LUDECA

Keep it running. PRECISION ALIGNMENT
STARTS AT THE BASE

©2019 LUDECA, Inc. All rights reserved.



a
s _» AGENDA

* Precision Alignment
 Fundamentals

» Bearing installation
* Machine installation
» Jack bolts

» Soft foot

Keep it running.




&, * WHY PRECISION ALIGNMENT?

Up to
50% . Machine GTHEH&
Vibration
of damage to I Berine CAUSES
rotating Damage OF
machinery is 5 “Dﬂiﬁﬂwgg
directly | ] Coupling
related to Damage
misalignment
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&, * WHY PRECISION ALIGNMENT?

Not aligning shaft centerlines to precision
tolerances has a substantial impact on:

« Seal failures

» Bearing failures
« Shaft failures
* Coupling wear
* Decreasing component life
« EXcessive energy consumption.
» EXcessive heat and vibration

Keep it running. www.ludeca.com
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“Vibration analysis just tells

you ANErVRH BANRRREUe

Alignment keeps your
equipment running.”

—John Upchurch
Reliability Manager
Holcim Inc.

St. Genevieve Plant




&, * WHY ASSET CONDITION MAINTENANCE

Point where . V4 \ .
misalignment was E::::llg)zﬁegltasnh&:ill Ve 7’/
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. 7/ < 7 . Air handlers fails
Proactive ~ Predictive » Reactive catastrophically
Cost to align Cost to repair component »#  Cost to adjust and
$ 5 50 00 and Cost to align Cost to repair component and
¢ $2 1 20 00 Cost to repair collateral damage and
¢ Cost of downtime

Cost for emergency OT

Cost of expediting parts

$15,345.00

Increased Reliability - Decreased Costs Decreased Reliability - Increased Costs
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- Definition of shaft alignment

- Shaft preloads
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&, * DEFINITION OF SHAFT ALIGNMENT

« Positioning two or more machines so that
their rotational centerlines are collinear at the
coupling point under operating conditions.

— “rotational centerline”

— “collinear”

— “coupling point”

— “under operating conditions”

Keep it running. www.ludeca.com
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The term shaft alignment
also implies that the
bearings and shafts are
free from preloads.




&, WHAT CAN CAUSE THESE PRELOADS?

» Bearing not installed properly

 Base not flat
—Manufacturing
—Installation

* Pipe stress
» Coupling strain

Keep it running.
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Keep it running. Bearing installation
- Failures

- Pre-installation
- Conventional Methods
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;:,t COMMON BEARING FAILURES

* Lubrication Failure « Fatigue (Spalling)

« Contamination « Overheating

* Improper Mounting  Excessive Loads

* Misalignment « Corrosion

* False Brinelling « Fit

* Improper Storage and « Electrical Damage
Handling (Fluting)

* Poor bearing design

Keep it running. www.ludeca.com

©2019 LUDECA, Inc. All rights reserved.



t:::Q ROLLER ELEMENT BEARING FAILURE PATTERNS

Bathtub Wear Out Fatigue
Pattern A= 4% Pattern B = 2% Pattern C = 5%

Initial break-in period Random
Pattern D = 7% Pattern E = 14%

Keep it running. www.ludeca.com
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“‘

PRE-INSTALLATION CHECKS

AL

« Safety procedures
 Remove old bearing

« Clean-up of shaft: remove grease,
nicks, and burrs.

* Do not unwrap bearing until ready
for installation

 Ensure shaft diameter is within
tolerances

« Check bearing clearances

Keep it running. www.ludeca.com
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¢, BEARING PREPARATION

* Do not remove factory lubricant

* Ensure that bearing is the exact
replacement

» Ensure once again that shaft is
clean

Keep it running.




&, CONVENTIONAL HEATING METHODS

Blow Torch

 No Temperature
control

* Risk of over
heating

 Grease Leaks out
of bearing

 Tension in
material

////
/M@
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&, CONVENTIONAL HEATING METHODS

Oil Bath

« Slow Heating
process

 Grease cooks out
of bearing

» Dangerous (Hot
oil)

* Environment
unfriendly

e
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.:':» CONVENTIONAL HEATING METHODS

Hot Plate

* Risk of over
heating

« Grease Leaks
out of bearing

e Tension in
material

O
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&, CONVENTIONAL HEATING METHODS

Oven

« Slow heating
process

* High energy
consumption

 Grease leaks
out of bearing

e
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SLEDGEHAMMER
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LOW FREQUENCY INDUCTION
HEATING

SOFT- Y w_  MAGNETIC
IRON A FIELD
CORE

A low frequency induction field affects the complete part.
The part heats equally.

Keep it running. www.ludeca.com
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&, ADVANTAGES OF INDUCTION HEATING
« High speed

* High efficiency

* High cleanliness

* High safety

- Easy control

Consistent temperature control of bearing
Reporting

Keep it running. www.ludeca.com
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Keep it running. Machine Installation
- Effects

- Components
- Baseplates
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&, MACHINERY INSTALLATION

» Machinery Installation is just not
new equipment installs

* Machinery Installation includes:
—Rebuilds
—Replacements
—Overhauls

Keep it running.




¢, EFFECTS OF POOR MACHINE INSTALLATION

Mechanical Financial

Downtime

Poor product quality
Lower Capacity
High operating costs

* Misalignment

 Twisted or distorted
bases

» Soft Foot

« Unbalance

« Static Stress

* Dynamic Stress

* Coupling/Shaft runout
 Mechanical Looseness

Keep it running. www.ludeca.com

©2019 LUDECA, Inc. All rights reserved.




;:':t COMPONENTS OF PROPER INSTALLATION

* Foundation

* Anchoring

* |[solation

* Rigid, level, and flat
* Alignment




,.
t"‘ BASEPLATE

» Bases or Mounting pads must be:
—Rigid
—Level
—Flat
—Coplanar

— Parallel to the other machine bases
on the train

Keep it running.
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¢, PROCEDURE BASED INSTALLATION

* |If performing machinery installation, the
installations should follow a procedure.

* Procedures reduce the possibility of start-
up and premature failures by ensuring
repeatability and consistency of activities.

* Procedures should follow the 3T process.
. Target Out-of-spec
— Tolerance
— Test

Tolerance

James Kovacevic
HP Reliability Inc

Target

Keep it running. www.ludeca.com
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;:'} BEST PRACTICES

 Machine should be installed centered
on the baseplate

« Equal number of shims under all feet
prior to alignment
* Inspect base for:
— Cracked concrete
— Broken welds
— Warped surfaces

» Define standards for acceptance

Keep it running. www.ludeca.com
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- Jack Bolts

- Bolt Torque
- Best practices
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“‘

WITHOUT JACKING BOLTS

AL

Accurate?
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¢, * DEFINITION OF JACKBOLT

A bolt or screw attached to the base or foundation used
to move or position the movable machine horizontally
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¢, * JACK BOLT INSTALLATION

Jack bolts should be installed so
that they are:

—Parallel to the baseplate
—Perpendicular to the foot surface
—Aligned with the hold down bolt

—Leaving enough space to add
and remove shims




1)
t"‘ BOLT TORQUE

* Bolts experience torsion and tension
* Over-torquing creates high bolt tension

* Rusted bolts can be under-torqued due
to high friction
— Torqued bolt may not be tight.
— Lube bolts

* Most bolts are designed to be torqued
at 75% of Proof Load

Keep it running.




;:,t BEST PRACTICES

* Properly sized hold-down bolts to allow
movement of machine

* Make provisions for horizontal jacking
bolts

* Apply proper torque to hold down bolts

Keep it running. www.ludeca.com
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- Importance
- Causes of soft foot
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s""} SOFT FOOT - DEFINITION

Soft foot means the
machine frame distorts
as the foot’s bolt is
tightened or loosened. An
example is a condition
where the machine feet do
not make solid contact (at
least 80%) with the
soleplate surface or
external forces are acting
on the frame.

Keep it running.
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,.
0"‘ IMPORTANCE

Soft foot needs to be detected and corrected

to within .002" because: | 2mi|s

» Destroys bearings and seals. ; ;‘1
« Causes internal shaft misalignmer
eventually result in shaft failure.

« Makes shaft (coupling) alignment difficult.

Keep it running.




;:';t CAUSES OF SOFT FOOT

» Bad bases
* Bad motor feet (uneven, bent)

* Bad shim pack (bent, dirty, too
many shims)

* Dirt, rust under motor feet

Keep it running.




;""} BEST PRACTICES

* All of the previous
considerations apply for the
other machines in the train.

« SO what else can cause
defects on the ‘Driven’
machine?




PIPE STRESS

Keep it running. www.ludeca.com
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PIPE STRESS

a"a
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PIPE STRESS
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1)
s"‘ PIPE STRESS

* Pipes should be well fitted
and supported, and flexible
when possible.

* Monitor or measure the
change in misalignment as
flange is being bolted.
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a
s ) TAKEAWAYS

* Be proactive!
* Picture the lines
* Do proper installation

 Minimize soft foot
condition




HAFT ALIGNMENT FUNDAMENTALS

Learn more at ShaftAlignmentFundamentals.

SHAFT ALIGNMENT

Positioning two or more machins so that thelr rotational
‘cantariinas ara coinear at the coupling centar undar
‘operating conditions.

- Faduca vibratian

Batween Faliure

- Faduca saal and
coupling faitures
 Incraase boaring
- Docraasa powar
consumption
+ Increasa Maan Tima

com

- Reduca strainin sharts

- Raduce abrormal falures

- Increasa componant ifa

- Raduca MAO Sparcs.
consumpti

- Raduca safaty risk

WHY PRECISION
ALIGNMENT?

Pracision allgnment wil:

TOLERANCES 1. Outot tierance
‘,* i

2 Within slerance
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SPACER SHAFT
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RULES OF THUMB
FOR SHIMS

- Usathres o fawer precut « Inssrt shims unti they touch

- usaa micromatar tomeasura  tharoot.

sa
and thicker Thasa thicknaEsas g omes.
ara nominal and not nacassarly

ct.

PROPER
TRAINING

Product-spacific training not only Sarves 38 3 maans for
taaching tha fundamantals of shart alignmant, but aiso anabla

With proper training, thosa perarming 2ilgnments can work In
thamost efricient way possibie by minimizing the amount of
movas neaded to accomplish tha aignment. Also, s Impartant

‘smal group.
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S-STEP

SHAFT ALIGNMENT PROCEDURE

Initial Laser
Alignment Check Check with

SHORT FLEX VS. SPACER
SHAFT COUPLINGS

s i g, st s 830
mranc g et 3 hacoron ot g

For spacer shafts, misallgnment 1s expressad sithar as
projected offaats or angles at sah riex plane.

i the
Goupling i four Inches or graater,treat asa spacer coupling.

Final Alignment
to Tolerance

Final Soft Foot

SOFT FOOT

«.* LUDECA

PIPE STRESS

“sort oot aistorti

Therarora,

TYPES OF SOFT FOOT

3 <

t
bent fact, and pipa stross.

=]

BENTFOOT

mmz1

SQuISHY FooT PARALLEL SOFT FOOT
Praper pr

Laser System

2nmits ooy

it v sl st foct
racings.

Zimi hou.

TIGHTENING SEQUENCE

Just a8 you stagger tha tightaning saquanca or thalug
nuts on your vehicle, o the same on your machina. Follow

torqua for the sizs and grade of fastener baing tightanar.

X

o0

tha sama and o1 tha machine.

0
dirty shims, paint rust,stc.

PARALLEL BeNT FOOT
soFTFOOT [y

OPTIMAL MOVE

than 2 mils, causad by an
g g

‘xtarnal forcas acting on the
machina frama.

optimal mave.

MAKING OFTIMAL MOVES Calcutation mathod:
ide the impossible position (the bolt-bound or base-bound

Dptimal moves minimize th valuss of verticsl o horizontal
‘machin corractons.

‘Graphical methoc:
11 you e bolt-bound o base-bound, graph the aignment o

Multiply the resut by the distance between the stationary

an atignment.

- Machin frame distortion rasuits n Intarnal
misalignment of the baarings Inducing viaration and
promaturs fallurcs.

- EBminating pipa strass wll graatiy Improva the
relablity of your machine:

- PIpa strass of condut stress s the primary Gausa ot
Inducad soft Toat

FORCE T

PIPESTRESS

LACK OF REPEATABILITY

Rapeatablity, for allgnment purposes, s the cansistancy.
Of Goupling resuts betwasn Consacutive Sets o readings.
‘Arter a roush allgament hias been perfarmed, the results
Shouid ba no more than ane or twa mils agart, 1 the
ifferenca between the readings i larger, thera are several
possibla causas for tha fack of repaatability, soma of which
ara istad batow.

- Loose companants (brackets, tasar, recalver atc.)

40 tha impossibla mave on the machina tabe maved, This wil
5@ you now centertine towhich bath machines should be
moved. Sse the axamplein the lowsr st

and ramessurs tha signmant. Th rasulting move on the
ariginal machine to ba moved shouid now be sasy tmaks. See
[ p——

THERMAL GROWTH AND TARGETS

to
materials with temparature rise. For allgnment purposes, thermal growth means

jocations assaciatad
with tha changas In tamparatura that aceur batwaan tha cold candtion and tha
ht condition. This s one of tha causes of positional changa In machinary.

vaiuas of thacoupiing

ppiied by
wia the TLG formuia, o can be derived by comparing the hot and Goid alignment
conditians, or by monftoring positional changes ve.

THERMAL GROWTH FORMULA

TXLxCthe thermal growth at any measured
point along tha shat contarines, in mils.

WHERE:

7= changa in temperaturs in °F

L= distance, In nches, from shim plane
toshart centeriine

©=coeMiciant of inear expansion In mils
per Inch par “F changa In temperature

STATIONARY

movagLE

- Inconsistant diraction of shart ratation
= Vibration from nearty machings
- Significant tamperatura changes

LACK OF RESPONSE
TO CORRECTIONS

Responss 1o corrections s how accurataly the machines
respond ta shimming of harizantal maves. Thers are seversl
Possibls causes for poor respanss to corractions, som of
pe————

= Wrang dimensions entarad
= Coupling trsi(arge missignment)
- Sotfoot

i ———

= Vibration from nesrby machines

THERMAL EXPANSION
COEFFICIENTS (C)

GCastiron
Carbon Steal

Stalnless Steel

Keep it running.
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Keep it running.
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THANK YOU!

Carlos Bienes, BSME, CRL
Carlos.Bienes@ludeca.com

Applications Engineer
LUDECA, Inc. - Miami, FL
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