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SHAKE TEST CF ROTOR TEST AFPPARATUS WITH BALANCE DNAMPERS
IN THE 40- BY 80-7T WIND TUNNEL

Wayne Johnson* and James C. Biggers**

Ames Research Tenter
Moffett Field, California

SUMMARY

A shake test was conducted to determine the dynamic characteristics
of a Rotor Test Apparatus on two strut systems with balance dampers in the
Ames 40- by 80-ft wind tunnel. The rotor-off hub transfer function (acceleration
per unit force as a function of frequency) was measured in the longitudinal
and lateral directions, using a combination of broadband and discrete
frequency excitation techniques. The dynamic data are summarized for the
configurations tested, giving the following properties for each mode
identified: the natural frequency, the hub response at resonance, the fixed
systen damping, the damping ratio, and the modal mass. The complete
transfer functions are presented, ard the detailled test results are included

as an appendix,

INTPCITION

A shake test was concducted to establish the dynamic characteristics
of a Rotor Test Apmaratus (3TA) on two stirut configurations with balance
dampers in the Ames 4O- by 20-ft wind tunnel. Cf interest were potential
resonances at the 1/rev an? }/rev frequencies of rotors likely to be tested
on the RTA, and potential groun? resonance instabilitles. A previous series
of shake tests (reference 1) established the characteristics of the systen
wlthout the balance dampers installed, The purprse of the balance dampers
is to improve the ground resonance stability of the system, an?® to reduce
the response of the balance and scales to exciting forces from the rotor.

The shake test was performed on the RTA mocule, without a rotor,
to determine the principle frequencies and damping of the structure. The

*“esearch Sclentist, U.S5. Ammy iir Mobility Research and Develomment Laboratory

-

**lesearch Scientist, Natlonal Aeronautics and Space Aéminictration
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rator-off Wb transfer function wae neasvred in the longitvdimal on’ lateral
Sicecticnt: loneitadinel, inplane acceleration of the h'b “.e 1o lorngitu’inal,
inplane force; an¢ lateval, inplane acceleration of the hub ‘ue to licteral,
inplane furce. ith the hub trsnsfer functlons it is nesnible lo eviluate
notential grovnd resonzuce an? vibration protlers of roters te he tect on

the RTA. _his vrenort i a continuation ¢f reference 1, vhich dererites

in det~*1 the test procedure an? dz .2 re uction technianes,

SYSTEM AND TEST APFARATUS

The system tested consisted of the RTA module, without a rotor, on
the struts and balance frame in the 40- by 8C-ft wind tunnel. The PTA
module ircluded the rotor hub, with the trar-mission locked, and two
1500-HrF electric motors installed. Two strut/tip corfigurat.ons were
tested: a short strut system (B-ft struts with 5-ft tips) and a2 long
strut system (15-ft struts witk 6-in tips). The short struts gave softer
support of the module because of the flexibility of the tips. The tests
were conducted with two balance damper installations, shown schematically
in figure 1: a four damper coniiguration (test 45R8) and an eight damper
configuration (test 463). The balance dampers are viscous dampers attachec
in the lateral or longitudinal direction between the floating frane and

the balance house structure.

A hydraulic shaker was attached to the blade grip of the rotor huh
to excite the module by application of an inplane force in the longitudinal
or lateral direction. The other end of the shaker was attached to an 11600 1b
reaction mass suspended from a crane. A load cell between the shuker and
hub measured the applied force. An accelerometer on the hub measured the
longitudinal or lateral response. The applied force and resulting hub
acceleration data were analyzed on-line to determine the dynamic characteristics
of the system, using the Dynamic Analysis System. The DAS is basically a
time series analyzer and computer, utilizing Fast Fourler Transform techniques

and assoclated software, and programs specific to this shake test.

TEST PROCEDURE AND ANALYSIS
The shake test procedures and data reduction techniques are described

in detail in reference 1. There was continued refinement of the parameters
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used in earlier tests. To rednce the noise level in the transfer function
measurement, the total sample time was increased, the number of samples

per record decreased, and the number of averages increased. Tne damping
ratio and modal mass were calculated from integrals of the transfer function,
as described in Appendix E of reference 1, The following test procedures
and parameters were used:

1) Broadband excitation with .5-9 Hz bandwidth, # 300 1b amplitude

sample rate = 20.48/sec

number of samples = 256

number of records = 4O

Hanning smoothing of spectrum
internal filter = 10 Hz low pass
total sample time = 500 sec

spectrum frequency increment = .08 Hz

2) Broadband excitation with .5-35 Hz tandwidth, £ 150 1b amplitude

sample rate = 81.92/sec

numoer of samples = 256

number of records = 80

Hanning smcothing of spectrum
internal filter = 50 Hz low pass
total sanple time = 250 sec

spectrum frequency increment = .32 'z

3) Discrete excitation of balance and strut modes. At
resonance frequency (identified by the broadband ‘excitation
resulis), force level cweep: from minimum force which gives
good load ce’'l sigral, to maximum force within module
acceleration 1limits., At maximum force of the sweep, vary
frequency until locste peak of response (maximum amplitude

0
and/or 90° phase of response).

sample rate = 20.43/sec

number of samples = 512

nuber of records = 1

internal filter = 10 Hz low pass
total sample time = 25 sec

spectrum frequency increment = .04 Hz

The following three configurations were tested, with longitudinal and
lateral excitation for each:
1) Short struts with 4 balance dampers (test 458)
2) Long struts with 4 balance dampers (test 458)
3) Long struts with 8 balance dampers (test 463)

-3-
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RESULTS

The results of this test are the ‘ynamic characteristics of the
configurations investigated, specifically, the frequencies and response
amplitudes of the principal modes identifiable in the hub transfer functions.
Figures 2 through 4 present the transfer functions for the three configurations
tested. The lateral and longitudinal hub responses are shown, in the 9
and 35 Hz excitation ranges for each. The abscissas in the figures are
frequency, from 0 to 10 or 50 Hz, and the ordinates are the magnitude of the
transfer function in g/1000 1b, Figures 5 and 6 present the longitudinal
and lateral transfer functions for the short struts with four balance
dampers, obtained during discrete frequency sweeps using analog data
reduction techniques (c.f. broadban® excitation results, figure 2).

Tables 1 and 2 summarize the dynamic characteristics of the
RTA on the short and long struts, including the results of reference 1.
*he tables give the followingquantities for each of the longitudinal and
lateral modes identified in the hub response: the resonant frequency
> {ilz); the magnitude of the hub response H (g/1000 1b and in/1000 1b);
the fixed system damping coefficient C_ (1b/fps) and the damping for large
amplituée motion; the damping ratio (per-cent critical damping); and the
modal mass M (1b).

The test data show a nonlinear behavior for the damping of the low
frequency modes. The damping for high excitation level and high response
amplitude is generally lower than the damping measured at low levels.

Figures 7 through 9 show the damping of the low frequency modes as a
function of force level for the three configurations tested. Tables 1
and 2 also present the fixed system damping level for large amplitude motion.

The tables of Appendix A present in detail the shake test data for
the three configurations investigated, and also for a number of special runs.
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APPENDIX A

Rotor Test Apparatus Shake Test Data

The tables of this appendix present the data for the resonant
frequencies of the hub transfer functions (lateral acceleration due to
lateral force, and longitudinal acceleration due to longitudinal force).
The following configurations were tested:

Table Al. Short struts with 4 balance dampers (test 458)
Table A2. Llong struts with 4 balance dampers (test 458)
Table A3. Long struts with 8 balance dampers (test 463)
Table Al4. Special configurations,

The following quantities are given in the tables: the resonant frequency
¢« (Hz); the amplitude of the hub response H (g/1000 1b and in/1000 1b);
the phase of the response «LH (degrees); the fixed system damping of the
mode Cs (1b/fps); the damping ratio ; (per-cent critical damping); the
modal mass M (1b); and the amplitude of the exciting force F at that
frequency (1b, with "D" indicating discrete frequency excitation). Several
sweeps of discrete frequency excitation in the vieinity of resonances were
made, and the data are given for the entire sweep as well as for the peak.
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% Balance
Frame
‘——V
a) U4 damper installation (test 458)
Balance
Frame
%V

L

vl

b) 8 damper installation (test 463)

Figure 1. Schematic of balance-frame viscous damper installations
for tests 458 apd 463 {top view).
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«5-9 He broadband
excitation, longitudinal
hub response

{test U5%, run S, point 1)

H s % : .5-35 Hz broadhand

i

excitation, longituiinal

/1000 1b hub resronse

{test L5%, run 5, point L)

Figure 2. Short struts with & halance dampers.
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Figure 2.
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+5-9 Hz broadband
excitation, lateral
hub response

{test UER, run 2, point &)

.5-35 Hz broadband
excitation, lateral
hub response

{test U58, run 2, point §)




= B R .5-9 Hz broadband
| excitation, longitudinal
/1000 b hub response

{test 458, run 17, point LE)

2*5

e 1 T .5-35 Hz broadband
g/i 000 1v B PR 7 . : excitation, lonpitudinal
i - i hubt response

(test 458, run 17, woint 7)

Figure 3. Long struts with 4 balance dampers.




H W B «5-9 Hz broadband
' ' T ' excitation, lateral
&/1000 1b | . | hub response

{test 458 yum 19, point 1)

i ' ,5-3% Hz broadband
: ; ' excitation, lateral
g/1000 1v hub response

(test 458, run 19, point 2)

Flgure 1, (concluded)




s =4 Hz broa’band

! ] excitation, Jongitudinal
g/1000 1b L : hub respance
] (test 4673, run 2, point 2)

H

«5-78 He bryoadband
excitation, longitudinal
hub response

{test 463, run 7, voint °)

Figure 4, Leng struts with B balance danmpers




«5-9 Hz broadband
excitation, lateral
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hub response

/1000 1b : LN ; ,
Co | ’ (test 463, run 1, point 2)

excitation, lateral
£/1000 1b N o1 hub response
? o (test 463, run 1, point 3)

Figure &, {concluded)
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Transfer function of longitudinal hub response, for RTA

on short struts with 4 balance dampers.,
sweep at 70 1b excitation level (run 7,

Figure 5,

Discrete frequency

1, test 459),

noint
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Variation of modal damping with excitation levels

DYA on short struts with '+ damperr (test 4SR),
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Variation of modal damping with excitation levels
RTA on long struts with & balance dumpers (test 458)
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Flgure 9. Variation of modal campimg with excitation levels
“"A on long struts with 8 balance dampers (test 46-),
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