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An investigation of the lower order modes of vibration
of an instrumentation boom fitted to a Nomad aircraf t was carried

• out and the resul ts are presented. Recommendations for reducing
the amplitude of boom vibration experienced at take—off are made.
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1 • INTRCL’UCT1ON

An instrumentation boom has been fitted to the nose of the N22
Nomad used by the Aircraft Research and Development Unit of the Royal

Australian Air Force. The boom (fig. 1) undergoes severe vibration

when the aircraft rolling speed approaches 33 metres/second (65 knots),
but this vibration decays rapidly when the undercarriage is retracted
after take—off.

While the vibration does not normally affect the use of this

aircraft as this rolling speed is not normally reached before take—off,

a series of trials has been planned which will necessitate high rolling
speeds. Consequently A.R.L , was requested to make a preliminary

-~ - examination of the aircraft to determine the natural modes and
- • frequencies of the boom and to make recommendations to reduce the level

of vibration.

2 • TEST PROCEDURE

The aircraft was supported on three jacks with the under-
carriage lowered but clear of the ground. Eight accelerometers

• were attached to the boom at the locations Illustrated in figure 1,

and another two accelerometers were attached to the boom supports.

The structure was excited by a single electro—magnetic vibrator

attached to the boom at the location indicated in figure 1.

The vibrator was driven from a high output—impedance amplifier

such that the exciting force was 7 newtons r.m.s. (1,6 lbf r.m.a.).
The frequency of the exciting force was varied until the phase

difference between the excitation and the response was ± 90
0, this

indicating a resonance of the structure. At each resonance the

amplitudes of vibration as determined from the accelerometer sI~ ials

gave the natural mode shape.

The vibrator was also moved and attached to the nose wheel

but the force available was insufficient to shake the aircraft at

this point of high mechanical impedance .

3. TEST RESULTS

Three modes of vibration were measured and these were at
frequencies of 15.1 Hz, 20.25 Hz and 39.20 Hz. The first of these

mode s involve s deformation of the fuselage with only slight bending
of the probe • The second mode combine s the fundamental bending
mode of the probe together with si~~ifican t bending of the fuselage,
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•~ 2.

tailplane and wings. This elastic mode of an N22 aircraft was
previously measured in a ground resonance test at 20.79 Hz (fig. 16

- 
of reference 1 and reproduced here as fig. 2). The last mode is

overtone bending of the probe with negligible response of the aircraft

structure. Those three modes are illustrated in figure 1.

4. DISCUSSION

Of the modes measured, it is the one at 20.25 Hz that is of

concern here. This mode occurs at the frequency indicated by the
pilots as troublesome , and it is the mode which involves the greatest
deformation of the probe and of the aircraft. Also the unloaded
nose—wheel tyre has a diameter of 0.48 metres (1.56 ft.) and so a

rotational frequency of 20.25 revolutions/second is reached at a

rolling speed of 30.5 metres/second (59.2 knots), provided there is

no slippage. Hence, any out—of—balance of the nose—wheel will excite

the mode at 20.25 Hz as this rolling speed is reached. After take—off
• the excitation frequency will slowly decrease as the wheel’s spinning

• 

- slows . It has been observed that retraction of the undercarriage
causes the vibration to decrease. There are insufficient data to
determine the exact reason for this, but there are a number of

-‘ 1 possibilities. Firstly, retraction of the nose—wheel moves the

exciting force closer to the fuselage node (fig. 2) thus decreasing

the resulting vibration amplitude. Secondly, when the undercarriage

is down and locke d, the vibration is transmitted via the rigid links
to the fuselage, but as the nose—wheel is retracted the changing
geometry of the links may increase their flexibility thus attenuating
the vibration transmitted, This point may be clarified by further
testing of the aircraft.

Figure 1 shows that in the mode at 20.25 Hz most deformation

occurs in the aft section of the instrumentation probe and in the
smallest di ameter section of the supporting boom.

• 5. RECONNENDLTIONS

It is recommended:—
(a) that the nose—wheel be dynamically balanced. This will reduce

the force exciting the vibration.

(b) that the boom be stiffened where the largest modal deformations

occur. This is at the aft end of the instrumentation probe and
the smallest diameter section of the supporting boom.
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3.

This stiffening will give the dual advantage of decreasing the
amplitude of response to a given force input and also raising the

resonant frequency of the boom above that of the elastic fuselage
mode shown in figure 2. This stiffening can be achieved by the
application of carbon —fibre reinf orced plastics to the outside of the
boom and probe at the area to be etiffere il~ • This method of
stiffening is suggested as it involves only minimal inte rruption
to the aircraft ’s flight progra~mne . If however , this stiffening
proves to be insufficient , then a redesi gn of the boom may be
necessa ry.
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FIG. 1 DETAILS OF MEASURED MODES

- • ~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— —__-_
~
_

~~~~
,,-1 —s-—— - —--.

~~
--- - 

~~~~~~

H 

/

z 
Ii~!~~\ I W — III ____  ( ii:

• I C -I III Ui

~v
j I
i
; 

.

~
.

‘ ~ /

4 

-‘ 
I

I \ ~~~-
\ . /

~ i C/)

- Ui

I •

! r ~~~~~

~: : ~
_ _

I

U € p  
~j~~~

’
/ 

•

/
/

I I -  / ~
‘

I 

~~~~

__________________________________ _ _ _ _ _ _ _ _  • -~~~~~~~ -~~~ -~



— —  —
~~~~

--
~
,- -.- -

~ 
—

~~~~~~ —~~~ ~-----~~~-- _ _ _ _ _ _ _ _ _ _ _  

-“,~~~~~~~-~~~~ -

DISTRIBUTION
Copy No.

AUSTRALIA

DEPM~~IENT OF DEFENCE

Central Office
Chief Defence Scientist 1
~bcecutive Controller, ADSS 2
Superintendent , Defence Science Administration 3
Defence Library 4
JI0 5
Assistant Secretary , DISB 6 — 21

Aeronautical Research Laboratories

Chief Superintenden t 22
• Superin tendent , Structures Division 23

Divisional File , Structures Division 24
- 1 - Authors: P. A. Farrell 25

B. Quinn 26
— Library 27

Materials Research Laboratories

Library 28

W~~pcne Research Establishment

Library 29

Air Force Office

-. Air Force Scientific Advisei 30
Aircraft Research & Development Unit 31

-• Dr. G. Morgan (ARDU ) 32
Mr. S. Penniment “ 3~~
Fl. Lt. H. Broadford “ 34
Fl. Lt. I. GonsaU “ 35
Engineering CAFTS, Library 36
D. AIR. ENG. 37
H.Q.S.C. (s~ Gso) 38

Arx~ Office

Army Scientific Adviser 39

SPARES 40— 49


