United States Patent (9 (111 Patent Number: 5,056,367
Marshall 451 Date of Patent: Oct. 15, 1991
T NIC LINEAR MEASUREMENT
[>4] ULTRASONIC L FOREIGN PATENT DOCUMENTS
SYSTEM
[75] Inventor: Scot H. Marshall, Slidell, La. 54-99665  8/1979 JaApan ......ccecvrrrivierirerererernenee 73/622
[73] Assignee:. Martin Marietta Corporation, OTHER PUBLICATIONS
Bethesda, Md. Igor Aleksandrovich Viktorov, Rayleigh and Lamb
[21] Appl. No.: 329,939 :’:clivgé. (Plenum Press: New York), 1967, pp. 1, 67, 92
iled: . 29, 9 . .
(22] Filed Mar. 29, 198 Primary Examiner—John E. Chapman
[51] Int, CLS ooeieeeeecenecerncecesecnene GO1H 5/00 Attorney, Agent, or Firm—Pravel, Gambrell, Hewitt,
[52] US. Cl oo 73/597; 73/1 DV, Kimball & Krieger
73/17; 367/127
[58] Field of Search ................ 73/597, 598, 622, 637, 7] ABSTRACT
73/638, 1 DV, 1J; 367/127 An ultrasonic linear measurement system uses the travel
[56] References Cited time gf surface waves along the perimgter ofa thff:e-di-
mensional curvilinear body to determine the perimeter
U.S. PATENT DOCUMENTS of the curvilinear body. The system can also be used
3,299,696 1/1967 -Dickinson, IIT .....coccoeceene 73/71.5 piece-wise to measure distances along plane surfaces.
3,720,098  3/1973 Dixon oo 73/597 The system can be used to measure perimeters where
3,896,662 7/1975 Camp et al. R 73/61.8 S use of laser light, optical means or steel tape would be
i’%z'gi‘; 1?;13;(7) ?a Costa \l’xelra etal. .. 2353/ 6175/1125 extremely difficult, time consuming or impossible. It
4386527 6 /1983 N;ause BLAL s can also be used to determine discontinuities in surfaces
,386, aucher . . . R
4,539,847 9/1985 Paap ... of known perimeter or dimension.
4,567,747 2/1986 Matay ...
4,630,226 12/1986 Tanaka .......ccccoevvevveeeernnns 14 Claims, 10 Drawing Sheets
203
1 m‘a
VAN [ 7/,) 205 o, < 9 2041 2 /6
D ,
j AL IVAR7 S SR TALY SR 3 \N A S 4 A L R S S A AR A VAWAR VARVAR VA WA WANWAWEVERVA}
O J
90 1z
2/5
207 2/9/

/7




Sheet 1 of 10 5,056,367

Oct. 15, 1991

U.S. Patent




Sheet 2 of 10 5,056,367

Oct. 15, 1991

U.S. Patent

38

\
Aw-

=1l

Ny

e 57
F1G. 4




U.S. Patent Oct. 15, 1991 - Sheet 3 of 10 5,056,367




U.S. Patent Oct. 15, 1991 Sheet 4 of 10 5,056,367

//0
24 /8 /
: 2
/03 N %ﬂ AT . / %// /03
ol 29/:” 2 2 [ 24 el

lllllllll

/0/-) y /g 5 5/ 52/ /02/ / / &/0/

/7
FIG. /0
43 /06
//05 /43 / / /05
| A i 7 4
{ / 7]
i ]
o \ °
° _ 104 °
° » - ° i
/
o /04— o

FIG. 1/ F/G. /Z



U.S. Patent Oct. 15, 1991 Sheet 5 of 10 5,056,367

14/ %
—3 /55 /36
143 %4/?3 V2%
192 E =A—— /57 /38
— |z
o/
/40——J </56 /46/
FIG. /13
/156 155

Y

AY - \ N
/56-/ (/ L0 (/4/ L/4g L/%J \/4/ N /42

/35 143
F/G. 14
/340 294 /523 Jz/ 3277
= ST ey
3 Vg 3 Y ~——%0
LT
38 /40
FIG. 154
/17 /4// 50y
= 350 =R }4/0
Kwﬁ \\ =~ 463 ¥ \\\ 2
SN LA
/40 C 40

FI1G. /58 FIG. /15C



Sheet 6 of 10 5,056,367

Oct. 15, 1991

U.S. Patent

2/ 9O
(7eprcntso) o \_\Q\.N\.\.\\Q\\,\\}\\ 7577 h 2/ M
AL TN THH ™ PN auerrery So0on
llllllllllllllllllllllllllllll w\ Q e ——— - -
oy [ H. TeU IR .m 711307y | [ L/wswvars
_ i 3 2R (7#vorido): FS /%
\ w oz )y —&.- TN ( Q\\\.ﬁv ! s/ | e A @\
8 t e ] JIN b 78 7/l o/
ST L SEOSNIS N ) 7O oI
» ) i X T OVHAUS i I
popenampaoa |y || Avovaw “ y
R LTI N N T smmoswres
NI 3 Vide/
LIOLNIYY Iy |3 % : X \w/\_ oiposvem | 4777
gz 1Y L RS A 5 (.

2 | SRR e i
NI, SEALIIV YD o S R R Favien .
790 SUNPLENT T, LI IN N TIVVY JFIMS e
oL WNOLLIV T « de o X NIVO-.
LTS 1INV FFODIHL « LR ﬁ: FOON At 7S/ «
LVOY LTS TN | | AWV ITO7YS
AN LNOYT Lvwolly (d/1LFS TNV
Y 7 /N0 UINOYS DILIWAUTY

.
SO/LSILEUS [ $AVT NN TNICHWY et
(7 4d

HTOIYL /NS TAM ST LIIdLI1O OFT/N




U.S. Patent Oct. 15, 1991 Sheet 7 of 10 5,056,367

92 /% g2~ 203

FIG. /8




U.S. Patent

Oct. 15, 1991 -

Sheet 8 of 10

5,056,367

4‘_>]
25 & Af#
328 /18
a
29 92y g (7% f‘(ya
30' , 324 il . \ sz
bt 23
95 323 Y1/ 32_'2
z "3 /e 32/
17
FIG. /9
203
203
205 Z 204 /6

il

LV AW \ WA A S & LA S A L AN A4 7/[/11/1/[][/1/1/‘[/'/.1

2/5

/12
g2

N

93




U.S. Patent Oct. 15, 1991 - Sheet 9 of 10 5,056,367

///7 3/0/ 3287 #2724.5’2/ 323

= f — 324 327

VAR L A S LR B S BT SR AW A &

IIIIIIIIIIIIII

(324 29_/"" ........................................... ;.;.E.... o

325
S AN \'\/\X’\\\‘\\\\Kx\\\\\\\\ﬁ
‘ (a5 Lao 32 ‘s Cq '

FIG. /15D

%783) JL [
85 &4

&\\\\\\ SO N N T TN S

g /7/_”




U.S. Patent Oct. 15, 1991 - Sheet 10 of 10 5,056,367

520
54/ 54/
lﬂl/“s 570 525 520
777 777 7 TN 7777 7T 772 T 7T T T AT 777777
7 B
522 — &
=g 523
542 S V523
' s 529 : 524 25 529 < o
] ‘628 57, g;g \ i
543 5/3 5/ = S/ ! 543
? \X\\\l\\\\\\\\\\\\\\\\l\l\\\\\\\
. (g0 ( (e L
55/ 4 5/2
2‘54—l
552 544
544
FIG. 24
45
529 530 7 Y /540
26 N—527 L ll" 542
\__ 4 o ——Ll 5¢3
528 [ \\ 52 547 -
2\ P 546 Load

5/Z

FG. 25 FIG. 26



5,056,367

1
ULTRASONIC LINEAR MEASUREMENT SYSTEM

The invention described herein was made in the per-
formance of work under NASA Contract No. NAS
8-33708, and is subject to the provisions of Section 305
of the National Aeronautics and Space Act of 1958, as
amended (42 U.S.C. 2457). NASA signed a patent
waiver (NASA Patent Waiver W-2697, NASA Case
MFS-28, 266-1) for the invention on Sept. 26, 1988.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to measuring apparatus, and
more particularly to length measuring apparatus.

2. General Background

The External Tank 2 (FIGS. 1 and 2) of the Space
Shuttle System 1 is a very large cryogenic tank with a
relatively thin wall. Tank 2 is generally made of welded
aluminum (2219) and is nominally 331.000 inches in
diameter (86.656 feet or 1,039.867 inches in circumfer-
ence). The wall of tank 2 is nominally 0.200 inches thick
(3% of the thickness of its diameter). If tank 2 were
reduced proportionally so that its diameter were equal
to that of a soft drink can, the tank 2 wall would be one
half the thickness of the soft drink can wall. External
Tank 2 comprises a number of cylindrical barrel sec-
tions 4 and dome structures 6 which are welded to-
gether. Because of the thinness of the wall, the perime-
ters of two barrel sections 4 which are to be welded
together must be manufactured within close tolerance
(£0.02 percent). If not, the out-of-tolerance section 4
may have to be discarded, which is a very expensive
proposition.

The current method of perimeter measurement of
tanks such as tank 2 involves using a steel tape. The steel
tape is pulled with constant tension around the surface
to be measured. Care is taken to ensure that the tape
remains in the same measurement plane. The tempera-
ture is determined using a hand-held surface probe.
Several measurements of the surface temperature are
taken and averaged to determine the nominal tempera-
ture. The measurement is then corrected to account for
the difference between the nominal temperature and
some reference temperature. It normaily takes approxi-
mately one hour to perform the steps necessary to ob-
tain one measurement. Anomalies in the steel tape used
for the measurement and defects in the surface to be
measured can adversely affect the measurement. Since
the measurement is technique-dependent, it is difficult
to maintain a high degree of repeatability without sig-
nificant training. Thus, using a steel tape, it is difficult to
obtain a repeatable and accurate measurement of the
perimeter of an External Tank section 4.

SUMMARY OF THE INVENTION

The present invention comprises a system for using
ultrasonic waves to make linear measurements. The
system is particularly useful for making perimeter mea-
surements of curvilinear surfaces, but can also be used
to make linear measurements of plane surfaces. More-
over, the system can be used to make linear measure-
ments where the use of conventional measuring means
would be extremely difficult or even impossible. It can
measure perimeters having lengths of more than 1000
inches, as well as shorter lengths. In piecewise fashion,
it may be used to measure unlimited distances. It may
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also be used to determine discontinuities of surfaces of
known dimension.

BRIEF DESCRIPTION OF THE DRAWINGS

For a further understanding of the nature, objects,
and advantages of the present invention, reference
should be made to the following detailed description,
taken in conjunction with the accompanying drawings,
in which like reference numerals denote like elements,
and wherein:

FIG. 1is a side view of a Space Shuttle System com-
prised of an orbiter 3 mated to an External Tank 2 to
which two solid rocket motors 5 (one shown, one oppo-
site) are attached.

FIG. 2 is an exploded view of the external tank
shown in FIG. 1.

FIG. 3 is a perspective view of sensor assemblies of
the present invention attached to a section of the exter-
nal tank.

FIG. 4 is a perspective view of a cabinet housing
electronic equipment in accordance with the present
invention.

FIG. 5 is a perspective view of a wedge which is
shown in use in FIG. 10.

FIG. 6 is a perspective view of a wedge which is
similar to that shown in FIG. §.

FIG. 7 is a bottom view of a wedge which is shown
in FIG. 9 in accordance with the present invention.

FIG. 8 is a perspective view of another wedge in
accordance with the present invention.

FIG. 9 is a perspective view of another wedge in
accordance with the present invention.

FIG. 10 is a sectional view of the system shown in
FIG. 3.

FIG. 11 shows a return waveform produced by the
apparatus of the present invention.

FIG. 12 shows the waveform of FIG. 11 displayed
over a shorter time interval.

FIG. 13 is a plan view of a reference standard in
accordance with the present invention.

FIG. 14 is an end view taken along lines 14—14 of
FIG. 13.

FIG. 15A is a side view of a sensor assembly in accor-
dance with the present invention.

FIG. 15B is a side view of a sensor assembly in accor-
dance with an alternative embodiment of the present
invention.

FIG. 15C is a side view of a sensor assembly in accor-
dance with another alternative embodiment of the pres-
ent invention.

FIG. 15D is a sectional view of a sensor assembly in
accordance with yet another alternative embodiment of
the present invention.

FIG. 16 is a schematic diagram showing the intercon-
nection of various components of the system of the
present invention.

FIG. 17 shows the system of the present invention
being used to measure the perimeter of an External
Tank section.

FIG. 18 is a view similar to FIG. 17 showing the
system of an alternative embodiment of the present
invention in use.

FIG. 19 is a perspective view of the sensor assembly
shown in FIG. 18.

FIG. 20 is a cut-away view taken along lines 20—20
of FIG. 19.
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FIG. 21 is an end view of a curvilinear object whose
perimeter can be measured with the system of the pres-
ent invention.

FIG. 22 is a side view of another embodiment of the
sensor assembly of the present invention.

FIG. 23 is a an end view showing the sensor assembly
of FIG. 22 in use.

FIG. 24 is a sectional view of the preferred embodi-
ment of the sensor assembly of the present invention.

FIG. 25 is a detail thereof.

FIG. 26 is a view of a clamp used with the sensor
assembly shown in FIG. 24.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A preferred embodiment of the present invention is a
portable ultrasonic linear measurement system compris-
ing a portable ultrasonic sensor assembly 10 (FIG. 3), a
portable temperature sensor assembly 20, and a portable
data/signal processing assembly 30 (FIG. 4). Multiple
systems may be used concurrently to make a multiplic-
ity of simultaneous measurements in various dimen-
sions.

The portable data processing assembly 30 (see FIG.
4) comprises a portable cabinet 31 having shelves 32-37
and four wheels 38 (only two of which are shown in
FIG. 4) and containing all data/signal processing equip-
ment. For example, an ultrasonic transceiver 40 sits on
shelf 32. Ultrasonic transceiver 40 comprises a main-
frame 41 and a display chassis 42 having a display
screen 43, the purpose of which will be described be-
low. A timer 44 sits on shelf 34. A computer 45, includ-
ing data storage 56, a printer 55, a display 46 and a
keyboard 47, sits on shelf 35, which slides out of cabinet
31 to make access to the computer 45 and keyboard 47
easier. A data acquisition unit 48 for temperature mea-
surement sits on shelf 37. One or more of components
40, 44, 45, and 48 may be combined into a single, more
compact device.

Portable ultrasonic sensor assembly 10 comprises a
sensor housing 11 in which ultrasonic wedges 12 and 13
(see FIG. 10) are disposed. Sensor housing 11 comprises
sections (for example, two sections 28 and 29) which are
individually or collectively adjustable with respect to
one another. Sections 28 and 29 have holes and slots,
respectively (not shown in the drawings), through
which bolts 26 and 27 pass, securing housing 11 to
clamps 16 and 17. Wedges may be temporarily or per-
manently affixed to each housing by various means (for
example, adhering, clamping, screwing) and disposed at
various angles relative to each other including 0°. For
example, screws 25 may extend through holes in sec-
tions 29 and 28 and internally threaded spacers 24 ex-
tend between vertically aligned screws 25. Wedges 13
and 12 are placed between or affixed to sections 28 and
29 of housing 11, and threaded cylinders 24 are rotated
in a direction which draws sections 28 and 29 together,
clamping wedges 12 and 13 therebetween, thereby fix-
ing the positioning of wedges 12 and 13 180° relative to
one another.

Ultrasonic wedges 12 and 13 each comprise a wedge
50 (shown in more detail in FIG. 5) having a first sur-
face 51 for acoustically contacting a subject surface area
of a body to be measured and a second surface 52 for
acoustically contacting an ultrasonic transducer. An
ultrasonic transducer 14 acoustically contacts second
surface 52 of ultrasonic wedge 12 and an ultrasonic
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transducer 15 acoustically contacts second surface 52 of
ultrasonic wedge 13.

" Surfaces 51 and 52 are relatively oriented such that
ultrasonic waves emitted or received by ultrasonic
transducer 14, when it is in acoustic contact with sur-
face 52 of wedge 12, generate or detect surface waves
which travel on the surface of a body when surface 51
is in acoustic contact with the surface of the body.
Wedges 12 and 13 are relatively oriented such that
ultrasonic waves emitted by transducer 15, when it isin
acoustic contact with surface 52 of wedge 13, generate
surface waves which travel on the surface of a body in
a desired direction relative to (such as opposite to) that
of surface waves generated by transducer 14 when it is
in acoustic contact with surface 52 of wedge 12.

Clamps 16 and 17 apply pressure between housing 11
and the wall of tank section 4, clamping wedges 12 and
13 between housing 11 and the wall of tank section 4.
There is preferably a coupling fluid between first sur-
faces 51 of wedges 12 and 13 and the wall of tank sec-
tion 4 to ensure that surfaces 51 acoustically contact the
wall of tank section 4. There is also preferably a cou-
pling fluid between second surfaces 52 and ultrasonic
transducers 14 and 15 to ensure that the transducers 14
and 15 and the wedges 12 and 13, respectively, remain
in acoustic contact with each other. Cables 18 and 19
connect ultrasonic transducers 14 and 15, respectively,
to ultrasonic transceiver 40.

Portable temperature sensor assembly 20 (FIG. 3)
comprises a temperature sensor 21 and a toggle clamp
22, which serves as a means for maintaining the temper-
ature sensor in thermal contact with a structure whose
temperature is to be monitored, which, in FIG. 3, is the
wall of tank section 4. A cable 23 interconnects temper-
ature sensor 21 and data acquisition unit 48. Tempera-
ture sensor 21 is preferably a responsive, sensitive, high
accuracy device such as a platinum resistance tempera-
ture device (of suitable durability). There may be many
such assemblies 20. Nominally there are four assemblies
used for most measurements.

FIG. 6 shows an alternative embodiment of a wedge
in accordance with the present invention. Wedge 60 has
a first surface 61 for acoustically contacting a subject
surface area of a body to be measured and a second
surface 62 for acoustically contacting a transducer, such
as transducer 14 or 15. Wedge 60 also has a heel 63
projecting perpendicularly outward from adjacent first
surface 61. Heel 63 has a surface 64 which abuts against
an end of a body whose length is to be measured. Heel
63 acts as a means for assisting in the orientation of
wedge 60 relative to the surface of the body. Wedge 60
can be used to determine the length of finite length
surfaces, such as semicylinders or plates. The operation
of wedge 60 will be described below.

Wedge 80, shown in FIG. 8, is another embodiment
of a wedge in accordance with the present invention.
Wedge 80 has a first surface 81 for acoustically contact-
ing a subject surface area of a body to be measured,
second surface 82 for acoustically contacting an ultra-
sonic transducer 84, and a third surface 83 for acousti-
cally contacting an ultrasonic transducer 85.

Surfaces 81 and 82 are relatively oriented such that
ultrasonic waves emitted or received by ultrasonic
transducer 84, when it is in acoustic contact with sur-
face 82, generate or detect surface waves which travel
on the surface of a body when surface 81 is in acoustic
contact with the surface of the body. Surfaces 81 and 83
are relatively oriented such that ultrasonic waves emit-
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ted by transducer 85, when it is in acoustic contact with
surface 83, generate surface waves which travel on the
surface of a body in a desired direction relative to (such
as opposite to) that of surface waves generated by trans-
ducer 84 when it is in acoustic contact with surface 82.

Another embodiment of a wedge in accordance with
the present invention, wedge 90, is shown in FIGS. 7
and 9. Wedge 90 comprises a block 98 having a first
surface 91, a recessed transmission chamber 72, a reser-
voir 71, a vent 75, and fluid passageways 73 and 74
providing fluid communication between reservoir 71
and recessed transmission chamber 72. Vent 75 is re-
cessed further into block 98 than is recessed transmis-
sion chamber 72, and provides a means for allowing air
bubbles to escape from recessed transmission chamber
72 through passageway 74. Reservoir 71, vent 75, and
fluid passageways 73 and 74 may be recessed in any
surface as may be advantageous, based on the desired
orientation of block 98 with respect to gravity. A cover
plate or cap for reservoir 71 may be added.

When wedge 90 is to be used on rough surfaces,
rubber or other sealing means may be provided on sur-
face 91 to maintain couplant within the area of wedge
90.

Wedges 80 or 90 may additionally comprise a heel,
such as heel 63, or other means of edge reference. Re-
cessed transmission chamber 72 may be omitted from
wedge 90. Wedges 50, 60, 80, 90 may include certain
characteristics as described in any of the other wedges
as the application requires.

Block 98 has disposed therein recesses 96 and 97 in
which are disposed cylinders 94 and 95, respectively.
Cylinders 94 and 95 are capable of being indexed with
respect to block 98. A second surface 92 of wedge 90 is
present on cylinder 94 and a third surface 93 of wedge
90 is present on cylinder 95. Cylinder 94 and recess 96
act as a means for relatively orienting first surface 91
and second surface 92, and cylinder 95 and recess 97 act
as a means for relatively orienting first surface 91 and
third surface 93. Surfaces 92 and 93 may be oriented
with respect to surface 91, at any angle between some
minimum and maximum.

Wedges 50, 60, 80, and 90 preferably are made of
acoustic grade clear acrylic plastic, a material well-
known in the industry and often used for acoustic
wedges.

FIGS. 13 and 14 show a reference standard 140. Ref-
erence standard 140 comprises a number of reference
lengths 131-138. Each reference length comprises three
reference thicknesses 141, 142, and 143. Each reference
length 131-137 also comprises an acoustic barrier
(151-157) whereby a slot is cut between a reference
length 131137 and the reference length (132-138) adja-
cent it. Acoustic barriers 151-157 may be cut at either
end of reference standard 140. It may also be cut at both
ends of the reference standard as required for direction-
ality. By way of example, reference standard 140 could
have a total length of 130.000 inches (3 scale), each
barrier 152-157 having a length of 16.250 inches, barrier
151 having a length of 8.125 inches, and each reference
length differing from the previous length by 32.500
inches, each thickness 141, 142, and 143 having a width
of 2.000 inches with thickness 143 having a reduced
width of 1.900 inches on each length 132-138 along and
beyond acoustic barriers 151-157, each thickness 141
having a height of 0.500 inches, each thickness 142
having a height of 0.320 inches, and each step 143 hav-
ing a height of 0.200 inches. One could provide a refer-
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ence standard whose dimensions are well known, and of
relative scale to, and constructed of the same material as
an object whose length or perimeter is to be measured.
The velocity of acoustic waves in the material can be
determined by using the measuring apparatus of the
present invention to measure the amount of time it takes
the acoustic waves to traverse these dimensions. The
velocity thus determined can be used to determine the
length or perimeter of the object to be measured.

FIG. 15D shows a sensor assembly 310 comprising a
sensor housing 111 and two wedges 312 and 313, which
comprise wedges 80. Bolts 324 affix a calibrated caliper
323 to sensor housing 111. Wedge 313 is affixedly at-
tached to housing 111. Wedge 312 is attached to caliper
head 321 by spacer 329, which extends through a slot
328 in housing 111. Caliper head 321 has a display 322
on the top thereof. Means for manual or automatic
vernier adjustment of the position of wedge 312 is pro-
vided. For example, a threaded rod 327 may be thread-
edly disposed in a nut 325 affixedly attached to guide
326 from housing 111, and is rotatably attached to
spacer 329. Movement of caliper head 321 along caliper
323 and tank section 4 may be effected by rotating rod
327. Caliper head 321 also comprises an automatic posi-
tion-sensing means which detects the position of wedge
312 and displays the position on display 322. It may also
send position information to computer 45. Wedges 90
could be substituted for wedges 80.

Sensor assembly 340 (FIG. 15A) is similar to sensor
assembly 310, except that wedge 313 is replaced with
wedge 60, and wedge 312 is replaced with wedge 50.

Sensor assembly 350 (FIG. 15B) is similar to sensor
assembly 310, except that wedge 50 replaces wedge 313.

Sensor assembly 410 is similar to sensor assembly 350,
and sensor housing 411 is similar to sensor housing 111.
Sensor housing 411 additionally comprises a heel 463
for referencing housing 411 against the end of an object
to be measured.

The preferred embodiment of the sensor assembly of
the present invention, assembly 5§10 (FIG. 24), com-
prises a sensor housing 511 and wedges 512 and 513.
While wedges 80 are shown as wedges 512 and 513,
they could be replaced by any of the above-mentioned
wedges. Sensor housing 511 is positioned on the surface
of tank section 4 by gravity or mechanical means such
as clamps 540 (FIG. 26) which comprise two jaws 541
and 544, a tongue 542, release mechanism 547, and han-
dles 545 and 546. An ablative material such as polytetra-
fluoroethylene (PTFE) spacer 543 prevents tongue 542
from coming into contact with and damaging tank sec-
tion 4. A PTFE bolt 551 and hand-adjustable nut 552
adjustably space jaw 544 from tank section 4. Jaw 541 is
attached to housing 511. A positioning assembly 520
comprises means for optimizing the angle between the
transducers 514, 515, 518, and 519 and tank section 4
and means for relatively orientating the axes of wedges
§12 and 513, for example, the X, Z, and Z-rotation axes.
There may be a Z-translation stage 521, an X-translation
stage 522, a goniometer 523 and a wedge attachment
means 524 attached to each of wedges 512 and 513.
Wedge attachment means 524 (FIG. 25) comprises two
brackets 529 and 530 joined by a screw 527 and a nut
528 which adjust their lateral displacement. A screw
526 secures brackets 529 and 530 to the base of goniom-
eter 523. Hand-adjustable screws 525 (some not shown)
rotate/translate positioning assembly 520 in housing
511
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When the ultrasonic linear measurement system of
the present invention is not in use, ultrasonic transduc-
ers 14 and 15 and wedges 50, 60, 80, and 90 may be
stored in a transducer case 49 on shelf 36 of portable
cabinet 31, and the remainder of ultrasonic sensor as-
semblies 10, 310, 340, 350, 410, 510, temperature assem-
bly 20, and cables 18, 19, and 23 may be stored on shelf
33. A bottle 53 containing acoustic coupling fluid 54
may be stored in cabinet 31 on shelf 36. Thus, all com-
ponents of the ultrasonic linear measurement system of
the present invention can be contained in cabinet 31,
which can be transported to the site where it is needed.

In operation, when it is desired to measure the perim-
eter of tank section 4, one wheels cabinet 31 to the
location of tank section 4. One places ultrasonic assem-
bly 10 in acoustic contact with the wall of tank section
4, as shown in FIG. 3. Temperature assemblies 20 (usu-
ally four) are placed in thermal contact with the wall of
tank section 4.

When tank section 4 comprises 2219-T87 aluminum,
wedges 50 preferably are approximately 2.070 inches
long, 1.475 inches high, with an angle of 63.40° between
surfaces 51 and 52, and may comprise part No. 57K0878
made by Stavely NDT Technologies; tranducers 14 and
15 are preferably 1 MHz transducers, such as part No.
57A8311 made by Stavely NDT Technologies; opti-
mum acoustic coupling can be achieved by using demin-
eralized water between wedges 50 and tank section 4,
and heavy viscosity ultrasonic couplant between
wedges 50 and transducers 14 and 15.

Once assemblies 10 and 20 are placed in acoustic
contact with the wall of tank section 4, an operator 70
(see FIG. 16) informs computer 45, via keyboard 47, to
begin operations. The computer communicates with
timer 44, data acquisition unit 48, and transceiver 40 to
perform diagnostic testing of each individual unit and
the entire system for proper operation. Computer 45
then communicates with each unit to load the proper
front panel settings for the particular part number or
test article under test. The sensors 20, 10, are then tested
for proper operation. The average temperature is deter-
mined and printed. Computer 45 communicates with
mainframe 41 of ultrasonic transceiver 40. Mainframe
41 causes ultrasonic transducer 14 to generate ultrasonic
acoustic waves 100 (see FIG. 10) in wedge 12 and initi-
ates timer 44 measurement through display output 43.
Waves 100 may be either longitudinal or transverse.
The relative orientation of first surface 51 and second
surface 52 of wedge 50 is such that the ultrasonic waves
100 produce ultrasonic surface acoustic waves 101 on
the surface of tank section 4 (as used herein, “surface
acoustic waves” or “surface waves” shall be understood
to describe both the theoretical Rayleigh surface wave
and the practical Lamb waves associated with thin
plates). Surface waves 101 travel on the surface of the
wall of tank section 4 in the direction of arrows 103 (see
FIGS. 10 and 18). When waves 101 reach wedge 13,
they generate ultrasonic acoustic waves 102 in wedge
13. Ultrasonic waves 102 are detected by mainframe 41
through transducer 15. The relative strength of return-
ing ultrasonic wave 102 is detected by transducer 15. It
is conditioned and amplified by mainframe 41 and is
displayed as waveform 104 on display 43 in the form of
voltage (vertical) as a function of time (horizontal).
Waveform 104, and specifically peak 106 (FIG. 12) of
spike 105 (FIGS. 11 and 12) is used by timer 44 to deter-
mine the time of propagation of waves 100, 101, and 102
from transducer 14 to transducer 15.
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Transducer 14 transmits a plurality of waves 100,
adjacent waves 100 being spaced far enough apart in
time such that a wave 102 corresponding to a first wave
100 generated by transducer 14 is detected by trans-
ducer 15 before the next wave 100 is transmitted by
transducer 14.

The measurement program in computer 45 deter-
mines the constant for the speed of ultrasonic surface
waves for the type of material making up tank section 4.
It obtains a number of individual temperatures from
data acquisition unit 48 (which received the tempera-
tures from sensor 21 via cable 23) and calculates their
average. It sets the correct signal level such that wave
form 104 will be detectable by timer 44, based on the
characteristics of the tank section 4 (approximate length
and type of material) and the average temperature. It
obtains a multiplicity of samples, for example one hun-
dred, each sample consisting of the measured time inter-
val between generation of wave 100 by ultrasonic trans-
ducer 14 and the receipt of wave 102 by ultrasonic
transducer 15. It deletes out of range samples, and ad-
justs the measurement for temperature, shift and trigger
point, distance between transducers 14 and 15 and other
offsets and corrections. It then plots average tempera-
ture and average length, then it prints the time, signal
strength, length, temperature, standard deviation, and
number of samples used.

Detailed information about the software used in the
present invention, including a copy of a program, can
be found in Appendix A attached hereto. Detailed in-
formation about the hardware can be found in Appen-
dix B.

FIGS. 18, 19, and 20 show a portable ultrasonic sen-
sor assembly 110 which is similar to, and can be used
instead of, portable ultrasonic sensor assembly 10. It can
be used to determine the propagational velocity of, and
to measure the perimeter of, a curvilinear body, such as
tank section 4. Portable ultrasonic sensor assembly 110
is advantageous in that only the relative offsets of the
wedges used need be known. Additionally, the velocity
of surface waves on the surface of tank section 4 can be
determined at the same time that the distance is being
measured, as will become apparent shortly.

Transducers 114 and 215 (not shown in FIG. 18) are
placed in acoustic contact with surfaces 92 and 93 of
wedges 112 and 113 (each of which comprises a wedge
90 as shown in FIGS. 7 and 9), respectively. Wedges
112 and 113, which could alternatively comprise
wedges 50, 60, or 80, are placed a predetermined dis-
tance apart. Wedge 113 is clamped to sensor housing
111 in the same manner that wedges 12 and 13 are
clamped to sensor housing 11 and wedge 112 is attached
to caliper head 321 through spacer 329. Wedges 112 and
113 and housing 111 are placed in acoustic contact with
tank section 4 with clamps 116 and 117 with first sur-
faces 91 of wedges 112 and 113 in acoustic contact with
the surface of tank section 4. Acoustic coupling fluid
(preferably demineralized water) is used to acoustically
couple surfaces 91 with the surface of tank section 4.
The coupling fluid is preferably poured into reservoir
71 after wedges 112 and 113 are clamped to tank section
4. Surfaces 92 and 93 of wedge 112 are oriented relative
to surface 91 of wedge 112 such that the signal strength
of the ultrasonic waves is maximized. This can be done
by trial and error by starting with surfaces 92 and 93
near the theoretically determined optimum angle with
respect to surface 91 and varying the relative angles of
surfaces 92 and 93 until the signal strength is at 2 maxi-
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mum. This normally takes only a few moments. The
same optimization technique is then performed using
wedge 113. Optimization takes place by alternating
between wedges 112 and 113 until no further optimiza-
tion is necessary. The positions of wedges 112 and 113
are then locked to prohibit inadvertent movement dur-
ing measurements. Offsets are entered into the com-
puter.

Once the proper angle between surface 91 and each
of surfaces 92 and 93 has been determined and locked in
place, measurement of the perimeter of tank section 4
begins. An ultrasonic wave 205 is generated by ultra-
sonic transducer 215, which is in acoustic contact with
third surface 93 of wedge 113. This ultrasonic wave
travels through wedge 113 and generates a surface
wave 202 on the surface of tank section 4. Surface wave
202 travels in the direction of arrow 203 to wedge 112,
where it generates an ultrasonic wave 204 which travels
through wedge 112 and is detected at surface 92 of
wedge 112 by ultrasonic transducer 114, which is in
acoustic contact therewith. Wedge 112 is then moved
an incremental distance from wedge 113 by rotating rod
327 and the previous steps are repeated. This process
takes place a multiplicity of times until the differential
velocity measurements converge statistically within the
required measurement tolerance. All the data is then
statistically analyzed and corrected for relative lateral
and angular position of the wedges. The velocity of
surface waves on the surface of tank section 4 is calcu-
lated by statistically analyzing the incremental time
intervals between transmission of the ultrasonic waves
205 in wedge 113 by transducer 215 and detection of the
ultrasonic waves 204 in wedge 112 by ultrasonic trans-
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ducer 114, and dividing the known, predetermined and
incremental distances by that time interval.

. The perimeter of tank section 4 is determined by
measuring the time interval between transmission of the
ultrasonic waves 205 in wedge 113 by transducer 215,
and reception of wave 204 by transducer 114 in wedge
112, and multiplying that time interval by the experi-
mentally determined velocity and correcting for certain
other constants (such as distance between wedges 112
and 113).

One could use a wedge 80 (FIG. 8) or 90 (FIG. 9)
without a sensor housing. For example, one could at-
tach cables 18 and 19 to ultrasonic transducers 84 and 85
(see FIGS. 22 and 23), respectively. A single wedge 80
would act as the transmitting and receiving wedge, the
ultrasonic wave being generated at surface 82 and de-
tected at surface 83. The wedge 80 could be placed in
acoustic contact with a surface (such as tank section 4)
whose perimeter is to be measured with one’s hand or
other mechanical means (such as clamp 17). The opera-
tion otherwise would be similar to the system using
wedges 12 and 13.

A three-dimensional curvilinear body 210 is shown in
end view in FIG. 21. One can readily see how difficult
it would be to measure the perimeter of body 210 with
a steel tape. Using the system of the present invention,
the perimeter of body 210 can be measured as easily as
that of tank section 4.

In view of the numerous modifications which could
be made to the preferred embodiments disclosed herein
without departing from the scope or spirit of the present
invention, the details herein are to be interpreted as
illustrative and not in a limiting sense.

APPENDIX A

A.l1 SOFTWARE OVERVIEW

A.2 SOFTWARE DESCRIPTIONS

A3 SOFTWARE LISTINGS

1.0 Software Overview

-

There arc four main programs that arc executed by the main computer;
‘Autost’. ‘DGNOSZ'. 'FPSMOD’, and 'TCC704". The programs included here are subject
to change without notice and are intended to generally convey the measurcment

process structure rather than focus on the specific commands. The software was
written in a Hewlett Packard version of the BASIC programming language (HP
Basic) for use on an 85B personal computer that has alvanced programming and
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[/O ROMs installed. The complete program listing fcllows this more general
description. :

1.1 Autost

Designated as 'Autost’. this program is automatically started (Automatically
started) on power-up. It initiates execution of the rest of the programs and sets
the system time and date.

1.2 DGNOS2

Designated 'DGNOS2', the program indicates the :e:ond major revision of
the program designed to perform the system diagnostics (DiaGNOStics II).
Included in the software are the communications, calibration, command string
and operation verification checks.

1.3 FPSMOD
Designated 'FPSMOD’, the program was designed to handle data base

inquiries, modifications, deletions, and additions, general.y described as front
panel setup modifications (Front Panel Setup MODificatiji:!

1.4 TCC704A

Designated 'TCC704', the program was designed to pertorm the measurement
and remotely control the individual pieces of equipment involved in the
measurement process. It includes a timer correction constant introduced in the

1987 major revision 04 (Timer Correction Constant - 1987 major revision 04).

2.0 Software Description

The following is a general description of the individual subroutines and
main drivers that form each program. The line numbers refer to the line on
which the subroutine begins. They are also indicated in the program printout by
the hand marked lines.

tJ
—

Autost

19

1.1 Main driver

Line # Description

10 Designation
20 Configuration: month-day-year-time
30 Initializations )
120 System time clock and date
190 transfer of control 10 DGNQOS2
2.1.2 Subroutines
None
2.2 DGNOS2
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Main driver

o
9
—

Line # Description

10 Designation

20 Configuration: month-day-year-time
30 Address definitions

130 Array definitions

133 Initializations

240 Check communications port

390 Check data acquisition equipment <{temperature sensors)
580 Check timer equipment

750 Check ultrasonic transceiver

860 Transfer of control to TCC704

970 Error Messages & transfer of control

2.2.2 Subroutines

2.2.2.1 Parallel interface (HPIB)
Line # Description
1100 Switching and Handshaking test
1370 Status bit test
1490 Error messages & transfer of control
222:% Data Acquisition Equipment (HP 3421A)
Line # Description
1600 Initialization test
1800 Configuration test

1920 RAM-ROM-A/D test
1980 Relay test

2160 Reference junction test
2190 General setup test
2350 Status word acquisition
2411 Status word printing
2223 Timer Equipment (HP 53354A)
Linc _# Description
2420 Serial Poll status check
2550 Initialization
2710 Seif Diagnostics
2224 Ultrasonic Equipment (QC 2000)
Line # Description
3890 Configuration check
4140 Error messages and transfer of ccntrol
4180 Print status bytes
4610 Automatic Gain Control
4860 Initial display setup (5000 ms window)
4950 Measurement display setup (50 nis vindow)
5040 Bit masks for gain control

5200 Check for signal level
5380 Error message and transfer of ¢-n
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5430 Store new setup
5530 Program module
5600 Store in memory block 1
5660 Recall current setup
5710 Recall setting in memory block 1
5790 Lock out front panel controls
5840 Set sweep length .
5970 Set blocking delay to center signal in display (50 ms window)
6060 Set divisor for echo or thru beam modes
6110 Get 100 time samples
6300 Check for samples within set tolerances
6410 Sort measurements and delete ones out of tolerance
General use
Line # Description -
4260 Part number data entry format
4420 Part number check and search
4530 HPIB Reset
FPSMOD
Main driver
Line # Description
10 Designation
20 Configuration: month-day-year-time
30 Initializations
110 String array definitions
301 Array definitions
308 Integer definitions
322 Real number definitions
410 Initializations
510 Main Menu
640 Change Menu
760 Add Menu
8§80 Print Menu
1000 Program -completion and transfer of control
1070 Error messages and transfer of control
Subroutines
General use
Line # Description
1100 Part number formatiing
1210 Part number check and search
1310 Part number delete
1440 Part number add
1680 Part number print
1780 Sensor combination changd'
1840 Sensor combination add
1980 Sensor combination print
2160 Timer configuration charge
2370 Timer status check
2460 Timer configuration store
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2670 Timer status print
2900 Data Acquisition status check
3050 Data Acquisition status print
3210 Data Acquisition add
3460 Data Acquisition configuration store
3700 Timer configuration decode
3880 Ultrasonic configuration ch-nge
4160 Ultrasonic status byte print
4270 Ultrasonic program byte pri1
4390 System configuration data stcr ge (on tope)
4480 Automatic Gain Control
4730 Initial display setup (5000 —s + indow)
4820 Measurement display setup ( 0 'ns window)
4910 Bit masks for gain contr ;
5070 Check for signal level
5250 Error message and transfer «f control
5300 Store new setup
5400 Program module -
5470 Store in memory block 1
5530 Recall current setup
5580 Recall setting in memory block 1
5660 Lock out front panel controls
5710 Unlock front panel controls
5760 Set sweep length
5810 Set blocking delay to center signal in display (50 ms window)

2.4 TCC704
2.4.1 Main driver

Line # Description

10 Designation

20 Configuration: month-day-year-time
30 Initializations

50 String array definitions

310 Array definitions

550 Integer definitions

570 Real number definitions

1160 Initializations (see also 7560)

1580 Load system configuration

1710 Measure length
2.4.2 Subroutines
2.4.2.1 General use

Line # Description o
1790 System operation verification an' s:.sor checks

2000 Perform measurement

2240 Timer configuration load

2340 Error messages and transfer of control
2380 Data Acquisition configuration load
2470 Error messages and transfer of control
2520 Ultrasonic configuration load

2750 Error messages and transfer of control
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2790 Ultrasonic program byte print
2870 Part number formatting -
3000 Part number check and search
3170 Measurement statistics print
3430 Measurement  session terminatic, verification
3520 Graphics print: screen, seconds’ nches histogram
3720 Close files and terminate prograr.
3780 Time and measurement data set -~ at
3860 Reset HPIB -
3940 Determination of graph vert . ‘/horizontal position
4000 Graph print and clear, point . eset
4110 Graph vertical shift
4170 Temperature (RTD) conversion tr centigrade
4320 Temperature conversion - centig.ade to Fahrenheit
4360 Individual RTD conversion - resistance to Fchrenheit
3.0 SOFTWARE LISTING
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$L272>-5 THEM PRINT M:$ 4339 RETURH
Z15e QUTPUT a3 "rRHIMNZZI® 4326
2158 EHTER 283 ; Mg 44y MN=11
21789 IF VALIMELZI»<115 0OF WAL (MS 44}@ GOTO <323

C237»125% THEM PRIMT M2 ST

QUTFRLT 262 "IM" 4438 1 PN O _TMISERECH

FETURH 4444 FOR RZ-° % P2

445Q R1=RZ

44583 ON ERR. . (T 4519
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21o,_1c3—"n" THEN GOTO 4820 49 OM TIMI ST @ GOTO S339
4913 DISP “CONFIGURRTION CHANGE" QUTFUT I i"DRa"
» _STOE GOSUE S5¢.9 + RIT MASKS
“IRIAE S{3=32% 5B=2. 51 1Y | GRIN:6OdE
4340 GOIUEB 5434 | STORE SETUP S0 D1E04s. 4SS CHFFE1 10 B St
$@53 GOSUE 4618 ! RGO 4T, 1203= B
48t GOSUE S298 ! SAMNFLE 4558 FOF M=3 T0 -
4a7e GOSUE S340 | SHEEFR LEMGTH 4790 INDBUFFE® 5
4238 GOSUE 5374 | BLOCK DELRY 4716 S4F==1F ! UFDOARTE CONFIG
S4R9G GUSUE €583 | DIVISOR A728 S343C045.96T=CHREEINHIORYRLCN
4189 GOSUR S438 ! STORE SETUP YL NUMESSEL2s . 483003
4110 DIZP *QC2A06 DRTAEBASE LOADE 477I0 S4FL4T7.4T7I=CHESCEINIORIBLION
aw ) +13, NUMCE3304T. 473000
4122 ! BEEF 313,79 4740 S3I3C1.23=3545045. 4737
4136 RETURH " 47Sp GOSUE SS38 ! FGM MODULE
it _ 4768 IF GicMi=1 THEM WRIT 1989
4151 BEEP @ QDISF "QC2a9e NIT oM 4770 IF GleMo= S THEN MWEIT j@an
LIMNE" & GOSUE 45325 4738 GOUSUE S288 | SIG LEVEL
2160 RSTUEN 47308 IF FLAG(1> THEM S1$C45.473=
4178 BEEP # DISP "RCzogs PEQUIEE S3I501.21 B GR=GO-GiIMs

S SERVICE"
tPRIMT ALL STATUS EBYTES
FoaF N=1 TO Z2Se

NE=T ™

IOQBIIFFER S4F

Sax==S1% 1 FIMEL GRIM SLLTCD
53508 5534 ¢! PGN MCOOULE

(0

b fa

I s e
(RLFY)

T

20 BE13=DTRECHUMIS2SCN,. HI Y 1 8
Ik FETUF
3210 H12=0T7-SCMUMISZSIN, NIy 1
Ex

S2E3 PRIMNT MEIING 4226 ; M.B13C2.
123.B1f013. 18], H1F02.43. 527
ISR |

IMAGE g TL ".ooh.t = ".ERS
B,RAAR." = ",AfR."H = Y, F
NEXT M

RETURM

IQRUFFER
’43‘-1! MAL CRHFIC

FIMRL SETUP

v FPsN FORMAT !

EEEP S4.%o G E SAMPLE

GIZP “FPRET MUMEER" & INMPUT G ! : SWEEP LEGNTH
Fzx A GGEUER 537 BLOCK DELRY
Fla="goeuoaaoaganan” S269 IDEUFFER S4%

N=1+ 5816 S35=51¢ | FINAL CONMFI



27

S829 GOSUB 55328 ! FINMRL SETUP

5426 RETURM

G 2 AN

sGSa | ODEFIME BIT MASKS

Swen B1(3=RBTD("G1BBBBER") € E1¢
4=RTR("B3268983" ) E G1(3>=
12 t 18 JdE

SEYR Bl1IS=ETD("3Q198233"» @ E1(¢
Eo=ETDI "0 3a00" ) Gli{S»=
15 t 18 4B

Sozo BLI2:x=BTD("90R18333" ) # Ei(
1£}=ETD-"HUQE@BBG"? v Glisx

S99 91,1-—STDF“uﬂuBEB gy 2 Bi¢
Zr=ET0OC"8010A2308" ) ® G1(1ly=
28 t 29 dB

2190 B1O?X»=ETL("Rvuadoada” ), B B1<
2H=BTOC"@RE1aGaa" Yy @ Gl{Ti=
ia 1 18 oB

11 E1411=ETOD/"ao3d3mada”» £ Bl
C123y=ETDC"RG0A8881" s & G101
13=1 ln dE

51208 B1O1C 2R
T14 -BTD-"Qﬁ@uBMIY“‘ E G141
To=zot o pEodE

S0 BLOIS=2TO  "aoadaaaa . & 2
L1ED=ETDO30989100" 3 5101
Si.d 1 @ga dE

S14Q B! 17I=ETO("I0928355" 7 @ E1
C1ZNSETDL"gadatannt s & G1od
Ta=2 1 gz 4B

T1Sa B 1 =RTOC"@QaRIaoE"y & E
C290=BTOC"AQaRgeanty B Gl
EN 4 ! fa oE

S1E6 E1421 ETD-"DutWP
C
1.

Sive B

SiE0 B
C
s

: FETI
—=Tgw 1
£ 1 I CrECE
SET TInz
OH TIMEQUT 3 GITO =320
Ma=0
GUTRUT 243 :"Wal" B ENTER =
BI s M1
IOBUSFE® Mis
TEARHESFER 282 TO M1F FHS
FOR N=1 TO 1n
SrLH
Mg VAL CMIEC2 %=1 2 +2. 21
Fon *1?3:
S21a IF MG SME THEM CFLAz 1
L KHHL
M. % TN
NE~
DUTPH' .43 5 tHArY
M2=MZ 0
ZEND 9 UNT
37O FETUEN
S3T T
S339 ! LOET SIGNAL OM S3Z3S
S4an ABORTIO 9
S4108 CFLRGC 1
S54z0 FETURH
o3z 7
S440 ! ‘TWFE MEW SETUF
S445
S450 S43
S4En 1.25323 ! UFDRTE OG-
S47a IOPGHM MOOULE
54343 P STORE IH #1

5,056,367

28

GO. "B S¢€4@ | RECRLL #1
GOLVE S719 GET CRNT SETUF
IF -7%01,2227831$C1.2223 TH
EM v ]

RETL'H

{

¢ SE:..Y FGM MODULE COMMAMD

T3r=5 43 1 MRME ROOM
F'_ : ., '.‘
SEHD =2 NTH UML LITTEMH $ D
ATAH HWIDO"CL Y HTOQO"@F") L HTD
f"C’ K
T=#
F=3FC
<]
STORE IH EBLOCK !
I MTH UN‘ LISTEN 3 [

SMHAHTDO"Ba" )

SETUF
TS MTR UML LI 0
BTO M CEY oM HTD:
SEOLLC3@Sy = WRIT 1av
TURN
GET SETTIMG 81

'\

INEUFFER &2z

SEMD B 5 MTH LML LISTEM 4 0

ETH HETOL{MC2 2. HTOO"BE Y HTD
ragns

TRANSFER 204 T3 2% FHE
F=SFOLLORGd: & IF PHD THEHM

GOSUE 4179
FETLUREN

t LOCKQUT FROHT FANEL
SENG S ; MTE UNL LISTEN 4 O

BTAH HTD’“‘"“),HTDF“4°").H|D

(MBI RN

S F=3P0LL {383

S RETURN

=.-3-.-_‘43 H

S50 | SET SHWEEF LEMNGTH

S3nd 513[35,o=3 CHRESCZ

S348 IF MZ<.031 THEM S1$L368,358]=
CHREC RS

A5 RETU?N

S35 1V SET BLE DELRY T CHTR 3SIG

cRag T'—IPffN” Hﬁwu“‘-ft4‘._iaa
1220

Sz TS=IFf~N* AIAF2C-4% aada1z
SETE /048 ARAEIERS) )
S1302.31=CHFS${TE>
S12L7,7I=CHRF(TS
FETURM
! 3ET DIYIZ0OR FOR ECHQ~THRU
SEF=S2FL5T.S2]
! IF BITKMUMOSZE),5 THEN O
4=1 ELSE 0O4=Z ’

£198 FETURN

1
1
1
1
1

VEET 1oa T
GOSUE 3218
GOSIE 4353
REEP £8,2aa
1 GET SELECT
QUTPUT 23
Gz ME

SET TIMEGUT
ol TIMEQUT 3
CYILE
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29 30

IOBUFFER Mz

EUFFER N% N 228 1 P2s=FART NUMEER MEMORY
TeND s ang o FRE 255 | RE=RESFONSE TO INPUT #
N N 233 1 31F=PART ZETUP LIERARY
MﬁfH-=“HL-M$[ LECHo1Y+3, 21% ij? § rgf = i g PGM EYTES
M-1341530 1 ONOM ERUTV z5a 1 533 99 _PCVR LAIM BYTE
280 NEXT H . - = -_'—‘DE' t u‘;s P FEQGRAM EYTES
Ciie DhTeuT | une Z7a 1 35%= EIH EQIV MO MM, M3
& BSEF 24 FrHRE 2g8 | ons MUM ERIY 25§ LZE
iie GEE omb 233 | =NUM ERIYV S5t MSE
S euEa S0 | SHE-CFF,NORM, SCRLE RECII
; Sl i a1 !
—— - - - - =
. D5 {267, (28, Mal1Rad,S1¢
5 ALL WITHIN O3 WIMOGW 282 DON Bl2es,Glcass macie, Si¢
3 MarRi=INFE B Maclot sERS I3
5 FOR N=1 T0 1aa Zaa i -
! AR TIACIE s o 384 | EB1¢2=RCVR GAIN BIT MA3SK
éfHT”“N”‘”bL”’ THEH Marge=n 395 | G1C=RCUR GAIN BIT VALUE
coeg SR N o 396 | MECI=NUM TRNSIT TIME SMPL
B IF _machooMatlaty THEH PEcia 387 | S1{»=STRTUZ EYTE REEAY
N o ome THEN EoTa 28 ze2 gNngsg L1, M. N, N1, N2, PO RO R,
ARNE 2 I ad H 3 =15 2. t . 3
I€ MEC1A1X-NALEII0F THEH €9 310 o0 TE
e 11 ! L1=MAYX # OF F/N RECORDS
s “;;315 NZ=1&1 I1Z ! M=AGC GAIN BYTE PHTE
F : 713 | M=GENERHRL FOINTER-LOUNTER
S - — 314 ! N1=F-N EBUILD PUINTEFR
ERCEA “§%E SGRT SAMPLES T15 | H2=GO00 SMPL COUNTER
Ziae maemaris D F 1€ ! P=RESULTS OF SER. FOLL
Cien naopteh 317 ! R=COMB STOFAGE POINTER
3 Ha=N i 319 | R1=REC PNTR F, FPSOAT
éi?% ?ggng?EZZim;DTégﬁ MI=MECHI Y 312 1 RE=RER PNTR £ F/NDAT
@ M3I=MZ | CHECK FOR LOMER 239 | TIIELK BLv hes
casm NEVT HE 321 ! Te=ELK DLY MSE
e AL o - Y- SR
436 SSENZJ—MvQH) B MACNI=MZ | I 3 FEAL GB.MZ2,H5.S2
. . I I
g;?g NEXT N 335 ! GE=NUM GAIN SETTING
5530 ! ASSUME MEDIAM VALUE IS 50 Ji@ b M2SAVEL PROFAGATION TINME
oo , I5¢ | MEsMRY TIME LINIT
5:53? r;13=-in»:1<:5s:4)+m3-:51:v':-,--g Grw t E2=53F3F AT.ET.TI COMITANT
25460 U
£557 | GET MIN GOOD SAMPLE LINMIT 429 LCLEAR
€581 FOF N2=33 TO 1 STER -1 +49 SITEL23I2T="4" @ Sis=" ¢
£57¢ IF M3I-MACN4)>>D2 THEN GOTO S 458 Li=53a
S3@ | FROM MIDDLE DOWN 408 ns=. 092
€535 -1 ENT N4 azg
£530 430 SET TIMEQUT 2:2665
5689 - GET MAX GOOD SAMPLE LInIT SBE ON TIMEQUT = GOTO 18%@
CEY3 VIR NZ=SZ TO 1809 = -
- 528 | MAIN MENU
cEZA {F-Mn-H Y-MZ205 THEM GOTO S 538 CLERER
L E5@_1 FROM NIDDLE ug $42 ON KET# 1, "CHANGE" GOSUB £44
oE&368 NEXT N2 S5% OH KEYW# z." RAOD " GOSUE 7E0
ggiu RETURN SS3 OM KEY# Z." PRINT® G BEa
S TTE ON KEV# 4. "RESURE" GOIUE 16
@? b §53m€a_ ) . S5 OM KET# S."CELETE" GOSUE 171
29 BT 133315 SRSSSRI3H 5]
3@ ?L%SiTI_ _—_— S 0N KEYHE# S."AD PoNY GIEUE 113
$9 ! S IZ 5
s DISF “FPONT FAMEL MOLDIFICATI £85 OFF KEY# T
oM ROUTINE® 16 OM KET# 2," BUIT * GISUE 181
78 EMABLE KED BTD:<"11111111") @ 5 ) o i
. WAIT Iooa £29 KEY LABEL ® OISP "MAIN MENU"
22 é"’rng T £33 GOTO Se t WAIT FOR SOFTHEY
1é8 ASSIGME 2 TO "F/HOAT® £50 | CHANGE MENL
éjirj €5E UM KEY# 1," TEMF * GOSUE 324
128 DIM B1$C153,H1SL41. MISC21E] g ' TERF ™ BOZUE 22
142 0IM F1$C253.F2SCE2],. REL1E] E7H CN KEY# 2." TIMER" GOSLB 216
159 0IM S12C2533.82F02543. 538021 & : T
~ 'sgg,3¢sc1=3 SEEL4], 575 Ty OOH KEY# 3.°QC288%" GOSUR I=5
R t3: A %) o
i;g =EIMARY EQUIVRLENT E * gH REYH 4.7 LOME ¥ GOSUB 172
Zan =HEX EQUIMALENT .25 OFF KEY# S
zas =RGC TIME SHAMPLES (1@ 716 OFF KEY# €
18 =FARFT HUMEER INFUT 729 OFF KEY# 7
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31

# 2,% QUIT * G3TO S3w
EEL -& DISF "CHANGE MEM

CITRQ
O osMmZ
- -

T rm
T

(L0}

Ax]

V WARIT FOR SOFTEEY

! AODD MEND

Ok KETY# 1.," TEWF " GDZUE
o

OH KEY# 2.° TIMER® GOSUR 2
H

)

b

]
—
[agl

S90 OM KEY# 3."GC298a" GOSUBR 323
i
¥ 0FF KEY# 4
= OFF KEY# S
239 OFF KEY# &
24w OFF KEY$ 7
€58 ON YEY# 2," QUIT " GOTO 538
Zew KETY LAEEL € DISF “ADC MEMU"
erv o070 739 :
AESIL I [
SEO ot BPRINT MEHU -
Syl OM KEY#® 1." TEMP * GO3UR 383
U
Si1a oM KEY# 2." TIMER" GOIUE 27
%)
S26 OM KEY# 3, "C2a9v” GJsSUB 427
&1
SIo OFF KEY# 4
S0 ON KEY# S, PsN " GOSUE 13
&
58 ON KET# £, COME " GOSUE 132
5]
Seiy OFF KEYS# 7
STE oM KEYHE 2. QUIT " G072 524
Son KEY LAEEL @ DIESF "FRINT MENU
2Ed 30T0 298 U WALT FOR SETEEY '
e — T T T
1918 v 2ENO0OME L .
1920 CLEAR
1930 BSISIGH# 1 TO % 1 CLOSE FRPID
AT
194 RSSTIGHN#® 2 TOQ % ! CLASE P-ND
BT
1858 LIsP "OOHME™
twery STOF
et —
1855 EHHIH PTCCVaar
1 [:1 — 1:4
1920 CI P O"FILE FULLY ® G072 1a7
% v CLOZE FILEZ
wgrs
1v33 BEEP R CLEAR @ UISP "QEVICE
TIMEQUT" ® WAIT 3wmas & GOT

S18 | MAIM MEMD

[WQrSaN N
— e

Ije = Y

-
N
&Gl
OO QI

—
—
)
13

DRSS |

A DIOD

[AS TR ANV §% I AU 8 B el

el e N S e
=0 O de e 1)

—
[IPAAY]
wao

DAn)

Q
1
! PsN FORMAT
DISP "FPARET HUMEER" & INPUT
Pls
P2sL1.,141="003009339809000"
N=14g
FOR NI=LEHW{P1%> T3 | 3TEF -
1 ' BUILD B TO L
IF PISENL,N1I="-" THEN M=11
®@ GOTO 1158 1 SKIP "-t
25CN.HI=P13CN1,N13]
=N-1

1s01.143=F23%C1.143

32
g OISF “FILE FOULLY W SOT0 157
9+ CLOSE FILES
! FsMN DELETE
DIZF "DELETE WHICH FRRT Nun
EER" ® INPUT F13

1346 IF Plz="" THEN 1438

1359 GOSUE 1139 ! FORMATASERRLK

1266 DISF “DELETE" @ LISF FZSCY.
11X, "-";F25C12.143 & DIZF F
2gC15.123: “;FP2$CL1%.231."
"iF2E024.233

1278 IHPUT REE IF FE4"Y" THEN 12
29

1259 pP2s="

1350

1485

o
N
-
Do)
oM

1439

1458 Y »H2FsN RDOO<<<

145 CLERR

1474 QFF ERROR

1428 IF P1E="Qaadg@ndndenng” TRE
N RETURN

1430 DISP "ROD:"

1789 DISF PI2C1.1105~":F1F012.01
<3

151e DISF "Td FART HUMBER LIEERF

WU & ITHFUT RS
IF Re#"yY" THEM GOTO 11og
FOR R2=1 TO L1
ON EFROR GOTO 1238 | EOF
FERGHE 2.FRZ ; P23
DISP P°*
QFF ERROR
IF P23C1,143="
" THEN 1€12@ ! STORE

el R ey
aaaaaonon
LS Mo (N A I NP I (N
DO DIHDD

1523 IF PzZs="* THEN 1€183 ! STOFRE
1&wd NEXT REZ
1618 PRINT# Z.RZ - Fif | STORE ©
£
Fl1=RZ
GOSUE

549 | COMBINRTIONS
K

15
CLEAR & KEY LABEL © RETURN
1 .

o b sk s e
Oy O T Ty
Ty UL G
DA A T T

PRINT @ FRIMT ® FRINT "PSR
HUMEBEF: ";FP13C1.113."-";F
$L12,147 @ PRINT @ FRINT
leve RETURH

1639 | FRINT P/N IN OHRTABARSE

1788 FRINT @ FRINT B FRINT ")>>:F
ART MHUMBERS IN DATREASE<({Y
2 FRINT

t PoN CHECK

FOR RZ=1 T0O L1

R1=R2 :

0N ERROR GOTO 1449 ! EOF

RERD# Z2,RZ : P23

IF P25C1.143=P15C1,143 THEN
OFF ERROR & RETURN .1 MATCH
DEA

NEXT R2

]

1716 FOR F2=1 TO L1

1726 OH ERROR GOTO 1779 ! EOF

1730 FERD® Z.FI & FL1f | FH

1746 1T P1$C1,143=" -

“ THENW GGTO 1768 ! SkIF EL

FNKS

1758 PRINT "PART HUMBER: “;P13[1
J1135 =" F1F012,14]

1768 NEXT R2

1770 CLEAR @ KEY LRBEL ® RETURN

cLia ]

1758 | CHRANGE COMBIMATIONS

1988 GOSUE 1196 | FORMATLSERRC

1819 DISP USING 2189

1520 DISF USING 2128 ; F2$C1S.

J1,P2%#C13.233.F3235024,23] 1 D
EH
_CRT0 13240+ COMBINRTIONS

COMEINRTION ADD REOUTINE
FZ
P UTRAHSDUCER NUMEBER" &

11
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INFUT Fi 2IFE—
F1sL15.12J=R5 2339 | FOLL AND CHECK STRTUS
GISP “WEDGE HUMEER™ & IMFUT T 2388 S1¢AX=SFOLLLSSI
=¥ 2499 IF BITC(S1(¥).2) THEM 2343 !
P13L19.,23]=R2 ERFOF
OISF "HOLDER MUMBER" €@ INFU 2418 IF BITCS1.32.3)> THEM Z44n
T Rf FAIL
1526 F13CE4,233=F$ 2420 IF RITCS1(@r.56) THEN 2149 |
1335 PRINT# 2.R ; F15 { STORE o@m SERVICE FEQUEST
HE 2438 RETHUEN
1998 CLERR 2438 FRINT "S335R STATUS ERROR
1358 ISP "MORE COMEBINARTIONS" 2 24508 GOTQ 2738 ! PRINT STAT EYTE
INFUT Ef 3
1388 IF Rf=vv" OF FE="¥ES" THIn Rt
F=R+1 & GOTO 1579 2451 | FROMT FAMEL STORE
1978 CLERF @ KEY LRBEL @ RETV *k 2478 CLERE
Y- s © 2436 DISP "A TRIG LEVEL" ® BESF
1358 | TDY/WDOSE~/HOLOER PRHNT PGHM 159,209 @ IMFUT S2
@ CLERE e : FL1913=YRLFCIF(SEY1A )
29 PlE="GRARANAEIAGHAB " s1EE0
z9 PRINT @ PRINT B PRINT *“COME 2589 DISP "B TRIG LEVEL" © EEEP
INRTIDNS OF WEDGES AND TOX" g0.ze0 @ INPUT sz
2BI6 FOR N=1 TO L1t 2916 SEFLC164. 1A83=VALECIFISEE100
@4 ON ERROR GOTO 21598 ! EOF Y 1G5
Zg%08 READ# Z.N ; Fzz ¢ PN 2528 DISP “TIME INT. ODELRY" & BE
2668 IF P23CL, 143=" EF Z1@.Z206 @ INFUT &2
" THEN GOTO 2139 ! SKIF EL 2576 SZSC11l, L131=YRLS(SD)
HHKS 2533 QUTFUT 93X ;"TR1".S23C35,19
258 IF P2fLC1,143#FP1301.140 THEH 21 ' FREMDTE TRIGGER SETTING
PRINT # PRIMT “PART HUMBEFR s
"SP230L, 11350 -5 FER012 S35 OUTPUT 9a3 ;“PQ"
J. ) 2536 ENTER 983 USING “#.38/" ; &
2@z FRIMT USING 21983 _ 4% ! GET FPAMEL SETTINGS
2186 IMASE “ TGH WEDGE 2540 QUTPUT 983 USING “#,2f.3Z0R"
ASSY" i “FB®,%4% | STORE SETTING
2119 PRINT USING 2128 ; P23L1S. <
©),PzeC15.233.P23024,28]7 2542 QUTPUT 2393 "TR1Y.S2$[55.14
DEH ) &1 1 REMOTE TEIGGER 2ETTING
2125 IMAGE S&,SX.SH.SX.€R g
Z13n P1s=FZs | SKIF IDENTICAL F. z558 IF 223 c1¢1 1113#" =" THEM 0OU

N
140 NERT M
Sa OFF EFROR ® KEY LAEBEL & RET

z GO3UE 2278 ' STATU:
URN 2 QUTPUT 293 ;"Fg"
ey et 2980 ENTER 992 USING "#.3858" ; S
21783 1 CHARHGE S332SA FROMT FPSNEL 4% ! RETREIVYE SETTINGS
2188 GOSUE 1189 ! FORMATASERRCS 2598 S13=S1SC1,641%348082¢0%5,12
2199 0OM EFEQR GOTQ 2248 1t EOQF SILS150128,2328]
z2e0 FERD® 1.R1 5 S1F ) GET BINR Z2eogld GOSUE 2374 ! STRTUZ
FY RPECORD Ze18 PRINTH# 1.R1 i S1% | SHYE BI
2z18 GOTUE 2378 ! STATUE NAEY RECUORD
2229 QUTPUT 313 USING “#.25.Z0R" 2515 READ# 1.R! ; 31% ' RETREIVE
3 YFE", S Ec: 943 V LGRD © BINAFY RECOFRD
335A 2628 GOSUBR 2378 ! STATUS
2221 QUTPUT 233 "TRI*.Z13[35.10 ZEIB DUTFUT 983 ;"Fov
&3 ' LORD REMOTE TRIGGEF LE ZEd8 ENTEFR 993 USING "#.38  , <
VELS 4% | CHECK PGM ~
2233 IF S1TC111.13134%-" THEH CU 2650 IF S4s#S13065,941 THE:. = .
TRUT 962 ;Z1x01@>5.1123 '+ 7 T “DATA BASE LOADING ER...?
GRE SETUF 26€8 CLEAR @ RETURN
zZ4w OFF ERROR !} EOF T r—t
Z25Q S1SL23 Z3="8" ® L2rL1.Z:72 2629 | DECODE S335R PGM BYTES
TI=212[1.2371 2698 GOSUE 1186 ¢ FORMAT&SEARRCH
0OFF ERROR 1+ EOF 2788 ON ERROR GOTD 2729 ' EQF
GOSUE 2378 ! STRTUZS 2710 REARD# 1.R1 ; S1¢ ! BIH YALU

LBCRL 243
OFF KEY#H

E
272¢ OFF ERROR B S13[2332,23313="
OFF KEY# "

OFF KEY#®

As= e
—_—T e H
2744

LSRN

CZFL85.250="RAT" ® S23C1eZ.! & ! STRTUS BYTE FRINT ROUTINE
az3="eT" SzeL1w2,118]1="GA 2758 GASUE 1569 ! PsN HERDER
" 27EB PPINT “TIMER DATABASE";"SEE
2333 DISP "CHANGE FRONT PANEL RS Z5A TEL 3-6B UPDRTE 4.25
DESIRED™: "THEM FREZZ K1" & /55"
EEEF 185.50 ® BEEFP 124,144 2778 FOR N=1+54 TO Zo+s54
27492 ON KEY# 1,"STORE" GOTC 2458 ZTER

E

2358 KEY LRBEL 13=815[9. 151

2366 GOTO 2363 ! WARIT FOR SOFTK 8 H1$=DTHFCHUMCSISCH, NI | H
Y ExX

7
VER BlE=DTRF(NUMISISCN, NI > @
2

m
h
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PRINT “BYTE":N-5d4;"= *
= “";H1I$LZ.4];"H =
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NEXT M

GOIUE IVA8 1 OF3

FEINT “QFFSET ="

FRINT “MORMALIZE

o |

PRINT “"SCHALE =";s!

PRINT "A TRIGSEFR

1913

PRINT "B TRIGGER =

»1853

PRINT “TIME DELAY =";S13C11
1.1123

KEY LHBBEL & RETURH
VFDLL Z4321 & GET STARTUS
GOZUE 2418

OUTPUT @wtl "SE"

FOF H=1 TQ 24

ENTER 941 SLUMY

17
SEFLIC+N . ZE+HI=CHEE (S (i s
MEXT M

IF BITCZ2140@3 .20 THEM Z0S8 ¢

ERFOR

IF BITCZ1CaY .3y THEM Z65a |
FRIL

IF BITOS1 (@, 20 THEM Z8So !
< =3 |'1

IF BITCS1013.10
POWER OM REZET
IF BITC(S1C12.5)
RENDEMAL

IF BITOSLCLI Y, 8> THEM 328%g ¢
SEG

RETURN
! PRINT 3421 STATUS EYTES
FRINT “34218 STATUS ERROR®
GOSUB 1139 ! FORMATASEARCH

GOSUE 1658 | PN HERDEF

PRINT "TEMPERRTURE SENSOR D
ATABASE"; "SEE PG F-£., 38S&D
L S¥YS OP -MANUAL"

ON ERROE GDTO EIEB U EOF

RERDE ..F1
UFF EERGE

2 °1$E_b3,2?53‘"“

IF 51zC17,321="

“ THEH FRINT S1£L1,153
@ RETURN ! COMMAND STRING
FOR N=1+32 TD 24+32 ! PFINT
STATUS
B1$=DTES(NUM{S1ECH, MY !
EIN
H1$=OTHS:INUMSSIEON. NI
HE =
PEINT "EYTE":
9.1671:" =
;S1FCM, NI
NEXT M
KEY LABEL G
1
' ADO 34718 SETUF -
I SEE PAGE F-3 IN 34218 MEN
AL FOR COMMANDS
CLERF
SET TIMEOUT 9:28999
COSUE 118@ | FORMRTASERRCH
NN EFFOR GOTO 3298 ! EOF
READE 1.R1 : ©17
OFF ERPOR ! EQOF

”“Vc_.'
JHISLZ.43:;

"iB1SFC
" H - 1"

RETURN

S51sL238.238]="4"

DISP "ROVANCED (A> OR STAND
THED (S CMDM @ INFUT E3

IF Rf="R" THEN 343@ .
GISF "STANDARD COMMAHO" @ 1

NFUT F$

3
4
=+
4
4
4

"
"

(SR TS I 1}
m
— o)
D O

[0V}
4]
Iy
Q

aonen
b )
DS

LS RO RAS ]

o}
(]
N
DY)

.}
un
=)
=

[ JXA XA
SO

DD

-
<
Pt
K
=
<

S2FC1.3
Gasye 2
C1g=S727F
PRINT#
TUF

QuTPUT
GOSUE >
CLERR £ KEr

RETURHN

ENTER AND DIS3
llun—”FULL'4GI‘

!

! RERDING
<

IF BIToS1Cax,

B

A>3 AND PIT(S1¢

22 THEH 2458

RETURM
] F3E DISF R%

0 24324
S2FC17,321="F N 2 G F KT
FOR M=1 TO S STE =~ ' PROMF
T SETUF s
! SEE PAGE F-3 1. . .t MAN
URL FOR COMMRMDS o
DISP 325C16+M.15+N1; "E ol
NFUT P%
IF LEMZR3>#1 THEN R3=Rs$[1.1
J ! FORMAT

S23L17+M, 17+HI=R3[Ct. 13
NEXT M

FOR N=7 T0O 12 STEP 3 ! PROM
FT SETUF
DISP S235C1E+N, 17+NI;"=" @ I
NFUT R¥

IF LENCRTI#2 THEM R$=R3$C1,1!

Ju» v L FORMART

S2%C17+N, 13+NI=RsC1, 21

NEXT N

ODIsP S2sL22,281; ="
rE

IF LEM{RI)>#Z2 THE.' R$=R%LC1. 1}

@ INFUT

Jat " U FORMAT
523C31.323=RrsC1,2
GOZUE 29wwm ! STAT .

S135=523C1,643%S15..5,2371
PRINT# 1.R1 ; Si%  SAME 3E
e

QUTFUT 2al :SZIC17. 323
GOsuE 23y | STATUS
CLERF & KEY LAEBEL @ FETUFN
—TEE T
2638 CLEARR @ EBEEF I DISP “FUMCTI
OH NOT AVAILARELE" @ GOTO Ss
5]
—S e
3719 } DECYODE S3ZSH OFFSET. NOEMRA

LIZE AMOD

[y - n
SC3= !

SCHRLE CONZTANTS
RYOIDS MULL MARN

FOR WN=P1 TQ 24 1| &TRT EYTE
#

S5F=0TBS{HUM{S1$CN, N2> 1 &
IH

CEs=VRLEIETO(SSEC3., 120>y !

e

STE=YRLFCBTDCSSELIZ 1800 !
MIE

IF CM=71 OF MH=72 DF
NO Zgg="3" THEMN S2g$=!

R GOTO 2254

IF CH=V1 GFE H=T3 0OF N

MD Sef="9" THEM S53%=2

¢ GOTO 3&eo

IF H=72 0OF N=23 0R N T

N Sox RDEFL" Mg CT G

3 23k

IF N= OR M=3Z TsE
N 323 & GOTO 3&sL
IF (N 3 DR H—Sn O N=343 §
ND Se£="15" THEM GOTO 3545
IF (N=73 OFR H=9¢ OR M=34) &
ND Sox=vg" THEM GOTO Z&SH
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37 38

2360 Sss SB$LISIRSTS & GOTO 2549 4476 RETURH
2848 STYS=UALICIE-VARLISTSY) & SEF Sy
-aasx E-"%37% @ GOTO 3265 © 4439 U BUTD GRIN C7.. FOR QC2894
3556 SCE=SESL"E+"&STE 4528 QUTRUT 9832 ; "gias
863 NEXT H 4538 GOD3UB 4918 ! f..T MASKS
3278 RETURM 4548 GB=86-G141> | $1IN:&AdE
N 4530 S13L128+45.125 -18I=CHR$(EB1¢
3839 | CHANGE-GC2088 FRONT PHNL 123 B S1$C1*8+4c ,125+473=CH
Z2@a GOSUEBR tied ! FORMAT&SERRCH R${B1{(2»)
318 LTF KEY# &2 45l FQF m=2 TGO 25 STEF =
2229 OFF KEY# 2 35783 IDBUFFEr S4x
3929 OFF KEY# 4 4586 S4%=C130125, 2272082801105, 23
2940 ! POLL FOR STHTUS €31 ! UPDATE CONFIGURATION
3958 SET TIMEOUT 9;1u@99 4550 S43C45, 35TJ=CHRS{EINIQOR(EL N
3968 ON TIMEDUT & GDTD 1859 DL NUMISYSLE8,4587)) )
2978 P=SPOLL(3934) 4-R0 €4F3C47,473=CHRS(EINIQR{EL(M
3980 IF P#@é THEM RETURN +12,HUM{S343047,47320)
3398 USUB 5529 ! CHK STRTUS 4516 S3$L1,23=C54%045,473
48A8 GOSUB S7¥1| 1| UNLOCK 452@ GOSUE S4898 | PGM MOOULE
4818 QUTPUT 263 ;“0OR3* 4528 IF GildMi=1 THEN WRIT 1046
4326 DISF “CHARHNGE FRONT PHHEL RS 4649 IF G1cM>»=_0 THEN WRIT i8aa
DESIRED": "THEM PRESS K1°® 4556 GOSUER S8Y0 ! SIG LEVEL
4230 ON KEY# 1,"STORE" GOTO 4070 4668 IF FLAGY1) THEM S1s$LC122+44.
4948 ON KEY# 38," QUIT * G0T0 432 122+473=53801,27 € GE9=6GB-C!
a i ' ma
435 KEY LRBEL 4670 | DISF S13T125+44,1223+477. 7
409 GOTOD 40=8 1 WAIT FOE SFTHEY SFSGINMY G
sury CLERF 4530 NEXT M
S35 GISUE SS29 F UPLOAD SETTING 453 IOBUFFER S43¥
458320 GOSUR Seef ! LOCKOUT S7ue S4%=312C122,. 25VILSZFL110.
4180 GOSUE S568 ! (. OCKOJUT €31 ! FINAL GRIN SELECTED
4119 GOSUE 4338 t GTORE OM TAFE 4716 GO3UR S429 ! FGM MODULE
4128 £43=S2% 47868 RETURHM
T 41290 GOSUEB S288 ! PGM UNIT (BLK? 7St
4148 GOSUE 4488 ! HAGC 4748 1t SET SCREEZM
4158 RETURN 4756 GOSUE 5875 ! SAMPLE
e 476G S1$LC12S+35, 33+36]="¢4"
4178 ¢ PRINT SERIAL STRTUS EYTE 4770 °1$E12°+r:1 +2J="d 4"
4120 PRINT *SPOLL STATUS BYTE",D 4728 IORUFFER a4$
TB${F> & RETURM 4790 543=C1$C125, 2ZFILI2sL110, 22
S E-Tol S £3 ' FIMRL CONFIGURATION
42088 !} PRINT UNIT STRTUS BYTES 4368 GOSUE S488 ! FINARL SETUF
4219 FOR N=2@&8 TO 2S¢ 4518 RETURN
4220 B13=0TBF{HUMIS2SON.NI>D L2201
4230 H1S=DTHS(NUMIS2FCH. . NI»? 4338 ! SET SLREENM
4249 PRINT “BYTE":N:"= “;B12[5,1 434 GOSUB S87@ ! SAMPLE
€3;" = “",HIFL3I.43:"H = ", CH 4858 GOSUB SvVe@® ! SHEEP LELNTH
FEINUMOSISOM, V302 4568 GOSUE 581@ ! ELOCK DELAY
4253 NEHT N 4870 IOBUFFER S4s
4288 KEY LREEL ® RETURN 48398 $45=S1$C1253,237J&S2¢L116.25
Sl s B 61 ! FINAL CONFIGURABTION
4222t QCZ80a PGM BYTE PRINT 43%9 GOSUE 5488 ' FINRL SETUP
4223 GOSUER 1168 ' FORMATASERRCH 4938 RETURN
4399 GOSUB SSE® ! FRESENT 3SETTIH q5TH 7
G 4320 ' DEFINE BIT MASKS
43218 OH EREROR GOTO 4335 ' EOF 4938 B1(Zy=RTD("@l@pOEaE"> @ E1{
42Z@ RERD# 1.FR1 i 1% 4,=BT0{"@BBBBREIR" > & G1{3>=
4238 OFF ERROR ® 313L2328.2383="#% 16 1 16 dE -
" 4946 P1{S:=RTD{("BB1998098"> € EB1¢
4340 S23=213[L129.777 k352301106, 25 €>=BTO("@BBLRABBY" » B G1(S)=
€3 ! UPDARTE L%k IGURRTION 15 ' 16 dB
4359 GOSUE 18686 ® T T "ULTRASD - 4359 B1A{S9:=BT7D("ar313una"d> B E1:
NIC DATAEBRSE ': ' +  Q@LCZwBg M 162=ETD(*@A@@Rz9E" s & G120
ANUJAL FOR COCe - +1." @ PRI =3 | B3 dB
NT 4362 BL<1)=BTD("ABYGR3EB"> € EB1(
43568 FOR NM=1 TQ 256 2>=BTh("ad1adrsa"y ¢ Gldlo=
4278 GOTO 42z@ ! DECODE & FRINT 29 ! 28 4B
4338 RETURN 4976 B1(THI=BTO("@B39990G")> € E1(
Erd-~Te ! €)=BTDC“B8B138Ba"r € G1(7)=
4498 ! STORE ON TRPE 13 ' 18 dB
4410 S1$L123,2371=52%C1, 1053 43nn B1olls=8T0DC"00000939" & £
44z PRINT# 1.R1 ; S1% : S129=ETOO"RaRas081y @ G101
4430 REARD# 1.R1 ; Sls t VERIFY 1o=15 1 1F dB
4449 ! 2980 B1o133=BTD "padaadan") & Bl
4458 | ERROR MOTIFICATION (1) =ETD{"RaRagn1aYy B G141
446 1F S2$C1,1023#513L128.2373 TH=3 ' @3 dB
THEN PRIMT "STORRGE ERRCGR® =anh E1¢1Sy=BTOC"0Raaoadn s € El
@ PRINT "“&2% = ",S52f% & PRIN (15>=ETDi“peRaoiee > # G1(1
T "31% = * So=4 1 04 dF
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Sa19 =ETDC"aBIHeaEs") & Pl L
TOC @aan G SE30 | SET SETTING #1
Gz Scaa IDBUFFER S2%
SGEH =ET S519 SEHD & 5 MTA UNL LISTEM ¢ C
TOV RTH HTOCYC2" 3 HTD "ge” », HTD
E‘, -~ "Ug" 'y
eI i=E 20 TRENSFER 584 TD $28 FHS
TD 533 | DISF sSis
& S548 P=SPOLL(3B4) & IF P#3 THEN
Sadd E =E GOSUE d44a
; O SES@ RETURNM
2 %] g_;"‘c; I
s E 1=k 5570 | LOCKOUT FROMT PANEL
: O SES@ SEMO % ; 'MTH UNL LISTEN 4 ©
S ! ATR HTDC"C7") . HTOC( 45" 3. HTD
Saeh R : CUARY )
SGTa— 5538 P=3IPOLLCIBS )
S@2d | CHECK FOR SIGHAL LEVEL S7@d RETURH
SE%0 SET TIMEQUT 2,244 e %3 B A ve o, e
Sim@ oM TIMEOUT & 5OTO S258 S72G | LREKDHT FRONT PANEL
S118 MEZ=a @ N2 5730 SEND & : MTR UNL LISTEN 4 O
S126 QUTPUT 83 :"WAL1" & EMTER 2 ATA HTDC"CT ), HTDO SR ) . HTD
6z & Mig . CUREM
513@ IOEUFFER I bs. ST4@ P=3POLLC3R4)
S143 TRANSFER € " /1 M1% FHS STS9 RETURH
S1S8 FOR H=1 T - SEE0—L
S168 SFLAG 1 S ST7B | SET SWEEP LEMGTH
5178 MBCHI=YAL(M1s 2 gCN-13+2,2 STEA S13L128+35, 125+351=CHRT 2
FOH-13+1330 5728 IF M2<.@@1 THEN S15C125+35.
S136 IF MAcH: RS THEN M2=M2+MalN 128+36I=CHREEAY | INTC (HS—,
> ® NZ=NZ+i ELSE CFLAG 1 ! ZEMI) ., CME-NSIK2555 7
NI SIG 5360 FETURN
szi@ NEMT M
Szig QUTPUT 383 ;5 "WAa" —
5215 IF NZ=8 THEM HZ=1 “EETE To CNTR SIC
S239 M2=M2/H2 ( SET BLK DELAY TO CHTR S1G
%‘-D SEMD % i UMT : Tiﬂgi"” - RRAABZS)Y 4K ARaD
Siiy LETURN Ss4n TEe1PC(M3 - 008925-4%. 630712
S2z60 1 LOST SIGHAL OGN 5335 5 ) QEagas)
5270 ASORTIO = 5359 s+31=k
S230 CFLAG 1 S2E6 28+
S226 RETURH 35780
SSaa _— S2E5
S319 | STORE NE* SETUP 1o
5323 I0EUFFER S-: o
SIZA S4%=51$C127.337143280110,25 S5 CLEAF
£3 ! UFDATE .. GNFIGURFTION 159 GIGF
5340 GOSUE S4%9  FGN "
SISg GOSUE S47& ! STORE I #1 < pEEF
S350 GOSUE SSo- ! RECALL #1 Za WRTT
37O GOSUE SSE0 1 CRMT SET T8 CLEAR o
5330 IF SZ¥CL.1933#5180129, 237 30 EMRELE KED BTOC"O11084881":
THEM GOSUE 4348 af b
5320 PETURN 1o DI B13L163. 05033, HIEL4]
St 11m DI MSCE19S.M1SLE1E]
S41@ | SEND PGN MODULE COMMAHD 125 OIf P1$C233.P23C23]
5426 543=S43L1,2547 | <CRHEALF- 123 DIm RECLED
=430 143 CIN oisc_»43

SEHMO @ : MTA UML LISTEN 4 D
C

FL2543. 525023
ATA HTDI"CL1" ), HTOC"GF "), HTT <

24302543, % tf1ea

¢rovt 158 OIM T1SC13
S442 TRANSFER S4F TO 594 FHS lEa 1
€450 P=SPOLLCSS4) B WAIT 109 I =EIMARY EadIW
460 RETURN 150 =4 I1 CLOCH
I 136 =X EALIY O
5433 + STORE IN ELOCK 1 AR =M SHMFLE C3ECOMDE
S42f SEND = : MTA ML LIZTEM & C =1 HESS SAMPLE STRS
RTA HTDC"CH" 2, HTOC"@1" », HTE =F -t MEMODRY
¢nEgny =F /N INPUT
5941 WAIT 25au =RESFOMIE TO IHFUT 7
SS1w F=SFOLL SRS =DATH TRELE FOR FART
59526 RETURNM $= INEOUHD GO 2648 SETUF
Tt =2 CHRE NS GRIN
5408 ! RECALL SETUR r=0UTEOUHD Q0 SETUF
€Ssg SEND S MTA MHL LIZTEH s O Ss=s INCH FDR FRINT
ATHR HTDCUCI X HTDO 1", HTD $= @@ TEMP FLAG
'; [t] Ejlz‘ll ‘ )
S350 F=SPOLLC2G4» £ WRIT 190 2 1 ,DrE1, G138, HIL
=576 FETURN e L T1BI) LR LT, ERNTY
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41 42

1
1
1
1
1
1
1
1
1
H1=FQ0S FTR FOR F-M FORMRT T
N2=GEM. PUFPOSE CDUNMTER 1 t SET EaUIF
1 LSUE 7ef@ t GRAPH LABEL
1 L 3UE 3%55 ! RESET HPIB
1 =T TIMEQUT 2:14999a
1 2248 ' LOARD S5S33SAH
1 23386 LOAD 2421A
1 LOsD alzoas
1 PrIHI
1 N
1

N3=GEN. FURFUOSE COUNTER
N4=3EN. PURPOSE CODUNTER
NS=GEN. PURPOSE COUNTER
NE6=GEN. PURPOSE COUNTER
;-TNTEPwRL FOR TIME PLOT
03=

R4=0IVISOR FOR LEHNGTH

F =FREZULTZ OF SER. POLL

G“?UB

S I A TR NN -?- BADADA RO RN

R AR DR NV

PZ=MAX .# PsN IN DRTRERSE

PECS WA S B 15 BOPR=ICE @ =12 B IO 4 N 49 9 1od4a t T7=2TANDARD TEMP {Z209K:
2 1953 | Te=TRIAL NUMBER CRQUHTER
il 18953 | T3=2AMPLES PER TRIAL
S s=EIH GARIM MASK HREY 1678 V HWI1=MWAIT FOF NE¥T CYCLE
25n | TINCH FOR 18d@ RDG 139 ! % =HORIZONTRL FLOT CODOED
Thg ITIME FAR 188 RDG 16%a 1 =%HRT CAL PT DISTAMCE
e ! > FOR 188 ROG 119 ! K2=LDNG CAL FT DISTHANCE
20 FOR 1499 2DGC 1119 'y =LEFTICAL FLOT CO0RD
Iae ! A T2%1a9 ROG 11zZ3 t Yi=3HOFT CRAL PT TIME
408 1+ DY L¥TOX193 RDG 1138 ¢ ¥2=LOHG CAL FT TIME
318 ; FOFE 169 RDG 1145 1 YI=SRAFH OFFSET COMSTANT
¢z 1 DI FOR 188 ROG 1159 ! 7 =¢ FRTIO ACTURL “RG
474 ! Do T&%1ae RDG SR
449 1 §f T3%199 ROG 1179 C1=4
456 G )-HHHErIL GAIM WALUE {136 QU =0
459 ! H17182x=HIS TObRHN BARS 119G DE1Gs=8
47a + 1 O "—LEL:HTH SHMFLE AUG'S 1296 Do11)=4
3a nM I9a=nM ARRAY OF MERS 1216 De1Zr=0
498 | 2% =TIME AVG'S T-UHCORE 1223 DR= @0Q@9a1
Saa 13 =TIME SAMPLE AYG'S 153G C1=1%
=@ 1 SZotlaw=uIEC HSTGM ARRAY 1 hE=1g
=23 ) S3¢ 5 »=TIME HETGM ARRERY 13 H=6
SZg ! Tide ~ »=TEMP MEAS'HMEHTE 1: | k=5 S93S1E-£13 SHRSIEE-E
San ¢t Ti1018 =TEWMP MEAS AUG 1 L=t
Sa ! 1 Lu=9
Ses IMTESER C1.T7S5.TE.G1.GI.H. RS 1 M= A@RZ
CRLLCLEFUMS MLND L HZ T N 1 13= . B109aR52T
S, 0. F, P2 RARLEE TS TS TS, loga na= . adss
1 i NS =0
Ul. 17208 1=
574 FEHL FA%.A1.R2.AZ.EB.E4.Ga. K. M 1319 ' 01
L, MIME. 02,03, TP M1, NE. Y. VL. Rt
F2aVE.2 1328 02=.
SEe i 12Z2@ Q3= | - @fhasl
533 | AO=COMEIT FOR RTOD COMVWERT 1348 P2=11
1] U AI=CONST FOF ETD COHVERT 1258 TV=&
&t | Rz ST FUR RTD CONVERT 13858 Tl
€26 | AZ=COMST FOR FTOD COMVERT 1381 TEo€r=@
€38 | B =0FF3ET FOR MATERIAL 1378 1+ T10113= 8933545
£45 | EA=DFFSET FOF CRALIFEER 1386 « "4=T7
58 1 C1=HITGREARM HEIGHT-OCCUR 1359 "% ;. 95321613237VE-S
et L DE=ELOCE DELAY INCE. 149 -0 = CAALIZ@R2ET
€ P Ge=ELOCK QLY IMCR. 14198 = ¢
czh V O%=+-- DELTR FOR ACL 1429 Tx- =
£3) 1 GA=PECEIVER GRIM 1432 ¢t Y, -11438311175171113387
Tea b C1=MAR HISTGGREAM BRES 1446 | (2=18551311852949
Tlg 1 G2=HISTOGRAM BRAR WIDTH 1452 W1=5177S
T8 1 H =PREZENT HOUR 1468 X1=18.133
;a8 ! HasHISTOGRAM BARE NUMEER 1474 x2=18 222
T4 ! HI=HIZSTOGRAM EBAR SAMELES 1430 YI=0a
7o U K =IL0QFE FOR MARTERIAL S
ver b La=sTOTAL SAMFLE COUNTER 580 SCHLE 8.255.8.131
Fra ! L =TRIAL SAMPLE COUNTE= 16 PEHUF
] ' M =GRIN MRSE POINTEF 523 RASSIGH# 1 70 “FPSDRT™
Pomi= $30 ASZIGHE 2 TH "PsNDAT"
f MZ=MERS YALUE TOTRLIZIE® o4 ! SET DATABASE
I M3=MIN,BYG VRLUE OF MEREZ. seq GOSUE 2376 | FORMAT
U MS=FINRL MERS PLOT COORD S5Q GOSUB 3Im@d ! CHECK
' Me=SIGKHRL TIME LIMIT <F1: sTa CERD# 1.RE1 5 S1f
! N =GEM. PURPOSE COUNTER b=t Cg=YRL SISV .V
i
!
]
!
!
!
!
|
]
i
3
l
!
!
i

Fe=6 DEG F o FOR RTD :

R1i=REC POINTER FDOR FF3DART 17890 3.

RZ=REC POINTER FOR FF3DES Sz

T2=# OF TEMP <1) SAMPLEZ 1719 GOSUE 9

t TI=TEMP CURR:S-{S-0EG F) 1729 GOSUE i :

t T4= 1738 GOSUE 3179 ! PRT AUGE

! T5=BLOCK DELAY INCR. Sé@ng 1736 O KEYE ©.° DOME * GOTO 177
! TE=ELOCK OLY INCR. 13 Ses

a
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4

F=SFOLLC2@Z: 1 STRTUS

1F P=32 DR F=@ THEM 23789 EL
SE 2376 SRR, ERROR.FAIL

5. OUTPUT 283 USING “#,239.39A8,
“A,14R" ; "PR*,315CE5.%847."

ET ZMIES - 331%,515035. 1831 | FROGRAM
S+ 1 B PEMIIF @ YRRIT W o = v ZESH
P 2319 1F S1FC111.1113="4" THEHN nu
Fr G OF HrZIE THE TPUT 993 ;&1£C165,1187
=2 2329 DISP "S335 FRONT PANEL LORD
HE Eo®
P RETURM
v OSET
® DISP "S3IZTA 80T oM L
D™ G37To 1250 i & GOSUE ISen .
EF 73.260 ® i S0 RETUEM
S5, 198 EEEP & OISF "SZ3SR REMUIRES

SERVICE" @ RETURN

T UMD

™ e
m = 1 -7

I
e vl

® SZOzUE ERET7 IR
ac5a ! ALL 3330 1 LOAD 34218 SETTIMGES
1989 WNO=. 99025 & GOSUE 4208 1§ Zam@ DISF “LOADING 2421R DATABAS
ET SCH En
12a1 GUSUER 33%A ! TEMP RUYG ' 419 ON TIMEGHT & GOTO 2474
19092 IF Te019ax47 GF Taclaszsa T e CLEAR 234l
HEM BEEF ” WMAIT 199 & BEEP 30 P=%POLLCZALY STRATUS
2 WRIT 168G & BEEF R WRIT 18 c.t@ JF P#1 THEH 25
§ @ BEEP @ WAIT 18@ 43 DISP *3421A DATAEASE LORDED

13683 PRINT USING "0D.0OD.¥" & Tafd
Br:TACI;TRC22:T TRCS) 299 RETURN

FRINT USING "DD.D 1 4,8 !

SriTer TRCTY:Ta

—
[
D)
H

BEEP FS.Zwe | RCLERAFR
DISP "“RERDY TO MERSURE"
O YEY# 1,"STRET" GCOTO 1370
ON KEY# 4,"RESET" GOTOD 11X
KEY LREEL

GATO 1958 ' WRIT

OFF KEYE 1

$
0

EESS
I}{EII
RETURE

T

BEEP ® DISF “3421R FEQUIRE:
SERMICE" & RETURH

m

=

Ol1sF
S UE

(S

]
e

BEL RO
¥ 4
Y0

19
N o
[
[\

™
A

LG D 0 D A D D

1 SO 0T g NS I
DD R D 0D N R DD D

[N N0 i e e e e e

() Rl X 1
CeEAF 2536 | LORD DU0Dg
FETURN 2543 ODISF °LOADING QCIo@s ORTRES
- . - - '5E"
%] t MESSURE . - . U o —m e
2 " o wcmeimn 2556 | SET TIMEQUT 9308
229 OFF ERPOR @ DISP "MERSURING Z5E0 | ON TINEQUT & GOTO 178%
o _ ) Z57a !
2832 He=2 = 2533 ON ESSOR GOTO
- = w 23 SOSUE
sata Dl D 2553 GDIUE
2mig Fi ) S18 GOSLE ¢
2@cn P ON d GOSUE
i

1
=
i
E
W
£
}
5

. a ! FIT Wl CHORE
L REs ESER 139,290 1
THed GOSUE S9sa t TEMF RUG Zean b O S1FCIZ2+SE v
Zasr b Re1NI=73 SETIS=CHRECLSD 04=1 ' THRU :
1@ GOSUE &156 ! SHMPLEWMDH GOSUE S35 ¢ STORE SETUFR
2119 GJSUE 63326 ! WINMDOW GUSUE gs” i RGO
2120 IF MAacN2-13:Me OF MacHS+1 0 GOSUE 5158 | SHAMPLE

M2 THEM G0TO 2823 ! RETRY COSUE S7S@ | SWESE LEMGTH
213 GOSUE AeTA L GET N 26! M@f,@@B?C. @ 3OZUR 5278 1 T
21a8 GG y 7228 1 PLOT RRM TIME e LOCK DELAY -
2141 4@ | FOSITION S7me GOIUE S tDIVISOR
1506 STSw ¢+ FLOT IMDIM 71 £71/ GOZUE % 1 STORE SETUF
—1En 4 1 PLOT AMG T 2728 DISP "nCzoow DATABRSE LORDE
I1TE U OCHNG TO O IN. o
=1=0 { TIME&WALUE " 2TIe | BECSP 315.7S
Z1ag ! £345 ! FRINT RAMW DH 2735 QFF ERFOR

T . 2742 RETURN

~ - qar S TAE S 2250

Ix3® | GOSUE £449 | HISTOGRAM e BEEP B LISF "OroEsd NOT O
2216 IF KeH1 THEH FEHUF ® FLOT X 27se E%;E"L@ﬂésguehggggﬂ NOT M

127 @ FLOT ¥.1%2 #® FENUF pomm BERE
FLOT .¥ | MAKE HOUR MARE 750 BEEP B DISF "RL2098 REQUIFE
NEXT L S ZERVICE"
RETURN TTEF | PRT STATET
FOR N=1 TO 2S5
E13=0TRSC(NUMIS2EEN, NI+ Y | E

1
Y

t L0OARC SZ3SH
LISk "LOAODOING S335R DRTARERE IH
E" 2320 HIS=0DTHECNUMISZSOIN.NI>» Y 1 K
oM TIMEOUT & GOTO 2349 Ex
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2238 PRIHT USING 2248
123.E1$C132,

M.B1$L3.
1€F.H1$L3.43, 552

TH.N]

2548 IMAGE "BYTE ".0D0." = “.ARA
H.ARAR." = HA "H = ",h
NEXT H
RETURHN

“PART NUMBER® ® IMPUT
“EORREaBRamaE" -
© NI=LEN(P25) TO 1 5TEF -

EUILD R TO L

F PEZFLCNLLH1II="~" THEN N=11
® GOTO Z27e ! gxIe M-t
{2CN, NI=PZ¥FLCHNL1.,N13

=pi=1

EXT M1!

22=F1F%
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IZ44a

Oorar

. ERE TR i

ZISE PRIHT USING "HRR.DDO.CDO. 3
A . ARA D ooooooooonr oo
‘-‘.I= D'-,lb ) =

22649 PRIHT H'INF 3 5 IEA
C23=D1:"ZIm 022 al=m ;0
B1=CHEZ -1

273 INHbE RHHR DD . 000, ¥, ASARA. LD
0DDDL ¥ AARR, DO DDD

2228 PEIHT E FRIMT USING “RAR.DD
poDCo . Dol . RASERA.ODDD .
o IIF’ _H ; r:_. 1 A; I.E_ n H o d'

ITEG F IW’ USING "FRS.DOGBCODD. "2
Y. RAR.OGGD . DOOODODOCD & 0

PlAO01 3" aZ= 0o tan
I3 FRINT
I418 Lo=La+Ns
2428 RETURM
440
452

TETURH
FeH CHECK-SERRCH
OF RZ=t TO FZ
PJ
ESFOR COTQ 3asa
HO# Z.FEZ & Flsz
PIsL1.143=F2%C1.143 THEH
OFF ERFRELOF £ EETURH ' MATIH
UEH
N #T REZ
DI "HOT IM DRTRRARZE" @ 0OF
F E°PHF & WRIT 28090 & CHRIM
“FREMOC™
1
! FRINT HERDEFR
FRINT @ PRIMT ® FRPINT
PREINT “TRIAL NUMBER: “:T73 @
FEINT
PREINT @ PRINT "PHPT NUMEER
"iP1sL1, 113", P1FC1Z, 14]
2159 PRINT “ORTE: sMDYSC(ORTE+Z
4RAPEBH
B PETUFN
- - ”
w28 1 PRIMT STATS

99 FOR L=1 70 T8
PRINT USIMG “0DDOD.DOD.R, .00
popLoDD. R. . ODDDDODDRROD" 5 1

1LY "= 81 (Lo ., "=";5584(L>
I21% NEHXT L
A DAB3x=00F3+0052 & DO102=D{1Y
Y+l ED
238 DY 11"0 113+DC7Fx @ D125 =0
12:+0
3249 DO1S N
sHED
Dain Ne
AHE D ’
11489
ME &%
SJSUB TVE ! :
IF 20412=2 THE 283 Tl
DC173=11{8x-D{1T ® D(12:=8
1¢93=-0DC12y @ DL212=D(Z1>+D"
17 .
2289 PRINT UZING "BAR,D00DD.0DD.A.

.DODOLGODD, & . . DDOODDODD"
WZEt, T1CRE "= SR =3
7318 FrINi WIIHG "RE. DGO OO
00000000000T
1;—:
| SKIF
THEM Dt

455

3470 DISP “ANDTHER® ® INPULT ;-

3428 IF R$#"¥" THEM GOSUE 35 . -
GOTO 3739

3458 GOSUER IS23 @ SOSUB F429 o -
EWl GRAPH

ISAQ ¢ IF FPIT313%v=9 DR ¥»23& T
HEN GRAPH ® PRINT i FF ®
PRINT ® COFY R GOSUE 7758
! NEW GRAFH

IS19 T3=T5+1 # RETURK

BRI

IS3I@ ! PRINT GRAPHICS

354G PRINTH 1,R1 ; 514

3559 PRINT ® PRINT @ FRINT & FEI
NT

3558 GRAFH

3578 COFY

520 GOLEAR B YAXIS §.18 @ NAKI:
ci‘l B KAKIT @.18 B TR2IZ =

2 LDIF )
5 HDUE 42,189 2 LAREEL “"SEC YT

128 & LABEL ™IN ¢ T
FHF M=1 T 192
FLOGT N+Z06.5 & = o3
M+Z23, 320N +5
Ihsn FEMUFR & FLOT MN+142.5 & PLIT
M+138.35Z0M0+5
NEHT M
P°INT B FRINT & FRINT @ COP
TaT8 0,1:-aﬂF A SRR P TR S R

2E38 Srole-dD71aroLn
Zesa DFIHT 2 FRINT USIMG “AAA.DD

o . ook, ® 2A. .0RRDODTDO”
"R MLDO30sLBs = MO0 EY S
Le
T on PRIHT USING "ARA.DOGOD DDDDD
D, DDDDDDDDDLDD" Y. &

o mm
[GRO R
e
m I -

1y =
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1 FRIMT TIME 2 VARLUE
Hi=HK -
H=INTCTIME-Z289 | HOURE

=1
CE=HMIF ! TINEI
1

IF Tis THEN PRINT
us I”“_: JUTY L GRL RN,
] Yot ,35F,. "N

E RHHHH A.
DD A, 0D.00.R. AR
RETUEN
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MWESER)
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nonn
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%) DD
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FEHUF

PLOT X.T®{H

IF INTCTBCHY =8 OR IMTCTH-H
Yi=1 THEN LABREL VALSN>
FEMUF

MEXT M

T PLOT ¥.%

RETURN

Chpen

t RESET HPIE
AEORTIO =

MRT VIR N !3: $u Gl fo
!

o Y SR SR S DR N 08
TeF T geneninen
DARMWIDN IR AR TN

o) [ = 0

! RUTOGAIN-00
SET_TIMEOUT &

QUTFUT Qu,
GOSUE 43&9 !

;"mpu«
BIT'HHSK

SEND 3 ; UNT
RESET @
CLERR Q9
WAIT 52094
RETURM 4571
' GRAFPH POZIT
=¥+l R IF ®r2%& THEN GOSUE 443
4aah | N SHFT 450 T
TATH Y=O310L»-30k20a0ann0n | 4 258 1 ! o
2328 IF *>Zvo QR Y9 THEM GO3UB de7T@ S43=313C123,. 237 Jus2sL1 16,25
4118 1V %y SHFT 51 + UPDARTE
I5%8 RETURHN 4588 S4304c 2= CHRICEINIORSEL (M
SNy T FAMUIMISESL5. 4530
513 t 4 FRTWLIHFT 4530 S3FL4T .47 I=CHRES(EBINIORIEL M
4028 PRINT @ FRINT +1 3, MUMCS43047. 47300
4238 GREAPH 4784 S3301.23=5343045.477
duae COPY 4718 GOSUBE S459 ' PGH
40513 GCLEAR 47z IF Gl1iM»=1 THEN WRIT 1405
4duea FEMUF 4778 IF G1iMix=.S THEM WARIT 1543
1679 PRINT R FPRIMT G746 GOSUE S1%d | SIG LEVEL
4020 P YMIN MALUE=" Y3I 473@ IF FLAGCLY THEMN SisC
SaRG : 125+47]=32323C1 ,_J (LI %
$1a0 s
A 47ER MEXZT M
41z 4778 IJBUFFER 543
4138 4780 S42=31¢012%7. 2273 LS230119. 2
4149 =1 !} FIMNARL GAIN
415@ 4753 GO2UE S43a 1 FGM
4ifR 4590 RETURN
75 ~ et
41358 452w ! SET SCREEH
G153 4IZ6 GD-HE 9158 1 ¢
.43 E 42413 S13C128+325.13%
uer 1 MINSMES TEHP 4258 Wo= @gu2s & GOz
Po=imy | 3TD TEMF R SIG
Z=TH¢ 1 45364 IQRUFFER S4%
s 24 57 SIF=S1F0123. 23730525110, 25
2 &J } FIMRAL
F = 423280 GOSUB S489 ! FIMARL SETUP
450 RETIIRN
T <3G L
0 4319 i ZET SCREEN
=3 4320 GDSUE S1%@ | SAMFLE
H 43Z0 GOS5UB S788 ! SWEEP LEGNTH
A3 42340 GOSUB SE3& ! BLOCK DELAY
A 4258 IDBUFFER S45%
18 T 4560 S45=51¢C1Z2, 2373452511 @.25
P = 531 | FINAL
: i C~F 4370 GOSUE 5413 | FIHAL SETUF
3 Tao M=k TR "Sa+32 3328 RETURM
47 FEETURNM 25 ~an
St Spag | DEFIME BIT MASKS
4378 v IHDIY TERMF SH1Ga BLIT:=HTD:"4a") & E1(S)=HTD
4230 FOR N=& T T4 LtEaty B G14Z)=18 ! 15 dB
4330 GDSUE 4173 ' o-F Saza B1{Zx=HTRO"ZO") B B1:4x=HTD
4400 NEHET N - CPgRfY @ G1{Si=1%6 | 1S dB
4429 1| SEE 12960 - SEZ8 B1o8H=HTDC"1a") B Eld1air=HT
4438 RETURH Duovgo"s @ S1(3»=3 | 93 dE
T aEEe— SR4a B1olx=HTD "@0"> & E1:Z2X=HTD
4450 t INDIWY TEMP PLOT cr2ary B G1413=28 + 28 dB
4460 FOR N=82 TO T4 SEa56 BE1{S=HTO "aga") & P1<{sX=HTD
4476 TOUNI=293%FP{TBIN>2 1Rty B G1i?>=189 1 19 dE
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SEER B (vt B OB1012:=H E ;
To:" GlC11x=18 ! 15 o = ( FECRLL
E- Se SEND 5 : MTR UML LISTEM 4 D
SaTh Eid13 'f“ﬁﬁ“- ATE HTDO"CI" s, KTDO01* 2. HTD
TOo" G1i17 DRI R
Sasn B1O1S, f"gu"n - Seaq FP=IPOLLC334y & WAIT 189
TOw "G G10150=- SeSa FETURN
SH=a B1O1T. CYaEt s Eaen A
TGO~ GliiTy= S57E | SETTING #1
S1@9 E1419] CMRETY @ Sesa IOEUFFER S2%
TOC"RA"Y B G1(135=- Sgo@ SEND 3 ; MTA WML LISTEM 4 0O
=118 E1CZ21)=HTLI"H34" & ATR HTDC"C2" 3 RTD 90" HTD
TOL"9A™x B G1o21) CUERM Y
5120 BLo23x=HTDC"@Z" > STaa TREAMSFER 384 TO 523 FHS
ToOor YR OG1LETY ST18 P=3F cagds @ IF F#8 THEN
513G B1(Z Tho"@gns GOs
oo G125 57za RETURN
E =rsa—
S14a RETURN S73m | LOCK FRT PHL
Saga | 57EQ SEMD & : MTA UML LISTEM 4 D
Sled b OSIGHALT ATA HTDCYCT" ), HTDC 45 3, HTD
178 5T TIMEOUT 2:1%3 U pan
159 QM TIMEDUT 3 SOTd 3320 P=3POLL R4
193 MI=0 @ HIZ=g @ Ma=d UF
SO0 OUTPUT 343 :"WAL" B EpTER 3 AT
B3 5 Mg 57 f suF LEHbTH

IDBUFFER H1$ .
TRAMSFER %63 T3 M1t Fo3 uvi THEN “1$C1-»
FOR M=1 T3 18 oo+ ESY=CHRECRY L C11EY 1 INT
SFLAG @ CCMd—  2¥M2 3 (MI-H5¥255>)

+38,

MABIN=VAL (MIFLZ14%iN-1 42,2 ¢ 229 RETURH
¥rH=13+152]> é%éy}—%———*
253 IF ME HI<ME THEN MI=MIZ+MAH 5349
3 @ MZ=HNZ+1 ELSE CFL3C 1 & k3=31]
Md=MI+MBLME L MO ST S350
NEXT o
QUTPUT 283 ;"WAB" . 5570
IF N2#16 THEM M7 . - CeMI S5ae
ELSE M?=nh4 S531
IF M7=8 THEN M7F=M3 Toas
IF NZ2=8 THEN N2=1 s21g ! DIMISOR-ECHOI-THRU
MI=MZ /N2 5226 S3I5=S2%L55.58 .
SEND 8 ; UNT sa3g ¢ IF BITAXMUMCS3Ex,5SY THEN O

PETUPN 4=1 ELSE 0O«=2

L S349 RETURNM
U LD=ET I 5330 Sy 5 S
AREDRTID 9 S35 1 TEMF RUG
D @ CFLAG 1 @ SET TIMEJUT = 1960a
5372 RETURN A 0OH TIMEOQUT 2 4,373 £130
e 1 ON ERELOE G070 814z
5328 ' STORE SETUP g Tgdiahv=n | R“u TEMF CLERR
S4p3 IDBUFFEER S471 B F=ZFOLL 2@
5419 S4$=%1350123,. 237305250 118.25 a8 QUTPLT 59l ,_lstl 223 ' nMEA

€1 ! UPDRTE CONFISURATION

5420 GOSUR 54358 ! PG . aZ9 FOR M=0 TO WRLYSISCT,TI:» !
S476 S0TUER SSTE L START OIN #1 HWG
S44n GOSUB So51in ' RECH #1 5979 ENTER 9891 & Todm: o1
5452 GOSUE 5558 ! CRNT Y'ET EG40 TEO1P=Ta ia+TRMS
S458 IF SZ3C1.1093#S1%0,22,2371] ens MEXST M
THEN GOSUE ZT7ER o QUTPUT ¢ PUOEHY LT
5478 RETUEN 0 Tail@s= 10 Td 4L
St —_— 3 SIDSHE &
S420 ! PGM MODULE 3 N=1lg r»
ssan Sor=t4F01.254 IR lLF - n IF L=t g
SS16 SEMD = 5 MTA LML LISTEN 4 O 115 1 IF FRol@=T i
HTH HTGO®C1" 5 . HTD O "8F "3 . HTD Fe1akTAMT 19 o .
(roTN 218 ELSE GOTY
526 TFHN FER S4% T 294 FHS £128 Tis=CHRF(14)
SEIH P=SF0OLLOSRY: B WRIT 149 £128 !
5548 PETURH £140 DISP "3421R NoT ON LIME" ®
hPurpert 3 BENC FETURN
S5eR ! ITDRE-BLK 1 £142 DISP "TEMP SENSIR FRIL" 2 =

SETE SEMDOS o MTR UNL LISTEN ¢ O ETURHM

ATR HTDC"C4*), HTO( 81" ). HTD ot

craant sleE | 188 SAMPLES

WRIT 2586 £176 GOSUE 455 ! AG.
F=SfPOLLORES £136 GOSUB 4549 | STRECSH
RETURM %136 BEEF €a.200




5,056,367 .
51 52

£288 AUTPUT %43 '@ ENTER = 5832 IF NS=193@ THEM SIs="xx" EL3
B2 ; Mf . E SZs=UALEINS
53 SET TIMEOUT 9, - s¢& £548 IF DC1335 323 THEH gs =";x~"
£ ON TIMEOUT & GOT* . 3326 ! FE EL3E €S
CYCOLE SEE L)
228 I0OBLUFFER Mf%. E256 005
£248 TRANSFER 383 TO M3 FHS Qo3>
259 SEND 9 & UNT sE558 DCs»=0
£ FDOR N=1 TD 193 Do
VR MACHI=VAL (MELZ13(N-1Y+2, 22 % SH=T0el
CN-13%+1333 ¢ MUM EQyIv IlwbLor=
NEXT N NS & o4
DUTPUT 233 :"WAR" QUTRUT
BEEF &8.Z269 EEEF 1
OFF ERROFR FETURN
RETURM '
: ! PAW DATA PRIHT

PUITHIN B3 WIMDOW
MACEI=INF B M (181 0=EFS
FOR N=1 TO i : FOR N=1 TO 2% 3TEF 2

IF MBINIsMACE . THEN MEoga=m S3TE PRIMT UZING €228 5 MBIN . Ma
FCHD CH+1 0 MACHN+Z D

2238 IF MAJHIOMACL . Y THEM M3(19 -2ze IMeGE L 0OOO0D0ODOD. " .  000CT
12=MiNy ppoo.t . 0ODOOCDOO

GCLERAR @ FRINT
LOSUE 6443 | BUBELE SORT

=333 MEXT M . 330 HESZT M
Sdidy IR MBYRLLYS U EN G2TD 203 TG P”INI USING * pOoDoooon:e
14} 1
Sl 15 MG tEi oMY D5 THEY B2 Z RETURH
J00 - -
S Ha=g © MZ=181
s438 RETURN 5
"_:7‘5“_:?7:' B 1
=458 ! BUBELE S3RT Taso
=480 FOF N=1 TO 2% Q FOR
sd7Ta MI=MBIN G oH10
sS4 MZsH 3 ONEET M
E438 FOF NZ2=N+1 To 180 0ol
S5a0 IF MBONZX{ME THEM MI=Mg(HZ> T10% FOFE HN=H4+1 TO N2-t
I N2 | CHECK FOR LOWER Ti11a Hu—1m@ﬁﬁﬁr?ﬁﬁ¢ MBI —MEC
£518 MEXT ME _ 7128 IF He:Gl-1 THTM HA=51-1
ESZQ MBINIr=MBOND B MBIMI=ME LS V138 HICINTOHE O =HICIHTOHE Y 3+
HEF 7148 NEXT M ’
MEXT M T158 1
' 7188 FOR N=1 TC -
tMEDIAN 1T DF 7176 MOVE G2%N=-._- . - 2 & DRSL G

MI=oMaSos+MRrS s 2 2¥M-0G2-1).C1a 4. N-12 @ IDE

iOK MPLE-MIN . AW GZ-1,8@ @ DRr. " G2%M.n

P oMHa=43 TGO 1 ITER -1t BE: NEST M

MZ=-M@ M4 0% THEM GOTO MOVE 12.88 & LDIK 99 & LABRE

L VALEMBI Ly

. Mg MOYE 257.<8 & LOIR 20 ® LRE

! EL VAL MECI13+G1 - 1066000053
=HMFL=-HH )

S22 TD o1ae

U R RSt
pzal (]
-
(04}
-] -1 =1
[l
UvRval
X

[X]
15
Dl

RETLRH

»-MZ:03> THEM RETURHN

GRAPH RAW TIME
GOSUE 3949 ! POS'H
FENLIP

FLOT .7

RETURN

| Zig (AVGE ST, DEIATIcH)
DIl\:M B DoZi=@ ® De3i=g @

¥ S4dga=a

Nd+1 TO NZ-1

A MT - (MT=M2 1+ (MATNTI=¢
My=MEdRTIX(TT-TE19>x 1
CORRECTION

A MI=(M2-B)/r{KXD4]

a

PEMLIP
PLOT X.19x. 7 301833=F3 AU
TEMF
FENUF
RETURHN

~D
759 D(12=0C13+M1 &

A
Gi2y=pe2e+ME @ Dogr=D04)+ME
o<

m'/Lfo
r

2 TISa
2760 S37RA)=33 081 +MAINI) R u
E7TR MNE-T M3 L
Sr3a NI=HI-N4-1 TISE MS=28AYFFCILLY
ETSA NE=NE+NS s a FENLE
5202 1 o T3I3@ PLOT ¥.MS-1 8 PLOT ¥,MS+1
£31@ SRR (ABS (D3I NS-0(1 5 Liim PENLE
! T30 1 PLOT M.y
n326 FC(REB3{D 2 N3-JOC2% 7418 BETURH
P SR B
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7438 ! GRAFH LRABEL TE2% BEEP ® CLEAF ® QISP "LIW LT
T449 GCLERF & LOIR @ . MIT CINCHEZ»" @ INPUT M3E M
7458 MARIS @ ® XAXIZS 131 @ YAXIS Q=MIXK+E

2E5 TeZ8 ! B=K¥1 3ZT
TdEm FOR M=48 TGO 132 STER 28 THI8 BY=9 | KEX(-2 . 25)12_823%513 a2
7470 MOIME 1.N=-3Z B LABEL VALFIH~Z =

Ay B MOUE 241.H-3 B IF M4 TESE 0 B Do1@y=2 @ Di11:=8

e THEM LHEEL “an'“ﬁ+N 1ax I} Zy=a @ DYzZi1y=0 L&=3
T4E8 MEXT M TEAR @ : A
T4 YRAIS 15,18 2 YRXIS 23V, 14 X V=
TSa9 LDIRE S8 & MOWE 18.55 & LAEE TETH I

L "ig” evTa F
TE1E MOVE 19.34 @ LABEL u‘" TET4 T
TEZO MOUVE 16.1@< ® LREEL “"or® 7575 NEXT
Y539 MOUE 18.1324 2 LRBEL "IN" 785G RETURM
7S48 MOVE 2S1.116 &= LABEL MOYv#F:D PRIt

RTE+Z34R3353D3 > TYE8 | COPY OFF TQ PRFEFR
TS5a X=zZ € RETURHN 7718 GRAFH & PRINT @ FREINT ® FFRI
TSR NT ® CoPy
FOTVB t IMITIALIZE TVEW PRINT € FPRIMT ® PRINMT
TSER FOR M=8 TO 1@9 FV38 GORUE 7420 | NEW GRAFPH
TS98 S2/Hx=0 # 3F{N>=2 T7aE RETURH
Yeay NEXT M TroT—t—
TH18 K=1-115135.98262 ! 11543213, vred ! LEAST: LIME

S4BGITE- TTTH & 10R) @B QUSis@iS s g
TE2H ' B=kx-£.T7 !} (1.85-8.7>1 73 Traa 2R RCEEOCET~0 ]

8511 14{-.9540520 1 (— S3ZT73I

141 Trag
7521 ! B=K%-3%.5 ! _5RK1 TERG BoOerSie=ne D
TE22 BEEP # CLERF @ DISP "WEDGE )

SIZE (INCHES)>" & DISP "H.S5X B 1= EeS T

1. Hix1, 11, 0F .5Hi" @ IN 'R G 120=] 1153

PUT R¥ 30 R:133=R4 113

IF RE="H1X1" THEM B=1. 4%5%K 46 Q{143=60 123

IF RE="1¥1" THEH E=-<{8.7¥K) 358 Q015 =0Q¢ 135 ® IF Ge1s)

IF RE=%H S5X1" THEN B=1 325X =i THEM &4 a=ERT

R RC1Ra=0¢ 2 1S

TEIZE IF R$=" 51" THEN B=-(9. 5%K G LT CEANNCLE S0

) )

TE28 BEEP @ CLEAR ® DISP "HIGH L TESH @i2v=d o .0
IMIT ¢IMCHES:" ® INFUT M&R 7298 Rcdo=
ME=MS KK +E 7928 RETUR!

APPENDIX B

HARDWARE

The company that manufactures the ultrasonic equipment
listed below has changed hands several times since 1984. 1In
1984, they were Automation Industries; in 1985 they became
Automation Industries, Sperry Products Division; in 1987
they became Qualcoryp, Automation/Sperry Division; and in
March 1988 they were purchased by Stavely NDT Technologies
and are now referred to as Stavely NDT Technologies.

Part No. Description Manufacturer
3056DL Data Acquisition System Hewlett Packard

5335A Universal Timer/Counter Hewlett Packard
85B Personal Computer Hewlett Packard
22271 Platinum RTD R4F Corp.
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Part No. Description . - Manufacturer
QC2000 ' Ultrasonic Transceiver Stavely NDT Technologies
50D1029 PR Buffer/Sweep Stavely NDT Technologies
50D1128 System Timing Stavely NDT Technologies
5001130 Display Sequencer Stavely NDT Technologies

50D1140 Front Panel Controller Stavely NDT Technologies
5001141 General Purpose Receiver Stavely NDT Technologies
50D1142 General Purpose Pulser Stavely NDT Technologies

50D1143 System Controller Stavely NDT Technologies
50D1153 Mainframe Stavely NDT Technologies
50D1155 A-scan Display Stavely NDT Technologies
50D1158 Analog I/0 Stavely NDT Technologies
50D1310 Digital I/O Stavely NDT Technologies

~

The Hewlett Packard equipment was procured with most
options factory-installed. A high stability time Dbase
(option 010), expanded HPIB control (option 040), and set of
rear panel connectors (option Cl10) were included with the
5335A Timer. An advanced programming ROM (00085-15005), ROM
drawer (829362a), and HPIB interface (82937A) were later
added to the computer. The 3056DL Data Acquisition System
was procured as a 3421A mainframe, software, and certain
options including two ten-channel multiplexers with
thermocouple reference and connector block (option 022},
HPIB interface (option 201), deletion of the cabinet and
locking drawer (option 400), and 120 Volt/60 Hz operation
{(option 326). The only part of the 3056DL software that wes
used was the routine for converting the RTD resistance

values to temperature.

The wultrasonic transceiver mainframe (50D1153) was
factory modified to provide convenient rear panel
connections for the transmitting and receiving sensors (mod
# 50K5889). The System Timing module (50D1128) was factory
modified to provide a four-fold increase in the blocking
delay and sweep delay ranges required for this application
(mod # S50K5888). The Analog I/0 (50D1158) is of no use in
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application.

this Instead,

items.

The ultrasonic wedge

58

the vertical display output
signal coming directly from the mainframe (Y video input to
the display) is tapped and fed to the timer where it is used
to determine propagation time.

The transducers are stock

(wedge 50) dimensions were based

on Staveley NDT Technologies standard part number 57A9195

and similar parts.

and detection required variation of angle and length.

Optimization of surface wave propagation

It

also required close-tolerance machining of wedge angle.

What is claimed as invention is:

1. A method of measuring a subject surface length of
a three-dimensional curvilinear body, the method com-
prising the steps of:

(i) initially placing the transmitter a first distance

from the receiver;

(ii) generating a first surface wave on the surface of
the body using the ultrasonic transmitter;

(iii) detecting receipt of the first surface wave with
the ultrasonic receiver;

(iv) measuring the time period between generation of
the first wave by the transmitter and detection of
the first wave by the receiver;

(v) moving the transmitter relative to the receiver a
measured distance such that the transmitter is a
second distance from the receiver;

(vi) generating a second surface wave on the surface
of the body using the ultrasonic transmitter;

(vii) detecting receipt of the second surface wave
with the ultrasonic receiver;

(viii) measuring the time period between generation
of the second wave by the transmitter and detec-
tion of the second wave by the receiver;

(ix) determining the surface wave velocity by divid-
ing the measured distance by the difference be-
tween the time period measured in step (viii) and
the time period measured in step (iv); and

(x) determining the subject surface length by multi-
plying the time period measured in step (iv) by the
velocity determined in step (ix).

2. The method of claim 1, wherein the body to be
measured is an enlarged cylindrical body, and the mea-
surement is of the perimeter of the cylindrical body.

3. The method of claim 1, wherein the subject surface
length exceeds 120 inches.

4. The method of claim 3, wherein the subject surface
length exceeds 240 inches.

§. The method of claim 4, wherein the subject surface
length exceeds 480 inches.

6. The method of claim 5, wherein the subject surface
length exceeds 960 inches.

7. The method of claim 1, wherein the surface wave
travels from the transmitter to the receiver without
reflection.
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8. A method of measuring a subject surface length of
a three-dimensional curvilinear body, the method com-
prising the steps of:-

(i) initially placing the transmitter a first distance

from the receiver;

(ii) generating a first surface wave on the surface of
the body using the ultrasonic transmitter;

(iii) detecting receipt of the first surface wave with
the ultrasonic receiver;

(iv) measuring the time period between generation of
the first wave by the transmitter and detection of
the first wave by the receiver;

(v) moving the transmitter relative to the receiver a
measured distance such that the transmitter is a
second distance from the receiver;

(vi) generating a second surface wave on the surface
of the body using the ultrasonic transmitter;

(vii) detecting receipt of the second surface wave
with the ultrasonic receiver;

(viii) measuring the time period between generation
of the second wave by the transmitter and detec-
tion of the second wave by the receiver;

(ix) determining the first surface wave velocity by
dividing the measured distance by the difference
between the time period measured in step (viil) and
the time period measured in step (iv);

(x) moving the transmitter relative to the receiver an
Nth measured distance such that the transmitter is
an (N + 1)th distance from the receiver;

(xi) generating the Nth surface wave on the surface of
the body using the ultrasonic transmitter;

(xit) detecting receipt of the Nth surface wave with
the ultrasonic receiver;

(xiii) measuring the Nth time period between genera-
tion of the Nth wave by the transmitter and detec-
tion of the Nth wave by the receiver;

(xiv) determining the Nth surface wave velocity by
dividing the Nth measuring distance by the differ-
ence between the Nth and N— I)th time periods
measured in step (xii); and

(xv) repeating steps (x) through (xiv) a plurality of
times such that the statistical result of the velocity
values converges within a specified tolerance; and

(xvi) determining the subject surface length by multi-
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plying the time period measured in step (iv) by the
statistical result of the velocity values determined
in step (xv).

9. The method of claim 8, wherein the body to be
measured is an enlarged cylindrical body, and the mea-
surement is of the perimeter of the cylindrical body.

10. The method of claim 8, wherein the surface wave
travels from the transmitter to the receiver without
reflection.
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11. The method of claim 8, wherein the subject sur-
face length exceeds 120 inches.

12. The method of claim 11, wherein the subject
surface length exceeds 240 inches.

13. The method of claim 12, wherein the subject
surface length exceeds 480 inches.

14. The method of claim 13, wherein the subject

surface length exceeds 960 inches.
* * * * *



