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COUPLING ALIGNMENT MADE EASY

By graphicsily plotting the shatt mizslignment,
the solution becomes apparent. A piciure is
worth & thowsand words.

Correct alignment is mandstory for succesaful
Speration of retating equipment. A flexible
coupling s no sxcuse for misalignmuent.
HOW DO YOU EASILY DETERMIME THE
RELATIONSHIF OF ONE SHAFT CENTER LINE
RELATIVE TO THE OTHER? IT |5 HARD
SOMETIMES TO VISUALIZE THIS.
Thés is dena by drawing & picturs on a piece of
paper to visually show where the
eguipmenl s and how far it needs to be ahified
to get it into perfect alignment.

Thare is some conlusicn between shaft
alignmant and coupling alignmeant. We wil|
restrict the comments to couplings using twe
flaxing rlemants. The coupling fex slement
gees angular misalignment only. It ia poasible,
&8s you can see in Figure |, 10 have
misalignment between two shafts yet one end
af the coupling can siill be in perfect alignment
with ils cenler mamber,
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This could ba the situation if all the prablems
are at one and of the coupling. In Figura 2, the
two ands of tha coupling aham he
migalignmeant @qually,
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FIGURRE 2

How da you go about correcting for shaft
mrigaligruneni?

THESE INSTRUCTIONS WILL BE BROKEN
DOWMN INTD FOUR SECTIONS,

. lterma that must be considerosd before
starting any of the alignmen: procedures.

Il. Réverse indicator alignment graphical
analysia.

Ill. Face and rim alignment graphical analysis.

IV. Across the flex slement graphical analysis,

1. BEFORE STARTING

Before we get into the procadura itsalf, iherg
ard séveral itams that musi be considenad
before staring.
“SOFT FOOT"
“Sofl foot” occurs winen the sgquipment, lat's
say a motor, 18 not sliting flal an its basa or It
recks, Now this rocking can be aliminated by
I:'iLF“tﬂﬂiﬂn down all of the hold down boits,
hat this does, nowever is 16 put the motor
Dpaarings under strain. This, in turn, 2&n causs
vibration. It alac may give &rmonsous alignment
readings. Theé “soft foat™ must be correciad
firat, This I3 sasily done by shimming under the
mator oot until it no longer rocka,

INDICATOR SAG

Calibrate tha dial inaleator aal-up aag, In olher
words, datermine the cifference in the dial
Indicator reading when [t i3 on top of & shaft to
whan |t ia on the bottom. Thia |8 a gravitational
affect. It ia not necassany [ allminale sag but
rather to know the amounl of sag. The indicator
8él-up Should be as rigid as practical, and then
il should be callbratec. It s easlly callbrated by
maunting the sel.up on a plece of plpe allowing
the dial indicater to ride on the pipe itaell. See
Figura 3.
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Set the indicator ar0" on 1op. Mow roll the pipe
over until the indicator is at the bottom of the
plpe. The gravitational effact on the Sat-up can
ba datermined by reading the Indicator
diffarenca from top to botiom. This Della
reading can be algebraically subtracted from tha
alignment reacings obtained at the bottom
position,

Ir tha @xample shown In Figure 3 the Indicator
set-up sag checked out to ba -.005 inches.
Thia reading will always ba negativa. Tha
indlcator set-yp 3ag does not have to be
considerad for the norizontal or side-to-alde
reading.

ALIGNMENT READINGS

It Is suggested that the dial indicator be zeroed
at the top for convenlence. The coupling hub
ghould ba marwed at 0, 80, 180, and 270 degrees
wilh & reference mark on the aguipment so that
tha units can be turned through 20 degree
incramants. Both shafts shoule be turned
together. This aliminales any rumout that might
fxisl Detween the point at which the indicater
fldas and né theoretlcal centerling of the shalt,
How rotate the coupling |n 30 degree
incremants, recording all readings, It is
important o kesp Iha side-1o-3ida readings
straight. A suggestion Is to retar to the sides of

the pril a8 near” and “iar | Near Deing the
side where you are standing). Aftar making the
four paosition check, return beck 10 the top 1Q
make sure that the indicator returns to zaro. IF it
does not, disragard the readinge and repeat the
gbove. It Ia a good practice 10 lake ssveral sets
of readings to make sure they are consistent. I
s a lol easier to take another sat of readings
than it is to move the units a second time.

THERMAL GROWTH

Mow consicer any tharmal growth values tor the
squipmenl, For example, if the pump is
pumping hot waler, it will grow vertically from
the embient to tha hot running condition. The
whale abjeative ie to have the equipment in
good alignment wnen it is running undar normal
operating conditions, These predicted thermal
movemeants can be cbrained from the aguipment
manufacturer and snaawld be taken Inta account
pefore making the alignment changes,

SHAFT RELATIONSHIP

HOW DO YOU EASILY DETERMINE THE
AELATIONSHIP OF QNE SHAFT CENTER LINE
RELATIVE TO THE QTHER? IT IS HARD
SOMETIMES TO VISUALIZE THIS, TO HELP,
WHEMN USING THE REVERSE INDICATCOR
METHOD, REFER TO FIGURE 4,
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|i_ HEUEHSE INDICATOR Before stariing the alignment work, determine

which piece of equipment is easiest to move.

To explain the reverse indicator alignment This is not to eliminate the option of maving
procedure, a motar-to-pump example will ba bath units if a prablemn occurs. The pump, in

used. First comect the verfical misalignmeat by this example, will be fixed, Theretare, the moter
shimming, and then correct the horizontal will be mowed into alignment with tha pump. f‘)

misalignment by sliding the equipment fram
side-to-side. With proficiency thess lwo steps
can be done together.

Mow on a sheet of graph paper, lay oul the
egquipment being aligned. See Figure 5.

REFER TO SECTION | FOR PRE-ALIGNMENT
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The horizontal scale on the graph used here is YERTICAL ALIGNMENT WLUTIDH
one small division equals one inch. The The alignment can be done either with the
distances that are needed are: coupling totally ingtalled, with the coupling
1. The distance from e first indicator riding hubs mounted. or with the coupling totally
on the pump hub o whera the second remaved from the shafts. Find a spot to mount
indicater is riding on the moter hub. In the the dial indicator brackei. The shalt hehind the
example, this is 20 inches. Rub or the nub itself is Illgu?ld A Ehalllrl ':I"I.Iralrr?l:llh
: ial di alignment bracket ysually fits in wall. Wi & i
B e e indcator bracke atiached to e motor hub and ()
tenter of the motor frant fool. In the ihe dial indicater rsading of! the pump hub.
exampla, 1hig is 20 inches. ratate both units in 90 degree increments and
take readings. These are shown in Figure 6.

3. Tha distance iram the centar of tha front
motor fest to the center of the back motor
feet. In this exampile, this |3 40 inches. 5
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The bottom reading '8 then corracted 1ar
indicator set-up sag. The indlcator set-up sag in
this wxample was determined 1o be — 005
|nchas. A - 005 was subtracted algetralcally
from the —.025 indicator reading. &d
reading is —.025 -(—.005) = - .020. The
readings laken are total indicator readings
[T.LA) which are two times the aclual
ghaft-to-ahatt relationship. This means that the
L readings taken must be divided by two. To salve
for the vertical jup and down) part of the
probiem, iake the corrected Dottem reading of

~ 020 and divide it by two —.020 = 2 = -=.070.
With a minus reading on the bottem ot

the pump flange, the motor center line
axtension must be lowar than the center line of
the pump. For turther clarification, reference
Figure 4.

Use a convanient scaie in the vartical of .00
inches per small divisian. Plot this paint as
shown in Figure 6. Do nothing with the
horizontal {nearffar) readings at this time.
Bavarse the bracket selup by attaching it to the
pump hub as ahown in Figura T wilh the dial K
ingicator raading off the motor hub.
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Take a sat of alignment reagings. In this case,
the indicator shows a reading on Lhe bollom of
+ 005 inchea. Correcting for indicator sag by
algebraically subtracting the -.003 indicator
satup from the + D05 which gives a +.010
cofrected reading. Now divide this number by 2
as it is a total indicator reading. With a plus
indicator reading on the bottom, the motor is
low, relative 1o the thegretical center ling of the
pump. To help you lo ses the shalt to sha't
relationship, refer again to Figure 4.

Use the same scale of 001 inch per small
divigion. Now plot the +.005 on the graph as
shown in Figure 7.

The solution lo the problem now becomes aasy.
Draw a line through the two points plotied and
extend It beyond the plane of the motor feel as
shown in Figure B,

J
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Then by counling the graph graduaticn in line
with aach of tha malor foat, It can bé sean that
tha motor must be lowsred by 010 Inches At
the back faat and lalt alona &t tha front fool. By
making this carrection, the mator center ine
extension falls on lop of the pump canter |ine.
This would sclve the vertical alignment problem
if there was no thermal correction to be made
for alther the pump o the matar.

MNQTE: If the vartical acale choden ia taa big, it
may reallze some mingr shimming aron.

Lat's aay that the pump does grow 008 Inches
at both cngs becausa it is handling a net liguld.
In order to compansate for this, add an
additlonal 005 inches to each malor toot in
ardar o have the moter In line with the pump
when the pump s running under narmal
operating conditions. The total sclution now is
to adg .005 inches of shims to (he fronl mator
faet and subtract 005 inches of shims from the
back motor feel, Tha vertlcal allgnmeant is nuw
aoived.

HORIZONTAL ALIGNMENT SOLUTION

In & aimilar manner, the side-lo-aide movements
can he platted. Aefar back 0 Figure 6 and
imagine lsoking straight down on the
pumpimatoe combination. The alignmant
readings obtained were — 005 inchea on the
“near' side (this i% tha $ide you are atanding
onp and —.01% inches on the "far” side. By
adding a value af 015 to each side, tha "far”
gide becomes 0.000 and Ihe “near” side

becomes + 010 TLA. ar +.010 = 2 = +,008
inches actual. With a * + " on the "néar" side, the
moler cantar ling axtanaion falls on the “far” aide
af the pump center line. See Figure 4,

Wow plot this polnt as shown in Figure &

Moving on 1o Figura 7, the side-to-sige
alignment readings obtained weara +.008 inches
an (ha "near’ side and + 004 (nches an the
“far" side, By subtracting .004 from éach alde,
the “far” side becomes 0.000 and the "near”
side bacomes =.002 TAA. or 202 = 2 = .0
Inchas actual. With & "+ " on 1ha “near’ side,
the matar canter lina is on the “near” alde of
the pump center line axtansion. (See qurum 4)
Mow plot this point as shown in Figura 7.

Mow draw a line through the two plotted points,
axtanding it paat the front and back motor feet
as shown in Figure 8.

As the graphical plat shows, the motor must be
moved 007 inches lowards tha “far’” side at the
front foot and moved 019 inghes towards he
“far" side al the back foot. This solves the
horizental alignmenl provided thare is no
side-to-side movement caused by operating
conditions.

Where this graphical procedurs really has its
greatost waiue is when there are maore than two
units in one lrain to be aligned. As ahawn In
Figura 3, there are three pieces of cquipment to
be aligned.
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If you starl by aligning the second unil 1o tha
firat unit and then the third unit to the second
unit, the third unit may have fo be moved a
considerable distance. In the actlual inatallation,
there may nat ba room 1o move that thira piece
of aguipment the required amaount. For exampie,
there may not be encugh shims under the third
unit 10 lower it or thers may not be clearance in
the bolt holes in ordar 1o move it sideways. The
approach that should be taken is shown in
Figure 9. Plot all three units on one piece of
graph paper aftar taking reverse indicator
alignmenl readings acress both couplings. As

can be sesn, the third unit is a long way off the
ariginal refersnce line. By drawing &n altamnate
rafarance line cloge to the actual position af the
three units, it can be seen thal thera is minimal
mowement reguired 10 get all the unite in align
with respect to the alternate refarence line.

Alignment problems can be made sasler. Thera
are a ot of tools on the market o make the
mathematics simale, however. a graphical
plcture shows the whaole problem at a glance
and makes the solution appansnt

Alignment Chart, Figure 10 may be helpful.

i
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lll. FACE/RIM

To axplaln the facefrim alignmant procedurs, a
mator to pump example will be used. First,
correct the vertical misalignment by shimming

afd then correct the horizontal misalignmant by

sliding the equipment from side-to-gide. With
proficiency, these two sleps can be done
Iogetnar.

REFER TO SECTION | FOR PRE-ALIGNMENT
WORK,

Bafora starting the alignmeni work, datarmine
which pisce of agulpment is cagiest 10 move.
This I8 not to slimirate the option af moving

both units |f & problem occurs. The pump, in

this example, will be fixed, The matar will De

moved inta alignment with the pump.

VERTICAL ALIGNMENT

Now on a shest of graph paper, |2y out the
aquipment being aligned. Sea Figure 11.
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The horizontal scale on the graph used hare is
one amall division equals ane inch. The
distances thet are needed are:

1. Distance from wherne [he indicator rides
radially on the pump hub, 1o the center of
the motar front feet. In the example, this is
18 inches.

2. Dlameter of the pump hub flange, at the
location the face indicator rides. In the
exarmphe, this Ia 10 inches,

3. Distance from the canter of the motor front
feet to the center of the motor back feat. In
the exampis, Lhis i5 25 inches.
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Tho alignmeant can be done either wilh the
coupling tolally installed, or with Just the
soupling hubs mounted. Find a $pat 10 mount
{he dial indicator bracket. The shafl behind the
hub or the hub itesif is geod. A chain clamp
alignmeni bracket usually fits in well.
ANGULAR (FACE) SOLUTION

With the indicator bracket aflachad to the moator
hub, reading off the pump hub face, rotate the
shafts In 90° increments and take readings (See
Figure 12). NOTE: Make sura that neither of the
squipment shafts being aligned mave axially as
this will distort the face readings.

J



TR i —
s || B |
T — =1 =l
] e |.|
HEAR TAR — - il —
-+ . 001 Foa 0L r m—1 b I_.___n
{ X PR aNea ]I
—
BT TOM lﬁ =%
+ ., 005 e
I I T i T T T
Lo mm s sasadli;
1 TER ::'I:. i 1 i .Zf”. rEE
T ! i ':"l_- Fi ] T -
i T e R - :
T H T PR - @08 1 P A P : :
— Fh "-Etm——.. f 45, — i
1 | T T, i e
g o SCEEEEFERETHEH e T : Rassiisss
-I-|-|-—H_'_'_'_‘|n'lr o . T o B aaan! = _i T
Zzmaaadd HITTTH SreantiiaR: | LT
HH 'i[.;,l :'|i= T - ——r| o —
R e, AHGULAR -
§t

T SOLUTION —

LET
T FIGURT 12

T

e —

Reading on the face at & 10 Inch diamatar and
getting +.005 at the bottam, we know the
meoter shaft is ofl 005 Inch for avary 10 inchea
In langth. The plus reading &1 the bottom meand
the Indicator was comprassed. This can only
happen whan the motor ahaft is low compared
1o tha pump centeriine axtensalion. This can be
anown graphically: Use the pump Nangs centar

. a8 4 pivet point. Extend the 10 inch (diameter of
hub flanga) along graph (pump centerlina).
Using a vertical scale of one small divialan on
{hw gragh squals 001 inch, plot the 008 inch as
ahown 0 the sxample. See Figure 12. Draw a
lin@ frem the center of the pump flangs face
{hrough the 008 inch point and axténd It past
tha matar feet.

NOTE: If the vertical acale chosen 13 0o big, it
may realize S0ME Minor SNIMMING arrars.

The (face) angular vertical misallgnmant could
now be corrected. From the grapn, the solution
is 1o ada 0078 inch anims to the front foot (A)
and add 020 Inch shima 1o tha back foot (B). Aa
It Is sasisr 1o maks one shim changs Instesd of
two, soive the parailel offset (rim) before
shimming. Than add the two resulls together
and make ons MOve.

PARALLEL OFFSET (RIM) SOLUTION

Mow with the inalcator bracket attached to (he

mator hub, reading aff tha pump hub outside
digmatar, rotate unil in 80° incremanta and take

raadings. Sea Flgure 13,
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Bottom reading is then comected for indicater
sag. Indicatar $ag in the sxemple was
getermined to be —.005, The —.005 wes
subtracted from the +.010 indicator resding to
give an actual +.015 reading or

+.010 = (=003 = +.05

As this iz & T.LA. (Total Indicator Reading) it is
two times the actual shaft to shaft relation,

+ 015 + 2 or +.0075 5 used to show where
the moter centerline extension is, relative to the
pump shaft centerline at the pump hub. With a
plus reading at the bottom it indicates motor
snaft ia high ¢compared 1o the pump. Using a
seale af ane small division on the graph equals
001 ingh, plot this point as shown In the
sxample. The parallel offset (rim) misalignmeant
alone could be corrected By remaving 00TS inch
of shims trom under both front and back feet,

TOTAL VERTICAL ALIGNMENT SOLUTION

By drawing a lina parallal ta the angular (face)
sollulicn and theu the parallel offsat (rim) paint
the: tetal solution can be resd off the graph at
“C” and "0 In this example C = 0and D =
0125 inches. Add .0125 inch ahims to back fool.
Sae Figura 13.

If thera are any tharmal grawth conglderations,
they should be added or subtracted 1o the
résuiis before snim cnange. In the esxample,
thare ara none.

TOTAL HORIZONTAL ALIGNMENT SOLUTION

For ihe horizontal (slde-to-side) results, the
same procedure |5 used. Algebraically subftract
tha side-to-side readings. Ingdicalor sag can be
Ignored a3 it cancels out. Plot these readings
and the results can be read off the graph. See
Figure 14.

The solution for this example 1s: At the front
modtor feet, push the molor away iram you by
004 Inches and at the back motor leet pull the
molor towards you by 0038 inches.

Alignment Chart, Figure 10, may be helpful.
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IV. ACROSS-THE-FLEX ELEMENT

When the distance between the disc packs is
Jong and whera it is not practical lo try to span
the distance with indicator brackatry, the
“apross-the-ilex element method" can be used.

To axplain the acroas-the-flax element alignment
procedura, a motor 10 & right angle gear
axample will be used. First, cerrast the vertical
misalignment by $himming and than correct the
norizontal misalignment oy 3liding the
sguipment from side-to-side, With proflciency
these two 2teps can be donae together,

REFER TQ SECTION 1 FOR PRE-ALIGNMENT
WOREK.

Befora starting the alignment, detarming which
piece of equipment is sasiest to move. This is
not te sliminate the option of maving both units
if a probiem occurs. The gear box, in thia
exampbe, will be fixed. The motar will be moved
into alignment with the gear box.

VEATICAL ALIGNMENT SOLUTION

Now on a sheet of graph paper, lay out the
pquipment neing aligned. See Figure 15
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¥ou should use a scale that is convenient tu

Ihes sire af the gragh paper. The horizontal acalo

on the graph usad hera is ong smail dlvigion

egquals ona inch, Tha distances thal are nesdead

Ara:

You should use a scale that is convenienl la

the size of the graph paper. The distances that

ara crilical are:

1. Distance from center lime of o lex pack to
the ceniar line of the ather flax pack. In the
example, it is B0 inchas.

. Distance from center line of mator flex pack
1o canter of front motor faot. in this exampla,
it is 15 Imches.

g |

4. Distance from the centar al (he matar frant
faet to the center of the motor back lasl, In
this exampie, it is 15 inchas.

4, Distance from flex pack lo dlal indicator &n
canlar member. In this examplae, the distance
is 12 inchas.

The alignmenl can be dona anly with the
coupling totally installad. Find a spot 10 mount
the dial indleator brackal. The shaft behind the
hub of the hub itself is good. A chain clamp
alignment Grackel usually fits in well

With the indicalor bracket attached to the gear
box hub, reading oul on the cantar member &
canvenlent distanca. {in thia axample 12 inches
wias used) ratate tha unil in 20° incremenis and
take resdings. See Figure 16.
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Bottom reading is then corrected for indicalor
gag. The indicalar sag in the example was
detarmined to b8 - 004 inches. The =.004 was
subtracted from + 018 indicalor reading to give
an actual of + 020 reading or

4018 = (=.004) = +.020.

Asg this Iz a T.LA. {Tolal Indicator Reading] It 1s
twa timea the actual center member center ling
location ralative fo the pump shaft extension or
4020 = 2 = +.010, (What we are irying 10 do
here i3 to determine the angle the center
mamber Mmakes with respect ol [he gear box
shaft).
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A plus reading al Ihe bottom indicates thal the
canter member tips down as it exlends away
from the gear box. Using a scaie of one small
divigion on the graph eguals .002 inches, plot
the 010 a8 shown in the example. See Figure
15,

Mow with the indlcator bracket attached 1o the
matar hub reading ol on the center member,
rotate the unit in 907 incremeants and lake
readings. See Flgura 17,
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Botiom reading is corracted for indicator sag:

- 0168 = |=.004) = =.012. This is T.LR. 80

actual is + 008 (What we are irying 1o do hore

is detarmina the angle the centar member
makas with raspect lo the motor shaft).

The minus reading on the bottem indicates that
the cenler member tips up as it extends away

fram the molor. Using a scale of ona small

division on tha graph equals .00Z incnes, pict

the .006 Inches as shown an the example,

The mwlor shait can now De drewn in because
twa points along it have been detined: 1. Gentgr

of the flex slemant. 2. The peint just plotted
i 006 inches below center mamber, The

s shimming requiremunis can now be read aff the
plot whaere the motor shaft intersacts the planes

of the motor feat.

13

NOTE: If the vertical scale ¢hosen is toa Big, I
may realize some minor shimming arrare.

In this exampie the motor should bé shimmad
up 056 Inches under front faet and shimmed up
081 inchas under back feel.

HORIZONTAL ALIGNMENT SOLUTION

For the horizantal (side-te-side) resulls, Ihe
game procedure is used. Algebraically subtract
the side-to-aide readings. Indicator 3ag can be
ignored as it cancels out. Plot thesa readings
and the resulls can be read off the graph. See
Flgure 18.

The sclution for Lhis example is: At the fronl
mator feet, do not move the motor and &t the
bachk motor feet, pull the motor towards you by
010 inches, Ses Figure 18,

The Alignment Chart, Figure 10, may be hepiful.
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For turther assistance, call Bexnord Coop. Coupling Operation, Warren, PA — B14-723-6600
FAX - B14-726-1740

Rexnord
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