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SUMMARY D

A CT4A Airtrainer airframe has been subjected to wing bending,
wing torque, fin loading and tailplane loading.

The resulting strains are analysed herein.
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1. INTRODUCTION

As a preliminary to full scale fatigue testing, an RAAF CT4A
Airtrainer has been ground calibrated at ARL. The analysis of
the resulting strain gauge data is presented here.

2. SUMMARY OF TEST PROCEDURE

The ground calibration procedure is briefly summarised here.

Strain gauges fitted to various positions on the aircraft were
used to obtain the strain responses for four loading cases.
These were wing bending, wing torque, fin loading and tailplane
loading. The gauge positions are shown in figure 1.

For loading purposes, the test aircraft was bolted to the
floor at the nose undercarriage leg attachment point and at the
rear cockpit (approximate fuselage station 3810 mm.). These
constraints provided a high degree of rigidity in the vertical
plane, and also some rigidity in rolling.

Wing bending 1loading was distributed over the wing surface
through vwhiffle trees and applied to the wing by contour boards
at alternate ribs (wing stations 940, 1410, 1943, 2477, 3010 and
3543 om.). Half-wing weights estimated at 90 kg, and weights of
wvhiffle trees, contour boards and hangers totalling 500 kg per
side were balanced out. The zero g condition was estimated to
correspond to a net downward load of 32 kg per side and  the
incremental load per g was calculated to be 298 kg. Torque loads
were also applied through the same system with additional loads
at the same stations at the leading and trailing edges. Loading
di{stributions.were estimated from the manufacturer’s design data

~assuming an aircraft’ all up weight of 1090 kg.

When applying fin loads, the rudder was removed and single
point loading was applied at the top hinge point. For tailplane
loading, the elevators were removed and single point loads were
applied at the outboard hinge points.

General views of the loading rig are shown in figs. 2(a) and
(b).

For all cases except wing bending, the loading cycle (called a
‘run’) is illustrated in figure 3 and consisted of :-

(a) Loading 1in prescribed increments in the negative
direction from the reference condition, (called NX max~
imum calibrated load, or m.c.l.) to 100Z mec.l.

{(b) Unloading to the reference condition using the same
increments.

(o) Repeating (a) in the positive direction




(d) " (b) ” ” "

The prescribed increments were 20X me.c.l. For wing bending,
loading was applied as in (a) to (d) above, but data was not
recorded during either (a) or (d). The load increments were
nominally 12.5% m.c.l.

Table 1 summarises the loading details. It 1is noted that
several runs were applied for each case.

3. __DATA RECORDING AND ANALYSIS

Table 2 gives the recording channel numbers for the strain
gauges and other transducers fitted to the aircraft. The other
transducers occupied channels 1 to 15 and 48 to 50: these were
not relevant to the ground calibration. Also the strain gauges
fitted to the flap mechanisms (channels 26 and 27) were not used
in the ground calibration.

The calibration data were recorded as files on magnetic tape.
A data file consisted of a number of blocks, each of vhich con-
tained an identifier and 50 channels of output. The program
CT4Z, (in Fortramn IV), read this data and computed the 1linear
regression statistics for each channel for:-

(a) Either the loading or unloading phase of one ‘half
run® (the half run being defined as loading and um-
loading in one direction only).

(b) Efither the loading or unloading phases of more than
one half run in a given direction (i.e. (a) combined
over all runs).

(c) As for (b), but with loading and umloading phases
combined.

(d). The loading and unloading phases in both directions
combined over all rums. A

The regressed variable, y, was in microstrain units

y-[S —S ]nF

ref mes
vhere S = reference strain (in computer units,
ref
C.u -)
] = measured strain (c.u.)
mes

b 4 = strain calibration factor #1

L}
Por converting computer units to microstrain, see Table 3.

2.
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The linear regression analysis exsmined the significance of
slope and offset variations between calibration loading runs of
the same type.

& _INTERPRETATION OF RESULTS

§.1 WING BENDING

The wing bending gauge responses are presented in Table &,
which gives the strain increments based on the regression slopes
for y on x, (as defined above), for each calibration loading.

Table 4 also compares the average total increment in the range
-1 to +3g derived from the average linear regression expressions
against the ‘mean increment’ defined as

n
E :[c (100) - ¢ (~100)).F /n
i=1 1} i} i

vhere ¢ (100), ¢ (-100) = the c.u. at +3g
1y 1)
and -1g respectively

| = channel no.
{ = run no.

n = number of runs
th

and F = strain calibration factor for | channel

1

The main spar gauges, (other than 2BE), gave the highest out-
puts of more than 180ue/g. The port and starboard equivalent
gauges gave consistent outputs in most cases, the exceptions
being stations 21SE and 22SE where the gauge outputs, (for 200%
mic.l.), were in the ratio of 0.55:1.

4.2 WING TORQUE

It was apparent from the strains measured during wing torque
loading that considerable hysteresis occurred after change of
direction of applied load. Strain gauge responses for the torque
loading cases are shown in Tables S5(a) - (d). Tables 6(a) - (b
show the change of offset during each half run, which was
evaluated to provide a measure of hysteresis.

The torque loading case applied a bending moment in addition
to a pure torque. This moment included the 1.0g symmetric wing
bending load, in addition to bending moment associated with the
incremental torque loading. It is possible to derive the strain
due to pure torque by subtracting the known bending moment
response from the response to the combined loading case. This

Se
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was carried out using the procedure described in appendix 1. The
derived strains attributed to pure torque are shown in Table 7.

As one would expect, the strains in the main spar were very
small. The most significant strain was measured at gauge 30SE at
the rear of the root rib. The strains in Tables 6(a) and (b) way
also be influenced by the lg bending load cycle.

4.3 FIN LOADS

Strain increments derived from fin loading (for both +‘°ve and
-‘ve calibrations) are given in Tables R(a) - (d). VFin spar
gauges have significant response but longerons were not so. For
gauges 33TE and 34TE, compression response 1s consistently
greater than the tension response. Fin loading produced the
largest hysteresis which is clearly illustrated in figure 4 where
the gauge output, (microstrain), has been plotted against %
m.c.l. for strain gauge 33TE. Also Tables 9(a) and (b) give the
change of offset between the loading and unloading phases for the
positive and negative calibrations.

Outputs from the fin strain gauges 33TE and 34TE for the
loading phases of all runs are plotted in figure 5, which shows
reasonable linearity and repeatibility between runs in spite of
the hysteresis. The plotted microstrain values were obtained
after subtracting the offset for the run concerned.

4.4 TATLPLANE LOADS

The tailplane loading case, (see Tables 10(a) - (d)), gave the
least variation in gauge response between runs of all load cases,
but the response of gauges 37BE and 38BE was greater for up
loading than for down loading. The outputs from all gauges were
non-linear; the symmetric port and starboard gauges indicated
slight asymmetry in loading. Responses of gauges 36BE, 27BE and
38BE for run 1 are shown in figures 6(a) - (c).

The change of offgset between loading and unloading phases {s
shown in Tables l1(a) - (b). Values are usually consistent.
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5 _CONCLUS IONS

Relationships between strains and wing bending, fin and
tailplane 1loads have been measured snd relationships between
straing and pure torque derived from the combined torque/bending
moment case.

From the analysis it is concluded that:

(a) Measured strains in the centre and inboard sections of the
main spar (SBE, 9BE, 12BE, 10BE, and $BE), are substantially
higher than elsewhere.

(b) PFor the wing bending load case, the strain vs. 1load slopes
showed significant differences between positive and
negative loading directions.

(c) For torque loadiny, the largest strain was measured by gauge
30SE at the rear of the root rib.

(d) Fin spar gauges have significant response and show con-
siderable hysteresis. The longerons have 1insignificant
response.

(e) Tailplane spar gauges 37BE and 38BE are more responsive to up
than down loading.
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APPENDIX 1. PROCEDURE FOR DERIVING STRAINS DUE TO PURE TORQUE

As noted in the text, strains due to pure torque have been
derived from the wing torque loading case by correcting for the
effect of bending. The procedure was as follows:-

1. Using figure 7, which is the spanwise bending moment
distribution due to a 4g load increment (200% m.c.l.) ap-
plied in the wing bending load case, obtain the bending
moment at the spanwise station for a strain gauge. Note
the corresponding mean increment in strain, (as defined in
section 4.1), and hence obtain the strain per unit bending
moment.

2. Figure 8 gives the spanwise distributions of bending
moment, (incremented from the 1.0g condition), applied
during the torque loading case for both nose-down and
nose-up directions. Use this figure for nose-up and nose~
down loading separately, to obtain the bending moment at the
strain gauge station for the torque loading.

3. Multiply this bending moment by the strain per unit
bending moment from step 1 to give the strain due to
bending.

4. Subtract the bending strain from the strain measured in
the loading phase of the torque loading case, thereby giving
the derived strain increment due to pure torque.

This procedure can be expressed as

e me =M. /M
C t t b b

vhere e = strain due to pure torque
;
e = measured strain in torque loading case
M ‘ = jincremental bending moment, (from 1.0g
‘ condition), in torque loading case

M = bending moment due to 200% m.c.l. in
b
winz bending case

e = gtrain increment due to M
b b

The procedure was used for deriving strains due to pure torqua
all wing strain gauges for the 100% nose-up and nose-down
torque loading cases. The results are given in Table 7.

e
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SUMMARY OF CALTHRATION LOADING

TABLE 1

N e s ..
e N M

Load Load Case Cal'bn 10¢% Maximum Calbrated No. No. of
Case Description | Sign Load (m.c.l.) of Load
No. Conv'n Runs Levels
Ldg. | Unldg.

13 Wing Bending - 248 kg deadweight hung

Down Load on each wing thriough 3 - 9

hangers (nominally -1g)

192 Wing Bending + 954ky applied to each

Up Load wing through whiffle treef| 3 S -

(nominally +3g)

1¢3 Wing Torque - 12,14 kgf.m applied at

Nose Up the Toot rib 4 6 5
194 Wing Torque + 131,49 kgf.m applied at

Nose Down the root rib 4 6 5
3¢5 Fin Load 45.4 %g at the top rudder

to Port - hinge point 3 6 5
36 Fin Load R 45.4 Xg at the top rudder

to St'bl hinge point 3 6 5
2¢7 Down Loading _ 113.4 kg -(56.7 Kg at--each

of Tailplane outboard hinge point) 2 6 5
2¢8 Up Loading 113.4 kg ~(56.7kg at each

of Tajlplane + outboard hinge point) 2 6 5

Dby, :




TABLE 2

DIRECTORY OF TRANSDUCER/STRAIN GAUGES
CH. QUANTITY RANGE TRANS DUC ER
1  VERT ACCEL +-10G KISTLER QA110054
2 LAT ACCEL +-26 SCHAEVITZ LSB585
3  LONG ACCEL +-2G SCHAEVITZ
4  ROLL RATE 300 DEG/SEC HONEYWELL GG4457
5 PITCH RATE 30 DEG/SEC HONEYWELL GG4456
6  YAW RATE 100 DEG/SEC HONEYWELL GG4457
7 INC IDENCE 360 DEG ARL
8 SIDESLIP 360 DEG ARL
9 PT FWD ACCEL +-10G KISTLER QA110054
10 PT AFT ACCEL +106 KISTLER QA110054
11 STBD FWD ACCFL +-10G KISTLER QA110054
12 STBD AFT ACCEL +10G KISTLER QA110054
13 NOSE ACCEL +10G KISTLER QA110054
14 TAIL ACCEL +~10G KISTLER QA110054
15 FIN TIP ACCEL +-10G KISTLER QA110054

A 16 SG 5 BE WING BEND - MAIN SPAR WS 72  (1829MM) PORT WING
17 SG 9 BE WING BEND - MAIN SPAR WS 42  (1067MM) won
18 SG 21 SE WING SHEAR - FRONT SPAR WS 26 (660MM) "ro"
19 SG 27 BE WING BEND - ROOT RIB FS 93  (2362MM) o
20 SG 2 BE WING BEND - MAIN SPAR WS 112 (2845MM) STBD WING
21 SG 4 BE WING BEND - REAR SPAR WS 112 (2845MM) "o
22 SG 6 BE WING BEND - MAIN SPAR WS 72 (1829MM) "o
23 SG 8 BE WING BEND - REAR SPAR WS 72  (1829MM) "o
24 SG 10 BE WING BEND - MAIN SPAR WS 42 (1067MM) no
25 SG 12 BE WING BEND - REAR WS 14 (356MM) nom
26 SG 57 BE PORT FLAP

27 SG 58 BE ST BD FLAP

P28 SC 18 CE WING COMP - REAR SPAR WS 42 (1067MM)
8 29 SG 20 TE WING TENS - REAR SPAR WS 42 (1067MM)
S 30 SG 22 SE WING SHEAR — FRONT SPAR WS 26 (660MM)
z 31 SC 24 SE WING SHEAR - REAR SPAR WS 24 (6 10MM)
£ 32 SG 26 SE WING SHEAR - ROOT RIB FS 71 (1803MM)
& 33 SG 28 BE WING BEND - ROOT FS 93 (2362MM)
Y 34 $G 30 SE WING SHEAR -~ ROOT RIB FS 112 (2845MM)
35 SG 32 RA WING SHEAR WS 25 FS 93 (2362MM)
36 SG 32 RB WING SHEAR WS 25 FS 93 (2362MM)
37 SG 32 RC WING SHEAR WS 25 FS 93 (2362MM)
38 SG 33 TE FIN TENSION - MAIN SPAR ROOT PORT SIDE
39 SG 34 TE FIN TENSION - MAIN SPAR ROOT STBD SIDE

40 SC 36 BE TATLPLANE BEND - MAIN SPAR TS 35 (889MM) STBD
41 SG 37 BE TAILPLANE BEND - MAIN SPAR TS 8 (203MM) PORT
42 SG 38 BE TAILPLANE BEND -~ MAIN SPAR TS 8 (203MM) STBD
43 SG 55 BE BENDING-PITCH INPUT (STICK)
44 SG S1 CE FUSE LONG-LH LOWER
45 SG 52 CE FUSE LONG-RH LOWER
46 SG 53 TE FUSELAGE LONG-LH UPPER
J 47 SG 54 TE FUSELAGE LONG-RH UPPER
48 DIGITAL L.S.M.
49 ANALOG L.S.M.
50 PHASE/EVENT MARKER




TABLE 3

STRAIN CALIBRATION FACTORS

STRAIN
GAUGE

STRAIN CAL'BN
FACTOR

. —Y - s A AT & e -

- s e e

16
17
18
19
2g
21
22
23
24
25

26 -
28
29
3¢
231
32
33
34
35
36
37
38
39
4¢
41
42
43
44
45
46
47

27

5BE
9BE
2171
27BE
2BE
4BE
6BE
8BE
1¢BE
12BE

#.8388
1.1145
p.4806
g.46¢2
#.57%
g.5808
$.8443
g.5818
1.1151
1.3382
#.5816
#.5618
#.4797
#.4522
#.4752
#.4615
#.4749
#.4791
g.4771
#.4796
1.1511
1.1591
#.5866
1.1232
1.12¢8
#.3¢56
#.5662
#.5621
#.5565
#.56¢8
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TABLE 6 (a)

CHANGE OF OFFSET_ = WING TORQUE CASE = NOSE UP

MICROSTRAIN

!
nggééN dﬁagﬁ\\ 1 2 3 4 AVERAGE
5BE 16 14.3 14.8 14,3 13.5 12,2
o 17 3.8 1.2 7.9 6.8 4.9
' 21SE 18 1.1 -1.5 3.1 2.8 1.2
27BE 19 g.2 4.3  =1g.4 =741 =3.3
. 2BE ¢ 4.8 2.6 3.9 2.2 3.4
. 4BE 21 -1.8 -2.7 -4.4 =46 =3.2
6B 22 7.8 13.4 7.3 8.1 9.2
' 8BE 23 -1.4 1.1 -1.5 -2.5 -1,1
 1gBE @ 24 YeT 18.3 8.4 1¢.1 11.7
12BE | 25 4.8 13,2 1.4 2.1 5.2
tecc | 28 -8 T 2.9 2.2 2.2
. 24TE 29 ' 24,1 1 26.8 24.3 27.¢ 25.6
22SE 3¢ “dud 12 6.5 .4 -2.3
24SE 31 -3.6 ? -1.8 -3.3 242 2.7
265w 32 2.1 1 =9.1 5.8 3.2 g.5
26BE | 33 =39 =151 g9 =30 =543
SE 34 =132 -1T.9 6.7 =241 198
32RA 35 =418 1-36.1 =38.7  -38.2 -38.5
3RB | 36 | =21.7 -18.9 | -2f.2  =2f.5 -2¢.3
32RC 37 5.8 1 =5.6 ' 8.7 4u 3.1




TABLE 6 (b)

CHANGE OF OFFSET - WING TORQUE CASE - NOSE DOWN

MICROSTRAIN

A 2 5 4 ma |

SEE | 16 | -1.9 ' 19 =29 1 2.5 1 fa l

9BE | 17 | =19 | 3.8 . =16 . Ba | P '
(218E 18 | 2.8 | =46 =29 , ~Ta1 | =43 |
2ME 19 g [s23 A2 -2 | -1 ‘
e 2 4 T ' 42 ga | 19 ]
I X R N B R R
6B 122 -2 24 ! g8 -9 0
| @BE | 23 | =TT i =35 . =48 8.7 f 6.2
BE {20 -8 | 2.9 |0 | g2 1 #3
12BE 125 | 18 | 6.4 1 6.7 1 -2.2 3.
i16CE | 28 | 6.8 | 6.6 i 8.6 11,3 | 83
2PIE L 29 G 5.7 | =18 | 51 i 2.9 | g
228 |39 g3 |t ez a4 | 8.6
124SE 1 31, =24 | 4.5 i-1.2 -5 1 =12
26SE | 32 2 -1 B2 | 45 | #.6
(28BE | 33 1158 [-18.4 =219 (=23.9 | <28
i3SE 1 34 -1,7 1 6,2 184 -16.8 ‘ -13.8
|§3zm ; 35 15,7 17,6 | 23.3 1t 1444
32RB | 36 B4 M4 163 g | 9.6
i'sznc ‘ 37 :-1¢.6 5-13.} 1-18.9 ;‘:—15.6 3 =14.1

ki i




TABLE P

DER ) N _RESPONSES }OR FURE W TOR

MICROSTRAIN
NOSE DOWN NOSE UP
' sRAIN | CHANNEL 1967 ! Microstrain 19¢% Microstrain
GAUGE NO, m.c.l. L /198 kef.m m.c.l. | /1f¢ kgf.m
SBE 16 2 | 2 -9 -9 ;
9BE 17 2 ! 2 -18 -18 e
21SE 18 21 | -6 8 8 L
27BE 19 22 | 17 26 26 §
2BE 2f -4 ’ -3 -5 -5 !
! 4BE 21 28 ;=22 -9 -9
6BE 22 1 ; 1 -12 -12 ;
8BE 23 £ -5 12 12 '
1¢BE 24 -1 :, -1 -21 -21
12BE 25 -4 | -5 8 8
18CE 28 | 2¢ : 15 -5 =49
2¢TE 29 -28 1 -2 48 a7
22SE 3¢ 29 | -2 1¢ 1¢
| 24SE 31 -8 -6 g g
26SE ‘ 32 46 | 35 11 11
28BE b33 -29 -22 44 43
SCE | 34 -66 =51 9 89
| 32RA ! 35 =2 -2 -11 -11
32 | 36 33 25 - -27
. . 3%&RC ' 37 =21 L ap 39
‘, i ; | ! |




MICROSTRAIN RESFONSES

TABLES 8 (a) AND (b)

= _FIN LOADING TO PORT

a

LOADING PHASE

100% INCREMENT DERIVED FROM REGR. LINE

_—j

STRAIN

cavce | on 1 2 ; 3 !ALL RUNS RS
A
3R | 38 -347.3 | -357.8 |-359.2 | 355 -785
34TE 39 333.2 343.8 i 346.2 i 341 754
51CE 44 -19.2 —21.2 | =15.6 | =18.7 ~41
52CE 45 16.1 17.2 1 157 1 16.4 36
53TE 46 19.3 9.7 : 19.7 i 19.3 | 23
| 54TE 47 -8.1 -e.4; -9.8 | -8.8 19
1 | B s g :
b) UNLOADING PHASE
. | 10074 INCREMENT DERIVED FROM REGR. LINE¥ |
T STRATN T - ; i
2%?1 %f 1 | 2 ‘ 3 :lALL RUNS E ﬁ%ols(gmm
- 1 : g :
33TE 38 -312.8 | -347.1 | -344.2 ey | 738
34TE 39 294.9 | 322.8 . 326.5 | 312 6%
51CE 44 1.7 | -12.7 | =153 | 2.9 -29
52CE 45 16.8 19.7 | 19.4 ‘ 18.6 4
53TE 46 7.5 | 9.2 9.2 i 8.6 19
54TE 47 -8.9 1 =93 1.1 | ~9.4 =21
! i | :

#* POR _UNLOADING THIS LINE W.S FITTED TO DATA FROM 80% - 0%

MICROSTRAIN
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MICROSTRAIN RESPONSES =

TABLES 8 (c) AND ()

{c) 1OADING PHASE

FIN IOADING TO STARBOARD

}100% INCREMENT DERIVED FROM REGE. LINE L
STRAIN| ~_ RON | L | MICROSTRAIN
GAUGE |CH \\f ! 2 2 ! ALL RUNS | /104 xg
i [ ?
33TE | 38 357.3 | 359.6{ 361.1% 359 793
34TE 39 1 =391.4 -395.4; ~396.6 ’ =395 | =873
51CE 44 13.3 12,1 13.8 | 13.8 29
|
S2CE | 45 | -1T.6 | -17.70 173 -17.6 | =39
S53TE | 46 % -11.4 -11,1{ =1¢.5 i -8 | -24
SUTE L 4T | 3 19.2] 9.5 gg | 22
i : |
(d) UNLOADING PHASE
7007 INCREMENT DERIVED FROM REGR. LINE *
STRAIN |- RON | ; ! ! MICROSTRAIN |
GATGE [cH ™~ | 1 ! 2 | 3 ' ALL RUNS 199 1s {
53TE | 36 557.9 | 339.8 | 339.6 | 339 749 |
34TE | 39 -359.9 | ~-363.4 [-364.5 | =363 82 g
51CE | 44 17.6 18,1 : 18,1 | 17.9 49 ;
|
52CE | 45 9.4 | 2.2 | e | -19.5 -43 §
55TE | 46 -1¢.3 - 9.7 -9.2 ’ ~9.7 -21 ':
54TE | 47 8.4 7.9 ‘ 8.7 § 8.1 18 ‘
{
\ i




TABLE 9 (a)

CHANGE OF OFFSET -~ FIN LOADING TO PORT

e A 1o St e e B .
2 3

MICROSTRAIN
" STRAIN | —-_ RUN ; | )
R R 2 l 3 AVERAGE
i i 1
| 33TE 38 | 2446 | 26,11 -3p.2 -27.¢
| 34TE 39 | sha | 35 367 32.9
, 51CE 44 i =745 6.4 1 g1 -4.7
i 52CE 45 P =145 3,21 =3,7 -2.8

1 i i

| 53TE 46 i 2.6 } 1.7, 2.8 2.4
| 54TE 47 . 89 g.2 0 g7 g1
| g : :

TABLE 9 ‘bl

CHANGE OF OFFSET ~ FIN LOADING TO STARBOARD 7

- e ot e e -}

" MICROSTRAIN :

A I | i
; 2§3@§N cn pr_, L 2 3 . AVERAGE
, : ! } -
p . TR 38 308 3.5 | 32,5 0 318 b
¢ | 34me 39 49,1 | —49.8 | -5B.4 | -49.5 !
4 | .
f 5108 | 44 43 | 6.2 | 46 | 5.8 '
c | S%E | 45 2.5 ;2.6 ¢ 2.3 | 2.5
. 55TE | 46 “2.1 | 2§ =25 | =2.2

Sk S4TE 47 2.8 29 0 T 2.5

’ ) i ' : !
g.




TABLES 1§ (a) AND (b)

MICROSTRAIN RESPONCES TO DOWNLOADS OK TAILPLANE

(a) LOADING PHASE

1@ INCR'T DERIVED FROM REGR. LI
STRAIN '~ RUN - N_Hi“ :' MICROS TRAIN
GAUCE CH ~ o2 ALL RO /1gg kg
4 i ) ]
z ! ! ; l
36BE | 40 . ~269.7 | -269.8 -27¢ =238
2 37BE L 41 =395.8 | ~394.1 ~395 . 348
! 38BE i 42 =411.7 . =411.7 =412 ‘ =363
51CE  : 44 -56.4 | =58.4 =574 =51
52CE . 45 -€1.2° =614 -61.3 1 =54
53TE | 46 83.6 ' 83.5 e L om
S4TE 47 89.8 . 89.7 898 19
(b) UNLOADING PHASE
19@% THCRT'T DERIVED FROM ZEGR. LINE* : ‘
S | STRAIN | < RUN . f ! MICROSTRAIN |
| GAUGE  |OH ™ I AL RONS S ee !
. ' . \ )
iR | 46 ;9.9 |- 266 | 29|
i STEE | 41 377 3768 w17 333 |
i 38BE i 42 ~388.9 ;-388.4 =389 | =343 |
; S8 4 52,4 | =524 1 =52, i -46
. 53TE | 46 83.2 | 82.6 o 82,9 73 !
| sete |47 86.6 | 6.4 8.5 | 76
: * FOR UNLOADING THIS LINE WAS FITTED TO DATA FROM 80% - O%.




TABLES 18 (c) AND (4)

MICROSTRAIN RESPONSES TO UPLOADS ON TAILPLLNE

(c) LOADING PHASE

R s £ e e et AT it i WSS AP £ RIS R s b N e e i N e

1¢¢” INCB'T DEL. IVED FROM REGR LINE :

< N ! T, H

e ! g N 1 '. 2 | L ons | r/gg;}s{gmm i
. ; 4 i o ] o
. 36BE ‘ 4% 274.8 | 278.1 i 276 243 l ]
" 3TBE | 41 © 4549 1 457.8 0 1 456 4g2 | ;

3BE . 42 4T 4TA | 4T3 a1 \
| 51CE . 44 ‘ 48.8 48.4 ' 48.6 43 ! :
. 52CE . 45 } 56.4 57.3 ' 56,8 58 ; ‘
i 53TE 46 -85.5 ! -86.6 : ~-86.1 ~76 j

S4TE 47 =89.5 -90.5 -9 | =9 ‘

(d) UNLOADING PLiSE

1

! 1¢¢% INCR'T. DERTVID TROM REGK. LITE¥

e -_.;,_n_w__-_ﬂ_m 20 S e—
STRATH i~ _  RUN «  MICROSTRAIN -
GAUGE | CH . } ! 2 ALL RUNS WAL S

I 36BE 4 7‘ 249.3 | 253.7 252 222 :

: ! 1 )

| 37TBI a0 49T | ama 389 !

| 36BB 42 448.9 1 4534 451 | 398 j

| 51cE | A4 6.1 | st 5.7 | 45
52CE 45 | 57.1 1+ 58.2 57.6 51 |

. 53TE ' 46 -84.6 | -86.3 ; -85.4 =75 '

| 54TE 41 ¢ -87.5 - -88.3 | -87.9 -8 ;

| , | | i |

FOR_UNLOADING THIS LINE W.S FITTED TO D.T: FROM 80% - 0% i

{

]

g

.
85 - 2
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! TABLE 11 (a)
i
| CHANGE OF OFFSET ~ TAILPLiNE DOWN LOADING ,
i R
| |
i . L MICROSTRAIN
i ! STRAIN ' . _ RON . 1 | 2 ‘
3 GAUGE . CH - 1 ; |
; ! o i ‘L -
: , | T ! !
; . 36BE | 4 | 4.8 | 6.3 |
: . 3TBE a0 -12.9 4 1309
§ . 38BE 42 | -20.6 -22.4
‘ . S51CE 44 | -4.8 e
|  52E 45 1L g -1
. | f , j {
i . 53 46 | | 1.2 1 1.6
] B ) :
! . samE 47 o480 50 :
i i ; ’ R

TABLE 11 (b)

CHANGE OF OFFSET = TAILPLANE UP LOADING

I § MICROSTRAIN !
| CsmAN R [ U R
AUGE . CH 1 | N o
“ 3B o i g Lo | -
‘ , 3TBE R U R T S P
| 38BE : 2 ' 232 1 226 |
. 51CE | 4 g é -1.7 E
. 52CE 45 g, By
1' os3E 60 -2 -2
* : 54TE y A7 ! | -3.9 =347 .
| |
(
,
¢ 5
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FIG. 7: SPANWISE BENDING MOMENT DISTRIBUTION DUE TO
200% m.c.l. FOR WING BENDING CASE
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300

200 100% Nose up wing torque

Bending moment (kg f.m)—-'VE wing tip upward deflection
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‘ s FIG. 8: SPANWISE BENDING MOMENT DISTRIBUTION DUE TO 100%
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