
In recent years the compression 
industry has witnessed much im-
provement in the area of materials 
technology, specifically with polytet-
rafluoroethylene (PTFE) mixed with 
various fillers. 

These advanced PTFE based prod-
ucts have extended the wear character-
istics and the reliability of piston, rider 
and packing rings.

Through improved modeling simu-
lation, Compressor Products Interna-
tional (CPI) has developed a better 

understanding of the flow characteris-
tics of reciprocating compressor valves 
and thus their life.

All of these advancements easily 
can be diminished when one impor-
tant aspect of reciprocating compres-
sor operation is over looked — the 
lubrication system.

In many instances of poor reliability, 
reciprocating compressor wear com-
ponents and valves are first looked at 
as the culprits and the root cause of 
the reduced reliability. This is often 
not the case.

When CPI’s engineering team is 
asked to support our field service team 
we often find that the lubrication sys-
tem simply has been adjusted above or 
below recommended levels.

The compressor needs to be viewed 
as a system and the interaction be-
tween all components is essential.

The compressor lubrication system 
has four basic functions: it serves as a 

coolant, washes away particle matter 
and helps sealing, prevents corrosion 
and reduces friction.

The importance of a correctly en-
gineered lubrication system depends 
upon several aspects: the compressor 
specifications, the gas application and 
the type of oil. 

For reciprocating compressors two 
basic types of lubrication systems are 
used to deliver the correct levels of 
lubrication oil to the injection points: 
pump-to-point lubrication systems and 
divider block systems. 

Either of these lubrication systems 
can be direct drive, where lubrication 
gearbox crank rotation is derived from 
the compressor. This is advantageous 
for variable speed compressors as the 
quantity of oil automatically adjusts to 
the compressor speed.

Alternatively, the lubrication system 
can be independently driven from a 
motor. This is advantageous for pre-
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Under- or over-lubrication frequently causes mechanical problems
By Lee Alexander

CPI installed this divider block lubrication system on a reciprocating compressor.
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lubrication before compressor start up.
In a pump-to-point system, a lubri-

cator gearbox holds a pump which is 
responsible for delivering oil to each 
individual injection point of the com-
pressor. As a result, these lubricators 
are much larger to hold a higher num-
ber of pumps.

The pump-to-point system has sev-
eral advantages. The gearbox cam 
speeds are much slower resulting in 
less wear. The individual flow rates are 
easily adjustable without affecting oth-
er pump outputs. And the individual 
pump unit failures do not affect other 
pump units. 

Pump-to-point has disadvantages 
too.  It is difficult and costly to moni-
tor each individual pump output accu-
rately. It is difficult and costly to add 
pressure gauges on the outlet of each 
pump assembly. And sight glass drip 
rates are not a perfect measurement of 
actual pump output.

A divider block system consists of 
a single block or multiple blocks that 
are each a single line hydraulic circuit. 
Each block has a minimum of three el-
ements with a total of six outputs. Each 
block receives the lubricant at the inlet 
and divides it between the individual 
lube injection points on the compres-
sor or engine.

Secondary divider blocks, located 
on or near the compressor cylinders, 
can be supplied with lubricant from a 
master divider block to further divide 
the lubricant between the various lube 
points. Precise delivery rates to each 
cylinder, packing or engine lube point 
are achieved by the use of various 
sized pistons. 

The divider block system has three 
major advantages.

Only one divider block element 
needs to be monitored to assure prop-
er operation of the entire lubrication 
system. A no-flow device can shut the 
compressor down if insufficient oil is 
delivered to the compressor.

Output monitored at the divider 

block is a true measurement of the 
quantity of lubricant delivered to the 
compressor.

Only one or two pumps are respon-
sible for the pressure and output of ev-
ery lube point.

A disadvantage of the divider block 
system is that camshaft speeds are 
higher with less gearing, resulting in 
more potential wear and tear on drive 
train components. 

Also, balancing valves must be 
used when pressure differentials be-
tween lube points exceed 800 to 1200 
psi (55 to 83 bar). And the divider 
block system must be completely re-
designed in order to change individ-
ual flow rates. 

Although both systems have their 
pros and cons, the most critical aspect 
of their design is controlling the quan-
tity of oil that is delivered to both the 
running surfaces at the packing case 
and the cylinder liner. 

Under normal circumstances, oil 
should be applied evenly to a film 
thickness of about 0.002 in. (0.05 mm) 
on the surfaces that will see a mating 
counter surface.

At the simplest level, the base quan-
tities of oil are calculated based on 
the following compressor parameters: 
cylinder diameter, rod diameter, stroke 
and speed (rpm).

Additional factors need to be ap-
plied to these base rate calculations 
depending on the compressor applica-
tion: cylinder discharge pressure, mo-
lecular weight of gas, and water con-
tent in the gas.

All of these factors affect the viscos-
ity of the oil and the ability to be able 
to lubricate effectively. Once the cor-
rect amount of oil has been calculated, 
this needs to be split between the in-
jection points.

For a long time, the quantity of oil 
was split equally between the injec-
tion points of the cylinder and pack-
ing case. More recently there has been 
a practice of applying an increased 

amount of oil to the upper or top cyl-
inder lubrication point and the higher 
pressure side of the packing case.

When this methodology is applied, 
typically two thirds of the total quan-
tity is applied to the top of the cylinder 
and to the high pressure side of the 
packing case.

Delivering the correct amount and 
grade of oil to the proper points for 
rod packing and piston ring lubrica-
tion is a prerequisite for compressor 
reliability. If too little oil is applied, 
it can result in increased temperature 
and accelerated wear of PTFE-based 
products if they have been designed 
for lubricated service.

If excessive wear occurs, it can lead 
to secondary damage including scuff-
ing or scoring to more expensive cylin-
der components such as the piston rod 
and cylinder liner.

Excessive lubrication is equally, if 
not more, damaging to reciprocating 
compressor sealing component reli-
ability. Too much lubrication oil in the 
cylinders can lead to valve sticktion.

The oil between the valve sealing 
elements and the seat can cause de-
layed opening of the valves. The delay 
in the opening allows the pressure to 
increase within the cylinder.

The higher pressure differential 
across the valve causes it to open 
with a higher than normal impact ve-
locity and increased stress to all the 
sealing elements.

Hydraulic locking is caused when 
there is excessive lubrication oil in 
the packing case and the packing ring 
sets do not have enough side clear-
ance in the cups. This in turn causes 
increased heat and in the worst case, 
the packing rings sets can extrude 
down the piston rod.

It is a common practice to run 
“break in” lubrication rates for new 
or overhauled compressors for a 
period of 200 hr after start up. This 
“break in” period prevents excessive 
temperature at start up, allows con-
formity of piston and packing rings 
to mating surfaces and allows debris 
to be carried away.

It is very often the case that com-
pressor operators do not scale back 
the lubrication rates to normal lev-
els. This is even more prevalent if a 
large fleet of compressors is main-
tained or the compressors are in re-
mote locations.

Lubrication oil is one of the high-
est costs associated with the operation 
of compressors. For the average com-
pressor operator, oil usage can aver-
age 25 to 30% of running costs. Man-
aging these costs in today’s economy 
is more important as excessive lubrica-
tion erodes profitability.
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This reciprocating com-
pressor packing case 
shows signs of excessive 
lubrication.



A lubrication system with moving 
components can see wear and lead to 
under lubrication of the compressor. 
The two major sources of wear in the 
lubrication system, and inherent under 
lubrication, stem from the lubricator 
positive displacement pump and di-
vider block element piston.

When the pump starts to wear its 
output decreases and the quantity of 
oil delivered into the system is re-
duced. For a pump-to-point system 
this decreases the quantity of oil for a 
single injection point.

In the case of a divider block system 
it decreases all the injection points as-
sociated with that pump but to each to 
a lesser extent. When a divider block 
element wears the oil will be distrib-
uted to the line of least resistance. This 

The cost of over-lubrication for the 
period of a year for a typical four cyl-
inder natural gas compressor is ap-
proaching US$15,000 per unit, based 
on some standard OEM industry lubri-
cation rate formulas.

Although this is the worst case, it 
highlights the fact that when operat-
ing a large fleet of compressors there is 
significant cost reduction to be gained 
though a lubrication system that is engi-
neered for the compressor application.

There is an added cost of this ad-
ditional lubrication oil in the form 
of coalescing filters to remove the 
lubrication oil from the gas stream. 
Reducing the lubrication oil rates to 
correct levels preserves the life of the 
filters, again increasing the probabil-
ity of an operation.

CPI field service technicians make a preventative maintenance call.

can cause a lubrication injection point 
of a higher pressure to be under lu-
bricated and a lower pressure injection 
point to be over lubricated.

Regular preventative maintenance 
(PM) schedules are the key to a cor-
rectly working lubrication system. En-
suring that each pump is outputting 
the correct lubrication level and that 
the lubrication is being delivered to 
the injection point is paramount.

CPI’s lubrication group field service 
teams check all system components for 
correct operation — including filters 
that can reduce the life of components 
if they allow particulate and debris to 
enter the system.

The CPI lubrication teams use a 
number of devices and procedures that 
make testing the system components 
easier. They include using a purge gun 
to determine if divider block elements 
can hold pressure.

In between maintenance, a number 
of devices can ensure that correct lev-
els of lubrication are being applied, in-
cluding visual and electronics devices 
that monitor the quantities of oil.

In summary, to get maximum reli-
ability from sealing and wear compo-
nents, the correct quantities of lubri-
cating oil need to be applied to the 
compressor.

The ideal level of lubrication oil de-
pends on the compressor specification, 
gas application and type of oil used. 
Under- or over-lubrication can signifi-
cantly affect the performance of cylin-
der end components.

An effective PM schedule — which 
can be provided by CPI’s engineering 
or field service teams — can ensure lu-
brication oil levels do not deviate from 
the ideal quantities and do not impact 
a compressor’s operation. A

REPRINTED FROM JUNE 2012  CompressorTechTwo
 Copyright Diesel & Gas Turbine Publications 

 Printed in U.S.A.


