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FLOW MEASURELENT

MR. VIROJ PONGJATURA
ADVISOR THANIT TRISUWANNAWAT
ABSTRACT
THESIS OF FLOW MEASUREMENT CAN RE WORK DEVIDE UP THREE
SECTION.

1. - SENSOR SECTION
2. = TRANSFORM SIGNAL SECTION
3¢ - COUNTER AND DISPLAY SECTION

THE FLOW PASSIWG RY THE FLOSENSOR PADDLEWHEEL ROTALTES THE
PADDLEWHEEL MOVING THE MAGNETS PAST A COIL IN THE TRANSDUCER

BODY AR VOLTAGE IS INDUCED IN THE COIL RY THE ROTATING

2
>
Q

MAGNETS OF THE PADDLEWHEEL. AND PASSING TO TRANSFORM SIG-
NAL SECTICN IT CHANGE FROM FREQUENCY TO CURRENT BY RANG QF
OUTPUT IS BETWEEN L4-20 MILLIAMP OR 0-100 PERCENT AND ANA-
THER ONE FREQUENCY SIGNAL PASSING TO COUNTER AND DISPLAY
SECTION BY 7-SEGMENT DISPLAY AS MEASUREMENT TOTAL FLOW,
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A TIME/DIV = 2 MS.

VOLTS/DIV = 5 V.
1/p /\
J TIME/DIV = 2 MS
! VOLTS/DIV = 5 V.
4
POINT ‘\)
"All _
A
4
f TIME/DIV =_2 MS
POINT VOLTS/DIV = 5 V.
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TIME/DIV = 2 MS.
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POINT
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POINT
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TIME/DIV = 2 MS
VOLTS/DIV = 2 V.
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TIME/DIV = 2 MS
VOLTS/DIV = 5 V

TIME/DIV = 2 MS
VOLTS/DIV = 5 V.
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CALIBRATION CONSTANTS FOR PADDLEWHEEL FLOZENSORS

PART PIPE PIPE ACTUAL K A T FS J B Z GALLON
NUMBERY SIZE" (INCH) SCH ID PULS/GAL GPH/HZ GPM/60HZ GPM HZ HZ/GPM

d B 10 2. 464 19.953 3.007 180.4 300 99.8 0.3326 121.14
CRIVOND { 10 3.0068 12.684 SOLENY TR 500 105.7 0.2114 119,39,
68 il LA 10 10026 T 195 e 500.3 800 95.9 0.1199 116:62
CRIVOSO 0 10 ©.0d47 0 ph 10.653 TN L 1200 112.6 0.0939 143,47
CRINOGCO 6.0o0 10 6. 065 32, 8 HQ 15,582 9349 1600 115.5 0.0642 141.64
CrRiIve’d 5. 00 10 7.981 2. R 27445 1046.7 3000 109.3 0.0364 139.25
CRAWIOQ 1000 40 10.0%0 1.370 43.787 62T, 2 5000 114.2 0.0228 137.58
CRAWLE?D 17,00 10 11.910 O DT 62.687 JHORY 8000 127.6 0.0160 136.45
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1.2 SPECIFICATIONS

MK 515 MK 415
Output Signal . ................ 1V peak-to-peak per ft/sec. 0.44 V peak-to-peak per ft/sec.
Qutput Frequency............. 5-6 Hz per ft/sec. 4-5 Hz per ft/sec.
Source Impedance . ........... 8 kilohms 8 kilohms
~ FlowRateRange.............. 1 fps to 50 fps 1.5 fps to 50 fps
Linearity swssmssmsis aonmasnann + 1% over full range + 1% over full range
Output Accuracy .............. +1% over full range + 1% of full range
Repeatability ................. +0.5% of full range =+ 0.5% of full range
Pressure Rating............... 200 psig max. @ 20°C (68°F) 200 psig max. @ 20°C (68°F)

(see Figure 2); -P3, -P4, and -P5 (see Figure 2)
versions rated @ 100 psig max.

Temperature Rating ........... 105°C (220°F) max. @ 25 psig  105°C (220°F) max. @ 25 psig
(see Figure 2) (see Figure 2)
Maximum % Solids ............ 1% of fluid volume 10% of fluid volume
Bottom Diameter............ .. 1.05 1.36
Standard Cable Length......... 25 ft. 25 ft.
200 prrr T
TN ~— SENSOR
SEan: S LIMITS
G 1ot mEEn
7)) T LuaY
o T £
w f T e i ‘x;
(= anmmy 13 ! 1 a4 X
%] IEEERE! ! X 2 ;\\
L i I T D\
m 1 3 - ‘: T . B J b\
o 50 [ EaESE=E e
= S PVC limit B
= T
1 13 1T YL LEg I
0 I IRENEN] S
50°F 100°F 150°F 200°F 250°F
MAXIMUM OPERATING TEMPERATURE
NOTES: (1) Do not use flosensors in applications where pressure/temperature points are greater
than values within the area of the curve. Special fittings may restrict these limits.
(2) To calculate pressure (P) or temperature (T) for any point within the area of the curve,
P = 2817 —1.167 T, therefore, T = 281.7 — P
1.167

Figure 2. Pressure/temperature limitations for Signet flosensor transducers. Note reduced curve
for PVC fittings with 2-inch, 4-inch and 12-inch pipes.
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TYPES SN5490A, SN5492A, SN5493A, SN54190,SN54193%
SN541S30, SN541592, SN54LS93, SN7490A, SN7492A, SN74932%
SN74L90, SN74193, SN74LS90, SN74LS32, SN7415g3%

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS®

BULLETIN NO. DL-S 7611807, MARCH 1874—REVISED OCTOBER jg

&

%

‘90A, ‘L90, 'LS90 ... DECADE COUNTERS

‘92A, ‘LS92 ... DIVIDE-BY-TWELVE

COUNTERS
'93A, 'L93,'LS93... 4-BIT BINARY
COUNTERS
TYPICAL
TYPES
POWER DISSIPATION
'90A 145 mW
‘'L90 20 mW
'LS90 45 mW
‘92A, '93A 130 mW
'LS92, 'LS93 45 mW
'L93 16 mW

description

Each of these monolithic counters contains four
master-slave flip-flops and additional gating to
provide a divide-by-two counter and a three-stage
binary counter for which the count cycle length is
divide-by-five for the ‘90A, ’'L90, and ‘LSS0,
divide-by-six  for the '82A and 'LS92, and
divide-by-eight for the ‘93A, ‘L83, and 'LS93.

Ali of these counters have a gated zero reset and the
'a0A, 'L90, and ‘LSS0 also have gated set-to-nine
inputs for use in BCD nine’s complement
apolications.

To use their maximum count length (decade, divide-
by-twelve, or four-bit binary) of these counters, the B
input is connected to the QA output. The input
count pulses are applied to input A and the outputs
are as described in the appropriate function table. A
symmetrical divide-by-ten count can be obtained
from the ‘S0A, ‘L90, or °‘LS90 counters by
connecting the Qp output to the A input and
applying the input count to the B input which gives a
divide-by-ten square wave at output Qa.

SN54’, SN54LS’...J OR W PACKAGE
SN54L"...J OR T PACKAGE

SN54’, SN74L’,SN74LS’...J OR N PACKAGE o H

‘90A, 'L90, ‘LSS0 (TOP VIEW)

eyt
a

NC Qa So GND. e Oc

wl (ol felinl lwn s s
Qa Go Ce

La>a aci—

—~cbs Asan
Rony  Roy LIGH

1 2 3 4 5 s 7

AT Roy Ro) Vo Aan Rem
[

positive logic: see function tables

‘924, °LS92, (TOP VIEW)
et

A N Qa Oa CnO Oc Oo
—
“ 3] 12 n{ lwl s

A

<

[
1 2] :[‘]u‘_‘[i:'—lrp”"

e vec Ao Roz)

i

positive logic: see function tables

‘83A, ‘LS93 (TOP VIEW)

Ut

Qa

P )
wl ful Ml ]l Mol

1 ’M

Ao Roz)

|
IOt OOty
S

INPUT Ao RO
)

GND 08
i

s oot bl

!

R

positive logic: see function tables

‘L93 (TOP VIEW)

M7 oo oo e o Mg -%
il Juzl Inl jul l [ %
| ll &

< o .

Bodds

s

|
9jay0y0

Rou Moz MC veo

positive logic: see function tables

NC-No internal connection
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TYPES SN5430A, ‘92A, '93A, SN54190, 'L93, SN54LS80, 'LS92, "LS83,
SN7490A, '92A, ‘93A, SN74190, 'L93, SN74LS80, 'LS82, 'LS33
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

VLTI

< -g0A, "L90, LSS0 ‘804, 'L90, 'LS90
[’m COUNT SEQUENCE BI-QUINARY (5-2) ‘924, "LS92 ‘93A, L83, 'LS93
. (Ses Note A) {See Note B} COUNT SEQUENCE COUNT SEQUENCE
’;T_ ouTPUT COUNT ouTPUT (See Note C) {See Note C)
o Qp Qc Qs Qa Qa Qp Qc %8 QUTPUT OUTPUT
+ COUNT COUNT
{0 |L L L b L Qp Qc Q8 Oa Qp Qc Qg Oa
i L L L H 1 L L L H 0 L L L L 0 L L L L
.2 (L L H L 2 L L H L 1 L L L H 1 L L L H
3 L L H H 3 L oL H 2 L L H L 2 L L H L
i' 4 L H L L 4 L H L L 3 L SR H 3 L L H H
:‘ 5 L H L H 5 H L L L 4 L Mo, L 4 L H L L
3 6 L H H L € H L L H 5 L M ik M 5 L H L H
7 (LoHoHoH 7 H g L g [Im/ g L L 6 |L H H L
8 H L L L 8 |H L H H % RV J H 7 L H H H
g |H L L H 9 H H L L 8 WAL gL 8 H L L L
9 H L H H 9 H |- L H )
‘80A, 'L90, ‘LSS0 10 R— 1 -t § 10 H L H L
RESET/COUNT FUNCTION TABLE ' a s & ™ H AR N
RESET INPUTS OuTPUT 13 A\ '
Rot1) Rotz) Ror1l Rg(21| 9o Oc 98 Qa 13 H H L H
H H C X |t L L L 14 N Y
H H X o Las)T ot S ¥
x x H H|H L L H
o
x v gy v ‘924, 'LS92, '93A, 'L93, 'LS93
L X L X COUNT RESET/COUNT FUNCTION TABLE
L il o I T RESET INPUTS | OUTPUT
x . L8 Z COUNT Roi1) _Roz 9o Gc Q98 9a
H H e—— (S
: A. Output Qp is connected to input B for BCD count. Y % COUNT
8. Output Qp is connected to input A for bi-quinary
count. X & FOYNT

g C. Output Qp is connected to input B.
E D. H = high level, L = low level, X = irrelevant

ional block diagrams

'90A, ‘L 90, "'LS90 ‘92A, 'LS92 ‘93A, ‘L83, ‘LSe3
Tl o, (93A)("La3)
cK
K INPUT A n213l
inpuT A 1400141
s olet ag
X
K inpuT 8 A2 P REIEPS
eyt B LI cx
K
®
J Qe Qc (8){10] B
: cx J Q ac
K cK
I3
P (LREIRES S
cx
s afetMap
K Ro(1) = @211 g
R ol Ro(2) Rom—_—“_DD_‘
13112]
Jand K inputs shown without connection are for reference only and are functionally at a high level.
TEXAS INSTRUMENTS 7-
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TYPES SN5430A, SN5492A, SN5493A, SN7490A, SN7492A, SN7493A
DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

olute maximum ratings over operating free-air temperature range (unless otherwise noted)

'_ Supply voltage, Voo (seeNote 1) . . . . . . . . . ... L. LTV
flnputvoltage.....................A........,.......5.5V
= |nteremitter voltage (seeNote2) . . . . . . . . . . . . .. . . . . . . .. .. ... ... 88V
Operating free-air temperature range: SN5490A, SN5492A, SN5493A P S W —55°C 10 125°C
SN7490A,SN7482A,SN7493A . . . . . . . . . . . . . 0°Cto70°C

‘ Storage temperaturerange . . . . . . . . . . . . . . . —65°C to 150°C

TES: 1. Voltage values, except interemitter voitage, are with respect to network ground terminal.
2. This is the voltage between two emitters of a multiple-emitter transistor. For these circuits, this rating applies between the two Ro
inputs, and for the ‘90A circuit, it also applies between the two Rg inputs. K

SNS5490A, SN5492A |SN7490A, SN7492A
SN5493A SN7483A UNIT
- MIN NOM MAX | MIN NOM MAX
B} Soply voltage, Voo 45 5. 55|475 5 525| V
High-level output current, IgH —800 —800 uA
Low-level output current, lg( 16 16 mA
'. nt frequency, fcoune (see Figure 1) :::s:: g ?Z 8 ?z MHz
A input 15 15
Pulse width, tyy 8 input 30 30 ns
Reset inputs 15 TS
Reset inactive-state setup time, tgy 25 ' 25 ns
Operating free-air temperature, Tp | c

‘80A ‘92A ‘93A
PARAMETER TEST CONDITIONST 3 UNIT
MIN TYPt MAX | MIN TYPI MAX | MIN TYPI MAX
High-level input voltage 2 2 2 v
Low-level input voltage 0.8 0.8 0.8 v
Input clamp voltage Ve =MIN, Ij=—-12mA —1.5 -1.5 —-1.5 \Y
\Y =MIN, Vig=2V,
High-level output voltage | . CC 1K 24 ) G 24 34 24 34 v

ViL=0.8V, IgH=—800uA
Vec=MIN, Vig=2v,

Low-level output voltage 0.2 0.4 0.2 0.4 0.2 04| Vv
VL =08V, IgL = 16mAS

Input current at

] - Vee =MAX, Vy=55V 1 1 1| mA
maximum input voltage

Any reset 40 40 40
High-level
. A input Vee =MAX, Vy=24V 80 80 80 | uwA
input current

B input 120 120 80

Any reset —-16 -1.6 —1.6
Low-level
p A input Vece =MAX, Vi=04V -3.2 -3.2 -3.2 | mA
Input current -

B input —-4.8 —4. -3.2
Short-circuit SN54° | —20 —57 | —20 —-57 | -20 —57

Vee = MAX 5 — mA

output current § SN74° | —18 —57 | —18 -57| -18 -57
Supply current Ve = MAX, See Note 3 29 42 26 39 26 39 | mA

F‘?’ conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
3 All typical values are at Vec =5V, Ta=25°C.

'Ot more than one output should be shorted at a time.
QA Outputs are tested at loL = 16 mA plus the limit value for 1L for the B input. This permits driving the B inout while maintaining full
fan-out capability.
% NOTE 3:
sz

o

Icc is measured with all outputs open, both Rg inputs grounded following momentary connection to 4.5 V, and all other inputs
grounded.

TEXAS INSTRUMENTS 7.
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TYPES SN5490A,SN5492A,SN5493A,SN54L90,SN54L93,
SN54LSBU,SN54LSSZ,SN54LSB3,SN7490A,SN7492A,SN7493A,
SN74190, SN74193, SN741S30, SN74LS92, SN74LS93

DECADE, DIVIDE-BY-TWELVE, AND BINARY COUNTERS

PARAMETER MEASUREMENT INFORMATION
TEST 1
POINT  veg :
RL :v
FROM QUTPUT Ny
UNDER TEST I
CL >~ C1
(See Nore B) ,_E l (See Note C) 4
LOAD CIRCUIT
i

iseiTan ——-—————-—-————————————-——-————————-——xv
NPUTS Veat Vrat
(See Nocw €) | . = "

|
|
RESET TO0 | ‘—*——I*———'—————v————————._____.____,v
ruTs | Veut X '
(Soe Mo €1 : j : A C
| | Lot o ]
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VOLTAGE WAVEFORMS

NOTES: A. Input pulses are supplied by a generator having the fallowing characteristics:

tae 16 1934, 'L92, "LSIN)

T Von
Vou

for '90A, ‘924, ‘934, ' <S5ns,ty<5ns, PRR =1 MHz, duty cycle = 50%, Zoye = 50 ohms;
for "L90, 'L93, 1, < 15 ns, tt < 15 ns, PRR = 500 kHz, duty cycle = 50%, Zo,¢ = 50 ohms;
for ‘LS90, 'LS92, 'LS93, t;, < 15 ns, 1 < 5ns, PRR = 1 MHz, duty cycle = 50%, Zoy¢ = 50 ohms.

. CL includes probe and jig capacitanca,

. C1 (30 pF) is applicable for testing ‘L0 and ‘L93.

. All diodes are 1N916 or 1N 3064,

. Each reset input is tested separately with the other reset at4.5v,

- Reference waveforms are shown with dashed lines.

. For '90A, '92A, and '93A; Vref = 1.5 V. For ‘L90, 'L93, ‘'LS90, ‘LS92, and 'LS93

OmMmMOQw

FIGURE 1

i Viaf = 1.3V,
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TYPES SN5446A, '47A, '48, ‘49, SN54146, 'L47, SN541S47, 'LS48, 'LS49,
SN7446A, '47A, '48, SN74146, 'L47, SN741S47, 'LS48, 'LS49
BCD-TO-SEVEN-SEGMENT DECODERS/DRIVERS

The '46A, 'L46, '47A, 'L47, and 'LS47 feature active-low outputs designed for driving common-anode VLEDs or
incandescent indicators directly, and the ‘48, "49, ‘LS48, 'LS49 feature active-high outputs for driving lamp buffers or
¥ common-cathode VLEDs. All of the circuits except '49 and ‘LS49 have full ripple-blanking input/output controls and a
Jamp test input. The 49 and 'LS49 circuits incorporate a direct blanking input. Segment identification and resultant
displays are shown below. Display patterns for BCD input counts above 9 are unique symbols to authenticate input
conditions.

‘The ‘46A, '47A, '48, 'L46, "L47, 'LS47, and 'LS48 circuits incorporate automatic leading and/or trailing-edge
‘zero-blanking control (RBI and RBO). Lamp test (LT) of these types may be performed at any time when the BI/RBO
node is at a high level. All types (including the ‘49 and ‘LS49) contain an overriding blanking input (B1) which can be
S ‘used to control the lamp intensity by pulsing or to inhibit the outputs. Inputs and outputs are entirely compatible for
use with TTL or DTL logic outputs.

The SN54246/SN74246 through ‘249 and the SN54LS247/SN741S247 through ‘LS249 compose the 5 and
the 9 with tails and have been designed to offer the designer a choice between two indicator fonts. The
§ SN54249/SN74249 and SN54L.S249/SN74L.S249 are 16-pin versions of the 14-pin SN5449 and ‘LS49. Included in the
'249 circuit and ‘LS249 circuits are the full functional capability for lamp test and ripple blanking, which is

not available in the ‘49 or "LS49 circuit.

l

1 b (I e

N e e e e e e N

L 2 3 4 5 6 7 8 9 10 11 12 13 14 15

5

NUMERICAL DESIGNATIONS AND RESULTANT DISPLAYS

SEGMENT
IDENTIFICATION

‘46A, "47A, "L46, 'L47, 'LS47 FUNCTION TABLE

DciMAt INPUTS OUTPUTS
OR Bi/RBOT NOTE
FUNCTION LT |RBI | D B A a b c d e f g
0 H H L 14 [ L H oN | ON [ON | ON [ ON | ON | OFF
1 H X L L L H H OFF | ON | ON | OFF | OFF | OFF | OFF
2 H X ¢ L H L H ON | ON |OFF | ON | ON |OFF | ON
3. H X L L H H H ON | ON | ON | ON | OFF | OFF | ON
4 H X & H L L H OFF | ON | ON | OFF | OFF | ON | ON
5 H >4 k. H L H H ON |OFF | ON | ON | OFF | ON | ON
6 H X i H H L H OFF |OFF | ON | ON | ON | ON | ON
7 - H X L H H H H ON | ON | ON | OFF | OFF | OFF | OFF ]
8 H X H L L Iy H ON | ON |ON | ON | ON | ON | ON
9 H b H L L H H ON | ON | ON | OFF | OFF | ON | ON
0 H X H 14 H ¢ H OFF | OFF [OFF | ON | ON |OFF | ON
1 H X H L H H H OFF |OFF | ON | ON | OFF |OFF | ON
12 H X H H L L H OFF | ON |OFF | OFF | OFF | ON | ON
13 H X H H L H H ON |OFF {OFF | ON |OFF | ON | ON
14 H X H H H L H OFF |OFF |OFF | ON | ON | ON | ON
15 H % H H H H H OFF | OFF |OFF | OFF | OFF | OFF | OFF
8! X X X X X X L OFF | OFF |OFF | OFF | OFF | OFF | OFF 2
RBI H L i L L L L OFF | OFF |OFF | OFF | OFF | OFF | OFF 3
LT L X X X X X H ON | ON |ON | ON | ON [ ON | ON 4

- The blanking input (Bl) must be open or held at a higk logic level when output functions O through 15 are desired. The
ripple-blanking input (RB!) must be open or high if blanking of a decimal zero is not desired.

2. When a low logic level is applied directly to the blanking input {BI), all segment outputs are off regardless of the level of any

other input.

3. When ripple-blanking input (RBI) and inputs A, B, C, and D are at a low level with the lamp test input high, all segment outputs
go off and the ripple-blanking output (RBO) goes 1o a low level (response condition).

4. When the blanking input/ripple blanking output (BI/RBO) is open or held high and a low is applied to the lamp-test input, all
segment outputs are on.

L
&
BI/RBO is wire-AND logic serving as blanking input (B1) and/or ripple-blanking output (RBO).
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TYPES SN5446A, '47A, ‘48, '43, SN54146, 'L47, SN54L547, 'LS48, 'LS4g, °
SN7446A, '47A, '48, SN74146, 'L47, SN741847, 'LS48, 'LS49§
BCD-TO-SEVEN-SEGMENT DECDDERS/DRIVERS%

BULLETIN NO. OL-S 7611811, MARCH 1974—REVISED OCTOBER 1975

‘46A, '47A, 'L46, 'L47,'LS4T7 ‘48, 'LS48 ‘49, 'LS49
feature feature feature
e Open-Collector Outputs e Internal Pull-Ups Eliminate e QOpen-Collector Outputs
Drive Indicators Directly Need for External Resistors e Blanking Input
e Lamp-Test Provision e Lamp-Test Provision
e Leading/Trailing Zero e Leading/Trailing Zero
Suppression Suppression

e All Circuit Types Feature Lamp Intensity Modulation Capability

DRIVER OQUTPUTS TYPICAL
TYPE ACTIVE OUTPUT SINK MAX POWER PACKAGES
LEVEL CONFIGURATION CURRENT | VOLTAGE | DISSIPATION

SNS446A low open-collector 40 mA 30V 320 mW J W
SN5447A low open-collector 40 mA 15V 320 mW J W
SN5448 high 2-kQ pull-up 6.4 mA B:5 M 265 mW 4w

SN5449 high open-collector 10 mA 55V 165 mW w

SN54L46 low open-collector 20 mA 30V 160 mW J

SN54L47 low open-collector 20 mA 15V 160 mW J
SN54LS47 low open-collector 12 mA 15V 35 mW J, W
SN54LS48 high 2-kQ pull-up 2mA 5.5V 125 mW JW
SN54L.S49 high open-collector 4 mA 55V 40 mW J W
SN7446A low open-collector 40 mA 30V 320 mW J, N
SN7447A low open-<ollector 40 mA 15V 320 mW J, N
SN7448 high 2-kQ pull-uo 6.4 mA 5.5V 265 mW YN
SN74L46 low open-collector 20 mA 30V 160 mW J.N
SN74L47 low open-<ollector 20 mA 15V 160 mW J,N
SN74LS47 low open-collector 24 mA 15V 35 mW N
SN741LS48 high 2-kQ puil-up 6 mA Sy 125 mW 4N
SN74LS49 high open-callector 8 mA 5.5V 40 mW J, N
"46A, ‘47A, ‘L46, 'L47, 'LS47 ‘48, 'LS48 ‘49, 'LS49

(TOP VIEW) (TOP VIEW) (TOP VIEW)

QuUTPUTS
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8 C , aLanx- D A .. GND
T T meurs N M inG ineur — — ouput
NeUTS INPUTS rT T INPUTS INPUTS INFUTS

positive logic: see function tables
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INTRODUCTION TO DIGITAL COMPUTER TECHNOLOGY : SECOND

EDITION (1977), LOUIS NASHELSKY

ELECTRONIC DIVICES AND CIRGUIT THEORY : THIRD EDITION,

LOUIS NASHELSKY AND ROBERT BOYLESTAD
FLOW INSTRUMENTATION OF THE SIGNET
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