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I. INTRODUCTION

heen rather slow and inaccurate, The g-level measurements of both the test

signal and the reference signal were made with a ruler from a 2-3/4 x 3-3/4

.
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Polaroid photograph taken off a regular oscilioscope display in real tine.
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The previous procedure of accelerometer calibration for shock siynals has

) Not more than one inch amplitude was available per signal. The method of

.

calibration was not changed, but the procedure was automated. The oscillo-

o

3
.-
-
n
.
4
“u

' scope was replaced hy an analog-to-digital (A/D) converter, the measurements

were evaluated at computer speed, and the Polaroid photograph was replaced by

a hard copy of the display on the terminal screen, which also contained the

complete test results with all necessary setup and transducer paranreters,
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[I. METHOD

2.1 DROP BALL CALIBRATOR

The principal desian of a drop ball calibrator is shown in Figure 1. The
pall falling through the tube imparts its acquired momentum on the anvil on
which the reference and the test gage are mounted. A damping pad is used to
tailor shape and force of the impact while the size of the ball and the anvil
determine the rande. The anvil is held in place magnetically until the ball
nits, producing a haversine-shaped acceleration signal in the transducers. A
trigger signal is generated by the interruption of a light beam so that the
transducer signals can be captured on a scope or by the computer analog input
interface., Figure ? is a photogyraph of an inplermentation of a drop hall cali-

brator. For a description of the method in manual operation, see Reference 1.

2.7 DATA ACQUISITION

The transducers receive their proper excitation which is constantly moni-
tored on volt and ammeters for exact values. The accelerometer output signals
are routed through low-pass filters, which remove unrelated measurement system
noise, and then applied to the computer analog input where they are diyitized.
These filters also condition the signals to comply with the Nyquist sampling
requirements (Ref, 2). The sampled data are then processed by the automation
prograrm ACCAL. Figure 3 shows the drop ball calibrator setup with signal con-

ditioning and other measurenent equipment.

7.2 DATA PROCESSING

Roth signals are calibrated with the previously entered scale factors and
analog qgain factors. An autoscale algorithm sets the display scale so that
maximur visibility is obtained., The reference signal is inverted for a more
convenient display to avoid interference with the test signal. The apparent
test gage sensitivity is calculated from the reference gage measurement and
conpared to the manufacturer sensitivity data. The percentaye ditference is

evaluated and a bell is rung when a certain value is exceeded,
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TUBE

BALL

—— STEELCASE

L

/OPT|CAL TRIGGER PATH

SIGNAL

TR1GGER ___L__/..- LIGHT
TRIGGER ,___Lm—:rzcma SOURCE

MAGNETS

PAD

BALL REST & ANVIL MOUNT
\\ ANVIL

REFERENCE SIGNAL e—f——0 REFERENCE (STANDARD)

TEST SIGNAL

Figure

ACCELEROMETER

—TEST ACCELEROMETER

FOAM PADDING

1. Drop ball calibrator schematic.
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Figure 3.
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A majour part of the automation consists in haviag the plot of the two
signals include all parameter and neasurcaent inforvation which previonsly had
to be recorded by hdand or was not docunented at all. A hard copy ot this
display can be obtained on demand in 10 s and is made a pernanent part of the

gage documentation,

Several measurenents on the sane gage under the sane conditions can be
averaged to reduce the effect of statistical measurenent uncertainties. A
second, time-base-expanded plot is provided that shows the details of the

shape of the returned sianals,

In going from one measurenent to the next, only those parameters need to
be entered that are different from the last setup. Analog siynal offsets are
rerioved by a haseline calculation that consists of averaging a large numper of
data points before the shock signal arrives and correcting the ddta for this
ntfset, The input range for the analog computer intertace is conptted from
the parameter entries and the input attenuator is automatically set up to an

optirun value.,

The data processing station, part of which is used for the acceleronmeter

calibration, is shown in Figure 4,
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A IIT. PROCEDURE .
a3 .
q
_ 3.1 OVERVIEW i
\.';\.:: A
:ﬂ:7 The calibration procedure described here is for piezoresistive accelerom- Y
N eters. It starts with the transducer channel history that is documented on a !
‘\.-_‘-. 1
i form called the Channel History Sheet. The entries which link the transducer i
e to a particular test and channel and which are particular requirements for
P
:ﬁtq this measurement are provided by the Instrumentation Project Officer (IP0).
‘fﬁf The static tests then begin in the calibration laboratory. These are con-
\' - figuration measurements like bridge resistances and calibration step response.
0 . . .
s The dynamic test is conducted with the drop ball calibrator and a
Gy . . . . .
:}3 PNP-11/34 computer. It uses the Time Series lLanguage (TSL)* operating system
Tl . . . . s .
“ns which provides A/D input interfacing and a powerful display package. The hard
0 copy of the computer graphics output is.then attached to the Channel History
f:&" Sheet.
d‘::-'::
7N 3.2 HARDHARE
S
f
‘, o 3.2.1 General Considerations. The Air Force Heapons Laboratory (AFWL)
N
;::: Form 49 (Transducer Channel History, Sample in Fig. 5) outlines the checks and
Sy inspections performed on each transducer before it is used in an instrumenta-
YA
X tion system. Before performing these checks the following should be checked.

a. Cleanliness of work area,

b, Foam pad for gage rest. Used to protect transducer from inadvertent
high-y inputs.

c¢. Positive electrical connections,
d. Torque wrench capable of applying 3 Nem (26 in-1bf),

e. Drop ball calibrator survey notebook. Allows operator to select anvil
and ball to approximate the dynamic input that he wants for the test gage.

f. Project otfticer's prediction and assignment sheet.

g. HManufacturer's data card. Used to compare data for final acceptance/
non-acceptance.

*Tradermark of Genkad, Time/Nate Nivision, San Carlos, Calitornia.
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3.2.72 Calibration Equipment. Figure 6 shows a typical test setup with

equipment layout and identitfication to accomplish the various checks. Other
pieces of equiprient may be substituted to perform the same functions. Care in
setting this up properly results in more accurate data. Fnsure that all itens
with a calibration requirement (standards lab) are within date. Preliminary
checks consist of resistance measurements and are perforaed manually. Dynanic
checks use the drop ball calibrator and are performed automatically with a Php

11/34 computer. Operation of the couputer will be described in paragraph 3.3.

3.2.3 Transducer Channel History (Fig. &)

3.2.3.1 Instrumentation Project Office Entries. All spaces marked

with an asterisk are normally completed by the Instrumentation Project NDfficer

(1PD) betore receipt in the instrumentation laboratory.

3.2.3.2 fOperational Pertormance Entries

a. Static Tests
(1) Turn on eyuipment itens and allow 30 min minimur warmup.
(2) Megohmmeter: set test voltage to 50 V wmaximum.

(3} Select accelerometer of proper range and type according
to the requirements on channel history sheet. Record serial number (S/N) in
block 12.

(4) Remove test accelerometer from its protection box and
place a foam pad.

(6) Perform mechanical inspection. Record in block 15.

(R) Twist conductors together and connect to megohmmeter as
shown in Figure 7. Record conductor to case resistance in bplock 19,

(7) Connect megohmmeter as shown in Figure 7. Record con-
ductor to shield resistance in block 20,

(2Y  Connect reygohimeter as shown in Figure 7. Record shield

to case resistance in block ?21.

(a)  Connect test accelervneter to terminal strip, caretully

matchine color to color,

10
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MEG-OHM METER H/P MODEL 4328A

(10)

——

BLOCK 18 BLOCK 20 BLOCK 21
HOOK-UP HOOK-UP HOOK-UP
(@)
ACCELERO-
METER
SHIELD CONDUCTORS

Figure 7. Meter connection.

Select a resistance range on meter MNo. 2 (output monitor)

that allows reading the transducer bridge to the nearest ohm.

(11)
reading in block 22.

Place function switch (Fig. 8) in Ry, position. Record

(12) Function switch to Ry, . Record block 23.
(13) Function switch to Rl. Record block 24.
(14) Function switch to R2. Record block 25.
(15) Function switch to R3. Record block 26.
(16) Function switch to R4, Record block 27.
(17) Compare readings obtained in steps (11) and (12} apove
to Ry and R on manufacturer's data card., Major difterences are cause to
in out
:ﬁ set transducer aside for additional tests and possible return tu manufacturer,
..ir; b. Dynanic Test. Refer to Figure 5 and note that the dynamic
%'t-‘ hookup includes the standard accelerometer and drop hall calibrator, Caution
5;~j€ - No not houk up transducer until step (7) below is conpleted,
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FUNCTION SWITCH

Figure 8. Function switch.

(1) Turn on equipment items and allow 30 min minimum warm up
time.

(2) Determine at what acceleration the transducer is to be

:

]
-
§

tested., Generally, if there are a number of transducers of the same range to

be tested, select an input that is approximately one-half full-scale anca test
all gages at this point. This eliminates constant anvil and ball chanyes., [t
is also the general level that most IP0O's select for the transducer operation

because it provides an overrange ot 100 percent.

RAAIN o FEFRNN

‘l

(3) From the drop hall calibrator survey notebook, select an -

anvil and hall that will effect a g value closest to the test point desired, !5
\':

(4) Attach standard accelerometer to anvil and torque to :3

1.5 - 2.2 N-m(13-24 in-1bf), >
(5) Attach test accelerometer to standard accelerometer and L ]

torque to its specifications. 3
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(6) Monitor reter No. 3 and set excitation voltage,
(7) Turn oft power supply.
(2) Connect transducer to terminal board.

(9) Turn on power supply and adjust excitation voltage.
Record in block 30,

(10) Read current monitor, meter No. 1. Record in block 29.

(11) With function switch in the imbalance position read

transducer residual imbalance and record in block 33.

(12) Record ambient temperature in block 13.

(13) Place the anvil so that it is held by the magnets in the
center of the calibrator., The accelerometer cables are routed loosely through
the nottom of the door opening. (A general description of the 2965C Shock
Calibrator is found in para 3.2.5).

(14) netermine a value of the limit resistor by setting
switch on panel. Generally it is 10K. Record in block 35.

(15) Select balance pot, normally 20K, and turn until the
output monitor (meter No. 2) reads zero.

(16) The standard and test transducers are now ready for the

arop test,
f17) Set up computer as described in paraygraph 2.3,

£18)  Reset the charge amplifier offset by pushing button on

tront panel,

(19)  Drop the ball down the tube by carefully releasing the
hall with the fingers,

(20)  The computer will now be triyoered and indicate on the

\

ionitor whether the triqoer delay has deen set up properly.

(71} Determine whotner the trivger delay is properly set from
the printout or from the display ot the ray pltot. Petor to Ficure 100 "Put

i

Poak Here,"
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(22) If the transducer signal is not between the arrows on

the plot (this condition is also indicated by a printout ot the deviations)

-

vary the resistance un decade box and redrop. (If signal needs tu be moved to
the left, increase resistance; if to the right:; decrease.) This is usually a
one-time set up, hogwever, operating over a period of time; readjustuent nay he

necessary.,

(23) ihen the above steps have been accomplished, the cori-
puter will now take over and furnish a complete calibration history as out-

lined in parayraph 3.3.

(24) Information to complete blocks 17, 13, 34, 36, 37, and
33 can be transcribed from the computer printout, if so desired.

(25) DNetermine desired calinration voltage. Use calculated
sensitivity, (Mv/g)
block 9.

times prediction in engineering units (g). Record in

(26) All other channel history entries are made by tne-
instrumentation van technicians when the accelerogueter measurement channel i

set up for a test.

3.2.4 Accelerometer Acceptance. A comparison is made in tne computer ot

the manufacturers sensitivity and the calculated sensitivity fron the test
drop. A tolerance of *5 percent has been defined to determine whether the
gage is acceptable or not. If a transducer is out ot tolerance, try to
correct it by retorquing or correcting any obvious errors in hookup, hkedrop,
[f error persists, mark and set aside for additional tests and possible return

to manutfacturer,

3.72.5 Description of the fodel 2965C Shock Calibrator,  The BRDEVOC Pone]

20AHC Shock Motion Calibrator is an instrurient intenaed for nse in the lahord-
tory to calibrate acceleroneters., [n addition to pertoriam; conpdrison cali-
prations, the calibrator is suitable for redsuring the resondnt trecaency of

acceleroneters,

In the flodel 29650 Shock Calipbrator, o steel ball ds aropped doun o b obe
and drpacts an oanvil to which the acceleronetvr s atbached, hen toe

occurs, the anvil bredrs dyay trons g o aenet e el ged b bovea T tald
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freely until it is caught by cushioning material in the bottom of the calipbra-
tor. Just after the shock motion has been applied to the anvil, the ball is
stopped by a rubber retaining ring. DNuring the comparison calibration, the

same acceleration is applied to both the standard and test acceleroeter,

Comparison shock motion calibrations up to 10,000 g are performed with
consistent accuracy. The errors in the comparison calibrations are equal to
or less than those present in perforiming absolute calibrations over the sane
acceleration range. The accuracy of comparison calibration is estahlished by
performing an error aralysis on all of the instruments used during the calibra-
tions (Ref. 7). Tnis analysis was nmade possible after tests had dermonstrated
the anmplitude linearity of the accelerometer standard at accelerations up to
501,000 g.

Comparison calibrations can be performed at 20 g, 50 ¢, 100 g, 500 g,
1000 g, 5000 g, 10,000 g. In addition, calibrations may be performed at
intermediate accelerations using smaller balls. The anvils are designed to
attach back-to-back an EMDEVCC Model 2270 Standard Reference Acceleruneter and
a test accelerometer. The standard and test accelerometer outputs are now
measured simultaneously in a computer (see paragraph 3.3). The test acceler-
ometer sensitivity is equal to the ratio of the two accelerometer outputs
muitiplied by the sensitivity of the standard.

3.3 SOFTWARE

3.3.1 Objective. The Drop Ball Calibrator in conjunction with the pro-
gram ACCAL provides a setup for the automnation of the accelerometer calibrd-
tion procedure. By printing the required information on otfset-free, scaled,
and calibrated plots, a complete calibration history is provided without the

need to write down any additional data.

3.3.2 O0Operating Instructions

3.3.2.1 Drop Ball Calibrator. Set up Drop Ball Calibrator as

described in paragraph 3.2.
2.2.2.2 Starting the Computer

a. Jurn power on.
b. Insert (1) USEK disk or
{7} ACCAL Floppy disk in respective drive O,

16
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1§ ST

0
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o
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- C. (1) Spin-up disk by pushing RUN, Make sure that \rite-Project
§Z Tight is not ON. If it is, push the momentary Write Protect Switch,

(?) Insert floppy disk and close lid,

d. Press the RESFT PAGE button on the keyboard to erase the ;{}
screen of the CRT terminal, V 2.0 will appear on the screen )

e, RBoot-up the Computer System by pressing both CTRL and BOOT
buttons on the computer console, The BOOT operation will not work if the cowm-
puter is in RUN status. In this case press CTRL and HLT buttons together to

halt the computer betore booting,

f. Upon the boot, a Tine of numbers is displayed on the terminal
screen with an @ symbol on the next line (Fig. 9). Type:
(1) DK with USER disk or
(2) DX with floppy disk
and a Carriage Return {CR). Make sure that the key: TTY LOCK is pushed down.
It not, push it down and repeat DK (or DX} and CR.

9. The computer is now in the RT-11 operating system., It sig-
nities this by printing the gperating system version number and a dot on the

next line (Fig. 10).

Note: When using the floppy disk, it takes several seconds to

Toad the operating system. All subsequent program loads will also take longer

than those described for the USER disk. f}f
)

h. Mow the TSL programming system has to be loaded by typing: R iﬁ}

TSL.  After load (approximately 1 s), the TSL system announces itself on the '51
terminal screen and prints a > on the next line (Fig. 11). ng
i. The accelerometer calibration program is now to be loaded by ‘*{{

typing: LOAD 'ACCAL'. This takes about 10 s. The end ot the load is t;fi
reported by printing a > on the next line (Fig. 12). r.-.
3.3.72.3 Inputs frouw the Calibrator ﬁ}ﬁ

a. Connect the Standard Gage Signal Conditioner output to the A :f:;

input ot the analyzer through g 10 kHz low-pass filter in pulse rode, ,...'.
b, Connect the test gage signal conditioner output to the B anput ::i:

nf the analyzer throudh a 10 kHz low-pass filter in pulse mode, ﬂﬂl
17 S
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V2.0 ;
307400 006200 177774 010020 .

Figure 9. Boot display.

V2.9
ggz400 006200 177774 010020
RT-118J veac-e2

Figure 10. RT-11 announcement.

vV a.e

007400 006200 177774 010020
g¥5115J veac-e2

R TSL

;IHE/DQTQ XXTSL¥x Vo1 31/51

Figure 11. TSL announcement.

Va.e
883400 006200 177774 010020

RT-118J veec-ez2
R TSL

TIME/DATA XXTSLXX Vo1 31,51
;LORD ’ACCAL’

Figure 12. Program loaded.

18
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3.3.2.4 Running the Proyrarl

a. Start the program by typing ACCAL and a CR. The screen will
erase and the program announces itself on the screen, followed by requests tor

entering intormation {Fiyg. 13).

b. Each request 1s printed on the screen, whercupor the proyran
halts and waits for the input, Type in the rejuested information and finish

it with a CR. A complete set of entries is shown in Fig. 14,

c. Corrections of the entry can be made with a RUBUOUT key which
deletes {internally backspaces) the last character, Then type the correct
character, If necessary to go back more than one character, start the entry
over {(only possible before the CR was typed). Type CTRL U by holding down the
CTRL key while typing a U (no CR after that). The computer answers with: )
AGATN,

d. If more characters are entered than the provided storage can
hold, the computer prints: TOO MANY CHARACTERS, and, on the next line: nO
AGAIM (Fig. 33).

e. Enough storage is provided for the various entries so that

this error seldom occurs,

f. After entering the last information (Range), all entries are
displayed for checkinyg, with a request to go ahead or to repeat entries, by
asking 0K FOR DROP? (Fig. 15):

(1) If 0.K. for drop, type Y (yes), and the computer prints:
WAITING FOR DRUP (Fig. 16). All the answers have to be followed by a CR.

(2) If not O0.K., type N (no), and tne program advances to a
display from which the further course of correcting the previous entries can

be selected (fully described below under p.).

(3) If the whole thing is gardbled, type R {redo) which brings

the proyram back to the start of the gage paraneter entry,

(4) If a conplete new start is required e.g,, it the test

event text entries (Test, Date, and MNare) are also wrondg, type £ fexit) which

prints a > on the next line., That means the progras has to be called acain,

(o back to a.
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THIS IS THE ACCELEROMETER CALIBRATION PROGRAM
CONNECT REF TO *A®" AND TESTGAGE TO "B*® INPUT
TEST EVENT IN WHICH GAGE WILL BE USED?

e e AU e MWW A MCTMAME K . e

Figure 13. ACCAL announcement.

THIS IS THE ACCELEROMETER CALIBRATION PROGRAM
CONNECT REF TO *A®" AND TESTGAGE TO "B*® INPUT
TEST EVENT IN WHICH GAGE WILL BE USED:

EIGHT BALL

DATE: 30 FEB 89
NAME: JACK SPRAT

STD GAGE S/N: UB 34

STD GAGE SENS(MU/G):

? 1.96

TEST GAGE MAKE & MODEL: ENDEUCO 2264A 2KR
TEST GAGE S/N: AR9Y6A

TEST GAGE SENS(MU/G):

? .2492

SELECT RANGE BETWEEN S50 AND 10000 (G)

? 2000

\vﬁgly’ﬂﬁly l'
LA u‘.t‘. . - | s te
LRI LR LN .

oot i

Figure 14. Entry operaticn completed.
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9. lihen the trigeer from the calibratur arrives, [ Ak LORKING AS

FAST AS T CAM is displayed in the middle of the screen as shown in Fig, 17. =
From there it takes 10 s for the first plot {lony plot) ftu appear. /i sanple :
of this plot 1s shown in Fig. 18, .S
h. A dounle tone announces that the plot is displayed and that i

the test gaye 1s within tA/ percent of the wanutacturer's sensitivity. A i
quadruple tone is heard when the test gage is exceediny this tolerance, In ﬁ
this case, try ayain to correct a possible bhad drop. If error persists, mark :?
and set aside the test gage., A set of options to proceed is displayed on the i
hottom line, &
i. For an irmediate repeat of the drop, type R followed hy CR. j}

2

The proyram loops back to the guestion: (0K FOR DROP? Reset the drop bhall
calihrator and then hit Y. Typing Y betore resetting the calibrator makes the
program accept any false trigger that wight result from reaching in to reset

the calinbrator.

J. If a plot discrepancy indicates a need to change entries, type
S to advance the proyram to the selection of further action (describe bpelow in
pe)

;.

k. 1If not satisftied, type E and exit the program,

1. It the plot shows that tne drup was good enough to be used for
averaying, type A to add this plot to the average. This can be done as otten
as desirad, Fach plot is annotated with the number of averages done su tar.
The curves plotted and the parameters printed are the ones of the most recent

drop.

rie 70 advance normally, type C, followed by Ck, The next plot
(short plot) will appear in 2 s. A sdiple nlot is shown in Fig. 19, Nne vore
option s available for continuation., Typine P displavs the long plot agein,

i

1P, euge, one wants £y check it acain before comdtting this dror tou the

Avorae,

ne  To cluse ont thne averacing, tope M, Toe dast plot iy
inchoded an the average which 15 than calenlatod, o0 ren seb ar 0ot e
fan 1ol one (,nur'r.) is tisslaysed vtk o Tost of the auerane vala.o., e it
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ACCELEROMETER CALIBRA

TION (Bus 10 KHZ

)

2500. TEST BAGE
G %’
PLOT 81 ASELN
PLOT VALUES
DEMONSTRATION [
FOR MANUAL ICORR*N
4 JUN 80
SCHNEIDER
-2500. ] STD GAGE INV)
PUT 'PEAK WERE LA
°. TINE .01
TEST GAGE: MaM: ENDEUCO 2264A 2KG S/N: AX 03 A
MFR.SENS: .2018(NU/G) PEAK: 1378(G) CAL.SENS! .2849(Mu/G)
RANGE: 2000(G), GAIN:.S5, ANVIL: 14889.1, BALL: 1.125
STD. GAGE: MFR.SENS: 1.96(MU/G)  PEAK: 1412(G) S/N: UB 34

CONT(C),REP(R),SUITCH(S),EXIT(E),AVG(A),LAST AVUG(AC)?

Figure 18.

Long plot, raw.
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ACCELEROMETER CALIBRATION (BW= 10 KHZ)

2500. TEST BAGE
G / \

PLOT 31

PLOT VALUES

DEMONSTRATION \\\

FOR MANUAL

4 JUN 80 \\ 1/
SCHNEIDER ‘\\J

-2500. __STD GAGEJINV)
.0015 TIME .0035
TEST GAGE: M&M: ENDEVCO 2264A 2KG S/Nt AX 03 A

MFR.SENS: .2918(MU/G) PEAK: 1378(G) CAL.S%??: é2849(710/0)
H
RANGE: 2000(G), GAIN:.5, ANVIL: 1488S.1, BALL: 1.125

STD. GAGE: MFR.SENS: 1.96(MU/G) PEAK: 1412(G) S/Nt UB 34
CONT(C),REP(R),SWITCH(S),EXIT(E),AVG(A),LAST AUG(AC),PREV.PLOT(P)?

Figure 19. Short plot, raw.
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of this plot are from the last drop, however, {as indicated by the plot
nuriber), bhecause the average is takan of the peak amplitudes only. Both plots
(without the option listing at the pottom) are automatically copied (Figs. 20
and 21).

0. It is not necessdry to call for the short plot, if the louny \
plot is already satisfactory. Wnhen no averaging is intended, i.e., only one |
drop is wanted, AC still has to be used to make copies. In this case the
averaye consists of one drop only. The normal continuation after copies have .
been made is automatic and winds up with the display for selecting further

action,

p. To select further action, a set of options is displayed (Fiqg,

2?) that can be entered into by typing (always followed by CR):

(1) R for immediate repeat, starting at the same place as the
other repeats described earlier (i.e., 0K FOR DRGP?);

(2) L for listing the entire set of entries, winding up with
the question: OK FOR DROP?;

(3) G to enter a new range;
(4) M to enter a new todel of a test gage;

(5) N to enter the new S/N for the next test gage of the same
model ;

(6) B for changing the size of the drop ball, mainly for docu-
mentation in the piot legend (see Fig. 23 for the respective screen display);

(7) T for changing the TEST EVENT text only;

(8) E for exit from the proyram. The screen is erased and a

ﬂ!:; > is printed in the left upper corner:

Fad

RN (9) AC f i ic plots wi :
N [9) . for repeating the automatic plots with the averayed

£ . . .

n&Q? values, if, e.q., the paper in the hard copier had run out,

)

@r 4 . The proyram can be restarted after an exit or a TSL error with
OIS , o ‘ . A

SRR the option of skipping part or all of the entries, if one is stire they are all
I.'. e .

T right:

e

:#?n“ﬁfﬂfﬁw?&hﬁbbﬂTbi
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ACCELEROMETER CALIBRATION (BU= 10 KHZ2)
2500. Tesf‘pacs
¢ F
PLOT $S
AVG*D VALUES |
DEMONSTRATION A
FOR MANUAL
4 JUN 80
SCHNEIDER
-2500. STD GAGE(INV)
0. TINE .01
TEST GAGE: M&M: ENDEUCO 2264A 2KG S/Nt AX 03 A
MFR.SENS: .2918(MU/G) PEAK: 1409(G) CAL.SE?E: i§861(RU/G)
RANGES 2000(G), GAIN:.S, ANVIL: 14889.1, BALL: 1.125
STD. GAGE: MFR,.SENS: 1.96(MU/G) PEAK! 1437(G) S/N: UB 34
Figure 20. Long plot, averaged.
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ACCELEROMETER CALIBRATION (BUs 10 KH2)
2500. T W TEST BAGE

DEMONSTRATION
FOR MANUAL

4 JUN 80

SCHNEIDER
\/

AUGD. VALUES VAR

I~

oy - I

o -25ee. STD GAGEQINV
0, .0015 TINE .0035
b TEST GAGES M&M: ENDEUCO 2264A 2KG S/Nt AX 03 A

.
l‘.%
SV

MFR.SENS: .2918(MU/G) PEAK: 1409(G) CAL.S%??: i2861(’10/0)
H

RANGE: 2000(G), GAIN:.S5, ANVIL: 14889.1, BALL: 1.125
STD. GAGEs MFR.SENSt 1.96(MU/G) PEARK: 1437(G) S/Nt UB 34

,l- -
; J‘?J .

Figure 21. Short plot, averaged.




........

L S0 A B ant oS M il ] A iR AR AL A
B e et 304 IR AL A FRCA .

/1
R

nd

L3
[
?a’s

k:

AFWL-TR-83-112

SELECT NEXT OPERATION:

REPEAT AS IS...R

REP AVG PLOTS..AC
LISTeeeeoceesssl

NEU RANGE......G

NEU MODEL......M

NEXT GAGE......N
EXITecoeeoeoessE

CHANGE BALL FROM 1.125 ...B
CHANGE TEST EVENT ONLY ......T

TYPE CODE:

Figure 22. Switch options.

SELECT NEXT OPERATIONS

REPEAT AS 1S...R

REP AVUG PLOTS..AC
LISTeeceocessesl

NEU RANGE......G

NEU MODEL......M

NEXT GAGE......N
EXITeeesesensesk

CHANGE BALL FROM {.125 ...B
CHANGE TEST EVENT ONLY ......T

TYPE CODE: B

SELECT NEU SIZE FROM:
%.125. 1.25, 1.375, 1.5, 1.625, 1.75. 1.875, @

Figure 23. Request for ball change.
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(1) Type ACCAL O to go right into the question: DK FOR DROP?
[t the answer is Y, but the setup 1S not 0K because nothinyg had been entered
yet, the computer answers the Y with: HKOT TRUE!D and bdacks up to the beqginning

ot the entries {Fig. 27).

(?) Type ACCAL 1 when a new setup 1S necessdry; but the Test
Fvent, Nate, and Mame infornation are already in the progran and need not be

chanyed,

3.3.72.5 lotes and Erroti

a. All entries and option selections have to be tollowed by CR.

The program will not advance otherwise,

b. 1f a wrong character is typed in an answer to a question on
selecting an option, the question 1s repeated if there is enough space on the

screen.

¢. [If there is not enough space, as, e.qg., at the bottom of the
plot, and an ihcorrect character 1s typed there, the program does nothing and
waits for a correct reply. Every reply, however, needs a CR to hecome etfec-
tive and the CRT screen can become full before proper reply is typed. In this
case a red light goes on above the keyboard and the program is stopped. No
further replies are accepted by the computer. Lrase the screen, and type the
proper reply after another CR (to close out any tfalse replies that wmight still

be in eftect),

d. The narameter and text entries are not altered in the course
of the program unless requested by the operator. Theretore, if nothing
changes, the program can be called with ACCAL 0 or 1 to shorten the initializa-
tion (para 3.3.2.4.4).

e. A owrong range entry (outside displayed limits) is tlagged by a
tone and the display of the messaye: URONG ERTRY, TRY AGAIN (Fig. 29). Enter

the proper range and the proaram will proceed norvially,

f. The attenuator settings of tie anelog input are calculated in
the procram by using the entered range and gdage sensitivities,  The attenua-

tors dare then set oat the neyt higher tull-scale valae ahove the expectod

30
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signal amplitude, 1f the setting reguested is beyond the lumit of the input
hardware, an error messaue says: OUTPUT (ot respective yage) TOU HIGH (Fiy,

31Y and the program suggests what can be done about 1t. Typinyg an

(1) S causes the program to ask the operator to enter a new

sensitivity of the gage in question (mostly a case of wrong entries the first

7Y WORNOI P

time around);

(2) R causes a reyuest to change the ¢ range;

3}  causes the prograrn to step back for a completely new
Y | b Y

P | R S P

setup.

2. M chanye of range cdan becore necessary, e.g., with a high sen- 3

sitivity gage of 1 wV/g and a 10,000-g range prediction, which anounts tu 10 V g

expected gage output., This is at the limit of the hardware, Theretore,

1 e

selecting a 900N-~-g range prediction, for example, can bring the expected gaye

output down to 9 V.,

h., Sometines the expected gage output is at the very edge of an
attenuator setting. This situation can produce an input overload when the
gage c¢ets slightly more than the predicted g load. In this case the predicted

range is to be increased.

1. The input overload produces a TSL error displayed as a nunber

(in this case 167), the nmeaning of which can he found in tne back of the TSL

reference handbook (Ref, 3). 1In addition, the location in the program where -

the error occurred is printed (meaningless for the operator), and the progran ;

1s automatically exited by providing a > on the next line, !
33{ J. Recovery from the input overload errar 1s by typing ACCAL O %
j;ﬁ (para 3.2.7.4.,q), when gnother try is attempted. The averaging counter is not El
ﬁzi resct 1n this case. If a selective change in the entries (e.q., ranue) is ;1
T!E desired when an overload persists, type N atter ACCAL 0 as a reply to the 'f
EES question:  OF FGR DROP? whiich steps the proyram to the selection ot further :E
ﬁ;: action, ‘Msually selecting a higher range will remvdy a persisting overload, ;i
:;t; hut dlso checr input singnals for noise spives or excessive otfset,  The latter i}
t! happens vasity when the charge aspiitier ot the standard gace 15 not reset ;;{
‘ before vach drojp,) ::.:
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k. 0Other TSL errors are not expected to occur in normal opera-
tion. \Vhen one does, recovery is achieved by recalling ACCAL in full or with
one of its short versions (para 3.3.2.4.q.).

WO

s:‘ ‘.::-.

DN 1. If an M-TRAP xxxxx? error (nouse trap) occurs, something bad
SN $

'{t{: has happened, the TSL programming system is not active anyuore, and a dot is

printed on the next line. Go back to paragraph 3.3.2.2.h., reload TSL and
start from scratch,

m. If one gets blocked in the middle of the (ACCAL) program, an
emergency exit is available by typing CTRt C, i,e., holding down the CTRL key
and typing a € (no CR after that). Sometimes two CTRL C's are needed. This
throws the TSL system temporarily out by producing a dot on the next 1line.
But TSL can be restarted by typing RE followed by CR., Start from paragraph
3.3.2.4.a. If ? ILLEGAL COMMAMD ? should appear, 4o back to parayraph
3.3.2.2.h. and start from scratch.

n. A TJSL error 130 may occur, when the text intormation is not in
the proper location in the text storage, and the program is requested to print
the text. Go back to paragraph 3.3.2.4.a. This situation, however, is
directly covered by ACCAL error messages (Figs. 2% and 26) in normal circum-

stances.
3.3.2.6 Getting Off

a. Flip the disk control switch from RUN to LOAD, Wait approxi-

mately 2 min for the disk to despin.

b. After the LOAD-light has appeared, remove disk and close 1id
- again,

c. Turn computer off.

d. Mote: Do not leave the disk in the drive; it cannot be

removed when the couputer is turned oft. Similarly, a disk cannot be Toaded

unless the computer is turned on.

e. When the floppy disk is used, open lid, renove disk and close

1id agyain,
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3.3.3 Description of Proyram

3.3.3.1 Assembly

a. The subroutines of the program are all individually recorded

on disk. Tnheir respective file names are the names used 1in the program with o
an "N" appended to the name if the name is not longer than five characters. ).

. g
In six-character names, the last character is replaced by an N to produce the -

file name (see Table 1 for complete list of subroutines).

b. All file name extensions are TSL, e.q., RANGEN.TSL.

c. Group B (which is in binary format) is assembled into file
PACBEN.TSL, while group A (which is in ASCII format) is assembled into file
ACCALK.TSL. Both groups are listed in Table 1.

TABLE 1. SUBROUTIME LIST

Subroutine Program Disk File
Narie Name

Group A: ACCALK.TSL

ACCAL ACCALN
BASEL BASELN
BELET BELETN
BELLER BELLEN
CALCUL CALCUN
COPY COPYN
NELAY DELAYN
ENPAR ENPARN
GCAL GCALN
INPMAX INPMAN
LABL LABLN e
LABLC LABLCN -
LISTAL LISTAN =
LISTEX LISTEN N
HARTN {AMINN bR
HAMOUT NAHOUN 3
PEAK PEAKN 53
RANGE RANGER R
; SCAFAC SCAFARN o
5 SHITCH SWITCN o
5 Group B:  PACBIN, TSI Y
3 ACE2CH ACL2CH a
- NISMEM DISNER T
~ 5
N i
i 33 5

........................
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d. The final program ACCAL is then assembled by combining PACHIN
and ACCALK intu file ACCAL.TSL, with an "end" statement appended by adding the

file EMDE.TSL. !
3.3.3.2 Reyister DNesignation '

a. TJable 2 shows the fixed J-Register desingnation. The renainder .

ot the registers are used for variable purposes. 6 is used in an extension !
)

of the program that is not discussed here,

TABLE 2. I-REGISTER DESIGMATION

I15: Sample Rate Code
I114: TInput Attenuator Code
113: RBandwidth in kHz, Standard Gaye
[12: Range in G, Standard Gage
I[11: Test Gage, Range in

I10: Calibration NDifference in ¢
[9: Block Size

I18: Average Counter

[7: Average Close-Qut Flag

[6: XYZ Mode

15: Test Gage, Randwidth in kHz

b, Table 3 shows the fixed R-Register designation. RO and R2 are

used for variable purposes.

;'{j TARLE 3. R-REGISTER DESIGNATION
A R15: Anvil Number
e R14: Ball Size in Inch
e P13: Short Plot Maximum Tiwe in Seconds
o R17: Full-Scale G Value for Display
RN R11: Standard Gage Sensitivity in mV/G
321\5’ R10: Short Plot Minimum Time in Seconds
L RO: Test fiage Sensitivity by Manutacturer in nV/G
9 PR:  Peak Standard fiage OQutput in G
MRS R7: Peak Test .age Output in G
T.:jﬁ‘ Ph: Calculated Sensitivity of Test Gaoe in oV/G
f{}if RAH: Full-Scale Time for lony Plot in Seconds
Fa:  Peak Standard Gage Outpnut Averace Surmer
~TL;' P30 Peak Test Gage Output Average Swuwer
rl".’l
R
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c. The fixed registers keep their desiynation throoghout the
whole proyram.

d. Table 4 is a map of locations of entries in the text block.
A1Y ASCI1 character entries are stored there. The number of characters
allowed for an entry is generally one less than the size of the storage pro-
vided, to leave room for a CR at the end., The test designation entry size is
two less than the size of the storage because in the display on the plot, this
text is broken up into two lines of 13 and 14 characters each. For the 1l4th
character on the first line, a hyphen is inserted if the entry is larger than
14 characters.

TABLE 4., TEXT BLOCK ORGANIZATION

Block B15: Total Size = 120 FElements

Text Start No. flo. of Char's Size
Test Event 0 27 30
Date 30 14 15
Name 45 14 15
Std. fiage S/N 60 14 15
Test Gage M & M 75 29 20
Test Gage S/Y 105 14 15

3.3.3.3 Program Boundaries

a. The basic range of setup requirements is deterained hy the q-
ranges to be tested on the drop ball calibrator. These may lie hetween 50 ana
10,000 g. The display times (windows) are determined by the requirement to
provide enough time to establish that the gage output has returned to zero, or
has suffered a permanent oftset in the test (long plot). In order to evaluate
the correspondence of test and standard gage signal shape, a close is provided
(short plot). The range of these and all paraneter values can be found in
Table 5.

b. Rlocksize and window determine sample rdte and achievable
bandwidth, Anvil and ball size are values that provide, for the gages tested,
the desired g-range. The baseline correction tite is used to establish a zeru
baseline trom the analoyg (usually oftset) sigrnal. During this time, no data

signal should be present.
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TABLE 5. BASIC PARAMETERS

Range (G) 50 250 1000 2500 5000 10,000
Window (ms) 20 20 10 10 10 10
Short Plot Coverage

(ms) 3-7 3-7 1.5-3.5 1.5-3.5 1.5-3.5 1.5-3.5
Bandwidth (kHz) 25 25 50 50 50 50
Sample Rate (kS/s) 51.2 51.2 102.4 102.4 102.4 102.4
Sample Rate Code 7 7 10 10 10 10
Base Line Corr (ms) 2.5 2.5 1.25 1.725 1.25 1.25
Block Size 1024 1024 1n24 1024 1024 1024
Anvil 14886 14887 14887 148689.1 14889.1 1488£9,2
Ball Size {(inch) 1-1/8 1-1/8 1-1/2 1-1/8 1-1/8 1-1/2

c. As many drops as wanted can be aaded to the average. As many
drops as are necessary can be done before the data are added to the average.

The average counter advances only when A has been typed.

3.3.3.4 Program Logic

3.3.3.4.1 Main Program ACCAL (Fig. 24)

a. The first decision is made on the argument of the call,
If there is no argument, the program announces itself, gues to the text and

parameter entering sequence, and then prints out the whole set of entries.

b. If there is an argument, i.,e., the operator wants to skip
all or part of the entering sequence, a decision is made on whether the text
block is already established (it would not be, if, e.g., an argument would be
used on the first call). If the answer is no, an error message is printed
(FRR1, Fig. 25) and the program loops back to the beginning ot the entering

sequence.,

c. If the text block is established, a further decision is
made on whether there is information in it. If nothinyg had been entered yet,
the same error message is printed (Fig. 25) and the program Toops back to the

heginning of the entering sequence.

d. 1f information is found, the type of arqument has to be
exanined, A 1 makes the proygram skip the text entering by starting at the

paraneter entry,

36
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TEST, DATE, AND NAME MISSING
TEST IN WHICH GAGE WILL BE USED!

L Figure 25. ERR1 message.

e. A N in the arqgument leads to a check to see if the gaye
parameters are properly set up (again they would not be if, e.qg., this was the
first call). The input attenuator code is a good criterion for that because
it is calculated from range and gage sensitivities, If it does not have a
proper value an error is printed (ERRZ, Fig. 2A)}, and the progran loops back

for reentering proper parameters.

f. If the input attenuator code 1s a proper one, the proqgram
goes to the OK FOR DROP? question. The reqular program (no argument on the
call) winds up at this same place, after it has performed the range selection

and the input attenuator code calculation {para 3.3.3.4.2 and 3.3.3.4.3).

g. 1f the answer is NO, the SWITCH (1ist of action requests)
is displayed for selection of further action. An EXIT request leaves the

program and a REDO goes back to the parameter entry.

h. If the answer is YES, the input attenuator code is again
interrogated (to find out whether the calculations in the INPMAX subroutine
have yielded a proper one). If it is not correct, an error message (ERKS5, Fig

?7) is printed and the prooram qoes back again to the parameter entry,

i. If the input attenuatcr code is correct, the program pro-

« s
Ay 4,8

[y

rg--
A

ceeds to arm the input and print a message (Fig. 15). When the trigger comes

A

in, and while the two simultaneous inputs are taken, another pmessaqge is
printed (Fig. 17).
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SETUP MISSING
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L STD GAGE /Nt

SN
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i Figure 26. ERRZ messaqe.
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e :
N AVE HOST AT NTS, DABS I ,
ﬁ TS, HAMGRCH 1980  NAME: SCHNETDER T
CO 2264A 2K ,S/N: 67890,MFR.SENS: 5.(MU/G) 3
"y TEST GAGE: BNy e 0. (MU/&),PEAK: @.(G),DIF: ex ;
2 STD. GAGE: S/N: 12345,SENS: 1.96(MU/G),PEAK: 0.(G) g
Y . ;
B RANGE: 2500(G), GAIN: .5, ANVIL: 14889.1, BALL: 1.185 Y
o oK FOR DROP(Y OR N),OR REDO ALL(R),0R EXIT(E)? ¥ 5
N :
25 NOT TRUE!'!! 5
& ..
:r“): iﬂ
STD GAGE S/Nt ¢
0
Figure 27. ERR5 message. ,Q
N

j. Tne baseline is corrected next, Analog inputs have (from
various sources) a slight offset that cannot be removed properly with a.c.
coupling, Therefore, d.c, coupling is used and the offset calculated by
averagying over the first 128 points of the data (this s an area where the
data are kept at zero g by setting a deiay in the calibrator hetween the

trigyger and the data). The entire block of data is then corected with this
value,

I M PV~ {1

ORI

s

k. Calibration in g¢g's is perforned and the peak value of each
data block is found.

. -
2% ' '8 a

1. The measured sensitivity is derived from the neasured peak

]
.

values: 4
b ~ Podgt g e . . -4
Feas, sens, = LA (I‘St fa3e) y fntered Test Gage Sens. s
boak [Std, hage) o
The ditterence betueen the ecsared sensitivity and the nanutacturer's sen- -
Sitivity 1s also calculatoa trom the peak valiues: L
' L : \ ot Tec y
Nitrerence = [Pdr (Std.] - Pear (Test) g, () 2
Peak (Std.) -
e Froro the migher pear velue, a cormon full-scale value for .
the jiots 18 calculated, S
N
J \j
e e
A4 ~
. -
.
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n. Both inputs, the standard gage and the test gage, are }

displayed in the plot (see Fig. 18 for an example). After checking whether
the calibration is more than *5 percent off and sounding the tone four tines ’
when it is off (ERR6), the legend is printed on the plot. Two bells are ;
always rung to advise the operator that a plot is available. i
o. If the plot is not right, a direct repeat ot the input can =

W
ar

be requested, or a skip to the SWITCH for selecting an option, or one can

-

LR
. e
a¥a »

exit, if desired. 1If averaging is wanted, the peak values are sumnied, and,

after the last data are averaged, the average peak values and sensitivity are
calculated. An automatic copy is wmade of both plots when the average is
closed out with AC (Figs. 20 and 21).

p. If one cares to proceed, the short plot is, displayed with
the same legend (Fig., 19). The same options for leaving the plot are avail-
able in 0. above, except for a chance tou redisplay the lony plot before yoing

On.

g. On regular continuation, one winds up at the SWITCH (Fig,

22) from where one can do several things:

(1) Repeat without any changes in the setup,
(2) Enter a new g range,

(3) Enter the new S/N of the next test gage if it is the
same model,

(4) Enter a new model and manufacturer of a test gage,

(5) Obtain a listing ot the parameters and the text
presently in force,

(6) Exit from the program (e.g., tor a completely new

A start),

?:: (7) Enter a new ball size, In this case a selection of
o ball sizes is printed from which one has be be chosen.

Lo

R (8) Enter a new test event,

o At

L %] (9) Repeat the automatic plots. Subsequently, a new
pat listing is displayed.

e

e .

e 2.3.3.4.2 Subroutine RANGE (Fig. 29)

iﬁ; a, This routine serves to set up the fixed parameters based
e on the request range, A range chosen outside the limit of 50 to 10,000 g
~n -

?{ﬁ' results im an error and a request to reenter (ERR3, Fig. 29),

NN

o

Tas, 40
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RANGEY

A‘\'/ sY

REQUEST ENTRY CHANGE -
[ < ANVIL = ... 9.2
[ ENTER ] BALL SIZE =1-1/2
[ <
SET UP:
S.P. CODE =7 BLK SIZE =1024
ANVIL= ....6 BASE LINE PLOT = .02 SEC
BALL = 1-1/8  CLOSE UP =3 TO 7 MS
BW = 25

BALL SIZE = 1-1/8

-$

Ve

Figure 28. Subroutine range

41

L ERR 3
&
CHANGE: =| | caLc inp voLTAGE
ANVIL ....17 x| [FOR STD & TEST GAGE
=
=
ALLN\ NEW SET uP
0K
? NO
CHANGE :
BW = 50 BASE LINE PLOT = .01 SEC
S.R. CODE =10 CLOSE UP = 1.5 TO 3.5 MS
BALL SIZE = 1-1/2
Aidl YES
ASSEMBLE INP
ATT CODE
CHANGE :
ANVIL .... 8.1

IRETURN
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SELECT RANGE BETWEEN 50 AND 10000 (G)

? 25
WRONG ENTRY, TRY AGAIN
?

Figure 29. ERR3 message.

b. The second purpose is to produce the input attenuator code

from the calculations in the INPMAX subroutine.
c. The options provided in INPMAX are exercised.

3.3.3.4.3 Subroutine INPMAX (Fig. 30)

a. From the range and sensitivity as entered, the maximum
expected input voltage is calculated. The input attenuator setting is started

at half of the lowest full-scale available in the hardware.

b. 1In a loop, the attenuator setting is increasea by a factor
of ? until it is gyreater than the expected input voltage. Because the highest
scale factor available in the hardware is 10, this setting has to be forced

since it is not the next binary number,

c. 1If the expected input voltage is still higher, this

results in an error message (ERR4, Fig, 31) with an option

(1} to reenter a proper dgaye sensitivity.
(?) to request a new ¢ range.
(3)

to go back for a completely new setup,

3.3.3.4.4 Subroutine NAMIN (Fiu. 37)

a. The purpose of the routine is to accept characters fron
the keyhoard one at a time and to enter then in a designdted area in the text
block,

b. The entered character is echoed back to tne screen (type-
writer etfect), The character is lvaded when neither & Rubout nor a CTRL U

nad been encountered, The rubout allows the correction ot a single wrong

42
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INPNAX i

CALC VOLT MAX
FROM ENTERED SENS
AND RANGE

1

SCALE = .0625 VOLY

CODE =D

SCALE X2

t SCALE = 10V

REQUEST ENTRY

RE-ENTER SENS

DIFF RANGE
FORM CODE
REQUEST ENTRY
NEW SET UP
YES
ERR 4
CopE= 0
NO
SET GOTO REG = ¢

f i

RETURN

-
.
.
-
.
foe
B
N
D

Figure 30. Subroutine INPMAX.
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y
d
R

THIS IS THE ACCELEROMETER CALIBRATION PROGRAM
CONNECT REF TO °*A® AND TESTGAGE TO *B" INPUT

TEST IN UHICH GAGE WILL BE USED:
HAVE HOST AT NTS, DABS I

DATE: 6 MARCH 1980
NAME: SCHNEIDER

STD GAGE S/N: 12345
STD GAGE SENS(MU/G):
? 1.96

TEST GAGE MAKE & MODEL: ENDEVCO 2264A 2K

TEST GAGE S/N: 67890
;EST GAGE SENS(MU/G):

SELECT RANGE BETUEEN 50 AND 10000 (G)

? 5000
TEST OUTPUT TOO HIGH
REENTER SENS(S),0R DIFF RANGE(R),OR WHOLE SETUP(C):

Figure 31. ERR4 message.
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'Y

CALC
START POINT

A CHARACTER
J

ECHO

RUB ES
ouT i
?

NO

CTRL NO
]
7

YES

F:LOSE OUT LOOP

1

PRINT \

LD CHAR IN BLK

ERR 7

| EE——

REPEAT WHOLE
ENTRY

3

RETURN

Figure 32. Subroutine NAMIN.
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character on the spot, [t nore than one character

used to retype the entry,  Lhen a O, or g CTwp oo

closed out,

C. Lhen the Toop closes out and
routine geoes to 1ts end., It no Ck 1s there, nor
ter, the entry has obviously run over the Tinit,

23Y is printed with the reguest to reenter, The

|
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15
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wrapic, oo

CHenunTared

there 15 @
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An oerror

routlae re
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S5otne tast

e SSarnje

Larns te

)

(rpe

v

T

il ane

df O

rhe
Cnarad -

, b

the start,

£ CTRL D will not print a nessage but Just reguest ty reenter, 4nd the

subroutine returns to the start,

THIS IS THE ACCELEROMETER CALIBRATION PROGRAM

CONNECT REF TO *A®" AND TESTGAGE TO *B*

TEST EVENT IN WHICH GAGE WILL BE USED:

TRIPLE-SUPER-DUPER-FALLTHROU
TOO MANY CHAR®*S! DO AGAIN:

Figure 33. ERR7 message.

3.3.3.4.05  Suproutine MAMOUT (Fig. 3&

a. The routine fetches a character

)

selected text block area and prints it on the screen

to by the cursor,

N A CH Can ar nay not be printed,

cent, T It s printed, an I {(Tine feea' 3s autoratically attachec,
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585 NAMOUT Y
$" 0

e CALC

5
e START PT |
i — Di
v
-~
'\
{
o
<

FETCH A :
CHAR "]

YES [CLOSE ouT CR N\ %! THOUT 1
o | Loop MODE "
4

?

NO WITH "

LAST :
PASS it o

Pl

o ? .
YES
AN

:‘.,

AN o

{ sPAcE ML CRINT
?

L

wX YES 3
- ]
s PRINT CR ]

h

s L

P — YES / space

PRINT LF ;-'};
‘-'.‘ :{
o o
l.. . .. ‘

.,

" A o4

e ~
-3 NO 3
:_-..' .{{.
“ o
- PRINT CHAR R
9

OGS
PO

. »
.rc *: i! '.L'

Figure 34, Subroutine MAMOUT.
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’.. l..A 'n‘ "‘:

SCAFAC Y

" Y TSN ISP LIS TN SR AL

MULTIPLIER=1
PEAK N\ YES
<1 MULT X .1 PEAK X 10
?
NO
PEAK \ YES
<2.5 SCALE=2.5
?
ND !
PEAK X .1 3
X
C
b
PEAK \ YES RETURN 1
<5 SCALE=5 |—4—{SCALE X WULT q
? !
NO
AK N\ YES ‘
MULT X 10 25,5 [SCALE=10
?
§
1

Figure 35. Subroutine SCAFAC.
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b. In order to have a criterion for the order of nagnituae,

.

the siqgual peak is scaled up or down by factors of 10 while a multiplier keeps '1
track of the powers of 10, Then a full-scale value of 1, 2.5, or 5 1is deter- ﬁ
pined, At the end of the routine, the nmultiplier restores the scale value to f{
the previous power of 10, S
* ]

, %

3.3.4,7 Other Subroutines " 3

a. All other TSI suhroutines are not descripbed because they

are simple and can easily be understood from the source histings,

b, The binary routines are describea in the TN jrocra

packave (Ref, 4) and are not needed for the understanaing ot (&,

1.3.4 0 Accuracy,  The step from taking measurerents with o ruler “ro:
Polaroid scope pictures to using a calibrated instrunient in the sense ot d
fast voltieter, brings a great increase in accuracy ot the reasurenent, Since
it is ditfticult to assess the accuracy of the previous rethod, however, the
increase cannot be expressed in a numerical tactor.

The TsL equipnent used for computer input has a 12-bit converter, that 1s
an error of aplproximately £0.,0% percent. The input amplifiers are specified
at £3 percent with 0.1 percent linearity. The input filters add another ]
percent absolute uncertainties, The excitation voltage can easily be set up
to be within t1 percent., The standard accelerometers are certified at 2 per-
cent accuracy by the standards lab. This includes the charge amplifier ot 1ts

normally used gain setting,

The averaging of drops helps to decrease the statistical variations be-
tween vieasurements, e.q,, averaging four drops reduces the statistical "noise"
ny a factor of 2 (Ref, 5}, Recause these accuracy statements are for maximum
deviations, the errors should not simply pe added aloebraically but rather
geometrically (Ref. 6).  The absolute errur is then (neqlecting the contribu-
tions below 0,17) | = [(1?)2 (?”)2 + (3?)2]\’ = 3.7%. However, the drop ball

calibration measurements are conparative rather than absolute as far as the

seasuring equipnent is concerned,  Then only the registration difterences be-

tween the two measurement channels are important. These have been determined

“ to be less than 2] percent on all settings of the input attenuator and the

P tilters that are wused for the calibration neasurenents,
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Therefore, with the measurement system providing a maximunm ot £l percent

uncertainties, the accelerometer calibration accuracy can be derived from the b
2 percent ot the standard accelerometer and the 1 percent of the system setup, T
which anounts to a total ot #2.25 percent, The repeatability of the reasure- %
ments is better than +1 percent, .

Compared to the figures in Ref. 1, which have been calculated for the i
manual scope display, and which are used here just to give an iaea ot the pro- E
portion, the automated procedure has gained calibration accuracy iuprovement 1

by more than a factor of 2 for the whole process.
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. .3
Ve EQUIPMENT "4
-
;
4,1 ANALOG ELECTRONIC HARDWARE i
.
The meters to monitor current, resistances, and voltaqes should he 3-1/2 ’
to 4-1/2 aigit digital multimeters. The megohm meter should allow reasure- a
: ments to 100 Mi. The low-pass filters in the signal lines to the computer 1
j:f should be able to provide a linear phase low-pass characteristic with at least -
‘{Si 24 dB/octave slope in the 0.5-kHz to 1N-kHz bandwidth range. An important
}2} part of this equipment is the "signal conditioner" which was built in-house to
L perform the regquired measurements. Besides the gage excitation adjustment and
:: balance trim, the signal conditioner has a function switch that allows makiny
. ) . )
ﬁq; the static nmeasurements (para 3.2.3) without having to change test leads.
e
-

4.2 DIGITAL ELECTRONIC HARDWARE

-l: Since the software is working within the TSL programming systes that has
are . . . . L
e e, the analog-to-digital interface control instructions, it is necessary to use
e ) ) . ) ) . )
"y the TSL computer front end which contains the trigyering circuit, the input
( attenuator, antialiasing filters, the sample rate and number ot sampies selec-
:ﬂj tors, and the analoyg-to-digital converter. This front-end systen connects to
?}: the Unipbus* ot practically any PDP-11 computer that can run the RT-11 oper-
s ating system. A minimun of 28K of random access uerory (RAM) is necessary,
' f also the extended arithmetic functions have to be available. A CRT termingl
=:}j needs to have bit addressing for the graphics of the plots, and the pit has to
{:3 be connected to a hard-copy machine for obtaining the printed documents ot the
o results.,
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V. CONCLUSTON

::i:' A viaole and useful calibration syster has been designed and implementea, .
;;;£ Numerous calibrations have been performed since the two years the systen has 3
;:jﬁ been in operation. The time required to do the drop ball part of the gagye E
; calibration has been decreased by a factor of 10 by automating the procedure. j
Improvements have been made since, especially in the software. Of parti- 3
cular interest might be a sister program package that allows cross-axis sen- ;
sitivity testing.
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