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How to do a Dynamic Environmental Test 

In order to perform a Dynamic Environmental Test there is need of 3 things: 

1. The vibration test system: this comprises the excitation system, the sensors, the 

acquisition hardware and the control software. SINGLE SHAKER OR MULTIPLE 

SHAKERS??   

 

2. The vibration test specification: these are usually specified and standardised (e.g. 

MIL-STD, ISO, etc). However, one MUST ALWAYS question the efficacy of the 

standard for each product/application. Bespoken test profile based on the 

vibration data measured on the field for each specific item or profile from the 

book? 

 

3. The test article (with its fixture to secure to the shaker and reproduce 

operational conditions): this is customer-specific, case-by-case application. Yet, 

correct fixture design and sensor placement are crucial to a valid test. Is the 

dynamic representative of the operational condition? What’s the Physics of 

Failure? 
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Need of better tests 

Single axis vibration testing leads to overly 

severe tests 
• Well documented 

 

Single axis vibration testing can lead to 

undertesting at some spectral lines 
• Not well documented, but demonstrated 

 

In many cases, attaching a structure to a high 

impedance shaker significantly alters the 

dynamics of the structure  
 

 

    
 

3 
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The MIL-STD says… 

New method in MIL STD 
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How to do MIMO control…according to the standard 

 Control algorithm not 

imposed by MIL STD 

 Real-time control is 

stated as “not practical 

to implement” 

 ‘drive file generation’ 

approach suggested 

 2 control schemes 

described: 

1) continuous 

updating TF 

2) error spectrum 

based 
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Some terminology 

Setup In full Exciters Axes Coupling Control targets 

SESA Single Exciter Single Axis 1 1 - 1 

MESA 1  Multiple Exciter Single Axis >1 1 Infrastructure 1 

MESA 2 >1 1 DUT coupled 1 

MEMA 1 Multiple Exciter Multiple Axis 3 3 Infrastructure 1, 2 or 3 

MEMA 2 > 3 3+3 Infrastructure 1, 2 or 3 

MEMA 3 >1 >1 DUT coupled >1 

 SET   Single Exciter Testing  

 MET   Multiple Exciter Testing 

 SISO  Single Input Single Output 

 SIMO  Single Input Multiple Output 

 MISO  Multiple Input Single Output 

 MIMO  Multiple Input Multiple Output 
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SESA: Single Exciter Single Axis 
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 One exciter 

 One or more control channels 

 One target control spectrum, defined 

in amplitude only 

 Multipoint amplitude control 

(weighted) average, Min or Max 

 Notching or response limiting 

 Closed loop implementation in all 

modes 

 Virtual shaker applications: 

 Fixture design 

 Sliptable design 

 Control quality prediction 

 Notch overshoot prediction 

 Comparison with field 

configuration 

 Assess effect of non-linearities 

S
in

g
le

 i
n

p
u

t 

Multiple outputs 

Standard single axis control 



2015-02-19 

Restricted © Siemens AG 2014 All rights reserved. 

Page 9 Siemens PLM Software 

MESA: Multiple Exciters Single Axis - 1 
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 Multiple exciters, rigidly attached to 

platform or slip-table 

 One or more control channels 

 One target control spectrum, defined in 

amplitude only 

 Multipoint amplitude control (weighted) 

average, Min or Max 

 Requires project to design test rig 

 External hardware (Phase Control Unit – 

PCU) necessary to provide real time 

feedback control on the current of each 

shaker 

 NO NEED FOR MIMO control! 

Standard single axis control 

ESA ESTEC TWIN and QUAD shaker systems 

Pictures courtesy of ESA/ESTEC  
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MESA: example of different targets 

Multiple outputs 

Multiple outputs, multiple targets 

US Navy Dahlgren twin shaker setup 

 Multiple exciters, acting along the 

same axis 

 Coupling through test structure 

 One or more control channel(s) 

per shaker 

 Control target: multiple control 

spectra PSD + XP + Coherence 

 

TRUE MIMO!!! 
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MEMA: Multiple Exciters Multiple Axis 
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 Multiple exciters, attached to 

single platform, capable of 3D 

motion 

 One control channel per shaker 

 Multiple control spectra PSD + 

XP + Coherence 

 Target for control: 3 control 

spectra PSD + XP + Coherence 

 No mechanical over-

determination 

 Special control case: use MIMO 

installation for single axis test = 

control to 0 on other axes 
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LMS MIMO RANDOM CONTROL WORKBOOK 

 

 The transfer function H is computed during the SYS-ID (and its inverse during 

Sys Verification) and IT IS UPDATED AT EVERY LOOP 

 

 The Drive is updated by using the previous drive Di and using the newly 

update of the Inverse System’s FRF, Zi 

or 
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       
*

rr ddf f f fS H S H

MIMO Random - Rectangular Control 

• No. of Responses (control), m, is BIGGER than  No. of Drives (exciters),n, 
i.e m≥n 

• H(f) = Transfer Function matrix between Responses (controls/output) and 
Drives (exciters/input) [mxn] 

• The System’s Transfer Function is pseudo-inverted, i.e. Z(f) =H-1  - [nxm] 

• Stt(f) = Target Spectral Density Matrix (SDM) [mxm] 

• Sdd(f) = SDM of Drive (input) signals – [nxn] 

• E(f) = Stt(f) - Srr(f) = Error Matrix Between Control Target (reference) and 
Response (control) Spectral Density Matrices (SDM) -  [mxm] 

where for Linear Time Invariant (LTI) systems 

Assumptions and notations 

            
22 *

dd tt ddF f f f f f f  S E S H S H

The OBJECTIVE of the control is to find the Drives’s SDM which MINIMISE 

THE CONTROL ERROR 
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Modal survey testing on Ares launch vehicle at 

NASA 

So…how can multiple shakers help? 

o Modal Identification 

• Better insight: closely spaced 

modes (e.g. GVT) 

 

 

 

 

 

 

 

 

 

 Environmental Testing 

 Higher energy levels 

 Accommodate large structures 

 Avoid over-testing and reducing 

test time 

o Very large structures: 

distribute energy 
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…in Environmental Testing 

Higher energy levels 

Pictures courtesy of ESA/ESTEC  

Avoid over/under-

testing and 

reducing test time 

US Navy Dahlgren twin shaker setup 

Accommodate large structures 
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OK…how better is a MIMO test? 
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OK…how better is a MIMO test? 

EXPERIMENTAL DEMONSTRATION: 

S1 S2 

C1 C2 C3 C4 C5 

STEP 1: use S1 to excite the structure 

(random 20-2000Hz) to simulate 

operational conditions 

STEP 2: use the accelerations (time) of 

C1-C5 for computing PSD and CSD 

STEP 3: Set the PSD and CSD computed above as target for the control *** 

a) Use only 2 control channels (C2 and C4) PSD and 1 CSD 

b) Use 5 control PSD (C1-C5) and 10 CSDs  

STEP 4: COMPARE RESULTS 

***by today standards, a twin shaker test is de-facto the state-of-the-art 
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STEP  1-2: use S1 to excite the structure (random 20-

2000Hz) and compute PSD and CSD 

S1 S2 

C1 C2 C3 C4 C5 
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STEP 3: Set the PSD and CSD computed above as 

target for the control 

a) 2 control channels (C2 and C4) PSD 

and 1 CSD 

b) 5 control PSD (C1-C5) and 10 

CSDs  

NOTE: use Select 

Block 

(or you risk to spend a long 

long time trying to fill in all the 

break points!!!) 
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STEP 4: COMPARE RESULTS 2x2 (PSD) 
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STEP 4: COMPARE RESULTS 2x2 (CSD) 
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STEP 4: COMPARE RESULTS 2x5 (PSD) 
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STEP 4: COMPARE RESULTS 2x5 (CSD) 
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CONCLUSION 

Traditional methods of single-axis vibration testing have inherent (and 

serious) limitations 

 

MIMO testing offers considerable improvements: 

• All axes excited simultaneously 

• Potential reduction in test time by 2/3rds 

 

Potential cost savings by maintaining smaller shaker systems instead 

of a large shaker systems  

 

Possibility to exploit Dynamic Environmental Testing for multiple 

purposes (e.g. modal)  
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