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Instrumentation

Level
Gage Glassegsdirect reading
Temperature difference Density Difference
For given pressure at bottom tap,
Lower Temp fluid, more dense, lower levad
Difficult to read, cloud over time
No remote indication (exception, wave guideahtr)
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Instrumentation
Simplec sight glasses

o

FIGURE 5.1.20 Gage glasses.

UNIVERSITY OF : : .
-| SOUTH FLORIDA Energy Production Engln_eerlng
POLYTECHNIC Thomas Blair, P.E.

(tom@thomasblairpe.com )




Instrumentation

Manometric Gages:

Compare reference head to measured head
Boiler drum level common app.

Slow response

Issue with Boiler Shrink / Swell

With load increase, steam flow increase, Increase Iin
boiling, less dense water in tubes, initial swell in boliler

drum level
Alternate iIs true with load decrease.
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Instrumentation
A differential pressure ///////////////4

manometer is installed ” -

across an orifice in a 7R //////// P
ventilation duct. With tt

ventilation conditions a
shown, the pressure at
IS greater than P2, and
airflow is from left to
right.

DIFFERENTIAL PRESSURE MANOMETER
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Instrumentation

Electronic Gages:

Water is conduct
Discrete D/O

UNIVERSITY OF
USF fliitiss
POLYTECHNIC

IV€ conductivity probe

Switch
————————@

@ Indicating
light

| BE

Transformer

FIGURE 5.1.21 Conductivity measurement begins when water makes
contact with probe. Electric circuits are completed, which energizes the level
indicator light.
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Instrumentation

Liquid Level:

Dipstick

Gage Glass

Floatsc Free vs.. Displacer

Freecq stays out of liquid, movement measured
Displacer stays in liquid, changes force on spring
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To signal
processin
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Magnet —4—
Reed
switches
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FIGURE 5.1.23
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Free float.
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l——— Transformer coil

—— Moving core
b
<}

Range spring

_—— Displacer

e—— [External cage

FIGURE 5.1.24 Displacer float.
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= Instrumentation
| Liquid Level Detection

\
\ \

Torque

l siba Transmitter

—Displacer tube

FIGURE 5.1.25 Displacer used for level measure-
ment. (Courtesy J. A. Moore.)
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Instrumentation

Liquid Level,

Probesg Digital output

LowLow Low, High, HigHightypical

Pump or valve control common application

Hydraulic head P pgh

H(inches) = P(psig) / SG * 27.678
Differential pressure for closed tanks
Gage for atmospheric tanks

LVDc float detects position of float, moves core Iin
winding (also used on valve position)
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Detecting Electric-pneumatic

relay relay
I Sizeinlet [ Valve-filter
: : o
|
|
| A
[ 2

3

Level electrode

FIGURE 5.1.26 Electrode-type probes.
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Air supply

Bellows  Spring — _
\ | Pressurized
\ ya nk
RS E PSR 3
L |
g N
R R e PRI Dia D hra gm <
Level Sensors

indicator

FIGURE 5.1.27 Diaphragm sensors detect
hydraulic head to measure level.
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Instrumentation

Non-contact level sensors
RF, Laser, Optic, Microwave, Ultrasonic

Radiationc Gamma source to detector.
Lead shielding required.

Ultrasonicg Liquid level echo ranging
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Instrumentation

| evel Detection usina Radiation
- A //

/

Gamma
radiation
beam

@ Detector

Detector @ \%

Double-sided
radiation source

Flyash

FIGURE 5.1.28 Radiation gage.
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Instrumentation

Ultrasonic

Ultrasonic
transmitter
and receiver

Reflected 4
sound
waves

FIGURE 5.1.29 Ultrasonic meter.
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Instrumentation

Solids Level Measurement

Flyash coal, limestone irregular surface

Rotating paddle; stoppage of wheel indicates material
RF probeg sensing section / shield section
Microwave Probe (described before)

Ultrasonic (described before)

UNIVERSITY OF : : .
-| SOUTH FLORIDA Energy Production Engineering

POLYTECHNIC Thomas Blair, P.E.
(tom@thomasblairpe.com )




Instrumentation

Fiber optic sensor:

Intrinsic¢ fiber performs measurement

Extrinsiog external transducer performs measurement
Non-electric, small, high capacity, multiplexing, ron
Intrusive
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Instrumentation

Temperatureg

Acoustic Pyrometet sound waves to detect gas
temperaturec density changes cause change in speed of
sound

Optical sensog thermal radiation of light emitting device
O2 / CO monitoring combustion controt; air flow
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Instrumentation

Example A water storage tank is vented to
atmosphere. The tank is located at sea level and
contains 100,000 gallons of 8Bwater (specific

gravity of 1.0). A pressure gauge at the bottom of the
tank reads 10 psig. What is the approximate water
level in the tank?
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Instrumentation
H(inches) = P(psig) / SG * 27.678

H = 276.78 inches (23 feet) YO ATMOSPHERE

_

)

D/P
DETECTOR

TANK DIFFERENTIAL PRESSURE LEVEL DETECTCR.
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Instrumentation
Temperature- density

-F+'\_".7"

WATER

™ L™ . T N

DiP
DETECTOR

TANK DIFFERENTIAL PRESSURE LEVEL DETECTOR
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Instrumentation

Combustion Control / Burner Management

Two main functions:

1)Maintain constant steam flow or pressure under varying
load through proper input of fuel and air

2) To maintain safe and efficient operation throughout the
02Af SNXRa f2FR NYy3S

NFPAS8 Boiler and Combustion Systems hazards Code
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Instrumentation

Three types of control schemes

Seriex;

Steam pressure> air flow-> fuel flow

Pickup Load quicklyreduce load slowly

Steam pressure> fuel flow-> air flow

Pickup Load slowkyreduce load quickly

Good for constant BTU/Ibm fuel

Parallelg steam pressure> both air and fuel flow

Good for constant BTU/Ibm fuel

Seriex;Parallelc steam pressure> fuel flow
steam flow->air flow

Good for varying BTU/Ibm fuel (coal)
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Steam Steam Steam Steam
pressure pressure pressure flow
Air flow
|/ Y
Fuel flow Air flow Fuel flow Fuel flow Air flow

(a)

(b)

(c)

FIGURE 5.2.1 Combustion controls input fuel and air in (a) series, (b) parallel, or (¢) series anc
parallel.
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Instrumentation

Control Hardware:

On/Off ¢ Fuel / Air flow on/off

Positioning systems Simultaneous position of FD damper
and fuel valve based on header pressure.

Metering Systeng measures fuel / air flow for combustion
control. Feedback to ensure flow meets demand.

Steam Pressure setpoint

Steam Flow Feed Forward signal for transient control.
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STEAM MAIN- STEAM COMBUSTION FUEL

FLOW PT ) PRESSURE AIR FLOW FLOW
v o v
Fuel/ T
i air ratio [~ Y
' selector
Time F’ h High selector
f(t) delay Master T
controller rFd Fuel
e —_— A — A
K|/ Air
+ Boiler T A
master
Air-damper Fuel
controi/ '™ control/ 1 (X)

FIGURE 5.2.2 Metering control systems regulate combustion in accordance with fuel flow and airflow
to maintain efficiency over a wide load range.

mgOUTﬁFVLORlﬁA Clielyy Fiuducuull ciiynleering
POLYTECHNIC Thomas Blair, P.E.

(tom@thomasblairpe.com )




Instrumentation

Instrumentation Symbols and Identificatign
ISA 5.1 1984 (R1992)

ABQ 1D

A = Measured or Initiating Variable (May have modifier)
B = Readout or Passive Function

C = Output Function (May have modifier)

1 = Loop number

D = Sequence letter
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Instrumentation

Notes:
1.The functional ID of an instrument based on FUNCTION

and not CONTRUCTIQmrherefore a differential pressure
device to measure flow is a FE not a PE.

2.The functional ID of an instrument (first letter) is based
on measured or initiating variable, not manipulated value.
C therefore a valve to control of tank is an LV, not an FV.
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Instrumentation

FIRST LETTER (MODIFIER) SECOND LETTER THIRD LETTER (MODIFIER)

A Analysis Alarm

B Burner Flame User Choice User Choice User Choice

C Conductivity Control

D Density or S.G. Differential

E Voltage Primary Element

F Flow Rate Ratio (Fraction)

G Gaging Glass

H Hand High

| Current Indicate

J Power Scan

K Time Control Station

L Level Light (Pilot) Low

M Moisture (Humidity) Middle (Intermediate

N User Choice User Choice User Choice User Choice

(@) User Choice Orifice (Restriction)

P Pressure (Vacuum) Point (Test Connection)

Q Quantity (Event) Integrate (Totalize)

R Radioactivity Record (Print)

S Speed (Frequency) Safety Switch

T Temperature Transmit

U Multivariable Multifunction Multifunction Multifunction

\% Viscosity Valve, Damper, Louver

w Weight (Force) Well

X Unclassified Unclassified Unclassified Unclassified

Y User Choice Relay (Compute)

z Position Drive, Actuate, Unclass Final Ctrl Ele
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SOUTH FLORIDA
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Standard Symbols Instrumentation

CURRENT TQ PNEUMATIC TRANSOUCER

PNEUMATIC TO CURRENT TRANSOUCER

INSTRUMENT LOCATED [N FIELD

LOCAL. CONTROL PANEL MOUNTED [NSTRUMENT

(INSTRUMENT MOUNTED BEHIND PANEL

INSTRUMENT MOUNTED IN RACK RQOM

O © O O8E
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Standard Symbols Instrumentation

CONTROL ROOM CONSOLE MOUNTED INSTRUMENT

COMPUTER CALCULATION

1O O

CONTROL ROOM INSTRUMENT SHARED CRT OISPLAY

0cs
B o
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Standard Symbols Instrumentation

CONTROL VvALVE

DIRECT CONNECTED PROCESS SWITCH

FIELD TRANSMITTER

S Ee

o [NSTRUMENT SOLENOID VALVE

AUTOMATIC VALVE ACTUATED 8y LOGIC OR INTERLOCK
SYSTEM W/MULTIVAR[ABLES

PRESSURE CONTROL VYALVE {SELF-CONTAINED REGULATOR)

CIC]
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Standard Symbols Instrumentation

@ HANDO SWITCH

i ?\E DCS SELECT SwITCH

N

@ HAND SWITCH ON CONTROL ROOM CONSOLE (HARD W{RED)
MOTOR OPERATED VALVE
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Standard Symbols Instrumentation

)

=

an
s

FaH

'Pj

Fal

/
.

DIFF,
GAP

©
\ U

HLPID
LC

6

FFC

e 7

UNIVERSITY OF
| SF SOUTH FLORIDA
POLYTECHNIC

FLOW CONTROLLER

FLOW CONTROLLER WiTH HAIGH anD LOW alLaRH
CRITICAL PRIORITIES

LEVEL DIFFERENTIAL GAP CONTROLLER

LEVEL CONTROLLER USING NON-LINEAR P{Q CONTROL
ALGORITHM

FLOW RATIO CONTROLLER
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Standard Symbols Instrumentation
LINE SYMBOLS

PRIMARY PROCESS LINE

SECONDARY PROCESS OR
UTILITY LINE

A———rpi—— INSTRUMENT
PNEUMATIC LINE

—+" S U —— FLEXIBLE HOSE

K—XK INSTRUMENT
CAPILLARY TUBING

t {. HYDRAULIC SIGNAL
————————— ELECTRICAL SIGNAL

—o——o0—o— INTERNAL SIGNAL
(SOFTWARE OR DATA LINK)
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Standard Symbols

NORMALLY
OPEN

—D— Pt
NC

NORMALLY
CLOSED

/ /

{o}

4@___

I

UNIVERSITY OF
| ’ SOUTH FLORIDA
POLYTECHNIC

Instrumentation

VALVE TYPE

GATE
STOP-CHECK

BUTTERFLY

BALL

\*f
F_ ANGLE

Energy Production Engineering
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Standard Symbols Instrumentation

I
— - BB PITOT TUBE

{ | FLOW ORIFICE

UNCLASSIFIED FLOW ELEMENT
(MAGNETIC. TARGET. AIR FOIIl
LAMINAR. ETC.)
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Standard Symbols Instrumentation
VALVE TYPE
N CHECK
= FLOW
Rl—SET AT ___PSIG
ANGLE SAFETY OR RELIEF
FLOW ?

SET AT PSIG
: SELF-CONTAINED PRV

— FLO

W

SET AT PSIG
SELF-CONTAINED BACK

—p FLOW

UNIVERSITY OF
' ’ SOUTH FLORIDA
POLYTECHNIC

PRESSURE REGULATOR
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Standard Symbols Instrumentation

VALVE TYPE

CLOSED PORT IN OPPOSITE MODE
THREE-WAY

COMMON PORT

LOSED PORT IN MODE SHOWN

PLUG - IF SPECIFIED
COMMON PORTS Ry
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Standard Symbols Instrumentation

MOTOR OPERATOR

UMBER (TYPICAL)
MO MO

¥ X

‘ D ‘c

AC MOTOR DC MOTOR
éJCI)\g}F/I]-EIRFSLIggISE Energy Production Engin_eering
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Standard Symbols Instrumentation

VALVE IDENTIFICATION

DIAPHRAGM OPERATOR

(TYPICAL)
SOLENCID OPERATOR
CYLINDER OPERATOR S
(TYPICAL) I
>4
UNIVERSITY OF - i '
SOUTH i Energy Production Engln_eerlng
POLYTECHNIC Thomas Blair, P.E.

(tom@thomasblairpe.com )




Standard Symbols Instrumentation

PIPING SPECIALITY SYMBOLS

1+1 TRAP ASSEMBLY
o (MSDE-2.1.2.1)

1af ATR RELEASE VALVE
——+ Y-TYPE STRAINER
— FLOW
B3 SINGLE BASKET STRAINER
S DUPLEX BASKET STRAINER
S (WITH IN-OUT VALVING)
SET AT ——_PSIG
FLOW RUPTURE DISC
UNIVERSITY OF : aar
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Standard Symbols Instrumentation

PIPING SPECIALITY SYMBOLS
—[}—— RESTRICTION DEVICE

(SINGLE OR MULTI-STAGE)

CAP RESTRICTION DEVICE
(CAPILLARY)

—f 33— EXPANSION JOINT

—pn+— FLEXIBLE HOSE

IQ FLAME ARRESTOR

!:] INJECTOR/EJECTOR

—CD]— SIGHT FLOW INDICATOR
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Standard Symbols Instrumentation

PIPING SPECIALITY SYMBOLS

}m{SPRAY NOZZLES
@ FILTER-DRYER
ASSEMBLY

TN TN\ SPARCER

U]III] ELECTRIC IMMERSION HEATER

_Q“JizF___ SPRAY WATER NOZZLE

CATCH BASIN
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Standard Symbols Instrumentation

- Q@ —— O O~ SOFTWARE CONNECTION VIA MODBUS

_____________ LOGICAL @ (NORMALLY DE-ENERGIZED)

LOGICAL 1 (NORMALLY ENERGIZED)

NOT GATE ® '
(BASIC) A # %

l JUNCTION
I
I
‘ CROSSING
|
!
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Standard Symbols Instrumentation

FUNCTION SYMBOL

T STATEMENT ) H O }__.
(ESD & DCS) OF INPUT [N/
INITIATING INSTRUMENT OR
DEVICE NUMBER, IF KNOWN

STATEMENT }___
INPUT OF INPUT O
INITIATING INSTRUMENT OR
DEVICE NUMBER, IF KNOWN

_ -’ STATEMENT
OUTPUT O OF OUTPUT
OPERATED INSTRUMENT OR
DEVICE NUMBER, IF KNOWN
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Standard Symbols Instrumentation

Py — (@) = EQUAL TO
(b) # NOT EQUAL TO
AND GATE . - (¢) < LESS THAN
B AND D
(BASIC) (d) > GREATER THAN
c . (e) 4 NOT LESS THAN
(f) $ NOT GREATER THAN
A - (g) < LESS THAN OR EQUAL TO
(EQUIVALENT TO f)
OR GATE o OR o (h) > GREATER THAN OR EQUAL TO
(BASIC) (EQUIVALENT TO e)
¢ () A DIFFERENCE
() + DIVIDE
A - Koaexx
QUALIFIED g I D
OR GATE )
C =] « INTERNAL DETAIL REPRESENTS
OPPERAND (SEE DEFINITION)
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Standard Symbols Instrumentation

(A) LCH xxx
A el S psssseat C
MEMORY FLIP—-FLOP
(BASIC) B | R - D
DIxxx
(DELAY INITIATION =
OF OUTPUT) b |—= } —s| B
(DELAY TERMINATION . w7 X X
OF OUTPUT) t
POxxx
(PULSE OUTPUT) Ab—" - B
gcg‘g%RFngglgi Energy Production Engineering
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OPEN/CLOSE
OPEN

MO
902 D 0340

HS EA L !
902 902 902
: ctm . 1
‘ ’ !
|
]

U3 c-clr-«sa
—{3-FCS-PP-902 8)

C £G22 | FG23 ol G=e
m;:%" 3-F G -MOV-902 ) £G20 0. 6340
| T-4451 U3 GwC
seLow | asove @
GRADE_| _GRADE
asove | esiow
GRADE_ | _CRADE
SEE NOTE §
GAS METER TUBE
(M1 = 0422)
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Instrumentation
Instrument Loop Diagram

SUBSTATION SBA

CONTROL ROOM 52

MCC /SWITCHGEAR I.T. CABINET BAILEY CABINETS
s B 7
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H " w4
-5 g3 e ; TPe TR H T i
Tu-dn- I
. -5 AP fRR m-a | o i | e i
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Instrumentation
Instrument Loop Diagram

SUBSTATION SBA

MCC /SWITCHGEAR I.T. CABINET | TBALEY CABINETS COMTROL ROOM S3A
|
I oa 1owTs-ca-sm | . a
| koW § I ] WS-
| how E: WTS-CAB-502
1= A5~ P - 60 1- WS- CAB-621 | TPE | mor6
I'l B, [ ASPETEEmE pep | el Py H
oy | T8 i el fi—T— T-7 i =
E E | [we-es - {M-W - ME: TSi-8 o M Lol-0—ao
I ] 1 1 e |
o — SEE
PLANT/ INSTRMDNT AR COUPRESEDR 8 WO 2 e - g eemrmmeea—- o o "
At FILTER OFFERENTIAL PRESSURE | ey o P :
Camiy CagLEp ] - H
sne: NS | MODWE f 2 ,
P -l
|
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Instrumentation
Optimizing Combustioq
Excess air ensure complete combustion
Adds mass flow loss of energy
Operate at area of maximum efficiency
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Instrumentation

Optimizing
Combustion

Optimum
operating

i

Concentration

Fuel / air ratio =g

FIGURE 5.2.3 The optimum operating point falls
to the air-rich side of the efficiency curve, depend-
ing on the boiler, control system, and fuel.
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Instrumentation

O2 and CO are common monitoring gases to determine
excess aig

CO unaffected by air infiltration

CO narrow range of operation

CO independent of fuel type
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Instrumentation

CO better 800
indicator 700

Allowable excess-air
operating range for
different fuels

than
: c .
excess alr 2 500
o 400
© 300
A
. T r Ty
1 2 3 4 5
Excess O,, %

FIGURE 5.2.4 Excess-air operating point varies
for different fuels, whereas CO set point is always at
the knee or break point in curve.
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Instrumentation

Burner Management Provides for safe startup,
operation, and shutdown of the fuel supply system to a
boiler. Consists of following systems

-Prefire Purge purge air in boiler of combustibles before
light off

-Ilgnition¢ Permissive, Ignition time trial, flame verification
-Main Fuek permissive, startup, operation, shutdown
-MFT¢ Trip boller fuel system when unsafe
-Postfiringpurge¢ purge air in boiler after shutdown to
remove combustibles.
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FIGURE 5.2.5 Interlock diagram for a unit start-u
shows complexity of the prepurge, pure, prelight, an
light-off phases.
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Instrumentation
NFPA 85 section application

8501 Single Burner Boiler Operation

8502 Multiple Burner Boiler-Furnaces

8503 Pulverized Fuel Systems

8504 Atmospheric Fluidized-Bed Boiler Operation
8505 Stoker Operation

8506 Heat Recovery Steam Generator Systems
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Instrumentation

Flame Monitoringg

Wall Fired unitg individual monitor (one igniter & one
main burner)

Tangential fired; Tilting burner, on startup, monitor
iIndividual burners, monitor main flame (about 30% load)
lonic flame rod; monitor conductivity to detect flame
Optic sensor, monitor for IR (coal) or UV(gas) radiation
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Instrumentation

Governors; control operating parameters of prime
movers (speed on islanding, power when synched)
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JURE 5.3.1  Enecrgy-modulating device.
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Instrumentation

Governorg; control operating parameters of prime
movers (speed on islanding, power when synched)

Transient Operatiomq

1.Change of load torque

2.Change of speed (Lag)

3.Change in governor output
4.Change in modulating device
5.Change in Developed Torque (Lag)
6.Change in speed (go to item 3)
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Instrumentation

Lag between prime
mover and control
system
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