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e I |
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RANG. NO 0-25 BAR
NO. 0-35 KG/CM2
NO. 0-40 BAR

NO. 0-50 - KG/CM2
NO. 0-70 - KG/CMZ2
NO. 0-100 - BAR

PRESS. GAUGE, 150MM ALUM. DUAL SCALE (BAR &
PS51), SURFACE MOUNTING,1/2 1IN,
NPT BOTTOM CONNECTION, 304 S.S. BAYONET
LOCK, AISI 55.316 BOURDON TUBE AND
MOVEMENT, MICROMETER ADJUSTABLE POINTER
WITH SAEETY GLASS WINDOW AND BLOW OUT
DISC, SCALE. RANGE: NO. 0-1 BAR TO NO. 0-400.

0

g jLis cgd Slbaddio |—F—F
Caad Cunluo polluus L9 puao 3 jgo
(DIAL SIZE)amis | buee lageess L6 g5 ol cilasite
SLis sacas JlEl 50l juis ((SCALE) suid> o £4i
«(CASING BOURDON TUBE & MOVEMENT) 4 ,ac 4
4 a5 el 0ul | LSET (RANGE) (g .5 03lal o JLas] o 3ladl
B e 3 yg0 45 E""‘JL“"‘ £s Shasdie 4 :L.:-‘E-"'s“ Jlte ok
:..13.@.? .:-JL".H L.Ji'E'E,:“‘:"" Ay ._'i._.:glgqu-._.._m i ot
PRESS. GAUGE 100 MM. ALUM. DIAL DUAL SCALE
(KG/CM2 & P5I), SURFACE MOUNTING, 1/2 IN. NPT
BOTTOM CONN, CAST IRON CASE, BYONET LOCK.
AISI Ss316 BOURDON TUBE AND MOVEMENT,
MICROMETER ADIJUSTABLE. POINTER WITH
SAFETY GLASSWINDOW AND BLOW QUT DISC,

SCALE RANGE AND GRADUATON ACCORDING TO
BS 1780.
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TEST GAUGE CALIBERATION PROCEDURE gguul‘,._-ﬁlls O g s —|=O~]
THIS TEST GAUGE IS PROVIDED WITH A MICROMETER SPAN SO
ADIUSTMENT. TO SIMPLIFY CALIBRATION, THE FLOW CHART ekt L)
BELOW OQUTLINES THE RECOMENDED CALIBRATION PROCEDURE.
CENTER DIAL
CVER PINION
SET POINTER
= AT 0% i
GO TO
100as
MICROMETER *.221.5% CHECHK >1.5% COARSE
SPAN ] ACCURACY SPAN
& 2hE
b
MICRO MICRG
SPAN SPAN
SET POINTER =0T SET MDINTER
AT 100% 0% AT 100%:
v ¥ v
MICRO GO TO COARSE
SPak GE&TD (%% SPAN
Y * *
Jy L e g <3 | ,SHECK . |orsw
X =.21.5%
1y |
¥
COARSE SET pOINTER | CENTER DIAL
LINEARITY Bl arog; | SUSEHIOS
ROTATE MOVEMENT *
COUNTERCLOCKWISE S kg
TO REDUCE READING
AT MID-SCALE W0 : ‘i'
NOTEg ! | porate } e CHECK
MHOEMENT 5 ACOURACY
: Cr .,
GO TO
100%
el MECHLFH?:LT =1.5%
COARSE o
SPAN ADIJUSTMENT
=L D0SEN TWD SCREWS
-MOVE SLIDE UPWARD
TO INCREASE SPAN
(.004 IN - APPX 1%)
- TIGHTEN TWO SCREWS
TEMPERATURE
COMPENSATOR
MICROMETER - ¥
SPAN ADJUSTMEMNT CHECK
ACOURATY
- TIGHTEN SCREW TO o AP e
IHEREANE SE GREATER THAN
1 TURN - APPX. %% N
(USE 3/16 OPEN END WRENCH
PART 1/0. 266A132-01)
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TYPICAL CALIBRATION CHART
INDICATED VALUE (PSI)

True Value- Increasing - Increasing - Decreasing - Decreasing -
PSI Without RAP With RAP Without RAP With RAP
0 -.4 0 -.4 0
40 +.8 +1.0 +1.4 +1.1
80 +.4 +.5 1.2 +1.0
120 -.4 -1.0 +.8 +.6
160 -8 -5 +.6 +.4
200 +.4 +.8 +.4 +.4

ERROR (% OF FULL SCALE)

True Value- Increasing - Increasing - Decreasing - Decreasing -
% Of Range Without RAP With RAP Without RAP With RAP
0 -.20 0 -.20 0
20 +.40 +.50 +.70 +.55
40 +.20 +.25 +.60 +.50
60 -.20 -.05 +.40 +.30
80 -.40 - 2D +.30 +.20
100 +.20 +.40 +.20 +.20
1.0
# = —

-I.".

: SR
E 3H v
E B "‘-T‘ o+ rf/

: ANENENEFPa

E \“1. ¥ "/

L

-1.0

0 20 4.0 6.0 B.O 10.0
% of Range




o8 jlu —1=5—F
5 55 4 pler o g b sy jl ol

assle Bl oSS b Jlas! adaiis g3 (sles S 9 2uils
o8 el Ay g e ;o (S 2SI L o SO il
azdils 550 o Ls"n’l e (S e 90 3l (B le oL
oo e FOaSs 4 e kel 90 45 (5 55k 42 il
cglas o1y Jlail SO 51l o5 55 asile ) 2l
3500 S a2 15 6 SVL gles o]y oo Jlail 5 Jgere

30,5 o adgi las 00 5 Jlail g0

e
COLD

COPPER IRON

RN

w2 B OBasjlu g jlid 590 pslao - | -F

U515 S5l jld 5590 Slocasd B —1-5-1

sla)lis g plo o miwlad @ 528 aillla L el i o
Lolss e Lo 5l a8 wll s oas B0 ¢+ dga ;0 Lalise
led ooz g | o L33 ()l gl 5o coles
o s eh pelnpen A8 G A ] SF glos il
Gillae 355 o0 )18 B pae 090 LA Caads )0 i
sl e ANSI L 4 BS ot

COMPANY NAME COUNTRY
1 WIKA ALEXANDER GERMANY
WIEGAND GMBH
2 BOURDON HAENNI FRANCE
3 BUDENBERG GAUGE ENGLAND
4 SPRIANO S.P.A. ITALY
5 FISHER ROSEMOUNT ENGLAND
6 METRA INSTRUMENTS | | SWITZERLAND
7 BADOTHERM PROCES HOLLAND
INSTRUMENTATIE B.V.
8 DRESSER EUROPE GERMANY
GMEH (ASHCROFT)
9 TECSIS GMBH GERMANY
10 BRISTOL BABCOCK ENGLAND
11 KLAUS FISCHER GERMANY
GMBH & CO. KG.
12 STEWART BUCHANAN ENGLAND
GAUGES LTD
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Extension Assembly
(example: NuNG)

-—l

f

Head Type
(example: A1)

4;”;:1' o

Prot. Tubs
Thermocouple
NPT

Standard
Compact, two-piece screw cover,
weather tight housing with gasket, for
terminal connections. Designed to
simplify replacement of thermocouple
element.
Available in Aluminum or cast iron.

Element Type
(example: B20])

Cﬂn duit NPT
Prot. Tube

Thermocaouple
NPT

Well Type
(example: 1” 385 H4 2")

Connection Heads

Large
Large study, two-piece screw COver,
weather tight housing with gasket, for
mounting terminal blocks and/or small
simplify replacement of thermocouple
transmitters.
Avallable in Aluminum or cast iron.

VAJSS |
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Elements
o— 3 F
A ok -
= — |

Standard Extension Assembly

Direct Assembly
Connecting head on thermowell.
Specify Head Number
Example: Al

Nipple Extension
Threads directly into connection
head and thermowell. Available
in any lenght. Specify head and

letter N and Nipple length in
inches.
Example: A1-N3

Nipple / Union Extension
One nipple threaded into head
and connected to thermowell by
union. Available in any length.
Specify head and letter NU and
length in inches.
Example: A1-NU4

Nipple / Union Nipple
Extension
Two nipples one threading into
head and connected by union.
Available in any length. Specify
head and letter NUN and length
in inches.
Example: A1-NUNG&

Beaded Type
"B" Single, "BD" Dual
wires with insulators

MGO
"M" Single, "MD" Dual
Wires with compacted
ceramic insulation in 30455
sheath*

MGO Spring Loaded Type
"MS" Single, "MDS" Dual
Wires with compacted
ceramic insulation in 30455
sheath* for spring loading.
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Cap &

icati i i Weldin .
Type Application Materials Size g Chain
Standard length, 3/8"| Brass (ASTM
stem, bi-metal B-16); Carben Brass
thermometers. #14 | Steel (C-1018); 3 NPT .
Standard | gauge thermocouple | AISI 304; AIST | and 1" NPT ookt
ERFans elements. Armored | 316; Monel. | standard; i
Well for oy n/a for keeping
s liquid-in-glass test Welis are also | other thread el Bora
3/8" Dia. thrmometers. Other available in sizes upon s
Elemants temperature sensing special request. Bl
elements having.377" | materials upon .
max. dia. request.
Standard length, 3/8"| Brass (ASTM
stem, bi-metal B-16); Carbon Brass
thermometers. #14 Steel ':c"lﬂ 13}: 1" NPT :

H:: i 3 u:i? gauge thermocouple | AISI 304; AISI | . 0. ::: :E:ﬁa‘::;z
Feace elements. Armored 316; Monel. : =
Well bl lh other thread n/a for keeping

for 3/8" Di liquid-in-glass test | Wells are also | " .o\ h5n well bore

DEI t e thrmometers. Other available in request clean when
aiments temperature sensing special : S

elements having.377"| materials upon '
max. Dia. request.
. | Brass (ASTM
Standard;l_angth, I‘.& B-16); Carbon
stem, """E";z Steel (C-1018);| 1/2" NPT. Brass
Standard thermnl:neters. :J Stainless Steel | 3/4 NPT captive cap
Threaded | 9319 BNETMOCOUP'® | A1ST 304; AISI | and 1" NPT is available
well E'?m?:t;"" U:‘larrl:url: 316; Monel. standard; n/a for keeping
for 1/4" Dia. | N1quid-in-glass test | i are also |other thread well bore
thermometers. Other . .
Elements » available in sizes upon clean when
temperatﬂre .EE";’;:_?" special request. not in use.
ESRINENIS AN materials upon
max. Dia. request.
| Brass (ASTM
S e, | 2 G
it Steel (C-1018); Rvon
Reavy DUty thermometers. #20 | i injace Steel 3/4 I!'*PT Gnitive can
gauge thermocouple : and 1" NPT 2 2
Threaded AISI 304; AISI : is available
elements. Unarmored ; standard; z
Well for TR 316; Monel. n/a for keeping
= liguid-in-glass test other thread
1/4" Dia. Weils are also well bore
thrmometers. Other g sizes upon
Elements available in clean when
temperature sensing request. "
I b b 555" special not in use,
L a';‘ng. materials upon
L E request.
Flanges and Primary weld is
wells made of "1" groove Brads
Flanged 260F series fits std. Srabon Steal 1" NPT ype, captive cap
r (C-1018), AIAI : secondary - %
Thermowells length 1/4" dia. standard; - o | is available
g . 304, AISI 316 weld is 45 z
for 1" and elements; 385F series other thread for keeping
Sy « | and Monel are . bevel groove.
1-1/2" Dia. fits std. length 3/8 sizes upon : = well bore
Elements dia. Elements ava“ahl? for request. Welding is clean when
; quick delivery. performed

Other materials
available.

using inert gas
shielded arc.

not in use.
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Conductor Materials

Tolerance Classes (accordance to BS EN 60584 part 2)

Tolerance Class 1

Type (and alternative EMF Specification _
name) Tolerance Cinsis Tolerance
Class 1 Class 3
5 BS EN 60584 0 to 3759C, -40 to 333°9C, -167 to 40°C,
s bt astuld part 1 + 1.5°C + 2.59C + 2.59C
K sl ASTM E230/1EC 584 0 to 1000°C, 333 to 1200°C, | -200 to -167°C,
(Chromel/Alumel) part 1 + 0.004.Itl + 0.0075.It] + 0.015Itl
BS EN 60584 0 to 3759C, -40 to 3339C,
Iron/Constantan part 1 + 1.59C + 2.5°C
1 (Iron/ wuu.mm?zmn:m: ASTM E230/IEC 584 0 to 1000°C, 333 to 750°C,
(Fe/Con) part 1 + 0.004.1tl + 0.0075.it!
BS EN 60584 0 to 125°C -40 to 133°C -67 to 40°C
Copper/Constantan part 1 + 0.5°C ; + 19¢c __ + 1 HC ._
T (Copper/Copper/ ASTM E230/IEC 584 0 to 350°C, 133 to 350°C, | -200 to -67°C,
Nickel (Cu/Co) part 1 + 0.004.1tI + 0.0075.1¢l + 0.015It]
BS EN 60584 0 to 375°cC, -40 to 3339cC, -167 to 40°cC,
4 N part 1 + 1.59C + 2.59C + 2.59C
N Nicrosil/Nisl ASTM E230/1EC 584 0 to 1000°C, 333 to 1200°C, | -200 to -167°C,
part 1 + 0.004.Itl + 0.0075.Itl + 0.015itl
BS EN 60584 0 to 11009°cC, 0 to 6009cC,
R Platinum/13% part 1 + 1°C + 1.59C .
Rhodium-Platinum ASTM E230/IEC 584 0 to 1600°C, 600 to 1600°C,
part 1 [1+0.0003(t-1100)]1°C + 0.0025.1t1
BS EN 60584 0 to 1100°c, 0 to 600°C,
Platinum/10% part 1 + 1°C + 1.5°C .
3 Rhodium-Platinum ASTM E230/IEC 584 0 to 1600°C, 600 to 1600°C,
part 1 [1+0.0003(t-1100)]°C + 0.0025.1tl
Platinum/30% BS EN 60584
B Rhodium/ part 1 600 to 800°C + 4 °C

Platinum -6% Rhodium

ASTM E230

ixy
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COMPANY NAME COUNTRY
1 BARTON INSTRUMENT UK.
SYSTEMS LTD
2 SOLARTRON ISA U.K.
3 YOKOGAWA ELECTRIC CORP JAPAN
4 RUEGER SDN. BHD MALAYSIA
ASIA HEAD QUARTERS
5 METRA INSTRUMENTS S.A. SWITZERLAND
6 HONEYWELL ITALY
7 THERMO ELECTRIC EUROPE HOLLAND
8 BADOTHERM PROCES HOLLAND
INSTRUMENTATIE B.V
9 ABB INSTRUMENTATION SPA ITALY
10 BRISTOL BABCOCK LTD U.K.
11 KLAUS FISCHER GMBH & CO.KG GERMANY
12 ABB LTD U.K.
13 BICC GENERAL PYROTENAX U.K.
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1-1- General methods in pressure measuring
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| PREFACE

Measuring, recording and controlling of
different parameters in a process are the main
parts of process control and this cannotbe
accomplished without the help of instrument
equipment and devices.

The above-mentioned tasks are called
instrumentation.

Several advanced methods have been developed
for control purposes and are used in industry.

In this technical report we have tried to provide
the reader with some brief but very useful
information about the measuring mnstruments
which are widely used in oil industries.

Among the different instruments we have

chosen pressure gauges and thermocouples to be
studied and described.

| 1- PRESSURE GAUGES

Mechanical methods of measuring pressure
have been known for centuries. U-tube
manometers were among the first pressure
indicators. Originally. these tubes were made of
glass and scales were added to them as needed.
But manometers are large, cumbersome and not
well suited for integration into automatic control
loops. Therefore, manometers are usually found
in the laboratory or used as local indicators.
Pressure gauges usually are indicator witch
convert the process pressure to the motion of a
pointer.

1-1- General methods

in pressure measuring

There are several methods for pressure
measurement which are discussed in later
paragraphs. One is based on the height of a
column of a liquid with certain density, another
is one in which the mechanical deformation of a
sensor is measured . The widely used of this type
are diaphragm and bourdon tube. The
mechanical deformation itself is measured in
different ways. One is to make use of some gear
and lever which strengthen the deformation and
measure it. Measuring resistance, capacitance
and piezo electric effect are the other methods.
When the pressure is very small it can not be
measured by mechanical methods, so the
indirect ways based on physical properties such
as thermal conductance ionization or viscosity
are used. In fig 1 some pressure gauges and in
fig 2 the table of different measuring methods
are shown.

| Fig. 1 |
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1-1-1- U-tube pressure gauge

Fig 3 1s a u-tube manometer. The difference
between the levels of liquid indicate the
pressure difference, under pressure , liquid goes
up in one leg while it goes down in the other. In
equilibrium pressure is determined according to
thisrelation: Pi=rgh+ P2

note 1: If P2 is atmospheric pressure, the Pi is
equal to gauge pressure. But if the left column is
vacuum (P2=0) then P1 1s the absolute pressure
and we have a barometer. Usually the lquid is
mercury, oil or water. Mercury is always used
for barometer. Density of hg is over 13 times of
water, so for a certain pressure hg needs less
height than water. Therefore in case of small
pressure and small differential pressure water is
used.

Note 2 : The diameter of the tube has no effect on
the liquid goes up but for very small diameters
there may be some errors in reading the results .
usually 1t 1s recommended that the diameter be
over 6 mm.

1-1-2- Diaphragm (fig .4)

This method was first used by Shaffer 19th
century, this i1s composed of'a sheet whose edges
are firmly fixed. Most manufacturers make it in
circular shape. As aresult of pressure difference
on two sides a deformation takes place and is
measured by electrical or mechanical sensors.
Diaphragm have wide application in pressure
transducers. Since the bourdon tubes have limits
0f'0.35 bar and less than this the displacement 1s
so small that there may be some error in
measurement, usually in low range diaphragm 1s
used. The diaphragm 1s also used where the low
frequency pulses have undesired effect on
bourdon tube.

Fluid
pressure
P2 P1
J Open to
atmosphere Torricelli
vacuum
Sealed
" H
'
Liquid
| density

Differential
Pressure

(c)
Absolute
Pressure




Example: A diaphragm pressure gauge has
effective diameter of 70 mm.

If the displacement of 5mm is the result of a
pressure equal to 700 N/M, what is the
coefficient of elasticity?

Diaphragm are = % P x 70 x 70 = 3840 mm~

F=P.A=700%3.840x10°=2.688 N
X=5mm=5%10" M
K=F/X=2.688 x5 x10°=537.6 N/M

Hairspring

1-1-3- Capsule

Capsules are consist of a pair of diaphragms
whose edges are firmly joined together. Pressure
is entered through a channel made in one
diaphragm and deforms and displaces the other.
Like other methods the displacement is
measured by different sensors.

1-1-4- Bellows (fig.5)

There is no distinct difference between bellows
and capsules. Capsules are made of rings of thin
sheets placed one on the other and forming a
cylinder. The wrinkles are small compared to the

height of the cylinder. Bellows are usually made
by one of the following methods :

____——— Quadrant (meshing with pinion)

__———— Multiplication screw

— Locking screw

Roker arm

Link

=

Screw

Diaphragm (deflected upwards by pressure)

I Fig. 4:Metallic diaphragm gauge




A: From a solid piece.

B: Welding the rings of pressed sheets.

C: Hydraulic press of a pipe.

Bellows should never be expanded by the free end. if they are to be expanded a spring should already
be used to compress them first .

Evacuated &

Pre - compression sealed
spring [ ] | C ] [ )
[ ] — Fixed
— bellows

s

To

Atmos.

g
|
}

| ==y
=l LEE

| TJL :

Pressure

(b) Differential

. (a) Gauge (c) Absolute

| Fig.5: Bellows gauges |
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1\‘\ To pen linkage i
\ Tube
\ Sealed end :::‘:d
— linked
3\
Fixea to shaft
end -
| —
Several
Principle of 1[:urn5]
the sprial A ) Erane Shaft rotates when
Bourdon tube Applied st pressure applied
pressure
Spiral tube Helical tube

Fig.6: Bourdon tubes




1-1-5 Bourdon tube

These gauges were first used in 19 th century
and were named bourdon, after their inventor.
different types :

A-C-Shape tube

B- Helical tube

C- Spiral tube

C- Type is more common in industry and 1s
composed of a tube with one closed end and
elliptical cross section while 1s bent.

When the pressure is applied the tube tends to
get straight while a sensor measures the
displacement. At on end the tube is welded to a
stand with a hole in it to let the pressure in. The
other end is closed and free to move and
connected to a quadrant gear. This gear is itself
engaged to a small gear called pinion. The
pointer is fixed to the shaft of the pinion. The
motion between quadrant and pinion is
controlled by a hair spring. So the hairspring is
not for relocating the pointer after it is deflected
.this is done by tube itself.

The motion of the tube is between 0.2.5 to 0.4
inch.

So if the tube is made to deflect more than this
limit it loses its elasticity and the obtained
results are not correct. The motion of the tube.
through a transferring mechanism. is converted
to an angular motion and then this motion 1s
amplified such that for max. deflection of 0.4
inch the pointer goes through an angular motion
equal to 270 °C.

The bourdon tube has the advantage of having a
wide working pressure range so it can be used
for measuring gauge, absolute and differential
pressure in addition to this , being simple and
reliable it is among the most important pressure
gauges in the industry. The material of the tube is
usually bronze, copper and steel. The important
point when using these gauges is the serious
damage on the tube caused by vibration and
should be avoided. the spiral type is really like
some c-tube joined in series so the displacement
under a certain pressure is more. In this gauge
the use of gear is limited so friction and
mechanical wear is limited . Helical gauges are
often used in higher pressure.

Example : If the bourdon tube of fig.8 is
subjected to pressure, max. deflection will be
0.4 inch. Find the pointer displacement in degree
with the help of following data:

FA=1"_,FB=0.53",BB'=0.4" ,AA'=?

Answer : If the tube is opened by 0.4™ and goes
from c to C',b also moves 0.4” and goes from b
to B'. In the same way a takes the new position.
A' . If we take the quadrant gear approximately
as a straight line, then considering the two
triangles AA'F and BB'F:

AA'= 1" X 6.4"=0.75"0.53

1" X 6.4" o
AA'= 053 =6.75

6/
*\ Adjusting

\/ '\ screw

!/ Connecting link

Fig. 7: Bourdon tube dial gauge




If we take the circumference of the gear equal to
1" .then the displacement of the pointer can be
find by the following simple proportion:

Circumference 17 3609
0.75” x=270°

1-2- Methods of signal generation

|-2-1-Mechanical displays

In the gauges studied in previous pages, the
displacement of bourdon tube, diaphragm, or
capsule due to pressure is amplified by some
gears and levers and is shown by mechanical
indicators which are usually pointers.

|-2-2- Capacitive techniques

When the capacitance of a capacitor connected
toan AC source is changed, its impedance
X=1/wc alsochanges.

According to the Fig. 10 the diaphragm
constitutes one plate of the capacitor and with
the aid of two electrodes connected to the ac
supply it makes two capacitors. It should be
noted that these two parts must be electrically
isolated and in practical application the liquid
through which the pressure is applied should be
an insulator. the applied pressure results in
diaphragm deformation and the change in
capacitance, which is linearly related to the
output. these capacitance transducers are
usually connected in a electrical bridge. one type
of these bridges, called (De Sauty Bridge) , 1s
shown in Fig. 9.

These devices are widely used in industry and
their operating range is 10 * pato 107 pa with a
suitable output regarding repeatability and
resolution. If this device is used to measure the
absolute pressure, there should be vacuum in the
reference chamber.

[ .-——-ﬂA.C.n*-—

'. R1 c1
R2 c2
Transduer

[ Fig. 9: De Sauty bridge |

_ |5Ignai form el&ctmdasl
"

Reference
chamber

Measurement
chamber

diaphragm
Capacitance diaphragm gague
(capacitance manometer)

| Fig. 10 |



1-2-3 linear variable defferential
transformers (LVDT)

LVDT is shown in fig.11 and12. it is composed
of three coils in a linear order and a magnetic
core which is free to move inside them. An ac
input is applied to the central coil and an output
voltage is generated on the other two coils. The
generated voltage is due to the changes in
magnetic field as a result of coil movement. As
far as the core is near the central coil the output is
approximately linear. When the system 1is
working in the linear range it is called LVDT.
the core displacement can be less than Imm to
several hundred mm. working pressure range is
usually above 5.01 pato 10mpa.

The core can be attached to a diaphragm or to a
bellows. The displacement of the core is
actually due to the pressure applied to the device
attached to it. this system can measure all three
cases:

absolute, gauge and differential pressure.

|-2-4 strain gauges

The resistance of a metal changes under the
pressure. The strain gauges are composed of a
wire or a thin sheet of a metal or a semiconductor
on a thin insulator backing (Fig.13). It is a
common practice to connect the strain gauge to a

the bridge is in equilibrium. as soon as a pressure
is applied, the resistance of the strain changes
and an output proportional to the applied
pressure appears. the sensitivity of the gauge is
shown by s and is defined as

_ DR/R
S=DBLL

DR and DL are respectively resistance change
and length change. S factor in semiconductors
is about 50 times of that in metals.

When fixing the strain gauge the backing should
be completely free of any oil or paint. Itis a good
practice to polish the surface of the backing by
an emery- cloth.

Then the strain can be pasted on the backing
with some special paste. It should be made sure
that the strain is completely fixed on its place.
changes in temperature leads to changes in
resistance and finally the wrong results may be
obtained. To avoid this type of error a second
gauge just like the other one is connected to a
branch of the bridge.

In this way the temperature changes have effect
on both gauges and the overall effect on the
bridge is neutralized. (Fig.14)

Core —_—
| { Secondary Moveable
4 L coil magnetic z
— T core
I:‘-* Pri_marv A.C input r - E
- coil Movement ‘Primanr - 3
- m
I:h- Secondary 3
= coil [ I_ [ i [ I; ] f
“'-1.,_% J el
1 _ Core
g § rod .5
! l Fixed core
t Moveable core

| Fig.11: LVDT gauge

] Fig.12: Inductive transducres |




15mm

Thin insulated backing
about 0.03 mm thick

; i

Strain Gauges

" U T O i N T
Etched meatal foil
Resistance
Sutn wire bonded
to bocking
v || ]
| Wire |——- Connections Foll
type type
] < 3mm >
| “'3"1"'¢ . S E— Semiconductor
Semiconductor crystal filoment
type

1-2-5 Piezoelectric Methods

When a piezoelectric crystal is placed between
two plate electrodes and pressure is applied we
geta differential voltage between them.

This voltage is due to deformation of the crystal
under pressure and is called “The piezoelectric
effect”. As the output voltage rapidly drops, to
measure it an amplifier with a high input

Stahbilised
supply
2 o

Fig.14: Strain gauge connections

impedance is required.

The advantage of this method is that we need no
cxternal power supply. the response time 1s very
short so it is suitable for dynamic and peak
pressure and is not recommended for constant
pressure. among the materials having such
property, quartz and a type of ceramic can be
mentioned here.

The main application of these crystals is in
measuring the pressure changes of high
frequency such as that in combustion chamber
of motors. as it can be seen in following fig.
pressure application in y direction generates
electrical change in x direction.

The output voltage of the crystal is obtained by
the following formula:

E=gtp

Where t is the crystal thickness in meter, p is the
applied pressure in newton per square meter and
g is the voltage sensitivity.




Example: A quartz piezoelectric crystal has the What 1s the output voltage ?

thickness of 2 mm and voltage sensitivity of

0.0557 v.m/n . this crystal is under a pressure of p=200%(6.895x10%)=1.38%10 n/m?
200 ps. t=2%10"° m

e=(0.0557)(2*10°)(1.38x106)=153.7 v

1-3 different parts of a pressure gauge (fig.15and 16)

(Gasket

Wl:‘l-:itz-w

Threaded Ring

J
Rear Cavear f

d
Gashet

Socket Seal f J
Phenol Case Dial

‘Bourdon Tube System ' z
= e e Micromealer Pointer | Flﬂils |

1270 Cose uned for (Hustration purposds

1-4- TECHNICAL SPECIFICATION OF PRESSURE GAUGE

1-4-1- A typical technical spec. of pressure gauge,

Since pressure gauges differ greatly regarding size, material, type and other specification following
table 1s shown as an example.

Dsize ) |[Orderingl| Bt L TTG welded || Socket || Tube || SIST f] NPT
: Code ] Ay Material Type s .| | conn(1)
(inches) except "A") Limits (psi)
4.5" . 6" Grade A Phosphor Bronze
8.5" A Brass Tip, Silver Brazed Brass C - Tube 12/1000 25
C - Tube 15/1500 .25
4.5" B 4130 alloy steel 1019 steel
Helical 2000/5000 s
C - Tube 12/1500 .25
45" . 6" R 316 stainless steel 1019 steel
Helical 20,000 .5
N 1 : C - Tube 12/1500 25
sl S 316 stainless steel L
I SES Helical | |2000/20,000 .5
C - Tube 15/1500 25
4.5" 127 P[E) K Monel Monel 400
Helical 2000/30,000 5




SEGMENT

BACKPLATE

Fig.16 |

1-4-2- Specfication of pressure gauges used
in oil industry.

The spec.ofthese gauges are usuallay

Dial size. scale, bourdon tube material, range,
and movement, two descriptions are mentioned
here relation to two pressure gauges used in oil
industry.

A- Press. gauge 100 mm. alum. dial dual scale
(kg/cm?and psi). Surface mounting ‘2 inch npt
bottom conn, cast iron case, byonet lock.
AISI55316 bourdon tube and movement.

Micrometer adjustable. pointer with safety glass
window and blow out disc . scale range and
graduation according to BS 1780.

Rangeno. 0-25 bar
No. 0-35 kg/em?2
No.0-40 bar

No. 0-50 kg/cm2
No. 0-70-kg/cm2
No. 0-100 bar

B-press. Gauge 150mm alum. dual scale (bar
and psi), surface mounting, 2 in., npt bottom
conn., 304 5.s. bavonet lock, aisi ss.316
bourdon tube and movement, micrometer
adjustable pointer with safety glass window and
blow out disc, scale range: no 0-1 barto 0-400.

"113_



1-5-2- TYPICAL CALIBRATION CHART
INDICATED VALUE (PSI)

14

True Value- Increasing - Increasing - Decreasing - Decreasing -
PSI Without RAP With RAP Without RAP With RAP
0 -.4 0 -4 0
40 +.8 +1.0 +1.4 +1.1
80 +.4 +.5 +1.2 +1.0
120 -4 -1.0 +.8 +.6
160 -.8 - +.6 +.4
200 +.4 +.8 +.4 +.4
ERROR (% OF FULL SCALE)
True Value- Increasing - Increasing - Decreasing - Decreasing -
% Of Range Without RAP With RAP Without RAP With RAP
0 -.20 0 ~.20 0
20 +.40 +.50 +.70 +.55
40 +.20 +.25 +.60 +.50
60 -.20 -.05 +.40 +.30
80 -.40 .25 +.30 +.20
100 +.20 +.40 +.20 +.20
1.0

Error (% of Full Scale)

0.5

.....

0.0

'1-“

20 4.0 6.0 8.0
% of Range

10.0




1-5- Calibration

1-5-1- TEST GAUGE CALIBRATION PROCEDURE
THIS TEST GAUGE IS PROVIDED WITH A MICROMETER SPAN
ADJUSTMENT. TO SIMPLIFY CALIBRATION, THE FLOW CHART
BELOW OUTLINES THE RECOMENDED CALIBRATION PROCEDURE.
CEMTER DIaL
OWER PINTON
B SET POINTER 4
AT 0%
GO TO
L00%:
MICROMETER =, 21,59 CHECK >1.5% COARSE
SPAN I il SPAN
o« 20
v
MICRD MICRD
SRAN SPAN
SET POINTER GO TO v m:m
AT 104 Ll AT 1005
v v &
MICRO GO TO GO TO
SPAN 0% (1%
I 2% | | imacy | 52 > <% |\ Simacy [ZAE%
> 2cl 5%
T q
Y
CENTER DLAL
Frian | S T | PiNTON
ROTATE MOVEMENT *
COUNTERCLOCKWISE e i
TO REDUCE READING
AT MID-SCALE "W +
NOTEw t] potate 1 CHECK
MG".-EHEHT} ' ACCURACY
<2%
Giﬂ
100%
s 2<1.5% | adeimrey | F1.5%
COARSE g
SPAN ADIUSTHMENT
-LODSEN TWO SCREWS
-MOVE SLIDE UPWARD
TO INCREASE SPAN
(.004 IN - APPY 1%)
- TIGHTEN TWD SCREWS
TEMPERATURE _—pff]
COMPENSATOR r
MICROMETER ¥
SPAN ADJUSTMENT Aﬂﬁcw
- TIG TG
mcnmg ggﬂf B AT TS 1a0m < - LESS THAN
1 TURN - APPX V9% = = GREATER THAN
(USE 3/16 OPEN END WRENCH
PART 1/0. 266A132-01)




1-6- Required guantity and
foreign manufacturers

|- 6-1- Yearly requirement to be made locally
at present country’s yearly requirement to
pressure gauges in different sizes and ranges 1S
about 5000 units which is reasonable to be
manufactured locally regarding its quantity .
Standards for pressure gauges used in oil
industry are BS and ANSI.

1-6-2- Manufacturers
A number of press. gauge manufacturers are
listed in the following table.

COMPANY NAME COUNTRY
1 WIKA ALEXANDER GERMANY
WIEGAND GMEBH
2 BOURDON HAENNI FRANCE
3 BUDENBERG GAUGE ENGLAND
4 SPRIANO S.P.A. ITALY
5 FISHER ROSEMOUNT ENGLAND
6 METRA INSTRUMENTS SWITZERLAND
7 BADOTHERM PROCES HOLLAND
INSTRUMENTATIE B.V,
8 DRESSER EUROPE GERMANY
GMBH (ASHCROFT)
9 TECSIS GMBH GERMANY
10 BRISTOL BABCOCK ENGLAND
11 KLAUS FISCHER GERMANY
GMBH & CO. KG.
12 STEWART BUCHANAN ENGLAND
GAUGES LTD

16

2-1~ Thermocouple

In 1821 a German physicist, Seebeck,
discovered that if two different metal wires are
joined at both ends and the ends are in different
temperatures a current circulates in the circuit.
suppose two wires one iron and the other copper
are welded at both ends like the following fig.
and subject one end to a temp. higher than the
other, an electromotive force proportional to the
temp. difference is generated.

In case of two junctions being in the same
temperature then the emf at two ends are
neutralized and no current passes in the circuit .
according to the thermocouple standard the cold
junction is called the reference junction and its
temp. is taken as zero degree centigrade and the
hot junction is called the measuring junction.
(fig.17).

COELY

COPPER IRON




'2-2- Industrial thermocouple
(fig.18,19,20)

Thermocouples manufactured for industrial
application are of metals having the following

properties.

A-High emf generation in higher temperatures.
B- Available in big quantities in order to be
changed without re adjustment.

C- Not melted in max . possible temp.

To keep the thermoelectric force constant, the
thermocouple should be warmed up to the Max.
temp. before putting it in use. to avoid wires
electrical conductance drop and so avoiding
errors in results, thermocouple should be exactly
fixed in the desired location.

Extension Assembly
(example: NuNG)

I Head Type
| (example: A1)
|

Connection Heads

4;.- NPT BN

Prot. Tube
Thermocouple
NPT

Standard
Compact, two-piece screw cover,
weather tight housing with gasket, for
terminal connections. Designed to
simplify replacement of thermocouple
element.
Available in Aluminum or cast iron.

Element Type
(example: B203)

well Type
(example: 1" 385 H4 V/2")

Conduit NPT
Prot. Tube

Thermacouple
NPT

Large
Large study, two-piece screw cover,
weather tight housing with gasket, for
mounting terminal blocks and/or small
simplify replacement of thermocouple
transmitters.

Available in Aluminum or cast iron.

| Fig.18 |

'-1?_



Standard Extension Assembly

Direct Assembly
Connecting head on thermowell.
Specify Head Number
Example: Al

Nipple Extension
Threads directly into connection
head and thermowell. Available
in any lenght. Specify head and

letter N and Nipple length in
inches.
Example: A1-N3

Nipple / Union Extension
One nipple threaded into head
and connected to thermowell by
union. Available in any length.
Specify head and letter NU and
length in inches.
Example: A1-NU4

Nipple / Union Nipple
Extension
Two nipples one threading into
head and connected by union.
Available in any length. Specify
head and letter NUN and length
in inches.
Example: A1-NUNG

Elements

Beaded Type
- &M "B" Single, "BD" Dual
o wires with insulators

MGO
“M" Single, "MD" Dual

————————— Wires with compacted

ceramic insulation in 30455
sheath*

MGO Spring Loaded Type
"MS" Single, "MDS" Dual
Wires with compacted
ceramic insulation in 30455
sheath* for spring loading.

Fig.19




Cap &

Type Application Materi Size Weldin ;
YP PP als g Chain
Standard length, 3/8"| Brass (ASTM
stem, bi-metal B-16); Carbon Brass
Standard thermometers. #14 | Steel (C-1018); 34 NPT capkive.cap
Ea gauge thermocouple | AISI 304; AISI | and 1" NPT 2 i
Threaded 5 d: is available
elements. Armored 316; Monel. standard; g :
Well for = e d n/a or keeping
e liquid-in-glass test Wells are also |other threa well bore
o il thrmometers. Other | availablein | sizes upon
Elements : clean when
temperature sensing special request. not in use.
elements having.377" | materials upon
max. dia. request.
Standard length, 3/8"| Brass (ASTM
stem, bi-metal B-16); Carbon Brass
thermometers. #14 | Steel (C-1018); 1" NPT captive cap
Hafioy Ry gauge thermocouple | AISI 304; AISI : CApE
Threaded standard; is available
elements. Armored 316; Monel. : |
well = Wells are also other thread n/fa for keeping
for 3/8" Dia. liquid-in-glass tu;st - ailable in | 512€S upon well bore I_
Elements thraiometers. Other - request. clean when
temperature sensing special not in use.
elements having.377"| materials upon
max. Dia. request.
. | Brass (ASTM
Standard Igngth, Ya B-16); Carbon
stem, hI-mEt?’Ez Steel (C-1018);| 1/2" NPT. Brass
Standard thermometers. #20 | gt inless Steel 3/4 NPT captive cap
Threaded | 92u9e thermocoup'e | a1st 304; AISI | and 1" NPT is available
well El?m?“t_”" Unarmnﬂ: 316; Monel. standard; n/a for keeping
for 1/4" Dia. liquid-in-glass ﬂtei Wells are also | other thread well bore
Elements thermometers. ti €| Lyailable in | sizes upon clean when
temperature sens nlg“ special request. not in use,
elements having.25 materials upon
max. Dia. request.
: Brass (ASTM
ot L
e Steel (C-1018); Brass
Heavy Duty thermometers. #20 | gigipjess Steel =3 :‘FT captive cap
gauge thermocouple : and 1" NPT =
Threaded AISI 304; AISI is available
elements. Unarmored = standard;
Well for Sk 316; Monel. nfa for keeping
1/4" Dia liquid-in-glass test | oo -re also other thread wellbore
; thrmometers. Other 2 sizes upon
Elements = available in aaiask clean when
temperature sansuﬂgl special eq . notin use.
elements hav_ing.zﬁ materials upon
max. Dia. request.
Flanges and Primary weld is
wells made of "J" groove Bease
Flanged 260F series fits std. (:::E:E:E}St:ﬂ: 1" NPT i captive cap
Thermowells length 1/4" dia. . standard; : l"ifu is available
5 304, AISI 316 weld is 45
for 1" and elements; 385F series| _ "o bolare other thread bevel groove for keeping
1-1/2" Dia. fits std. length 3 /8" 2 sizes upon . : well bore
Elements dia. Elements available for request. Welding is | jaan when
=er ' quick delivery. performed | 0 T o

Other materials
available.

using inert gas
shielded arc.

19




2-3- A typical technical specification of thermocouple
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2-4- yearly requirement
to be manufactured locally

At present the country’s need to the industrial

thermocouple is about 3000.

This quantity justifies the local manufacturing

of this device.

2-5- Standard

Thermocouples in oil industry are usually to BS

standard.

2-6- Foreign Manufacturers

Some of the thermocouple manufactures in the

world are listed in the following table:

COMPANY NAME COUNTRY
1 BARTON INSTRUMENT U.K.
SYSTEMS LTD
2 SOLARTRON ISA U.K.
3 YOKOGAWA ELECTRIC CORP JAPAN
4 RUEGER SDN. BHD MALAYSIA
ASIA HEAD QUARTERS
5 METRA INSTRUMENTS S.A. SWITZERLAND
6 HONEYWELL ITALY
7 THERMO ELECTRIC EUROPE HOLLAND
8 BADOTHERM PROCES HOLLAND
INSTRUMENTATIE B.V
9 ABB INSTRUMENTATION SPA ITALY
10 BRISTOL BABCOCK LTD UK.
11 KLAUS FISCHER GMBH & CO.KG GERMANY
12 ABB LTD U.K.
13 BICC GENERAL PYROTENAX U.K.




3.TEMPERATURE MEASUREMENT
‘ USING THERMOCOUPLES

3-1- Thermocouple effect

Figure 21 shows a thermocouple junction
formed by joining two metals T A and B. The
voltage across the thermocouple junction
depends on the materials of metals used and the
temperature of the Junction. The mechanism
responsible for this voltage is quite complicated.,
however, there are certain phenomenological
results which make the effect useful for
measuring temperature. One of these results is
that the voltage is approximately linear with
temperature.

3-2- Productivity and Band Theory

To understand the thermocouple (Seebeck)
effect. first one has to study the microstructure
of a metal and of the component atoms from the
crystal lattice.

| FIG. 21

Atomic structure, postulated by Bohr and
modified by Schrodinger and Heisenberg, states
that the atoms must revolve around the nucleus,
with the electrostatic attraction toward the
nucleus being balanced by the centrifugal force
of the motion of the electrons in their orbits. The
solution of Schroddinger wave equation defined
discrete energy levels which an electron may
occupy without loss of energy.
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Figure 22(9) depicts energy level scheme for an
atom at room temperature. The energy scale
shows negative values for the electron energy:
they increase numerically as the electron nears
the nucleus. The dotted lines represent discrete
stable configurations where the electrostatic
attractions (forces) of the nucleus for an electron
arc balanced by centrifugal forces. In Figure
22(6) are schematically indicated the first five
energy levels for a sodium atom with 11
electrons in the orbital structure. The electrons
in the first three levels, being closer to the
nucleus, have lower (more negative) potential
energies as a result of greater electrostatic
attraction to the nucleus. The single electron in
the , fourth level, being much farther from the
nucleus and therefore least tightly held, has the
highest energy and 1s most easily removed. This
single electron in the upper level is known as the
valence electron.

The allowed energy levels for a single atom
broaden into bands when many atoms forms a
periodic array. In Figure 23 is shown what
happens when a large number of sodium atoms
are combined to form crystal of sodium metal.

The nner. completed levels are very tightly
bound to their nuclei and are virtually unaffected
by the presence of the other atoms in the lattice.
The outermost shells, whether they overlap or
whether they are completely filled or not, play a
significant role in electron transport
phenomena. Consequently, a valence electron
may easily leave its parent atom and wander
freely through the crystal.

In the preceding paragraphs was presented the
existence of levels of discrete energy at varying
distance from the nucleus. The spaces between
these levels which never contain electrons
(conduction bands) are known as forbidden
gaps. It 1s possible for an electron of lower
energy to move up into an unoccupied state at a
higher level, but this process requires the
absorption of energy by the electron in a
quantity equivalent to the difference in energy
between the two levels. This energy absorption
may take the form of thermal excitation.
Consider the sodium metal whose atoms have
completed inner bands and the valence (outer)
bands are incompletely filled: The application of
normal thermal energy can excite the electrons
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Jump to the next outer, completely vacant
(conduction) band and enter in the physical
process of conduction.

Much depend upon the extent of the energy gap
between valence and conduction bands. If the
gap is very large .the element will be an
insulator. This results form the fact that low
energies cannot cause the valence clectrons to
jump across the energy gap and occupy states In
the bottom of the unfilled conduction bands and
to engage in the conduction process. If the gap is
very small or the bands are overleaped, the
element is a conductor. The more electrons that
enter into this process, the better the conduction
becomes. The resulting "holes" (absence of
electrons) in the valence band also can enter in a
"conduction" process.

3-3- Thermocouple effect

[f a conductor is heated at one end, the
mechanism giving rise to a thermoelectric
current is that the electrons at the "hot" end (hot
Junction) will acquire increased thermal energy
relative to those at the "cold" end (cold or
reference junction). The electrons from the hot
end will diffuse to the cold end where their
energy may be lowered. This is essentially the
manner in which heat is conducted in a metal
and is accompanied by the accumulation of
negative charge at the cold end, thus setting up
an electric field or a potential difference
between the ends of the material. This electric
field will build up until a state of dynamic
equilibrium is established between the electrons
urged down the temperature gradient and
electrostatic repulsion due to the excess of
charge at the cold end. The number of electrons
passing through a cross section normal to the
direction of flow per second in both directions
will be equal, but the velocities of electrons
proceeding from the hot end will be higher than
those velocities of electrons passing through the
section from the cold end. This difference
ensures that there is a continuous transfer of heat
(i.e. thermal conduction) down the temperature
gradient without actual charge transfer once

dynamic equilibrium is set up. This
phenomenon may be considered to be a basic
thermoelectric effect.

If the potential difference so created is to be
measured, electrical connections must be made
to either end of the metal, thus setting up a
similar temperature gradient in the complete
detecting system, and this will contribute its
own thermoelectric em to the circuit. If the entire
detecting circuit is made of the same material as
that under test, a symmetrical circuit will result
and no net em will be detected. Therefore, In
order to measure thermoelectric em
unsymmetrical circuits of at least two different
materials must be constructed, as stated earlier
about thermocouples.

3-4- Additional Junctions

A problem arises when measuring the voltage
across a dissimilar metal junction -two
additional thermocouple junctions form where
the wires connect to the voltmeter (Figure 2 4).
If the wire leads which connect to the voltmeter
are made of alloy "C", then there exist thermal
EMFS at the A-C and B-C junctions. There are
two approaches to solve this problem: use a
reference junction at a known temperature, or
make corrections for the thermocouples formed
by the connection to the voltmeter.

FIG. 24 ‘

Figure 25 shows the use of a "reference" or
"compensating" junction. With this
arrangement, there are stll two additional
thermocouple junctions formed where the



compensated thermocouple is connected to the
voltmeter. However, the junctions are identical
(they are both junctions between alloys A and
C). If the junctions are at the same temperature,
then the voltages across each junction will be
equal and opposite, and will not affect the
measurement. Typically, the reference junction
is held at 0 °C (by an ice bath, for example) so
that the voltmeter readings may be used to look
up the temperature.

FIG. 25

3-5- Compensation Without
Reference Junctions

The second approach to the problem relies on
the fact that the 'voltage across the junction A-C
plus the voltage across the junction C-B is the
same as the voltage across a junction of A-B. As
long as all the junctions are at the same
temperature, the presence of an intermediate
metal (C) has no effect. This allows us to correct
for the voltage seen by the voltmeter in Figure
24 by measuring the temperature at the A-C and
B-C junctions and subtracting the voltage which
we would expect for an A-B junction (at the
measured temperature). In the SR630 the
temperature of the A-C and C-B Junctions are
measured with a low cost, high resolution
semiconductor detector, and the subtracted
voltage is the tabulated voltage of the A-B
thermocouple at the measured temperature of
the A-C and C-B junctions. The advantage of
this method is that any type thermocouple may
be used without having to change compensation

junctions or maintain ice baths.

3-6- Characteristics of Thermocouple Types

Any two dissimilar metals may be used to make
a thermocouple. Of the infinite number of
thermocouple combinations which can be made,
the world has standardized seven types which
exhibit a range of desirable features. These.
thermocouple' types are known by a single letter
designation: J, K, T, E, R, S or B. While the
composition of these thermocouples are
international standards, the colour codes of the
wires are not. For example, in the USA, the
negative lead is always red, while the rest of the
world uses red to designate the positive lead.
Often, the standard thermocouple types are
referred to by their trade names. For example, K
type is sometimes called Chrome-Alum, which
is the trade names of the Ni-Cr and Ni-Al wire
alloys.

It is important for a good thermocouple to have a
large, stable Seebeck coefficient, wide
temperature range, corrosion resistance, etc.
Generally. each wire of the thermocouple is an
alloy. Variations in the alloy composition and the
condition of the junction between the wires are
sources of error in temperature measurements.
The standard error of thermocouple wire varies
from +0.8 °C to +4.4 °C, depending on the type
ofthermocouple used.

Voltage vs. temperature measurements have
been tabulated by NIST for each of the seven
standard thermocouple types. These tables are
stored in the read-only memory of the SR630.
The instrument operates by converting a voltage
measurement to a temperature, with the internal
microprocessor interpolating to achieve 0.1 °C
resolution.

The K type thermocouple is recommended for
most general purpose applications. It offers a
wide temperature range, low standard error, and
has good corrosion resistance. The K type
thermocouples provided by SRS have a standard
error of 1.1 °C, half the standard error
designated for this type.
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