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The present paper presents an extension of the so-called tip excitation technique for measuring the
rotational compliance of curved structures. On the basis of the original form of the technique,
developed for attached plane structures, the technique is improved to take into account the presence
of the in-plane vibration and the rigid motion. Two derivatives of the technique are developed: the
first one using two accelerometers allows a more accurate indication of rotational response, thus
providing a good accuracy in middle frequency range; the second one using double excitation
effectively eliminates the in-plane force excitation, thus providing an excellent measurement
accuracy at both low and middle frequencies. Numerical simulations using finite element modeling
are performed to analyze different parameters affecting the performance of the technique.
Experimental validations are then reported. It is shown that the technique is successfully extended
to curved structures while retaining the advantages of the original version of the method in terms of
its simplicity and its capacity for mass loading compensations.1997 Acoustical Society of
America.[S0001-496807)00902-§

PACS numbers: 43.40.Yq, 43.40./E€BB]

INTRODUCTION use of conventional apparatus. Using a single force exciter or
Mechanical compliance and mobility concepts have pedhn impact hammer, the TET av_oids the matching difficultie_s
come one of the standard tools to characterize the dynamfencountered in the double-exciter method. Also, a dynamic
behavior of structures. Their wide application demands thagnalysis of the tip motion allows one to eliminate the mass
both theoretical and experimental techniques be develbped‘?ffeCt of the tip on the structure to be measured. On the basis
Compared to the translational compliance, the rotationaPf @ cantilevered rectangular plate, the technique was nu-
compliance measurement is much more difficult due to thénerically and experimentally assessed, showing that the TET
access to the quantities related to the rotational degrees &f feasible to use in low- and middle-frequency ranges for
freedom. Two major obstacles to overcome include the acplane structures. However, the hypotheses made in the de-
quisition of rotational responses and the production of a movelopment of the technique restrain its application only to
ment excitatiorf:® The situation is even more critical when attached plane structures, whose in-plane motion can be
one handles light thin-walled structures, since any measuringhostly neglected compared with the flexible motion. This
device physically connected to the system will tend to affectechnique will hereafter be called the original TET.
the dynamics of the original structure. As a continuation of the previous work, this paper first
Due to these difficulties, there exists only a very shortgiscusses the applicability of the original TET to curved
list of references dealing with the rotational compliance Orstyctyres that may involve significant in-plane motion. The
mob|I|'51y_7measuremeht, as reported by some very recen{y cajied in-plane motion, due to the curvature or free
works.™" The classical approach is the double-excitery,, \qaries; represents the movement of the measuring point

method, using a pair of dynamic exciters operated in phaSﬁ‘] the tangential plane of the structure. After a brief review

opposition to provide moment excitation via a simple Iever.of the technique, the original TET without any modification
Since its development, it remains the method that is mostl¥ '

used, Efort has been made recertl to mprove the method, = P ° 2 EER S SRR M SNt S
by taking into account the loading effects of the exciter. ' yzed, 9

However, main difficulties related to the method lie in the modifications of the technique. Two alternatives using two
production of a perfect phase match between two exciters tgccelerometers with single or double excitations are further

ensure a perfect phase opposition. In addition to that, thi1vestigated. The modified TET using two accelerometers
quality of the excitation can still be poor due to the masgWith single excitation eliminates unwanted translational re-

introduced by the exciting configuration. sponse to enhance the accuracy of the rotation measurement,

As an attempt to address the rotational measuremerY{/hile the modified TET with double excitation eliminates
problem, a so-called tip excitation techniq(iET), was re-  €ffects of the in-plane force excitation. Finally, experiments
cently proposed:” In this approach, a beamlike tip is used to Using a free panel are carried out to assess the technique.
transfer a force excitation into a torque and the rotationaBoth numerical and experimental results illustrate the perfor-
response into a translational one, thus converting a rotationahance of each version of the technique, as well as the appli-
measurement problem into a translational one, permitting theability of each.
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FIG. 1. Curved panels with various curvatures. ®
I. REVIEW OF THE TECHNIQUE AND DESCRIPTION FIG. 2. FEA mesh of a typical curved panel-tip combination.

OF THE PROCEDURE

The TET consists of attaching a small beamlike tip to afact that the structure under investigation is an attached plane
point on the structure where the rotational compliance has tpanel so that all quantities relating to the in-plane motion had
be evaluated as illustrated in Fig. 1. For illustrating purposebeen neglecte® This should certainly be the main obstacle
assume that the rotational compliance about the free edge s remove regarding the extension of the technique to general
under investigation. By applying a driving force at the tip, ancurved structures.
excitation moment is produced at the tip—structure intersec- In order to investigate the applicability of the TET to
tion. In addition to that, the tip’s motion provides informa- curved structures, a series of curved panels with varying cur-
tion about the rotation undergone by the structure. On theatures are chosen as illustrated in Fig. 1. Taking a plane
basis of simultaneous measurements of the exciting forcpanel as a starting point, the panel is then bent so that the
and the resulting acceleration, the rotational compliance ofector anglex varies from 0°(plane paneglto 180° (semi-
the structure is to be derived. A rigid body dynamic analysiscylindrical shel), while keeping all other dimensions and
of the tip is then performed, taking into account the couplingcharacteristics unchangéléngtha=400 mm; widthb =300
at the intersection of the structure and the tip, resulting irmm; thicknessh=3 mm; densityp=7820.0 kg/m; Young’s
analytical formulas for rotational compliance. This proceduremodulusE=2.06&E + 11 N/nf and Poisson ratige=0.30).
yields the following expression for both the compliance am-An aluminum tip is used to estimate the rotational compli-

plitude A, and the phase anglé,,: ance of the panels at a point 5 cm from the corner along the
1 K12 K free straight edge. The tip is designed according to the prin-
Acr:_z/ \/(_ —2l,, = cos bat12,, (1)  ciples previously develop&and all its dimensiongas indi-
® T T Y cated in Fig. 5. As to the boundary conditions of the panels

~1yy Sin ¢, gt thelleft en_d, either clamped edge or a free edge is to be
I —(KIT)cos &, (2) investigated in the analyses.

yy a Finite element analysed-EA) using I-DEAS software
wherel, is the total effective moment of inertia of the tip are performed for the curved panels and the curved panel-tip
about the rotation axis, passing through the contact regionombinations. For the former, the angular response of the
between the tip and the panel and parallel to the panel’s frepanel under a pure moment excitation is calculated to pro-
edge in the specific configuration shown in FigTland¢,  vide theexpected resultsf the rotational compliance. For
are, respectively, the amplitude and the phase angle of thie latter, assuming a unit force excitation on the tip, FEA
translational acceleranc@cceleration/force measured on calculates the quantities that should be measured in practice.
the tip; andK is a geometric parameter which depends on theThe rotational compliance is then calculated using the de-
position of the excitation and that of the acceleration re+ived compliance formuldEgs. (1) and (2) for the original
sponse. It is worth noting that the above expressions hav€ET or other corresponding expressions that will be derived
proven to be effective in partially eliminating the inertial later when the TET is modifigd The results obtained are
effects of the tip on the rotational compliance. However,referred to as theimulated results

these analytical relations were obtained on the basis of sev- The mesh of the curved panel-tip combination is illus-
eral hypotheses and simplifications, taking advantage of theated in Fig. 2. The panel is discretized into 340 linear thin

tan ¢o=
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FIG. 3. Comparison of the rotational compliance of the panel witB80°. unit: mm

Original TET. Expected result$———); simulated results(------ ).

FIG. 5. Dynamic model of the tip.
shell elements and the tip is divided into 8 linear solid ele-
ments. Convergence tests were made to ensure that the num-
ber of elements used was sufficient for the frequency rangéfequency zone and the curvature. When the curvature be-
considered in this paper. For the curved panel, an excitingomes greater, the discrepancy seems to increase. More spe-
moment is applied at node 315 where the rotational complicifically, we notice a very bad accuracy of the technique at
ance is to be evaluated. For the panel—tip combination, alpw frequencies involving the first 3—4 modézone A. In
exciting force is applied at node 508 and the translationafact, both configurations present a discrepancy oscillating
acceleration at node 517 is calculated on the tip, allowing th@round 10 dB between the expected results and the simulated
estimation of the rotational compliance at node 315 on the@nes. The rigid motion of the tip in the excitation direction is

curved panel. believed to be the most responsible for this discrepancy,
since a single accelerometer is no longer sufficient to accu-
II. DIRECT APPLICATION OF THE ORIGINAL TET rately indicate the rotational response of the structure. At the

middle-frequency range up to 10 modg®ene B, the tech-
ique seems to work reasonably well. With the increase of
e frequencyzone G, we notice a degradation of the tech-

The original TET previously established is first applied
to the curved panels. Figures 3 and 4 show the amplitude q

the rotational compliance of the curved panels with two d'f'nique, which was also observed in the case of plane struc-

ferent sector anglesz=30° and a=180°, respectively. o5 mainly resulting from the coupling between the tip and

Curves corresponding to the two cases are plotted for dlffer'Ehe tested structure. It should be noted that the existence of
ent frequency ranges so that a compatible amount of mod

are included. The results are expressed in dB referencing ?tgﬁve three zones is quite obvious while the dividing line be-
. een each zone may vary from structure to structure. These
1.0E—-5 rad/N m[10 logA./1.0E—-5)]. In both cases, the y vary

; _ results seem to indicate that the original TET can be directly
simulated resultsre compared with thexpected resultdt

b that althouah the tw | hibit diff used for the curved structures only in the middle-frequency
can be seen that afthoug € two panels exnhibit difteren ange(zone B. The advantage consists in its simplicity since
dynamic characteristics, the overall tendency in terms o

nly one accelerometer and a single excitation are required.

compliance estimation accuracy is quite similar. Generally|_|owever modifications must be made to improve the tech-
speaking, the amplitude level discrepancy varies with th%ique at iow frequencies

lIl. MODIFIED TET USING TWO ACCELEROMETERS

The first step to improve the technique consists in using
two accelerometers to get a more accurate indication of the
rotational response of the curved structures. To this end, a
dynamic analysis is performed for the tip by considering it as
a rigid body. Figure 5 illustrates all possible existing forces
and moments applied on the tip through the reaction of the
curved structure. Note that all these quantities are decom-

-10 L L L L : . posed into components in three directions in the established
0 500 1000 1500 20002500 3000 coordinate system. The frame is set in a way thatztexis
requency(Hz) i
passes through the mass center of the tip. The complete
FIG. 4. Comparison of the rotational compliance of the panel witigoe.  €quation of motion related to the rotation abduxis is as
Original TET. Expected result$———); simulated results(------). follows:®

Amplitude(dB)
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My(8g,2— aozx_)+|yyby+(|xx_|zz) 0,6, angular displacement responge;, and ¢, the amplitude
L o ) ) and phase angle of the linear acceleration at the base of the
+1y A0y 05— 0,) = iy (0y0,+ 0,) + 1 05— 67) tip along X axis.
For a point on the tip, the translational acceleration in

=My —hiF(), 3 theX direction can be written &s
wherel,,, Iy, 1,5, 1y, Iy, Ix, are the moments of inertia ) , :
of tip with respect to different axes,, .6, the angular a(t) =aox(t) +X—=X(Qy+Q7) +y(Q,Qy—Q,)

displacements about th¢, Y, Z axes, respectivelyx, z, y
the coordinates of the mass center of the tipQraXY Z

frame; aoy, o, the two acceleration components of the tip i, \yhich () stands for the angular velocities with respect to
atits bage along andZ axis; mt.the mass of the tipM(t) ., different axes. In principle, the translational acceleration de-
the reacting moment ar‘m# the distance between the applied pends not only on the rotation aboXt Y, andZ axes but
force F(t) and theX axis. , also the translational acceleration at the origin. In the present
Due to the symmetric geometry of the tip aboDZ 556 \yhere the point of interest is a fixed point on the tip
plane,l,,=1,,=0. Equation(1) becomes with respect to the reference frame, the coordinates of the

+2(0,0,+ Q) +2(20,~yQ,), 7)

My(8o,Z— ao?(_)+|yyéy+(|xx_|zz) 0,0,% | (02— 62) point of interest are constantg~0 due to the small thick-
ness of the tip, y=0, z=h,). Hence, x=y=2=0,
=My(t) —h¢F(1). (4)  x=y=2z=0. By neglecting the higher order terms and re-

In the above equation, the last two terms at the left-hand?!acing{y by 6, , one obtains the following expression:
side represent the coupling between the rotation alaartd Ch
X axis, and the one betweéfhandZ axis. Compared with ax(t) —aox(t) = haty(1). ®
other terms in the equation, these two terms are higher orde{sc\, mincAa.(t) = a.(t) — a~(t) = AA (362 Eq.(8
terms for small amplitude vibration and can therefore be nebecomesgA () = 3(t) ~ aox(t) X Ea®
glected. Additionally, the fact that th# axis passes through

the mass center of the tip yields=0 andy=0. Hence Eq. AA,
(4) is simplified as fow?= h 9
a
Medox(t)Z+ 1y By (1) =My(t) —heF (). (5

where AA, stands for the amplitude of the difference be-
For the plane structure, considering the high stiffness in théweena,(t) andag,(t), andh, is the distance between the
in-plane direction, the first term at the left-hand side can beixis and the point of measurement of acceleration.
neglected since the in-plane acceleration compoagpts According to the definition of the rotational compliance

much smaller than all other quantities. For curved panel@ind, one can derive the rotational complia@R= 6,/M,
however, it should be kept, which demands the use of anander complex forms:

other accelerometer along tbeaxis.

Assuming a harmonic excitation, the reacting moment at 1 K “ing i(boy—Ads)
L . . = — _-— a— X a
the panel-tip intersection can be derived from E5j.as fol- CR w? lyy AT C Kce » (10
lows:

where K=h;h, is a geometric paramete T=AA,/Fg,
andK =mzAg(h,/AA,).

whereF, is the amplitude of exciting forcep the angular From Eg. (10), the rotational compliance can be ex-
frequency; 6, and ¢, the amplitude and phase angle of the pressed in terms of amplitud¥,, and phase anglé,., as

My (t) = (h{Fo— I,y Bow?e 40+ mizAg,el Poxel“t,  (6)

1 K\? K K
- 2 2
ACf_wz/ \/(AT) —2lyy AT COSA ¢+ 17, + K+ 2K, AT COS ¢ox— 21y K¢ COS hox—Ada),

lyy SiN A+ K¢ sSin(pox—Ady)
lyy— (K/AT)coSA ¢+ K COSL pox—A,)

tan ¢g=— (11

Compared with the original TET using a single acceler-include the possible rigid motion of the tip along tHeaxis
ometer expressed by Egél) and (2), the modified TET and therefore help to improve the performance of the added
requires the use of two accelerometers situated respectivelgertia compensation.
at the top and the base of the tip. By doing so, we hope to The modified TET using two accelerometers is applied
measure more accurately the rotation. Furthermore, the addie the two curved panels previously investigated. The simu-
tional terms in Eq.(11) with respect to Eqs(1) and (2)  lated compliances are again compared with the expected re-
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FIG. 6. Comparison of the rotational compliance of the panel witB80°. FIG. 7. Comparison of the rotational compliance of the panel wit180°.
Modified TET. Expected results: ); simulated results(------). (a) Modified TET. Expected results: ); simulated results(------ ). (@
Amplitude; (b) phase angle. Amplitude; (b) phase angle.

sults for «=30° and «=180° in terms of amplitude and . , i
phase angle. The results are presented in Fig$, ®), 7(a),  around their own resonance frequendiesnd f,. Note that

and(b). In order to better show the performance of the techihe average result is also expressed in dB. This parameter
nique at the low-frequency range, the amplitude results arédicates how close the estimated compliance level is com-

presented in a logarithm frequency scale. It can be seen thggred with the expected one.

the modified TET greatly improves the accuracy of the simu-  (2) Resonance frequency errecelative to the resonance
lated compliance in amplitude level and the resonance frefrequency shift: For a given mode, it is defined as

quency. At very low frequencies, the 10-dB difference no-(fs—fe)/fs in percentage, wherk andf; are, respectively,

ticed previously with the original TET is reduced to some 3the resonance frequencies corresponding to the simulated
and 7 dB for the 30° panel and 180° panel, respectively. and expected compliances. This parameter indicates how
Before going to further improvement of the technique,close the estimated natural frequency is compared with that

we propose several indicators to quantify the errors due t&f the single panel.
the measurement technique. It is believed that the obtained
results should be split out in terms of the modal response to

make the conclusions more representative on one hand, and gyl

. € s
to cover a wider spectrum of panels on the other hand. To
this end, the previous expected and simulated results were A
firstly decomposed into modal responses. Then the errors
were calculated for each mode. Two indicators are then pro- = \

oo . . ) )\
posed to indicate the errors associated with resonance peak ¢ }5,\\;
positions and the amplitude levels. Figure 8 illustrates two E %§§
typical modal compliance curves corresponding to the simu- E* i g§§ A
lated and expected results respectively. The two following < ¢ ﬁ’:\ ’
indicators are used: l/ /" »L N
(1) Amplitude errorrelative to the compliance level: For Frequency (Hz)

a given moda, it is defined as\.— AL, whereAl andA\ are,
respectively, the average amp“tUde levels of the simulategg. g, iiustration of the error indicator definition in terms of modal com-
and expected modal compliance over a band of 100 Hpliance.
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Using these definitions, the modified TET using two ac-F!G: 11. Comparison of the rotational compliance of the panel witt80°.
. . . . Modified TET with double excitation. Expected results——); simulated

celerometers is applied to panels with seven different CUNV B its: (-—-).
tures(a=0°; 30°; 60°; 90°; 120°; 150°; and 180%For each
panel, the first 15 modes are investigated. The error results
are presented in Figs. 9 and 10 showing, respectively, théngential plane for curved pangtnd other tip inertia quan-
variation of the amplitude error and that of the resonancdities are simultaneously applied. Discussions on the effects
frequency error versus the mode number and the sectéif all six inertia forces and moments of the tip have been
angle. It can be seen from Fig. 9 that the technique seems fade using finite element results on an attached galde}.
limit the resonance frequency shift to an acceptable level. I#9 @ selected configuration, the results seemed to indicate
fact, for all panels, the resonance frequency error is usuall{hat, compared td1,(t), the other inertia quantities had neg-
less than 2% for all modes considered, indicating that théigible effects on the system for most frequencies. The trans-
inertia effect due to the tip is well compensated. Figure 10/€rse motion(in the Z direction seemed to have a more
shows that the amplitude error associated with lower ordefoticeable influence on the measurements around the reso-
modes increase with the curvature of the structure. Then th@ant values of the system. In fact, in the present configura-
technique seems to work well before going into a zone ofion, among these quantities, only the in-plane force and the
high order modes, where the error is somewhat amplified anfnomentM,(t) are directly related to the excitation, while all
less dependent on the curvature of the panels. These resutflers are produced via the tip motion. By neglecting the
are consistent with the conclusions drawn previously, peréffects of other inertial forces and moments, the angular dis-
mitting the distinction of three different zones. ConsideringPlacement, can be regarded as the resultant of two compo-
the inherent limitations of the technique at high frequenciesnents:é, caused by a pure moment excitation afidy the
it is concluded that further improvement is still needed toin-plane force excitation:
increase the accuracy of the technique mainly at the very 0y= O+ 0y . (12)

low-frequency range. )
Therefore, the real angular displacement response due to the

IV. MODIEIED TET WITH DOUBLE EXCITATION moment excitation is the difference between the total angular
o - _ responsed, and the angular response due to the force exci-

In both the original TET and the modified TET using tation 6; . The rotational compliance should then be
two accelerometers, one of the most important functions of
the tip is to transform a force excitation into a moment one. (CRM=CR-(CR), (13
However, by driving the tip, unwanted in-plane for@e the  where CR),,=6,/M, is the rotational compliance to be
measuredCR is the rotational compliance estimated as be-
fore, and CR);= 6;/M, is the component resulted from the
in-plane force excitation.

Equation(13) shows that it is this in-plane force that
results in some rotational compliance error, which is more
obvious at low frequencies. To eliminate this unfavorable
effect, a so-called modified TET with double excitation is
used. It consists in applying the modified TET as has been
established previously to obtain the total quan@R. Then,
an exciting force is applied at the base of the tip along the
tangential direction of the structure where the tip is con-
nected. With the use of two accelerometers already on the

Amplitude error
(dB)

109 0 tip, one gets the angle response under the in-plane force ex-
Mode number 12 13 iy Sector angle p - g . g p p
citation as follows:
FIG. 10. Comparison of the amplitude error of modal response. 0;=(AA) /N2, (14
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FIG. 12. Comparison of the rotational compliance of the panel withparison between the modified TET with two accelerometers and the modi-
a=180°. Modified TET with double excitation. Expected resufts——); fied TET with double excitation.
simulated results(------ ).

and 14, respectively. It can be seen that the compensation
in which (AA,); is the same term as defined in @) with  effect of the modified TET with double excitation is very
a subscriptf indicating that it is an in-plane force that is effective for the first five modes.
applied. By assuming a simple relation between the moment The technique was equally tested using a totally free
excitation and the exciting fordé(t) and neglecting the tip panel with «=180°, which involves more significant rigid

motion, one gets motion with respect to the clamped one. The comparison is
plotted in Fig. 15 in terms of the compliance amplitude.
M, (t)=h¢F(t). (15  Again, a very good agreement between the simulated and

expected results can be noticed.
(CR); can then be estimated by

(CR)f:(AAx)f/hahfwzFo- (16) V. EXPERIMENTAL STUDY

o ) . Experimental measurements were performed to assess
Upon obtaining CR)¢, The real rotational compliance he mogified TET with double excitation. A free steel semi-
of the structure can then be derived from Et). cylindrical shell was used. The panel was 416.6 mm long
Note t.hat'lt is equally possible to 'derl.ve a more CoM-ynfolded length, 300 mm wide, and 3 mm thick. To simu-
plete relation instead of E15) by considering the tib MO- |5te 5 free boundary condition, the curved panel was sus-
tion since all required quantities are available, resulting in %ended on a steady base frame with four rubber bands of
lengthy expression. However, numerical simulations showec;;ery weak stiffness at the panel's corners. This suspension
that this treatment was merely necessary since the modific@zathod has been proved to be effective to simulate free
tions made aim at low frequencies. It is also important toboundarieé’. An aluminum tip was fixed with three screws

note that although the technique requires double excitation, if 4 glued to the panel using high strength fast dlLEP-
does not mean, however, that the double excitation should bRGE epoxy syringe The tip was fixed at a point 5 cm from

simultaneously applied. As indicated by the technique, tWQy o corner of the straight edge.
measurements, each one using a single force exciter, can be

made quite independently. The results are then made use of

to derive the rotational compliance.

- ) S ) B Modified TET

The modified TET with double excitation is first vali- 1
dated using numerical simulations on two clamped panels £ Modified TET with
with two sector anglesa=30° anda=180°. The obtained £ 1 doubl excitaton
results are illustrated, respectively, in Figs. 11 and 12 in & g Sector angle = 180°
terms of compliance amplitude. In both figures we notice a %
very good agreement between the simulated and expecteds
results. As expected, the modified TET with double excita- §~
tion seems to completely resolve the problems at low fre- <

guencies. No noticeable influences are observed at middle-
and high-frequency ranges. To further illustrate the compen-
sation effect, the amplitude errors defined previously were 12 38 4 5 6 7 8 9100 1213 1415
calculated with respect to the results issued from the modi- Mode number

fied TET and the modified TET with double excitation re- FIG. 14. Amplitude error of modal response for a panel wati180°.

spectively for 30° and 180° sector angle panels. Agai_n th@ omparison between the modified TET with two accelerometers and the
results were expressed versus the mode number in Figs. h&dified TET with double excitation.
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50 — e — the resonance peaks can be observed for the whole frequency
45 range used. The amplitude difference is generally within 3
40 | dB except for some antiresonance regions.

g ol VI. CONCLUSIONS

T a5 | \ ) As an extension of the previously established tip excita-

£ »nt e tion technique, the present work discussed applications of the

§‘ 15 1\ TET to curved structures. Three versions of the techniques
10| i were proposed and assessed via numerical simulations. Ex-
5 F perimental validations were also made using a representative
0 configuration. It was demonstrated that the original TET can
5 ol L provide an acceptable accuracy for rotational compliance

1 10 100

only in the middle-frequency range. At low frequencies in-
volving a few structural modes, the accuracy was clearly
FIG. 15. Comparison of the rotational compliance of the free panel withmsumcIent due to the 'naccurate indication of th_e r_otatlonal
«=180°. Modified TET with double excitation. Expected resufts——); response and the effect of the in-plane force excitation. Com-
simulated results(------). pared with the original TET, the modified TET using two
accelerometers brought an obvious improvement at low fre-
. . qtuencies. The advantage of these two versions of the tech-
Details about experimental setup and the measuremen . L . : .
nique is their simplicity, since in both cases, only a single

block diagram were identical to those reported in Ref. 7. "~~~ . . . ;
Basically, a B&K 2035 signal analyzer was used to generatgxmtatlon is needed at the top portion of the tip. The third

a random excitation signal. A B&K 4809 vibration exciter version of the TET requires a two-step measurement. It con-

was used to apply a excitation force to the test system anEIStS in separately exciting the tip both at the top and on the

the generated forces were measured by a B&K 8200 forc82>¢ and measuring the corresponding acceleration re-
. sponses. These two tests may be performed separately re-
transducer. The acceleration response was measured by

tiny B&K 4393 accelerometer installed in the different quiring no synchronization. Both numerical and experimen-

. o . tal results showed that the modified TET with double
places on the tip as specified by the technique. Both force~ . ~~ L
Xcitation ensures a good estimation accuracy for the rota-

and acceleration signals were then analyzed using the B&K

2035 signal analyzer. Measured data were then transferred jonal cqmplle_\nce for. all k.)w_ and mlddle-fr_equency ranges.
. . rom this point of view, it becomes possible to apply the
a HP work station to make calculations.

The measured compliance curve using the modified TE.lmodlfled TET with double excitation to curved structures to

. o reach the same performance as the original TET does to the
with double excitation was compared to the expected results . N~
- . . plane structures. We believe that the obstacles limiting the
in Fig. 16. The first peak appeared in the spectrum correX " =~ ~_

: pplication of the TET to curved structures are now re-
sponded to the first nonzero natural frequency of the panel.

oved.
The reason that the curve began at 40 Hz was due to the fact
that we could not obtain a good signal-to-noise ratio below*ANSI $2.34-1984, “American National Standard Guide to the Experi-
this frequency_ The agreement between the experimenta| andnental Determination of Rotational Mobility Properties and the Complex

expected results are generally gOOd. A gOOd coincidence OflMgostZ‘l)llty Matrix” (American National Standards Institute, New York,

2D. J. Ewins Modal Testing: Theory and Practi¢®esearch Studies Press,
Tauton, Somerset, 1984
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