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T—TXN—N— N _ line
- _FS_2-56XFmax_Fmax

T = Olglim siiresi
Ts = Alinan iki 6rnek arasi zaman farki
Fs = Ornekleme frekansi = 1 saniyede alinan érnek sayisi

N = Ornek sayisi (1024, 2048, 4096, etc.)

Fmax
line

Frekans Cozinurligi =

Bant Genisligi = Frekans Cozunurliugi X Cerceve Faktoru

Cerceve faktdéri = 1 (cerceve yok/uniform/dikdértgen) ya da 1.5 (Hanning gergeve)
Ayirt etme frekans araligi=2xBant genisligi=2xFrekans Cozinurligu*Cerceve faktorl

Gerekli spectrum LINE sayisi = 2 x Cerceve faktort x Fmax / Ayirt etme frekans atahgi
Frekans netligi (keskinligi) = + %2 x Frekans ¢ozunurligu

Asal Sayllar: 1, 2, 3,5,7,11, 13, 17, 19...

1 inch = 25.4 mm
1mm = 0.039 inches

Deneme agirligi hesaplama formiilii:

W — F
~ K X R x N2

F = Rotor kitlesinin 10%‘unun yatak sayisina bélimu (kg)
K =0.011

N = RPM/1000

R =

Balanslama yaricapi (cm)
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Birim doniisiimi tablosu

19098 Vi

Doy_pr = Vo =
pk—pk fcpm pk
9.958x107 Ayms
DPk—Pk - £2 Arms =
cpm
V _ fcmepk—pk A
Pk 19098 rms

5217 Ayms

fepm

_ fcpmVpk
5217

_ fczmepk—pk

9.958x107

D 27009 Vs 93712 Apps

k-pk = - =

pr=P fepm rms fepm

Dy = 2.53x10% Apps 4 _ fepmVrms
pr=p fom rms 93712

V — fcmepk—pk A — fczmepk—pk
rms 27009 rms 2.53x10°

D = Deplasman: mils pk-pk
V = Hiz: in/s pk

A = Ivme: g rms

F = Frekans: CPM

D = Deplasman: micron pk-pk
V = Hiz: mm/s rms

A = Ivme: g rms

F = Frekans: CPM

1g rms = 9.8 m/s?

ISO 10816-3 Titresim seviyesi tablosu - Hiz cinsinden

-
N
[ J
11 0.43
— 7.1 0.28
4.5 0.18
35 | 014 w5
5
2.8 0.11 ==
==
I I
2.3 0.09 NN
VoW
1.4 006 kI
oo
0.71 | 0.03 33
mm/srms | inch/srms ==
Zemin Baglantsi
Orta biiyiikliikte makinalar Biiyiik makinalar
15 kW <P <300 kW 300 kW <P £50 MW Makine Tibi
Motor Motor p
160mm<= H< 315mm 315mm=H
Grup 2 Grup 1 Grup

Yeni kurulumu yapilmis makine durumu ﬁ Kisa stireli calismaya uygun

B uzunsireli calismaya uygun

D] Titresim hasara sebep olur

If the lowest natural frequency of the combined machine and support system in the direction of measurement is higher
than its main excitation frequency (this is in most cases the rotational frequency) by at least 25 %, then the support
system may be considered rigid in that direction. All other support systems may be considered flexible.

Copyright © 2024 Mobius Institute Board of Certification
Document ID: CRMVA-2-TUR



Sertifika sinavi - Formiil kagidi Sayfa 3 - 10

ISO 10816-3 Titresim seviyesi tablosu — Hiz cinsinden

> 140 5.51 0
- 113 | 445 O
Q
- 90 3.54 w
71 2.80 3
Q
57 2.24 =
45 1.77
=
37 1.46 e
=
o o
29 114 28
T I
22 0.87 NN
VoV
18 071 3
o o
11 043 %3
. £
pm rms mil rms
Zemin Baglantis
Orta buytklikte makinalar Biyiik makinalar
15 kW <P <300 kW 300 kW <P <50 MW Makine Tioi
Motor Motor p
160mm=< H < 315mm 315mm=<H
Grup 2 Grup 1 Grup

Yeni kurulumu yapilmis makine durumu @ Kisa stireli cahsmaya uygun

B uzunsiireli calismaya uygun m Titresim hasara sebep olur

Sensor calisma arahklan

Frekans Araligi

100 e ikseTicinin volta] araligin Gzerinde.
10
Sensor 1 0.5 g genis bant cevabi ~
Volt - (1000 mV/g sensér) =
Ciktisi A 7i E
<
.01 - >
Calisma Araligi ]
.001 S
e
.0001 —
L o
.000 01 ""'--..._“
.000 001
! Elektronik giiriltii egiginin altinda !
.0000001
0.1 Hz 1Hz 10 Hz 100 Hz 1000 Hz 10 kHz 40 kHz
6 CPM 60 CPM 600 CPM 6000 CPM 60 KCPM 600 kCPM 2.4 MCPM
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Sensor frekans cevabi
Miknatis - Kavisli Yiizey

Sensor frekans cevabi
Miknatis — Diiz Yiizey

Kavisli Yiizeyler icin Miknatis Baglantisi

1,200 6,000 cpm 60,000 600,000
25
20 5,600Hz
15 (336,000 CRM)
£
§@10
w5
/'\4
0
5
A0
20 100 Hz 1000 10,000

Frekans

Diiz Zemin Miknatis Baglantisi

2'15,200 6,000 cpm 60,000 600,00
20
6,20p Hz
® 15 {372;600-CPM)
£ |
S T 10
5 /J'f
/
0 4
-5
20 100 Hz 1,000 10,00
Frekans

Sensor frekans cevabi

Stinger / El tipi baglanti

Prob Tip Baglanti

1,200 6,000 cpm 60,000 300,00
20

15

\1.1 0 HZ
10 \\(65 oo €PM)

0 el \\
s \

-10
20 100 Hz 1,000 5,000

Sapma
dB
(3,1

Frekans

Sensor baglant tipleri
frekans cevabi grafigi

Probe tip 2-pole Flat Adhesive Adhesive Stud
magnet magnet mounting
pad
I~ 6
2 30 45
S
b
43
2
'
‘n
I
]
w
4]
2
=]
T 20 - - ' - -
ot 1 10 100 1k 10k 100k

Frequency {Hz)
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Sayfa 5 - 10

Frekans etkinlik bolgeleri

108
107
108
108
104
100
102
10

14,100 m/s?

0.0014 m/s?

107
102
107
104
10%
108

rmsvibration velocity, mm/s

0.01 0.1 1 10 100 1,000

108
107
108
108
104
100
102
10

101
102
107
104
10%
108

rmsvibration velocity, mm/s

0.18 pm

10,000 100,000

Frequency, Hz

0.01 0.1 1 10 100 1,000

108
107
108
108
10¢
102
102
10!
1
101
102
104
10+
10
106

45 mm/s?

0.01 mm/s

rmsvibration velocity, mm/s

10,000

100,000
Frequency, Hz

0.01 0.1 1 10 100 1,000
1 Piezo-electric accelerometer
2 Eddy-current proximity probe
3 Electro-mechanical velocity transducer

10,000

100,000

Frequency, Hz
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Imbalance (static) C‘J O Imbalance (couple) C}
1X 1X : -
#0730 betwesn _ Sl 30° beriween —
wartical and horizontal n wartical and horizonksl |
rticalmd Ractsonks | g i ind hedontsl 2
n T
[+ 4 B
0 1 2 i 4 5 & T B 8 10 o 1 2 3 4 [] & 7 [] CIEL ]
7 Mebary 3MM s dearr gt T Orders © Hn 0 Orders
Imbalance (dynamic) Imbalance (overhung)
1X 1X =
B2 30% batwaun - _E
vertical and horizontsl ]
b =
& ]
=
&
0 1 ] 3 4 5 6 T 8 7 10 o 1 ] 3 4 6 T 8 CIEL
I Pl i Ordars I Mol (00N e Orders
Imbalance (Vertical) . Bent Shaft
- ¥ FEY
In-phaws 1307 . n Tv
1X O g g
o L9
o 1 2 3 4 5 6 T 8 8 10 o 1 2 ] 4 N 8 CEL
T R, Drders M S RS Oirdars
Eccentricity — Belt wear
i I (E? ‘ i -
1X Motor 3 BR l3pR | 3
= o
o 1 2 3 0 1 2 3 4 5
 Heleas (00 mrem e el Orders © Mot D00 e Orders )
Resonance (at 1X) Parallel Misalignment W
2 : &
1X ({ = = 5
T T T 113
3X =
[ 1 ] 3 4 5 & T ] KL 0 1 2 i 4 5 § T 8 g 10
I Hiders (00 Orders O 30 Orders J
Angular Misalignment -9 L?: Severe Misalignment
T A 1x 3
| . . |, 3 3
2X < w L IE, 3
l 3X <
[ 1 2 3 4 5 & 7 8 TEL 0 1 ] i 4 5 6§ 7 B g 10
| P 3 e e e Orders ) B T e e T BT Drders y
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Cocked bearing Belt Misalignment

1X 2X
1X Fan/Motor
: 2
3X = =
[ 2 3 4 &§ 8 7 B B 10 (] 1 2 3
T Mgl JOUE {:lru!r'b r. Rl e D e T ':-_:'rul_'r'b F.
Blade/vane pass Cavitation
BP 28P 5
VP VP -F
. 1X VP
_ll 1X _J\_/L—/—’_fﬁk
0 2 4 & 8 10 12 14 18 18 20 0 4 8 12 18 20 24 28 32 36 40
L manad s o Orders ) € Pkt 3088 Orders |

Flow turbulence Ski slope (bad measurement or very

high frequency/amplitude)

1X
] 1 2 3 4 [ [ | 2 3 4 5 5 T 8 g 10
| Fima 3 e e s Orders ) | mmrma el e e e Orders J
Looseness: Structural Looseness: Pedestal
1X
- 1X =
| % 3X 5
< l =
0 1 2 3 4 5 e 7 8 3 10 a1 7 1 4 5 5 7 B 3 10
© My 2008 . Orders J s iy i e Aprmarmra T e Ordars y
Looseness: Rotating Gears: Tooth wear
1X
2X
IGM 3
= iX o

A AL JLL il U_L
(] 4 B 12 16 20 24 28 32 6 40
Orders - Fnken 288

) Orders
Gears: Eccentricity & backlash Gears: Misalignment
1X GM GM 2 X GM 2GM
Gnf  ax 2GM 2% 2l

LU ‘RERE!) -
LIV AL U 11 IV 1! i
a 4 B 12 16 0 24 28 33 36 40 ] 4 ] 12 16 20 24 28 32 36 40
iy A e B ordars

y L Pl KA e B el e Orders f
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Gears: Cracked or broken tooth Gears: Tooth Load
1X = _
— 2 g
E ki
1X Gnf 1;}:': o
J JL 1 LlJuU
J._.L_J- AU
0 F] 4 & & 10 12 14 16 18 20 0 4 8 12 48 20 24 28 32 3§ 40
- Orders | Pmmp—— Orders |
Journal bearing oil whirl Journal Bearing Looseness
0.38X - D.48X E
‘r &
(7 1 2 3 4 5 o 1 2 3 4 5 68 T 8 9 10
O M. S0 Orders ) £ B Y S ST Crdars y
Bearings:
il Broken/cracked rotor bars
108,000 CPH 880,000 TP ]
e e X 3X 3
zx @
L WL i 0
A )
0 1 2 3 a 5
YT, Y p— © etier 20w Orders
Broken/cracked rotor bars Eccentric rotor
Loose rotor bar joints
E I
RBF E 2xLF :
1X 2xLF 1X =
PPF PPF F
A MLU
0 10 0 30 40 50 0 1 2 ] 4 5
© e Orders 0 P, 28T Qrders |
Stator Eccentricity, Loose Iron, Grounding fault or turning fault
Shorted Laminations or Soft foot
3 SCR 3
2xLF E firing freq. E
1 1X
r 2X
a 1 2 E] 4 5
) ey Mk e BarEma v Drdars J o Milplen: 200 J
Phase loss Shorts in control card, loose
connector, and more,
SCR 3 SxLF =
& SCR "
1, 5CR » st frag B firing freg. :
X 2 SCR i 1% e
LF3XLF 4 F
2X l |
i
O M ORI T R y O Pl I v B e R
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Faults in comparitor card Loose Stator Coils
(speed fluctuation) (Synchronous Motors)
fi a ;-
5 =
| g i 5 CPF 3
1X 1X
2X
A
1] 10 20 k1] a0 a0
0 Bl 2O ) | P A e e racmT Orders |
Stage One: Very High Frequency Stage Two: High Frequency
Nrberme Wirasound, Shock Pube, PoakVue, Spiee Esergy, Envvelopa Erverbage, Oonedulytion and Acceks ption Spectrum
! !
“WAVE ENERGY |
1X 1X |
DMz 1 MHz S kR 40 kH2 oMz 1My & kM2 40 aMz
o Mt TR e S e trre e . J Mt (00 e Smaraber ol b J

Birinci asama: Ultrasound, Shock Pulse, PeakVue,
Spike Energy, Zarf spektrumu

Stage Three: Mid Frequency

Spectrum analysis: Outer race faull

1X Bpro 2xBPFO

AN

DMz !z 5kHz 40 WMz

Mok T8 e Sarartrr e oo

ikinci asama: Zarf spektrumu, Demodiilasyon, ivme
Spektrumu

Stage Three: Mid Frequency

Specirum mnalysis: Outer roce faull (outer rece robating )

1X' BpFO  2xBPFO

LT il

DMz 1 WMz WHz 40 W H2
€ Mok B8 mrwe Seare Tt com

o

J

Ugiincii asama: Dis bilezik arizasi (ig bizelik doniiyor)

Stage Three: Mid Frequency

SEactrum analpsis: Tener race Tt

!
i
X gprr  2xepAI

v

0 Mz AR TS 5 kM2 40 a2

s bin L
e y

Uglincii asama: Dis bilezik arizasi (dis bizelik doniiyor)

Stage Three: Mid Frequency

Spactrum anabpsis: Ball or roSer fat

4

i
1|x Bswn umaﬁ 3"&]”””“ /\

0 Mz R RS S hHz 40 WMz
© Mo 1908 e Ao o

J

Uglincii asama: ig bilezik arizas (ig bizelik déniiyor)

Stage Four: Low Frequency

Spoctrum sahpsis: Outer race faul

1X

S,
0 Hz S00 e 1 kHz 10 kHz 20 kHz
€ MO IR s ST Lo

40 Wz

J

Dordiincii asama (son agsama)

Ugiincii asama: Bilya / masura arizasi (ig bilezik doniiyor)
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Bu sayfa bos birakilmistir
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