PIEZOCRYST

ADVANCED SENSORICS GMBH

WE ARE PIEZOELECTRIC SENSORS



...WE WANT THE BEST
PIEZOELECTRIC SENSORS.

For clients with highest demands for quality, durability and precision. This is why we count on long-term
partnerships and intensive cooperation - within our teams and with our clients. Only then, we can develop
the innovative and technologically outstanding sensors we are known for. Sensors that help optimize
engines, machines and processes and thereby preserve our global resources.
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/" PRESSURE SENSORS AND ACCELEROMETER FOR

GAS TURBINES AND EXTREME TEMPERATURE APPLICATIONS
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SHEAR DESIGN

MEASUREMENT CHAIN I

I CUSTOMIZED DESIGNS

NO POCORN OR PULSE NOISE I

PROVEN DESIGN

A CP-SERIES

A G-SERIES

| HARDLINE CABLES

HIGH TEMPERATURE > 500°C
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|CP-SERIES: CP5x2 CP5x5 CP5x6

High Temperature
Pressure Sensor
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CP-SERIES: CP5x2 CP5x5 CP5x6 CP-SERIES: TYPE1L TYPE2 TYPE3 TYPE4

/1 SPECIFICATIONS /1 SENSOR & MOUNT DIMENSIONS
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CP5x2 CP5x5 CP5x6 TYPE 1
Operating Principle Piezoelectric charge output
X
Sensing element Industrially grown single-crystal GaPO, (gallium phosphate) 5 008
i i . 0 g Ex-Markings
Dynamic measuring range 0...50 bar (0 ... 725 psi) 0.6.9.05 2.8 .6, m
Overload pressure > 100 bar (1450 psi) — s 1 4 }
EE i |-
Sensitivity (nominal £ 5%) é é i S % (
95 pC/bar (6.55 pC/psi) . . o g2 @
p pL/p: sealing rng ;; R © A
100 pC/bar (6,9 pC/psi) . & g o ©
ISt 2 <
Linearity <0.5% FSO (0 ... 50 bar, 0 ... 725 psi) 5 min
Operating temperature *
-70°C ... +560°C (-94°F ... +1040°F)* continuous continuous
-55°C ... +650°C (-67°F ... +1200°F)* continuous
-55°C ... +700°C (-67°F ... +1250°F)* short term
Internal insulation resistance > 101 Q (25°C, 77°F), >10° Q (560°C, 1040°F) or >10° Q (650°C, 1200°F) TYPE 2
2833 47.5783
Acceleration sensitivity 6102 2902
02 3 0.2 /Efoarkmgs
Axial <2 mbar/g (0.03 psi/g) < 0.3 mbar/g (0.004 psi/g) Ml Hardline Cable N\
\
Radial <0.25 mbar/g (0.004 psi/g) e /‘ —
~
Frequency range 1 Hz to 10 kHz (resonant frequency > 50 kHz) R = % 33
NI I_/ ~
Capacitance (nominal, incl. 1m cable) 122 pF pole/pole, 157 pF pole/ground s ©
Mounting torque see accessoires 2 N
Ny X -
Housing material Nimonic 90, hermetically welded & %.Q
* Temperature of sensor head and cable
2833 47.5:93
Available Casings and Cable Configurations CP5x2 CP5x5 CP5x6 Double Overbraided M
) 1
Type 1 X =38.8 mm X = 44.8 mm X =44.8 mm Ml Hardline Cable i a
I
- - =
Type 3 * ° } i
Type 4 . . - “
Cable 2- pole Ml Hardline Cable (double overbraided optional)
Minimum bending radius cable 16mm (1 bend), 75mm (up to 20 bends)
Connector 2-pin LEMO or High Temperature (7/16"-27UNS-2A)
Max. temperature connector
2-pin LEMO 165°C (330°F)
2-pin High Temperature (7/16"-27UNS-2A) 600°C (1110°F) TYPE 3 TYPE 4
Piezocryst reserves the right to change specifications without notice.
<
2 &2 .
% Ex-Markings Hex SW14.3 D@c |
/' CALIBRATION AND THERMAL SENSITIVITY = © Boterkings g
i e 7 INE )
. 5| |8l -
g 2
§ 5 8.8 24.7 5
g —_— 355 67
s 0 —
2
= - CPX6
s = CP5x2;
& CP5x5
10
-15

0°C 100°C 200°C 300°C 400°C 500°C 600°C 700°C All dimensions are in mm. 17



CP-SERIES: TYPEL TYPE2 TYPE3 TYPE4 | CP-SERIES: CP5x1

/' CONFIGURATIONS AND CONNECTOR DIMENSIONS

High Temperature
Miniature Pressure Sensor

18

TYPE 1
CP5x2, CP5x5, CP5%6

T e

TYPE 2

CP5x5, CP5x6

TYPE 3
CP5x5, CP5x6

C JHr—

TYPE 4
CP5x5, CP5x6

1

/' SCOPE OF SUPPLY

| o=

Double Overbraided
MI Hardline Cable

MI Hardline Cable

Sensor CP5x2 or CP5x5 or CP5x6
Calibration sheet v

ATEX certificate v

Sealing ring Type 1 only

7/16"-2TUNS-2A

HEX 7/16"

34.4

High Temperature
7/16"-27UNS-2A

o .

35.573

2-Pin Lemo
PCA.0S.302.CLLC32

/1 ATEX CERTIFICATION

The CP5xx series is Ex approved and therefore
suitbale for hazardous environments.

Europe LCIE 17 ATEX 3007 X
International IECEx LCIE 17.0002X
cCSAus 70130706

KGS 17-KA4B0O-0433X
NEPSI GY)22.3546X

Piezocryst reserves the right to change specifications without notice.
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CP-SERIES: CP5x1 CP-SERIES: CP5x1

/1 SPECIFICATIONS /1 SENSOR & MOUNT DIMENSIONS
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CP5x1
Operating principle Piezoelectric charge output
10-32 UNF
Sensing element Industrially grown single-crystal GaPO, (gallium phosphate)
Dynamic measuring range 0...50 bar (0 ... 725 psi) |
Overload pressure > 100 bar (1450 psi) ]—[:
Sensitivity (nominal) 18 pC/bar (1.2 pC/psi) E%
Linearity <0.5% FSO (0 ... 50 bar, 0 ... 725 psi) —T— X 11 mm or 19.3 mm
. |
Operating temperature * i Y M5x0.8 or 10-32 UNF-2A/2B
Continuous -55°C ... +560°C (-40°F ... +1040°F) ‘
|
Short term ( < 100 hours) -55°C ... +600°C (-40°F ... +1110°F) I
|
Intermediate (temperature excursion) -55°C ... +650°C (-40°F ... +1200°F) | 7
Internal insulation resistance >10'°Q (25°C, 77°F), >10¢ Q (600°C, 1110°F) !
Acceleration sensitivity axial < 1 mbar/g (0.01 psi/g) radial < 0.3 mbar/g (0.004 psi/g)
Frequency range 1 Hz to 50 kHz (resonant frequency > 120 kHz) HEXS.5 A 1.5 /*SEBUHQ surface ﬂ%
Capacitance (nominal, incl. 1m cable) 150 pF pole/ground - . /
: e |
M 2N . . I
ounting torque m sealing ring |
Housing material Nickel based super alloy, hermetically welded - N——u : }
Ne) ! |
* Temperature of sensor head and cable pa o > i
0 — i
! = !
! \
Available dimensions > | |
i |
X 11 mmor 19.3 mm i !
= |
Y M5x0.8 or 10-32 UNF-2A . ! T
Cable 2 mm hard line cable
Bending radius hard line cable: 16 mm (1 bend), 75 mm (up to 20 bends) @3 .9 L min {E
Connector 10-32 UNF-2A Y Y
Max. connector temperature 500°C (930°F)
Piezocryst reserves the right to change specifications and accessories without notice.
The CP5x1 series is Ex approved and therefore Available Cable length and Ordering Code:
sensor cPaxi suitable for hazardous environments. Microdot 10-32 UNF 1-KAB143-2 Microdof 10-32 UNF & &
Extension cable 1m Teflon™ UNF to UNF cable Length KAB143* KAB176*
I . (S i | — y - —B]
Coupling UNF to BNC coupling Europe LCIE 17 ATEX 3027 X =1 T s A0S i
A q International IECEx LCIE 17.0024X
(CTBrEEED Shect v 1m 1-KAB143-1 1-KAB176-1
2m 1-KAB143-2 1-KAB176-2
Microdot 10-32 UNF 1-KAB176-Z BNC
A CALIBRATION AND THERMAL SENSITIVITY 7 ACCESSOIRES | 3m A3 | Ha763
MR — = _ 5m 1-KAB143-5 =
=" F——————
: = |
) 2mm Hardline 10-32 UNF cable 450°C 7m 1-KAB143-7 1-KAB176-7
F Hardline Cable length: 0.3 m. 1 m. 3
g max (length: 0.3 m, 1 m, 3 m) 10m 1-KAB143-10 1-KAB176-10
g Teflon coated cable 10-32 UNF )
g 0 Extension cable *Teflon softlme Cable
> to 10-32 UNF or BNC; **Hardline Cable
z
2 Mounting Tool v
&
5 Machining Tool for Mount v
0°C 100°C 200°C 300°C 400°C 500°C 600°C
IEPE Inline Charge Amplifier E1-A1 10 mV/pC
1SO 9001 certified calibration at +20°C with dead weight tester (3, 6, 8, 10, 12, 20, . " E2-Ax Charge amplifier
30, 50 bar). Sensitivity and linearity are determined according to DIN16086 ATEX Signal Conditioner and E2-G1 EX Barrier

All dimensions are in mm. 21
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G-SERIES

/1 SPECIFICATIONS

G2-AX

/1 SENSOR AND MOUNT DIMENSIONS

Operating Principle

Piezoelectric charge output, shear mode

Sensing element

GaPO, (gallium phosphate)

Dynamic measuring range 0..%500g
Shock resistance +1000 g

Sensitivity (nominal) ~3.4pC/g
Linearity <1 %FSO

13.5

Operating temperature

continuous: -54 °C ... +650 °C (-65 °F ... + 1200 °F) | short term (100 h): 750 °C (1380 °F)

(%)
-
o
o
n
A
w
(-3
=]
-
<
(-3
w
o
=
w
-
=
o
=

IEE

Internal insulation resistance >109 Q (25 °C, 77 °F), > 106 Q (600 °C, 1112 °F) 10-32 LN
31.35
Transverse sensitivity <5%
Thermal sensitivity <-7%
Natural frequency >22 kHz
Cable 3.2 mm hardline cable with braid
Connector 2-pin (7/16"-27UNS-2A) or Lemo
Weight (w/o hardline cable) 2-pin (7/16"-27UNS-2A) or Lemo
SQUARE
23
/" FREQUENCY AND THERMAL BEHAVIOUR [;]
L — ]
: w O |-
25 a 18
g 2 o
s 10-32 UNE
g s
s S 5
E " &« %EILE
5 s
0
5
10 Hz 100 Hz 1000 Hz 10 000 Hz
E /1 CONFIGURATION AND CONNECTOR DIMENSIONS

5 HEX 7/16™
Double Overbraided

. Ml Hardline Cable

7/16"-2TUNS-2A

3.k

- /N
High Temperature (7/16"-27UNS-2A)

\\;
N e

VE==/

NS

Sensitivity deviation [%]

0°C 100°C 200°C 300°C 400°C 500°C 600°C 700°C

35.573

Ml Hardline Cable E E

/1 SCOPE OF SUPPLY /1 ATEX CERTIFICATION

Sensor v Europe LCIE 21 ATEX 3011 X
2-Pin Lemo PCA.0S.302
Calibration sheet v International IECEx LCIE 21.0014X
ATEX certificate v cCSAus pending
All dimensions in mm, different versions shown 27




7/ PHASE AND FREQUENCY RESPONSE
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| E2-AX

Differential

Charge Amplifier

EHERYT — XA FEEDINL — LB A 7Y 3>
BENRIBREBET COERA%Z R
Bh-ESmE
ANBEBLCT 1 L2 —BEHNTEE

2BAERILE

A N N NS

Piezocryst E2-AxF v —LT7 VL) —X(& -~ ERH
KUEXNDU 7=y bE2-GLE HIZEXY — V1 TEIE
THLDICRHREFFESNTVET - ZEBASDEH - £E
ZFCPENEYH—0GY ) —XMEEL VY — L4
HEDLBEAETF T —VIZCRETYT - E2-AxlE - Bh
=885t [NWAAEE ~ 0.5 Hz 540 kHzE TORE
OEELBRHSEHICLY  EEXROFLALETAATO
TRV ITRMEFEETOENATEFTY -

COT U TICIR2BEOINENBREIATVEST - OV
R NRTERZ —XE 2 —0iELIZHEL T
RETHDICELTWVET - 1231204 TF> 3 (&
BHOF Y RILOT7 Y TEHRBOT — XIZEY 1
2BEICRBELEMRTYT (EXREERD T —RIET Y
TV L LTRHEShET ) - BHOTFEFOHAR
R—EVE - COREFENHEBYLFERETY -

/1 CHARGE AMPLIFIER DIMENSIONS AND MOUNTING

E2-A1in housing for DIN rail mounting (Ordering option 1)

E2-A2 in industrial housing (Ordering option 2)

& C€

J

E2-A2 Diffarential Chargs Amghfiar

177

ns

© riezocayst

Ezde """'“'“.‘.':.";'J:""""

— MARKINGS

[ER

All dimensions in mm, clean housings only with damp cloth

For M4 fastening belis, 16 mm min.

E2-AX

/1 SPECIFICATIONS

Amplifier

E2-A1

E2-A2

Operating principle

Differential charge amplifier

Input Range 50-20000 pC
Linearity < 0.2 %FSO
Filters

High pass filter

4th order, 24 dB/octave

High pass filter settings

05/1/2/5/10Hz

Low pass filter

3rd order, 18 dB/octave

Low pass filter settings

0.2/0.5/1/2/5/10/20/40kHz

Output
Output signal range 4-20mA
Zero Level 12 mA
Power supply 18...30VDC
Supply current @ 24 VDC 25 mA max
Environmental
Operational temperature -20°C ... 80°C
Storage temperature -30°C ... 80°C

Shock resistance

30 g peak (half sine)

Vibration resistance

4 g from 10 to 500 Hz

Housing
) . . Industrial aluminium box with cable glands,
Type DIN rail mounting, 22.5mm wide ) .
no grounding required
Protection IP 20 (in E2-Hx IP 66) IP 66
Connector Pluggable 4 pole screw terminals 3 pole screw terminals
Cable glands in E2-Hx housings, ATEX conforming ATEX conforming
Weight 170 g 280¢g

/' SCOPE OF SUPPLY

Charge amplifier

E2-A1 or E2-A2; zero, amplification and filter settings configured

Documentation

v

/1" ACCESSORIES

Low noise

SLC-xxxx low noise cable

input cables

SLB-xxxx low noise cable with overbraid
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|E2-61

EX Barrier with
Galvanic Separ

E2-AXTA4 VDF v —> 7 THEREBEH
ERATTOMA-VEHR

AKVRMSD ANNZy /L= 32 AN
TOLANLSLUEBEEERIE L—TERB LT
BERFBADOXT—4% XLED

v ARNEEEFMT 2=-002mm7 55

A N NN

EEEXEF E2-G1 EX NUT - ALNRZpEI=Zy b
L E2-AX EBNF v —CT7 U TEEZ CP &G
V) —REBBORETA VL ERRSBDEHIZE
SN TWET - 2DDLEDIE - F¥ =S 72 T7~AD
EFLOWERHALISER/IL—TOFEEEZMNLE - EF#E
BOBEMERLTUVET -

/" EXBARRIER DIMENSIONS

MARKINGS:
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i
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|
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r
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ation

/1 SPECIFICATIONS

& C€

Input range 0-20 mA
Overload protection 26 mA
Output signal range 2-20VDC

Zero level configurable 0-20V
Linearity <0.2%
Bandwith DC to 40 kHz
Connector 4 pole screw terminals
on connector
Temperature range -20°C ... 70°C
Weight 130g
Power supply 18...30VDC

Current consumption

<80 mA no load
<120 mA @ 20 mA load

Installation environment

Pollution degree 2

/1 SCOPE OF SUPPLY & ACCESSORIES

Scope of Supply

EX barrier

E2-G1 in DIN Rail housing, zero level adjusted

Documentation

v

Accessories

Power Supply

E2-P1 Power supply for 24 VDC or 230 VAC input

| CP-SERIES:

ACCESSORIES

Mounting Adapters

T -OBULGRYNTIE - E50mEICL
STERRBREAVYFET - BHBEICNIS
EFRAMRTOHNE 2o —Z2EBEEET DT
EATEFETHN  ThPBINDIZEIE ~ M18x1.5
TATAEFERTLIENTEET - ZENLR
TRATA—ERTH2IENTERVNET -
HTRHIZBEZICWLELTHREA YA REN[NE
mEiRftLES -

U1-X1

U1-X2

U1-X3

Type 1 CP5x2, CP5x5

Type 1 CP5x2, CP5x5,

Type 1 CP5x2, CP5x5

Compatibility and CP5x6 with Lemo and CP5x6 and CP5x6 with Lemo
Mounting Torque
Sensor bolt 28 Nm 28 Nm 28 Nm
Mounting bolt - 75 Nm 75 Nm

750°C/ 1380°F

Temperature limit

750°C/ 1380°F

750°C / 1380°F

Mount preperation

drawings for the machining of the mount are available on request

ui-X1 Uu1-X2

insfall with
sealing ring YG1293
(included with sensor)

install with
sealing ring YG1293¢
cluded with sensor)

2.140.05

A \‘\—‘“T\ﬁ
R “/;/}‘;;é‘ LANNNNN

J3.540.1 HEX 20

sensor

adapter sealing ring

41.3

16.5+0.1
HEX |

—HEX 1

M12x1

3107
2340.1

M18x1.5

B21-2.005

B159.0.2

i

=)
m e )

Piezocryst reserves the right to change specifications and accessories without notice.

U1-X3

install
sealing ring YG1293

with

(included with sensor)

39.3

13.540.1 HEX 20

2.140.05

23401

B21.2.005

M18x1.5

adapfer sealing ring

HEX 1L

ihia
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SLC / SLB SLC / SLB

LOW n 0 i S e Ca b | e S SLC-XXL2 (LEMO CONNECTOR)

CONNECTION DIAGRAM

HIGH TEMPERATURE > 500°C

v FPBR200°C
@_ blue @
v BESE /) (A XEEHR * e
- green
— ape LEME COMREE 108
v TMAKICEBhRESNLIRT 2 —
45403 ot {143 CE TR
4 %En'ﬁ n‘H ?‘&%Ejﬁb P05, 22LLAFAZ
~POTTED
v LemoF = IEFHT-ax 7 b —CARE SLCmat2
ha IMFS Pigrocryst GmoH:
3 I
e ikl T =] IIE
T
L Lt 4 L] 2
Layout 2-wire low noise cable LiMGIH
Connector Lemo: FFA.0S.302.CLAF, HT: 7/16“-27UNS-2B 2-pin :
Length xx in meters eg. SLC-05L2 for 5m o
Test Voltage 2 kV AC (core/core), 1.5 kV AC (core/braid) g
. o
Operating Voltage Urms 600V AC SLC-XXH2 [|-|'|' CONNECTOR] -
Capacity (£10%) 200 pF/m v
Bending radius 7.5 x D (fixed instalation), 15 x D (free movement) CONKECTION DIAGRAM :
Operating temperature -190°C ... +200°C (-310°F ... +392°F) . _ _ =
K - — S - 4]
Internal insulation resistance >102Q (25°C/ 77°F) ] — _ white © (]
~ A —— kR ] w
Braid (for SLB) stainless steel o
T YING LEADS a
iF
(&)
~MER Piezocryst GmoH) —SHIELDED PTFE CABLE —FLTING LEADS =
J 1BNR SLC.xxHZ I { LOW KOISE / <
/10 ampyy =
m “.' >
,"‘ =
e I O e O | | | B | e ———

Length + 1% gr 100mm, wh

SLB-XXH2 (HT CONNECTOR)

oc

<<
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CONNECTION DIAGRAM P
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| DIFFERENTIAL MEASUREMENT CHAIN | DIFFERENTIAL MEASUREMENT CHAIN

Configuration Sheet

Configuration Sheet
Sensor and Cable

Signal Conditioning

Download Download

(%]
°
o
o
n
A
w
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<
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w
o
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w
datasheet datasheet =
I
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J4| SLC Low Noise Cables

| High pass filter |—| Low pass filter I H
[ ] cps02

-
[ ] cpsos
[ ] cpsoe

8

[ ] DIN-Rail (E2-A1)

[ ] Industrial (E2-A2)
[ ]5Hz E2-Ax

| Housing I

— T
TYPE1
CP5x2, CP5x5, CP5x6

I:l 1m | Sensitivity I @ of5

=

36

'
TYPE 2
CP5x5, CP5x6

—:lt
TYPE 3
CP5x5

m:m
TYPE 4
CP5x5

Type 2,3,4 on request

[]3m [ ] 2.5 v/bar T

|:| braid (on request)

*Hard line cable directly welded to sensor

I Softline cable length:

[ ] 5vrbar
[ ] wvibar

[ ]10mvig g
|:| ____mV/g

(€

| 3rd Party Cables I—

| Power supply Input |

| Galvanic Isolator

]

E2-G1

[ ] DCinput
|:| Tm
[ ] ACinput
|:| 3m
Not required =~
| Charge amplifier: |7 SIGNAL I:l 5m* I:l
CONDITIONER s ™ s
*
|:| Differential* (see configuration sheet) I:l 10m
f _ __m
[ single-Ended L E2-Px 3rd PARTY
*suitable for ATEX i I:l braid (on request) POWER SUPPLY DAQ
*available for single-ended
amplifier with BNC connector

37
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/1 PRESSURE SENSORS FOR PRODUCTION LINES

OR TEST AND MEASUREMENT FOR MONITORING PULSATION

LEVELS AND HIGHLY DYNAMIC PRESSURE CYCLES.

FEXEN > —I1F - REL
NILPFHWEIHNGRENDY A L
EFERTEEHIC  EETREY
A& -AECERBIATLE
o —MHICIE s oA X~ B
HRBREREDEHFICELY M
OEMTIEATRER ST IZHEA
SNFET - FrETFT—avp
KENRILZAD LS BRYPEBEHIR
& EBRCHBESIAZEEZOE
BT 28512 5L
BERRELBLEEZS O
VH—MBEINET -

oS- T-P-v1)—=XIZ
T IFEIFRERES -V Y
g7 arvndy - HEEo
B - YMENEEOREELZ &
INBRIZHDZ AN D ~ BB HE
ZOgElcLET - T-V U —XD
=/NOM3 5t —mi5S-2 1)
—XM1,000barodE=T=F 2
T —F£T - HHEEEHE
EaRROEDIZHEBEO Y Y
—ZEHELTOET -
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Measurin
ranges up to

5070 ps[

A P-SERIES

DYNAMIC
PRESSURE

Smallest sj,q

2 3.5 mm

M3.5x0 35

Measuring
ranges up to

1000 bar

n 14500 psj
|

&l

1 :-:

| =5

AT,

ek

L o

o Ll

oz

7 7

s (Vo)

< N

N

00 BAR
YNAMIC PRESSURE < 10
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| S-SERIES ;

i

DYNAMIC
c

—

Plezoelectric
Pressure Sensor

v KREZORILVARISHIC

AN ACEES [EN RN iR 7k A
EEZLCHBWT  LELFERAINATVWET - RIA
\ N=l = i=Wane =5 - H
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S-SERIES: S1-B1 S1-B2 S1-B3 S1-D1 S1-K1 S1-K2 S2-A1 S2-K3 S-SERIES: TYPEL1 TYPEZ2 TYPE3

/1 SPECIFICATIONS /1 SENSOR AND MOUNT DIMENSIONS

Name ** S1-Bx S1-D1 S1-Kx S2-Ax Name S1-B1 S1-K1 S1-D1 S2-A1
Operating principle Piezoelectric, charge output Dimensions Type 1
Sensing element GaPO, (gallium phosphate) A 13 mm 9.5 mm
Dynamic measuring range B 18.2 mm 14.9 mm
0...300 bar (0 ... 4350 psi) . C 23.6 mm 20.3 mm
0...500 bar (0 ... 7250 psi) . D 3 mm 3.5mm
0...600 bar (0 ... 8700 psi) . E 7..12mm 7..10 mm
0...1000 bar (0 ... 14500 psi) .

Overload pressure

350 bar (5075 psi) .

600 bar (8700 psi) .

700 bar (10150 psi) .

1000 bar / 14500 psi . TYPE 1

TYPE 2 TYPE 3

Sensitivity (nominal)

1.5 pC/bar (0.10 pC/psi) .
6.5 pC/bar (0.45 pC/psi) .
19 pC/bar (1.31 pC/psi) . .
Linearity
<+0.3% FSO .

<+0.5% FSO . . .

Operating temperature

oc
<
m
o
(=]
(=]
-

v
w
o
=}
n
n
w
o
o
(]
=
<
=
>
(=]

-55°C... +120°C (-67°F ... +250°F) .
HEX3.5 _
-55°C ... +350°C (-67°F ... +660°F) . HEXA E X4 E
-55°C ... +400°C (-67°F ... +750°F) . . #3035 E
h | h . Mx0.35 Mbx0.35
Thermal sensitivity change 2% 6 %
y g b HEX4 HEX5.5 HEXS.5
Internal insulation resistance 1 | E ju 601
SENSOR ™ ——

Acceleration sensitivity (typ.) ™~ - SENSOR o SENSOR—— <

axial < 0.5 mbar/g (0.007 psi/g) . ‘ . ‘ . ‘ . —— t | | | L
Shock resistance >2000 g ‘ 1 I ')

- : M5x0.5
| | Pi.b BL.b

Natural Frequency 170 kHz ‘ 200 kHz ‘ 170 kHz ‘ 400 kHz M5x0.5 M5%0.5
Capacitance (nominal) 7.5 pF pole/ground
Mounting torque Type 1 and Type 2: 1.5 Nm | Type 3: 2 Nm e ?
Sensor and mount** 5.7 mmV 75 min 7.5min

Type 1 . . . . V Bl %[ame

Type 2 . .

Type 3 . . SENSOR SENSOR d | —SENSOR

4{
. IE SGO1
*20°C ... max temperature, full pressure range jL 1.6
**e.g. S1-Al is S1-Ax Sensor Type 1 M5x0.5§/ T N 6.4min
If desired configuration is not available please contact us! " MSxO.S\/ o
“ E // < EN \ g
- = V 1.6
H LL/ ~4“/ E 4.5
> & )
&'& 3 < 3 S-”Q 3 ) 45%0.5 =
< BL.5°005 Al < Bi.5005

All dimensions are in mm.
Piezocryst reserves the right to change specifications and accessories without notice. *1.5 mm for steel, 4 mm for castiron and aluminium alloys 45
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S-SERIES:

S1-B1 S1-B2 S1-B3 S1-D1 S1-K1 S1-K2 S2-A1 S2-K3

/1 SCOPE OF SUPPLY

Sensor v
Cable 1m Teflon™ cable (M4x0.35 to M4x0.35 or M3x0.35 to M3x0.35)
Coupling M4x0.35 to BNC coupling or M3x0.35 to BNC coupling

Accessory kit

Protection cap and 2 spare O-rings

Calibration sheet v
Documentation v
1...10m TeflonTM coated cable M3x0.35 to M3x0.35
M3x0.35 to UNF
Cable / Extension cables 1 ...3m Metal shielded - VitonTM coated cable
M4x0.35 to M4x0.35
1...3m VitonTM oil proof cable M4x0.35 to UNF

Couplings

M3x0.35 neg. to BNC pos.
M4x0.35 neg. to BNC pos.
M4x0.35 neg. to M4x0.35 neg.
M4x0.35 neg. to M4x0.35 pos.

Machining tool for mount

Step drill, tap drill, reaming tools

Mounting tool

Mounting socket
Mounting tool set Torque wrench
Dismounting tool

Cable mounting tool HEX3.5 or HEX4

Flame arrestors

Dummy plugs

Dummy removal tool

Mounting paste

AR NI NN

| T-SERIES:

T1-A1 Ti-K1

Plezoelectric

INBUEGE

% A500bar ( 7,250psi ) O EHEH
EA400°C(750°F) £ TOEREDZE M
HMmEME USRI 2LELZIBE

il

AR NN
A

MFOSELGHELE - NEEIh=ZREICH
T BHFEBEHESTANL - o —I12E>TED
RELRFBEDID>TYT - ZLDEYyF—(F -
ZTORETIDZICHMNEHESNERDOES
EBRHS>TUVETY < BE BN - WX ~L
AGEEDENLGEER REFAKESE LD
ERNAMELE - KEShES>ELHY &
¥ o T-Seriesld T D & S B EMBFHET THHE
I TONBEIOINE L ERET EORSEIC KR
ShTONET -

T-Seriesld ~ B OEBERFRIiTZEEL =8
HOE Y —T - ChETTRL/NED/
i =12 BN TUNET - S-SeriesD B2
M HINIEMMOREFR « GaPO4KEER
FOBNEESREICELY ~ T-Seriest >+
—E INETT IV ERTERN>ZOVR
— %Y FOMREQBEICLEFT - ZOEVY
— & -BRLEBECARICMA ~ BHENDE
EHOBWEELLHENDEERLET -

-55°C up to 400°C

continious operation

Miniature Pressure Sensor
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T-SERIES:

T1-A1 Ti-K1

/1 SPECIFICATIONS

T1-A1 T1-K1

Operating principle

Piezoelectric based on GaPO, (gallium phosphate) sensing elements, charge output

Dynamic measuring range

0...300 bar (0 ... 4350 psi) 0...500 bar (0 ... 7250 psi)

Overload pressure

350 bar (5075 psi) 550 bar (8000 psi)

Sensitivity (nominal)

5.3 pC/bar (0.37 pC/psi)

Linearity

<+0.5% FSO

Operating temperature (continuous)

-55°C ... +400°C (-67°F ... +750°F) -55°C ... +120°C (-67°F ... +250°F)

Internal insulation resistance

>10"Q (25°C/ 77°F), > 10°Q (400°C / 750°F)

Shock resistance

>2000 g

Natural Frequency

170 kHz

Capacitance (nominal)

3.5 pF pole/ground

Mounting torque 0.5Nm

Scope of Supply

Sensor v

Cable 1m Teflon™ cable M2x0.25 to M2x0.25 incl. BNC coupling

Accessory kit

Protection cap and 2 spare o-rings

Test record, Documentation

v

Accessories

Cables

1...5m Teflon™ coated cable with M2x0.25 connector

Machining tool

Step drill, tap drill

Mounting tools

Socket to mount sensor with attached cable in bore, torque wrench, cable mounting tool

Piezocryst reserves the right to change specifications and accessories without notice.

/1 SENSOR & MOUNT DIMENSIONS

Bu500
SENSOR
HEX 3
h M2x0.25
3.5
%
| A |
| B o SENSIR N
@S M3.5¢0.35
16
>
4 g 205 ’
4 g e 3
B% P3.15:88 M3.5x0.35

All dimensions in mm, different versions shown

| P-SERIES: P1-At

P2-A1 P2-B1 P3-A1 P3-A2

Plezoelectric
Pressure Sensor

BHAES

NERLEERT

SLLREZEM (400°C/ 750°F)
HEEME CHGL -LZERE

C L < X

MEREFKICSTIAEDT - —BUERREFAE
CERYZFET - RBE - RYNMTIRE - MR b
L X~ BURERA EDIREARGFEZRICEHFTME
FHA-SIHICBE SAREBIELNATS
YU -HEMELFHLOESD - EEBOEDT—424
BN H>THEIL I HYEFBA - =
DEOBREMLRRTOET - tMOYIBEICHE
NENEBEEOSWNVESERT 22 F—HKe
SRNTVWET - S5I12 Yy M7y FICEHEIZA
HIAGZENTEDESIC e Y—1EH
WIHETT -

P2 U—XI& 350 bar FTOEES K VEH LT
DEZAVVITRICEE SN THEY - BBEETH
St IBEABNFMNAMICHLBEL TVET -
SOtV -—DOBFHFREEALTYVYITIL A
> bE -~ Crystal Match™&flFIc &Y ~ 2REE
b TEBLEESREZREL TLE
3 - Double Shell™F+H4 >i& « BRYFIF O S
DHEEBLEEBZRFEZHMNR ML ZDBEEN S
VBT  SUOHEMOEEERIRLET -

-50°C up to 400 °C

continious operation
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P-SERIES:

P1-A1 P2-A1

P2-B1

P3-A1 P3-A2

/1 SPECIFICATIONS

P1-A1

P2-A1

P2-B1

P3-A1

P3-A2

Operating principle

Piezoelectric, charge output

Sensing element

GaPO, (gallium phosphate)

Dynamic measuring range

0...250 bar (0 ... 3625 psi)

0 ...300 bar (0 ... 4351 psi)

Overload pressure

300 bar (4350 psi)

350 bar (5076 psi)

Sensitivity (nominal)

20 pC/bar (1.38 pC/psi)

35 pC/bar, (2.4 pC/psi)

45 pC/bar (3.1 pC/psi)

Linearity

<+ 0.3% FSO (0...250 bar, 0...3625 psi)

<+ 0.5% FSO (0...300 bar, 0...4351 psi)

Operating temperature (continuous)

-40°C ... +350°C, (-40°F ... +662°F)

-40°C ... +400°C, (-40°F ... +752°F)

Sensitivity coefficient

+1.5%10% °C!

Internal insulation resistance

>10"Q(25°C/ 77°F)

Acceleration sensitivity (typ.)

axial < 0.2 mbar/g (0.003 psi/g),

axial < 1 mbar/g (0.015 psi/g)

axial < 1.3mbar/g (0.019 psi/g)

axial < 2 mbar/g (0.03 psi/g),
radial < 0.2 mbar/g (0.003 psi/g)

Shock resistance

>2000 g

Natural Frequency

85 kHz

90 kHz

92 kHz

100 kHz

Capacitance (nominal)

7 pF pole/ground

8 pF pole/ground

12 pF pole/ground

Mounting torque

3Nm

6 Nm

20..25Nm

Housing material

Stainless steel, hermetically welded

Dimensions

P1-A1

P2-A1

P2-B1

P3-A1

P3-A2

Type 1

Type 2

T = M4x0.35

T =M3x0.35

Type 3

Type 4

Connector

M4x0.35

M4x0.35

M3x0.35

M4x0.35

M4x0.35

Piezocryst reserves the right to change specifications and accessories without notice.

P-SERIES:

P1-A1 P2-A1 P2-B1 P3-A1 P3-A2

/1 SENSOR AND MOUNT DIMENSIONS

TYPE 1 TYPE 2
7 N\
L g
141
10 _min
——
T SENSOR
SENSOR M HEXT =
MLx0.35 {
SENSOR {
HEXT >
8.45 1.6 9.5
el = 621
/l SG21 b=
603 S 8.5 min & E
fal E g 2.8 16 10 min
<
SENSOR o € Y o
- S =
Il o
T
6.2 7 g < T
g
M7x0.75 M7x0.75 | MBX0.75 4 5 8075
TYPE 3 TYPE 4
7 N\ N
l. 14 min _I._ _II_
16.5 min
Clet I et I
SENSOR
| —SENSOR -
MEx0.35
SG0S
I HEX12 o~
‘ “ﬁ \‘w <520
5620 5
o 5605 =
D12 4.0 fn E (/ g
S| § 16.2 16
e o i
o o
{ 9 ; - \// %
‘ T i Ix 2
8.7 o 3. 2 el @6
1041 M0t [1To.01]a Milx1.25 A M1hx1.25 [To.01]

7/ SCOPE OF SUPPLY

Sensor v

Cable 1m Teflon™ cable
Coupling M4x0.35 to BNC coupling
Gaskets v

Accessory kit

Protection cap and 2 spare o-rings

Calibration sheet

v

Documentation

v
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/" HIGH-PRESSURE TRANSDUCERS

FOR ACCURATE AND RELIABLE

MEASUREMENT UNDER CONDITIONS OF

EXTREME PRESSURE
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HIGHLY RESISTANT MEMBRANE

To withstand the tremendous
impact of shockwaves the H-Series
uses a reinforced membrane

s
sl

re— S|

-

| |

—

A material like no other S—
piezoelectric. It's lack of -
pyroelectricity (response to —
temerpature) makes is ideal for —
transient conditions. - The reliable M8 mounting
— thread with mechanically
decoupled DoubleShell
housing minimizes errors
caused by mounting
induced stress.

R

—| OPTIMZIED HOUSING

east] e

The piezoelectric sensing ranges up to
principle allows for the use

of the stiffest materials to
resolve highly dynamics O O ba r

events e.g. shockwaves

A H-SERIES

/THIGH
PRESSURE

HIGH PRESSURE > 1000 BAR
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H-SERIES:

H-2 H-6 H-8

/1 SPECIFICATIONS

H-2

H-6

H-8

Operating principle

Piezoelectric based on GaPO, (gallium phosphate) sensing elements, charge output

Dynamic measuring range

0 ... 2000 bar (0 ... 29000 psi)

0 ... 6000 bar (0 ... 87000 psi)

0...8000 bar (0 ... 116000 psi)

Overload pressure

2200 bar (31900 psi)

6600 bar (95700 psi)

8800 bar (127600 psi)

Sensitivity (nominal)

5.2 pC/bar (0.36 pC/psi)

3 pC/bar (0.21 pC/psi)

2.3 pC/bar (0.16 pC/psi)

Linearity

<1 % FSO

Operating temperature (continuous)

-55°C... 200°C (-67°F ... 392°F)

Thermal sensitivity shift

+0.02 %/°C

Internal insulation resistance

> 10 Q (20°C/ 68°F)

Acceleration sensitivity (typ.)

axial < 2 mbar/g (0.03 psi/g), radial < 5 mbar/g (0.07 psi/g)

Rise time

<1ps

Shock resistance (axial / radial)

25000 g / 10000 g

Natural Frequency

> 240 kHz

Capacitance (nominal)

8 pF pole/ground

Mounting torque

20 Nm

Housing material

Stainless steel, hermetically welded

Weight ~12g
2 SCOPE OF SUPPLY
Sensor and 5 pcs sealing rings v

Cable

1 m Teflon™ coated with 10-32 UNF connector incl. BNC coupling

Test record, Documentation

v

/1 ACCESSOIRES

Cable

0.5... 10 m Teflon™ coated with M4x0.35 or 10-32 UNF connector

Sealing rings

Sets & 5 pcs

Mounting tool

Socket to mount sensor with attached cable in bore, torque wrench

Other

Membrane protection, silicone grease

H-SERIES:

H-2 H-6 H-8

/1 SENSOR AND MOUNT DIMENSIONS

N

-32 UNF

,_i::L /swg

32.6

M10x1

16.6

L7

8.5

12.5min

17

14

NN

2.5

Mmax

—

. ‘ M10x1
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ACCESSORIES

:

N

| ACCESSORIES

S-T-P-H-SERIES

Piezo Input Cables

EBANY —Ti& - EBRE VY —EF v — VTV TEBET S BHTO— ) A KEFMYT — T
s S e P
BEEE ) XEEHLET -

ooooooooo
e materi Teflon coated Metal shielded - Teflon coated
aaaaaa perature 200°C 200°C 200°C
Cable diameter mm
Mounting torque 5N
,2m,
es (T 03 b3
ssssss A1(, : ) ( P)3-A ( P)3-A
=_=——_ L === T = S — R RS s —
Ci31

ooooooooo
Cable material | ~ Tefloncoated |  Teflon coated
000000000000000000000000000000
Cable diameter mm mm

ing torq Nm Nm
LLLLLL m 2m, 2m,
SSSSSS esp('zl'y ) (Type 1), (Type 1),

o P ——— G —— e A — e

Type Ci33
ooooooooo
Cable material il Teflon coated Metal shielded - Viton coated

emperature |  200°C |  200°Cc [  200°C
Cable diameter mm 2
Mounting torque Nm 0.5
LLLLLL 2m, m ,3m
SSSSSS (Type 1) s (Ty ) (Type 1), P

Couplings

Fyv—UT7UTICEGT SBNCIR Y A F 7 —TIILERICERT 231V 2|TY -

EEEEE

ooooooooo

MMMMMM

MMMMMM

MMMMMM
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|ACCESSORIES S-T-P-H-SERIES

Machining and Mounting Tools

B2 Y —0BNTNIAIC - FRICRET S ZENERILLEZ Yy T RYLERAELTVET - 5
7Y b=y — (SYU—XBELVTVY—X) TlE oY= — FNOBRAERMNIO
MNEMIE  RRENEFCEYLEEAMEBN-UREERIET 6-HTT - T —TILEDL Y —%
HETDIOITELEY Y MEE -RYMHTOOE>H—0OEZEEFISICL - BUILEY 13 BIERE
BRI HHTY -

D2
03
04

A/ STEP DRILLS 3
Type Sensor D1 D2 D3 D4 L1 L2 L3 L4 LS
MD10 = 6.3 - 8.5 = 20 = 215 270 =
MD11 S-Series Type 2 3 4.5 7.5 - 10 19 134 190 -
MD12 S-Series (B1,K1) 3 4.5 5.7 = 10 19 134 190 =
MD27 T-Series 2 3.13 4.5 - 10 16 134 190 -
MD22 P1-A1 6.2 - 10 = 20 = 215 270 =
L2
L1
SR
7 TAP DRILLS 5
Type Sensor D1 D2 L1 L2
MT11 S-Series Type 2 and 3 M5x0.5 6 14 200 /
MD12 S-Series Type 1 M5x0.5 7.5 15 200
MT32 T-Series M3x0.35 4.5 15 200 /
MT21 P1-A1 M7x0.75 8 19 250
MT31 P1-A1 M10x1 10 20 250

s R | ‘
/1 MOUNTING SOCKETS . L -

Type Sensor D1 D2 D3 L

TTO1 S-Series Type 2, 3 HEX5.5 73 HEX8 220
TT21 S-Series Type 1 HEX4 5.6 HEX8 220
TT66 T-Series HEX3 4.5 HEX8 220
TA13 H-Series HEX8 1.5 HEX12 200
TT11 P1-A1, P2-A1, P2-B1 HEX7 9.5 HEX8 250
TT07 P3-A2 HEX12 15.8 HEX16 250
TA16 P3-A1 HEX10 13.8 HEX14 139

ACCESSORIES S-T-P-H-SERIES

A GASKETS O (=, CL\_)

Shoulder sealing sensors use gaskets as sealing between the sensor and mounting bore.
The use of optimised gasket materials reduces additional stress due to thermal expansion
and guarantees the best sensor performance over the entire lifetime.

Type Sensor Quantity
SG25 H-2, H-6 5 pcs
SG26 H-8 5 pcs
SGO03 P1-A1 5 pcs
SG21 P2-A1, P2-B1 1 pc
SGO05 P3-A2 5 pcs
SG20 P3-A1 5 pcs
SGO1 S-Serie Type 3 1 pc

/1 DUMMY PLUGS

/1 MOUNTING ADAPTER

If the sensor is unmounted the port can be
closed with a dummy plug. For deep bores a
dummy removal tool is available.

Mounting adaptors are used to install a smaller
sensor into existing or large mounting bores.
More adapters are available on request.

For Sensor Removal Tool
) Recommended
DGO1 S-Series Type 2 TDO1 Sensor Mounting Bore Torque
DGO04 P1-A1 TDO1 X
Magr | S oenesTvpel P2-x1 6 Nm
DG09 P2-x1 TDO1 and 2
N S-Series Type 1
DG11 P3-A1 TDO1 MA02 . ZYP P3-A1l 10 Nm
an
DG12 P3-A2 TDO1 -
S-Series Type 1
DG24 S-Series Type 1 D13 202 2 PR 2D i
DG41 T1-x1 TD41 MA04 P2-x1 P3-A2 20 Nm
Az
- O 4y
L e,

/1 CABLE MOUNTING TOOLS /' TORQUE WRENCH

Tco M4x0.35 with HEX4 102 1/4” socket incl. 1/4” SQR drive TT36 (DIN3120),
TCO2 M3x0.35 with HEX3.5 Torque range: 0.5 ... 4.5 Nm
TC21 M2x0.25 without HEX
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| S-T-P-H-SERIES

| S-T-P-H-SERIES

Accessories Overview

CC42

CC21, CC31, CC41

Cl21

= T —m———

Dummy Plug Machining Tools

Mounting Adaptor

Cl41

s

Ci31

Ci32

-

4

'
2 B ]

Cl4v

CI3v

Gaskets

Mounting Tools

Standard Tools
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Sensor

T1-x1

Sx-x1

SX-x2

S1-B3

S2-K3

P1-A1

P2-A1

P2-B1

P3-A1l

P3-A2

H2, H6

H8
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*for aluminium, cast iron or standard steel
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/1 CRYSTAL TECHNOLOGY
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/1 COATING TECHNOLOGY
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ATECHNOLOGY
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/1 CALIBRATION
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A6 L O S S ARY

GENERAL

PIEZOELECTRICITY

Apropertyof crystals or solids toaccumu-
late charges in response to applied me-
chanical stress. In crystals that is a prop-
erty of the unit cell, depending on the
composition of the crystal.

PIEZOELECTRIC EFFECT OF QUARTZ:

transversal effect

bt

Fx

PYROELECTRICITY

Depending on the crystal lattice, piezo-
electric materials may also generate
charges due to thermal gradients.
GaPO, is not pyroeletric, as opposed
to piezoelectric ceramics and e.g. Tour-
maline.

INSULATION RESISTANCE

A high insulation resistance is crucial
for measuring in quasistatic mode for
longer periods. For differential ouput
the resistance between the signal leads
and between the respective lead and
the shield (housing) is measured. The
insulation resistance decreases with
temperature, but GaPO, has also ex-
cellent qualities in this regard enabling
very low frequent measurements at
high temperatures. A common cause
for an insulation resistance issue is
contamination of the connector, in this
case the connector has to be cleaned
by a special treatment.

IN CYLINDER MEASUREMENT

Measuring the pressure inside inter-
nal combustion engines exposes the
sensor to extreme pressure and ther-
mal gradients, mechanical stress and
vibration. Still, R&D applications have
different requirements than onboard
large engines or high performance rac-
ing engines, resulting in a wide variety
of sensors.

SINGLE ENDED AND
DIFFERENTIAL OUTPUT

A common design of piezoelectric
sensors is the single ended output.
The signal is read between the sen-
sor's housing and an inner isolated
electrode, typically connected by a
coaxial cable. A differential output has
both outputs isolated from the sensor
housing, hence often also referred as
ground or case isolated.

TEMPERATURE ERROR

As the mechanical properties of the
sensor materials change with temper-
ature there are also deviations in the
sensitivity. It can be described for rath-
er linear behavior as a coefficient or as
a diagram.

TEMPERATURE GRADIENT ERROR

A temperature change causes an in-
crease of the output signal. This effect
is especially high if the piezoelectric
material is also Pyroelectric

Temperature

Output

Temperature gradient

Depending how the crystal is cut the
charges appear on the surface, where
the force is applied (longitudinal) or on
a perpendicular surface (transversal).
Accelerometers often use shear mode,
where charges are generated by a
shear force on the crystal
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NATURAL FREQUENCY, RESONANCE
FREQUENCY OR EIGENFREQUENCY

Determined by the shape and material
constants, respectively the stiffness, of
the crystal elements (comparable to a
spring) and the mass of the membrane
or the seismic mass in accelerometers.
It behaves like a mass-spring system
with a very defined resonance frequen-
cy. Measurements can be made below
or above the natural frequency.

POP CORN OR PULSE NOISE

spike-like signals that occur during tem-
perature cycling or gradients due to in-
trinsic properties of some sensing ma-
terials (ceramics) or improper material
and surface pairings (stick-slip effect).

PRESSURE SENSOR

PIEZOELECTRIC
PRESSURE SENSORS

Piezoelectric pressure sensors trans-
form pressure to charge in a direct
physical way by converting pressure to
force on the sensing elements through
a membrane.

+

As piezoelectricity is the intrinsic prop-
erty of the crystal unit cell on the mi-
croscopic scale this sensor principle
can read smallest pressure deviations.
At the same time the extremely rigid
crystal is in the direct line of force af-
ter the membrane. The main portion
of the force is absorbed by the crystal
itself and not the delicate membrane,
mitigating fatigue of the membrane
and enabling static loads that exceed
the measuring range in orders of mag-
nitude. This results in extremely high
resolutions. The pressure sensitivity
depends on the size of the membrane
(larger membrane -> higher force on
sensing elements), number of stacked
elements (in longitudinal mode) or
shape of elements (transversal mode),
and of course the piezoelectric con-
stant of the sensing material (high for
ceramics, lower for crystals).

DYNAMIC (UNSTEADY) PRESSURE

Dynamic pressure is defined as a
changing pressure where the rate of
change over time is not zero. Dynam-
ic pressure represents the pressure
fluctuations around a certain pressure
level (static pressure). It is the time var-
iable component of the total pressure.

STATIC (STEADY) PRESSURE

Non-varying pressure. It is therefore
constant over time and is the base
level of the total pressure. NOTE: For
dynamic pressure measurements pres-
sure with a rate of change below 2 Hz is
referred to as static pressure.

LINEARITY [%]

As the sensitivity defines how much signal is generated per pressure unit it is fur-
thermore expected that this sensitivity is the same for all applied pressures. A vari-
ation in this context is defined by the term called linearity. The maximum deviation
(+A, -A) is expressed as a percentage of the maximum pressure of the measuring
range which is called full scale output (FSO). This value should be as close to zero as
possible. Piezocryst uses least square linearity with forced zero.

SENSITIVITY, LINEARITY DEVIATION AND THE HYSTERESIS

FOR A PIEZOELECTRIC SENSOR

Charge Q

Straight line fit with forced
zero Symmetric deviation

to the measured pressure
curve: +A=-A

x
5
E

o

s

Hysteresis

Sensitivity: AQ/Ap

SR Linearity deviation
-A
%FSO= % A/(Qmax *100)

Pressure p
P_max

A.. Distance of the straight lines enclosing the characteristic from the best straight line fit.

Quas. Maximum value of the output signal.

PRESSURE COMPARISON
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total pressure
dynamic pressure
static pressure

TOTAL PRESSURE

The sum of static pressure and dynamic
pressure.

ACCELERATION SENSITIVITY

Vibration and acceleration cause an
inertial force on the sensing elements
due to the mass of the membrane. In
axial direction it can be reduced by an
acceleration compensation, additional
sensing elements loaded with a seis-
mic mass and internally connected, so
it cancels out the acceleration signal
from the pressure side. Sensitivity is
usually given in axial direction if not
stated separately.

350 400 450 500

FREQUENCY RANGE

In general up to half the resonance
frequency but can be limited by other
factors. Lower value is determined by
electronics used and the measurement
setup. Frequencies well above the reso-
nance frequency can also be assessed.
Gracing incidence causes damping at
very high frequencies and small mem-
brane sizes.

MOUNTING RESONANT FREQUENCY

The aerodynamically driven resonant
frequencies due to transducer mount-
ing at the point of measurement, e.g.
recess/standoff pipe with transducer
mounted at pipe termination resulting
in organ pipe resonance. A formula
to determine the frequencies can be
found below. In the formula L is the
length of the recess and c is the speed
of sound of the measured fluid. c var-
ies mainly varies with temperature and
density of the medium. f=c/4L [kHz]
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A6 L O S S ARY

PIEZOELECTRIC MEASUREMENT CHAIN AND SIGNAL

EXAMPLES OF TWO PIEZOELECTRIC MEASUREMENT CHAINS

! ATEX Zone

Control Room, Cabinet\}

L
III‘@.“.H—
Sensor (with Hardline Cable) Connector Low Noise Cable (Differential) Charge Amplifier Output, Power Supply
a2t i [ m

EX Barrier, Galvanic Isolator

DAOQ

Sensor (with Hardline Cable) Connector Low Noise Cable  In-line Charge Amplifier

LOW NOISE CABLE

The construction with a dissipative lay-
er and special materials reduces the
generation of charges by triboelectric-
ity (friction) from mechanical stress,
resulting in lower noise levels. These
cables are used to connect the sensor
to the charge amplifier.

HARDLINE AND
SOFTLINE CABLES

For temperature reasons some sensors
have a metal integral cable, welded di-
rectly to the sensor. In a zone of lower
temperature a softline low noise exten-
sion cable is connected.

Any unwanted signal in the measure-
ment system other than the desired
output. Noise sources include thermal,
acoustic, mechanical and electrical in-
fluences like ground loops.

HIGH PASS FILTER
AND TIME CONSTANT

An overload of the charge amplifier's
reference capacitor, caused by the
drift, is prevented by continuous dis-
charge through the feedback resistor.
A static signal runs down to zero line
in a characteristic discharge curve of a
capacitor.

Output, Power Supply

CHARGE AMPLIFIER
WITH 4 — 20 MA OUTPUT

The charge amplifier is supplied by a
current loop and modulates the loop
current according to the signal. The
amplifier is not a current source it is
only modulating the supplied current
by its internal resistance. For dynamic
signals usually 12 mA corresponds to
zero level.

EX BARRIER AND
GALVANIC SEPARATOR,
GALVANIC ISOLATOR

Ex Barriers like Zener Barriers limit the
amount of energy that can enter the
circuitry in the Ex Zone. Galvanic isola-
tors sperate two circuitries in a way that
no direct conduction path is available,
which is also effective to break ground
loops.

OUTPUT SIGNAL

The output of the measurement chain
is usually a voltage signal which is sub-
sequently digitalized and processed.
The frequency range of the output is
defined by the charge amplifier. Due to
mounting influences, noise and espe-
cially filters of the charge amplifiers the
output signal often differs significantly
from the physical signal.
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RESOLUTION AND THRESHOLD

Resolution is usually referred as the
ratio between the smallest detectable
signal (or threshold) and the full span.
Threshold is the smallest change in
the measurand or physical signal that
results in a change of the electrical
output. The sensor itself would detect
even smallest signals, so the noise level
of the measurement chain is the cause
for a certain threshold.

CHARGE AMPLIFIER

better called charge converter, since
charges aren’'t amplified but converted
to a current or voltage output. Charge
amplifiers are the main reason for the
drift of the signal, limiting the ability
to measure static signals. This is either
compensated by a high pass filter re-
spectively time constant for continuous
measurements or a reset in quasistatic
measurements.

Reset switch
Feedback resistor
Reference capacitor

Sensor  Cable/input capacitance

Working principle of an amplifier
with reset and feedback resistor

QUASISTATIC MEASUREMENT

High quality charge amplifiers with high
internal resistance are able to measure
in a quasistatic mode for some time
with only limited drift. Measurements
lower than 0.1 Hz are considered qua-
sistatic.

The reference capacitor is discharged
and the output signal set to zero by a
switch. Used for quasistatic measure-
ments or repetitive features like in pro-
cess control.

OVERLOAD AND SATURATION

if the reference (range) capacitor of the
charge amplifier is full or saturated, no
signal can be read any more. The device
is in overload until the capacitor is dis-
charged through the feedback capaci-
tor or a reset.

PHYSICAL SIGNAL, SENSOR OUTPUT AND CHARGE AMPLIFIER OUTPUT IN DIFFERENT OPERATING MODES

PHYSICAL SIGNAL

SENSOR OUTPUT

NO DRIFT COMPENSATION

CHARGE AMPLIFIER OUTPUT

WITH HIGH PASS FILTER v WITH RESET AT t=x

Lo l®

w
Lot ®
!
!
|
!

- |m

L l®

Frequency components might be

Charges slowly equalize, effect

Positive or negative drift until
et

The high pass filter enables
permanent measurment but may

i X f

Areset restarts the measurement

ACCELEROMETER

PIEZOELECTRIC ACCELEROMETERS

A seismic mass on a piezoelectric sens-
ing element causes a signal that is pro-
portional to the acceleration. The inertia
of the mass results in mechanical stress
on the elements when the housing is
moved. Accelerometers are typically
designed either in bulk mode using the
longitudinal effect or shear mode.

RN

+ 4t +
++ + +
2

LONGITUDINAL SHEAR

MOUNTED RESONANCE FREQUENCY

Since the seismic mass can have signif-
icant weight compared to the housing
the resonant frequency of a free hang-
ing accelerometer would differ from a
mounted one (with mass of the housing.

FREQUENCY RANGE

Lower value is determined by the elec-
tronics. For the higher limit 5 % and 10
% deviation values are given referring
to the base sensitivity.

TRANSVERSE SENSITIVITY

Sensitivity in transverse direction of
the measurement axis, usually given
as % value.

TRANSVERSE SENSITIVITY

Sensitivity in transverse direction of
the measurement axis, usually given
as % value.
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