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Original arrangement of distributi
tion ponel did not ploce
instruments In the same order o ganerotory they represent

nzfrlng service to analyze the job re-
Quirements, study all the propotals,
recommend o single design that eould
be defended acientifically, The human
engineers se1 up experimental materigls
to simulste the propased panel arrange.
ments. The rarious components—voli-
meters, frequency meter, synchronling
lights, rheostats, snap switches, bus
bars—were ‘made out of photostatic
coples of full-size drawings. Each was
cemented to & smoll magnet that could
hold the component In any position an
an iron panel of the same size as the
instrument panel. This allowed setting
up any arrangement within seconds.
The most difficult part of such an
Investigation 14 to set up an experimen.
tal design that s scientifically sound. A
|eri'ca of trouble-location problems were
designed. Theso were ndmini dtoa

showed no significant differance. The
client was then advised not to eniai
the extra of the illuminaled

Proposed arrangemant of distribution
Pponel ploc
and control knobs In the same order as !Mlvpg:\‘q,::::

ponent of the system. Unfortunately,
thers often are very complex sysems
v,

bus-bar feature.

tnstrument Simplification. Reducing
the number of Instruments that an op-
erator must read can sometimes simpli-
fy his job. An instrument is jusrified
only when it contributes to decision
making. Too often instruments are kept
on g control board afier their original
function hos become ohsolete.

Sometimes instroments can be com-

bined without increming reading dif. -

ficulty. Ono airline found that lfunde.
n}enul information was given by the
difference In readings of two Instru.
ments, rather than the individual read.

whoso perf. istiea o
one veally knows. This atems from the
high degree of specialization of com-
pany departments and personnel. Such

a shustion foads 10 people getiing lost -

in their worlds without understanding
the effect of their performance. upen
that of others.

. Electricsl utilities find that central- '
ized control In power plants reduces .

lahor costa.. But centralired contral
ofien means more instruments to watch
and raises questions as lo best control

room layout, Incressing use of auto |

matic controls gives the operntor Jess

ings themselves. By combining the two
instruments Into one with two pointers,

seriea of 16 operstors under carefully
controlled conditions. The time they re-
quired to-locate the source of difficulty
was taken as the criterion to chooss the
best instrument arrangement. [falf of
the problems (four in ally used the
graphic festure, the other half did not.

Esch of the 16 subjects was presenied
four different versions of the following
problems: source of trouble indlcated
by (1) meter alone (2) meter end
warning light {3) meter and bus bar
(4) meter, waming light and bus bar.

Performance times were measured by
stop watch. Analysis of these times

L1

the op need only respond when
there is o space between the two point-
ere. Presumably, further simplification
would be to substitute o light tha
would (unction when the two varlables
failed to synchronize.

System Improylmcnl. Much of hu
ma incering actlvity

y to practice gkills he mast .
use in an emergency. Hers we have s .
curlous situation in which the operator

has relatively linle to do most of the
time (leading to boredom), but during
an 8 be must i liately do

many things he never has done In e

actly the same way before. One inver
tigator fas poimed out that where auto-
wmatic cquipment s used, there is &

on improving existing control and dis-
play devices. A new trend is to look
first al the need for the device before
pting to Improve k. M hi
sysiems have the uliimate alm of pro-
ducing goods or a service. This should
ba kept In mind when atempting to
improve or modily some internsl com-
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strong tend

failuces otill occur.

Several sources influence declsions
on power-plant eontro), and controver |

sisl issues constamtly arise. For et

um.ple, designs of major equipment— .
boiler, turbine, gonerator, feedwater .
system—are cach assigned to the v

POWER -

y 40 neglect aven minof
malintenance duties so that equipment

exper!-

iza error

1 These knobs oro rasults of o b
mantotion shows thay help positive id

rious experts in those fields. But the
overgll information on the operation
of &l these components is fed into a
sigle room. One man often must op-
erste oll these units with understanding
and okill.

" Some power-plant experts wonder
whether too much is being asked of the
operator. They realize that they must
distinguish between facts and fancies
ur fads. They wish to supplement their
cagineering knowledgo with factusl in-
formation on human bohavior. More de-
pendable information is noeded on such
things as: color of instruments, color
of panals, use of graphics, heighty ol
instruments,  velationship  between
witches, relays, proteciive devices and
teasurement of important related var-
iables. .

*. Many of these items are controver-
ala] izsues that must be faced every time
* new lastallation Is considered. In
wme instances, the buyer has etrong
opinions that oll switches and controls
should be clustered, and separated from
the related instruments. Other buyere
fecl jum as gly that switches and

ba 0
ificotlon by on op ,

pnchie; increased the number of In-
suronce claims incressed:

Plans capacity, Nuymber of

1000 Ib steam pet hr  claims yearly
25 t0 30 Ong {or every

58 boilers
100 to 400 One lor every

17 hoilers
900 and up Ong for overy

8 boilers

Claims vary from very expensive lo
minor. Many of the causes can bo ot-
tributed to the humon clement. He
paints out thot the modern power plant
s & man-machine system in which the
interconnecting link is the instrument
and the sutomatic controller, The en-
gineer must be supplemented by those
who und: d the ch istics of
man 30 that the over-all sysiem require-
ments can be established,

Plant instrument users demand me-
ters of greater yesdability. But thia rep-
resents only a surface attack on the

bl It is more important 1o find

“oontrols should be srranged directly
with associated Instruments. Tssues of
this nature cause difficulty where buy-
erdesigner relotions must be  kept
smicable.

In a paper before the Pennsylvanio
Eltotrlo Assn, John G Fleming, The
Bristol Co, showed that as boiler ca-
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out what kind of information ls needed
in the first place end how valuable an
effect the use of certain indicators will
have on system performance. System

lysis has shown dly that be.
ing able to do certain things better can
actually cause poorer ovar-all system
performance.

ENGINEERING AND MANAGEMENT SECTION

Survey. Ohservation of control-room
activitles In 8 power plant during a
single waich period uncovered these
conditions that could cause operating
mistakes:

\. The system frequency meter, &
majar indicator, wos on 8 side panel
rather than the main board.

2. The Irequency meter had s range
of 58 to 62 cycles with graduatons of
0.1 cycles. Spacing of graduations de-
creased with increasing distance from
midpoint of 60 cycles, making it 4if-
cult 10 estimate pointer position {rom
center of room.

3. A volimeter with 0- to 20-kv range
was marked for norma) operation at
13.8 kv. The meter face had white fig:
ures on black background, with 13.8
kv marked in red. Meter could not be
read sccurately because red did not
contrast sufficiently with the black,
and blunt dial pointer obscured scale
morkings, - .

4. Recording voltmeters and om.’
meters could not be read sccurately
beeauss of thick stylus line; recording
paper could be moved appreciably be
cause of loose hit in drive sprockets.

5. Controls on the msln board were
not arranged In a pattern similar to
their indi s. This ed ok
of operater using wrong control.

6. Indicalors on panel were legiblo
at no more than two feet from ponel.
Some melers were too high to bo read
without parallax errors,

7. Meters on back of beard were only
12 to 30 inches sbove floor. Making
operator squal 10 read inercascs chance
of error. .

8. Four movabie telephones had
lights on a panel to indleate which was
ringing. But since phones were being
moved about thelr position bore no re-
Iation to the lights, Several times opera-
tor picked up wrong phona. .

9, Tatalizing wolimeters on back of
the main board required hourly check
readings. Possible donger signals ap-
pearing on the front indicators would
he missed by an operator who was resd-
ing the meters in back.

10.- Load indicator in the turbina
room was in such & position that the
control-room operator had to lean out
of s window and crane his neck to check
its reading.

summory. Problems of instruments- -
tion and control that human engineera
have deslt with to date are similar to
those currently found in central statlons.
f{umean engincering appears to offer a
ready means of improving the eflective-
ness of control panels and their indi-
vidual P Tt Is imp to
snalyre the manamachine system es a
whole to determine both the neod and
the value of specific improvements.
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