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Flight Load Spectrum - Tracker Aircraft
1.0 INTRODUCTION
The Tracker alrcraft has been in service with the

Canadian Armed Forces for approximately 20 years, with
individual aircraft accumulating some 8,000 flying hours
in that perliod. With the object of extending the useful
life of the alrcraft, a fatigue test 1s about to begin on
a specimen which consists of an airframe which was taken out
of service at Just over 5,000 hours, fitted with cuter wings
which have been modified in the vicinity of the wing-fold
Joint. The centre-section and outer wingsare fltted with
new attachment fittings.

Over the past 10 years, B8 recording accelerometer
systems have been employed to obtalin counts of exceedances
of dilscrete values of aircraft normal acceleration during
varlous periods of flying time. Each of these systems
conslsts of a sensor and two registers which permit counts
at 8 levels. In September 1971 the pattern of counting
levels employed was altered to Improve the recording efficlency
of the system. The latter data, after editing, 1s stored in
a computer which 1s programmed to make certaln loglc checks
and to provide print-cuts of the acceptable data by aircraft
together with maximum and minimum values and linearly-deter-
mined means and standard deviations at each recording level.

Examination of these print-outs reveals some rather
alarmingly large values of exceedances per flying hour at the
2.0 to 4.0 "g" levels compared to similar data from other
sources and to the data gathered prilor to September 1971 in
this program. In addition, they would appear to constitute
a rather severe fatigue spectrum for the test aircraft and
suggest a very real posslibllity of exceeding the Ultimate
Design Load (4.5g) of the aircraft in an unacceptably short
period of flying time,
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" spectrum generated Dby Grumman from U.S. Navy reécording
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The analysls, reported herelin was undertaken to
arrive at a spectrum which would represent normal flyling
and could be used to commence testing, and to attempt to
isolate by alrcraft and time period the occurrence of ab-.
normal values to assist 1n understandlng their origin and
significance, '
2.0 METHOD
2.1 Linear Analysls

The data avallable consisted of the computer flle
print-out to October 1978 and the individual reporting forms.
Visual scanning of the print-out identified a pattern of
long perilods of what might be called "normal flying" inter-
spersed by bursts of data (usually a single entry which might
cover 1 to 6 months for that aircraft) which were characterized
by unusually large counts at one or more of the h;gher and/
or lower g levels. The levels recorded in the data file are
-0.5, 0, .5, 1.5, 2.0, 2.5, 3.5 and 4.0.. By rejecting these
entries by inspection 1t was apparent that the resulting
spectrum was qulte close t¢o that cbtalned by utilizing all
of the data recorded prior to September 1971 and also to a

accelerometers.

The rejected data showed a strong tendency to
be concentrated across the instrumented aircraft especially
in the reporting periods after the change of register settings
(involving re-wiring the electrilcal harness) and in early
1973. :

In an attempt to devlise a more formal method of
screening the data, an analysls was carried out in which an
entire line (and the assoclated flying hours) was rejected
if any two (of eight) levels exceeded the limits of the
mean *4 Standard Deviatlons as determined by the computer-
generated values of those parameters. Exémination pf Lhe
rejected data against the reporting forms ralsed a strong

w
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susplclon that many were the result of fallure to deduct
counts put on durlng servicing and calibration of the systems.
A small amount of the remainlng data was rejected during
inspectlon of the reporting forms, resulting in the spectrum
labelled "clean data", herelnafter. Other samples such as
all 1974 data were examlined by a similar analysis for com-
parison. i
2.2 Log-Normal Analysis

It had become apparent during the above-described
linear analysis and close examination of the data that
numerous entries_which appeared to have insufficlent counts

at some levels were not rejected because the criterion of
mean minus 4 Standard Deviations was zerc for all except

the 2g level. Detailed examination of the data for aircraft
12195 showed that the exceedances at each level were distri-
buted log-ncrmally l.e. the logarithms of the exceedance
values were distributed about the mean logarithm In the

form of a "normal" distribution. It 1s considered reasonable
to assume that data for all flying would be similarly dis-
tributed.

As will be dlscussed 1n section 3.0 below a
criterion of Mean *2 Standard Deviations 1n the leg-normal
analysis 1s a more discriminating test than mean *4 Standard
Deviations applied as though the data wre normally distributed.

. Log-normal means and Standard Deviations (S.D.'s)
from samples generated in the arithmetic (linear) analysis
were used to establish upper and lower limlts (cfiteria) at
each level which could be applied to the indlvidual reports
of flying hours and acceleration counts. Some difficulty
was encountered in establishing values for the 3.5g level
because the vast majority of entriles were Zero. To overcome
this problem, the flylng hours assoclated with zero counts
were all applied to the next ocecurring count of 3.5g as re-
corded in the computer print-out. A similar procedure was
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adopted, when required, at the 2.5g level. Using these
criteria, the entire file was examined by lndividual aircraft
and as grouped data rejectlng all data 1n an entry if the
criterion Mean %2 S.D.‘s indicated.too low or too high counts
at any level between 0.5g and 3.5g. Thils process produced

a sample of 8879.2 hours of data whose spectrum was very
similar to the "clean data" previously described. In view

of the difficulty of establishing approprilate criterla for
3.5g, entriles rejécted at that level (3 out of over 200) were
subsequently restored to the sample without appreciable effect
on the spectrum whilch resulted.

A similar analysls was conducted on the data from
the original reglster settings. Slnce these data are rela-
tively free of unusually high counts (and contain no lg
occurrences 1in 4500 flying hours) the resulting spectrum is

qulte similar to that obtained by taklng arlthmetic means
at each level.

3.0 DISCUSSION OF RESULTS
3.1 The Effects of Various Analysis Methods

To assist the reader 1n appreclating the merlts of
using log-normal analysls 1in refining the raw data Figure 1
shows a linear representatlon of the dlstribution of a lopg-
normal population havling a mean and S.D. closely approximating
that of the 3.5g data in the flle. Superimposed on this
are the criterion limits mean *4 S.D.'s (linear) and mean
+2 3.D.'s (log-normal). It 1s immediately apparent that the
latter 1s far less demanding at the uppef 1limit and yet
allows the exclusion of data for insufficient counts such
as will occur 1if the instrument is 1lnoperatlive for part of
the reporting period. | '

If the data were from a uniform distributlon one
would expect to relect slightly less than 5 per cent of the
entries at the mean *2 S.D. level but in actual fact about
one-third is rejected, more or less equally distributed




between too many and too few counts. No Ug counts remain
but by re-introducing data rejected at the 3.5g level (only),
5 counts of Ug re-appear with no significant changes at any
other levels of the spectrum.

Table 1 shows the effect of varlous sampling
strategies on the arithmetic means and Table 2 on the log-
normally-determined means. Table 3 is a compilation of the
log-normally-determined means, standard deviations and log
(means) by aireraft and grouped. The values labelled "all"
are not the arlthmetic means of the 1ndividual aircraft but
rather over-all values of the grouped (fleet) data.

Figure 2, 3 and 4 display some of the tabulated
data in the form of flight lcad spectra. It 1s readily
apparent that conly mlnor discrepanciles exist in the data
after systematlc removal of unusually high and low counts,
As a matter of fact, these spectra are very similar to one
generated early in the analysis by simply "eye-balling”
the raw data and deleting entries which, by inspection,
appeared to contain "spurious" data.

3.2 Possible Explanations of Non-Conforming Data

Low counts do not require tooc much explanation
since they usually appear to be the result of a failure of
the measurling system during the period in question which
may be confirmed by the appearance of an "all-zero" entry
in the following period. On occasion one regilster fails to
record and this willl be evident from examinatilon of the
record since the "A" register ends at 1.5g and the "B" re-
gister begins at 2.0g both of which should normally produce
other than zero counts except for very short reporting
perilods.

Incidentally, the desirability of rigidly-enforced,
short, reading-intervals (not more than one month) has been
repeatedly demonstrated during this study both as an aid in
isolating spurious data and preventing loss of large segments

et 1T
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of good data which may be lumped wilth a short burst of dubious
data or in the case of instrument fallure rejected for
insufficient counts, during part of the reporting period.
The presence of excessive counts particularly at
the 2.5 to U4.0g levels and less frequently at the -0.5 to
+0J5 lewels (although they often coincide) presents two
very serious problems. They may result in an overly-conser-
vatlve test spectrum with resultlng financlal penalties but,
far more importantly, 1f they are the result of flying, the
risk of loss of 11fe through break-up of an aircraft in
flight is unacceptably high. The latter statement 1is based
not only on the recorded exceedances of 4g but also on the
knowledge from calibration of 2 of the systems (ex
aircraft 12188 and 12195) that 4.2 to 4.4g is required at
the sensor to register a count of Ug and a pattern of such
readings in a relatively shdrt recording period implles that
the Design Ultimate Load factor has probably been exceeded.
It may be that the production alrcraft has a static strength
in excess of 4.5g at design A.U.W. or that these counts are
reglstered in alrcraft configurations which are less demanding
than that which was tested. The static test conducted by
Grumman some 25 years ago resulted in the achievement of &
load factor of 5.27g after at least two failures below the
required 4.5g and subsequent repalr of the test specimen
but the record is not too clear as to the relevance of that
test to the Canadian-manufactured aircraft and current oper-
ating conditiocons. ‘ 3
It seems generally agreed, at this time, that the
abnormal counts are the result of short perilods of intense
flying or counts added, but not recorded, during routine
servicing and checking of the instruments or some combination

of these,
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There 1s a good deal of clrcumstantlal evlidence to
support a theory that most, if not all, arise from the latter
cause. Three methods of calibration are referred to in the
report forms, two of which are formal callbrations which
artificially put eilther single counts on each reglster or
a burst of approxlmately 1,000 on each reglster. Only one
instance of the latter cén be identiflied and it 1s properly
documented. The former 1s documented 1n most instances,
although occaslonally as on a/c¢ 12195 for the period ending
29/5/73 one has apparently slipped through but, in genersal,
it would be difficult to identify these when combined with
flying data. The third method, socmetimes referred to as a
calibration consists of simply shaklng the sensor wilth power
on and elther or both registers connected. The pattern
produced, as documented on occaslon, and from direct experience
in this laboratory, when combined with one to six months
flying will only be recognizable to the extent of the apparently
excesslve counts at the extreme ends of the registers.

In further support of this view there 13 not a
silngle count of #g in 4500 hours of data at the original
register settings but 100 are recorded (of 133 total in the
file) in a period of 7300 hours immediately following this
when re-wiring of all systems and the necessary checking
(and resulting familiarity with the system's characteristics)
almost certalinly produced the flood of counts at both extremes
of the counting levels, which in all probabllity had nothing
to do with flying. The following year (1974) produced only
one count of Ug in 1673 hours of data and that was 1n air-
craft 12173 whose system went unserviceable one month later
for a period of 43 yéars. Interestingly enough the same
system, one month after it was restored to operating condition
by repalring an open circult in its power supply at a mlcro-
switch in the landing gear bay, produced the largest single
sccumulation of 4g counts in a single reporting period (26
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in 55.5 hours) during a month in which it apparently took
part in 2 days of rocket-firing. The other instrumented
aireraft on the same exercise recorded none in 61.6 hours
although it did exhibit higher than normal counts at lower
levels.

Various other explanations linvolving for example

removal of the g-limiter and the introduction of a fighter

flight-path for rocket-firing do not appear to be supported
by the facts; 1n particular, more counts of l4g were recorded
in an equivalent perlod before these measures were introduced
than after. (It 1ls assumed that all g limlters were removed
circa January 1973 as recorded in the log-book of the test
specimen a/c 12167.)

It seems entirely reasonable that manual shaking
of the sensor (wlth power on) would be a widely-practised
method of ensuring that the system 1s functlonlng. In fact,
1t has advantages over the formal calibration method normally
used in that 1t echecks the function of the system rather
than Just the reglsters. This advantage was documented in
the case of the system in a/ec 12173, previously mentioned,
on which, after 31 years of nil data, a formal calibration
(documented) confirmed that the registers were fuhcticning
but no records were obtalned for a further year because there
was no power on the syateﬁ. Shaklng the sensor would have
clearly indicated the malfunction. Hewever 1t may not be
ocbvious to the techniclan servieing the unit that sueh false
counts must be recorded and reported to the meter-reader,
Ten to 15 counts of U4g, and larger numbers of other positive
g levels can easlly be reglstered 1n 20 seconds of vigorous
shaking and 2 to 5 4g-counts would be requlired to ensure that
there 1s a one-to-one correspondence of lg counts with the
maximum positive acceleration applied. ‘

Very llttle appears to be known of the actual flight
capability of thils alrceraft other than what can be deduced
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from these records. The Grumman flight tesat report of proto-
type flying shows 2g as the maximum positive level achleved.
Uncontaminated data in this analysis such as those at hilgher
register settings, and in the year 1974, suggest that 1limit
load (3g) is exceeded rather more frequently (5 to 8 times
per 1,000 hours) than might be expected for any type of
alrcraft. This would be consistent with a 3.5g exceedance

1 to 3 times per 1000 hours, on average, and assuming the
necessary control authority and pilot motivation a 4g exceed-
ance in several thousand hours. It 1s considered beyond the
realm of probabllity (possibility) that 26 exceedances of

4Yg could be accumulated in 2 days of rocket-flring as

stated on the reporting form for a/c 12173 for October 1978
i.e. 1n 10 to 15 hours.of flying, approximately, or 9 in

8.7 hrs. as recorded for afc 12197 in Feb. 1973 and
"other simllar reports.

4,0 CONCLUSIONS AND RECOMMENDATIONS

4.1 It is proposed that the fatigue test be started
pased on the flight load spectrum of figure 4, on the under-

standing that 1t may be necessary tomodify it te a more-or
less-demanding form at some future time.

u.2 Since it 1s proposed to continue recording monthly
data from 7 systems 1t 1s recommended that these rEpofts

be monitored for high and low counts preferably at the

squadron levels so that any unusual occurrences can be
immediately investigated and findings reported 1n the remarks
column provided on the form. To accomplish thls the techniclan
who reads the reglsters could be providéd wlth a simplified
contral table such as shown 1n Appendix A. It 1s consildered
that such an approech would improve the quality of the limlted
amount of data (3,000 hours per year approximately) which

will become avallable during testing and may provide additional
understanding of exlsting data, for very little additlonal




H || f LRSI AR O LR
!!
I

- 10 -

effort. The appended table 1s based on the log-normal mean

+2 S.D, rounded to whole numbers at the mid-interval flying

hours.

4.3 It 1s strongly recommended that any lnstrumented

aircraft that partlcipate in rocket flrlng exercises, or

any similar activities, in the next year or two do so wilth

maximﬁm attention being paid to ensuring the quality of

the recorded data. Recommended procedures would 1include
| (but not be limited to) flight-by-flight recording of
reglster counts, duplicated recording systems and/or con-
tinuous trace recordings of each pass, pllot interviews,
complete control of any servicing or calibration of the
instruments and removal of any restrlctions on flight accel-
erations other than the pilot's judgement.
‘ 4.4 The techniques used in this analysis, particularly
'! the log-normal analysis when applied to homogeneous log-nor-
mal data should establish the true mean, which should be
that of the original data. Since it is not, except for the
1.5g level, it must be ¢oncluded that the original data 1s
not homogeneous. Although strong evidence exists to support
a contention that most of the contaminating data are not
the result of flying, their extreme effect on the flight
load spectrum is sufficient justification for a continuing
program within D.N.D. to seek understanding of their source

in existing records as well as in future operations.
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BY "g" LEVEL

(ARTTHMETIC MEANS)

3.0
HEs, <045 o | 0.5 1.5 2.0 2.5 3.5 4.0

| Computer File 15815.7 00051 02339 .26145 2.97458 .33612 .14739 .03098 .00841
To Oct/78

Computer Fille 14841, 2 00054 .02480 .27336 3.010173 .3kk8s .15i497 .03302 .00849¢é
To 1 March/78

To Mar./78

ReJect by %3y 11547.6 a6y .00528 L1244y 2.51489 .204498 .049g7 .00580 .00087
To Qet/78 _ ; .
Reject by tlo 11356.3 00017, .00537 .14098 2.7030 .23194 .05750 .00616 .00088
Te Oct/78 &1 @664. § v o027 -6 8c7 %5317 - 18245 ERLE ‘GodeT | 1pe079
"CLEAN DATA ONLY" 1321015 0 . 00387 .09512 2.48255 .19484 .04333 .00378 .00027
ALL 1974 DATA 1672.9 0 .00299 .13091 2.79813 .20742 . 04663 .00418 0
15974 DATA i

(Deleting 33.2 hrs. on 12195) 1639.6 0 .00183 12014 2.64561 18662 | .03415 | .00183 0
CLEAN DATA ONLY

WITH ALL 4g's DELETED 10731.3 0 .0D382 .094g8 2.52150 .19709 .Dlz4o .00298 0
ALL DATA AT HIGHER L0025

REGISTER SETTINGS 4480.8 0 00134 - - .13011 .Q2812 .00223 0
DITTO - BUT L0010

EXCLUDING 91 HRS. ON 4385.8 0 00137 - - .12119 .02232 00091 0
A/C 12195

SAMFLE USED FOR

Log-Normal Afnalysis BUT 5255, 8 0 .00571 .15393 2.62843 .23346 06089 00628 . 00076
ARITH. MEANS

ARITH MEANS OF

8879.2 HR. SAMPLE 8879.2 0 .00360 +12997 2.66206 .21984 .04032 .00259 0
DITTO BUT WITH

EXCLUSICONS @ 3.5g 9527.9 0 .00420 .13182 2.63941 .22219 04545 .00l30 .00052
LEVEL RESTORED




TABLE 2

' SUMMARY OF MEAN EXCEEDANCES/HR

BY "g" LEVEL
LOG-NORMAL DETERMINATION

FLYING
HRS.

-0.5 0 0.5

2.0

2.5

3.5

4.0

Sample: Exclude all

Cilrcled Data

Exclude All

of <« 75 Hrs,.

Periads

5255.8

a .00493

.07002 | 2.34885

.18961

.03261

.00682

.00072

DITTO

But Delete All

g + Assoc.

Data

Le79.6

0 .00389

.06726 2.38127

18879

.03018

. 00463

Fille To Oct
Delete by ¢+

1378
20 at

a, .5, 1.5, 2.0, 2.5 or 3.5g
I.A.W. U679.6 Hr, Stats.

8879.2

.00430

.06767

.62498

.17508

.02965

. 00553

DITTO
Except Retain 3.5g
Level Deletlons

9527.9

.00479

.06934

.61003

17584

.03088

. 00643

ALL DATA AT ORIGINAL
REGISTER SETTINGS

DELETE + 20 ® 2.0-+ 2.5g
LEVELS + ASSOC. DATA

3586.1

.00262 -

-13229

. 004
.01676

14
.00135

SAMPLE AS IN 8879.2

HRS. (ABOVE) BUT ONLY
A/C HAVING 1000 HRS* OF
CLEAN DATA(+20) '

7023.8

.00332

.06043

.73571

1530

.02523

.00528
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LOO=NONMAL ANALYSIS (8879.2 HR.)

MEANS
ATACRAFT FLYING g LEVEL
HRS.
-0.5 0 .5 1.5 2.0 2.5 3.5 4,
12148 1322.6 - - .05111 | 1.80131 .15423 .02187 -
12167 402.3 - - .02560 | 2.13855 .11980 .03972 -
12170 576.8 = .01052 .18215 | 2.27778 .19754 .05401 .00697
12173 593.3 - .00727 L16248 | 2.31435 .16929 .03468 =
12197 283.0 - .06534 | 2.24438 .25313 .08400 =
12189 2014.5 - .00587 .06987 | 3.6K732 .18258 .02420 .00275
12195 2284, 3 .00169 .05133 | 2.94413 .17382 .02787 .00701
12188 1402.4 - .00166 .aTi4g2 2.48409 .18521 .02526 .00550
ALL B879.2 - .00430 .06767 | 2.62u498 .17508 .02965 .00553
STANDARD | DEVIATIONS
12148 1322.6 - - .38217 .13141 .29792 .45280 =
12167 402. 3 - - .52228 27722 .35844 .39638 -
12170 576.8 - .24461 .65782 .18763 L2214y .37596 .36031
12173 £593.3 . .81742 Jh5203 .17649 .22902 .22913 -
12197 283.0 - - +B5752 .32189 .31810 .40632 -
12189 2014.5 - .52625 . 35860 .11201 .28553 .45917 .92730
12195 2284.3 - .22003 .ho113 17275 .30650 .29770 .37946
12188 lhoz2.4 .347498 .41808 .18078 L34224 La143y .43239
ALL 8879.2 .51262 44857 .19620 .30176 .39841 .45013
Log | (MEAN
12148 1322.6 - - -1.2915 . 25573 -0,8118 -1.6602 -
12167 402.3 - - -1.5918 .33012 -0.9216 -1.4010 -
12170 576.8 - -1.9778 | -0.7396 3575 -0.7043 -1.2675 -2.1565
12173 593.3 = -2.1385 |-0.7892 .36443 ~0.7714 -1.4599 -
12197 2683.0 = . -1.1848 .35110 -0.5967 -1.0757 -
12189 2014.5 - -2.2316 |=-1.1557 .5632 -0.7386 -1.6163 -2.5602
12195 2284, 13 = -2.7714 |[-1.28956 LU6BgB -0.7599 -1.5549 -2.1543
12188 1402.4 = -2,7796 |=1.1254 . 3952 -0.7323 -1.5976 -2.2595
ALL 8879.2 -2.36635 | -1.16959 .41913 | -0.75677 | -1.52795 |[-2.257h0O




APPENDIX A TRACKER AIRCRAXT
ACCEPTABLE COUNTS PER MONTH
[BASED ON MEAN *20 (LOG NORMAL)]
Ay B, ¢y D, A, B, c, D,
HRS. -0.5 0 0.5 1.5 2.0 2.5 3.5 4.0
HIGH FROM TO FROM TO FROM TO FROM TO FROM TO FROM TO HIGH
105-115 1 or More 0 5 1| 59 117| 713 77 1| 20 0 1 or More
95-105 o | 5 1 [P*E7* 107| 648 5| 70 1| 19 0| 4
85-95 0 4 1| 48 96| 583 bl 63 0| 17 0 4
75-85 0 4 1! 43 . 85} 518 3] 56 0 15 0 4
65-75 0 3 1| 37 74| 454 3| 49 0| 13 0 3
55-65 0 3 1] 32 64] 389 3 42 o] 11 0 3
I5-55 0 2 0| 27 53| 324 2] 28 0 9 0 2
35-45 0 2 g | 2 43| 259 2| =28 0 7 0 2
25-35 0 i 0 16 32| 194 1 21 0 6 ) 1
15-25 0 1 N [ 21| 130 1| 14 0 ] 0 1
0-15 3 0 0 0 4 8] 4y o} 5 0 2 0 0

EXPLANATORY NOTES:
1. The 1limits used to preparc this table will result in occaslonal small departures from the

tabulated values under normal zonditions.

2. The A1 and Dp registers (-0.5

times specified.

3, Departures from the tabulated
1 count (or 10 percent of the
Justify further investigation

"Remarks" block.

and 4.0g) should ncermally show zero counts for the Flying

values 1n two or mere columns (high or low) by more than
tabulated velue, 1f that 1s greater) should nermally
and comment 1n the




