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Figure 1: Mercury Barometer
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Description

o ]

The HCTL-2000 is an HCMOS IC that performs the quad- Dol 16 Voo
rature decoder, counter, and bus interface function. The cLk]2 15 1Dy
HCTL-2000 is designed to improve system performance in SEL[] 2 14 o,
digital closed |[pop motion control systems and digital data OE[] 4 13[0os
input systems. It does this by shifting time intensive quad- RsT]s 12 [Ipe
rature decoder functions to a cost effective hardware solution. cuarts N
The HCTL-2000 consists of a 4x quadrature decoder. 12 bit
binary up/down state counter, and 8 bit bus interface. The e 101106
use of Schmitt triggered CMOS inputs and a 3 bit state Vss[e 9 fJor
delay filter allows reliable operation in noisy environments.
The HCTL-2000 provides LSTTL compatible tri-state out- PINOUT

put buffers. Operation is specified for a temperature range
from -40 to +85° C at clock frequencies up to 3.9 mHz.
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Figure 3-33  Antijitter circuit for quadrature encoder. (Courtesy of Hewlett-Packard.)
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3-19 Jlwo

EXAMPLE 3-19

A pressure transducer has the following specifications:

Input pressure: 0-100 psi

Full-scale-output: 100 mV

Zero accuracy: 1 mV

Accuracy: 1% FS

Zero balance: 0.02% FS/°F (balance set at 75°F)

Thermal sensitivity effect: 0.02% FS/°F (differenée from 75°F)

Assuming that the transducer is used at 95°F, calculate the error introduced by
accuracies, thermal zero effect, and the thermal sensitivity effect.

Solution Accuracy produces an error that may be as large as
error = +0.01 X 100 psi = *1 psi

The zero accuracy is =1 mV or *1 psi. The transducer was factory calibrated
for zero output with O psi at 75°F. Using it at 95°F will cause a shift in both the
zero and the full scale.

error = *+0.0002/°F X 100 psi X (95°F — 75°F)
) = +0.4 psi
. Looking at all three effects together, you may see as much as a 1.4 psi (or
+1.4 mV) reading when there is no pressure applied (zero accuracy + zero balance).
At any other point, the error may be as much as *1{.4 psi (or 1.4 mV) off
(accuracy + thermal sensitivity). :
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1 l (a) (b)
Figure3-41 (a) Strain with a unilateral force applied; (b) cantilever in bending. (Courtesy
8 —_— of Hewlett-Packard.)
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GSE's 4650 Series of Low Height Load Cells are designed for operation in industrial
i Low and i to off-center loading are important

factors in many installations.

All units are machined from a solid billet of tool steel, nickel plated for corrosion resist-

ance.The units are sealed with welded and are
compensated.
Specifications
- Qutput at Rated Capacity . ..........cocvverervoneaaee oo .. 4Mvivnominal®
Overload Rating .. ... . ... safe - 50% FS, ultimate - 200% FS
Nonlinearity ........ P Liviepesvas oeses 2% FS F Dia Thru G Holes
e NN WA +0.15%FS g v
Repeatability . . .. . cieer.. +005%FS
Excitation Voltage . " .. 10v nominal, 15 maximum
Brdge RASISINEE 5o.c.. - o vovin v oo s iisiaew e s s e e 350 ohms nominal
Temperature Effect on Zero . . . ceeenn. s £0.002% FS per °F
Temperature EffectonSpan . ... .. .. +0.002% of reading per °F
Compensated Temperature Range . s IR s S .. +25°F-125°F
DT e e e e el R o SR o il TR 0.001" FS
ERuras MBtartalL oo i s man e s s r sy e tool steel, nickel plated

Stock units are calibrated in comwes:z\on but r-n-a.y- also be used in tension.

*For Fatigue Rated Applications (minimum 10* cycle lite), load cell should be derated ta 50% of capacity.

The Model 5341, 5353 and 5354 load cells are very accurate strain gage
sensors used for weighing and force measurement. Their high accuracy
makes them ideally suited for critical weighing applications. The 5353 and
5354 Models are sealed devices that offer the durability and ruggedness
required of units used in production environments. The Model 56341 is a
lower range unit intended for controlled environments.

Wi " Model Capacity Lbs. Material

Model 5341 i s T 5341 25, 50 Aluminum

Specifications 5353 500, 1,000 Aluminum
Output at rated capacity ... 2mviv nominal 5353 2,000 5,000 Steel
Overload rating : 509 FS 5354 100, 200 Aluminum __ |
Nonlinearity B . +0.05% FS 1/4-20 UNF-28 Tap 1/2-20 UNF-2B Teap
Bridge resistance 52 350 ohms nominal o 'gmfllmm 100 ‘“DWMEMI
Compensated temperature range . +25°F125°F "\ “
Operaling temperature range . . . . ) . 0-200°F
Temperature effect on zero + 0.002% FSper°F 250
Temperature effect on span + 0.002% of reading per®F
Recommended Excitation cee 10vDC ¥
Specifications are or tension [oading

p . Captive Cable
, ~ Verslon available
o 200
Model 5341, 5354 Mode! 5353 with Connector

Figure 349 Load cells. (Courtesy of GSE.)
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TABLE 3-5

LOADING EFFECTS ON
THE NONLINEARITY OF
A POTENTIOMETER

=
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Error (%)

=

10 1.263
5 2.742
1 14.59
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MR SERIES—GENERAL APPLICATIONS
@ OPTIMUM PERFORMANCE FOR THE MAJORITY
OF APPLICATIONS

» LARGE CORE-TO-BORE CLEARANCE —
1/16 INCH (1.6 mm) RADIAL

The HR high reliability series of LVDT's is suitable for
most general applications. The HR series features large
core-to-bore clearance, high output voltage over a broad
range of excitation frequencies, and a magnetic stainless
steel case for electromagnetic and electrostatic shielding.

. GENERAL SPECIFICATIONS
I input Voltage .. ... 3V rms (nominal)
requency Range ... 50 Hz to 10 kHz
‘smperature Range , . -65°F to +300°F

Vibration Tolerance
Coil Form Material . .

. 20g up to 2 kHz
High density, glass- filled
polymer

(-65°C to +150°C) Housing Material ... AISI 400 series stainless steel
...... Less than 0.5% full scale output Lead Wires . . ..... 28 AWG, stranded copper, Tef-
..... 1000 g for 11 milliseconds lon-insulated, 12 inches (300 mm)

long (nominal)

DRMANCE SPECIFICATIONS AND DIMENSIONS (2.5 kHz)

MOMINAL LINEARITY SENSITIVITY  IMPEDANCE  PHASE WEIGHT DIMENSIONS
LINEAR +PERCENT ¥ Ot/ Ohms SHIFT Grams AlBody) B (Conl
RANGE FULL AANGE Voltin Per
| mohry M 10 128 150 001 In, Pri.  Sec. Dagroat Bady Con lnches Inches
$0.050 0.0 0.26 0.25 050 83 430 4000 & 2. & 113 0.80
10,100 010 0.25 025 050 4 1070 5000 -5 s s m 130
10,200 010 025 025 050 25 . 1150 4000 -4 0 8 2.50 165
10300 010 025 035 050 14 1100 2700 -1 mon 322 195
0400 015 025 035, 050 030 1700 3000 -18 0 15 4% 295
+0.500 0.15 026 035 075 0.13 460 315 -1 e 18 5.50 145
+1.000 026 025 100 130 039’ w0 10 3 1w n 8.63 4.00
+2.000 026 0.25 050+ 100 oM 330 390 " B 10.00 530
3,000 015 025 050+ 100« o ns s, e ns n 128 5.60
+4,000 0.15 025 0.50- 1.0« 022 25 550 “l 2 B 15.64 1.00
5,000 015 0.25 100+ — 015 30 400 3 Mo % 1788 1.00
£10.00 0.15 025 1000 — 008 550 750 -5 50 43 0.8 .50
-nm«d«am:mlm‘n
ORDERING INFORMATION PRI __ SEC

1
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|
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Note 1: See uull;l ﬁrmnu iur mnﬂ: mrud sire
Naote 2 Consuly factory for mms, dimensions, and thread size
Nate 3: Withitends 1012 NVT total inlanrlud Mux
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Specifications

Power Requirements
115 V AC +£10%, 50-400 Hz (220 V
AC optional)
_Line Voltage Regulation
: +10% fluctuation produces less than
. +0.1% of full scale change in output
AC Transducer Excitation
' Power : 3.5 V rms sine wave nominal; 25 mA
Supply °2'..“‘3' “} maximum (internally adjustable from
210 5V rms)
Excitation Frequency
CAS-025 —— 25kHz
CAS-100 —— 10kHz
Input Im,
100 kilohms

=
2
i
- &
28

Oscillator Sync

425 mV rms input produces full scale
Phase Filter output at maximum gain (may be
Shifter increased or decreased 6x
S internally)
Full Scale Output
2 © %10V DC; 20 mA maximum
] Non-linearity and Hysteresis
Blers in blue) +£0.05% of full scale output maximum
i Output impedance
i ) 330 | Less than 2 ohms
58 L l Output Noise and Ripple
1 15 mV rms maximum
Frequency Response (-3 dB)

CAS-025 —— 250Hz
CAS-100 —— 1000 Hz
Stability

+0.05% of full scale output after 30-
minute warm-up

Thermal Coefficient of Sensitivity
Less than =0.02% of full scale output
per °F (=0.04% F.S. output per °C)

Zaro Sy :
+30% of full scale output (= 100%
optional) 4

Phase Shift Range
+60° (internal adjustment provides
+60° additional)

Operating Temperature Range
30°F to 130°F (0°C to 55°C})

Weight
3% pounds (1.7 kg)

Rack Mount Option

Please refer to Pages 16 and 17 for

-12{Bench optional features and ordering
3 Mount ; :
Only) information.

Figure 3-25 LVDT instrumentation package. (Courtesy of Schaevitz Engineering.)
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Preliminary

DESCRIPTION FEATURES PIN CONFIGURATION
The NE/SE5520 is a signal conditidning e Oscillator frequency: 1kHz to 20kHz F, D PACKAGES
circ’uil for use with Linear Variable E?m_er- * Low distortion <5%
ential Transforf_ners ’(LVDT), Tha chip in- Capable of ratiometric operation AMP OUT [7] (18] +v
cludes a low distortion amplitude stable s i 25V +IN 2] 5] o
sine wave oscillator with programmable ° Single supply operation 5 to 25V or dual
frequency to drive the primary of the  SUPPlY 510 =12v - [3] [74] Veer
LVDT; a synchronous demodulator to con-  * Low power consumption LvoT N [4] [13] Feeoack
vert the LVDT output amplitude and phase DEmOD ouT [ 2] osc
to position information; and an output &
amp to provide gain and filtering. APPLICATIONS : . s [g] 71) osc
* LVDT signal conditioning -anofr}, [10] Vaerr:
* RVDT signal conditioning I T : DL
N PACKAGE
AMP ouT (7] M
3jc
ABSOLUTE MAXIMUM RATINGS +i (] - B
~IN @: = E“'ﬁu
PARAMETER : RATING UNIT o E?' : [T7] FEEDBACK
Supply voltage +30 2 v DEMOD ouT ] Tl ose
Split supply voltage (= 15) . L : A&
Operating temperature range = swic (8] 9] os¢
SE5520 -551t0 + 125 Foy G . ano [ 4 (8] Vaer
NE5520 Dto +70 k6 ko - v
Storage temperature range - 650 150 A0 T T e
; i NES5200, NESS20F, SES520F (16.Pin)
R ; NESS520N (14.Pin)
BLOCK DIAGRAM ? o
Vner
o
12
— 4" Feepaack
10K
A
v
¥ 10K £
o d ose 4 cso":cf; ; LN
5 .
0 osc
: 10K :
AV VReFiz
14 &
+V O— 1 BIASCKT | J%IUK o
s -y :
+ 2 oLvorin
5
o »
it f
aiv(;:l) %o svne
+IN o—2 -
BT o lE 2 M Ee el
NGTE S
Pooorarbers a8 Y00 Nelacrage =

Figure 3-26 Signetics NE/SE ?20 with a LVDT. (Courtesy of Signetics.)

J..wb S\ dC)gJ\Jg.Lo u_Sb o.x.uS VLYY ._b 9 :ug)S.._w ugw\lg_bo ‘ngJlJ o.).uS
5l digos by 3-27 JSiw cewl 0aus,S &Gl 3-26 JSii 5> IC ¢l slol Olaxiw
235 oo bis Lil 5,08

85



<
O3

12

Sine-wave
converter

Bias CKT i
u
E5520 Vaz ©

+ Synchronous
demodulator
A
= Ry
Gain=1+ —
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Figure 3-27 Operation of NE 5520 with a LVDT. (Courtesy of Signetics.)
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Rotary Position
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= 0.25% Linearity Over +/-50 Degree Range
- DC-DC Operation, Multiple
Input/Output Configurations
= Unlimited Mechanical Travel
= Infinite Resolution
- IP66 Environmental Rating
- Off-The-Shelf Delivery
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Volts out
Linear region
rom—————
Relative -180° ) /\
amplitude l 0° +180°
Angle of shaft rotation
y » Figure 3-28 RVDT output curve,
* Volts out, opposite phase (Courtesy of Schaevitz Engineering.)

38,0 o9 533,50 0,8 als)8 5y Ul s asl 95 5l sSU basd Joc )y e
wasiw RVDT  weaaw 9 @ 5y wwoMe &b bowgi Ugewlhu S ol b cowlion
53,50

Sl 58 M| a>,> 180 je0 akhss Jg> RVDT s>g,35 5Ldg LVDT &y Jio @

I, adgl auw puaw U 255ls ac 3Lde el au 5l ausSo LIS ac 5Ldg L aS suld RVDT e
oy b cowlioe aS agib au paw > ac 5Ly ey RVDT ggi ol L5 1aisS elyy=s

soky Woe aS aiiSiw Jgud |, de (Sxg,9 5Ly aiiSao LS de 5lidg L aS (suld RVDT o
P 5> 03 sl ac 5l iy puops 233,500 ac 3We a4 Jui Wyl (sdz1s
35,500 Cwl 000 gl jwi luww aS Wlo dc sty el @ Joaw el zu

solder =]
tabs —_ |

Strain Gage Quiow Jiawi,S 2-3

5S0,38]] ioglie WSy s ii)S b cowliie aS (550,58l S dazie Gurieps 5l xS
L piezoresistive g;. Slpinglao

.semiconductor gage ss>a aows Sl zus

.carbon-resistor gage _suu,S aoglio Sla zus

9 bonded metallic wire gage s;319 oauzy o8> puw

.Jiluo bonded foil resistance sdyg9 (suioglio Sla 2uS

9 wosd oS Lol . aiilio (sioglio xuzy paw S &S gy wsinglio 9 sinyS S zS
£9090 il AS . aiiwd Jaaxo cughb) 9 los a4 Gwlws Tuas bl L aiowsd Giw,S a4 pwlbws ) loww
Ailiso suoglio 9 inyS S 2uS wwlzo

i 09400,5 9 UeSiliaw Jio (S3ld o slgo s>y 53 93m il pwliwl 5 S Ao Sla &S
G iy aS Mg aisbw Sl Sy dilgie 9 diiwd sSwiwVl cuwsols Shs b zuS ol
390 el Ul Caoglin > (sdio 9 nio B O Lui 3,58 518 GiwisS (So

bl ails oYU ol croglin aSl> s digad @il loeS lown sl s sl Lol
iluo pe 10000 b 100 639050 5 o 2uS €95 el LS 29,

87



Jilio 55 9 1dblio s Hue Lol ilyo SU; Hlown GisS Julie 5> b &S 95 il wuwlus
20 U 10 2> ,5> caoglio SYL whuusi 5il )5 a8 £95 ol YU s>9,5 . uilbus wluws buxo Slos
33,500 JSiwo sl cuel 3,8 1538 oslaiwl 5,90 suoglio Jy el 5y aS (si8g 2o >

> guw ywisS &9 o aub 9 €95 L odee Sl ook WL Coglin S puw S @
5800 51,8 oslaiwl 3,90 sdoe S 5,0,8 55 0590l aS iluo )
499 by aS (igese) S519 hied Slpdye L g b (sdix Sd w5l aSi 2y Jols Lol
Aiiowd (w030 Jaie (carrier matrix) oaiuS Jo> guuyibe plu (sile 35U
S, JiwyS U wdas el gucw GuiyS g9 ol oSuaSdl caoglao
L).AULD)' >)90 VA VIRV (W 4 .b_uJSJ O.\.Jus kJ.QD‘ k).uJ)Jl.D «Claw L).A.U)S )I O)l.Q.A_qu plS.uB L4
dJ)JO )l Ul CLb_.\AJ o UAU)S ‘b).;Su.o |).9 )L! o UAULO)I >)90 CVAY) CLS.LL99 D))S.A.O LJ‘M
u.ogLo.o PevL-J )| oslaiwl L} u.:.u)s U.J| bb)s.u.o J.O..wo 0iuS JA> u.a.u)Jl.o DU >
Ds_uJ S\O tS).AS O)I.\Jl cLAS))lSJ >|9.o)> Q\SJ)ASJ'

5l 0aisS Jo> puuyile 9 UliliowsS Jugd U oo 10U coglin guow yiwi,S &b 5l Sipgai 5 JSaw
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SYNCHROS AND RESOLVERS

S2
SYNCHRO

STATOR

Mechanical angle to
synchro generator (CX)

fum S,

RH RL

Mechanical angle to
resolver generator (RX)

RH RL
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S)9 Slpdao b aunlén 5> 49)950, 9 955w wuleo 9 Ll
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o STATOR
ROTOR

R1
T $1TO $3 =V sin ot sin 6
V sin mt
R2
s3

S3 TO S2 =V sin ot sin (8 + 120°)
S$2 TO 81 =V sin ot sin (6 + 240°)

ROTOR s  RESOLVER
R1
T — S1TOS3=Vsinwtsin®
V sin ot STATOR S4 TO S2 = V sin ot sin (6 + 90°)
| ¢ =V sin @t cos 6
S2
R2 m
S3 S1
Schematic of CX Esi_ 5= ~Eg maq Sin 6
© Estman
In phase with
Ry — R_ of CX
210 330
i 1 ! 1 (e
360 oy (deg)
“Es (max)
Egy_51= Eg (max 5in (6 + 120°)
b i Esz—s1= Es (mue SN (8 + 240°)
(a)
Schematic of RX
E52> “” ES (maxj cos 8
Es (max)
In phase with
Ry - R_of RX
150 240 330
i o {hy L1 ]
30 60 \120 210 300 360 Occw (deg)
RH RL ~Es (max [

Est— 5= ~Es (men SN0

(b)

Figure 3-35 (a) Synchro and (b) resolver physical and electrical characteristics. (Courtesy of
ILC Data Device Corporation.)
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Transmitter Receiver
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R, Error signal

G 90 oloz)y el alnas &y @ |, o.U)._S 9w 90 l.o_..uﬁl (i8> 5> @
tosagy S Adlgs Uns [, Ui 5939, w9, 5y (Aad> &S,> Jyus
Uos> JUSw = (olgzds cumoy — (s=bly wusog)
5,8 razio 038 W8b,> 9Siw (329> 33,540 0adline (7) ableo Sl aSygkiles o
OlSy (s>9,3 JUSow aS 50 5929 augly 95 JolS Giuss> 595 ey 5y wsismy ailiwos
S g

58d952, b (S/D) Jluzs @y g,Shw Jowe 5l oslasiwl auilue 0y, aS Saw g, @
e ol aiilo Apud goiso Sl b Jlusws @ gySiw Jaws «uilue Jlusws
B0 ;L osléiwl 3,00 oxiiw,d 9,Siww 5l 1, Ry g RyS3.S; Sy SlplliSiw gaize
glos adei Syl sac ey b
cowl 0auw oy Ui ,u5 Jga> 5> S, sae Sl slass U aysl; bl

TABLE 3-7 ANGULAR VALUE FOR THE BINARY

BITS OF A S/D CONVERTER
Bit no. Degrees Degrees, minutes Radians
1 180 180 O 3.141593
2 90 % 0 1.570796
3 45 45 0 0.785398
4 22.5 22 39 0.392699
5 11.25 11 15 0.196349
6 5.625 5 3715 0.098175
7 2.8125 2. 4875 0.049087
8 1.40625 1 2438 -°  0.024544
9 0.70312 0 42.19 0.012272
10 0.35156 0 21.09 0.006136
11 0.17578 g 10.55 0.003068
12 0.08789 0 5.27 0.001534
13 0.04395 0 2.64 0.000767
14 0.02197 0 1.32 0.000383
15 0.01099 0 0.66 0.000192
16 0.00549 0 0.33 0.000096

Source: Analog Devices.
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Figure 3-38 Control loop using both the SDC digital output and analog velocity output. (Courtesy
of Analog Devices.)
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S>> paw daw 35S 513 oslaiwl 3590 Jlazed @ 9,Shw Jaue &y Ulgisy IC ol S
G L JUSew aw oul Scott T so,98milyi 55,550 Jog S3:S7 (St oSlpudeyg A 9,Siuw
loiso o 5ed9se JUSw 95 Cioyd

93



V, = KE, sin @t sin @

V, = KE, sin wt cos @

Ailuo 9)Shw joxo0 a9l 6 aS gk
S>9,> paw ,lp> 5)& Hbd eslaiwl 500 Jluzws @ H9lgs, Jauwo Ulgiss IC ol _S'
vaxo )9Vl &b Ulgies ,0,98mmil,5 9 Mgt (o Juaio Sa 9 5357 St Slpudars 4 Lsles,

Gt <ol 501> I3 0l wa>9)> &S 25 02,9 Vlsae i Jos ppd Sl
i 35,50 o Sing U Vog wpo cosy UV 5lds

KE, sin @t sin @ cos ¢

KE, sin @t cos@sin ¢
fendls pudles Az 55 9 33,80 Jolai L b (sduol by LILSw ol

KE, sin @t(sin 6 cos @ —cos@sin @)

KE, sin @t sin(8 — )

picagw 2y galS,d b oot S slaslwes 9 5SSl 5B a4 gl 5le HSCal &y
ol aSui8g . ulos Lo |, SINO - ¢ ) U aiSuo (s aSy 9k didwe JuSis |, Aoy asl>
Ao Adlgs 6 9,Siuw 9o gl U by (0) 0aislonis (srgys adly Slasl >

035,155 )5 (s>9y> Ao puw Sl L3 () YU wurog 5> INHIBIT asil (2,8 L
JUSw JS1 i adles @ (i 030) 2o 595 @ 0yl aSiul 5l ay Al S oy o5lly
Sl aly )> Jbuzws (s=>9)> g b (o) ul cusog )> ENABLE cuiwl oS5
Jawe aSul vl ez wp> Jaw laawgi BUSY JUS e .w8)S wlgs 5,8 IC s>,
oy U JLSow oul aSuidg U wleMbl cowl 055,35 odl)8 cowl osls plxil |, Siw,lS
los (s zupuins |, geog0 ol by JSo Lo Huiee 390,00

Distance depends
on velocity of -
input rotation
VCO output —L}‘__ Up-down counter | I
updated
|

I
o l
Latches
Lateh clock r—l<— updated I |

i | [
A_ssummg H’""} 5 s mand !
i

INHIBIT ="1"" |
Figure 3-40 Timing diagram for

“Busy"’ I | l |
|
f the SDC/RDC 1740, 1741, 1742

[
|
Data valid 17 S/D converters. (Courtesy of Analog
(high state) %___Jt % Z % Devices. )

94



L 2wlgi s @250 9 53959 (SlpdliSw aS cowl wul Jawo ol Slpiols 5l Sy @

SlJlSw 5l =) 5 Xlgu Jawe U digi odls pdow usi caoglin 5l oslaiwl

} Alos Joi |, @>,0 9 S39,9

Mo . gdieo 58d950 b 9)Siumw @ bogiso aS 3515 5929 5 (30> Slpe=lo puixon o

Llgl Olgiwo s>l aS au,ls BCD (s>9)5 SHub Sbw @S aiwd (sulple=lo

9 ai9,S |, Jluzus S3959 aS 3,15 39>9 5w S50 wluoSi Slpdg=lo s Siusles
(SIUT & Jluzs Jase) 2613,500 adsi Ol b | 5edo, 9,Siw SlpIlSw

as SglUl 5y Ol (s>9,> Lol 2iSho Jgud | 9)Sisw (S3959 SlpJUSw SAC1763 o

I il SD 9 uiow

Ol,> suwo 5o dg0c WVlail b Ssld osle 35U @V 5l b Hgumiow &b
w0 ,)L9d s>l Jole ,0U wuxi jaic (ul a8 . cwl 00u aislw
5 ol sl as S o szl ol husi U wowliin S3Ldg ¢ 5,08
Wlaxiw . 390 o oslaiwl ... 9 aedgo « HLad « Los Sla,Sws>

F 5l be JUd g uiow

3940w Alw S aow wishs ;l -1
iVgb ,oc -2

Vb )iy Joe ey -3

oliwl ol -4

ymeio yu sls>] -5

Jlazs shaio b HB50w (s>955 9 (S39)9 -6
VU sp0ipS -7

o 518 ol csubliso Ol b s g wiw ol aSlsl

wosa o M 5l Lesl oSl 4l 9 distwd iy 095 9 pwlw> ¢ 10,8
. >gud oslasiwl

J 5,90

owl 0005, b S U @ aS 5,8 WS | Sl 1879 JLw s Jo
Jubiiwo 9 U S318 Ao b Sold axéws &y @y S| S)e8 ¢l pwlwl
0 )9E osdgb Uby> Ol 5l ety Jeaio (sSuSUl Jawoly SV JSi
[, S5l ami oo ol 52 5506 womyls wsamablise Gliso Jlacl b « S
Ulaawo Jlocl 1351 5y . 39i s sl Ssld s wsuo,e Silidg Sold anw
23 9 o Skl axe v Wy b ey 55 (sdeb VL= sguc 9 (saublico
w256 Jraily Gl ol ¢ S (w0 1o 8o (sdio S LS V)b

95



)S/|bg_w;s;ogalddubpwpyb_g.os_gd\o).cubp)@hu&b

5 G « Sod @iilngSs el o b 0l 5 cslob Jarwiliy BMis]
o [awy s =0 (580549 Sayiollh b cowlin (so,e ULy> Uljan

Olg iy 9 by =0 5S5500 SLayiobly oS5, S0wl Sho oy ol 51 ausS
390 s odlaiwl guow

= - \
2=\

B Vg IXB

5l osdob Sl M| laso ¢ csowubliso Oliwo Gald « Axés i
siiwd JB 0l wand 5 wose Jewoly G| s yigo Jolge

Shaft Encoder_>e55] it

L9ls S-S 051l (Shy aS ol (5595 025 9 0,8 b Hguiow (sCo)
5390 oo odlaiwl (simico S piuw ) JuS > Gy w 9 Jud >
v Skl o swanldl ges L cwl §lbho 9 (sili9l g9 95 Sbls
dei sl gl shaei « asS (so ades pudly ¢ paseie augly L )oeSsl
JBla> 595 8 55 Vg oo . 515 s9uiiow 2909 9 > @ A (S 0D
o9Mc Hguiw ol bawss . 9 (s Adei udly 300 Sl 9 udly 200
25955 g9 ol 5>+l so w50 YIS L« sy gl
0> Jld b 5l (5Sy So, 53955l aS 5,15 d9>9 00 adndi ply Sl alnss
agly Jusiw 5 539501 0aoe 5,0)LS L ad> o gl el anss ol
5,5 oslaiwl Ulgsuo pd Job S,u8 o516l Sy Ol 5l (g Cowl Gius,>
Axa0 S9) Ll @) 95 ¢ (suiwli8l )9S5l > s, g s Sl
=5 90 pod U G W@yd) 95 ol AS S (s i JSow Slonls
58 Uiy By oo A 5> (529,35 SI (B g A a8 ) asls 51 e
Uy A a4 G B 381 9 035> (v vaowly cap> 5y 53001 ol aals
s s, db )y asha (e e G 50 53S0l csus Ll ascwls 5
o ol & 95 5D 5y L 35ugS o Z 5L Ul @y aS 5l sg>9 5 Luw b
w—w S| U PLC 5l oslaiwl U . 008 (so pazuins ) 180 ahii aS ad>
u—’l \S))_Ju_ks sy ulaw uwlmQ.xa..ogSg) |)|__S\.>‘9).>‘U|9Jg_5\.04017

Ua+>_uu|)>_9>gq.93_9.ox|_9)g\md)4@osbqsw|u|L®)>_95J|E__9J

96



Cp> b sy slhaei U a,uS 508 j80 ceden 55 Isaxo 1l 9 4d>
58 581 a0,y VU HeliisS 5395l . sgi Lo Ul 5,5, b >,5wl,
oaod A 1l o ol Ol wds A iy Jlail gg,aw b sSwilSo o

59 wsw osleiw! LSS 5l Lol Jlail sl Juds

Phase A
Phase B

Phase C

FliulaignaiiSd s

Ul e amds

Fhase &4 — ’7

Fhase B

w=>9,> Sla Ll « 5> axes aS siudgo U a>gi L (allao ;59551 )
»alb D29y 5> -1 9 SS -..S)L.eb. L9 )>95J| £9 el - d9 (s sl

u|9_w<15wl.&)9;9099)_w)> e >).UIS >)5 A>9) dgul S0
&_g_Ju._ﬂo.l_.pr.wm )_9_,\;);5\005L9.;_w|u.c).w_9u*29_940;b)¢9

95 ol 030c Ciio -l ;1S sainl38l 5l 9w VL by 55950l

97



Uogo_igkydl,géLgU?bq_ij)_a)bgs\@%duTUby\tho)ngﬂ
.38 paseiw | Ul (818> wueldgo Ulgi wsw Ul (Sq) 5l aS 1S s Adgs

Flow meter o9 S 9 umiiw

.,s\_o»gss_ls )MML&-J)QJ\WBMPU)S_OBDQJS_IS
QJSJ&LJ.Q.OCb_uJ)l ULD) J>|9)DQSLJLAAAJ)|M)I.X.Q.D)| u.A.A.U)LA.C
Ol Wyg0 aS 3q 4 o iy, Ul -.,_S|)J.,s\.o.L..>.o-.SL®.L>|9 S (50 HguE

cc lit m

(__—) Cowl Ulos Ul 2,%0 9 px>

sec min h

adow 5l Ulo; a>lg )y aS wwl w5l (so)> Hlabo ¢ s0),> Sg 1o
. ol L'Jl.o)'a).'zogp)zo)g,od L§L&J>|9)>.JJSW)9+SQJQJ&JQ§_Q
sr ks ton
sec’ min~ h
Gy |))S/._;_> L59_1.9 U|9_1_+o Mpgg_s\_o»uSL&g.lSj@SJw_wbb
2l oy 9 (o> Seld ol p=1 Vs Ol Sl (o= By Ly o

V (volume)
s
Seld (b 100 soze> Seld, =38 sJB>L Jlew &y),3-Jlieo
min cm
T . ton |
-J!)SU-W-UTW. H L W=
lit lir 6000 m’
o> 5919100~ = 100x60—— = ——— =6
min h 1000 h

&> p= 32 87~ 300018 =3/

m I’I’l

ton

wso0,> (Sgld m=pV =3x6=18-"

»iolg)

b g @0 osdbgyo gl oy 5l cwl 9ld sSlaSiulos Gy oslw 5l (S
9l wosdao « 918 S inles gl >+ wowl oans JuSiiw ol s ol
@S ol JSbs ol U Jod powsilSo « b5 o Wb | old laio
9 35 50 Vb wuonw @ | 0l 9 000 359 solows 4 Jlow Bybo 5l (s
s8> 58 . 1S w0 ol w4y | Ol el Use (Soyu sdyb Sl
Oyb 5l 5,508 S99 03w 2l Ol BLbl I Jlew 95 VL gl

98



e | ol aliiuod Holind U39 Souw sJg i adlgs> 5)lg UTQ._: Jlow
g adlgs pVL Jsles adass auiol i

¢
Y.

a0 ASefs

salind

III']IIIIIIIIIIIIIIII —:~

— 5399

il 5L 3519 59 a0 0,LS (axiio Jlow Sl Yeoso ol
L 9 2l 5 O @00 axtio 9 3940 050l 1530 L 5,505 Jlw sl
Sh + 59 a9,3 b 55 Ol Shy Usswlhu S Cuso ol (suso asiyl
5058 Sw Ul U 1) 0,08 5,lailew! i0g)d el Vooso yiogld WSS 0,uJlS
iz ad5 o Wl 31l 120015 A wsugld Hlaio . AudS wsw
. 3940 50 0,0lLS ying 18 Ul @ a>gi b g 59 w0 i8S Ly 55 g0
s 0l S inles 9 Ue b s Al walizo Sld zu) 9 skl > Wil
wlas ,iolig, Jgb 8 8lg 5 . 39 (so &30 silieo Saa>ly Sy
A>,5 39 b i »ioligy Jg b as e 3. cowl Ul cuwlbus 01id>
918 Laxiio whonei Sho 9 1w Adles oll Sy wds b ol saw
»>olig) 53 Jgowo sk aS (suldax>lg . dg) adlgs i Hobow il
J=o . g )SS Hielis) Sy pasine Heky WL W (s odlaiwl o

cc lit m’

sec min  h

590 ww oslasiwl iS5 axlg el adlol

|, P2 g P1 )Lid M| aS wowl jLad sloles jiuoawsl,i g8lg ,> DPT
(595 9 35 w0 |y AP ,i> g8lg 5> 5SS 5> A=y 9 S (s (SHS o5l
Se 19 0uw o3> Liwlo Hlose U sgui wswo Jloel kK o 500 ;S iulos
wdsy s jee ay Ulgs (so yingdd Sl SULL 5l - ool Jlow (s=ly

99



aS ol ool Ul wulsee 5l 9 5,8 0,Lal oo sSwilSe wlehd il
bl i oS (Slaeld (558 ojlal @y 558

T
== )

Mo ugilo

ol 98 U g oo 5Ly Jlow ey alg) ghisio adaw 0SS oS L
(el coligld alizo Sl ghio abhwl Sy w S dglys) . 1wl

saaio JS 55 o8 a iyl Jods @y oS skl S alg) 5l sioad 5> 3
S it S yw b Jlow HieS ghhso adoaw U S caonwd [y cowl wuls
55 394 oo Caoawd Ul s HLid Gl cacl aliiuo ¢l 9 1S s S >
P2 9 P1 )L BOMisl . 5 adlgs P1 ,Lad 5l 0S8 P2 ,Lad g 8lg
O ji09 19 g3lg )5 . 1S (5o s SHgue S99 Hlase b owliso
alayl, . cwl 918 5,8 05la0l Sla picaw G355 8 50 5l (5Su HLad
K adasly ol 55 o=kvaP 1 cwl 50y JS—io au 919 9 )Lid B (w

. CowlAP=P1-P2 9 U oo

SN )95 099

L cwliin 9 300 (5o 035 518 Jw o 55 Guygs yiogld ol 5o
5l 83lg 55 siog 19 595 . 1SS (8o ;i S0 e werw Jhw Gy
J=lio 5l asS uned o)y s L cwl oai JSis (sdsglzee sgiow
0 e gl shasi 31 Jls S s slxgl padly &y A4S (5o gae Homiiow
£95 ol .+ 33,5 (s pdld o8 Luziw Slie Ngub ivslowws Uloj a>lg
2SI s ] cwlio 5000 by Jlow Sadgld Guziw Sy yio old
S9, 2 Wloj sg0 au wbd ol ¢ sl eaiis Bleo wb)d SLs Jlow
o Jlw )04€ o UL d9ao el 9 03,5 wew, s Sl oy
>SS &ile 0,y Ue> 3, Vb Lyl 9 Wl jio gld ol - g

. 33,5 sw s el 9 S s sl

100



ooy Sl o

] ]

e e

Sl Ay

Eymein Sl oy

ol Jso cdgyuiSIl g aiuyuSl osols sle Jhw Guzsw Sl bhad
SH> L (wwl el Ul wauw B Jdgb L ey, w Vo e=BLY
Sg, 0 slall 5Ldg 9 00 sunublios Ulauw bghs ghhd cucl Jlow
0918 ol L gdlg 5y . cwly adlgs Jw v yw 4 S Sl
ol 9 Ulawe Wsgs ol Jods au . 3eui s S8 o5l Jlew e w
adlgs S Sild Jow we,w U ks Jlow Seld ¢ Jgb gy
oSSl 9 sauabliso juc sSloo 51 L Jlow Jols adg) el s L wwls

. b
[N

lJLA-w‘—*SJ-‘-’*‘—*-B-‘-’*ﬂ N

Vi

pils Sbyal| S|

101





