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Fig.1 — Strain distribution in clamped diaphragm

L.5. Metric
Customary (i)
where: Units Units
P = Pressure psi Pa
R, = Maphragm Radius in LT
{ = Maphragm thickness in T
v = Poisson’s ratio dimensionless
E = Modulus ol elasticity s Pa
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¥ Diaphragm Strain Gages & Wiring
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¥ Diaphragm Strain Gages & Wiring
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Distance from center

Simulated strain distribution and gauge locations on
a stainless-steel circular diaphragm.
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¥ Diaphragm Strain Gage Assembly

Frequency Response

Depending strongly upon the degree of damping in the
diaphragm strain gage assembly and in the fluid in contact
with the diaphragm, the resonant frequency should be at least
three to five times as high as the highest applied frequency.

The un-damped resonant frequency of a rigidly clamped
diaphragm can be expressed as follows:

- 0.469 | E

f}; — 3 | . Hz
R \p—v7)

where: p= Mass density, glem’
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Strain Gages / Bridge Circuits
Principal Errors
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¥  Strain Gage Biaxial Case Errors
Transverse Sensitivity
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Figure 7.20 Percent error as a function of transverse sensitivity factor for
several different ratios of transverse to axial strain,

8 May 2023

26



[
N

¥ o'uInn NITAINN NYSWUN — WA '2aun

R,

\/\
Active
R, [:] gage R
1.
‘/x

AR
R, Rg
L — Loss Factor

. i L 2R,/ R,
NS
R - Active R, 1+ 2RL / Rg
lT gage R, A ° 7
A’ \» o) C Ug
I o R /R
34 Dummy R L g
" gage R, 3 Lb —
4T o P
: P 1+R /R,
1
[
(b) |
8 May 2023 27



W NIMNXI'"7IN-'NX NINAY — WA "7aun
MINDD NS — 9555 s
V, _ 1+, B 1+ 9,
+ V., 1+06,+r(1+9,) 1+0,+r(1+9,)
Vo 5,+8,~8,—8,+8,58,- 3,3,
[1+5 +r(1+5 N1+, +r(1+0,)]
Vo . (6, +8,-6,-5,)
V, (1+ r)
TN NIINDOT-N INDY
V.-V, .
n= 0 v 0,Lin :[(52 —51)(51+I’52)+(54—53)(54+r53):|*r/[1+ r]3

S

or Ny, = B (L+1+ ) where: f=06,+9,+r(5,+0;)

8 May 2023 28



o NIMXI'N='X NIXAY — W2 '7aun
20 [ T T 11T 1 I]IHI LY AL
I | | | | =1 [
| | I | I I
o 15} i, T ; + i ! -
& | I | | r=
8 | | | | | | /
Z 10 | ! 1 ! { e
5 | I [ | I
£ | | 1 I l
2 L1 | 4
I ! | T ! '
E l J///‘/ Ir'":}
| _—] |
0 | —r 1T L L Il 111
0.001 0.01 0.1 ’

Resistance change AR, /R,

Figure 6.9 Nonlinear term 7 as a function of resistance change AR,/R,
for a constant-voltage Wheatstone bridge circuit with one active gage.

8 May 2023



790N NI72AN — WA '7aun

NI22 Nj790X NNN
Ny 7'1an
Yy DIN'n 7712 7211 , 72X

The max allowed power, P, could be dissipated by the
transducer limits the supply voltage V. to:

Vs :iT (R1+R2)
=i R (L+r)=/P /R -R (1+r1)=(1+1) /PR,
=V, . <@+1)PR,
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Recommended power densities, Py :

Table 1 — Heat-Sink Conditions

790N NI72AN — YA '"7aun

watts/in? [kilowatts/m?]

EXCELLENT GOOD FAIR POOR VERY POOR
Accuracy Heavy Aluminum Thin Filled Plastic Unfilled Plastic
Requirements or Thick Steel Stainless Steel such as such as Acrylic
Copper Specimen or Titanium Fiberglass/Epoxy or Polystyrene
Hiah 2-5 1-2 0.5-1 0.1-0.2 0.01-0.02
o 9 [3.1-7.8] [1.6-3.1] [0.78-1.6] [0.16-0.31] [0.016-0.031]
= 5-10 2-5 1-2 0.2-0.5 0.02-0.05
Is Moderate [7.8-16] [3.1-7.8] [1.6-3.1] [0.31-0.78] [0.031-0.078]
» Low 10-20 5-10 2-5 0.5-1 0.05-0.1
[16-31] [7.8-16] [3.1-7.8] [0.78-1.6] [0.078-0.16]
o Hiah 5-10 5-10 2-5 0.5-1 0.01-0.05
= g [7.8-16] [7.8-16] [3.1-7.8] [0.78-1.6] [0.016-0.078]
10-20 10-20 5-10 1-2 0.05-0.2
§ Moderate [16-31] [16-31] [7.8-16] [1.6-3.1] [0.078-0.31]
E Low 20-50 20-50 10-20 2-5 0.2-0.5
[31-78] [31-78] [16-31] [3.1-7.8] [0.31-0.78]
-« >
«
Pr=Py*A | &  ©
— «
T D « >
« » £
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Noise Control
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Figure 4. Noise cancellation by
amplifier common-mode rejection.
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N The Ideal Op-Amp

1) The input impedance is
infinite - i.e. no current ever
flows into either input of the
op-amp.

2) The output impedance is
0 zero - i.e. the op-amp can
drive any load impedance to
any voltage.

3) The open-loop gain (A) is

The Op-Amp produces an output Infinte.

voltage that is the difference between 4) The bandwidth is infinite.
the two input terminals, multiplied by

the gain A... 5) The output voltage is zero

when the input voltage
difference is zero.

I.e. C.M.R.R. is infinite
8 May 2023 35
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Parameter Symbol Ideal Op-Amp Practical Op-Amp

DC Open loop gain Aor o0 100 dB

Input Impedance Zny 0 2MQO

Output Impedance Y 0 75Q

Input Offset Voltage Vio 0 ImV

Slew rate SR 00 Depends on input signal frequency
Bandwidth BW o0 Depends on input signal frequency
CMRR P 0 90 dB

Input offset voltage:

8 May 2023

required to get OV output
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FIGURE 3.40 Instrumentation amplifier based on three op amps.
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