SHAFT ALIGNMENT b PRUFTECHNIK

Negative effects of misaligned shafts Alignment procedure Coupling results vs. foot values Shafts and couplings sign convention
and the dynamic forces at the coupling

e Alignment out of ¢ Alignment within

/‘ P R E_ALI G N M E NT 2 ALI G N M E NT tolerances tolerances Positive coupling values Machine view Negative coupling values

2l il N2 HIGHER POWER %3 COUPLING DAMAGE e Small foot correction * Relatively high foot V = vertical (side) view
TEMPERATURES CONSUMPTION : values COrreCtiOnyvalaeS + H= horizontal (top) view

MINIMIZE THE QUALITY . _an_ /e ﬁ
OF THE LUBRICANT ety DIM
2. ; l*"‘-‘r..- SAFETY ;] DIMENSION = h"a e High coupling results e Coupling results values

SEAL WEAR ¢ | ock-out and tag-out the machine ¢ Mount the chain brackets and measuring components onto the Re-tighten all machine hold-down bolts with the values outside tolerance within tolerance
* Close all valves shaft and/or coupling recommended torque values

e Remove coupling guard ¢ Enter dimensions into the measurement device Remove all lifting and jacking bolts at the machine
e Enter coupling target or thermal growth values if necessary feet Side view (3D)

BEARING DAMAGE

| MACHINE VIBRATIONS

- : -___,!“"--—n._
T M MACHINE DATA Pr-& A
e Thermal growth or targets MEASURE \l\’ﬂj

* Movement of the machine rotating axis in e Select the required measurement mode (depends on type of
operating condition (sleeve bearings, gearbox) machine)

¢ Rotate the shafts in normal operating direction Tolerances for standard machines

Thermal expansion of machines * Take a minimum of at least two measurement sequences then check i h

the repeatability of the measurements Counling values within tolerances? " SHORT FLEX COUPLING
COUPLING Hjjm PIng | =

* Define tolerances RESULT ih SaEEE oo HE Ehie —

¢ Axial spacing / coupling gap value from the data g
. . 1 3 "1 Eacellent oK "' Excellent
Sheet [ J ReSUItS W|th|n t0|eranceS? B [mils] | [mm] | mils per 107 | mm per 100mm | [mils/in] [mrad] | mils per 107 | mm per 100mm | [milsfin] [mrad)

N
My

Take a final measurement

Recommended tolerance table

GAP/DIAMETER - ANGLE

5.1 013 14.9 015 1.5 10.0 0.10 1.00
4.1 0.10 12.3 01z 1.23 8.2 008 0.82

3.4 0.09 10.5 0.10 105 7.0 .07 0.70

Save the measurement file for reporting > MMpomy o —
: = 26 | 0.07 8.2 0,08 0.82 5.4 0.05 0.55

FOUNDATION a Measurement file saved with date, time, machine - _ i Tos T &r oo o = m —

18 0.04 57 006 057 1B 0.0a 0.38

.'l' |d, and Opel’atOr name 11 | 003 17 0.04 0.37 15 0.03 025
. . . . 0.9 0.02 3.1 0.03 0.31 1 o0z 0.21
e Visual |nSpeCt|0n of the baseplate, frame, and SOFT FOOT . 06 | 001 20 0.02 0.20 13 0.01 0.13
machine physical appearance | — | | | | | |
e \/isual inspection of the coupling elements

e Hold-down bolts are tight

Clean the contact surfaces of the machine feet
Replace bent bolts and curved washers
Clean the bolt threads and bolt holes, then lubricate lightly

Thermal growth is the movement of the shaft centerlines due
to temperature change in the machines.

ANSI S ASA 52.75-2017 / Part 1 for Coupling separations 3" (75 mm) or less

i Bolt torque ——
;I Minimal f AL4.5 | Standard f AL 2.2 | Precision f AL1.2 | Minimal f AL 4.5 | Standard / AL 2.2 |Precision f AL1.2

[mils] [mim| | mils] [mim] [mils] [mm] | [milsfinch] [mmdm]| [milsfinch] [mmfm] | [milsfinch) [mm/m]

The solution is to compensate the effects of thermal growth
1.5 0.19 3.5 0.04 2.0 0.05 1.5 LT 0.4

by defining alignment target values in cold condition. Measure and eliminate any soft foot Remove all brackets and measuring equipment _ _ o [ eel sl om] 1c] 6o =
from the machine Why tlghten hold-down bolts using the recommen/\ 60 | 015 3.0 0.08 16 0.04 12 06 0.3

4.5 011 20 0.05 1.3 D.03 0.9 0.4 0.2

AL 1.2 - AL 4.5 = Alignment Quality Grade

Mount the coupling guard torque? ]
EQUIPMENT ﬂ Excessive torque results in:

) Coupling targets or thermal foot growth values _ ﬂ Unlock the machine .
e from OEM (Original Equipment Manufacturer) e Laser shaft alignment system MACHINE CORRECTIONS e Damage to the machine feet SPACER COUPLING

e Damage to the hold-down bolts, fasteners and washers

Recommended tolerance table

High quality shims Perform vertical corrections with precision shims
mils per 1 inch spacer length

Digital caliper Undertake machine movements with hydraulic jacks, jacking bolts or _ Angle | anele per transmission plane
Thermal growth values calculated using change in Feeler gauges Iifting bolts Less torque results in: mm per 100 mm spacer length afp

machine temperature . : : _ _ . . . : .t g -
Tools for lifting and moving machines Adjust the axial spacing / coupling gap as recommended in the data * Machine looseness - s

Torque meter Sheet E OK V1 Excellent E OK 11 Excellent

[mils] Imils] [mm] [milsfin] Imrad] [milsfin] [mrad]

Tak]ng a "Live Trend” measurement from cold AVOld ShOCkS or jel’ky maChlne mOVGmentS that can damage beal’lngS Standard bOIt torque SpeCIflcatlonS 3.0 1.8 0.18 3.00 3.00 1.80 1.80

(ambient) to hot (operating/working) condition Key to table ‘;: i: Eij j:g i:g i;; ij:
using sensors mounted on the machine housing TPI = Thread per inch 1.8 1.1 0.11 1.80 1.80 1.10 1.10
1.5 0.9 0.09 1.50 1.50 0.90 0,90
K = Torque CoeffiCient 1.2 0.7 0.07 1.20 1.20 0.70 0.70

Choose the correct measurement mode Soft foot Movement restrictions 1 Newton meter [Nm] = 0.7375 foot-pound force [ft Ib] e oa | o0 | as | om0 | om | oss

0.5 0.3 0.03 0.50 0.50 0.30 0.30

3 3 1 foot-pound force [ft Ib] = 1.3558 Newton meter [Nm |
Table with coefficient of thermal expansion (CTE) values of for horizontal machines P [t o] [Nl 2 o oot | oz | oz | or | oxs

standard materials Why measure and eliminate soft foot? ..
¢ Influences the machine position in both vertical and iy — S R e e

CONTINUOUS SWEEP MEASUREMENT MODE N | I S— - SAE Grades (D) SAE Grade 8 () ANSI / ASA 52.75-2017 [ Part 1 for Coupling separations over 3” (75 mm)

horizontal directions during loosening and tightening of the B | SN =S Bolt size Angle per transmission plane

Lubricated K=0.15 Dry & Plain K=0,20 Lubricated K=0.15 Dry & Plain K=0.20 Minimal 4.5 Standard 2.2 Precision 1.2

CTE Coefficient of Thermal Expansion [a] ¢ Smoothly rotatable shafts hold-down bolts ! . ;- R L o i T bl P 16l (Nl (161 Nl [mils/inch] [mm/m] [mils/inch] [mm/m] [mils/inch] [mm/m]
] ] — . . . ! f i = - = — 14 : 6.3 g 8 1 9 12 12 16 3.2 1.5 0.8
[mils] per [inch] per [*F] [mm] per [m] per [°C] ° Coupled shafts - i May cause cracks in the machine feet and housmg gy - : = = ]m 72 10 10 : 10 14 14 19 3.0 1.4 0.8
: ' | 516 1 13 18 17 23 18 24 25 34 2.6 1.3 0.7

Aluminium alloys 0.0195 0.0220 e Machines with roller bearings > May result in increased radial load on the bearing = /16 - 1 19 19 2% 20 27 2 3 20 o 05

38 : £ = 2 Al = 3 - L AL 1.2 - AL 4.5 = Alignment Quality Grade

Material

Angle vs. gap

Brass (Cu 70%, Zn 30%) 0.0110 0.0198 May cause increased machine vibrations ' T A s 25 4 3 a7 3s a7 0 68
Concrete 0.0720 0.0130 1/2. 20 85 88 %0 122 122 163
okl bl sgeit okt is not properly parallel aligned to the surface of frames and L 2 s | > %
e e see st il forces influence centerline of ShaftS) 3/4 298 a7 434 - To support tooth flank lubrication, a gear coupling requires a small angle in the transmis-
Uncoup|ed shafts fh 2 1st Example 2nd Example : = - 76 010 [mils/in] or [mrad] per side is recommended
1546 1851
change in length Machines with sleeve/journal bearings (floating oil film) move horizontally. _ T i o
Diagonally Parallel air gap found shim one foot by the amount of the meas-

Carbon steel 0.0063 0.0113 7/16. 35 a7 50 68 55 75 70 95
| 0.0007 0.0012 M EASU REM ENT MODES In many cases the centerline of the Stationary machine shaft el : . R = ot e ; e - Adjust the axial gap at the transmission planes as recommended in the coupling datasheet
nvar . .
5/8 176 231 244 325
Bronze (Cu 90%, Sn 10%) 0.0102 0.0184 < | " i /8 434 588 617 sion planes
AT
214 1102 1308
Formula: L, =(T -T)XLxa Machines with thin shafts and soft _ _
R shims under the feet and therefore cannot ; s - =
2683 3214
working temperature Combustion engine (diesel, compressor) with force on the X
Iength NOn rOtable ShaftS (Slldlng braCket) J opposed on two diagonally ured air gap or divide this value by two, then

Tl',." 16 40 54 55 75 [ 1] g1 80 108
Castiron 0.0590 0.0106 MULTIPOINT / ACTIVE CLOCK | ot oo tolerance on standird frames < 0.05 mon / 2 mils +05 mm /2 mils (14 Traditionally the motor was the MTBM (machine to be moved). 13 : L] iz L. 1oa L
IE“.u"lE- a0 122 163 1 176 231
Nickelsles 0.0073 0.0131 Difficult to rotate shafts (external 2 ,
the bOIt hOleS. il Jfa_ 271 353 380 515
Shafts with hlgh breakaway torque _ _ _ ; L :?? LA :;’1 zig - If no infomation is available in the coupling data sheet, the value range +0.15 - 0.70
Motor is high and has no Motor is bolt-bound _ i s
frames 2
2022 2420
3016 3614
ambient temperature crank shaft foct seheme el solen
corners opposed feet shim both feet by the divided amount

Standard Bolt Torque Specifications

CTE Coefficient of Thermal Expansion

Property Class 8.8 Property Class 10.9 Property Class 12.9 Same angle - different gaps Same gap- different angles

o : Bolt Size
Gap found at the inside Clean the surfaces 1 4. 1‘ ‘ 26 .7 -44 4‘ t -74.7 Lubricated K=0.15 | Dry & Plain K=0.20 | Lubricated K=0.15 | Dry & Plain K=0.20 | Lubricated K=0.15 | Dry & Plain K=0,20

or outside of the foot/- Replace worn out or bent shims mils mils [mm] [f2 18] [Nm] [t 1b) [Mm] [ft k] [Mm) [ft It [Mm] [fe k] [Nm] [ftIb] [Mm]

Example: Pump with hot liquid at 248 °F (120 °C) Lack of measurement repeatability i e v o o 28 I N NETNN XS T MELS MY SN T BN B B

34 4.6 4.5 6.1 4.9 6.6 6.3 BB 5.7 7.7 76

5.8 7.9 .7 10 8.3 11 11 15 9.7 13 13
14 13 19 26 20 7 27 37 24 33 31

| Make the stationary machine on the left side moveable by o BT I B B I BRI BT R e e s
Imperial Metric i i . . . . . a9 66 85 88 70 95 : 126 81 108
' Dynamic forces at the coupling | entering additional dimensions and work with the complete .

78 106 104 111 E 201 173

Backslash between the shafts train fixations. 121 161 173 312 269

Ambient temperature 68°F Same side Parallel air gap fount at External forces from coupling, piping 167 22 431 3 372

. LOOSe COmponentS (COUp|Ing, braCket, SenSOI’S) two feet on the same or fixation 236 ( 314 : 337 : | aas 608 | 384 525
Pump working temperature 248°F _ _ _ : side : 428 580 0 _ 831 | 537 8
T T T e e E 180°F Brackets and sensors touch stationary parts during rotation :

Cast iron CTE value 0.0059 Change of rotational direction during the measurement

Length iromibeseito shaftcenterline 12 inch Excessive vibration from nearby equipment and personnel Hint: If a feeler gauge is not available, shims of different _ "EL
0.0

796

Thermal growth calculation 12.7 mils

Direct sunlight thicknesses may be used to measure the gap between the
Thermal influence on laser beam (over long distances) machine foot and the baseplate surface.

Sliding brackets on uneven surface Maximum number shims - 4-5.

T e | mmo FLUKE.

———— Reliability
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