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IntroductionIntroduction

Our customers often seek help achieving precision alignment of their 
critical machinery when standard alignment techniques do not provide 
satisfactory operation.

While helping them achieve the simple goal of good hot alignment, 
we ve identified many mechanical issues using Optical Alignment 
( OA ) that were not intuitive to those involved, and were not previously 
solved using vibration analysis or other techniques.

We would like to share some OA background with you, and how we 
apply OA to optimize shaft alignment and eliminate machinery 
problems.
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Basic Shaft AlignmentBasic Shaft Alignment

How do we define the (mis)alignment of two machine shafts? 

Parallel misalignment: coupling rim offset between two shaft centerlines

Angular misalignment: coupling face deviation from parallel

Combined the usual field condition .

Parallel (Offset) Misalignment

Angular (Face) Misalignment

Combined Misalignment
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Alignment FactorsAlignment Factors
How accurate do we need to be? What factors might you consider?

Long coupling spansShort coupling spans

Flexible CouplingsDisc-pack couplings (for offset)

Geared CouplingsRigid couplings

Low speed (< 1,800 rpm)High speed (=> 1,800 rpm)

Less Critical:More Critical:

What criteria do you have?
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Alignment CriteriaAlignment Criteria
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The Alignment Tolerance Chart ties speed, coupling span, and misalignment in 
the horizontal & vertical directions together to assess alignment accuracy.

SHAFT h2 v2

P.T.DEV. =

Shaft deviation is 
calculated for each side 
of the coupling (h & v) 
and plotted as a 
function of speed to 
determine if alignment 
is required.

We can see that at 
3,600 rpm, deviation 
much beyond 1 mil/inch 
should be realigned.
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Alignment AccuracyAlignment Accuracy
So, once again:  How accurate does our alignment need to be?

To muddy the water just a bit more:  

What is the point in setting a cold shaft alignment within 0.002" if adjacent 
bearing housings move 10 20 mils (or more!) in different directions due to 
thermal growth and static deflection?

If we set a perfect cold alignment, with the shafts collinear, it is a sure bet
that thermal growth and static deflection will ruin our alignment when the 
machine is operating.

This is where Optical Alignment will provide significant improvement in our 
operating (hot) alignment accuracy.
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What is What is Optical AlignmentOptical Alignment ??

OA - The use of high-precision optical instruments (jig transits, sight 
levels, alignment telescopes) and special tooling to measure the
relative alignment of machinery.

Applications of OA include:
Align bearing & seal bores

Align diaphragms
Set rolls parallel 

Level base & sole plates 

Check flatness
Align & level machine cases

Measure thermal growth

Measure static deflection

OA can help us answer these 
questions with high accuracy:

Is it straight?

Is it level?

Is it plumb?
Is it square?
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Why Optics?Why Optics?

What advantages does optical equipment have for determining  Is it Straight, 
Level, Plumb & Square?

Measurement flexibility horizontal; vertical; axial; bores; casings; split-
lines; diaphragms; rolls; baseplates; soleplates; foundations; rolls; etc.
Many measurements quickly

References (Benchmarks) allow absolute comparison of components

Easy to setup in multiple locations around any machine
Easily portable

Excellent repeatability between surveys

Excellent accuracy
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Optical Alignment EquipmentOptical Alignment Equipment

Several essential pieces of gear 
comprise a typical OA kit:

Jig transits; alignment telescopes

Precision Scales
Scale Levels 

Invar Kit

Tripods
Tubes

Cross-slides

Mounting Hardware / Tooling
Benchmarks

Tool kit
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Brunson 76Brunson 76--RH Jig TransitRH Jig Transit

Brunson 76-RH Jig Transit key features & functions:
Main Telescope:  30X magnification; 
focus 2 to Infinity (and beyond)
Main scope sweeps horizontal & vertical planes

Fine-motion tangent screws for adjustment

Cross Telescope:  45X magnification; provides 
sights at precise right angles to the main scope
Coincidence Level: precision leveling (1 arc-sec) 

Optical Micrometer: offset measurements (0.001 )

Extreme Accuracy - bearing runout < 0.000025
Calibration can be verified on-site for every job
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Coincidence LevelCoincidence Level

Vertical tangent screw on transit subtly tilts the 
telescope to dead-level the line of sight.

When viewed through the turret, both ends of 
the coincidence level bubble are optically 
folded and brought together, side-by-side, 
using a 2.5X mirror path.

The human eye is very good at evaluating 
coincident patterns and can detect the tiniest 
deviation from level.

The coincidence level system is the key to the jig transit s accuracy.

How sensitive is this system?
We can easily detect 1 arc-sec of tilt
1 arc-sec = The width of dime viewed from 1 ¼ miles away
In practical terms, 1 arc-sec = 0.0013 (1.3 mils) at 17 feet
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Optical MicrometerOptical Micrometer
Optical Mics and Scales provide the means to make measurements .

The mic uses a drum 
graduated in 0.001
increments to act as a 
vernier when reading 
scales

For example, after 
sighting a scale between 
17.4 and 17.5 , the mic
is adjusted to move the 
reticle to 17.4, and the 
amount moved is read 
from the drum, 0.040 ,

This gives a reading of 
17.440
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Optical ScalesOptical Scales

A little bit more sophisticated than the 
old wooden ruler

Hardened tool steel

Matte white surface

Glare reducing top-coat
Various sizes, 3 , 10 , 20 , 40

Graduated in inches and tenths

Accuracy +/- 0.001
Varying tic spacing for different 
sight distances

0.004 (closest)
0.010
0.025
0.060 (farthest)
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Invar KitsInvar Kits
Invar comes in various lengths, and is 
assembled as needed to mount 
scales in the desired line-of-sight.

Invar s extremely low coefficient of 
thermal expansion makes it perfect 
for consistent measurements in any 
machinery environment. Compare  
growths of a 5 rod over a 30°F T:

Aluminum:  0.024

Steel:  0.017
Invar:  0.001 !!

Tolerance: +/- 0.0003 per tube, std.
Total stack-up error per kit +/- 0.001



By  Stanley R. Bognatz, P.E.
Optical Alignment, Thermal Growth & Machinery Movement 75 Laurel Street, Carbondale, PA  18407

Ph. (570) 282-4947  email:  srb@mbesi.com

2007 M&B Engineered Solutions, Inc. 8

© 2007 M&B Engineered Solutions, Inc. 15Optical Alignment, Thermal Growth 
& Machinery Movement

Tripods, Tubes & CrossTripods, Tubes & Cross--SlidesSlides
Stable bases are critical for reliable 
data. Quickset s Hercules tripods 
have proven rock solid, light weight & 
portable. 

The tripod s elevator lets us  adjust 
scope height, and tubes allow us to 
reach high locations. 

Cross-slides provide lateral move-
ment to let us buck-in the instrument 
to a desired line-of-sight.
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