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Turbomachinery reliability is considerably affected by
the coupling alignment within the machinery train.
Sulzer Hickham, a company of Sulzer Turbomachinery
Services, is very experienced in the precise alignment
of machinery trains. This leads to enhanced reliability
and increased plant availability.

Much has been written and
discussed over the years con-

cerning how coupling alignment
affects machinery reliability, yet
most turbomachinery trains are
still operating well beyond accept-
able tolerances even today. The re-
sults include shortened coupling
and bearing life, unplanned ma-
chinery shutdowns, and even
complete destruction of machines,
plant fires, or personnel injury or
death.

A Simple Problem?
Initial alignment recommenda-
tions found in most machine man-
uals are often incorrect, sometimes
drastically. Coupling alignment is

not well understood throughout
the industry, and most plants do
not have the in-house expertise to
properly diagnose excessive mis-
alignment.
Sulzer Hickham has the experi-
ence and expertise to perform in-
dependent alignment calculations
on entire machinery trains and to
precisely measure the difference in
ambient and service condition
alignment. These tried and proven
methods assure collinear align-
ment of machinery shafts, leading
to optimized reliability and in-
creased plant availability.
In the early 1970s, a number of me-
chanical people were striving to
find a better way of assuring that
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their machines operated with
good coupling alignment. Several
innovations came out of this, in-
cluding an accurate means of
measuring relative machinery cen-
terlines using proximity probes.
The author was intimately in-
volved with the manufacturing
and use of alignment bars utilizing
proximity probes, a system that
has now been in use at Sulzer
Hickham for the last twelve years.

Alignment Calculations
Most initial estimates are signifi-
cantly in error. To be proficient at
calculating how machines will
move between ambient and serv-
ice conditions requires much field
experience in the actual alignment
tracking of machines, a function at
which even experienced field en-
gineers have very little, if any, ex-
perience at doing.
Several factors must be considered
when estimating how machines
are likely to move, including aver-
age ambient temperature, inlet
and outlet temperatures of the ma-
chines, piping arrangement, dis-
tances between measurement
planes and the machines’ feet, etc.
The simple coefficients of thermal
expansion won’t give satisfactory
results, because the steel between
the centerline of a machine and its
feet will not have an even temper-
ature equal to the service tempera-
tures. After years of tracking tur-
bomachinery alignment on many
trains, one can develop a feel for
how these machines generally
move between cold and hot, and
can also develop certain “fudge
factors” that are helpful in esti-
mating what the initial ambient
offsets should be. There is no
doubt that this ability is more of an
art than it is science.

Alignment Tolerances and
Tracking
After the initial alignment esti-
mates are completed, the machines
are aligned to tolerances. The fac-
tors that actually determine align-
ment tolerances for flexible cou-
plings are coupling span and
speed. For most turbomachines, a
practical alignment offset toler-
ance is derived as follows:

coupling span
tolerance = ––––––––––––– × 5.66

speed (rpm)

An example: If the distance be-
tween the measurement planes on

the two coupling hubs is 16"
(400 mm) and the machine speed
is 10 000 rpm, the tolerance is
0.009" (0.23 mm). This is the
amount that the machine’s center-
line can be allowed to differ from
the actual desired position, either
vertically or horizontally.
After the alignment is completed
and the coupling guards are in-
stalled, alignment bars (Fig. 1) are
mounted on the machine bearing
housings using Invar 36, which is
a high-nickel alloy with a very low
coefficient of thermal expansion.

Compressor Train Vertical Alignment

1st compressor

2nd compressor
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Turbine

Sulzer Hickham estimate
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Original OEM estimate
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2 Alignment estimate
and measurement on
a compressor train.
The original OEM 
estimate differs 
significantly from 
Sulzer Hickham’s 
estimate, which is
very close to the
measured values.

1 Alignment bars
allow for an exact
measurement of 
the centerlines of 
a machinery train.
When the tolerances
are met, coupling
and bearing life are
extended.
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For example, a 6" (150 mm) long
bracket at 150 °F (83 °C) over am-
bient will only grow 0.0015"
(37.5 µm). If the bars are mounted
in an especially hot area, such as a
hot-gas expander coupling, they
are air-cooled through flexible
tubing to minimize distortion. The
bars utilize four proximity probes
that have been calibrated to the
4140 steel targets*, one probe for
each plane (vertical and horizon-
tal at each coupling). The bar with
the probes installed mounts on 
the “stationary machine” (the ma-
chine that is not to be moved), 
and the bar with the 4140 targets
is mounted on the “moveable ma-
chine”. Then, the probes are set to
voltages that represent the existing
alignment. From that point on, the
exact alignment at the two cou-
pling hubs is known under any
condition.

Typical Alignment Example
Sulzer Hickham has done the
alignment calculations and track-

ing on many different turboma-
chinery trains in various operating
plants and on various types of ma-
chines, including steam turbines,
centrifugal, axial and screw com-
pressors, hot-gas expanders, gear-
boxes, etc. One example is given in
Figure 2, on a train consisting of a
steam turbine, two centrifugal
compressors, and a hot-gas ex-
pander (Fig. 3). In this example,
the second compressor was the
“stationary machine”, and the re-
maining machines were aligned to
it. The red lines are the Sulzer
Hickham original alignment esti-
mate, whereas the violet lines 
are the actual desired centerlines
measured with the alignment bars.
The original OEM estimates are
shown in the blue lines. As can be
seen, the Sulzer Hickham estimate
and the actual desired centerlines
are well within tolerances, and
both of these are significantly
different from the original OEM
estimate.
Sulzer Hickham is very experi-
enced in coupling alignment cal-
culations, alignment of the ma-
chines, and in the actual tracking
of the centerlines to verify that all

couplings are operating within ac-
ceptable tolerances. In one case,
this was performed for all the
trains in a new ammonia plant in-
stallation with a total of eleven ma-
chines, and all tracked to be oper-
ating within acceptable tolerances.
In that case, all machines had also
been retrofitted with diaphragm
couplings, which necessitated pre-
stretch calculations and field
measurements for verification,
and the calculated pre-stretch
values also proved to be correct as
calculated. 

CONTACT
Hickham Industries, Inc.
John East
11518 Old La Porte Rd
La Porte, TX 77571
USA
Phone +1 (1)713-567 27 72
Fax +1 (1)713-567 28 30
E-mail john.east

@hickham.com

________________
* Common and alloy steels have been num-
bered by the American Iron and Steel Insti-
tute (AISI). AISI 4140 is the standard ma-
terial that probes are calibrated to.

3 Machinery train
whose vertical 

alignment is shown
in Figure 2.


