Multi-Axis Testing Webinar
— May 2013

Todays Presenter: Mark J Chomiczewski

We will begin shortly!
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Multi-Axis testing
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So what is Multi-Axis testing?

« Most testing is single axis
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So what is Multi-Axis testing?

«  When UP isn’'t Important....single shaker axis may be enough
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Multi-Axis testing?

 More “Real World” simulation in the lab

 Shortened Test Time
— Typical 30 hr per axis — single axis test = 90 hrs
— Simultaneous 3-axis = 30 hrs
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Our Multi-Axis Control Solutions

« Dual Axis with Phase control
« 3-Axis (X,Y,2)
« Multi-Loop (2,3 or 4 loops)

« Multi-Axis Tripod

*No 6 DOF at this time
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Multi-Axis Control Solutions

« We start with hardware - VR9500

Vibration Kesearch Corporation

& Refer to the manual for description and fundtion of connectors
NETWORK INTERBOX OPTION AUX INPUTS/OUTPUTS DRIVE
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Multi-Axis Control Solutions

Dual Axis 3-axis (X,y,2) 4-post/multi-loop
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Multi-Axis Control Solutions

3-axis tripod geobox
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Multi-Axis Drive & COLA

A Refer to the manual for description and function of connectors
NETWORK INTERBOX OPTION AUX INPUTS/OUTPUTS COLA/AUX
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1) Dual Axis (first loop)
1) Dual Axis (second loop)

2) 3-Axis (single loop of 3) | <

3) Multi-loop (single of up to 4)
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Dual Axis with Phase
Control
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Dual Axis with Phase Control
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Dual Axis with Phase Control

« Uses both output drives of a single controller
— Drive & COLA

« Test profiles are same for both drive outputs
« Sine —

— Adjustable phase angle between the two outputs, +/-
180 degrees.

« Random —
— Auto controls to 0 deg phase difference between loops

« Shock —

— Auto controls to 0 deg phase difference between loops

IBR N RESEARCH



Acceleration Waveform - Loop 1
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Peak to peak displacement

T Y]

0 degree phase 180 degree phase

Side view of shakers @




Dual Axis with Phase Control

Slip table
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Shape of movement
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Push/pull - 180 deg X and y axis — 45 deg
Top view of shaker Top view of shaker
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* see Dual Shaker Set Up document for more details
on how to set up within VibrationVIEW software

Control Accelerometer |_ .

. Control Accelerometer

Dual Axis with Phase Control
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Directories | Hardware

Inputs | Outputs | units

Remote Inputs |  E-Mail Noti

Drive Output

First drive check 20
Second drive check 50

Aux Output

COLA AN [Euahg Shakers

100
Frequency (Hz)
The red dotted line is the shaker accel/vel/disp limit curve

200

Notching | Step Test | Chatter

Ranges

| ATy I
| profile | Schedue | sweep | Parameters | Limits | Pre-Test | Channels | pata

|Td:les Cdc[Resmance

Tracking SystemLimits Individual Channel Limits

Accel=90 G
[¥] Disable lower contrgfabort limit while notching is active Vel=70.8661in/s
figuration with the test Disp=3.93701in

Transducer Filter Apply Enable + Abort - Abort
99.2mv/G B | [6 d8
100 mV/G ] O B d8
100 mV/G ] [ 6 |ds
100 mV/G ] B 6 | d8
Dualing shaker control method:

|average of selected channels v | System Limits:

Independent control v |
[¥] Enable X Axis
[¥]Enable Y axis

ok J[ concel

J

Apply | [ Heb
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Dual Axis setup
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T Frequency (Hz)
The red dotted line is the shaker accel/vel/disp limit curve
Anal | Notching | Step Test | Chatter Ranges
Profle | Schedule | sweep | Parameters | Limits | Pre-Test | Channels | Data | Tables | cale | Resonance

Control
Level start Duration Modifier Phase

Py I ) | M
2(memwion =) ® 't 10 omms o) 20 [ o]0

[T] use this schedule for all control loops . .

Total Time atLevel 3:02:28

M
Y axis Z |i Save [ OK ] [ Cancel ] [ Apply ] [ Help ] VIBRATION RESEARCH
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3-Axis (X,Y,2)
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3-Axis Testing\

« Typical Multi-Axis Applications
— Random

— Field Data Replication — Time History
— Earthquake/Pyro-Shock (SRS & Time Waveform)
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3-Axis Testing

Uses output drive of 3 controllers, one for each
axis

Test profiles can be different for each axis (but
same test type)

Random —
— Same or different test profiles

Field Data Replication —
— Time history playback. Same or different profiles
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I 3-Axis Spec’s\l

— MIL-STD-810G, Method 527
« Multi Exciter Testing/Multiple Axis (MEMA)
— Time History
— Random
— Recorder
— Automotive
« Random with Kurtosion®
« Time History
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3-Axis Testing

Test profiles
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VibrationVIEW Configuration E
Parameters |  Directories | Hardware | Users |  verificaton |  Graph Defaults
Inputs | Outputs | Units | Limits | Tripod | Remotelnputs | E-Mai Notification | Web Server

Drive Output
First drive check 20 v %
Seconddrive check 50 v %
Aux Output
COLA/Aux: |Disabled v
Loop Labels
1:  XAxis 2:  Yaxis 3: Zaxis

o] Cema J [ om0

3-AXxis settings

v

Each Loop can be
given a new name to
help identification
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3-Axis Random — Enable Loops

T—
Random Test Settings [ -
et Acceleration -
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< 20 100 000 2000
“‘” Frequency (Hz)
[ s-0R S-0-R Param | Notch V.4 Import
| Table | Schedule | | Limits | Angular velocty | Pre-Test | Channels | p#fa | Tables | cakc | RoR |
System Limits i Channel RMS Limits
Control Channel Transducer Apply Enable + Abort - Abort
1 Control 100 mv/G B 9 9 d8 é
2 [ ch2 330 mV/PSI B 9 9 d8
3 [0 ch3 100 mV/G [} [ 9 9 d8
4 [ ch4 100 mV/G B @ B R
s []chs 10 mv/G / B B 5 ) d8
6 [ che 10 mv/G / ] (] 9 3 da
7 Bl chz 10mV/G / B B 3 9 ds
8 [F] chs 10 mv/G / [ B 9 9 B Iy y
Combine control channels using 5"“”_"3':':5:
[average of selected channels "] Ve|=1_DO in/s Enable Control Loops
[ Load this Tnput Configuration with the test Disp=1hn EE' abftx;
[¥]Enable Loop 3
Channels used to dose the control loop.
[ ][ comce |

Control can be average,
maximum or minimum

All 3 loops must be enabled
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Set up test profile for each
axis. Same or different test
profile can be used for each
axis.

3-Axis FDR

e

pu
Field Data Replication Test Settings.
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[Playback File ~ || channel 1  |[No data -
15
1.0
0.5
=
3 0]
o
05
-1.04
15 . s - - , : : : -
40 08 06 04 02 0 02 04 06 038 10
Time (sec)
Playback | Schedule | [ Limits | channels [ Filter [Data [ Tables [ calc [ import | Angular Velocity [ Record | Synthesi
Playback Fie(s) Demand Cola Reference Channel
: (o) 1o o] ©
; 0
s ]
File Details Import
Channel: | Ple misaing (o]
Sample Rate: Filemissing  Hz
Export
Length of playback file: ~ File missing IE]
Control Units
Playback fie selected. (Select up to 5 playback fles then use 'schedue’ tab to select playback)
axs  ~ ) (e |

% Axis

Z axis
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Multi-Loop Options
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Multi-Loop Options
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Multi-Loop Options\

2, 3 or 4 drive loops

Usually all in a single Z axis (4 post)

One drive loop per controller

Same profile or different profile per loop

Random, Shock, FDR (time history)

* Phase of output drive files is synchronized between outputs for

Shock and FDR.



Multi-Loop Setup

Loopl
Loop2

Loop3

Loop4

>

VIBRATION RESEARCH



Multi-Loop Labels

Parameters Directories | Hardware | Users |  Verificaon |  Graph Defaults
Inputs | Outputs | Units | Limits | Tripod | Remotelnputs | E-MaiNotification | Web Server
Drive Output

First drive check 20
Second drive check 50

Aux Output

hd

v

%
%

COLA/Aux: [Disabled

Loop Labels

1:| Loop 1 I2:| Loop 2 i3:| Loop 3 ' | Loop 4 '

ol
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Enable loops in channel tab

T~

Multi-Loop — Enable Loops

Random Test Settings. L )
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< 20 100 1000 2000
I Frequency (Hz)
\ SoR S-0-R Param | Notch | Import ]
| Table | schedue | P s | Limits | Angularvelocity | Pre-Test | Channels | pata | Tables | cac [ R-oR |
System Limits Individual Channel RMS Limits
Control Channel Transducer Apply Enable + Abort - Abort
1 [¥] control 100 mv/G ] s [9 a8 é
2 [ ch2 330 mv/PSI @] B s [s |8
.\ggchs. 100 mV/G B 9 9 d8
4 D}\ 100 mV/G B B 9 9 a8
5 [ chs \o,kvja B B 9 s |
s [ che 1um\N ] B 5 9 &
7 [chy 10mv/G @] ] s 9 |
s []chs 10mv/G B ] 9 [9 & -
Combine control channels using f\z:?;;":s
average of selected channels - Vel-100in/s Enable Con:'ol Loopsl
[7] Load this Input Configuration with the test Dep=il e sz
[¥]Enable Loop 3
Channels used to dose the control loop.
em— [ ox |
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Multi-Loop — Set test profile

Field Data Replication Test Settings

Select and set up a test
profile for each loop

=L

Pla File
1.5[ —

~ [channel 1

~ [0 data -

1.04

0.5

04

Peak

-0.5

-1.04

-1.5

-1.0 0.8 0.6

04

02 0 02

Time (sec)

04 0.6

0.8 1.0

Playback |Schedule | Parameters | Limits | ct

is [ Fiter [ Date | Tables [ Cale [ import | Anguler velocity [ Record | Synthesis|

Playback File(s)

LT B e N

File Details
Chamet: Fiemasng
Sample Rate:  File missing
Length of playback file: File missing

Channel Cola Reference Channel

Browse... [

1 -)for =)0

(Browse... |

1 v[off +][10

Browse...

3 v]loff v] 10

Browse... I

+_=Jfo =)0

Browse... u&] 10

& Playback file selected. (Select up to 5 playback files then use 'schedule’ tab to select playback)

Import
(vFe) (o) (FoR] [wav] (Rec]

Export
(vFe] (o)

Control Units

\

(o J[ conce ]
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Multi-Axis Tripod
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Multi-Axis Tripod




Multi-Axis Tripod

« |EEE-344 earthquake tests

« The tripod hydraulic shakers are set up to constrain
pitch, roll yaw, and only allow X,Y,Z motion

« Transient software plus |IEEE test software

« 3 controllers plus geobox

* Sine, random and FDR — One controller can be used to
drive X,Y, or Z axis alone.
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Multi-Axis Tripod
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Video Links

Dual Axis with Phase Control
— http://www.youtube.com/watch?v=w3AiVtITrUo

3-Axis (x,y,z) Control
— http://www.youtube.com/watch?v=ulYrLt470LE

— http://www.youtube.com/watch?v=p1m5Eb1w8ss

Multi-Loop Control
— http://www.youtube.com/watch?v=EaMsSvSthLA

Multi-Axis Tripod Control
— http://www.youtube.com/watch?v=sC2Kr19WemE
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Thank you!
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