(> ) Model 200M184 Testing System

Force Limited Vibration
Testing System

For Easy and Accurate Measurement of the Input Force

= Minimizes Over-testing

m Reduces Risk of Damage to Critical
Structures

m Measures Summed Forces

= Measures Force Differences
(Moments)

= Simplifies and Expedites the Test
Process

= Convenient and Easy to Implement

Due to the high cost, long development times, and uniqueness of sophisticated
aerospace and other high-tech equipment, it has become imperative to implement
techniques that ensure the safety of such items during vibration qualification testing.

Conventional control using acceleration has been shown to cause significant
over-testing that may result in damage to the unit under test (UUT). In force limited

= vibration testing, the total input force to the UUT is measured and controlled, thereby
. limiting the “quasi-static” acceleration of the center-of-gravity and ensuring the
" integrity of the equipment.
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Force Limited Vibration Testing System

The PCB® Force Limited Vibration Testing System meets
most requirements for limiting the reaction force between
the shaker and unit under test in random vibration testing.
The use of piezoelectric, 3-component force sensors
facilitates easy and accurate measurement of the input
force. This force relates directly, using Newton's Second
Law, F=ma, to the “quasi-static” acceleration of the
structure’s center-of-gravity. Since design loads for
aerospace equipment are often given in terms of the
“quasi-static” acceleration, the use of force sensors
represents an ideal measurement approach for this
application.

With force limited vibration
testing, the force measurement
signal is used in the vibration
shaker’s feedback control loop.
This signal is compared to
established force limits in the
controller. At frequencies
where the measured force
exceeds the limit (at high Q
resonances), the controller's
output signal (i.e., the input
signal to the shaker) is
“notched”. By reducing the
input to the shaker at these
frequencies, the reaction force
between the test fixture and
structure is maintained within
specified limits.

Accelerometers, typically
mounted on the test fixture, are
also used in the control loop. They serve to limit the shaker’s
excitation with respect to acceleration at frequencies

- other than resonances for which
force limiting prevails. In order to
accomplish this, the shaker
control  system must have
“extremal control” capability.
Extremal control is the ability to
establish feedback control with

Model 260A11
3-Component Force Sensor
(1000 Ib Range)

Force sensors can be used with low outgassing
accelerometers in thermal vacuum chambers.

respect to the greater of
several inputs, either force
or acceleration, as a function
of frequency. It is also
desirable to have “dual
control”. Dual control is the
ability to control both
acceleration and force
reference spectra.

Model 260A03
3-Component Force Sensor
(10k Ib Range)

The PCB® Force Limited Vibration Testing System
contains all of the signal conditioning required to process
force signals from piezoelectric, charge-output, or ICP® 3-
component force sensors for
shaker control. The system
outputs  one  resultant
(summation of forces) x-axis
force signal, one resultant y-
axis force signal, and a sum
of the differences of pairs of
z-axis signals. The x- and y-
axis force signals are
summed using a summation
module. This eliminates the
need for multiple charge
amplifiers,  keeping the
system cost down. Each
summed output is then routed
through a signal conditioner
to provide a low impedance
voltage signal that s
proportional to the resultant
forces. The z-axis force
signals are first conditioned and then opposing pairs of z-
axis signals are then subtracted and the differences
summed using a computational signal conditioner. The
resultant is a low impedance voltage output signal that
is proportional to the moment about a selected axis.

Since the system is modular, it can be customized to handle
most configurations and any number of inputs. It can also
be provided with or without force sensors and cabling.

_ Aerospace & Defense Division & Toll-Free in USA 866-816-8892 & 716-684-0001 & www.pch.com




Model 200M184% Testing System

3-Component Quartz Force Rings

e : C€ C€ € o B
= Force Limited Vibration Testing @@ ) > @ ‘3@ >
= (utting Tool Forces s | S e - v 5
= Force Dynamometer Model Number 260A01 260A02 260A03 260A11 260A12 260A13
(] Engine Mount Ana|y3is Measurement Range 1000 Ib 1000 Ib 10k Ib 1000 Ib 1000 b 10k Ib

. . (z axis) 4.45 kN 4.45 kN 44.48 kN 4.45kN 4.45 kN 44.48 kN
= Bjomechanics Measurement Range 500 Ib 1000 Ib 4000 Ib 500 Ib 1000 Ib 4000 Ib
- MOda| ana|y3iS (x ory axis) 222 kN 4.45 kN 17.79 kN 2.22 kN 4.45kN 17.7 kN

Sensitivity 25mV/Ib 25mV/Ib 0.25 mV/Ib 15 pC/Ib 32 pC/Ib 15 pC/Ib
= |CP® & Charge Output (z axis) 0.56 mV/N 0.56 mV/N 008mV/N | 3.37pC/N 7.19pC/N 3.37 pON
Sensitivity 10 mV/Ib 5mV/Ib 1.25 mV/Ib 32 pC/Ib 15pC/lb 32 pC/Ib
(x ory axis) 2.25mV/N 1.12mV/N 0.28 mV/N 7.19 pC/N 3.37 pC/N 7.19 pC/N
Maximum Force 1320 Ib 1320 Ib 11 klb 1320 Ib 1320 Ib 11 klb
(z axis) 5.87 kN 5.87 kN 48.93 kN 5.87 kN 5.87 kN 48.93 kN
Maximum Force 660 Ib 1000 Ib 4400 Ib 660 Ib 1000 Ib 4400 Ib
(x ory axis) 2.94 kN 4.45 kN 19.57 kN 2.94 kN 4.45 kN 19.57 kN
Maximum Moment 14 ft-Ib 40 ft-Ib 240 ft-Ib 14 ft-Ib 40 ft-Ib 240 ft-Ib
(z axis) 18.98 N-m 54.23 N-m 325.4 N-m 18.98 N-m 54.23 N-m 3254 N-m
Maximum Moment 13 ft-Ib 70 ft-Ib 325ft-Ib 13 ft-Ib 70 ft-Ib 325ft-Ib
(x ory axis) 17.63 N-m 94.91 N-m 440.7 N-m 17.63 N-m 94.91 N-m 440.7 N-m
Broa_dband Resolution | 0.006 Ib-rms 0.006 Ib-rms 0.05 Ib-rms ] i 1
(z axis) 0.027 N-rms 0.027 N-rms 0.222 N-rms
Broadban_d Resolution | 0.002 Ib-rms 0.006 Ib-rms 0.01 Ib-rms ] i i1
(x ory axis) 0.0089 N-rms 0.027 N-rms 0.04 N-rms

Applications & Highlights 3-Component Quartz Force Rings

[1] Resolution is dependent upon cable length and charge amplifier characteristics

3-Component Quartz Force Links

Applications & Highlights

3-Component Quartz Force Links

= Force Limited Vibration Testing ce
® |mpact Testing .
. ) L= -
= Biomechanics
= Force Plates
= Vehicle Dynamics
- Cutting TOO' FOI’CE I\/Ionitoring Model Number 261A01 261A02 261A03 261A11 261A12 261A13
Measurement Range 1000 Ib 1000 Ib 10k Ib 1000 Ib 1000 Ib 10k Ib
= |CP® & Charge Qutput (z axis) 445KkN 445N 44.48 kN 445N 445N 14,48 kN
: Measurement Range 500 Ib 1000 Ib 4000 Ib 500 Ib 1000 Ib 4000 Ib
m  Easy Flange Mounting x or y axis) ? 222 kN 4.45kN 17.79 kN 222 kN 4.45kN 177N
= Fixed Preloaded Assembly Sensitivity 25mV/Ib 25mV/Ib 0.25mV/lb 15pC/Ib 32 pC/lb 15pC/Ib
i . . (z axis) 0.56 mV/N 0.56 mV/N 0.06 mV/N 3.37 pC/N 7.19 pC/N 3.37 pC/N
= English & Metric Mounting Sensitivity 10mV/lb 5my/ib 1.25mv/lb 32pC/lb 15 pC/lb 32pC/lb
(x ory axis) 2.25mV/N 1.12 mV/N 0.28 mV/N 7.19 pC/N 3.37 pC/N 7.19 pC/N
Maximum Force 1320 Ib 1320 Ib 11k Ib 1320 Ib 1320 Ib 11k Ib
(z axis) 5.87 kN 5.87 kN 48.93 kN 5.87 kN 5.87 kN 48.93 kN
Maximum Force 660 Ib 1000 Ib 4400 Ib 660 Ib 1000 Ib 4400 Ib
(x ory axis) 2.94 kN 445 kN 19.57 kN 2.94 kN 4.45kN 19.57 kN
Maximum Moment 14 ft-Ib 40 ft-Ib 240 ft-lb 14 ft-lb 40 ft-lb 240 ft-lb
(z axis) 18.98 N-m 54.23 N-m 3254 N-m 18.98 N-m 54.23 N-m 3254 N-m
Maximum Moment 13 ft-Ib 70 ft-Ib 325 ft-Ib 13 ft-Ib 70 ft-lb 325 ft-b
(x ory axis) 17.63 N-m 94.91 N-m 440.7 N-m 17.63 N-m 94.91 N-m 440.7 N-m
Broadband Resolution | 0.006 Ib-rms | 0.006 Ib-rms 0.05 Ib-rms ) 1 i
(z axis) 0.027 N-rms | 0.027 N-rms 0.222 N-rms
Broadbaqd Resolution | 0.002 Ib-rms | 0.006 Ib-rms 0.01 Ib-rms ) 1 i
(x ory axis) 0.0089 N-rms | 0.027 N-rms 0.04 N-rms

| [1] Resolution is dependent upon cable length and charge amplifier characteristics |
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Signal Gonditioning System Gomponent Specifications
Model 443B102 Dual-Mode Amplifier Module
1

Channels

Display (Menu Driven) Backlit 2 x 16 character LCD

Voltage Gain (ICP® Sensor Mode) x0.1 to x1000 (4-digit resolution)

Charge Gain (Charge Mode) 0.1 to 10 000 mV/pC (4-digit resolution)

Discharge Time Constant 0.18,1.8, 10, 100, 1000, > 100k sec

Drift [1] <0.03 pC/sec

ér(})_leazdtt;aggAN(k):; (ICP® Sensor Mode) [2] <3V (<1105 dB)

gﬁd&aggriﬁs (Charge Mode) [3] <51C (< 0.005 pC)

Low Frequency Response (-10%) 2,0.2,0.03, 0.003, 0.0003 ~0 Hz

High Frequency Response (-10%) 0.1,1, 3,10, 100, >200 kHz Model 443B102
Model 070A15 Summing Block Dual-Mode Amplifier Module
Input 4-Channels of Charge Input

Output 1-Channel of Summed Charge Output o

Model 070M70 Charge Summation Node Module

Input 8-Channels of charge mode sensor signals i -
= [

Summed Output (Charge Mode) 1-Channel (A+B+C+D+E+F+G+H) T

Model 070M69 Computational Signal Conditioner @ﬁ: & |

Input 8-Channels of ICP® sensor or voltage signals @ @
orTlpu.tatlonaI Function [(A-B) +(C-D) + (E-F) + (G-H)] x Gain @ E‘i

Excitation Voltage (for ICP® Sensors) 24\VDC -

Excitation Ci Selectabl 0,2,4,8,12,20 mA Model 070A15 'R:l |
citation Current (Selectable) i Rl Summing Block for Charge Mode Sensors ! ,:"""‘ f

Differenced Output 4-Channels: (A-B), (C-D), (E-F), (G-H) T

Function Output 1-Channel

Gain 0.1, %1, <10 Model 070M70

- oo harge Summation Node Module

Model 070M90 12-Channel Summing Amplifier Charge S

Input 12-Channels of ICP® signals

Excitation Voltage (for ICP® Sensors) 24\VDC

Excitation Current 2 to 20 mA adjustable

Output 1-Channel

Gain x0.1, x1, x10

[1] Long discharge time constant mode. [2] Measured at gain of 1000 (60 dB), input referred.

[3] Measured at gain of 10 V/pC (80 dB) with a 1 nF source capacitance, input referred.

Please see PCB Piezotronics catalogs for your
other Aerospace & Defense applications:

m  Flight Test Model 070M69 ”

m Explosive, Gun & Impact Testing Computational Signal Conditioner .Ael 070M90
m Environmental Test Summing Amplifier
m OEM Capabilities for ICP® Sensors

For our complete line of sensors,

see our Test & Measurement Catalog. The Aerospace & Defense division of PCB Piezotronics serves the Turbine Engine,

Helicopter Health and Usage Monitoring (HUMS), Ground Vibration Test, Flight Test,

% e Wind Tunnel Test, Fuze/Safe and Arm, Spacecraft and Aerospace Systems design
and development communities with sensors and associated signal conditioning for

A PCB GROUP COMPANY measurement of acceleration (vibration, shock and rigid body); acoustics; pressure;
force; strain and torque. Sensor technologies employed include piezoelectric,
3425 Walden Avenue, Depew, NY 14043-2495 USA piezoresistive (both strain gauge and MEMS) and variable capacitive (both MEMS
Toll-Free in USA 866-816-8892 and microphone). Manufacturing operations are certified to AS9100:2004 and 1SO
24-hour SensorLines™ 716-684-0001 9001:2000, with calibration procedur_e_s accredited by A_ZLA to 1SO 17025. Produc_ts
A can be manufactured to meet specific aerospace environmental standards, with
Fax 716-684-0987 E-mail aerosales@pcb.com program design requirements to meet RTCA-DO-160 and MIL-STD-810 and low
Web Site www.pch.com outgassing designs available for specific applications.
AS9100 CERTIFIED m ISO 9001 CERTIFIED = A2LA ACCREDITED to ISO 17025
© 2012 PCB Group, Inc. In the interest of constant product improvement, specifications are subject to change without Visit www.pch.com to locate
e e o S e S o R your nearest sales office

trademarks are property of their respective owners.
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