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the lessening of fatigue, increasing of efli-
civney and deereasing of the accident hazard.

Working Hours

Those who have had actual and practical
experience know that jn some instances
shortening of the day's work has actually
resulted in an increase in the amount of
wourk done. One vecupation will be found
far more fatizuing than another. Our pres-
ent interest is centered upon over-fatigue
which is recognized as being causative of
accidents.

There are in general use many lebor-sav-
ing devices, the operation of which produce
much noise and vibration and require high
spevd attention un the part of the operators.
Ruch inventions unquestionably save much
labur and yet they have a tendency to greatly
increise fatigue.

Monotany, another cause oi emotional fu-
tigue, deserves consideration under  this
hieading., Rest periods have been found to
prevent and  relieve fatipue when inter-
spersed with the day’s work.,  These rest
perinnls may often be of no more than five
or ten minutes’ duration and their fre-
quency governed by the monutonous nature
i the employment. Actual experience of
industries where such rest periods have been
instituted has shown that fatigue has been
les m1, production increased, and accidents
minimized.

Noise

Though ~cicentific experiment has not vet
demonstrated that working under conditions
of continuous noise is productive of fatigue,
it is penerally acceptud as an axiomatic fact.
Excevdingly loud noises, those of a droning
nature rapidly repeated, and monotonous
nuises are particularly prone to induce fa.
tigue. It would appear that the character
and quality of noize i< of the greatest im-
portance and, where they cannot be elimi-
nated, efforts at changing or supplanting the
character of sound have met with remark-
able success,

Ry means of loud speakers installed
throughout many factories in Germany the
rhythm of music has been used to overcome
the hum oi machinery. The practice is just
beginning to permeate American industry ; in
English and South American factories it has
been in voguc for some time.

Posture

Incorrect posture is a most important iac-
tor in the causation of fatigue and its
attendant accident hazards. Man having as-
sumed the upright position, all studies of
posture must consider this as being his
normal attitude. A perpendicular line drawn
al ide of the ling figure should pass
through the center of the car, the center of
the shoulder, center of the hip, center of the
outside of the knee, and center of the ex-
ternal malclous at the ankle. Such a posture
requires the minimum of physical exertion
for its maintenance since the parts of the
body are so superimposed upon cach other
that the force of gravity replaces much
muscular effort.

The correct scated posture maintains the
above relation with the hicad, torso and hips:
the thighs are at an angle of approximately
ninety degrees with the body, while the
knees arc flexcd so that the feet rest fiemly
and comiortably upon the floor. When work
requires that the body be inclined forward
s0 as to accommodate itself to a desk or
machine, this position should be assumetd by
a pivoting at the hip joints and not by per-
mitting a slouch in the spinal column.

The general ill effects of an improper =it-
ting posture result irom the disturbances oi
function of the organs of the body resultant
upon a flattened chest, rounded shoulders,
obliteration of the natural curvatures of the
spine, protrusion oi the abdomen, removal
uf the natural support provided for the
heavy abdominal viscera by a natural shelv-
ing of the spine where these organs rest
and are retained by the abdominal muscles,

undue stress upon supporting ligaments, re-,

tardation of circulation, undue pressure upon
that sensitive arca surrounding the lower
end of the spine and the coceyx, and unduce
pressure upon the nerves, arterics and veins
passing through the popliteal space at the
back of the knee joint \When, duc to im-
proper posture, the heart’s action is impeded
there iz noted a diminution in both the
quantity and quality of the blood's supply
with a correzponding depreciation in avail-
ahle oxygen and glycogen accompanied by a
retention of the “fatigue substances.” The
invariable result is a rapid manifestation of
fatigue symptoms. The subject begins to
feel sleepy, yawns ircquemtly, responds but
sluzgishly to external stimali, lags in the
perfiormance of work, becomes inefficient,
and is far morc liable to accidental injurics
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Many workers have been provided with
no scat whatever, others with improper scats
or chairs which du not admit of adjustment
cither to the individual's anatomy or to the
work entailed. Due to the exceedingly in-
cfficient character of such seats, piece wark-
crs can rarely be induced to use chairs of
ordinary  construction  while daing  their
work.

Muscles will respond to an cnormous
amount of action before manifesting symp-
toms of fatigue. \When, however, during

muscular action, oxidation has been incom-
plete and the supply of glvcozen inctiicient,
a rapid increase of the “iatiguc substances™
will occur in the muscle cells and fatigue
will increase in direct proportion to the re-
duction of muscular cfiiciency. Muscles that
have become fatigued will not b accurate in
directing movements; there will he incoordi-
nation of action with other muscles—this
uncertainty of movement and non-concerted
action increases the accident hazards of the
individual as the clements of fatigue
increase.

Safety Control In Air Conditioning
By A. G. HILLEN

Engineer, Carrier Corporation, Chicago

In our discussion we will Jdeal only with
the saiety control which should be practiced
in engineering  design, which constitutes
sail in material, safety in contr and
safety in physivlogical reactions of tlic oc-
cupants of the space. To obtain these salcty
measures the designing engincer must be
selective in the materials used and lay out
the system to produce comiortable condi-
tions without hazards to the occupants. The
engineer operating the system must maintain
in the conditioned arca the temperatures and
humidities to produce comfort.

In comiort conditioning, refrigerating cf-
fect is required to produce conoling and de-
humidifying of air, which in the majority of
cases calls for a refrigerating machine. The
reirigeration machine is used either for the
dircet expansion of the reirigerant in the
path of air or for the cooling of water to
cool the air. The types used today are ab-
sorjtion, rotary, reciprocating, centrifugal
and steam cjector water vapor. Absorption
systems are seldom used for air conditioning
and the rotary type is scen infrequently.

The most commonly used reirigerants arc
ircon, ammonia, carbon dioxide, sulphur di-
oxide, methyl chloride, water vapor and
carrenc. Duc to their toxic or irritant values,
in case of a leak, methyl chloride. ammonia
and sulphur dioxide are seldom used in air
conditioning. Carbon dioxide is used less
and less, due to its high working pressurc
and the high temperature of condensing
water found in some scctions of the country.

This leaves freon and carrene as the maost
generally used reirigerants, and while they
are similar in some respeets they are quite
different in operating characteristics within
the envling range required for comiort air
conditioning.

Freon is used in a reciprocating com-
pressor which produces the cooling at a
differential in pressure, both high and Jow
side above atmospheric; while carrene i<
wsed in a centrifugal machine which pro-
duces its cooling at a differential of vacuyum.

Of course, water is sometimes used as a
refrigerant. 1t is used in the steam cjector
and water vapor centrifugal machines. To
produce the refrigerating cifect, couling
water to 50 degrees, a very Jow vacuum is
required, approximately 292 inches  of
vacuum. Water, without a douls, is the
safest refrigerant which could he used, hut
has its limitations due to its refrigerating
characteristics.

Freon and carrene are considered safc
refrigerants. Both are considered non-cx-
plosive, non-flammable, and non-toxic. The
National Roard oi Fire Underwriters has
made an claborate report entitled “The
Comparative Life, Fire and Explosion Haz-
ards of Commaon Reirigerants.”

Due to the safety of {rcon, it iz acceptable
to usc for direct expansion work, as under
normal operating conditions the amount of
refrigerant leak would be so readily diffused
and diluted that it would not be harmiul
Since with the use of freon the refrigerating
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effeet is praduced by a ditferential in pres-
sure, both hizh and low side being aluwve
atmospheric pressure, auy leakazs of the
reirigerant is vutward.

The centrifugal machine using carrenc
couls water or hrine direet. This refrigerant
i+ not especially suvitable for the direct ex-
pansion in coils of an air conditioning sys-
tem. With this type of refrigeration the
reirigerant is kept entirely within the bounds
of the refrigeration apparatus room and does
not come in contact with the air being couled
ar atherwise conditioned. The centrifugat
machine using carrene is always at a vacuum
en the cooler or evaporator side where the
refrigerant is evaporating; henee any leak-
aze, no matter how slight, i< inward rather
than outward, which effectively prohibits the
vseape of the reirigerant zas into the sur-
ronnding apparatus room.

In certain cases ammonia bas been, and i<
still beingg, permitied for as a reirigerant
i air conditioning, sucl as in meat packing.
brewerics, amd other industries, where the
occupancy in relation 1o finor area is rela-
tively smmll. It presents a definite hazard
when used in direet expansion coils in the
path of air, and certainly should not be used
in any form as a refrigerating medium in an
atr eonditioning system for anditoriums or
public bailding

1n those industrial esablishiments men-
tinned, where ammimia is tsed for indu-trial
aml comatercial purpeeses, it should never be
utilized for comfort conditioning except by
means of the i tem, namely, cool-
iz brine or water which in turn s nzel
for comiort conditioning,

Must Adapt to Conditions

Controlling of zound level in air condi-
tioning instadlations has lecome quite im-
portant. Such installitions as broadeasting

Costidios, soand stages, theatres and c.-url
hottses require sound treatment. The on
seer designing the system shoutd  make

n that the material:s used in sound
treatment in duets are fiveprond, There hias

e a temdency toward using an acoustical
material incide a duet to periorm the fune-
tion of insulatien and cound absorbing. This
material likewise should le fireprond. other-
wise a hazard i3 alwaySpresent.

Air comditioning installations play an im-
portan: part in plant< where solvents with
explosives are used in the manufacturing

prowes<. In this type, explosion proaf motors
il starters must be used. The fans should
also e equipped with copper scrolls ta pre-
vert the generation of a siatic spark.

The space requirements ta permit ade-
quate servicing of equipment is another
detail requiring careiul stady by the des
ing engineer. He shoukd exercise care and

Jthought in the location and spacing of the

apparatus. Conservation of space is some-
times over-emphasized, making it hazardous
for the operating engincer to render the re-
quired service to motors, compressors, ete.

Safety controd begins with the first nut or
bolt that it manufactured for the apparatus,
right an througzh to the rigging and installa-
tion of the equipment which necessarily must
be regulated by insurance companies, under-
writers and  city  ordinances, ete. Omne
parncular detail in the installation of Te-

frigerating and air conditioning apparatus is
aften ov crlonlu.d. and that is the safe work.
ing stresses of the floors upon which the
cquipment is being crected. In many cases
it has heen found that the floor load was
designed for 100 to 130 pounds per square
foot and not suited for the actual cquipment
of over twice that weight which was in-
stalled. Then too, suitable vibration absorh-
ing pads of cork or rubber, or mechanical
types using springs, should be installed to
absorb the hazardous vibeation that some-
times exists, Belt guards and pipe rails
around apparatus have often been neglected
due to lack of expericnce or “penny wise and
pound foolish™ cconomy.

Standard refrigerating apparatus requires
the installatien of certain safety deviees to
protect equipment against overload, break-
down and fire. Every installation should

h and low pressure gauges so that
an inspector or operator can determine at a
xiance i the pressures are within the saie
limits of operation. Likewise, every motor
driven compressor should have the proper
starting cquipment with overfoad relays and
under voltage relays to stop the apparatus in
caée of overload.

Where water is used for condensing pur-
proges a positive supply should be provided.
Ii this is pumped, the electrical hookup
should be such that the apparatus will not
aperate unl there is sufficient and con-
tinuous supply of water to prevent building
up of high refrigerant pressure beyvond safe
limitz. A simple clectrical hookup or a water
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Jure switch can I installed @t nominal
cost,

Then too, thermuneters are imjaertant ~o
that the operator or inspector Vv omake
proper check-up at any time, Saicty reliel
valves of the pop type should e provided
o the condenser and connected 1o oatside
suitable plugs, st to relieve at a reasonably
low temperature should be provided to pre-
vent excess pressure and vusthc mplcmun
uf the comdensers and receiver inca
Safety relief valves of the pop type anly
shoald be justalled hetween the suction and
discharge connections of the compressors as
well as combination high and low pressure

culoul to stop the compressor should the ™™

discharge valve Ie shut off. Where shell and
tube apparatus is used for chilling water,
safety relied valves of the pop type should
llLu\hC he connected to the outside 1o pre-
on in case of fire because of

SSIVE Pressure,

All motors on all air conditioning app
ratus should be provided with =uitalde safe
switches as well as overload and under-

starter protection. Where autamatic

ure control is used, saicty thermo-
stats and regulating thermostats must e
provided to safeguard the operation of the
cquipment as well as to prevent excessive
heating or exeessive chilling in cither sum-
wmer or winter tine,

In coertain munulacturing, process condi

apecial mechanical  taborat
atee projection booths, and  wherever
duct work  extends . through  fire  walls,
soitalile Tusible link dnmmn must be pro-
vided on both sides of the wall (o automati-
cally close off in case of fire, thus retarding
spread of smoke, fumes, or fire,

Drafts Must Be Avoided

It i< necessary that the dezigning engineer
take precautions to distrilute the air in the
conditioned area so that draits will not occur
an the oceupants of the room. The sugge:
maximum velovity over a person at res
30 feet per minute, The design of outlets
and methad of distribution should be such
that this maximum is not exceeded. This is
particularly trie in are conditioning in<talla-
tions in hospitals.

Rufficient outzide air for ventilation should
always be taken throogh the air conditioning
cquipment to dilute odors and smoke which
may occur in an air conditioned space. This

naturally rcquiru’ reheaters amd preheaters
where the system is instadlad for year ‘roumd
air conditioning.  In hosphat installations,
especially in operating roems, the air sup-
plied sheuld prederaldy be all outside air.
In apartment houses  spe precautions
should b taken to aveid the eontaminated
air fram one or more apariments being re-
distributed  throughout the building:  thas
climinating, or, at least minimizing the

bility of contagious  discases  being
transmitted.

The system of control Tor preheaters
shouhl be such that they will not freeze up
due 10 low temperature outside air and the
recheaters should e sized of sufiicient ca-
pacity to heat the canditioned space ta the
desired winter temperature. Automatic con-
trol of temperauture and humidity must be
installed to obtain the correct conditions in
the occupicd space.

The engincer operating the system should
be thoroughly instructed and competent to
operate the air conditioning system correctly,
The canditions maintained within the con-
ditioned arca shonkd climinate the spectacu-
far over-couling which is so often resarted to
in conditioned spaces. A (lllll‘l’\‘llll {
degrees with a relative humidi o 30 ;-cr
cont, whent outside temperatures are 93 de-
srees, are considered ideal conditions fur
comiort,

As the outside temperatire increases this
differential should increase ~lightly and as
the ontside temperature decreases the tem-
perature differemial shonld decrease. This
1< particularly desirable in pubdic Luildings
for the cumiort of the continuons ocenpants,
as well as those who enter anly to stay a
short time before relurning to ontdoors,
This will avoid the shock s c.nm exqeri-
enced due o the 1o g hange in
temperature.

From the saiety point of view the reeord
ai the air conditianing industry is an exeel-
lent one, for the public intercst in sajeiy
has in most eases heen adequately protected.
With the inercased use of reirigeration for
comiort conditioning, even greater precau-
tions arc being taken in the development of
proper refrigerants and control

Has Safety Value

There are a number of applications in
which air conditioning has had a definite
safcty value. In the operating rooms of
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hospitals where air conditioning is installed,
the doctors and nurses are comiortable,
which tends ta prumote a steadiness of the
nerves. The freedom  from  perspiration
avoids the possibility of a wound infection
from that source. Since some types of
ancsthetics are definitely known to have ex-
plusive characteristics, it s important to
prevent the generation of a static condition
that may prove disastrous. This is accom-
plished by maintaining a relative humidity of
30 per cent at which condition static is en-
tirely eliminated.

In mincs, air conditioning has been bene-
ficial to the health and well being of the men
warking. In deep mines, without air condi-
tivming, temperatures and  humidities are
excessive, which frequently cause prostra-
tivns, In shallow mines the rooi and walls
are at a temperature of approximately 50
degrees the year round and in the summer,
when moist air is induced for ventilation,
rapid condensation occurs and accumulates
on the shale rack which increasex the hazard
due to jalls. By supplying dehumidified air
with a dewpoint equal to or below the
shale rock temperature, muisture condensa-
tion will not occur, disintegration and falls
are minimized.

Many air conditioning installations have
lwen made in industrial plants where exces-
sive process heat is gencrated, such as
ciameling  rooms where materials to be
cnameled  are at intensive  temperatures,
Afr copditioning bias reduced the number of

prostrations and hence bencfited the health
and increased the comfort of the employees.

Another important application is the re-
moval of dust and small particles of irritant
chiemicals, such as are found in uncondi-
tioned match factories, some departments of
chemical, paints and pharmaceutical plants.

in the manufacturing of rayon. an acid
salvent is required in the process. Unless
an exhaust system is tied into the air con.
ditioning system, the acid fumes contaminate
the air, producing unhealthiul working con-
ditions, The fumes affeet the throat and cyes
in particular,

Fuse loading departments in ammunition
plants is another application where air con-
ditioning produces safety for employees. The
humidity is kept high cnough to prevent a
static spark. Cooling and dchumidifying in
summer  eliminate perspiration from e
worker's hands, which prevents the powder
from adlicring to the stecl dies,

Some lacquering processes require a sol-
vent haviag explosive properties. Since in
some plants duing thiz type of work the
solvent has explosive properties, and de-
humidiiving is required, an exhaust system
is installed and =ufiicient outside air sup-
plied to prohibit an explosive mixture.

Humidification in tobacco plants keeps
duwn dust, wlich otherwise would be haz-
ardous to employees, In the drying process
of manufacturing matches, uniform drying,
whichh requires air conditioning, prevents
flaring or sparking when ignited.
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