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Mechanical details

Stationary parts:

A: Receiver block. This joins the inlet pipe to the fixed end of the Bourdon tube (1) and secures the
chassis plate (B). The two holes receive screws that secure the case.

B: Chassis plate. The face card is attached to this. It contains bearing holes for the axles.

C: Secondary chassis plate. It supports the outer ends of the axles.

D: Posts to join and space the two chassis plates.

Moving Parts:

N wNE

Stationary end of Bourdon tube. This communicates with the inlet pipe through the receiver block.
Moving end of Bourdon tube. This end is sealed.

Pivot and pivot pin.

Link joining pivot pin to lever (5) with pins to allow joint rotation.

Lever. This an extension of the sector gear (7).

Sector gear axle pin.

Sector gear.

Indicator needle axle. This has a spur gear that engages the sector gear (7) and extends through the face
to drive the indicator needle. Due to the short distance between the lever arm link boss and the pivot pin
and the difference between the effective radius of the sector gear and that of the spur gear, any motion of
the Bourdon tube is greatly amplified. A small motion of the tube results in a large motion of the
indicator needle.

Hair spring to preload the gear train to eliminate gear lash and hysteresis.

10
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Two common reasons for gauge (and switch)
failure are pipe vibration and water
condensation, which in colder climates can
freeze and damage the gauge housing. Figure
1 illustrates the design of both a traditional and
a more reliable, "filled" pressure gauge. The
delicate links, pivots, and pinions of a
traditional gauge are sensitive to both
condensation and vibration. The life of the
filled gauge is longer, not only because it has
fewer moving parts, but because its housing is
filed with a viscous oil. This oil filling is
beneficial not only because it dampens pointer
vibration, but also because it leaves no room
for humid ambient air to enter. As a result,
water cannot condense and accumulate.
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Available gauge features include
illuminated dials and digital readouts for
better visibility, temperature
compensation to correct for ambient
temperature variation, differential
gauges for differential pressures, and
duplex gauges for dual pressure
indication on the same dial. Pressure
gauges are classified according to their
precision, from grade 4A (permissible
error of 0.1% of span) to grade D (5%
error).
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The most obvious gauge accessory is a
shutoff valve between it and the
process (Figure 5-2), which allows
blocking while removing or performing
maintenance. A second valve is often
added for one of two reasons: draining
of condensate in vapor service (such as
steam), or, for higher accuracy
applications, to allow calibration against
an external pressure source.
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Other accessories
(Figure 5-2A),
service protect the gauge from temperature

siphons

damage

include pipe coils or
which in steam

Remember:

Siphon used to protect the pressure gauge
from the effect of hot pressure media such as
steam, and also to reduce the effect of rapid

pressure surges.
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If freeze protection is needed, the gauge
should be heated by steam or electric
tracing. Chemical seals (Figure 5-2C)
protect the gauge from plugging up in
viscous or slurry service, and prevent
corrosive, noOxious or poisonous process
materials from reaching the sensor. They
also keep the process fluid from freezing
or gelling in a dead-ended sensor cavity.
The seal protects the gauge by placing a
diaphragm between the process and the
gauge. The cavity between the gauge and
the diaphragm is filled with a stable, low
thermal expansion, low viscosity and non-
corrosive fluid. For high temperature
applications, a sodium-potassium eutectic
often is used; at ambient temperatures, a
mixture of glycerine and water; and at low
temperatures, ethyl alcohol, toluene, or

21
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silicon oil.

The pressure gauge can be located for
better operator visibility if the chemical
seal is connected to the gauge by a
capillary tube. To maintain accuracy,
capillary tubes should not be exposed to
excessive temperatures and should not
exceed 25 feet (7.5 m) in length. The
chemical seal itself can be of four designs:
off line, "flow-through" type self-cleaning,
extended seal elements, or wafer
elements that fit between flanges.

The spring rate of the diaphragm in the
chemical seal can cause measurement
errors when detecting low pressures
(under 50 psig, 350 kPa) and in vacuum
service (because gas bubbles dissolved in
the filling fluid might come out of solution).

For these reasons, pressure repeaters
often are preferred to seals in such
service. Pressure repeaters are available
with 0.1% to 1% of span accuracy and
with absolute pressure ranges from 0-5
mm Hg to 0-50 psia (0-0.7 to 0-350 kPa).
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For a mechanical pressure gauge, accuracy is
defined as a percentage of the full-scale range.
While requirements differ from one industry to
another, the following are general guidelines:

* Test Gauges and Standards: 0.25% through
0.10% full scale accuracies.

» Critical Processes: 0.5% full scale accuracy.
* General Industrial Processes: 1.0% accuracy.
Less Critical Commercial Uses: 2.0% accuracy.

Refer to ASME B40.100 or the DIN
specifications for more information on accuracy.
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Pressure gauge dial sizes range from 112" to 16"

diameters. Generally, readability requirements,
space limitations and required gauge accuracy
determine dial size. Accuracies of 0.25% or 0.5%
generally have dial sizes of 412" or larger since
more dial graduations are required.
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Environmental considerations include ambient
temperature, air-borne particulate, condensation,
humidity, water and chemicals, all of which can affect
gauge performance.

Ambient temperature may affect the accuracy and
integrity of the gauge. Gauges are available either
temperature compensated or non-temperature
compensated. Ambient conditions may require that
the gauge be isolated from temperature extremes.
When required, the gauge should be isolated from
temperature extremes with a flexible line assembly.
When ambient conditions are corrosive, contain a
large number of particulate or if the gauge will be
exposed to a wet or humid environment like humidity,
wash-downs or rain, specify a gauge that is
weatherproof/hermetically sealed or liquid filled.

CASE STYLE / MATERIAL 3321} aia £ gifsala ;U
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. weatherproof/hermetically sealed or liquid filled

The wetted parts of the pressure gauge, the Bourdon
tube and socket must be compatible with the process
media. If not compatible with the wetted parts of the
gauge, corrosion will occur. Corrosion of gauge
wetted parts will eventually cause gauge failure and
possibly safety issues. When the gauge wetted parts
are not compatible with the process media, a
diaphragm should be considered.
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Gauges are available with a variety of connections NPT Lt Joa sl Gl T (e diline g gl il cildlae i g
including NPT, DIN, JIS, BSP & SAE. Process . G o
ol Tag ) 4a ) @ld @ldaadé . SAE s BSP 5 JIS 5 DIN

pressure gauges with 412" dial sizes or larger are
most often supplied with a 12" NPT connection to NPT " 0.5 & sl (e Ja 55 iy la¥) alina 3 ji55 " 4.25
best support the gauge. Factors to consider when T
selecting a pressure gauge connection include ol Jmd) ol a5
process pressures, gauge size and weight, space ot dragll Gl g jlodl) ve b jlie) & aal Al Jal gl

limitations, leak integrity, and past experience. e A5 Alom 5 sial Aalaal s 43555 Jaed a5 il Lui
AL 5 el U il
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Consider the following mounting options when
selecting a pressure gauge:

» Stem mount lower connect

» Wall/surface mount lower connect

* Panel mount back connect

» U-clamp flush mount back connect, for panel
mounting

* Front flange flush mount back connect, for panel

mounting

wo R

CONNECTION LOCATION Ja sl o sh ¢S s Ludbu

thia Jae Lol e 400l S gl @l A o el 838

. Stem mount lower & sl (8 Jua st <ok

. Wall/surface mount lower Jya 5 i sl

. Panel mount back Jya 53 ik

LSl Jada S Wl U-clamp flush mount back Jua s <@y
LoALSY Jada S Wl Front flange flush mount back Jua ¢ <8 yla

DIRECT SURFACE
MOUNTIMNG | MOUNTING

| I D E

L1

I'l_

|
-

FLUSH DIRECT FLUSH
MOUNTING MOUNTING MOUMTING
with J-holo fiwing writh ok with damp fizing

ComEnCign
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ASME B40.100 recommends that normal
operating pressure be confined to 25%-75%
of the scale. If pulsation is present in the
process, maximum operating gauge pressure
should not exceed 50% of the full-scale
range.

CONCLUSION

To properly select a pressure gauge, consider
the gauge process, range, environment,
accuracy, dial size, connection and mounting
requirements.

HIGH Va
kP

mm bk,

Chyjjire L1

30

PRESSURE RANGES il (530 :lailu

Juill Jarca (555 ol ASME B40.100 —)) chlaalar G.ay
135 . S sl (e % 75 ) % 25 G ) ) sana anbal
Alad ks 4 aany 63 g gl e Jsl i (IS
2 JalS (e % 50 (e (5 smail) Al 0y 5 YT Camid 5 S

Fagea

il

IS eyl & Y g s 0S40 Jaia dlae lsaY
An sl aaa s 480 5 gaal 5 Adapaal) A5l 5 Jrlil) Sl (5
daS ) Gl s Jua sl Bk

CINNAMON
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Liquid Service

A~
N ABEE

0

badl) dae Jua ¢ g S I

il S A

Jadial 455 ol 5 Jaral) a\m@)ﬁ@mﬂ&ﬁgﬂ Pipe Line Lha e Lacall dae uf 5 488 a6 (ppadll e 3 ) pual
dac @)ﬁ@mﬁaﬁwb Pipe Line La e haal dac af 5 A€ g jlall e 3 ) pall X . Operator sas

san gl Jrdiad 45 ) eaal 5 L Jaseacal)

Aazdl 1Y Aals 5 Dluall dlee @L@\ 2y Lad) g 3as ol Jadial 435, el 5 gl Jan 3 Lot 28 sl S 5l 13a
e bl 5 & ) ay) il sl Saad) Jals o pedal) dale) S glaie Jallbs ddle @ ) il Je g giag S 4 oS
Lma Gaopadally daall e lee maaind ¢l olad) 4 badall dae S 5 5 136 ekl dae JA)s K00 ol s il

(e g U<y daall ) 8 A5 ) L gria ) ALY e 5SS

iy AN 4
o ) e Addadind Juady ol Sl oS )
o sl ae Addadind Jumdy a8 oS )
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Gl8alta
Needle Valve <l
e Bleal e Gl g Lehim (ol 2 2 53l e sb Atk ¢ ADU ot iy BV ASaL Sady

WIKA Type 910.11 Needle Valve
Hard Seat, Female-Female Conn.

T SRR

N ==
NN NN )

Needle Valve g sl ¢ by

Cock <l

ol sedl e gy (0 s 3a 0 Y 350 ga e 0 el el dasind Sy Cum RIS g0l Caly

865MFG

Cock b
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Proper calibration of gauges is important to
ensure measurements are accurate. Whether
the gauge measures pressure, vacuum,
temperature or rpm, the calibration procedure
is fundamentally the same. Accuracy is
verified by testing the gauge at its minimum
point, at full-scale or span and throughout its
range, called linearity.

biaall dlas b ylea

Ll e gaUges clill dapmall 3 ded) dpeal aan
OIS ¢ sas Bl 5 5_plaal) iyl A28y cludd o Jgeanl)
5§ vacuum gl# 4 pressure hia (udy G
O Gl S Cua o IPM s de yu § temperature
Gl dadlly gorall dedl e el sl 48
Aghall Al e ol bawy b o v Gl ()

. linearity

Zero Point Jiall bhua

All gauges are designed to read from a minimum 0 @ | i @l o iy 468 Lol 3 06 Cumy laicall Clive 5

maximum value accurately. The minimum is often

zero and represents no input. The zero can usually be | 2 ! 30 GsSe sl pmall o sadll Al (fas g 2l

adjusted with a front panel screw. o) 8l oy Lo sdley . b 25y o Jig s il
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The span of a gauge is its full-scale point. Span corrections
are made by internal adjustment of the segment tail on the
gauge meter movement.

‘Spiral Bourdon Tube

Pointer shaft

Movement

“5* Link w

Pulsation dampner

Span ¢l bua

LMM\LM.\"JLC\;\ V:'uvj @)ﬂg}mﬂ\ :\.A;\ﬂ\ )Até.l.d\
g o) aal daud 53 saall 56l )8 Jasn (S s 5 sl Al (5 gl
Ol 3100 segment tail LSSl

f -t

plate

Span Adjustment = e

Mowvement Mounting Screws

Case attachment screw hole

Case Seal

A

Span sl s

After the zero and span are correct, the linearity is
verified. This is done by testing several points along
the scale. If corrections are needed, the linkage of the
gauge movement can be adjusted. Span and linearity
adjustments are often interactive, so several
repetitions may be needed.

34

Linearity 4l

Ol dlad e Bl oy gaall Bel S5 hiall 3ol B L aa
oSty il Caatia b Adhide Jadi de ) sl e Sl
Ll Fliaid el gl Dlid) ve . %75 -%50 -% 25
. A2l Linkage aSulSed) dad s ) DA e @iy didadl)
gy 38 Gl Aasd) Janay gadlly shall el i ko Leosale

e B aa oy Casny a3 oS3 Al
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ONsY) aladinly 3 plaall 5 LEAY)

oL b ad) lea lahis

dals 5 8

O I zBas Y La gy 3l Adiae A awall #1530 e 3l Jaall GRS o sl (05 oo @l Jaral) aadtis 35kl oda

O 35Vl B laall 48y jh aaiis Glli g ¢ 5 (50 ey Jadind A5 o) 553 o ) ladlaieY 38y SSY) e 48,5kl sda e
. Metering SKids — cas s e 53 5a sall Jio 43820 Jaiiall (ol 5 36l 5 lany s

s YOSV il Jgan aladind f S Tl ilua ) zlias il o sall L s bele (i o 5530 ) o any
Y A ge ST e gl 13 (0S5 8 e b pllia) Jakiall Al (55 OS e (S AV Gand) aa g

- (10 — 100 psi)ce s2all 8 (LOW Pressure) gmiaiall aaall dla 4 Jory @
. (100 —8000 psi) (s sl & (High Pressure) asi o)l lavall s 4 Jaxy @
: e :

Ol et Cus (e & pallal) anal & st ey 30 s S (Transmission) ey jula <y y s el (4 aodivl ol @

gl A3 — il
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O YL il e B ey Jlial Slea @il Sa
-Handpump a.ad & .1
.Testing Pump lisy) daae .2
oAl g (o3 baral) (e .3
.Calibration Weight 5 =l ()55 .4
.Weight Support ;)5 i< .5
.Piston _-Sd .6
.Cylinder & ) .7

.Filling Connection ; .l ila; .8

Dead weight testers are a piston-cylinder type s shal GeSe oo ke 5ol 5N e
measuring device. As primary standards, they are the " ) ' ' )
most accurate instruments for the calibration of |5 jeal s jlaal 48 Jilusl 5T e iy dauld 4 ke 310K
electronic or mechanical pressure measuring
instruments. Al 5 A5 S Jaraal)
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They work in accordance with the basic principle that
P= F/A, where the pressure (P) acts on a known area
of a sealed piston (A), generating a force (F). The
force of this piston is then compared with the force
applied by calibrated weights. The use of high quality
materials result in  small uncertainties of
measurement and excellent long term stability.

Dead weight testers can measure pressures of up to
10,000 bar, attaining accuracies of between 0.005%
and 0.1% although most applications lie within 1 -
2500 bar. The pistons are partly made of tungsten
carbide (used for its small temperature coefficient),
and the cylinders must fit together with a clearance of
no more than a couple of micrometers in order to
create a minimum friction thus limiting the
measuring error. The piston is then rotated during
measurements to further minimise friction.

The testing pump (2) is connected to the instrument
to be tested (3), to the actual measuring component
and to the filling socket. A special hydraulic oil or
gas such as compressed air or nitrogen is used as the
pressure transfer medium. The measuring piston is
then loaded with calibrated weights (4). The pressure
is applied via an integrated pump (1) or, if an
external pressure supply is available, via control
valves in order to generate a pressure until the loaded
measuring piston (6) rises and ‘floats' on the fluid.
This is the point where there is a balance between
pressure and the mass load. The piston is rotated to
reduce friction as far as possible. Since the piston is
spinning, it exerts a pressure that can be calculated by
application of a derivative of the formula P = F/A.

The accuracy of a pressure balance is characterised
by the deviation span, which is the sum of the
systematic error and the uncertainties of
measurement.
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Today's dead weight testers are highly accurate and
complex and can make sophisticated physical
compensations. They can also come accompanied by
an intelligent calibrator unit which can register all
critical ambient parameters and automatically correct
them in real time making readings even more
accurate.

L Uadl g sene a5 ¢ deviation span

Uncertainties of _.lall ol k) Systematic Error

.Measurement

3 e daian T H82 5 ST 130 Lagy 85 bl o) 591 5 3]
Mg .5aixae 4l 8 COMPENSAtions sy st Joo LgiSays Ji
Gl el IS Jd LgiSay 485 5 plae Baa g dasmuan (550
SEEC G PN R K DY ' i PO T PR SRR - I

sy sl e

Electronic Deadweight Tester 5 il o) 5 ¥l 5 el 55 50 Slea

A eyl B A ) ikl el galdl) 7l ALl atiu &) o
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.Seven Steps to Select a Pressure Gauge from ( Ashcroft) www.ashcroft.com -1

. www.omega.com/prodinfo/pressureqauges.html -2

. http://www.sensorland.com/HowPage079.html -3
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Range sl
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LSLLY oLy Ja

http://www.kutub.info/library/book/11189

A ¢ 38l = il e 4 S

http://www.kutub.info/library/book/11190

S5 5l =l e (o S

42




