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¥ Loading Effects and Equivalent Circuits
Motivation ??7?

When electrical system or sub-system (linear circuit) is connected to an
additional system (load) three questions get to mind:

1. Is the output of the system (voltage or current) maintained when
connected to the load and under what conditions (loading effects of
measuring devices)?

2. How the system is seen by the load or how the system behave with
the load?

3. Is it possible to replace the system by a simple equivalent circuit that
behave as seen by the load with the same voltage-current relation at
the terminals?

/

Q

— 4
Is the voltage across the a-b terminals of Linear x
the open circuit, the same as the connected two-terminal Vv Load
circuit (when connected to the load) ? circuit —

>
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Circuit before measurement

10V —
Rz § 5
100kQ2
P?R2 5y mnna o
Measurement #2
100kO § 6V
0V =

200kQ2

100kQ §4 V

,__ 200//100
"~ 100+200//100

10V=40V
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¢ Loading Effects — measuring voltage across R,

Measurement #1

lﬂﬂkfés.:' \4

10V = -+

100kO) §3_3 ‘GD .

e

10077200 ;5 = 50«19y — 333V

"~ 100+100/ /100 150
Measurement #3
lﬂﬂkﬂgs.z \?
v = -

100k

. 1000/100
" 100+1000//100

10V=48V
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Thevenin’s Theorem

Thevenin’s theorem states that a linear
two-terminal circuit can be replaced by
an equivalent circuit consisting of:

A voltage source E- In series with a an
outlet impedance Z; where:

E. Is the open circuit voltage at the
terminals and,

Z+ 1s the outlet or equivalent resistance
seen at the terminals when the
Independent sources are turn off.

Equivalent circuit have the same

voltage-current relation at the terminals.

29 June 2024

E 5ET E Vout

ET :Vout (Open)
ZT — Zout

Voltage sources shorted
and current sources
opened
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__— EXTERNAL LEADS

SEMICONDUCTOR STRAIN GAGES

SENSITIVE AXIS (2 ON TOP AND 2 ON BOTTOM)

CANTILEVER BEAM

HOUSING

SEISMIC MASS

FIGURE 7-11. Bonded-semiconductor-strain-gage accelerometer.
(Courtesy of Entran Devices, Inc.)
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Low Temperature Goefficient
Triaxial ICP° Accelerometers

For Powertrain Testing

1M "M NIYaan DT/MY nY'amn nann

» Temperature coefficient of less than 0/~/0
0.0125% / °F (0.02% / °C) 0£<0.02 /0/ C
= 10 mV/q sensitivity —
” Se=10(mV/qg)

» Measurement frequency to 10 kHz

» (perating temperature from
-65 1o 4325 °F (-54 10 +163 °C)

s Titanium housed and hermetically sealed
in & small 0.4 in (10 mm) cube

» Available in stud and adhesive mounting

configurations S=Sy(1+aAT) Nl
AS/5,<(0.0002*AT)mV/g ~ -:mea77 ON2w
AS/S,<0.002=0.2% AT=10°C 72y
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Technical Data

Type Units 8044
Acceleration Range g -20000 ... 30000
Acceleration Limit g -30000 ... 100000
Transverse Acceleration Limit g 20000
Sensitivity pC/g -0,3
Threshold grms 0,07
Resonant Frequency,
mounted, nom. kHz a0
Frequency Response +5% Hz 0 ... 8000
Amplitude Non-linearity %FSO +1
Insulation Resistance @ R.T. Q =10"
Capacitance, nom. pF 60
@uerse Sensitivity _ %, = nNynon
Base Strain Sensitivity @250pe g/ue 0,3
Lon il Yo 1
Temperature Cc?eﬁmmnt nvwn
f Sensitivi %./°C -0,02
Temperature Range Operating “C -195 ... 200

29 June 2024
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/ Tranzsverse direction
=
«— Axial direction
(sensitive axis)
N /
Transverse Sensitivity

Specified as
%axial Sensitivity
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Absolute pressure transducer

SPECIAL FEATURES

» Nominal (rated) pressure 10 bar to 3,000 bar

» For static and dynamic pressure variance, pressure cicEl g
peaks and pressure fluctuations ""‘ SRS

* Principle of measurement: foil strain gage P3 Top Class

Top Class
» Better temperature response

¢ Individually documented values
» Improved accuracy class

+ Closer sensitivity tolerance (suitable for parallel con-
nection, for differential pressure measurement, for
example)

« PT100 for temperature compensation in four-wire P3MBP version with plug connection
circuit

? NIYIAIN NN
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Type P3, P3MB. P3MBP

Mechanical input quantities

Pressure type absolute pressure

Principle of measurement foil strain gage

Measuring range, 0 bar... bar 10 20 50 100 | 200 | 500 | 1000 | 2000 | 3000
Accuracy class’) 02 | 015 | 02 0.15 0.1 0.2

Output characteristics

Nominal (rated) sensitivity mvV/V 2 |15
Sensitivity tolerance % 0.25 0.2 0.15

Effect of temperature on zero signal in the nominal
(rated) excitation voltage range per 10 K, rel. to
nominal (rated) sensitivity

in the nominal (rated) temperature range % +0.1
in the operating temperature range % +0.15

Effect of temperature on sensitivity in the nominal
(rated) excitation voltage range per 10 K, rel. to actual

value

in the nominal (rated) temperature range % + 0.1

in the operating temperature range % +0.2

Characteristic curve deviation (setting of initial point) % +0.20 | £0.15 | +£0.2 +0.15 +0.10 +0.2
Repeatability per DIN 1319 % +0.05
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ADXL345

SPECIFICATIONS

Ta=25C, Vo= 25V, Voo = LBV, acceleration = 0 g, Cs = 10 pF tantalum, Coo =001 pF, output data rate (ODR) = 300 Hz, unless

otherwise noted, All minimum and maximum specifications are guaranteed, Typical specifications are net guaranteed,

Table 1.
Parameter Test Conditions Min Typ' Max Unit
SENSOR IMPUT Each axis
Measuremeant Range Lser selectable +2, 4, 28, £16 q
Manlinearity Pereentage of full scale 0.5 %
Inter-Axis &lignment Error +0.1 Degrees
Croas-fels Sensithloy? +1 %
QUTPUT RESOLUTICHN Each axis
All g Ranges 10-kit resolution 10 Birs.
+2 g Range Fusll ressaluticn 10 Bits
+4 g Range Full resalution 1" Bits
+8 g Range Full resaluticn 12 Birs.
+16 g Range Fusll resaluticn 13 Bits
SEMSITIATY Each axis
Sensitivity at Xour, Your, Zoor | All g-ranges, full resolution 230 256 282 L5B/g
+3 g, 10-bit resalution 230 256 282 L5Big
+4 g, T0-bit resalution 15 128 141 L5BYg
+8 g, 10-bit resolution 57 G4 A L5Big
+16 g, 10-bit resclution 249 32 35 L5Bdg
Sensitivity Deviation from |deal All g-ranges +1.0 %
Scale Factor at Xour, Your, Zou Al g-ranges, full resalution 1.5 39 43 mgL5E
+2 g, 10-bit resolution i5 ERY 43 mL5E
+4 g, 10-bit resclution EA 14 8.7 mig/L5B
+8 g, 10-bit resclution 14.1 15.6 17.5 mgL5E
+16 g, 10-bit resclution 2845 A 345 mL5E
 Sensitivity Change Due to Temperature +0.01 & C
0g QFFSET Each axis
0 g Qutput for Xour, Yeur -150 0 +150 g
0 g Qutput for Zour =250 0 +250 | mg
0 g Output Deviation from kdeal, Xour, Your +35 mg
0 g Output Deviation from ldeal, Lo +40 mig
0 g Offset vs. Temperature for X-, Y-Ases +0.4 g
0 i CHfset vs, Temperature for Z-Axis 1,2 ma T

NOISE
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Vq(t) Filter
Vi (t) AVy(t) !
R
A-C —  full-wave )
. . = 1 V
Dgfrﬁgl}i?iifl __ demodulator C out
V(t)
oscillator
1000 Hz
28



