MANUFACTURE OF STRAIN GAUGES & TRANSDUCERS

» We produce sensors fitted with semiconductor or metal strain gauges for

measuring forces, mass, pressure, torque, acceleration.

» We supply semiconductor silicon strain gauges, which have the highest

known efficiency of the transfer of mechanical quantities to electrical signal.

» When designing and manufacturing sensors and transducers, we apply
experience well-proved in the aerospace industry.
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Our company was established at the beginning of 109n order to ensure the flexible development
of semiconductor strain gauges and their applicatios under new economic conditions. It associated
experts who had developed manufacturing technologat the The Aeronautical Research and Test
Institute in Prague as well as specialists who hadin the production of gauges since its start at
OPS, Zlin. This manufacture, established there in 974 for the aerospace industry, had to be
increased eightfold for other industries by 1978, rad twentyfold by 1989 for export needs.
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The function of a semiconductor strain gauge essentially cts1sis a very considerable an
accurate change in its electrical resistance wgpliad mechanical strairSenzors with these

elements give to all mechanisms the ability to oespsensitively to mechanic impulses. They a
usually used for force, mass, pressure, torquel@@tion and deformation electric measurement

Basic principles:

FORCE AND MASS ACCELERATION
0.1 g— 200 kg 1 kg — 5000 kg 500 kg — 500 t CHYS — 100 m/ §
P //\.;\F\ LF
= - T3
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PRESSURE TORQUE
0.01 MPa -5 MPa 5 Mpa — 100 MPa 0.01 N.m — 100 N.m
P

The most common use of strain gauges is for hadigler or full-bridge, because during statical
measurements it compensates the temperature efféetssurement of electric resistance of one strain
gauge can be used only there, where we don‘t eedmpensate the temperature effects.
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Full-bridge circuit Half-bridge circuit

Technical merits of semiconductomls compared with wire and foil strain gauges:

v' 60x higher strain sensitivity allowing measuremeithout amplifiers, with standard ohmmeters and
voltmeters (input current 20mA , output voltagestemV).

v" 60x higher threshold sensitivity making possibleamgement of strain in metals beginning with
a value as low as a millionth of one millimetre pegtre.

v" Small width of strain gauges enabling the desigsnadll and light sensors.
Results of stress analysis of parts that can bestgol to controlled heating are absolutely reéabl

v" Up to 300°C, monocrystalline silicon strain is withh measurable hysteresis Strain gauges made of
silicon and gold possess outstanding corrosiostasie.

<
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TRANSDUCERS

We produce sensors according to customer requiremésn

» Our sensors are suitable for measuring forces, maggressure, torque, acceleration.

» Accuracy of sensors (non-linearity + hysteresis) Wi semiconductor strain gauges we
guaranteed to = 0.5% of the nominal range.

» Safe overload sensor is to 200% nominal range.
» We can use foil strain gauges from other company isensors.

Typical characteristics of our transducers:

UNIT VALUE

Input current mA 10 - 30
Rated unloaded signal (the difference between ¢wsignal of 100%

T mV 50+0.2
loaded and free sensor) at power lin=10mA
Output signal of free sensor at power lin=10mA mV 0.2
;)(;Jr;ppl\ﬂ signal of loaded sensor at the nominal vatueput current mv 50+ 0.2
Combining error (non-linearity + hysteresis) — ind¥4he nominal % <405
range sensor
Safe overload % 200
Long-term stability (in% of the nominal sensor rapg % <0.1
Temperature coefficient of unloaded sensor signal °C%/ <0.01
Temperature coefficient of the output signal %/°C .630
Operating temperature range °C -10 az +40
Life in terms of number of cycles of the nominado > 10
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Sensors for measuring tensile forces and pressureype ,S*
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Tvpe Range Height Weight |Thickness| Screw
P kgl | himm] | wimm] | timm] | M mm)
F025 |0-10 50 50 20 5
F026 |0-20 50 50 20 5
F027 ]0-50 50 50 20 8
F028 |0-100 50 50 20 8
F029 |0-250 65 50 20 12

* All parameters can be consulted and adjusted aceding to customer requirements.

Type Range Height Weight |Thickness| Screw
[kg] h[mm] | w[mm] t [mm)] M [mm]
FO30 ]O-500 65 50 20 12
FO031 |O-1000 65 50 20 12
F032 |0 - 2500 95 70 36 24
FO033 |0 -5000 95 70 36 24

* All parameters can be consulted and adjusted aceding to customer requirements.
* This type of sensor is suitable for measuringsilenforces and pressure.
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Sensors for measuring tensile forces and pressurenembrane
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Sensor is provided with a screw also on the underfsir measuring tensile force.

i

Type Range [kg] Note

FO79 0 —500 tensile + pressure
F088 0 —1000 tensile + pressure
F123 0 — 2000 pressure

* All parameters can be consulted and adjusted accoialg to customer requirements.
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Sensors for small pressure

e
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Type Range [kg] Connection
SRK1-V 0—100 bushing and cabl
SRK1-K 0-100 connector

* All parameters can be consulted and adjusted accoilg to customer requirements.

Robust sensors
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Type Range [kg]
SG16-5 0 — 50(
SG16-10 0—1 00!
SG16-20 0 —2 00!

Type Range [kg]
SG16-30 0 — 3 00!
SG16-50 0 -5 00!
SG16-100 [(0-1000

* All parameters can be consulted and adjusted accoialg to customer requirements.
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Type Range [kg]
SG-20 0-20000
SG-30 0 -30000
SG-40 0-40000

Pl
b |
Type Range [kg]
F095 0 -500
F096 0 -1000

Z2xM3

* All parameters can be consulted and adjusted aceding to customer requirements.
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Bending beam

Option A:

Option B:

=

The design, shape and size of these sensors aableaiThe sensors are designed and
manufactured according to customer requirementss@s can be made from steel or
alloy, in a different class of IP, etc.
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Pressure sensors

PP-20
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Range Height Diameter
Type
yP [Mpa] | [mm] [mm]
PP-1 1.0 77.0 40.0
PP-2 2.0 77.0 40.0
PP-20 20.0 143.0 36.0
PP-30 30.0 103.0 36.0
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Sensors for measuring the relative deformation ofite material
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Rope tension sensors
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Type Range [kg] | v [mm] h [mm] s [mm]
L016-2k 2 000 210 67 + thick rope 117 — for 3 ropes
L019-3k5 3 500 228 83 + thick rope |170 — for 6 ropes
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SEMICONDUCTOR STRAIN GAUGES

without support with support

At present, we have these types of strain gauges:stype ,Positive, length 3mm and 6mm, with
gauge factor C1 = 120 - 150 and with electricaistaace 120 , 350 and 1000 Ohm. Of course, we are
able to produce strain gauges with parameters dicgpto customer's requirements.

We deliver semicoductor strain gauges in two softolerance at pack, specified by assurance of the
tolerance characteristics. For dynamic measuremedtstable temperatures are suitable strain gauges
marked adN-sort. For statical measurements, sensors and straigegdor temperature fluctuation are
suitable ones marked @&ssort.

Tolerance at pack Tolerance of type
(standard is 5 pieces)

N-sort T-sort N-sort T-sort
Ro — Electrical resistance of the free gauge + 0.4% + 0.25% + 5% + 3%
F{B - Electrical resistance of the free gauge + 1% + 0.50% +10% + 5%
with support
Strain sensitivity | C; (Gauge factor) + 2% + 2% + 5% + 5%
constants C, + 8% + 8% * *
a - Temperature resistance coefficient of the| +0.029%/°C]  oee- .
free gauge
Limit static positiv tensile strain 0.3% 0.3% 0.3% 0.3%

* according to contract
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Code designation of strain gauges

AP120-6-12-G /¢ /xx

without support: Patterns Shape of the end of the silicon
trai
A strain gauge
BP
Gauge factor polarity:
B I P - positiv Material of wire:
with support: N - negativ Au - gold
c Cu - cooper
H SP
U 120 - Gauge factor value CuSn - cooper tin
D CuAu - cooper gold
6 - Length of the silicon
H H element [mm] Support:
G - fiber-glass
E

e
E 12 - Resistance in tens of ohms

Dimensions of strain gauges
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The range of semiconductor strain gauges

Nominal Length of strai
Implementation Type resistance K-factor gauge
[Ohm] L [mm]
AP95-3-3 30 +95 3
™ AP105-5-3 30 +105 5
AP120-1.5-12 120 +120 1.5
AP120-3-12 120 +120 3
AP120-6-12 120 +120 6
AP120-6-25 250 +120 6
AP120-10-12 120 +120 10
AP120-10-35 350 +120 10
AP125-2-12 120 +120 2
AP130-1.5-12 120 +130 1.5
AP130-3-12 120 +130 3
AP130-6-12 120 +130 6
AP130-6-35 350 +130 6
AP130-10-60 600 +130 10
AP130-20-35 350 +130 20
AP140-2-12 120 +140 2
AP140-3-35 350 +140 3
AP140-6-35 350 +140 6
AP140-10-100 1000 +140 10
AP150-1.5-35 350 +150 1.5
AP150-2-12 120 +150 2
AP150-3-55 550 +150 3
AP150-3-100 1000 +145 3
AP150-6-35 350 +150 6
AP160-1.5-35 350 +160 1.5
AP160-6-100 1000 +160 6
AP160-10-170 1700 +160 10
AN20-6-65 650 -20 6
AN120-3-12 120 -120 3
AN120-3-35 350 -120 3
AN120-6-30 300 -120 6
BP120-3-12 120 +120 3
i BP120-6-12 120 +120 6
BP120-10-35 350 +120 10
BP130-1.5-12 120 +130 1.5
BP130-3-12 120 +130 3
BP130-6-35 350 +130 6
BP130-10-60 600 +130 10
BP140-3-35 350 +140 3
BP140-10-100 1000 +140 10
BP150-1.5-35 350 +150 1.5
BP150-3-100 1000 +150 3
BP150-6-100 1000 +150 6
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Nominal Length of strai

Implementation Type resistance K-factor gauge

[Ohm] L [mm]

CP120-3-12-G 120 +120 3

@ CP120-6-12-G 120 +120 6
CP120-10-35-G 350 +120 10
CP130-1.5-12-G 120 +130 15

CP130-3-12-G 120 +130 3

CP130- 6 -35-G 350 +130 6

CP130-10 -60-G 600 +130 10

CP140- 3 -35-G 350 +140 3
CP140-10-100-G 1000 +140 10
CP150-1.5-35-G 350 +150 1.5
CP150-3-100-G 1000 +150 3
CP150-6-100-G 1000 +150 6

DP120-3-12-G 120 +120 3

L@ DP120-6-12-G 120 +120 6
DP120-10-35-G 350 +120 10
DP130-1.5-12-G 120 +130 15

DP130-3-12-G 120 +130 3

DP130-6-35-G 350 +130 6
DP130-10-60-G 600 +130 10

DP140- 3 -35-G 350 +140 3
DP140-10-100-G 1000 +140 10
DP150-1.5-35-G 350 +150 15

DP150-3-100-G 1000 +150 3

DP150-6-100-G 1000 +150 6

EP120-3-12-G 120 +120 3

@ EP120-6-12-G 120 +120 6
EP120-10-35-G 350 +120 10
EP130-1.5-12-G 120 +130 15

EP130-3-12-G 120 +130 3

EP130-6-35-G 350 +130 6
EP130-10-60-G 600 +130 10

EP140-3-35-G 350 +140 3

EP140-6-35-G 350 +140 6
EP140-10-100-G 1000 +140 10
EP150-1.5-35-G 350 +150 1.5
EP150-3-100-G 1000 +150 3
EP150-6-100-G 1000 +150 6
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BASIC MATHEMATICAL EQUATIONS

/

electrical resistance

™

For free gages (without support):

Dependence of resistance to deformation:

Re2s =Rz Eﬁl-l-cl [£+C, E2)

Dependence of resistance to temperature:

Ro, = Ry [{L+a(t — 25)+ bt - 25)7)

Dependence of resistance to deformation and terysera

strain

(1)

(2)

Rs,t = Ro,t + Ro,zsl,Cl(g + (amat - USi)(t - 25)) +C, (‘9 + (amat s )(t - 25))2J 3)

The coefficient of strain sensitivity at 25°C:

AR
K£’25=C1+2C2 EZE

Dependence of coefficient of strain sensitivitgdgmperature:

B
Ko =Cy [€1+100[ﬁ - 25))

B
Ks,t = Ks,25 [él-'-m[qt - 25))
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For gages with support:

Dependence of resistance to deformation:
— 2
RB£,25 - R0,25 [ﬁl-l- Cl B‘ + CZ B‘ ) (7)
Dependence of resistance to temperature for frgesgdoes not state because semiconductor elensdraasly

glued on the support. For free semiconductor el¢r@eplies the same formula as for the free gaugfeowi

support.

Dependence of resistance to deformation and termypera

Rs,t = RO,t + RBO,25|,C1(£ + (amat - aSi)(t - 25)) +C, (g + (amat — Qg )(t - 25))2 J (8)
The coefficient of strain sensitivity at 25°C:
AR
K.=C,+2C,[E=—— 9
€,25 1 2 As ( )
Dependence of coefficient of strain sensitivitygmperature:
B
Ko =C, 1+ — [t -25 10
Eﬁ oot )j 10)
Ks,t = Ks,25 1+£[qt_25) (11)
100

Ro.2s. ...Electrical resistance of the free gauge (withsugport) at 25°CQ]

Reo,25... Electrical resistance of the free gaueed on thesupport at 25°CQ]]

Re.25. ...Electrical resistance of the deformed free gaatg#b°C R2]

Ree 25...Electrical resistance of the deformed gauge ghrethe underlay at 25°@]
Ke2s. ... The coefficient of strain sensitivity at 25°C

Keterrnnn The coefficient of strain sensitivity at temaemre t and deformation

Cirveeennn Linear coefficient of deformation rate edaat’

Con Quadratic coefficient of deformation rate atjon”

a,b...... Temperature coefficients of resistance $tesn gauges

B....... Temperature coefficient of strain sensiyi\dpecified by the manufacturer [%/°C]
€uvreeeenns Strain [m/m]

| PP Temperature [°C]

Omat.- ... Coefficient of thermal expansion material in @efhthe strain gauge glued [1/°C]
(o fST Coefficient of thermal expansion of silico.8x10° [1/°C]

*) Constants C1, C2 are derived from changesgistance strain gauges glued Cyanoacrylate glue.

Epoxy glue hardened above 100°C transferred tad#fermation strain gauge with higher efficiency.
This increases C1 average value of 5% and the v@lué2 average of 50%. The exact values are

determined experimentally.

18/21 WWW.VtSz.cz



SAMPLES OF SOME TRANSDUCERS

L024 - Rope tension sonsor

TQO51 — Calibrator torque | TQO045 — Torque sensor

C033 — Bending beam F062 — Bedng em
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MO16 — Tensile sensor MO14 — Tensile sensor

F140 — Pressure sensor

F135, F136 — Adjustable pressure sensor
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INDIVIDUAL APPLICATION OF STRAIN GAUGES

Tension in the chain Test automotive lock

Loading rollers Stress in the pressure cylinder

< i
b Y

Shifter Measuring of biting force
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