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ACCELEROMETER THEORY

Learning Objectives
-  Common types encountered in Cal Labs
Electro-Mechanical
- Characteristics & Considerations
- Applications & Cautions
- Construction & Materials

Reference Sensor Considerations
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ACCELEROMETER TYPES

Current accelerometer types

Resistive - Strain Gauge,
Thin-Film, Piezoresistive

Capacitive - Micromachined

Plezoelectric

. Other less common types
.+ Servo / Force-Feedback
- Vibrating Quartz
. Slide-wire potentiometer

. Variable Inductance

Fiber Optic

Plezotransistor
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RESISTIVE

Resistor
Bridge
/\
Output (-)
Power (+) )A A —
Output (+) /e
Power (-) "' '-
% | \
/ | \
Fixed Bonded Foil
Resistors or Flexure
Deposited “Thin Film”
Resistors
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CAPACITIVE

Built-in
Signal Conditioner

/\

Power [
Output (+) L

Output (-) <T /

Ground / \

Closely Spaced Flexure
Electrodes
(<0.001” or <25 um)
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RESISTIVE AND CAPACITIVE

. Typical Characteristics:
DC aka 0 Hz measurement
Limited dynamic range (~80 dB = 10,000:1)
Limited high frequency range (<10 kHz)
. Sensitivity varies with excitation (mV/g per V)

Multiple wire interface
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RESISTIVE AND CAPACITIVE

Typical Applications:

Long Duration/Low Frequency Events:
Automobile Acceleration/Deceleration

Aerospace Modal Surveys

Suspension Road Response

Robotics

Whole Body Ordnance Effects Testing
Crash Dummy Instrumentation

Tilt Sensors

Airbag Industry (Low Cost)
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PIEZOELECTRIC ACCELEROMETERS

- Piezoelectric crystal — electrical
charge output per strain input

Voltage

. Seismic mass — converts
acceleration to strain
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PIEZOELECTRIC

SelEmic mass

Lead wire

Electrical connector

Figure 1: Typical ICP® Accelerometer

Cover

ICPE microelectronics

Preload ring

Piez oelectric crystal

Basew/ threaded mounting
stud hole on bottom
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PIEZOELECTRIC

- Typical Characteristics
Dynamic events only (>0.1 Hz)
- Wide dynamic range (>120 dB = 1,000,000:1)
- Wide bandwidth (>10 kHz)
- Operates over two wires
Rugged

High temperature versions (1240 F [650 C])
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PIEZOELECTRIC

. Typical Applications

- Rotating equipment operation

Automotive

Aerospace

- Consumer goods

- Industrial machinery
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PIEZOELECTRIC MECHANICAL DESIGN

Element Configurations
Compression
Inverted Compression
Beam
Shear
Tri Shear

Annular Shear
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PIEZOELECTRIC MECHANICAL DESIGN

.- Element Configurations

Piezoelectric
- Beam Crystal
Seismic (d,,-Quartz)
Mass (d;,-Piezoceramic)
Fulcrum
» Signal (+)
Ground (-)

Optional Built-In
Electronics

iIncrease of
temperature
) ~

fixed connection
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PIEZOELECTRIC MECHANICAL DESIGN

- Element Configurations

Seismic Mass

- Compression

FPiezoelectric Matenal

. Inverted Compression

Preload Bolt

Amplifier: IEPE Accels
Need Current Excitation
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PIEZOELECTRIC MECHANICAL DESIGN

- Element Configurations
Shear
.- Annular Shear

- Tri Shear
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PIEZOELECTRIC SENSING MATERIALS

High Sensitivity v

High Operating Temperature v
(Lack of) Thermal Sensitivity v
Long Term Output Stability v
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PIEZOELECTRIC ELECTRICAL DESIGN

Charge Output (externally amplified)

Laboratory Style
Charge Amplifier

= O

i = O

%]ﬂ || O O o=o=o
/ Readout
Charge Mode Sensor Ordinary Two Conductor Device

Low Noise Cable Cable = 5

= O

I WW; °

—{ 000 | O O ocoo

In-Line Constant Current Signal
Converter Conditioner
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PIEZOELECTRIC ELECTRICAL DESIGN

IEPE (internally amplified) aka ICP®

Constant Current Signal = O
Conditioner | N\NW% = O Readout
> — = == Device
o°°o || O O 00O
Sensor with
Built-in Circuit
Ordinary Two Conductor Readout Device
= O u Vi
Cable =
UL ERe with built-in
> == Constant Current
| O O o000
Source
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PIEZOELECTRIC ELECTRICAL DESIGN

Dynamic Range v

High Operating v
Temperature

EMI/RFI Resistance v

Resistance To Cable v
Effects’

" - Cable length, cable motion, cable contamination
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CALIBRATION CERTIFICATE

~ Calibration Certificate ~

Pef IS0 160G3-21
Muodel Mumber: o S

Serlal Nomhber: TS50

¢ Displays bOth SenSitiVity (at Description ICP® Accelerometer  Method: Back-to-Back Comparison Calibration
reference frequency) and IS

thration Daia

Sensitivity @ 1000 Hz 9,95 mV/g Output Bizs 9.5 VDO
F re q u e n Cy I {e S p O n S e (1015 mV/ Transverse Sensitivity 18 %
Macharge seconds Fesonant Freguency 404  kHz

Sensirivity Plot

Temperature: 72 *F (22 ) Belztive Hemidiy: &0 5%

- Each have different tolerance |
specifications A

I i I N . . —
0.0 1000 10800 100000

Data Points

- These specifications are not e Dt bmor o o) gy e

0.0 0,3 30410 0.2 TiHp0.0 1%
. 15.0 -0.3 5000 0.1 10000.0 3.4
the same thing as accuracy weo 03
50.0 .3 000 .4
. REF. PRED Q.0 S000.0 0.9
a n d u n Ce rta I n ty E:':'ELLT:-I 'Il;l:,ﬁm Adap ~G nrlml.‘:r_:.-r.-:-xr\_-hu.unim Fhies Mmaavam vemopl
R B i X e i Ty a4 om0
T il oy LRI
As Found: nfa
As Left: Mew Unit, In Telerance
Notes

Calibration 15 NIST Traceable thru Project 822/271196 and PTB Traceable thru Project 5399,

This certificate shall nod be repraduced, except in full, withoat written spproval from PCH Plezotronics, [ne,

Cahbration 15 performed in compliance with IS0 90070, 130 100121, ANSTNCSL 2520211994 and 150 17025

See Manwfactures's Specification Sheet for @ detailed listing of performance specifications.

. Measurement uncerlainty (%5% confidence level with coverage factor of 2) for frequency ranges ested during calibration
wre as follows: 5-9 Hz; /- 2.0%, 10-99 He; +/- 1.3%, 100-199% Hz; +/- 1,0%, 210 kHz; +/- 2.3%

Technician: Dan Eckel ﬁ:{; [hate: DE 20

Ul;ﬁai.-—'ih_'ll—l
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FREQUENCY RESPONSE

Mounted Resonance
30 Sensitivity Deviation

Frequency (f
" s quency (f;)
% ’0 p Frequency _ o
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FREQUENCY RESPONSE

. Accelerometer Design

- Trading Sensitivity vs High Frequency Response

0 Sensitivity 13 kHz

S H0KRZ 180 kHz

L Decreasing seismic mass

= :

o | 100 pC/g |~

n Decreasing sensor size

2| 10pClg | -

7p)

o | 1pClg ~

=
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FREQUENCY RESPONSE

Mounting Method aI%o affects response

Hand Dual Rail Flat Mounting Adhesive Stud

Probe Magnet Magnet Pad Mount Mount
& N T407 32
© g +30 T \
g S 4207
2% ‘197
z® oy N
@ . 401
S o
» 2 2

1.0 10 100 1000 10000 100000
Log Frequency (Hz)
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IDEAL REFERENCE ACCELEROMETER

Design Parameter

Element Design

Mechanical Design

Crystal Material

Electrical Design

Choice For Reference
Accelerometer

Piezoelectric

Tri-shear

Quartz

IEPE aka ICP®
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QUESTIONS?
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