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Velocity (mm/sec pk)
Acceleration (g pk)
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A

D, =19.10x 10°(V, / (RPM) |
D, =1.79 x 10°(A) / (RPM)?
WV =52.36x 10 (D,) (RPM)

V_ =93.58 x 10° (A) / (RPM) ,
‘A =0.56 X109 (DM) (RPM) |
A =10.69 X 10% (V_) (RPM)

' D= Displacement (mils pk-pk)
V= Velocity (in/sec pk)
A= Acceleration(g pk)

D =19.10 x 103 (V) / (RPM)
«D = 70.40 x 10 (A) / (RPM)?
-V = 52.36 X 10% (D) (RPM)
"V = 3.87 X 10° (A) / (RPM)
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A =0.27 X 10? (V) (RPM)
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A typical setup for generating Lissajous Orbits
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Misalignment

Misalignment and looseness combined
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Misalignment where 1xrpm 2xrpm have 2:1 ratio |
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Hit and bounce in a rotor rub situation
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PROPOSED API 610, 8TH EDITION Dec.93

" - Vibration Limits for

- Verlical Suspended Pumps .

' Point of Measurement . Pump Thrus! Bearing . Pump Shaft

Housing ) : {Adjacent to Bearing)
. .or

Molor Mounling Flange
) (Sea Figure 2.8B)
Pump Bearing Type : All Hydrodynamic guide bearng
T O ‘ . - | adjacenllo accessible region of
shall

“['Vibration at any flow wilhin
‘the pump’s preferred
operaling rcgipn:

- loverall ' ’ ) Vy < 5.1 mavsec RMS | A< (6.5x109°5 micromelers pR/pk
R : : - (0.20 in/sec RMS) “N-
’ (- 0'0001}\))0.5 mils pk / pk)

Not lo exceed:

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

Discrele _Fr;}quencies V; <3.8 mm/scc. peak’ 75% ol A,
. ) s {0.15-in/sec peak)

Increase in Allowable - B 30% 30%
Vibralion al Flows Beyond =~ | - : . - ° : :
the Preferred Operaling . —
Reglon but within the - .

- L Allowable Operaling Repion.

' L.Jnﬁll.crcd vc'loci(y

CWhere: Vo =
Vi = fillered velocily
Au = unfiflered displacement
F -

frequency (cylces / sec.)
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Vibration Limits for Overhung and Batwe

en Bearings Pumps

Location of Vibration Messurzrient

Purmp Shalt

Pump bearing t

ype

ltem Bearing Housing
(see Figure 2-8A) (adjacent to bearing)
All Hydrodyramic

joumal beanings

Vidration at-any flow within
he pen p's p.,.c—'cd

opt ting region:

V, < 3.0 mavsec RMS
(0.12 inJsec RMS)

Ovezzll

S 2x106)93 pns pi/pk
A’

((SO0Q/N83 mils pi/pk)

Not to exceed:

A<

vibration at flows beyond
the preferred operating
region but within the
allowable operating region

A, <50 pmpispk
(2.0 mils pi/pk)
Discrete frequencizs Vy< 2.0 mavses RMS for A, 2 N 75% of 4,
(0.08 infsec RMS) for Ay <N:33% of A,
Ipcrease in allowable 30% 30%

A}

Notz: Values caleulated from the basic limits shall be roundzd off to two (2) significaat figures.
Witere:

Y, = uafiltered velocity, Ay = filtered displacement determined by FFTL

V; = filtered velocity. N = rottional spezd (RPM).

A, . = unfiltered displacement determined by Fr 1.

Vibration Limits for Vertically Suspended Pumps
Location of V'b 2tion Measurzment
Pump Thrust Bearing Pump Shaft
fem Housing (adjacent to bearing)
or :
Motor Movunting Flange
(see Figure 2-88)

Pump bearing type All Hydrodynamic guide bearing

adjaczent to accessidle
region of shaft

Vibration 3t 2ny flow within
the pump’s prefermed
operting region:

A, <(S !26)05"'11 pi/pk

Increase in alfowable
vibration at Nows beyond
the preferred operating
region but within the
sllowable operating region

Overall V, < 5.0 mm/sec RMS
(0.20 inJsec RMS)
((10. OOO/rV)"Ls r’uls piipk)
Not (o cxceed:
A, < 100 pum pl/pk
(4.0 mils pk/pk)
Discrete frequencies V< 3.4 mavsce RMS ApI5Fof A,
(0.13 in/sce RMS)
30% 30%

Wicre:
V, = uafiltzred velocity. Ap =
Vr = filtered velocity, N =
A, = eafiliered displacement detenmined by FFT.

Note: Values ezleelated from the basie limitg shall be rounded off to two (2) signilicant figurcs.

filicred displacement detemiined by FFT.
rotztionzl speed (RPM).
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Recommended Limits of Vibration Severity for Electric Motors
' (After ISO IS 237$.5)

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

Quality . Speed, rpm

grade B0< h<132 | 132 < h <225 | 225 < h < 400

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

N (napmal) E00E D600 1 10 | o0M | 08 | 8418 | 48 | bam
R (reduced).! = 600to 1,800 | 0.71 0.028 1.12 0.044 18 0.071
> 1,800 to 3,600 1.12 0.044 1.8 0.071 28 0.110
S (special)' 600 to 1,800 0.45 0.018 0.71 0.028 1.12 0.044
> 1,800 to 3,600 0.71 0.028 1.12 0.044 1.8 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

of the shaft.

Maximum Permissible Vibration for Integral Horsepower
Electric Motors '
(After NEMA MG1-12.05.7)

. Displacement amplitude
Speed, rpm (peak-to-peak), in.
3,000-4,000 0.001
1,500-2,999 0.0015
1,000-1,499 0.002
999 and below 0.0025

For ac motors, use the highest synchronous speed. For dc motors, use the highest rated speed. For series and
universal motors, use the opérating speed.

Maximum Permissible Vibration for Large Induction Motors
(Afler MEMA MG1-20.58.9)

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

3,000 and above 0.001
1,500-2,999 0.002
1,000-1,499 0.0025

999 and below 0.003

A . (Sl wnign) il s ls o xssand ol
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Maximum Permissible Vibration for Form-wound Squirrel<age .
Induction Motors
(After API STD 541.M)

Displacement amplitude (peak-to-

Synchronous speed, | peakl, in.
e [ Motoron elastic ©  Motor on rigid
; mount i mount .
720- 1499 ? 0.002 " 0.0025 !
1500-3,000 ' 0015 0.002 ;

3000 and above 0.001 0]

8 10 12 14 16
ROTATIONAL SPEED, RPM x10-3 '

507 '
v 4.0 | /
s ,
s
S E i |
f?-g 3.0 '
= ’
x’}_ ALARM SETTING TRIP SETTING
<z ‘
Wi 20 .
] \L\ /
(@) .
<
g :
c
5 4
a 10 [\
] / / CHANG_E IN VIBRATION WARNING I
] | |
0 |
4 6 J

In-service vibration criteria for centrif i
' ugal compressor
(After Compressed Air and Gas Institute @) g P " 8o @ function of shalt speed.

I
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Maximum Permissible Vibration for Form-wound-Squirrel-cage
Induction Motors
(After API STD 541"
Displacement amplitude (peak-to-
Synchronous speed, | peak), in.
-
rem i Motoronelastic  © Motor on rigid
; mount ; mount
720-1,499 5 0.002 " 0.0025
1,500~ 3,00 _ : 0.0015 0042
3,000 and above ' 0.001 1]
5.0
5,4.0
=
3
u -
ak 39 i
=
of | L™ |
=
%; | ALAR’M SETTING [ TRIP SETTING
la.J g 20 , \_ .
&
. .
&
oo _
o 10
0 .
2 4 6 8 10 12 14 16
ROTATIONAL SPEED, RPM x10-3
: In-service vibration criteria for centrifi i
ugal co
(After Compressed Air and Gas Institute @) B4 compressors as a function of shaft speed.
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S s\, 8 ks DL, VDI Y08 (slazal, 31,

400
pm,
300
250
200
A 8CCq
I~ Yrnom
x 150 S
i
& N %
- \ Y;\ c
s nin rpm
§ 1&'\ - \\
2 sg o~ 8
F o e+
2
E 70 S~ Vampm —
E &
g
a
= A
30
1060 15CC 000 25C0 3000 *_! 4C00
1206° 300 o,
A ... Limits for peration of new hil
B..P ibration level for P
C ... When reaching this limit machines should
normally be shut down

T L CUEF N P AR RSP UPS RNty X O W

m T

10,

w)
2 200 I ‘ i | i 7T [ H
s ‘ szzxpwc VIBRATION| | 1!
W 1.00 el A Ly L | LU
= e
: . i AN IR l ';I'
€ 0.40 i N B ! !
2 030 | L NN T
B i i
= 020 LSt |
L L ruRaINg sHarT | | NG |
S 010 VIBRATION | [N ; L
U . v SR S
g 0.08 . T T R SR R N T
T 0.06 : EEm—— T
g .ln N\ Lji
& 0.04 : ' :
|
x 0.03 L
& 002 : L1 ]
coo o o
5 8888 § §8§§ g 888 8
- o cog y
N Mo 8

FREQUENCY, CPM
‘Maximum allowable machinery vibration on shipboard. (After MIL-STD-167-]
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ACCEPTAB E)<

100 200 400 1000 2000 4,000 10,000 15,000
FREQUENCY, CYCLES/MIN - 2,

o 0 7 &
o - .O b
n ep ?9 ke \~O o
E 100 \ /ng ROV‘EKAENT
L NEEDS IMP
£ 80~ / NN
g 60—
= 50 N N
z a0l
g / .
30~ A
] < |
c 9 {
>
=
o
O
-
w
>

Vibration severity limits for reciprocating machinery. (After VDI 2063.13)

VIBRATION DISPLACEMENT - MILS, - PEAK-TO- PEAK

o [ = o o
8 g g oo © oo oo © oo oo~ Noowoa g O
g B 88 882 g 88882 B8 B2 g83 8§ 28 288
13 » VARRY4 100
; // / / / )
b . /[ /1 A // /, 200
%
:4.—: / 1/ / / ] 300
.E % )} 4 pd Vv I 200
i [ Y / / /'
) g // /1 7 /'/ V4 3 500 '
4 <
E«- yi /4' yn '/{‘ 3
. 4 dunn >
' SN SN S P 1,000 H
| & 1,200 va —7'4-—-- 74-—— T 7'{ TP 200 2
2 N D N N >~ M
{, 1,800 F— \:Z?’ '7‘Z e —LA—:- — A4 H 1,800 2
I * LA 2000 M
g 5 5
¢ 3600 = —f —|— |41 S JZTL —1ATIIT3 2
‘ f & e 7 4000 =
< ‘U__ Qs)\ . 7 5,000 r‘)
o | ,\\y Y ke
3 N A S =L =
& FE LT @onie 10,000
QQ' N mi__nam B
pe e & 5.9,
p D ZERE
L X s 8- 20,000
/ : ERZ= '
4 s e
S : > urz 30,000
S P 255 H o000
=S 3 So%HH soomo
'?" 7 ' + Ridy 1
7 |4 14 T T 1T 11
P4 A 1A % 1 I T 11
/ / / / 100,000
——— ViBRATION VELOCITY - IN/SEC - PEAX
— —— —— — ——
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G-SE (SPIKE ENERGY ACCELERATION IN G' UNITS .

100 :
i
60 —— APPLIED TO HORIZONTAL §
" SHAFT MACHINES ONLY /’
40 FOR BALL AND RACEWAY P4l
30 ™ SURFACE DETERIORATION e
20 — ONLY : ,/ —+
%
P
10 & // : Z
\} 7 y
6 SLL 4
& 7 A
4 // L %
3 » y
: / Al L gz
2 i / /
ATk Ve -
/ // / & d
I . < . e
7 - /' - //
06 T Ty 7o
. N\,
0.4 SV g 4 &7
~03 | / _ / W /
. "4
/‘\(/ TV
' QV L // 09
< / Y
N
Ol /Q} / / //
e e v /’-'\f‘/ — -
- 7 i \& 4
7 N 74 Q‘\
0.06 7 (;(’Q, 17
%
0.04 /
0.03 £
L ® _
0.02 —
/ USE IRD P/N 4332 kg B USH 9* PROBE
: MAGNETIC HOLDER IRD|P/N 103
0.01 L [ '
(@] (@) @] O o (@] (@] (@] o (@] o o
Q © o (®] o o (@] @] O Q o o
N ™M T w Q w) (@] (&) O O (@]
= = « M ¥ o
LOW SPEED DATA SHAFT RPM

SUBJECT TO FURTHER
FIELD EXPERIENCE

USED BY PERMISSION:
WISHAW ENGINEERING SERVICES
ISHIELDS CRES.,BOORAGOON,W.A.
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GROLP K:
GROUP M:

GROUP G:

. i

MACHINE CATEGORIES
SMALL MACHINES UP 1T 204P
MACHINES SETWEEN 20-100HP OR MACHINES ON
UNUSUAL FOUNDATIONS UP 10 400 HP
LARGE MACHINES . ON FOUNDATIONS WHOSE
NATURAL FRECUENCY EXCEEZDS MACHINE SPEED

T T T L

: LARGE MACHINES ON FOUNDATICNS WHOSE

ECUENCY 1S BELOW MACHINZ SPEZED

TURAL F

l‘lu]

C.5

NPROVENENT

Ii:]

—~“OX X

T0 USE CHART

{1} DECIDE MACHINE Ca

(2} DIVIDE VELOCITY AND AMPLITUOE
READINGS BY SERVICE FACTOR

{3} DETERMINE FROM CHART THE

TESQRY

REGION N WHICH CORRECTED

READINGS FALL

SERVICE FACIOR
GROuP

c1

] . DESIRASL
.. I +

X

1=

FACTOR
1.0 3100
16 -
25 A
4.0 -
=50 -
_i-.———
: )
i
" Zio.o
1
4s5.0
:

.05

DOUBLE AMPLITUDE, mm

RUNNING SREUENTY. H:

168

Guidance on the levels of overall vibration of machines

il

DOUBLE AMPLITUDE, INCHES x 107

www.me-en.com

(SwilSo rwtigo) il 9 o8l o ol csiinl oSl



; 1 ul
i

! ' z .

; 000°0§ u.o

: s £ <0

. 000°0¥ °orS

. n

H o w ok

000°0¢ oz .

AmEP

- z < Z 3

. Fwzxzv

- 000°0Z orxuo

HDAN

[ Mll

wt &

0oew o«

UEHE

: JrFa

’ «< = 14

000°0L N

000°s
000°y
009°c
000°€

009°E

000z
008°L

008°L

00Z°1

‘VIBRATION FREQUENCY - CPM - - -

002°L §
000°L

T 00§
i ooy
L 00g

002

(SwilSo crmwrigo) il 9 ol g ol csi il oGyl

www.me-en.com

o o o o )
2 = &8 § =838 3 8 8 28 28 8 3
T O o 9o o0 0o ©o o o o 9 < e o <
Bd-OL-MVd ~ STW - LNIWIDVIdSIA NOLLVHEIA © © o o o ©




A e

reter toraxtcolumn

| | ; |
Mcusure overall FOR NEWMACH - Forworn madmg
| ' G kT,
| velocity RMS and allow. - Y ,
I forthe folowing machine |[long life- | short life- . ecoﬁdl’tiorr-:
YDeS ~ Hoare 1 . | leve)? th/sls)
| Gas turbines : . ”‘rﬁ/s...
H A a ) -
(2% 2050 e I b S
R 2 .5 140 10 145 !
119010 5.000)HP ng 075 1130 3.2 133 56 140 -:8!
4 Stecm tur‘bmes ' Q '
| {(cver 20000) 0 HP 125 1-8 145 18 145 18 150 321
i1 (6_to 20000+ ’ 120 1.0 135 5% 145 18 150 32
11{un to 5000)H _ | 115 056 130 22 140 10 145 18
il Compressors ‘ % -
(free piston) {140 10 50 32 150 32 155 sg
| (HPairair cond) 1133 45 ;4.0 100|140 10 145 18
| (LP air) 123 1.4 135 s5 140 10 145 18
Il (refridae) 15 056 |135 58 140 10 145 18
Diesel Generators _ ' T n
123 14 140 10 [145" 18 150 32
Cen’.tr.;fpgt.as,_o.l? sepcrp}or;; 123 1.4 h40 1o 145.18-° {41s0. 32 - -
| Sailers (AUX.) - 120 1.0 ~ } 130 - 3.2 135 5.6 140 10
| MotorGenerator sets 120 1.0 130 3.2 135 56 [140 10
- pob.:/n;?\s(s%p)‘ 1123 1.4 135 58 140 10 145 18
uo to (SHP) 118 079 130 3.2 135 5.6 | 140 10
I;'?e?SW(ﬁS@G—Fpm\ 120 10- 4130 32 1435 56 [ 140 10
above(1800 rpm) 115 056 130 32 135 56 | 140 10
fil Electric Motors
©ver 5HP or . - : '
| below 1200 rprn) 108 025 |125 1.8 130 * 32 135 5.6
Wp to 5HP or 103 014 [125 1. 130 3-2 135 5.6
__abave 1200 rom)
Transformers |
{over 1KVA) 103 014 - — 115 0.56 120 1.0
| (1KVA or below) ioo o010 | — _ 110 032 | 115 056
| .
1.
| GearBoxes . _
ﬁ(o(\)'emoom Hgg 120 1.0 |140 10 |145 18 150 32
| £:010 10000 H 115 056 |135 56 [.145 18 150 32
(up T.O?QCXDHP)' 110 - 0.32 |430 32 ‘140 10 145 18
.Re1.107®mm/s originally an oider spesifitationtorvdn gave values 20¢B smailer than those found
there (Duetoadilferent dS reference fével used.)
H )Long lifeis aproximately| 1,000 to 1 QDOO hours.
| 2)Short lite is aproximately 100 to 1,000 hours. ‘ |
| 3)Wnen thisievel is reached, service Iscalied for. Alternatively pertom tréquent octave anclysis and

www.me-en.com

(SwilSo rmwtigo) il 9 o8l o ol csiinl oSyl



| DVagI8s/ul —ALTTONIA NOAVIIA

M e % o @ o
5 L% T ey
Y. o © o o % | 600,000
EANI AW INUERE ! H
DTN N A\ Bl
< )V TIRY /M |
4] .
, @/ | ]
\ / \REY w/ &Hv 1300,000
@, / sl M M EAV K M._kv
o 2k I ,m O 1180,000
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Cause Amplitude Frequency Phase Refﬁarks
Unbalance Proportional to 1x RPM Single Most common cause of
unbalance Reference Vibration
Largest in radial Mark-stable
direction repeatable
Misalignment Large in axial 1xRPM usual  Single Best faund by appearance of large axial
Couplings or direction. 50% or 2& 3 x RPM Double or vibration. Use dial indicators or other
Bearings and more of radial sometimes Triple method for positive diagnosis. If sleeve
Bent Shaft vibration bearing machine and no coupling
misalignment, balance the rotor.
Bad Bearings Unsteady-use Very high Erratic - Bearing responsible most likely the ohe
Anti-Friction velocity, acceleration, Several times Multiple nearest point of +drgest high frequency
Type and Spike Energy RPM Marks vibration. Spike Energy measurement
Measurements recommended when analyzing bearing
failures.
Eccentric Usually not large 1 x RPM Single If on gears largest vibration in fine with
Journais Mark gear centers. If on motor or generator
vibration disappears when power is
turned off. If on pump or blower attempt
to balance.
Bad Gears or Low-Use Very High Erratic - Velocity, Acceleration, and Spike
Gear noise Velocity, Acceleration, Gear Teeth Muttiple Energy measurements recommended
and Spike Energy times RPM Marks when analyzing gear problems. Analyze
Measurements higher orders and sideband frequencies.
Mechanical Sometimes 2 x RPM Two Usually accompanied by unbalance
Looseness Erratic Reference and/or Misalignment
Marks,
Slightly Erratic
Bad Drive Erratic or 1.2,3,&4 x RPM One or Two Strobe Light best tool to freeze faulty
Belts Pulsing of Belts depending on Belt.
Frequency,
Usually Unsteady
Electrical Disappears when 1 x RPM Single or If vibration amplitude drops off instantly
power is turned off ortor2 Rotating when power is turned off cause is
x synchronous Double Mark electrical. Mechanical and electrical
frequency problems will produce "beats”.
Aerodynamic Can be large in 1xRPM or Muitiple Rare as a cause of trouble exceptin
or Hydraulic the axial direction Number of Marks cases of resonance.
Forces blades on fan
or impeller x RPM
| Feciprocating Higher in line 1,2,& higher Multiple Inherent in reciprocating machines, can
Forces with motion orders x RPM Marks only be reduced by design changes or
isolation.
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IRD Mecb.an-c.lysgis., Inc.

Vibration and Ndise |

Identification Chart

Covses of Vibrotion

(RELATIVE PROBABILITY RATINGS: 1 THRU 10)

PREDOMINANT FREQUENCIES

/PREDOumANT dus

[ oect Protanu o

UNBAL ANCE

inatiel Unbolance

Sholt Bow-Lasr Poarry

M:solignment

MISALIGMENT

LOOSENESS
AND

DISTORTION

Mecheucel Leosemess

Clegronge tnduced Vibration

Foundatien Distortign .

Cose Distortion

52!! g’ b .-

Rotor Rub {Aniel)

Niwliminial a0

001310 | 0fw]~d

1111
|
]

Piping Farces

IR Dl P VN [VARVS T
—

BAD BEARINGS
- MAND 5 -
JOURNALS -

Journel & Beoring Eccentnic

mege

Redigl Bar

Thrust Brg. Domoge

Beoring Excited Yibration

Unequal Bry. Sufl. Horiz Vert

(VR (V.3 [WF} PN VY

P LS LN 3 %) I S

--'—u-.u..-

~jnlo vl

(W3 L) TN} FATY Ry

(W TN Py
~

GEARING AND

EOUPLITW

Geor lnaceuracies

o

Goveleg Inggsvrasing

sl

~—
[Ny p

CRITICALS

Criticol Soeed

Roror & Brg. Sys. Crinicol

Coupling Crinicatl

Overhong Crencel

9% Iy (P P

[T B O
—f — ]

Resonont Yibvotien

RESONRNCE

Sub—Homon.c-Resononce

Hommoni¢ Resonance

et 1T oo

[N %] 1)

Cesing Resonancse

Support Resononce

[ RS A TN '
[ UT FUFS TN Y

Foundotion Ressnonce

Tersienol Resononce

0O | mef
-~

allos mffoa]~
LA FS VNS B EN] 1)

MISCELLANEOUS
8aSC
CAUSES

Bod Drive Belrs

Recisracating Ferces

Aero. Hydr. Forces

bd B £

Feiction Induced Whirt

Ol whye!

10

Resonont whiel

10

Dry Whiel

= o} oloo] a ]
(V] OV Y P ey ) e
L £
P P

-~

ELECTUCAL

Rarer Nar Round

10}

Rotor S1av0: Misalignment

“10:

Elliotical Srotor Bore

10

Deiective Bor

10

Bent Rotor Shaft

| 104 }

o|o|o|m|m]o
| | o] —

Roter Not Elect. Centered

[ l

[ T O FV IS O
— e b

ROLSE
RADWTION

.IQY

i

[

Ol Alida (slacaie 3. il ) b diala g udls 8 o b 1 502

Mochonical and Elocrvicel Debocrscome nerse savrces which
peear initially 81 vibeotion ond e lover Wantlorrad cnre airm
borme morse, Mechanoical Noise moy be atsociored with For/
Morer Unbolonce; Beoring No1sa; Aligrment, Ducr ond Ponel
Fluner~Qil Coming EHecr; Fiuner of dampers, Medas, voney,
het and supsent 0y woll a1 (Mvcrwel videminn, Elocwicet
Neviomnoy be dua v Elocmicel Encrgy monslomensa:

1) Megnrtic FwcereA honchen ol B as demaitiay, Amber_ond
shaps of peles o2 1lors and o g govmerry, .
NRondom Elocwice! Neisa=Brushay, slocwice! oting oy,

I
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dinmm linm
10000 — 8,1
7000 R
5000 -
— 0,15
4000 =
3000 "
= 02
2000 =
1500 E— 0,28
1000 3 9,3
700 E - E
= 0,4
500 =
400 - 0,5
0 E 100 000 E 0.
200 -7-; 100000 = 50000 §- 0,7
150 3 I E- 0,8
3 50000 1. 20000 E 0,9
100 . E 1
: 20 000 _E 10 000
70 — = R
- 10000 o 5000 -
50~ 3- - s
40 — 5000 1 2000 -
-t -
30 — 1 [
i 2000 —F 1000 C 2
20 1000 o 30 -
15 F - 26
00 4 200 s
10 s 2 3
: 200 _:'- 100 E.
7 - E
- 100 - 50 b~
5 =N
4 0 —. 20
- 1 -
3 : 20 & 10 =3
2+ 10 s =
15 - =X
E s
1 10
For steed with a density % = 7,8 glcm® and elasticity modulus E¢=20,5» 10°Nem?
For.other matertals with constants @, and Ey recalculate the speed n,
as follows: :
= l/ [
W= g
. ) B ES Qw
The val_uns are given for solld shatts. For hollow shafts with internal diameter d;:
Pholiow = Nsoig |/1 "(EJ;)Z
- * A . ] - . - .
hwdlﬂswﬂw f-f;‘,‘a
M —
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WAX SERYICE SPELS RECOMMENDED TOLERANCE BATOR MASS
OF ROTOR IN-] R'PM 1N CRAM-INCHES [NV
100000 ~—~ .Q004 T Nalel _.{_ .
kg QUALITY GRADE 4 QUALITY GRADE )
F G-2.5 1. .c02 G-6.3 L
T 001 =f. ———— T .15
T .,:-: Parts of precess plant machines,
S50 000 - Cas snd stesm turbises, Includiag. E 005 Mariae main terdine gesrs (mer. + ,2
4 marine main turbines {(merchaat e ehant secvice), .
4. service), + Centrituge drams,
Rigid turbe- generater reters, = Fans, L
- L-:::i;':‘;-.:?::i-::‘- .. - ,_Ol Assembdled aireraft gas T -3
T Medivm and hrn'cluuiul A ‘OOS_E turbine reters, -
armatures with special requirqments, K Fiy wheels, + .4
Smail cln::rfeal armatueres, 3~ .02 Pump impellers,
-dr s 5Y § B . RS
20000 -+ Turbine X iren "-.”' .Ql - :::h.:i-:"t;cl’::'l"unul .8
.t -~ Rermal electrical armatures, T
3 e QS5 Individual compenents of sagines L
t = for special requirements, -+
10000+ os 3 -0
+ N Y 1
I T b.s
5000 L E s T 2
i = T 3
-+~ ———— —_— .53 . _
— LI, + 4«
3 —— .
Q L. I3 — + S
200 : - —— -
T S I oL
r E + &
£ F- 10 =+ 10
10Q0 T 5___ .
‘E‘ 10 :_—' Z.O o i ‘ + 15
<+ = EXAMPLE: 6 ib rotor with
00 - NOTE 1: For disc-shaped -+ service speed of 3600 pm  t 20
5 T || rotors, use full recommend- ——~ 50  inquality grade G-6.3, has >
4 ed value for ane plane. For -+ 1.6 gram-inch toleraace, (or L
rigid rotors with 2 correce x <8 gram- u{cht:;u each of L 20
1 Il tion planes, use one-half 50 _E— IQO two correction plaaes).
the recommended value for - + 4Q
each plane, - 200
200 + 100 - T S°
. F || MOTE 2: For additional r I ¢o
I |l instructions, see 150 or = 00 k4 '
o ANSl documents, R 1 80
1 '_‘E-' +
100 - 4~ 1000 —— 100
S00 =

1 g-in = .03530z2-in
1az-in = 22.35 g-in

(G-2.5 5 G-6.355,5) 5355 61, 55, 5152 595 BV (a1 15) s s

H

Y Yy
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M1 SERYICT SPEED RECOMMENDED TOLERARCE ROTOR MaSS
OF ROTOR IN RPM IN GRAV -1RCHES inti
100000 —— 4 — 100
I : - I
k QUALITY GRADE 12 QUALITY GRADE +
B ¢-2.5 [ b G-6.3 T
- ——————————— e -
SQQOQ -: Gu.nl steem tuebines, imctudlag - 2 _::' S Parts of process plaat machines. -f‘ zoo
< maries main terbises merchant . i ":v--l- main t)v'liu gerrs (mer. |
b Sl e e e GV, t
. - .- " ie . ' at, |
:::‘n::;- l:n.dl l‘a""g.t"chc(riul s ’;' ‘:‘:."N" sircraft gas .:.
T armatures with special feguire ments, . }_ 20 “'?!u reters, :
Small eiectrical armatures, 10 - Fly ‘wheels, T g
20000 T  Terdine~-drives Pumps. Pump impettors, T 500
b Machine g, )
) b m:: u‘-,-u!y olnnrn"‘.(unal -
l . by T = = 20 50 Nermal electrical armatures, ’;"
0 3 || waTE 1 For discishapid T erem tameneats ot angisas oo :
10000 | rotors, use -full recammend- =+ 100 . I~ 1000
: -+~ |t ed value for one plane. For 50 5 i
+ || rigid rotors with.2 correc- 1 H
- Il tion planes, use one-half 100 2 200 R
- 4. || the recommended value for f
5000 _:’_ each plane. 200 E s00 .,t 2 000
="l XOTE 2: For additiona! :E T
L instructions, see 1S0 or = £
- ||"ANSI documents, l 500 g— 1ooo i
T L
= 2000 1-,
2000 + T UOO"“!’:-“""“"““**'~—~"--——-—~-——~—-:-~5000——~—~—
— _E I
r —— . .
+ —_ 2000 -~ 5000 +
ETAMPLE 1200018 rotor nith —= £
service speed o rpm =TT — O, .
00 —I- inquality grade €-2.5 , has 10000 T - 100
1eoo + 2700gram-inch tolerance. { or 5900:{_‘ T — -1 -0 o0
I {350;ram-in:hes in each of ] 20000 t
J. two correction planes), T
F P IOOQO% =
T T
T -
- | -~ (e]e]
500 7 20000 - 50000 20000
= ]
o ——
100000
T 50000 :JT
i - 200000 PR
200 1000Q0Q0 —~ + 50000
T 200000 £ 500000 +
i E 1 0o i
100 —— : | 000 100000
. 500000 g‘— ~
1g-in 7 035302-in
loz-in* 28.35¢-in
(G-2.5 5663538155 5155, 61 34,8 Tl { S0, Jasoa
N .
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