG /save AC

417 CALL ¢ /blank display

T ie TLAMY &

107TS T=0 TErli /get display number

1250 TeD IivZr /put all one's in first two ‘SD's of display
ThzS Lw Lei/put in D2

T rEt /put all 1's in last 3 MSD's of display
ENNER O I B

17z “FRLL ' /DIS3 puts D2-D1 onto display

KL LIozi

Toun TLA

T e FETLIRN

BR=aN Dot T
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L kb
J T

ST I TN s R R I, Sy S AR

Foa Moo T M T
RN I

00 L 00 bk

1252
1=V
4158

BB

415k
5:‘:‘
4142
SETs
s
N3 T
1:=2%
ERERS]

Fddl
G0N

(Rl
RN .

W T s

THID

IT. Z7Ed
Dl 273

Whe 33228

WIDEW . 432

hii s

FITS

s
%
CALL
TINES
M

THARY /write 0020q

mM
(e
a

CLHS

TAD THE/write 0047
E'l_lll H

i /float it

CETLEN

8

=M FLT
FLT=1=4
Fhil=Rdd1
CIH=IIgG4
W= :T
S=a1Te
SInE=gvE
=3 150
F=ai42
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3

1
CTR=S0
CTRI=Z2S
MIMiI=21
TERI=S4SI
WZFEE=24SS
WIFHZ=2335
Eil=sd41
TEMLI=ZE
FEGe=247
Comy==s14
FEVITR=2T

IHmMT=
F=414Z

v = Q)
A AT

HOH==4410
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TEMZ
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SN, Page 2
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Ziel = Mz D
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APU OPERATCORS

124 )
3124 eadt LD IANBI /take a number in the AC and load it into
112S SIL0 LA APU as a single fixed ¢
lae =d4ed B
I1ET SETS FETLFM
Srzo anTl STHTE S vl
131 01SE PG TR 156
a1z B e TADD 154
13T T3 D Ehl
134 317E SDDI . ZAaLL /add TOS and NOS as single fixed
I1zE &rvIv CEARE
ES ST W I THD IALD /get ADDS code
ED S I I A T BWE /go do the command and return
140 LTS ML s CALL /multiply TOS and NOS as single fixed
141 =VET CERE
142 3 TRD ML

143 STI JE T R

Fl44 “ ALl /exchange TOS and NOS as double #'s
14T ETET _FHAE

e 12354 THD ~lHD

B47 STEE AME OB

f
—
-
fuy
7y
T

-
[}
D
""1

/Lights off A§B

1 h
- —
P |
ol

Turns off LED's § other bits in the latcher, excen

~ e
[

1S 00Nz : LOA -

1SS ADu0 ';5- S LOB - all but -,. and error lites
1S gz L. ZF

*{S4  TIIL LCA. CuA ITLi/tell CHLITE to turn off Ld's
315 T4 L

ERR=T= TR b Tan L1 i /turn off all but minus § decimal point
21ST d1ve CELL S

e ESiE "wLITE:/comes back with CLL

I1e1l T4E1 il i/turn off all of L3

T1el A1TE CHELL S

1R 25k =L ITE

¥ied TII0 LIE. DL/ ITL Y /set up to turn off Li's
2les Ta21 moL s

ITled 1292 TED L45s/turn off all but LO BATT & - § .
J1eT 31Tz CHLL S

1T 2Sle CeLITE

1T T4ast Moo v /turn off L3's

TS 1ITE TED LI /exceot for MI TEMP & DATA ERROR

R TR S NS

T1Td ZTis CHUITE S

mire SITS FETILEN
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an
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1e
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am

[T T S SV SR

= 0] oo T

R TR

D
e i

0

FLI»
el
HTHM
FOFD
DMUL »
ST IM
ETla
=707
FrL »
E il
DI
LIUE «
ELT s

TIWE

HLDF «

[
o
T
-

[y

SLTH

ESi=rd30

*E 0

| aru DFIvEF FCUTINEC |

F=1543 /Arithmetic Processor Unit

FLT, DIVF, ADDF, SUBF, PUSH & MULF can be
executed with a sincgle instruction like
NS D; .where D is the RAM location for a
subroutine calling program loaded by INIT
All the rest require, e.g., CALL; POP
4”,, Result always in TOS if a function
0
0
21
CSLL /set up APU for command
CFHE
THD FLTZ /get FLOAT code (floats a single fixed 2)
':tﬂ.!_u go do the command
Eid
iR 1 F/exit through address stored in Page 0
9Ll /divide NOS by TOS in float

CESE
TRD
CabLL
Eul
JmE I D

AL /add TOS § NOS in float

FOI

.

S T

TAD FrD

oSl

Ehl

JrE T oA

CSLy/ subtract TOS from NOS in float
CERE

i —-||
I
T m
—
n
Z

tr_l

’WF I =

5L/ nushes TOS to NOS in float. Last variable is lost.
“&r~RE
TaLD
St
Fould
dME IR

FT2D
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APU DRIVER ROUTINES, Page 2

CERE

TSD AIIH

Fos S5k AME BN

THZ 41TE TORT . Z5LL/do SORT of TOS
To4 ITET CERE

TOS  Fool IRZ /code for SORT

-l.
Tl

SESS 31TE  AFTSM. CHLL /set up APU for commands

SESe 2T aEr ez

ZEST  1&0S TAD ATs=ri/cet code for Arc tancent

JEED 5334 JrF Bl /exit thru BW

JESl 4173 FCF» CSLL/pop NOS to TOS in double oprecision

SEES VeV CFEHAE

ZEED SR TRD FIFLD

ZESd 9334 P BN

ZEES  41TE MILF . CARLL/multiply TOSxNOS in float

SEER 2T ET LERE

LT BC TRD FHiit

-0 NS 3 G CHLL

Zeyl o 2vi4g Eul

ZRVZ S9%S0 dre T M

ZETI 0 17E 0 LD CHALL /multinly TOSxNOS in double prec. integer
ZeTs  Svev CERE

SETS 1zov THD Dl

ZeTR STz 4 AriE B

ZeVyY 41vd aRIIN. CHLi/do Arc sin in float

cron  gver T

s 121

ZTrne ST RIS Y

20T 41TE 0 Rl Z3LL/FIX the TOS from foalt to single precision
STl ZTET D

Z7 1l 1214 TS FI.42

Sl SIDze B = %

ST1: 417 LTUT, calL/divide NOS by TOS in double nrec. integer
R = S CSRE

=TS 1=1% TSSO DDIw

SVle TIIT4 JAME B

ITIT 41TE IidRD. e/ subtract TOS from NOS in double prec. integer
cSyo Evev &AE

=vael 1cie TAD DI.E

res 234 JmE B

ST 41TE IINE« CALL /do SINE of TOS

zvea zvEr T CFRE

SreES TTaT CLH CLL IRID FAEL

SreE Sx:4 JAME B
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APU DRIVER ROUTINES, Pace 3

CLH /set up APU for command

THD -FR/get code for FLAGL on, all else off
WZFAE /write CRA of PIE B

CLH

FETLIFEH

Elll/do the command

hFZ /(or BS3) wait for APU to do it

AMFE -1

TLH -

WFRHE /reset PIE B for APU '"'DATA"

FETURN 1st byte of

DZA TEM /call WTAPUF by doing JMS 0137, AC=(floating # to be)
WZFAE /set up APU for ''DATA" written into APU
TAD FM/count 4 things

e CTRL arranged:

TSD I TEM /get 1st (or next) of 4 bytes ( 1 LSB; 2-; 3--3;)
Bl 4 MSB
-0 each bvte:

122 CTF1/done 4 bvtes?
E w1/no gOO/ngx/xxx/xxx

mMF T W7/ves; exit via zero page o 11

1A7/call RDAPUF:JMS0142

IR TErt/enter with AC=(1st byte of destination for TOS)-1
WIFAE /set up ""DATA" for APU

TSD Fr/count 4 things

oA CTel

THD TZM1

TAD £32/add 3 to address, since data comes off MSB 1st from 1
LCH TerMi/store back in TEML

EF1/1st BR1 gets up APU fo mead,but puts garbage in AC
LA

EF1/2nd BR1 actually reads it

CA I TEM1/store in destination

TAD Terl/decrement address pointer

TaO O .

DA TET'11/rep]_aCe

112 CTR1/4 times?

MF Fl/no

JdmPo I FD/yes, exit thru RAM

-4

-1

i
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I
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WL FER=ed T

LOMi=2ras
Hlrg=ad Zl
ChLL=417E
FETURH=Z2STS
+ 20

aas CTE s 1

ozl L35« 0

anze CTRL s i

N e i

oS D LIZF®1 ]

HNEs AENEREN LDITECz. ]

DOSe A i

noEv A FETCTE o I

*SE D
TEG 1400 L 1300
TAID] g Lo : B AN

e [EXEREN] Ll noon
A yre OF e
B OF 1 -5
et DF & -r,

= ) g Ja ey T Ty — ) )

. o
] oA DIZFFRZ
17z CRLL
<7z R
RN MOF
S LA
S THD L4
rdIT W RRA
ERIRK LA CLL

T Ty

TRD L4F
aHle OF
Fily &

o

DCH L4FR

| A O )
Mo = o

=

FETILI=H
LIZFE LR A

"

sers

0 FRL

TEe 2| TEML
e’ TAD P EVCTFR
1202 TRD LF1
TS e LA
RSN B EYS
1nz7 TAL HEYVCTR
1ou= TEU LF:2

PR A DL H
ToT AR P EYE
1z DI ZL. TRL TIIFRFZ
T2zl ML

ol TRD L~
Tz LCR CTF1
1nadt TAD DIIFFL
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BLANK AND DISPR, Page 2

CLL FAL
Thif

~HL

! F .
122 CTRL
TG T
TRD KL

oA DIZFFRL
: |‘ol F'

[aa}
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[N
(X

T

T LR L N on Cn

1T T O T T
SBOLERR ] I SO RTI E W ]
|
R RO R B ) B
=
e Mo fao—

[N BOwrt
R F Vo o o Do i G R

=

ODIZZ THD L&
WCFERR
ZLA
TRLO LIZFRE
Rz
CLA
THD L1
W FEAA
CLA

(Xl

1T ]

4
) 1
Al nzs oA DIZFRE
£EZ nZe TAD TEnl
SED = IHA CLA
~E Zre Jne DIzz
o] TLS CLA CLL IRC BAL
= 17z CALL :
rES Larit
e ICH TEML
=4z MR DIzt
Sl
_1:
14

1T
vt i

;. — Ml

O LN

o F o fo f
RN

I B R NI L NI A A I I NI IRy N I B

e K
PR o4 TR DIZFFEL
TS B Sz

1

N R

= e

R NE-S N T TRLD R
SOYOSETE FETLUIFHM
T T FEYS

TES Lb
Tl 1=z THD A
TlE 0 Toos FTL

SO FTL

)
]
et}

)

)
]

o
-
)

bl
o
)
T

Ti4 o 1n0=4 DIT4. TARD DITF&L
T1S 0 Iozg ICH DIZFFRL
Tie SETE AeE DIIE
TIT O 10z FEYVE S TRD A

T Sz14 AmF DIZ4

CHS CERE=ZTET (Hange Sign

TST O ETIS Eull Zr g “FOM HDR OF Ehi
T nnZS CHIE =

Tl 31T E IHI Sl

TES STaEv CRERE

TEID 1 Is0 Tall CHIF

Ted o STTT Jims T Bl



ANGAANGE SYMBOL TABLE

S $lT
=S SITE
SHIGH ZZl4
SISE Sz
SPSF zzet
Al R

s BV RN I
m I T
- e I
[ -
-~
RA|
R CNRY P %
= — —
[ KK -
- — [EX)

T T
T

v

"
-

¥

F1 5144
FOF L
FOCF 474
FOF EEES|
FETLFH  SSTS
g 2155

STARATILZ 4247
TEMEZ D0S
bl 4137

POONISL MOSZL4 AO00G0G L1 DO
FIIO0Z OTonE

/ANGA takes an angle in radians, converts to 0-27
radians, then gets ANG to display it in degrees

I
b
I
Ny
Y
Rl

CHALL=a41728
FITUFi=TSTS s /ANGE-see next nage
F=d4d115
REMUERERNE
Fl=<14s
SEESL R
Rin=S:3%1
O=4121%
I=31Tke
CHI=ITEL
TEMZ=S11
FOS=ckrl
FOOF=T4743
FEVCTRE =2V

+
R ¥

)
E N

314 4137 AMGS. Wi /write the value

2219 4143 Fi/save

oSSl divE TELoi/+ or -7

D I by ITATIT

gan T s Tt /1 1if minusy 0 if nlus
zzzt oI O AR

IZIE 417z Ia_Ly /-, add 27 then displav it
SIS 2148 s

RAFETCars SRS 3 ol s

BRI 3 R =7

Rt R ol

IET 415 =

IZE0ALTE 0 R . CHELLY /+, its OK - displav it
Izl SiEs =HG+ 1A

2o SETD R TR

153
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ANGA,ANGE, Page 2

/ANGE adjusts a number inout bv the kevboard so it is in
-m< a <% form in TOS

23 4151 AMsE. Di/ o+ iso/w

234 3149 =i /save it v

LT S et THLL i/see which hemisphere it's in by subtracting PI & checking sign
I3 144 FIG

IV 419e A

S4u 417 CHLL S
241 4347 ITATUDS
24z Tad0 128 CTLAs/0 if pos, 1 if neg
4% 5851 JME RHEE /0K do it )
o244 317E THLL i/needs to have 7 subtracted so answer is -m< x <7
245 2144 FILs
e 4152 T
47 0S1 [ZH TEMZ{/clear TEM8, which indicates 'ANGLE'
2S00 SETS SETILEN '
251 41TZ AGT. CALLE /get answer on TOS

2SE @eRl TOFG

25T IOTL Diim TEM=i/clear TEMS

254 SSTS RETURN

POF e2z57 POF/point 00five used by convert to avoid round

25T 4137 ZOF . s /write 4 up/down error in CONN
Zen 4149 &3 /save

S2E1 417E ZAlld /tor-°
Zes 4T3y STETIIN
I T4zt Mzl i/save answer in MO

) 1&7E TAD FF & /write .00S

EI-AE S s

ZEE S TSOL Mosi/look at M0

ST TESh IHE Lr1~/l if # neg, 0 if # was pos

arn Sars Ane i/pos, get add .005
zT1 o 21Te CRLL S /nec, subtr .005
2rz Vel CHZS
=TT 19k A
IT4 INST DS FEVCTR: /zeroize KEYCTR
ST SEVS F’ETl_:F'H
STE  S47I  FF, FOOF-1/address of floating .005
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ITL

BRGNS T I

TAD MIMZ

TER CLHA

JMPF ALCR

122 MIMUZ

TAHD L4A

WMZFEAR
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THD MIBLE
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ACC, Page 4

SR SR S HC I o [ FREDZ
SES TION LA DL
S&T 0 DIl AIIE TTe e Iri
SEd zoev DR b EvC TR
ST InzE oA LCHEF
T IE A b
Sy Iide miA v 7
S0 TS Rar=!

z1 LA kB

=z o

g

)

e

1T L ) R e e 0t L e L Y b 1)

S4s TN HOF

ISET Tnn HOF

IS44 0 TO0n HOF

IS4S TO0n HCOF

AT T R X HOF

IS47 0 Taan HCF

ZES0 TLon OUT. L

1SS B4 HEE

SIS NS0z ISR T G
IS5 1301 T=0I v F
594 BRI oA InFEe
i=se =Tes AmP 1 KEM /oo write ou what KYBLK is
T N R LA RO

z TR0 SCL LA

E SEGE e LA

g S g aME I R4
i £SS4 L EF vELE

/Least Significant Word

e TE T takes LWS of a floating # & displays it

GG1T O MIke 178
need Fials FERLA
NEZT  FISLMs FESL-! _
227 LIWs TaD ©z1ri /get TOS into scratchpad
d148 AmE ELos
{TES TAD L S5ti/get LSW
07es Siip 2 i /mask off least sienificant 4 bits
117z ALl i/display them as a decimal #, using DISPR. DISPR pushes the
T2 LIIF=4 disolaved #'s to the left to make room for the new one.
PR LA
] SETILFM

TTATILI=974T 3
CERI =222
FO=142



/from CON time Or Enter
*ST 00
TEM1i=Z2% /holds program and flashes the lishts to let onerator hand

e ise

=405 /anv errors: pressing DISP shown the last message code
=7Zi displaved (if "2", no errors), pressing CON will not acce
T20=3&34 % the current narameters. ENT does accent them. ‘fust

T mit 4 T ™
Or—ma™x

AHE=2505 1 enter with TEMN=0, exits with TEMN=1 if CLR/CONT presse.
H=31543 0 if ENT nressed
CHRF 1= 2
CHLL=417Z5
FETURM=3ZT= 1

TEMH=10
LOMHl=4%

o) e 0] [

‘ma caa [41 = o

Syon TYTSOCHT . -3

sTul TVTVL 0 LIF. =7

STOS 0017 MY 1T

STOD YVRS O ENMT. -LZ

STOs 134T CCMOEs TAD FLIM: /flash all the lights
STuT 41vE Ll s

STE dEEE Lot

TOUT O A43I 0 CML. EFE&i/wait for a KBR

SEL0 o SIOV JMEL=18

STLL B30 =FZ 3 /read § mask it

SVl nzZog HHD ME S

STLID DOl LCA ZHSF1 S /and store in CHARL

SV14 1 TAHD CHAFLS

SY1S rzodg THD HMT3/1is it CLR/CONT?

SVle Todn _ZA LA

STLIT SIie MFE IMEi/no, try again

ST 2t [7Z TEMMi/ves, indicate such in TRMN
STE1 417& 0. £RLLE/blank display

STEE el ELAME S

TTET 41TE CALL S /turn off lights

T4 I1S4 LOss

STES IETS FETIIAM

STEE 10mI CHEs TSL CHARLS

ECERES SR | THD D-F3i/is it DISP?

STIn TR0 IZA CLAY

VI S3I4 JMP 22 3/no, try again

STIZ L0TS TAD TEMLD i/ fetch the last displayed message
= 417 ZALL Y /and disnlay it

= ERaEE pIziCgs

= Soav JME Cril /wait for another kevstroke
st 1o=2  CHZe THD CHERLS

< LIuz THL E5*T3i/is it ENTER?

< TS0 CIE LA

< SIoav JME 274l i/no, illegal entrv. Ignore § start over
= RSl JME D /ves, exit with TEMN=0

, oo FLTH. 1t

160



/calculates DIP angle

Vol Ny

bl By M Mt N B Mt BCR PR KRR FRER FRER EROU UL P U]

LS | [ SR N IS Tat IR PR | I SRR RN

i nood

IHTCAL= 4-_A
HFETRM=ERST S
FEH#— 2T

‘WFT-i.ﬂj
STHTUZ=92a7 5

v 3/write Y cos

N-/\LCOS~
THD I

(.
il a

r..
M1 /=COS~

A3 /YC0S2+2C0S?

CHLL N 5

ToRT3/VYCOST +7COS‘

TET

hi's — 7
I ¥ XCOS: A COS™+2C0S”

CRLLS
AFTAM /tan (YCOS %;COS”+ZCOS“)=dip angle

Hrr-4 /put in REG4

1|.

L 0
.

m = T
G

T LT -

-
t
-

161

It =41 /display REG4 as a -180<x<180 ancle



m /sequences throu intitial conditions necessarv

l.ﬂ ‘n

S400 4173 STIMs CALL Y /lights off

S40t 0 T194 LCss

Sjile jl.‘“& EHLL?/go to BRTAB to handle INITIAL BER innut
sS40z 4TI :

S404 41VE CHLL Y /1ights off

SI0S T1S LORA S

5:‘;"5 ;‘1;5- ﬁHLL? /g0 to BRTAB to handle INITIAL INC input
40V 470

S410 417E  CALLY /lichts off
S411 314 LOA

5313 417 CRLLS /g0 to BRTAB to handle INITIAL ROD input
SH13 . deEEs 2

414 41T 3TINLs CHRLLS /llchtS off

S415 1S4 L:qz

‘3315 4172 ZHLL S /go to BRTAB to handle INITIAL SLEW inout
bl 3 P I SLEMS

SH4Z0 SZEE JMF EHTEME /natch to EXTEN (5466)

S3S1 REZO MRIME /unnecessary

iea 4128 . IrA i/disallow continue
Sdcz InET LiZH TE\IB;
S4c4 S417E CHRLL ¢/wait for new data or '"AR","ENTER"
S4zS S0t ESECS

S43E 10=S TAHD TEM11/what was it?

S3ET TTan AR DS

SHI0 SEIT JMF I ird i/ new data, go back to M
S4n1 417E ZALL /AR ENTER

T4 Ta40 ISR

S4E 1T CALL/get the PROC2 values

T4I4 202 FROCE

S4IT Telil JrE T iz /go back to MAINZ

S4ze ST TR e METHES

S47 EedD M3 . 14

162



ODIIF~=_

IUED=2T LT
Flw=z70r
M D=&=773
MIMHOT=51 ¢
DIwh=zrtiz
FEZl=c24s
CALL=41TE
FETUEM=ZT

TEMZ=11
TEMI=12
TEM=103
TEML=2e s

Elll=ra31 s
WMT=1373
Fl=142
TIUEF=1%2 8
LCH=d4e 2
FLUTH=14353
RODF=1% >4
MULF=1503
CHI=ZTELS
FLT=1rd3
CERp=zT IV
Fri=sads
CHLITE=cZ
FOF=Zernl s
STRICE =1L
DIWF=1=13
TRT=ZT O
CTr=21s
CTR1=32a
mOH= L1438
JDi=ztices
ROIDT=21z4
P Z=21490
CTRE=42
FEGE=C 00
Lli=2734:
PEVCTE=2T
HOFM=z 2431
ILDETAR=RE
CHEr==% 2
ENHT=27=103
CEAT=ET2 0
TEMZ=2%
FAaiILT=<

an

s roe -

Yy

am

T
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DATCAL, Page 2

e300

J

/YCOS

i) B |
+ -1

A R IR = P

~2007

T had e
[ PO TR BT EYS Pl
DU e |

SHIBI

AN
-4

S EIEICA

e e o [ Do
Lot 0T

14

Slalad

47
331_
~K,
Hy -1
o
-4

SRET O

NEEDS WORK

DATCAL DOES:

(Data Word)x1n0n1-AV

, CHANGED THE VALUES

CHAMGE ZTIGHY

HRMHISE ZIEM»

277 /downhole temperature
/temperature limit, high end

s

TEFR-1

L

T

30

TER-1 05
14

I

ST

~Z .47 /reference voltage check

CRLL /scale the data

SCLIATH

TAL TFFA/check re
T owT

TRD FEF

AMIowT

ference voltage

M7 IUEF /APUTOS has 2.47-REF

ST
A CLA /negative?

JMF L +Z /no, skip

FRULT

Tal TFA /subtract

2T T

D ZUEF

164

ahead to 4265

.05 from the remainder

A

—>data



DATCAL, Page 3

4271 4247 STHTILL
4272 Tedd SR CLR/positive?
42T faeve aMr .+ /no, 0K
4274 31TE Celi/ves, 247-rd-.05 was >0
4ETS T4TE Fa -LJVEault displays "9" § waits for a go-ahead from X3R
A2TE 0 12EE T=D Tzir/check for interrupt, load APU with temn. word
N S I JrsowT
3I00 0 1S TSI TEmL/load temperature limit (4.0 is 40°C)
401 417 E CHLL
4202 1a4 LDz
4303 d1ed JMIOFLT /Should be a JMS SUBF here
4304 417 CHLLS7CReck if negative: 0 is x>0, 1 is x<0
3305 3347 TTHTLE
SAZ0E TES MR CLA<—-=should be SZA CLA
407 SI21e JMF DAT S
4210 d1TE LALL/temperature error—TEME sets HI TEMP light § puts 7777
4311 RSEs TEME/into TEMD and 0001, into TEND( 0100) s
431@ 1343 DATE.  TAD EATH/get addr of ndg batt voltage
3313 94137 I oWT fwrite it
4=14 17 = ZHLL/change sign
4215 7Rl A
4318 1E40 THL TFFR/write 2.5
4217 41z7 M WT
4220 313E AT ZUEBF /get BATN-2.5V
j@%% +lva 'ZELL/CHEK sets Lo Bat light § puts 1 into TEMP(0100) if error
Te2 =S e
4227 1Zs4 TAD EATF /write postive battery voltage
424 S1LE7 grTowT
4325 1240 THD TFRFR/write 2.5V
3355 G127 et T
T d1SE AT TUEF/get Bat p-2.5
117 C=2LL/CHEK sets Lo Bat light § puts 1 into TEMP(0100) if error
ESIE L SEH
31TE CoiL/check receiver batterv; if OK, return; if not OK
EESN FEAT/set LO BATT lite & out 1 into TEWP(Olﬂo)
1231 TSD I /load CTR2 to count 6
ThdE A R
12z TAD A% /set TEM3 to point to data coefficients AV1—> AM6
ot LA TEMS
ZTT THD IeTL/set AC to point to lst data word
Srds SIGISI S ]
3401 I'f7T1/end of DATCAL is located at 4401

00z ERTH T
007 BEATR BN

TTTS O TMs R

. AC=0 if positive
/ ‘s [ . I
/checks APU TOS & exits: -y ¢ negative

L I
3324k BERER IEREST Lo
4347 G1TE ITATHL. IF_L/get status word from APU
1EE0 ZTET LEAE
G351 A4 E& 1
SIEE Tann LA
42T medan ES L ..
4IT4 (Iac 4D 1 /mask sign info | POSIEIVE
4355 5SS FETURN 1=negative
165
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1T

I:f. l:f; A_il A._l]

T T .

IET-'.

4z
4
4z
4o
4z
3:
4
47

1T
T fa oy

52

4400
4401
402
S
4404
40<
4430
407
J41 0
4411
4413
4413
3414
441
441
4417
44200
4421
44z
442z
4424
44:z<

432
347
430
4431
I43
S
4424
44:z<

‘/param 1 - param 2

2L+ /get absolute value

q

i/done - its positive

CZALL+ /change sign - its negative

/done

{/subtract limit from parameter difference

ri/error? (result of line 4370 will be neg if limit was bigg

i/no than difference, i.e., OK)
M3 /ves, signal TEM9

I=41%20
h=31 278
TEMI=SZ
4127 COMe
415 :
417 i
4347 ITETIIDA
TES e CLRs
SErs FETIIFM
417z
B M
SSTS FETLFM
4127 CaOMLl. W
31%= Ta
417e g S T
3347 CTARTUT
T IR L
SEVT FETLFM
SIS 172 T=
SoTT FETURM

Troa Tl

S0l DATLs D
1t TAaTs T
41z
417
[Ca) 7:..
419
417
34z
i<
317
44z
Jis
1o
1200
414
o

o= X fod o for e o (o )

.I o o=

0
i

4123 D FLT

LTe

(data word)x10000-AV’
AM

«3 3000 /D*\TC‘“\-L EXTENDED - does

-4
ZA TEM/put start of data into TEM
=0 TEM

JMT WT/write data word

CALL /enter 10,000

ENT

JMT o miLF/multiply

CRLL /load § float 1st (next) coefficient (AV)
L0

M ZIUER/subtract

CHLL /load § float 2nd (next) coefficient (AM)
DCdE

AT DIvF/divide

TARD TEM /point back to

THD TMD /beginning of this word

It RL/replace if with adjusted value

122 CTFE /done it 6 times?

AMF AT /no, do it again

TARD L[TL/ves, make AC point to beginning of data
Z3LL /normalize the data

THEMiZAL

FETLFN

TaD I TEMI /loads § floats # pointed to by TEM3

THD I TEME



<
S1Se
= =
o -
SLe

"=

n
—

LIRS
S1eT
S1ed
S
S1ee
S1AT
S1T 0
S1Te
s17E
LTI
T1rd
S17S
S1TE
S1TT

|

[ AfE?fRD:I :l /sequence thru what values are necessarv to out
Lrﬂ_nglt.;l comnuter at an old position in the borehole:
FETURH=ISTTH will £ill in value for BERl; INC1; SLEW; LAT;
L=47 235 DEP & Vertical Depth
=37 1s
H=37 0z
F=adraTs
b=aTIsd
CTR4=728
TEMS =4S
LOR=:1543
LOH=4r2 i3
LOM1=3228 5
TEMS=€1=
[=4~57
0?1_5

10D FLT s Londs
9S0uT EME . Z07% /BER2 (not used)
sz

o0z
g1z
na4zz
Nz
472
4710
470
4e 4%
aves

de

1

—

10
10017,

) e re
SE ST

]
o

R ]

[
o 7
Jo v = o Do b = fo o o=

R Tl B SO SN N S N SO O B S I B e B P I R B e BTN | I SO (R ) |
T

Ga
=3
243
ey
vz
134
TIoE
1Tz
EEE
N3
RNE
oS
1418
BN
ZoTe
S
Z

4

N
o=
R R AR
(0| N

IMCL » -Efl'/I\C7 (not used)

TLE
LATL s

41:
=T H

.-

k II fl LI

Lk« L3/BERL
I+« t4/INC1
HE s H3/SLEW
Eb « ES/LAT
b+« ki/DEP
3r e 5 -/\'—D
Lrse k-t
Fltie &I2T7T15
CALL
JmE LS4
It =7
ST TS
IoS CTRa
=D L
SRS TN
TRO RO
DA =435
TAD FCH+1 s
TN I
THRD FOH+Z s
Dl =7
FITL s CFRL

el

TRD

CALL S
;"?{1:

IO T I
STLS

LA TEMS s
TAD D 1t
Do Ad
TIZ CT7#41
S S

Ll /all done/turn off lights

X NP
BEEXNRX! 644

L i/lichts off

ignal "INITIAL" to KYSR (TEM5>0) AC="767 L=1 and INC1,BER1

I+1 (5776)
N

I It3/6 parameters (put LSZ CET4 in such a place that it
= needs to count to 7
- &4 /start with BER address in BRTAB

/put in autoindex :

Ji1i/set up call routine in RAM

FLT3/turn on '""RS' light
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300
a0l
$e 0z
Gz
e 0d
409
e
407
a1 0
4e11
gl
4e 1
414
413

- nj.c X ST l"_l] :-j RO { BN |

)

1

1
1
;

EFTHE BRANCH TABLE

ZHMT=T00s
CHLITE=cS e
CcRLL=3172s

FETURNM=IS TS
TeMz=4k
TEMzZ=Z13
ToMS=453
EiF=2a11

FiL=3eg47

EVEIFa=Sezl
*3E 0

IIF.« JMF A3 /branch table
LAaT .« MFP ES
TEIT . _pF

[ KFi/iqnore, start over at KYSR (5611)
MIT MF T Zs

ko
b2§ /initial into service with KYSR2 (5631)

WLEY . JMP D
THL . IR D
RIFD. 1mF I kFYignore, start over at KYSR (5611)
;DIE . IIHF ,_: .
LLEW s JF F3
1IN0 e JmFEn
CaT . JmF Ji
DEF .« 07 K
I JIF I KR i/ignore
EEF . JMF L
LOre Tl
RS call LON writes an L1 LED latch with contents of AC
LOML e ITL
= \ call LONI writes an L2 LED latch with contents of AC
CRLL S /
: /

CHLITE S
ceTEn |
AMGL s DDA TEME S /put value in TEM6
ZiMF§ /signal it's an angle by putting somethin in TEMS
s TFT:;
ArF I+ C /back to KYSR to finish (5647)
ST ﬁ A TEMs ¥Yput value in TEM6
LA TEMS /clear TEMS
JHF 1 +.iZ /back to KYSR to finish (35647)
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440
el
3
4e4g 2
Geogd
1rd5
dede
447
35

LT CNE CUR R R N Y

s DL SRS DA SRR SUS SR PRI COS o IO

(s DLER SR SRR ) IO ) O O B O I

PnCat BN PR | I OO R (YO S B S B AT AR

T T
(1)

T
DL P

T ]
T

DLERR P S0 RS ) £
CRRY R IR Rac¥ ¥ B Mot (¥ IR C 1
O R FSNCI | I ORI T N e

T

JAJA-LJALLLL{:L#LLLLL
. - .

L T D P Bk Tor oo T o
T T D e e T

RNV T P X
]

MR

— o [ T e

UL WIS B | YRR A ST S SURTTTI U ' B R

¥ fu

Pan N ORI AW SR A

R LR | B SR SR | IS PO S |

[ IOUN RIS PR N (TR A A
v [

D3N RN PO OO rY I AN (RN | I RSN

O IR | QY SN €8

BT A NI IR | B S B I TSCRON | N R X Bl B SO}

P’ SR B TN X U SO PN

X BedRU RS PR NI R Y PR IR ) B KNl B O TR
D EXRN § I RS N Y]

Vo T e 03 T T e e T G0 Ty e 00 T 0 T e L [ GO =

= [ ;‘ r— |A,| i oz N

e ] e fa

(O

q
(a3
'
'

X
1
L

4

[
R

BRTAB, Page 2

4. IAC RTL: /turn on DIP light

TS0 [=:/get addr of DIP
JMEoArisl/exit (angle)
Es TAD LTL: /turn on LAT light
CHRLL S

LECHL s

TRD LT +/get addr of LAT

JME EMD/exit
T TAD Wi/ turn on V DEVIATION

CHLL S ‘

L0 s

TAD “DE$/get addr of VDEV

JMF EME
I+ TRD THLL Y /turn on THD

CHLL S

Lart s« )

TAD TH:/get addr of THD

JMPEMLD /exit
E« TAD FLL: /turn on ROD

CHELLS

Lars

TRD FI':/get addr of ROD

JME ErD/exit
F. TARD LLi/turn on HOR DEVIATICN
CALL S

LOrs

T~D L% /get contents of LDEV

MR END /exit
S« TED DL #/turn on VD (vertical depth)
cRlLs

LCr1 s

TAD “IF$/get contents of VD

R END /exit
H+ TAD ZLi/turn on string length
CHLL s

LCH S

TAL ZT#3/get contents of SLEW

JMF END /exit
Me CLL IRC FAL:/turn on INCLINATION
cRLL e

1O s

TET TEMS & /"INITIALY

ZZA /DO NOT CLA

THD TMi /ves, subtract 16; (1f "INITIAL" TEM5=-1) or 24 O(if RE
TAL RWYIt/no iust é@?% TFEM5=9 DOES THIS) from AVI %a
Rigl= Pr~ﬂ_/ex%¥ é to make it addr -AINC or INC1
Je TRD FTi/turn on ROTATIOV licht

Rl R
P R N

Tyt
wlitts

TAL FTAi /et addr of ROT
JrFoErasL /exit (angle)
o THD LFL$/turn on DEPARTURE light
AL S

LOHLS

TALD [E: /get addr of DEP

JPFE EHf'/eXlt

169
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BRTAB, Page 3

=0

g

LTL »
LFL »
1".1 I‘ L .
THLL

SEIE
100
SO

PR S

nz1y LR Z2L7 s
D41 > LT« 4tzi
SR LTI S

N4z
N34z
Gy o

"."DE ]
TH
&0,

453
4473
K

HZeT  FLe 273
Dy Che s
sz LW 92730
. 04z WIFe 2733
= il T Zis
el a0z TTR. S0Is
7o Vel TMe -1V 8/-1510
47e OS2 AVIs S2Z/AVINCG
47ed 5247 BT EYVIFCS
47ED FR e FYTES
ATER B2y FYWIFES
4TET ETe 2003
4770 STH 3
4771 L=y 42
47V 0040 BR 40
4073 nS1y RWYE« S17/AVBER
4774 010 FLL s 1o

(angle)

170

1272 L+ THD EBR:/turn on BEARING.light

417z CARLL S

G20 LOM:

EL TAD TEMS ¥Y'INITIAL" pressed?

REE! IZA ¥ do not CLA

1= TAD Trmi/ves,subtr 161g(if "INITIAL" TEMS=-1) or 241‘(i€ RESTART TEM¢
137 TAD AYEY/no, just load adde of does this) from addr of AVBER § o
20 JME Frisl/exit . AVBER into AC in 4C (induce it A-BER) or BERL



INITIALIZATION

T
IETUFR=TTOL s
CHy=12%3
LOM=42203
LORA=31343
CRLL=4173:
FETLIFM=S=7S
ELAME =220
Laf=dd
Lak=213
ROM=S4103
FFEUCE=esnmn
W=g137 4

IMF=T1
EBFc=c4%0
ST SE2TL LH. -ISZT
SEit Lo i tnngs
TT1T TSZE 0 OTF. THE-L .
ST1F 04T mE, avi
TS1s  TTie FOT. FIST-1:
TTIT 02T TEMF. Z(Ts
STle 0ETL ORIT. T
SEIT e FIOT. 273z i/7/2 float
STEN K4 = BN
SS&1 0 ET ATLLE
z Ed eV
400 THE . 23002 /10 float
eIy ks SRRN I
g =Y N
} 30 =g s
TSIV TToe ITR. IETUE
AR N B } MR IS
eS| [MIT. TRD I1tZA¢/start. set up return addr
TEIz oA I7UF 3 /in 0071 so vou can
5SS JF 1 IT= /do TTN6 routine in MONITOR
- 171



[ [
8 U0 S | I Py |

n
Ny
N+

'
1
0

r

iR S
1N
1T

L

DS SR

T
)T 0§ o Mo =

NN NN ncnan N en !

[ AR BT SR O I O O ) )

f I B B B
L o

INIT,

J
uq
(IS}

age

1z Doca Laf /0K, clear LAR § L3R
TIA LIFs
CALL Y /lights off

o I
— I

5|
1]

x [

LC=s
& CALL# /blank display
= ELAME s
= TAD CHt i/check memory valid
i THD CHS
1t

nA CLR/0K?

e T e T e T e e T T

[ O N I B e o | B W R Sl |

PR T PO W N | B I N Sy | o

4 JMF 1ML i/yes
1 TARD MIi/no, turn on memory invalid light
= THELL s
0 Lo s
0 TAD CH3i/put correct value in mean check location (125)
(B CIA s
125 [CH CHH
4172 Itit. CALL S /turn on APU
S4a0 R s
3172 2wl i/load a single 0 into APU
1zd LR

F1md i /float it

121% TRD M33/put in “AGNETIC VECTOR
d114: F s
BB TAD TF#/put 10 floated into TENF
4137 uli
BB TARD TEMF S
414z -
1714 TRD =0T+ /out 7/2 floated into PIT
1>1= TRD FITS
a1t =
ST dmF T IN®/jump wherever calling routine wants to go



EXECUTIVE

Ell=r44d
Fld==3%:
SLT=7iz
CHRFL=R.
TALL=41 '
FETLRM= ;
ELAME=C
TEML =%
:“qn;;:_ Exits with TEMI1=0 got a data clock
TEM1 =5 --.--,1 ”contmufe'””prers'sed
T = 77779 ADD ROD','""ENT'" nressed
ITEIT=E
FIT=%14
nDlIoC=z2
KRI=Rg .
LOR=x
AFLUCF=ee 00
HOM=S4303
EEFT=4157
RN S D R
FITC=R2Z220
ITEITC=n2153
EnEr=n 20
EnlTE=rodd
eSS OO0
Sonn TYTL IR =70
SNt norT o oMEW L7
Snos TRrS TaTF. FDTS
SOor FTTS S LTeT . =Id .
Sons TTTE TZIT. -2
SansS  TTTIZ O OARF . -2
Sne Trel TTH e =17
S TTRES R =Les
SOl FTES O ENMT. -13
St =21z EIEC. IMRT L+13 /patch to 6200
Sals BE0n T EXF /CAF, turn on "RESET" lite, turn off APU
TOA1E I0SS DE‘H TEMIL1: /clear TEM11
SNl Aa3T » 72 Y KBR request?
SniS =274 _MFE E45/no
S1E 24T ~FZ2 i /ves, mask & save
SOy g0l Atilr MER§
SNE TeT Dos TP
S0z 1R TALD “H*F13% /recall
SUzZ o 1Enn TmD DIIF f/was it DISPLAY request?
SNz TeEan IR CLEs
S0z SZ:EIT JitR B2 Y /no, check further
oz 4Tz TSl /ves
SOEs BRIt sooen
SOZT 0 LEa0e g3 TRL ¢4 /was it MIONITOR request?
S0 {0E 2 T=D CH;:[:
Szl TR IZH Tl
Soss S = gri/no, check further
IO A L2313 /ves, see if TTY plugced in
Sing T o= 3
SOIS SELS mie 1 DRTF /doesn't matter - qo to RDT (7038) - calls out raw data



EXEC, Page 2

AMF E. ¥Yno, go on

CALLY/do ”REST-\RT”

FITE

T OTRD CHERLS

TAL &F 3 /was "ADD ROD" pressed?

SiET
SOy
SnTl
SOV e
SOTI

SoTe 103 ET. TAD ZONMT/UCONTINUE" pressed?
SnIT LRz TED CHAFL S
f”U4U T I U]
SO41 TE4 DDA LA
Snd4s =29t Jime E4 % /no, 9o on
sS4z L0ST TRD TE; 11_/ye5, is "CONTINUE" allowed? (TEMB=0 allowed
SOdd TR IS CLAS #1 disallowed
S4S  S2S1 JrME E4¥/no, go on
Sode Tl CLL I=If/ves, put a 1l in TEMI1 to signal '"'CONTINUE"
SO47T 0 0TS Do\ Tzmits
SnSn ST Jme I EMIT/exit to 6246
SHS1 £43Z E4. EFLYKBL request? (if it was any other XBR, program flow just
SnSs  Szas JMF ES ¢/no, go on clears it out)
SHST AN RFZ/ves
SNS4 020l ':mD MZk + /mask § save
SNSS eI IiZA ChHARFL S
SOSE (e TRD CHYAF1 $/recall
Susy S0d TST TEIT/"TEST" pressed?”
SR S IZR LR
SHE L ZE JMF EE S /no, go on
SDES 17 ZHLL i /ves, tun "self test"
S AT c1 ITEITC
S0ed E Efs TRD CHRRLG
SRES 20 TAD F—": i /was ""RG" oressed?
SNEE e TZA CLHAS
1

m

fud
[ =4
_I
=
|
I
<
<
[l
<

=
|
=

R ACEY AT B SN TN R JUN | NN B Sy Su SR ) B BTSN PR SR ) B B =S S

LTS =) ZZA r‘LH:

STe AR JrF £S5 /no, go on

SOTE 17 CALL Y/ ves, lwhts off

SOTrT 154 LOF

S1on RND I~C i /message "'1"

S0l 1re Il ]

S10e = o nIteogds

=10 S [LH

5104 433 FRZ/wait for a KBR

S1o0% = LIS |

Slioe S430 RFZi/ves, mask § test

3 U ICRID IRD N =g

St 12t THIN €T % /enter pressed?

<111 Tt IIH CLRAe

Si1z Szza JMF EZS /no, go on

S11z2 T A /ves

bl O A R N b DoR TZiLLs /510nal "AR'",""ENTER" nressed bv loading TEMI1 with 7777
s11s 4 : ZALL {/blank § return

SlLe ke LA s

Sttty = TR

I1E0 4 £z« CSHLLY/blank on general principles
Stist ) ELAMr

1z = €=« 7 I EATLRE /g0 to the battervy check stuff, which will
S1ET & EATCRE « =502 /recvcle back to EXEC
Si2d4 = EITe Z0ITE+S




Tisk=T003
As=223533
FIT=z74:¢
ELAib =202
TeMS=aS
TEML =571
TEML 1=

LOR=Z1%4:
EXEC=S011¢
LOT=31349:
F=a14z3
CTRZ=473
TEM1lG=S43
F=d4123
F=41%3:
M=a31%03
=417
F=d414%;

41378

L=g7 231
fM=471103
E=ge24g
TEMii=111
FOTCTE==2
TEMT=%S0:
RS =aS oS
CONOE=TT a0
ZOM=42T5 0
COMI=aIaTy
FREL=g341
TLES=303
1TE ]

FROCI=9022
INIT=5531:
IDLE=STEs
ITEIT=danT

FRIMIT =777z
FFREC=TTTI
CALL =317
Tl Riy==cTs
IATCARL=22% s
SETIri=43r
TIva=ss
HELIDF =22 20008
AROH=S3 00
l.ll:‘:f:'ér.-=: ]
Ilz=ras
MELE =n 27T



YAAIN1, Page 2
i NEEDS WORK

ERaY SR
’::'Il “::; Th. = CTR3=>counFs # of shots for
;353 ‘%{£§ DIFF: A DIP averaging
SIun £EI1 IMTH. THITS

T BSET Fieaes SaT

SoNS AR e e 3 ,

SonE 4441 FrlL« Farbs

SSOT S TLEM . ILES

SIin 1IN0 wAEIMte TAELD meEs/start. put return addr from "INIT' in loc 9070
Sell ER Do IHE s

SElE TRz BURIS IHTR/gO do INIT

S21Z =43S MMl WIFRAT /set up PIE

SSla =351 EWE s

SE1S SElE AmE T .+1 i/patch to 6227 -

T3l BEET MA1E: /1if KBL, continue 2 MN; if KBR, go to MAIN2 ? MAZ; also clears
SS17 0 IN4T MM DIA CTRZ3 /clear CTR3

SSzn Tioi CLL s

JRICICE S BB TRI IDs/turn on "DIP" LED + "INITIAL" LED

SczE 317 E CRLLS

RRISICO I S g s

S2Ed4 I0ST ICA TEMLZ3i/a-low '"continue

S2ES 1E02 THD [IFFi/display current dip value

e 41TZ CRLbLs

SEET  SIeS A= 7 /displays # stored as binary radians is 0-368 angle
SIT0 TO40 e

Szl R NE o= TEMS S

TEIz o 4iTe CARLL i/go to EXEC for further instructions

S2TEOSoll ERELD

SEI4 LSS TAD TErMt1 i/data received? (i.e., TEM11=0?)

SZIT Tedy oA CLHAS

TIIE TSI JME MZ % /no, go on

TZIT O IT4E LA I DI=ti/clear "DIP" 2 LOC 0320

SE4n ET4z o= [ DIFESS

24l TT42 Tom I DIFzs

SEds TTeC oos I DIF4

SE&4T  21TE Ml CsLLY/go get new data set

SZd4d E4ns LATH/ACIO, timeout error. AC=1

SEZ4S TOT4 Tios TEMLN:/TEMIO0 now has error information from DATA
SS4E I10n IiCH TEme i /clear TEMP

247 3iT:Z CR_L? /=.m on APU

SETN S340 HOrM S

S351 41T ZFl.i.3/do data calibration

29 &3 DATCAL ¢

SE2SI 41Te CHLL i /calculate dip § put it in ROG4 % display it

S2S4 STS! DIFCAL

SRTEE=1 I O WY TAD TErFi/is there a battery or other (HEK error?
SESE TR4n e IR B

SIST Sk e -2 /ves

SIE SIia Jt€ L +41 /no

el LnS4 T=L TEMioi/ves, get TEM1O

SIS T3 MS 3 /complementing TEMLO make sure it indicates an error, no matter
TEED O INTa4 [CS TErM1d i /how DATA came out

=Zed LZ0T =0 DFi/light up DIP light only

SEeS 21T E el

SEee ez Lard

SEET O 1Zns TeTr =343i/get AC to point to REG4 for ANG

S U G Lol i /display REG4 as an angle

T2Vl TIEs LR

SETZ O BROnD HEUCT ¢ /turn off APU



VAINL, Page 3

/3373 ERRIB! nod TEMM S /clear TEMN

SET4 917 E CALL t/go to CONOE to handle anv data error

S2TS ST CCHEE S

SETE 110l TRD TEmH /CLR/CONT or ENT pressed?

SErT TS IHE CLAS '

SO0 SINE IMF Mz i /ENT pressed, go on

SIOL T4 1A /CLR/CONT pressed, put 7777g into TEM13 to disallow CONT
/SZH_ SRS IZA TEM1Z3/in EXEC

SI0T S1TE TALL 3/wait for operator requests or DATA. Assumes vou didn't
SIid S0l g~Er +/like that Dip reading. It cets thrown away

SIS SI47 JrE M1 i /got a data clock, back to Ml

ST0E 1047 M. TAL CTFZ3/we are continuinq with a valid DIP reading
SI0T InS3 DCA TEMZi/put current CTR3 into TEMS for AVGV

/'i_lu 1304 TAL Fo43/point to current value of dip

SIil 0SS A TEM1!/put in TEM11 for AVGV

Sy N THD LIFF3i/make TEM7 point to accumulated average for AVGV

/ SIS ICF TEMTS

3173 CALL ¥/ turm on APU

Sad40 AN
$17E CAmLL ¢ /do the current average for DIP
R SN R KRNI
120s TADL DF i/turm on DIP light
/ $17E CALLS
3 SESE LOr
< 1ans TaD DIFF: /get current DIP average
= 417 CRLLf /display as an angle
=3 S 2ES SR
= INET ICA TEri*allow continue
= 417z 'F*L. i /wait for operator command or data
= Sntt E-ELS
5 1 0SS TF«: TTEM1 1/what happened?
= el B R
= S TIE iMF MZi/continue pressed (actually "AR!',"ENT" will get here too)
Sl 122 CTFZYincrement average counter
o4l e M1 /do it again

S TOAn MES LHMAS
SLIT I04T IR TEMS ¥Ysignal "INITIAL" by making TEMS#0
sS40 ST41 RICT=ONS S B
SIa =4m| 3TIH /g0 on
Sz DIFt . Zons
TS DIFs. ZatLs
sS4 g LIFse 221
Sn45 DIFd . 227
. 177
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. Sy e
[=41=13
E=4t1asd
SITLRM=ITTE
e B I
C=Ll=g417En
SERTLLE
b = T =T

[ -
TTS T T=4 a7
e el U |
CELUS =3

=

H-13

i

N |

g3

‘/write REG4
Miwrite ISO/w
REG4x130 .

Tl ) e L)

[ s
e R e e EE N e K | 3 1

1t
1 1373 TAD 73§ /stroe in REG3
TootzIza T/ @533 /point to REGS
e CA_Li/display # in REGS
S o omild COMN
e FETLFM
“-‘[-:‘:3
TUD=I0ES
20 TWIT s Two-1
4 SIIERRNTE
4 S
1 TALD TWCT s
4 :

i
=

T TR IR R O B |
I

|I PN e s [ e o ;‘j

1
1
1
1
4

+
—
'

N
L
n
1] au as
-
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IR KEY SERVICE
pRE=rd -8
ER1=Rdz2
AFES==d0s
CHRF =213
TEMEzSLi

EMT ==
T:H¢:4€=
TEH14=:£
oIc: =274
huul-:f_3=
FEYCTR=273
CRLL=141TZ
FETURM=ISTS S
LOAR==1%49 3
Lbr”—rH14
TEME = : )
LDH=46&0=
FHZ=S 23538
M=31%03
F=g142:
W=31Z7 3
FYE =R IS G
BELAME =402

L=alrl

AMGE=CZ 2

* = r-I(H
SEQND Q01T MIkR . 17
S0l TYTS Il e =23
SENZ gedr Dl des
SENZD SenZ o Cids ZOr-td
Send ATI0 DD e mT 308
TEINS R4SE 3Se
Sels ART4S =Ta5
ST R4 3l
SE LD ooy IE. T
SE1l $1TE kv I®e ZALL§ /lights off
el I1T4 LOs s
RIS SE T B R CALL /blank disnlay
SE1d Tl E_AME 0-not "INITTAL'
SEL1S E0aT L2 TEMS i/clear TEMS-used for else-"'INITIAL'
TEL1E I0SL ICH TEMS i/clear TEM8-used for 0=not an angle
SELT 00T TRF/clear any requests else-an angle
TEEN £4EE bF1i/walt for KBL request
el STEn e =13
SLEZ O AaIN SF2 /read kevboard
S2EL 0 I SrD ol i/mask least significant 4 bits
R A N | s Ca%Fi/save
= L 1ne T2U THRF/recall
SEER 1201 T=D I+l %/was "INITIAL" pressed?
SESZT TR B I N
TEIG SE4cC JmE s IR /no, go on
Tonlo Tuul o r T IRZe IRCS /ves, light "INITIAL" licht
< CdlTE I P I
= 3= 30 LM
< ol R I]
< RN DiiH Tc'“’/load TEMS with 7777




KYSR, Page 2

TEIE 2d4IE EWIFI. rF1%/next press?

SEIVT SEIs AMFEa=13

SESN oaTn HF2 T /get it

IE41 nZnn ASMD MIrk S

SE4E 0 Ined A CHAF/save it

SEd 1mel EWIFL. TRID CHAR . - -
Sedd 1a0s kYWIFA. TAD DI /add branch table starting addr to it
SedS TOEZ DCH TEMI4: /put in RAM

Seds 5442 UMP T TEMI4/jump to branch table, 4600+ CHAR

IEST O G1TE VIR, CELL § /patch: KYEX displays value § gets another one in
TES0 RIdl kvE /TOS of "INITIAL"

eSSl TEON0 LA

SeSE LLET TAD FEWITE S /get KYCTRAif new value has been keyed in
SESI TESH e LA

oeSd 2EUS FETUFM /return if no change to selected variable

S=SS 1049 THD TEMSS/"INITIAL" selected?

SESE TeSH MR CLAs

ég?i’ SETE JMF EF/no; . error...can't change parameter w/o '""INITIAL"
SESD 101 TAD TSiIi/is it an angle? '
SEEL TESL INA CLAE ‘

Seel  SZeT AMF =Y /no

Iee T 1E0Z TRl I /ves, load 180/

Seed 217 nhs '

SERT 41TE Z3_L3/do the conversion fromdegrees to radians (0°-360°)
TESS 223 SHSE

TeeT 1042 tH. TAD TEMEG /puts result in parameter pointed to by TEM6
SV d1as &l

STl SSTS FETURM

Seve 12t0 KR TAL [E3i/signal "7 error message (never does this)
=ETI AT CELL S

L= S | DIZiICs

SeVS O TEnn CLA S

IeTR SSETS FETLFRM

can do without, just make KR, RETURN
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BATIS
4S0S
SE

3
=300
=
£ 0%
N30z
g1z
g e
nasTs
E R
03@3
e’
s ar
RS

e T
a1 s

nelv

123%
4142
2139
12=1
G142
1asT
142
1as:
S1E7

/GET initial conditions does initial calculations

FEESEERE GTIN actually gets parameters
F=d14%3

F=3142

+d443:2
FrREL s 2400
A0
Seedila
3 ss
TLEM . 03
LTl 412

T

mn
—
=)k

[ PSR | I SN ) I POy |

v -4 7

d

nm
S PR R B

N1 e o= 7 3~ T

UMM e e [

I S e e Ol tl 1 e

By \rn =3 ) T L L ]'L:l ‘ae

TENEIEE
WEER . ST
WIMTe SE33
‘,'[’i""' ] 3 3 El Vd
SETIM. TAD SEEF i/write ABER
=
TSL EEFL +/put ABER into BERI
TA0 AVEER i/and AVBER
=
Tan EEFZ:/and BER2
[
TADN /IMCE/put AINC into INCL
bl
F3
TAD IMCLS
TRN Aw It i/and AVINC
S
TSD IS i /and INC2
TAD AL
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IR
—

GETIN, Page 2 ,

THD FITT: /get AINC-7/2

I s

in (AI\C -7/2)

-___ — ey M e

slewxsin(AINC-7/2)=VD
I'JDns/VD——>O434 0437

":1\

R (I R
l‘-:[ln

CRLL S /cos (AINC-7/2)
[ 8 R

TRD ZLEM:

fi v

M 3/slewxcos (AINC-7/2)

AL DEFFT/store in DEPPT

R /cos(%BER)xslewxcos(kI\C 7/2)
THDOLTLS

& i/put in LAT

THD DEFFTS

s

TSIl REEF s

K

CHLL S

ZINE

Mi/sin ABERxslewxcos (AINC-7/2) —>DEP
TRIL LEFFTS

=]

FETLFM
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MilLF=1
L D W=
LDETT=x

HYE=S

T,

|
ALDF =152
AR IIN=aTT
AR TRI=ESTT
CALL=317Z:
CHI=ITEL!
IDULESERE
FEVT=310
<
1
T

i
.
[l

S
FETUFM=ZST
IORT=27034
ITRTLI=a3a
TUEREF=1S51
SCH=Z31445
WT=17371
A=_MT RDIF

W=t T s

I Sz
i20i=nlzns
FELF=az

SFROCE
31100

Go0e G9sT EESL . 42T
S00! 00z SIraT « S3s
00 HELT RVEEFR. TUT
300073 g0 TLES e 40T
S00d4 0Zer  FIZIDL . =TS
00T 41T LATL . 413
e a7 IMCL e 4730
007 0SEr AVINL . S2Z
4010 nac:z DEFT« 42C %
4011 0832 WD 4130
01 Gda s THD- o 340
S01 3 0477 AEES . 4TTH
S01s I U I
47is Oz LDz e 3o Xs
ELIDE) e N )
40T HIaT S R
Sagn R CIEs SIS
402t Xz ITHe Dz

P -4

an

ae



PRCC2, Page 2

30z Se FRCCZy TRD IMCL s
40s 317 il s
40z 1267 AT RS THC S

.
.

iR
i
Jal o fa o Juy
. L
-
1
M
T —+
'
n

1
e [T ae T

[

30 417

4
Lt
W

—
UL

DO

T ) It

41 2 I ZIAS

414

-

s ae

L
E

L
|||__||_:||n:;.
e

20A
STIMECOI REVERIED TO COMY AYVIMCG TO THETA
FCOL s

R A A R )

DR

o o= )

[OURESS I N FY RS NV (TN K |.].". foo—

—
I
—

$037
040
EAES
404z 317
ERNTS S J115=
4044 S0z
404% 4142
40de 1z T
4047

(IO D el L B

-4

L)

SILEGS

Lo
"
B
A e YN U PR NI

T ae :'_Il re

1
B R )
=
(N
-
i
D]

£
—
]
i
Tt oae
2]
m
T
Nt

40S0 1S0s I RWEERS
40%1  417E AHLL S
4n0szs ST RIER
405 ST HLL s
4ns4 ZVEd IME S
qnss Il =0 ZIES
40Se 4
3

4057

<t

L [T

o

S DU
40l 4
Haes 1

4

T e C1 7L

[
(]
=]
(1]

S0
J0e
3 10e
Gnes 1S (e

4iey 1204 THD FOTL S
0710 3137 R

471 $1540 M

407e s THD LAT1L:
G407z 1=V hl's

3074 +15z S

407 S17Z CRLL s
407e 3t47 ITHTII S
3077 RN e I'Cw FELF
4100 1z0% TRD LRTL

T T = TV T T A A i T T —f s

[} I N
ee 1
[
[
Y

4100 $17TE CH_LE
4102 215k DETT
4102 1tz TeD TS
104 4137 wit

S10s 1z0d T~D FOTL S
S1058 $1z7 Wl

4107 12t TeD IR
4110 31z s

S111 31s0 B

4112 4154 s

4112 121t TAD TS
4114 3148 =
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4115
411
G117
1&0
41z
41z2
1z
4124
1%
412e
417
3130
4121
3132
413232
41324
4125
4125
4127V
41410
4141
4142
4147%
3143
4145
4145
4147
10
3151

2153
419<
J15%
4152
4157
d1eil
41el
diez
414
41
4lens
41e7
J170
4171
4172
417
4172
J17S
G117

177

s

-
o
1214

ETnNE
1ete
4142
1810

T
1n

LIS J‘l 2 o Mo

L T B PSRN B S

PRI SN PR SUN U SR DR = (W R (]
pa s = s s s [ =l

RS

o f 4 T T [0

TN

[y R s

n =

Tt TI) as as aa ae
[=allE LI O

g
-

—

T M BUGLCEL IR A N
i~
T
[aa]

'.'.‘ I'

. ae i_: Tt o«e ItV
=

g
=y
-

e

CELL S
TORETS

THD THIwS
TaL TzFTq
b s

=
a0 [1 -
w)
-~
I
—
—

i

(T ]lr

nrroAI

—~ MW Lo
e rr— Lo L as

- [}
I
[aa]
m
m

'
")} T A

woae MU s Lo 000

LS
-

I
A e o
N e T

-4

s (R
B
[ma ]

TrD RICH
CERANCOX
ORNOTEXX
EETRIX

PROCZ, Page 3

NPT+l (5776)
6151
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AVGV, SYMBOL TABLE

] Jisz

SN 4TSS

-HLL 172

b d1e1l

= 41led

Loz I1a4

g 410

F 414Z

FETLURM =TT

TEML11 oI

TEMT s

TEMZ nsz

L 4137

FOOOSGl MOSEL4 Aonoed U3135% LY Do

LIEuns oo :

I
/from AVeraGe Value
¥Et};1;;;i Enter with TEM7—> (current value) .
TEMT=S0: TEM9—> # of iterations (0=1lst time)
Lfr;=qié4; ~ TEMll—> (average value)
H=aia7i Exit with TEM7—> (unchanged)
M=g150 TEM9~> unchanged
Fodlng: TEMI1—> (new average value)
=413t
HERS TS|
CALL=41723
CETURN=ISTS
F=g3 13z
*a555

iASSS (ST RWGY s TRD TEM3 Y/ fetch current 4 of iterations (N)

4558 3172 <ALl /load § float

STT ZlE4 LDos

4Se0 Fied o

39E L0 THD TEMY /point to accumulated average (AV)

4 F1TT bls

ST 1S M35/ (NxaAv)

4S54 107 TAD TEMI13 /write current value (CV)

4SS 317 s

4SEE 3153 A/ (NxAV)+CV

45T 10z Teh TEM231load N+1

4570 Tont A s

4571 417z CRLL S

R 1< DTl

SSTT dies S INxAV)Y +CV

45T 41e1 g:/;%%ﬁf—gi= new AV

4TS 0% TRDIN TEMT S /put the result in loc pointed to by TEM7

4STE 4143 =3

ITTSEUS FETIIRT
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i ﬂ

1

T
o R o B oo R )

L)

Iv v T 1T

= o
DeOd A SR | B RPN 1

T T

I

DA
LA TR O R A TR T TR ) O S T A

e e
N Lo GO i)

1T

s

SE2nd
Toonn
Tooag
S714
e
oo

.. | /check batteries

IR Rl

DI Og=2234 5
LUH1=4cE£;
CALL=417E S
FETUEH=S57SS

EI1=R4423
ESS=ed4428
TEMF=1100
STHTUZ=43247 4
EXITE=FZ44
+=S0n0
LEs &03
ExECLs SO123
ERTCHE s ET1 i/processor battery low?
JMF .+3¥no, go on
TRDO LES /Ves turn on "'LO BATTERY”
CRLL S
LOH1 s
CAHLL #/display a ""0" code
nIizco
HOF s
HOF 3
P 1 .+15% /continue with EXITE
EXITES
HOF
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1T

MpApON=oOoNO

Fu O FU M) PO F) = e

T

T

(ONONORENA RN
Y M) s o =)

T @ T T
naninnnn

nn -

[n S S O 2
(NEOEN

T g ;:h T

O R R R B R B Il IO O I I I I

N b bbb bbb

1) —

1T

L)
i B RN Y NS T oV I Y I O I N

[ S

1T T

T

1)

LI I R R I R R RO R R
DA (O A0 R AN SN SN IO I I Y|

T
LR BRSNS I (RO SN I (O, IO

DA

T T

i

*/Receiver Batterv Check

ong ETTM. 43
1%14  FITAT, Z143 .
1717 FEAT, TRD I RITATS /get receiver status word
0216 AHD ZTTM ¥ mask off bit 9
SES ] IHA CLAs/battery OK?

JME +& /no

FETUFMi/ves, return

JMF CHEKE /exit thru CHEK2 to turn on LO BATTERY

/lite and set TE =1

" /TEMPERATURE ERROR HANDLER

TEML=rS ‘ -
2 TEME. STL RTFR: /turn on HI TEMP
& CALL;: '
0 LOM s
040 CMAF /put 7777g into TEMD
7S ICA TEMD
IS0 JMF CHEKS /exit thru CHEK3 to set TEMP=1

| -cHEE ]/used to handle battervy check
TEML 0=543
LOH=420Q
o000 LITEs S0
woto DIS. 10
417Z ©CHEKs CALL i /number in TOS negative?
4247 ITATUZ s :
TESH IHA LRSS
==7S FETUFRM/ves
1335 ©CHEKA. TAD DI%/no, display "$'" code
4178 LCHEKEZ. CHLLS
) - DIzcgs
TRD LITE: /turn on "'LO BATT" lite
317 CARLL S
32 LOM1 /LON1 turns on L4 lites
TO01 CHEKZs IACH /put a 1" in TEMP
100 DCA TEMF S
SETS FETLUEM

MINUZ=2

+£ 552
4284 ENMTERs -Z514
1021 EYELK. TRD MIMUZS
1 TAD KEYLCTES
TZA CLAS
AP T JMFPRS
TAD EMTER S
=0 TRID JMFE
e IMA CLAS
SdI0 JMEC T IMFRS
417z CHLL S
TR ELAME S
S430 dEP I MPE




T _JS

HHH—QEEE:“

CanY=e014s

KEVCTRE=E7 S

AOM=S54405

AFUQF =2~ 00

AHGR=C214

2= D
A241  31TE KEVER fHLL-/tunlon‘QM
53342 S440  ROM ' \
£343 1051 TAD TEMZ:/is it an ancrle7
SHA CLAS

[n}
i
fa
4 i
=

7

_h

R34S S3ISE JMF KWYEIRDS /no
E34E 1048 TAD TEME ./ve:, dlSplaV as 0°-360°
62347 4172 CALL S
RIS0 214 RMHGERA S
351 5335 AP EE '
EZS2 1045 EYIRDs TAD TEMS ./dlsplav as a length in feet
£3I53 3172 CALLS
R3S4 =013 DNNIRAT
A3ISS  SE00  KE. AFUOFS/turn off -\PU
&325E 1045 TRID TEMS §/"INITIAL"?
EIST TESH IHR CLAS
E2E0 SITE AME KMS /no
S35l TOO1 IR /yes, turn on "INITIAL' lite
2382 4178 CRLL S
TSI LR Lars
4 4172 CALL:/get a # from operator
% ISE AT 3
g T oon HOF :
TOlnET TAD KEYCTRi/was a new # entered?
S TRIN SNA LA
"1 SITE JMF KM §/no
2 SEVS RETURHM
"7 02T KEMs DCA KEYCTRS /zeroize kevcounter
"3 SIVS RETURH

ToOon O FEIMIT. HMHOFS
SS7S FETLREN

Touon  FRFO. MOFS
SSTS RETLIREHN

4 F 0N



e00s

0135 ’

24123

113
= ET=S51473
CALL=41VESs
FETUREM=S27S
LOM1=4222 5

TEMS=5V

10 E00T  EMEN. CFF§/clear all requests

=y

ESOl SEON HPUOF $/turn off APU

202 1207 TRD FOY$ /turn on RESET lite
EEDZ 41TE CRLLS

EE0gd 4EE2 LaMt &

205 SEOA JMP 1 EME /return to EXEC
S0 S01ZT CEMNE. ExECS

£SOV Zonn RIDY sS000

. SEERED
72 [EXZECJ CALL#/calling routine for KYSR

E210 417
E211  £84€ . EXITE+E3
£212 4172 CALLI
E21F  SE11 KYIRG
5214 S5TS

FETI IFH

i /calling routine for STEST

215 4178

ES1E A48 ENITE+ZS

21T 41TE XBEQIEX JMPT.+1 5620
220 E412 ZTELZTS

E2E1l SETS FETURM

SREITC

S22 4172 1’HLL- /calling routine for RST
FEEZZ BC4E EXITE+ES

g 41ve ZALL §

eS2S 5147 FET §

eS2e SSTS . RETURN

190
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(4]
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LR S9SN

AU

[ S

02473
aons
YT
nony
RS
1204
2042
1200
0t
1201
4172
124

1010

4137
q172
2134
417z
140
3154
TOL0
341
0z03
2341
41=4
411
417
S37EL
1010
1202
4142
04z
SE11

coTe
bt I fibar)

CTRE

TEM=

=4z
103

LoZ=2124s

- e

MT=127

RrODZ

=31343

MULZ=31403

FLT=

164

EM1=F441 3
LDIVF=1el3s

'H ‘-—4_10’.1‘

FED=1

32

CHLL=417VZs
FETURH=257S

SCDATA «£300  /Scale Data

)
FIls
THLI »
TFZ s
TE»

4

(0]

n ny

ot

|

3

e

-1z

SCDATHRs TAD TE/make CTR2 count 1010 times

L)
(e
I

TRD
JME

M

JdME
AME

TRD
TARD
AME
12

MF

LcA CTRE
TAD R /put addr of 1st data loc (244-247) into T
ICA TEM
TAD FI/load 5 into TOS
CHLL
LIS
TEM /load 1lst (next) data word [D.W.] as 32 bit
WT
CALL/create 16 bit # (single) for DW

ARDDE
CHLL /DW (single) xS (single)
MULS

FLT /float the result
ZMA /load 704 (float)

- EtI1
AND TFZ
Bl

FLT D.W.x5

I' ”F/C'et 3 ]' - (fl at)
HLL/chaﬁQe sign to compensate for downhole inver
IH_
TEM /WT advances the addr in TEM, so get it
TMD /back and load with the scaled data
FL
CTRE /10 times?
ZCA/no, do—i%- again
FRETUFR /ves return
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e oV, a8 T,
J LN PR GO

P Do Do e o D o Mo
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I /';DH\.E | /displavs a * as a decimal ¢

s 00/enter with # to be diaplayed in TOS

ANOQO 0004 FOUR 4
AONDY TO00 ELK. TOon
caas 0217y TEMHF » 217 /addr of 10 floated
200Z FVT3 Flos -5
el0d 3230 HTH» =40
EDOS BSOS S0E
EO0E Goot [
= ang to 0
0l 0 2003 HTHL » HTH-1/addr of HTH for WT routine
=1l OZZ0 RGE FESE
EOLE OZE7 FGEM. FESZ-1/addr of REG2 for WT routine
=132 (RNAD Thia 1
2014 4172 COHY . CHLL/LT is >xxxx.xx5, rounds up. <xxxx.xx5, rounds down
=RN1S 2257V FOF
015 1303 TRD FI/make CTR2 count to 5
017 3042 LA CTRE
AOS0  $4172 CALL/blank display
ZE0S : ELANE
1202 TRL TEMF/load 10

4137 IS WT

4145 JIME FIUSH

4150 JIMS MUILF

4150 IMS MULF/create #x100

4172 CALL /plus or minus?
4247 ITATUY
TS0 IMAR CLA

SE3E JMF .+4 /plus
417 LALL /minus, change sign, 3
IVl CHI
vz [AC RTF /put 1 in MSB of AC
ERich DCA MINUZ/store in MINUS
417e CHLL /FIX (double precision -16 bits) the ¢
2130 FI=D
1210 TAD HTHL /write 100,000
41327 IMI T
S TLOO TS CLL _
144 S0ET [Z2 KEYCTR/increment kevstroke counter
045 121e THD F132M /put TOS into REG2 (will have the next power of 10
EOGE 3142 JMT RFD
S04V 4145 IMET FUIH/push the working number
SOS0 1212 TRD Fi5EM /get the power 5f 10 back
=051 S$1327T amMs WT
EOSE 3178 CALL /% by the power of 10, truncate fractional part
EOSZE ZTLIG nIwD
E0S4 4145 JMI FUTH/save it in the stack
LNSS 317z CALL/picks off the 4 LSB's of TOS & uses DISPR to displav
cOSE IITO L it as a decimal #. Throws
ST 1212 TR F=2&r /get power of 10 out TOS
OO0 4137 JMIT OMT
SOEl 417 CALL /multiplv by truncated integer
AOES ZETE ML
A0S 3178 CALL /remove MSD from working *#
e0ed EFLT TUED
sOES 204z 322 CTR&/done 5 times?
E085  S3TE JMFCE /no
0T 02T [3Z KEYCTR /causes DISPR to put in decimal pt. after 1 :g
fOF0 4172 ZALL/goes to DISPR with 6th digit
ATt ZEITO0 LSh
LEO7E  S312 JMEOENIT 193
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E073 1212 C3» TAD RGEM ’Create next lower power of 12
E07Td 2137 aME WT o o )
£07S 1202 TAD TENHF
EOTE 4137 IMS WT ’
NP B WA CRLL
100 S1Z00 - FIxD
Aln01 4178 - ZRLL
1oz V1 DIy
A1z 1213 ‘ TAD TW/is this the dth time?
104 10427 . L TRD CTR2
105 Te4n - 3ZA CLA.
£10E  S342 - JIMP CZ/no, do it again
S107  $17E CALL/ ves, DISPR will push digits over 2 places §
5110 ZE30 LIZFF /put in a decimal point, then return
£111 S24C : JMF CZ2/do it aeain
£112 1031 EXITs . TAD MINUS /negative #7.
1132 TeSO IHA CLA
Alld SSVS FETURN/no, return
A11S  10ES TAD DIZFRE /ves, make sure MSD of displav is bl
slte 1201 TAD ELK/so minus sign may appear
117 Z025 - _DCA DIZFRE
120 4178 cALL .
f121 ZeTe DIss
&122 T240 LA CMA/turn on minus sign
£133 T4E1 ML
=1l vizl IAC STL
1235 417 cALL .
A138  Z2S1E ' CHLITE
£1375 SETS FETIURM/done
S130 $17E FIAD CALL/the '"fix double'' APU routine
£131 27ET CFEHAE
122 13325 TAD .+3
£132 STI4 JME T L+
1324 2VE4 El
=135 R~ SR
<05
S13e 4172 L0 ZALL/ the cosine routine
E13F 2VeEV ‘ CFRRE
al40 1342 TRAD .+2
141 S742 JdME T .+
&14s V34 Eid
5143 onns =
~F1
144 4172 Fls CALWputs PI in TOS
2145 2TV CRERE
Alde 1251 TRD .+32
A147 STS0 MR T L+l
2150 274 ELl
2191 iz e

196
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DHTH—_4UE
TEMF=100
DIFCAL=STSI
LOAR=Z1547%
E-EC=510113%
LDE=321243
F=41423
CTRZ=47 %
TEM1 =543

TENH=101
FOTCTR=S2:
TEHT—qﬂ=

MzE= 4=
hTIH—=4n
HDH—F44H'
HAELIOF=EA010
FrROC1=203
DIzCO=z32
FROCZS=4022
IHIT—T?:I.
IDLE—J.ZT
ITEZT=407
LDH-‘-?':«: 0

Do}

']-.- -e ruLH

—_———= e

FFFD—T.—T
CHRLL= 41n
FETURM=S
IRTCHL= 4\_
GETIM=44%
TEM3=SZ
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.00 ATV
i MAIN2, Page 2

EEND 0487 EBEls 478
AEDL OS0O7P  EZ, SOV
EEOZ 0473 Itl. 4735
EROS 0S1Z Ies 5133
EENG - EE03 0 ER. ER-13 /Bearing llmt - should be approx. 1.5°
EENS . S400 F4 005 6567 ) .
SEDE EEDD :cnu. 6726- 1.5° in radians* IS ON ROM 2/22/80
EENT  E47F . £47F 6573
ESL0 SENT  IN m-1 /mclmatlon limit - should be approx. 1.5°
EE11 E400 ;5 640036772 )
EE1E BE0Q EE0T3 6616 4 2° in radians* IS ON ROM 2/22/80
EE1S B4TT &47 786574
AEld QN3 THRE. 23
s1S 0517 AYER. ST s
E16 0NSZ3 AYIM. T3S
&17 000z o IML. &8
o 4172

MAINZ . CHALL$/turn on APU

(LK

O R BN R S O AN I R N O N N D i el i T S SPR Ut

S440- HOMs

DL G A SO B A0 K% 'R SO O

~c 1

f22 121S TRD RYERS

ES3 4137 Wi ’ /replace BER1 with AVBER
£24 1200 . TAD EL§

E2S 4142 - RS T
EEIE 1215 TRD AYIMI )
EEET 4137 W - /replace INC1 with AVINC
EEZ0 1202 TAD It . ‘ )
531 4142 F -

ER3Z 4172 MAZs CALL S /wait for new data
e 2011 ESECS
&34 1055 MASMs TAD TEM11+ /make sure pressing "AP","ENT"' does not
EEZS Ted0 ZZA CLAi/move the program on; only new data
EEZE SEaE JMP MAZ S
AEZT Z0SE DCR ROTCTF/clear rotation counter

*- to get change these values: (1) on front panel, set initial dip to
value you want (e.g., 2°)

(2) read locations 0321, 0322 & 0323 for the
3 octal #'s for that angle
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PaacR
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VMAIN 2 PACE 3

M4s CALLS 7 get DATA-

DATHS
oA TEM10O: /store DATA's error message
ICf TEMF3 /zeroize TRVP
ZRLL S /APU ON -
Ao, -
cALL i/calibrate data
DRTCHL s
TAD TEnp‘/anv DATCAL errors” (TEMP = 17)
SZA CLAs 0 s -
JMF L +2 /VES o
JME .+43/no
TAD TEM103i/complement TEMlO so it will indicate error
CMAS /however DATA left it
on-R TEMIQ

MS.s CALLS /calculate BER2 and INC2

FEROCZL

DA TEM9:/ clear TEMI, used here as error store for COM]
TAD E&§ /compare BERZ with BER1 to see if it in limits
N

TRD E13

ZHRLL S

CaMs

THRD ER3S

CALL S

-amMl -

TARD I&3 /comnare INC2 with' INC1 .

I!I :

TRD IS ’ -
CARLL S

-ars

THD Iris

CALL S

oMl

TRD TEM3 _

IMA CLAS /out of limits?

AMP ME S /no, go on

DA TEM33 /ves

TRD THFE 3 /display "'3" code

CHLL

nIrzcas

kFREs /wait for KBR to show overator acknowledge
AME .-1

CALL:/1lights off

LaOA

CALL $ /APU on. (unnecessary)

HOM . -

(%)
(]
9



MAIN 2 PAGE 4

EwEC
E-EC

LR

iMF M4 /go back to M4 with new data

eV1V 1217 M=, TARD IMNL S /turn on INC lite
ETEN I1TE CRLL s
=721 decn LOH
ECSE 0 1anz TAO 1= i/display INC2
NS S e CHRLL S
TE4 SI9S A s
“TES om0 =i jGF  /AUP off
mTEE Z101 LR TEMMi/clear TEMN
ATET 317TZ ZRLL§ /blink the lights and wait for operator "ENT' or 'CLR"
ST ST CCHEE S/
=730 11t TRD TEMM: /TEMN = 1 if CLR, 0 if ENT
ATIE2 TESH IHA TLUR$/1 ENT?

ORI SE3L MF M7 S /yes, go on

T4 Toan Zri=3 /no, disallow "'CONTINUE"

TS zasT I8 TEM!E /and wait for new data

TIE d1TE CHALL: /Pressing "AR', "ENT" here will cause a time out error
TEToSotl

G A LT N

T4l 10SE MY, THRD RQTCTFR Y /get Rotation counter

T4 TASE DR TZrmes /set up AVGV (average value) routine

T4 13001 THD EE S

T43  INSS oS TEmil s /with ROTCTR, BER2 AND AVBER

4% 131S TRI =WEFG

Tde o 0T Dos TEMT

=TT 41TE CRLL S

TS0 SS9l A0r4+/APU on

=rS1 41T E CALL
<TSE 43<S ARG s /get new average (AVBER)
SETSI 10T THD IS4 /now do it for INC
arSd Tnes DA TeEMLL S
V2SS 1&ik TRD AYVINS
TSR Z0S DCR TEMT S
R S CAHLLS
STEN 35SS 8.3 % /get new avinc
el E0SE I2Z SCTLCTFR /advance ROTCTR
R -SCO N TaD IML i /turn on "INC''lite
- S CELL s
e L
sreS o 1Ile THD ~wIMs /display average inclination
zims 21T E AL S
<rRrT TIET SIS
oo ST s T +1% /jump to the MAINZ patch, MZEX
ZTTL 0 Sazz “IEn

[3N]
(@]
(92}
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GENERAL DISCUSSION

Consider aright-handed rectangular coordinate svstem X, Y, I,

defined by the loca? magnetic north direction (X-axis) with

the Z direction being the local gravitationally defined verti-
cal.

[}

(Vertical)

Let the components of an arbitrary vector A be given by A(,

Ay’ and A, in this coordinate system. Our first objective

is to be able to calculate the components of this vector in

another right-handed coordinate system defined by threa snuc-
cessive and independent rotations:

a. A rotation ¢ about the I axis (-T<p<+m)
b. A rotation 8 about the new Y” axis (-m/;<3<7/2)
c.

A rotation y about the new X 7 axis (-w<ygm)

Prepared by Walter Hernandez, Ph.D., Chief Scientist, ENSCO
ESS/SAS Divisions.

38}
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tem defined bv the first rotation about Z axis o igure

-> -
Leth"denote the components of A in the new coordinate svs-

1. Then we have:

A; = AZ
A: = Axcosb + Aysin@ (1)
Ay = -Ax51n¢ + Aycosm

-—>
Next,Let,@" denote the components of A in thercoordin-

ate system defined by the second rotation aboutthe Y“ axis

(see figure below).

v~
Figure 2
Thus:
ce o a-
AY Y
AZ7 = Alcose + A;sine (2)
A”” = -A_sin® + AZcos?
X z X

228




- -
Finally, let A~ denote the components of A in the coordin-

ate system defined by the third rotation about the X ““axi s
(see figure below). '

X
Figure 3
Again we have:
AI‘A = A“
X X
A”"” = X Tosy + A sin
y y Y 2 y
AZ = -Ayslnw + Azcosw

(3)



In matrix form, these rotations can be expressed as

where the R's are defined by the above equations.

cosd sind 0
R$ = -sing Coso 0
0 0 1
cos$s 0 -sind
Re = 0 1 0
siné 0 cosh
! 0 0
Rv = 0 cosy siny
0 -siny cosy
-> ->

The transformation from A to the final A°"" is defined by:

(8]
(971
(@)

(6)



Thué the matrix product
[R] = [R,][Ry][R,] ()

defines the general matrix for transforming coordinates from
the initial to final coordinate system. Performing the succes-
sive matrix multiplications yields:

cosfcosd cosf9sing -sinb
-cosysin cosycos sinycos
+sinysinfcoso +sinysinésing

sinysing -sinycos¢ cosycoss
+cosysinBcosg +cosysinfgsing

Our sggond objective is the following. Let the local magnetic
field F be defined and known in theé (XYZ) coordinate system as

Fe = Fcosa
F, = 0 9
y (9)
F_ = -Fsina

where x=dip angle (0<a<w/2). F_ is zero since the X-axis is

v
defined as the magnetic north. Let the local gravitational

field be known and defined as

G. =0

X
G =

y 0 (10)
G. = -G

(§9)
(O3]
[ ad



—

Now assume that we are given measured components of F along

the (X°"°Y*”""2°7") coordinate system (or the direction cosines
-

since magnitude F is known). Also, we are given the components
-
of G along the (X Y 27°7°7) coordinate svstem.

From this information we are to estimate the values of the
rotation parameter ¢, 3, and ¥. That is, calculate the orien-
tation of the (X""°Y"""2°"") coordinate system.

Using the rotation matrix [R] given by equation (8), we get
for the magnetic field components

Xcos = cosfcosgpcosa + sinfBsina
Ycos = -cosysinscosa + sinv[sinfcos¢cosa-cosfsina] (11)
Zcos = +sinysinsdcosa + cosw{sinBcos¢cosa-cosbsina]
where Xcos = F;“/F
Ycos = F;“/F (12)
Zcos = F."7/F

For the gravitational field we get

G*°*
X

(+sind)G (13)

2 PARAMETER

PR

Given the G( and G values, equation (13) gives:

ne--
X

= sin” - (l-l)

-

232



Given that G and G;“ are well defined and G>0 and that 3 is
restricted to -7/2<3 + 7/2, we phave a valid and unique esti-

mation for 3

¢ PARAMETER

The first equation of;equailons (11) can be solved for coso
as

Xcos-sinfsina - (15)

cosd = ;
$ CosfBcosa

where 8 and o« are known quantities.

The second and third of equations (11) are solved for.sin¢:

-coszwsinmcos<1+ A

Ycos(cosv)

Zcos(sinvu) sinzwsin¢cosl + A

where: A= sinycosy[sinécos¢cosX - cosbsina]
subtracting the two, and solving for siné:

sinyZcos - cosyYcos

sino Ccosa
- -1 [sin¢
or ¢> tan [cosq;] (16)

233



» PARAMETER

The ) parameter is derived from the components of the G

in the direction of G, and G- as follows:

-G

1

- Y
b= tan Y o
b4

"8 1s inciination -ﬂ/2) $ 1s bearing and § 1is package rotation.

NORMALTIZATION

Each of the three sensor values from the magnetometers and the

accelerometers must be normalized as in thé following example:

Xcos

Xcos =
norm 2 2
° .JXcos“ + Ycos”~ + Zcos2

Therefore, all of the operational algorithms use normalized values.

THE SURVEY EQUATIONS

The following are used for survey equations. This is a straight
line between points, angle averaging method, and the assumed rod
length normally is 10 feet to minimize errors.

Survey
cos (INC)cos(BER) rodl + LAT2 = LAT1
cos (INC)sin(BER) RODL + DEP2 = DEP1

VD2 - sin (INC) RODL = VD1

Vﬁvnl)z ~(LAT1)? + (DEP1)% = THD

- 2 2
sin (TAN 1(2&?})- ABER) . vﬁLATl)‘ + (DEP1)% = HDEV

- 2 2
VDL - sin(AINC - 7/2)cos(Tan”L(REEL). ABER)V&LATI)‘ + (DEP1)% = VDEV



Initial

Hole Conditions

sin (AINC-m/2)SLEN

sin

Cos

where

ABER
AINC
BER
INC
VD1
VD2
LAT1
LAT2
DEP1
DEP2
RODL
THD
HDEV
VDEV
SLEN

(ABER)cos (AINC

(ABER) cos (AINC

initial
initial
average
average

current

= VD1
- m/2)SLEN = DEP1
- w/2)SLEN = LAT1
bearing
indication

bearing, previous survey and current survey
inclination, previous survey and current survey
vertical depth

previous vertical depth

current

latitude

previous latitude

current

departure

previous departure
rod length

tone hole depth
horizontal deviation

vertical deviation

string length

(3]
w
(93]





