Table 1: Array for Combining Outage Probabilities
Two Groups of Units; Tliree 13 Mw and Threo 22 Mw, Outage =~ .03
- Proba- Proba- Proba- Prota-
Unils Mw bilily Unite Mw bldily Unile Mw bility Unile Mw bility
Three 15-Mw Unit Group Separately
0 0 .912673 1 18 .084681 2 30 .002619 3 45 000027
Threo 32-Mw Unit Group Seporately
0 0 .912673 1 22 .0B4681 2 4“4 002619 3 - 66 .000027
Combined Groups.
¢ 0 .832972 1 22 .077286 2 44 002390 3 66 .000025
1 15 .077286 2 3T .0071M 3 59 .000222 4 81 .000002
2 30 .002390 3 52 .000222 4 74 .00000T 5 96 -
3 45 .000025 4 67 .000002 5 .89 -— 6 111 -_—

"ot point ol connection of tiea? By using
& common eteam header for & group of
units? By interconnecting two systems
By changes in load factor? .

Fig. 9 shows variation of reserve
needs with the number of units of equal
copacity and for three values of lond-
loss probabilities, and an outage rate
ol ¢ =003, Fig. 10 shows tho eflect
of interconnecting two stations with &
tie. Curve a gives the variation of load-
loss probability of each station with the
tio capacity, assuming local reservo ot
esch station remaining constant at 80%
of maximum load. Cusve b, on the
other hand, gives the local reserve
peeded to maintain loed-loss probabil-
ity at 0.00046. Both curves were figured
for s load.duration curve shope of
Fig. 6.

Fig. 11 shows the effect of variation
in daily peak-load varintions for o
group of 60 units equivalent to those of
the Consolidated Edison system in
1938. At that time the daily maximum
load ratio = (sum of daily peak loads)
100/ (Annua] pesk load X 365) wae of
the order of 70%. For an objective re-
eerve of, say, 320 mw the lond-loss
probability was 0.00042, The curve
shows, for instance, that with the same
reservo if the ratio had been 80% the
load-loss probability would rise to
0.000658, an increase of about 60%.

For constant conditions of load fac-
tor, outago rate and unit size, the de-
grea of service relinbility should be
lower with incrensing number of units.
A given outage in cxcess of reserve bo-
comes leas severe as the system grows.”

one day every seven peak seasons. This
compared with an expeciancy of ono
doy every penk senson for the entire
system.

Fig. 12 shows the combined effecta of
system growth and change in daily
maximum load ratio on the load-loss

Table 1I: Summary
Probabllity of Ootages
For Groups of Three 15-Mw
and Three 22-Mw Units
Probability of Outage:
Ezoctly .
equaling  Ezceeding
indioated  indicated
Mo Mo « Mw
0 .e32972 167028
15 017286 089742
22 017286 012456
30 002390 010066
3 .00TITL 002895
“ 002390 .000504
45 000025 000480 !
62 000222 000258
59 000222 .000036
66 000025 .000012
6 000002 000009
i 1000007 000002
81 000002 -—
89 — —
m — —

Consider These Factors in Specifying

Mechanical-Drive Steam Turbines

Second article of a series by F S Kohl, turbine division, Gen-
eral Electric Co, reviews conditions that should be studied
when considering installing mechanical-drive steam turbines

® Paorer APPLICATION of mechenical

drive turbines requires evaluation of

various turbine characteristics and the
conditions under which they operate.
Thess factors are (1) ratings (2) speeds
(3) steam conditions (4) efficiency
{5) governing (6) epecial f and
(7) sccessoriea. Tho principles stated
here provide & good background of in-
f ion for proper turbine drives.

probability of the Conxolidated Edison
system. The objective reserve for 1938
was 320 mw, corrcsponding to 8 load-
loss probability of 000042 of 70%
daily moximum load ratio. For 1968,

> with an expected daily maximum load

ratlo of 80% the reserve would be 455
mw for the same level of reliabllity as
in 1938. Should the load ratio remain
at 709 the reserve would drop to 430
mw. These figures represent contin.
gency reserve requiraments apart {rom

iderations of "
Overhouling Units. The time avail
able for periodic maintenance over-
hauls of g ing units is d ined
by the amount of capacity represented
by the difference in annual and daily
peak loads, os shown by Fig. 7. ‘Strictly
ki the i y reserve

the depression, the sctusl reserve of :
the system d the calculsted -

Since standard designe offer great
advantages to the user in initial cost,
shipment, stocking of apare parts, etc,
they should be applied wheneover pos-
dPla. Whero standard designs are not

value. During the war, and under the , i

impact of the emcraency, reserve stand- *
ards were lowered and our sctual re- .
scrves fell short of the value conaidered |
adequate. We are trying hard now to /

blish those dards, but be -
cause of tho current shortage of mate-
risls and delayed deliverl

we do not expect to do so for some time. .
Valley in the curve, Fig. 7, Is gradually *

6lling up so it ls now anticipated thet | J-

the longrange contingency reserve ’.
must be § d to fulfill overhauling |

thould be caleulated, luding the

-3
Though the method of §

q
Conclust

units on overhaul. For all practical
purposes, considering the natare of the
problem, it may usually be assumed
that the contingency reserves remain
constant through the year.

Regardless of the method used in
calculating the reserve of a systom, the
final value muet be checked to insuro
that it Is eufficlently large to sllow per-
forming oll extended maintenance
work. Toke into consideration the over-
havul cycle and duration of both turbine-

Conal with this , tho ob-

8 and boiless.

jective rescrves of the major stations
of the Consolidated Edison system as of
1938 were sct 10 correapond to on ex-
pected outage in excees of reserve of

104 (428}

In 1938 the valley in the curve of
duoily maximum loads, Fig. 7, provided
ample room for performing mointe-
nance work. [n addition, as a result of

probability has grown into a powerlul i
tool for solving reserve problems, the ;.
applications made up to the present

timo have not exhausted ita possibill- il
ties. The wmethod can be funther im |

proved by using indexes of servioo
reliability based on load-durstion curves §:
to include tho effect of load vnriation- 1;
This purpose can bo accomplished with :
little extra work by using straight.line ¢
curves and, ususlly, by replacing step 3
outage-probability curves with approsl-

justifies these approximations without
g the engincering of
the resulis.
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h r, modified etandard
units or special designs covering a great
variety of requirements oro avallable.

Rotings ond Spocds. Range of horse
power and speed ralings are slmost
limhless. Capacitles ringe [rom less
thzn § to more than 25,000 hp and
opoeds from less than 1000 to over
12,000 rpm. Spesd-reduction gears ex-
tend the lower limit to below 200 rpm,
while speed-increasing gears raise the
upper limit to exceod 40,000 rpm.

All ratings are not i}

avall- .

Table 1; Guide to Most Likely Turbine

Far Glven Application Conditions -

As Strsleddage, smull
& Singlestare, lrge sheelt

Lasd Cont of Sto. Cost of B4
Retes Facton 2 S e vl
Lers then Low 0 A A -
200 bp Mo . B 1 A
High . . B A
200-500 Low [4 [} [} A
ko Madien o < c A
High £ o Dat B
3001000 Low [4 [4 < 8
o Medios o 4 o 1
High £ H € <
1000-0000 Low ¢ < <
o Mediea o [ 5 H
High H t H <
Over 000 Low o [ 0 <
o Mediw € £ H o
vy € [ [ X
Largor 1lzes cmnily give highe offlcloncy.
Qov—stoncty service; Mk —beme losded.
T e e, o s

shlo at all spesds es applications do
oot call for all possibls combinstions.
For example, it would be very unlikely
to Gnd a plecs of driven equipment
rated even 10,000 bp opersting at speeds
over 4000 rpm. Flexibility of turbipe
20d gear design, however, can meet'any
application requirement. ’
great majority of applications
need less than 800 hp with specds bo-
low 4500 rpm, Most of thess can be
:el with s1andard units and almost “ol-
lﬁhdf‘. design, Semi-standard de.
Slens, using standardized components
cover the bulk of the remainder.
. $team Conditions, Mechanical-drivs
urblncs aze buils for o wide rangs of
steam conditions,

Inftial pressure, less than $0 to over
2000 palg,

POWER o iy 10as

Initlal quallty or tempersture, 3%
moisture to 1050 F.
Beckpressure, 1 in. Hg to over 400

paig.

Standard designs are suitable for
initial conditions up to 600 psig, 750
F, and with backpressures up to 75
psig. Semistandard designs range up
to injial conditians of about 1200 palg,
950 F and backpressures up to 250
nig-

EHicloney. ‘One of the most imp

declafon on design should be based -
upon a cost study, But experience pro-
vides somo approximats rales of thumb
that can be used In the majority of
cases. “Table I summarizes the most
usual turbine selection after cost studies

for given operating conditlons
Another- consideration in efficlency
l2 tha questlon of geared v direct-con-
nected driva Speed of the driven
i is the most imp factor

points considered will be eficiency do-
sired. For given horsepower, speed and
steam conditions, any ove of several
‘designe’ can be voed.

From'’an eficiency standpoint, the

in this selestl Ithough rating and
steam conditions haye considerable
effect, -

. Turblnes are: inherently highepeed
machiies, low turbine speed sacrifices
economy. If the driven equipment op-
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