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i. INTRODUCTION

The "Airtrainer", CT-4A. is a small twin seater aircraft

built by New Zealand Aerospace Limited and used by the RAAF for
initial flying trainin'. It is a low wing all metal aircraft with
a non-retractable tricycle landing iear.

A.R.L. is involved in determination of flight loads in

preparation for fatigue testing. The method being used involves

in-flight measurement of airframe strains coupled with ground calibra-
tion to determine strain/load relationships. At the time of
preparing this memo, ground calibrations had neen performed twice
(Llarch 1977 and September 1979).

The ground calibration method is described herein and
results obtained in 1979 are presented. Loading cases treated in

the body of the report are wing bending, tailplane, fin, control

stick, and flap bellcrank. Wing torque loadings are treated briefly
in Appendix I. Calibration of the main undercarriage is covered

elsewhere (Reference 1).

2. AIRCRAFT STATUS

The flight test aircraft, designated A19-031, was
transferred to A.R.L. from Aircraft Research and Development Unit
in South Australia for the two series of ground calibrations
performed in 1977 and 1979.

Items removed from the aircraft for the duration of
both calibrations included the cockpit canopy. nose undercarriage,
rudder, and elevator. Main undercarri6ges were removed for the
1977 calibration but left on for the later calibration.

Electric resistance strain qauges were applied to the
airframe at 40 positions as shown in Fig. 1. Further details of

gauge locations are given in ARL Drawinqs 53428, 53429, 53431,
53432 (wing gauges), Drawing 53433 (fuselaie. control stick, and
flap actuator gauges), and Drawing 53430 (tailplane and fin).

Most of the gauges were applied in New Zealand during
airframe manufacture in 1974.

3. LOADING METHODS

3.1 Wing Bending Case

The wing bending calibration is illustrated in Fig. 2
(diagramatic) and in Figs. 3 and 4 (pictorial).
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Upwards loading was applied hldraulically with a sinqle
floating jack that loaded two whifflctrees -- one on each ihalf of
the wine. Six timbcr contour uoards txai smittod the load into each
aalf-wing at alternate ribs. The above loading was al.,lied in the
transverse vertical ilanL containing the wing main spar datuv
(fuselage station 2299 mm) and tit recultants on each teice were
inclined inwards by the -uiount of the wing dihedral (W45' ). The
hydraulic loading syste:i v'as t:ie only iceans of applying load
increments during the c.libration.

For reasoiis listed in Appendix I, dead weignts,
totallin; aiout 5b0 kg. per side and constant, were hung from the
contour boards at the wing leading edge and the b0% local %-.ing
chord position.

The loading was reacted by restraining the fuselage at
two locations - through a durnm, nose undercarriage (station 1120 mm

approximately) and throuoh the stiffened floor behind the pilots
seat, station 3440 mi. approximately. The same support noints were
used for all other cases.

The pitchwise alrnment of the airraft w'as such that
the fuselage reference line was horizontai. (This follows a
fuselage longeron 160 mmn below the sill of the cockpit).

Diztributions of wing bending moment and shear force
iesulting from a 1 g load increment Are snown in Fig. 5. both
theoreticai and nominal calibration distributions are given.

Tie bases for ueterntininq wing loads arE' treateu
briefly in Anpenuix II.

3.2 Tailplane

The tailplane calil'ration systemi is :,howii in Figs. 0 and
7. The aead weight loauinq, either upwards or do,,,ni'arus, cas
shared between port ana starboar. clevator pivot points. biwara
loads were monitoreu by a strain .Jauyea load link in 1977 but a
pair of spring balances were used in 1979.

3.3 Fin

The si,[ple deau weight loadin4  :st.m for the fin is
illustrated in Fig. t'. It utilized cables. r:ulleys and a small
strain-gauged loau zeasurinc link.

3.4 Control Stick

The control stici. wa ; loaded by a turnbuckle in a
linkage attached to the hand tjrip 0.38 metres above the upper
pivot as showtn iii Fig. 9 (and C,. 4o metres above the lower t,ivot).
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To react the load on the control system, the elevator
control rou was restrained at the rear of the aircraft.

3.5 Flap Bellcranks

The flap bellcranks are located on the 6ides of the
fuselage and are part of the flap actuating linkagc. The flaps were
disconnected and the bellcranks were rotatcd to a starting position
such that aeflection undcr loid left the Fort bellcrank just clear
of its stop.

Turnbuckles and an over.iead crane were used to load

port and starboard Lellcranks simultaneously as shown in Fig. 10.

4. CALIBRATION LOADIiGb

A list of the calibrations performed in 1919 is given
in Table 4.

The wing bending calibrations started at --l g loaa

factor and went through to +3 g in ,t continuous loading sequence.

The tailflane and the fin were loaued in opposite
directions without changin% the strain gauge zero settings. This

was intended to take account of slipping or other discontinuous
behaviour of the structure as the loau direction was reversed.

All calibrations were precedea by two full scale
preliminary loadings to settle the structure down.

5. DATA TRLATMENT

5.1 Data Collection

During the 1979 calibrations data from strain gauges
were processed by a Doric Model .10 portable aata-lot:ger and A Facit
tape-punch, model 4070, whose output was suitable for coinputrised
analysis. Printout on 1Laper was also obtained from the "Doric" for
"quick look" and duplicate purposes.

The Doric ana Facit equipitent revlaced a Leach iTi 2900

flight recorder used in 1977 but unavailable in 1979.

5.2 Data Processing

Linear regressions against load wert- fitted for the
output of each strain gauge.

The regressions tor the wing bending calibrations covered
the whole range from "--I g" to "+3 g , firstly on a run by run
basis, and then pairing runs perforied on the same day. A zero load
(zero Newton) strain datum for this case was derived by interpolation
between the first available adjacent data points, as strains were
not measured at zero load.



Tailplane analyses treated separately the loadings in
upward, and downward directions and then combined all loadings.
Fin analyses first treated loadings to port and starLoard separately
arid then combined them.

5.3 Sign Conventions

The sin convention for loading was r-uch tnht upwards,
forwards, and starboard loads weri~ :usitive.

The relationship bctween the signs of strain bridge
outputs and the sense of structural distortiorn is not readily
available except in the obvious cases such as the bending bridges
on the wing main spar. In stlain computations the following fonI
has been consistently used:-

Strain Lquivalent(+ve)

Strain = (Reading at load - Reference value) X St rai o 9le p (-y)

C. REULTSCalibration 
Step (- e)

6.1 Results of 1979 Calibrations

Regression line gradients ate given in Tabiles 5 to 7
(Wing bending), Table 8 (tailplane), Table 9 (fin), %'able 10 (control
stick), and Table 11 (flap levers).

Strain intercepts at zero load are given in Tables 12
to 14 (wing bending), Table 15 (tailplane), Table 16 (fin),
Tt, le 10 (control stick), and Table I (flap levers).

Plots of strain versus load for strain gaugez of
particular interest are given in Figs. 11 to 25.

0.2 Comparison - 1977 and 1919 Results

A similar calibration of the same aircraft was done in
1977, and Tables 17 to 21 compare the strain graoients found then
for wing, tailplane, and fin with the 1979 values. Also shown is
the difference or change between the strain! induced by the full
range of the calibration load for each gauge.

7. DISCUSSION OF RLSULT

7.1 Wing Loadings

1. Tne important gauge station 12bE on the rain !;par centre
section gave a particularly large (14%) change in response betvoeen
1977 and 1979. An investigation showed that response from one arm
of the bridge was very low - a firm indication of uebondinw,.
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2. Out of 20 gaugjes recorded during winj benuin~j calibra-
tion, sLVeVI had changes above 5% frc-' 1977 to i971 . It is
considerea that thiis is an. indication of the inhere:nt variatility
of the loau paths, through the structure.

3. There is a surprisingly high ratio (approximately 2)
between the responses of 2ISE and 22SE which are similaily jplaced
front spar shear bridges (see Table 7 and Figs. 19 and 20). It may

. worthi noting that the R.A.A.F. nave introduced ioCifications,
_TII21 and STI124, in the reg.on of the fiont spar inboard. These
modifications replace anu improve the fit of the front soar ,,,eb
rai.el where 2iSE and 22Sd are placed. Access is also provided to
facilitate tightening of bolts holding a wing bracket formitng part
of the wing/fuselage front att~cianent.

4. The response of gauge 32RA, the spanwise arm of a skin
rosette, is only about one third of the output from 9LE and 10BE
on the main spar, similarly oriented to 32RA and further outboard.
(Figs. 12 and 21). It is likely that skin bucklingj greatly modified
the response of 32RA.

5. Gauge 18CE on the uIper cap of the rear spar gives a
very small output compared with 20TL on the lower cap. (Figures 13
and 14). This is at least partially attributable to additional
load carrying material on the top side of thie spar.

6. The root rib bending gauges, 27BE and 28BE, on opposite
sides of the aircraft, differ by 22%, vith the starboard side having
the greater slope. This appears to he further indication of the
variability of load transfer.

7.2 Tailplane Loadings

1. The response of tailp~lane gauges was variable in respect
to

(a) difference of slopte etween port ana starboard
positions :- 7-%,

(1) differerco of slope between upwards and downwards
aoadin;ii- 3 to 5% (also noted in Reference 2),

(c) difference of slope between 1977 and 1979:- b to
9,.

2. The responses of tailplane gauge- 37LE and 38BE exhibitea
a waviness of the order of 20 microstrain departure from linearity
(5% of peak strain). 9 ualitatively this would La consistent with
buckling of the tailplane skii observed during calibrations.
(see Fig. 25).



3. Separate regression lines for upward arid downward
.oadings show a disilacement of 10 to 20 microstrain (2 to 5% of
ieak strain) between the intersections on the strain axis (Table
15 and Fig. 25). (The same strain origins were used for both
Jirectiuns of loading).

4. The response of the fuselage longeron gauges is
rather low -Jnd two of the four (51CE and 54TE) vary significarily
betwoen 1977 and 1979 (Table 20).

5. It should be noted that the tailplane gauges were
deAmaged and replaced snrvrtl, after the 1979 ground calibrations.

7.3 Fin Loadings

1. The response of fin gauges varied as follows.-

(a) difference of slope between port and starbodrd

gauge locations:-4%,

(b) difference of slope between port and starboard
loading directions:-l.5 to 6%, (gauges show
consistently higher slope in compression as
noted in Reference 2),

(c) difference of slope between 1977 and 1979 calibra-
tions:-4 to 5%,

(d) hysteresis between loadinq and unloading-
approximately 20 inicrostrain, (6% of peak strain).

2. Separate regression anaiyses for port and starboard
loadings indicate a displacement of 30 to 50 microstrain between the
intersections of the regression lines with the strain axis (strain
oatum fixed throughout). The 50 microstrain value represr;nts
approximately 14% of the peak calilration strain. (See Fig. 24).
This may be an indication of stic%/slip behaviour at low loads.

3. The response of fuselage lon. eion gauges is siiall.
and generally variable between 1977 and 197,9. The change of siynn of
longeron gauges 53TE and 54.7E is rather surprising, especiallv since
these gauges exhibit consistent (like) sign during tailplane
calibrations (Table 20). Also tne maoinituues of responses on fin
calibrations are roughly similar in spite of the sign chanqes.

4. It is noteu (Table 9) that the slopes obtained from

all-in regressions combining starboard and port loadings do not
lie between the regression slopes for starboard direction only anu
port direction only. It is considered that the anomaly is caused
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by the offset Lit .-.ero lead Letwevn Lhe two regresFjotL>- it wJould L'-
a matter for judger'ent whetiior to Lutilizk- the slopc fromi t~i-k d11ih
reqression, or to take a mvan of the.re rqenoisl~lK s.

8.CONCLUSIONS

1. A~i particularly larqL eh11Inac~ ol output ou~ca I
iMportant station, 12LE, on the w-rig riaii spar centre so-Ctinn..
The change of -1l4- betweca 7'977 ancd 1)19 is- believee Lo LU CavsVU

by partial deboniing-( of ono ari of thc it-id io. Station 3 21A, is
important becausc the tstrains in Lhdt ireai ire th. hiohest entcountered
during the jround calibrations and because tUi Centre section
structure is regardedI as being fatigque critical arnd therefore must
be i;.vestiqateud.

2. There arc a Larqte proportion of gau':oes involved in
the wing bending case whosie outputS flU%'tUate cenISiderably' (ii'
excess cf 5 ,) bettw.,e,2 1977 aiid 197) &Alibrat.Lons.

3. ~Larqe diitci'ences ci e noted. Lt twet55 mirror -imacie
gauge positions (on opposi te siuveS of the <ir fram-.) on the wingj
front spar webs and on the wing root ribs.- Alsc., on the r-aili'idnc
and fin, there; ari: d ifferences of arouu.i 5) between mirror Pg

positions.

4. Looking further at the fin trnd taiipAane results.
there are differences in iesponse ot the order (4 5 wher the
loauing airt-ction is reVersC(d.

5. The fin qauqjes, 33T11 anu 34Th, exhibit a larget u)ffsL*t
(around 14% of iteak st re.in) betwet-! rels;e 1inces for opvosi t.
loading directions. This suidbe Lvo,sIcreai w'htn utili:!ing the

results.

6. Outputs from tne l c,noon gjausacs (!I_ 5121.,[L,
54TL) during fin loadin, aice so small ain., t-I ratie I:. to Luo *uitf
unreliable. Tlhe, qauge 1L*CIL on the w.irzj rear ;I,,ii all s
conisidered unreliable on similar runs

7. The overall indicatio.n' Lror. the iaiv o s i that,
the load transfer throu-,I the structure- is in!,c-r' it lv variaolc anl(:
that the - tructuro,- cnnseq-'ritl-w do%2t inu-t Calil-ratt wit,, gokod
retncatabil lty.

it is qi atefully ICkII0WlCdI0L. that rulic 1979 cal xbra
tions utilized calibration procedlures and! load ml -ronaticon dev Ioped
for earlier calibration work by Squadron Le-adecr J. .urf (R.A.A.1'.)

The contribution by staff freni Governnivyt Aircraft
Factor ies Tin bUildiTno IIIUch Of the calibraition riki Ind assistin.'
w it h t he load ing is appreci-atL-a.
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Ouring the 1977 calibrations twc %,in,, torvjuc cases eru
adaptea a nos( up torque and a ncrc owr tor -ue. Both case,
started with "I tj wing LendiLg loadinoi and tijc Lorrue!, WerL a;;plied
by addin4o dcad weiht.- to eithc-r frcnt or -.:einht >,anyers.
The additional loaJinq was countrbalonced Ly ir.CrLasinq the jac;-.
loadinig thirougli the wl''iffletrec. it the m~ain spar linire. Details
of the additional loaaos ar, given in '1e'le 1.

however, the distribution, of deaa weigjht differed fro'u
tne counterbalancing load system apj,21ie d zoy the whiffletree. The
resulting discrepancy in calibration needed special attention
described in 2,eferenco 2.



DLTI:fIlNATIO14 OF LOADS FOR WING uEdI)INC CALI13, iTION

I. Aircraft %.eight

Data is drawn from tle Draft CT-4A Flight hLnual
(AAP 7212.005-IP) which was issued ii, Occerrdbr 1974
and was sufmersede-' in 19i7,.

N1xinr.ui lernkILted All<Jr.!it .:ass = 10B9 kg.
tialf Futl (200 1. capacity) = 71.8 k.;.

Ex'lected Neas Flying M,ss = 1017.2 kg.

For calibration the air crafit j:iass has betli taken as
1020.6 kg. (2250 lb.). The corfeitjondinqj aircraft weight is
10009 14.

2. Full-Span Wing Lift

VWinq Lift. L, = n + LY wheore n lead factor, ., weig."t,
U1 = tailAline lift. If Li is taken a:i zero, a representative
value then:-

Typical Full-Span (,inq Lift per o -eight (W)S= 1(009 N.

3. Win Inertia

(Data from 1.Z. Aerospace Ltd. Rport CT4-4 pa,-e 9)
Wing Mass/Side = 89. ( kg.
Half Fuel Mass/Side 35.92 kq.
Wing 4 Vuel Mass 125.3 kg/ide
or
Ling + 1- Fuel inertia = 1228 o per 9 per side.

4. Wing Lift Distribution

It was assumed that the distributed lift was an avcraqe
of two forms - one elliptic and the other proportional to the wing
chord. Equal contributions to full span lift were macde by the two
fors. (This follows the Schrenk method described in Reference 3).
When the lift was distributed in Lhat fashion, the aerodynamic
lift outboard o the wing root amounted to 4150 1 per side.

5. Wing Root Shear Force

Aerodynatic Lift 1 ,')O N/;j/side
Wing & FuAl Incrtii -1228 N/g/side
Root Rib Shear Force = 2922 N//sjde.



APPL UIX .I (CONID.)

6. Effect of Wing Twist on Lift Distrilutiori

A lift distribution representing the effect of wing twist
was superimposeo on the previously described load factor-dependent
lift. The nitt effect oit the -.inq outboard of the faselage was
i downwards lift of 316 f. per sioie, indepcrdent of load factor.
This lift was termed zeuo q lift.

7. Actual Calibration Loading

The actual calibration luadin,) as illustrated in. Fig. 2
was a balance of upwards hydraulic loading and constant downwaao
dead weight loading.

The deaa weights fulfilleU.' the following functicns-

(a) Balancing the whiffletree/contour board combinLation
so that the centre of gravity coincideu witi, the
input loadinq line.

(b) Counteracting the ,eiiht of the test wirnj (by
reducing dead weights).

(c) Reproducing the lift d.istributon resulting trorr the
twist of the wing, anu

(d) Applying '-1 g" nett loadin j.

The added dead wei 3 I.to are listed in i'able 2, and
Table 3 summarises the wtights of the wing, whiffletrees, contour-
boaros and added deau weights. The total weights per side were
approximately 8150 N (Table 3). and an opposing jack force of

4920 ii per side was exerted!, tlie resultant being a nctt -1 g"
loading at the commencement of the calibration.



TAbi: U . WIN6 'IOUL- CALIBRATION LOADS

CASE LOAD WC-AT',ON ADDED LOADING PL,< SIDE

MASS (KG) LOAD (N) METHOD

NOSERIBJ (,% CiC) .4 f 1778 DEAL WLI-i'
9i._ RIBKS . . 34.1., 333

RIB9 ) 11.3 111
WHIFFLEITREU 2223 iYD. JACY
ALONG MArN SPAR

NOSE DOWN RIB3 (0% CHORD) 56.7 556 DEAD WEI(.;i,'.

TOQE RIB5 . . ) 45,4 445
RIB7 (. ) 45.4 445
RIB9 ( . ) 45.4 445

RIBil(" ) b.?56
RIBI3(" ) 56. 556

WHIFFLETREE 3001 HYD. JACr,

ALONG MAIN SPAR

NOTE:- These nominal loadings, divided into five equal steps, were
additional to a "I g" loading applied as in the wing bendini

case.



TABLE 2. DEAD WEIGiHTS HUNG ON WINGS (WING BENDING CASE)

DEAD WEIGHTS HUNG UNDER WINGS (KG)

RIB NO. PORT WING STARBOARD WING

LEADING EDGE 60% CHORD LEADING EDGE 60% CHORD

3 11.3 2.3 9.1 I
5 40.8 20.4 40.8 24.9

77.1 59.0 77.1 59.0
970.3 1 56.7 70.3 56.7

11 65.6 52.2 65.8 54.4
13 65.8 'D4.4 03. 60 5o.7

TOTAL 576 583

%NJTE:- Marginal differences between port and starb~oard o-ccur because the
whiffl!etrees were balujnced inuependently.

TABLE 3. CONSTANT LOADS ON WINGS (WING BENDING CASE)

IAAD ON WINGS

SOURCE OF LOAD POR STARBOARD

MASS (KG) WEIIf,' (N) MASS (KG) WEIGHT (N)

WING (WITHOUT FUEL) 91 890 91 890
RIG (CONTOUR BOARDS) 169 1 k, 655 150

ETC.
J EAD WEIGHTS HUNG ON WING 57k) tJ 5710

TOTAL 03)36 819u 828 8110

__



TABLE 4. CT-4A 1979 CALIBRATION LOADINGS

TYPE OF TEST LOAD RANGE NO STEPS REMARKS
CALIBRATION DATE (NOMINAL) OF

SETS

WING BENDING 5 SEPT -3240 TO +8455 N 2 0.25 -1 g TO +3 g

PER SIDE g LOAD FACTOR
" 13 SEPT 2 0.5

g

TAILPLANE
DOWN LOAD 10 SEPT 70 TO 556 N 2 111.2 TRAIN ZERO.
UP LOAD 0PER SIDE 2 ETTINGS

UNCHANGED
THROUGHOUT

FIN
STARBOARD LOAD 10 SEPT 0 TO 445 N 2 89 N TRAIN ZERO
PORT LOAD 2 "ETINGS

fUNCHANGED

JTHROUGHOUT

CONTROL STICK 5 SEPT 0 TO 445 N 2 89 N

FLAP BELLCRANKS 20 SEPT 0 TO 890 N 2 178 N

PER SIDE



TABLE 5. WING BENDING CALIBRATION

STRAIN/LOAD GRADIENTS
TEST DATES: 5 & 13 SEPT. 1979
MAIN SPAR GAUGES

SLOPE: STRAIN (XI0 - 6 ) PER LOAD (N) PER SIDE

GAUGE GAUGE LOCATION; TEST ON 5 SEPT. 1979 TESTS ON 13 SEPT. 1979
NO. DISTANCE FROM __ _

AIRCRAFT CENTRELINE RUN 1 RUNS RUN 3 RUNS

RUN 2 (1+2)* RUN 4 (3+4)*
MAIN SPAR; 360 mm 0.0874 0.0876 0.0873 0.0876

12BE STARBOARD 0.0877 0.0877

MAIN SPAR; 1060 mm 0.0743 0.0743 0.0745 0.0742
10BE STARBOARD 0.0743 0.0738

MAIN SPAR; 1060 mm 0.0755 0.0756 0.0754 0.0752
9BE TO PORT 0.0757 0.0750

MAIN SPAR; 1820 mm 0.0608 0.0608 0.0611 0.0608
6BE TO STARBOARD 0.0608 0.0605

MAIN SPAR; 1820 mm 0.0630 0.0630 0.0628 0.0626
5BE TO PORT 0.0630 0.0622

MAIN SPAR; 2830 mm 0.0227 0.0227 00229 0.0229"

2BE TO STARBOARD 0.0227 0.0228

MAXIMUM NOMINAL LOADS -3240 TO +8455 N PER SIDE (UP LOADS +VE)

* COMBINED DATA FROM TWO PREVIOUS RUNS



TABLE 6. WING BENDING CALIBRATION
STRAIN/LOAD GRADIENTS
TEST DATES: 5 & 13 SEPT. 1979
REAR SPAR GAUGES & SKIN ROSETTE

SLOPE: STRAIN (X106 ) PER LOAD (N) PER SIDE

GAUGE GAUGE LOCATION; TEST ON 5 SEPT. 1979 TEST ON 13 SEPT. 1979
NO. DISTANCE FROM

AIRCRAFT CENTRELINE RUN 1 RUNS RUN 3 RUNS
.... RUN 2 (1+2) RUN 4 (3+4)

REAR SPAR; 1060 mm -0.0033 -0.0033 -0.030 -0.031
18CE TO STARBOARD -0.0033 -0.031

REAR SPAR; 1060 mm 0.0348 0.0348 0.0348 0.0348
20TE TO STARBOARD 0.0349 0.0348

REAR SPAR; 1820 mm 0.0419 0.0419 0.0419 0.0418
8BE TO STARBOARD 0.0419 0.0416

REAR SPAR; 2830 mm 0.0203 0.0203 0.0205 0.0205
4BE TO STARBOARD 0.0202 0.0204

SKIN ROSETTE;630 mm 0.0241 0.0241 0.0243 0.0244
32RA TO STARBOARD 0.0241 0.0244

SKIN ROSETTE; 630 mm 0.0302 0.0302 0.0302 0.0302
32RB TO STARBOARD 0.0301 0.0302

SKIN ROSETTE; 630 mm -0.0289 -0.0289 -0.0287 -0.0287
32RC TO STARBOARD -0.0289 -0.0287

MAXIMUM NO 4INAL LOADS -3240 TO 8455 N PER SIDE (UP LOADS +VE)



TABLE 7. WING BENDING CALIBRATION

STRAIN/LOAD GRADIENTS

TEST DATES: 5 & 13 SEPT. 1979

SHEAR GAUGES & ROOT RIB GAUGES

SLOPE: STRAIN (XI0 - 6 ) PER LOAD (N) PER SIDE

1 GAUGE GAUGE LOCATION; TEST ON 5 SEPT. 1979 TEST ON 13 SEPT. 1979
NO. DISTANCE AFT OF

FUSELAGE DATUM RUN 1 RUNS RUN 3 RUNS

OR SPANWISE RUN 2 (1+2) RUN 4 (3+4)
WING FRONT SPAR -0.0103 -0.0104 -0.0103 -0.0103

21SE SHEAR; -0.0104 -0.0103

660 mm TO PORT _

WING FRONT SPAR -0.0204 -0.0204 -0.0203 -0.0203

22SE SHEAR; -0.0204 -0.0203
660 rmn TO

STARBOARD

WING ROOT RIB SHEAR; -0.0336 -0.0336 -0.0338 -0.0337
26SE 1800 mm AFT OF -0.0336 -0.0336

FUSE DATUM, STBD.

SIDE

WING ROOT RIB SHEAR; -0.0290 -0.0289 -0.0285 -0.0284
30SE 2840 mm AFT OF -0.0288 -0.0283

FUSE DATUM, STBD.
S IDE

* WING REAR SPAR 0.0116 0.0116 0.0113 0.0114
24Sr SHEAR; 0.0116 0.0114

610 mm TO STARBOARD

PORT ROOT RIB BENDING; -0.0238 -0.0239 -0.0237 -0.0235
27BE 2360 mm AFT OF -0.0240 -0.0233

FUSE DATUM

STBD. ROOT RIB -0.0288 -0.0288 -0.0291 -0.0289

BENDING; -0.0288 -0.0286

2360 mm AFT OF
FUSE DATUM

MAXIMUM NOMINAL LOADS - 3240 TO 8455 N PER SIDE (UP LOADS +VE)



TABLE 8. TAILPLANE CALIBRATION LOADING

STRAIN/LOAD GRADIENTS
TEST DATE: 10 SEPT. 1979

SLOPE: STRAIN (XI0- 6 ) PER LOAD (N) PER SIDE

GAUGE GAUGE LOCATION; UP LOADING DOWN LOADING ALL

NO. DISTANCE AFT OF UP & DOWN
FUSELAGE DATUM RUN 1 RUNS RUN 1 RUNS LOADINGS
OR SPANWISE FROM RUN 2 (1+2) RUN 2 (1+2) COMBINED
AIRCRAFT CENTRELINE

TAILPLANE SPAR 0.458 0.460 0.522 0.524 0.469

36BE 900 mm TO STBD. 0.454 0.520

TAILPLANE SPAR 0.707 0.710 0.673 0.678 0.664
37BE 200 mn TO PORT 0.701 0.671

TAILPLANE SPAR 0,726 0.737 0.708 0.712 0.708
38BE 200 mm TO STBD. 0.728 0.708

FUSELAGE LOWER 0.080 6.686 0.089 0.089 0.089
51CE PORT, 3110 mm AFT 0.079 0.089

FUSELAGE LOWER 0.097 0.099 0.108 0.108 0.108
52CE STBD. 3110 mm AFT 0.101 0.108

FUSELAGE UPPER -0.155 -0.154 -0.154 -0.154 -0.157
53TE PORT, 3330 mm AFT 0.153 1 -0.153

FUSELAGE UPPER 0.144 -0.143 -0.142 -0.141 -0.144

54TE STBD. 3330 mm AFT -0.137 -0.141 .

NOTES: 1. MAX LOADS APPLIED = ±556 N PER SIDE (UPWARDS & DOWNWARDS)

2. BE = BENDING; CE = COMPRESSION

TE = TENSION; SE = SHEAR



TABLE 9. FIN CALIBRATION LOADING
STRAIN/LOAD GRADIENTS

TEST DATE: 10 SEPT. 1979

SLOPE: STRAIN (X10- 6 ) PER LOAD (N) PER SIDE

GAUGE GAUGE LOCATION; LOADING TO STBD LOADING TO PORTI ALL

NO. DISTANCE ABOVE _ _ STBD. AND
FUSELAGE REF. LINE RUN 1 RUNSt RUN 1 RUNS PORT
(F.R.L.) OR RUN 2 (1+)+ RUN 2 i+) LOADlNG

DISTANCE AFT OF COMBINED
FUSELAGE DATUM (F.D) _

FIN SPAR, PORT SIDE 0.717 .7f lo.76o .762 0.787
33TE 190 mm ABOVE F.R.L. 0.714 1 7

FIN SPAR, STBD. -0.748 -').744 -0. : -0. i3 -0.820
34TE SIDE 190 mm ABOVE: -u.74j -J.71

F.R.L. ,

FUSELAGE LOWER 0.042 .J4. .4j (.041 0.040

51CE PORT, 3110 mm AFT 0.04.' .41

FUSELAGE LOWER -0.047 -0. 4H - 5 -U.050 -0.048
52CE STBD., 3110 mm AFT -0.0.7 -. I

FUSELAGE UPPER 0.015 )15 C. ,), 0.017 0.018
53TE PORT, 3330 mm AFT 0.' 0.o o

FUSELAGE UPPER -0.01 -< -0.2 -019 -0.021
54TE STBD., 3330 mm AFT -0.021 i -.

NOTE: MAXIMUM LOADS APPLIED = -44% N
(TO STBl2 +VE)

(TO PORT -Vl:)



TART.F. 10. CONTROL STICK CALIRBATION

STRAIN/LOAD GRADIENT & ZERO LOAD INTERCEPT

TEST DATE: 5 SEPT. 1979

STRAIN (X10- 6 ) PER STRAIN INTERCEPT

GAUGE GAUGE LOCATION LOAD N* AT ZERO LOAD

NO. (XI0-6)

RUN 1 RUNS RUN 1 RUNS
RUN 21 1 & 2 RUN 2 1 & 2

BASE OF CONTROL -2.82 -2.84 -5.3 ? -3.3
55BE STICK. -2.85 -1.3

• positive load - pulling aft on stick.

TABLE 11. FLAP LEVER CALIBRATION

STRAIN/LOAD GRADIENT & ZERO LOAD INTERCEPT
TEST DATE: 20 SEPT. 1979

STRAIN (X10- 6 ) PER STRAIN INTERCEPT

GAUGE GAUGE LOCATION LOAD N AT ZERO LOAD

NO. (X10-6 )

RUN 1 RUNS RUN 1 RUNS

___RUN 2 1 & 2 RUN 2 1 & 2
0.101 0.102 -1.8 * -2.3

57BE PORT FLAP 0.103 -2.0

LEVER 5

0.098 0.099 -0.6 -0.9
58BE STARBOARD FLAP 0.099 -0.9

LEVER _ _ _ _



TABLE 12. WING BENDING CALIBRATION
INTERCEPTS OF REGRESSION LINES ON STRAIN AXIS

TEST DATES: 5 & 13 SEPT. 1979

MAIN SPAR GAUGES

*INTERCEPTS ON STRAIN AXIS (XI0-6 )

GAUGE GAUGE LOCATIONS; TESTS ON 5 SEPT. 1979 TESTS ON 13 SEPT. 1l'>i
NO. DISTANCE FROM -

AIRCRAFT CENTRELINE (2 RUNS COMBINED) (2 RUNS COMBINED)

MAIN SPAR; 360 n -1.4 -3.3
12BE TO STARBOARD

MAIN SPAR; 1060 mm 2.1 4.2
lOBE TO STARBOARD

MAIN SPAR; 1060 mm 3.9 4.7
9BE TO PORT

MAIN SPAR; 1820 mm -2.1 -0.4
6BE TO STARBOARD

MAIN SPAR; 1820 mm 5.2 6.5
5BE TO PORT

MAIN SPAR; 2830 mm -0.5 -0.4
2BE TO STARBOARD

* TO OBTAIN STRAIN DATUMS AT ZERO LOAD (ZERO N), INTERPOLATION

WAS PERFORMED ON THE FIRST APPLICABLE DATA.



TABLE 13. WING BENDING CALIBRATION
INTERCEPTS OF REGRESSION LINES ON STRAIN AXIS
TEST DATES: 5 & 13 SEPT. 1979
REAR SPAR GAUGES & SKIN ROSETTE

*INTERCEPTS ON STRAIN AXIS (X10- 6 )

GAUGE GAUGE LOCATION; TESTS ON 5 SEPT. 1979{ TESTS ON 13 SEPT.
NO. DISTANCE FROM

__ AIRCRAFT CENTRELINE (2 RUNS COMBINED) (2 RUNS COMBINED)

REAR SPAR; 1060 mm 0.9 3.0
18CE TO STARBOARD

REAR SPAR; 1060 mm 0.1
20TE TO STARBOARD -0.6

REAR SPAR; 1820 mm -0.6 1.4
8BE TO STARBOARD

REAR SPAR; 2830 mm 0.7 0.5
4BE TO STARBOARD

SKIN ROSETTE; 630 mm -21.8 -26.2
32RA TO STARBOARD

SKIN ROSETTE; 630 mm -11.1 -13.2
32RB TO STARBOARD

SKIN ROSETTE; 630 mm 2.2 2.2
32 RC TO STARBOARD

* TO OBTAIN STRAIN DATUMS AT ZERO LOAD (ZERO N) INTERPOLATION

WAS PERFORMED ON THE FIRST APPLICABLE DATA.

-B



TABLE 14. WING BENDING CALIBRATION

INTERCEPTS OF REGRESSION LINES ON STRAIN AXi1

TEST DATES: 5 & 13 SEPT. 1979
SHEAR GAUGES & ROOT RIB GAUGES

*INTERCEPTS ON STRAIN AXIS (XlO- b)

GAUGE GAUGE LOCATION; TEST ON 5 SEPT. 1979 TEST ON 13 SEPT. -
NO. DISTANCE AFT OF

FUSELAGE DATUM OR (2 RUNS COMBINED) (2 RUNS COMBINED)
i_____ SPANWISE --

WING FRONT SPAR SHEAR; -0.8 0.3

21SE 660 nmn TO PORT SIDE

WING FRONT SPAR SHEAR; -4.7 -5.7

22SE 660 mm TO STARBOARD
SIDE

WING ROOT RIB SHEAR; 2.3 5.1

'E6SE 1800 mm AFT OF FUSE.

DATUM, STBD. SIDE

WING ROOT RIB SHEAR; -4.5 -3.7
30SE 2840 mm AFT OF FUSE.

DATUM, STBD. SIDE

WING REAR SPAR SHEAR; 2.6 2.4
24SE 610 mn TO STARBOARD

PORT ROOT RIB BENDING; -6.2 -13.0
27SE 2360 mm AFT OF FUSE.

DATUM

STBD. ROOT RIB BENDING; -8.6 -12.2
28SE 2360 mm AFT OF FUSE.

DATUM

TO OBTAIN STRAIN DATUMS AT ZERO LOAD (ZERO N) INTERPOLATION

WAS PERFORMED ON THE FIRST APPLICABLE DATA.

• . ,1



TABLE 15. TAILPLANE CALIBRATION LOADING

INTERCEPTS OF REGRESSION LINES ON STRAIN AXIS

TEST DATE:10 SEPT. 1979

INTERCEPTS ON STRAIN AXIS (XIO -

GAUGE GAUGE LOCATION; DOWN LOADING UP LOADING AL
NO. DISTANCE AFT OF UP & DOW

FUSELAGE DATUM, < TWO RUNS TWO RUNS LOAD I14G,
SPANWISE FROM COMbI NED COMBINED COMBINEL

_AIRCRAFT CENTRELINE

TAILPLANE SPAR -9.6-9.6
3(,BE 900 mm TO STARBOARD

TAILPLANE SPAR .8 -13 .0 3
7!3L 190 mm TO PORT

TAILPLANE SPAR -4.3 -8.0 1.4
38BE 190 mm TO STBD

FUSELAGE LOWER -i. 5_2.2_ -.951CE j PORT, 3110 mm AFT 9

FUSELAGE LOWER -1.0 1.3 -. 7
52CE STBD,3110 mm AFT

FUSELAGE UPPER 1.3 -1.3 0.0

53TE PORT, 3330 mm AFT

FUSELAGE UPPER 0.7 I -. 5 -. 2
)4TE STBD, 3330 mm AFT

NOTES: 1. ALL INTERCEPTS ARE RELATIVE TO THE MEAN OF THE VALUES AT THE
START OF FOUR LOADINGS (INCLUDING UP & DOWN LOADINGS)

2. DOWN LOADING ('-VE) PRECEDED UPWARDS LOADING.



TABLE 16. FIN CALIBRATION LOADING

INTERCEPTS OF REGRESSION LINES ON STRAIN AXIS

TEST DATE: 10 SEPT. 1979

INTERCEPTS ON STRAIN AXIS (Xl0-b)
GAUGE GAUGE LOCATION;

NO. DISTANCE ABOVE LOADING TO STBD.j LOADING TO PORTI ALL
FUSELAGE REF. LINE (FRL) STBD & PORT'
OR DISTANCE AFT OF TWO RUNS TWO RUNS LOADINGS
FUSELAGE DATUM (FD) COMBINED COMBINED COMBINED

FIN SPAR, PORT SIDE, 13.9 -14.7 -5.3
33TE 190 mm ABOVE F.R.L.

FIN SPAR, STBD SIDE -24.5 25.5 -0.7
34TE 190 mm ABOVE F.R.L.

FUSELAGE LOWER -0.5 0.1 0.0
51CE PORT, 3110 mm AFT

OF F.D.

FUSELAGE LOWER t
52CE STBD, 3110 mm AFT 0.1 -0.3 0.2

OF F.D.

FUSELAGE UPPER 0.4 -0.6 -0.3
53TE PORT, 3330 mm AFT

_ OF F.D.
FUSELAGE UPPER

54TE STBD, 3330 mm AFT -0.4 0.5 -0.2

___ OF F.D.

NOTES: 1. STARBOARD LOADINGS (+VE) PRECEDED PORT LOADINGS.
2. ALL INTERCEPTS ARE RELATIVE TO THE MEAN OF THE VALUES AT THE

START OF FOUR LOADINGS (INCLUDING STARBOARD & PORT DIRECTIONS).



TABLE 17. COMPARISON OF WING iBENDING CALIBRATIONS
STRAIN/LOAD GRADIENTS

TEST DATES: MARCh 1977, SEPT. 1979
MAIN SPAR GAUGES

SLOPL:- STRAIN (X10-6)1

GAUGE LOCATION; PER LOAD (N) PER SIDE
GAUGE DISTANCE FROM CHANGE CHANGLI

NO. AIRCRAFT CENTRLLINE TESTS TESTS (PERCENT) (MtCRG.'TkAI I )

_ _ - MARCH 197 SEPT. 1979 _

1.02
MAIN SPAR; WibO 0.1023 0. 087,o -14.5 -180

I 1bLE TO 
--

TARBOARD

MAIN SPAR; 1060 rmr,  0.0724 0.0742 +2.4 21
1013 TO STARBOARD

MAIN SPAR; 1060 -nm 0.0740 0.0754 +1.9 17
9BE TO PORT

MAIN SPAR; 1620 mm 0.061k, 0.0608 -1.3 - 9  '
Obk; TO STARBOARD

MAIN bPAR; 1820 um 0. 0628 0.0628 0.0 0
-,!,E TO PORT

MAIIN SPAR; 2830 mm 0.0239 0.0228 -4.7 -13
ThE JTO STARBOARD _I_

IL



TABLE 18. COMPARISON OF WING BENDING CALIBRATIONS

STRAIN/LOAD GRADIENTS

TEST DATES: MARCH 1977, SEPT. 1979

REAR SPAR GAUGES & SKIN ROSETTE

SLOPE: STRAIN (X10- 6 )
GAUGE GAUGE LOCATION; PER LOAD (N) PER SIDE CHANGE CHA;NC;E

NO. DISTANCE FROM TESTS 1 TESTS (PERCENT) (MIC.UO.TRAIN)
AIRCRAFT CENTRELINE MARCH1977 SEPT. 1979

REAR SPAR, 1060 mm -0.0052 -0.0031 -4'.2 -Z4
18CE TO STARBOARD I

REAR SPAR; 1060 mm 0.0344 0.0348 +1.2 5
20TE TO STARBOARD

REAR SPAR; 1820 mm 0.0420 0.0418 -0.5 -2
8BE TO STARBOARD I

REAR SPAR; 2830 mm 0.0203 0. 0204 +0.5
4BE TO STARBOARD I

SKIN ROSETTE; 630 mm 0.0270 0.0243 -10.2 -32
32RA TO STARBOARD

SKIN ROSETTE; 630 mm 0.0299 0.0302 I +1.0 4
32RB TO STARBOARD

SKIN ROSETTE; 630 mm -0.0286 -0. 0288 +0.7 2
32RC TO STARBOARD

tr



TABUL .9. COMPARISON OF W.LNG bENDUNG (ILBRAT!ONS

STRAIN/LOAD dAiENTS
TEST DARES: . 1-RC- !977, S E1-T. 19/9
SHAR GAUTES R(YT RI -. .

.LO, LL%: 'RA'N (Xi 0 -6 )

GAUGE GAUGE LOCATION; FER i jK,4 (N.1 PEF SI)LI CHANGE CHA.. -.

NO. DISTANCE AFT OF TES7.. (PERCENT). (MilJ&, '
FUSELAGE DATUM OP MAU, H i'-i , ,';r,'. I'J
SPANWI0E FROI" I
AIRCRAFT CENTRELINE

WING FRONT SPAR SHELAR; '. , -0 .0103 -(.5
21SE 660 nm, TO PORI SIDE

WING FRONT SFAR SIEAR; I 0.0204
22SE 660 mm TO STBD. 1IIl I

WING ROOT Rib SIIEAP -0.0221 -, +4., ?

26SE 1800 nmn AFT Of.

FUSE. DATUM ,STPD. SIDE

WING ROOT RID S1.EAR; -C. " . ,' . +.' -
30sE 2840 mn AFP OF FUSE

DATUM ,STBD. SiDE

WING REAR SPA SHEA -0. WG -0011 4+1.3 Ii-

24SE 610 mm TO0 STARklOARD

SIDE

PORT ROOT RIP BE-NOIN,;; -0. 02[9 -0.0237 -li. 7

2iHE 2360 mra AVI OF FUSEL.ACE

DATUM i

STBD. ROOT Rl1 BEND ING; -O. Uo-10 -0.0238
28BE 2360 mm ArT OFL FUSELAGE DATUM ..



TABLE 20. COMPARISON OF TAILPLANE CALIBRATIONS
STRAIN/LOAD GRADIENTS
TEST DATES: MARCH 1977, SEPT. 1979

GAUGE LOCATION; SLOPE: STRAIN (XI0 - 6 )

GAUGE DISTANCE FROM AIRCRAFT PER LOAD (N) PER SIDE CHANGE CHANGE
NO. CENTRELINE OR AFT (PERCENT) (MICROSTRAIN)

OF FUSE. DATUM TESTS TESTS

MARCH 1977 SEPT. 1979 .....

TAILPLANE SPAR 0.459 0.469 +2.2 1i
36BE 900 mx TO STARBOARD

TAILPLANE SPAR 0.731 0.664 -9.1 -75
37BE 200 rm TO PORT

TAILPLANE SPAR 0.766 0.708 -7.6 -64

38BE 200 mnu TO ST1D.

FUSELAGE LOWER 0.097 0.089 -8.4 9

51CE PORT, 3110 mm AFT

FUSELAGE LOWER 0.106 0.108 +1.9 2
52CE STBD., 3110 mm AFT

FUSELAGE UPPER -0.153 -0.157 +2.7 4
53TE PORT, 3330 mm AFT

FUSELAGE UPPER -0.164 -0.144 -12.4 -22

54TE STBD., 3330 mm AFT



TABLE 21. COMPARISON OF FIN CALIBRATIONS
STRAIN/LOAD GRADIENTS
TEST DATES: MARCH 1977; SEPT. 1979

GAUGE LOCATION; SLOPE, STRAIN (Xl0- )

GAUGE DISTANCE ABOVE FUSE. PER LOAD (N) PER SIDE CHANGE CHANGE
NO. REF. LINE (F.R.L.) (PERCENT) (MICROSTRAIN)

OR DISTANCE AFT OF TESTS TESTS
FUSELAGE DATUM MARCH 1977 SEPT. 1979
FIN SPAR, PORT SIDE 0,828 0.787 -4.9 -36

33TE 190 mm ABOVE F.R.L.

FIN SPAR, STBD. SIDE -0.855 -0.820 -4.0 -35
34TE 190 mm ABOVE F.R.L.

FUSELAGE LOWER 0.037 0.040 +8.3 3
51CE PORT, 3110 m AFT

FUSELAGE LOWER -0.037 -0.048 +30.6 10
52CE STBD, 3110 mm AFT

FUSELAGE UPPER -0.026 0.018 169 39
53TE PORT, 3330 mm AFT

FUSELAGE UPPER 0.021 -0.021 -200 -37
54TE STBD, 3330 mm AFT



Notes:
BE:- Bending bridge, combining tensile

& compressive strains.
CE, TE :- Separate compressive or

tensile strains.
SE:- Shear bridge
RA, RB, RC:- Rosette

Undercarriage 5BE

43CE PORT
44CE STBD

98E Control stick (55BE)57BE 21E4Port side

.1T 53 W E 27BE "
i37BE [ !

38BE I

-28E

36EFlap level S8BE 4 f13
RC Rosette 32

RB"1 (bottom skin)
RA

FG1T RTE

S2CE ,B

ff 49SE
45BE,4+BE / C SO5SE

FIG. I CT-4A AIRTRAINER - STRAIN GAUGE POSITIONS ON FLIGHT TEST AIRCRAFT



Hydraulic jack

Upward force

4920 N (at -1.0 G)
16600 N (at 3.0 G)

.--Force transducers i

Whiffle tree
1/ dimensions (mm)

(see tables 1 & 2) fuselage

FIG. 2 LOADING SCHEME - CT--4A WING BENDING CALIBRATION
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Load transducer
used in 1977

II /

F Spring I Maintained
balance at 88N
(1979) for down

loading

_- - - - - - --___ __ /L __ // _ - -

Elevator - Tai-piane
pickups Tailplane

Dead weight Dead weight
added here added for
for down loading upward loading

Counter balance-
(578 N)

FIG. 7 CT-4A TAILPLANE CALIBRATION LADING

Load
transducer Rudder upper hinge

JJII Fin

\ /

Dead weight
to 445 N

FIG. 8 CT-4A FIN CALIBRATION LOADING AS FOR PORT SIDE



~Ttrnbuckle
. Seatk / Spring balance

_ \ ,,.| .Control

FIG. 9 CT-4A CONTROL STICK - CALIBRATION

Overhead
crane

i Spring \ Turnbuckles
--- = I balances 1 -

disconnected Bellcrank

FIG. 10 CT-4A FLAP BELLCRANK LEVERS - CALIBRATION
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86

76 -

66

b 56

-5 0 5 10

Load kN

FIG. 23 STRAIN GAUGE 32 RC WING
SKIN ROSETTE - ARM PERPENDICULAR TO SPAR)
STRAIN READING/LOAD PLOT FOR WING
BENDING CALIBRATION.
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