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1 INTRODUCTION
1.1 PURPOSE
The purpose of this manual is to document instrumentation type problems

and solutions to problems encountered while conducting the Th7 Major

@
Fatigue Test. 4lso included is a list of recommendations for improving
futoure systems. It is hoped this documentation will be an aid to system

designers of similar systems ingthe future.

1.2 SYSTEM DESCRIPTION

The instrumentation system ccnsisﬁs of 8L separate analog electro-
hydraulie and one electro~pneumatic Servo systems used to control loads
at each oi!?he load points on the ﬁest airplane plus a digitai computer
for losd pfogramming and test control. The system also contains 128‘
chammels of medium speed data acquisition for peak load history and a
surveillance interrupt subsystenm which monitors the test to ensure: test
specimen safety. See document series D6-30535-1 thru ~li, Operation and
Maintenance = 747 Major Fatigue Instrmentation S&stem, for a complete

detailed description of the system and its operation.

l.BI.GENERAL éQMMENTS o

The Instrumeatation System satisfied the system requirements as set
forth in document D6-20599, Requirements for the Th7 Major Fatigue Test
Instrumentation System. Some of the capabilities provided were not used

during the test. These are discussed in Section 2.
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The general consensus among those test operating personnel who had’
previpgus major fatigue test experience is:

2. The 7L7 system was far superior to previously used major

- -

hd

Q fatigue test instrumentation systems.

&

be Fewer problems were encountered during initial stert up.
Cs The system was mich easier to operates %

The fact that this test was conducted in an outside environment did
not cause significant instrumentation problems. Moisture did occasionally

get into a connecter or load cell, but the electroniecs technicians

-supporting the test became very proficient at solving moisture problems.

i 4
The aerosol cans of freon worked quite well for drying and cleaning

comnectors. Load cells were removed and sent to mainbenance if

internal moisture problems were suspected.

1.} OUTSTANDING FEATURES

Severél features of the 7L7 major fatigue test system are worth speéial
mention., Probably the two most outstanding features were ‘the automatic
programuer rate control and the automatic reset. Two o'ther factors
that were essentizl to the success of the test program were the quality

of en~site spares and the soundness of ‘the ramp generator concept.

»
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| leliol  AUTOMATIC PROGRAMMER RATE
Programmer rate is a function of the servo error shgnals when in the
automatic rate mode. This provides an glmost optimum rate at all times. -
' On condition points ealling for a lafge avmmm’c of change, the rate is
slow while en »those re@uiring very 1little change, the rate is maximunm.
. Obtaining a fast average programmer rate was much simpler than would

have been the gase with a manual rate control,

1.Lh.2 AUTOMATIC RESET

Automatic reset saved @y hours of test operating time. This twens made

very evidmt during the latter part of testing when confidence was gained

in the ability of the computer to perform an automatic reset (RST)

even with slack tension-—oﬁly load systems. It was not uncommon to spend

»more than an hour manually unlocking the load systems during the early

part oi‘“’che test when the systen was fired up after a long down time

such as a weekend shut dowm. All load systems were unlocked and

-program.med to bieed point values within minutes when the RST was used

for initial unlocking.

1.s3 ON-SITE SPARES

One of the major :f.‘ac*bors' responsible for the small amount of instrumentation

down time during the test was the excellent supply of sparé mogules stored

at the test site. [Almost all instrumentation hardwaﬁe Failures were

eiﬁmﬁna‘bed by on-site operating personnel using spare modules or work

around methods. Flight Test maintenance and §a1ibration personnel did
55 .mperby job of repairing faulty modules and providing quick turmaround

in arder to maintain a full set of operable spares on-site.
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leliely RAMP GENERATOR CO§CEPT
ﬁhe concept of computer controlled ramp generators for programming a
large rumber of load chennels rapidly proved to be very successful.

- The Boeing built remp generators were quité reliable » however they are
very sensitive %o electm-»mégnetic noise spikes. Ixtra care had to be

taken wiien adding eor modifying electrical equipment in this part of the

° REV SYM
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2 CAPABILIITES NOT USED
. A number of sapabilities were specified by the requirements document and
were pm‘nded for in the system but were not used during the test for

various reasons. This section lists these capabilities so they might

' be' scrutinized very carefully before incorporating in ether systems.

- 241 ROLL MOMENT CORRECTION
The reguirements documents states: ii e » » o 1Ihe system must be capable
' of correcting for excessive roll moment, » o o o o" By the time the
teel started, 8tress Engineering decided it would he better o absorb
any roll moment in the maih Jending gear reactioiz load cells rather than
use aubtomatic roll moment correction, |

"’The automatic roll moment correction would have measured the roll moment
as seen at the main landing gear reaction load cells and would have
added roll correction signals to the progremmed load on selected wing
loading systems. The practicality of this. scheme was not proven since

it was never used on the test.

2.2 DATA ACQUISITION BRIDGE POWER MONITOR

The data. acquisition bridge power failur;a monitoring capability was no
longer requim!d after the software data acquisition tolersnce check wes
added to the computer progrem. See Paragraph 3.2 for a description of
‘the data acquisition tolerance checks The output relays were removed .
and short cirecuits put in their plaese as these circuits Wefe a muisance
to maintwin. The drop-out, threshold was difficult to adjust end the '
monitoring eirewitry was not as stable as desired, therefore frequent

adjustments were necessary. s
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2,3 ERCESS TRAVEL MONITORING

_ The sppcified vequirement to detect excess travel of the test a:.{xplane
did not materialize during the test. Hardware was provided %o monitor
up"to eighteen (18) channels of excess travel switches. ALl eighteen
inputs were shorted out during the test as no excess bravel swibtches

were needed on the test airplene.

2.l RECORDER EVENT MARKER

"e o s o o Each recorder shall have an event marker to indicate the
beg:‘u%ﬁng of a new spectrum. « « « » « o'y S2id the requirements decument.
These event markers were never used. Vhen pennenmt_z*eéordings were
zéquired, test opera;éﬁx;é wrote the condition peint nmumbers on the pertinent

charts with peneil. é

2.5 SOUND DETECTION
Twet;ty-four (2ls) charnels of sound detection equipment were provide&
ag icta’ced by the requirements document. This equipment was used very
little during the test because of the wide range of_noise amplibude

~ encountered during the épplica%ion of a complete spectium of Joads due
primerily to the neise gemerated by the body air system. Paragraph .8
describes improvements wﬁich would make the noise detectiqp equipnent

K §

much more usable for this type of testing.

i 4

)
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2.6 DISK STORAGE R : .

The system wes designed with enough disk storage o handle spectrums
eeqtaining more than 600 condition peinéé. Tt was determined after the
test had mun for a while, that no more than 300 condition points needed
to be stored on disk at any one time during the remainder of the test.
Therefore,jane aisk control umit and three disk wnits were removed fron
the system by modifying the cemputer progran ‘to store acquired data énd
load spectrum all in one disk bank.,  The disk uniis removed were

released for use on other tests.

i 4
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3 CAPABILITTAES ADDED DURING TEST

Seme instrumentation requirements become obvious only after the testing had

! b:aggzz; These vary from one test to another since each test has its

own unique problems which develop after testing begins, This section

.~ of the document lists a1l the changes and additions made to the

instrumentation system after test startup and gives the purpose or resson

Ffor each.

3.1 TEST POINT PANEL

A large mumber of teet points required monitoring periedically by the

~ test operator on a digital voltmeter to ensure proper system operation.

To eﬁabie him to do this in a more expedient manner the following test
points wege brought out to a panel mounted in a rack directly over a
digital voltmeter that could be read from where adjustments right be

mades

3¢1el SERVO CONTROLLER TEST POINTS

Test points IP1, TPZ,'.TPB, and TP8 on each of the 85 servo contm]tlers
were brought out to the test point panel. G:f; the forﬁr test points, TP3
{the servo error sig;aal} was monitored the most ofben. It was used to
check and adjust the ocutput balance which rust be set correctly to
generate an accurate on-null signal to thé corputer. TP1 (the program
signal), TP2 (the feedback signal), and TP (valve current signal) were

?
used for checking and setting up servo system response and for

troublesheoting.

g 4
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3.1.2 SIRIP CHART SELECTOR SWITCH OUTFUT

Provisions were made so the output of a.ny sbrip chart ssléct«oz" gwitch
could be roubed to the test point pszel.. Blie wp@rabar wmibered e
signal he desired by connecting the cable i‘m’the test point panel into
the auxiliary input jacks for a given recorder then selecting the desired
~eignal an’ the selector switch for that recor‘der.- This provided a2 means
yof monitoring the ocutput from each of the feedback signal conditioning
A cards in the 85 servo controllers. These test points were used by the
operator to check and adjust the span and offset settings on the

feedback signal conditioning cards,

3.1.3  POWER AND BALANCE UNIT TEST POINTS

The signal monitor output and the excitation voltage monitor from the
power and balance rack adapters were brought over to the test point
panel. Ihe-sig;nai monitor was used by the operator to check and adjust
the settings of 'bi;e feedback balance and the progrem span on each of the
-8’3 sexvo controllers. These were peri@dically checked to make sure the
load as read by the date acquisition subsysten agreed with the progrummed
load. It wes necessary for thege two to agree for the auto-reset to

% work properly. . a

3.1.l HRAMP GENERATOR REFERINCE VOLTAGE
The ramp generstor pesitive and negative reference voltages were brought
out o test points on t}‘e test point panel so the operator could

periocdically check these voltages with a minimm of effort.

¢ ok

12

-
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3«2 DATA ACQUISITION ERROR CHECK
The system acquired and stored data at condition points during the test

spectrum and printed this data on the line printer on menual command as

‘specifidd, in the requirements document. Prograrming had o be stepped

while stored load data was printed. It was a time consuming and tedious
job b0 peruse this data to evaluate system operation. It also became
efviden\‘o tha£ the data acquisition subsystem had a very low relidbility,
e_specialiy the scamming relays, which meant data had %o be)prin‘ted and -

v

checked quite often to ensure proper operation.
# ¢

<

This problem was alleviated by adding a software check to those chanmels

that ooyld be checkeds The 85 programmed load chamnels eould be checked
easily since the acquired data on these channels should always be within
2,5 percent of the program value in the remp generstor. A subroutine
wz;.s added to the computer program which compared the progranmed value
with the acquired value for the 85 load chamméls each time data was
a%qmired and stored on disk. Any channel exceeding the tolerance

specified by the operator caused a dlagnostic message to be printed on

" the teletypes Reaction charmels were still checked by manual printowb.

3e3 AUTOMATIC STOP CAPABILITY

Quite often during the test it would be necessary to stop at a specific
condition poimt in a specific spectrum to inspect the test airplane,
record some strain gage data or some other such thing. This reguired

ogfa effor on the part of the operator to wait for the ptogramer

to get to the specific point desired, to stop it. ’

¥
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This problem was s6lved by adding an aute~stop panel with thumbwheel
switches for spectrum number and condition point nmnber.‘ When the
L]

spectrum end condition point numbers on the display panel are the same

]

as those on the thumbwhesls é prograrmer stop signal is generated by an -

AND gate, thereby stopping the pl;ogrmer at the desired place.
s

3.l ON~WULIL BYPASS

Occasionally during the fatigue test, it was desireble to supply the
computer progrem with an on-mull signel even though the servo errvor
signals were nmot all within the on-mull threshold. A common example is
during an auto-reset when the computer program has programmed loads
close emough to the actual loads to allow an4un3'.ock, but not elase enough

to generate an on-null signal.

This problem wes eliminated by installing 2 push button switch on the
systent operabtor's panel which generates an on-null signal -as long as the

switch is pushed.

3.5 RAMP GEHERATOR REFERENCE MONITOR
It was decided during the test that the ramp generator positive and

negative reference voltages should be monitored continuously by a

surveillanece~interrupt type monitor. A failure debector unit was added

_in ‘the test point momiter rack which would generate a programmer-failure

signal vhen either reference volbage dropped below a threshold level.

i
=g
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. position of these weights and sound an alarm if they dropped below a

The labeling for the feedback balance potentiometer in the servo comtroller

on all servo controllers. No inadvertent misadjusiments were reported

3.6 DEAD WEIGHT EXGESS TRAVEL MONITOR A

The test airplane was put into a jig éositien for repair purpeses at

times during the test., It was Held in jig position by loading certain
hydraulic systems with dead weights. It was necessary to monitor the g

certain position.

>

Two crack deteg}ian alarm boxes were added in a. rack adjacent to DAL
to accomplish this monitoring. Switches were moumted at appropriate

positions below the weights and comnected to the alaxm boxes.

3.7 EXCITATION VOLTAGE POTENTIOMETER PROTECTIVE COVER

is to the left of this control and directly below the feedback excitation
potentiometer. As a result of this, test operators would quite often

adjust the feedback excitation when intending to adjust the feedback

balance,

Small plastic caps were installed over the feedback excitation pobentiometers

after installation of the protective caps.

REV SYM BOEINEG |no D5-33031-1 6N
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/| 3.8 SIRAIN GAGE DATA AGQUISLEION »

| The 288~cliannel B and F recorder wes installed on-site at the begimning
nei" "the test to acquire and store strain gage data from the ‘test airplane.
The B and "F_recarder was found te be too unrelisble for this purpose and
was remiovéd for surplus. MST #2 trailer was used %o acquire and store

‘data from large batches of gages.

Power and balance units were added to the 747 Major Fatigue Test
Wmte;tm Gystam vwhich permitbed strain gage data ‘acquisition on
‘the wmused channels, 66 thru 100 and 11l thru 128, This allowed small
épec‘ial requests te be handled. The data could only be stored for one
spectrum however and only one sample was teken at each condition pointb.
The data had to be dumped on the line printer which regiired the test to
be stopped during the dump, Also, any data reductien had %o be done

off-line from the line printer eutput which was inconvenient.

3.9 COMPUTER PROGRAM CHANGES
A mumber of changes were made to the computer program after test startup
which improved the test operation. These changes are degecribed in the

8
following paragraphs.

3.9.1 COMPUTER CONTROLLED Rag, {CAR) ROUTINE
The computer controlled R, ., as originally conceived and programmed did

*

Q - not accomplish the desired Pesults., The CAR caused the system to lock-up

chze‘boallRGal

power and balance mits., This problem was allevisted by medifying the

relays being pulled in, even those in the analog reaction
&

pmgram so that a CAR could be performed while the system was locked

ki

up <

AD 546D .
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It was also detemmined that the data scammed in by the computer was not
relisghle enough to use for caloulating the slope to be ﬁ.sed for data
conversion. Thereforg, all chmmels were set up mazmall,f for an ideal

) ulape. The slope calculated by the eomputer was compared with the idesl
slopé and the difference between the two was printed out for the operator.
If a slope was off by more than one-half of ‘one pércen’s, the op;rator

initiated the necessary cexvective action.

L 4

The program was also modified so the results of the CAR cowld either be

printed. on the line printer or the teletyge by operator command.

3e9.2 TELETYPE MESSAGE IENGTH

It was found during test operation that most of the messages being printed
on the teletype by the computer were far too time consumng A study was
made of all the balet:me messages and {hey were shortened as much as

possible without “lesihg. their meaning.

349.3 LOCK<UP MONITORIHG

Better 1@:2.5 visi’bili‘byt was required to detect leaking lock-up vaj.ves when
a system lock-up ocourred at high load conditions. A lock-up monitoring
routine was added to the computer program which printed the channel name
and load of any load system everytime it cheanged by a specified incremeht
after a system iock-up. This routine was tried i‘air a period of test
operation, but was not very suecessful. It was decided that what an
operator rea,lJ.J needed in g hurry after a sysbtem leck—-up was to know what

load systems were exceeding or near limit loads.
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A new mu"binf was written in place of the lock-up monitering routine.
This new routine takes a scan of all loads shortly after a system locl-fip
and prints the name and load of any chamel exceeding its "high or low
Limit one time autematicelly. /Additional scans and prints are cbtainc;d
by commending LIL on the teletype as often as desired, This routine

has proven to be a very useful aid o the test dimector during system
lock-up at high loads.

3244 07 T~OF-’TGL'ERAN CE LOCK-UP
Test operating experience showed that a programmer failure vlock:-up was
not required when & ramp genemjtor channel did mot reach .i'bs correct
program value at eondition point. The corputer program was modified to
delete the issuing of a programmer failure signal after detecting a ramp
generator out~of~téflerance condition. The programmer still stopped on
an out-of~tolerance, however, and required operator corrective action

to continue cycling.

 3.9.5 JHP COMMAID

The eriginal concept of the JIMP commend was to jump the programmer from
any condition point to any other conditSon point. The computer program,
therefore, would not accept a JI'P cormand unless the programer was on
a ‘condiﬁicm point, Dumng the test it was determined that some method
was required bo wap the programmer to a condition point even if it were
not.'on = condition point to start with. The JMP coymand roubine was
modified to do this,

-
v

P
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3.9.6 DATA ACQUISITION AVERAGING
Tost control data gcquis-i*&ion was designed evound a one sample per
aimel. scheme due to the time critical nature ef the test control load

programming, This -pmvided satisfactory date for load hisfory, but was

r_i.ot complétely satisfactory for non-time critical operations such as a

computer controlled Rcﬁ (CAR) or a print of current loads while not

'
cyeling. A sbtudy was made to determine what could be done to improve
data acquisition that was not time critical. The most desirable would ‘

have been a software change to a multissmple method with bad sample

~rejection. This method requires a considerable amount of memory Space,

80 was not used. T

The data acquisition reutines for the CAR and PRT (current loads) were

.modifieri to averaged multisample acquisition with eperator control of

the muiber of samples to be aequired. This wes accomplished using

existing storage space in core.

The s;;stm was designed with the concept that load spectrum paper tapes
would be punched on the Boeing large scale central dqmuter using punched

card input, Late in the fatigue test program when specisl tests were

Y yun with the system it bacame desirable to punch small spectrum tapes

oh=-gite. 4&n 6i‘f~line program called SPEC was assembled which provides
the cépability to modify existing Bpe_é‘bnms or punch out new ones using

the "bele‘type a8 an input.

o, 0 »

»

. , ~p : '
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3.9,8 MAXTMUM AVALOG-TO-DIGITAL CONVERTER (ADC) COUNT
Ai} times the load eycling slowed down for no apparent reason. Investigation

:c'e’s{e_aled that when the octal mumber LOOO was strobed in from the ADC,

. ‘the time vequired to perform the data acquisition error check inereased

; sigiiiﬁ.canﬂy, This nuiber represents a mascimam negative output from
"bhe AEC,‘,._bu‘t‘ an illegal nega’c:ﬁ're nunber to the floating peint packagsé,
and would fmquemtly occur on an open channel. The channels used for‘

strain gage data acquisition were quite gften left open when not being

used and therefore caused a problem.

Th_e czmputef program was medified so that any time an octal LOOO was
strobed in from the ADC it was chenged to a LOO1 before being converted

to percent load.

A

3.9,9 INHIBIT CYCLING FROM BLEEDPOINT

The original design did not prevent the prograrmer from cyéiing into «
n0;~e:ds§ent_ condition points if the programmer run button was actuated
while at} bleedpoint. The computer program wss modified so it would not

aceept a programmer run signal if at the blee&p@int.

3;9.10 TITLE ON CURRENT LOADS PRINT

Tt became evident during the test that a title on current loads printouts
w;mld be advantageous. . The current loads routine was therefore modified
% print a heading which contained the fime, specbrum nurmber, indicated

condition point, and a fifteen (15) character title.
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3.9.11 HISTORICAL DATA PRINTS

Historicel data was printed for all load channels at a variety\ of
condition points (OF) peridically for the purpese ef cheeking the
aceuracy of sefve controller spans, Fifteen to twenty individual PRT
conmands were required to accomplish the total print in a aﬁmmum of
time. The PRT comﬁand routine was changed to incorporate a new argument
catled CHECK SPANS. This permits the emtire print to be accomplished in

a minimum of time with only a single PRT commend.

3.10 FEED FORWARD WETWORK
It was found that several of the load systems were unasble to maintain

their programmed loads within an acceptable tolerance when the load

‘eycling rate was increased to meet the desired spectrum time. The

problem was solved on some of the channels by increasing the size of
their hydraulic sexrvo valves. Six of the system requir%d special feed.
forward networks from adjacent load chamnels in ;ddition o larger servo
valves. The servo valves for the load systems were originally sized

on average flow raté requirements.

of considering peak flow rates when detemining valve size.

This problem illustrates the necessity

¥
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3,11 RAMP ROUNDING

Cne of the limitations on programmer or cycling rate was excessive

'evershoot of loads if the rate was increased oo much. This cveréhoot

was reduced by zdding ramp rounding circuitry ‘to the, interface buffer

‘and the rate unit. The interface buffer generated signals at 70 and 90

-percent of ramp complete which were used by the rate unit to decreaée

the rate before reaching the end of a ramp. This allowed a higher
average programmer rate 1o be used thereby reducing the overall spectrum

time.

-

3,12 LDAﬁ CELY, CABLE MODIFICATION

The }oad cell end of cable 61-11677 has a splice joint where multiple
wires are connected together to enter singie pins on the comnector.
This splice was located very close io the load .cell connector and all
cable bending due to load cycling was absorbed right at the edge of ﬁhe'

potting on the splice. This caused excessive breakage pf the conductors,

The load cell nine wire measure cables were modified to move the splice

»

back aﬁ'léast twelve inches from the comnector which solved the problen.
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li RECOMMENDATIONS FOR FUTURE SYSTRMS

This section lists improvements which might be included in future major

fatigae test instromentation systems. The list is confined to iwmﬁaments
in system concept since it is taken for granted that the best stete-of-
the-art hardware and techniques I.would be used in any future instrumentation
.design. These recormendations for the most .part were the result of
cﬁfi‘igmlty or inconvenience eiperienced by the operators during the
operation of the test. These improvements have not been evaluated in
temsh'of cost and may m some cases cost more to incorporate than :.s
practical. Also, some of these recormendstions may be impmcti'cal during
the design phase ef g néw system due to the lack of pertinent information

at that Time.

As many of the recommended improvements to the system as possible have

been categorized by subsystem in this section. o

-,

b1l Powm DISTRIBUTION SUBSYSTEM
The 747 Major Fatigue Test Instrumentation System did not have a power
éistribu't;im; subsystem. Power supplies were scattered throughout the
system and prime power came from several power distribution panels in
widely dispersed locations. Power was not applied or removed from the
system in any specific sequence and difficuliy wes enctumbered when try:mg

to isolate power supply melfunctions.
& .
It is recommended that future systems have a power distribution subsystem

ﬁth a central control panel and indiecators or switchable meter for

monitoring 211 power supplér outputs. _
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LL.2 MASTER CONTROL CONSOLE

L3

The test director needs to know the oversll load stetus as quickly as

possible when a system lock-up occurs, The system was designed with this

in mind as were all prev:mus systems; and each succeeéing atigue system

‘hes had improved quick-look load status. On this system the opemtox;‘

could cormmend a print of current loads on the compuber line printer and
receive a complete list ef all 1oads in about 15 seconds. The test

director also could dlsplay any programmed or actual load on a strip

. chaxrt recorder by selec‘bing it on one of the four switch panels. Even

though this would appear to be sufficient visibility of everall load

status, there were times when loads were changing fast enough to cause

the test director to have anxiety.

It is recommended that a better means of quick~look visibility be devised
for large systems. One method that might be considered would consist

of a bank of small inexpensive meters scaled to some common value and

marked with red lines to show critical tension and compression loads,

The meters would provide a coarse indication of loads only.

Another method z;xigh'b be a red lamp that comes en steé.dy when a critical
load 1s epproached and starts flashing when the load becomes critical.

One indicator would be needed for sach chamel.

A third passi'bili'by would be a CRT digplay which displayed all loads

that exceeded a selectable threshold. The update rate on the CRT would

“need to be relatively high and prefersbly comtrolled by the test director

5 or operator, » e
&5 )
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"L.3 TEST CONTROL SUBSYSTHM 57 Dyt ;
- b.3.1 CONTROLLER GROUP HARDWARE LAYOUT

The sexwvo con trollers were not located in their packs in the alphammarie
sequences TFor ex&z@;e, the B systens followsd the P, W, N, T, L, end

G systems. : This would frequently cause operator frustration when trying
to spot a f}pecii‘:tc servo controller in a hurry, Operating efficiency
would improve if ‘the servo oen‘bmliﬁm were located in alphanmumeric

order or any @ther eas:.ly ramembemd gequencea,

he3.2 TWO. LEVEL LIMIT DETECTION

' Common procedure for reducing loads that had exceeded their lirdts was

to bleed them down using the hydraulic bleed valves. This can be s
very intricate og:emti@n if the system is 1ocked up with high wing loads.

The operation could be made nuch gimpler end safer for the test specimen

if a two~level load Bamt were employed similar to that now used for

eXCess rea ctixms. L.

]

The operator would be able to switch o a higher Timit level, comand
an auto-reset, and let ﬁhe programmer bring the loads safely down with

a two-level Limit detection systems

IT
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he3.3 HIGHER PROGRAMMER LIMIT

The syptem was designsd with the concept that the programmer weuld never

program a. load h:«..g?uer than 100 percent. A sai‘e'ty feature callad programmer

averbx«avel Was inogrperated which caused a programer failure Jock-up -
any time. amy cimrmel was programmed to 102.1 percent or moré. This
limited the sufo-reset capa‘bll:v.ty in that all Joads had to be less 't;hc.n

1021 percant before an RST commend could be used.

Tt is recommended ‘that f‘utur*e systems have the capsbility to program at
least 20 percent higher loads. It is also recormended that the existing
sysiem be modified so that overtravel dnas not oceour wntil a load of

115.2% is reached?

ha3al PROGRAMMER POSTTION TNDICATOR
AL times during the test 1'15 was necessary to stop the progreammer at some

specific place be-bmeen condition points. It is recommended that future

systems have some type of easy to redd indicator for defesmining

programmer position between condition peints. It would be desirsble if-

this indicator copld be read by the computer so that 1t could be printed

on current load prints, ete.

1.3,5 SERVO FRROR SIGVAL MOUTTORING

Period:x.cally 1t is necessary to messure “c.he S617vo errox smgmal from

each sarve controller while the system is unlocked and in a static 4

cmfeéitmon, This is required to ensure all valve balance adjustments are

correct for proper on-nwll windows. It was a tedicus and time conmﬁﬁg ‘

task on the axﬁ.stmg system. The problem s somewhat alleviated by
the addition of the test point panel (seeParagraph 3.%.1).
REV.Sym | VAL B T % ‘ BOEING |vo. D6-3313L-1
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LaBaZeb sm% SYSTEM RESPONSE

g ST y é

1

It 'ds 'recomended that the servo error signals be connected into the

Data Acquigition Subsystem so they. can be read and printed by the compu'ter-
on operator command,

Y

Sygtem lock=up quite often occurred as a result of trying various servo
contmiler compensation se‘btﬁﬂgs.in a search for the ideal setting. It
is recommended that future systems have the capabilit'y to make on£1Me
Bode plots of the individual servo systems. The frequency response of
each individual system could then be checked periodically and corfrections

made as necessary t0 maintain the response within predetermined parameters.

°

L.3.7 PROGRAMMED REACTIONS ”
Reaction load cell oubtputs were only checked periodically on the 7L7
Major Fatigue Test System. If an anticipated value for each reaction
channel had been included in the load spectrum, the computer could have
checlx;ed‘ them at each condition point as part of the digital acquisition
error chec'k (see Paragraph 3.2). It is recormended that the capébility

‘to progrem the reaction chemnels be included in future s‘ystems.’

1.3.8 OFF-NULL DETECTOR

The off-nmull indicaters were very useful for determining which chammels
were the pacing ones when making adjustments to optimize the cycling
rate. Even though some operstors said the ability to spot pacing load
syétems on this test was better than any previous major fatigue test',‘it
could be improved ot')nsidembl?‘ It is recommended that this ability be
considered as a reéuir@mrﬁs’in future systems. The 7h7 Major Fatigue
Test System could be improved by adding a detector which would identify

the last oi’f—null‘ indicator to extinguish after each remp complete.

g
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. pulling in,. oven ’_

chamels, the umqrant.ed lock-up could have been avoided,

‘special sensors such as strain geges, displs

A

bl DATA ACQUISEETON SUBSYSTRI
N mamswm Rour, :
The conputer 'eantmﬂad R (CAR} would eanse the Th7 s‘ysﬂ:m +o 1ack—q1p
if perfomd ’?mﬂﬁ zmlwﬁ.mi. This was the rssult of 211 R relayas

se iz} tab;e analcg channels, when the R a1 functioz&

19

word was i&ﬂuéd fm the csmya‘ber. n addressable R(, e wmxld be very.

- desirable since it would }provide 2 means of nez‘fmm:mg a CAR on any

number of channels mquested.

A less expensive solution on the Th7 Major ;ﬁ‘a’cn.gue Test System weulci have
been to use nen—stmdardxpmmr and balance wnits for the analog cfzza‘nnels.

By disabling the remte RG 7 in the power and balance units in these « -

luli2  STRATH GAGH cmm
Quite then durmg the major fatigue ‘best, da‘ta was requirved from

pressure transducers, ete,

It is highly recommended that this type of data acqu.isitien be recognized
as 2 normal part of any major fatigue test and that at least 100 channels
of data acquisition cé%abili‘ty of this type be supplied as part of the'
basic sys’rm.. Hardware end software shovld be provided which wonld
sllow this special cle.’&a to be calibrated and ;pxﬁ.ntAec’i out in document

format or atf 1&#5’& cfwxped on a high speed device for off-line processing.

u transducers, i’lometaz's, .
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The ideal slope chosen for this system allowed & maximim digitsl dsta

 hobi5  PEAK IoAD REGOMTG

bolie3  HARDUARE LayouT _ _
Thie povier and. ba.laaace m.aits were net a:r*rangad in alpha‘mmeric {chaﬁnel i
mmuiflcation) sequmc:e on i:hie sysﬁm. Tius resulted in meﬁ 19% of
bime and fmﬁtmﬁi@n vwhen an opeﬂ-amr could not readily spﬁt a parﬁwnlar ‘
power and ’balanee m'b., s mccmended that more hxman mg:'me@mg

be appl:.ed te the: man—machma interface on fa‘mm systems cemi:a:z.tﬁng
mzlmnum'b haz»dware. This hexdware should be layed out so that the ~ |}

equ:;.pmen‘b for a spaeifia channel can easily be found.

Yohok ’mam‘&s’m Buta EhiGE

value of 1111 péf;men“b' (see Paragroph 3.9.1). Occasiohally loads would
reach -values .higl‘ger than 111.1 percent, but could not be read by the -
computer. It is reconmended that the capability bo resd a highei' value
than 111.1 percegh be considered for future tests and that whatever
maxcinman is GhOSen be compatible with the programmer maximmm for an i
ﬁmpzmred a.u‘oe-re&e*t as mentioned in’ Paragraph &.3.3.

i

The concept of using an on-mull window to debermine when all loads are
en candition poimt a8 2 means of detaimﬁing peak loads is acceptable if
serve frequency response and programmer ‘rate are contirolled. to pmvmt

. 2

excessive oversh‘t. >
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-~ used very often during the test.

It is fveit 'bha'b 'bhe ability %o judg@ the quality of the fa‘bzgue teﬁhng
would be :memved if = high speed da'k.a sys'bem could be usad. to remm:l
data from 95% of ra:@ comple’ce to a p@int past neak load. If the peak
load were then dergsmd £rom this data and saved on disk it Wuld pranda
the tes*&ing perscsmal with the data they actual:ty need.

Py

IS  SURVEILGANGE<TITERRUPT smasxsm«
hie5,1 FATLSAFE INTERIOOP TNDICATORS
It was ver;rj""b:‘mme c_:-@nsamﬁilg_émd difficult to determine the location of a

discontinuity in the failsafe interloop in this system. It is recommended

thet an indzcater be wstalled on each unit the interlo passés through
in fubure sys%m.%.{his indicator showld be used to giva an indication
if the ;mterloop has continuity through to that parﬁi.cular mnit,

Lcms;derable system treubleshoot:lng time, cmx:ld have beem saved on the

¥

ematmg syatem, since the interloop had to be complets to ‘unlock and

: Sémehmes ﬁhémiyxm&icatim of: t&iﬁ, W tthe- szbﬁlmy m xmﬂ:eak “the
! $?&‘f;€m“

45,2 SPBOTAL TEST BOXES ’
Special test. boxes were supplied with the 3‘%’5@1 for checkout and

-calibration of the level detectors and the load differentisl detectors.

The test boxes were carmected o the system by diseonnecting nomal

system cables and then connecting the test box into the vacated commectors.

As a result of:the inconvience of using these test boxes, they were not
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Tt is recomended tha' special best boxes of this type be designed as
an integral pazg, of the system so *tha’c. checkout and calibra‘blon carn be
accompllshe& by actuan:ing a smtch.

L6 SGF‘MARE

Lie6,1 BUFFERED OUTPUT

The 747 Major Fabigne Tes’é» insﬁnmentafbicn System did net contain a :
buffered eutput.. As o result of this, the computer would slways completely
print a message or punch ;3‘; tape before starting snother task or funedion,

g 7

This caused cdns‘érable anxiety on the part of the operator when he wWas o

walting te inz‘biaw an operation, but had to wait for a teletype or

line pr:mtar message before he could act.

It is recomnenaed i’or Tuture systems that the output and input be
buffered so that these operations take place in eequencew‘mz‘t only when

the compuber is net busy with other operations,

4.6.2 SOPIVARE NOTSE REJECEION

An wnacceptable data value would oceasicnal‘l; be strobed in by the Data
Acquisition Subsystem during the best. This was bolerable Tor the
historical load data seved on disk as this operation had to be accomplifhed

in a minimum @f time. Howevem for the non~time eritical operations such

; as mlrren‘h loads, 35?1‘, CAE, and CAV it is recommended that the software
"_"be designed for mxl'biple samples. The compuber program shovld employ ..
W&miquss commonly used in data aequisition sy*staas to :‘tzyhegmte the
'acqulred data and diseand und@smbla samples or noise for these non=time

: crz’o:.cal ﬁmc‘bionsc 4

=
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L.6.3 COMPUTER TABLE INPUTS
Load cell ealibration data -was reduced off-line to get a channel slope

angd chl percent 162d value. These Values were then put inte the computer

aBle by telotype using the on-line teble editer. Tt is recemmended thet
the on~line pregram be designed to recei%re data directly from the load
cell calibration sheet, calevlate required values, and :mgut ﬁm@e
direc“cly inte the Major F'zta.gue Test computer table m.thoat operator

intervention.

It is also recemmended that the table be expanded to contain other datp

; ,Pgrtﬁiient to individual chermels. This wonld include a tolerance valme
to be used by the Data Acquidhition Error Check muiine and the high~low

“limits for each chamél for the loads exceeding limits (LIL) routine.

li.6.y  CURRENT TOADS PRINTOUT

Current loads were elways printed for all chanmnels when requested on
‘this system. Very often the operator was only interested im fhe’ current
loads for a few channels. I‘t i8 recommended that the seftware be
designed 80 the current loads can be reguested for an individual channel

or a block of ehaxmels.

© he6e5 GONFIGURATION CONTROL

| A co@siderable amunt ©of time was required to manually maintain the
eonf:gura*b:mn records for the 7L7 Major Fatigue Test Sysbem. This system
would have 1em'b mself‘ very nicely to a soflware configuration ecmtml
-scheme having plenty ei' disk storage availa’bie.‘ It would be desirable

" . 3 b <y
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_Pe m&ﬁptained with the computer. #n bp"&icgl keyboard/display would £

to have a larger line printer however, if configuration control was %o

be exceptionally weeful for this purposes

If such a systen is designed, considerstion should be given to incozpora:ting ,
a sect:ion for maintaining Fatigue Damage R@perts which presently are

very wime emﬁmﬁ.ﬁzg znd tedious for Stmctures persormél to maintain.
“gp

L7 AUTOMATIC BLEED STSTEM
It is recommended that consideration be given to incorporation of an
automatie S?’ﬁ‘beﬂ’ﬂ of hydraulic bleeding of the loads in future systems.
The manual »s;ys'te'{rr was quite awkward to operate and depended on good

communications bebtween the Elee:d trailer and the control room.

Tnstallation of computer pontf'olled on=off bleed Walves would allow
avtomatic bleeding by' the computer which has; v'good repid visibility of '
211 loads, The a@n@uter pmgram could be deamgnad to provide an automatic
bleed to any loads exceed.mv their limits as an initial part of the

RST comand or aemnands could be added that would allow the operator te

request an;y‘ or all charmnels to be bled to zny specified load condi‘bio‘n.

# -+
" 3
L 3 ’ i}
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h.8‘ VARTABLE SENSITIVITY SOUND DETECTORS ¢
The sound detectors were used very little during the fabtipme test as
explained in Paragraph 2.5, It is reconmzinded }’that a éalibmtian
method be aesigxnéd for the sownd de‘becters. and an interface which will
allow camputer qon‘b-ml of the sensitivity., This m;ﬂd provide the
capability ‘o ha;ve low sénsitivity during the neisy part of the load
spectrum and theveby make the sound detectors useful throughout the

teste.

h.9 I‘UNC'.EION‘AI:"ZE‘IBW DIAQRAIVLS

Pmetionsl flow disgrams would have been very helpful for isolatizig
troubles inthe»aystm when troubleshooting. It is recormended that
functional flow diagrams be pzbvided with future systems since troubles
are usuallyﬁiseiated. by tracing a given signal through the system rather

than by working on a single wnit.
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