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()L()MO rlv VYolume 66 m This update of a 1980 article adds credibility to our
4 Number 1 e recommended accident prevention procedures. An analysis of

new data reveals some improving trends. but few surprises.
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and electrical apparatus; 4.411 failures
were mechanical in nature. involving
compressors, system piping. or vessels.
From this population, 12,518 failures
with defined causes. occurring in a statis-
ticallv significant quantity, were selected
to be analyzed. The rematning failures
were either from apparendy isolated
causes. or the cause was undetermined.

I n the fall of 1980, The Locomotive
published an article bv Ravmond F.
Stevens (now enjoying his weil-earned
retirement) summarizing one vear of
failure data on refrigeration and air con-
ditioning systems (Volume 92, Number
3. also reprinted as Engineering Bullctin
81). Company experience since 1980
adds credibility to the smanstics and
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recommendations made in Mr Stevens
article.

Insurance recommendations are
hased on experience. This hard learned
knowledge is gained by insurance com-
panies through the medium of failures
experienced and claims paid. In vears
past, claims expericnce was manually
recorded and used by engineers to for-
mulate recommendations The advent
of computerized databases has introduc
cd greater accuracy into this process

This article utilizes eight yvears of
data summanzing 15,700 failures that
occurred from the vears 1980 to t987

We have presented the intormation
m three aspects. First, probuble age it
tailure 1s analvzed as an aid 0 under-
standing  our  dme berween-overhaul
recommendalions.

Next. we have analyzed the major
fatlure causes themselves. These were
selected either on the basis of high fre-
quency ot occurrence or high severity
of toss

Lastlyv, and most importanty, w¢
have summarized our accident preven-
tion recommendations. This is the whole
point of the articie. We believe thut
tollowing these recommendations in a
planned preventative maintenance pro
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bability of failure of your refrigeration
and air conditioning system.

AGE AT FAILURE

Hermetic Air Conditioning and
Refrigeration Units

To those owners who will cxperience
failure of this type of equipment, our
statistics indicate that if the failure
involves the windings of the hermetic
motor, there is a probability that the unit
will be approximately 10 years old for
air conditioning units and eight vears
old for refrigeration units.

Il the failure involves the com-
pressor, chances are that the unit will he
approximately 10 years old and would
not have had a major inspection or
overhaul since it was installed.

Large Hermetic Compressors and
Motors

To those owners who will experience
a motor failure in this type of equip-
ment, there is the probability that the
unit will be approximately 10 years old
and will, in most cases, have the original
windings.

For those failures which involve
mechanical damage to the compressors,
there is a probability that the unit will
be approximately 15 years old for cen-
trifugal compressors, 10 years old for
reciprocating air conditioning com-
pressors, and | | vears old for refrigera-
tion units.

Large Non-hermetic Compressors and
Motors

To those owners who will experience
a motor failtire in this type of equip-
ment, there is the probability thar the
motor will be approximately 12 years
old and will, in most cases, have the
original windings.

For those failures which involve
mechanical damage to the compressors,
there is a probability that the unit will
4/L0COMOTIV T

be approximately 12 years old for cen-
trifugal compressors, 13 years old for
reciprocating refrigeration compressors
and 16 years old for reciprocating air
conditioning compressors.

As each class of equipment analysis
is presented, it will be followed by a
summary of the causes of the failures
since a statistical analysis would not be
complete if the underlying causes were
not revealed.

Since failure data is compiled by its
insurance classification, a brief defini-
tion of terms is called for because most
owners and users do not use insurance
terminology to identify their equipment.

DEFINITIONS
*Air Conditioning Unit™

According to a standard boiler and
machinery policy, an air conditioning
system having a rated cooling capacity
of not more than 600,000 Btu/hr (50
tons) may be insured as an air condition-
ing unit. Such an object includes all
compressors and their driving motors
which form part of the unit. including
refrigerant circuits and coils or vessels
containing refrigerant, and any conden-
ser or evaporator, fans, pumps, and
motors used solely with the unit. Systems
with a rated capacity greater than
600,000 Btu/hr (50 tons) may be insured
by the principal components — com-
pressors, drive motors, vessels, and pip-
ing containing refrigerant. A svstem
which qualifies for rating as an air con-
ditioning unit may, at the Insured’s
option, be insured on the same compo-
nent basis as larger systems.

“*‘Motors”’ (Rotating Electrical
Machines)

Bricfly stated, the insured motor defini-
tion includes motors and any nonrotat-
ing equipment used solely to start, stop,
or control any such motor, but does not
include any electronic computer or elec-
tronic data processing cquipment.

'

**Centrifugal or Reciprocating
Compressors’’ (Freon or Ammonia)

An insured compressor means a com-
plete compressor as may be designated
in the policy schedule, but does not
inciude any air tank, or other apparatus
connected to the compressor, except
control apparatus mounted on the com-
pressor; nor any electrical apparatus,
any condenser or its adapter, or any pip-
ing or duct leading to or from such
COMPressor.

TABLE |
Hemmetic Air Conditioning and
Relrigeration Units
Age at Failure Molor  Compressor
Air Conditioning 10 Yrs 10 Yrs
Refrigeration gYrs 8Yis
Type of Failure Total % Total
Electrical 5221 6.6
Mechanical 1288 189
Refrigerant Circuit 306 45
Electrical Parts That
Failed Total % Electrical
Motor Windings 4522 86.6
Motor Control Equipment mn 52
Auxiliary Motors/Fans &
Controls 48 8.2
5221
Mechanical Farts Thai
Faijed Total % Mechanical
Compressor
Valves/Springs 370 87
Bearings 248 193
Cennecting Rods 393 306
Pistons 120 93
Crankshaits 9 15
Lubrication System 5 46
1288
Relrigerant Circuit Total
306

“‘Refrigeration and Air Conditioning
Vessels and Piping’’ (System)

Such a system includes all interconnec-
ting vessels, coils and piping containing
the specified refrigerant, and all valves
and fittings on such vessels.

Note: These equipment definitions are
generalized statements relating to
classification of fatlure data collected
and should not be interpreted as being
exdct policy language

ANALYSIS OF FAILURES -
MOTORS i

<

Insulation Deterioration Due to Age
and/or Service

Since most motor winding failures
involve a deterioration of the insulation
in one torm or another, this broad cate-
gory is most difficult to assign specific
causes.

In general, the insulation of motor
windings is selected for the tempera-
tures for which the motor is designed
to operate. However, abnormally high
temperatures are considered to be the
principal cause of deterioration of wind-
ing insulation. As a general rule, motor
manufacturers have determined that an
increase in the winding temperature of
10°C above designed limits will resuit in
an approximate S0 decrease in the life
of the windings.

Uinbalanced Voltage and Single
Phase Operation

In terms of its heating effect in a 3-phase
motor. an approximate 3% voltage
imbalance between phases results in an
approximate 25% increase in the tem-
perature of the windings.

As it applies to 3-phuse motors, a
single-phase  condition occurs when
there is an interruption of the supply of
voltage to one of the three phases. Con-
tinued operation of a motor results in
overheating of the windings and a
breakdown of the winding insulation.

LOCOMOTIVE/S
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Short Cycling

This is a condition which most often
occurs when a compressor’s operating
controls malfunction causing a repeated
stopping and restarting of the motor —
168 tuailures occurred due to this cause.
This repeated restarting occurs with
locked rotor currents and results in a
rapid increase in the temperature of the
windings, which in the worst case results
in burning. In other cases where failure
does not occur, the life of the windings
will have been adversely affected, and
a tailure may occur at some future date
under what may appear to be normal
conditions. Some motors may be equip-
ped with thermal detectors imbedded

TABLE I
Hermelic Motors

Age at Faiiure Years
Air Conditioning 10
Refrigeration 9
Parts That Failed Total % of Total
Motor Stator Windings 5444 84.0
Rotor Bars 620 36
Bearings %0 14
Motor Control Equipment 326 50

6480

TABLE Il

Non-Hermetic Motors

Age at Failure Years

Air Conditioning "

Refrigeration 12

Parts That Failed Tetal ‘e of Tetar

Motor Stator Windings 1966 738

Rotor Bars 278 10.4

Bearings 212 80

Motor Controf Equipment 209 18
2665
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within the windings and wired into the
motor control circuit to prevent damage
from overheating. However, in addition
to thermal damage, there is also the
possibility of insulation damage from
the mechanical stresses imposed on the
windings during repeated locked rotor
starting. This mode of failure is often
suspected when damage to the windings
occurs at the end of the coil slots in the
stator.

Large hermetic motors which drive
centrifugal compressors are less suscep-
tible to the adverse effects of short ¢yl
ing since they generally have a time
delay relay in the starter control circuit
to limit the number of motor starts to
about three an hour. Although they are
not widcly used in reciprocating typ.
units, a time delay relay can be installed
if circumstances warrant. However, the
equipment manufacturer should be con-
sulted about such an installation

Refrigerant Contamination

Some fluorocarbon refrigerants will react
with moisture and lubricating oil to pro-
duce acid, contributing to the formation
of copper plating and the corrosion of
metals.

The degree that contaminated retrig-
erants may contribute to the deteriora-
tion of insulation and the failure of
hermetic motors is, in our opinion, sig-
nificant. It may warrant analytical tech-
niques and preventive measures to mini-
mize the possibility of deterioration of
clectrical and mechanical components
in contact with the refrigerant.

There were 339 reports attributed
to contamination of refrigerant/lubri-
cating oil of hermetic compressors that
caused winding or hearing failures.

ANALYSIS OF FAILURES -
RECIPROCATING COMPRESSORS

Valves/Springs — Metal Fatigue

Ot all the compressor accidents

2.

recorded, between 24 to 37% involved

the failure of the internal suction and
discharge valves and springs, down
from 50%; and in about 50% of the
cases, the failure of the valves was attri-
buted to mctal tangue associated with
age and wear A total of 675 failures of
this type occarred in the freon and
AMMOonia COMPressors

To better appreciate why metal fati-
gue occurs with compressor valves, one
need only look at the number of
operating cvcles the valve will exper-
ience over a given period. For instance,
the valves will open and close once dur-
ing ¢ach revolution of the compressor
crankshaft. Since most compressors
opcrate between 1,750 and 1,770 rpm,
by converung this into the nuinber of
operating cycles tor compressors which
operate around 4,000 hours each vear
in seasonal scrvice. we see that the
valves will have operated 422,400,000
umes

There have been considerably lower
percentages of accidents attributed to
valves and springs during this period.

Hydraulic Forces — Liquid Slugging

Compressors bult for air conditioning
and refrigerauon application are designed
to handle vapor und perhaps a small
volume ot liquid without sustaining
damage

Liquids, of course. are not compres-
sible and attempting to compress them
in the covlinder results in hvdraulic
forces which act on the valves, valve
plates, pistons. and connecting rods.
More often than not, vaives and valve
plates arc broken and result in u
cascading type of damage to mechanical
parts of the compressor. Twenty per-
cent of all mechanical failures were due
to liquid slugging.

Generally, liquid slugging occurs
when the compressor is started and is
2 result of an accumulation of liquid
refrigerant in the crankcase of a com-
pressor due to refrigerant migration
while the compressor is stopped.

TABLE IV
Hemetic Reciprocating
Freon Compressors
Age ai Failure Years
Air Conditioning 10
Refrigeration il
Parts That Failed Total %o of Total
Compressor
Yalves/Springs 21 372
Bearings 8« 146
Connecting Rods 183 300
Pistons 4 12
Crankshalts 19 30
Lubrication Systam 4 8.0
611
TABLEV
Non-Hermetic Reciprocating
Freon Compressors
Age at Failure Years
Ay Conditicning 16
Refrigeration 12
Faris Thai Faileu Total % of Total
Compressor
ValvesiSprings Ik Al
Bearings 5% 195
Canrecting Rods g4 23
Pistens 16 56
Crankshafts el 87
Lubricaticn System % 122
il
L L]

To minimize the possibility ot
damage due to liquid slugging, com-
pressors are cquipped with crankcase
heaters which keep the oil at a
temperature higher than other parts of
the system while the compressor is idle
This maintains the refrigerant in a vapor
phase and prevents migration to the
crankcase.
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TABLEVI
Ammonia Reciprocating Compressors
Age at Failure Years
2
Parts That Failed Total % of Total
Compressor
Valves/Springs U 228
Bearings 2 148
Connecting Rods 4 275
Pistons 12 8.1
Crankshalts 24 16.1
Lubrication System 16 10.7
149

Bearings — Loss of Lubrication or
Insufficient Lubrication

Bearing damage due to a loss of lubrica-
tion accounted for about 7.8% of all
compressor mechanical accidents,
down from 32%.

At this time no discernable reason
tor this large drop in bearing failures is
apparent. The small number of lubrica-
tion system failures probably is
responsible.

We have good reason to believe
that most bearing damage occurs as a
result of oil diluted by liquid refrigerant
in the crankcase.

The results of starting a compressor
with diluted o1l are widely known and
understood by manufacturers and
engineers within the industry. Simply
stated, oil which is saturated with liquid
refrigerant will, upon start-up of the
compressor, result in a violent boiling
and foaming ot oil within the crankcase
and oil pump, resulting in oil starvation
at the bearings.

The same condition can also result
in slugging duamage to the valves and
pistons.

Clearly, the use of a crankcase heater
will greatly minimize the possibility of
bearing damage.

8/ LOCOMQ

Crankshafts

The breaking of crankshafts in hermetic
compressors occurs infrequently, about
3.0% of the failures, and occurs in non-
hermetic compressors in about 8.7% of
the failures.

Examination of a broken crankshaft
will often reveal the nature of the stresses
which produced the break. This, in turn,
can be related to operating characteristics
producing these kinds of stresses.

ANALYSIS OF FAILURES -
CENTRIFUGAL COMPRESSORS

Bearings — Lubrication

The most predominant failure of cen-
trifugal compressors has been bearings,
accounting for 55 to 70% of the total.
Loss or lack of lubrication is the major
cause of bearing failures. The analysis
shows a small percentage of lubrication
system failures. From this we conclude
that the bearing failures are most likely
due to the diluted oil problem men-
tioned previously under reciprocating
compressors. Service wear accounts for
the next largest rate.

TABLEVII

Hermetic Centrifugal Compressors

Age at Failure Years
18
Parts That Failed Total % of Total
Impeiler 69 45
Guide Vanes 16 57
Bearings 155 554
Keys 8 29
Shats 13 46
Lubrication System 18 6.8
280

TABLE VIII

Non-Hermetic Centrifugal Compressors

Age at Failure Years
14
Pants That Failed Total % of Total
Impeller 13 183
Guide Vanes 3 42
Bearings 49 £9.1
Keys 1 14
Shafts 3 42
Lubrication System 2 28
4
Impellers

No predominant mode of failure has
been found in the current analysis.
Fatigue, shock loading and surge have
caused a small number of failures.
Damage mayv occur to impellers from
rubbing due to a thrust bearing failure,
and may also experience rubbing due to
bearing wear which allows the impeller
to drop and rub the casing. If rubbing
is severe enough, it can result in more
extensive damage from an aluminum-
refrigerant reaction which is highly
exothermic.

Impellers with kevways and keys
for securing the impelier on the drive

shaft have experienced failures by
cracks originating at the root of the
keyway in the bore of the impeller.
Although this type of failure is rather
infrequent, it is onec which can be
serious in terms of property damage.

SUMMARY

This analysis shows that motor windings
arce agdin the most numerous cduse of
failure of air conditioning and refrig-
erating equipment. Deterioration of the
winding insulation from age and over-
heating, line disturbances and lightning
account for about 67% of the winding
failures. The use of insulation resistance
testers annually, as recommended, should
give advance warning of a deteriorating
condition that may lead to an outage.
Protection from lightning and line
disturbances should be installed where
feasible.

Mechanical components of the
reciprocating compressors are victims of
refrigerant slugging and fatigue with an
increase in failures of connecting rods
a partial result. Valve and valve spring
failures have decreased. This may be due
to the increased emphasis on routine
maintendance.

The following summary of recom-
mendations represents our judgment at
this time based on the foregoing analysis.

-
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