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Conversion of measurement units
Metric (Note: Applies to sinusoid only)
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= A=0.56X10-9(D)(RPM)2
= A=10.69X106(V)(RPM)
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Vibration Severity Standards

= [SO 10816-2 (1990-02-15) Part 2-Steam
turbines=50MW

= 1SO 10816-3 (1990-05-15) Part 3-Industrial
machines > 15KW and 120<rpm=>15000

= 1ISO 10816-4 (990-07-01) Part 4-Gas Turbines
(non aircraft derivatives)

= BS ISO7919-5 (1997-02-15) Part 5- General
non-reciprocating machinery

= ISO 10816-6 (1995-12-15) Part 6-
Reciprocating machines>100KW

= VDI 2063 1985 Reciprocating Engines and
Piston Compressors

= VDI 2056 Part 1 General Machinery
(equivalent to BS 7191)

» Manufacturers Recommendation
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Vibration Plane

Do not cause
Stress

Do not cause
Stress

The cable fixed to the vibration
Plane (not to the transducer)
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electric
generators/
low zspeed ans

Type of Parameter | Frequency | Location Type of
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1. Outer Race Faults
« Lead Time Month's

« Ball Pass Freguency Cuter Race

I: E“:'FD:I and Harmonic BFFD

]

RFR

2. Inner Race Faults —
= Lead Time Days - YWeeks
= Ball Pass Freguency Inner Race h
(BPFI With Side bands BFFI
of Fotation speed

3. Ball Defects
« Fequires Immediate action
« Ball Spin Frequency
BSF with Harmonics. -
= Often in combinations with

ahove with various interbarmonics.
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In normal spectrum the bearing
frequencies are not always visible
when there is a bearing fault

I“’tf\,\[un »“JL meif‘«w' WFMWMWW

Y

S50 H=z
2 BPFO
o In the Envelope Spectrum early
Envelope 2 x BPFO developements of bearing faults
#  3%BPFO can easilybe identified
Spectrum
¥ 4xBPFO
WMMMWL‘WWW .
50 H=z
50 Hz: .
b sla Alis o line

Load oT au e 5aols (uiss Gialy wxewd S9Y 50 Sy L wlall 550 sl G5 ¢y ey
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The maximum metal stress ofa -
Rolling Element Bearing is
In the load zone of outer race —

Few milimeters below the —
bearing surface.

Most Bearing wear starts as a

shall or crack.
The Crack will Produce Impacts
Energy in high frequencies —
Exciting of bearing —
resonances.

P R

1% 10 kHz

Load Direction
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i n = number of balls o

f; = rotation frequency

i
BPFO=  fuew ()= 27, (1- 22 o5 )
7 B0
= ) o = — 1
BPF| = Fime (2 ) 2 f,-,[ + o s ,5]
= FDy Cog
BSF = Fo (R = Jogp [1 [ PD*Q*"E]]

Fase () = £, (1~ To—cos 4)

www.me-en.com

(SplSo owrigo) Gl 9 ool 9 Ol (sl oL




=hes Bl Huls 8 asull. ol awlxe JobB S o Gwadidslul 4 angi b Shes sla Huwls )3
Sl Guils 33 L uiS o3 5 doalis 52l9 o (yr SMAL 9 1 dealis V)55 s Juld & ooub duwlxo
D)las JolS galdas | =8l

e gl Ul 4SS e pasuiie bl 9L £55 gl wha olall Giss sla uils 8 Jl eslaiwl
Dol 5o oslaiwl juilay YBLL (2> wle 5 asllos ¢l o

sl 03ub 0 LI Joo 5 ¢yl &) JSib S

I w -
BEARING DEFECT FREQUENCIES 8 = .
| |
Ny (1 + By COS 6} X APM s ' b

OPFI =R .,_.ﬁ. STAGE 2. s AFS0EBAN

3 5 HIEET

> 11 _ Ly W -

ESF-..!L[ (?_.-.) (COS @) ]xnpm =
FTE = ! [ —BqCOSE\XRPM - o - [r ]

i e Sr & &

o @ ~
[ EJI i ‘ i
Where. Ah l{ R [N B . (( i
- % w .
Np = Number ol Balls or Rollers STAGE 4. & & TEE{?FF&?\%
Bg = Ball/Raler Duameter {in or mm) RANDOM HIGH p Ags.EEND
Pgd = Bearing Pilch Diameter (in-or mm) . FREQ. VIBRATION n OSCREISES
8 = Contact Angle [degrees) ! i 'f/
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BPFO
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/\ A
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_VIBRATION LEVELS

Disp ] Vel Accel S5E
MACHINE CONDITION
Maching O OK OK oK OK
Waich Machine OK OK OK HIGH
Bearing Delocis
OK to Run
Watch Maching OK Ok HIGH HIGH
Bearing Delecis
O ia RAun
Machine Problems OK HIGH HIGH HIGH
AnalyzerShuidown
Machine Probiams HIGH HIGH HIGH HIGH
Analyze/Shutdown
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Gear Boxes Produce Complex Spectra

Censtrum Analysis and Time Domain
averaging greatly simplifies the job

of the analysis in assessment of Gear Box
faults.

™F  2FThF

Gear Box Spectrum

Gear Box spestrum
« The Energy of each Side Band

«Faults produce Side Band families

around tooth mesh frequency ( TMF)

Family (fault) is easily assessed.

and harmonics THMF.
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Log
Frequency
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Shaft Cracks may be detected
by monitoring of
+ Amplitude and Phase of
Nyquist 1X first and 2X and
second harmonic of RPM.
+ Monitoring of Coast down

and Run - up characteristics
when passing through Bode
T resonance
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Excessive misalignment examples
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Window: L &
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Vibration Identification Chart 1

Frequency in CPM=

Most likely cause

Other possible causes

1xRPM

Imbalance

1) Eccentricity
2)Misalignment

3)Bad belts if 2BRPM=1xrpm
4)Resonance
5)Reciprocating forces
6)Electrical problems

2XRPM

Mechanical
looseness

1)Misalignment (high axial)
2)Reciprocating forces
3)Resonance

4)Bad belts if 2BRPM=2RPM

3xRPM

Misalignment

Usually a combination of
misalignbment and excessive
axial clearance (looseness)

Vibration Identification Chart 2

Frequency in CPM=

Most likely cause

Other possible causes

1)bad drive belts

Less than 1xRPM Oil whirl 2)Background vibration
42-48% 3)Sub-harmonic resonance
4)Beat vibration
Broken bars, eccentric rotor,
Synchronous

(AC line frequency)

Electrical problems

Unbalanced phases, unequal air

gaps

2xSynchronous
frequency

Torque pulses

Very rare unless resonance
present
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Vibration 1dentification chart 3

Frequency in CPM=

Most likely cause

Other possible causes

Many times RPM
harmincally related

Bad gears,
aerodynamic or
hydraulic forces,
Mechanical
looseness,
Reciprocating forces

Gear teeth times RPM of the
bad gears, Number of blades or

vanes rimes RPM, may also

higher harmonics if severe.
Also 1/2 if eccentric gears.

High ftrequency

Bad anti friction

1)unsteady amplitude and
frequency

occur at 2,3, 4 and some times

2)Cavitation, recirculation and

(not harmonically : flow turbulance
bearings icati i
related) 3)Improper lubrication of journal
bearings (friction)
4)rubbing
- _;Ui-__glj;u_ﬂ.f_,jlmh._{JJ‘;!-:-LLLAJJI,_‘JL.L;,'-\
aus .
e Amplitude Frequency Phase Remarks
Unbalance Preportional to i
roportion 1% APM gi:‘gre - Maost common cause of
L_argels: in radial Ma:-k-it;tﬁe Vibration
direction repeatable
Misalignment Large in axial 1 xRP 3 i
Coupithgs or it < ; E g xi-i_ﬁpmsual gghgé:lee o Best found by appearance of large axial
Seamnngs or o rection. S0% Zh 3 x Rl Dou r vibration. Use dial indicaters or other
Beanings 2 el riple method for positive diagnosis, If sleeve
bearing machine and no coupling
— misalignment, balance the rotor.
ad Bearings Linsteady-use Very hi ic - i i
Anti-Friction velocity, acceleration, Se!?;rha'?:?mes I\Ed:ﬁlmi peanng oot breaet by kely the one
Type and Spike Energy RPM Markg N Vibration Spii Eadest high frequency
Hens ke Ene vibration. Spike Energy measurement
recommended when analyzing bearing
failures.
Eccentric Usually not | i
Erccantrh y arge 1x APM ﬁmgle If on gears largest vibration in line with
ark gear centers. If on motor ar generatar
vibration disappears when power is
turned off, If on pump or blower altempt
1o balance.
Bad Gears or Low-Use Vi i i i i
Gear noise Velocity, Acceleration, Ggra?rr ?E;h E‘Tﬁﬁ:ﬁ ‘ Ereay. Acceleration. ang e
and Soie Craera poar Teet Markp e Energy measurements recommended
ey Sbike Ene s when analyzing gear problems. Analyze
higher orders and sideband frequencies.
Mechanical Sometimes
Mechanica gomet 2 x APM ;wfo Usually accompanied by unbalance
Meari]:nce and/or Misalignment
Siightlﬂ-r Erratic
Bad Drive Erratic or 1 i
Sad ] Pucing 0%28.:;]&4 x RPM dc;;e% ]‘!'1'.;% . ggﬁbe Light best tool 1o freeze faulty
Frequency, ’
Usually Unsteady
Electrical Disappears when 1xRP i ibrati i
P LA P orxl org g:;grts_z or If vibration amplitude drops off instantly
S syneteonous & |a'h|EJ'IgMH " when power is turned off cause is
 Synch ouble Mar electrical. Mechanical and electrical
— quency problems will praduce "beats”,
erodynamic Can be large in i
or Hydraulic the axial dﬁ'ection I‘L:Tfrf‘g,eﬁdofm ;hdlmnl-lcp]e o o vecuse o trouble Bxceptin
AL B! O ian arks cases cf resonance.
or impeller x APM
Feciprocating Higher in line 1 I i
Becipr gnar in i .2,& higher Multiple Inherent in reciprocating machines, can
orders x RPM Marks only be reduced by design changes or

isolation,
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Vibration Limits fer Verlical Suspended Pumps

Polnt of Moasurement

Pump Thrus! Bearing
Housing

or
Molar Mounling Flange
(Seo Figure 2,08)

Pump Shall
(Adjacent lo Bearing)

Pump Bearing Type

All

Hydredynamilc guide bearng
adjacenl lo accessiblae region of
shalt

Vibralion al any flow wilhin
the pump's prelerred
‘operaling region:

Qverall

Vy < 5.1 mmy/sec RMS
(0.20 infsec RMS)

u* (6.5x10%)°%5 micromelers pkipk
N

{t*0,000/M)0-5 mils pk { pk)

Nol lo exceed:

Ay < 100 micromelers pk/pk
(4.0 mils pk/pk)

Vibration al Flows Beyond
the Prefered Operaling
Regien bul within the
Allowable Operaling Replon,

Discrele Frequencies Vi <3.8 mm/sec. peak 75% ol A,
(0.15 infsec peak)
Increase In Allowable 30% 0%

Where: Vu = unfillered velocily
Vi = fillered velocily
A = unfillered displacement
F = lrequency (cylces [ sec.)
Vibration Limits for Vertically Suspended Pumps
Location of Vibmiion Measurement
Pump Thrust Bearing Pump Shalt
liemn Housing (adjacent to beariag)
or
Motor Mounting Flangs
(sez Figurz 2-§3)
Pump bearing type All Hydrodynamic guide bearing

adjacent to accessible
region of shalt

Vibration 2t 2ny Mow within
the pump’s prefemed
operting region:

Overall

Discrete (requencies

V, < 5.0 mm/fszc RM3S
(0.20 inJsec RM3S)

Ve< 34 mavsec RMS
(0,13 indsec RMS)

A, < (5210593 pm pifpk
N

{(10,0001/)%3 mils pl/pk)
Mol to exceed:
A, < 100 pm plfpl
(4.0 miis plfpk)
AplsSe ol A,

Increzse in allowable
vibration m1 Nows beyond
the prefesred operating
regian but within tle
allowable pperating region

0%

0%

Nuter Values exteetated from the besie limits shall be rounded of to two (2) significant figures.

Wirere:
V, = unflered velocity.
:",r = {iliered velocity.
a, —

Ar
N

enliltered displacement detemmined by FFT.

filiered displaccment detenuined by FFT.

rowztionz] speed (RPM),

www.me-en.com (SwlSo (sawripo) il o ool o Ol Lyl ol
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Vibration Limiis for Overhung and Bealween Bearings Pumps

liem

Loczation of Vibration Measurement

Bezrng Housing
{sex Figure 2-34)

Pump Shalt
{2dj2cznt 1o bezring)

Pump beaning type

All

Hydrodynamic
joumal bearings

Vibrztion atany flow within
the pump's prefemed
operzting region:

Qwermall

Diserete frequzncizg

V, < 3.0 mnusec RMS
(0.12 indsec RMS)

Vr< 2.0 mmfzes RMS
{0.08 inJsee RMS)

A< (A 2110883 pm plfpk
hf
((SO00/A )83 mils pifpk)
iNol lo exceed:
A, < 30 prm pifpk
(2.0 mils pi/pk)
for Ay 2 N: 15% of 4,
for Ay <N 33% 0l A,

Ipcrzase in allowable
vibration at flows beyond
the prelemed operating
region but within the
allowable operating region

30%

0%

tvotz: Vzlues caleulzaied from the basic limits shall be rounded ol 1o two (2) significant figures.

Witere!
V, = unfilizred velocity, Ap = [liered displacement determined by FFT,
Ve = filiered velocity. & = roiztional spezd (RPM).
A, = enfiltzred displaczment detzrmined by FFTL
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Recommended Limits of Vibration Severity for Electric Motors

{ Velocity amplitude (maximum rms values) for the
following shaft heights A, in mm*

Quality Speed, rpm
grade ' 80 < h<C132 | 132 <A <<225 | 25 < h<dl

mm/s | in./sec | mm/s | in/sec | mmSs | in/sec

N (narmal) EO0 0000 | 1Q | oM | 08 | a448 | 4% | 6%
R (reduced).|  600to 1,800 | 071 | 0028 | 112 | 004d | 18 | 0071
= 1,804 to 3,600 1.12 0.044 18 0.071 25 0.110
S (special) 600to 1,800 | 045 | 0.018 | 071 | 0.028 | 1.12 | 0.044
= 1,B00 to 3,600 0.71 0.028 1.12 0.044 18 0.071

A single set of values, such as those applicable to the 132- to 225-mm shaft height, may be used if shown by
experience to be required. The shaft height is the vertical distance from the base of the motor to the centerline

Maximum Permissible Vibration for Integral Horsepower
Electric Motors :
(After NEMA MG1-12.05.)

Displacement amplitude

Speed, rpm (peak-to-peak), in.

3,000-4,000 0.001

1,500-2,939 0.0015

1,000-1,499 0.002
999 and below 0.0025

For ac motors, use the highest synchronous speed. Far de motors, use the highest rated speed. For series and
universal motors, use the operating speed.

Maximum Permissible Vibration for Large Induction Motors
(After MEMA MG1-20.52.%)

Displacement

Speed, rpm amplitude (peak-to- peak), in.
3,000 and above 0.001
1,500-2,999 0.002
1,000-1,4599 0.0025

999 and below | 0003
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Maximum Permissible Vibration for Form-wound Squirrel<age Induction Motors

Displacement amplitude {peak-to-
Synchronous speed, et
rpm . . .
F Motor on elastic Motor on rigid
mount maount
T20-1,1449 0.0H2 0.0025
1,000 1K) DK S hRY,
BUHY andd whowe 1).00)] "X

“ap } I }
3 f |
&5 30 5 | | - J —
:\Li ALABM SETTING J TRIP SETTING
E‘é 20 | J &
y { ’&
=
: \,\ [ [
) H 4 |
o] f [ |
&

& B [o] 12 4 18
ROTATIONAL SPEED, RPM x10-3

In-service vibrati iteri i
ibration criteria for centrifugal compressors as a function of shaft speed,
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~
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B

Maximem displacament 8.,
2
I

ple=r] S0 rie ] 2500 30 4033
B sane CE

A Limits for confinuous operation of new machines
B ... Permissibie vibration level for continuous cperation

C ... When resching this limit machinas sheuld
normally be shut down

A P :L:M;‘L:LI;J1JL7'H1—.’:’.JI-LJ-JIHJHJ£]L

Lf)
o E.fD{ | ,| ] |] T 1 T ITTim I I||I
= | L | | BE&F‘IN‘G VIEIFM.TIGN P
J 1 e A T N
Eudqo : il :I: .'!L‘\ ;\\ I
=z = HEINNDES \JIJIH
=] US‘G‘ | B /rr ]
5 020 g ILf |
g K TuRBINE SHﬂ.FT I
W 0,10 | | |V|nRAT|oN | ] .’
LJ - T T - i
":{'D.-GB ! } [ I |_ |i |
Z 008 — ' —1 .‘
ED_G‘Q | i ] i | |
x 0.03 - | :
:;Q,gg | LT L4
o Nele] o o
s B3%8 § 888 :
- o e 8'

FREQUENCY, CPM

Maximum allowable machinery wibration on shipboard.
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Vibration severity limits for reciprocating machinery.,
& & < &
o o s & & & &
: o4 O =3 L *
" e I o0 o o o &
~ 100 - 8 T T o
E sl NEEDS IMPROVEMENT o
. - N ‘
8 60 ' &
2 50} ' 'r\\_;f
E‘._J 40 = (o} \’_
= | %
< 30 S | &
= & 3
Ll 0 (ju - o
o 204~ =5 N . -
> - / E ACCEPTABLE . 1%,
) Q I
S ! ; v N
S j00 200  a00 1000 2000 4,000 10,000 15,000
FREQUENCY, CYCLES/MIN gp
VISRATION DISPLACEMENT - MILS - PEAK-TO- PEAK
§ §§§§§g 2 22 gg9° S oo ©o- Mowos oD
€ R T 1@# RE82 R85 & 5& 388 & 88 858
T T 7 .
L4 _ 141
L1 / _/ g be
7 AT 20
' / /./ -
v /A 400
v 500
£ Ipa =
: ; ,/“ /f:: %
] : - 1,000
= r T 7".' TLH 1200 )
800 : S AL A LA A oo 3
2000 H
_ 2
3,600 L | _ . — AT 3958 2
L ¢ ' / 2000 <
] 5000 4
a -
%EF',E] =
RIDS 10,000
E '18”‘]
?E@% - 20
grez|l] o”
Tulk 30,000
(éj;'m 40,000
Et__f%' 50,000
I
/ 11 100000
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Table of Criteria for Bearing Vibration Measurements (10-10000+z)

Extracted from Canadian Government Specification CDA/MS/NVSH 107: “Vibration Limits For Maintenance”.

1) Long life is approximately 1000 to 10000 hours.
2} Shorl life is approximately 100 to 1000 hours.

3) When lhis level is reached, service is called for. Alternatively perform
When this level is exceeded in any octave band repair immediately.

frequent octave analysis and refer to next column.

FOR WORN MACHINES FOR WORN MACHINES
Measure overall FOR NEW MACHINES (full speed & power) Measure overall FOR NEW MACHINES (full speed & power)
velocity RMS velocity RMS
and allow for the | | ong life’ Short life® | Gheck Recondition and allow for the | | ong life’ Short lite® | Gheck Recondition
following (recondition) | to new (Oct. following (recondition) | to new (Oct.
machine types: level® analysis)* machine types: level® analysis)?
vdB* mm/s | VdB* mm/s | VdB* mm/s | VdB® mm/s VdB* mm/s | vdB* mm/s | vdB* mm/s | VdB* mm/s
Gas Turbines Boilers (Aux.) i20 1.0 130 3.2 135 5,6 140 10
(over 20,000 HP) | 138 7.9 145 1B 146 18 150 32 Motor Generator
(6 to 20,000 HP) 128 2.5 135 56 140 10 146 18 Sets 120 1.0 130 3,2 135 5,6 140 1D
(up to 5,000HP) |118 0,79 |130 32 [135 586 140 10 =
Steam Turbines {over & HP) 123 14 135 56 140 10 145 18
(over 20,000 HP) | 125 1.8 145 18 145 18 150 32 {up to 5 HP) 118 0,79 |130 32 135 56 140 10
(6 to 20,000 HP) 120 1,0 135 56 145 18 150 32
{up to 5,000 HP} |[115 056 [130 32 |[140 10 145 18 _H._.“- N .o i i S
(below 1800 rpm) | 1 1.0 3.2 13 . 14
Compre s {above 1800 rpm) | 115 056 |130 3.2 |[135 58 140 10
(free piston) 140 10 150 32 150 32 155 66
(HP air, aircond.) | 133 4,5 140 10 140 10 145 18
(LP air) 123 14 |135 56 |140 10 145 18 Electric Motors
(refridge) 116 056 |135 56 140 10 145 18 (over 5 HP or
Diesel below 1200 rpm) | 108 0,25 125 1.8 130 3.2 135 5,6
Conarn 123 1,4 140 10 145 18 150 32 {upto 5 HP or
o bk b g above 1200 rpm) | 103 014 [125 1.8 130 3,2 135 5,6
Centrifuges,
Transformers
4 10 150
DR ARA N 1 1. L) 18 s e {over 1 KVA) e | = 115 056 |120 1.0
Gear Boxes (1 kvA or below) | 100 0,10 == e 110 0,32 115 0,56
(over 10,000 HF) | 120 1,0 140 10 145 18 150 32
(10 to 10,000 HP) | 115 0,56 135 56 145 18 150 32
{up to 10 HP) 110 0,32 130 3,2 140 10 145 18
TOQI0Sm

Ref. 10~8 mm/s. Originally an older specification for WdB gave values 20 dB smaller than those found here. (Due to a different dB reterence |evel used.)
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Frequency of Dominant

Mature of Fault Vibration (Hz=rpm/60} Diraction Remarks
:&tz??a::mbﬂs 1 x rpm Radial A common cause of excess vibration in machinery
Misalignment & Usually 1 x rpm Radial
Bent Shaft Often 2 x rpm & A common fault
Sometimes 3%4 x rpm | A xial
Uneven vibration levels, often with shocks.
Impact rates for *Impact-Rates:
the individual )
bearing compaonent* Y Comtact Angles  Impact Ristes t tHI) -
3 ) For Outer Race Defect MMl = 3101 S=Con i
i P L - .
high frequencies , R L For Innee Race Detect 1(H1) = J L0+ E2Cov
(Ball, Roller, €1} | (3't0 60 kHz) often | Axial NS o o
related to radial i For Bal Drtec #(H21 - o, |1 | g Col |
resonances in f o= mumbsee of balls or rolbees
bearings R
g <h i f
Journal Bearings 3:::“ a:x n;i;gtw Primarily | Looseness may only develop at operating speed and
Loose in Housings 172 or 1/3 x RS Radial temperature (eg. turbomachines).
Qil Film Whirl or | Slightly less than Pri .
Whip in Journal half shaft speed er;'!ailln.r Applicable to high-speed (eg. turba) machines.
Bearings (42% to 48%) LYefE
. _ |Vibrations excited when passing through cnitical shaft
Hysteresis Whirl | Shatt critical speed | PiM2711Y | speed are maintained at higher shaft speeds. Can sometimes|
Radial  [pe cyred by checking tightness of rotor components.
Tooth meshing Radial Sidebands around tooth meshing frequencies indicate
Damaged or worn trequencies (shaft rpm & madulation {eg. eccentricity ) at frequency corresponding
gears x number of teeth} Axial to sideband spacings. Normally only detectable with
and harmonics very narrow-band analysis.
Mechanical 2 x rpm Also sub and interharmonics, as for loase Journal
Looseness bearings
i 1,2,3& 4 xrpm .
Ly R |
Faulty Belt Drive iy adia |_
Unbalanced ) '
Reciprocating 1x sl and/or Primarily E
Forces multiples for higher | .\ |
and Couples order unbalance f
- L
[
Blade & Vane Radial i
Increased ssing frequencies ;
passing frequ & Increasing levels indicate increasing turbulence j
Turbulence and harmonics Hiral 5
N _— 1
1
Etectrically 1xrpmor | or2 Rachal
Induced Vibrations times sychronous & Should disappear when turring off the power
frequency Asxaal

www.me-en.com

(SolSo owaipo) Gl 9 ol g Ol Csiyinl ool




dinmm
Tdaa

E 88 £8¢ ¢
tliuntaoholtal 4 v o 0 b0l momen dmnenbooseds g fi o
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=
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8
|

15 =

10—

T

-
.

2=
14 =

linm
. 8,1
. [
Ted-fixed B
free-free " 815
SE—— -
. 02
~ 0.28
~ 03
= o4
E 0,5
= 100 GO0 E._ 05
= E T
700000 —— 50000 = o7
= 0.8
Fioop -
i 20 bog [:%:]
20000 £ 10 200 !
E i
woop < 500 s
3000 1 z2m0 [ 15
2 500 _E- 1000 E 2
1000 m E
=+ = 25
e =
] ~ 3
e L 100 E
E = 3.5
1w - % - 4
= = 20 [
0 F W £
1w = & 1
|
§
For steel with a denszity @ *
A denzity Xew 7,8 giem® and clasticity modulus B, = 20,5 = 10° N
For other materals with constants %, and £ e )
e r and £y recalculate the speed o,
o 1, B
Ex @
The values 2re ghven for sold shatis, For holiow thafts with intarmal diameter d,:
Nipsliaw = Fpalld !'{El-)z
L‘ - %k * = N - B
S P o S e ki 1 S
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1g-in = 2353 0z-in
1 ag-im» 28.35 g~ in

WAl SCAVICE SPLLH RECOMMENRED TOLLRANCE IO WASS
ar EaToR LN-| EPM I GEAM=INENLS AL
100 0G0 —— -0004 1— -0 T
T QUALITY GRADE QUALITY GRADE
¥ G-2.5 1. .co02 G 6.3
Fy Malsl ————— <+ .15
-
- Parts o i ]
SO000 — Casssd stosm terkises, lagluding ao0s5 l.“i:|'-ll:h':.:::h::-::l:l“l:‘-;:::+ 1 2
t  marise main Uerbines (merchast - shant secvies),
== Barvical, Eantrifuge droma,
=||_|i twrbs: ganerater roters. ol Faaa, 3
wrhd- tampralinrg , - Risambiod af n T -
L :“'.l": '::‘: 4‘::.|.I..-Iil=|riul .0as - II";I-M 1“:'::1:; ‘._.
armalures with spaclal paqoivimaits, Flg whasls, == .4
Lol alwetrien! armetards, Nl Pamp lmpuilary,
20000 -+ Turbime = driven pampi. .al :::I“lil:“r:-l.uu:lt.l|ulr|| -: .5
T Marmal wiestridal armatwras, T .&
E Naly individwal eompaments of ragines L
1 Tor apanlsl Fequiremantn, £ 8
10 000 as 3 ! ol
= . I |.-2|. _.__ l +5
5000 ; 5 + 2
_ i s
--'-—i .5 T
— > - %
——
2000 ' T— T S
- I 2 -'-'_"—---'--_._ ] ~
¥ -E s 1
i E T 8
- 1
£ Q -
1oco T 5 I *:--1 (=]
L 1o 2 20 + 15
+ ] EXAMPLE: G b rater wilh 1
soo + NOTE 1: For dizc-shaped gervice speed of 3600 rpm L 20
| reters, aze full recommend - 80  inquality grade €-6.3, has ;
4 || ¢d value tor ane plane. For 1.6 gram-jmch toleraace, [ or
L[| rigid rotor: with 2 carrece =8 gram-inches in each of 4 an
L || tien plames, use ene-halt 3— 100 twe correction planss), L
| the recommended value for S0 _'1. ' L 40
i tach plame. : 200 }
200 + 100 3? T S°
- KOTE 2: For additional L ' Xs
L |l instructions, see 150 or 'E [
ANSI| doecuments, 500 : B0
L — ) .I_
100 L Ealllr] —— 100

(G-2.5 5G-6.3 05 %) 52 55 1518, 5550518 09 S LT (0adl ) jlas 3
03— U».NL»G63..L:;L>3 ol AdidS )3 )9 Y7 - - QT oS )9 as Doy Ll VI QB9 Sl Jlie
sl (Vb wl=xao )l Pl )2 s =il f)f//\))éul— ro)f \/7le gozmo (VL sl )93 03 930 ol
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200000 —— 500000

180000

MaL TERwiEl SFPEED RECOMMINDIS TOLCNANEL RATOR Maff
OF mafoR 1@ AFrMN I SR NI Im LR
1o o G — _
2300 T 1 T 120
T QUALITY CRapE T2 QUALITY GRADE H
a1 G-2.5 = 5'5.3 I
_— — e T
S0Q00 T cas snd staam Nrbiai, inchdleg z £ s Farti of process stast maehlan T —
- markas miin twrbeis  (mErihint -+ Marioe msin turnias gasre (mas- L
:!rnnl. ) - ehaml yerwice), i
L iged fwrber pemeraler ratlarg. - ia Convrpluge drumy, -
s A N s :
4 Hesium an _|""'||"1ri"| ;3_ Apnemuied sivgealt gon ;
Irmateran miln apecisl prguicemasts, + 30 Barfbime Falafy,
mikl wiwghrocal srmatures, = Fl.- LTI - N
200060 = Terwine = drivdm pampy. b_ Fump impollarg, = 500
I i Muthime Raal sud gomeral l
- LT AL ) BFEN, -
T 1 20 — B0 -l:-ll.llfl-lllrltll afmalurgs, -'I'_.

) Il wate 1: Far discoshaped 'E :::i:;::i: :::::.::;:.r, e =
10960 T .\l eators, wse full recammend- - Iédo < 1880
|| od value for one plane. For 50 — o

rigid retors with. 2 cocree g .
3: . ) - 2080 +
tion plames, wse ane=half oo 4
.E. the recommended value for } :
each plane. T
5000 T 200 - goo T 29ee
="l ®OTE 2: For additianal = H
L imitructions, see 150 aor -~ L
Ll axst decoments. s0g -] 900 |
+ 2000 +
2000 + oo = ————E000——
—— r
e -
T TTe— 2000 ‘-ES'DQCI -
7 EXAMPLEAZO0OMb rator with —— — & -
—}— in quatity grode 025 . B £ 10000~ ——— =
o inguality grade €-2.5 =100 -
Iq‘ ¢ = ITﬂ‘ﬁ‘Frlmqn:h tolerance, 1:: S000 -a Co ———— — T 1000
i :JSﬂ;rrwin:hu in eagh of = e ¢
t I
F we correction plames), 10000 L -
T x
va9 _JT_ 20000 - 50000 T 20000
=
1800860
56600 :._'r_“
5~ 200000 .
T 1ocooo —- 50000
-+ +
i 3
P 3

I | poogoo
500000 — ;

o
o

1 g-im » 83530t-inm
Toz-im= 28,35 ¢~ in
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:‘V‘u::usure overall FORNEWMACH Forwornmachie
Ef QlOW.
: i c y
H cr*the fc:ﬂawmg machine |leng life short life- [“ﬂ‘:“ » Recamrtmm
.t recondition T.Dn.awl:
ypes: : evel  Janahvais
VAB__mmys | vdB' marvs | vas® rmys e
Gas turbines Yo
over 20 HP
\over Eﬁm} i 138 75 145 18 145 18 ]
[T Eu;cm.‘!‘!.- 126 S0 a2
: 2.5 135 56 140 1p
\UP 1o 5.000)HP ug 075 1130 3.2 135 S
Steam turbines 28114019
'..k_.." .-1"\ ﬁsw"‘ J}"F 125 1'3 145 1,,3 145 .
18 1
(n_t.: 20000 JwP 120 10 |135 sg 145 18 o2
{unto 500Q)H 0- ; vy
A 115 56 1130 232 140 1g 145 18
Compressors
(free piston) 140 10 150 32 150 32 155 55
(HPairair cond) 133 45 [140 qg 140 10 145 4g
(LP Cl_il"] 123 1.4 135 &5 140 10 145 18
{retfridae) 15 056 135 55 140 10 145 18
Diese| Generators _
123 14 140 10 145 18 150 © 32
Centrifuges,oil separators
123 1.4 140 10 145 18 150 32
Soilers (AuX.) 120 1.0 130 3.2 135 5.6 140 10 |
MotorGenerator sets
120 10 130 3.2 135 5.6 140 10
m
P::uuve?‘ (5HP) 123 1.4 |[135 s |140 10 145 18
uo 1o {:,HF"} 118 079 130 3.2 135 E&.6 | 140 10
Fans '
hﬁTDWh B{E}G_p_pm_} 120 1:0- 139 3.2 135 56" 140 10
abovel1800 rpm} 115 056 [130 3.2 135 56 140 10
' Electric Motors
over 5HP or _ _
below 1200 rprm) 108 025 |125 1.8 130 - 32 135 56
up to 5HP or 103 014 |125 1.8 130 3.2 135 5.6
_abave 1200 rom)
Trﬁnsfor‘mers
(over 1KVA) 103 044 [ — s 056 |120 1.0
(1KvA or below) oo o010 | — _ Ne 032 | 115 056
GearBoxes
E?::;?r:[‘j::: HE::: 120 1.0 140 10 145 18 150 32
i0to r%mrtp} 115 056 |135 56 145 18 150 32
(up 101000 110 032 |30 32 140 10 145 18
= " -L','l .
LAet10°® mm/s o riginally an alder spesificationforvdd gove values 2043 smailer than those found E
there {Duetoaditferent dS reference level used.)
T lLongiileds aproximately] 1,000 to 1 Q000 hours.
2)5hortlite is aproximately 100 1o 1008 hours,
Il¥hen thisfevel I5 redched, service Iscalied lon. Alternatively perfom tréquent octave 9nciysis ond
refer toredlColumn -
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VIBRATION FREQUENCY = CPM
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0.004 = 1
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G-SE (SPIKE ENERGY ACCELERATION IN 'G* UNITS .
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LOW SPEED DATA
SUBJECT TO FURTHER SHAFT RPM USED BY PERMISSION:
FIELD EXPERIENCE WISHAW ENGINEERING SERVICES

ISHIELDS CRES.,BOORAGOON,W.A.
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