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WIND TURBINE DATA ACQUISITION AND ANALYSIS SYSTEM

Bernard Stiefeld
Advanced Energy Projects Division 5715
Sandia Laboratories
Albuquerque, NM 87185

ABSTRACT

Under Department of Energy (DOE) spounsorship, Sandia Laboratories
has implemented a program to develop vertical~axis wind turbine
(VAWT) systems. One aspect of this program has been the develop-
ment of an instrumented test site adjacent to Sandia Laborstories
Technical Area I on Kirtland Air Force Base, Three VAWTs are
now in operation on this test site. This paper describes the data ac-
quisition and analyses system developed to meet the needs of the
VAWT test site. The system employs a 16-bit work-length mini-
computer as the major element in & stand-alone configuration. A
variety of periphersal devices perform the required datz acquisition
functiong and provide for data display and anzlysis. Included ig a
disk-based software operating system that supports a mass storage-
file system, high-level language, and auxiliary software procedures,
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WIND TURBINE DATA ACQUISITION AND ANALYSIS SYSTHEM

Introduction

Objectives

The objective of this program was to develop an Instrumented outdoor wind laboratory to
evaluate various aspecis of wind turbine performance and support general site-oriented wind studies.
Instrumentation and supporting software developed for this laboratory can be applied to the evalua-
tion of any type wind turbine or various other devices that may or may not be related to the wind
program, The specific purpose of this outdoor laboratory and its instrumentation, however, is to

evaluate VAWT prototype uniis developed as part of Sandia's wind-energy program.

VAWT Characteriastics and a General Background of Wind-Power Studies

Descriptions of VAWT characteristics and a general background on the subject of wind power
can be obtained by reviewing References 1, 2, and 3, At Sandia, we have erected three wind turbines:
2-m, 5-m, and 17-m machines., The 17-m machine has been outfitted with the greatest number of

transducers, and its instrumentation is described in some detail,
In evaluating the performance of the 17-m VAWT, we have concentrated on two areas:

1, Sfrucmral aspects of turbine operation, primarily blade performance,
including vibratory response characteristics,
2, Performance characteristics of torque output vs wind velocity and related

studies of system power losses and electrical output characteristics.s’ 7

Major factors considered in wind studies are determination of wind-velocity history, gust-
related frequency parameters, and terrain-related wind-ghear factors, (Wind shear is evidenced
hy velocity difference with aititude of ~ 0 to 45 m [E} to 150 ft] above the surface,) This factor is
important in evaluating turbine efficiency as it is applied to find the wind velocity at the turbine
equator, It should be noted that the power available in a moving fluid stream is proportional to
the cube of the velocity; an accurate determination of wind velocity is therefore needed for cal-

culaiion of performance factors,



Criteria for Design of a Wind-Turbine Data Acquigition and Analysis System for Sandia

In degigning a data acquisition system, consideration is usually given to traditional physical
parameters such as number of chamels, required sampling rates, voltage levels, noise scurces,
ete, However, in developing a system for use in the laboratory environment that exists at Sandia,

consideration should be given to other more subtle factors. Among these are

1. background and {fraining of principal users of the gystem,
2, desired end use of the data,
3. desired or required speed of data analysis wanted and complexity of analysis,

4, propensity to modify system reguirements for either hardware or software,

The ultimate usefulness and longevity of a laboratory-located system may depend as much
on proper evaluation of these four considerations as on any traditional factors, In this instance,
the users of the equipment and data were essentially the same group of Sandia staff members, all
highly trained and intimately involved with both operational and analytic phases of the Sandia wind-
energy program. Many of these staff members are well versed in uge of FORTRAN and time-share
terminal operations, but none are familiar with defailed computer cperations, and none have train-
ing at the asgsembly-language level. Discussions with these staff members indicated strong re-
quirements for a fiexibie goftware and hardware gystem, The staff agreed that initial operational
dats acquisition should use the 'method of pins'S 7 {a summary of "method of BINS" is contained
in Reference 7), but much uncertainty existed aboui probable future testing after the initial evalua-

tions, A capability for general wind characteristic studies weas also desired,

»

Rlade and cable tiedown systems for dynamic and steady-gtate conditions were analyzed,
Based on data from studies, we made decisions about sampling rates, blade strain~gage locations,

and transdicer/voltage response.

For technical personnel trained in their own specialties but with little experience in agsembly
language, computer programming, and interfacing instruments, the hardware/software problems
can be formidable, To overcome this hurdle, the following four guides were established for pro-

curing the control system and related instrumentation:

1. To facilitate software development and future software expangion, the system
will support a high-level language, preferably one generally familiar to Sandia
Liaboratories personnel, An adequate file system will be available for program
storage, modification, and data manipulations. The key element here is the

use of a well-known, high-level language.




2. A fast multichannel analog-to-digital (A/D) converter will be the main data-
acquisition unit, As a corollary to this decision, transducers and signal con-
ditioning modules will be procured that will provide analog ouiputs proportional
to the input stimulus, The rationale here is that the A/D converter input lines
will be brought cut of the computer gystem to a plug connector or strip connec-
ticn system, Interfacing then involves simply wiring the analog outputs to the
A/D input plugs, Additions or modifications are straightforward and generally
would require no modifications to the computer input-output (I/ O} system., ‘A
new trangducer could thus be added by personnel with little detailed computer
hardware background., For software, a general-purpese A/D call from the
high-level language is used so that no assembly language programming effort

is required if a new transducer is added to the system.

3. To assure the quality of the data acquired and to speed up data review, the
system should be capable of performing real or near real-time data reduction
and display. The term ''display' here includes a reasonable graphic capabil-

ity ag contrasted to a minimal printing capability.

4, Al elements of the computer system should come from cne company, one
having a good service reputation in the Albuguerque area., This requirement
minimizes confusion in pinpointing responsibility when difficulties arise.
Dealing with several companles to put a complex system together is almost

imposgible if technical problems arise,

The major trade~off for these four items is cost, Procurement time is probably reduced be-
cause of simplifications from the user's view. Use of a high-level language generally implies
supporting software iterms such as an editor, compiler or interpreter, file management, ete. Con-
venience and ease of uge increases disk speed and capacity requirements, and therefore the cost
of the disk system increases over the cost of a minimal assembly~language-based system. The
cost of a suitable A/D converter will be greater than that for a minimal system and additional
memory to handle files and more complex data reduction programs will be required, Finally, the
I/ O devices to support graphic output on a fast near real-time basis will cost much more than a

simple TTY device or modest speed-line printer device.







Summary

Delivery of hardware elements of the system was made in September through November of
1976. The data system was operational at the VAWT site in January 1977, acquiring data from the
15-m VAWT that was in place. The 17-m VAWT was installed in February and March 1977, with

initial testing starting in March. The 2-m machine came into operation in March 1978,

All three machines have been interfaced with the data system with little or no deviation from
the originzl planning. The entire system has exhibited a satisfactory level of reliability with no
downtime exceeding 3 days. In approximately 18 months the data system has been down only twice.
Sirain-gage connections have heen the principal hardware problem, Three strain gages out of 21

are now inoperable due to open leads.

Much FORTRAN-based software has now been written for the system. Generally, individual
staff members have written their own programs, with at least four staff members having become
proficient on the system. Several general wind analysis procedures have been placed on the system,
taking advantage of the ease of programming and anemometer interfacing, The graphic capability
of the system has been used extensively. This has resulted in not utilizing the magnetic tape system

ag intended to transfer data to the Sandia central cormputer system.

At this time, the only significant change to the system planned is the addition of a cassette
reader, This reader will read tapes from remote weather stations, Software will be developed to

reduce this data io evaluate long-term site wind characteristics.

Syvstem Hardware Description

Significant elements of the data acquisition and control system are diagrammed in Figure 1.
The system Central Processing Unit (CPU), an HP 21 MX minicomputer 16-bit machine with 32, 767
words of core memory, was chosen to meet the four criteria outlined in the previous section.
Sandia's facility and digital system design and development had acguired considerable software and
hardware experience on a recently insfalled digital acquisition system.s’ 9 A suitable local service
organization was available, and several hardware/software reguirements were similar to those for
the proposed wind test facilify and the recently completed centrifuge digital acquisition and analysis

gystem.
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DATA ACQUISITION

MASS STORAGE DEVICES

HP 1905

5

DEVICES
A 7.2 X 100 WORDS

75 RIIZ TRANSFER

12-BIT RESOLUTION

> Ty !
{11’ 3300 A/D HP 21 MX

!
l IMSK SYSTEM
|
|
|

SYSTEM 9 TRACK
o UNIT MAGNETIC
18 CHANNELS 22 KO TAPE

HP ¥7070E
2-DMA I

CHNS, {— e e e T

RATE

PRL INTR. !
B Iy HTS
SYSTEM TERMINAL IJO UNITS TRERTRONIK
1CM ENCODER ! GRAPHICS
AND DECOM, SYSTEM CRT « UNIT [IARD
(GUITON INDUSTRIES — e e i TEKTRONIX 4014 UNIT COPY
ENCODRER} rm ey UNIT
5 y K
TR—— coNTROL DEVIGES
G5 CILANNELS HP INTERFACE CARDS l
50-11Z REIF RATE |
3% CHAN LA
16-BIT REZOLUTION 3% CHANNEL RELAY | D earey—
(ENCODER ON TURBINE REGISTER HP CARD
SILAFTY l 6-CHANNEL D/A I READER
| PROPORTIONAL VOLTAGE
OUTPUTS l

Figure 1. HP 21 MX Computer System Elements

For ease of interfacing and system software utilization, the following items were scle-sourced

from the CPU mamufacturer at the same time the CPU order was placed,

1.
2,
3.
4.

HP 2313 A/D system with 48 channels

HP multiprogrammer unit

HF 7805 1,2 megaword disk gystem

HP 79708 S-track high-density magnetic tape system
HP relay interface card

HP paper tape reader

HP card reader

AIl equipment is mounted in a standard §~ft tall, double-bay instrument rack. Items 3, 4, 6,

and 7 above deal only with the CPU unit. Their service maintenance is a problem for the HF service

organization, Items 1, 2, and 6 deal with data signals from the turbines, but it is easy to determine

if the turbine signals are present and, if so, whether malfunctions are HP gervice problems, If is

irnportant that the wind group's few instrument people do not spend excessive time dealing with the

complex CPU/peripheral interfaces., After initial shakedown, this equipment has been reliable,

with little down time, The Tektronix graphics terminal and its bard~copy unit were procured be-

cauge of relative simplicity in use, availability of software support at SBandia, and lack of compeii-

tive options during procurement,

The following information describes specifications for the significant system components.



Pulse Code Modulator (PCM) Encoder, Bit Synchronizer,
Decommutator and Interface

The major tagk of the PCM system is to provide a ncise-free way to acquire high- and low-
level data from the rotating members of the turbine, Figure 2 is & system diagram of the encoder
system, Basically, the encoder takes multiple analog data channels and converts from analog form
to a serial digital data stream, adding frame-sequence and word-gequence coding, '}f‘he bit syn~
chronizer and decommutator located in Building 889 near the CPU decode the serial stream, pro-
vide frame pulses, and parallel digital data words to the computer interface unit for acquisition by
the computer as determined by appropriate programs. The advantage of the PCM system is that
multiple channels {65 in our cage) of data are compressed into a single transmission channel con-
taining high-level digital data. This high-level digital stream is largely immune to the usual analog

AM noise encountered in glip-ring operation and cable transmission,

e 7 7]
l' Hiw
15 CHANNELS

‘ LEVEL SAMPL 10-BIT SERIAL DECOM,
_ PULSE -
& *l  rRAIN CORE
GENERATOR] :

esy l MULTI- o4 HIOLD AID
——,"I FLEXER] I |

+ 1.0 . l
50 CIIANNEILS

LEVEL PROGRAMMER
| @ | coNTROL |
£20 BV | hiuire- UNIT

I’LEXER] |

&

L—_ MOUNTED ON SHAPT .......l

PHYSICAL S[2E: APPROXIMATELY 12" X 5" X 5"
WEIGHT: 5 1/2 POUNDS

Figure 2. PCM Encoder System Diagram

PCM systems typically operate in a continuous-frame-oriented mode, which requires computer
memory space for an integer number of frames, In dur cage, since only about 30 of the 65 data words
in a frame are used {to allow for expansion}), much memory space would be wasted, To overcome
this problem, the Sandia~designed interface between the PCM decommutator and computer passes
only a program-specified group of continous data words from each frame. This hardware/software
match maximizes the number of memory words available for data taken with the PCM system. To
aid in implementing this feature, high- and low-level channels are intermingled in the data-word se-
guence so that a continuous group of data words can be set up. Table I details the parameters of the
PCM encoder system, The data-word sequence of 85 words (2 syne words are not included) is cutlined
in Table I, along with the connector designations, We are now using data words 16 to 46, which give

a continuous combination of high~ and low-~level channels,
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TABLE I

PCM Encoder System

S - SYNC DATA WORDS

Two Sync Words (51 and S2) Per Frame
MSB L3B

St~ 1 1 010

52w 0 1 111

Lol =

10 1 1
00 0 0

A - ANALOG DATA WORDS

Fifteen Analog Words, Hi-Level Differential Bipolar
+5,115V Full Scale @ 10,0 MV /Bit
Accuracy: #0.,2%+* 1/2 L.5B

+15,22 MV or %2 1/2 LSB

B - ANALOG DATA WORDS

Bighteen Analog Words, Low-Level Differential Bipolar w/o Filter
420,46 MV Full Scale @ 40.0 MV/Bit
Accuracy: *2,2% £1/2 LSB Max £1,5% @ 25°C

+0,470 MV or £12 L3B

C - ANALOG DATA WORDS

Thirty-two Analog Words. Low-Level Differential Bipolar With Filter
20,46 MV Full Scale @ 40.0 MV/Bit
Accuracy: #2.2%1/2 LSB £1.5% @ 25°C
+0.470 MV or x12 L.SB
Filter: 3 db @ 25 Hz Max 6 dB Per Octave Rolloff

EXCITATION VOLTAGE

Sixty Channels @ 10 Volts 25 MV into a 350~Chm Bridge

" FRAME STRUCTURE

Bit Rate: 33,5 kHz 1%

Word Rate: 3.35 kHz £1% {10 Bits Per Word)
Frame Rate: 50 Hz +1% (67 Words Per Frame)
Temperature Range: -20°C to +680°C

ITL, DIGITAL OUTPUTS

1. Biphase L, MSB First Out Differential Line Driver 7830
2., Frame Rate Strobe, One TTL Load Drive

3. Bit Rate Clock, One TTL lL.oad Drive

ADC QUTPUT CODES

+5.115=1 111111111
+5,105=111111111%10
H0056=1000000000
-0, 005=0111111111
-5,106=000600000401
~-5115=006000000 00




TABLE I {cont}

ENCODER POWER CONNECTOR J1 REGULATED OUTPUT POWER CONNECTOR J8§
PIN FUNCTION PIN FUNCTION
1 +28V 1 +28V
3 Case Gnd. 3 Case Gnd.
4 -28V Return 4 28V
3 -28V Return 5 -28V

ENCODER OUTPUT CONNECTOR J2

PIN FUNCTION

Output "AND"
Output "NAND"
Frame Rate*
Bit Rate*

Gnd.

NR2-L:*

00 =1 Th 1 B e

#Test poinis only

NOTE: Output taken between Pins 1 and 7

Analog Input Channels

Channel Channel Connector Channel Chanznel Connector

No, Type* and Pins Function No., Type* and Pinsg Function
1 Al J3-62,61 Unassigned 34 Ag J3-30,29 17 M~W.D.
2 A2 J3-10,9 Unagsigned 35 AG J3-38, 37 Torque-Main Shit,
3 A3 J3-36,35 Unassigned 38 AlLQ J3-14,13 ‘Torque~Motor Shft,
4 Ad J3-60, 59 Unassigned 37 Bil J4-12,11 Btrain Gage 194
5 A5 J3-56, 55 Unassigned 38 B12 J4-64,63 Strain Gage 105
6 Bl J4-62,61 Unassigned 39 BL3 J4-34, 33 Strain Gage 113
7 B2 J4-10,5 Unassigned 40 Bi4 J4-58,57 Btrain Gage 114
8 B3 J4-36,35 Unassigned 41 c17 J5-48, 45 Strain Gage 115
] B4 ¥4-80, 88 Unassigned 42 C18 J5-22,21 Strain Gage 116

10 BS J4-56,55 Unassigned 43 Cc19 J5-20,18 Strain Gage 117

11 Bs Ja-4,3 Unassigned 44 Cc20 J5-72,7% Strain Gage 303

12 BY J4-6,5  Unaasigned 45 ¢l J5-42,41 Strain Gage 304

13 B8 J4-30,29% Unagsigned 46 for) J5-66,658 Strain Gage 301

14 Bo J4-38,37 Unasaigned 47 for 1 J5-16,15 Strain Gage 302

15 B1G J4-14,13 Unasgigned 48 24 J5-40, 38 Unassigned

16 Ct J5-62,61 Strain Gage 104 49 c25 J5-24, 25 Unassigned

17 c2 J5-10,9 Strain Gage 105 50 C26 J5-¢8, 47 Unassigned

i8 3 J5-36,35 Strain Gage 101 51 27 J5~50,48 Unassigned

19 c4 J5~60, 59 Strain Gage 102 52 c28 J5-74, 73 Unassigned

20 C5 J5-56, 55 Strain Gage 103 53 c2g J5-18,17 Unassigned

21 C6 J5-4,3 Strain Gage 108 54 C30 J5-70,6% Unassigned

22 o J5-6,5 Strain Gage 107 45 31 I5-68,87 Unagsigned

23 c8 J5-30,29 Sirain Gage 108 G6 caz J65-44, 43 Unassigned

24 [ndt] 35~88,37 Strain Gage 109 87 Al: J3-12, 11 Unassigned

25 cig J5-14,13 Strain Gage 110 58 Alz J3-64,65 Unassigned

28 i1 J5-12,11 Strain Gage 111 58 Al13 J3-34,33 Unassigned

27 Ciz J5-64,63 Strain Gage 112 80 Ald J3-58,57 Unsssigned

28 C13 J5-34,33 Strain Gage 113 61 AlS J3-8,7 Unassigned

29 Cl4 J5-58, 57 Strain Gage 114 62 B15 J4-8,7 Unassigned

30 Cis J5-~8,7 Unassigned 683 B16 J4-32, 31 Unassigned

31 C16 J5-32, 31 Unassigned 64 B17 J4-46, 45 Unassigned

32 AB J3-4,3 Flex, Displ. Gage 63 Bi8 J4-22,21 Unassigned

33 AT J3-6, 8 17 M-W.V.

“¥Type A Chns & 5.115V Fullscaie
Type B Chns * 20.46MV Fullscale w/¢ filters
Type C Chng * 20.46MV Fullscale w/25H2 Low Pass filter
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TABLE I (cont)

PCM Excitation Voltage Channels
(60 -x10V-Shunt Regulated Channels}
(Grouped in Units of 12)

J§~Coennector J7-Connector J7-Connector
Pwy Supply | Conn, Ping Pwr Supply Conn. Pins Pwr Supply Conn, Pins
Channel No, +y, - Channel No. + - Channel No. A, -

49 28, 29 25 2, 3 1 54, 55
50 30, 31 26 4, 5 2 56, B7
51 32, 33 27 8, T 3 58, B9
52 34, 35 28 8, & 4 60, 61
a3 36, 37 29 10, i1 5 62, 63
54 38, 38 30 i2, 13 8 64, 65
55 40, 41 31 14, 15 T 66, BT
58 42, 43 32 ig, 17 8 68, 6%
57 44, 45 33 i8, 19 9 70, 71
58 46, 47 34 20, 21 10 72, 73
59 48, 49 35 22, 23 11 74, 15
60 50, 51 36 24, 25 12 78, 17

On/Off On/Off On/ Off

49-60 53, 52 25-36 27, 28 1-12 78, 80
37 54, 55 13 28, 28
38 56, 57 14 30, 31
39 58, 59 15 32, 33
40 60, 81 i6 34, 35
41 62, 63 17 36, 37
42 64, 65 18 38, 39
43 66, 87 19 40, 41
44 68, 65 20 42, 43
45 10, 71 21 44, 45
48 72, 73 22 46, 47
47 74, 75 23 48, 49
43 76, 7 24 B0, 51

On/fOff On/Off

3748 79, 78 13-24 53, 52

Another subtle feature of the frame-oriented data sequencing that is useful from a software
point of view, is the time segregation effect of framing, At the 50-Hz frame rate, we can consider
all the data in one frame ag being at the same time point. Tt is often lmportant to investigate the
time relationship between parameters. Very simple software approaches can be used to plot data
which is already time-segregated because of the framing action of the PCM encoder, For this
reason, high-level analog signals representing wind velocity, wind direction, and torque outputs

are passed from the ground through the slip-ring assembly to the PCM encoder.

Strain gages positioned on the blades are designated by a three~digit number, 10 the most
gignificant digit indicating the blade and the lessger digits the gage. Omne additional feature of this

PCM encoder unit is the provision for strain-gage excitation voltage. From the initial planning




stages, i has been agsumed that the principal transducers employed on the rotating elements of the
VAWT would be sirain gages. To accommodate this situation, the box containing the PCM encoder
also includes 60 10-V, shunt-regulated excitation channels, These channels are physically con~
tained on five printed circuit cards so that any group of 12 excitation channels can be independently
turned on or off, Each channel is self-regulating and is therefore independent of possible faults on
any other gage channel. The one restriction typical of shurt regulation units is that if 2 completely
open circuit occurs, the regulator circuits demand more current than the power supply can furnish,
This has not been a problem; however, if any group of 12 channels are turned on, a 550-0hm load

should be placed across any channels not connected tc a gage.

Table [ includes the PCM encoder connectors indicating pin designations, PCM channel
number, functional use, and general parameters of the encoder. It should be noted that the framing
rate is programmed at 50 Hz. This implies that 25 Hz is the maximum frequency that should be
digitized. This limitaiion may be overcome by reprogramming the encoder control unit or (in a
limited case) connecting the signal in parallel to two evenly spaced channels to give a greater

sampling rate to the gignal, a form of supercommutation.

Analog-to-Digital Converter - HP-2313

This is the major data input device for the system., The A/D converter is presently equipped
with a programmable pacer, 32 channels of high-level, and 16 channels of low-level programmable
gain (seven gain steps giving a range between = 5 MV and % 1,25 V), All channels are differentially
comnected to suppress noise, Four empty card slots are available for expansion of up to 64 ad-

ditional channels,

The HP-2313 can be used in either a random or sequential channel access mode. For appli~
cation flexibility, we have employed the unit only in the random access mode, In this mode, and
including software conversion times, the average reading speed is ~ 150 microseconds per channel
requested, The high-level channels have a voliage range of £10,24 V, with a 12-bit 2's complement

binary word output, Voltage resolution is ~ b MV per bit.

The programinable pacer controls the sampling rate at which readings are taken, This can
be done under program control using the computer interrupt system. The range of sample rates can
be varied from one sample every 2550 seconds to 45, 000 samples/s. This sample rate is programmed
as a product of a variable microsecond time base between 0 and 255 and an integer power of 10 be-

tween 0 and 7,

To make if eagier to connect signals to the A/D unit, maintain flexibility, and allow untrained
personnel to use the system, all A/D channels are precabled to a connector bank mounted outside the
computer enclosure. Connecting a new signal source then involves only mating to the appropriate

pins of the connector. It is not necessary to go into the HF 2313 and manipulate internal connectors,

17
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With this approach, modifications can be made to the experiments without rigking damage to the

A/ D converter unit.

the back of the computer rack.

TABLE I

Table II lists the conmector pin and functions for the connectors mounted on

Connector Designations for Computer Rack-Mounted Devices

Pins Used

ap

FrBoos dgoupzATnHow

FraH

-

NS AREE

-

E—‘-F"}_—h

m, n
P B
r, 8
t, u

Pins Used

pUaFRMadgarsQmop
BT rR OO dgcuy g RO W

-

AN-Comector No, 1

Computer Device

A/D Chn 13
A[D Chn 14
AjD Chn 15
A/D Chn 16
A/D Chn 17
A/D Chn 18
A/D Chn 18
A/D Chn 20
A/D Chn 21
A/D Chn 22
Relay Chn 10
Relay Chn 11
Relay Chn 12
Relay Chn 13
Relay Chn 14
Relay Chn 15
Relay Chn 16
Relay Chn 17
Relay Chn 18
Relay Chn 19
Relay Chn 20

Functional Appiication

17/M Hi-Level Torgue
17/M Lo-Level Torque
17/M Upper Shaft RPM
17/M Motor Shaft RPM
17/M 100 Wind Velocity
17/M 80° Wind Velocity
17/M 100! Wind Direction

5/M Torgue Output

5/M Fence Wind Velocity

5/M Centerline Wind Velocity
Unassigned

AN-~Connector No, 2

Computer Device

A/D Chn 23
A/D Chn 24
A/D Chn 25
A/D Chn 26
A/D Chan 27
A/D Chn 28
A/T} Chn 29
A/D Chn 80
A/D Chn 31
AfD Chn 32
Relay Chn 21
Relay Chn 22
Relay Chn 23
Relay Chn 24
Relay Chn 25
Relzy Chn 26
Relay Chn 27
Relay Chn 28
Relay Chn 28
Relay Chn 30
Relay Chn 31
Relay Chn 32

Functional Application

Tower 13! Velocity
Tower 34' Velocity
Tower 58" Velocity
Tower 100° Velocity
Tower 12" Direction
Tower 34' Direction
Tower 58' Direction
Tower 100! Direction
2M Wind Vel,

2M Wind Dir




Screw Pair

Connectors

0 ~7 N o i 0 B

Jones Strip Block

Computer Device

A/D Chn 1

A/D Chn 2

A/D Chn 3

A/D Chn 4

A/D Chn &

A/D Chn 8

A/D Chn 7

A/D Chn 8

A/D Chn 9

A/D Chn 10

A/D Chn 11

A/D Chn 12

Relay Chn 1

Relay Chn 2

Relay Chn 3

Relay Chn 4

Relay Chn 5

Relay Chn 6

Relay Chn 7

Relay Chn 8

Relay Chn 9

A/D Chn 32 (Low Level)
A/D Chn 33 {Low Level}
A/D Chn 34 {Low Level)
AJD Chn 35 {(Low Level)

Functional Applicat_ion

Induction Motor Power
Induyction Motor Current
Induction Motor Voltage
Sychne. Gen, Power

2M Torque

Unasgsigned

North Guy Wire
South Guy Wire
East Guy Wire

West Guy Wire

Operator's Console and Graphics Plotter

The operator's console is a Tektronix 4014-1 CRT terminal with a mating Tektronix 4631 hard-

copy unit, This terminal is a memory scope/keyboard combination that allows for alpha and graphic

mode operations, We have provided no other listing device with this system,

In the alpha mode the ferminal provides interactive keyboard capability with a 9600-baud out-
put rate. When placed in the graphics made, the terminal can be used as a high-speed, high-resolu-

tion plotter (1024 horizontal points, 780 vertical-axis points),

The 4631 hardcopy unit provides acceptable repori-quality copies of the screen contents,
Used with the antomatic copy command features, the terminal/hardcopy pair can be a moderate-
speed listing device or graphic output unit, Tektronix-furnished plotting software has been modi~
fied by Sandia Laboratories to provide a hardware/software plotting capability for this system.g

A key element in the successful uge of this system has been the flexibility provided by the terminal/

hardcopy pair.
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Magnetic Disk System

The system disk is an HP-7805 moving head disk containing one fixed and one removable disk
platier. The two surfaces of the removable-disk platter provide a maximum storage capability of
5 million 16-bit words. Only one surface of the fixed platter can be used for storage {the second
surface is used for disk control features), providing 2.5 million words, Total active storage for
the disk then is 7.5 million 16-~bit words, With appropriate program fechniqgues and interchanging

removable platters, an "infinite” total storage can be achieved.

Generally, the fixed-disk platter is the depository for the system operating software, while
the removable platter acts as the data storage area, But it should be understood that the operating
software has equal access to all disk surfaces. Programs and data can be stored and accessed from

appropriately named files located on any surface under program control.

Magnetic Tape System

The second mass storage system is an HP-7870E magnetic tape system, This tape system,
a 1600-bpi, 45-ips, nine~track, phase-encoded unit, is campatible with tape drives generally found
on large central computing facilities, The major reason for procuring the tape gystemn was to pro-
vide a convenient way to irangfer data between our minicomputer sysiem and other large-scale
systems., This option has not been used primarity hecause of the graphic and analytic capabilities

of the minicomputer; there has been no incentive to go o the large-scale systems.

System Software

Operating System Software

The software operating system chosen for the system was HP's DO3S III. DOS III supports the

following:

1. FORTRAN IV compiler
2. TFile text editor

3. Named file system



4, Asgembler
5. Interrupt and direct memory access (DMA) operations
6. Relocatable loader (capable of loading FORTRAN and assembly-level subroutines)

Although reasonably powerful, the DOS III allows only ~24, 000 memory words for the oper-
ating user program area, Considering the power of the operating system, this is a very large

program arei.

The major disadvantages of the DOS III system are its lack of time-oriented taéking funetions

and the slowness of the compiler and assembler,

A nonstandard FORTRAN feature under DOS known as the "executive, ' allows FORTRAN
programs access toc all peripheral devices and the named files. The executive call is a FORTRAN
gtatement resembling the usual subroutine call format. Arguments provided for in the call format
specify the operation degired, logical unit involved (if any), file name, number of data words, and
relative starting location of data transfer, When executed in an operating program, this executive
call uses available monitor routines to perform the specified functions. A programmer familiar
with gtandard FORTRAN subroutine operations can quickly use this feature to access the file system

or DMA ~type transfers,

Assembly Language Programs

Ag described above, the executive-call feature provides access to the standard data-handling
peripherals {the PCM system interface is designed to have DMA to the system and is controlied
then by a variation of the executive call). The A/D converter, relay uaits and digital-to-analog

{D/A) unite do not fit under the executive format,

To forestall the need for programmers to write difficult assembly-language routines for these
units in each application program, five general-purpose assembly language subroutines are provided,
"These subroutines may be loaded with a main FORTRAN program and executed by using standard
FORTRAN call statements. Arguments are provided to ensure much flexibility in the use of the sub-
routines, Where appropriate, the arguments are keyed to hardware features of the devices, Under

this approach FORTRAN-oriented programmers have full command over all features of the system.,

The following are argument descriptions for each call, Appendix A lists each assembly-

language routine. Note that the program PADC includes two entry calls, GAIN and PADC,
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1. Form of FORTRAN call
CALL GAIN (M)
This call varies the gain of the low-level A/D channels, The argument N can

be an integer constant or variable name between 1 and 7, Resulting gains are

0 = 1000 4 =100
1 = 500 5 = 50
2 = 250 6 =25
3 = 125 7=12.5

The GAIN call sets A/D channels 33 to 48 to the specified gain, If GAIN is not

called in the program, & default gain of 500 is in effect.
2, Form of FORTRAN call
Call PADC (N, ICH, V, IPER, IBASE, IST, NAM)

N -~

ICH -

IPER, IBASE -

May be a constant or integer variable; it defines the number of channels to
be read.

Name of a previously defined array, Array locations from ICH(1) to ICH(N)
must be assigned the appropriste channel numbers to be read, Channel
number may be in any sequence.

The name of a previously defined floating point array. The floating point
voltage results are returned in this array in the seguence in which they
are read,

May be integer constants or variables. These two arguments control the
sampling rate at which the A/D unit will operate. IPER must have a value
between 0 and 255; this number is a microgecond factor. IBASE must have
a value between 0 and 7 and is considered a power-of-10 exponent., IPER
equal 1 and IBASE equal 6 specifies a 1~s period, IPER equal 5, IBASE
equal 6 specifies a sampling period of 0.5s. I IPER and IBASE equal 0,

no interrupts will occur; only the first set of readings will be faken.

IST - Must be an integer variable name; it must not be an integer constant, IST

NAM -

is employed as a flag for the system. Generally IST is preset to zero {0)
prior to making the IST PADC call. Each time the gystem takes a set of
readings, the software will increase IST by N. This allows one to build a
logic loop checking the value of IST o determine if a new set of readings
has been taken. If IST ig set to a negative value when called, the system
will use the optional subroutine argument during each interrupt sequence.
Must be the name of a subroutine compiled with the main FORTRAN pro-
gram; the subroutine must contain two arguments N, V. If IST is set
negative on the first call, each interrupt sequence will jump to this sub-
routine setting the correct values for N and V. This feature aliows a
FORTRAN programmer to accumulate data at a specified interrupt sam-
pling rate while his main program performs other duties. This feature
is optional, and the argument NAM may be omitied; if omitfed, care must

be taken to ensure that IST iz not negative when the PADC call is made.



CAUTION

In all cases where PADC is used, a call to PADC should be

made with IPER and IBASE equal 0 before the program is ter-
minated. Failure fo do this will cause system monitor errors,
as the A/D converier will continue to cause interrupis to a mem~
ory area that may be used by the monitor after program ter-

mination,

RELAY CONTROL CALL

CALL RELAY (N, ICH)

N - Number of relays affected by the call, Argument may be either an integer
constant or variable.

ICH ~ A predimensioned integer array, Values of ICH{1) to ICH(N) must be ag-
signed arguments representing relay channel numbers. A positive argu-
ment will cause the relay to close its normally open contact; a negative
argument will open the contact, After a call to RELAY, ali relays maintan
their settings until the next call.

DIGITAL-TO-ANALOG CONVERTER CALL

CALI DAC (N, ICH, V)

This call is used to obtain program-controlled analog voltages. A voltage range of 10 V is
obtainable with a 5-MV resolution,

N - May be either an integer variable or constant,
ICH -~ Must be a predimensioned integer array. The locations ICH(1) to ICH(N)
must be assigned values corresponding to the DAC channels to be modified,
V ~ Must be a predimensioned real array, The locations V{1) to V(N) must be
assigned values corresponding to the voltages desired on the correspond-

ing DAC channels,
Appendix C lists the agsembly-level programs used to implement these calls,

3. FORTRAN Examples
To illustrate the use of a call in a FORTRAN program, the following program
demonstirates the use of PADC, The program reads A/D channels 5, 3 and 4,
reading the three channels every 0,25 g, Ten readings are stored in an array
group,
C - The dimension statement establishes necessary FORTRAN array spaces.

DIMENSION ICH(10), V(10), STOR1{10), STOR2(10), STOR3(10),

C - The following statements set number of channels to be read,’
C ~ assigns chamel numbers, gets the sampling period of 0,25
C - 8 and finally initializes the flag word IST,
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N=3

ICH(1) = 5
ICH(2) = 3
ICH(3) = 4
IPER = 25
IBASE = 4
IST =0

C - The variable ICOUNT is used to count the number of readings
C - {interrupt sequences).
ICOUNT = ¢
C ~ The following two lines calls PADC furning on the A/D
¢ ~ unit and sget in as a comparison value to check for when
C - interrupts have occurred.
CALL PADC (N, ICH, V, IPER, IBASE, IST)
IN = IST
C - The following single line loop waits for interrupts to modify IST.
10 (IN ., EQ ., IST) GO TO 10
C - The foHowing lines modify IN to match the new value of
C - IS8T, stores voltage readings into their permanent place
C - and checks the number of interrupts to determine if the pro-~
C -~ gram should terminate.
IN = IST
NI=NI+1
STORL(NI) = V(1)
STOR2(NI) = V(2)
STOR3(ND) = V(3)
IF (NI. EQ, 10) GO TO 20
GO TO 10
C - The final line causes the A/D unit to half its interrupt
C ~ processes by calling PADC again with ¢ arguments in the
C - IPER, IBASE positiong.,
20 CALL PADC (N, ICH, V, ¢, ¢, IST)
STOP

Appendix B is a Hsting of a FORTRAN program to acquire data from gpecified PCM channels
and autormatically plot the data in limits of microstrain vs time in seconds. A review of this pro-
gram will show that it is almost indistinguishable from a FORTRAN program used on large-scale

machines to perform similar scaling and plotting operations.
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APPENDIX A

Assembly-Level Language Programs
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?LI:S.I;.PQDC

0091
3002
20083
8064
8605
29086
o007
2608
0003
ge1e
eell
g1z
813
0814
0915
@816
ee17
2918
8019
e9529
08621
ooz
923
0024
oezs
08c6
0827
6828
0929
o83
0931
9832
0633
2634
293%

9036 .-
ge37 -

238

2038

@040

8041
ge4de -
0843

8944

045

@246
go47
8048
8e49

@250

8951
ees5e
@53
ge54

. @85t

9956

ASMB,R,L,F

NaM %PADC, 7

ENT PADC,GAIN
EXT .ENTR,EXEC,.GARD

4

% GAIN SETS GAIN OF LOW LEVEL MPX

X CALL GAIN(IG) WHERE 1Ge=@ G=1062
£
X
4

-4

1=50@(DEFAULT),2=250,3=1285,4-100
5=5¢, 6=25,7=12.5 (THATS 1T}

GAN OCT 1 DEFAULT GRIN OF 509
I6 BSS 1 ARG ADDESS PASSED
GAIN NOP ENTRY POINT

JSB .GARD GET ARG ADDRESS

DEF 1IG

LDAR I1G,I GET GAIN NUMBER

STA GAN STORE FOR LATER USE

JEP GAIN,I RETURN

X

X

X

X CALL PADC(N,ICH,V,1BASE,IPER,1ST,SUBN)

¥ WILL CAUSE PACED READINGS TIMED PER IBASELIPER
X SUBN 15 OPTIONAL MUST HAUE A NEG. IST WHEN CALLED
X T0 GO TO SUBN--- CALL WITH IBASE,IPER=0

x STOPS PACER

B EQU 1B

U23i3 "EQU 1B SELECT CODE DEFINITION

N  BSS 1

ICH BSS 1

y  BSS t

IBASE BSS 1

IPER BSS 1

1ST BSS 1

SUBN BSS 1

X
FABC NOP ENTRY POINT
. JSB .ENTR GET ARGUMENTS
DEF N

LDA MPFLG
STA MPSAV SAVING MEM PROTECT STATUS
SZA
JMP  NMQFF
JsB EXEC
DEF X+3
DEF RC3@
DEF D1
noFF CLF @
X
X

4

CLC U2313
LDA =B1490981 INITALIZE SUB SYSTEM



9857
0058
e959
9859
8861
9o62
8863
@964
0865
Q068
0867
08e8
0069
ee7e
2871
1 M
2873

€074,
e87s
0076

eov7?

8878

0479

2680 -

0481
ge8e
e83
8084
6885
0086
8987
0988
0989
8699
0891
069
0993
6934
00695
6eJ6
@97
0038
2839
0186
9101
giez
eied
gie4
@105
@126
2107
9168
@189
¢iie
8111

0Ta UE3
STC uU23
NOP

STC U223
SF& Le3
JAP %-1

LbAa =BY
0fa U3
STC Ue3
SFS Ua3l
JAP %-%

LDA =BG
0Ta Ua3
STC U23

i3
13,C ENCODE

i3 ENCODE WITH OoUT C 7
13

00142 DUMMY READING CN 9 SLOT 3
13

13,C

i3

49240 GAIN ENABLE WLORD SLOT S
i3
13,¢

§F8 UB313

- JAP x-1

LDA GAN GET GAIN MNUMBER
OTA U231i3 SEND OUuUT

EYC L2
SFS U2
JAP X-

CLA
5Th FLA
LD& IS8T
SS8A,RSS
JHP POS
STA FLA

313,¢
313

1

6t IF - NEED SUBN STUFF
1

’ SKIP IF -

A NO FOTRAN SUBN

G1 SAVE - FLAG

POSA JSB READ

X

LDA 1
AsL B8
LDB 1
IOR 1
IOR =

LDB
STB
LDB
STB

OTA
STC
SFS
JHP

Lba =Bi
0Ta U23
STC UR3

PER,I PICK UP MULT. FOR PACER

SHIFT IT
BASE,I BASE TIME
B OR IT WITH A

Bo50GeQ OR REST OF CONTROL

TRP SETTING UP TR&P VECTOR
Ug2313

LINK LINK CONTAINS INTR ADDRESS
3i16B STORE ON BASE PAGE LOCATION

Ug3i3
u23i3,c¢ ENCODE PACE TIME CONTROL
22313

-1

38149 DUMMY READING FOR PACED TIME
13
13.¢C
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9118

@113 -

6114 -
8418
@118
&117
2118 .
a11s
8120
121
#1222
G123
egi24
125
@126
é127
Gizg
$129
9136
8131
@132
9133
@134
9135
2136
0137
2138
2138
0148
2141
2142
2143
2144
145
148
0147
@148
@149

e15@ .
8151 -
B1E8

0153 .
9154
@158
0156 .
#3157
0158
9159
2iGe
0161
9162
0163
0164
0165
8ise
0167
0168
9169

.ei7e

2171

LDA HPSAV

SZa

JHP WSOFF
STF @

- JS5B EMXEC

DEF %43
DEF RC3@
DEF D@
JMP PADC,I

WSOFF STF ©

¥
X
X

PINTR NOP

JHP PADC,I

CHECK QLD

FLAG S§TS

RETURN UWARIT FOR INTERRUPTS

CLF & NO MORE ALLOUED
SAVE REGS AR,B,E,O,X,Y

STR SAVA
STB SAVB
ERA,ALS

50C
INA
STA
STH
STY

SAUEQ
S5AUX
Savy

LDA MPFLG
STA MPSAY

CLA, INA

STA MPFLG
JSB RERD

SAVING MPSTS

GO READ

CLC U2313 DISABLE A/D
TEST FOR SUBR JUMP

LDA FLAGH

S$5A,RSS

JAP INTEZ JUWMP IF -

LDB
ADB »D-2
LDA N
sTa B,1
INB

- LbA U
STRA B,1
INE
IND
LDA
8TA
CLA
STA
INB
LDa
STA
CLA
STh
JSB
LDB
INB
LDA
STR
INB

B,1

8,1
3,1

B,1I
SUBN

B,1I

TENPL

SUBN, I

TEMP1

FORR ADD.

OF N ARG

STORE ADDRESS LIKE
PUSH POINTER

STORE VU ADDRESS

ENTRY POINT
POINT TO JSB
GOING TO SAVE IT

JENTR

NOP QLD INST

GO DO IT

GOING TO

RESTORE

ENTRY POINT FOR INTRRUPTS

SUBN ADDRESS OF FORT.SUB

+ENTR WOULD DO

POINT TO DEF N+1 LoOC.
TEMPE



2172
3173
8174
Bi7s
8ive
@177
@178
2173
2i8¢
8181
o182
8183
9184
2185
%186
187

2188

@188
eipé

9191
6192
0193

@194 -

8185
@196
@187
8198
e198
¢2060
@291
8262
@263
8204
9265
8266
8267
2geg
8209
ez2ie
g2l
eé2ie
8213
3214
eg1b
016
8217
9218
@218
GE20
gaadl
ggae
@223
g4
gez2s

LDA TEMPR2

LD
S$ZB
JAP
STB
JSB
1Da
OTA
Lba
STC
STF
STC
JMpP

MPSAU  CHK ON ORIG MP STS

MPOFF

APFLG

RESTR

*B11014@ PACED DUMMY READING
U231

SAVUR

Uei13,¢

@

5

PINTR, I

MPOFF STB MPFLE RESTORE STS WORD

X
SAVED
SAvA
SAVR
SAUX
SAUY

READ

LooP

JSB
LDA
OTA

RESTR REGS RES™ORED
“Bilig14¢
U313

LDA SaUA
8TC U2313,¢

S

TF @

JRP PINTR,I

LDA
STA
LDaA
ADA
ETA

NOP
LDa
cLO
5LA,
STF
LDA
LDB
LDX
LDy
JAMP

NOP
NOP
NOP
NOP
NOP

HOP

LDA
CHA
STA

SAVED

ELA

i

SAUA
SAVE
EAUX
SAVY
RESTR, I

READ SUEB
N,I GET NUMOF READS
» INR HAKE NEG
TAG STORE IN COUNT LOC,

ICH ADDRESS OF CHNS

TAG
y

afj—

+1 STORE IM TEMP LOCATION
ADDRESSCF RESULTS
& SUBT 2 FOR LOOP

TAG+2
LDA TAG+1,1 GET CHN NUM
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82886 - ADA «D-33 TEST FOR LLMPX CHN 33-4B

ggs? 68A,R85 SKIP CHN < 33 A IS ~

¢Ze8 ' JAP LLAPX

0229 LDA TaG+1,I RESTORE A

8239 " ADA =D-17 TST FOR HLMPX CHNS 17-32
e231 - S84

332 © - JEP LOOP1 CHN NUN 1-16

8333 ALS FORM (N-1)x2

e234 IOR =Bi@@zoe MPX SLOT 4

8235 JAP CONT

@236 LLMPX ALS

ea37? I0R =B10624@ SLOT S LLAMPX

g238 JHP CONT

@239 X

P240 X

@241 LOOP1 LDA TAG+1,1 GET CHN NUM

e24c ADA =D-1 CONUERT TO DIFF CHN RURM
8243 ALS (N~1)%2

@244 X%

8245 IOR =B1@@149 FORM MPX,RANDOM,BOX €,5L0T 3 CHN NUM
8246 CONT OTA U2313 MOV CONTROL WRD

@247 STC U2313,¢C

8248 SFS uUe3is

8249 JNe x-1

82506 LIa UB313 GET DATA

82t1 182 TRG+!

8cs2 182 IST,I INC IST TO SHOUW LIFE

9253 NOP IN CASE UWE GET A © ABOUE
geb4 ISZ TAG+R2

8255 I1SZ TAG+2 INC FLOATING POINT RDDR 2X‘S
8256 ARS, ARS

2857 ARS, &ARS SHIFT OUT 5T¢ BITS FROM DATA
9258 FLT FLT i2 BITS TO A,B REGS
8e59e FMP FACTR HMULT BY CON FACTOR

%260 DST TAG+2,I STORE RESULT

ocb1 IsZ TAG ARE WE DONE

ec6e JNP LOOP

2263 JAP READ,I RETURN FROM SUB

8864.. X

8265. %

@866 MPSAV  NOP

9267 TAG 88S 3
8268 D@ DEC ¢
8269 D1 DEC §

@270 RC3Q DEC 3@
92?1 FACTR DEC .@05
@272 TRP JSB PLINK,I
8273 PLINK EQU 316B
@274 LINK DEF PINTR
8275 HMPFLG EQU 271B
9276 FLAGL NOP

8277 CLRCN CLC Ug3is3
@278 TEMP1 NOP

8c73 TEMPZ2 NOP

22806 X

o281 END

Tkxx LIST END XXxx



APPENDIX B

FORTRAN Program STRAN
(Acquires data from the PCM and provides plotting capability)
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tLI1,5,1,.1ADC

2001

goea

2093
0504
0085
0026
0007
0088
0009
0010
0011
0012
0013
0014
9015
0016
0017
0018
0019
6020
¢eat
eeaz
@ea3
@024
002s
0026
0027
0028
0029
9e30
@03t
0032
0033
0034

8935 .
9036
@837

22383
0029

&g4e -

po4l
2642

e843

0044
@845
00486
0847
9848
0249
0859
gesi
gese
9es3
ges4
8855
0ese

- ges7

ASHB,R,L,F
_ NAM %IADC,?
£ ° THIS SUB RETURNS INTEGER UALUES FROM THE A/D CONUERTER

ENT IADC,IGAIN
EXT .ENTR,EXEC,.GARD

X

¥ GAIN SETS GAIN OF LOW LEVEL MPX

b CALL GAINCIG) WHERE 1G=9 Ge=10@0¢
b4 1508 (DEFALLT),2=25¢,3-185,4=1069
b =50, 6+25,7=12.5 (THATS IT)

GAN OCT 1% DEFRULT GAIN OF Se@e
IG Bss 1 ARG ADDESS PASSED
IGAIN NOP ENTRY POINT
JSB .ENTR GET ARG ADDRESS
DEF IG
Lba IG,I GET GRIN NUMBER
5TR GAN STORE FOR LATER USE
JBP IGAIN,I RETURN

X

X

4

X CcALL IADC(N,ICH,IBUFF,IBASE,IPER,IST,SUBN)

% RETURNS INTEGER ARRAY IN IBUFF OTHERUWISE LIKE PADC
* WILL CAUSE PACED READINGS TIMED PER IBASERIPER

X SUBN IS OPTIONAL MUST HAVE A NEG. IST WHEN CALLED
X TO GO TO SUBN-~-- CALL WITH IBASE,IPER=®

E STOPS PACER

X

B EQU 1B

gESiB EQU 1iB SELECT CODE DEFINITION

N BSS 1

ICH BSS 1

Ry 8SS 1

IBASE BSS |

"IPER BSS 1

IsT 886 1§

"SUBN BSS 1

X

IADC HOP ENTRY POINT
JSB JENTR GET ARGUMENTS
DEF N

LDA MPFLG
g;g MPSAY SAUING MEM PROTECT STRTUS
JMP MOFF
JEB EXEC
DEF %+3
DEF RC39
DEF D1

MOFF CLF ©

X

%
CLC L2313




8958
3859
8050
9861
gese
2083
g0c4
2065
90566
2887
GOLE
2059
1l
9971
ge7e

8973

0974 "

ag7s
o@7e
o0@v7

8078

0878 -

0080
ees1
2982
2083
0084
0085
ee8s
2087
2088
8989
2090
0091
0092
2093
2094
0095
2096
2097
2098
8099
2100
2101
0102
9103
@164
8105
8106
9107
0108
@1e9
0110

giil. .
@riz

§143
G114
6115
6146
LT
OLrig

POSA

LDa =B1
QTR U3
§TC UE3
NOP

STC Ue3
5FS U3
JMP X1

LDA =B1gR140

0TA U23

46001
13
13,C

13
13

13

87C U2313,¢C
SFS U2313

JHP X-1

LDA =B040240

OTA UB313
8TC u23ia,c
SFS Ue313

JmP x-1

INITRLIZE SUB SYSTEN
ENCODE
ENCODE WITH OUT C 7

DUMMY READING CN © SLOT 3

GARIN ENABLE WORD SLOT &5

LDA GAN GET GAIN NUMBER
0Ta U2313 SEND 04T

6TC U2313,¢

8FS UR2313
JEP %-1

cLA

STA FLA
Lba IST
S8R, RSS
JMP POS
STA FLA
JEB RE

LDa 1
ASL 8

LDB IBASE,1I

IOR 1

Gi
s 1

A
Gi
AD

PER, I

B

IF -~ NEED SUBN STUFF

SKIP IF ~
NG FOTRAN SUBN
SAVE ~ FLAG

PICK UP MULT. FOR PACER
SHIFT IT

BASE TIME

OR IT WITH A

JOR =B26G20@ OR REST OF CONTROL

LDB
$T8
LDB
STB

OTA
§TC
SFS
JAP

LDA sB4

TRP
Ug313
LINK
3leB

U313

u2313,

Ue313
k-1

3ei4@

OTA UB313

$TC U3

13,¢

SETTING UP TRAP UVECTOR
LINK CONTAINS INTR ADDRESS
STORE ON BASE PAGE LOCATION

c ENCODE PACE TIME CONTROL

DUMMY READING FOR PACED TIME

LDA MPSAY CHECK OLD FLAG STS

SR

ETF ©
JSB EXE

JAP WSOFF

c
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36

0119
eize
e12l
giee
123
0124
o185
8126
e127
2128
e1a8
g13e
0131
013&
0133
€134
2135
2136
8137
2138
2139
ei4@
2141
e142
8143
el44
8145
3146
0147
2148

8149 -
8158

8151
8152
8153
0154

@155 -

0156
@557

9188

8159
¢ice
eiel
giee
8163
@164
9165
9166
@167
9168
8169
ei7e
2171
gi72
8173
8174
0175
0176
0177

‘e178

DEF %+3
DEF RC36
DEF De

JMP IADC, I

WSOFF STF @

X
X
X

JNP IADC,I

PINTR NOP ENTRY POINT FOR INTRRUPTS

INT2

CLF @ NO MORE ALLOUED

STA SAUVA SAVE REGS A,B,E,O0,X,Y
STB SAUVEB

ERR,ALS

86C

INA

STaA SAVEC

STX SAUX

STY SAVY

LDa RPFLG SAVING MPSTS
STA MPSAU

CLA,INA

STA MPFLG

JSB READ GO READ

CLC UB313 DISABLE A/D

LDA FLAGL TEST FOR SUBR JuRMP
85A,RSS

JMP INT2 JURP IF -

LDB SUBN ADDRESS OF FORT.SUB
ADB =D-2 FORM ADD. OF N ARG

LDA N
STA B,I STORE ADDRESS LIKE .ENTR UWOULD DO

INB PUSH POINTER

LpAa v
§Ta B,1 STORE UV ADDRESS
INB ENTRY POINT

INB POINT TO JSB .ENTR
LDAR B,I GOING TOC SAVE IT
TR TEMPL

CLA

SThA B, I NOP OLD INST

INB POINT TO DEF N+1 LOC.
LDA B,I

STa TEMPE

CLA

STA B,1I

J6B SUBN,I GO DO IT

LDB SUBN GOING TO RESTORE
INB

LDA TENMPL

STA B,1

INB

LDA TENMP2

sTa B, I

NOP

ngBﬂPSAU CHK ON ORIG MP STS



917%
0i8¢
2181
eige
8483
2184
e185
2186

0487 -
@88

@189
2190
6191
0192

ei93

8184

8195

gige
2197
0198
8138
2E0%
6261
g202
82083
o204
o295
0296
ece?
o288
2209
g2ie
gcait
gaiz
o813
2214
g2is
8216
o217
ezig
@ci9
ocee
g2el
ggez
g2a3
gz2e4

e28s
BERE
gea7?

pEes

8229

X
SAVED
SAUA
SAUR
SAVX
SAUY

READ

x
}OOP

9238 .

ga31
@23z

0233

6234
@235
9236
9237
‘@238

LLMPX

MPOFF

JMP WNPOFF
STB HPFLG
JS5B RESTR
LDA =Bii@i4e¢ PACED DUMMY READING
0TA UB313
LDAR S5AVA
§TC U2313.,¢C
STF &
STC &
JAP PINTR,I
STB MPFLG RESTORE STS WORD
JEB RESTR REGS RESTORED
LDR =B116142
0Ta U2313
LDA S5AUA
§TC U2313,C
STF @
JRP PINTR,I

NOP

LDA SAVEOQ
CLO
SLA.ELA

STF 1

LDA SaUA
LDB SAUB
LDX SAUX
LDy Sauy
JHP RESTR, 1

NOP
NOP
NOP
NOP
NOP

NOP READ 5UB
LDA N,I GET NUMOF READS
CHA, INA MAKE NEG
STR TAG STORE IN COUNT LOC.
LDA ICH ADDRESS QOF CHNS
STA TAG+1 STORE IN TEMP LOCATION
LbAa ¥ ADDRESSOF RESULTS
ADA =D-1 SUBT 1 FOR LOOP

574 TaGe+2

LDA TAG+1,I GET CHN NUM

ADA =D=~33 TEST FOR LLMPX CHN 33-48
SSA,RE8 SKIP CHN ¢ 33 A I§ -

JMP LLAPX

LDR TAG+1,I RESTORE A

ggz =D=-17 TST FOR WLMPX CHNS 17-32
JHMP LOOPL CHN NUN i-18

ALS FORM (N-1)x2

IOR =B100200 MPX SLOT 4

JNP CONT

ALS
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8239 I0R =B1@@240 SLOT S LLMPX

0240 JMP CONT

241 X

0242 X

0243 LOOP1 LDA TAGH+1,I GET CHN NUM

0244 ADA =D-1 _ CONVERT TO DIFF CHN NUM
8245 aLs (H-13%2

g246 X

6247 IOR =B10@14@ FORM MPX,RANDOM,BOX 2,SLOT 3 CHN NUM
0248 CONT  OTA U2313  MOU CONTROL WRD

0249 STC U2313,C

0250 SFS U2313

0251 P x-1

0252 LIA U2313 GET DATA

6253 152 TAGHL

0254 162 IsT,1 INC IST TO SHOW LIFE

8255 NOP IN CASE WE GET A © ABOUE

@256 162 TaG+2 INC ADDRESS TO STORE RESULT
8257 ARS, ARS

6258 ARS,ARS SHIFT OUT STS BITS FROM DATA
6259 STA TAG+2,1 STORE REULT INTEGER

0260 152 TAG  ARE WE DONE

0261 JMe LOOP

0262 JMP READ,1 RETURN FROM SUB

0263 . %

9264 X

8265 < MPSAU  NOP

pas6 TAG  BSS 3

8267 DO DEC ©

8268 D1 DEC 1

@269 . RC3@ DEC 30
g&7e FACTR DEC .005
@271 TRP JSB PLINK,I
pa72 PLINK EQU 3108
6273 LINK DEF PINTR
ea74 MPFLG EQU 271B
@275 FLAGL NOP

@276 CLRCN  CLC u2313
@277 TEMPL NOP

@278 TEMP2  NOP

2279 X

028¢ END

XXX% LIST END XXXX



:LI,8,1,.RELA

0901
o802
0603
0004
e@es
0006
007
2908
0069
2010
8811
0812
2013
0014
8015
0016
0017
pe18
2019
2020
0021
o022
0023
0024
8025
8026
eea?
0028
8029
8030
2031
0032
6033
0034
0035

2036

ASHB,R,L,F
NAaM %RELA,7
ENT RELAY
EXT .GARD,EXEC

228
238
2718

b4

RELL EGQU
RELZ EQU
MPFLG EQU
4

NR BSS
IRE BSS 1
RELAY NOP ENTRY -CALL RELAY(NR,IRE}

X

ge3?

gea8
0838
€840

064y

244

€843
2844

@845

@846
80847
8648
8849
@a50
8951
gesa
2953
8854
@55
80856
‘8@57

IRE IS INT. ARRAY

X
JEB .GARD GET ARGUMENTS
DEF NR
%
LD& MPFLG SAVE MP STS
STA MPSAY
YA SKIP IF ON
JMP MPOFF
JSB EXEC TURN MP OFF
DEF X+3 -
DEF RC3e
DEF D1
b 4
MPOFF LDR NR,I GET MNUM OF CHNS TO BE MODIFIED .
CMA, INA NEGATE IT ~
$TA NARGS
X
START LDA IRE,I GET FIRST CHN ADDRESS
182 IRE BUMP POINTER
SZA,RSS SKIP IF CHN ADD NOT o .
JMP FINIS DONE NGO CHN @
X
58A IF + CHMN ADDRESS SKIP
JAP MINUS GO OPEN RELAY
JSB CHOSC GET CONTROL WORD
ADA eoD~-1 DEC A CORRECT FOR 9 BIAS
8ZA,RSS SKIP IF NOT @ UILL NOT SHIFT BIT
JIP ARQSF JMP AROUND SHIFT
I0R SHFT! OR IN SHIFT INST
STA SHFT STORE IT IN LINE
CLA, INA
SHFT NOP SHIFT INST WILL BE HERE
ARO IOR CONWD OR IN CONTROL 1 OR 2
STA CONWD PRESERVE MODIFIED WORD
4
ISZ NARGS DONE®
JMP START NO
JMP FINIS VYES
X
AROSF CLA, INA TRKES CARE OF NO SFIFT CASE
JMP ARO
X
X
MINUS CMA, INA GET ITS POSITIVE UALUE
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2058
0958
0860
9861
9062
9063
2064
2065
2066
20867
020868
AeED
2070
0e71
peve
0073

0874 .
€75

2876
8077
8878
a7y

o286 -

631
ges82
8083
0034
6085
0036
ses?
oQ B8
oess
eese
0e91
8e9e
@es3
0e94
e8gs
ée96
ees7
2898
2e9s
8169
etel
o162
é1@3
g1e4
6185
6186
0167
9188
0168
2119
8111

JSB CHOSC GO PICK CONWRD

ADA

sD~-1 DEC A FOR @ COMPATABILITY

§ZA,RSS

JHAP AROS1 JMP IF A=0Q
IOR SHFTI OR IN SHFT INST
STA SHFTI1
CLA, INR PLACE 1 IN BIT 9

SHFT1 NOP
ARQ1 cna

COMPLIMENT BIT WORD

AND CONUD
STA CONUD SAVE IT

JMP

X
ARCS1 CLA,

JHP

4
FINIS LDB
. OTB
LDB
oTB

LDAa

8ZA

Jnp
JSB
DEF
DEF
DEF
USOFF JhP

START

INA
RRO1

CONWD

RELY1 IST WRD OUT
CONUZ

REL2

MPSAY

WSOFF
EXEC
X+3
RC30

De
RELAY,I

BE MODIFIED WORDS ARE THEN PUT
IN PROGRAM LINE

HOSC NOP
cay
ADA

SZA,

Jnp

5%A,

JAP
E16 CYA
LDB
STB

X
%
X
X SUB TO PICK CORRECT CONTROL WORDS TO
LS
X
X
¢

SAVE A IN REG VY
=D-16 1€ CHN LIMIT ON CARD
RSS IF @=2’S 18
E18
RES SKIF ON NEG
GTi6
GET A BACK COME HERE FOR =16 (R
BANK1 LT 16
ARD

LDB BANKI1+1

STB
STB
LDB
STB
JHAP

GTi6  LDB

ARD+1

ARQL42
BANK1+2
ARD1+1
CHOSC, I

BANK2



giig
@113
8114
8115

8118 .

8117

8118

0Lig
@igoe
121
etza
g123
@124
0128
eize
0127
eie8
129
9130
9131
ei32
2133
e1i34
0135
9136
0137
XXX

X

Dig
RC3¢
231

be
SHFTI
CONUYD
CONUR
X
BANK1

BANKZ

NARGS
MPSAY
b 4

LIST E

STB AROD

LDB BANK2+%
STE ARDO+1
STB AROL+E
LDB BANKZ+2
STE ARQi+1
JHP CHOSC,I

DEC 16

DEC 398

DEC 1

DEC ©

OCT 189620
NCP

NOP

IOR CONUD
ST4 CONUD
AND CONUD
IOR CONUZ
STA CONU2
AND CONUZ2
NOP
NOF

END
ND xxxx%
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:LIOSOlD .9&0

0601
ogog
0803

Qo904

eges
eges
28007
2008
2009
0e18
9011
ep1z
2013
6214
eQis
8016
8017
2018
3019
eeze
g021
2oze
8023
apa4
geas
2026
eea?
eect
gecs
8939
9831
g3
8033
0034
0035

8636

2637

9938
9839
ag40
0844

ag42

6843
0044
8045
3046
8947
8048
2049
0050
8051
0a52
9953
8054
0955
2056
0057

ASMB,R,L,F

NAM XDAC,7

ENT DaAC

EXT .ENTR,EXEC

b 4

UMP EQU 10B
MPFLG EQU 271B
b 4

NN BSS 1 NUR OF CHNS TO BE MODIFIED

ICN B5S 1 INT.

ARRAY FOR CHN NUMS

URO B5S 1 RERL ARRAY FOR OUTPUT V'S
X
DaC NOP ENTRY--CALL DAC(NN, ICN,UNO)

JSB LENTR
DEF NN

LDA MPFLG
STA MPSRVY
SZA

JMP MPOFF
JSB EXEC
DEF x+3
DEF RC39
DEF D{

X

MPOFF LDA HNN,I
CRA, INA
STA NLOOP

LOOP LDA ICN,I
IsZ ICN
ADA =D-1%
5Ta TEWMP
LDB CONi

OTB UMP
NOP
NOP
NCP
NOP

NOP

STC UMP,C
SFS UumMpP
Jme x-1

DLD VMG, I
IsZ2 UMO
IsZ umo
FMP FCTR
FIX

CHK mMP 8TS
SAVE PRESENT STS
SKIP IF MP ON

CALL EXEC MP TURN OFF

GET NUM OF CHNS
NEGRTE IT
SAVE FOR LOOP INCREMENTING

GET FIRST CHN TQ BE MODIFIED
INC POINTER
SUB 1 FOR @ CHN BIRS
SAVE 1T
GET CONTROL UWRD
CONTROL WORD CONDITIONS DACS
ouUT PUT 1T
STALL 8 USEC PER BOOK

ENCODE CONTROL
SPIN UNTILL IT ARCCEPTS CONTROL

GET 1ST VOLTAGE

INC POINTER

aND TIME REARL ARRAY
MULT BY 12 BIT FACTOR
FIx TO INTEGER IN REG A

AND =Boe@77?? CLR UPPER 4 SLOT BITS

LDBE TEMF
BLF

BLF

BLF

IOR 1B

THESE HOLD CHN ID
GET CHN NuUM
SHIFT 12 BITS

OR TO REG A




9058
9259
0960
de6i
gaesad
ess3
0264
98865
2386
gag7
2068
0BT
ee7e
ee7l
geve
2973

8074,

£07%
8876
2877
2078
0079
0080
281
89082
0@83
0084
9085
0@8s
0e87?
20883

b4
WSOF
b 4
NLQOO
CON1L
FCTIR
RC39
D1
Do
TEMP
MPSA

oTa UNP

NOF
NOP
NOP
NOP
NOP
STC UMP,C

NO WAIT FOR FLAG

ISZ NLOOFP DONE®?
JMP LOOP NO

LDA MPSAY  RESTORE MP AS NEEDED

SZA
JMP UWSOFF
JEB EXEC
DEF %+3
DEF RC3@
DEF D@
FJMP DAC,I
P NOP
OCT 172166
DEC 262.45
DEC 3¢
DEC 1
DEC o
NOP
y NOP
END

XKxxx LIST END %xx%x

&
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LI,

2021
goeoc
eon3
ged
2005
BCvas
o0a7
goasy
gevy
9@
guil
geic
8ai13
eaiq
8015
go16
Qa7
goiR
pois
eaze
gacl
gega
aez3
EL
0225
ea2e
oz’
0228
2028
20830
8931
go3e
@33
2034
0035
9036
2037
@e38
ee38
Q40
ee4t
pR42
9943
8844
Q@45
0246
Q@47
ag48
Qa449
geLo
20% 1
Patz
1535
ot 4
QQts

|ete

Qesy

,1)

FTH4,L

1%
11

13

27

a9
28

STRAN

PROGRAM SPLI(3)

COMMON TCS(134)

DIMENSION IDATA(R2Q0:,IBJFF(256), ICHAN(E,5),ITUIS ), ITHIE),
STRAN(10239¢), TIME 1 1¢0Q2),G8C0ALIE4),NAMEL(3),IZEKO(E4)
STUEL(I)

EQUIVALENCE(GSCHAL(1), IBUFF (1291, (IZERO(1), IBUFF (65))

DATE ITU/2HMI,2HCR,2HCS, 2HTR, 2HRI,HN 7

DaTe ITH/2KTI,2HMME,2H (M, 2HSE, 2HC Y/

DATH TUEL-ZHU(,2HNMP, 2HH)

DATE NAME1-2HGA, 2HGE 2 -

ID = 2HX

CALL EXEC(23,1D)

CALL EXEC(18,NAMEL,ISECT,9)

IF(ISECT .NE. @)GO TO &

WRITE(1,17)

FORMAT(*GAGE FILE NOT FOUND®)

STOP

CALL EXEC(:4,2B,IBUFF,256,NANEL.O)

WRITE(L1,1@1:

FORMAT(®PCM CHANNEL",&X, "GAGE NUMBER®,S5X,
*ZERO OFFSET",5X,"SCALE FACTOR")

DO 193 I = 1,64

IFIGSCAL(I)Y .EQ. 2.1 GO TO 103

FORMAT(BX,I2,18X%,14,14X,14,18X,E12.4)

YRITECL,182) I, IRUFF(I),IZEROLI),GSCALIT!

LONTINUE

WRITE(1,115)

FORMAT(*TO CHANGE CHANNEL NUMBERS, RUMN PROG 5TRES®)

D¢ 1 I = 1,5
DGlJ“I;S
ICHANC(I,J) = @

WRITE(1,19)

FORMAT (*ENTER NUMBER OF LINES TO PLOT(MAX OF 43)%)
READUL,XY NLIKE

N =1

WRITE(2,113 N

FORMAT{"ENTER CHANNE_ NUMEERZ ~OR LINE ",I23

I =1

READL,%Y ND

ICHRHNIN,I Y = NO

IF(N .GE. NLINE)Y GO TO 27

N = M + %

GO TG 1%

CONT INUE

N o= NLINE + 1

ICHANIN,1 Y = 33

LRITE(L1,28)

EORMAT(YERTER NUMBEF OF PCM SCANS FOR PLOTTER":
FEAD{1,X 'NSCNS

IZHYMN = B4
ICHMY = 1
Ge 34 1 = 1
b 31 J = 1
IF{ICHANIT,
IF{ICHANMY T,

LEQLBIG0 TO 31

5
5
3
}OOLTVICHMNIICHMN = ICHANCI, T

1
J



gpez
esg
ahnd
¢Ppl
Qo
Qeel
pen4
0055
Q286
267
9PE3
wong
Qa7e
a7l
gere
G873
ea74
gaze
Lo TE
@aTm
LT
2R
pRE
$ag |
VeEn
agel
QR4
DaEG
gREs
0887y
aess
PRED
2ega
517050
a9z
293
2054
pess
@aets
ees?
AeYs
@93
aioed
agiet
102
2163
01024
2les
2186
gl1av?
B108
8189
@1ie
8114
aite
2113
gli4
211t
.911E
8117

31

33

32

48

47

48

1
117

TFCICHAN LT, J Y. GT. ICHMXYICHMX = ICHANCI, I
CONTINUE
MCH = ICHMX-ICHMN+1

LDATR = MNCHXNSCNS

IFBCD = ICHMN

ILBCD = ICHMX
TALL BNECDCIFBCD)
CALL BMECD(ILBCD)

IF {LDaTA .GT. 20@2)IG0TD 28
IDATA(L ) = IFBCD

IDATA(E:; = ILEBCD
CALL EXEC(1,1@7E,IDARTA,LDATA)
CALL PCSCLCIDATA,LDATA)
NL =
K =1

IT = @
DO 38 T = L,LDATA

I = (I-1)sNCH
ICH = I ~ TUKNCH + ICHMN - 1
IF(ICH.NE.ICHAN(NL,K G0 TOC 32
IT = IT + 1
IFCIT .GE. 1208 STCP 30
TIME{IT} = .3¥FLOAT(ICH) + FLOAT(IUX20,
SDATA = (IDATACI) - IZEROD(ICH)D
STRAN(IT} = SDATRXIGSCAL(ICH)
K= K + 1
IFCICHAN(NL,K) JEG. 9) K = 1
CONTINUE
IF{NL LGT.NLINE)Y GO 70 47
IFENL LGT. 1) GO TQ 486
CALL PLOTS
I1 = IT + 1
I2 = IT + 2
STRAN(IL{) = ~1@00.
STRAN(IZ) = S99,
IFcIg (GE. 1008) S5TOP 31
CALL SCALE(TIME,&6.,IT,1)
CALL AXIS(.5,.5,ITH,-18,6.,0.,TIMECIL), TIMECIZ )
CALL AXIS(.5,.5,ITV,i2,5.,90,,5TRAN(IL),STRAN(TI2 ¢
CALL TGRID(.5,6.5,.5.5.5)
CQLL pLOT(oS) 05,"3)
CALL LINE(TIME,STRAN.IT,1,8,NL,
NL = NL + 1
GO TG 33
CaLl PLOT(2.,3.0,-3)
caLl aAxXIs(6.,@.,IVEL,-6,2.,990.,0,,3¢,)
STRAN(IL1) = 0.
STRAN(IZ) = 3@.
CALL LINE(TIME,STRAN,IT,1,5,NL?
CRLL ANMDE
CalLl TINPTOM
CALL PLOT(¥.,0.,98%1
WRITE(1,52:

FORMAT(*MORE PLOTS?*)
READ(L,117) IANS

FORMAT ta2)

IFCIANS JEQ.EBKYE) GO TO 2
STOP

END

ENDS

XXry LIST END X¥kx

@
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