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P
lfj \”BRANT MEscope Application Note 54

Rapid Impact Test™ Using 2-Channel Data Acquisition

The Steps in this Application Note can be carried out using any MEscope Package that includes the VES-3600
Advanced Signal Processing, VES-708 Multi-Channel Acquisition & VES-4000 Modal Analysis options
Without these options, you can still carry out the Steps in this App Note using the AppNote54 project file. These
Steps might also require MEscope software with a more recent release date.

PROJECT FILE & PDFs
e To retrieve the MEscope Project for this App Note, click here to download AppNote54.zip
INTRODUCTION

In a conventional Roving Impact Test, the reference sensor (usually an accelerometer) must remain fixed while
the structure is impacted at different points & directions (DOFs). In a conventional Roving Response Impact Test,
the structure must be impacted at the same DOF while one or more accelerometers are moved to different DOFs.

In a Rapid Impact Test™, both the impact DOF and the accelerometer location can be changed between
acquisitions. There are two reasons why a Rapid Impact Test™ is beneficial for impact testing,

1. If the reference accelerometer is connected by a wire to the data acquisition system, only a short wire is
required when testing large structures

2. Better quality signals are possible if each impact force is applied closer to the reference accelerometer

An MEscope Rapid Impact Test™ is faster and easier to perform on any size structure because it does not require
a long wire connected to the fixed reference sensor throughout the test.

In a Rapid Impact Test™, both the impact DOF and the accelerometer location can be changed between
acquisitions.

During a Rapid Impact Test™,

1. Achain of force & impact pairs is acquired based on their DOFs

2. A chain of FRFs is calculated from the chain of force & impact pairs
3. The FRFs are curve fit to obtain a chain of modal residues
4

The modal residues are processed using the Tools | Scaling | Rapid Test Residues to Mode Shapes
command in the residues Shape Table to obtain mode shapes

An FRF chain is a set of multiple-reference FRFs. But unlike a single-reference set of FRFs, the modal residues
resulting from curve fitting an FRF chain are not mode shapes. Residues from curve fitting an FRF chain must be
further processed to obtain mode shapes.

A Rapid Impact Test like this simulated Rapid Impact Test could be performed on any test article using an impact
hammer, a uni-axial accelerometer, and a 2-channel acquisition system.
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MODAL RESIDUES & MODE SHAPES

Each FRF measurement has two DOFs associated with it, the DOF where the force was applied and the DOF where
the response caused by the force was measured. Each modal residue obtained by curve fitting an FRF has the same
two DOFs associated with it.

On the other hand, a mode shape only has one DOF associated with it, the DOF which defines the deflection of a
structure at the natural frequency of the resonance.

SINGLE-REFERENCE IMPACT TEST

In this App Note, a set of scaled mode shapes will be used to define the dynamic properties of the aluminum plate
shown in the figure below. To obtain those mode shapes, a conventional single-reference roving impact test was
performed on the aluminum plate with the accelerometer fixed at one corner of the plate.

FRFs were calculated and curve fit, and the mode shapes of the plate were then scaled to Unit Modal Masses,
called UMM mode shapes, and used during the simulated Rapid Impact Test™ to define the Input-Output
dynamics of the plate.

To capture its mode shapes, a single-reference Roving Impact Test was performed on the aluminum plate with an
accelerometer attached at one corner (DOF 1Z), and the plate was impacted at a grid of 30 points in the vertical
direction (DOFs 1Z through 30Z). FRFs were calculated between each impact DOF and the fixed reference
response DOF 1Z.

3/8" Inch Thick Aluminum Plate Test Article.

In a single-reference Roving Impact Test, only the roving impact DOFs define the mode shapes. The fixed
reference sensor (accelerometer) can be attached anywhere on the test article.

However, to scale the residues from a single-reference Impact Test to Unit Modal Masses (UMM) mode shapes), a
driving point residue is required. In this case, driving point residues were obtained by curve fitting FRF 1Z:1Z.
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Single-Reference Roving Impact Test.

The log magnitudes of several FRFs derived from the single-reference Roving Impact Test are shown below. The
properties of the single-reference FRFs are also listed in the M#s spreadsheet to the right. The FRFs have
engineering units of (g/Ibf). The peaks in the log magnitudes of the FRFs indicate that five modes of vibration were

excited over a frequency span of 1096 Hz.

iy *BLK: Plate 30 FRFs - 30 FRFs [r=e -] 3]

Log Magnitude gilbf M#5 FRF5Z-1Z ~ DOFs ‘ Urits Mea_?;rpeemem

1212 g/fbf |~ FRF ~

2Z1Z  gMbf |~ FRF ~

3Z1Z | gMbf |~ FRF ~

4212 | gAbf |~ FRF -

5212 | gAbf |~ FRF ~

6Z1Z  gfbf |~ FRF ~

Log Magnitude gibf M#E FRF 62:12 TZ1Z | gAbf | FRF w

8Z1Z  gMbf |~ FRF ~

S7Z1Z  gMbf |~ FRF ~

10212 gkt |~ FRF -

NZAZ  gbf |~ FRF -

12212 g/fbf |~ FRF ~

13212 | g/bf |» FRF ~

14717 g/lbf |v FRF ~

Log Magnitude gibf ME7 FRF 72:12 15Z:1Z  gAbf |~ FRF w

16212 g/bf |~ FRF ~

17212 gMbf [v| FRF |v

18212 oMbl |v| FRF |v

1921Z | aMbf [~| FRF [w

20Z:1Z | gfbf |~ FRF ~

NZAZ | gMbf |~ FRF ~

2717 | g/bf |~ FRF ~

Log Magnitude gllbf M8 FRF 82:12 23712 albf |~ FRF v

247212 gkt |~ FRF -

28212 | g/bf |~ FRF -

& 26212 glbf |~ FRF ~

ZVZAZ | gMbf |~ FRF ~

28712 g/bf |~ FRF ~

29Z:1Z | g/bf |~ FRF ~

30Z1Z | gMbf |~ FRF ~

Hz v >

FRFs Calculated from a Roving Impact Test of the Aluminum Plate.
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RAPID IMPACT TEST ROUND TRIP

To simulate a Rapid Impact Test™, a sequence of three random impact forces was created as a TWF for each
impact DOF of the plate. Each TWF of three random impact forces was then used as an Input, together with the
UMM mode shapes, to calculate a TWF of three acceleration responses.

A Rapid Impact Test like this simulated Rapid Impact Test could be performed on any test article using an impact
hammer, a uni-axial accelerometer, and a 2-channel acquisition system.

A “round trip” is completed in the App Note by comparing the mode shapes obtained from the simulated Rapid
Impact Test™ with the original UMM mode shapes used to model the Input-Output dynamics of the plate.

The UMM mode shapes are used by the Transform | Outputs command to define the Input-Output dynamics of the
plate.

The Transform | Outputs command calculates acceleration Outputs caused by the impact force Inputs applied to
the plate.

The UMM mode shapes are used to synthesize the FRF that defines the Input-Output dynamics between each
impact force & acceleration response pair.

UMM MODE SHAPES

The single-reference FRFs acquired from the aluminum plate were curve-fit in MEscope to obtain modal residues
for each of its five modes. The FRFs were calibrated so the modal residues preserved the Input-Output dynamic
properties of the structure. The modal residues were converted to Unit Modal Mass (UMM) mode shapes using the
Tools | Scaling | Residue to UMM Shapes command in the Shape Table with modal residues in it.

UMM mode shapes preserve the dynamic properties of a structure if they are calculated from calibrated modal
residues which are extracted from curve fitting calibrated FRFs.

The UMM mode shapes shown in Shape Table below are used in this App Note to model the Input-Output
dynamics of the aluminum plate during the simulated Rapid Impact Test.

" SHP: UMM Mode Shapes EI@
Shapes
::I:; F(roerq;:;y Damping | Units Dar(\;ging
1 339.978 2.33343 Hz |+ 068633
2 423.021 2.06981 Hz |v| 0.489287
3 752.604 2.73988 Hz || 0.364051
4 813.769 2.61037 Hz |v| 0.320774
5 978.21 226582 Hz || 0.231629
Mi#s
Select DOFs Uniits Measurement Label Shape 1 Shape 2 ~
M Type Magnitude | Phase | Magnitude Phase
M#1 1z in/lbf-sec |~/ UMM Mode Shape |~ Poly 30.3916 359.509 15.2329 0.726751
M#2 2z inflbf-sec |~/ UMM Mode Shape |~ Poly 15.8597 359.911 19.451 0.887658
M#3 3Z in/lbf-sec |~/ UMM Mode Shape |~ Poly 0.180163  18.2835 21.2999 0.736397
M#4 4z inflbf-sec |~/ UMM Mode Shape |~ Poly 16.0134 179.454 20.1361 0.368147
M#5 5Z in/lbf-sec |~/ UMM Mode Shape |~ Poly 29.4474 179.491 15.418 0.362676
M#6 67 inflbf-sec |~/ UMM Mode Shape |~ Poly 19.8876 179.459 5.64266 180.635
M#7 7z in/lbf-sec |~/ UMM Mode Shape |~ Poly 10.3022 179.528 0.234846  4.81111
M#8 8z inflbf-sec |~/ UMM Mode Shape |~ Poly 0.277678  178.323 1.3111 359.468
M#9 9z in/lbf-sec |~/ UMM Mode Shape |~ Poly 10.0976 359.592  0.213248 169.458
M#10 102 inflbf-sec |~/ UMM Mode Shape |~ Poly 20.0187 359.778 573434 180.014
M#11 1z in/lbf-sec |~ UMM Mode Shape |~ Poly 6.46067 | 359.471 19.0478 180.296
M#12 127 inflbf-sec |~/ UMM Mode Shape |~ Poly 3.27595 359.355 12.5851 180.135
M#13 132 in/lbf-sec |~ UMM Mode Shape |~ Poly 0.250301 | 179.722 10.5195 179.905
M#14 147 inflbf-sec |~/ UMM Mode Shape |~ Poly 3.725 179.089 12.4231 180.278
M#15 152 in/lbf-sec |~ UMM Mode Shape |~ Poly 6.90233 179.242 187097 179.876
b MA#TE 187 i dnf e . TIRARA MAndn Chann o Nalis 7 cong 3E0 004 10 £022 170 701 v

UMM Mode Shapes of the Aluminum Plate
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The rigid-body mode shapes and higher frequency flexible-body mode shapes of the plate are not included in the set
of UMM mode shapes used for this simulated Rapid Impact Test. Nevertheless, this truncated model preserves
enough of the Input-Output dynamics of the plate to calculate its response to random hammer impacts and use the
impact & response pair TWFs to calculate multiple-reference FRFs. The multiple-reference FRFs are then curve-fit
to obtain multiple-reference modal residues, which are then used to calculate the UMM mode shapes of the plate.

CHOOSING ACTIVE ACCELEROMETER LOCATIONS.

To obtain valid mode shapes from a Rapid Impact Test™, it is necessary to choose accelerometer locations where
all the modes of interest exhibit peaks in an FRF made at each point.

In this simulated test the accelerometer will be moved along one edge of the plate, from point 1 to point 6, to point
11, to point 16 to point 21, to point 26. Then impacts are simulated at each point in each row of points using the
accelerometer in that row as the reference.

© STR: Pate ol - 30 View == o |

30 View
Persp: 20]

accelerometer locations

Accelerometer Location for Each Row of Impacts

The FRFs between DOF 1Z and each of the other reference points are shown in the figure below.

|-+ *BLK: Reference FRFs - 6 FRFs =R =R~
Log Magnitude g/Ibf 1zazms rre | M#s
Select . . Measurement
Visible | DOFs | Units
000010 /\//\/\/\"—‘ M Tyee
M1 Yes | 1212 a/lbf |~ FRF ~
Log Magnitude g/Ibf 1Z:67 M#2 FRF M=2 1262 | g/bf V] FRE v
o501 _/\_ M#3 1Z11Z gkt v|  FRF v
‘ /\ — M2t [ ves| 12162 gfibf ~|  FRE
M#5 1Z21Z gkt v  FRF v
M6 Ves| 17:267  gbf v FRF v
Log Magnitude g/lbf 17117 M#3 FRE
Q0 /\—k_//\‘k_/\\
_____--/
Log Magnitude g/Ibf 1Z:16Z M#4 FRF
000010 /\J\/\-—_
Log Magnitude g/lbf 17:217 M#5 FRE
0001 ,/\ N _"_/\
.J\-____ M~
Log Magnitude g/Ibf 1Z:26Z M#6 FRF
000 A A=
— N
< >
0 200 400 600 300 1000
- Show All [] Selected [] Visible [] Label [] HasD
< >

FRFs for all all the Accelerometer Locations

Page 5 of 13




App Note 54 www.vibetech.com 8/20/2024

All five modes have peaks in each of these FRFs, meaning that they are good reference points for attaching the
accelerometer. When the accelerometer is attached at a reference point, FRF measurements will be acquired by
impacting at all the remaining points in the row of points where the accelerometer in attached.

RAPID IMPACT™ ACQUISITION STEPS

During a Rapid Impact Test, acquisitions can be made in any desired manner provided that a chain of FRFs can be
calculated from the acquired data.

An FRF chain is formed when each FRF has the same Roving or Reference DOF as another FRF in the chain.

The Rapid Impact Test™ is simulated using the following steps,

1. A sequence of three random impact force TWFs is calculated and stored in a Data Block. To simulate a
real-world roving impact test, a different sequence of random impacts is applied to each point on the plate.

2. The Transform | Outputs command is used to calculate responses (Outputs) to each impact force
(Input). Calculation of the Output TWFs is depicted in the diagram below. This calculation uses the
UMM mode shapes (a Modal Model) to synthesize FRFs which represent the Input-Output dynamics
between the impact DOF and the accelerometer DOF of the plate.

3. Each pair of impact & response TWFs “is acquired” from a Data Block by the Acquisition window in
MEscope. Each pair is defined by its [Measurement Set number].

Modal FRF
Model Synthesis

— |— —s[ |
Ti — — S S Time
Doln":i n FFT M I MG IFFT Diomain
Inputs —» Structure Model — — Outputs
— > —» e

Block Diagram of the Transform | Outputs Command.
The Transform | Outputs command carries out the following sequence of calculations,

1. The UMM mode shapes are used to synthesize FRFs between each force Input DOF and each response
Output DOF

The TWF of each force (Input) is Fourier Transformed to its Digital Fourier Spectrum (DFT)

3. The DFT of each force Input is multiplied by the appropriate synthesized FRF to obtain the DFT of each
response Output

4. The DFT of each response is Inverse Fourier Transformed to obtain its Output TWF
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STEP 1 - RANDOM IMPACT FORCES
e Press Hotkey 1 Random Impacts

When Hotkey 1 is pressed, 30 random impact forces are calculated and displayed in a Data Block (BLK: Random
Impacts) as shown below.

Each M# contains 6144 samples of time waveform data, enough to calculate three DFTs with 1024 samples in
each DFT.

. "BL: 30 Random Impacts - 30 TWFs ==
Real Iof 10 Waterfall Skew: 0.75 Elevation: 0.6 ~| Mits
Select | Vidble  DOFs | Units CI\TJT::t ME“T;::“
M5 Yes| 711 WF o] mput [v]  TwE
M6 Yes| 67161 bF |v| put v TWF
me7 Yes| 7ZI1 b |v| mput v|  TWF
Mse Yes| 8Z(e] IbF |v| mput v| TWF
m=9 Yes| 9zl F |v| put v TWF
mz10 ([ Ves | 10Z[10] tbf |v| mput v| TwF
me1) ([l Yes| 1Z011] f v mput |v| W
| ve12 [ Yes] 1220121 Ibf |v| mput |v| TWF
| Me13 [ ves] 1320131 Ibf |v| put v| TWF
Ma14 [ Yes| 14Z[14] Ibf |v| mput v|  TWF
3 Mets B ves | 152005 Ibf |v| lput v TWF
mz16 [ Ves| 16Z[16] If |v| mput v| TWF
. | M7 [l Yes| 17Z071 f v mput |v| W
| | me1g ([ Yes| 18Z[18]  bf |v| mput |v| TWF
‘ i 1o [ ves | 1970191 Ibf |v| lmput v TWF
1 1 M#30 M220 Yes | 20Z[20] Ibf |v| Input |v TWF
‘ | | M#29 me2t [ ves| 21Z021]  Ibf |v| lput v TWF
I - ve22 [l Ves| 222122 Wbf |v| mput |v| TWF
o me23 ([l Ves| 3Z[23] Wof |v| mput |v| TwF
=27 ve2d (D0 Ves | 2470241 Iof |v| Wmput v TWF
. M#26 w25 [ Ves | 2570251 Ibf v | mput v TWF
b Mz26 [ Yes| 26Z[26] Ibf |v| mput ~| TWF
me27 [ ves | 27Z027] Ibf |v| lput v TWF
2 M2 vz28 (B Ves| 28Z[28] ibf |v| mput |v| TWF
M#23 Me2o (I ves | 297(29] Ibf |v| mput v TWF
N M#22 mez0 (B es| 021301 ef |v| imput v  TWE
Ma21 < z

0 05 1 15 2 25 Show All [] Selected [] Visible [] Label [] HasDOF ‘

v

The M# of Each Force (Input) Contains Three Random Impact Time Waveforms.
The properties of each Force (Input) M# are shown in the M#s spreadsheet on the right above
e Each M# DOF is the point number & direction on the plate where the impact will be applied
e The engineering units are units of force

e Each M# is designated in the Input Output column as an Input
STEP 2 - RAPID IMPACT TEST PAIRS
e Press Hotkey 2 Rapid Test Pairs

When Hotkey 2 is pressed, the Transform | Outputs command is executed to calculate a response (Output) to
each force (Input) in each row of point on the plate.

To form a chain of impact measurements, the accelerometer point in the next row is impacted before moving the
accelerometer to the next row.

When the Step 2 calculation is completed, a waterfall of impact & response TWF pairs is displayed in a waterfall as
shown below. Each Impact force M# is in red followed by its paired response M# in blue. The M#s spreadsheet
on the right shows the properties of each M#.

e Each impact & response pair has a [Measurement Set number] added to its DOF

e Each response is designated as an Output and has acceleration units of g’s
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. "BLK: RAPID TEST PAIRS - 60 TWrs = |
Real mixed units 20 Waterfal ~| Mis
Input Messurement | »
BOEs | umts | i vE
wzpg) | wf [V mpw | TWF [
L 162(19) g |v| Output v| TWF v
WZ[20) o [v| opa v TWF [~
h’: F - Mg 162020 g |v| Outpur v| TWF v
- Aess 22N | [v| gt v TWE
- f— G 22| o |v] owpt [v| TWE |v
L - 2Z[22] WF |v| Input v W -
) L fm 22 [27] | o put F
y - NZRZ | g |v| Output |v| TWF |
. Bz | o || pt |v] TWF |~
7 " Mess 2zZ[z3) | g |~ Output |v| TWF |~
i Mas4 24z2(24) | Wf [~ gt [v| TWF v
T Aes3 224 g |v| Output v| W~
W 22025 | B |v| gt | TWF v
L z | Ouput v ~
= nz[s) | g Output W
/ w2(26) M || npa v TWF v
T M50
/ nz[6) g || Owp v TWF v
& ~ hxeg wzEn | B v g [v| TWF v
il = L “M#48 6Z[27) g |v| Ouput ~| TWF v
7 Wea7 Wz o v npr v W
/ W6 w228 g |v| Ouput v| TWF v
2 2 Bl e & >
TS sz | Ingut W
F - - 22(%) | g |v| Ouput v| TWF v
. 02030 W v npet || TWF v
) BI[0) g || Output |v| TWF |~
e -
20 Prnit < >
0 65 5 15 25 4 Show All [ Selected [] Visible [ Label [] Has DOF
= v

Impact & Response TWF Pairs.

STEP 3 - ACQUIRE RAPID IMPACT FRFs
e Press Hotkey 3 Acquire FRFs

When Hotkey 3 is pressed, the MEscope Acquisition window is connected to BLK: RAPID TEST PAIRS and
TWEFs each Measurement Set of an impact & response pair “is acquiring” from the Data Block. Three spectral
estimates corresponding to the three impacts are averaged together using Stable (Linear) Averaging. Coherence is
calculated and is displayed in Overlaid format with each FRF.

At TWF is acquired, each impact point is depicted with a hammer on the plate model . Each accelerometer location
is depicted with a cylinder and an arrow indicating the direction of the accelerometer response.

Before processing the FRFs, all negative directions are removed from the DOFs, so accelerometers can be mounted
in plus or minus directions and impact forces applied in plus or minus directions.

*STR: Plate Mode! - 3D View

[30 View
[Perse: 40)

= 52 | | o “ACQ: Impact [BLK: RAPID TEST PAIRS] [E=niEen ==
Reslg rzppmsztwe A || Messurement Sampiing
50 Domain
Q Time @F
5
Lower M#s.
CIof gH
o ] Auto spectrum OH
(] Cross spectrum gc
5 Ee
s [ Remove OC on
13 02 04 a5 08 Display Liits
Sec . Units[Per
log 2 Overlid 3212 3] Channels
h
Select | Actwe
100 Channel | Ms4 (of30) | 0OF !
5 1 Wves | 4zpg)
b 2 [ Wve | zm
) r
|
z 01 |
t i
o 0 0 200 400 600 800 1000 < >
e

Setup | Sensors | DOI

Real Ibf

*BLK: RAPID TEST PAIRS - Number of selected M#s 2 TWFs

|

47 [4) M7 TWF

*BLK: Rapid Test FRs - Number of selected Mes 2 M#s, MLT TYPEs
sorea 1Z {4 MeB TWE Log Magnitude g/lbf

SRR

2 Overtaid 3212 [3]
1

100

o 05
1

0. ’ } ! ’ ! . . . 0

Acquisition of Rapid Impact FRFs
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- BLK: Rapid Test FRFs - 60 Més, MLT TYPEs =8 = =
Log Magnitude g/lbf 2 Overlaid 277:267 [27] Log Magnitude g/lbf 2 Overlaid 287:267 [28] ~| M#s
100 A A ! i seet | Viible | DOFs Units ME“T:I’:"‘E"‘ ”
100-
8 s M=37 Yes | 19Z16Z[19]  g/lbf |~ FRF ~
M=38 19Z:16Z[19] hd CoH ~
w M=38 s | 20z716220]  gef | FRF |~
6 & =40 [l ves | 20z:162 120] v coH v
ME41 Yes | 21Z16Z[21]  g/lbf |~ FRF ~
U 4 4 w2 ([l ves | 21z16Z121) v coH v
i w3 ([l Yes | 22212122] | gt || FRE |
2 2 M#44 Yes | 2zZ21Z[22] v COH v
o1 M5 Yes | BZ21Z[23]  g/lbf |~ FRF ~
R o B w6 ([l Yes | 23z21Z123] v| con v
0 200 400 600 800 1000 0 200 400 600 800 1000 M ERNES| 242217 124) | gfibfl B FRE G
Hz Hz M#48 Yes | 247217 [24] v COH v
Log Magnitude g/lbf 2 Overlaid 292:267 [29] Log Magnitude g/lbf 2 Overlaid 302:26Z [30] M2 e 52217(25 | g/t BY  FRE R
} N M#50 Yes | 25Z:21Z[25] v COH v
100- M#51 Yes | 26Z21Z[26]  g/ibf v FRF v
100 wizs2 | [ Yes | 267:21Z 126] V| coH v
3 2 Me53 ([l Yes ] 272262 [27]  gfbf || FRE |
10- ME54 Yes | 27Z:26Z [27] v COH ~
6 6 M&55 Yes | 8Z:267(28] g/bf |v|  FRF v
ME56 Yes | 287:267 [28] v COH ~
1 4 4 Me57 Yes | 29Z:26Z[29]  g/ibf v FRF ~
L M&58 Yes | 297:267 [29] | COH v
ME59 Yes | 30Z26Z[30] g/ibf |w FRF ~
o1 2 2 =50 | I Ves | 302:267 [30] v| oH v
01 v
o o < >
o 200 400 o 800 1000 0 200 400 o 800 1000 Show All [] Selected [] Visible [] Label [] Has DOF
2 z

Rapid Impact FRFs.

When all 30 Measurement Sets of data have been “acquired”, the Rapid Impact FRFs are displayed as shown
above.

e Each FRF magnitude is colored in blue

e Each corresponding Coherence is colored in red and is overlaid on its FRF

The M#s spreadsheet on the right side of the FRF & Coherence graphics contains the following properties for each
M#.

e There are 60 M#s in the Data Block, 30 FRF & Coherence pairs

e No special time domain windowing was required because the impact & response signals are both

completely contained within each sampling window (2048 samples) of TWF data

e All Coherence values are “close to 1” because the FRFs are “leakage free”
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e  Press Hotkey 4 Curve Fit the FRFs
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When Hotkey 4 is pressed, the Rapid Impact FRFs calculated in the previous STEP are curve fit using the Quick
Fit method in MEscope.

When the Quick Fit of the FRFs is complete, the modal frequencies, damping, and residues are saved in a Shape

Table on the right, as shown below.

" "BLK: CurveFit FRFs - 30 FRFs == e @ *SHP: Rapid Test Residues SRS
Log Magritude g/lof zazppae e sract A | Mids Resi Shapes Shapes.
ol Seet | visiie | DOFs unt | Merement & Methad et | Toquency | umping | unies | DB
v |[MVe] zizol gt | R v Polynormial v 1 and e [v| e
v [lva] zuzm gt v| R - = TR KT
0 v ([[lve] Zizp) gt | RF v 3| 726 | 2m0 | M v| 03648
mes [ ves| smizi  geF v RE o~ Resadues Save Shapes. 4 FiEsd 6102 Wz ~| 03207
wes [Mve] szl onet v| PR v s oama 26 M v oz
' wes |[Mve] wiziel o v RE v
me7 |[[ve] 7Zez(T) gt v| R v
mos (W ves| Bzezil g v| FRF v Mifs.
o1 mea |[Wve] Szeziel ot v|  RRE v Modal Parameters Select ors e Messurement || Shape 1 ~
o [l ves] t0zezpo  gief v FRF > Select  Frequency | Damping Damping  Residue | Residue Ll Type Magnitude | Phase
] 500 1000 wen ([Wves] nzez(n)  giet v| e~ MO He L] L= || D=i=h M1 | 1Z1Z(1]  o/blsec [v| RPTRES [V] Poy  s1113 1mmt
e i weiz [lve] 2z0z02 gtef v| FRE v E 33988 | 233302 068633 5IN3 174 M&2 | 2ZIZ[]  gibfsec |v| RPTRES |w| Poly 2668 18021
Lo Mecmitude CMIF Using Imaginoay Pot. | mera [[ve] 132112003 gt v|  FRF v W2 | 206903 Q4028 1573 12 M23 | 320Z(3]  gfbfsec |v| RPTRES |v Poly 30872 197
[ -] h O mei [l ves] 1z oot v FRF > (W] ™ 274007 036408 9077 1TAR Mss | SZAZ[]  glbfsec |~| RPTRES |w| Poly 26934 3WT5
" g meis ([ ves] 1520Z005) gibk v FRF [Wa] oar  aews  osoms  swss s MSS | SZAZ[S]  gfblsec |v| RPTRES |~ Poly a4 35978
a1 meis [ vs] 621208 9ot v|  FRE v (W] sma 1266 03164 | 33405 | 13108 M®§ | 6ZIZ[S]  g/bfsec |v| RPTRES |~| Poly 33669 180.08
me1? [ve] TZ620T gkt v|  RRE v M27 | TZEZ[T]  ofblsec |v| RPTRES |v Poly 1188 18016
Y, mein (W ves] oziezie gobe v|  FE v M3 | BZSZIEl  glbfsec v| RPTRES || Poly 0518 380
[ ve] 1 gkt v FRE M9 | 0Z6Z[9] g/lblsec |v| RPTRES |v| Poly 11415 ogedm1
] o/bf v RE » M®I0 | 10ZGZ[10] gflbfsec ~| RPTRES |v| Poly 2M4  omsnR
gt V| v M=l | UZEZ[1]  glbfsec |v| RPTRES |v| Poy  TISS6  1p0ss
c gt v P v MEI2 | 12ZN1Z0Z glbfsec |v| RPTRES |v| Poy 1708 17esd
EL FRF i M#13 | 13Z11Z[13]  g/lbf-sec |v| RPTRES v Poly 29196 015428
ol v|  FRF MPW | 1ZNZ[4  glbisec v| RPTRES |~ Poly 13321 33936
gt v  F v WIS | SZUZ(15)  glbfsec |v| RPTRES |v| Poly 67 35049
J l 1 oMbt v RRF v MEIS | 16ZIZI6  g/bfsec |v| RPTRES v Poly 28303 35951
A METT | 7ZA6Z[17]  g/blsec |v| RPTRES |v| Poly 1815 1728
o 500 1000 ] Show All [ Selected [ Visible [ Label [] Has DOF M#13 | 18Z16Z[18] g/lbfsec |v| RPTRES |~ Poly 13707 e
= v < >

Quick Fit of Rapid Test FRFs
e Scroll through the FRFs in the Data Block BLK: Rapid Impact FRFs.
Notice the following,
e Ared Fit Function is overlaid on each FRF
e Each Fit Function closely matches each FRF, indicated by FRAC=1

FRAC is the frequency response version of MAC that measures the co-linearity between an FRF and its Fit
Function.

e Each Rapid Test Residue in the Shape Table on the right has the same DOFs as its corresponding FRF
e There are 30 FRFs in the Data Block and 30 matching Residues in the Shape Table for each mode
MODAL RESIDUES & MODE SHAPES

A Rapid Impact Test™ takes advantage of the mathematical relationship between modal residues and mode
shapes.

Residues extracted by curve fitting FRFs from a Rapid Impact Test™ must be further processed to obtain mode
shapes using the following relationship

Modal residue =» Product of two mode shape components

The figures below show how modal Residues obtained by curve fitting FRFs from a Rapid Impact Test™ are used
to calculate mode shapes. A starting mode shape component is required to begin the calculation.
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Residues versus Mode Shape Components

Residues —{

RES(1:2)
RES(1:3)
RES(2:3)

} Mode Shape = {

RES(1:1) = MSC(1) x MSC(1)
RES(1:2) = MSC(1) x MSC(2)
RES(1:3) = MSC(1) x MSC(3)
RES(2:3) = MSC(2) x MSC(3)

Single-Reference Modal Test

Residue Mode Shape = {

RES(1:1)
RES(2:1)
RES(3:1)

X

MSC(1) x MSC(1)
MSC(2) x MSC(1)
MSC(3) x MSC(1)

MSC(2)

MSC(1) }
MSC(3)

|

www.vibetech.com
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Converting Rapid Test Residues to a Mode Shape

Starting with a Driving Point Residue

MSC(1) = /RES(L: 1) = /MSC(1) x MSC(1)

MSC(2) = RES(1:2) / MSC(1)
MSC(3) = RES(1:3) / MSC(1)
MSC(3) = RES(2:3) / MSC(2)

MSC(4) = RES(3:4) / MSC(3) = RES(4:3) / MSC(3)

_ |RES(1:2) xRES(1:3)
Msem = RES(2:3)

Starting with Triangle Point Residues

_ [Msc(1) x MSC(2) x MSC(1) x MSC(3)
- MSC(2) x MSC(3)

Modal Residues used to Calulate Mode Shapes

STEP 5 - CALCULATING MODE SHAPES FROM RESIDUES

Press Hotkey 5 Residues to UMM Mode Shapes

When Hotkey 5 is pressed, the Tools | Scaling | Rapid Test Residues to Mode Shapes command is executed in the
SHP: Rapid Test Residues Shape Table to calculate UMM mode shapes. The UMM mode shapes are saved into
the SHP: Rapid Test Mode Shapes Shape Table.

The SHP: Rapid Test Residues Shape Table is displayed on the left, and the SHP: Rapid Test Mode Shapes
Shape Table is displayed on the right, as shown below.

“5HP: Rapid Tast Residues = | & | £ | | ™ “SHP: Rapid Test Mode Shapes =R~
Shapes Shapes

et | =Y | Darping | Unis | Do St | Pt amping | s | OB
1] mese 234 e [v| ossen 1] m:ese ;M e v| oseen
2| @m0 W v 0w 2300 2068 | Hr | 04w
3 2 274 He v 035408 3 7526 27401 He |+ 036408
4 T 2@ W v o3 4| sam  zem | M || 03%s
5 20 2266 W v 02318 S| ema | 2266 Hr |v| 023164

“Miis “was

Select . e | Mesmrement | Shape | Shape2 Shape 3 Shoped o Select | o s Messureme ot Shape 1 Shepe 2 Shepe3 Shepe 4
Me Tipe Magritude | Phase | Magnitude | Phase | Magnitude | Phase | Magnitude e Tope Magnitude | Phase | Magnitude = Phase | Magnitude = Phase | Magnitude = Phase | Magniti
MR | 1Z1ZN | gMbfsec [v| RPTRES [v| Poly  SIIL3 1Sl 1873 104 9977 TSR %A WA 1z it [w] ummsee o] 3 s w2 omme a7 303 zam s 228
M2 | 2Z12(2) | gMbfsec |v| RPTRES ~| Poy 2660 18021 2MO§ 1217 45304 3821 568 ME2 | 2 invbfsec [v| UMMSHR v| 15865  3%81 1946 087466 013356 15866 1653 3M21 1128
MES | I212(3) | gMbisec |v| RPTRES v | Poby 3042 1977 235 wem | sns | sam | oams M 32 inibtaee |v| UMMSHP v| 008358 174 21313 OTISI6 128 T4 02704 TS 2643
Mi3 | 4ZIZ[H] | gMFsec |v| RPTRES ~| Poy 20984 3W5 | 2N25 1816 4TSl 216W | 64T M wlbfsec || UMMSHP v| 16016 1794 % o 17 s 78 s 9si
MeS | SZAZ[S) | gMbi-sec |v| RPTRES | Poly S84 378 1617 19166 8366 ATIe 1047 Me5 | 52 iviblsec [v| UMMSHP v 20458 1%.4g 3 M513 B80S AT ma2 2827
M5 | 6Z1Z[5] | gMbfsec |v| RPTRES | Poby 3669 (BB | GOLST 1264 TI04 T 81D M & v ummsHe v mon  sem e A W3 24T wZ | 53%
MET | TZSZ[T] | gMbisec |v| RPTRES | Poly | 11188 16 BAR T S84 382 | 99 [ voUMMSHR v w1 39 1956 36093 17854 | 03307 3066 04618
MG | GZ62(8)  gMbfsec |v| RPTRES v Poby 30519 &1 | SISR 0IENT 4000 B2 | 108 M @z o ummsie | oamss e 1966 15086 TSl 0669 47w on
M#9 | 9Z6Z19] | gMbfsec |v| RPTRES | Poly  1MI5  DOSNT2 | 93001 5455 WS84 385 436M M 9z v UMMSHP v 53 ARB WS AT 0MES 1985 0508
M#10 | 10262 [10] gibf-sec | RPTRES + Poly 2044 00412 22217 183 0485 17897 080 ME0 102 Ti-sec v UMMSHP + 17945 18078 276 IN2 1039 45916 2612
MR | NZSZ[1] | gMfsec |v| RPTRES | Poy 7153 1005 75199 1688 425 mA | 7aa MEIL 112 inbsec v UMMSHP 33948 3 15U 3w e M7 109
M#I2 | UZ11Z01Z] | gMbf-sec |v| RPTRES | Poly 11708 1764 | 16508 16099 M3 378 369 ME2 | 122 inlbfsec v UMMSHP v 5037 W08 TR R4 M3 RS 236
M#13 | 13Z11Z[13]) | gibfsec |v| RPTRES w | Paly 310 0.15428 13708 18076 3505 35087 4864 M#13 132 inflbfsec v UMMSHP v 17983 17985 17.038 7948 10589 1598 1407
MR8 | MENIZ(M] | glbisec |v| RPTRES v Poly z 36 W6 18113 1099 QOORB4 | 4478 MFIA 2 iflfses |« UMMSHR v 7908 w2 sew  Teel | 2 IEn 1S
MR15 | ISZZ(15) | gMb-sec [v| RPTRES '~ Poly 1040 | 542 18073 WA ITST | TSES2 MeS | 152 inlbhsec v UMMSHP - 2 A2 198 3WA3 24T 3036 100
ME16 | 6Z11Z[16]  gMbfsec v| RPTRES | Pay WS | 24081 1066 30817 119 | E0I6S MEE | 162 inbbaec v UMMSHP £ W BN 3MA | 30 Ay nss
M7 | TZIGZ(1T] | gMbisec |v| RPTRES v Poly 728 | 107 18039 1958 IedS 3355 MEIT | 72 iflbfsec v UMMSHR v s % TeE ™2 | WIB e s
MFIE | 1Z16Z[18) | g/bfsec |v| RPTRES v | Pay T 3 10009 34 881 E TN MEIB 102 iibbsec |v| UMMSHP v| 031283 17406 MM 7S TAss | 12e s 2mn

Rapid Test Modal Residues on the Left and UMM Mode Shapes on the Right.
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STEP 6 - MODE SHAPE COMPARISON

To complete the “round trip”, the mode shapes obtained from the Rapid Impact Test™ are compared in
animation with the original UMM mode shapes.

e  Press Hotkey 6 Compare Mode Shapes

When Hotkey 6 is pressed, sweep animation displays each mode shape in SHP: Rapid Impact Mode Shapes side-
by-side with the original UMM mode shape from SHP: UMM Mode Shapes that has Maximum MAC with it.

& “STR:Plate Model - 30 View, - [Sweep] SHP: Rapid Test Mode Shapes ) | "5HP: Rapid Test Mode Shapes S E=

Shapes

Select | Frequency Damgping
Shape | (orTime) | D3MPg | Units ]

L E

Ml | 12 inbfsec ummsie | 30
M2 | 22 inflbfsec UMM SHP 58
M3 | 37 invibf-sec uMmsHe vl 0183

<

SHP: UMM Mode Shapes ocjf@|s
Shapes

Rapid Test Mode Shape on the Left & Original UMM Mode Shape on the Right.
MAC & SDI BARS

During side-by-side animation of each mode shape pair, their Modal Assurance Criterion (MAC) and Shape
Difference Indicator (SDI) bars are also displayed in the upper right corner.

e  MAC measures the co-linearity of two shapes

e SDI measures the difference between two shapes
e MAC = 1.00 = two shapes are co-linear

e SDI =1.00 = two shapes are identical

The MAC & SDI values are 1.00 for all five matching shape pairs. This means that each Rapid Test Mode Shape is
identical to it matching UMM mode shape.

Therefore, all the calculations done in the simulated Rapid Impact Test™ starting with UMM mode shapes to
model the Input-Output dynamics of the aluminum plate yielded the same Rapid Test mode shapes.
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SUMMARY

In this App Note, a Rapid Impact Test™ on an aluminum plate was simulated using an impact hammer, uni-axial
accelerometer, and 2-channel simultaneous data acquisition. The following Steps were carried,

e STEP 1 - A Data Block of 30 random impact forces was created to simulate real-world impact forces

e STEP 2 - A Data Block of impact & response pairs was created using the Transform | Outputs
command and a Modal Model (UMM mode shapes) to define the Input-Output dynamics of the aluminum
plate.

e STEP 3 - Rapid Impact FRFs were calculated from the impact & response TWF pairs

e STEP 4 - The Rapid Impact FRFs were curve fit to obtain the modal frequency, damping, & modal
residues for five modes of the plate

e STEP 5 - The modal residues were used by the Tools | Scaling | Rapid Test Residues to Mode Shapes
command to calculate UMM mode shapes

e STEP 6 - Each Rapid Test mode shape from the simulated Rapid Impact Test™ was displayed side-by-
side with its matching original UMM mode shape

In a Rapid Impact Test™, either the impact hammer or the accelerometer can be moved to a different DOF
between acquisitions of data.

An FRF chain is formed when the Roving or Reference DOF of each FRF is the same as the Roving or
Reference DOF of another FRF.

FRFs from a Rapid Impact Test™ can be curve fit any curve fitting method in MEscope, but the modal residues
must be post-processed using the Tools | Scaling | Rapid Test Residues to Mode Shapes command to recover
mode shapes from them.

STEP 7 - REVIEW STEPS
To review the Steps of this App Note,
e Press Hotkey 7 Review Steps

Page 13 of 13



