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A STRETCHED-WIRE, REMOTE, POSITION-SENSINA

DEVICE FOR EPICS

by

Norbert Ensslin, Steven J. Greene, and H. A. Thiessen

ABSTRACT

This report describes design considerations,
physical layout, electronics, and PDP-11 computer
programming for the Energetic Pion Channel and
Spectrometer (EPICS) taut-wire system., EPICS
is a high-resolution pion channel and spectrometer
facility at Los Alamos Meson Physics Facility (LAMPF).
The taut-wires are remote, position-sensing devices
attached to the relatively iraccessible chamiel
magnets for monitoring their relative positiors.

I. INTRODUCTION

The high resolution (Ap/p = 2 x 10™ ") of the EPICS channel and spectrometer
requires that the magnets be aligned to an accuracy of 0.25 mm. The channel
magnets must not move from their aligned position, or we must know how they do
move, during and after their enclosure in the shielding wall, and the spect.ometer
magnet alignment must not be lost owing to twisting of the spectrometer frame as
it is being moved. Any effects that might cause magnet motion during data-
taking should also be monitored, because random 0.2-mm displacements could shift
the channel beam spot as much as 2 mm, equivalent to one resolution width.

The EPICS alignment can be monitored continously by means of the taut-wire
system described here. The system is based on, and is conceptually similar to,
one in use at Stanford Linear Accelerator Center (SLAC),' althoughr it has been
completely redesigned here.

Figure 1 illustrates the kasic principles of a position-sensitive, taut-
wire system. An alternating current i(w) is applied to a tightly strung wire
(0.25- to 0.35-mm-diam stainless steel in this case). The voltage induced in
the opposed pickup coils is V = jwM where M is the mutual inductance between the
two coils and the wire. This mutual inductance is proporticnal to the displace-
ment of the wire toward either coil, and is inversely proportional to the gap
between the coils. If the two transformers are wired to oppose each other, as
shown, the induced signals cancel when the wire is centered. As the wire is
displaced, an output signal cppears whose phase depends on the dizrection of dis-
placement, and whose ampligggf depends on the magnitude of displacement. An
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input amplificr adds this signal to onc called the reference phase to produce an
output signal whose phase is a function of displacement. The readout circuit
converts this signal to a dc voltage whose sign indicates the direction of dis-
placement, and whose amplitude is proportional to the amount of displacement,
The EPICS PDPP-11 computer reads this voltage by means of an analog-to-digital
converter.

The transformers in Fig. | react to displacements in one dimension only, In
Tractice, we mount two pairs of transformers at right angles to ecach other about
the same wirec on a single aluminum disk to form a sensor unit. Such a sensor
(Fig. 2) can measure the two directions of wire displacement perpendicular to the

wire axis.

Ir. EPICS CHANNEL AND TAUT-WIRE

The design layout of the taut wires and scnsors on the EPICS channel is
shown in Fig. 3. Taut wires 1, 3, and 5 are on the north side of the channel,
with the others on the south side. Wires 2 and 4 are about 67° from the horizon-
tal. The configuration is sensitive to all possible translations and rotations
of the magnets and the separator box. Wherever possible, three sensors are at-
tached to cach magnet for each taut wire passing it, providing a substantial

degree of redundancy.
Conceptually, a taut wire is a tightly strung, fixed, signal wire surrounded

by sensors attached to slightly wandering magnets. But we lack an obvious, rigid-
1y fixed surface on which to mount the wire ends so that we can measure magnet
motions with respect to this surface. One reference point could he cither the
pion production target or the heap profile monitor just upstrcam from it. The
other could be the scattering target at the cad of the channel. Mowever, it is
not possible to run wires in a straight line between the two points, Because

it is more important to wonitor the relative magnet positions than to know the
exact object and image positions of the whole channe!, we chose the central
pedestal that supports channel magnets BMO2 and B3 as the reference surface,

To this large, rigid mass of steel are attached all of the endpoints of taut
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Conceptual diagram of a taut-wire unit. Taut-wire sensor configuration.
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Planned taut-wirc configuration on EPICS channel,

wires 1, 2, 3, 4, and 5, except for those that could be attached to the profile
monitor or to the scattering chamber.

Given this taut-wire layout, channel motions might be analyzed as follows.
Any bending magnet may be represented as in Fig., 4. A least-squares-fit program
like TWFIT (described later) may be used to calculate the translations and rota-
tions required for transformation from any old tc any new taut-wire reading., If
the zalculated transformations are larger than the errors, therc has been a
statistically significant magnet displacement,

iowever, measurement crrors make it difficult to detect such motion, Figures
5 and 6 illustrate the expected error. [f each sensor has a measurement error of
e mils, a translation of the magnet in Fig. 5 can be measured to about e//3 mils.
As in Fig. 6, however, where a translation or rotation is determined by the dif-
ference between two taut wires, the error is 2-3 e, For typical EPICS channel
dimensions the error e appcars to be ~0.1 ma--the system's long-tera stability.
The final accuracy of the system is yet to be determined, but will depend on
whether the translations and rotations calculated by the least-squares-fit
analyses are larger than the associated errors.

11T. ELECTRONIC READOUT CIRCUITRY

The EPICS taut-wire system readout electronics are contained in one NIM bin
near the channel. The bin contains one "master” module and eight "16- channel*!
modules. The latter each contain 16 amplifier circuits, a multiplexer, and a
circuit to convert taut-wire readings to dc voltages (Fig. 7). The master module
provides the reference phases and multiplexer addresses to each 16-channel module,
and routes their output voltages to the analog-to-digital converter (ADC, Fig. 8).

Figure 9 diagrams the input amplifier circuits. The differential amplifier
is an LM301AN with a gain of Ro/Ri=200. One input to this amplifier is the
10-kHz signal from a pair of transformers wired in parallel and in parallel with
a 953-0 resistor. This configuration was chosen empirically to minimize oscil-
lations in the sensitivity vs wire displacement curve. We believe the oscilla-
tions are caused by unequal capacitances between the sensor coills and zround when
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the coils are wired in series. When the coils are wired in parallel, the capa-
citances to ground are more nearly symmetric. The 953-{ resistor creates an LR
circuit that also helps dampen the oscillatiens. This resistor is wired directly
across the coils at the sensor to prevent voltage drops across the finite im-
pedance of the signal cable from the sensor to the amplifier modules.

Figure 10 illustrates the intecgral and differential sensitivities of one
transformer pair. Jsome small fluctuations are apparent in the latter curve,
but they are 10 times lower than the oscillations that occur when the transform-
ers are wired in series.

Individual transformer inductance is about 30 mi; for a pair, series in-
ductance is 12 mH and parallel inductance is 4 mil. Signal cable capacitance
must be held to no more than 4000 pF to avoid excessive phase shift. Tie wire-
driver circuits (Fig. 8) are constant-current drivers that supply 100 mA peak at
10 kiiz to the taut wire, for up to 100-2 load resistance. linder these conditions
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the input signal to the differential amplifier from the sensors is typically
13 mV peak-to-peak for 2.54-mm displacements.

The second input to the differential amplifier is derived from two *9G-mV
reference phases, ¢, and ¢,, from the master module. These two phases are about
19° apart and are at about 90° to each of the sensor cecil outpts. The reference
phases permit setting the zero and the sensitivity of the amplifier output {see
inset Fig. 9). The zero adjustment ranpe is *2 V. One of its important uses is
to produce a null output reading when the taut wire is off center, allowing a
nonzero reading if the wire breaks — an important diagnostic technique.

Typical wire-displacement and output-voltage sensitivities of 0.25-0.4 mm/V
should make it possible to detect 0.01-mm displacements. The maximum dc output
voltage from the electronic circuits is 13 V, but the ADC system cannot accom-
modate >10-V signals. Therefore, it is important to adiust the sensitivity so
that wire displacements of up to 4 mm do not exceed the ADC limit. If the
sensitivity adjustment range is exhausted, the output voitage can be decreased
by decreasing the gain of the averaging amplifier in the l6-channel module.

The multiplexer addresses may be set manually at the master module (LOCAL
mode) or remotely by CAMAC (REMOTE mode). In the REMOTE mode, the computer



confirms that the addresses are correctly set. Four channels of a KS 3086 output
register are used as B-lines (birary command). A binary 1 from the computer
closes the appropriate relay in the KS 3086 register. This relay drops the cor-
responding line of the master module to zero volts, thereby setting the address
bit to zero. For example, in the aktsence of any command from CAMAC, the master
module will be at address 15 (1111 binary). The return response to CAMAC is in
TTL logic. For a particular master-module address "1' bit, the +5-\ line to a

KS 3420 binary-data register (L-line) drop to zero voits, which appears as a

"1'" bit when the computer interrogates CAMAC.

From the multiplexers the signal feeds to a zero-crossing detector that
changes the 10-V peak-to-peak sinusoidal output to a *5-V, 10-kHz square wave,
preserving the signal phase. A capacitor removes from the input to the zero-
crossing detector the various dc¢ offsets of the individual channels.

Both the output from the zero-crossing detector and a +5-V, 10-kHz reference
square wave from the master module are fed into an exclusive-or gate. The 20-kH:
output of thkis circuit varies from 3.1 to 1,9 V de¢, depending on the relative
phases of the sensor input amplifier and on the reference phase (Fig. 7).

The signal then feeds a signal-averaging circuit, another LM 301 dif¢eren-
tial amplifier in the 16-channel module. The reference voltage for this amplifier
is about 2.5 V, and the gain for input voltages other than 2.5 V is given by
Ro/Ri = 17. \Under these conditions, the voltages described in the preceding
paragraph zve amplified to +10 V.

The integration-time constant of this circuit is ¢ = RC = 72 ms, a compro-
mise between speed of readout and the resultant error due to ripple. After an
input signal change, this circuit is ready to be read by the ADC in 100 ms. Rip-
ple error is 15 mV, which corresponds to 0.095 mm for a typical sensitivity.

The output voltage from each signal-precessing circuit is hard-wired through
the master moduie to one channel of an Analog Data Systems (ADS) ADC, which in
turn is hard-wired to a KS 3420 input register in CAMAC. When the computer is
used to select a particular address in a 16-channel module, the output voltage
from that address is simultaneously presented to the ADC system for every 16-
channel module in the NIM bin. Thus, it is unrecessary to select a module ad-
dress by other means.

Each ADS unit contains 64 input channels and 4 amplifiers, with 4 sets of
multiplexing units for choosing which of 16 channels is to be read by an ampli-
fier. The taut-wire system has been assigned 11 channels for the FPICS channel
and 11 channels for the spectrometer. For the taut-wire channcls the correspond-
ing input amplifiers must be set to a gain of +10 V. These amplifier outputs
then drive a sample-and-hold circuit which provides a "clean" input te the ADC.
The analog signal is converted to an 1ll-bit (0-2047)-plus-sign parallel output
{2's complement} to the KS 3420 register. The readout precision of this ADC is
then 1 part in 2000, a further error of about 5 mV (0.002 mm) in taut-wire posi-
tion. The multiplexer input address is from a six-bit address word in the KS 3420
register.

The total time required for "enable conversion" and “end of conversion"
signals is not more than 135 ms per chamnel. By means of the 'end of conversion®
signal, the ADS system manages its time requirements. Taut-wire recadout elec-
tronics that precede the ADS require at least 100 ms for addressing and signal
averaging. This time is allowed for by inserting a 2-s time delay bhetween ad-

dress changes in the readout program (App. B).



IV,  EQUIPMENT DETAILS

Must aspects of the taut-wire system arc well described by blueprints of
sensor units and mounting hardware, cable lavout prints, electronic schematics,
and the CAMAC channel list. Some of the construction and assembly details not
so covered are discussed herc.

A. Transformers

Figure 11 illustrates one of four transformers used in a sensor assembly.
Each transformer has an inductance or approximately 30 mH, a () of 7-8 at 1 kHz,
and 2 resistance of 4 11, The ferrite core is built up of laminations of 0.05-mm
Selectron tape, an unoriented silicon steel. The coils consist of 300 turns of
No. 30 copper wire with a radiation-hardened coating of ceramic powder covered
with teflon. The coils are supported Ly radiation-hard Mycalex board. It was
necessary to [ap the faces of the ferritc cores to make them flat eriough to
pernit mounting four tightiy together. Other ivregularities in transformer con-
struction made it necessary to glue them in place, so that reasonably good align-
ment could be obtained by skewing or tilting thew with respect to the mounting
disk as they were glued, Sauereisen cement, 2 ceramic powder with a potassium
silicate bincer, was used for this purpose. This cement is highly radiation-
resistant, but is susceptible to moisture or mechanical shocks. A Glyptal coat-
ing was used to protect the cement from moisture.

8. Other Radiation-llard ‘taterials

The high-radiation ficids near the pion-
production target require some additian§1 "
precautions. The zalibration wires inside COIL ~—
cach sensor unit are mounted inside ceramic BOBEIN ™
tubes, and the electrical fecdthroughs to
the sensors are made of ceramic material.
The stretched wive itseldf is insulated from
ground by ceramic and glass.  The signai
return cable is Fiberglas-insulated, shicid-
ed, twisted-pair or RG-180-U coaxial cable
with polyethylene dielectric.

C. Stretched Wire

The stretched wire with its assiciated
sensors, housings. and cable is known as a FERRITE
taut-wire assembly. The wire itself is CORE
N.254-mm-diam stainless steel. To- a
3.66- to 4.57-m length, the wire provides a
50~ to 70-Q lcad on the driver circuit.
The resistance of the RG-180 cable, 1 @/m, ‘ b

l;

raises the load close to the 100-{ limit.

The wire is clamped at one end and
is paszed over a glass rod to a 2.7 kg steel
weight represents about a quarter of the
wire's yield strength. At this tension, the
wire is stretched by 3 mm/m. [Farly attempts
to eliminate the hanging weight by stretching

the wire and then clamping it at both ends Fig. 11.
were unsuccessful. The weight passing over The sensor transformer element.
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the glass pulley is necessary to maintain constant tension in the wire regardless
of temperature variations. The wire hangs in the form of a catenmary curve. A
4-m-long wire would have a center sag of 0.15 mm with a tension of 5.5 kg, 0.30 mm
with 2.7 kg, 0.9 mm with 1 kg, and so forth. Thus any release of tension due to
slippage or thermal expansion, among others, could appreciably effect the taut-
wire readings.

D. Wire-Supporting '"Pulley"”

It was difficuit to find a suitably rigid, insulated, radiation-hard, fric-
tionless surtace over which to pass the wire at the weighted end. Our choice of
a rigidly clamped, nonrotating glass rod with a circumferential V-groove {impres-
sed by a hot, pointed tool on a lathe) to confine the wire worked well in bench
tests. But the rod is not entirely frictionless in use. This may be due to
deformation of the gzlass in the V-groove under the pressure of the loaded wire.
Our solution was to coat the glass rod and groove with molybdenum disulfide. A
better solution may be to use an insulated ball-bearing assembly. This was not
done with EPICS because of very tight space restrictions, but it is being done
in the taut-wire system for the LAMPF high resolution spectrometer. In this
case it is important to use precision-machined, 'preloaded,' double ball-bearing
assemblies. Because the wire passes over the ball-bearing shaft, any transverse
motion in the bearings affects the taut-wire readings.

E. Magnetic Field Effects

The original design called for steel tubing to surround the length of the
stretched wire, to eliminate the small interaction between sensors and channel-
magnet fields observed in a prototype taut wire. In tests of an advanced proto-
type of the final design, wire deflections of up to 0.1 mm were recorded during
a 60- to 90-s period after switching on or off the EPICS channel magnet to which
the wire was attached.

The sign of the deflection was independent of whether the field was raised
or lowered, suggesting an effect due to e«ddy currents in the sensor assembly or
in the magnet side plate on which it was mounted. Such transient effects should
not be troublesome.

V. TUNEUP AND CALIBRATION

Mounted in each sensor unit are two rigid wires that, like the stretched
wire, pass through the hole between the transformers (Fig. 2). These are the
“upper' and ''lower' calibration wires. By switching the driver signal from the
stretched wire to the fixed calibration wires, it is possible to correct for any
electronically caused shifts in the output readings, because these wires will
cause a constant reference output. Bench testing and calibration procedures for
the sensors and electronics are as follow:

1. Set up a lé-channel module in a NIM bin provided with the proper inputs
as shown in App. A. For any unused driver circuit, remove the appropriate IC,
either A21 or A22, to prevent noise in the circuit.

2. Remove IC A23, thus disconnecting the zero-crossing detector from the
exclusive-or gate. In the absence of all signals except the reference square
wave, the signal-av.raging circuit should now have zero cutput after warming up.
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The adjacent potentiometer (200-2 resistor in reference-voltage input to the
LM301 amplifier) may need adjusting to give this zero at the digital voltmeter
{DVM) output from the master module. Replace IC A23.

3. Suspend a stretched wire through one sensor unit. Because the position
of the driver return wire can create electrical offsets in the sensor, route this
wire in the orientation it will have on the finished assembly. All possible
offset sources should be similarly localized or stabilized. Attach this sensor’'s
outoput to the 16-channel inputs with which it is to be instailed. Examine the
outputs of the amplifiers at TPl (see App. A) and of the signal-averaging circuit
at the DVM '"out" on the master module. For each of the 16 channels on the cir-
cuit board, the upper potentiometer is the sensitivity adjustment, and the lower
is a zero adjustment.

4. Set the sensitivity potentiometer to 0 mil/V. This sets the refevence
phase sipgnals ¢, and ¢, to zero. The amplifier circuit output is now determined
solely by the input from the sensor.

5. Move the stretched wire laterally in the sensor urtil the amplifier
output {TP1) is at its minimum. This point is the "electrical zero" of the
sensor. Readjust the sensitivity potentiometer until the amplifier output is
10 or 11 V peak-to-peak. This output should correspond to a sensitivity of
about 13 mils/V. If the sensitivity cannot be set to the desired range, alter
the signal averager gain by ‘hanging the 154-k{: output resistor.

6. Now adjust the zero potentiometer to obtain zero output at the DVM,
This zero is to a small extent a function of the sensitivity.

7. After coupleting the above steps for both horizontal and vertical sensor
channels, move the stretched wire by known distances and record

IISENS - horizontal sensitivity, and
VSENS - vertical sensitivity.

8. Switch the driver signal to one calibration wire and then the other
and record

HVL - horizontal voltage, lower wire,
WL - vertical voltage, lower wire,
HVU - horizontal voltage, upper wire,
VWU - vertical voltage, upper wire.

Add a resistor in series with the calibration wires to provide the same driver
load as the stretched wire.

Appendix B shows HSENS, VSENS, HVL, HVU, VVL, and VVU from the bench tests
for each sensor. Sometimes it was impossible to calibrate a sensor at the elec-
trical zero because the stretched wire was not well centered in the sensor
aperture at that reading, an effect largely due to difficulty of manufacture.
Zero potentiometer settings were used to offset this difficulty and were record-
ed in the taut-wire calibration charts.

The above measurements will not be exactly repeatable when the sensors are
installed in their final positions. Unless the same amplifier is used, the zero
offset and sensitivity will not be preserved. Unless the same driver circuits
are used, there may be up to 20-mV offsets. Removal of the modules from the

11
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test extender on which they were adjusted may cause 100-mV offsets. If the
master medule or i6-channel module is changed, or if the driver return wire is
displaced substantially from its calibration position, there may be l-or 2-V

offsets.
These effects can be corrected for by again switching the driver to the

calibration wires and remeasuring the induced sensor voltages. The results,
HVLNEW, HVUNEW, VVLNEW, and VVUNEW, may be used to compute nes voltage offsets
and sensitivities HZNEW, VZNEW, and HSNEW, VSNEW.

Suppose that the horizontal position of the wire during bench calibration is

x = HSENS * voltage. (n
After installation or any electronic change or drift,
X = HSNEW * (voltage + HZINEW). (2)

1f the relative sensitivities at the center of the sensor and at the calibration
wire positions are unchanged,

HSNEW = [ISENS * (HVU-HVL}/ (HVUNEW-HVLNEW), (3)

and if the sensitivity at the sensor center equals that at the calibration wires,

HSNEW = (HVL * HVUNEW-HVU * HVLNEW)/(HVU-IIVL). (4]

A computer code TWCAL is used to measure and generate the "NEW" offsets and
sensitivities, Eqs. 3 and 4, and their counterparts in the vertical orientation.
The taut-wire readout code TAUT uses Eq. 2 and the latest offsets and sensitivi-
ties from TWCAL, to automatically renormalize taut-wire displacements to the
latest calibration. Present resalts indicate that this procedure eliminates
80-90% of spurious wire-displacement readings produced by module exchanges and
electronic drifts.

Note that during the bench calibrations of the sensors it was occasionally
necessary to introduce zero offsets or large sensitivities in order to satisfy
two constraints: (1) the stretched wire must be centered in the sensor aperture;
and (2) calibration wire voltages must be less tham 10 V., To aid in meeting the
second ccnstraint, a mu-metal shield was placed in the front aperture of the
coils to shield them from effects induced by bending the signal wires to feed-
throughs near the coils,

I1f the sensors are wired to different amplifiers during installation, these
offsets may be corrected for by the above recalibration and renormalization pro-
cedure. This procedure could, however, leave the stretched wire substantially
off-center, even though the voltage readings are near zero. This situation can
be prevented by first ensuring that the calibration wires read clese to their

bench readings.
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VI. USE OF THE COMPUTER PRrROGRAMS

The following programs have been written for taut-wire readout, calibration,
and analysis:

Program : TAUT TWCAL TWFIT
Subroutines : TWREAD TWREAD TWLSQF
MATINV
Files Read : TWDATA TWDATA TWDATA
TWCALI TWPOS
Files Written: TWPOS TWCALI

Program TAUT reads the taut wire by means of CAMAC as described earlier.
Sensor identities and bench calibrations are taken from TWDATA. The latest
voltage offsets and semsitivities are taken from TWCALI. Wire displacements are
calculated using Eq. (2). Wire displacements are then stored in TWPOS for use
by the analysis program TWFIT. A Iisting of TAUT appears in App. B.

TWCAL reads the sensors by using CAMAC, with the driver signals connected
to the calibration wires. Before calling the UPPR or LOWR commands, one must
manually switch the driver to either the upper or lower calibration wires. The
UPPR and LOWR commands will then read the appropriate sensors and compare their
values to the last calibration results stored in TWCALI. After both wires have
been read, the command SAVE is used to calculate the new offsets and sensitivi-
ties using Eqs. (3} and (4), and to store them with the voltage readings in
TWCALI. A listing of TWCALI appears in App. B.

The TWFIT is used to compare the original taut-wire positions {from TWDATA)
with the latest positions (from TWPOS)., A three-dimensional, simultaneous,
linear, least-squares fit to the first-order transformation equations

X, = ¢Yo Yz, ot oa,

=3
]

¢Xo + Yo - BZO + b, and

™~
n

on + GYO + Zo c (5)

can then be made for each magnet. TWPOS alsc requires the positions and angles
of the sensors with respect to the magnets. The input and output parts cf this
program still require some work. The least-squares-fit part has been written
and tested,

VII, OPERATION RESULTS

Configuration changes about the EPICS channel (shielding, plumbing, etc.)
precluded installation of wires 1, 5, 6, and 7, The functions of 1 and 5 will
be replaced by visual alignment procedures. Wires 6 and 7 were redundant to
the functicns of 2, 3, and 4, so nn information was lost by their elimination.

The system is now fully operational with wires 2, 3, and 4. Primary empha-
sis is on monitoring the relative magnet and separator positions while emplacing
the shielding in the Line A-EPICS area, Daily, sometimes twice-daily, readings
are made and are correlated to the shifting of massive obiects in the immediate

channel vicinity.
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The channel has good, long-term stability of about *0.05 mm. Occasional
fluctuations occur when shielding is moved. Figure 12 is a graphic analysis of
the motions of taut wire 3 for about one month. The sharpest spike reflects a
movement of the shield doors over the Al target area of the main bteam line.
Sensors 2EAST horizontal and 3EAST vertical are high sensitivities, so they
exaggerate every motion. But the magnitudes of the shifts are fairly uniform
in most sensors.

Through use of the taut-wire system we were able to keep track of the rela-
tive magnet positions, indicate where mechanical couplings between magnets could
be strained, and check the stability of the EPICS channel with respect to changes

in shielding configurations.
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Fig. A-3.
A l6-channel module schematic.
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APPENDIX B

THE TWCALI FILE
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II. TAUT, THE TAUT-WIRE READOUT PROGRAM ON EPICS PDP-11 COMPUTER

c

109

191

L 11 ]

22

UT WIRE READOUT PROGRAM

MENSIGN NWIRE(64).TITLEL1(64).TITLE2(643. [POD(64),

HSENS (54} . WSENS (64) . HVL (64) ,HVU{64) , WL (64) ., WU (64) .,

X0(64) . YO(E4) . 20(54) . ANGLE (643 , HSNEW(E4) .

VSHEW{E4Y » HEHEW(64) . VZNEW (6 4) . HVLNEL (64) . HVUNEW(64) .
VVLNELI(64) . WWUNELINE4) . HZERD (E4) . VZERD(64) .HD ISP (64) .
VDISF(64).A(4)

COMION/BLKA-VOLTS(128) .ERROR(128)

DOUBLE PRECISION R

DATA A~*UP ", " DOLN ‘. “HMORTH “ . 7S0UTH 4

DATA F1.F2.F3.F4-°0NLY",ALL "."SOME’,"COPY"~

DEFINE FILE 2(1.1488.U.LK}

DEFINE FILE 3(1.8396.U.LM

CALL ASSIGN(1.°DK1:[44.111TWUDATA.FTN",D)

CALL ASSIGN(2,"DK1:[44.111TUCALI.DAT .82

%Sb% gSSIGN(E,’DKltfdd,ll]TUPDS.DQT’,B)

RERD (1, D INUIRE(D) . TITLEL(T) . TITLE2CT), IPUD(J) HSENS(J).

1 VWSENSCT)LHYL (I HYUD) WL (D) . VWAI(D) . J=1.24

WRITECIOUT. D (NWIRECH .TITLELC(I)LTITLE2C(]). IPDD(JJ.HSENS(J),

1 VSENS() LHVL (I LHVU(ID L WL . VWUI(D) L J=1.24)

EERNQT(IX.Id, KR4, 15,4, 15,6F5.2)

READ(27LK) (MWIRE(J) L. TITLEL(J).TITLE2(J) . IPOD(J}.HSNEWLT) . VSNEW(J)
é 3H%N5£§J) VZNEWCT) - AVLHEWC ) » AVUNEWCT) - WLNERCT) » WUNEWCJ) -
WRITECIQUT. 108 (MWIRECI)LTITLEY(J), TITLE2(J), IPODCT), HSNEU(J).
1 VSNEWC(]) . HZHEWC() L VZNELW(T)  HYLNEWCT) L HVUNEW(T) . J=1.24)
FURHRT(1¥,I4.1A,H4 1X.A4.13.6F6.2)

=1
URITE([UUT,IBIJ(HUIRﬁ(J) TITLEL(J) . TITLEZ2( J).IPOD(JJ.
{ HZERQ(J).YZERD(J),.HDISP(J).¥DISP(J),J=1
FORMAT(1X. 14, 1X, A4, 1X,R4,. 15, 4F6. 2
i0UT=5
WRITE (10UT.3)>
FORMAT(~/1X. "ENTER MODE.FIRST.LAST WIRES(AR4.213)° /)
READCIOUT.4) FLAG-11.12
FORMAT(A4.213)
IF(FLAG.EQ.F4) GO TQ 28
(FLAG.EQ.F1) 12
FLAG.ED.F2) Il
LAG.EQ.F2) 2
.EQ.8) GO TO

-1

(7 TNy

.EQ.2) Mi=1
.EQ.6) M1=5
EQ.7) M2=8

TWREAD (NI M. 112

ULATE HORIZ AND VERT DISPLACEMENTS
(M1~1348 + |

7«8

JaJi.J2

I P{J)=VOLTS(2%J~ 1) kHSNEW J) +HZNEWCI)

VD ISP (J) =VDLTS (2%J ) *VSNEW(J) +VZNELI(J)
ERROR(2%J-1) =ERROR (2'kJ~1) :¥HSNEW(J ) +HZNEW(J)
EPROR (2:J) =ERROR (Z#J ) #VSNEW(J) +VZHEW(J)
STORE MEW DISP IN TWPOS.DAT FILE

Lit=1
WRITECI LM (NUIRE(I) . TITLEL(D . TITLE2(J) . IPQD(I)

St ot 0t T T et ot e e

CON—=T D=~=TIMTMR—TNNT
LT Tl I I N

T O
W e
‘.ﬂ(.l'l:it‘ 1 et pmt oy vt e T
'—'fdr—-a—"\)o—.-—



€
22
11

1 LHZERD(J),VZERO(J).KDISP(D) . VDIQP(J) J=1.
PRINT SELECTED WIRES

DO 18 IWIRE=]1.]12

LRITECIOUT,11) IUIRE

FURMRT(/SX UIPE‘.I3/)

DO 18 J=J

jF(gUIRE(J) HE IWIRE) GO TO 13

JV=1

IF(HDISP(J).LT.Bga) JH=4

IF(VDISP(J).LT.8.08) JV=2

HABS~ABS (HD ISP (J))

VABS=ABS (VDISP(J) )

WRITECIOUT, 12) TITLEI(])., T!TLEZ(J) HABS.ERROR (2%3~1).
i  R(JH).VABS.ERRORI2%]).

FURHQT(SX.Z(IX.R4).2(FIB 4H +- ,F3.1.2%.A5))
CONTINUE

CONTINUE
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III. TWCAL, THE CALIBRATION PROGRAM

[

B

—

12

24

TAUT WIRE CALIBRATION PROGRAM

DIMENSION MUIREC(SS) . TITLEI(64) . TITLE2(64), IPOD(64).

1 HSHEW(ES) , VSHEW(S4) .HZNELIEA) . WENEW(64) . HYLNEW (64) .

2 HVUNEU§64).VVLNEU(E4),VVUNEUE54).UVOLTS(E4),UVDLTS(64).

3 HSENS (ed) WSENS (64) , HYL (£, HVU(R4) WL (E4) . \WWUTES)
COMMOM-BLEA-VDLTS{128) .ERRDR( 123)

DATH G1.G2.53.G4.G5"EDIT . "UPPR", *LOWR’ ., "SAVE" . "COPY" ~»
DEFIME FILE 2(1,1488.U,LK)

CALL ASSIGHTT1."DKi:[44. 11 ITWDATA.FTN® . &)

CALL ASSIGH(2,"DK1:[44.11ITUCALT.DAT .0}

READCL . 13 MHUIRE(I L TITLEL () . TITLEZ{J) . IPOD(J) .HSENS (T},
}UU¥S§HE(J),HVL(J),HVU(J).VVLiJ).VVU(J),J=1.24)

VRITECIDUT. 1) (NWIRECI) L TITLELCI) . TITLE2¢J). IPODC(J) . HSENS(J) .
1 WSENS (T HVL ()L HVDCDD) WL (T . WUED) . JI=1.24)

EDRTHTL;* [4.1X.R4. 1 X, A4, 1S.6FR. 2}

READ(2LKY (NWIRECT) L TITLELICI) . TITLEZ(J) » IPODCT) . HSNELIC(J)

1 VSNEWC(JI,HZHEWC(T) VEZNEWCTY - HVYLNELICT Y - HYUNELSICT Y .

2 WLNEW) L YVWUNEWT) . J=1.24)

RITECIOUT.S) (NWIRE(J) . TITLEL(J) . TITLE2C.T) . IPOD(J) . HSNEWCJT)
1 WSNEWICJS) s HZNEW(T) . VEZNEWCT) LHYLHEW(J) L HVUNEW(]) .

2 WLNEWCD) . WWUNEWL D) .d=1,24)

FORMAT(1X. 14. 1 X.A4. 1X.04, 15.8F6.2)

10UT=5

WRITECIOUT.3)

FORMAT(~1X, *"ENTER MODE.WIRE(A4.13)"/)

READCIOUT.4) FLAG.I
FORMAT AL, I3
IFfFLAG.EN. 51 GO TO
[FoFLmi BN, G2y GO TO
TFOPLAL, E0, L3y GO Th
IFEFLAG.ED, G4 GO TO
IFA FLAG.ER.GS) GO TO
G0 TO 268

EDIT DATH FILE
FEGIOTOUT. 113 JLHWIRECTY L, TITLEL(I) . TITLEZ2(J). IPQD(J)

L TTECIOUT. 11y JLMUIRECT) L TITLEL G . TITLEZC(J), IPODCI) :
FORMMTC 1%, 14, I5. 1, Ad. 1%, Ad, I5] :
[FCJ.EQ. b4J GO TO 100 ;
IF(J.EQ.63) GO TO 13 :
FEADCIDUT. 123 HSHEWCT) . VSHEWCT) . HZNEW( ] . VZNEW(JI) .

f HVLNEWCT 3 HVUNEWCTD L YWLNEWCT) L WWUHELICT )

WRITECIOUT. 12) HSHEW(IY . WSNEW(JT} »HZHE(T) , VZNEWCT) S

i HVLNEU(J),HVUNEU(JJ.VVLNEM(J),VVUHEM(J)

FORMAT(IM.F5.2.7F8.2)

L e

WRITEC2*LKY (HWIRECI) . TITLE1¢J) . TITLE2(J), IPORCIY ., HSNEL!I( Y,

1 WSHELICTY LHZHEW T LAENEWC(T Y s HVLHELIC T , HVUNELC I &

2 WWLHEWCI )L WWUNEW(S s < J=1.24) ‘
=0 TO 188 :
ﬁEh? UPFCR CALIEBFATION WIRES i
M=

—
(N Face |

L0 L Dt
[ xR




44
45

58

200

WRITE (10UT, 22)
FORMAT( 1%, ° WIRE MAME POD VOLTS ERROR’,

I THVUHEW YOLTS ERRORVVUNEW /)

DO 21 J=J1.J3

IFCHWIRECD LHE. 1) GO TQ 21

WRITE C10UT, 1 HWIRE (), TITLEI(J). TITLE2J), IPOD(J), VOLTS (2:kI- 1),
1 ERROR(2%J~1} , HYUNEW(J) , VOLTS (2%J7 . ERROR (2] ) , WUNELI(J)
UVDLTS (24~ 1) =UOLTS (24J~-1) _

UVOL TS (2%3) =Y0LTS (2%)

EONT INUE

IUPPCR=]

GO TO 168

PEAD LOLER CALIBRATICH WIRES

[ L ]t}

T.32)

FORMAT (13, “"WIRE NAME POD VOLTS ERROR’.

1 “HVYLNEW YOLTS ERRORVVLNEW” /3

DO 31 J=J1.J2

IF(NWIRE(JY .NE.I) GO TO 21

LRITECIOUT. 1IDNWIRECI) (TITLEL () . TITLE2(]) ., IPOD(JI) . VOLTS(2:4J-1),
1 ERROR (Z#J=1).HYLHEW{J) . YOLTS (2:6J3 , ERROR(24J) . VWLNEW(J)
WVOLTS(2#J-1) =VOLTS(2%J-1)

WAL TS (2% =VOL TS (23}

CONT INLE

ILOWER=T

GO TO lga

STORE NEW CALIBRATION VOLTAGES

IF {IUPPER.EG. ILOWER} GO TO 42

WRITECIQUT.41)

FORMATC1Y. "LAST TWO READINGS MOT OM SAME WIRE’ /)

50 TD 108

WRITECIOUT.433

FORMAT (I1X. “WIRE  MAME POD HSMEL VSHEL HZNEWL VZNEY’.

1 "HYLNEWHVUNEWYVLHEWYYUNEW® )

DO 45 J=J1.J2

IF (HWIRE(J) .MNE, ILOWER} GO TO 45

HYLNE(I) =LIVOLTS (2%]-1)

HYUHELW C T =UVOL TS (2]~ 1)

YWLMEW(T) =tWOL TS (243

VWUHELC T =UIVOL TS (24])

HSHELICJT 3 =HSENHS ¢ J) % (HYU () ~HVL (J) )/ (HVUNEW(J ) ~HVLHELI(J) )
VEHEWCJy =SENS (J) (W (J) =YWL (T3 ) A (YVUNEWC(J) ~WWLHEW(T) )
HEHEWCT) = (HYL € J) st HYUNEW (T ~HVLHEWC T Y #HU (J) ) 2 CHVU (T -HVL (J))
VZHELIC ) = €VL () sWWUHEW (I =WWLHEWI I WYL I 2 VWU LI -VAL (233
LRITECIOUT, 44) HWIRE(JI.TITLELCI) L TITLEZLJY, [PODCJI) . HENEL(JI) »
1 VSNEWC(I) L HZHEW () . YENELICT ) » HYLHEWCT 3 HYUHEW(T) »

2 WVYLHEWCT S L UHERICT)

FORMATC(1X, 14, 1. A4, 114.A4. IS, 8F6. 2)

COMTINUE

LK=1

LRITEC2 LK) (NWIRECT) . TITLELIC(J) . TITLEZ2(J) . IPOD(J) . HSHEW(I) .
1 WSNELI(J),HZNEWC(J) . VZNEW(J) s HVLNEW(J) . HVUNELI(J) ,

2 VWWLNEW(T) . YWUNEWCT) » J=1.24)

GO TO 140
MAKE HARD COFY OF MEW CALIBRATION

A~ X e M

—
2]
]
moz
— ~ =0

o
A
—

=
T e w e

10UT=6
ﬂ?%$§t§gﬂ¥’3z)tnul ¢

WRITE ( 100T, 44) (NUIRE (1), TITLE1(J) , TITLE2(J) , IPOD ¢ J) . HSNELIC J)
1 VSNEWCJ) .HZNEW(J) , VZNELC) . HYLNEWCT) - ot el
2 VYLHELCT) , WWOHEL (T3 . J=1, 24) HVUNELICJ) -

50 TO 100

REWIND 2

REWIND 3

END
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1v, TWREAD

SUBROUTINE TWREAD (NIM. M1, M2)
DIMENSION V(3
COOH/BL KA 0L TS(128) . ERRORC129)
1 c
TECHIN.GT. 1) GO TN 18
c LOOF THRU NIMBIN ONE CHANNEL ADDRESSES
DO 1 NCHAN=1. 16
NC = 16 -NCHAN
IB1T=NC/8
CALL BCMD(2, 1.3, IBIT, IE)
NC=NC-8*IBIT
IBIT=NC./d
CALL BEMD(2, 18,2, IBIT. IE)
NC=NC-4*IBIT
IEIT=NC/2
CALL BCMD(
IBIT=HC-2

%é 8.1.1BIT.1E)
CALL BCMD(2,

(2

1,

!
IT
18.8. IBIT, IED
CALL DELAY(Z68B)

CALL BDAT(1.19.28.1IBITI. IE}

ChLL BDAT(1.19.21.1B8172,IE)

CALL BDAT(1.19.22.1BI73.IE)

CALL BDAT(1.13.23,1B174, IE}

HCHECK =8+ IBIT1+4kIBIT2+24IBIT3I+IBIT4
[F(HCHECK.EQ.NCHAMN) GO TO 3

WRITECIOUT,2) ®CHAM. HCHECK

FORMAT(1X. ’ CHANMEL. ADDRESS ERROR’.2I5)

READ SELECTED MODULES

DO 1 {ODULE=M1.i2

NADS=3S+MODULE

DD(HDDELE é)*16+NCH9N

CALL RADS(!,22. NRDS IDRTR,IE)

4 V(K) =FLOAT (1DATA) /28

VULTS(N’-(V(11+”(7)+Vf3))/3

FRFOR M =SOPTCCYTLTS O =YD 1ekR4+(VOLTS (N) =Y (2) ) k2 +
I VOLTS M-V a 0 21,419

COHTTHUE

LUH?IAHPU HIMRIH TWO CHAHHEL «DDRESSES

NE

HETURM

EHD

eION

—
iy
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