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FOREWORD

Power Test Cosle Committes No. 20 on Speed-Responsive Governors was eatablished by the ASME Power
Test Codes Committes in 1921 and the Teat Code lor Speed-Responsive Governors as prepared by this Com-
mittee was imsusd in May 1927, Subsequently, since it was found that this code was inadequate, Power Test
Conde Committor No, 20 was reorganieed in 1940 anad its scope expanded to include speed, tempersture and
pressure responsive governors for prime movers,

In 1941 the Joint AIEE-ASME Committes on a Recommended Specification for Prime-Mover Speed
Governing was formed. The fusdamental studies for prim, er speed governing were made. The funda-
mental studies for the preparation of the code for testing were identical with those for the prepanation of
the recommended specification. Close coordination of the work by both Committees to sssure the success-
ful completion of their respective meignments, was seoomplished by the appointment of parsonned common
to both Committees,

By mutunl agreement, the work of the Specification Commilles took precedence over that of FTC Com-
mittee Mo, 20 whose lshors were interrupted during World War 11,

Ini awrider to faeilitate the we of the code, MFTC Committee No. 20 decided in 1946 to isue their assign-
ment in several pullications, and in the following sequence:;

(1} Teat Coda for Spocd-Governing Systems for Stoam Turbine Generator [nits (PTC 20.1)

(2) Teat Coda for Emergeney Governors for Steam Turbine-Generntor Unita (FTC 20.2)

(3) Test Coda for Premure-Regulating Systoma for Steam Turbine-Generator Units (PFTC 20.3)

With the isuance of AIEE Publication No. 600 in May, 1949, covering “Hecommended Specification for
Speed-Governing of Steam Turbinos Intonded to Drive Electric Generators Hated 500 KW and Up™ by the
Joint AIEE-ASME Committee, the way was cleared to procesd with the preparation of the first code in the
serics.

That eode was approved by the Power Test Codes Committes on September 4, 1958, Tt was approved and
adopted by the Couneil on September 23, 1958,

The Committos was again rearganized and produced PTC 20.2 Overspeed Trip Systems for Steam Tor-
hine-enorator [nbts, which was sdopted in 1965.

In 1967, the title “Fower Test Code Committec No. 20" was changed to “Performance Test Code Com-
mittee MNo. 20, ond corresponding changes were made in the approprinte code fitles.

Another change in Commiiiee personnel and PIC 20.3 “I'ressure Control Systems Used on Steam “Tor-
bine-Generntor Unita™ was written. FUC 20,3 was sdopted in 1970,

In May 1970, those Committes members remaining following the completion of PTC 20,8 wore asked to
Iiegin work on an up dated rovision of the 1958 edition of FFIC 20.1 8o that the code would recognize ad-
vances in enengy control systems and ssaociated hardware, The Committee wes brought up to working
alrengrth and began work in November 1971, [t wos soon evident that AIEE Publication No. 600 required
revision also, and the Committee recommended a joint [EEE-ASME commiltee be formed to revise ihe
document. Subsequantly, IEEE Committes No. 123 was formed, but because the revision work on FTC 20.1
was sonsiderahly sdvanced, [EEE 122 chose to await completion of the revised FTC 2001 before revising
Publication No. 600,

The Commitise recognizes the arganizational and tochnical contributions of H. Steen-Johnsen, Chief
Stafll Engineer (retired) Elliott Co. Div. of Csrrier Corporation, Mr. Steen-Johnsen was chairman of the
Commities during the beginning of the revision of FTC 20.1, and his work provided a major impetus toward
the sacceshul completion of the Committes’s asiigned task.

Committes porsonnel has changed somewhat since 1971, and the work of those members no longer sctive
1 recognised.

This Code was approved by the Performanct Tosl Codes Committes on November 3, 1976, It waa
approved and adopted by the Counsil as a standan] proctioe of the Sociely by action of the Board of Codes
and Standards on December 29, 1976, This Test Code has boen approvod ss an Americon National Standard
by the ANSI Board of Stundacds Review on Febroary 28, 1977,
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ASME PERFORMANCE TEST CODES

SECTION 0, INTRODUCTION

ASME PTC 6 “Steam Turhines"
ASME PTC 19 “Performance Teat Code Supple-
ments on [nstrumonts and

LE

0.01 This Codo provides standard procedures for
routing, commerical and aceeptance tests for determing-
tion of the performance characteriatics of steam turbine-
generntor unit speod and load governing systems. PTG 2001 Apparatus
provides: ASME FTC 20.2 “Overspead Trip Systems for

Steam Turbine-Generator Units™
ASME PTC 20.3 "Tressurc Control Systerns Used
o Steam Turbine-Generator

0001 Reeommended format for specifications for the
performance characteristics of speed and load governing

systems sabject to madifications by mutual agreement
between the parties to the tests and

0.01.2 Stendord procedures for tests to determine the
performance of spoed and bond governing systems,

Units™

1EEE Standard 100-1972 “IEEE Standard Diction-
ary of Electrical and Electronie
Terms™

0,03 The appendix (o this Code includes numerical

0.02 Referenca is made to the following codes and
exmmplen of variows caloulations.

standarda:

SECTION 1, OBJECT AND SCOPE

The purposes of this Code are: (B} Overspeed
(%) Speed/Load Chmpr Governing System Reference
1.01 To establish test procedures for determining per- Reducing Time

formanes characteristics of speed and load governing
syetems applicable to the equipment covered under this
Code. These performance characteristies inchede:
(1) Adjustable Speod Functions
(n) Speed/Lond Changer Minimum Speed Holding
Lawed
by Other Speed Holding Levels
(&) Accclerntion Comnlro
{d) Speed/Load Changer Low Speed Limit
{#) Speed/Load Changer High Speed Limit
() Synchronizing Speed Rangs
{g) Maximum Spm'd al Hatedd Power
{2} Specd-Stare Speed Regulation
(T Steady-Siute [ncremental Speed Regulation
{#) Dessd Band
() Steady-State Governing Speed Band
(6} Steady-State Governing Load Band
(7) Response and Settling Time

1.02 To establish a formal and procedures for describing
the systom performance by means of the test quantities
obtained under Par. 1.01.

1.03 This Code is applicable to the testing of speed and
load governing syatems for steam turbine-genarator wiits
with the steam turhines classificd as follows:

{n) Straight condensing, atraight noncondonaing and
regeneraiive turhines without initial and/or exhaust
ateam pressure control, incliding rebest burhines.

{b) Straight condensing, straight noncondensing and
regenerative turbines with initial and/or v hast
sleam pressure anrul, ind'nc“ng relwat tirldnes.

(e} Automatic extraction and mixed-pressure turbines,
in conjunction with PTC 20.3, Pressure Control
Systems Used on Stesm Turbine-Generator Unite.

——————
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SPLED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE-GENERATOR UNITS
SECTION 2, DEFINITIONS AND DESCRIFTION OF TERMS
Al terms not specifically defined in Section 2 will he
ugad az defined in IEEE Standard 100-19T2
20 Typos of Steam Turbinas Tabla 21
Par. Ne. Tarm Daseription )

ZOLT Straight condensing tarbine All the steam enters the turbine at one pressurs and all the
steam leaves the turbine exhaust at a pressure balow
atmospheric pressare,

201.2 Straight noncondensing tarhine All the steam enters the turhine at one pressure and all the
steam leaves the turbine exhoust at o pressure equal to or
greater than atmoapherio pressuro.

2013 Monautomatie extraction turhine, Stearn is extracted from one or more stages, but without

condensing or noncondenging means for controlling the pressares of the extracted sbeam,

2014 Automatio extraction turving, Heam i extracted from one or more stages with means
condensing or noncondsnsing for controlling the pressure of the extracted steam,

205 Automatie extraction/induction Steam is extracted from or inducted into one or more
turhine, condensing or non- stages with means for controlling the pressures of the
sondensing extraction amd/or induction steam.

2.01.6 Mixed pressure tarbine, condensing Steam enters the turhine at two or more pressures in
or noncondansing soparate inlet opanings with means for controlling the

inlet steam preasures,

2017 Rehent turbine, condensing or Steam entors tha turbine initiolly at ons pressore, then is
nonoonidensing extracted at & lower pressaire and temperature and reheated.

The steam is then readmittod to the turhine,
i
a— -———-'___-_--_-_'\:\ _— .\":u
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ASME PERFORMANCE TEST CODES

202 Speod and Load Governing Systam Components Table 2-2

Par. Mo. Tarm Deseription

2OT Speed and load governing system A system that eontrols the speed and load of a steam
turhinegenerator. The system typically inchides governor-
eontrolled valves, spesd governoe, load governor, spred
eontrol mechanism, and Ioad control mechanism.

{Hefer to Fig. 2-3.)

Lo2.2 Speed governar The speed governor inchudes anly those elemonts that are
dim:‘.‘tlr responsive to speed and speed reference, and Cthat
furnish an input signal to the control mechanism,

2023 Load governor The load governor includes only thos: elaments that are
respongive to encrgy output and load reference and that
furnish an input signal to the control mechaniam.

2024 Control mechanism The control mechanism includes all systems, devices and
mechanisms hetwaen the speed andfor lood povernor and
the governor-controlled valves,

2aks Governor-controlled valves Tlsose vahves which control the onergy input Lo the turkine

and which are normally actusted by the speed and for load
governor dircetly or through the medium of the contral
mechinizm.

2.02.6 Valve pesition demand signal The control signal to the governorcontrollad valves
resulting from speed/load governor control action. Tna
mochanical-hydraulic aystom this moy ba governor-
controlled valve sorvomotor position. 100 percent valye
position demand signal is defined as that value that gives
rated power output, P, with rated operating conditions.

2007 Grovernor-controlled valve An amplifying and positioning device which moves tha
servomaotor ) povernor-controfled valves in response to the valve position
demand signal.
2028 Speed/load changer A device or devices by means of which the governing

systam referonce may be adjusted to chango the speed or
frrwer uutpul. of the turhine while the turbine is in

operation.
2029 High specd limit A device or input which prevents the speed/load changar
(apeed/load changer) governing system reference from excecding a predeter-
mined upper limit, which estahlishes the upper limit of the
gynchronizing speed ramge.
202,10 Low speed limit A device or input which prevents the speed/load chonger
{speed/load changer) governing system reference from decreasing below a pre-

determined lower Hmit, which establishes the lowor limit
of the r.'rnn]'lnmiﬁrlg lim‘l range.

4
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SPEED AND LOAD GOVERNING SYSTEMS FOIL STEAM TURBINE-GENERATOR UNITS

BLOCK DIAGRAM ILLUSTRATION OF TYPICAL LARGE STEAM TURBINE -GENERATOR

GOVERMNDR
THROTTLE/STOP CONTROLLED

WALVE (3§ VALVE (8}

NPT
g
REMEAT INTLRCEPT
l.llﬂ;‘dﬁt VALVE (5}
MOISTUR
SEPARATOR REWLAT STOF :

VALVE (3}

BLOCK DIAGRAM ILLUSTRATION OF TYPICAL SPEED/LOAD GOVERNING SYSTEM.

SPEED/SLOAD CHANGER
GOVERNING SYSTEM RECE SIGMAL

VALVE POSITION
DEMAND WALV STEAM
BGRAL POSITION FLOw

| seen

® FOR SOME GOVERNDES {s.g Wil Tl SUMMATION POINT MAY BE AT THE WPUT TO

PG, 23

[ 73]
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ASME PERFORMANCE TEST CODES

Par. No. Term Descripiion

2.02.11 Vahve postion limiter ‘A device which acts on the speed and load goveraing
system o provent the governor-controlled valves from
opening boyond & preset limit, This devics is somotimes
known as the “load Hmin™

20212 Steam imlet valves Those valves which control energy input to the turbine.
They may or may not be under governing system control
depending on type of system and for specifie oparating
mode of turhine-generator at the time,

20213 Throttle/stop valyes Thoee yolves whose normal funetion it is to provide fast
interruption of the main enorgy input to the torbine. These
valyes are sometimes used for turbine eontrol instead of
povernor-conirolled valves doring stort-up.

203 Functions, Charscteristics and Definitions Table 24

Par, No. Term Symbol Definition or Description Uinit
2031 Diead band (specd/load Ny The total magnitude of the change in steady-state percent
governing syatem) epeod within which there is no resolting messurable

change in the position of the governor-controlled
valves. Dead band is the measure of the insensitivity
of the speod/lond governing system and is ox-

pressed in percent of rated speed.
2032 Fuetor, governor- R, The rate of change of the governor-controlled valve
controlled valve position demand slgnal, in pereent, with respect 1o
incremental the steady-atate power output, in pereent, at a given

aeady-state power and governor-controlled valve
position demand signal. Tt is the slope of the
tangent to the valve position demand signal corve
ut the power output point under eongdderntion. It
in & dimensionbess number, {Refer to Fig, 2.7.)

AD i
R =—L r
»“&fp ¥ D,-D,

"

where Allp = povernor-controlled valve demund
signal difference on the tangent,

&Py = power difference on the tangent, kW
P = gated power output. kW
o, = governor-controlled vahve position -
demand signal at rated power out-
= __mF.
6
I —— ¥ -_\,.
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SPEED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE-GENERATOR UNITS

Par. Mo, Termi Symbol Dafinitlan or Deseription Linit
2.03.2 D, = governor-controlled valve position —
demand sigral at zero power
output, Py,
2088 Lol feedback A signal repeessnting power oubput ssed as
input to the governing system.
2084 Load rejection The sudden and total removal of load from the
generator,
2035 Normal operating Operation of the unit at rated speed with all
conditions throttle/stop valves and shut-off valves in a fully
open position with specified or agreed values of
steam preasura(s), temperature(s), and with all
feedwater heaters in servies, )
LORG Overspeed ANy | The maximum increase in speed, expreased in percent
percent of rated speed, from rated speed following
a sudden roduction of lond.
2087 Ovyeespeed control Any function that may be incorporated in the
fanetion speedlond governor system that will, upon los
of load, aet to limit the corresponding maximum
speed rise. Thess fanctions constitute lines of
defense agninst overspaed in addition to
emergency overspoed trip syabems,
ROLE Fawer output F The elecirical output of the turbine-generator kW
a4 measured at the generator terminals.
2030 Power output, rated P Maximurm guaranteed power output. The kW
name-plate rating moy not be the same valua.
2.08.10 | Pressure, rated i A Tho value stated on the turbine name-plate. in; Hg abs
exhaunt (o Hyg
abi) psin
(kPa als)
L0811 | Pressure, rated Py The value stated on the turline name-plate, pel (kPa)
initial stoam
20312 | Hegulation, steady- R, The change in steady-atate specd oxprosand in peroent
state speed (for all percent of ratod speed, when the power output of
types of turbines the unit is redused from ruted power output to
excopt anbomntic mero power output with identicol settings of all
axtraction and adjustments of the spaed/load governing system.
mixed presare) {Hefer to Fig. 2-5.)
7
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Par. No.

Term

20512

2.08.13

Regulation, steady-
state apeed (for
automatic extraction

and mixed-pressure
turlines)

T L T ——

"
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Symbol Definition or Description

Hn_nr

r

® 100

R, =

R, = Bteady-state speed regulation
N, = Spoed at mero power output
N = Speed at rated power output
N, = Rated speed

The change in steady-atate speed, exprossed

in pereent of mted speed eorresponding to

the power ontput change from rated power
'l?l.llpl-ll o mera power ﬁutp‘ul‘. with sero
extraction or induction flow{s), with the pres-
ware cegulating system(s), inoperstive and
bilesekeed in the position correaponding to

rated extraction or induction pressure(s)

at rated power output and with identical
settings of afl adjustments of the speedr'-

load governing and pressure regalating
syatom(g). It is the speed change expreased

in peroent of rated speed when the load

i# roduced from the maximum power ontput ab
which zero extraction or induction conditions
are permitted to sero power output, limes the
ratie of rated power cutput to this power sutpat

change. (Mefer 1o Fig. 245.)

_ Ny -Ny) By
= X5 X 1)

r m
R, = Steady-state speed rogulation
NIJ = Spr'q:ﬂ &t pero power outpaut

N,

F

Rated apocd

NH = Speed at P,

£, = Maximum power output at which

wero exlraclion or induction conditions

ure |H:|.'|11ilt¢l|l.

P, = Rated power output

Unit

percent
rfmin
tfmin
t/min

peresnt

]héh.'tl‘ll

pereent
rfmin
tfmin
r/min

kW

kW
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Par. Ma. Term Symbal Definition or Deseription Unit

2.03.14 | Begulation, steady- R, The rate of change of the steady stote specd percent
atate incromental with respact to the power output st a given
apeed steady-state speed and power outpuat. [t is

the alope of the tangent to the stcady-atate
apeed versis powar output cutve 8t the point
of perwer output ander consideration, It is
axpressed in percent of mbed speed when the
diffarence in steady-atate speed, expredsed in
percent of rabed speed for any two poinis of
the tangent, is divided by the corresponding
difference in power outpot expromed in per
unit of rated power output. The severs]
points of power output at which the values of
stoady-slate inoremental apeed regulation are
dlerivedd are basesd on rated speed ot cach point
of power output, (Refer to Figs. 2-6 and 2-7.)

k; =i’—::1-: ;f: ® 100
whers AN, = gpeed difference on the tangent r min
AP, = power difference on the tangent kW
P, = rated power output kW
N, = rated speed r/min
2.00.15 | Regulation, governor R, The rate of change of the steady-stote speed with percent
incremental speed respect to the governor-controlled valve position

demand signal at a given steady-state speed aml
governor-controlbed valve position demand signal.
It s the alope of the tangent to the steady-state
epeed versus governor-controlled valve pogition
demand signal curve at the position demand point
under consideration. It is exprassed in percent of
rated speed when the difference in steady-stote
spved, expressed in percent of vated epeed, for any
two points on the tongent, i divided by the
corresponding difference in governor-controllad
vulve position demand signal, expressad in per-
cent of the governor-controlled valve position
demand signal corresponding to s change in

power output from rated powes oaiput (Fy) to
wero power output (P ). The several points of
valve position demand al which the values of
gorvernor incremental speed regulation are de-
rived mre based on rated speed at each governor.
controlled valva position demand point. (Refer

1o Fig. 27

' "
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Par, Mao. Term Symbal Definition or Descripthon Unit
L0415 aNp D =Dy
R‘hﬂﬂrx N, % 100
where ANy = spoed differenoe on the tangent. rfntin
Allg = governor-controlled valve position -
demand signal differance on the
tangent.

i]'_ = governor-contralled valve posilive -
demand signal at rated power
oitpat, Fi.

Dy = governor-controlled valve position -
domand signal at sero power
output, Mg,

2.08.16 | Speed regulation ks consldered positive when speed incresses with deerease in power ooiput. All definitions
comeerning speed regulation are hised on gero dead band.

208.17 | Speedfload changer An input to the gonverning system represenling a
governing systom desired apeed or load.
reforenan

L05.18 | Speadfload ehanger Tha: time required to redues the power sutput seconds
governing sysem from rated power oubpul to ero power oulput,
reference reducing by operating the speed/losd changer continuously
Lime ot its maximum tate of change.

L0819 | Spealflond chunger The minimum steady-state spoed al sovo power percent
Eovierilig range atibpit with the speed/lond charger st the low

speed limit, and the maximom steady-state speed
ab maximum power oubput with the specd/load
changer at the high speed limit, both expressed
in pereent of rated speed.

203.20 Sp-nm'l.l'hml changer The steady-stute speeds expressed in percent of poresnt
wynchronizing range roted spoed corresponding o the low and high
spoed limil sottings of the specd/load changer at
RETD [Hw R nulpuL

200.21 | Speed, vaved N, The value stated on the unit name-plate, rfmin
208.22 | Stability (speeilfload The capability of the speedfload governing system
Eoverning system) to position the gevemor-controlled valves so that

# subatained oscillation of turbine speed or of
poverr gulput ug produced by the apetd.l’luml
governing system doea not axceed » speeificd
value during operation under stondy-stata Josd
demand or following a change to a new steady-
atate load demand.

4 N r -.

COPYRIGET American Socisty of Mechamical Enginesrs
Licanssd by Inforsstion Hesdling Sarvices




ASHE PTC#20.1 77 M 0759L70 DDEEEEE“T -

ASME PERFORMANCE TEST CODES

Par. No., Term ] Symbal Dafinition or Description Linit
203.23 :‘;tl’.'\lﬂr-ﬂll!ﬂ \.' The state of a variahle where its HYREBET value
' exchibits only negligible change over an arbitvarily
long interval of time.
20824 | Steody-state &Py | The penk-do-peak mognitude of sustained peroent
governing boad oscillation of load expressod in percent of rated
bund [rrvwrer m.il.put tllll can ha atiribated 1o the
spead/load governing system only when the
genarator is oparating in parallel with other
penerators and under steady-state lond demand.
203,25 | Steady-slate ANg | The peak-to-peak magnitude of sustained osclilation prercent
governing spoed of turbine speed exprosed in pereent of rated speed
hand ut eated apeod that can be attributed to the
apod (load governing system only, when wnit is
operating isclabed under stondy-state load
demand.
2.03.26 . Temperaturs, rabed tep The value stuted on the turbine name-plate. F (")
initinl steam
208.27 Time, respRInan The time reqaired for the output bo reach gcnnils
05 pereent of the chunge in steady-state wloe
following & step input change.
203828 | Time, settling The time required for the ontpat to anter and senonds
remain within the band of steady state oacillations
following a step input change.

L]
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SPEED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE-GENERATOR UNITS

SECTION 3, GUIDING PRINCIPLES

3.01 Advance Planning and Preparation for Tests

A0L.T While acceptance tests performed under Ue rulss
ol this Code are voluntary at any time they should usually
be undertaken shortly after the turbine-generator unit is
first aecepled for serviee, provided no serious operating
difficulty exists. When tests are required by specifications
12 0 condition of acoeplance, the seceptance teats shall
taka placa within the warranty period specified in the
conbrmck,

3.01.2 The test agenda and the procedurs shall be agreed
upron in advance by the parties to the tests and shall be
confirmad in writing.

(n) Test procedures shall mclude specific information
deseribing the manner in which the unit will be
operated and the provisions nade for tranafer of
load in order to implement the test requirements
of this Code.

(b} Dimensone, data, deawings and diagrams of the
gysbom and components whish ave required for
eileulation purposes shall be ineluded in the teat
procedures. These will includs the conditions of any
equipment or apoessories afliliated with the unit
and it speed(load governing eystem which might
influence performance when the tests ave made.

J.00.3 Test report forms and dats aequisition forms shall
be propared in advance and shall conform to Seetion 6
“Ieport of Hesults,™

3.02 Itams on Which Agreoment Shall Be Reached

8027 Definite sgreement shall be reached as Lo the
apecific teats to be performed, enumerating the system
eluracteristics und responses that are to be Lested in
sccordance with Par, 1.01. Specified performanes of
the aystem shall be part of such an sgreament.

1082 The following is a liet of items upon which

nt shall be reached. Any oxclusions or additions
to this 1ist mmust be agreed upon by the parties to the tests
prior to the tests.

(a) Ohjoct of tests and methods of operation.

(b)) The intent of the specificotions and guarantees,

(o) Meana for maintaining test conditions and adjusting
loads as required.

(i) Method of operating the steam supply systom and
any auxiliary equipment, the performanes of which
may influence the test resulis.

(e} Conditiona that will be permissible with respect
to sfety of the unit sich as:

{1} Permissible aceeleration rate.

S ————e e
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{2) Maximum speed,

{3) Adwverss vibrations.

{4) Effect upon steam supply system and station
auxiliaries such as condensers, extrachion
heaters, pamps and other cquipment.

(£} Dmeation of operation under test conditiona hefore
tost readings are started and the operoting ronge of
test rums,

(g) Mature and limits of transients, such as maxiomum
rabes of I:1'III'H_E in metal Lemperatures,

(h) Organization and number of ohservers and srange-

mente for their direction, rapording of readings and

ealoulating results,

(i) Procedures for calibration of instruments.

(§) Test agonda, incliding definits valiies
of tost loads and rotating speeds of the umit at
which each individual test is to be conducted.

(k) Apportionment of costa of tests and allocation of
responsibility including personnel.

() Fregueney of observations and number of repeats
to ingere a ropresentative sampling.

ot

1023 The following control features constitute a partial
list of functions available on some governors, These control
fratures have not been defined in Section 2 and are beyond
the soope of this Code, Howeyer, if any of these functions
aire 0o be tested during the teats deseribed elsewhere in this
Code, the test requirements to demonstrate satisfactory
performance of theee control features shall bo agreed wpon
prior to the tests and included in the formal sgendo and
proordures of the bests,

{a) Turbine runback.

) Power/lood unbalance,
{a) Trip anticipation,

() Fast valving.

(e} Load frequency control,
(f) Owerspeed control.

(g} Initial pressurs regulator,
{h) Admission mode tranafer,

(i) Stage pressure/megawatt feedback.

{§) Automatic turbine start.

(k) Turhine bypazs systemis).

() Valve testing ayatemis).

{m} Speed matching on oross compond wnibs

2024 Personnel ghall include a sufficient number of
compatont observers to take and record the various
readings. Mo ohserver shull be required to take so many
readings that lack of time may result in insufficient care
and precision,
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3025 The partics to the tests shall be accorded the right
to run checks on the control system duning or beform
initial operation of the turbins.

3.02.6 Parties to the teats may agree to changes in test
conditions while o tost is in progress. All such special
agreamants shall ba made in writing and inchided in the
repart of Lhe tests,

3.02.7 No eorrections or changes in seltings of the
specd/load governing system shall be permitted during
the tests except as agreod npon in writing. No sdjust-
ments may be made to the equipment that may affect
continuois and reliable operation at all capacities or out-
puts and under all specified operating conditions.

3.03 Equipment Inspection

2.01.1 Careful inspection snd checks shall be mode
hefore, during and after the tests to insure that the
turhine-generator unit i operating properly.

3.08.2 The speed/loud govirning system asd all of ita
asnoiated equipment shall be carefully checked and
properly adjusted peior bo the tests, This shall be done
according to the recommendations of the manufscturer
with such assistance a8 may be required from the purchaser
and with due consideration to operating roquirements, so
that the time required to check the mechanical conditions
mdmztkwldjmuuﬂhnwdﬂmd
governing mechsnism will not imp

interruplion on the normal operation ll-l the unit.

2.03.3 Equipment and instruments should be examined
thoroughly and calibeated to assure sceeptability for the
purposes of the tests, Spares for those instruments liahle
te faihure or breakage in service should be peovided and

calibrated as part of the preparation for the tests,

3.04 Accuracy

RO4.0 The test readdings shall be reported as oheerved,
and the test results shall be reported as ealeulated, with
sach corrections as are permitted by this Code. The
accumacy of the measurements affecting the results of the
teats perionned weder this Code are covered under
Section 4.

305 Preliminary Test

1051 1 is recommended that prior to the sceeplance
tests & preliminary test be run for the follewing purposs:
(a) Checking the adjustment of the speed/load govers-
ing syebem and the turbine-generstor Lo assone that
the cquipment is in saitable condition for a test,
{b) Checking all instruments and methods of measure-
il

(¢} Training personnel,

{il) Establishing the test

{o) Caleulation of resulls as an overall check of
procadurs, luyout, and organization.

5.05.2 If the parties to the tests agree, the preliminary
teel may be accopted as a final test.

3.08 Operating Conditions

2.06.1 Preparatory to a test the turhine-generator and
mssociatid oquipmont shall be operated for & sifficient
fime Lo atisin steady-stale operating conditions,

2062 The operating conditiens shall bo maintained
within limiis in this and other approprisie
ASME Performanoe Test Codes. Unless otherwise per-
mitied by agreement beiween parties bo the tesis, the
operating conditions shall not deviste from the specified
vondithons during the period of a test beyond the following
limits:

{n) Inbot steam preasure ahead of the throttle or stop
valve ahall be within plus or minus two (£ 2) per-
cant of the pressure specificd in the test
procodures.

{h) Exhamst steam pressures of noncondensing turbines
ehall be within plus or minos lwo (£2) percent of
the pressures specified in the test procedures.

{c) Exhanst steam presoures for condensing turbines
vary with prevailing eonditions. The tosts shall be
run as closs to the rated exhaust prosure as
practical.

{d) Steam temperatures at the throttle/stop valves
are related to the rate of steam generation and may
viry with load. Temperatures shafl be maintained
ot normal values an far ss possible during the
coursn of the testing, In any event great care shall
I exeredsed to maintain steam conditions s that
the temparatures at the throttle/stop volves will
be lee from any appreciable varintions during the
individual tests.

() Steady-state speed shall not deviate from the
speeciliedd valun by more than plus or mins two-
tenths {£0.2) percent of rated speed (V).

([} Steady-state power output shall not deviate from
the specified value by more than phes or mines one
(% 1) pereent.

3.06.3 Exsept as noted in Section 4, all tests ioe Lo be
performei under normal eperating conditions on
povernor control.

3064 The normal varistions from speeifiod values of
inlet presmire and tomperaturs and exhaust pressurn hive
mogligible effects on gpeedToed governing systam charse-

.———-—..._.l
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teriatics. Many turhine-gencrator units are starbed amd
oparated ot other thon rated pressurea and temperatores
amid the governor should be tosted at these conditions as
well ns rated conditions.

3.06.5 The normal variations from specified values of

voltoge and power factor have negligibls affects am spocd)-

Inad governing system charasteristica and may be
adjusted to suit stalion conditions.

3.07 Instrumants and Records

3071 The aceuracy ranges and responses of all instro-
meents ghall be a3 reqoired in Saction 4. Prior to the testa
the initial ealibrations of all the instraments shall ba
available ond the methods of ealibration shall be agroed
upan by the partiea to the tests.

Jorz2 ﬂnl}' siveh obserymtions and measurements need
tor be made asapply and are necessary to attain the ohject
of each test. Each observer shall record his actual obesr
vationa on the teat record and each of the parties to the
tests ahall recefve o cactified copy of the original test
record, Comrections and corvocted volues shall be enteped
in the test resord in such o manner that the original entry

T
S
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romaing legible and shall be sccompanied by an explana-
tory note. Particulor core should be takon to record any
sdjustments mode to any equipment under test whotler
made prior to a run or between the rams, The reason for
cach adjustment shall glso be stated in the test record.

A.07.3 Alternate methods are presentad in this Code for
cortain tests and for computing their results, In these
instances, the Test Report shall state which alternative
hias beon employed.

3.08 Ewsluation of Test Results

8081 If the test results show malfunctioning of the unit
or gy auxiliarics the defects shall be corrected before the
tesk series is repeated.

3.08.2 If during the conduct of a test, or during the
subssquent analysia or interpretation of obasrved data an
obvioiw inconsistency i found, the partios to the tests
ehoild make every repsonoble cffort to edjust or climinate
the inconsistency by mutual ageesment. Failure to reach
such an agreement shell require repetition of the test.

3.08.F Contractual romifications of the test results are
oataide the soope of this Code.




4.0 Selection of Instruments

4.07 Ganaral

4.01. 1 This scetion describes the instruments required
io determine the performance characteristics of a
speed/losd governing system. Unlem otherwise speci-
fied herein, the instruments and their calibrations

shall be in accordance with the Performance Test Code
Supplements on Instraments and Apparatus (hersin-
after referred to ss Tand A), (PTC 19).

4.00.2 Duplicate instrumontation may be nstalled to
meeasire wpecific vital parametens if so desired and
agreed o by the parties to the fesis.

4.02 Muasured Cuantities

4.021 Todetermine the performancs charscteriatics
of the speedToad governing system, it is necsssary to
meagare one or more of the following:

{a) Pressure

{b) Temperature

(e} Speed and froquency

{d) Motion or travel

(e} Power output or electrical load

(f} Time

(@ Voltage

fl'l} 'rmr.-l

4.03 Pressure Measuremenis

4.03.1 Messurements of sboam pressoures: will be re-
quired to determine the operating conditions during
the teats, It is desirablo bt not mandatory that the
gecuracy of prosmre meamiromen b8 conform with the
requirements of the Test Code for Steam Turbines
(PTC 6).
4.08.2 If it s not practicable to comply with the rec-
ommendations of Par. 4.03.1, calibeated station in-
struments may be used, subject only to the following:
(a) For pressure above 35.0 pai (241.3 kPa) abs
gages or transducers capable of being read
within plus or minus one (£1.0) pereent of the
pressure measured may be used.
{b) For pressares at 85.0 psi (241.9 kPa) abs or
les, meroury manometers of oolnmns of equiv-

YRIGET Amsrican Socisty of Mechanimal Englnssrs
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SECTION 4, INSTRUMENTS AND METHODS OF MEASUREMENTS

alent capable of being read within plus or minos
two (£ 200 percent of the pressure being read,
ar & 0,1 in. (2.5 mm) Hg, whichever is greater,
muy e wsed

4.04 Tempuersturs Messuremants

4.04.1 Measuroment of steam temperatures will be re-
quired to determine the operating conditions during
the tests. It is desirable but not mandatory that tem-
peralure megsuremants conform with the roguirements
of the Test Code for Steam Turbines (FTC 6).

4.04.2 1 it i not practicable or convenient to comply
with the recommendations of Par, 4.04.1, calibraied sta
tion instruments may be used sabject to agreemant by
the partion (o the test.

#.06 Speod or Frequency Measurements

4051 Spead or generator frequency messarements ore
required to establish regulation and other mensures-of
periormanoe.

4.05.2 On an isolated system the measurement of fre-
quency may take the place of specd measurement.

4.05.3 Continuous readout of speed on an electronie digi-
tal meter is recommended. However, any direct-reading
speed measuring device may be used to determine spoed
of fraquency. Whatever is used must mect the requine-
ments horolnafter proseribed.

4.058.4 The vee of multiple channel graphic reoording
inatruments is voquired for determination of dend band,
overpeaid, ipead/lond hand, step response ond sottling
time, and for the simoltancous measurements of spoed
wind power outpat, apeed load shanger governing system
referonce or valve position demand signal.

055 The wse of an X-Y recorder or multiple channel
graphic rocording instrument is required for the determi-
nation of steady-state speed regulstion, speed vorsus
servomotor position, and steady-state incremental regu-
Intion.

405,46 Speed messuring instruments shall meet the
following requirements:

e —LLT —a\.
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[n— Muanimum Maximum
Application Aangs, Esror, Dwad Band,
Parcant of Fated Speed Pargani of Rasd Speed |  Perosnt of Rated Speed
Speed Regulation and f5 1 115 025 -
Incremental Speed Regu-
lation, Methods B & C
Ovorspeed B5 1o 115 0.25 -
Range of Speed-Changer 5 10 115 0.25 -
Adjustment
Dead Band B to 101 0.02 001
Incremental Speed 0 to 101 0n.02 0.01
Regulation, Method A
Steady State Governing 99 1o 101 002 .o
Speed/Load Band
Adjustable Speed Functions 0w 115 1100 -

4,068 Motion or Travel Measuremaenti

£.06.] Meassrement of motion will generally be limited
to the mesurement of the linear datance traveled by a
devico from a point of reference.

4.06.2 When required, the valve stroke can be established
from the siroke of the servomotor piston,

4.06.8 For recorder input of servomotor travel, a travol
phekup (potentiometer, or lincar vartable differential
tranabormer) may be wsed. The servomaotor travel shouold
be measured to within £ 0.5 pereent of full travel.

4064 For direct messuremant of servomator travel s
a scale with 002 in. or 0.5 mm divisions when travel is
greater than 2.0 in. (S0.8 mm), and vee o dial indicator
with 0,001 in. or 0.01 mm divisons when travel is less
than 2.0 in. (50.8 mm).

4.06.5 The speed/load changer governing system refer-
ene or travel of the epeed/load changer may be cstab-
lished by means other than those described in Par.
4.06.4, providod comparable sceuracy is chtained. For
this purpose, a suitable position indicator, if providod
with the specilfload elunger, may be used. If the posi-
tloning of the speedflond changer s effecied by & serew,
its position may be establishid by counting the number
of turns and fractions of turms a8 moasured from either
end of its travel,

4.07 Power Qutput Measursmonts

4071 Tt is desirable but not mandatory that power out-
put messuremonts conform with the requirements of
the Test Code for Steam Turhines (PTC 6).

M —— e W
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4.07.2 TH it is not practicable o convenient to comply
with the recommendations of Far, 4.07.1, calilested
station inetruments may be osed subject to agresment
by the partics to the testa

4.07.3 For the determination of stesdy-state governing
load band, the recording wattmator should have an ac-
euracy of L0 poroent of scale span. The response time
and chart speed should b commensurate with the quan-
titien heing measared.

4.08 Time Measuramants

4081 ﬁmmlhq@dlnmﬂh‘
time for transient cacillation, and 1o determine rates of
change of valve position, voltage references, speed, load,
and spoed/losd changer governing system reforence.

L4082 hmﬁmmiqimh#nﬂ

the chart speed should allow elapsed time to be read
with an sccuracy of £ 2.0 percent.

4.06.3 A stop watch may be used when determining the
rate of change of functions with extended time duration,
if 5o agreed by the parties to the tests,

4.09 Voltags Mossursmants

4.00.1 For testing of electronie control systems, meas-
urement of control system references and variables e
veginred. Some of these references and variables will
normally be measured as voltages.

4.09.2 The accuracy and deadband of the voltage meas-
uring instruments mist be commensurate with the quan-
tities being messured.

17
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4.09.3 The e of voltage recording instruments is e
sential for determining the time dependency of the rel-
ereneo voltages.

4,10 Tasting — General

18] As discused in Scction 3, the selection of tests
to be: performed om the unit should be based on the ap-
plication of the steam turbine-genorator.

4102 The tests are listed in o logical order so that it is
leasible to proceed soquentially through the required
tests, However, excepl where the results of one test in-
fluence the procedure in a subsequent test, any soquence
of testing agrood upon is satislsctory.

4.10.3 Certain test conditions and procedures are so re-
lated that it is more efficlent, if two or more tests are to
be performed, to conduct some or all of them concar-
rently. Heferente to Table 7-33 in Far. 7.30 would be

helpiul in determining what teats can be run concurrently.

4.10.4 For each test the quantitics to be recorded are
itemized. When referonce in made to operating point it is
meant that the following itema should be recorded:
{a} General configuration, ineluding whether the
geverator is operated isolated or synchronized,
extraction and other valve positions affecting

aistent with equipment protoction in case of an emerg:
aney,

4.12 Datsrmination of Adjusteble Spead Functiona

4121 The purposs of theae tests is to determine con-
trol system performance with respect Lo the (ollowing
cantrol [eatures, as provided:

(a) Spesd/load changer minimum speed holding level.

(b} Other speed holding levels.

() Acceleration control.

{d) Speed/load changer low speed limit.

(e) Speed/load ehanger high epeed limit.

(f) Synchronizing speed range.

() Muximurn spaed at rated power.
4.122 Equipment required:

Means for:

{u) Direct roading and recording of speed (Par. 4.05)

(k) Indication of speed/lond changer governing system
referencea (Par. 4.06),

() Indication of the position of governor-controlled
vilve(s) servomotor(s), (Par. 4.06).

4123 Tout conditions:

(&) Unit genorator main cirenit breaker apen, run up
from rost, with kold and acceleration provisions

turhine performance, ete. operable, if provided.
ﬁ Wﬁi (k) Unit at rated speed, generator main cireuit breaker
e} Electric load. apen, and no koad.
E:f Steam Ef s - > #.124 Determination of Speed/Load Changer Minimum

() Control settings.

(g} Special conditions or deviations.

(h) Controlling valve positione,

{{) Conditions of hydrautic, proumatic and electrical

power vappliv,

4.10.5 In all cosen in which o recorder is used, prelimi-
nary tests shall be made to sseertain that the channel
gains are commonsarate with the magnitodes of the yari-
able fluctuations reconded.

4106 Instruments and recorders should have a response
time and chart speed commensarate with the quantities

Speed Holding Lavel

4.124.1 The purpose of this test i to determine the
lowest steady-state spood level attainable under spead!
bondd governor control with the speed/load changer set
at the minimum specd holding level,

41242 Test conditions are those specifiad under
Par. 4.12.3(a). The following procedurs applica:
(n) If odjustable, preset furbine manufacturer’s rec-
ommended aceeleration rate.
{b) Follow turbine manufacturer’s operating inatruc:
thoma with respect Lo tuming gear operation, rotor
prewarming and general roll off procedures.

being observed and recorded.
4124.3 Hecord:
{a) Speed of the turhine from roll-off to the point sl
PGS - which the vurbii is at steady-state speed under
411 Genarsl control of the speedload governing systom.

4.11.1 For taking the messurements specified in this
section, the speed/lond governing system shall be in
service, aind pressurn regulating systoms associated with
the turhine shall b inoporative or ool of semvice & son-

14

(b) Hecorder range sotting.

{c) Speed reference sel point.

() Acccleration rate set point.

(e} Inlat steam temperature wind pressure.
{0y Condenser pressure.
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() Speed/load changer governing aystem reference
{iE reuired ).
#.12.4.4 For evaluation and computation of results,
refer to Par, 5.12.4.

4.12.5 Datermination of Other Speed Holding Levels

40251 Speed holding levels are those speeds pre-
selocted by the rarbine manufacturer whess the e
bine B to be helil for warming turbine parta for finite
time periode, Thesespeed holding lovels are outside
of the oritical apecd zones of the turbine-generator unit.

4.1 2.5.2 This test applics when the speed holding
lzvels sre under conteol of the speed/load governor
within o¢ below gynchronizing speed rnge.

4.12.5.3 This test normally follows the completion
of the minimum speed holding level test in Par, 4.12.4,

4.12.5.4 Thia test will be conducted between varions
spead holding levels with preset acceleration rabes, The
combinations of speed holding level changes and accel-
erafion rites to be tested will be agreed upon by the
pariies to the tests before the tests, in sccordanss with
Par. 3.02. If desired, deceleration rates may also be
checked.

4.12.5.5 The following procedurs applies
{a) Proset aecoleration or deceleration rute,
(b} Presot new specd holding lovel and initiate
speed change.

41256 Record:

{a) Speod of turbine from one speed holding level
to another,

(b) Recorder range setting.

(e} Specd reference sct point.

{d} Accoleration vabe set podnk.

(e} Inlet temperature and pressure.

(f) Condenscr peessure.

(&) Speedfload changer governing system refarence
(3 required).

4.125.7 For evgluation and computation of results,
rofor to Pac, 5.12.5.

#0126 Defermination of Aceoloration Conirol

4.12.6.71 Acccleration is the rate of change of rota-
tional spoed. When vsed in general, it applies to in-
creasing and decreasing speed functions. When wsed
speci fically, aseeleration is increasing and deceleration
is decreazing spoed, Deceleration ks not necessarily under
governor eontrol and may be ehecked Lo provide oper-
ational information,

149

4.12.6,2 The performanes of the speed/load govenn-
ing syatem in controlling aceelaration rates i tested in
conjunction with:
Par. 4.12.4—Mindmium Speed Holding Levals
Par. 4.12.5—Other Spoed Holding Levels

4.12.6.3 This pection doss nol cover nonsteady-slats
seeelorotion deviees which are usod for overspoed pro-
teation of the unit.

4127 Determination of Speed/Load Chongar Low
Speed Limit

4. 12.7.1 The low speed limit is the specilied lower
limit of the synchronizing speed range. This setting may
b o mamufacturer’s reeommended inpat cather thin

physical limit or “stop.” Test conditions are those undar
Par. 4.12.5(k).

4.12.7.2 The following procedure applies:
{a) Setspoed/load changer at low spoed lmit
antting.
{b) Record turbine steady-state speed and speedf
Ioad changer governing system referencs, No
eomputations ara required.

4.12.8 Detormirgtion of Speod|Load Changer High
Spood Limit

4.12.8.1 The high speed limit is the specified upper
limit of the synchronizing rangs. This setting may he a
manufacturer’s recommended input rather than a physical

Limnit or "stop.™ Test conditions are thoss specified under
Par. 4.12.8(h).

412.8.2 Tha following procedurs appliss:
(=) Setspeedload changer at high speed limit
aetting.
() Record turbine steady-state speed and speed/
load durn‘ﬂr ,El:wun:inﬂ l.y!.tem reference, Mo
computations are required.

4.12.9 Determination of Synchronizing Speed Ruonge

40291 The low and high speed limits dotormined
by tests described in Pars. 4.12.7 mnd 4128 are used to
wstablinh synchronizing speed range.

£.12.9.2 Mot all speed/load governing systems have »
synchronizing rangs defined by high and low specd limita,
In these situations, synchronising speed range is & pre-
selected apud wone within which the unit may be syn-
chrouized with the system.

4.12.10 Detormination of Moximum Speed at Rated
Power

472101 This section applics to g:spur&ﬂund mo-
orvling system with a high speed limit and the ability for

e b
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throttie valves to be operated independently of the speed/

load govermning system,

4.1210.2 Test conditions are thoss specified under
Par. 4.12.5(b). The following procedure applies:

(2) Sctepecdiload changer st high spead limit.

I:_l.r} Neduee steam Tow 1I:|l' {!;I:Ili.ﬂﬂ the Ihnrtllql
stop valve antil the governor-controlled valves
are At position corresponding to maximom
rated power output at rated conditione.

{t} Record governor-controlled valve position and
gpend os tast results for (a) and (h) above.

{d) No somputations aro required.

4.13 Datermination of Steady-State Spoed Rogulation

47181 The purposs of these tests i to detecmine
ateady-state spood regulation.

4152 E'qll ipment requined:

{a) X-Y recorder (prefered) or multiple channal
strip recorders,

by Recorder for speed input.

(g) Recorder for valve position demand signal {dis-
plecement, voltago, pressure, ste, ),

{d) Moane for dircet reading of spoed.

(e} Resorder for unit load,

4133 Teit condipions:

{u) Unit at no load disconnected from the line at
various speeds with governor-controlled valves
controlling and unit on the line with varions
loads, or

(b) For sutomatic extraction and mixed pressues tur-
bines, ran the unit under varioun loads with zero
extraction, including soro lood.

d.13.4 Procedura:

{n) Operate the unit with generator main chreuit
breaker doged at steady-atute rated epeed and
steady-state rated power output. Accurately os-
tablish the speed/load changer governing syatom
reference.

{b) Orperats the wnit with generator main circuit
breaker opan atl gero power cutput with governor-
controlled valves controlling. When operating con-
ditions berome stahilized, preferably at rated
stenm conditions; the speed/lond changer govern.
ing systom reference should be sot corresponding
to the Ml:ll'ng esbablished in .rhp {l.'_l, above.

(¢} For automatic extraction or mixed-pressure tur-
bines, run the wnit under maximem permissible
load withont extractions, (Load to be agreed
apon by parties to the tests),

{d) With the governor setting as in (o}, above, op-

COFYRIGET American Society of Mechanica! Enginsers
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erate the unit at gero power outpul with zéro
extractions.,

4.13.5 Record:

{a) The setting of the sPudflnad changer governing
syslem reference in step (8} or () Par. 4.13.4.

(b} Initial steam conditions at no load in atep (b) or
{d) Por. 4.13.4.

{&) Lf not at ruted sleam conditions, rocord the valve
postion demand signal.

{d) Actual unit stoady-state speed obtained in step
() and (b} or {c) and {d) Par. 4.13.4.

(o) Aetusl maximim power output in step () Por.
4184 if uaed.

4.13.6 Caloolations are deaeribed in Par. 5.13.

4.14 Dutermination of Steady-State Incremental
Spoed Ragulation

d.14.1 The purpose of theae tests i 4o determine the
steady-etato ineremental apeed regulation.

4.14.1.1 There are two sets of operating conditions
{Case I and Caae TT) that can be used for determining

* steady-state ineremental speed rogulation.

() Case Ioan be nsed where the turbine-penerator
can be run isolated and the load varied from
pero to full load

(b} Cose II iz used in all other instances, that is, the
turhing-genorator is loaded in parallel with one
or more other units,

4 14,2 Equipment roquired:

(0} X-Y recorder (preferred) or multiple channel strip

reearilers.
, (b} Reeorder for speed input,

I:{:} Reeorder for valva puh|H.1;||1 demard u.igrmt {ﬂ-n-
]_I|a|:l!n1.f.n1.| voltage, presure, ele, ).

(M) Recorder for unit load,

(e} Means for direct reading of specd,

d I3 Tost conditions:

4.04.3.1 Cose I:
{a} Unit operating isolated with various loads,

1482 Cose ll:

{a) Unit at no load, genesator main circwit breakes
open at various speeds with governor-controlled
valves controlling.

(1) Unit generator main crenit breaker elossd with
vanous loads.

4.14.3.3 In both cases, if boud feodback signal is pro-
videdl, it must be oul of service.
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4144 Procedure: Taat runs should he of sufficient duration to give
(a) Determination of steady-state incremental speed a well defined diagram on the X-¥ recorder, Tha
regulation includes a graphical sobution. This re- speed/load changer governing system referencs
quires the preparation of corves, must be kapt at a constant setting during each run.
4 1441 Casa Method B
With the unit running isolated under nonnal oper- This method employs the change in unit speed off
ating eonditions and with the valve position limiter set tha line by decreasing the steam supply to the gov-
out of range, place tho speed govemning systom under ernor-controlled valves. This method cannot be
control of the spood/load changer. Teats should be spaced tased except on those turbines where throttle andf
to give ot least six points in the range of power output or stop valves can be controlled independently of
reaulting from the opening of ench governor-contoolled the governor, The unit should first be operated
valve or valve sct. with the gencrator main circait breaker closed at
If steam genceator limitations are such that the onit various loads. The setting of the speed/load
is unable to operate in the full range of power cutput chariger poverning system reference should be ac-
while still maintaining rated conditions, then it would he curately determined for 25, 50, 75, and 100 per-
soceptable to operate ot less than rated conditions and cent of valve position demand signal to the gov-
apply o cotrestion fattor to the results, ernor-controllad valyes.
#1442 Cuse IT The unit should then be operated with the generator
This ease requires preparntion of two (2) curves. min cirewit breaker open with rated stenm eondi-
(a) For Curve I: tions, The speed/load changer governar aystem refer-
With the unit in paralel with othor units undes enee shoild be set to mted speed with gero power

nomel operating conditions and with the speed/
foad changer at the high speed limit, ploce the
governorcontrolled valves under control of the
walve position limiter, Tests should be spaced to
give at least gix points in the range of power out-
put, resulbing in the opening of each governor-
controlled valve or valve set,

If steam generator imitations are such that the
it is unabls to operate in the full rangs of
power output while siill maintaining rated con-
ditions, then it would be acceptable to operate
at bess than mted conditions and apply a correc.
tion factor o the resolts,

(b) For Curpe 2:

There are three methods aveilabls for obiaining
Curve 2: Mothod A, Method B, and Method C.

Mathod A

This mathod employe the frequency change of the
system to determine a curve of speed versua valve

position demand sigaal to the governor-contvollad
valves.

The tests should be run while the unit is operating
in parallel with other units under governor aystem
control ot five test values of power cutput at ap-
proximately 5, 25, 50, 75 and 100 porcent rotod
power output. Yaloes of power output which lis
within the top 10 pereent of the ineroment of
power output resulting from the opening of any
govermor-controllad valve should he avoided.

-
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output. The steam supply should then be slowly
decremsed until the governor-controlled vabyes ars
fully open. This may be ascomplished by closing
the main stop valves. Reclose govemor-controlled
valves hefore re-establishing steam supply. The
steam supply should then be re-established antil
rated conditions are reschod.

The speed/load changer governing system refer-
ence ghould then be sot at each of the four posi-
tHone previowsly determined and the same proce-
dure repeated for each position.

Method C

This method can be used only when the pelation
hetween the speed/load changer governing system
referance and valve position demand signal is
nearly linear. If the results of Method C (Par.

5.14.4.2(d}) indicate a difference between the
nabwal curve and its tangent as illostrated in Fig.
510 of more than 0.5 percent speed at any speed/
load changer governing system reference sotting
then Method A or Method B must ha used.

The curve produced by this method can also be
used to determine steady-state spoed regulation.
Operate the unit with the generator main eircuit
beeaker closed in parallel with other units, With
abe e speed, accurately record the aelting
of the speed/load changer governing system rel-
arance for 25, 50, 75 and 100 percent ruted
power output.

21
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the valve position demand signal to the gover
nor-oontrolled valves should be messured and
rocorded,

d 146 Caleulations are déscribed in Par. 5.14.

The wnit generator muin eireuit breaker should
then be opened, the unit run ot sero lood with
rated muin steam conditions and with the spead/
load changar governing system reference sot ot
cach of the four positions determined in previous
parngraph and the same procedure repeated for

e}

()

(e)

Initial steam pressure and temperature

Curve | Gavernar-Controlled Valve Inere-
mental Regulation

{1 Ma) Proferrad Mothod - Using an X-Y re-
corder, the power outpot should be plotted on
one axis and the valve position demand signal
tar the governor-controlled valves on the other
axis,

(1N} Alternate Wethod — The reading of power
output and valve position demand signal may be
read and recorded on data log sheets.

{2} Main stoam pressure and temperaiure, re-
heat steam temperaturs and condenser vacoum
at each load point,

An X-Y plotter should be waed with unit speod
on ona axis and valve pogition demand signal to
the governor-controlled valves on the other axin.
(Hherwise thess values can be recorded ona
sirip chart rocorder.

Mothod B

An X-Y plotter should be used with unit speed
on owe axis and valve position demand signal
tir the governor-controlled valves on the other
axin. Otherwise these vabues can be recorded
om a strip chart recorder.

Method

The unit speod should be recorded eorrespond-
ing to each of the speed(load changer governing
systom reference siting

1T rated main steam conditions are not oltain
ahile, actusl conditons should be recorded and

22

each position, 4.16 Determination of Dead Band
4145 Record: 4151 The purpose of these tests is o determine desd
band.
41451 Case b -
{a) Power output 4.152 Equipment reguired:
(b) Speed (a) Method A

Multiple channel strip recorder or X-Y recorder

(d) Condensor pressure calibraied to simultaneously record speed and
(e} Valve position demnd signel position of governor-controlled valves, moans for
41452 Case II; direct reading of load.

{b) Maghod fi

Miltiple channel strip recordier or X-Y recorder,
ealibrated to simultaneously road speed and speed/
load changer governing syatem reference for cali-
bration; then governor-controlled valve poition
nimultaneously with speedioad changer governing
system reference, means for direct reading of load .

& T8 Taii conditions:
(a) Mathod A

Unit at rated spoed, generator main cireuit breaker
elosed, and carrying load.

(b} Mathod B

Unit st rated spoed, genorator main cirenit broaker

() Curve i'.Spmﬂmd Governor Incromental open, with governor-controlled valves controlling.
Regulation 4154 Procedure:
Mathod
ek () Methad A

Tlils mathod should be used when normal load
variations will produce frequency changes of suf-
flolent magnitude for the porpose of thia tesl.

Simultaneously record speed and position of the
povernor-controlled valve(s). Readings should be
twken at three loads: near no load, half lomsd, and
full load {and/or other load points that may be
agreed upon by the parties to the tests).

(b) Method B

This method should be used when normal fre-
gquesscy varialions are not of sifficient magnitads
to permil determination of dead band.

(1) With the unit running at %9 percent of rated
epeed (grnerator main circoit beanker open)
rovard the chonge in speed versus the changn
in speed/load changer governing system rel-

T e r——




ASME PTC+20.1 77 EE 0759:70 DDS2EL3 4 mm

SPEED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE-GENERATOR UNITS

erenoe whils both increasing and decreasing A 16,3 Test conditions:
speod between 99 and 101 pereent of rated () Method A
apend. This atep need not be reprated follow- (1) Unit iy
generator main circuit breaker open, gero
::H::h opasified load polut in step (3), power output, at rated spocd under governor
{2) With the unit at rated speed, and at a pre- ::::n:i gemerstor excited with nomnal field
viously agreed upon load, record the change (2) Record ctnd to veund piods

in position of the governor-controlled valve(s)
while changing the speed/load changer govern- (b} Method B

ing systom reference, both in the increase and (1) Unit izolated, carrying load as agroed wpon
deerease direction, Speed/lnad changer gov- by the parties Lo the tests, under governor
eming system reference should not change at control, generator excited with normal field
a rale fmter than 2 percent rated speed per current, manual vollage eontrol,
minute, % : {2} Recorders conneeted to record speed and load.
Racard: 4.16.4 Procedure:
e : (a) At specified operating point obtain srip chart
() Mathod A record of speed and other varisbles.
(1) Spoed (b) Obtain the best possible evaluation of Muctos:
(2) Position of govemor-controlled vabve(s) tiond or cycling that can be attributed Lo the spead
() Load governing system only, discounting other sources,

() Mepeat the test, with the governor-controlled

(b) Method It : valves under the control of a valve poaition limit-
(1) Setting of speed/ioad changer governing systom ing devica at the pesition corresponding Lo zero
reforence wer output (Method A) or load point of the
(2) Position of governor-controfled valve(s) :;IM]]}_
{3) Speed or froquancy
(4) Load 4165 Record:
) o (a) Speed and load.
4.15.6 Caleulations are deseribed in Par. 5.15. {b) Recorder calibration so that chart can be read
direstly.

4.16.6 Calealations are desoribed in Par. 5.16.
4,16 Determinetion of Steady-State Governing Speed
Band 4.17 Determination of Swady-State Governing Load

Band

4060 Tha pur of this test is to determine the ; . i
nitude ..mﬁmu St v il speed, T?:r .51 It purposs of this ket Ia t deteemin the xeg:
tost may bo run in two ways: Mathod A ks ran with the “j“’"f steady-state load fluctuntions while the ma-
penerator maln crouit hreaker open opecating at mated ine is running under governar control,
#pead under governor control. Under this method, the 4.17.2 Equipment required:
wulue obtained is relatod only to one conirol valve setting. (n) Mesorder for load
Methad B is run with the machine isolated and carrying {b) Reeorder for speed
load. Uncler this method, varying valucs may be ob- 4113 T
tained at various loads, depending on the control valve -3 Test conditions:
system characteristics. If Method B is used the partics 4.17.8.1 Since the magnitude and frequency of fluctu-
Lo the test must agree beforchand st what loadis) the atlons may vary dependent upon specilic load and oper-
test{s) are to be run. sting comditions, the load and operating conditions shall

Every effort should be made to diminate or mini- be agreed upon by the parties to the tests prior to the
mize luctuations due to external disturbance. testa. Values of load which lie within the top 10 percent

of the increment of load resulting from the opening of

4.16.2 Equipment required any governor-cantrolled valve should be avoided.

() Strip ehart reecrden(s) 4.17.8.2 Unit operating with load, in parallel with other

(b) Recorder for spred - units, normal operating conditions, generator on mansal

() Recorder for unit load ' vollags control,

b
-, -~ i
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4.17.4 Procedura:

{a) With mit on governor control, simultaneously
record unit power oulput and speed over o suit-
ahle period of time without changing the speed/
load changer governing system reference.

(b} With the governor-controlled valves under the
control of o valve position limiting devios and
imit load essentially that of step (a), above, simul-
taneously record unit power outpot and speed
over astitable perod of time.

(e} IDepest steps () and (b) for each load at which the
Lesst i desived,

£.17.5 Record:
(s} Unit load
(b) Speed

4.17.6 Calenlations are described in Par. 5.17.

4,18 Determination of Response snd Sotiling Time

4.18.1 The purpose of this test is to determine the re-
sponse of the speadfload governing aystom to a sudden
change in load or spoed/load changer poverning syatem
reforence signal. The operating conditions, load point
andd amount and rate of load change must be sgreed
wpon by the parbies to the test.

4.18.2 Equipment required:

{a) Multiple chanmel strip chart recorder for governor-
vontrolled vabve position, speed/load changer
poverning syetem reference signal and load change
input signal.

(b} Becorder for unit spesd.

{c} Mecorder for unit load,

4.18.3 Test conditions:
{u) Unit at rated speed, and loaded a8 agreed upon.
(b) Recorder comnected to vecord speed, load, gov-
ernor-controlled valve position, speed,Toad
changer governing sysdem reference signal, and
load change input signsl changes,

4.18.4 Procedure:

(a) Operate the recorder(z) to obtein an adequats
recosd of steady-atate condithons.

(b} Apply the agreed-upon load change. The mag-
nifude of the change should he lazger than dead
band and at o rate not to exceed control velocity
saturation.

(o) Run the recorder(s) until steady-state conditions
are re-catablished,

4.18.5 Record for each pesi:

(a) Tnitial and final steady-state load and speed,

{5} Transient values of load change input signal, load
and apeed.

(¢) Governor-controlied valve position snd specd/load
reference signal.

4 18.6 Calenlntions are deseribed in Par. 5.18.

4,19 Determination of Overspesd

4081 The purpose of this test is to datermine the re-
wponse of the spead/load governing system on andden
and completa loss of full load and to establish the cor-
respotiding maximum speed risa.

4.09.1.1 Prior to conducting this test, agreament shall
be reached between the manufactorer, supplier and user
a3 to the specific conditions and methoeds of test and the
determinotion of the seaulta.

4.19.2 Equipmant required:
{a) Recorder for spaed.
{b) Recorder for position of all turbine inlet valves.
(e} Recorder for load.
(d) Provison for recording time of generator main
circuit breaker opening in relation to (), (b}, and
(&) abave,

#1903 Test conditione:

(a) Unit nt roted speed, generator main cirenit breaker
closed ond loaded a8 agreed upon, under apeed/
load governing system control; valve position
limiter aat 8t full open, torkine exhavst prossure
at dosign conditions. If exhaust pressure design
condiions are not attainable, prevailing condi-
tiong are aceeptable, but must be correeted in
caleulating overspeed, Pars. 5.19.2 and 5.19.3.

& 104 Procedurs:

d. 194,01 Prior to the test, the entire turhine-genera-
tor eontrol system should be checked to asure that it
is in proper adjustment and in good working order. The
testing of the emergenoy overspeed trip shoold be mado
in secordames with FT'C 20,2 before proceeding with this
tost. Specific tests should be made for proper operation
of all turhine-generator bask-up auxilisry syetems, sch
a2 back-up lubricoting oil pamps, auxiliary back-up elec-
tric: pawer aupply, urbine steam inlet valves, and other
funetions g deseriled in the manufaeturer’s instroction
hoalk.

4.19.4.2 When the governing contrel system includes
an overspead coq rol function, a preliminary test should
be conducted at a foad point just above the load at which
this overspesd control funclions,

4.19.4.9
{a) After preparations have been completed for
this test, it is advisable first to opon the gen-
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erator main circuit breaker suddenly at ap- required to reduce the speed/Toad changer governing sys-
proximately one-quarter full load to ascer- tem reference from rated power output signal to zero
tain satisfastory functioning of equipment. power output signal by operating the spead/lond changer

(b} Observe and record the speed re. continuously at its maximum rate of change.

(¢} Cheek that all control systems and equipment
function properly. 4.20.2 Equipment required:

(d) If the preliminary test is eatisfactory, the full (a) Recorder calibrated for spend/load changer gov-
load rejection test may be run. " erming system reference,

(e) With unit carrying full load, operating condi-
tions normal, open the generator main cirouit #.20.3 Test conditions:
beealcer. {a) Unit disconnected from the line,

4.18.5 Record: 4.20.4 Procedure:
(a) Specd. (a) Determine the values of the speed/load changer

Eh; i:l:n inlet valve positions, governing system reference corresponding to

(. " rated , (Par. .13,

(d}y Generator main circuit breaker position. Zero m’nm:t{iri {{:: :‘11;,:{{;:3 -

(e} Cwerspeed control function cutput. {b) Record the change in the upulul.;’lmd changer

{f} Turbine exhaust steom pressure and temperature governing system reference from the rated power

prioe o test, . output velue to the sero power output yalue, while
(g) Extraction check and stop valve positions. the speed/load changer it operatad st its maximum
4,19.6 Calculations are desceibed in Par, 5.19, rate of change.
£.20.5 Record:
4.20 Detsrmination of Spesd/Losd Changer Govern-
(a) Time clapsod from rated power value to zero
ing System Reforence Reducing Tima Jrowas vakie of sposdiiond shanges governing
4.20.1 The purpose of this test is to determine the time syslem reference.
25
&)
it ()
- - s b !
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SECTION 6, COMPUTATION OF RESULTS

5.0 General

6.01 The teats performed as deseribed in Section 4 are

evaluated ns deseribed in the following paragraphe

6.02 Puragraph numbers for the computations of a
particulas test with the numbers of the de-
scription of that test in Section 4.

5.1 Evalustion of Rewits

6.12 Adjustsble Spead Functions

5.12.4 Minimum speed holding level:
(a) Typical recorder chart

nm.l.l -———————

)
1
= TINE —= _'
FiG, 51
{b) Evaluation

(1) Draw a line at the steady-state value and read
the minimum speed holding level from the
ahart,

{2) Draw a straight line from the rero intercept to
a point where the recorded speed line inter.

cepts the steady-state value line st the first
point in time,

() Compute sverage soocleration

g N e—

At

£.12.5 Other speed holding levels:
{a) Typical recorder chast, speed increasing

SPEE D

INITIAL

[-3

T A S—

COPTRIGET Amariscan Saciaky of NMachamimal Ernaissars

i

(b) Evaluation
1) Draw aline ot the steady-state value of inftial
speed and steady-state value of final spead and
rasd off chort.
(2) Draw a line which is representative of the speed
ramp on the chart.
{3) Compute average acesleration.

At

B.13 Steady-State Speed Regulation

S.18.1 The steady-state speed rogulation is determined
by substituting the data from Par. 4.13 in the sppropriste
formula below. Also mote that if other than rated steam
conditions exist during the test, Ny and N, must be eal-
oulated.

51512 For sutomatic extraction or mixed-pressere
turhines:

Ry =20l 2 ¢ 100 (parcent)

51513 Al other tarbines:
R, =(£:—' ~1) X 100 (percent)
{Mote: This spplies when N, = V).

6.14 Steady-State Incremental Speed Reguiation

5. 14.4 Thore are two sots of operating conditions (Case [
anud Case IT) that can be used for determining steady-

state incromental speed rogulation (refer Lo Par, 4.14),

SJ4A] Case [ Plob percent spoed versus peroant
powar oubput (see Fig. 5-3 for example). The stead y-atate
incromental speed regulation at a specific pawer output is
the dope of the curve at the speeific power output.

PERCENT WATER SPEED
N EEE RN

® % 0 30 40 8 #0 70 80 80 00 0 120
FERCENT RATED POWER OUTPUT
FlG.5-3 CASE] - LINEAR GOVERNDR

_-F“\
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a curve of steady-atate incremantal

tion versus percent power output (see Fig. 5-4 for ex-

ample}.

i i i i i

o 16 B

0 40 B0 & 0 B0 80 B0 0
PERCENT RATED FOWER OUTPUT
Fiid. 54 CASE [ = LINEAR GOVERNOR

5 14.4.2 Care III:
(a) Curve 1 {see Fig. 5-5 for example). To de-

qnsasaaaﬁ

termine Curve 1 the values of power output
ohtained under Par, 4.14.4.2(a) should be cor-
reated to normal conditions wéng appropriate
corcection data (see PTC 6). Convert thess
corrected values to percent rated power out-
put, Fr. Mot the percent valve position de-
mand signal against percent rated power out-
put. The goveror-controlled valve incremontal
fator Ry, in the slope of the curve st & specific
valve position demand signal,

" EEEEEE ]
wmﬂwm

FIG. 58 CASE I - CURVE 1 ~ NONLINEAR

GOVERNOR

(k) Curve 2—-Method A, The following computa-

tions determine Curve 2 for Method A (Par.
4.014.4.2(1)).

(1) Draw a center line through the disgram pro-
duced on each chart of the X-Y instrument
and determing the value of the valve poaition
demand signal corresponding to rated speed

e
F e e T B |

PERCENT GOVERNOR-CONTROLLED

WVALVE POSITION DEMAND SHGNAL

E 2 3

by

L
L]
T
L ]
L}
L
3
]
]
-]

(N, ) at the intersection of the center line
and the rated speed (N, ) ordinate. (see Fig.

Lot

s 00
PERCENT RATED SPLED
FiG. B8 CASE Il -~ CURVE 2 — METHOD A

orll S FRUGH (PO Y [ T Y T L O
20 50 40 80 60 7O BO B0 OO0 ND. 120 B0
FEACENT WALVE POSITION DEWAND Ss0HAL

FiG. 5-7 CASE Il - CURVE 2 — METHOD A

i
o m

{2) For each chart, select two (2) points on the
center line drawn through the diagram. De-
terming the percent speed and the corre-

sponding percent valve position demuand
signal for cach point. Determine the

nor incremental speed regulation (Rg) from
the following formula:

Change in percent speed

,lf_'-

fng changs In percist x 100 (percent)

valve position demand signal

(%) Plot the values of regulation (fly) obtained
fram step (2), above, agninst corresponding
values of percent governor-controfled valve
position demand signal determined in step
(1), above. A line drawn through these
points is Curve 2 (soe Fig. 5-7 for example).

()
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PERCENT SPEED/LOAD CHANGER
GOVERNING EYSTEM REFERENCE

morg g £ B2

L]
B4 93 D& 6T 90 90 100 DI 102 105 K04 0D 04 0T 108

PERCENT RATED SPEED
Fid, 58 CASET - CURVE 2 — METHOD B

{e) Curve 3-Mathod B. The following computa-
tond determine Curve 2 for Method B. (Par.
4.14.4.2{(b)).

(1) The speed data obtained in Par. 4.14.4.2(k)
should be converted to percent of rated
speed. For the speed/load changer govern-

wystem reference comesponding to each
one of the load points, plot a curve of valve
position demand signal in percent of total
signal corresponding to & change in power
output from Py to Py versus speed (percent
ﬂfﬂh\lw.ﬁ.}.{luﬁpnﬁ-ﬂluru-
ampli),

(2) For coch speed versus valve position de-
mind aignal line corresponding to a specific
speed/lond changer governing system ref-
erence, draw a tangent at the point where
the line crosses the rated speed (V) ordinate.

() Extend each tangent so that the end points
comeapond to sero power output (Pa) and
rated power cutput (). The difference in
the speeds ot the end points of cach tangent
is the governor incremental speed regulation

mand signal at the point of tangency.

(#4) Plot the values of regulation (R ) obtained
in step (&), above, aguinst cormesponding
values of percent valve position demand sig:
nal determined in step (3), above. A line
drawn through theee points is Corve 2
(aea Fig. 69 for example).

T ——— :
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- @ W A @ @m @ w D

- | 1 | 1 L L | I — — Il Il J
© 0 P20 30 40 30 80 TO B0 S0 100 WD 120 130
FERCENT WALVE POSITION DEMAND SIGNAL
FiG. 59 CASE Il - CURVE I - METHOD B

{d) Curve 2—Mathod C
(1) Convert the value of spead to percent of
rated spend for each speedlosd changer

poverning system reference corresponding
ta the 25, 50, 75 and 100 percant rated

power output points a determined in Par,
4.14.4.2 (b). Flot the valve position demand
signal corresponding to each spoed/load
changer governing system reflerence m a
funetion of percent rated speed.

(2) Establish a tangent at the point where the
graph crosses the rated speed (¥, ) line at
Py. Extend the tangent o rated power out-
put (P ). Determine the difference in spoed
between Py and Py on the tangent. I the
difference between the getual curve and its
tangent, as illustrated in Fig. 5-10, is one-
hall percent or less it any speed Tosd ahang-
er governing system reference setting, then
the governor incremental apead rogalition

SLOPE OF CURVE
AT 100 PERCENT
RATED SPEED

i | L i | (]
D 00 W02 O 04 OB 108
PERCENT OF RATED SPEED

FiG. 510 CASE 1l — CURVE 2 — METHOD ©

PERCENT VALVE POSITION DEMANMD SEMAL
]

s

"
"
|

e
e

S
':3

T
g
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I"'-""—""ll—"l

| RATED POWER OUTPUT

3

|
|

SLOPE OF CURVE AT
100 PERCENT RATED
EPEED

i
I
L1 11 s

]
00 B4 02 03 04 03 06
FERCENT OF RATED SPEED
FiG. 591 CAse Il - CURVE 2

PERCENT WALVE POSITION DEMAND SIMAL
T
PERCENT GOV RMOR INCREWENTAL REGULATWON-Ry
- o B W W W @ @

the tangent to the valve position demand
signal curve al the desivsd percent powes
output (ses Fig, 7-15 for numerical axantpla).

(2) Using the valve position demend signal de-
termidined in step (1), above, anter Curve 2
unid ohtain the corresponding value of gov-
ernor incrementnl speed regulation, Hg, as
illustrated in Fig. 5-13.

(7} To compute percent steady-state incremental
regulation, Ry, for esch desired peroent
power output, multiply the corresponding
values of R, and R & obtsined in stepa
(1) and (2), above. The selection of percent

FlG. 612 CASE Il = CURVE 1 power output points on Carye 1 should be

#uch a8 to refloct change in dope (Ky). I
the slops is changing rapidly, the percent

130
i
e

() cani b sssumed to be constant and power paints should be cloae togother; il
ita valua is the percent speed difference nol, the points may be further apart. Tabu-
hatwoen Py and P on the angent. late poreant power, fe, Ry, and K. 17 de-
{e) The steady-state incremental speed regulation sired tiese data may be plotbed, as shown
would have the values ghown on Curve 2 (see in the example in Fig. 5-14.
Fig 511y if u straight line relationship held {#) Om a multi-valve unit, the governor-con-
bitween valve position demand signal and irolled valve incremental factor, Ry, used
power output, Since this is seldom true, it is to determine the sverage value of the in-
neoessary to modify Carve 2 using Curve 1 eremental regulation for the last 10 percent
a8 follows: of power output resulting from the oponing
(1) At any sssumed point on Corve 1, the de- ol any governor-controlled valves is obtaingd
viation of tho valve position demand signad from the slope of the line drawn through the
verss power oulpal curve from the ideal end points of this last 10 pereent.
straight line relationship can e exprosed
mathematicslly by the govesnor-controlled 6.16 Daad Band

vilve incromenial facior {H.EI_. To determine 5151 The P TR L L Vot v i
Ry ontor Carve 1 for the desired peroent doad band from the data recorded in Par. 4.15.
powar oulpat. Determine the correspond-

iy valve position demand algnal and Ry, = 5.15.2 There are two methods of caleulating dead hand:
illustented in Fig. 512, R, is the dope of Mathod A and Method B.
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mrm-:mm;m.mmm
= ]
T T

[ 13
r1s
2F
o L ] '} i L i i L L i ]
o I @ 3 40 S & T N0 W D0 #d
PERCENT RATED POWER DUTPUT
FiG. 514

{8) Matkod A
From the recorded data obtained under Par.
4.15.4(a), determine the change in speed for
which there was no corresponding change in the
position of the governoc-controllad valve(s), (AN},
Chooss only those portions of the records where
the speed is changing at o fairly constont and alow
eate. The percent dead band will then bes

Ny = %?—)t 100 {percent)

(b) Method B
From the recorded data obisined under Par.
4.15.4(b) cetablish a speod/load changer
governing system referance calibeation in
cosrvenient units.

The linearity of the speed/load changer govorning
system reference should be verificd and the cali-
bration constants determined for both the in-
crense () and decrease (O} direction.

From the recorded data obtained under Par,
4.15.4(b) determine the change in the speed/load
changer governing system reference for which
there was no corresponding change in the governor
comtrolled valve(s) position lor both increase and
decrease (§N) spoed setting directions. Choose
only those portions of the records whers the
apeed/load changer governing aystem referance

wae chanyred at a fairly constant and slow rate.

The percent dead band will then be:

in the inarease direction

Ny = SLEIN . 300 (percont)
r

-

T ——— e,
COFYRIGET American Socisty of Mechamical Enginsers
T gt e i e T e - by'es T

in the decroase direction

Ny =CLF:.:M % 1M (pereent)

Chasoge the larger of the two caleulated values as
the determined dead band (Vy).

5.16 Steady-State Govarning Spead Band

S Il The purpsse ol this caloalation & to delermdne
the steady-atate governing epeed hand from the data re-
eorded in Par, 416

5.16.2 There are two (2) methods of testing for sleady-
slate governing spesd band (Par. 4.16.1). Caleolation for
each method is identical,

516.21 Deduct the peak-to-peak amplitude of the
ascillations in speed found under Par. 4.16.4(c) from the
peak-to-peak amplitude found under Par, 4.16.4(8). Con-
vert the largest difference to percent rated apeed.

ANp —%x 100 {percent)

5.17 Steedy-S1ate Governing Load Band

517.1 The purposs of this caloulation is to determing
the steady-state governing load band from the data re-
corded in Par. 4.17.

5172 Thers are two methods of calenlating stesdy-state
governing load bend: Mathod A and Method B.

(a) Method A
If the system frequency is constant, deduet the
peak-to-peak ampliludes of power change foond
under Par. £.17.4{b) from the peak-to-peak wmpli-
birdea fotind under Par, 4.17.4{n) at agreed-to lond
points. Convert the lorgest differonee to percent
of mted power.

(b) Method B
Tf the syston frquency is varying with power
changes, aa found under Par. 4.17.4n), consider
phase relotion of speed to governor-controlled
vabvo motione and incremental spead regulabion
for the teat load. The amplitudes of the power
ascillations in exoess of that accoanted for by the
corrective governor action via ineremental spesd
n:m.iﬂlir_'lll are altributable governog load band.
The steady-=tate governing load band is therefore:

APg = 5P - %x 100 (percent)
L]

where: 5 = Owerall power swing expressed in percent of
rated power output (Fp).

&N = HSpeed swing in percent of rated speed (Ve ).
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REAPOMSE AMD SETTLING TIME
FOR UNT I PARALLEL DRERATION WITH
~ LARGE SYSTEM.

g

PFERCENT
PERCENT SPEED/LOAD

GOVERMOR- CHANGER
CONTROLLED GOVERNING

REFERENCE

EYETEM

-

BN

22

STEADY-STATE GOVERNING
LOAD BanD

VALVE
FOSITION

UNIT SPEED

b— sermume Tve —-t ;

UMIT

—_——ee—

PERCENT PERCENT

SYSTEM

TINE
Fig,B16

5,18 Rasponse and Settling Time

5180 The purpose of this caleulation is to determine the
reapunae wnd sattling time from the data recovded in Par.
411

5.0148.2 The determination of response and settlig tmne is
myude utilizing a grophieal method wsing the charts pro-
dueedd in Pav, £.18. See the examples illustrated in Figs.
G-1i amal 5-106.

519 Ovorspand

S0 The purpose of this caleulation ks to deteomine
wrerapeed from the data veeorded in Par. £.19.

G002 The pereant ovenspeed is obtained by substi-
tuting the data feom Par, 4,19 in the following formula:

PERCENT

E' E g 5 E FoR uummwmil:a J‘P:;nm
%ggggmb[
§ " g
B Eanl— —'E
A :
HE | Eg
Egn & -
E BRI Eg
B
E‘c
=2
#
§e
EI:
H *I
i " o 11!_-__._ |
Fi, 516
i, N,

ANy, =-—£|‘-J|'¢:—LH 104 {percent)

where Ny = maximum speed attained after suddon and
eomplete loss of power aulput.

5.19.3 1 turbine exhost conditions prior fo lest were
not st design, correction to design conditions must be
made (Hef. PTC 6).

5.20 Spas/Load Chanpasr Govarning System
Rinforence Reducing Thne

5.20.1 Governing system referenes redocing time is de-
termined directly from the vecorded sdata obtatied in Par,
20,

T —
& g ~
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SECTION &6, REPORT OF RESULTS

8.0 Ganaral

6.0.1 The Report of Tests shall be prepared foe the pur-
poae of formally recording observed data and computed
results. Tt shall contain sufficient supporting informa-
tion to prove that all objectives of any tests conducted
mi scoordancs with this Code have been attained.

6.0.2 Oaly items required Lo satisfy the tlipuhled ol
Jjeeetives meed be recorded and roported.

.0, The complete Report of Tests may contain, in ad-

dition o tee tabulated test results, awthentioated oo

of the original log sheets and charts. Instrument readings
ahall be recorded as observed. Corrections and corrected
walues shall be enteced separately in the tost record.

6.1 Test Report Form

il I Tests ghall be reported in accordance with te ap-
plicable portione of the form presented herewith and
shall include the following parts in the order given:

(n) Objects

(b)) Results

{8} Conclusions

() Authorization and Agreement
(#) Dezcription of Equipment

(N} Methads of Tests

(&) Summary of Measurements
{h} Methods of Caleulation

i) Application of Correation Factors
(i) Allowances

(k) Test Resalts

() Presentation of Test Roslts
{m) Disemssion

{n) Appendix

6.1.2 Objocts of Teste. This part shall include an x-
plicit statement of the objects of the Lests covered in
the report, a8 set forth in Par. 3.02.1.

&.1.3 Results, This part shall inchide a brief sommary
of the results abtained.

1.4 Conclusions. Thia part shall inclode conclusions
eoncerning the results of the tests and any recommenda-
tions or supplamantaory comments.

60,5 Authorization and Agreement. This part shall in-
elude suthorization for the tests, their objects, contrac-
tual obligations and guaranices, stipulated agrecments,
by whom the tests are directed, and the reprosentative
parties o the tesls, a5 sel Torth in Par, 3.02.2,

i

1.6 Desoription of Equipment. Thia part shall include
& degeription of the squipment tostod and any other
auxilinry spparatus, the operstion of which may have
influenced the Lest results,

6.1.7 Mathods aof Tests. This part shall include the
methods of tests, giving the sreangemont of testing
equipment, instruments wed and their locationa, op-
exating conditions, and a complele description of any
methods of measorement usad that are not prescribed
I:-r ihis Coade.

6.4.8 Summary of Measurements, This part ghall in-
clude a general log of the lests, recording the ambient
conditions, the operating conditions of the turbine-
generator unit, adjusiments of the governor, and ather
syatem parameters.

6.1.9 Methods of Caleulation, Thia part ahall inchude a
deseription af the methods of eflonlation from oleorved
data and agrecments as bo precision and accaracy.

6. 1.10 Application of Correction Factors. This part shall
inelude & desceiption a8 to how correction factors are to
be applied becowss of deviations, if any, of test conditions
from thoss speeified.

6.1.11 Allowances. This part ghall inclade the specified
or agroed allowances for possible exrors, including the
methods of uilplicl.ﬁgn. Itin mgﬂ.'tcd that FTC G Rﬂpﬂrl—
1960, “Guidanes for Evalustion of Measurement Unoer-
tzinty in Performance Tests of Steam Turbines," be nsed
as a guide.

6.0.12 The test resulis shall be sloted under the follow-
ing hoadings:

6.0.12.1 Teat Results computed on the basis of the
test operating conditions, instrument calibrations only
having boen applicd.

6. 0.12.2 Test Results comected to specified conditions
if test operating conditions have deviated from thoss
specified,

6.0.72.3 Statement that foregoing results, if limits of
ervor have been agresd upon, ave believed sorrect within
a stated plus or minus percentage error or points Gn o
percentage seale if the reaults are reported upon a per-
centage hasis,

6.0, 13 Presentafion of Test Resulis, Thin section nhall
include tabular and graphical presentations of the test
results,

6.0.14 Discussion. This section shall include a discus-
sion of the tests, their vesults and conclusions.

e i
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6.1.15 Appendiz. This seation shall include Appendices
and illustrations to elarily the descriptions of equipment
and the mothods and ciroumatanees for the tests, chrono-
logical log of events during tests, descriptions of methods
of ealibration of instruments, calibration reports, outline
of details of caleulations meluding a ssmple set of com-

E]

——
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putations, deseriptions and statements as to special tost-
ing apparatus, results of preliminery inspeations and
trials, and oy supporting information required to make
the report & complete, self-contained document of the
entien undertaking.

e
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SECTION 7, APPENDIX

7.01 This appendin is included to provide information
supplemental to that in Sections | through 6 as an aid to
the wser of this Code.

7.0L1 The following information is included in See-
tion 7.
(o) Numerical examples of caleulations in Section §
(Par, 7.100,
{b) Mustrative diageams, inchading description of
MH and EH governing systems (Par. 7.240).
{e) Instrumentation diagrams (F'ar, 7.30),
{d) Indircet test methods (Par, 7.40).
{e) Step/ramp transform (Par. 7.50).

7.90 Numerical Examples of Caleulations in Section &

.10l Peragraph numbers showing the numerical exam-
ples fior calenlations in Section 5 correspond with the
paragraph numbers of that caleulation described in Sec-
iion 5.

7.14 Sample Calculation of Steady-State Incremental
Sposd Ragulation

7040 Steady-state incromentul speed regulation is de-
finedd i Par, 2034, Tt can be considered sa made up of
lwo components:
l:.:l- (rovernor neremental l')ﬂld rtg‘l.lhl’nri defined in
Par. 2.03.15.
(b} Governor-controlled valve incremental factor de-
fined in Par. 2.03.2.

Al of thes: values may be necessary 1o bolate the canses
of imexplsined instabilities which may ooeur in a system.
The impartance of testing for incremental regulation is
principally in resolving governing svitem problems. The
governor incremental regulstion weuld include nonlineari-
tins in the control systom bounded from the speed feed-
back signal to the valve position domand signal. The
governor-controfled valve incremental factor would in-
clude nonlinearities from the valve position demand sig-
nal to the actoal load. The two components considered
together establish the steady-stute ineremental speed
regulation which covers the overnll system from speed
fredback to the power generated,

Tldd.] Cape I—Isolated Unit. With the tarbine-
generator main ciremit breaker closed bul Bolated from
other generating anits vary the load from sero to maxi-
mum power output and record speed and power output
from which percent of rated speed and percent of rated
power outpul arc calculated, as illustrated in Table 7-1.

b

B oL et~ o PR D T SR T RN T . U e ——

From Table 7-1 percent rated speed versus percent
rated power output is plotted, as shown in Fig. 7-2.
After plutting the curve determine the slope as illustrated.
Table 7-3 contains the steady-state incremental speed
regulation values for various load points while Fig. 74
is the plot of steady-state incremental speed regulation
versua percant ratod power output.
Mote that this example applies to n spesific governor,

T.14.4.2 Casa [T = This case redquires prepacation of
L () curves d

() For Curve 1
With the unit in parallel with other units under
normal operating conditions, vary the load from
wero to maximum power output and record valve
position demand signal and power output. From
this, the peroent valve position demand signal
(100 pereant valvo position demand signal equals
100 percent rated power autpit ) and pereent
rated power output are calcalated, as illustratod
in Tahle 7-5.
From Table 7-5 plot Carve | which is percent
valva pnd.'llinn damand lian.l] vermes perocnt rated
power outpat, o ilusteated in Fig. 7.6.

(b} Case If — Curve & — Mathod A, From the X-Y
plot in Fig. 7-T detormine the governor incre-
mental regalation (R} as illustrated, and then plot
versiis percent valve podtion domand signal, o
illustrated in Fig. 7-8.

Case T - Curve 2 — Mothod B. With the usit
generator main cirewit breaker open and the speed/
load changer governing system refcrence set ab
each of the required poinis, valve position demand
signal and speed are recorded, as illustrated in
Table 7-9. From the recorded deta, percent valve
position demand signal and percent rated speed
are calculnted.

Vrom the values in Table T-9 percent valve posi-
tion demand signal versus percont roted speed is
plotted, s Mlustroted in Fig. 7-10; and then gov-
arnor incrementsl regulation Ry s computed and
plotted versus porcent valve position demand
signal, as llustrated in Fig. 7-11.

(d) Care Il - Corve 2 — Mothod €. With the tur-
bine-generator main creuit broaker cloped and
paralloled with other generating units vary the
load from zero to maximum power oultput and
record valve position demand signal and speed/
load changer governing system reference comre-

(=}
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SPEED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE.GENERATOR UNITS

TABLE 7-1CASE]

Rated Power Output = 30 MW
Rated Speed — 3,000 rfmin

Percent
Bpaed Power Output Rated Speed *
rfrmin MW (Spend < 3000)
3000 449.5 100060
4021 35.0 10070
3050 320 10000
3036 Lo 10120
3040 30.0 10138
046 .5 101.58
050 7.4 10167
3055 7.0 101.88
3061 6.2 102.08
3065 55 . 10217
H072 24.0 102.40
075 25.2 102,50
3080 .5 10267
3084 232 102.80
3085 .0 102,83
3091 21.0 103,08
3085 0.0 10817
J099 18.8 103,30
3101 18.0 108.37
3108 17.0 108.43
nos 16.5 10450
3110 16.0 108.67
ns 15.0 108.90
3128 15.8 104,10
3130 12.0 104.38
3134 10.5 104.47
na 10.0 104.70
3148 9.0 104,93
3158 7.5 105.10
3168 .0 106.27
4164 6.0 105,43
4162 4.5 105.40
J168 4.2 106.60
nwm 5.6 105.77
nwr 3.0 106,50
3192 0 1.0

Percant
Rated Power Output®
{Power Qutput + 30)

1117
110.0
1.7
108.8
100.0

3540
2.0
0.0
gr.a
#5.0

#0.0
7ra
75.0
4.0
7a.4

70.0
6.7
627
0.0
56.7

55.0
533
50.0
46.0
40.0

5.0
a4

16.7
15.0
14.0
12.0
10.0

00

*Peroent rated apeed =_r!.fgﬂlr%“ 100
Peroand mlﬁdmmlpllh%x 104
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TABLE 7-3CASE

HOTE: ' Stosdy-State
THE SLOPE USED TO DETERMINE THE INCRE- L
MENTAL AEGLILATION FOR THE LAST 10 i
PERCENT OF POWER DUTPUT RESULTING Parcent Rated Speed Regulation
FROM THE DPFEMING OF ANY GOVERNOR- Power Qutput {Slope from Fig. 7-2]
CONTAOLLED VALVE ON A MULTI-VALVE i s A el
UKIT IS OBTAINED FROM THE SLOPE OF THE 5.0 a.65
LINE DRAWN THROUGH THE END POINTS OF 10,0 2.00
THIS LAST 10 PERCENT g
12.0 .60
13.0 000
= j{%ﬁ" 100 - 6.6 PERCENT 135 1675
- “n# En-,-ﬂ-sﬂx 100 = 14,4 PERGENT [SEE NOTE] 15.0 16.75
N P22 my - B8y 100 - 3.8 PERCENT EE gg
- _08 - X R
Bt 018 Ft1|u §5 % 100~ 6.0 PERCENT 250 240
® 7.5 3.75
wp g peseses 28 1840
1.0, M N W S A — - 34.8 L1440
@ © B M 40 50 &0 TO B0 B0 WO K @0 o
PERCENT RATED POWER CUTRUT g7.4 3.35
FiG. 7-2 CASE1 42.5 3.60
0.0 5.10
51.5 5.20
54.5 19,00
54.5 19,00
57.5 2,55
62.5 2,05
67.5 410
£ L 70.0 525
S I 725 6.05
: r 734 15.25
¥ ool 75.8 15.25
§ o T1.E .60
i #2.5 460
g I8} B7.5 .60
(L]
213 1.0 .04
g 90.8 16.40
¥ ok 92.5 16.40
8 ;t 95.0 3.60
% 53 % 4 %0 e 7o 80 % 00 16 T s dal
é PEACENT PATED POWER OUTPUT 100.0 A.60
FIG. 74 CASE] 102.5 &.60
1050 560
| [Fr A 5.25
109.0 11.20
1006 30,00
111.5 30,00
36
e i
onmsad by Tafeomitinn Boting Secvimms T L https://DatasheetsPDF.com/

*
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SPEED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE-CENERATOR UNITS

TABLE 7.6 CASEIN
Rated Powar Qutput = 220 MW

Valve Position Demand Signal
Percant
Valve Posltion Pawar Parcant Ratad Powar Output
Demand Signal | Qutput et Inches® (Met Inches* (Power Qutput
Grass Inches® W (Gross Inches — 0.60) 4+ 5.00) + 220)
.60 0.0 0.00 00 0,00
L10 258 0.50 10.0 1150
1.35 ar4 0.75 15.0 17.00
L.60 49.5 L.O0 200 2050
L.85 600 125 250 Tnay
210 67.7 L50 30.0 30.77
285 726 L75 35.0 33.00
2,60 80.3 200 40.0 B6.50
a10 110.0 2.50 50.0 50.00
has 117.7 ars 56.0 53.50
3.60 124.3 3.00 G0 56.50
a.8s 143.0 .25 65.0 65.00
4.00 145.2 3.40 k.0 66,00
4.10 150.7 3.50 0.0 68.50
4.35 159.5 3.75 75.0 T2.50
4.60 165.0 4.00 B0.0 7500
4.85 181.5 4.25 5.0 82.50
4.097 189.0 437 o4 8501
510 1945 4.50 G400 841
522 198.0 462 424 40.00
5.40 208.0 4.80 06.0 04.55
5.50 21485 4.50 98.0 97.05
5.60 220.0 500 100.0 T0.00
5.72 2905 512 1024 10155
5.85 0.5 5.25 105.0 102.95
6,10 2388 5.50 110.0 10400
6,85 230.5 6.25 125.0 104.68

Mote: An sidjustment is made to the valve postion demand signal for the pmount of signsl required to maintein
aynichronous spesd. Alse, nate thal 5,00 ln (127 mm) is the valve position demand signal comesponding
to rebed power outpul,

Pervent velve position demand *;nll-ﬁ)t 1040
i

-t'“;"}x 100

Percent rated power outpul :’:—:} ¥ 100
*1 In. = 25.4 mm

——————— e ————

COFYRIGET Amsrisan Socisty of Mechamissl Enginsers
Lisanssd by Information Eendling Ssrvices




ASME PTC*20.1 77 B 0759L70 OD52478 & WA

ASME FERFORMANCE TEST CODES

5EE

_ﬂﬂ -]

O . A | Lol
o B B0 40 B0 e TO @0 WO 00 0
PERCENT RATED POWER QUTPUT

FIG. 746 CASE Il = CURVE 1

PERCENT VALVE POSITION DEMAND SIGHAL
Be3233888

gas 00D nan T

PERCENT whLVE POSITION DEMAND SI3HAL
E.auuasaaszé

FiG. 7.7 CASE I — CURVE 2 — METHOD A

CEWERWOR
‘REGUILATIOM <itg

ﬂ-—-.ﬂ-‘-..i.‘a

i 1 i Il 1 |:.| | W— - |
0 0 B0 B30 40 50 8D TO 8O B0 W00
FERMCENT VALVE POBITION DEMAND Si0MAL

FIG.78 CASE Il — CURVE 2 — METHOD A

A - b
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ASME PERFORMANCE TEST CODES

PERCENT WALVE POSITION

DEMAND SIGNAL Rg

i) 101.3= #iBe s
58 1050~ 9TA=B.2
[.0] 104,59~ 28986
Lo} 106.2-1000=6.2
14 108,0-1Ha=T.0

PERCENT

SPEED/LOAD CHAMNGER

GOVEANING S?EI'EM RAEFERENCE

13ra e P -

B0
[+
10
W-
B0
m-
&0
8-
40
30+ LY
I3 N
i N
1S N
gl Loy oy ) L WA
B4 95 96 5T 98 99 K00 DI DZ 03 104 K0S 106 107 DB
PEACENT RETED SPLED

FIG. 710 CASE Il - CURVE 2 —~ METHOD B

aponding to 25, 50, 75 and 100 percent rated
powar outpast, from which pereent valve position
demand signal and percent speed/load changer
governing sy atem meferemae are caleulated, us il-
lustrated on Table T-12

With the unit generator main civcnil breaker open
and the wbﬂd,.l'l.nul l'.EIH.rIEI'.I,' governing svelom ral-
erence st at each of the speedfload changer gov-
erning system roference settings corresponding o
25, 50, 75 and 100 percent rated power culput,
a8 determined from Table 7-12 (sbove), determine

- oW b B E W @ W D
T

S S T P e N [ T O e P e .
9 02 3 40 30 &0 TD B8O 90 OO0 B 120130
PERCENT WALVE POSITION DEMAKD SIGHAL

FiG. 7-11 CASE Il — CURVE 2 —METHOD B

L=l

PERCENT GOVERMOR INCREMENTAL REGULATION -Fg

speed. Caleulate pereant rated speed for each
setting, as shown in Table 7-13,

From the values in Tabla 7-12 and Taklo 7-13,
pereent vabye poaition demand signal veraos per-
cent eated speed is plotted, as illusteated in Fig.
T-14; and then stoady-state incremental speod
regulntion f) is computed direstly as illusteated.

() Calowdnting steady-state incremontol speed rege-
latizn from the curves:

(1) Governor-controlled valve incremental factor —
Ry Using Curve 1 {Fig. 7-6) debormine the
ideal slope and the slope factor for variowes par-
eenl rabed porwer lnllIlL'll.rs, [l iuu&lml.nﬂ in H.g.
T-15 and tabulated in Talde 7-16. Then com-
pute the governor-controlled valve incremental
factor Ry, s demonstrated in Table 7.16.

(2) Steady-state incrementol speed regulation i
Under Case [1, bo compate steady-stale inere-
mantal speed regulation Curve 1 {povernor-
eontrolled valve incremental factor &) is com-
bined with Carve 2 {governor incremantal

TABLE 7-12 CASE Il — CURVE 2 — METHOD C

Porcant [ Parcant | -';-"alra Posltion Pereent

Roted Power Spand/Load Demand Signal Valve Pogition
Qutput Chenger Refarence Irches 1rr_1m] e I:}-o_mand S‘a_lp‘HlF

Ly L) 6.0 (152.4) 100

5 0 4.8 (121.9) 80

50 50 30( 76.2) 50

25 o 1.3 33.6) 22

] L] 0o 0.0 0

&0
S - e T AT,

e,
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SFEED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE-GENERATOR UNITS

TABLE 7-13 CASE Il ~ CURVE 2 = METHOD C

Percant Percant
Speed/Load Spesd Rated
Changer Refersnce rfmin Speed
100 3747 1041

B0 3722 103.4

50 3679 102.2

n 3635 100.0

0 IG00 10400

fo—— Ry =104 T-100.00 4. TPERCENT«

%Ioﬂ--—ﬁﬂmm OUTPUT—= /.f
80 Fi
g oo}
3 s
8 mf Py
A ELOPE OF CURVE AT 100
8w} Y PERCENT RATED SPEED
' NOTE:

IN THIS EXAMPLE, THE DIFFERENCE BETWEEN
THE ACTUAL CURVE AND ITS TANGENT DOES
NOT EXCEED 0UB PERCENT AT ANY SPEED/LOAD
CHANGER GOVERNING SYETEM REFERENCE (AT
RATED POWER OR BELOW), THEREFORE THE
GOVERNOR INCREMENTAL SPEED REGULATION,
Rg. CAN BE ASSUMED TO BE CONSTANT.

e e e TTee s ST

L] o 03 104 L+]-] [l

PERCENT RATED SPEED
FiG. 7-14 CASE Il — CURVE 2 — METHOD C

PERCENT WALVE POSIT

uﬁg:o'ﬁﬁ

g

NOTE:
THE SLOPE LISED TO DETERMINE THE SLOPE
FACTOR FOR THE LAST 10 FERCENT OF POWER
130 - DUTPUT RESULTING FROM THE OFPENING OF
ANY GOVERNOR CONTROLLED VALVE ON A

IDEAL

| A
O 10 20 3 40 80 60 T B8O B0 10O WO 20
PERCENT RATED POWER OUTPUT
Fid. 718 CASEIT

g'm: i MULTI-VALVE UNIT I§ OBTAINED FROM THE _~SLOPE = 1.0
NOF £ sLOPE OF THE LINE DRAWN THROUGH THE END J -~
& 1901 5 POINTS OF THIS LAST 10 PERCENT 5
B8O F
B0
£ orf
g 60 ja
2 =i SLOPE FACTOR
- i SLOPE FACTOR
% 40l .y ore 82.8
g 30} ; < =28
L 2ot SLOPE FACTOR
ot 0%
én m,ﬁh.....;.l
x

41
;_—_—_:n..———-—'_"'_“\.
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TABLE 7-18

Govermnor-Controlled
Parcent Valve WValve Incremental
Pareent Rated Position Dermand Slopa Ideal Factor = R,

Powear Output Signal Factor Slopa {Slope Factor +

{from Fig. 7-15) {from Fig. 7-156) {from Flg. 7-18) (fram Fig. 7-15) Idaal Slopa = R,)
10.0 B8 0.90 100 0.90
150 13.0 0.90 100 000
20.0 17.5 0.90 100 0.90
.0 2.5 1.05 L00 - 105
7.5 25.5 1.30 100 1.30
30.0 M5 1.60 1.00 160
F1.0 .5 210% 100 210
.5 375 A 100 210
7.5 L5 080 100 80
45.0 46.5 0.80 100 a0
50.0 Si0.10 080 100 (LB
52.5 52.5 1.30 100 130
53.6 55.0 1.90% 100 1.90
55.7 9.5 1.90* LG 1.00
57.5 610 0.90 L00 0.90
. 0.0 630 0.90 100 090
65.0 67.0 0.90 1.00 (940
o0 9.5 0.90 100 (.90
T0.0 TLS 1.20 100 1.20
T35 75.5 1.50 100 1.50
729 TH.3 1.00% 100 1.0
T3.8 T0.0 1.90% 1.00 1.90
7.5 BlL.5 0.70 Lo - .70
85.0 6.5 0.70 100 70
87.5 8.5 1.20 100 1.20
0.5 00,0 160 o0 1.50
.0 92.5 1L.50% 100 1.50
95.0 06,0 070 100 L7
10:0.0 100 0.70 1.00 (.70
102.5 103.0 2.20 100 200
108.2 10310 12.50* Lo0 12.50
lM.T 1250 12.50% 100 12.50

'Mvhlhﬂﬁnmwam:m 10 percent of power outpul of exch wmn—mmlhd valve, This
i ilbusirated o Fig 7-15 for the Lot vabvo te apen.

o —————s

]
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SPEED AND LOAD GOVERNING SYSTEMS FOR STEAM TURBINE-GENERATOR UNITS

TABLE 717 CASETI

Governor-Controllsd Govarnar Steady-State
Percent Valve Valve Incremontal Ancremental Incremental
Position Damand Factor — Ay Regulation — R Speed Regulation

Bignal (from Table 7-16) (from Fig. 7-8) (Ri= Ry % Rgl
aa 0.90 5.00 4.50
13.0 0.90 .00 4.50
17.5 0.90 5.00 4.50
225 Lo 5.00 5.25
5.5 1.50 500 6.25
0.5 L.60 500 200
80.5 210 5.0 10.50
a7.5 210 5.00 10.50
40,5 .80 500 4.00
46.5 0.80 5.00 4.00
50.0 0.80 5.00 4.00
623 1.30 5.00 6.50
55.0 180 5.00 : .50
59.5 1.90 5.00 9.50
6L 080 500 4.50
63.0 - 0.90 500 4.50
67.0 080 - H 5.00 4.50
9.5 0.90 - 500 4.50
LS 1.20 5.00 6.00
5.5 150 5.00 7.50
6.8 1.940 5.00 9.50
9.0 1.90 5.00 9.50
A1.5 0.70 5.00 3.50
6.5 0.70 5.00 1.50
88,5 120 5.00 6.00
0.0 L.50 5.00 7.50
92.5 150 5.00 .80
6.0 0.70 so0 - .50
100.0 070 5.00 3.50
1030 220 .00 1100
106.0 1250 5.00 62.50
125.0 12.50 - 500 62.50

epeed regulotion ). For purposes of illustes- 7.16 Sampis Caleulation of Doad Band

tion Curve 2 Method A is usod and for specific
walve position demand signals ity and My, are
tabulated in Table 7-17 and the staady state

7.05.1 The purpose of these sample caleulations ks 1o give
a apecific example of the determination of dead band

uvevansial apved ogallaion B; 4 sommpeted, with the data recorded onder Par. 4.15 using the method

Tgure 7-18 is the plot of steady-state inere- of calculation described in Par. 5.15.
mental speed regulation versus percent rated 7.15.2 {a) Method A
power sulput. From chart shown in Fig. 7-19 the AN is

43
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1;“‘l 3804 rimin —
=
=: AT rimim =
s i
E :: E 300 wmin —
T8
:: G rimin -
(4 ¥
4: + O s =
';__./LJUL/U —
b4 FiG.7-20
a 1 1 L i ] i i i i i i ]
O W 20 B0 40 80 &0 TO B0 80 0O WD 02
PERCERT RATED POWER SUTPUT
" FiG. 718 cASE 1T o
g § GOVEANOR-CONTROLLED VALVES) POSTION
E GOVERNORCONTROLLED VALWVEIS POSITION E
z E
5’ :
w E EDV/LOAD CHANDER GOVEANING E¥ETEM
E - B el ; EFERENCE
> 1.8 rimin I tye 02 L
§ =00 il {BEE PID. 7200
£ SPEED (rimial ﬁ
£ = 3508 r/min =
& TIME — ﬁ TIME —=
E FIG. 719 E FIG. 7-11
sstablished as 18 v/min while the rated specd T.16 Sample Calculation of Steady-State Govarning
{IN;) s 3600 rfmin, Speed Band :
Ny l%g 100 = 005 percent 7.16.1 ‘The purpose of these sample calculations s to give
a apecific example of the determination of steady-state
(b) Method B governing speed band with the data recorded under Par,

“The speed/load changer governing ystom ref- 416 vsing the methods of ealeulation described in Par.
erence calibration (C7) ia 0.2 v/min/divieion s

(Fig. 7-20). 7162 () Method A
The change in speed/load changer governing From the d'ml'u. ehown in Fig. 7-22 _l.'hc _p-erk-
system roference required to record a change to-pesk amplitudes of the speed ascillations
i the governor-controllad valve(s) position found unlil:r Par. 4.16.4(x) and Par. 4.} 644z,
{8 Ny) s 9.0 divisions (Fig. 7.21). reapectively, are 5.8 and 2.0 rfml1.1 while the
The rated speed (Ny) is 3600 r/min. muted speed (V) is 3600 rfmin,
G x 5N  38-20

A g % 100 _ ANg = St 100 = 0.05 percent
Example: ' (b) Mathod B

_0.2x 9.0 = From the chart shown in Fig. 7-23 the peak-
Na =3600 * 100= 0.05 percent to-peak amplitudes of speed oseillations found

—

s e e samelier it gyt 1, 3 https://DatasheetsPDF.com/ ..
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BFEEC ANCER 0Oy BRkOn P EPEED [T BPEEO/LOAD
“mll-. AT ZEAD FOWER ~

POSTION LiwITER T

B aiwin

TIWE —
FlG. 7-x2

EPEED UNDER Q0 IR0 CONTROL
AT FERD ROWER OUTPUT

- .
g APPLECATION OF LOAD TINE
W= T
im- FIG.7-26
% - ;IET LEA D PONT
oni=
Bedd- 4.17 using the method of caleulation described in Par,
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TinE — TAT2 (a) Mothod A
Fla. 723 From the chart shown in Fig, 7-24 the peak-

to-peak amplitude of the load cecillstions
found under Par. 4.17.4(x) and Par. 4.17.4(h),
reapectively, are 350 and 150 kW while the

LOAD Jim| UREER GOVFRRNCA CONTRDL
; \_[/T{,/\/'\_/ 150w ruted power output is 100,000 kW.
i
i 850 - 150

it ary = 30150, 100 020 percent
FONITICH LIETER ¥
{b) Method B
{1) From Fig. 7-25, valve limited, spoed vari-
_! I|M ation in 4.0 o/min.
E’ (2) From Fig. 7-18 incremental epoed regu-
lation at test power point of 19,8 percont
R in 4.5 peroont. . .
FIG. 724 () From Fig. 7-20 tost point power vanation
} in 8.4 percent.
4.0 % 100
under Par. 4.16.4(a) and Par. 4.16.4{c), re- APg = 0.4 _( 3‘:3? " lﬂﬂ) = .98 percent
3

spectively, are 4.0 and 2.0 r/min while the

rated apeed (N, ) is 3600 rfmin. 7.20 Hlustrative i (g Dusmtisitions of
4.0-2.0 MH and EH Governing Systems

¥ 100 = 0,055 percont 7.21 i

¥ 7.2L.1 In a typical mechanical-hy deaolic governor, the
Ll f:l:l;xndﬂlm of Stondy ok & functions mecessary to provide control of the steam flow
to the turbdne are performed by mechanieal and/or hy-
T.09.1 The purpose of thess sample calealations is to give  draulie devices. Tnputfoutput signals are axpressed in
a specific example of the determination of steady-state terms of lever/rod/valve positions and hydeaulic pres-
governing load band with the data recorded under Far, sures, A typical electro-lydenulic governor combines
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GOVERNING SYSTIM HEF 57GNAL

FiG. 7-27 TYPICAL ELECTRO-HYDRAULIC (EH] BYSTEM
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FIG, 728 TYPICAL MECHANICAL-HYDRAULIC (MH) SYSTEM
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FiG. 728

electrical devises and clreuits with mechanical and hy-
draulic devices to provide the desired control. Input/
output siguals ean be expressed in terms of vollages or
current flows in addition to mechanical positions/hydraulic
presures. The dectrical components may wie analog or
digital gignals,

T.281 Figure 7-29 illustrates schematically a apeedfload
governing eystem in which speed is not changed with
power output. It can ba sean in the mechanical-hydraulic
eystem that the lover systom pivots about the speed
governor position (speed signal) (a) and thers are cor-
responding positions of the speed/load changer governing
system reference and the valve position demand signal m
long as the speed is constant. In this illustration, spesd

is shown al rated speed, Ny, -In addition, the speed error

[ MEE £ HAWIER GCERNING
bl e & I'!l'l'wm[

VALVE POSITHON
DEWAND SICWAL

LOAD FEEDEACK
(OUT OF BERYICE]

FiG. 720

remains conatant, and the speed/load changer governing
eystem reference is varded from O to 100 percent to ob-
tain full range of the valve position demand algnal.

This figure illustrates the procedure specified in Par.
4.14.4.2(b), Method C. The valve position demand sig-
nals marked 25, 50, 75 and 100 percont are dotormined
for the correspondingly marked positions of the spoed/
load changer governing system referense.

Figure 7-30 illustrates the same rationale of Fig. 7-29
for an eleetro-hydraolic system in that at constant spend
thers will be & corresponding value of valve position de-
miand signal for each value of speed/load changer govern-
img eyatem roference,

Figure 7-31 alec illnstrates the procedure specified in
Par. 4.14.4.2(b), Method C. At no load, the sped/load
changer governing eystem reference sotting (25, 50, 75
and 100 percent’ in Fig. 7-29 are sot in and the corre-
sponding turbine speeds (signals) are determined.

The same information can be obtained in an electro-
hydraulic syztem by varying the setting of the speed/load
changer governing system reference from no load to 100
percent with the generator main eircuit breaker open,

e a oL a- m e - o TSN (N N U L T U T G [ S ——
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and noting the spead at values of the speed/lond changer 7.22.2 Figure 7-32 illustrates the procedure specified in

govarning systom reforence corresponding to loads of . Par. 4.14.4.2(b), Method B. With the speod/load changor
25, 50, 75 and 100 percent. governing system reference set at a-point corrosponding
i
§ il ~ I
3 BioLow E EE
g ™ '
38 = | 5
n B8 80 < b
EE n > E-:
BF = = & E
7 0 Loan
I K S
[Fid. 7-31 Fla. 732

TABLE 7-33 RECOMMENDED TEST MEASUREMENT

SPEED RECORDER
85-116 PERCENT

SPEED AECOADER
(98- 101 PERCENT

EEE :

WRLVES POSITION

BATE SETTING

LT SETTING

LIMIT SETTiNG

RECOMMENDED
MARLFRL -

RECORDIRE

SEMERLTON BELACER

STATUS - RECORDER

ACCELERATION

HiGH SR
LOW SPEED

-
WE CORCE

4
4

o
1

FPEED/LOAD CHANGER
Lﬂntulﬂ L

SPEED/LOAD CHANGER
HH‘H SPEED LIMIT

® | x| x

PP e i i | il e
MAN|MUW SPEED AT
RATED POWER

A |2.10

STEADY-STATE
Ifﬂ REQULATION X x
4.1

M| M | M | X
=
=
=

STEADY-STATE I‘HEH-
.ﬂll:'l'll. SPEED ME X

»
»
=
]

DEAD BAND
415

X | x | x

STLADV-STATE
4““-! RMING SPLED BARD

STEACT-STATE
SOVERNING LOAD BAND
4. 1T

BEEPONSE AND
fETTLING THAE b

OVERSPEED ®
4.9

prrerr——rr
GOVERNIWG STITEM ©
REFENENCE REDUCING

LLIME 4.80

COFFRIGET Amarican Socisty of Mechanical Enginsaera
Services

Licansed by Information Handlisg

AT




e
e

.I.EHE PTCtEﬂ 1 77 W 0759L70 DDEEE!& 7 .

ASME PERFORMANCE TEST CODES

(SEE NOTE 31

I7] ‘F

UNIT POWER

SYSTEM DR TEST uoaD
LOAD

VALVE POSITION DEMAND

SPEED

(A8-118 PERCENT]

SPEED RECORDER
B8-101 PFERCENT

NOTES

(SEE NOTE 3]

GOVERNOR-CONTROLLED _{ 3
VALVEE POSITiON NO.T

SOVERNDOR CONTROLLED
SPEED

VALVES POSITION NOLI

| SEE _NOTE 2]
GOVERNOR-CONTROLLED
VALVE POSITION M1
GOVERNOR-CONTROLLED
VALVES POSITION WO 3

0-11E PERCENT)

SPARE

EACH RECORDER TO BE PROVIDED WITH AN EVENT MARKER

CPERATED @Y THE §TATUS OF THE GEMERATOR BREAKERS

W o

ASSUMES 8 VALVE MACHINE WITH VALVES OPERATLD N PAIRS.
CIRCLES REFPRESENT TRANSMITTERS, RANGING AMPLIFIER AND

SIGNAL CONDITIONIMI REQUIRED FOR EACH RECORDER INPUT.

Fid. 7-3 TYPICAL INSTRUMENTATION DIAGRAM

ton 100} percent poswer output, steam i admitbod in &
manner to control turbine speed independently of the
jpovernor-controlled valves. The tuerbine speeds are then
determined for valve position domand signals corresponid-
ing to 25, 50, 75 and 100 percent load. This is repeated
for each speed/Tond changer governing systom referencs
corresponding to 75, 50 and 25 pereent load. It & ob-

viows that these speods will corpespomd to those determined,

s illustrated in Par. 7.22.1.

7.30 Instrumantetion Dlagrams

7301 Table 7-38, “Recommended Test Mossurements,™
lists the test messurements required when performing a
teat. The meassurcments listed in the table are vaed in
determining or cal culating test resulta. Hafee to Par.
4.10.4 for plant operating conditions to ho recorded for
all tests,

7.30.2 Figure 7-34, “Typical Instrumontation Diagram,”
in & suggested armngement of the test equipment and
sensors required to perform the tests listed in Table 7-33
above. Test equipment should include sensore, signal
conditioning devices and recorders. Fach rocorder chap-
nied shall be capable of pero and span adjstmont. Strip
chart recorders should include & marking pen operated
from an external contact claaim.
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TAD Indirect Tost Methods

T.41 Parformance Teiting Philosophy. The ASME
Performanco Tost Codes spocily procedares for determi-
nation of setual equipment performance and confirma-
tion of performance guarantoss. For these purposes
complete and direct testing of the specificd equipment
is requuired. While partial and indirect tests cannot re-
place thoss describod in the Code, such teats do play an
imporiant role in preparation for Code tests. This is par-
ticularly true of control system equipment where calibea-
tions and tuning sdjustmenis are o significant factor in
establishing tho quality of the squipment’s performance.
Henee, this seation is ineluded to give some general
guidance in the use of indirect tost mothods.

742 Types of Indireet Tests. Two baaic types of in-
direct teating can be gaed: partinl and simulation.

7.42.1 Porticl Tests, Partinl tests can be run where Losts
are limitad in gecpe, magnitade, or squipment operating
conditions.  Verifi-ation of proper squipment operation
by running soveral preliminary tests selected from the
Code is an example of soopelimited partial tests. Load
rejection [rom part losd pricr to a test of load rejection
from full load i an example of & magnitedoJimited
partial test. Ubtaining equipment porformance at o
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aingle opesating condition fs an example of oporating
condition Hmited testing. Plans for portial testing shoald
be necompanied by & rationale gnd method of extrapols-
ting the messured resulla to the probable results when
the complote set of teats s run.

7422 Simulation Testing. A wide range of simulation
teats is possible depending on the equipment replaced by
simulstion and the level of equipment charseteristios rep-
resented in the simulation. Important data on speed,Toad
goveraing system performance ean be obtained by testing
the actual control mechanism against a simulation of the
turhines, including oll sssocinted valves snd steam sup-
plies. These teste ean bo performod in the factory prior
to shipmeni ar in the Geld after installation of the system.
‘This form of simulation is valuable for pre-operation
equipment debugging, line-up, calibeating and tuning,
The simulator ueed for this funetion i also a vatuabla
tool for perfodic oquipment maintenunee,

FIG.7-38 TYPICAL SIMULATION TEST BLOCK DIAGRAM

74221 Simulator Application, Simulators are ap-
proximations of resl squipment. Thuas, seeuraey criterin
and bases for messurement of smulator quality aro re-
quired o judge ita adequacy. Typically, sctual open-
loop response data of the simulated or smilar equipment
form the bases for aceuracy comparisons. Al input and
outpul variables of interest from interconmected equip-
ment must be provided by the simulation. In e case of
a specd governing control system, a lurhine-generator
speod and a means for controlling steam low to the
turhine are minimum requirements. More sophisticated
governors will require means for closing valve position,
gpetied, load, and pressure control loops. Simulatoes for
performing these functions ere commercially available,
A typieal smulator test block dingram iz shown in Fig.
7.85.

743 Expocted Results. Simulation, in the context
of the ASME Performance Test Codes, must be viewed
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a8 an intermodiate step to final confirmation of equip- 7.50 Step-to-Remp Transform, In soma cases a step
ment performance. Thus, imulation is & toel for pre- response test cannot be performed due to operating
liminary equipment checkout, set-up, line-up, mainte- limitations and/or equipment design, A ramp response
nance, problem diagnosis, and personnel training. It is test cam then be substituted and response criteria must
expocted that judicious use of preliminary indirect test- be agreed upon by the parties concerned. The results
ing will result in: (1) verification that the eqguipment from the ramp response can be converted into an equiv-
#nd instrumentation are operating correctly, (2) pre- alent slep response.

liminary equipment calibeations and taning for optimum
performance, and (3} expeditious and accurate Losting.

i,




PERFORMANCE TEST CODES NOW AVAILABLE
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L = P P e S {1870l
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