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PREFACE

Presented herein is a survey of fluidic/flueric sensors
that are commercially available or nave reached an advanced éevelopment
stage. Please note that neither the U.S. Government nor LORELEI Corpora-
tion advocates the use of any of the products described in this document.
Rather, the manual is a factual listing of the operational and physical
characteristics of representative fluidic components, compiled from data
received from sources that responded to LORELEI queries.

This work was performed under the auspices of the Joint
Logistic Commanders' Joint Technical Coordinating Group on Fluidics
(JTCG-Fluidics). The effort was cosponsorsd by the Harry Diamond Labora-
tories and Naval Air Systems Command.

LORELEI Corporation wishes to thank Mr. Richard Gottron
and Mr. James Joyce of the HARRY DIAMOND LABORATORIES for their assistance
and direction during the preparation of this manual. We also wish to
thank all those manufacturers and government personnel who took the time

to respond to our detailed questionnaire.

[P— P

AGSEESIm o

m wiic St
oo¢ Wi Sata [
UREmOTIEED o
JSTIFIGAHON

&

BISTRISUTION/ASABASILITY CODES

Tank aradl dac/d SOERML

—




CONTENTS

Technical Report Documentation Page
Preface
Contents
List of Figures
1. INTRODUCTION...eeeeceoooas teesececssnnnne ceeescsssceene
1.1 General
1.2 Statement of Problem
1.3 Objective
1.4 Overview
2. COMMERCIALLY AVAILABLE SENSORS .t cctsverosossoncsncnsens
2.1 General
2.2 Proximity Sensors
2.2.1 Cone-Jet Proximity Sensor
2.2.2 Vortex Proximity Sensor
2.2.3 Annular Nozzle Proximity Sensor
2.2.4 Interruptible Jet Proximity Sensor
2.2.5 Acoustic Proximity Sensor
2.2.6 Hybrid Proximity Sensors
2.3 Angular Rate Sensors
2.3.1 Impulse Angular Rate Sensor
2.3.2 Vortex Angular Rate Sensor
2.3.3 Hybrid Systems
2.4 Accelerometers
2.4.1 Seismic Mass Accelerometer
2.4.2 Vibrating String Accelerometer
2.5 Temperature Sensors
2.5.1 Flow Resistance Sensor
2.5.2 Bridge Type Sensor
. 2.5.3 Oscillator Type Sensor
2.6 Concentration Sensors
2.6.1 Resistance Bridge Concentration Sensor
2.6.2 Vortex Type Concentration Sensor
2.6.3 Oscillator Concentration Sensor
2.7 Miscellaneous Sensors
2.7.1 Densitometers
2.7.2 Attitude Gyros
2.7.3 Flow Meters
2.7.4 Pressure Rat. Sensor
2.7.5 Electronic/Fluidic Transducer
3. CONCLUSIONS ., eeveveocosvnscoessscseossssssosssessssssse
APPENDIX A: Fluidic Sensor Questionnaire
APPENDIX B: Distribution List

FRECEDING PAGE ELANK.NOT FILMED
- o e M g e Ny ]

PAGE

~3 Y W

13

13
13
15
16

17

17
17

19
53
57
65
107
111

117

121
125
129

134

135
138

13¢

141
144
145

151

181
155
159

165

165
171
179
191
203

207

209
215

PATE

3

2R ST, B0k T

By e




R R

v -
A TRTIT]

800t . AL 0 AR LT WYY M gty Pt
Ll Ty xe T T

k|
G
H
!
=

|

2,

o U R S U S S kR S N A i AR

R

e A

Figure

Figure

1.1
2.1

Block Diagram o

Basic Proximity

CONE-JET PROXIMITY SENSORS

Figure
Figure
Figure
Figurs
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10
2.11
2.12
2.13
2.14
2,15
2.16
2.17
2.18
2.39
2.20
2.21
2.22
2.23
2.24
2.23
2.26
2.27
2.28
2.29

Cone-Jet Proxim
Cone-Jet Sernsor
Available Data:
Cone-Jet Sensor
Available Data:
Cone-Jet Sensor
Available Data:
Ccne-Jet Sensor
Cone-Jet Sensor
Available Data:
Cone-Jet Sensor
Available Data:
Cone-Jet Sensor
Available Data:
Cone-Jet Sensor
Cong-Jet Sensor
Available Data:
Cone-Jet Sensor
available Data:
Cone-Jet Sensor
Cone-Jet Sensor
Available Data:
Cone-Jdet Sensor
Available Data:
Cone-Jet Sensor
Availahle Data:
Cone~Jet Sensor

Available Data:

{1, PROCEDING PAGE ELANCNOT: 71

e e e A A B 2 e AN AR I B A A 2 LR PR B 00 T8 e st

LIST OF FIGURES

f Fluidic Sensors

Sersor Operation

ity Sensor
~ Air Logic
Cone-Jet Sensor - Alr Logic

~ Airmatic/Beckett-Harcum

Cone-Jet Sensor - Airmatic/Beckett-Harcum

- ASCO

Cone~Jet - ASCO

- Brown & Sharpe
- Brown & Sharpe
Cone-Jet Sensor - Brown & Sharpe
- Corning
Cone-Jet Scnsor - Corning
- Festo

Cone-Jet Sensor Festo

- Formsprag

-~ Formsprag
Cone-Jet Sensor - Formsprag

- Lezhigh/Martonair

Cone-Jet Sensor - Lehigh/Martonair
- Miller Fluid Power

~ Norgren

Cone-Jet Sensor - Norgren

- Northeast Fluidics

Cone-Jet Sensor - Northeast Fluidics
NCEL

Cone-Jet Sensor - NCEL

-~ TriTec, Inc.

Cone~Jet Sensor -~ Tritec, Inc.

-y

RIS ISP vt N

R T s Rrapi et SmpRe DA g T g

POy T R BT ST LK T ST
R O R AR ey S

PAGE
14
18

19
20
21
22

24
25
26
28
29
30
31
32
33
36
38
39
40
41

44
45
46
47
48
49
50
51

23




B SRS B VARSI S el u, RIS

e mn e

VORTEX PRCXIMITY SENSORS

Figure 2.3C Basic Vortex Proximity Sensor Operation 53
Figure .1.3)1 Vortex-Proximity Sensor - Corning 54
Figure .32 Available Data: Vortex-Proximity Sensor - Corning 55

ANNULAR NOZZLE PROXIMITY SENSORS

Figure 2.33 Basic Annular Nozzle Proximity Sensor Operation 57
Figure 2.34 Annular Nozzle-Proximity Sensor - Brown & Sharpe 58
Figure 2.35 Annular Nozzle-Proximity Sensor - Corning 60
Figure 2.36 Annuiar Nozzle-Proximity Sensor - Gagne 62

INTERRUPTIBLE JET PROXIMITY SENSORS

Figure 2.37 Basic Interruptible Jet Proximity Sensor Operation 65
Figure 2.38 1Interruptible Jet Proximity Sensor - Air./Beck.~Har. 66
Figure 2,39 Available Data: Interruptible Jet Sensor - Air./Beck.Har. 67

Figure 2.40 Interruptible Jet Sensor - British Fluidics & Controls 68
Figure 2.41 Available Data: Interruptible Jet Sensor - B.F.§ C. 69
: Figure 2.42 1Interruptible Jet Sensor - Brown & Sharpe 70
f Figure 2.43 Interruptible Jet Sensor ~ Corning 72
Figure 2.44 Available Data: Interruptible Jet Sensor - Corning 73
Figure 2.45 1Interruptible Jet Sensor - Festo 74
Figure 2.46 Available Data: Interruptible Jet Sensor ~ Festo 75
Figure 2.47 Interruptible Jet Sensor - Festo 76 |
Figure 2.48 Interruptible Jet-Air Barrier Sensor - Festo 78 1

Figure 2.49 Interruptible Attached Jet Proximity Sensc: - Formsprag 80
Figure 2.50 Available Data: Interrupt. Attached Jet Sens::: - Formsprag B81

Figure 2.51 Interruptible Jet-Proximity Sensor ~ Formsprs., 82
Figure 2.52 Interruptible Jet Sensor - Miller Tluid Power 84
Figure 2.53 Interruptible Jet Sensor - Norgren 86 .
Figure 2.54 Interruptible Jet Sensor -~ TriTec 88
Figure 2.55 Available Data: Interruptible Jet Sensor - TriTec 89

IMPACTING JET PROXIMITY SENSORS

Figure 2.56 Impacting Jet Proximity Sensor - MNorgren 90

Impacting Jet Proximity Sensor -~ Northeast Fluidics 92

Figure 2.57




i ? o
N e R R R T e T

Figure 2.58 Available Data: Impacting Jet Sensor - Northeast Fluidics 93

BaCKPRESSURE PROXIMITY SENSORS
Figure 2.59 Backpressure-Proximity Sensor - TriTec 94
Figure 2.60 Available Data: Backpressure-Proximity Sensor - TriTec 95

Figure 2.61 Backpressure-Proximity Sensor -British Fluidics& Controls 96

Figure 2.62 Available Data: Backpressure Sensor - B.F. & C. 97
Figure 2.63 Backpressure Fluidic Switch Proximity Sensor - Corning 98
Figure 2.64 Available Data: Backpressure Sensor - Corning 99
Figure 2.65 Backpressure, Anpular Nozzle Proximity Sensor - Festo 160
Figure 2.66 Backpressure-Proximity Sensor - Gagne 102
Figure 2.67 Available Data: Backpressure Sensor - Gagne 143
Figure 2.68 Venturi, Backpressure-Proximity Sensor - Air Logic 104

ACOUSTIC PRUXIMITY SENSORS

;7 Fiqure 2.69 Basic Acoustic Proximity Sensor Operation 107
B Figure 2.70 Fluidiec Ear Sensor - ASCO 108
3 Figure 2.71 Available Data: Fluidic Ear Sensor - ASCO 109

HYBRI} PROXIMITY SLNSORS

i Figure 2.72 Spring Actuated-Proximity Sensor Operation 111
1 Figure 2.73 Spring Deflection-Proximity Sensor - Air Logic 112
£ Figure 2.74 Available Data: Spring Deflection Sensor - Ai: Logic 113
2 Figure 2.75 Spring Deflection-Proximity Sensor - Norgren 114
; ANGULAR RATE SFENSORS
i Figure 2.76 Vortex Anqular Rate Sensor Diagram 117
E Figure 2.77 Free Jet Angular Rate Sensor 118
Figare 2.78 Basic Shaft Rat. Sensor Operation 121
A Figure 2.79 Proportional Shaft Rate Sensor - Honeywell 122
f Figure 2.80 Availahle Data: Prop. Shaft Rate Sensor - Honeywell 123
? Figure 2.81 Basic Vortex Angular Rate Sensor Operation 125
% Figure 2.82 Vortex Angular Rate Sensor - Honeywell 120
§ Figure 2.83 Hybrid Rate Sensor 129
: Figure 2.84 Laminar Jet Angular Rate Sensor - Humphrey, Inc. 130
Figure 2.85 tHydraulic Rate Gyro - TriTec 132

STEA D AAETL L ek e P D Ay




ACCELEROMETERS
Figure 2.86
Figure 2.87
Figure 2.88
Figure 2.89

Figqure 2.90

Figure 2.91
Figure 2.92
Fiqure 2.93
Figure 2.94
Figure 2.95
Figure 2.96
Figure 2.97
Figure 2.98
‘Figure 2.9!

CONCENTRATION
Figure 2.100
Figure 2.101
Figure 2.102
Figure 2.103
Figure 2.104
Figure 2.105
Figure 2.106
Figure 2.107
Figure 2.108
Figure 2.109

DENSITOMETERS
Figure 2.110
Figure 2.111

Figure 2.112
Figure 2.113
Figure 2.114

Basic Fluidic Accelerometer Operation
Basic Seismic Mass Accelerometer Operation
G Sensor Accelerometer

Output Data Fluidic G Sensor

Basic Vibwating String Accelerometer Operation

TEMPERATURE SENSORS

Typical Temperature Sensor Diagram

Laminar Flow Resistance Temperature Sensor Diaqram
Laminar Temperature Sensor - Honeywell

Available Data: Laminar Temp. Sensor - Honeywell
Bridge Type Flow Temperature Sensor Diagram

Basic Oscillator Temperature Sensor

Oscillator ‘Temperature Sensor - Honeywell

Available Data: Oscillator Temp. Sensor -~ Honeywell

Feedback Oscillator Temperature Sensor - Airesearch

SENSORS

Resistance Bridge Concentration Sensor Diagram
Bridge Type Concentration Sensor - HDL

Available Data: Concentration Sensor ~ HDL

Vortex Type Concentration Sensor Diaqram

Vortex Concentration Sensor - NEOS, Inc.
Oscillator Concentration Sensor

Hydrogen Concentration Sensor - McDonnell
Available Data: Hydrogen Conc. Sensor - McDonnell
Edgetone Oscillator Concentration Sensor - HDL

Available Data: Edgetone Osc. Conc. Sensor - HDL

Basic Densitometer Diagram

Densitometer - FluiDynamic Devices Ltd.

Available Data: Densitometer ~ FluiDynamic Dev. Ltd.
Densitometer - TriTec

Avaiiable Data: Densitometer ~ TriTec

-10-

134
135
136
137
138

139
141
142
143
144
145
146
147
148

151
152
153
155
156
159
160
lol
162
163

165
166
167
168
169

M
1
'
M}

RN

R M P AT 3 b

14D et

I T A S T S RS IO e

A A i bl L W i

*
R




SR o

e R A A AR T I T T TR

~sare 7

“
—
o RS,

LAY b
P "

ATTITUDE GYROS

% Figure 2.115 Basic Attitude Gyro Diagram 171
‘ Pigure 2.116 Single Degree of Freedom Gyro - Martin Marietta 172
: Figure 2.117 "Two-Deqgree of Freedom Gyro - Martin Marietta 174

i Figure 2.118 Two Axis Gyro - Honeywell 176
Figure 2.119 Aavailable Data: Two Axis Gyro - Honeywell 177

FLOW METERS

i Co A
- "

Figure 2.120 Oscillating Flow Meter Diagram 179
; Figure 2.121 Jet Deflection Velocity Sensor - FluiDynamic Dev.Ltd. 180
% Figure 2.122 Available Data: Jet Deflection Vel.Sensor ~ FDD, Ltd. 181
§ Figure 2.123 Ultrasonic Velocity Sensor - J-TEC 182
E Figure 2.124 Ultrasonic Velocity Sensor - J-TEC 184
% Figure 2.125 TFlow Meter - Moore Products 186
ér Figure 2.126 Available Data: Flow Meter - Moore Products 187
Figure 2.127 :low Meter - TriTec 188
Pigure 2.128 Available Data: Flow Meter - TriTec 189

PRESSURE RATIO SENSORS

-

; , Figure 2.129 variations of Basic Pressure Ratio Sensor 191 i
g § Figure 2.130 Pressure Ratio Sensur - Chandler Evans Inc, 192 ?
§§ Figure 2.131 Pressure Ratio Sensor - Honeywell 194 g
i: Figure 2.132 Available Data: Pressure Ratio Sensor - Honeywell 195 :
-§v Figure 2.133 Pressure Ratio Sensor - Air Logic 196
;i‘ Fiqure 2.134 Available Data: Pressure Ratio Sensor - Air Logic 197
‘ﬁ Figure 2.135 Pressure Ratio Sensors - Northeast Fluidics 198

Figure 2.136 Diaphragm Mounted Pressurc hatio Sensor - NortheastFluidics 200
} Figure 2.137 Available Data: Pressure Ratio Sensor -Northeast Fluidics 201
% ELECTRONIC/FLUIDIC TRANSDUCERS ?
% Figure 2.138 EF Transducer - Principle of Operation 203 ;
‘i; Fiqure 2.139 EF Transducer - EMX Engineering, Inc. 204
‘% Figure 2.140 Available Data: EF Transducer - EMX Engineering, Inc. 205

-11-~

o .7 i
- o

—— i - . . RPN L
e Sl catisncrnct AR ST & o o et i | L i RS




iR AT P A IR L B N e N R N R T T e e e TR R

1. INTRODUCT-ON

. 1.1 General

Since the early 1960's, considerable effort has been expended
by many investigators to quantify the operating characteristics of fluidic/
: flueric systems. However, despite extensive research, only a relatively small
; number of different types of components have been developed by commercial

manufacturers. In general, the types of fluidic components commercially avail~

PIVR

able fall into four main categories:

Sensors
Interface Devices

Logic Devices

Control Devices

These areas represent a broad spectrum of applicability for fluidic/flueric

AL GENAKIH ALl b b b B 1

components; however, this report is pertinent only to sensors.

1.2 Statement of Problem

In broad terms it is convenient to define a sensor as any de-

o ol
BIRRIPLEI LR

vice that receives an input signal and provides a proportional output signal.

"
o

K !

This can be easily seen in the diagxam presented in Figure 1.1. The input

RS i

variable may be a motion (i.,e., linear and angular displacement, velocity,
or acceleration) or a characteristic of the medium (i.e., pressure, tempera-
ture, humidity, gas concentration, flow rate, etc.) Regardless of the input,
the output of a fluidic sensor is typically a pressure or flow signal which

may be analog, digital, or digital proportional (i.e., oscillating). This

ga
k|

§. wide variation of both input and output parameters leads to a rather complex
%f array of components especially since some can perform more than one sensing

? function.

fz As a further complication, sensors in general and fluidic sen-~
§§ sors in particular are most always "size" dependent. Therefore, the geometric

characteristics of a sensor designed to measure a specific parameter in a fluid
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medium flowing at a rate of 1 scfm, may require complete redesign in order

to utilize the same sensor in a medium flowing at a rate of 10 scfm. Thus,

e RS bh R o R O AR A

one of the common problems facing system designers is that data cannot always

be directly extrapolated from a single laboratory test, to a wide range of

other situations.

1.3 Objective

s‘ii Although fluidics has been recognized for over a decade as

offering promise in the areas of sensing and classification of the sensed

AR b R £ v e >

bt

i

applying the technology. As mentioned, the prime reason for this is that a

% i

!
3
3 function, the industry in general has experienced difficulty in universally
%
Y

component designed for a specific application may require complete redesign
for a similar application which requires a much larger or much smaller sen-
3 sing element. One common solution employed by major manufacturers is to no

longer offer individual components, but only offer a tailored design for a

st

e

toilal system which would employ their unique sensing and logic elements. To

- st

some degree, this perpetuates the problem of fluidic system development.

o i

I
paa e
Vi

Conversely, many commercial manufacturers who provide components for general

3 use by the industry typically dc not provide enough system design information

e
.
FE

to allow their components to be used easily by non-fluidics oriented person-

.
uich B L,

Ly
.
&

nel,.

T

e The objective of this manual, therefore, is to provide to

990 %
CENGR

system designers (both fluidic and non-fluidic oriented) a basic compendium
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of the state-of-the-art technology of fluidic sensing elements. The manual
provides detailed information (where possible) on the operating characteris-
tics of the sensors, i.e., input parameters, output parameters, impedence

matching requirements, etc. The ultimate goal of this manual, therefore, is

.
o
e
.
AL

not to provide the average individual %“he necessary background to design

AR

fluidic sensors, but rather to supply the system designer with enough informa-

5 o8

tion so that he can utilize state-of-the-art fluidic sensors in his present

L L i Y R B R

system as a replacement for other sensors which may be purely mechanical or

#

electronic in nature.
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medium flowing at a rate of 1 scfm, may require complete redesign in order

to utilize the same sensor in a medium flowing at a rate of 10 scfm. Thus,
one of the common problems facing system designers is that data cannot always :
be directly extrapolated from a single laboratory test, to a wide range of

other situations.

1.3 Objective

Although fluidics has been recognized for over a decade as
offering promise in the areas of sensing and classification of the scnsed
function, the industry in general has experienced difficulty in universally
applying the technology. As mentioned, the prime reason for this is that a 3
component designed for a specific application may require complete redesign ‘
for a similar application which requires a much larger or much smaller sen-
sing element. One common solution employed by major manufacturers is to no .
longer offer individual components, but only offer a tailored design for a i
toial system which would employ their unique sensing and logic elements. To
some degree, this perpetuates the problem of fluidic system development.
Conversely, many commercial manufacturers who provide components for general
use by the industry typically d¢ not provide enough system design information
to allow their components to be used easily by non-fluidics oriented person- X
nel. :

The objective of this manual, therefore, is to provide to
system designers (both fluidic and non-fluidic oriented) a basic compendium
of the state-of-the-art technology of fluidic sensing elements. The manual
provides detailed information (where possible) on the operating characteris-
tics of the sensors, i.e., input parameters, output parameters, impedence
matching requirements, etc. The ultimate goal of this manual, therefore, is
not to provide the average individual *he necessary background to design
fluidic sensors, but rather to supply the system designer with enough informa-
tion so that he can utilize state-of-the~-art fluidic sensors in his present
system as a replacement for other sensors which may be purely mechanical or

electronic in nature.
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1.4 Overview

The material presented within this manual is pertinent pri-
marily to those sensors that are commercially available either as off-the-
shelf or special order components. Also delineated to a lesser degree are
i sensors currently under development or being researched by government R&D
labs, by industry, or by universities. Most detailed information has been

obtained on commercial sensors, and it is upon these parameters that the

Jek bk

e

system designer should base his system design. However, in the event the

function cannot be performed adequately by commercial fluidic components,

i, her s

and/or the particular system for which the element is being considered is

in the R&D stage, then obviously the system designer should consult the ma-

I L O T

terial detailing sensors currently under development.

Rl M NT TR e

The section is subdivided into specific areas containing

p detailed information on each sensor. Information was acquired by an exten-

D L

sive literature survey, which commenced with a questionnaire sent to approx-

imately 500 organizations (manufacturers, government agencies, and univer-

i
3

sities) located both within and outside the United States. A copy of the

A

questionnaire is included as Appendix A.  Approximately 35% of the contacts

responded in part to the questionnaire. Their responses consisted of fill- :

ing out the questionnaire and providing the supplemental information or
simply mailing the marketing information they commonly supply in advertis-
ing literature. As a result, the material presented in this report is not ;

consistent for each sensor. lowever, a point of contact is indicated in

‘R.L‘-,4',k< ~‘ o
R D N e

most cases to allow the reader to obtain other detailed information direct- ;

ly from the source. It should be noted that the emphasis herein is placed :

e W

AR

primarily upon substantiated data, and laboratory tests of prototypes or .

research devices are labeled as such. :
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2. COMMERCIALLY AVAILABLE SENSORS

2.1 General

Fluidic sensors, in general, can be categorized several ways.
For convenience, however, they are usually classified either according to their
function or according to their design. The latter designation may be confusing.
Fo. example, a vortex sensor may be used to detect angular rate, temperature,
or gas concentration., Therefore, to eliminate confision in the following dis-
cussion, the categorization is first made according to the function of the sen-

sor, and then according to the type of sensor within each of these categories,

Breakdowns according to function are:

® Proximity Sensors
Angular Rate Sensors
Accclerometers
Temperature Sensors

Concentration Sensors

Miscellancous Sensors

As stated in the Introduction of this manual, a discussion of
each generic type of sensor and of each particular type of sensor has been pre-
pared in accordance with the information received from the questionnaires sent
to the various sources. As such, the presentation of pertinent material varies
slightly from sensor to sensor, depending upon the responses received. The
format for each sensor investigated remains consistent throughout the report.
Note tha’ the term (NA) is used to indicate items which are not applicable
to a particular sensor. Where data were not provided, a (U) for "unspecified”

is utilized. Louic symbols are those used by cach manufacturer.

2.2 Proximity Scnsors

Proximity sensors are devices which provide cither an analeq
or digital output signal that is dependent upon the juxtaposition of an object

passing by the sensor. The two basic types of proximity sensors arz non-

- 1‘7-.
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contact and contact. With a non-contact sensor, a jet stream is usually aimed
across a gap. When that stream is interrupted by an object entering the gap,

a resultant change in output pressure and flow occurs. A diagram of both
variations of the basic proximity sensor theme is shown in PFigure 2.1. 1In
Figure 2.la, a jet stream impinges against the moving object, causing an
output signal in the form of a back pressure change. In Figure 2.1b, an object
would pass by the flowport, labeled “"C." Depending upon the proximity of C to
the sensor, either full or partial flow differentiation will take place between
D, and D_,. If the flow switches completely from D

1 2 1

as a digital (on-off) sensor. Tf the flow rate is proportional between D1 and

02 (to the distance of the object from C), then the device is known as a pro-

portional sensor. It should be noted that a pushbutton (where a finger can be

to D,. the device is known

used as the flapper of the valve as shown in Figure 2.la) is the simplest type
of proximity sensor. Variations of this basic element are referred to by manu-
facturers as "key" or "back pressure switches." Detailed information on all

of the various types of proximity sensors follows.

MOVABLE
FLAPPER
VARIABLE /
ORIFICE
\. BACK PRESSURE

UPSTREAM SWITCH
RESTRICTION
o ¢ |
LOAD
ORIFICE
(a) (b)
DI D2

FIGURE 2.1 BASIC PROXTIMI'TY SENSOR OPERATION
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2.2.1 Cone-Jet Proximity Sensor

The cone-jet proximity sensor umploys an annular nozzle con-
nected to a supply port as shown in Figure 2.2. The annular sensing nozzle
surrcunds an output port and, if not interrupted, the air flow forms a conical
jet, thus creating a negative pressure at the output. When an object passes
through the cone region of the jet, the normal sub-atmospheric region becomes
one of positive pressure due to the supply jet being deflected from the intrud-
ing object into the low pressure region. The result is a high pressure output
signal, the magnitude of which is inversely proportional to the spacing between
the object and the annular nozzle. Manufacturers claim that there are no
"overtravel” problems such as are encountered with conventional limit switches
and valves, and the device is ideal for conditions where physical contact could
cause damage to the parts. Flat or curved objects up to .25 in from the nozzle
can be sensed. It should be noted that this type of proximity sensor requires
at least a .25~in~square surface for positive activation and, therefore, does

not lend itseclf to sensing wires or other small objects.

e oD

i
—Supply Output -,

.' - ' “ wesun bew _— -
}'E '{ o
= A et I

JAPITEI T

’

FIGURE 2.2 CONE JET-PROXIMLITY SENSOR

~19-




TR T RN TSR
: 11/16"-24 UNEF-2A
3 SUPPLY .
PORT 2, {\
* 9)
i e/
¥
10-32 UNF ..
{2 PLACES) o 5/8" fom
= LOGIC SYMBOL
MODEL # F-4416-100 :
FIGURE 2.3 CONE JET SENSOR-AIR LOGIC
GENERAL INFORMATION
TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Cone Jet.approximated via 3 equally spaced nozzles
DATA SOURCE: Air Logic Brochure #8350 Part No. F-4416-100
PRIMARY FLUID: Air INTERFACE:  Air-Airc :
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: 0 to 180% PRESSURE: U
FOWLR SUPPLY FILTRATION: U
EFFECP ON MEASURED OQUANTITY:  None
SENSTTIVITY TO:
SHOCK: None NOTSE: Nene
ACCELERATION: None VIBRATION: None
REFERENCE:  aAmbient Pressure ’
ORDERING INFORMATION )
MANUFACTURER OR SOURCE: Ayr Logie Div.
troed ¥napp Engraving co., Inc.
S0 touglas Ave.,
kacine, Wisc., 53402
POINT OF CONTACT: Mr. Donald kaske {414) 632-394]
PRODUCT AVATTABILINY: Off =t ho-Shel
cosT: S14.90 cach i
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U

SUPPLY:

PRESSURE-Minimum:

QUTPUT:

FLOW-Minimum:
POWER~-Minimum:

PRESSURE-Minimum:

FLOW-Minimum:

POWER-Minimum:

CONTROL : PRESSURE~Minimum:

IMPEDANCE:

SCALING ABILITY: NA

LINEARITY: RANGE: NA

OBJECT SENSING RANGE: 0"

HYSTERESIS:

OUTPUT SIGNAL:

CROSS SENSITIVITY

S/N RATIO: NA

TIME RESPONSE: 2 ms
10 psig Maximum: 10 psig
0.36 scfm Maximum: 0.36 scfm
U Maximum: §)

See Figure 2.4 Maximum:

NA

to 0.20"

Maximum:

Maximum:

Output to drive AIR LOGIC Fluidic elements

ACCURACY: U

MINTMUM OBJECT SIZ2E: a.5" plat

GAIN: NA 0.zs5"

Pressure rise with object present

EFFECTS: None

EXPECTED LIFE: U

MTBF : U MCBF: U MTTR: U

0 v .- [ LI R
2 RS SUNPUUUY. SO Y RN SRN RDVUNNN SNt ,* . -
»n I L- ——‘ - -—I— - _“r - -1-—‘-—-3--—1
N IR TR R T N
b3 - r. _.3 e s ke Tt -1 i Smgr b
e . * . .

SR I O T O RN -
i.r : i ‘ i I z '
fe - - - . . Al
Wl Ll REDRES
r B O A S PN B
2O ' . SRR . .
:.: [ ] oo e .

¥

% ! '
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. H 0 H
2 ' [ .

- 5 e or o o “ N .
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Output Pressure vs Sensing Distance

FIGURE 2.4 AVAILABLE DATA-CONE JET SENSOR-AIR LOGIC
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123
ﬁ,
H 1
§
< MINIATURE MODEL
] STANDARD MODELS
g EPOXY
H o- -~ -~ 22 o CANNOT BE HEMOVED
t - 18 BARBED FITTING -
FOR 25 OD TUBING
ro 44 ~ 52-? 56
. §§ ! ! A gOACnOSS
21 lj ] 56 3 MEX FLATS
g f N i L1
i I ! 1 aurganate ‘ !
5 § W : \ 8 oweur R4 s :
3 “* o !;‘ ! \ }} ALTEANATE ’;‘ = APPBOX -
'r"" - i A } SuPPLY K
i 1::::2,2\’:-/ CUIPUT PORT MODEL NO: 300692
&
5 SUPPLY PORT
3
3
; MODEL NO: 300490 NO LOGTIC SYMBOL PRCVIDED
% FIGURE 2.5 CONE JET SENSOR-AIRMATIC/BECKETT-HARCUM
GENERAL INFORMATION
i TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Cone Jet
DATA SOURCE: Airmatic/Beckett-Harcum Brachure AB-450
PRIMARY PLUID: pjir INTERFACE: Air-Air
5 RFADUUT PROVIDED: None
% ENVIRNMENTAL LIMITATIONS
/A TEMPERATURE: -50 to 180°F PRESSURE: > 35 psig
E POWER SUPPLY FILTRATION: 40 micron
2t EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO: -
: SHOCK; None NOISE: None
32 ACCELERATION: Nome VIBRATION: None
& REFERENCE:  Ambient pressure

CRDERTHNG INFORMATION

= {ANUFACTURFER OR SOURCI:: Al matic/aeckett_";lrcum
= 185 Park Drive

EV Wiimington, Ohio 45177

3 POINT OF CONTACT: Mr. Cliff Howard (513) 38:-1691

3 PRODUCT AVATLABILITY:  Qff-the-Shelf

‘ COST: 1§
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é OPERATING CHARACTERISTICS
. TRANSFER FUNCTION: U
- FREQUENCY RESPONSE: ( TIME RESPONSE: 1 ms
SUPPLY: PRESSURE-Minimum: 2 psig Maximum: 35 psig .
FLOW-Minimum: 0.25 scfm Maximum: 2.0 scfm :
POWER-Minimum: 1.63 w Maximum: 228 w
OUTPUT: PRESSURE-Minimum: gee Figurc 2.6 Maximum:
FLOW-Minimum: Maximum:
POWER-Minimum: Maximum:

CONTROL : PRESSURE-Minimum: yA
IMPEDANCE:

SCALING ABILITY: wa

LINEARITY: RANMGE: Np ACCURACY: (.005% inch repeatability
OBJECT SENSING RANGE: 0" to 0.2% MINIMUM OBSECT SIZE: ,0625" wire
HYSTERESIS: g GAIN: nNA

OUTPUT SIGNAL:

Propertional pressure rise with object present
CROSS SENSITIVITY EFFECTS: Nonie

S/N RATIO: Na EXPECTED LIFE: ynlimited
MTBF : U MCBF: MTTR: U

1/

/

E ‘\
520 :
b I
“ i
O1s |
|
Cone:jet é |
Sensge A g 10 - N
Comumpi.on ‘E’ P Loampre A By 2 S0un)
vs BSutoly Pressure 2 e 0% - A8yt
[
o
(v}
k-4
4

b d
W
.

] ™ S Peswsse
P Do imessws a1 Mettre

L] W 15 20 25 30
v

g
-3
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vy Pr ¢ ~ ' -~
Suptdy Pressure ~ Ps iPsg 8 20 foroe A s o e o
3 o oy Presre Ry vers
Cone-dot 4 18) L. v o . oar Wy as
> 4 N . N
Sensor Pressure § \\ oot g0 R
Recovery Factor §,0 N
. &
s Gao &
'
2
-
e .
&
[y

[ ] 060 100 140 180 -
Gap  A.dnches) -

FIGURE 2.6 AVAILABLE DATA-CONE JET SENSOR-ATRMATIC/BECKETT-HARCUM
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MODEL NO: 60860315

LOGIC SYMBOL

FIGURE 2.7 CONE JET SENSOR-ASCO 4
it GENERAL INFORMATION
% TYPE OF SENSOR: Proximity MOVING PARTS:  None )
| PRINCIPLE OF OPERATION: Cone Jet :

DATA SOUKRCE: ASCO Brochure no. #9028: Part # 6080315 :
PRIMARY FLUID: Air INTERFACE:  Air-Air :
‘ READOUT PROVIDED:  None
E ENVIRONMENTAL LIMITATIONS
‘ TEMPERATURE : u PRESSURE: U
: POWER SUPPLY FILTRATION: u
? EFFECT OGN MEASUBFD QUANTITY:  None :
4 SENSITIVITY TO:

SHOCK: v MoISE: U

ACCELERATION: U VIBRATION: U
}E REFERENC} Ambient pressure )
2 ORDERING [NFLs. ATION :

MINCFACTURER DR SQURCE: Automatic Switch Company
50-56 Hanover Road
Florham Park, New Jersey 07932

POINT OF CONTACT: Mr. Edward B, Dorsey (201) 966-2000

PRODUCT AVAILABILITY: Off~the-Shelf

COST: $25.00 cach
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OPERATING CHARACVERISTICS

3 TRANSFER FUNCTION:

FREQUENCY RESPCONSE:

HYSTERESIS:
OUTPUT SIGNAL:

OBJECT SENSING RANGE: O to 0.13"

CROSS SENSITIVITY EFFECTS:

S/N _RATIO:

L)L s il bk s TRl s it

MTBF : U

—

MCBF :

i S

U

v TIME RESPONSE: 1 ms

£ SUPPLY: PRESSURE- 1 to 10 psig  FLOW- 0.5 to 2.5 scfm
;‘E OUTPUT: PRESSURE- See Figurce 2.8

?ﬁ 1MPEDANCE : u

i s

?% SCALING ABILITY: None

i3 LINEARITY: RANGE: See Figure 2.8 ACCHRACY : u

MINIMUM OBJECT S12E: (%)
u GAIN: U

Proportioral Pressure

U
U EXPECTED LIFE: u
u MTTR: u

PART NO. 6080315

OUTPUT SIGNAL PRESSURE vs, RANGE
FOR MiN) PROXBAITY SENSOR

{*)Cylindexr 0.125" dia; Slot 0.090" wide

35 1 Circular hole or disc 0.130" diameter
~ 30
% OBJECT
LTS ﬂ SENSOR
5 20 1 —~ed L—nmc.s
(23
g s
- P+ 4 PSIG
g 10 4 P+ 6 PSIG
3 P 8 PSIG
5 4 P, 10 PSIG
* 16 4 -.‘ '-usz
O 020 040 060 080 100 120 140 (60 80 200 220 _. |4 A
RANGE (INCHES) 'o“ SENSOR €DGE
Z 12 'D'
25 SUPPLY FLOW vs ° F8 ANP
SUPPLY PRESSURE - af
FOR MINUOROTIMAIT T SENSOR - 10 ()
PART MO 6080313 0
8 2 80 -
: £
2% P18 PSIG
o s R
& - 6.0 4
§|0< '2_ 401
@ 3
o 2.0 4

4

~d

3 4 H P4
SPFLE PRESSUME (PSIG)

¥ ¥ A WA L

2 4 T L L4
0 020 040 060 080 100 120 .140 MO
EOGE DISPLACEMENT (INCHES)

FIGURE 2.8

AVAILABLE DATA-CONE JET SENSOR-ASCO
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2 MOUNTING
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MODEL NO: FPD-Pl-10Al MODEL NO: FPD-Pl-13Al

NO LOGIC SYMBOL PROVIDED

FIGURE 2.9 CONE JET SENSOR-BROWN AND SHARPE

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Cone Jet
DATA SOURCE: Brown & Sharpe Brochure, P-14123
PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSURE: U
POWER SUPPLY FILTRATION: U
EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO: .
SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient Pressure

ORDERING INFORMATION

HANUFACTURER OR SOURCE: Rrown & Sharpe Mfg. Inc.
Double A Products

714 East Duncan Street
Manchester, Michigan 48158

POINT OF CONTACT: (313) 428-8311

PRODUCT AVAILABILITY: of f-the~Shelf
COST: u

NOTE: Miniaturized version is Model No, FPD-D3N-11Al, but no data are given.
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: gy

FRLOUENCY RESPONSE: 500 Hz TIME RESPONSI: 1 ms

SUPPLY: PRESSUPE-Minimum: U Maximum: U
FLOW-Minimum: u Maximum: U
POWER=-Minimum: U May ioum: u

CUTPUT: PRESSURE-Minimum: ¢ Maximum: i
FLOW-Minimum: u Maximum: r
POWER~Minimum: i Maximum: &

CONTROL: PRESSURE-Minimum:  NA

INPEDANCE: Recommends use of Amplifier FPA-2N-10A1

SCALIMG ABTLITY: NA

LINFARITY: RANGE: NA ACCURACY: 0.005 inch

OBJECT SENSING RANGE: 0" to 0.15" MINIMUM OBJECT SIZE: .25"Flat,.50" cylinder
HYSTERESIS: u GAIN: NA 1.1" Sphere

OUTIUT SIGNAL: Pressure rise with obic ot present

CRJSS SENSITIVITY EFFECTS: None

S/N RATIO: NA EXPECTED LIFE: U

HMTBF: U MCBEF: u MTTR: 0
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OPERATING CHARACTERISTICS ;
TRANSFER FUNCTION: U :
FREQUENCY RESPONSE: 160 Hz TIME RESPONSE: U ;
SUPPLY: PRESSURE-Minimum: 1.5 psi Maximum: 3.5 psi

FLOW-Minimum: 0.3 scfm, Model RFL-2 0.5 scfm, Model RFL-4, RML-~5
0.6 scfm, Model RFL-6 1.7 scfm, Model RFL-~15

OQUTPUT: PRESSURE-Minimum: U Maximum: U
FLOW-Minimum: u Maximum: U
POWER~Minimum: u Maximum: U

CONTROL : PRESSURE~Minimum: NA
IMPEDANCE: U

SCALING ABILITY: U

LINEARITY: RANGE: U ACCURACY: U ?%
ORJECT SENSING RANGE:  (.90" to .620"* MINIMUM OBJECT STZE: U ,g
HYSTERESIS: U GAIN: i
OUTPUT SIGNAL: Pressurc rise with object present §
CROSS SENSITIVI'TY EFFECTS: U §
5/ RATIO: U EXPECTED LIFE: U ?
MTBF: u 2CBE: u HMTTR: u

* Depending upon Model
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY KESPONSE: g TIMF. RESPONSE: <S5ms )
SUPPLY: PRESSURE-Nominal: 3 psig

OUTPUT: PRESSURE-See Figure 2.11
IMPEDANCE:

Recommend Useage of B&S Amplifier FPA-1P-10A1 or I'PA-YA-10Aa1l
SCALING ABILITY: NA

| LINEARITY: RANGE: NA ACCUPACY: y
| OBJECT SENSING RANGE: 0.1" to 0.4" MINIMUM OBJECT SIZE: gy
| } HYSTERESIS: y GAIN: 0.83 psig/inch
| 3
| : UTPUT STGNAL: pressure rise with object present
‘ oy CROS$ SENSITIVITY EFFECTS: None
|
| . S/N _RATIO: EXPECTED LIFE: y
| £ MTBF: U MCBF: U MTTR: U
| ? i H
¢ il
| T
| % ' . .
S NOTE: With a 3 psi supply
' 5. 6 pressure, the sensitivity
| i‘ is .83 psi/inch around the
| iA ' nominal sensing range.
| E " 3 +3 ' SUP
g 3 SUPPLY
e 3 ouTPUT '
| E PRESSURE (IN. H50) PRESSURE 3PSIG :
: : |
| g 3 ]
. DISTANCE
. £ TO TARGET
: . INCHES USE PRESSURE AMPLIFIER
' . - | "PA~1P-10A1 OR FPA-9A-
| i 3 3 ‘—-30—"NOMINAL RANGE FPA-1P-10A1 PA-9A~10A1
S
| % 3
| 3
| .
| .. ? FIGURE 2.11 AVAILABLE DATA-CONE JET SENSOR-BROWN AND SHARPE .
B
IS &
| z .%'
| e 3
' k.
| .
| [
B
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: U

FREQUENCY KESPONSE: U TTME RESPONSE: <S5ms

SUPPLY: PRESSURE-Nominal: 3 psig

OUTPUT: PRESSURE-See Figure 2.11

IMPEDANCE: Recommend Useage of B&S Amplifier FPA-~1P-10A1 or I'PA-YA-10Al
STCALING ABILITY: pNa

LINEARITY: RANGE: NA ACCUPACY: U
" GBJECT SENSING RANGE: 0.1" to 0.4" MINIMUM OBJECT SIZE:y
HYSTERESIS: gy GAIN: 0.83 psig/inch

QUTPUT STGNAL: pPressure rise with object present
CROSS SENSITIVITY EFFECTS: None

S/N _RATIO: pna EXPECTED LIFE: gy
MTBF: U MCBF: U MITR: U
NOTF: With a 3 psi supply
16 pressure, the sensitivity
is .82 psi/inch around the
' nominal sensing range.
3 ' SUPP
supPLY
OuTPUT '
PRESSURE (IN. H0} PRESSURE 3PSIG
0
DISTANCE
///TOTARGET
. INCHES USE PRESSURE AMPLIFIER
- | FPA-1P-10A1 OR FPA-9A~10Al
3 r—so——| NOMINAL RANGE P Al A
FIGURE 2.11 AVAILABLE DATA-CONE JET SENSOR-BROWN AND SHARPE g
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1/2-28 Thread Output Port
o
a Note: Fittings for 0.170" Supply Port LOGIC SYMBOL

5t 1.D. Tubing

MODEL NO: 191593

FIGURE 2.12 CONE JET ssusoa—cdanruc é

GENERAL. INFORMATION
TYPE OF SENSOR: Proximity MOVING PARTS: None 4
PRINCIPLE OF OPERATION: Cone Jet Z
DATA_SOURCE: Corning Fluidic Products Brochure; Part # 191593 %
PRIMARY FLUID: Air INTERFACE: Air-Air §
READOUT PROVIDED: None §
ENVIRONMENTAL LIMITATIONS }
TEMPERATURE: u PRESSURE: U E
POWER SUPPLY FILTRATION: U é

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK:: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Corning Glass Works
Fluidic Products Department
Corning, N.Y. 14830

1 POINT OF CONTACT: William T. Greenfield Jr. {607) 974-8147
i PRODUCT AVAILABILITY: off-the-Shelf

- &3

: COST: $23,00 each
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION:

FREQUENCY RESPONSE: U TIME RESPONSE: *0.030sec rise, fall time
i . 1"

SUPPLY: PRESSURE= See Figure 2.13 with 0.1% gap

QUTPUT: PRESSURE- See Figure 2,13

IMPEDANCE: Fanout is 3 CORNING FICM components

SCALING ABILITY: NA

LINEARITY: RANGE:  NA ACCURACY: U

OBJFCT SENSING RANSE: 0 to 0.625" MININUM OBJECT SIZE: ,25"x.25"
HYSTERESIS:  ,004"-103" GAIN: NA

OUTPUT SIGNAL: pressure rise with object present
CRO3S SENSITIVITY EFFECTS: None

S/N RATIO:  NA EXPECTED LIFE: U
WIBF: gy HCBF : U MTTR: U

* Response tests are performed using 5 psig supply pressure and a 10 foot length of
0.17 in.ID tubing between sensor and switch. A large, flat object is rapidly moved
into/out of the sensing field in a direction perpendicular to the flow axis of the
sensor. Response is measured at the output of the switch.
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FIGURE 2.13 AVAILABLE DATA-CONE JET SENSOR-CORNING
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MODEL NO: (063 649
MODEL NO: GG3 650

B
MODEL NO: 003 685 x

«o-Supply port blach
~o= Ouipyt portyellow

LOGIC SYMBOL

" FIGURE 2.14 CONE JET SENSOR-FESTO

GENERAL _INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Cone Jet

DATA SOURCE: Festo Brochure No 1000-2
PRIMARY FLUID: Air INTERFACE:  Air-Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: U PRESSURE: u
POWER SUPPLY FILTRATION: 25 micron dry air
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient pressurc
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Festo Corpuration
10 sintsink Drive
E. Port Washington, N.Y. 11050

POINT OF CONTACT: Mr, E. Pechner (516) 883-8571
PRODUCT AVAILABILITY: Of f-the-Shelf
COST: $21,50 cach Model 003€85, 003649, 003650
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OPERATING CHARACTERISTICS :
TRANSFER FUNCTION: U .
FREQUEHCY RESPONSE: U TIME RESPONSE: y
SUPPLY: PRESSURE- See Figure 2.15
OUTPUT: PRESSURE- See Figure 2,15 -
IMPEDANCE: U - 3
SCALING ABILITY: NA 7 B
LINEARITY: RANGE: NA ACCURACY:  See Figure 2,15 - - = 7
OBJECT SENSING RANGE: See Figure 2.15 MINIMUM OBJECT SIZE: See Figure 2.13 =
HYSTERESIS: U GAIN:  NA S S
OUTPUT SIGNAL: Pressure rise with object present A
CROSS SLNSITIVITY EFFECTS:  None o - - = /
S/N_RATIO: U ) _ EXPECTED LIEE: .y - Z
MTBF u MCBF: g . MPTR: oy
Output prossure VS, - R E
lateral distance from axis - =

8 {with object %14 from senszor) & -
e ) N B
g4 v - - g
£ 63785 - 2 . :
¥ - - = - =l .
£ - o E
5.2 L0 P - P N - ¥ %
@ 004650 __; T 2, i
fa - a< ¥ I
R ) *, Respons pressuro &
32| . / / A . o/ Ot FESIC 057 06 ampter ES ' E
A e &yl i
-1 %ﬂ ! I dm) GC‘;;mzscmeqs.;m E
i } . 1 » o of FEEIG 00! 080 amplilier E
-005 005 01 015 02 datanco’ H
trom o By
dim -
05¢- 23 rrresve - :
- H*ﬂ - !
oue-lw]‘ ” (+) ’ - i S - N i j;
Type 07 050{ 003 685} 033 840 GC3 050 s
Idertification  color - red  |-yeiow | -whie 3
Distance etween - 4 e 4 o, L
Type 007 0s0[ouaeas[ooaeasfoosesn] | Smnceteen b e | v pow= | on L
Supgly pressure (PSH) 1510 77 Min. dameter “d" of = = SRR SEE R N :
Output pressure (in.WC) .2 {see graph) ohject to be K
Air consumption at 5&1“2 ‘52‘:_ s ey *ly St 3
3 PS! input pressure A6 .23 46 56 . .
(SCFM) K ) 3
Sensing accuracy (in) | .008 | .004 | 004 | .008 — - e
gles;:ggrcgn%egwb’%% i) 32 a Sin 4 :r df“b hund UEX UL o FaPre e T i s
' L ' ‘

FIGURE 2.15 AVATLABLE DATA-CONE JET SENSGR-FESTD
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GEOMETRIC PROPERTIES

1. Iden# RFL-2 Dia. 0.9"
2. " RFL-4 Dia. 0.9"
3. " RFL-6 pia. 0.9"
4. " RFL-5 Dia. ©0.5"
5. " RFL-15 Dia. 0.9"

NO FIGURE PROVIDED

2.28"
2.28"
2,28"
1.75"
2.50"

Lgth.
Lgth.
Lgth.
Lgth.
Lgth.

NO LOGIC SYMBOL PROVIDED

GENERAL INFORMATION

TYPE OF SENSOR: Proximity
PRINCIPLE OF OPERATION:
DATA SOURCE:

PRIMARY FLUID:

READOUT PROVIDED: None

Cone Jet

Festo Corporation

Air

ENVIRONMENTAL. LIMITATIONS

TEMPERATURE: u
POWER SUPPLY FILTRATION:
EFFECT ON MEASURED QUANTITY: None

S micron

SENSITIVITY TO:
SHOCK:

None
§Q§ELERATION: None

REFERENCE:  aAmhient pressure

ORDERING INFORMATICN

MANUFACTURER OR SOURCE:

POINT OF CONTACT:
PROQUCT AVAILABILITY:

Mr., E.

Off~the-Shelf

cost: (Aug . 76)

Fechner

-34-

MOVING PARTS: None

Air-Air

INTERFACE:

PRESSURE u

NOISE:
VIBRATION:

None
None

Festo Corporation
10 Sintsink Drive E.
Port Washington, N.Y. 11050

(516) 883-8571

$21.50 Model RFL-2, RFL-4, RFL-G
$16.00 Model RML-5, $25.00 RI'L-15
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OPERATING CHARACTERISTICS:
TRANSFER FUNCTION: U

FREQUENCY RESPONSE: 160 Hz. TIME RESPONSE: U

SUPPLY: PRESSURE-Minimum: 1.5 psi Maximum: 3.5 psi
FLOW-Minimum: 0.3 scfm, Model RFL=2 0.5 scfm, Model RFL-4, RML~5

0.6 scfm, Model RFL-6 1.7 scfm, Model RFL-15

OUTPUT: PRESSURE-Minimum: U Maximum: U
FLOW=-Minimum: u Maximum: U
POWER-Minimum: U Maximum: U

CONTROL : PRESSURE-Minimum: NA

IMPEDANCE: U

SCALING ABILITY: U

LINEARITY: RANGE: U ACCURACY: U

OBJECT SENSING RANGE:  0,90" to .620"* MINIMUM OBJECT SIZE: U

HYSTERESIS: U GAIN:

OUTPUT SIGNAL: Pressurc rise with object present

CROSS SENSITIVITY EFFECTS: U -

S/R éATIo: u EXPECTED LIFE: U

MTBF U MCBF: ) MTTR: U

* DPepending upon Model
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MODEL NO: PS105
PROVIDED

NO LOGIC SYMBOL

FIGURE 2.16 CONE JET SENSOR-FORMSPRAG

GENERAL INFORMATION

TYPE OF SENSOR: Proximity

MOVING PARTS: None
PRINCIPLE OF OPERATICN: Cone Jet

DATA_SOURCE:

Formsjp:rag Brochure X-3016 Part No. PS105
PRIMARY FLUID: Air

INTERFACE: Air-Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: 125°F PRESSURE: U
POWER SUPPLY FILTRATION: 40 micron

EFFECT ON MEASURED QUANTITY: None
SENSITIVITY O:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Formsprag Co.

P.O. Box 778, 26444 Groesbeck Hwy.
Warren, Michigan 48089

POINT OF CONTACT: Mr. William H, Charlesworth (313) 758-5000

PRODUCT AVAILABILITY: of f-the-Shelf
COST:

$14.00 cach

-36=

e A e e i T e o T ke 2 oot e e« o 2

B . SN

3
R

13
.
3
3
3
H
2
2
:




OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

ot
VG

s Ao, 11

FREQUENCY RESPONSE: 30 cps TIME RESPONSE: rise time 9ms; drop time

SUPPLY: PRESSURE-Minimum: 4 psig* Maximum: 4 psig* ons
FLOW-Minimum: 1 scfm Maximum: 1 ¢cfm
POWER-Minimum: 13 w Maximum: 13 w
*#QUTPUT: PRESSURE-Minimum: 0.1 psig* Maximum: 0.1 psig*
7 FLOW-Minimum: 4] Maximum: U
gggggfminimum: U Maximum: U
CONTROL: PRESSURE-Minimum:  NA
IMPEDANCE: U
SCALING -ABILITY: None
LINEARITY: RANGE: N ACCURACY: U
OBJECT SENSING RANGE: 0" to 0.190" MINIMUM OBJECT SIZE: 0.25 Flat
: "7 0.38 Curved

HYSTERESIS: u GAIN: NA

OUTPUT,S;G§RL= Pressure rise with object present.
CROSS SENSITIVITY EFFECTS: None

S/N RATIO: NA EXPECTED LIFE: U
MTBF : u MCBF: u MTTR: U

* Nominal value

** Output measured at 4 psig supply & 3/16" target gap (output siightly below
atmospheric pressure when nonactuated).
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MODEL NO: PS307 NO LOGIC SYMBOL
PROVIDED
i ‘FIGURE 2.17 CONE JET SENSOR-FORMSPRAG -
GENERAL INFORMATION
“TYPE OF SENSOR: Proximity MOVING PARTS: None
'PRINCIPLE OF OPERATION: Cone Jeot
DATA- SOURCE: Formsbrag Brochure 9231, Part No. PS307
PRIMARY FLUID: Air INTERFACE: Air-Air
'READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
| TEMPERATURE:  350°F PRESSURE: U
'POWER SUPPLY FILTRATION: 40 micron
EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO:
SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: ambient pressure
ORDERING INFORMATION
" MANUFACTURER OR SOURCE: Formsprag Co.
P.Q. Box 778, 26444 Groesbeck Hwy
Warren, Michigan 48089
POINT OF CONTACT: Mr. Wm., H. Charlesworth (213) 758-5000

PRODUCT AVAILABILITY: off-the-Shelf

COST: $26.00 cach - -
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OPERATING CHARACTERISTICH
TRANSFER FUNCTION: U

T

L

' K Cow e -
07 S o S ot et oA i T d e i B A B

- FREQUENCY RESPONSE: 50 hz TIME RESPONSE: 6 ms rise time;
. . ) 10 ms fall time
3 SUPPLY: PRESSURE-Nominal 4 psig
3 FLOW-Nominal 0.8 scfm :
; ) - N
] POWER-Nominal 10.4 w E
OUTPUT: PRESSURE-Minimum: See Figure 2.18 é
FLOW-Minimum: %
POWER~-Minimum: i
: CONTROL: PRESSURE-Minimum: NA %
: IMPEDANCE: U 3
: —_— K
: SCALING ABILITY: None -
: LINEARITY: RANGE: NA ACCURACY: U A
OBJECT SENSING RANGE: 0" to 0.25" MINIMUM OBJECT SIZE: 0.25" Flat E
0.38" Curved &
HYSTERESIS: U GAIN: NA E
OUTPUT SIGNAL: Pressure rise with object present é
’ i
CROSS SENSITIVITY EFFECTS: HNone #
S/N RATIO: NA EXPECTED LIFE: U g
MTBF : U MCBF: U MTTR: U 3
; %
3 3
{8 o :
1 2
» G

SENOOR 9.
(71 - T,

"
O RATIO OF AETURN PRESEUAL TO SUPPLY PRESSURE
*
2.

’
[

"
pCk

b,

¥
#
= CIGURE 2.18 AVAILABLE DATA-CONE JET SENSOR-FORMSPRAG
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MODEL NO: M/19010

LOGIC SYMBOL

GENERAL INFCRMATION

DATA_SOURCE:

TYPE OF SENSOR: proximity
PRINCIPLE OF OPERATION:

Cone Jet

Lehigh/Martonair Brochure:

‘PRIMARY FLUID: Air
READOUT PROVIDED:

None

ENVIRONMENTAL LIMITATIONS

\ EFFECT ON MEASURED OUANTITY:

TEMPERATURE: -5° to +50°C

POWER SUPPLY FILTRATION: S micron

None

SENSITIVITY TO:
 sHock: v
ACCELERATICM: U
REFEKRENCE: Ambient préssure

ORDERING INFORMATION
"~ MBNUFACTURER OR £OURCE:

FIGURE 2, 19 CONE JET SENSOR-LEHIGH/MARTONAIR

MOVING: PAKTS: None

Rart # M/19019

INTERFACE: Air-Air

PRESSURE: U

NOISE:
VIBRATION:

Lehigh Fluid Power Inc,
York Road, Route 179

Lambertville, N.J. 0853C

POINT OF CONTACT:

#r. E.O. Ponder (6N9) 397-3487

PRODUCT AVAILABILITY: Off-the-Shelf
COST: U
-40-
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. OPERATING CHARACTERISTICS
TRANSFER FUNCTION: u

FREQUENCY RESPONSE: U TIMZ RESPONSE: U
- SUPPLY: PRESSURE® See Figure 2.20
OUTPUT: PRESSURE- See- Figure 2.20

3 IMPEDANCE: U
£ SCALING ABILITY: R/A

LINEARITY: RANGE: N/A ACCURACY: u

OBJECT SENSING RANGE: O to 2mm MINIMUM OBJECT SIZE: -20:mm dia,

HYSTERESIS: - G- GAIN: NA
QUTPUYT SIGNAL: ’

Proportional pressure rise with presence -of object
CROSS SENSITIVITY .EFFECTS: .None

. S/N_RATIO: _N/A EXPECTED LIFE: U
MTBF: MCBE: U MTTR: U

oy
‘M.,;’w.,\'m

* 1 4 3

45 w (‘} - - -

J'%

K] — — e i = j

1.5 o e (GRS R —— . :

i

5? : :

- ’ *

5 . . 0167 0333 0500 0667 H
R AN NOTE: Total supply pressurs - K

range indicated.

" \' N
o e dtaoras

FIGURE 2.20 AVAILABLE DATA-CONE JET SENSOR-LEHIGH/MARTONAIR
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MODEL NO: 350001

rs

NO LOGIC SYMBOL PROVIDED

MODEL NO: 352001

FIGURE 2.21 CONE JET SENSOR-MILLER FLUID POWER

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Cone Jet
DATA SOURCE: Miller Fluid Power Brochure No. 5746-1275

PRIMARY FLUID: Air INTERFACE: Air-Air

READCUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE : U PRESSURE: U
POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUPACTURER OR SOURCE: Miller Fluid Power
7NOl> York Road
Bensenville, Illinois 60106

POINT OF CONTACT: U (312) 766-3400

PRODUCT AVAILABILITY: Of f-the-Shelf

COST': U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: @

FREQUENCY RESPONSE:

SUPPLY: PRESSURE-~-Minimum: 45 psi

FLOW-Minimum:

POWER-Minimum:

OUTPUT: PRESSURE-Minimum: U

FLOW-Minimum:

POWER-Minimum:

U
U

CONTROL : PRESSURE-Minimum: NA

IMPEDANCE: U
SCALING ABILITY: NA
LINEARITY: RANGE: U
OBJECT SENSING RANGE:
HYSTERESIS: U

OUTPUT SIGNAL:

0" to 12"

CROSS SENSITIVITY EFFECTS: U

S/N RATIO: U
MTBF : U

MCBF: U

-43~

Maximum:

Maximum:
Maximum:

Maximum:

ACCURACY:
MINIMUM OBJECT SIZE: .039"X.118" Flat

TIME RESPONSE: 40 ms
105 psi

.6 scfm @ 75 psi Model 352001

.46 scfm @ 75 psi Model 350001

GAIN: NA

Pressure rise with object present

EXPEC"E£D LIFE:

MTTR: U

.23" Curved

e e B A R Ll BB R, i g L

T .
o i A AR Lttt szt el it «

‘o
i

sl




/R

1116 =
24 UNEF — 2A THD,

o o e =y

\
SUPPLY 10-32 UNF
PORT {2 PLCS) ———
MODEL NO: 4PS-010-D00O LOGIC SYMBOL

FIGURE 2.22 CONE JET SENSOR-NORGREN

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF CPERATION: Cone Jet

DATA SQURCE: Norgren Brochure-Part # 4PS-010-000
PRIMARY FLUID: Air INTERFACE: Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: U PRESSURE: U
POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: u NOISE: 4]
ACCELERATION: u VIBRATION: U

REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: C A Norgren Co.
5400 S. Delaware Street
Littleton, Colorado 80120

POINT OF CONTACT: Mr. Robert Peterson (303) 794-2611
PRODUCT AVAILABILITY: Off-the-Shelf
COST: u
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‘ OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

, ‘
v o & . y ¥ Y
KR IE AR S e st R I 2 A Bt Pttt shrdran A s B 2 AT ey

FREQUENCY RESPONSE: U TIME RESPONSE: (U

'*é SUPPLY: PRESSURE- 10 psi nominal,Flow: 0.36 Scfm nominal

- OUTPUT: PRESSURE- See Figure 2.23

?: IMPEDANCE : U

3 —

SCALING ABILITY: NA

LINEARITY: RANGE: See Figure 2,23 ACCURACY: U

OBJECT SENSING RANGE: 0" to 0.19" MINIMUM OBJECT SIZE: u
HYSTERESIS: U GAIN:  NA

OUTPUT SIGNAL: Pressure rise with object present
CROSS SENSITIVITY EFFECTS: None

S/N RATIO: u EXPECTED LIFE: 0]
MTBF : U MCBF: 4] MTTR: U
'
-
P
w ?.
: 20~ 3
. § 3‘ 10 PSIG SUPPLY 4
- Wy 15- 2
18 ao )
2 >3 10- £
4 &z ;
3 ¥e 9
i 87 ]
E w !
T 0 pr——p————T
» 0 .025 .050 .100 .150 .200
2N SENSING DISTANCE ~ INCHES
] TO NORMAL SURFACE
3 Range is reduced slightly for curved or angled surfaces,
%\ .
A USE A 5DA-010-DOA DIAPHRAGM AMPLIFIER WITH THIS SENSOR

FIGURE 2.23 AVAILABLE DATA-CONE JET SENSOR-NORGREN
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MODEL NO: 1022 PROVIDED g

FIGURE 2.24 CONE JET SENSOR-NORTHEAST FLUIDICS %

GENERAL INFORMATION i
TYPE OF SENSOR:  Proximity MOVING PARTS:  None é
PRINCIPLE OF OPERATION: Cone Jet ;
DATA SOURCE: Northeast Fluidics Brochure: Part # 1022 %
PRIMARY FLUID: Air INTERFACE: Air-Air g
READOUT PROVIDED: None :
ENVIRONMENTAL LIMITATIONS %
TEMPERATURE: U PRESSURE: U E
POWER SUPPLY FILTRATION: U :
EFFECT ON MEASURED QUANTITY: None ) é
SENSITIVITY TO: E
SHOCK: v NOISE: U
ACCELERATION: U VIBRATION: U o
REFERENCE: Ambient pressure .
ORDERING INFORMATION :

MANUFACTURER OR SOURCE: Northeast Fluidics, Inc. :
Clippard Instrument Labs :
7390 Coleraine Road i
Cincinnati, Ohio 45239

FOINT OF CONTACT: (513) 521-4261
PRODUCT AVAILABILITY: of f~the~-Shelf

COST: $9.50 each
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: U

FREQUENCY RESPONSE: 10 Hz

TIME RESPONSE: U

SUPPLY: PRESSURE-Minimum: 4 psig Maximum: 4 psig
FLOW-Minimum: 0.3 scfm Maximum: 0.3 scfm
POWER-Minimum: u Maximum: U

OUTPUT: PRESSURE-Minimum: -~2in(w) Maximum: +7.5in (w)
FLOW-Minimum: See Pigure 2.25 Maximum: U
POWER-Minimum: Y Maximum: U

CONTROL : PRESSURE-Minimum: NA

IMPEDANCE: U

SCALING ABILITY: NA
LINEARITY: RANGE: U

OBJECT SENSING RANGE: 0" to
HYSTERESIS: U

ACCURACY: U

1" MINIMUM OBJECT SIZE:
GAIN: NA

OUTPUT SIGNAL: Pressure rise with object present
CROSS SENSITIVITY EFFECTS: NA

S/N _RATIO: U
MTBF : U MCBF: U

EXPECTED LIFE: U

MTTR: U

AN o coruh i
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‘25" x .25.’

"

Deper
22 Inres o

0

. ' 1

WO Sesuny
1 et mty Dgtowe o 7

W00 80 20 )

e e o AT o R R R Y

e i e Y i R e

-47-

FIGURE 2.25 AVAILABLE DATA-CONE JET SENSOR-NORTHEAST FLUIDICS
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FIGURE 2.26 CONE JET SENSOR-NCEL

GENERAL INFORMATION

TYPE OF SENSOR: Proximity

PRINCIPLE OF OPERATION:

MOVING PARTS: None
Cone Jet

DATA SOURCE: Technical Note N-1349, Naval Civil Engineering Laboratory

PRIMARY FLUID: Hydraulic 0il

READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS

TEMPERATURE:  125° to 150°F

POWER SUPPLY FILTRATION:

INTERFACE: 0©0il, Fluidic

PRESSURE: 1000 psig

Yes, micron size filter not specified

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:
stiock: u
ACCELERATION: U
REFERENCE: Ambient 0il
ORDERING INFORMATION
MANUFACTURER OR SOURCE:

POINT OF CONTACT:

PRODUCT AVATLABILITY:
COST:

NOISE: U

VIBRATION: U

Pressure

Naval Civil Engincering Laboratory
Construction Battalion Center
Port Hucneme, California 93043

E.R. Durlak, Code L-63 (805)982-5336
Laboratory item
U
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: U
FREQUENCY RESPONSE: U TIME RESPONSE: U

i

SUPPLY: PRESSURE-Minimum: 200~300 psig Maximum: 1000 psig g

FLOW-Minimum: 1.16 gpm Maximum: 3 gpm é

POWER-Minimum: U Maximum: U

QUTPUT: PRESSURE-Minimum: 2 psig Maximum: 150 psig
FLOW-Minimum: 1.15 gpm Maximum: 3 gpm

POWER-Minimum: Maximum: 3

CONTROL : PRESSURE-Minimum: NA

IMPEDANCE: U

SCALING ABILITY: Yes

LINEARITY: RANGE: 0 to 12" sensing gap ACCURACY: U %

OBJECT SENSING RANGE: .015" to .100" MINTMUM OBJECT SIZE: U

HYSTERESIS: NA GAIN:

QUTPUT SIGNAL: Pressure rise, See Figure 2.27 2

CROSS SENSITIVITY EFFECTS: None

S/N RATIO: NA EXPECTED LIFE: Unlimited

MTBE: U MCBF: U MTTR: U

014 é

[ X¥H o %

010 <

O P o300

O P 750rve ;

L Y é

(1113 od ;

o~ é

002 %

1 I

O 007 o oo o A 012 E

Gop. $ (1n) £

FIGURE 2.27 AVAILABLE DATA~CONE JET SENSOR-NCEL
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FIGURE 2.28 CONE JET SENSOR - TRITEC, INC.

GENERAL INFORMATION

TYPE OF SENSOR: Proximity/Amplifier

PRINCIPLE OF CPERATION: Cone-Jet

DATA SOURCE: General Electric Brouiiure:

PRIMARY FLUID:  Air

READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS

TEMPERATURE: To 100“C

MOVING P2ARTS: None

Model #24PS21AA
INTERFACE:

Air-air

PRESSURE: 15 psig

POWER SUPPLY FILTRATION: 10 micron

EFFECT ON MEASURED QUANTITY:

SENSITIVITY TO:

SHOCK: None

ACCELERATION: None
REFERENCE:

ORDERING INFORMATION
MANUFACTURER OR SOURCE:

POINT OF CONTACT:
PRODUCT AVAILABILITY:
COST:

None

NOISE:

None

VIBRATION: WNone

Ambient Pressure

TriTec, Inc.

615 S. Frederick Avenue
Gaithersburg, MD 20760

Mr. Vincent Neradka
Off-the-5helf
U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: To 500 Hz TIME RESPONSE: 2 ms
SUPPLY: PRESSURE- 5 to 15 psig (See Figure 2.29)

OUTPUT: PRESSURE- 4 psig at 15 psig supply pressure
IMPEDANCE: 0.8 scfm at Ps = 10 psig

SCALING ABILITY: NA

LINEARITY: RANGE: To 15 psig ACCURACY: U
OBJECT SENSING RANGE: Up to 0.15 inch MINIMUM OBJECT SIZE: U
HYSTERESIS:  NA GAIN: U

OUTPUT SIGNAL: Pressure
CROSS SENSITIVITY EFFECTS: none

S/N RATIO: gy ; EXPECTED LIFE: Unlimited
MTBF: U MCBF : 1) MTTR: U

INPUT.OUTPUT CHARACTERISTICS i FREQUENCY VS. SENSING GA?P
LTSI ~02 Outpat ¢
03 ot Ou!wt; 16300 - l‘;a!::::_ f:ism ¢l 500 \
Y o |
- ’t‘f’f
S i
e 400}
;ﬁé;; if}f/i =
02} o D oal
PO . 2 § 503:
Py PR u i Suply pressurz - 1005
- /’:, ,-; 8 :3\}:
Qi )‘:’f; ~ E
'-’,‘ 7 R
. . s . , o~ U e
N SO 10 Bt W % e L0850 e g
DISTANCE anluES CENSING OAP JNIeEE

FIGURE 2.29  AVAILABLE DATA: CONE JET SENSOR - TRITEC, INC.
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2,2,2 Vortex Proximity Sensor

The basic operation of a vortex proximity sensor is shown in :
Figure 2.30, The vortex chamber is used to generate a swirling flow in the shape ,5
of a diverging cone. This high-velocity vortical flow entrains ambient air,
thereby maintaining essentially atmospheric pressure within the cone. At the
vertex of this cone is a sensing/output port. The introduction of any object 4
in the conical region restricts the replenishment of the entrained flow, and
a local pressure reduction occurs. The resultant signal is negative pressure,
relative to that which existed for the sensor in an unobstructed state. With

a vortex proximity sensor, the output is analog and is inversely proportional b7

[

to the gap between the sensor and the object. Because of the low gain of this

type of sensor, the device is usually coupled to a high gain amplifier, or if

a digital signal is reguired, to a Schmitt trigger.

et b b L NERALY dar

9

One of the largest drawbacks with this type of system is that i:

the output depends upon entrained air from the atmosphere, thus introducing ég
a high probability of contamination of the sensor. Commercial manufacturers g%
claim, however, that thic is not a severe problem since positive output pres- EE

sures tend to prohibit contaminants from entering the internal parts of the :

~

system., Further, periodic cleaning can minimize any contaminant buildup.
Manufacturers claim that the maximum sensitivity range of a vortex sensor is

in the order of 0.5 to 0.75 inch. The minimum cobject size required is 0.375

inch square, and thus the sensor does not lend itself to sensing wire or any

other extremely small object. :

Iy
Entrained :

\ P / :

v oL i

© o Voua, RN o<

-~ Flow \ ¢ j;

f == E gi;?]\
Output Qutput \4

{High) {Low} I

?g

FIGURE 2.30 BASIC VORTEX PROXIMITY SENSOR OPERATION 3
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Rear View

Mounting Holes
for No. 8 Machine

Front View Screw {2)

—o.468"
Fittings for 0.170"
3 _I 5—7 1.0. Tubing (2}
& & = B8
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- - © =
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\ .
T s
—.265"
- 75" obw Fittings
=937

Extend .31 °

(192422 only)
MODEL NO: 192423 1.OGIC SYMBOL

FIGURE 2.31 VORTEX-PROXIMITY SENSOR-CORNING

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Vortex

DATA SOURCE: Corning Fluidic Products Brochure: Part # 192423
PRIMARY FLUID: Air INTERFACE: Air-Air
READQUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: U - PRESSURE: U
POWER SUPPLY FILTRATION:-- U
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATIUN: None

REFERENCE: Ambient pressure

ORDERING INFORMATION

MANUFACTURER OR SQURCE: cCorning Glass Works
Fluidic Products Department
Corning, N.Y. 14830

FOINT OF CONTACT: william T. Greenfield Jr. (607)974-8117
PRODUCT AVAILABILITY: of£~-the-Shelf
COST: $15,40 cach
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OPERATING CHARACTERISTICS

s .

'RANSFER FUNCTION: 4]

FREQUENCY RESPONSE: U PIME RESPONSE: See Table :i
SUPPLY: PRESSURE- See Figure 2.32
OUTPUT: PRESSURE- 1% P (supply) Max. 30% P (supply) v
H IMPEDANCE: Fanout into 1 FICM (Corning) Schmitt Trigger only :
SCALING ABILITY: NA
LINEARITY: RANGE: NA ACCURACY: U
: OBJECT SENSING RANGE: 0" to 0.5" MINIMUM OBJECT SIZE: 375"x.375" Flat ;-
i HYSTERESIS: .1875" to .3125" GAIN: NA K
fi:- QUTPUT SIGNAL: Pressure rise with object present %
¢ CROSS SENSITIVITY EFFECTS: None 1’
S/ RATIO:  NA EXPECTED_LIFE: y
MIBF: U MCBF: U MTIR: U
6 p=
g
18 g ot
=5 w
3 g
& = s b i
£ g H
=3 w H
] 2 b
E 1
% e i 3 ] L 1 I g
0 .22 w44 . o :
j " 1% T LUPRLY Fiow-. Fv ", : i
aE 3 "
i 1 1 _T' 1*s 1} %
.5 "1 Arza of > e Area of i
-3 B Ofatation ;é 1 . Operation H
[ o
g Py 5 Psig .g, Py = 5 Psig Z
£ e
5 3
& :
% e 1 [ ;
“ 9 S e S 0 ottt
T T O T PR [ IS T CREF R ] é
Sensing Gap ~ Inches Sensing Gap  Inchey %
FIGURE 2.32 AVAILABLE DATA-VORTEX SENSOR=-CORNING
-55~




i Smemr;  YSEp— T Ty i
TSNP S VTR NN PR LN 10 <5 N M N

JR S A in e CA

2.2.3 Annular Nozzle Proximity Sensor

A longer range sensor; which employs a variation of the basic :
principles of the cone~jet and vortex devices, uses a diverging, swirl-free f
annular nozzle. Jet entrainment causes this divergent conical flow to ccnverge f%
at some distance from the nozzle. Within the oval thus formed as shown in Fig-
ure 2.33, the pressure is substantially reduced and when this low pressure pat=
tern becomes disturbed by an obstruction, an abrupt pressure bubble burst takes
place and the pressure becomes that of atmospheric. To accentuate the sudden
pressure rise, the pressure sersing port is situated within the bubble near

the point where the jet makes its sharpest turn. Wwhen the bubble breaks, the

jet shifts away from the output opening therefore inducing a maximum pressure &
rise,

Because this device employs a pressurized power supply (and o
essentially no atmospheric¢ air is entrained), it is relatively contamination
free. Manufacturers claim that the maximum sensitivity range of this type ?f
of sensor is approximately 1.125 inches, and that this distance is relatively R
independent of changes in supply pressure., Unfortunately, with this type of ;i
sensor only a relatively large object can be sensed, i.e., on the order of 1.5
inchessquare; therefore, the device does not lend itself to applications such

as sensing a wire or even serving as an edge guide mechanism.

% o)
[t |

) (I

Low output {vacuum) High output {aminent)

o M Kbk

wenln L

AN ki L

Supply

9 e

FIGURE 2.33 BASIC ANNULAR NOZZLE PROXIMITY SENSOR OPERATION
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NOMINAL ~—1.062——|
SENSING —_ —_— -
: MODEL NO: FPD-D7N-10Al DISTANCE
{ MODEL NO: FPD-D12N-10Al 7 MOUNTING
: ;7J720M.
1 .65
? - - — = =3 1.25 Ik "__-'e{
5 | NOMINAL o L
{ MOUNTING HOLE |, 062 SENSING RN me e
- J pistance Loy R g\\
i MOUNTING 25 - Y ~SUPPLY PORT
# .200 x ,300 63— 73__| 1/8 NPT
1 - 1—--HOLE ‘__._1 22 "SSIGNAL PORT
: . "] 10-32UNF.28
1.38 -
1/3 NPT
[~ NEGATIVE PRESSURE
SIGNAL PORT
T0.320NE-28 NO LOGIC SYMBOL PROVIDED

FIGURE 2,34 ANNULAR NOZZLE-PROXIMITY SENSOR-BROWN & SHARPE

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Annular Nozzle Sensor

DATA SOURCE: Brown & Sharpe Brochure: P-14123

PRIMARY FLUID: Air INTERFACE: Air-Air
o READOUT PROVIDED: None

é’ ENVIRONMENTAL LIMITATIONS

: TEMPERATURE U PRESSURE: U

POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY 70:

SHOCK: None NOISE: None

3 ACCELERATION: None VIBRATION: None
% AbLLLERATIN VIBRATIO
2 REFERENCE: Ambient pressure

2 ORDERING INFORMATION

4 MANUFACTURER OR SOURCE: pouble A. Division

g Brown & Sharpe Mfq. Inc.
- 715 East Duncan Street

, Manchester, Michigan 48158

1 POINT OF GONTACT': (313) 428-8311

i PRODUCT AVATILABILITY:  Off-the-Shelf

4 COST': u
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: 100 Hz TIME RESPONSE:

SUPPLY: PRESSURE-Minimum: 3 psig Maximum:

FLOW-Minimum: 0.4 scfm Maximum:
POWER-Minimum: U Maximum:

QUTPUT: PRESSURE-Minimum: -0.14 psig Maximum:

FLOW-Minimumn: U Maximum:
POWER-Minimum: U Maximum:

CONTROL : PRESSURE-Minimum: NA

THPEDANCE: Recommends use of amplifier FPA-2N-10Al
SCALING ABILITY: NA

LTHMEARITY: RANGE: NA ACCURACY:

4 psig

1.4 scfm

U

+ 0.108 psig

8]
U

8]

10 ms

OBJECT SENSING RANGE: 0" to 1.2" MINIMUM OBJECT SIZE:

HYSTERESIS: U GAIN: NA

OUTPUT SIGNAL: Pressure rise with object present

CROSS SENSITIVITY EFFECTS: U

S/N RATIO: NA EXPECTED LIFE:

MTBF : U MCBF': U MTTR: U
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Nominal
Sensing
Distance

Mounting
Hole .204" Dia.

he X ASER I L
e i S

Mounting Hole
L 200" x .300"

| Supply Port
178" NPT

NN Signal Port
10-32UNF-28

MODEL NO: 192627

PROVIDED

NO LOGIC SYMBOL

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Annular Nozzle Sensor

DATA SOURCE: Corning Fluidic Products Brochure; Part # 190009

PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: U PRESSURE:: U
POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Corning Glass Works
Fluidic Products Department
Corning, N,Y. 14083

-60~-

FIGURE 2.35 ANNULAR NOZZLE-PROXIMITY SENSOR-CORNING

POINT OF CONTACT: William T. Greenficld Jr. (607) 974-8147
PRODUCT AVATLABILITY: Of f-the-Shelf
COS8T: $65.00 cach
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OPERATING CHARACTERISTICS

. .. . < 4
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TRANSFER FUNCTION: u

FREQUENCY RESPONSE: 5 Hz TIME RESPONSE: .30 sec %
SUPPLY: PRESSURE-Minimum: 3 psig Maximum: 10 psig :
FLOW~-Minimum: 1.3 scfm* Maximum: U é
POWER-Minimum: U Maximum: U 3%
OUTPUT: PRESSURE-Minimum: U Maximum: U ;g
PLOW-Minimum: 4] Maximum: U ?g
POWER-Minimum: U Maximum: U %

CONTROL : PRESSURE-Minimum: NA
IMPEDANCE: U

SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY: y

P e ol et

OBJECT SENSING RANGE: 0" to 1.125" MINIMUM OBJECT SIZE:]1.5"x1.5"Flat
HYSTERESIS: 0.50" to 0.75" GAIN: NA

LreifE

OUTPUT SIGNAL: Pressure rise with object present
CROSS SENSITIVITY EFFECTS: None

T e T s e e

e et i 111t

S/N RATIO: NA EXPECTED LIFE: U
MTBF : U MCBF:s U MTTR: U

.
Pt

i
e

* Flow at 5 psig.
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MODEL NO: SFX18C PROV

FIGURE 2.36 ANNULAR NOZZLE-PROXIMITY SENSGR-GAGNE

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Annular Nozzle Sensor
DATA SOURCE: Gagne Information Bulletin: Part # SFX18C
PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSURE : U
POWER SUPPLY FILTRATION: U
EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO:
SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE : Ambient pressure

ORDERING INFORMATION

MANUFACTURER OR SOURCE: Gagne Assoc. Inc.

1080 Chenango Street
Binghamton, N.Y. 13901

POINT OF CONTACT: Mr. A. F. Gagne (607) 723-9556
PRODUCT AVAILABILTTY: Of f-the-Shelf

COST: $55.00
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: U

I8 FREQUENCY RESPONSE: 90 Hz

SUPPLY: PRESSURE-Minimum:

FLOW=-Minimum:
5 POWER-Minimum:
OUTPUT: PRESSURE-Minimum:

FLOW-Minimum:

POWER-Minimum:
CONTROL : PRESSURE-~-Minimum:
IMPEDANCE: y
SCALING ABILITY: NA
LINEARITY: RANGE:NA
OBJECT SENSING RANGE: 0"
HYSTERESIS: y

3 psig
1.25 scfm
14)

u

U

U

NA

to 1.3"

CROSS SENSITIVITY EFFECTS: U
7 S/N RATIO: NA
i MTBF : U MCBF: U

TIME RESPONSE: U

Maximum: 10 psig
Maximum: U
Maximum: U
Maximum: 0.36l1 psi
Maximum: U
Maximum: U
ACCURACY: y

MINIMUM OBJECT STIZE: 4]

GAIN: NA

QUTPUT <IGNAL: pressure rise from negative to zero with object present

EXPECTED LIFE: U

MTTR: U

TIPS R NI

Noad i
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2.2.4 Interruptible Jet Proximity Sensor

The interruptible jet sensor is one of the most common of all
the fluidic proximity sensors currently available. Variations of its basic
principle of operation are shown in Figure 2.37. It is by far the simplest in
concept since it requires only a supply tube and a coaxial receiver tube separ-
ated by a specific gap region. With no object interrupting the flow supply
through this gap, the pressure recovered in the receiver is nearly equal to
that of the supply (with minimum losses due to gap spacing). The insertion
of any object in the gap reflects and/or impedes supply flow to the receiver
thus causing a pressure drop for the device shown in Figure 2.37a, or a bres-
sure increase for the device shown in Figure 2.37b.

Manufacturers claim that the interruptible jet sensor will sense
any flat or round object with a .032 in.minimum radius within a maximum sensiti-
vity range of 0.5 inch. There are two basic configurations of the interruptible
jet sensor. 1In Figure 2.37a, the output signal is due to air captured by the
receiver, and contamination may occur due to entrainment of ambient air along
with the jet. 1In Figure 2.37b, the sensor emits flow from koth the emitter and
the receiver. Since ambient air is not entrained, the possibility of contamin-
ation is minimized. It is also possible to employ a technique known as "cross-
fire," whereby a jet is placed at a 90° angle to the interruptible jet emitter
and receiver. The use of this technique is dependent upon such factors as
the size of the object, the supply pressure to the primary jet, and the sensi-~

tivity of the switching element.

g
7
SuPPLY 2 TO SIGNAL
y — —
EMITTER ] catcher MEADOUT
%
a. INTERRUPTED JET SENSOR
SUPPLY
z §
SUPPLY ——o= ’ ) ~—— TO SIGNAL
EMITTER [/] CATCHER READOUT

XA

b.INTERRUPTED JET—BACK
PRESSURE SENSOR

FIGURE 2.37 BASIC INTERRUPTIBLE JET PROXIMITY SENSOR OPERATION
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MODEL NUMBERS  conpyir  GROMMET
AMRSENSING - 300681 300713
LIQUID SENSING 300682 300714

NO LOGIC SYMBOIL PROVIDED

bls

FIGURE 2.38 INTERRUPTIBLE JET-PROXIMITY SENSOR-AIRMATIC/BECKETT-HARCUM

el e Dbk

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: Diaphragm in sensing body
PRINCIPLE OF OPERATION: Interruptible Jet

DATA SOURCE: Ajrmatic/Beckett-Harcum Brochure
PRIMARY FLUID: Air, liquid INTERFACE: Air-Air, Liquid-Liquid
READOUT PROVIDEE: Electrical

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: 105°C PRESSURE: 50 psi ;
POWER SUPPLY FILTRATION: 50 micron

EFFECT ON MEASURED QUANTITY: MNone %
SENSITIVITY TO:

SHOCK : None NOISE: None
ACCELERATION: HNone VIBRATION: None

REFERENCE: Ambient pressure
OKDERING [NFORMATION

MALRUFACTURER OR SOURCE: Airmatic/Beckett-Harcum
185 park Drive
Wilmington, Ohio 45177

POINT OF CONTACT: Mr, C1iff Howard (513) 382~1691
PRODUCT AVAILABILITY:  Off-the-Shelf

COST: u |
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CPERATING CHARACTERISTICS

TRANSFER FUNCTION:

FREQUENCY RESPONSE:

SUPPLY: PRESSURE-

OUTPUT:

OBJECT SENSING RANGE:

PRESSURE-
IMPEDANCE: NA

SCALING ABILITY:
LINEARITY: RANGE:

NA

HYSTERESIS: U
OUTPUT SIGNAL:

3]

50 Hz

See Figure 2.39

MTBF : U

See Figure 2.39
See Figure 2.39

LR SRR T IR TR T T, P e L S e S AR T Lt st

TIME RESPONSE: U

ACCURACY: U
MINIMUM OBJECT SIZE:
GAIN: NA

Electrical SPDT switch, 10a, 125 or 250v AC
CROSS SENSITIVITY EFFECTS:

(4] :
0 N5 ty 15 Q20 25 Jo 3% ¥
SCNSING GAP U 1t if S

U
S/N RATIOC: NA EXPECTED LIFE: 10,000,000 operations
MCBF: U) MTTR: U
FLOW CONSUMPTION VS.
SUPPLY PRESSURE
20 10
18
£ o] te
v —
44 V' I
3.'. 12 < 6 §
g 10 ‘é
bt Z
g s v «8
=2 6 / 2
a | £ a
[/ } 2 o
© \ FOR ALL MODEL NUMBERS
o T,
C 2 3 6 8 10121316 182
SENSING GAP VS, 52 SUPPLY PRESSURE - (PSIG
PRESSURE REQUIRED SUPPLY =i
20
- SENSING GAP VS,
1o /-‘ , AEQUIRED SUPPLY PRESSURE
[ 4
peL / 016
P 4 p— ( L
3 I us /
}3 12 po—mt- '] o i
: 7 :
3 Hiwo 1
» / [+ 4 /
2 o
@ { 4
[ B - [ [ SR S -
2 /( 2 /ron LIouID
5 4 =7 FOR AIN SENSING ‘:‘ 4 [SENSING |
o MODEI NUMBERS : s
2 - | _ ] ~“MODEL NUMBERS
@ 71 ‘l'°°‘l'”’:’°"l3 é 1A | a00eszs300714

(-]

-
-
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FIGURE 2,39 AVAILABLE DATA-INTERRUPTIBLE JET SENSOR-ATRMATIC/BECKETT-HARCUM
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Type I-1J2 Type I-BJ
Type I-1J1
o o] . :
@ o 0O
° o ©
o
o
o
o) <::> (o] (o] <::> (o)
ACTUAL SIZES

NO LOGIC SYMBOL PROVIDED

FIGURE 2.40 INTERRUPTIBLE JET-PROXIMITY SENSOR-BRITISH FLUIDICS AND CONTROLS

GENERAL INFORMATION
TYPE OF SENSOR: proximity MOVING PARTS: None

PRINCIPLE OF OPERATION: Interruptible Jet

DATA SOURCE: pritish Fluidies and Controls Brochure
PRIMARY FLUID: Air INTERFACE:  Air-Air

READOUT PROVIDED: None

ENVIRONMERTAL LIMITATIONS
TEMPERATURE: to 100°C PRESSURE: U
POWER SUPPLY FILTRATION: S micron
EFFECT ON MEASURED OQUANTITY: None

SENSITIVITY TO:

SHOCK: u NOISE: U
ACCELERATION: U VIBRATION: U

REFERENCE:  Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: gpritish Fluidics and Controls Ltd.
Forest Road
Essex England

POINT OF CONTACT: Mr. N.W. Sykes
PRODUCT AVATLABILITY: Off-the~-Shelf

CosT: U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U

TIME RESPONSE: U

SUPPLY: PRESSURE- see Figure 2.41

OUTPUT: PRESSURE- See Figure 2.41

IMPEDANCE:

U

SCALING ABILITY: Yes

LINEARITY: RANGE: See Figure 2.41 ACCURACY: U

OBJECT SENSING RANGE: 10mm type I-IJ1

MINIMUM OBJECT SIZE: U

HYSTERESIS:

10mm type I-IJ2

u GAIN: NA

OUTPUT SIGNAL: Digital pressure change

CROSS SENSITIVITY EFFECTS: None

S/N RATIO:
MTBF: y

U EXPECTED LIFE: U
MCBF: @ MTTR: U

NOTE:
as a

s

1.0

i 00 mb.

PPEESUIKE 1IN MILLISANS

2.3

YU 1% LITYSS P18 miveg

Curves are for Types I-IJ1, and I-1J2 only, Type I-EJ is used
crossfire nozzle for distances up to 0.5 meter.

FIGURE 2.41 AVAILABLE DATA-INTERRUPTIBLE JET SENSOR-BRITISH FLUIDICS AND CONTROLS
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_— /".204 DIAMETER

.50

tSUPPLY  — ‘501-

Model FIJ-LS-11A1 Laminar J¢t Senser

ouTPUT

MOUNTING HOLES

~] 50 f— MOUNTING HOLES
: .172 DIAMETER
| 50 po—
' — - - 50 '

Llto 1T ik
&[Tk

e 1,50

Model FIJ-TS-11A1 Turbulent Jet Sensor

el.38 lo—

NO LGGIC SYMBOL
PROVIDED

GENERAL INFORMATION
TYPE OF SENSOR: Proxinity

DATA SOURCE: Brown & Sharpe Brochure
PRIMARY FLUID: Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U

POWER SUPPLY FILTRATION: U
EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO:

SHOCK: Yes (U)
ACCELERATION: Yes (U)
REFERENCE: Ambient precsure

ORDERING INFORMATION

POINT OF CONTACT: (313) 428-8311
PRODUCT AVAILABILITY: Of f-the~-Shelf
COST: u

-70-

MANUFACTURER OR SOURCE: Double A Products
Brown & Sharpe Mfg. Co.
715 East Duncan Street
Manchester, Michigan 48158

FIGURE 2.42 INTERRUPTIBLE JET-PROXIMITY SENSOR-BROWM AND SHARPE

AOVIRG PARTS: None

PRINCIPLE OF OPERATION: Interruptihle Jet

INTERFACE : Ajr-Air

PRESSURE: U

NGISE: Yes (U)
V;BRATION: Yes (U)
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OPERAPING CHARACTERISTICS

TRANSFER FUNCTION: v &

FREQUENCY RESPONSE: 100 Hz TIME RESPONSE: U :

SUPPLY: PRESSURE-Nominal: 3.0 psig (Model T-5)

PRESSURE-Nominal: 0.36 psig (Model L-5)

OUTPUT: PRESSURE-Nominal: 0.30 psig (Model T-5)
PRESSURE-Nominal: 0.15 psig (Model L-5)

CONTROL : PRESSURE-Minimum: NA

IMPEDANCE: Recommend useage of B&S amplifier FPA-1P-10Al
SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY: U
OBJECT SENSING RANGE: 0.5" MINIMUM OBJECT STIZ2E: .003" diameter
HYSTERESIS: U GAIN: NA

CUTPUT SIGNAL: Pressure falls from Max. to near zero when object is present

CROSS SENSITIVITY EFFECTS: Wind, Noise, and Vibration

S/N RATIO: NA EXPECTED LIFE: U :
MTRF: u MCBF: U MTTR: U
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NO LOGIC SYMBOL
MODEL NO: 192397 PROVIDED

FIGURE 2.43 INTERRUPTIBLE JET-PROXIMITY SENSOR-CORNING

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None

PRINCIPLE OF OPERATION:

Interruptible Jet

DATA SOURCE: Corning Fluidic Products Brochure Part 4 192397

PRIMARY FLUID: Air

READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U

POWER SUPPLY FILTRATION:

INTERFACE: Adr-Air

PRESSURE: U
U

EFFECT ON MEASURED QUANTITY: U

SENSITIVITY TO:

SHOCK: None

ACCELERATION: None

NQISE: None
VIBRATION: None

REFERENCE: ambient pressure

ORDERING INFORMATION

MANUFACTURER OR SOURCE:

PCINT DF CONTACT:
PRODUCT AVAILABILITY:
COST:

Corning Glass Works
Fluidic Products bept.
Corning, N.Y. 14830

William T. Greenfield Jr. (607) 974-8147
off~the~Shelf
$16.50 cach
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281 Green Brown —— — - - :
T 1?;. = . Identification color I_‘ S W ’ e
[7Sender I Model number 100 430 l l ReceWerl Model number 100 431 J §
tor *.O0D ‘ :E
P aor telD 3
plastic tubing _é
h 1
T =
o e e ey P Z
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LOGIC SYMBOL i
FIGURE 2.47 INTERRUPTIBLE JET-PROXIMITY SENSOR-FESTO E
GENERAL INFORMATION :
TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Interruptible Jet
DATA SOURCE: Festo Brochure 1000-3
PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSYURE: 55 psi Sender, 7 psi receiver 5
POWER SUPPLY FILTRATION: 25 micron, dry air ;
EFFECT ON MEASURED QUANTITY: None ’—1
SENSTITIVITY TO: f
g SHOCK: None NOISE: None o
: ACCELERATION: None VIBRATION: None :
{ REFERENCE: Ambient pressure i
A ORDERTNG INFORMATION E
2 MANUFACTURER OR SOURCE: Festo Corporation :
: 1¢ sintsink Drive, L. :
E Port Washington, N.Y. 11050 :

S Ihi "
i B ——— S0

3 POTHT OF CONTACT: Mr. E. Fechner (516) 883-8571 :
PRODUCT AVATLABILITY: Of £-the-Shelf B

CosT: $15.00 cach Model 100430 K

$12.00 cach Model 100431 E
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A‘ ._“_; 3‘.2._ d
= Rk Ouput pt ellow LOGIC SYMBOL

MODEL NO: 004 439

FIGURE 2.45 INTERRUPTIBLE JET-PROXIMITY SENSOR~FESTO

GENERAL INFORMATION

TYPE OF SENSOR:  Proximity MOVING PARTS: None

PRINCIPLE OF OPERATION: Interruptible Jet

DATA SOURCE: Festo Brochure:1l000-3 Part No. 004439

PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE ¢ U PRESSURE : U
POWER SUPPLY FILTRATION: 25 micron
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Ambient pressure !

ORDERING INFORMATION

MANUFACTURER OR SOURCE: Festo Corporation
10 Sintsink Drive. E.
Port Washington, N.Y. 11050
(516) 883~8571

L e A s SN B ANl A R i o L gk h S8 U RO LA T b B R N ikl < i P Bl e R B0 10 B N SIS wle e e i S g R e 1) e 4t

POINT OF CONTACT: Mr. E. Fechner (516) 883-8571

PRODUCT AVAILABILITY: Of f-the-Shelf 1%

CosT: $13.00 cach ‘é
-74- i
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MODEL NO: 004 439

FIGURE 2.45 INTERRUPTIBLE JET-PROXIMITY SENSOR-FESTO

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None

PRINCIPLE OF OPERATION: Interruptible Jet
DATA SOURCE: Festo Brochure:1000-3 Part No. 004439
PRIMARY FLUID: Air INTERFACE: Air-Air

READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: U PRESSURE: U
POWER SUPPLY FILTRATION: 25 micron

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Festo Corporation
10 Sintsink Drive. E.
Port Washington, N.Y. 11050
(516) 883-8571

POINT OF CONTACT: Mr. E. Fechner (516) 883-8571
PRODUCT AVAILABILITY: Of f~-the~Shelf
COST: $13.00 ecach

-74-
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: ¢

FREQUENCY RESPONSE: gy TIME RESPONSE: U
SUPPLY: PRESSURE- See Figure 2.46

OUTPUT: PRESSURE- See Figure 2.46

IMPEDANCE: To drive Festo High Pressure Amplifier #007 098
SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY: U

OBJECT SENSING RANGE: 0" to 0.25" MINIMUM OBJECT SIZE: U
HYSTERESIS: 14} GAIN: NA

OUTPUT SIGNAL: Digital Pressure drop with object present

CRCSS SENSITIVITY EFFECTS: None
S/N RATIO: Na EXPECTED LIFE: U
MTBF ¢ U MCBF: u MTTR: U

~ 5
25 %
s, /
2 Y
g 3
Q 9 v
5
a1
2
o
10 20 30 40 &C
Supply pressure (PSt)

FIGURE 2,46 AVAILABLE DATA-INTERRUPTIBLE JET SENSOR-FESTO




ol Pl

PR g
I

e kbR

R

k:

i

Max distance of sender and receiver for %.0D. _*

e Biex - 3 ——— s 0r ¥utD. H

; /s plastic tubing v

[ - / ;f
[ . , . i :,
o )% e gigl z
o= = 3 N
s t L wr a 2

! . - l I *
. 2984 Green Bvown-——~--J §
.o e - - Identitication color ! %
- | L n— -

| Sender | Model number 100430 | j
tor .00 ' i

*aor i R

plasuc tubing :

4 ”

- :

Fe-="I"X |[¢-——1+-P

)

LOGIC SYMBOL

FIGURE 2,47 INTERRUPTIBLE JET-PROXIMITY SENSOR-FESTO *

GENERAL INFORMATION
TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Interruptible Jet j
DATA SOURCE: Festo Brochure 1000-3 E
PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None @
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSURE: 55 psi Sender, 7 psi receiver ’5
POWER SUPPLY FILTRATION: 25 micron, dry air s
%

EFFECT ON MEASURED QUANTITY: None j
A

1

SENSITIVITY TO:
SHOCK: None NOISE: None R
ACCELERATION: None VIBRATION: None i
REFERENCE: ambient pressure b
ORDERTNG TNFORMATION
MANUFACTURER OR SOURCE: Festo Corporation ;
1¢ sintsink Drive, L. :

Port. Washington, N.Y. 11050

POINT OF CONTACT: Mr. E. Fechner (516) 883-8%71
PRODUCT AVATLABILITY: Of f-the-Shelf
CosT: $15.00 cach Model 100430 5
$12.00 cach Model 100431 5
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: U i
{
FREQUENCY RESPONSE: U TIME RESPONSE: U

SUPPLY: PRESSURE~ U
OUTPUT: PRESSURE- U
IMPEDANCE: To operate FESTO Amplifier Model No. 007 089

SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY: U

OBJECT SENSING RANGE: O <GAP <4 inches MINIMUM OBJECT SIZE: u
HYSTERESIS: U GAIN: NA

OUTPUT SIGNAL: Digital Pressure drop with object present

CROSS SENSITIVITY EFFECTS: None

S/N RATIO: NA EXPECTED LIFE: U
MTBF: 4] MCBF': U MTTR: U
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FIGURE 2,48 INTERRUPTIBLE JET-AXR BARRIER SENSOR-FESTO

GENERAL INFORMATION

GEOMETRIC PROPERTIES
l. TIden# SFL-100S Dia. 0.9" Lgth. 2-5/16"
2, " SFL-100F  Dia. 0.9" Lgth. 2-5/16"
3. " SML-40S Dia. 0.5" Lgth. 1-5/18"
4. " SD-3 Dia. 0.5" Lgth. 1-9/16"
5. " SFL-6 Dia. 0.5" Lgth. 1-7/8"
& NO FIGURE PROVIDED NO LOGIC SYMBOL PROVIDED

TYPE OF SENSOR: Air Barrier MOVING PARTS: None

PRINCIPLE OF OPERATION: Interruptible Jet

DA'TA SOURCE: Festo Corporation

=

PRIMARY FLUID: pjr INTERFACE: Pressure Amplifier Provided
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS

TEMPERATURE : U PRESSURE: U
POWER SUPPLY FILTRATION: 5 micron required
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOTSE: None :
ACCELERATION: None VIBRATION: None .

REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Fasgto Corporation
10 sintsink Drive E.
Port Washington, N.Y. 11050

POINT OF CONTACT: Mr. E. Fechner (516) 883-8571
PRODUCT AVAILABILITY: Of f-the-Shelf

COST: (Aug.76) $15.00 ca. Model SFL-100S $8.50 ca. Model $D-3
$12.00 eca. Model SFL-100F $13.00 eca. Model SFL-6 i
$5.25 ca. Model SMIL=40s ;
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U
FREQUENCY RESPONSE: 160 Hz TIME RESPONSE: U
SUPPLY: PRESSURE-Minimum: 1.5 psi Maximum: 3.5 psi

FLOW-Minimum: .320 scfm Model SFL-100S, SFL-100F

.040 scfm, Model SML-40S, sp-3, SFL-6

OUTPUT: PRESSURE-Minimum: U Maximum:

FLOW-Minimum: u Maximum:

POWER-Minimum: v Maximum:
CONTROL: PRESSURE-Minimum: NA
IMPEDANCE : U
SCALING ABILITY: NA
LINEARITY: RANGE: U ACCURACY: U
OBJECT SENSING RANGE: 0.025" to 4.0"* MINIMUM OBJECT SIZE: Unlimited ’
HYSTERESIS: U GAIN: NA
OUTPUT SIGNAL: pigital Pressure drop
CROSS SENSITIVITY EFFECTS: g
S/N\ RATIO: U EXPECTED LIFE: U
MTBF: U MCBF: U MTTR: U

* pepending upon Model size
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NO LOGIC SYMBOL
MODE NO: 2
DEL NO: ES 102 PROVIDED

FIGURE 2.49 INTERRUPTIBLE ATTACHED JET-PROXIMITY SENSOR-FORMSPRAG

GENERAL INFORMATION

A

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Interruptible Attached Jet

DATA SOURCE: Formsprag Brochure 9228-2 Part No. ES102
PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE:  350°F PRESSURE: U
POWER SUPPLY FILTRATION: 25 micron, oil free
EFFECT ON_MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None E
ACCELERATION: None VIBRATION: None %
REFERENCE: Ambient pressure é

ORDERING INFORMATION

MANUFACTURER OR SOURCE: Formsprag Co., Division of Dana Corporation 2
P.0. Box 778, 26444 Groesbeck Hwy.
Warren, Michigan 48089

POINT OF CONTACT: (313) 758-5000

PRODUCT AVATLABILITY: Of f-the~Shelf

COST: $43.50 each :
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: 30 Hz TIME RESPONSE: U

SUPPLY: PRESSURE~Minimum: 6 psig Maximum: 15 psig
FLOW-Minimum: 0.6 scfm Maximum: U
POWER-Minimum: U Maximum: U

OUTPUT: PRESSURE-Minimum: See Figure 2.50

CONTROL : PRESSURE-Minimum: NA

IMPEDANCE: G
SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY : 0.100 inch

OBJECT SENSING RANGE: to 1/8" in a 2" region MINIMUM OBJECT SIZE: ,020"wire

HYSTERESIS: U

interaction region GAIN: NA

OUTPUT SIGNAL: Digital pressure drop with object present,

CROSS SENSITIVITY EFFECTS: None

S/N RATIO: NA EXPECTED LIFE: U
MTBF : U MCBF': U MTTR: U

RECOVERY PRESSURE, IN. W.C.

3.0

/
2.5 /
jo = mmown o= ey

/

5 10 15 20 0 015 .030 045 .GBO .075 .00 .105
SUPPLY PRESSURE, LBS./IN.2 SENSING GAP, INCHES

N

-t
o

NL\

-
o

o in
S SR

EDGE SENSPR £S5102

VERTICAL RANGE, INCHES

(-]

FIGURE 2.50 AVAILABLE DATA-INTERRUPTIBLE ATTACHED JET SENSOR-FORMSPRAG

-81~

AL AT 0 A

[STRRTIFIVIRAN SR IRV L JUTTL ey

ol

1 AR AL 10 TN A DI 0 5 e 05 AN WA VAN AN tetth e 128 Bend i Aa e d o

o AL B Wt v

e L,

S Mo

s ot Fettn s Alnmn Hera

" o v e i i

EERIE T 7 TV

r
PRI L L]

A

[ PR TR v oy



—— 2°

, 6" R
e MOUNTING
R BARs} ' |i | HOLES

&

|
T
=%

po.

—_ Y%

PN\ BARe
2" SIGNAL SUPPLY

MODEL NO: GS 333

NO LOGIC SYMBOL

PROVIDED

GENERAL INFORMATION

R Y K Y SR ) an L e

TYPE OF SENSOR:
PRINCIPLE OF OPERATION:
DATA_SOURCE:
PRIMARY FLUID: Air

READOUT PROVIDED: None

Proximity MOVING PARTS: None

Interruptible Jet
Formsprag Brochure X-3020:Part No. GS333
INTERFACE:

Air-Air

ENVIRONMENTAL LIMITATIONS

Ayl e

Poe e

TEMPERATURE:  o° o 150%F, 0% to 300  PRESSURE: U
POWER SUPPLY FILTRATION:

EFFECT ON MEASURED QUANTITY: none

5 micron, Gil free

SENSITIVITY TO:

SHOCK: None NQISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: ambient pressure -

ORDERING INFORMATION

MANUFACTURER OR SOURCE: Formsprag Co., Division of Dana Corp.
P.0. Box 778, 26444 Grpesbeck Hwy.
Warren, Michigan 48089

POINT OF CONTACT:
PRODUCT AVAILABILITY:
COosT:

(313} 758-~5800
Cff~the~Shelf
$48.00 each

* With Teflon Tube
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FIGURE 2:51 INTERRUPTIBLE JET-PROXIMITY SENSOR-FORMSPRAG
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OPERATING CHARACTERISTICS
L TRANSFER FUNCTION: U
f FREQUENCY RESPONSE: 2 Hz TIME RESPONSE: 5 ms ‘
] SUPPLY: PRESSURE~Minimum: 6 psig Maximum: 20 psig j
FLOW-Minimum: 0.6 scfm @ 10 psig

POWER-Minimum: 4] §

OUTPUT: PRESSURE-Minimum: (Proportionate to supply; é

0.25 psig at 10 psig supply)

CONTROL : PRESSURE~-Minimum: NA

IMPEDANCE: U %

SCALING ABILITY: NA ‘

LINEARITY: RANGE: NA ACCURACY: 4] j

OBJECT SENSING RANGE: 20°from main stream MINIMUM OBJECT SIZE: 0.25" radius %

HYSTERESIS: U nozzle.  Gain: Na

OUTPUT SIGNAL: Digital pressure rise with object present é

CROSS SENSITIVITY EFFECTS: May ba sensitive to transverse motion 2

-t

S/N_RATIO: NA EXPECTED LIFE: §}
MTBF : U MCBF': U MTTR: u
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MODEL NO: 355001

NO LOGIC SYMBOL PROVIDED

FIGURE 2.52 INTERRUPTIBLE JET-PROXIMITY SENSOR-MILLER FLUID POWER

GENERAL INFORMATION
TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Interruptible Jet

DATA SOURCE: Miller Fluid Power Brochure, No. 5766~1275
PRIMARY FLUID: Air INTERFACE: Ajir-pir

READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSURE: U
POWER SUPPLY FILTRATION: U
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient Pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Miller Fluid Power
7NO15 York Road
Bensenville, Illinois 60106

POINT OF CONTACT: (312) 766-340Q0
PRODUCT AVAILABILITY: Off-the-Shelf
COST: Y

NOTE: Fixed gap sensor-Model 355001
Adjustable gap sensor-Model 356001
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U
SUPPLY: PRESSURE-Minimum:
PLOW-Minimum:

POWER-Minimum:
OUTPUT: PRESSURE-Minimum:

FLOW-Minimum:

POWER-Minimum:
CONTROL : PRESSURE-Minimum:
IMPEDANCE: u
SCALING ABILITY: NA
LINEARITY: RANGE: Na
OBJECT SENSING RANGE:
HYSTERESIS: Nope
OUTPUT SIGNAL:

CROSS SENSITIVITY EFFECTS:

45 psig

U**

NA

None
S/N _RATIO: NA
MTBF: u MCBF: U
*

** Plow = 0.14 scfm at 75

psig.

0" to 3.13"

-f15=

TIME RESPONSE: Part present, 50ms*

i t, 30ms
Maximum: 105 psggrt absent,

Maximum: g**
Maximum: y
Maximum: g
Maximum: g

Maximum: g

ACCURACY: U

MINIMUM OBJECT SIZE: ,039" Flat
(1]
GAIN: maA ,078" Curved

Digital pressure drop with introduction of object

EXPECTED LIFE: U
MITR: U

Add Sms for each 39" of 5/32 dia. tube connecting sensor to amplifier.
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FIGURE 2,53 INTERRUPTIBLE JET-PROXIMITY SENSOR-NORGREN E
GENERAL INFORMATION
TYPE OF SENSOR:  Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Interruptible Jet
DATA SOURCE: Norgren Brochure: Part No- 4JS-010-000
i PRIMARY FLUID: Air INTERFACE: Air
READOUT PROVIDED: None
: ENVIRONMENTAL LIMITATIONS i
i TEMPERATURE: PRESSURE: U
i POWER SUPPLY FILTRATION: U
2 EFFECT ON MEASURED QUANTITY: None
| SENSITIVITY TO:
i SHOCK: u NOISE:
ACCELERATION: U VIBRATION: U
REFERENCE: Ambient pressure
ORDERING INFORMATION :
MANUFACTURER OR SOURCE: C A Norgren Co.
5400 S. Delaware Street
‘4 Littleton, Colorado 80120
25 :
POINT OF CONTACT: Mr. Robert Poterson (303) 794-2611
PRODUCT AVAILABILITY: Off-the-~Shel f

COST: u
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: §)

- FREQUENCY RESEONSE: U TIME RESPONSE: U
E § SUPPLY: PRESSURE- 10 psi nominal, Flow: 0.13 scfm nominal
ii; QUTPUT: PRESSURE- 0.36 psi @ 10 psi supply
: ' IMPEDANCE: U
‘ SCALING ARILITY: NA
} LINEARITY: RANGE: U ACCURACY : U
OBJECT SENSING RANGE: " to ¢.25" MINIMUM OBJECT SIZE: U
! ‘ HYSTERESIS: U GAIN: U
.g‘ OUTPUT SIGNAL: Digital pressure change
CROSS SENSITIVITY EFFECTS: U
S/N_RATIO: u EXPECTED LIFE: U
NTBF : U MCBF: U MTTR: U
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i T | %] 40.8 SCREW (2}
CR180DF50801C

GENERAL INFORMATION
TYPE OF SENSOR: proximity

0 AN Al D o om0
DR T T et T evteery

PRIMARY FLUID: Alr
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS

jardt R e SRl ot

TEMPERATURE: U

2y POWER SUPPLY FILTRATION: 10
7{ EFFECT ON MEASURED QUANTITY:
‘3 SENSITIVITY TO:

SHOCK: None
ACCELERATION: None
REFERENCE: Ambient Pressure
ORDERING INFORMATION
MANUFACTURER OR SOURCE:

POINT OF CONTACT:

PRODUCT AVAILABILITY:

COST:

D

FIGURE 2.54 INTERRUPTIBLE JET SENSOR - TRITEC, INC,

MOVING PARTS: None

PRINCIPLE OF OPERATION: Interruptible Jet
DATA SOURCE: General Electric Brochure: Model# CR180DF50801C

INTERFACE: Air-Air

PRESSURE: U
micron

None

NOISE: None
VIBRATION: None

TriTec, Inc.
615 S. Frederick Avenue
Gaithersburg, MD 20760

Mr. vVincent Neradka
Off-the-Shelf
$6.30
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U
FREQUENCY RESPONSE: U TIME RESPONSE: U
SUPPLY: PRESSURE- To 5 psig
OUTPUT: PRESSURE- To 1.5 psig (See Figure 2.55)
IMPEDANCE: U
SCALING ABILITY: NA
LINEARITY: RANGE: See Figure 2.55 ACCURACY: U
OBJECT SENSING RANGE: 0.50 inch gap MINIMUM OBJECT SIZE: U
HYSTERESIS: None GAIN: NA
OUTPUT SIGNAL: Pressure drop with object present
CROSS SENSITIVITY EFFECTS:  None
S/N_RATIO: NA : EXPECTED L1FE: Unlimited
MTBF : U MCBF: U MTTR: U
.3 o
8 1.0 b~
:
S
H
2
o
foasf SENSOR: CRIBOOFSOB0IC
INTERRUPTABLE JET
SUPPLY FITTING 062 10~32
LOAD® ¢ OR/NQT
] { i 1 J
o ] [} 2 3 4 -]
Py (poig} .
SUPPLY PRESSURE vo PRESSURE RECOVERED

FIGURE 2,55 AVAILABLE DATA: INTERRUPTIBLE JET SENSOR - TRITEC, INC.
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MODEL NO: 4JS-020-D00 4
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IOGIC SYMBOL E:
FIGURE 2.56 IMPACTING JET-PROXIMITY SENSOR-NORGREN ‘
GENERAL INFORMATION
TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Impacting jet E
DATA SOURCE: Norgren Brochure Part No.-4JS-020-000
3
PRIMARY FLUID: Air INTERFACE: Air %
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS A
TEMPERATURE: U PRESSURE: U E
POWER SUPPLY FILTRATION: U 2
EFFECT ON MEASURED QUANTITY: None 4
SENSITIVITY TO: 3
SHOCK: U NOISE: u
P
ACCELERATION: U VIBRATION: e
REFERENCE: Ambient pressure ‘
ORDERING INFORMATION 4
MANUFACTURER OR SOURCE:  C A Norgren
5400 S. Delaware Strect £}
Littieton, Colorado 80120 g
POINT OF CONTACT: Mr. Robert Peterson  (303) 794-2611 g
PRODUCT AVAILABILITY: Of f~the-Shel f f‘
COST: u ’
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GPERATING CHARACTERISTICS
TRANSFER FUNCTION: 4]
FREGUENCY RESFONSE: 4] TIME RESPONSE: U
SUPPLY: PRESSURE- 10 psi nominal, Flow- 0.16 scfm nominal
OUTPUT: PRESSURE- (.36 psi @ 10 psi
IMPEDANCE: U
SCALING ABILITY: NA
LINEARITY: RANGE: U ACCURACY: U '
CBJECT SENSING RANGE: 0-0.5" MINIMUM OBJECT SIZE: y
HYSTERESIS: U GAIN: U
OUTPUT_SIGNAL: pigital pressure change
CROSS SENSITIVITY EFFECTS: U ;
S/8 RATIO: g EXPECTED LIFE: y
MTBE : U MCBF: u MTTR: v ;
k
\
£

=91~

D v B i e A T R




ARSI DT IR SRR

L A RRh R T RSl R A S A R R T S T I YN

i6
45<::j:: MTG. HOLES

10-32 THO OUTLE7

A
20
rZIO-az TH'O INLET

MODEL _NQ: 1030

®|os =

s
L ol
CTES e n e b T L

v
: No object present Object sensed
3 ]
5 )
3
i r
i _
is 3 T = -—
: ¥ !
; ]
¥ '3 E ¥
.: l ~(4 _——'_T '
2]

@] ®
® ®

Postive signal Negauve sanal

NO_LOGIC SYMBOL PROVIDED

FIGURE 2.57

GENERAL INFORMATION
TYPE OF SENSOR:
PRINCIPLE OF OPERATION:
DATA SOURCE:
PRIMARY FLUID:
READOUT PROVIDED:

Northeast

Air

None

ENVIRONMENTAL LIMITATIONS
TEMPERATURE:

Proximity

-30 to 230°F
POWER SUPPLY FILTRATION:
EFFECT ON MEASURED QUANTITY:

IMPACTING JET SENSOR - NORTHEAST FLUIDICS

MOVING PARTS: None
Interruptible Jet
Fluidics Technical Sheet 1030

INTERFACE: Air-air

PRESSURE: y
U

None

SENSITIVITY TO:

SHOCK: None
ACCELERATION: None
REFERENCE:

ORDERING INFORMATION

f MANUFACTURER OR SOURCE:

POINT OF CONTACT:

PROCUCT AVAILABILITY:
COST:

NOISE: None

VIBRATION:  none

Ambient pressure

Clippard Instrument Laboratory, Inc.
7390 Colerain Road
Cincinnati, Ohio 45230

U (513) 521-4261
of f-the-Shelf
U
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OPERATING CHARACTERISTICS

3 TRANSFER FUNCTION: y

FREQUENCY RESPONSE: 17 Hz TIME RESPONSE: ¢

SUPPLY: FPRESSURE-Minimum: 0.5 psig Maximum: 5 psig
OUTPUT: PRESSURE-See Figure 2.58
IMPEDANCE: U

SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY: U
OBJECT SENSING RANGE: 0.25 inch gap MINIMUM OBJECT SIZE: .031" dia
HYSTERESIS: U GAIN: NA

QUTPUT SIGHNAL: pressure drop with object present
CROSS SENSITIVITY EFFECTS: None

S/N RATIO: pNA EXPECTED LIFE: ¢
MTBF : U MCBF : u MTTR: U
30
25
Positive output
no object
o 20 present
I
°
g 15
£
[
€
El
a 10}
3
O
5
Input inches of Hg
1 2 3 4 5 6 7 8 9 10
0 t ~%~—J__;i;~i t t t } 1
-5 Negative output
object being sensed
-10

FIGURE 2.58 AVAILABLE DATA: IMPACTING JET SENSOR - NORTHEAST FLUIDICS
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FIGURE V2, 591 -BACKPRESSURE PROXIMITY SENSOR - TRITEC, 'INC. -
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TYPE OF} SENSOR:
[]
PRINCIPLE OF OPERATION:

N,
PRIMARY!FLUID:  pjr{

]
ENVIRONMENTAL LIMITATIONS
]
TEMPERATURE : To 100°C
POWER SUPPLY FILTRATION:

Proximity

]
READOUT; PROVIDED: None:

MOVING PARTS: None

Backpressure

INTERFACE: Air-pir

4
BN

w«  PRESSURE: U

10 mlcron

EFFECT 6N MEASURED QUANTITY: NOne\ :

SENSITIYITY TO:
SHOCK : None

REFERENGE :
ORDERING INFORMATION
MANUFACTURER OR SOURCE:

I
i

ACCELERATION: None
Ambient Pressure -

NOISE: ﬁone
VIBRATION:. None

CEN N
‘o N,
.

TrLTec, Inc., - .
615 S..?rederlck Avcnne

i
z

i
DATA soancgg General Electric Brochure: Model #CR180DF50701A, #CR180DF50806B

PR p——

‘ . Galthersburg, MD 20760, !

H .- -y {

: -t C T +
POINT OF CONTACT: Mr. vincent Neradka .

: ‘
PRODUCT AVAILABILITY: Off~the-Shelf :
COST: . i i o meeModek KTBLAL §5490 e+ e e et

Model #806B: $5.20 o
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OPERATING CHARACTERISTICS

-y

LRI

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: U

o
P

SUPPLY: PRESSURE- To 5 psig
OUTPUT: PRESSURE- See Figure 2.60
IMPEDANCE: U

it W s et o

e G AR eV

SCALING ABILITY: U

LINEARITY: RANGE: See Figure 2.60 ACCURACY: 1¢]

OBJECT SENSING RANGE: To 0.016 inch
HYSTERESIS: NA GAIN:

NA

e w v e

OUTPUT SIGNAL: Pressure or Flow

CROSS SENSITIVITY EFFECTS: None

S/N RATIO: U EXPECTED LIFE: Unlimited
MTBF: = U MCBF': U MTTR: u

PR R SETRT TR = 1 AT LT Rt e LR
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ot A thine toed dwang

G ? W eard . -
T o w1 s oIV 45 %P A B0 WA O3 e
o g AP W P AR SRS g 7 S A

Wi,

wre LN I
Wwee't o~ s00

t

3.0 SENSORS: CRIBODF508068
CRIBODFSOTOIA

SUPPLY FITTING:.06x10-32
LOAD = | OR/NOT

¥ SUPPLY PRESSURE READ WITH
RESTRICTION 1N FRONT OF SENSO

et |- 0 b

Moot b soo )

2000 |- o0 |-

woot | oo}

uoon (UGS

H 21t
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~

L ‘ . Sl iy o
AT i ) L e B B i S AP 5

.4\?*
0 L 1 . 3 i 3

N02 004 006 008 010 012 04 06
INCHES FROM SENSOR
SIGNAL OUT PRESSURE ve. DISTANCE FROM SENSOR

‘.
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FIGURE 2.60 AVAILABLE DATA: BACKPRESSURE PROXIMITY SENSOR - TRITEC, INC.
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NO LOGIC SYMBOL
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FIGURE 2.61 BACKPRESSURE-~-PROXIMITY SENSOR-BRITISH FLUIDICS AND CONTROLS

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Backpressure
DATA SOURCE: British Fluidics and Controls Ltd.
PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE:  to 100°C PRESSURE: U
POWER_SUPPLY FIL%RATION: U
EFFECT ON MEASURED QUANTITY: Ndne
SENSITIVITY TO:
SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Ambient pressure

ORDERING INFORMATION

MANUFACTURER OR SOURCE:

POINT OF CONTACT:

PRODUCT AVAILABILITY:

COST:

British Fluidics and Controls Ltd.
Forest Road
Essex England

Mr. N.W. Sykes
Off-the-Shelf
U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: g

FREQUENCY RESPONSE: y

SUPPLY: PRESSURE- gee Figure 2.62
OUTPUT: PRESSURE- gee FPigure 2.62
IMPEDANCE: y¢

SCALING ABILITY: vyeg

LINEARITY: RANGE: gee Figure 2.62
OBJECT SENSING RANGE: see Figure 2.62
HYSTERESIS:

OUTPUT SIGNAL: proportional pressure
CROSS SENSITIVITY EFFECTS: None

S/N BATIO:
MTBF: MCBF: gy

TIME RESPONSE: U

ACCURACY: y
MINIMUM OBJECT SIZE: y
GAIN: yu

EXPECTED LIFE: y

MTTR: y

SIGNAL PRESSURE Vs DISTANCE fram OBJKCT to HOZZLE
palg. N/em 2
3.0~
20470 N\E ozZIE
Chaln , Ovn N
% N\t
26410 5 ot
Y% / /] 3.5 nozat
2.4 /| FAN-OUT )
1.4 > £a
2.2 /j,
20414 &
1.0, 17
12
1.6 ﬁ%‘
!”_-: ° r"/
12108 /,/A
Lol BV
s Fos o
0.8 7
0.03-0.4 A
0.4-
0.’-”0‘? /¢ -
0 NN Ay v
0.2+ 57
- -0,2 /'r?///f'/ //j‘
0.4
I )
0.6~ 4.4 + re——1t
6.4 0.2 04 04 08 1,0 1.2 1.4 18 Lbmm
1 | 1 1 ] : ! 1 l
1 1] i L 4 L 4 ¥ 1
0 .00 .60 .00 .00 .00 .00 0¥
Dittence trpm Obsact to Nenle

TYPICAL PERFORMANCE ot SUPPLY
PRESSURE of 2N / cm® (3 psig)

Any point within the shoded o’ea
may be obtained by wing the
odjusting sctew,

FIGURE 2,62 AVAILABLE DATA-BACKPRESSURE SENSOR-BRITISH FLUIDICS AND CONTROLS
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Symbol P,
= v
S
P/S
Ll
.37".{ 0, o,
EFittings .
xtend .31"
(192431 only) LOGIC SYMBOL

MODEL NO: 192431

FIGURE 2.63 BACKPRESSURE FLUIDIC SWI'TCH-FROXIMITY SENSOR~CORNING

GENERAL INFORMATION

TYPE OF SENSOR: Proximity MOVING PARTS: None

PRINCIPLE OF OPERATION: Backpressure-fluidic switch

DATA SOURCE: <Corning Fluidic Products Brochure: Part # 192431

PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSURE: U
POWER SUPPLY FILTRATION: U
EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO:
SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Ambient pressure
ORDERING INFORMATION
MANUFACTURER OR SOURCE: Corning Glass Works
Fluidic Products Department
Corning, N.Y. 14830
POINT OF CONTACT: William T. Greenficld Jr. (607) 974-8147
PRODUCT AVAILABILITY: Off~the-Sheli
COST: $16.50 each
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OPERATING CHARACTERISTICS é
TRANSFER _FUNCTION: U
FREQUENCY RESPONSE: U TIME RESPONSE: #* See Table
SUPPLY: PRESSURE- See Figure 2.64
OUTPUT: PRESSURE- See Figure 2.64 r
IMPEDANCE: Fanout=1 for 01; Fanout=4 with Corning manifold,=3 with tubing inter-.
SCALING ABILITY: NA connection.
LINEARITY: RANGE: NA ACCURACY: g
OBJECT SENSING RANGE: 0" to ,010" MINIMUM OBJECT SIZE:  (0625"x.0625"Flat
HYSTERESIS: 0" to ,003" GAIN: na
OUTPUT SIGNAL: pressure rise
CROSS SENSITIVITY EFFECTS: yone
S/N_PATIO: g EXPECTED LIFE: y
MTBE : u MCBE : U HTTR: U :

SAD kbl

* Response tests are performed using 5 psig supply pressure and a 10 foot length of
0.17in.inside diameter tubing between sensor and switch. A large, flat object is
rapidly moved into/out of the sensing field in a direction perpendicular to the flow
axis of the sensor. Response is measured at the output of the switch.

4t P £ 30 e e S

FIGURE 2.64 AVAILABLE DATA-BACKPRESSURE SENSOR-CORNINS
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LOGIC SYMBOL
MODEL NO: 004 498 i
FIGURE 2.65 BACKPRESSURE, ANNULAR NOZZLE-PROXIMITY SENSOR-FESTO
GENERAL INFORMATION
TYPE OF SENSOR:  Proximity MOVING PARTS: None
§§ PRINCIPLE OF OPERATION: packpressure, Annular Nozzle H
- DATA SOURCE: Festo Brochure 5-3 Part No. 004498 i
PRIMARY FLUID: Air INTERFACE: Alr-Air
i READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE:  -40° to 212°F PRESSURE: 120 psig
POWER SUPPLY FILTRATION: U
9 EFFECT ON MEASURED QUANTITY: None
13 2
SENSITIVITY TO:
SHOCK:: None NOISE;  None
i ACCELERATION: None VIBRATION: None
{5 REFERENCE: ambjent pressure §
3 ORDERING INFORMATION

E MANUFACTURER OR SOURCE: Festo Corporation
S 10 Sintsink Drive E. :
Port Washington, N.Y. 11050 i

ksl

=353 E
'_ POINT OF- CONTACT: Mr. E. Fechner (510) 883-8571 i
Z PROGUCT AVAILABILITY: OfE-thn-Shelf :
=2 COST: $8.50 cach
:;
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i OPERATING CHARACTERISTICS
TRANSFER FUNCTION:

FREQUENCY RESPONSE: U TIME RESPONSE: U
SUPPLY: PRESSURE-Minimum: 1.5 psig Maximum: 120 psig
i FLOW-Minimum: 0.03 scfm Maximum: 0.68 scfm
POWER-Minimum: 146.4 mw Maximum: 266 watts
OUTPUT: PRESSURE-Minimum: 1.5 psig Maximum: 120 psig
FLOW-Minimum: 0.03 scfm Maximum: 0.68 scfm
POWER-Minimum: U Maximum: U

CONTROL : PRESSURE-Minimum: NA

IMPEDANCE: U
SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY: U
OBJECT SENSING RANGE: Contact MINIMUM OBJECT SIZE: U
HYSTERESIS: + 0.0002" GAIN: NA

OUTPUT SIGNAL: Pressure rise with presence of object

CROSS SENSITIVITY EFFECTS: NA

S/N RATIO: NA EXPECTED LIFE: U
MTBF : U MCBF ¢ u MTTR: 1§]
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INTERFACE

MODEL NO: SFX18

NO LOGIC SYMBOL

PROVIDED
FIGURE 2.66 BACKPRESSURE-PROXIMITY SENSOR-GAGNE
GENERAL INFORMATION
TYPE OF SENSOR: Proximity MOVING PARTS: None
PRINCIPLE OF OPERATION: Backpressure
DATA SOURCE: Gagne Information Bulletin: Part # SFX18
PRIMARY FLUID: Air ’ INTERFACE: Air-Air
READOUT PROVIDED: MNone
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSURE: u
POWER SUPPLY FILTRATION: U
EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO:
SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Ambient pressure
ORDERING INFORMATION
MANUFACTURER OR SOURCE: Gagne Associates, Inc.
1080 Chenango Street
Binghamton, N.Y, 13901
POINT OF CONTACT: Mr. A, F. Gagne (607) 723-9556
PRODUCT AVAILABILITY: Of f~the~Shelf
COST: $9.85 each
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: 9]

SUPPLY: PRESSURE~Minimum: 0 psig Maximum: 30 psig
FLOW-Minimum: U Maximum:  0.72 psig
POWER-Minimum: u Maximum: u

OUTPUT: PRESSURE~Minimum: See Figure 2.67  Maximum: U

FLOW-Minimum: U Maximum:
POWER-Minimum: U Maximum:

CONTROL: PRESSURE-Minimum: NA
IMPEDANCE: U

SCALING ABILITY: NA

LINFARITY: RANGE: NA ACCURACY: U
OBJECT SENSING RANGE: 0" to .25" MINIMUM OBJECT SIZE: U
HYSTERESIS: U GAIN: NA

OUTPUT SIGNAL: Pressure rise with object present
CROSS SENSITIVITY EFFECTS: None

S/N RATIO: NA EXPECTED LIFE: U
MTBF : U MCBF: U MTTR: 4]

GAGNE PROXIMITY SENSOR TESTS

NOTE  OATA OBTAINEL By SETTING NEEDLE
10/ VALVE TO GIVE O READING AT 8
WiTH NOTHING IN FRONT OF ORIFICE

. CURVES DISPLACED UP AND TO RIGNT
IF NEEDLE VALVE OPENED WIDER,

BERMITTING ADJUSTMENT OF TAIP
IN H0

POINT FOR A PARTICULAR “SENSIFLEX®

AT \ \ swiTcH
oAGE
s FLOW 40 CFH® 5 PS)

60 CFH ® 10 PSI

L
e

A1 1/
/

»
—
i
|

smx,__ff§§§$g\
¥ PS1 4y \J\

' P rores N
o - oo

[+]] 02
4 IN DISTANCE MEAD TO OBJECT

FIGUKRE 2.67 AVAILABLE DATA-BACKPRESSURE SENSOR~GAGNFE
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FIGURE 2.68 YVENTURI, BACKPRESSURE-PROXIMITY SENSOR-AIR LOGIC

GENEZERAL INFORMATION
TYPE OF SENSOR: Proximity
PRINCIPLE OF OPERATION: Venturi, Backpressure
DATA SOURCE: Air-Logic Brochure #8380 Part No. F-4417-10,-15,-40
PRIMARY FLUID: Air INTERFACE: Air-Air

MOVING PARTS: None

READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: O <T < 180°F for -10s15 Models,40°< T <120°F for -i0 Model

POWER SUPPLY FILTRATION: U PRESSURE: U
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient pressure
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Air fngic Division
Fred Knapp Engraving Co., Inc
5102 Douglas Avenue
Racine, Wisc, 53402

POINT OF CONTACT: Mr. Donald Kaske (414) 639-3941
PRODUCT AVAILABILITY: Of f-the-Shelf
COST: $4.35, package of 3 Models F-4417-10 and -15

$14.25, each F-=4417-40
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OPERATING CHARACTERISTICS

TRANSFFR FUNCTION: U
FREQUENCY RESPONSE: U TIME RESPONSE: 1]
SUPPLY: PRESSURE~Minimum: 2,0,0.5 Maximum: 20,3, 10 for Model #'s
.. . v F-4417-10,F~4417-15
FLOW-Minimum: u Maximum: & F-4417-40 resp.
POWER-Minimum: U Maximum: U
OUTPUT: PRESSURE-Minimum: U Maximum: U
FLOW=-Minimum: U Maximum: U
POWER~Minimum: 4} Maximum: U

CONTROL: PRESSURE~-Minimum: NA

IMPEDANCE: Fanout of 4

SCALING ABILITY: NA

LINEARITY: RANGE: NA ACCURACY: U

OBJECT SENSING RANGE: U MIN1MUM OBJECT SIZE: U
HYSTERESIS: u GAIN: NA

OUTPUT SIGNAL: Pressure rise with object present
CROSS SENSITIVITY EFFECTS: None

S/N RATIO: u EXPECTED LIFE: U
MTBF: U MCBF': U MTTR: U

NOTE: Output sufficient to drive 4 Air-Logic F-3702-251 NOR logic elements
at the same supply pressure.
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2.2.5 Acoustic Proximity Sensor

The acoustic sensor (commonly referred to as the Fluidic Ear)
is fluidic technology's counterpavt of the photoelectris eye. 1Its principle
is based upon the fact that the coherence of an air jet may be interrupted
by a high frequency sound (typically in the order of 50 kHz). Basically, the
fluidic ear contains two components, an emitter (or sender) and the receiver.
The emitter projects the 50 kHz beam across the sensing gap, and the receiver
(a digital/fluid amplifier) is interrupted by that acoustic beam. The separ-
ation between the sound emitter and receiver may be as large as 60 in. with
response times as low as 2 ws. An additional advantage of this sensor over
the simple interruptible jet is that the sound may be reflected so that the
supply and the receiver rieed not be colinear. Thus, the unit may be designed
to cover a rather large area. Manufacturers claim that by using interferro-
metric techniques, a resolution of displacement as small as 0.10 in. may be
detected. It should be noted that the fluidic ear sensor is not affected by
random frequencies {other than the narrow band near 50 kHz) and, thus is tol-
erant to vibration and shock over a wide range of temperatures and supply

pressures. ‘Two modes of operation are shown in Figure 2,69,

{ ‘ :' \:; >
[
je—d—is5 kh2 T
Sensor ! Source

a.Direct Mode

b.Reflex Mode

FIGURE 2.69 BASIC ACOUSTIC PROXIMITY SENSOR OPERATION
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FIGURE 2,70 FLUIDIC EAR SENSOR-ASCO
GENERAL INFORMATION

TYPE OF SENSOR: Acoustic MOVING PARTS: None

PRINCIPLE OF OPERATION: Air generated 50 khz signal directed into receiver
DATA SOURCE: ASCO Brochure no. F901%

PRIMARY FLUID: Air INTERFACE: Air-Air
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS

TEMPERATURE: 32° to 140°F PRESSURE: U
POWER SUPPLY FILTRATION: 1 micron

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: U NOISE: U
ACCELERATION: u VIBRATION: U

REFERENCE: 50 khz acoustic signal
QRBDERING INFORMATION

MANUFACTURER OR SOURCE: Automatic Switch Company
50-56 Hanover Road
Florham Park, N.J. 07922

e POINT OF CONTACT: Mr. Edward E. Dorsey  (201) 966-2000
? FRODUCT AVATUABILITY: Off-the-Shelf
3 CoST: $ 55.00 Model # 6090003

$178.0C Model # 609A071
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: u

SUPPLY: PRESSURE- See Figure 2.71
OUTPUT: PRESSURE- See Figure 2.71
IMPEDANCE: U

SCALING ABILITY: Yes

LINEARITY: RANGE: See Figure 2.71
MAXIMUM SPAN: & ft. at 2.5 psig supply
HYSTERESIS: u

CROSS SENSITIVITY EFFECTS: None

TIME RESPOMNSE: 2 ma

ACCURACY: U

MINIMUM OBJECT SIZE:

GAIN: U

OUTPUT SIGNAL: Digital pressure when beam is interrupted

See Table Below

se—20r T T T w TR TR
. e & 8w 12
OUTAUT PRESSURE IPw
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$
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S/N RATIO: U EXPECTED LIFE- U
MTBF : U MCBF : U MTTR: u
. Max. Sensing
et Object Shape Distance
&y e} (2" x 2") plate 8"
S 1 / Y2 diam. cyl. 1”
sm "i / :12" diam. cyl. 3"
¥ “ diam. cyl. "
l !
g"” 4 3“ diam. cyl. 6"
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FIGURE 2.71 AVAILABLE DATA-FLUIDIC EAR SENSOR-ASCO




2.2.6 Hybrid Proximity Sensors

The application of any of the preceding components may be used
in conjunction with several other types of fluidic devices to close ports,
make electrical contacts, provide a force output, and/or effect an interface
with another fluid. Several such hybrid proximity sensing devices are on the
market. Some devices utilize a low force contact element such as a spring to
provide a positive contact with the device being sensed. The output of this
type of unit is much greater than any of the previously discussed purely fluid-
ic elements and is usually analog. Since the output flow is directly propor-
tional to the deflection of the spring, the curve of output signal vs force
is usually linear.

Other variations of the basic device employ a fluidic sensor
in consort with a diaphragm to convert the signal into either an electrical
or a mechanical cutput. Several of these components are used in regions
where it is impractical or unfeasible to employ fluidic staging elements to
achieve the required signal amplification. A spring actuated device is shown

in Figure 2.72.

UNACTUATED

FIGURE 2,72 SPRING ACTUATED PROXIMITY SENSOR OPERATION
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NO LOGIC SYMBOL PROVIDED

FIGURE 2.73 SPRING DEFLECTION-PROXIMITY SENSOR-AIR LOGIC

GENERAL INFORMATION
TYPE OF SENSOR:

Proximity MOVING PARTS: Spring Contact
PRINCIPLE OF OPERATION: Variable Bleed by Spring Deflection

DATA SOURCE:

Air Logic Brochure #8370 Part No. F-4417-120
PRIMARY FLUID: Air

INTERFACE: Air-Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS
TEMPERATURE: 0° to 150°F PRESSURE: 30 psig

POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED QUANTITY: Physical contact required

SENSITIVITY TO:

SHOCK: U NOISE: U
ACCELERATION: U VIBRATION: U
REFERENCE: Ambient pressure

ORDERING INFORMATION
MANUFACTURER OR SOURCE:

Air Logic Division

Fred Knapp Engraving Co., Inc.
5102 Douglas Avenue

Racine, Wisc. 53402

Mr. {414) 639-3941

POINT OF CONTACT: Donald Kaske

PRODUCT AVAILABILITY:
COST:

Of f-the-Shelf

$9.75 package of 3
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREDUENCY RESPONSE: U

TIME RESPONSE: Y

. 0... o
CONTROL FORCE: 1 oz. max. peflection: s Min; 45 Max.

SUPPLY: PRESSURE- gee Figure 2.74
OUTPUT: PRESSURE- See Figure 2.74

IMPEDANCE: U
SCALING ABILITY: NA

LINEARITY: RANGE: See Figure 2.74

OBJECT SENSING RANGE: U

HYSTERESIS: U
OUTPUT SIGNAL:

CROSS SENSITIVITY EFFECTS:

S/N RATIO: NA

MTBF : U MCBF: U

ACCURACY: u
MINIMUM OBJECT SIZE: U

GAIN: U

Proportional pressure drop

Deflection in any direction

EXPECTED LIFE: U

MTTR: u

Typical F-4419-120 Application Using
Sensor Venturi
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Typical F-4419-120 Output Pressure vs Supply
Pressure with Spring Sensor Closed Using
F-4417-10 Sensor Veaturi.
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Typical F-4419-120 Output Pressure vs Supply
Pressure with Spring Sensor Deflected 10°
Using Sensor Venturi.

Typical F-44§9-120 Application Using
Upstream Orifice Restrictor
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Typical F-4419-120 Output Pressure vs Supply
Pressure with Spring Sensor Closed Using
Different Size Supply Orifices.
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2.74 AVAILABLE DATA-SPRING DEFLECTION SENSOR-AIR LOGIC
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) FIGURE 2.75 SPRING DEFLECTION-PROXIMITY SENSOR-NORGREN
GENERAL INFORMATION
TYPE OF SENSOR: Proximity HOVING PARTS: Spring Contact
E PRINCIPLE OF OPERATION: Variable Bleed by Spring Deflection
§ DATA SOURCE: Norgren Brochure-Part # 5FS-010-000
% PRIMARY FLUID: Air INTERFACE: Mechanical
] READOUT PROVIDED: None
: ENVIRONMENTAL LIMITATIONS
§ TEMPERATURE:  35° to 150°F PRESSURE: 30 psig
4 POWER SUPPLY FILTRATION: 5 micron
% EFFECT ON MEASURED QUANTITY: Physical contact required
i SENSITIVITY TO:

SHOCK: u

ACCELERATION: U
REFERENCE: Ambient pressure

NOISE: u
VIBRATION: U

O SETE R 3 e,

; ORDERING INFORMATION

- MANUFACTURER OR SOURCE: C A Norgren Co.

- 5400 :'. Delaware Street

; Littleton, Colorado 80120

3 POINT OF CONTACT: Mr. Robert Peterson (303) 794-2611
4 PRODUCT AVAILABILITY: Off-the-Shelf

“ COST: U
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OPERATING CHARACTERISTICS

g TRANSFER FUNCTION: y

FREQUENCY RESPONSE: U TIME RESPONSE: U

SUPPLY: PRESSURE-Minimum: 10 psi Maximum: 30 psi
FPLOW-Minimum: .05 scfm Maximum: U
POWER~Minimum: 1.63 watts Maximum: 4]

OUTPUT: PRESSURE-Minimum: .02 psi/degree Maximum: U
FLOW-Minimum: U Maximum: U
POWER-Minimum: U Maximum: U

CONTROL FORCE: .01 in./oz. Torque, Max Deflection 20°
IMPEDANCE : U

SCALING ABILITY: Na

LINEARITY: RANGE: gy ACCURACY: yp
OBJECT SENSING RANGE: 3" MINIMUM OBJECT SIZE: y
HYSTERESIS: U GAIN: U

OUTPUT SIGNAL: Proportional bressure drop
CROSS SENSITIVITY EFFECTS: None

S/N RATIO: u EXPECTED LIFE: @y
MTBF: 4] MCBPF: 4] MTTR: u
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2.3 Angular Rate Sensors

Angular rate sensors are devices which measure the speed of
rotation of an object about its axis. In general, this speed of rotation is
directly proportional to the output sigual generated by the sensor. Typical
applications include measurements of the speed of a shaft, the speed of a gear
system, and the angular rate of pitch or yaw of a vehicle. 1In the former
cases the sensor does not rotate, but measures the speed of rotation exter-
nally. In the latter case (vehicle motion), the sensor itself is part of the
rotating system and can be configured as shown in Figure 2.76.

Most angular rate sensors are not available commercially as
off-the~-shelf components, but are usually offered by manufacturers as part of
an overall system tailored to a specific application. As such, each of the
components presented in the following section is pertinent to a special appli-
cation and should not be construed as being universally applicable to any sys-

tem requiring an angular rate sensing element.

AXIS OF ROTATION !
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FIGURE 2,76 VORTEX ANGULAR RATE SENSOR SCHEMATIC
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FIGURE 2.77 FREE JET ANGULAR RATE SENSOR

i GENERAL INFORMATION

i TYPE OF SENSOR: Angular Rate MOVING PARTS: None

3 PRINCIPLE OF OPERATION: Free jet impinging on collectors, entire device rotates
E DATA SOURCE: See Point of Contact below

PRIMARY FLUID: Air, Liquid INTERFACE:

READOUT PROVIDED: No, Pressure gage required
ENVIRONMENTAL LIMITATIONS

g 1) b e TP

TEMPERATURE: u PRESSURE: U

e

POWER SUPPLY FILTRATION: None
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None

REFERENCE: Ambient or artificial pressure field
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Jlarry Diamond Laboratories

2800 Powder Mill Road
Adelphi, Maryland 20783

POINT OF CONTACT: Mr. Frank Manion (301) 394-3080
PRODUCT AVAILABILITY: R&D Device
COST: U
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OF ERATING CHARACTERISTICS *

TRANSFER FUNCTION: Time delay and simple lag

FREQUENCY RESPONSE: 50 Hz TIME RESPONSE: 3 ms

SUPPLY: PRESSURE-Minimum: 1 psi (oil) Maximum: 50 psi (oil)
FLOW-Minimum: 0.05 gpm (0il)  Maximum: 0.3 gpm (oil)
POWER-Minimum: 5 to 10 mw Maximum: 3 W

OUTPUT: PRESSURE-Minimum: O Maximum: 50% supply
FLOW-Minimum: 0 Maximum: 50% supply
POWER~Minimum: 0 Maximum: 20% supply

CONTROL : PRESSURE-Minimum:

IMPEDANCE:  Output  50% supply

SCALING ABILITY: Yes, sensitivity, max. rate, bandwidth and flow consumption can be
normalized.
LINEARITY: RANGE: Size dependent ACCURACY: Structure dependent

SENSING RANGE: Threshold .1 to .0l1% maximum saturation rate
HYSTERESIS: No GAIN:

1k Lot I+

OUTPUT SIGNAL: Pressure proportional to angular rate
CROSS SENSITIVITY EFFECTS: 1%

T L e s imid ikl

S/N RATIO: 1000 to 10000 EXPECTED LIFE: Indefinite

MTBF : {] MCBF: U MTTR: u
*

o
o ot

Operating characteristics are representative examples only since this is
an experimental device.
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2.3.1 Impulse Angular Rate Sensor

This type of sensor is based upon the principle of employing
an interruptible jet to sense the separation between an emitter and the re-
ceiver as the jet is fragmented by a gear or other segmented wheel. This con-
cept is shown in Figure 2.78. As the wheel rotates, the jet is interrupted
continually, forming a pulse train whose frequency is linearly related to the
shaft RPM, Care must be taken when designing such a system to ensure that the
pulse train frequency is such that for a given rotational speed, the receiver
or the interruptible jet sensor is not saturated (i.e., frequencies so high
that the impulses are not easily discernible, but appear merely as a ripple
on a DC steady state signal output). Virtually any of the interruptible jet
sensors presented in Section 2,.,2,.,4 of this report can be used in conjunction
with a gear to form an impulse type angular rate sensor. Note, the boundary
layer type of angular rate sensor shown in Figure 2.78 operates on the same

principle; however, no commercial devices exist which employ this principle.

)

SUPPlY —T———) ——- LOE :'D%':l"‘l’l-
BOUNDARY LAYER ANGULAR SPEED SENSOR
]
TO SIGNAL
SUPPLY —+ D cCC——— > READOUT

GEAR TYPE ANGULAR SPEED SENSOR

FIGURE 2.78  BASIC SHAFT RATE SENSOR OPERATION
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High Side Low Side
Pickoff Pickoft

Housing —/

FIGURE 2.79 PROPORTIONAL SHAFT RATE SENSOR - HONEYWELL

GENERAL INFORMATION

TYPE OF SENSOR: Proportional Speed Sensor MOVING PARTS: vYes
PRINCIPLE OF OPERATION: Hydrodynamic journal used to create pressure

DATA SOURCE: Honeywell: Fluidic Sensors Handbook
PRIMARY FLUID: Air/0il INTERFACE: None
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: -20° to 300°F PRESSURE : U
POWER SUPPLY FILTRATION: 10 micron
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:
sHock: U NOISE: U
ACCELERATION: U VIBRATION: Tested to 10 g's @ 2000 Hz
REFERENCE: U
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Honeywell, Inc.

2600 Ridgway Parkway
Minnecapolis, Minn. 55413

POINT OF CONTACT: Mr, James Hedecn (612) 331-4141
PRODUCT AVAILABILITY: Special Order
COST: U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: U
SUPPLY: PRESSURE- As required

OUTPUT: PRESSURE- See below*
IMPEDANCE: U

SCALING ABILITY: Yes

LINEARITY: RANGE: See Figure 2.80 ACCURACY: ¥ 0.5%
SENSING RANGE: 2,000 to 20,000 RPM
HYSTERESIS: U GAIN: U

OUTPUT SIGNAL: Pneumatic

CROSS SENSITIVITY EFFECTS: Some temperature effects

S/N RATIO: U EXPECTED LIFE: U
MTBF : u MCBF : u MTTR: u
*®
Ap = 0.00.42 __UN
(h/Rw) 2
where:
AP = Pressure output

= Dynamic viscosity

= RPM
Rw = Rotor radius
h = Minimum clearance between rotor and probe

10 - '

AP MO

40
o

SEUED  rpm (T himgsarnets)

FIGURE 2.80 AVATLABLE DATA: PROPORTIONAL SHAFT RATE SENSOR - HONEYWELL
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2.3.2 Vortex Angular Rate Sensor

The vortex angular rate sensor is based on the principle of
conservation of angular momentum. It has a geometry similar to that shown in
Figure 2.73 and is particularly useful when the angular rate to be sensed is
small or the range of the rate to be sensed is extremely large. As shown,
fluid enters the device tangentially, thus creating an initial fluid rotation
through the vortex chamber prior to flowing out of the drain. Any angular ro-
tation about the axis of the device is "added" to the tangential component of
the flow thereby inducing a larger or smaller vortex depending upon the direc-
tion of body rotation relative to the initial vortex generated in the device.
The sengitivity of this device is highly dependent upon the pickoff type,
number, and construction, and although it has prebably undergone more devel-
opment than any other type of sensor, problems still include drift and hystere-
sis. Claims for sensitivities range from a threshold of 1/10 of a degrce per
second to a full scale range of 3000 degrees per second.

A variation of the device tased upon laminar flow has been
deveioped in an attempt to improve signal to noise ratio characteristics.
Unfortunately, no devices of this type are commercially available as off-the-
shelf components. However, several hawve been developed as specialized items
for specific system application.

ARIS OF SYMMETRY
mllf' SIGNAL SUTPUT LINE

SuPrLY
INLET

coupLER I
SECTION A-A

PLATE

ANCULAR RATE SENSOR SWIRLING FLOY (N STNSOR

FIGURE 2,81 BASIC VORTEX ANGULAR RATE SENSOR OPERATION
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COUPLING VORTEX CHAMBER AXIS OF ROTATION

‘POROUS /),
VERSION) 4 ' PLENUM
Vi VA__|
H [
/ SINK TUBE ——ﬂﬁ \
' HOUSING END WALL

/ PICKOFF WAL
FLUID IN g
Y FLUID OUT

FIGURE 2.82 VORTEX ANGULAR RATE SENSOR-HONEYWELL

H
3
=*

GENERAL INFORMATION

TYPE OF SENSOR: Angular Rate MOVING PARTS: None

: PRINCIPLE OF OPERATION: Helical Flow in Vortex drain sensed by a pickoff.
DATA SOURCE: Honeywell Inc.

it et b
L ol vt {0

PRIMARY FLUID: Air,Water, Hydraulic il INTERFACE: Fluidic

3 READOUT PROVIDED: Pressure Transducer required

é ENVIRONMENTAL LIMITATIONS

~§ TEMPERATURE:  40° to 240°F PRESSURE:  Altitude limited
E POWER SUPPLY FILTKATION: 10 micron required

: EFFECT ON MEASURED QUANTITY: No

: SENSITIVITY TO:

% SHOCK: No NOISE: No

i ACCELERATION: Depends on axis VIBRATION: No

,é REFERENCE: 40 psia pressure signal

=

ORDERING INFORMATION

MANUFACTURER OR SOURCE: tioneywell Inc.
1625 Fartham Ave.
Minncapolis, Minn. 55416

POINT OF CONTACT: Mr. James Hedeen (612) 331-4141]
PRODUCT AVAILABILITY: Special Order Only
COST: 4]
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OPERATING CHARACTERISTICS

-.0205
TRANSFER FUNCTION: .005 e Psid/degree/sec

FREQUENCY RESPONSE: 12 Hz TIME RESPONSE: .20 sec time delay

SUPPLY: PRESSURE- 40 psid nominal, Flow: .069 scfm nominal
OUTPUT: PRESSURE-

IMPCDANCE: U

SCALING ABILITY: Yes, by changing sensor size and flow consumption

LINEARITY: RANGE: 100 degree/sec ACCURACY: 5% of rcading
SENSING RANGE: <0.25 deg/sec SATURATION, > 1000 deg/sec
HYSTERESIS: NA GAIN:.005 psid/deg/sec
QUTPUT SIGNAL: differential pressure NULL POINT: < % 2 deg/sec
CROSS SENSITIVITY EFFECTS: None

S/N RATIO: <9.5 deg/sec EXPECTED LIFE: > 100,000 hrs.
MTBF: > 70,000 hrs MGBF: U NTTR: u

NOTE: Data are representative only
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2.3.3 Hhybrid Systems

For the purposes of this manual, hybrid systems are defined
as those which employ either electrical or mechanical components in the sys-
tem or some combination of the phenomena previously addressed by the other
sensors. For example, the effect of Coriollis forces on a laminar jet has
been used as the basis for a sensor having an electrical pickoff. Thermis-
tors connected to a bridge circuit cause a jet to deflect proportional to
the rotation of the unit. The flow of the laminar jet is generated by cs-
cillations of a Piezoelectric crystal making the unit totally independent
of an external air supply. Manufacturer claims for this cystem are that the
output is extremely linear and that the unit can withstand shocks in excess
of 1000 G's. However, because of its geometry, it appears that it may be
responsive to linear accelerations along the axis of the pumping element.

A representative unit is shown in Figure 2.83.

PIEZOELECTRIC PUMP DISC JET HOUSING TUBE
\

JET POSITION SENSOR NOZZLE

Hl
il

R AL msts 4

)
7 ’ —
—o
7 N
PUMP CAVITY DIRECTION OF FLUID FLOW
PUMP ORIFICE
FIGURE 2.83 HYBRID RATE SENSOR
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FIGURE 2,84 LAMINAR JET ANGULAR RATE SENSOR-HUMPHREY INC,

GENERAL INFORMATION

1

TYPE OF SENSOR: Angular Rate MOVING PARTS: None

PRINCIPLE OF OPERATION: Laminar gas flow past two heated resistance wires

DATA SOURCE: Humphrey Inc. Brochure

A

i3 PRIMARY FLUID: Air INTERFACE: Electronic

;: READCUT PROVIDED: No, voltmeter required

% ENVIRONMENTAL LIMITATIONS

é TEMPERATURE : -65%to + 185°F PRESSURE: Unlimited Altitude
% POWER SUPPLY FILTRATION: None

3

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: 10000 G any axis NOISE: Some sensitivity

ACCELERATION: 50 G VIBRATION: U
REFERENCE: Internal null

b 19

i

ORDERING INFORMATION

MANUFACTURER OR SOURCE: Humphrey Inc.

(Note: a similar product

9212 Balboa Avenue is distributed by Hamilton
San Diego, Cal. 92123 Standard under the name of
"Superijet.")
FOINT OF CONTACT: Mr. H.H. Kries (714)565-6631)
PRODUCT AVATILARILITY: Off~-the-Shelf
COS1T: $935.00 cach
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: See Below*

FREQUENCY RESPONSE: Size dependent

TIME RESPONSE: U

SUFPLY: .07 watts DC @ 1 volt
OUTPUT: + 4 millevolts nominal

0 Ml

e o A

SR

IMPEDANCE: Cutput, 100 ohms
SCALING ABILITY: NA
LINEARITY: RANGE: 4] ACCURACY: + 1% FS

SENSING RANGE: Threshold < 0.i% FS, MAXIMUM: 100°/Sec.
HYSTERESIS: 0.1%

GAIN: E R_K **
—_— o - 3

OUTPUT SIGNAL:  Electronic DC + 50 mv. 2, R¥R,
CROSS SENSITIVITY EFFECTS: 0.5% FS for FS cross axis input

S/N RATIO:  500:1

EXPECTED LIFE: 10,000 hrs +
MTBF: U MCBF': 4] MTTR: U

* TRANSFER FUNCTI{N:

Eo = - K
W 2
i 20 s
(1+w s+w2)
n n

h E_ = Output Voltage
W, = Rate of Rotation
{ = Damping Ratio

W = Resonant Rate

S = Laplacian

ei = Input Voltage

R R, = Resistance Values
1’ 2, 3
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FIGURE 2.85 HYDRAULIC RATE GYRO - TRITEC, INC.

i | GENERAL INFORMATION

1 TYPE OF SENSOR: Rate Gyro MOVING PARTS: Yes (Flexure Pivot)
é ; PRINCIPLE OF OPERATION: Flow through helical chambers

DATA SOURCE: G.E. Contract No.'s DAAA09-74-C-2076, DAAA09-75-C~2038

PRIMARY FLUID: Hydraulic 0Oil INTERFACE: Oil~Electric

READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE: U PRESSURE: 4]
POWER SUPPLY FILTRATION: 10 micron
EFFECT ON MEASURED QUANTITY: None

™,

SENSITIVITY TO:

SHOCK : 14} NOISE: U
ACCELERATION: U VIBRATION: U

P e o o A i (AT T

REFERENCE: Inertia of Hydraulic 0il
ORDERING INFORMATION

MANUFACTURER OR SOURCE: TriTec, Inc.
615 S. Frederick Avenue
Gaithersburg, MD 20760

Gipesiea

POINT OF CONTACT: Mr. Vincent Neradka
PRODUCT AVAILABILITY: Special Order
COST: u
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE:
SUPPLY: PRESSURE- To 1600 psi

OUTPUT: PRESSURE- U

IMPEDANCE: U

SCALING ABILITY: U

LINEARITY: RANGE: + 470 deg/sec ACCURACY: *+ 2%

SCALE FACTOR: 0.082 psi/deg/sec or 0.18 v/deg/sec
OUTPUT SIGNAL: Differential pressure or electrical readout

CROSS SENSITIVITY EFFECTS: U
NOISE: 0.1 deg/sec EXPECTED LIFE:
MTBF : U MCBF: U MTTR: U
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2.4 Accelerometers

Accelerometers are basically defined as devices that yield
an output signal as a function of the acceleration of *l..e device itself.
With the exception of one device currently in the development stage, nearly
all accelerometers are fluidic and not flueric in nature. Fluidic acceler-
ometers, which by definition eliminate the solid proof mass and use a pure-
ly fluid phenomenon, are still in the development stage. Difficulties have
been encountered trying to derive a large output signal from the fluid.
Thus, in the material presented for each of the following fluidic acceler-
ometers, all described components have a minimum number of moving parts and
use a substance of substantially different density to provide the acceler-
ometer function. An example of a fluidic accelerometer is shown schematic-

ally in Figure 2.86.

P -
ounve
ORECTION
——-’
11\ S\
\I
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\
SIMIC NOZILE
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FIGURE 2,86 BASIC FLUIDIC ACCELEROMETER OPERATION
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2.4,1 Seismic Mass Accelerometer

IZaaarn
B AT e T ———

A seismic (proof) mass accelerometer in its simplest concept

consists of the arrangement schematically depicted in Figure 2.87. Although

VA G0 e e et

there are several variations of this type of accelerometer, only anelementary

concept is depicted., Basically, a continuous flow of gas enters the supply

B

ports, and output flows and pressures are monitored. As the component is

A

accelerated, the proof mass tends to remain stationary due to inertia. This
relative movement causes a net change in the spacing between the proof mass
and the walls of the casing, thus changing the resistance across the outputs
and causing a pressure differential. The pressure differential balances the
inertial force, and the output, P1 - Pz, is nearly linear with regard to the
acceleration. A constant scale factor is obtainable by manipulating the geom-
etry and mass of the sensor, It should be also noted that to minimize the

effect of static friction, the proof mass is usually supported by an air bear-

B IN

2 ing. A variation of this concept is to support the proof mass by flexible
cables, rather than an air bearing,

Typically, manufacturers have claimed fabrication of fluidic

T h—

accelerometers having ranges of up to 400 G's with threshold frequencies in

the order of 0.02 psid/G. They operate at supply pressures from 20 to 2200 psig,

and output pressure levels, depending on the type of device, can range from

20 to 70% of the supply pressure. It should be noted also that all seismic

G s v

mass accelerometers are analog devices.

R A LT T

/ | OAMPING SURFACES
roacs vy N FORCING CAVITY
4] . A
, <t J [~
== =l el TN}
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.ﬁ‘
The gas flew is

lndicated by arows S SEANING

FIGURE 2,87 BASIC SEISMIC MASS ACCELEROMETER OPERATION
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FIGURE 2.88 G SENSOR ACCELEROMETER

GENERAL INFORMATION

TYPE OF SENSOR: Acceleration MOVING PARTS: Yes (Mass)
PRINCIPLE OF OPERATION: Seismic Mass Deflection of Diaphragm

DATA SOURCE: Fluidic State of the Art Symposium, 1974
PRIMARY FLUID: Air INTERFACE: Air - Fluidic
READOUT PROVIDED: None

ENVIKONMENTAL LIMITATIONS

TEMPERATURE: U PRESSURE: u
POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO:

sHock: U NOISE: U
ACCELERATION: 30 g's (Design Limit VIBRATION: U
REFERENCE: of Model)

Mass Inertia
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Franklin Institute Research Labs
Ben Franklin Parkway
Philadelphia, Pennsylvania 19103

POINT OF CONTACT: C.A. Belsterling (215) 448-1000
PRODUCT AVAILABILITY: Laboratory Model
COST: U
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: U

FREQUENCY RESPONSE: 280 Hz TIME RESPONSE: 15 ms

SUPPLY: PRESSURE-Minimum: O©0.5 Psig Maximum: 20.0 Psig
FLOW-Mivimum: 0.5 scfm Maximum:
POWER~-Minimum: U Maximum:

OUTPUT: PRESSURE-Minimum: See Figure 2.8%  Maximum:

FLOW~Minimum: Maximum:
POWER-Minimum: Maximum:
CONTROL : PRESSURE~Minimum: NA

IMPEDANCE: U
SCALING ABILITY: Yes, Orifice can be changed for different sensitivity levels

LINEARITY: RANGE: See Figure ACCURACY: U
THRESHOLD SENSING POINT: U SENSITIVITY: U
HYSTERESIS: U GAIN: U

OUTPUT SIGNAL: Analog Pressure
CROSS SENSITIVITY EFFECTS: U

S/N RATIO: U EXPECTED LIFE: U
MTBF: U MCBF: U MTTR: U

(p, w/sin?®)

0 ] i 1 1 1 i 1
0 2 4 [ [ ] 10 ” 1] 13

G ——

FIGURE 2,89 OUTPUT DATA FLUIDIC G SENSOR
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2.4.2 Vibrating String Accelerometer

The vibrating string accelerometer employs a spring loaded
proof mass which changes a feedback loop of a fluidic oscillator as a functicn
of acceleration. A diagram of the basic concept is shown in Figure 2,90,
Each accelerometer consists of the following components: a round wire, wire
terminations, attenuation spring, the seismic mass, the input pressure nozzle,
and the receiver nozzle.

The basic op»ration of this type of device is dependent on the
phenomenon known as Strouhal or vortex shedding, Each nozzle impinges on a
wire and the resultant vortex shedding creates an alternating pressure field
which excites the wire in its natural mode of oscillation. Therefore, the
nozzle flow is periodically interrupted by the wire motion, and a sinusoidal
pressure pulse is detected by the receiver. These sinusoidal pulses are then
fed into a beat frequency detector element, and the modulated pressure signal
containing both the sum and difference frequencies are obtained., Experiments
which have been conducted show that the Strouhal frequency (.e., resonant fre-
quency) of the wire is directly proportional to the square root of the tension
in the wire itself. Further, as agcceleration is applied along the input axis
of the device, the tension of the wire effectively chandes and, by measuring
the beat frequencies, a signal is obtained that is directly proportional to
the acceleration applied to the device. Note that the vibrating string system
is basically a digital output accelerometer with signal proportional to the
frequency shift.

Omi | mctven

RECEIVER {‘ Iy

{8} VIORATING STAINS
ALTERNATELY COVERS
BECLIVEN PORTS

&

{A) ACCELEROMETER
CONFIGURATION

FIGURE 2,90 BASIC VIBRATING STRING ACCELEROMETER OPERATION
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2,5 Temperature Sensors

One of the environmental parameters that can drastically alter
the performance of any fluidic/flueric type of device is temperature. This
has been used to advantage by many inventors and manufacturers to develop
fluidic devices which sense temperature by monitoring both viscous and/oxr
acoustic phenomena, Extensive testing and use of fluidic sensors in military
aircraft have indicated that these devices have response characteristics of
approximately 10 milliseconds.

Fluidic temperature sensors can be both analog or digital in
nature, However, there are two basic methods by which the temperature of a
fluid may be measured. The first technique (which usually yields the fastest
response time) is to allow the fluid itself to pass through the measuring de-
vice. The second technique is to utilize the Sensor as a probe inserted in

the fluid medium. A typical schematic diagram is shown in Figure 2.91.

INPUT
TEMPERATURE
BEAT OUTPUT
FREQUENCY -——-——-—8
DECTECTOR SIGNAL
REFERENCE
SIGNAL

FIGURE 2,91 TYPICAL TEMPERATURE SENSOR DIAGRAM
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2.5.1 Flow Resistance Sensor

Figure 2.92 depicts the generalized schematic diagram of a
flow resistance type of temperature sensor. With this concept, the flow
resistance is measured across the laminar section. It has been demonstrated
that the pressure drop across this section is inversely proportional to the
temperature. It should be noted, however, that this type of device effec-
tively obeys this premise only in a specific operating regime. At an ex-
tremely low temperature, the pressure érop begins to increase with tempera-
ture. It should be noted also that this sensor is basically a high impedence
unit, thus requiring signal amplification. Its net time response is a func-
tion of the total capacitance of the lines used to measure the pressurxe drop

and the flow rate through the sensor itself.

A 8 c D
-
—
— T Ve
—
= l " CAPITIARY N

ORIFICE RESISTOR
l RESISTOR

FIGURE 2,92 LAMINAR FLOW RESISTANCE TEMPERATURE SENSOR DIAGRAM
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FIGURE 2.93 LAMINAR TEMPERATURE SENSOR - HONEYWELL

GENERAL INFOPMATION
TYPE OF SENSOR: Laminar Temperature MOVING PARTS: None

PRINCIPLE OF OPERATION: Impedence change in capillary resistor.
DATA SOURCE: Honeywell Handbook: AM 263

PRIMARY FLUID: Air INTERFACE: None
READOUT PROVIDED: None

FWIROMMENTAL LIMITATIONS
TEMPERATURE: -65° to 2000°F PRESSURE: U
POWER SUPPLY FILTRATION: 10 micron
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: U NOISE: y
ACCELERATION: u VIBRATION: Tested to 10,000 Hz

REFERENCE: Set pressure
ORDERING INFORMATION

MANUFACTURER OR SQURCE: Honeywell, Inc.
2600 Ridgway Parkway
Minneapolis, Minn. 55413

POINT OF CONTACT: Mr. James Hedeen (612) 331-4141
PRODUCT AVAILABILITY: Special Order
COST: v
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: Y]

FREQUENCY RESPONSE: U

SUPPLY:

PRESSURE- As required

OUTPUT:

PRESSURE~- See below*

IMPEDANCE: U
SCALING ABILITY: Yes

*

TIME RESPONSE: 1 second

(inches)

12

16

20

LINEARITY: RANGE: See Figure 2.94 ACCURACY: 2.5%
SENSING RANGE: See Figure 2.94
*k
HYSTERESIS: U GAIN: dAp AP du
dt T § dt
OUTPUT SIGNAL: Pressure
CROSS SENSITIVITY EFFECTS: None
S/N RATIO: U EXPECTED LIFE: Unlimited
MTBF : U MCBF : U MTTR: U
16 4
.'&!;f;l(';:'l
. X
pp = 28UMIR e
p? 12 o- -0 1200°F
i
P = Capillary pressure :"
drop (psi) . '
U = Absolute viscosity S
1b-sec s 3
ee? ¥
L = Capillary lenqth s
in feet F o o ) reca
0O = Plow (cfm) ;-: TEPERATURE :°F°
D = Inside diameter ’é
g
Z
£
3

r-’)I

FIGURE 2.94

AVAILABLE DATA: LAMINAR TEMPERATURE SENSOR - HONEYWELL
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2.5.2 Bridge Type Sensor

A modification of the basic flow resistance type of tempera-

ture sensor is known as the bridge type temperature sensor. Flow resistance

3
z
£
b
s

elements are formed in a bridge network similar to that shown in Figure 2.95.

They utilize the linear and non-linear characteristics of laminar and turbu-

lent pressure drops in opposing bridge arms. Although some bridge type temper-

ature sensors have been used by commercial manufacturers in specialized systems
designed for specific applications, no commercial devices of this type are pre-
sently available as off-the-shelf units,

REFERENCE SAMPLE

- LINEAR
L% RESISTORS

$—ar, ——4

m_ )| )|( =—nesisvons.

-'.

FIGURE 2,95 BRiDGE TYPE FLOW TEMPERATURE SENSOR DIAGRAM
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2.5.3 Oscillator Type Sensor

The operation of an oscillator type of fluidic temperature
sensor is based on the premise that the frequency of a fluid oscillator

depends on the speed of wave propagation in the fluid medium. Since this

wave propagation is a function of gas temperature, the frequency of oscil-
lation, therefore, is a direct measure of the temperature differential or
change. To provide an accurate reference and thus ensure that the oscilla-
tor frequency be independent of pressure, the sensor must be operated under
essentially "choked" conditions. The basic bistable fluid oscillator is

shown in Figure 2.96. 1Its method of operation is as follows. As the jet

exits out of port A, some flow is returned through the feedback loop C,
causing the jet to switch to the opposite side. The jet, now exiting out
of side B, returns a portion of the fluid through the right feedback loop,

thus causing the jet to again switch back, completing the cycle.

It can be shown that tle period of oscillation cf a fluidic
:emperature sensor is directly propcrtional to the length of one loop of
the feedback and inversely proportional to the jet velocity and speed of

wave propagation. Tests have shown that to increase the sensitivity of the

PRIERAK b amlingsy I vk i e 4Rl

device it is necessary to increase the frequency (i.e., reduce the feedback
loop) at which the oscillator is opsrating. The shortest possible feedback

loop for an oscillating type of sensor consists of an internal resonance

T

chamber (or cavity) rather than the external ducts. With this type of
arrangement, however, edgetone frequencies about the splitter are generated,

and these are also effected by the temperature of the fluid. Response times

ot B

for tiis device are claimed in the order of 0.01 second.

FIGURE 2,96 BASI1C OSCILLATOR TEMFERATURE SENSOR
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FIGURE 2,97

GENERAL INFORMATION

OSCILLATOR TEMPERATURE SENSOR ~ HONEYWELL

‘TYPE OF SENSOR: Turbine Inlet Temperature MOVING PARTS: No

PRINCIPLE OF OPERATION:

Fluidic Oscillator

DATA SOURCE: Honeywell Brochure: ADC-346

PRIMARY FLUID: Air

READOUT PROVIDED: Yes

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: to 2000° F
POWER SUPPLY FILTRATION:

INTERFACE: Piezoelectric crystal

PRESSURE: U

10 micron

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:
SHOCK: Y

ACCELERATION: U

NOISE: 4]

VIBRATION: §]

REFERENCE: Oscillator frequency

ORDERING INFORMATION
MANUFACTURER OR SOURCE:

POINT OF CONTACT:

PRODUCT AVAILABILITY:
COST:

Honeywell, Inc.
2600 Ridgway Parkway
Minnecapolis, Minn. 55413

Mr. James Hedeen (612) 331-4141
Off~-the~shelf
U
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OPERATING CHARACTERISTICS

CROSS SENSITIVITY EFFECTS: Pressure dependent below 4 psid.

S/N RATIO: v EXPECTED LIFE: 2500 hrs @ 1800° F
MTBF : U MCBF : U MTTR: u
* 1/
Note: oOutput Frequency = K(T) 2,
where K = Calibration Constant
90 T = Absolute Temperature
86 —
80 —
76 =
T 70
x
3
2 55 ~
w
=]
o
& 60
“w
«
w
7]
50 —
a0
0 T i T T T
500 100 1000 1HO 2000 1000
TEMPERAYURE (DEG R}

FIGURE 2,98 AVAILABLE DATA: OSCILLATCR TEMPERATURE SENSOR - HONEYWELL
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TRANSFER FUNCTION: RN ¥ 71_12?257 i';-é%33§' v 1’%‘%%7;
FREQUENCY RESPONSE: NA" TIME RESPONSE: 0.05 seconds
SUPPLY: 0.0008 to 0.0045 lbm/sec @ 5 to 85 psid
OUTPUT: See (*) below.
IMPEDANCE : u
i SCALING ABILITY: No
LINEARITY: RANGE: 100° to 2000° F ACCURACY: + 1.5 %
SENSING RANGE:
HYSTERESIS:  None GAIN: NA
OUTPUT SIGNAL: Pneumatic converted to electric via piezoelectric crystal.
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FIGURE 2.99 FEEDBACK OSCILLATOR TEMPERATURE SENSOR-ATRESEARCH

GENERAL INFORMATION

TYPE OF SENSOR: Temperature MOVING PARTS: None

PRINCIPLE OF OPERATION: Feedback oscillator, speed of sound dependent

DATA SOURCE: Airesearch Mfg. Co.

PRIMARY FLUID: Air INTERFACE: Piezo-~Ceramic
READOUT PROVIDED: Yes

ENVIRONMENTAL LIMITATIONS

o . .
TEMPERATURE : ~65°F to 1200°F (pneu.) PRESSURE: Not altitude limited
POWER SUPPLY FILTRATION: 20 micron

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY 70:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Oscillator Frequency, fluid density

ORDERING INFORMATION

MANUFACTURER OR SOURCE: Airesearch Manufacturing Co. of Arizona

402 S 36th Street, P.O. Box 5217
Phoenix, Arizona 85010

POINT OF CONTACT: Mr, Frank Halpin (602) 267-4053
PRODUCT AVATILABILITY: Available on special order
COST: U
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OPERATING CHARACTERISTICS

TRANSFFR FUNCTION: _.I_§_¥;*

FREQUENCY RESPONSE: U

SUFPLY: PRESSURE- 3 psig FLOW:  0.05 lb/min
OUTPUT: PRESSURE- + 1.0 psig

TMPEDANCE : U

SCALING ABILITY: N/A

LINEARITY: RANGE: non-linear function

TEMPERATURE SENSING RANGE: -65°F to 1950°F

HYSTERES1S: U GAIN:

OUTPUT SIGNAL: Oscillating pressure

ACCURACY:

TIME RESPONSE:

+

EXPECTED LIFE:

CROSS SENSITIVITY EFFECTS: U
$/N RATIO: U
MTRP: U MCBF : U MTTR:

-149-
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2.6 Concentration Sensors

As defined here, concentration sensors are those devices that
are used to monitor the percentage "mixture" of a gas. These devices are
configured in one of three basic designs: the resistance bridge, the vortex,
and the oscillator. Tests have shown that all have relatively low threshold
sensitivity to a contaminant gas, but require amplification of their outputs

to provide a useful signal.

2.6.1 Resistance Bridge Concentration Sensor

The resistance bridge concentration sensor is by far the
simplest. Basically, it consists of both linear (viscosity dependent) and
nonlinear (density dependent) resistors connected in a bridge circuit simi-
lar to that shown in Figure 2.100. The resultant differential pressure sig-
nal is proportional to the unknown concentration of the "used" gas. Experi-
ments have shown that this type of device is quite sensitive to small con-~
centrations (in the order of 100 parts per million) and the device has an
output that is extremely linear. A basic variation of the resistance bridge
type of circuit is the replacement of one of the resistors with one or more
vortex type resistors. Since the resistance of the vortex resistor is due
to angular momentum rather than viscosity effects, it is less affected by
temperature changes. Consequently, a large differential pressure output de-

pending upon temperature will be delivered by the amplifier.

REFERENCE SAMPLE

|

LINEAR
" “—ResisTONS
aAr,
. NONLINEAR
LI )|(=—nesisTors

T

-,

FIGURE 2.100 RESISTANCE BRIDGE CONCENTRATION SENSOR SCHEMATIC

PRECEDING PAGE BLANKWNOT FILMED
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FIGURE 2.101 BRIDGE TYPE CONCENTRATION SENSOR-HDL

GENERAL INFORMATION

TYPE OF SENSOR: C(oncentration MOVING PARTS: None
PRINCIPLE OF OPERATION:

Linear and non linear resistance bridge
DATA SOURCE: Harry Diamond Laboratories

PRIMARY FLUID: Any gas INTERFACE: Air-Air
READOUT PROVIDED: None

.
2

g ENVIRONMENTAL LIMITATIONS

i TEMPERATURE : u PRESSURE: U
§ POWER_SUPPLY FILTRATION: U

4 EFFECT ON MEASURED QUANTITY: None

2 SENSITIVITY TO:

: SHOCK: u NOTSE: U
3 ACCELERATION: U VIBRATION: U
,; REFERENCE: Gas to be measured

3 ORDERING INFORMATION

% MANUFACTURER OR SOURCE: larry Diamond Laboratory

7 2800 Powder Mill Road

é Adelphi, Maryland 20783

o

- -

POIHT OF CONTACT: Mr. J. Joyce (301) 294-3080

4 PiD

PRODUCT AVAILABTLITY: Laboratory Item

w %

-

COST: U
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OPERATING CHARACTERISTICS *

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: 0.03 sec/cm
SUPPLY: PRESSURE~ 20 kPa

OUTPUT: PRESSURE~ See Figure 2,102

IMPEDANCE: U

SCALING ABILITY: Yes

LINEARITY: RANGE: See Figure 2.102 ACCURACY: + 2.5% of heading

SENSING RANGE: 0.1% to 100% Concentration in air
HYSTERESIS: U GAIN: Max. At.: pL/pb = ,586
OUTPUT SIGNAL: 0.6 kPa/% CO

2
CROSS SENSITIVITY EFFECTS: Requires Temperature Compensation
S/N RATIO: 1] EXPECTED LIFE: v
MTBF : U MCBF: 1] MTTR: u

NOTE* Data are for laboratory model only, used to measure CO, concentration in air.
Concentration of other data will yield other results.

0.012 -
O DATA WiTH B, +-2004P8
—€Q(2) WITHE 1 132,97 0 744
0.0104
0.0084
@i 0006
9
9
0.0044
00024
0000 T T 4 -
0 2 . M . 0
CONCENTRATION (% Co2 IN AIR)

FIGURE 2,102 AVAILABLE DATA-CONCENTRATION SENSOR~HDIL,
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2.6.2 Vortex Type Concentration Sensor

The vortex type concentration sensor operates on the principle
of comparing a pressure differential of two fluid samples. One sample, which
is a reference, is allowed to pass directly through a vortex chamber. The
other sample is passed over a "scrubber" or catalyst bed to remove the desired
gaseous element. The intensity of the vortex is a linear function of the den-
sity difference of the two samples, An angle of attack sensor provides the
output signals,

Investigations have shown that practical designs have an ex-
pected time delay between 0.1 and 15 seconds and that linearity is achieveable

over select ranges that are dictated by the sizing of the unit. A schemati-:

diagram is shown in Figure 2.103.

CATALYST

GAS DIFFERENTIAL

e————] ®

SUPPLY PRESSURE OUTPUT

INERT

FIGURE 2.103 VORTEX TYPE CONCENTRATION SENSOR DIAGRAM
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EFFECT ON MEASURED QUANTITY: None
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g FIGURE 2.104 VORTEX CONCENTRATION SENSOR-NEOS Inc.
}
2 GENERAL INFORMATION
i TYPE OF SENSOR: Concentration MOVING PARTS: None
i HMOVING PARTS
3; PRINCIPLE OF OPERATION: Vortex Chamber
Z DATA SOURCE: NEOS Inc.
é PRIMARY FLUID: Air INTERFACE:  Air-Air
E READOUT PROVIDED: No, Requires Barocel Pressure Transducer
ENVIRONMENTAL LIMITATIONS

4
3 TEMPERATURE: U PRESSURE: U
3 POWER SUPPLY FILTRATION: U
3

SENSITIVITY TO:

SHOCK: U NOISE: U

ACCELERATION: U VIBRATION: U
REFERFNCE: Gravitational Effect on Vortex
ORDERING INFORMATION

MANUFACTURER OR SOURCE: NEOS Inc.
3130 "O" Street
Lincoln, Nebraska 68510

POINT OF CONTACT: Mr. Arthur J. Ostdiek (402) 474-1660
PRODUCT AVAILABILITY: Laboratory Item
COsT: u
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: g

FREQUENCY RESPONSE: 10 cps*
SUPPLY: PRESSURE~Minimum: U

FLOW~-Minimum: u

POWER-Minimum: U
OUTPUT: PRESSURE-Minimum:

FLOW-Minimum:

POWER-Minimum:
CONTROL : PRESSURE-Min imum:
IMPEDANCE: NA
SCALING ABILITY: U
LINEARITY: RANGE: U

TIME RESPONSE: U

Maximum: u

Maximum: 1 liter/min.
Maximum: u

Maximum:

Maximum:

Maximum:

ACCURACY: U

CONCENTRATION SENSING RANGE: Dependent upon gas to be sensed

HYSTERESIS: Non Detected

OUTPUT SIGNAL: Electronic (volts)
CROSS SENSITIVITY EFFECTS:

S/N RATIO:U

MTBF: 1] MCBF: U

* Laboratory Model

GAIN: See Figure

EXPECTED LIFE:

MTTR: U
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2.6.3 Oscillator Concentration Sensor

The same basic type of device employed for oscillator tem-
perature sensing iz also employed for an oscillator concentrer:ion sensor.
Claims are that the edgetone oscillator has a higher gain and better signal
to noise ratio than that obtained from feedback loop type bistable element
oscillators. The basic configuration is shown in Figure 2.105. For proper
operation, the sensor relies upon a catalyst or "=crubber” to effectively
change the density of the fluid being analyzed and thus provides a differ-
ential beat frequency. Tests have shown that the output is extremely linear
over a 0 to 10 percent concentration range. At this time, no commercial

devices of this nature are available.

mraws

el
-~

ey B

e
Maaneye

FIGJRE 2.105 GSCILLATOR CONCENTRATION SENSOR
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FIGURE 2.106 HYDROGEN CONCENTRATION SENSOR-MCDONNELL

ST

GENEFAL INFORMATION

TYPE OF SENSOR: Concentration

MOVING PARTS: None

T

PRINCIPLE OF OPERATION: Oscillation device for hydrogen detection. Sonic oscillation

DATA SOURCE: NASA, Kennedy Space Ctr. Mr. W.K. Helms.> 2 function of gas constant.

PRIMARY FLUID: Gas

e

A

INTERFACE: gy

oWl

READOUT PROVIDED: U

ENVIRONMENTAL LIMITATIONS

=]
5

TEMPERATURE: 0° to 150°F PRESSURE: y

POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED QUANTITY: y

SENSITIVITY TQ:

SHOCK: v NOISE: U

ACCELERATION: U VIBRATION:
REFERENCE: Ambient pressure
ORDERING INFORMATION

U

P R e

MANUFACTURER OR SOURCE:

Mchonnell Douglas Astronautic Co.
P.0. Box 600

Titusville, Florida 32780

POINT OF CONTACT: Mr. G.W.

Rece (305) 269-4100

PRODUCT AVAILABILITY: Laboratory Device

$1500.00 cach

COST:
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OPERATING CHARACTERISTICS

‘T'RANSFER FONCTION: 1 v, D.C. per 0% Hz

FREQUENCY RESPONSE: 0.3 Hz TIME RESPONSE: 2.5 secc.
SUPPLY: NOMINAL: 17" Hg vacuum '
OUTPUT: PRESSURE- U

IMPEDANCE: U

SCALING ABILITY: U

LINEARITY: RANGE: O to 5% ACCURACY: 0.5% FS

CONCENTRATION SENSING RANGE: Threshold, 500 PPM
HYSTCRESIS: NA GAIN: NA

QUTPUT SIGNAL: DC null, oscillating pressure
CROSS SENSITIVITY EFFECTS: Ingsensitive to Helium background

S/N RATIO: yu E¥YPECTED LIFE: 10 years
MTBF: 4] MCBF : U MTTR: U
1"e ——
; S N S I RO
/’//
. ‘,//’/
;u: —— e em— b=
3 /r/
3 o
!I’ — —
L o
ro/-—‘---
1} e me b »*‘-*———-ﬂl-—'--v r—— b - - - - - a »—-—J
r] "
OTIOCE N CONCIVIGA TR T AR ENT 07 VIR LN

FIGURE 2.107 AVAILABLE DATA-HYDROGEN CONCENTRATION SENSOR-MCNIHntLL
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FIGURE 2.108 EDGETONE OSCILLATOR CONCENTRATION SENSOR-HDL

GENERAL INFORMATION

TYPE OF SENSOR: Concentration MOVING PARTS: None
PRINCIPLE OF OPERATION: Edgetore Frequency oscillato:r

B e e N o SR TR IN

DATA SOURCE: Harry Diamond Laboratory
PRIMARY FLUID: Air INTERFACF:
READOUT PROVIDED: None

Air-Fluidic

fi e

ENVIRONMENTAL LIMITATIONS

5 TEMPESATURE:  4000°F PRESSURE: U
% rOWER SUPPLY FILTRATION: Yes
E EFFECT ON MEASURED QUANTITY: None
SENSITIVITY TC:
SHOCK: u KOISE: U
g ACCELERATION: U VIBRATION: U
REFERENCE: Oscillating edgetone frequency
ORDERING INFORMATION
; MANUFACTURER OR SOURCE: Harry Diamond Laboratories
2800 Powder Mill Road
Adelphi, Maxyland
POINT OF CONTACT: Mr. James Joyce (301} 394-3080
PRODUCT AVAILABILITY: Laboratory Item
COST: u

-162-




T R T TR T Rt P e R

OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: Y
SUPPLY: PRESSURE- U

TIME RESPONSE: 0.01 sec

p-
F:
E.
H.
B
£
i
:
i8
3

QUTPUT: PRESSURE- Sege Figure 2.109
IMPEDANCE: U

SCALING ABILITY: Yes

o vl

LINEARITY: RANGE: 0.10% - 100%

ACCURACY: U
CONCENTRATION SENSING RANGE: 0.10% ~ 100%

HYSTERESIS: u

GAIN:
OUTPUT SIGNAL: Oscillating Pressure,

frequency dependent on gas concentration
CROSS SENSITIVITY EFFECTS: U

S/N _RATIO: u

EXPECTED LIFE: U

5 MTBF : U MCBF: U MTTR: G

; 720

» T 1 1 / I/ Ll
§ caol  THEORY wmi / i
k1 »

E AR ‘
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FIGURE 2.109 AVAILABLE DATA-EDGETONE OSCILLATOR CONCENTRATION SENSOR-HDL
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2.7 Miscellaneous Sensors

In addition to the specific sensors previously discussed, a
number of sensors have been developed for other applications. Typically,
these devices fall into the general categories of densitometers, fiow meters,
pressure transducers, and attitude gyros. Many of these devices are more
fluidic than tlueric in nature, because they contain one or more moving

parts to supplement the sensing function.

2.7.1 Dens’tometers

The fluid densitometer is used for primary sensing of the des-
sity measurement of fluids. As shown in the schematic diagram in Figure 2.110,
its operation is based upon the interaction of free turbulent jets. Its prin-
ciple of operation is as follows.

Basically, the unit is comprised of two chambers, a reference
chamber and a measurement chamber. Identical turbulent jets issue from each
of two nozzles into their respective chambers, and each jet impinges upon a
receiver port. The reference chamber has only a small exit port and essen-
tially becomes a capacitance when filled with the supply fluid. The measur-~
ing chamber is open to ambient pressure, and thus has an infinite capacitance.
Since the pressure profile of the jet must change as a function of the density
of the material, measurement of the pressure differential at the output demon-
strates that the resulting signal is logarithmical and varies as a function
of both the temperature and pressure of the fluid. Only one device of this

type currently exists.

¥

ountr
L red
wine ¢

arenrecy .
CHamBth =

FIGURE 2.110 BASIC DENSITOMETER DIAGRAM
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FIGURE 2.111 DENSITOMETER-FLUIDYNAMIC DEVICES LID.

GENERAL INFORMATION

TYPE OF SENSOR: Densitometer MOVING PARTS: None

PRINCIPLE OF OPERATION: Difference in dynamic pressures of turbulent jets
DATA SOURCE on receiver ports
————————=" FluiDynamic Devices Ltd.

PRIMARY FLUID: Gag, liquid INTERFACE:

READOUT PROVIDED: None

Gas-Gas, Liquid-Liquid

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: -200°F to 1200°F PRESSURE: 300 psig
POWER SUPPLY FILTRATION: 5 micron

EFFECT ON MEASURED QUANTITY:

Slight contamination with reference fluid of

SENSITIVITY TO: known density
SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Jet stagnation pressure

ORDEF ING INFORMATION

MANUFACTURER OR SOURCE: FluiDynamic Devices Limited
3216 Lenworth Drive
Mississauga, Ontario
Canada L4X2G1

POINT OF CONTACT: P.W, Gooch (416) 625-9501
PRODUCT AVAILABILITY: Off-the~Shelf
COST: 4]
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OPERATING CHARACTERISTICS

‘PRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: 10 ms

SUPPLY: PRESSURE~Minimum: 40 psig Maximum: 80 psig
FLOW-Minimum: 1 scfm Maximum: 2 scfm
POWER~-Minimum: 130 W Maximum: 520 W

OUTPUT: PRESSURE~-Minimum: See Figure 2.112 Maximum: See Figure 2.112

FLOW-Minimum: Maximum:
POWER-Minimum: Maximum:
CONTROL : PRESSURE-Minimum: N/A
IMPEDANCE : N/a
SCALING ABILITY: Yes
LINEARITY: RANGE: See Figure 2.112 ACCURACY: 0.1% Sg

MEASUREMENT RANGE: See Figure 2.112

HYSTERESIS: None GAIN:  NA
OUTPUT SIGNAL: Digital pressure change
CROSS SENSITIVITY EFFECTS: U
S/N RATIO: U EXPECTED LIFE: u
MTBF : u MCBF : U MTTR: u
{
400
_2, SUPPLY PRESSURE
w 40PS.I.G.
o’oo""
= 34
0 x
z g0
w ® Uao ~
gtoo cl o 2
(24 - o
s <l 97
4 z £ 5
Q e %
5 Q i T
x ™
> <
2 1004 l
° NOZ REC 8220
o Lo Lpaan iy
[+ ] ¢ 0
SPECIFIC WEIGHT OF GAS LB /LU FT

FIGURE 2.112 AVATITABLE DATA: DENSTTOMETER -~ FLUIDYNAMTC DEVICES L1D.
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FIGURE 2.113 DENSITOMETER -~ TRITEC, INC.

GINERAL INFORMATION

TYPE OF SENSOR: Dpensitometer MOVING PARTS: Yes (Flexure Cylinder)

PRINCIPLE OF OPERATION: Balanced torS}onal spring with £ proportional
to fluid density.

G.E.Report "Fluidic Mass Fuel Flow Transmitter," Phase I (12/75)
PRIMARY FLUID: 0il, kerosene, jet fuel INTERFACE: Oil-Electronic

READOUT PROVIDED: Yes
ENVIRONMENTAL LIMITATIONS
TEMPERATURE:  >100°C PRESSURE: 2,000 psi

DATA SOURCE:

POWER SUPPLY FILTRATION: U

EFFECT ON MEASURED GUANTITY: None

SENSITIVITY TO:

SHOCK : 18] NOISE: u
ACCELERATION: U VIBRATION: None (Tested 3 axis)
REFERENCE: Tube resonance characteristics

ORDERING INFORMATION

MANUFACTURER OR SOURCE: TriTec, Inc.

615 S. Frederick Avenue
Gaithersburg, MD 20760

POINT OF CONTACT: Mr. Vincent Neradka
PRODUCT AVAILABILITY: Special Order
COST: U
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OPERATING CHARACTERISTICS

i TRANSFER FUNCTION: f = L ( r )&*
, 27 [Jc + Jf(sg)]
3 FREQUENCY RESPONSE: y TIME RESPONSE: 1 sec
} SUPPLY: PRESSURE- As required
& OUTPUT: PRESSURE- 90% of supply
~? IMPEDANCE: NA
; SCALING ABILITY: VYes
3] LINEARITY: RANGE: To limit of reading ACCURACY: + 1.3%
' SENSING RANGE: 0.86 to 1 sg**
HYSTERESIS: U GAIN: 0.00270 sg/Hz" "

OUTPUT SIGNAL: Electronic pulsed frequency

CROSS SENSITIVITY EFFECTS: Slight temperature effect
S/N RATIO: NA

EXPECTED LIFE: U

S R

. MTBF : U MCBF: U MTTR: U

: *

H f = Frequency

§ KT = Spring Constant of Torsion Tube

! Jo = container Inertia e

i J¢ = Fluid Inertia for sg =1 I

E **sg = gpecific Gravity

1 o

;‘

% [ET] od

|

: \

- S F

ot

! FlL

'ri <

§ t -

2 (
i FIGURE 2.114  AVAILABLE DATA: DENSTTOMETER - TRITEC, TNC.

%
=3

~169-

TR T




1]

M

dantlion,

13 temensd o e, L e ST

i

R R

e

RS O

bt

o

R

iGN

a7l
A

A N Ry

TR A

AT T

a

PRI A TSR

L,

g = g e ey s
AP AR SRS ot S

2.7.2 Attitude Gyros

There are two basic types of fluidic gyros currently designed
and tested. Both are hybrids in that they employ some type of mechanical mov-
ing element to obtain satisfactory performance. The first, a two-axis pneuma-
tic pick-off (TAPP), consists of a rotor supported on a gas bearing. This
rotor is the only mechanical moving part of the entire gyroscope., The remain-
ing components include a gas supply bottle, a Squibb igniter device, an inter-
nal requlator, a two-axis pneumatic pick-off, and a fluidic summing module,

It is available in both analog and digital configurations., Claims are that

this type of gyro can obtain satisfactory performance when subjected to ovex
1200 G's.

A slightly different type of attitude gyro employs the same
basic principle, but includes a device for automatic sequencing for start-up
and uncaging. This is shown in Figure 2.115. With this concept, the natural
rotor boundary layer is used as a power source for the sensor, These types
of devices are available only on special order from select manufacturers, and

none are available as commercial off-the-shelf items.
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FIGURE 2.115 BASIC ATTITUDE GYRO SCHEMATIC
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Dimensions, (inches) 1.55 d1a® x 2.75 long Cyro Wheel

Weight (maximum) 1.0 1b. ; Thrust Bearing

N - h
% Ior—=—1]
B . “d  Balancing
£ - Scrave
. 7]
Spin Metor Spin Motor
Input \

Torquer
= Vane

~ raa [ P

\Qi'”, -~

Theust Sesting Cutavey 90° Uffset ~’°"“‘:: ':‘"“l
Input Lo

FIGURE 2.116 SINGLE DEGREE OF FREEDOM GYRO-MARTIN MARIETTA

GENERAL INTORMATION

TYPE OF SENSOR:Attitude Gyro (one axis) MOVING PARTS: Yes

PRINCIPLE OF OPERATION: Pneumatically Spun mass on air bearings

DATA SOURCE: Naval Air Systems Command

PRIMARY FLUID: Air INTERFACE: Air-Fluidic
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS
TEMPERATURE: -65° to 165°F PRESSURE: U
POWER SUPPLY FILTRATION: Yes

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: U NOISE: u

ACCELERATION: 20 g's (any axis) VIBRATION: U
REFERENCE: Moment of Inertia of spinning mass
ORDERING INFORMATION

MANUFACTURER OR SOURCE: Martin Marietta Corporation
Aerospace Division, Box 5837
Orlando, Florida 32805

POINT OF CONTACT: Mr. Rolf Broderson (305) 352-2000
PRODUCT AVAILABILITY: Laboratory Ttem
COST: U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: 4]

FRECUENCY RESPONSE: U
SUPPLY:

0.34 scfm @ 55 psig to each Thrust Bearing

TIME RESPONSE: U

1 scfm @ 28 psid to Spin Drive

0.175 scfm @ 265 psig to each Journal Bearing

CUTPUT: PRESSURE-Minimum: 0.06 psid/degree

FLOW-Minimum: U
POWER-Minimum: U

CONTROL : PRESSURE-Minimum: NA
IMPEDANCE: U

SCALING ABILITY: U
LINEARITY: RANGE: + 5

(o]

MINIMUM SENSING RATE: U
HYSTERESIS: U

CROSS SENSITIVITY EFFECTS: U
S/N _RATIO: U

MTBF : u MCBF:

U

ACCURACY:

DRIFT RATE: <1.0%/hr/qg
CUTPUT SIGNAL: Pressure proportional to angular change

EXPECTED LIFE:

U

MTTR:
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FIGURE 2.117 TWO-DEGREE OF FREEDOM GYRO~-MARTIN MARIETTA

GENERAL INFORMATION

TYPE OF SENSOR: Attitude Gyro (two axis) MOVING PARTS: Yes
PRINCIPLE OF OPERATION: Pneumatically Spun Mass on Air Bearings
DATA SOURCE: Naval Air Systems Command

PRIMARY FLUID: Air INTERFACE: Air-Fluidic

READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: -65° to 165° F PRESSURE: U
POWER SUPPLY FILTRATION: Yes

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: U NOISE: u
ACCELERATION: <20 g's (any axis) VIBRATION:

REFERENCE: Moment of Inertia of Spinning Mass
ORDERING INFORMATICON

MANUFACTURER OR SOURCE: Martin Marietta Corporation

Aerospace Division, Box 5837
Orlando, Florida 3280%

POINT OF CONTACT: Mr. Rolf Broderson (305) 352-2000
PRODUCT AVAILABILITY: laboratory Item
COST: U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: 9

SYPPLY: 1.0 scfm @ 15 psig to Spin Drive

1.5 scfm to Gas Bearings

CUTPUT: PRESSURE-Minimum: 0.06 psid/degree Maximum:

FLOW-Minimum: 4] Maximum: 4]
POWER~-Minimum: v Maximum:

CONTROL: PRESSURE~Minimum: NA
WMPEDANCE: U

SCALING ABILITY: U
LINEARITY: RANGE: + 5° ACCURACY: U
HYSTERESIS: y DRIFT RATE: < 3°/hr/g

QUTPUT SIGNAL: Pressure proportional to Angular Change
CROSS SENSITIVITY EFFECTS: ¢

S/N RATIO: y EXPECTED LIFE: y
MTBE:  y MCBF: y MTTR: U
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FIGURE 2.118

GENERAL INFORMATION

TYPE OF SENSOR: Two-axis Gyro
PRINCIPLE OF OPERATION:
DATA SOURCE:

Honeywell
PRIMARY FLUID: Air
READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS
TEMPERATURE: -65°F to 165°F
POWER SUPPLY FILTRATION:
EFFECT ON MEASURED QUANTITY:
SENSITIVITY TO:

SHOCK: u
ACCELERATION: Tested to
REFERENCE: Inertial position

ORDERING INFORMATION

MANUFACTURER OR SOURCE:

POINT OF CONTACT:

PRODUCT AVAILABILITY:
COST:

TWO AXIS GYRO -~ HONEYWELL

MOVING PARTS: Yes

Spinning Mass

INTERFACE: None

PRESSURE: U

10 micron

None

HOISE: U

150 y's VIBRATION: U

Honeywell, Inc.
2600 Ridgway Parkway
Minneapolis, Minn., 554113

Mr. James Hedeen (612) 131-4141
Developed tor special program

U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: U
SUPPLY: PRESSURE- 10 to 60 psi FLOW: 0.165 sefs

DRIVE: PRESSURE- 2 to 10 psi

IMPEDANCE: U

SCALING ABILITY: No

LINEARITY: RANGE: 0.025° - 10° ACCURACY: 1% FS
SENSING RANGE: + 10°

HYSTERESIS: u GAIN: U

OUTPUT SIGNAL:  Pneumatic

CROSS _SENSITIVITY EFFECTS:

S/N RATIO: 200 EXPECTED LIFE:
MTBF : U MCBF : [¢) MTTR: 4]

SCALE FACTOR: 0.00282 psi/degree/psi support pressure

DRIFT: 6.4°/hr RESOLUTION: 0.025°

L R U

FIGURE 2.119 AVAILABLE DATA: TWO AXIS GYRO - HONEYWELL
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2.7.3 Flow Meters

There are three basic types of fluid flow meters (or velocity
sensors) currently available. The first employs a free jat traversing be-
tween a supply jet and two total head pickup tubes or receivers. The oper~
ation of the sensors is dependent upon the jet entrainment of the sur-
rounding fluid, which causes the jet issuing from tite nozrle to be deflected
to one or the other of the pickup tubes. By monitoring of pressure differen-
tial across the pickup tubes, it can be shown that the cross flow of the mea-
sured velocity is directly proportional to the pressure differential. Accura-
cies are claimed in the order of 2% of maximum reading, and experiments have
shown that the dependency of differential pressure varies linearly with cross
flow &ir velocity.

The second type cf fluidic flow meter employs a basic fluidic
scillator such as shown in Figure 2.120. With this concept, oscillations are
detected by a flush mounted sensor {electromagnetic) and are amplified by elec-
tronics to provide a digi;al pulsed output. Basically, the device is nothing
more than a fluidic escillator with the feedback passage essentially control-
ling the fraquency of oscillation for a given flow velocity. Experiments have

sncwn that the sensor yields a relatively noise free signal with accuracies
claimed in the order of +0,2% of the actuzl flow rate. The third type can
also be considered an oscillator, since it employs an ultrasonic means of mea-

suring vortex shedd@ing about a submerged strut,

o Bam $ILEP ATCal) T8 WP AL TUNE § G TTRLA SHLICTIS YOBAAD LOWE Tt OV
HHOMCE Saghats MOW ICRIASRL FAON o0 SR8 HISRACE BT LOWNA HIINES NI PRI
VNG MOROAER PAIRANE ST DICOLADNS
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FIGURE 2.120 OSCILLATING FLOW METER DIAGRAM
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FIGURE 2.121 JET DEFLECTION VELOCITY SENSOR-FLUIDYNAMIC DEVICES LTD.

GENERAL INFORMATION

TYPE OF SENSOR: Velocity MOVING PARTS: None
¢ HUVARL TARDS
1 PRINCIPLE OF OPERATION: Jet deflection creates differential pressure
% proportional to vvp
3 DATA SOURCE: p)yjipynamic Devices Ltd. Brochure
4 PRIMARY FLUID: Gas, liquid INTERFACE: Gas-Gas, Liquid~Liquid
X

READOUT PROVIDED: None

§ ENVIRONMENTAL LIMITATIONS
' TEMPERATURE: -200°F to 1200°F PRESSURE:  Not critical
POWER SUPPLY FILTRATION: N A

EFFECT ON MEASURED QUANTITY: Causes negligible pressure drop

SENSITIVITY TO:

SHOCK: None NOISE: None
ACCELERATION: None VIBRATION: None
REFERENCE: Ambient

ORDERING INFORMATION

MANUFACTURER OR SOURCE: FluiDynamic Devices Limited
3216 Lentworth Drive
Mississauga, Ontario L4X2Gl

POINT OF CONTACT: P.W, Gouch (416) 625-9501
PRODUCT AVAILABRILITY: Off~the-Shelf
COST: 4]
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OPERATING CHARACTERISTICS
TRANSFER FUNCTION: vvp =+ A P

FREQUENCY RESPONSE: U TIME RESPONSE: lms

SUPPLY: PRESSURE-Minimum: 15 psig Maximum: 80 psig
FLOW-Minimum: 0.3 scfm Maximum: 1 scfm
POWER-Minimum: 14.6 W Maximum: 260 W

QUTPUT: PRESSURE-Minimum: See Fig.2.122  Maximum: See Figure 2.122
FLOW-Minimum: " " Maximum: o
POWER-Minimum: Maximum:

CONTROL : PRESSURE-Minimum:  N/A

IMPEDANCE: N/A

SCALING ABILITY: Yes

LINEARITY: RANGE: 100 fps ACCURACY: 2% FS

MEASUREMENT RANGE: Threshold 0.5 fps; Maximum 60 fps

HYSTERESIS: None GAIN: 0.0361 to 0.054 psid/fps

OUTPUT SIGNAL: Differential pressure proportional to velocity

CROSS SENSITIVITY EFFECTS: U

S/N RATIO: 75 at FS EXPECTED LIFE: Indefinite
MTBF : u MCBF: u MTTR: U

SUPPLY
PRESSURE
50 P.S.1 G.

OUTPUT PRESSURE —INCHES OF WATER

0O 10 20 30 4 5 60
AIR VELOCITY—FT./SEC.

FIGURE 2.122 AVAILABLE DATA-JET DEFLECTION VELOCITY SENSOR-FD,D, LTD.
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FIGURE 2.123 ULTRASONIC VELOCITY SENSOR-J-TEC

GENERAL INFORMATION

TYPE OF SENSOR:
PRINCIPLE OF OPERATION: Ultrasonic Measurement of Vortex Shedding

velocity MOVING PARTS: None

DATA SOURCE: J-TEC Brochure; Model # VA~210/220

PRIMARY FLUID: Air, Water INTERFACE: Electronic
READOUT PROVIDED: Yes
ENVIRONMENTAL LIMITATIONS
U PRESSURE: U

TEMPERATURE:
POWER SUPPLY FILTRATION: None Required

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: U NOISE:
ACCELERATION: U VIBRATION: U
REFERENCE: Strouhal Frequency

ORDERING INFORMATION

MANUFACTURER OR SOURCE: J~TEC Associates, Inc,
317 8th Avenue, S.E,
Cedar Rapids, Iowa 52401

POINT OF CONTACT: Mr. Douglas Beadle (319) 366-7511
PRODUCT AVAILABILITY: Off~the-Shelf
COST: U
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% OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: U

INPUT: Flow Field about strut=to 200 knots

OUTPUT: Electronic frequency or voltage

IMPEDANCE: U
SCALING ABILITY: Yes

LINEARITY: RANGE: 2-200 knots ACCURACY: + 1% Full Scale

THRESHOLD SENSITIVITY; .25" per sec
HYSTERESIS: Uy GAIN: NA

OUTPUT SIGNAL: 70 Hz/knot (frey) or 50 max knot (analog)
CROSS SENSITIVITY EFFECTS: None to + 30°pitch and + 15CYaw

S/N RATIC: y EXPECTED LIFE: y

MTEF : U MCBF: gy MTTR: gy
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FIGURE 2.124 ULTRASONIC VELOCITY SENSOR-J-TEC
GENERAL INFORMATION
TYPE OF SENSOR: ‘relocity MOVING PARTS: None

PRINCIPLE OF OPERATION: Ultrasonic Measurement of Vortex Shedding
DATA SOURCE: J-TEC Brochure: Models A-213/014
PRIMARY FLUID: Air INTERFACE: Electronic

AR Aok x4

READOUT PROVIDED: Yes

i ENVIRONMENTAL LIMITATIONS

i TEMPERATURE: 20° to 200°F PRESSURE : )
POWER SUPPLY FILTRATION: None Required
EFFECT ON MEASURED QUANTITY:  None

SENSITIVITY TO:

SHOCK : u NOISE: U
ACCELERATION: U VIBRATION: U

REFERENCE: Strouhal Frequency
ORDERING INFORMATION

MANUFACTURER OR SOURCE: J-TEC Associates Inc.
317 7th Avenue, S.E,
Cedar Rapids, Iowa 52401

. | POINT OF CONTACT: Mr. Douglas Beadle (319) 3¢6-7511
- PRODICT AVATLARILITY:  Off-the-Shelf
2 COST: U

: -184-
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OPERATING CHARACTERISTICS

'TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U TIME RESPONSE: U

INPUT: Flow Field about strut, to 3000 fPM

OUTPUT: Electronic frequency or voltage
IMPEDANCE: U

SCALING ABILITY: Yes

LINEARITY: RANGE: 75 to 300N FpM* ACCURACY: + 2%

THRESHOLD SENSITIVITY: 0.5" per sec
HYSTERESIS: U

GAIN: NA
CUFPUT SIGNAL:0.25 Hz/FPM (Freq) or 2.5 v/FPM (Analog)
CROSS SENSITIVITY EFFECTS: yaw or pitch has no effect
S/N RATIO: y

EXPECTED LIFE: U
MTBF : U MCBF: 4] MTTR: U

* 150-10000 FPM Extended Range

-185~
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A OUTLET
METER BODY
A
:( l STUDS & NUTS SIZE s |c|o |E
: SUPPLIED - ) 3
WITH METER BODY ! S I |3% )| 2 | sk
i INLET 7 7% | 7% | 434 | 3 |N/A
H
it 7T 2" 8, | 7% [ 4% | 4 [n/a
} ;2 _|——FLANGES SUPPLIED
N BY CUSTOMER 3" nyhox ey | 5 [na
5 " . (3
3 b7 | 4 7 % 7% | 7% [na

NOTES:

7/8 DIA, HOLE FOR
1/2 CONDUIT CONN, FOR
ELECTRICAL LEADS

1. 10 PIPE DIAMETERS STRAIGHT LENGTH OF PIPE
MUST BE INSTALLED UPSTREAM.

2. 5 PIPE DIAMETERS STRAIGHT LENGTH OF PIPE
MUST BE INSTALLED DOWNSTREAM.

o e A

ACCESS COVER
ELECTRICAL CONNECTION
TERMINALS

FIGURE 2.125 FLOW METER-MOORE PRODUCTS

GENERAI: INFORMATION
TYPE OF SENSOR:

et gl

Flow Metor MOVING PARTS: None

PRINCIPLE OF OPERATION: Fluidic Oscillator, frequency dependant on volume flow rate
DATA SOURCE:

Moore Products Brochure

PRIMARY FLUID: Liquids

INTERFACE: Liquid-Electrical

READOUT PROVIDED: None

o LA B o L Ea O oL oIt

ENVIRONMENTAL LIMITATIONS

0< T < 250°F (meter body)
-22<7T < 122°F(convertet)
POWER SUPPLY FILTRATION:

oy

TEMPERATURE : PRESSURE: 1" meter body, 1500 psi

1-1/2" met 'r body, 600 psi
2",3",4" m.b., 150 psi

EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

D g A
R

SHOCK: None NOTSE: MNone

ACCELERATION: None

REFERENCE:
ORDERING INFORMATION

MANUFACTURER OR SOURCE:

POINT OF CONTACT:

PRODUCT AVAILABILITY:

COST:

Frequency of oscillation

Moore Products Co.
Sumneytown Pike
Spring House, PA.

Robert B. Adams
Of f-the-Shelf

$385.00, Model
$865.00, Mocdel

141
144

~186-

VIBRATION: Nc.

19477

(215) 646-7400

0568,
0518,

600 psi rating, up to
150 psi rating
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OPSRATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: y TIME RESPONSE: U

THROUGHPUT: 1" meter body, 16 thru 50 gpm
4" meter body,345 thru 950 gpm

QUTPUT: PRESSURE-Minimum: See Figure 2.126

FLOW-Minimum:
POWER-Minimum:
CONTROL: PRESSURE-Minimum:  y»
IMPEDANCE: NA

SCALING ABILITY: Yes

LINEARITY: RANGE: Elec., within + 1% FS ACCURACY: Elec., + 0.2% of Reading
Pneu., within + 1.25% FS Pneu., + 0.25% FS
HYSTERESIS: U GAIN: U

OUTFUT SIGNAL: Electrical Current
CROSS SENSITIVITY EFFECTS: None

- b o 0 ¢ G <y Fomp— ™y 3
R A o A P I L AP e o By e o e e

S/N RATIO: U EXPECTED LIFE: U
MTBF: U MCBF: U MTTR: U
2
0 —— - 0
f -] i
S
. e -
50 » e
- RESS 0.(‘”
L) -~ mreet or
sionme | 1
L o jJ="¢v &
2 *
§ » L =
3 e
§ 20 ) ! .
) ol % @AIR AT 44 PSI5 AND 75° F b Hf
» 3 FIWATER AT 80° F =] ons Ak
I O ¢ A ATLANTIC S-150 OIL AT 200°F -] ; e o
'E{ — [3) . i. ' PR
’ o B ¢ L .
R T T N R B R T VR R ) P T e se doeee am s eon oo
’ VOLUME 11OW RATE Co 71/ Se oW’ "new in o rn
FLUIDIC FLOWMETER CALIBRATION DATA PERMANENT PRESSURE LOSS

OF FLUIDIC FLOWMETER

FIGURE 2.126 AVAILABLE DATA-FLOW METER-MOORE PRODUCTS
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FIGURE 2.127 FLOW METER -~ TRITEC, INC.

GENERAL INFORMATION

TYPE OF SENSOR: Flowmeter MOVING PARTS: None

PRINCIPLE OF OPERATION: Fluidic proportional oscillator (frequency measuredby
thermistor)

DATA SOURCE: G.E. Report "Fluidic Mass Fuel Flow Transmitter" Phase I, Dec.'75

PRIMARY FLUID: Air, Water INTERFACE: Electronic

READOUT PROVIDED: Yes

ENVIRONMENTAL LIMITATIONS
TEMPERATURE : 190° C PRESSURE: 2000 psi
POWER SUPPLY FILTRATION: v
EFFECT ON MEASURED QUANTITY: None

SENSITIVITY TO:

SHOCK: u NOISE: U
ACCELERATION: U VIBRATION: None (Tested 3 axis)
REFERENCE:
ORDERING JNFORMATION
MANUFACTURER OR SOURCE: TriTec, Inc.

615 S. Frederick Avenue
Gaithersburg, MD 20760

POINT OF CONTACT: Mr. Vincent Neradka
PRODUCT AVAILABILITY: Special Order .
COST: u
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OPERATING CHARACTERISTICS «

TRANSFER FUNCTION:  f = m [ - %f. ]

FREQUENCY RESPONSE: 4] TIME RESPONSE: 1 second

SUPPLY: PRESSURE- As required

OUTPUT: PRESSURE- U

IMPEDANCE : u

SCALING ABILITY: Yes

LINEARITY: RANGE: See Figure 2.128 ACCURACY:  + 1.0%
SENSING RANGE: 200 to 5,000 pph"lOG:l)

HYSTERESIS: u GAIN: 49.75 pph/nz"

OUTPUT SIGNAL: Electronic pulsed frequency (pressure optional)
CROSS SENSITIVITY EFFECTS: Slight temperature shift

S/N RATIO: U EXPECTED LIFE: u
MTBF : U MCBF: 4] MTTR: \
*
f = Frequency
Ty = Equivalent Transport Lag due to fluid velocity
Ta = Acoustic Transport Delay
¢¢ = Phase Lag of feedback network
* & !
pph = Pound per Hour

CIETRTS BRI T IR /

ran e vrap t Y Ve

'\ / dobobada RN P UV SN S WY |
¢ ’ *

LT LT R Y 1Y

FIGURE 2.128  AVATILABLE DATA: FLOW METER - TRITEC, INC,
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2.7.4 Pressure Ratio Sensor

The pressure ratio sensor is a device that can be ised to
monitor a preset differential pressure. There are several variations,
but most consist of a two-part mechanism having both a fluidic to mechan-
ical pressure sensing section and a mechanical to electrical transducer,
Only one commercially available pressure ratio sensor has nc moving mech-
anical parts. It employs a vortex "whistle" and utilizes a piezoelectric
crystal to monitor the vortex "whistle" frequency.

The mechanical type is composed of two stages of fluidics:
a receiver and an amplifier. Typically, each is suspended on two soft
diaphragms to form a leakless push-pull piston. Manufacturers claim accu~
racy to + 3.5% of reading and time of response in the order of 15 ms.

Several versions of these devices are shown in Figqure 2.1265.

Adjustable Adjustable
Reference Reterence

V Pressure V Preisure
Sensed Sensed
Peessure Piesturs

D Ovtput On D Output ON
Below Above ]
Reference Refesence
dleed Resticior Bleed Restrictor

AN
]

¢
2 G,

Notmat Artusted

FIGURE 2.129 VARIATIONS OF BASIC PRESSURE RATIY SENSOR
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FIGURE 2.130 PRESSURE RATIO SENSOR-CHANDLER EVANS, INC.

GENERAL INFORMATION

TYPE OF SENSOR:

Pressure Ratio

MOVING PARTS: Yes (diaphragms and springs)

PRINCIPLE OF OPERATION: Pressure deflects diaphragms, LVDT* measures output

DATA SOURCE:
PRIMARY FLUID:
READOUT PROVIDED:

ENVIRONMENTAL LIMITATIONS

Air

None

Chandler Evans Inc.

INTERFACE:Fluid/mechanical/electrical

TEMPERATURE : U PRESSURE :
POWER SUPPLY FILTRATION: U
SFECT ON MEASURED QUANTITY: u
SENSITIVITY TO!
SHOCK: u NOTSE:
ACCELERATICN: 0.5%/9 VIBRATION:
REFERENCE: Spring force of diaphiragn

ORDERING INFCORMATION
MANUGFACTUREK OR SCURCE:

POINT OF CONTACT::

PRODUCT AVAILABILITY:

COST:

*t Linecar Variable Diffe:

Chandler evans Inc.
Contiol Systems Div.
Charter Oak Bivd.

West Harcford, Conn.

(201)

06101
Mr. R.F., Kampe 2316~0651
Special Order

U

ential Transformer
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: TIME RESPONSE: 0.015 sec
SUPPLY: PRESSURE~- 50 psia Maximum: 180 psia
OUTPUT: PRESSURE- Y
IMPEDANCE: Y

SCALING ABILITY: U

‘ LINEARITY: RANGE: 0.1 to 0.3 A P/P ACCURACY: + 3.5% of vreading
TOTAL SENSING RANGE: MINIMUM OBJECT SIZE:
HYSTERESIS: U GAIN: U

OUTPUT SIGNAL: Eiectrical via Linear Variable Differential Transducer
CROSS SENSITIVITY EFFECTS: Nore

S/N RATIO: U EXPECTED LIFE: U
MTBF: U MCBF : U MTTR: U

-3~
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GENERAL INFORMATION

TYPE OF SENSOR:

PRINCIPLE OF OPERATION:

DATA SOURCE:

PRIMARY FLUID: Air

READOUT PROVIDED:
ENVIRONMENTAL LIMITATIONS
TEMPERATURE:  2000° F

POWER SUPPLY FILTRATION:

Pressure Ratio

PRESSURE RATIO SENSOR - HONEYWELL

MOVING PARTS: None

Vortex Whistle

Honeywell Brochure:

Yes, gauge

29051~3027

INTERFACE: Piezoelectric crystal

10 micron

EFFECT ON MEASURED QUANTITY:

SENSITIVITY TO:

sHoCK: U
ACCELERATION: u
REFERENCE: Ambient
ORDERING INFORMATION

MANUFACTURER OR SCURCE:

POINT OF CONTACT:

PRODUCT AVAILABILITY:

COST:

PRESSURE: 75,000 ft altitude
None

NOISFE: U

VIBRATION: No per MIL-STD 810B

Curve L;20 - 40 g's

Honeywell, Inc.
2600 Ridgway Parkway

Minneapolis, Minn. 55412

Mr. James Hedeen (612) 331-4141
Of f-the~shelf
U
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION:

FREQUENCY RESPONSE: U
PRESSURE-

SUPPLY:

BN L |

OUTPUT:
SCALING ABILITY:
LINEARITY:
TEMP.

"

No

-65¢

RANGE :

+ " s LR

HYSTERESIS: U
OUTPUT SIGNAL:

CROSS SENSITIVITY EFFECTS:
S/N RATIO: U

- MTBF : U MCBF ¢

Frequency

to 500° F
SENSING RANGE: ~65° to 1400° F

[H

1
Kvg (AP )72
Py
TIME RESPONSE:

x
{(See legend below)

10 ms

1l - 10 psid

ACCURACY: + 2%

GAIN: u

Pneumzatic converted to electric via piezoelectric crystal,

Some At effects

EXPECTED LIFE: u

U MTTR: u

*TRANSFER FUNCTION:

o

L UL L

6000 o
5000
4000
3000
2000
1000

FREQUENCY CPS

Constant

Differential absolute pressure
across whistle

Inlet (or exhaust) absolute pressure

1.0

1.5

6000 =~
5000 -~
4000 ~
3000
2000 ~
1000 ~

FREQUENCY CPS

$ PRESSURE
RATIO
2.0

2.5 k 21

o LA B |
0 0.2

04

LA LU L LA
06 o8

FIGURE 2.112

Ly—

AVATITABLE DATA: PRESSURE PATIO SENSOR -~ HONEYWELL
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FIGURE 2.133 PRESSURE RATIO SENSOR-AIR LOGIC

GENERAL INFORMATION

TYPE OF SENSOR:

PRINCIPLE OF OPERATION:
DATA SOURCE:

PRIMARY FLUID: Ajr

READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE :
POWER SUPPLY FILTRATION:

EFFECT ON MEASURED QUANTITY:

Pressure

40° to 100°F

MOVING PARTS: ves
Diaphragm Actuated

Air Logic Brochure 8260 Part No. F-4103-20

INTERFACE: Ajr-Air

PRESSURE: y
5 micron

None

SENSITIVITY TO:

SHOCK: v
ACCELERATION: U
REFERENCE: Ambient Air
ORCERING INFORMATION

MANUFACTURER OR SGURCE:

POINT OF CONTACT:

PRIODUCT AVAILARILITY:

COST:

NOTSE:

VIBRATION:

Alr Logic Div.

Fred Knapp Engraving <o., Inc.
5102 houglas Ave.,
Racine, Wisc. 5.402
Mr. Donald Kaske {414) 639-3941
off-the~-Shell

$5.2% ecach
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TRANSFER FUNCTION:

FREGUENCY RESPONSE:

SUPPLY: PRESSURE-

OUTPUT: PRESSURE-

IMPEDANCE :
SCALING ABILITY:

LINEARITY: RANGE:

PRESSURE SENSING RANGE:

U

8]

0.5 to 25 psig See Figure 2,134

See Figure 2.134

8]
U

See

TTME RESPONSE:

Figure 2,134 ACCURACY:

See Figure 2.134

HYSTERESIS: Uy

OQUTPUT SIGNAL: Proportional

CRCSS SENSITIVITY EFFECTS:

S/N RATIO: U

LXPECTED LIFE:

'8 [-urieEm END OF OPERATING RANGE'
DETEAMINED BY RESTRICYOR #: CHOSEN
o

MTBF : U MCBF:
A
I~
\ 4
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FIGURE 2.135 PRESSURE RATIO SENSORS-NORTHEAST FLUIDICS

GENERAT, INFORMATION

TYPE OF SENSOR: Pressure MOVING PARTS: ves

PRINCIPLE OF OPERATION: Diaphragm Actuated
DATA SOURCE:

Northeast Fliidics Brochure Parts # 1043/1044

PRIMARY FLUID: air, Gas, Liquid INTERFACE: Air-Air
READOUT PROVIDED: None
ENVIRONMENTAL LIMITATIONS
TEMPERATURE : 32° to 180°F PRESSURE: 150 psi
POWER SUPPLY FILTRATION: U
fFFECT ON MEASURED QUANTITY: None
SENSITIVITY TO:
SHOCK: U NOISE: U
ACCELERATION: U VIBRATTON:
REFERENCE: Spring Diaphragm
ORDERING INFORMATION
MANUFACTURER OR SOURCE: Northeast Fluidics, Inc.
Clippard Instrument Labs '
7390 Colerain Road
Cincinrati, Ohio 45239
POINT OF CONTACT: U (513) 521-4261
PRONUCT AVATLABILITY: off-the-Shelf
COST: $515.90 (Mod 1043) 321,20 (Mod 1044)
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: 60 Hz
SUPPLY: PRESSURE-Minimum: 1 psi

" PLOW~-Minimum: ,029 orifice
POWER-Minimum:
QUTPUT: PRESSURE~Minimum:

FLOW~Minimum:

POWER-Minimum:
CONTROL: PRESSURE~Minimum: NA
IMPEDANCE: U

c o C© C

SCALING ABILITY: NA

LINEARITY: RANGE: U

PRESSURE SENSING: 1-~150 psi
HYSTERESIS: U

OUTPUT SIGNAL: Proportional Pressure
CROSS SENSITIVITY EFFECTS: U
S/N RATIO: U

TIME RESPONSE: Sms
raximum: 150 psi
Maximum: .029" orifice
Maximum: U

Maximum: U

Maximum: U

Maximum: U

ACCURACY: U

GAIN: NA

EXPECTED LIFE:

MTBF ¢ U MCBF: U MTTR: U

-199-
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FIGURE 2.136 DIAPHRAGM MOUNTED PRESSURE RATIO SENSOR-NORTHEAST FLUIDICS

GENERAL INFORMATION

TYPE OF SENSOR: Pressure

PRINCIPLE OF OPERATION:

DATA SOURCE:

PRIMARY FLUID: Air

READOUT PROVIDED: None

ENVIRONMENTAL LIMITATICNS

32° to 180°F
POWER SUPPLY FILTRATION: U

TEMPERATURE:

EFFECT ON MEASURED QUANTITY:

SENSITIVITY TO:

SHOCK: U
ACCELERATION: U

REFERENCE : Ambient

ORDERING INFORMATION

MANUFACTURER OR SOURCL::

Northeast Fluidics,

MOVING PARTS:

Part § 3200
INTERFACE:

PRESSURE:

None

NOISE:
VIBRATION:

Inc.,

Clippard Instrument Labs
7390 Colerain Road

Cincinnati, Ohio
(513) 521-4261
Of f~-the-8helf
$23.00 each

POINT OF CONTACT: 9]

PRODUCT AVAILABILITY:
COST:

45239

-200~

Yes (Nozzle, Diaphragm)

Diaphragm Mounted Sensing Nozzle

Northeast Fluidics:

Air-Air
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: U
SUPPLY: PRESSURE-
CUTPUT: PRESSURE-
IMPEDANCE:
SCALING ABILITY: nga
LINEARITY: RANGE: y

See Figure 2.137

See Figure 2.137

TIME RES™ONSE: g

ACCURACY: y

MINIMUM SENSING PRESSURE: .05 psi MAXTIMUM SENSING PRESSURE: 1 psi
HYSTERESIS: U GAIN: y
QUTPUT SIGNAL: Flow- See Figure 2.137
CROSS SENSITIVITY EFFECTS: None
S/N RATIO: U EXPECTED LIFE: U
MTBF : U MCRF : U MTTR: U
Output Fiow
Control Signol
nches H0) %3 i l i i (5CFH 25
] i {
R !
20 + : : 20 ;
i
!
15 ; 15
N 3200
10}y ' + 10
l ! ‘ ! A{f’) .010"[onifice
5 t } | ON 5
OFF
] 3200 |
1020 30 40 50 60 70 80 30 T00 1020730 40 3080 7035 a0
Supply Pressure {PSIG} Supply Pressure (PSIG)

FIGURE 2.137 AVAILABLE DATA: PRESSURE RATIO SENSOR-NORTHEAST FLUIDICS
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2.7.5 Electronic/Fluidic Transducer

This device can be considered either a sensor or an inter-
face device. It employs a bistable amplifier with two cylindrical heating
i7vires of equal diameter located in the power nozzle of the amplifier. The
principle of operation is depicted in Figure 2.138 . Two heating wires are
positioned so that they are symmetrical with respect co the centerline of
the channel. If the velocity profile upstream of thz wires is uniform (and
no heat is transmitted to either wire), then the downstream velocity profile
also remains symmetrical with respect to centerline of the channel (see Fig-
gure 2.138a). When a current is passed through wire A, its temperature in-
creases rapidly, and the resistance to the flow of fluid around wire A in-
creases (i.e., the wire's effective diameter increases). Thus, more flow
is diverted into the region around wire B, resulting in the velocity profile
shown in Figure 2.138b, The amplifier can also operate as a bistable ele-
ment since it is provided with standard controls. Claims of manufacturers
include the fact that the unit will respond in about 50 ms and is insensitive

to accelerations.

UNIFORM FLOW

44444/4£/¢j;///////

a PN p——
A ,-@2 _<

J77 7772777777777 777777

(a) aq V7777777777777

UNIFORM FLOW y ML’
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/// A
LLLLLL 1;/0 L LLLLLLLIL L
Pt N

’
- @
Ll . 7]

=y <
.y

. @F -
> \ B
LT T T7777 77777777777 c&

/a’% 3
™~
{b) l )7777777”77777'777

FIGURE 2.138 EF TRANSDUCER - PRINCIPLE OF OPERATION
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FIGURE 2.139 EF TRANSDUCER - EMX ENGINEERING, INC.

GENERAL INFORMATION

TYPE OF SENSOR: Electric Current MOVING PARTS: None

PRINCIPLE OF OPERATION: Heated wires change power jet profile

s

DATA SOURCE: "Electric to Fluidic Interface Device" by C.Anagnost & M.Desantis

Picatinny Arsenal (4/72)
PRIMARY FLUID: iy INTERFACE: Electric

READOUT PROVIDED: None

ENVIRONMENTAL LIMITATIONS

TEMPERATURE: -50° to 120°F PRESSURE: 15 psig

POWER SUPPLY FILTRATION: 10 micron

EFFECT ON MEASURED QUANTITY: None

e

SENSITIVITY TO:

SHOCK : U NOTSE: U

R

ACCELERATION: None VIBRATION: U
REFERENCE: NA

I

ORDERING INFORMATION

MANUFACTURER OR SOURCE: EMX Engineering, Inc,

Box 216~-216 little Falls Road
Cedar Grove, NJ 07009

s A
s 4

H
E PQINT OF CONTACT: Mr. Anthony Corrado (201) 239-4300

PRODUCT AVATLABILITY:

Special Order
COST: u

-204-
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OPERATING CHARACTERISTICS

TRANSFER FUNCTION: U

FREQUENCY RESPONSE: u TIME RESPONSE: 150 ms

SUPPLY: PRESSURE- .5 to 8 psig FLOW: To 0.75 scfm

OUTPUT: PRESSURE- 2.0 psig @ 8 psig supply

CONTROL VOLTAGE:

1.9 Volts A.C. CONTROL CURRENT: 2.5 Amps

SCALING ABILITY: U
LINEARITY: RANGE: NA ACCURACY : 4]
SENSING RANGE: 0 - 13 Volts
HYSTERESIS:  y GAIN: U
OUTPUT SIGNAL: AP across output legs
CROSS SENSITIVITY EFFECTS: U ) -
S/N RATIO: U EXPECTED LIFE: U
urBE: U BCBF: U MTTR: U
o [ v ey f
: |
-. ;
e ;
!
; :

e e we - p—
~

————— e -

FIGURE 2,140

AVAILABLE DATA: EF TRANSDUCER - EMX ENGINEERING, INC.
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3. CONCLUSIONS

Material presented in this state-of~the~art survey was
heavily oriented toward providing the basic geometric and operating data
required for a design engineer to utilize fluidic technology. Although
full cooperation was not received from all organizations who received a
copy of the questionnaire, the material presented herein reveals that flu-
idic sensing technology is indeed state-of-the-art and can be employed in
many different types of circuits.

This survey, however, also served a second purpose. It may

not be all-inclusive, but it does demonstrate two important results.

® A considerable number of sensors are still basically
in the R&D stage, and thus require venture capital

and/or IR&D funds to further their development.

e There are a number of areas where new devices are
warranted since fluidic sensing offers a promise that

has not yet been realized.

With regard to the latter statement, it has been demonstra-
ted that the equipment reliability is much higher with fluidics than with
competing electrical or electrical/mechanical elements. Furthermore,
their costs have now become competitive, and with the development of new
types of elements (or variations of existing elements), accuracies and

reliability are constantly being improved.
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APPENDIX A

FLUIDIC SENSOR QUESTIONNAIRE
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LOBELEI CORPORATION

FLUIDIC SENSOR QUESTIONNAIRE

GENERAL INSTRUCTIONS

Most questions presented herein are self explanatory and require
nothing more than a check-off in the space provided. However, tL =
detailed instructions are intended to assist you in responding to . .:
following specific items.

Item A.6. Indicate your source of information for filling out
this questionnaire.

Item B.1. If available, list the manufacturer's part number. If
there is no part number, list as A,B,C,D to provide
correlation with questions B.2. and E.4. Also be sure
to indicate units (inch, cm, etc.)

Item C.8. If the performance of the sensor changes with scaling
{(e.g., loss of gain with increase in size) explain and
use a separate questionnaire for each size.

Item C.16.Indicate the result of secondary effects on the perform-
ance of th~ sensor (e 2., temperature on an acceleration
sensor, pr ssure on a temperature sensor, etc.)

ltems C.19,20,21. Ind.cate how the reliability figures were ob-
tained and if tests were conducted, what parameters were
controlled.

Item D.S5., Explain if and how the sensor causes any change in the
quantity being mecasured (e.g., pressure drop, temperature
increase, etc.)

If additional space is needed, the form can be copied on standard
size paper. Further, if any question is not applicable to your sensor,
put (NA) in the appropriate space; and if the answer is unknown, put in
a question mark (?). For those 1tems flagged by an asterish (*) we
would appreciate additional intormation i1n the form of chiarts or graphs.
Lastly, pleasc attach a photograph (or preferably a cutaway diagram) to
the completed questionnaire prior to mailing to: ORLELED Corporation,
615 South Frederick Avenue, Gaithersburyg Mar, land 2076u, Attn:LMS,

7

Thank you for your 1nteiest and ce-vperation 1 this program.
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A. GENERAL INFORMATION

10.Interface: Type

Provided: Yes

1.Type of Sensor: 2.Moving Parts: Yes No
3.Logic Symbol:

4.Symbol Reference: NFPA Mil-Std-1306A

S5.Principle of Operation:

6.Source: Manufacturer Inventor

7.Primary Fluid: Air Water Other

8.Active: Passive: 9.Analog: Digital:

3.Installation Provisions/Presautions:

11.Readout: Provided Required If Reqd,Describe
12.List Typical Applications:
B. GEOMETRIC PKROPERTIES
1.Iden# Size Hgt Wdth Lgth Wt
iden# Size Hgt Wdth Lgth Wt
Iden# Size Hgt Wdth Lgth Wt
Iden# Size Hgt Wdth Lgth Wt
2.Connectors:
idens Input: Type Size
Cutput: Type Size
. [dea# Input: Type Size
Qutput: Type Size
Iden# Input: Type Size
Cutput: Type Size
Iden? _  Input: Type Size
Output: Type Size

.Constyuction: Type

5.0ther Pertinent Data:

Material
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C. OPERATING CHARACTERISTICS

1.Transfer Function:

2.Frequency Respcnse: Hz 3.Time Response:
4.Supply: Pressure-ilinimum Maximum (*)
Flow-Minimum Maximum (*)
Power-Minimum Max imum (*)
5.0utput: Pressure-Minimunm Maximum (*)
Flow-Minimum Maximum (*)
Power-Minimum Maximum *)
6.Control:Pressure-Minimun Maximum (*)
Flow-Minimum Maximum (*)
Power-Minimun Maximum (*)
7.Impedance: (*) Input Output
8.Scaling Ability: Yes No Explain
9.Linearity: (*) Range Accuracy
10.Total Range: Threshold Accuracy
Saturation Accuracy

11.Define Accuracy:

12.Hysterisis: (¥*) 13.Gain: (*)
14,0utput Signal: AC DC 15.Null Point:
16.Cross Sensitivity Lffects:

17.5/N Ratio: 18.Expected Life:
19.MTBF: Estimated __ Tested _ Parameters

20 . MCBE: Estimated ~ Tested __ Paramcters

—— p— ———

21.MTTR: _ Estimated  Tested Parameters

Z2.Indicate Unusual Characteristics:
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D. ENVIRONMENTAL LIMITATIONS

l.Temperature: High Low ___ 2.Humidity:

3.Pressure: (or Altitude)

4.Power Supply Filtration: Yes No Explain

5.Effect on Measured Quantity:(*) Yes No Explain

6.Acceleration Sensitive: Yes No Unknown _
If Yes,Explain

7.Noise Sensitive: Yes No Unknown__
If Yes, Explain

8.Shock Sensitive: Yes No Unknown
If Yes,Explain

9.Vibration Sensitive: Yes Ne Unknown
If Yes Explain

10.Reference: Ambient-Yes No Other-Yes No
I{ Other Explain

11.Tested per Mil Spec Requirements: Yes No Explain

E. ORDERING INFORMATION

1.Manufacturer or Source: Name

Street

City State Zip

2.Point of Contact:Nanme Code Phone
Z.Product Availability: Off-the-Shelf Laboratory Iten
4.Cost: Estimated Current Price Sheet Attached_

Idens Unit $ Bulk (Quantity) $ ( )

Idens Unit § Bulk (Quantity) S C )

Iden#- F— Unit §__ _ Bulk (Quantity) $ ( )

Ident# Unit § Bulk (Quantity) § { )
No

5.Average Delivery Time: 6.Special Order: Yes

".Special Order Available: Yes No Details

Questionnaire Prepared By:

-21%~
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DISTRIBUTION LIST
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DISTRIBUTION

Defense Documentation Center
Cameron Station, Building 5
Alexandria, VA 22314

ATTN: DDC-TCA (12 copies)

Commander
US Army Materiel Development
and Readiness Command
5001 Eisenhower Avenue
Alexandria, VA 22333
ATTN: DRCSA-JS (2 copies)

US Army Research Office
P.O. Box 12211
Research Triangle Park, NC 27709
ATTN: James J. Murray,
Engineering Sciences Division

Commander
USA Foreign Science and Technology Center
Federal Office Building
220 7th Street, NE
Charlottesville, VA 22901
ATTN: DRXST-SDl, W.S. Alcott

Director

Eustis Directorate

USA Air Mobility Research and Development
Laboratory

Fort Eustis, VA 23604
ATTN: George W. Fosdick, SAVDL-EU-SYA

Commander

USA Missile Command

Redstone Arsenal, AL 35809
ATTN: DRSMI-RGC, James G. Williams
ATTN: DRSMI-RGC, J. C. Dunaway

Commander
USA Mobility Equipment R&D Command
Fort Belvoir, VA 22060

ATTN: DRXFB-EM, R. N. Ware
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Commander

Edgewood Arsenal

Aberdeen Proving Ground, MD 21010
ATTN: SAREA-MT, W. P. Junkin

Commander

Picatinny Arsenal

Dover, NJ 07801
ATTN: SARPA-ND-C~C, D. Sampar
ATTN: SARPA-ND-C-C, A.E. Schmidlin

Commander

Watervliet Arsenal

Watervliet Arsenal, NY 12189
ATTN: John Barrett

Commander
USA Tank Automotive R&D Command
Armor & Comp Div, DRDTA~RKT
Building 215
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