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ZEO XD &det A= LIEHHLD AUCH

T0C BDC TDC BOC TDC
0 180 360 540 720
intake valve
exhaust valve |
gas injection

vibration K

ultrascnic

Engine Type: IR KVS

hp 1500 —_ ——ring “rattle”
Speed 330 rpm

Problem: Liner worn bellmouth-shape, pro-
ducing ring “rattle” before TDC
COmpression.

J8 11-26 Ot2= A2l ctolHE Jtdl JIAURNS 244G,

= =
TDC &= dol 2 a5 fdstlh

vibration

2L
ultrasonics
Engine Type: CB GMXD
hp 500
Speed 450 rpm
Hydrauiic Lifters
Problem: None, normal
8 11-27A HAAEO Port BridgeE 2= JiA AR 2AJ| AlS
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notched port bridge

vibration

1L

ultrasonic

Engine Type: CB GMXD
hp 500
Speed 450 rpm
Hydraulic Lifters
Problem: Notched Cylinder
Port Bridges
(not severe)

Jg 11-278 <t =Xt U= A

m

IH Port BridgeE Jt&l JfA AlAl

,—- notched port bridges

ultrasonic
vibration
Engine Type: CB GMXD Speed 450 rpm
hp 500 Hydraulic Lifters
Problem: Notched Cylinder
Port Bridges (severe)
a8 11-27C &Alst =XI0t Y= Al Port BridgeE Jt&l JtA X
07 11-28AE B4 2FGE Z2 HAANUMY HED ISH DFNO EST
ASE HlWe H0ld 8 11-28B= &gl 80| &4 JR0T
g 11-29= Ot2E 2/ RB4A= JHd Aed 1R &4& A=Y Aeld 2t
OIHE JI& aleld 2Rl Uist LAZAITIT TraceE UEHH AO0ICH
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Engine Type: IR SVG, hp 400, Speed 400 rpm

Problem: None. normal
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vibration
ultrasonic
\ ' '
Engine Type: IR SVG, hp 400, Speed 400 rpm
Problem: Cylinder scuffing
02 11-288 &S Al HS Jr& JiA A
TDC BDC DG
0 180 360

scavenging ports]|
exhaust ports

gas injection
vibration
1R
uitrasonic
2R

Engine Type: CB GMVH 10, hp 700, Speed 330 rpm
Problems: No. 1 R, worn rocker arm bushing
No. 2 R, piston and liner badly scuffed

g

J8 11-29 0OtE & 223HE BushingsS LIEHUWH= &8I 1R &ae IA
Cl clOIHE Litt= gl 2RE I8 JHA AN Q|
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Cylinder No.

13°BTOC

4" Hg scavenging B

pressure

ag 11-

4" Hg scavenging |

oressure

e

Power Cylinder Pressure Time Display

Right Bank
1 4 3 2 5

30A HEJF £F& A2l NO.12 JtAUX

After balancing

ane separation = 150 psi

11-30B &3l Balancing=® JFAAA
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Power Cylinder Pressure Time Display
3 5

1 4

Cylinder No.

left bank

9° BTDC ignition §

412" Hg scavenging air

a8 11-31A =8k 40|
Cylinder No. 4 3 2
left bank
9° BTDC ignition

150 psi

312" Hg scavenging air

line separation

Engine Type: CB GMVH 10
hp 700
Speed 330 rpm
Problem: Lean mixture causing excessive misfiring and soft firing. Note steadier peak pres-
sures when scavenging air pressure is reduced.
Zas 20 20 24 = JtAUE

8 11-31B &0 =0
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1st Stage

400 psig
marker
Discharge Pressure

352 psig

- Pressure-Time Curve

100 psig .
marker § Suction Pressure

115 psig

08 11-32 248 E5 WSS I 2S5 45)| AU YY-AL B

Discharge Pressure

, Pressure-Voluma Cut

Suction Pressure

line separation = 59.3 psi

HE IHP = 182 CE HP = 205
HE Vol. Eff. = 0%  CE Vol. Eff. = 85%

Compressor: IR KVG 14" cylinder diameter
Speed 330 rpm

Protlem: Failed discharge valve on head end. No significant change in discharge iemperature
but a significant reduction in interstage pressure, Engine load remained normal.

08 11-33 32 &5 g SMe 448 20
pr
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5. D10 BES) & (Gear Drivers)
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Of
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STAGE 4

COMPONENT #TEETH RPM Hz
Stage 4 25T 49,270 821.13
Stage 3 277 45,620 760.30
Stage 2 32T 38,490 641.51
Stage 1 42T 29,325 488.75
Buligear 344T 3,580 59.68

GMF = #Bulligear Teeth X Bullgear RPM = #Stage 1 Teeth X Stage 1 RPM

GMF = 344T X 3580 RPM = 29,325 RPM X 42T

GMF = 1,231,680 CPM = 20,528 Hz

O 11-35 40429 & Assembly Piniondt %28l 2J12=J]2| Bullgear

e f,= GEARNATL
w FREQ.
i ' [}
; A, b 2= SIDEBAND
nd n L L 1 FREQ.

8 11-36 J10f Ol OtE S LiEtH=E ABEY

GMF

= X GEAR
=— 1X PINION

5.2 J10 Ol&ol JiH&l BAET
(Significant Load Imposed on Gear Teeth)
J8 11-372 W20 28l JI 0|¥= LIEtW = SpectrumOICt. GMF XHAl

o
= JI0i0l Jtoll&l Sot0l CHESl 21Ze HoF UCH =2 GMF =2 BHEAl J10f
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5.3 JI 1R % Backlash (Gear Eccentricity and/or Backlash)
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5.4 D10 #2| REF) (Gear Misalignment)
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[ GOOD
3 CONDITION
- TOOTH

IMPACT

WITH EACH

REVOLUTION 4 CRACKED OR
BROKEN TOOTH
TURNING 600 RPM

8 11-40 £E2 o8 Z€ £= JHE D101 oIl Cheh Al2t el Hlw

=

5.6 Hunting Tooth Problems
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Rotor Bar Properly
Passing Current To
Shorting Ring

Broken Rotor Bar Causing Localized
Heating and Causing Noticeable Increase
In Current On Adjacent Rotor Bars

(And Generating Fp Sidebands Around 1X RPM & Harmonics)

18 11-46 Rotor Bor &&tet & Rotor &= LIEIH Rotor

A1 71AE s 54 2 &4 — 545
Ring)2 2ZAA #& ASI12 DXL} 3NMNE LIEIH 2A00ITH ISEAHZ2 018
ot Utst 2 &JIEe Z2HE BAg = Ul
DEI EY, HEAM Y HA0I=, s BHA SIEXOIE 53)
S| ESIIAML 2HE « A5 MSII0AS 2HS
E23 Pulsell ZH=
SIS 27ds IS0 Qs A
Ol2 &= MHA =000 28 MO & 2HE
SEXe SHMESNXALE 2L S Rotor Bar F&= =Hetsh, Rotor A&l et
Rotor Bar2? 0|2 S)
Ny =120 F = SYNCHRON. SPEED
P
Fg = Ny - RPM = SUP FREQ.
F, = (F)(P) = POLE PASS FREQ.
RBPF = # ROTOR BARS X RPM
WHERE:
F_ = ELECTRICAL LINE FREQUENCY
APM = ROTOR SPEED
N, = SYNCHRONOUS SPEED
Fs = SLIP FREQUENCY (N, - RPM)
£, = POLE PASS FREQUENCY
P = # POLES
RBPF = ROTOR BAR PASS FREQUENCY
8 11-45 &KX, 3|™XL, Rotor Bar &= & AH&ES LIEMH K& A3
Shorting Ring Rotor Laminations
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(a) FL = ®BHE == (60 Hz = 3,600 cpm)
10 F,
(b) N, = P

O4JIM Ns = Slip0l 8l SI15%(rpm)
(c) Fs = Ns - rpm

O{JIM Fs = Slip Frequency (cpm)

(d) Fp = (# Poles) x (Slip Frequency)

0OdJIAM Fp = Pole Pass Freguency
= MI|Mol 2EHMESS =ME UEUW=sE SR8 =00 0
=2=0 82 2 Fs, 84X 3,600 rom &S
=430 B 4 Fs, daHQ 1,800 rom dST
=632 B 6 Fs, 2&HQ2 1,200 rpm &S|
(e) RBPF = # Bars x rpm
0iJIM RBPF = Rotor Bar Pass Freqguency

# Bars = Rotor Bar £

(f) Air Gap = &=019 2H 2 DA X ALOIS Gap
(9) Magnetic Center = D& 2E XHAHDF WSS X L 2EIF EHX= X
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8.1.2 E#T #& (Armature Assembly)
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8.1.3 Eiit BEMRS F# [FIE (DC Motor Operating Principles)
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Permanent Magnet
Field Pole

Armature

Commutator
Segment

Permanent Magnet
Field Pole

POSITION 1

g 11-71 g3 =g

8.1.4 Bt BF %4 (DC Power Generation)

Az d3J =J| WA B3I 25 A5 2HIIU Battery2 dF7 MRS
=oAL XA Z WF I ol AEAH ol et 7 M358 =2
gt otLlet AF &II0 et =& EXEez2 =20SH UL, A7 dE =3
Of EUHE DXt 22 &Y SEUME B 83| HZE N7 YANI(MG sets)
£ AME0dliU &2 SCR(Silicon Controlled Rectifier) 228 AIZ0ot XHELZ
F MIAS MASGHA ZIUACH

i %0l 220 80 dUEe2 |X 22t le SRet ZE0l AT 3K
SCRE AtEdotH gt AF M0l HSHXOK 6JH2 SCRES ALE5tH Ml 2Eg MR
0l &FSO&CH (O 11-72 #X). &= 012 WUHlM= 60 Hz =M= AC HRS
olZg = AL 3o JE2 08 11-722 20l 22f 120" & X212 342 HEE
JFRID ACH  3JHSl SCRZ 34 MRS vt FRJRoE X ()2 MEL =0
(28 11-72 Ex). 0 Adge A7 dF LEL SAE el 28 8F]E
scIH 8t Bt} ARE AF{ dF0l= 3x60 Hz(3600 cpm), = 180 Hz(10,800
com)dt 22 HIg2 W0l LMsCt. 0l 22 =1t (10,800 cpm)= Bt AR
3|29 SCR S E(82 SCR ==)2MH &S =FIIE ASB56t0 2 == ACH 692
SCRE2 A28 dII EF3IZ0 M= 6x60 Hz(3600 cpm), = 360 Hz(21,600 cpm) &
SE(Firing Rate)0l ZAE 18 11-7201A2F 201 60" RA&0| HHE WSMIL LM
St MO E]E AC I (-)R2S FR0HH (+) IDIE22 HIRW =0 MIHEO0
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3600=7200 cpm)0l £=&& A 2ot & HO0ICH O 11-740AM 1JHS SCROI &
&g 3600 cpm@ 229 E5201 &0

HdSI| SME MM =0 €801 A= 2A0ICH

2

A

-/

jas
o
o
o
alo
09
e
Bl

=
[=)

o

==
=

ro
1A

=
TT

AL

A+
——— {—+—+—+—+—4 Single Phase AC
A-
A+ B+ C+
! ' n I ! {4 Three Phase AC
B- C- A-
|<-120°—-l
A+ B+ C+
Halfwave
lI%l{l!lilleectiﬂedAC
60°
B- A+ C- B+ A- C+
Fullwave
YA Rectified AC
1/60 of one second or one period of 60 hertz
fe——— divided into 360 degrees ———9{

J8 11-72 &IJ1HQ UItE

uim



572 — A1A AFY 7|E s

Tach

v 7
7 T
S 7 DC Motor \
CB Constant
Voltage Pot

Comparitor
/ Card
Three D D D
Phase
AC SCR Firing Cards
_ Low Voltage
— ~—— AC High Voltage

— = DCHigh Voltage
a8 11-73 dgH 22 Bs IJtEY 142 SCRA
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Commutator

Phase 1 AC Phase 2 AC Phase 3 AC

A
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| —  S—

DC Motor = — — —SCR1=SCR2e =—SCR3==5CR4+= -—SCR5==SCR6

bl LT L

Firing Card 1 Firing Card 2 Firing Card 3

i

Control or Comparitor Card

Motor Tach Voltage J L Accel /Decel. Control

Speed Centrol Potentiometer Processor ParametarsVariances

—— Low Voltage —_—AC High Voltage — — DC High Voltage
8 11-74 NI BRslzz & JIIEY 2JH2l SCRY = 6JH2l SCRO| H=&
A= UM M=

8.2 kB A= S8 ER BERA 1 HE KK MEE HH (DC
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Motor and Control Problems Detectable Using Vibration
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Analysis)
a8 11-750 =439 242 Sl &€ = U= E Al 2AHst A7 8=
J12t O MO HSHAMe 2MES LIEHLRACH SCRZ NHOUEeE HF A2 &=
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com (60 Hz) = 10,800 cpm(180 Hz)nt Z2Ch. 18 11-7601 I HFRIIZ(6IH2
SCR) &% Xt TN U= S MSI|Q MEXOl HJALME s AHEZHO| LIE
LE AJ20 21,600 comUIAMel SCR &S FIt= 3AJIJt 0.08 in/sec 0l F==dteH=
o QEZXFN US). 28012 SCR FI==(3IH2 SCRe &L 21,600 cpm, 6IH2l SCR
o B2 43,200 cpm)UIME O 3|0t LIEHE 240IXI2H O =2 240ICK
0.0170.02 in/sec 2Ct &S 242). 0| 2xSCR FL20AM s AHEZHS X UHgt0l
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D. SCR £, SCRO| ®@sh7I, Aoj7h=rh @2 AfuEsd aanEe
s AEEt BBT 4 AUAF F45 2 SCR FEF5
€ o g od EHTAEAN FAC A5 LTS A 60
TE| P T |rreg SCR% A o] 5 = X1L*1%7]9] A5 1718 s
Lﬁl i : Iy x 2(Fe) 5FelA e AEA7 AR FL

1 A @A B, 21, 4Ry 7oA 5B, Farel AR A5 o)
LrEbA] golok dhthE Aol T

w4 dg So wACE 2Ad 5
EL Al st 1 e
ek 2k ols gAAE] 9
o old Foighe AL

E v 7t= Hlw7l=7} &33hd rpme] & =
- SIDEBANDS LIKELY EQUAL | Q] T}, o] &= x%}&4:9] cg;ﬂx]a 2 9 ) A E)
TO SPEED VARIATIONS >
3200 LINE SPECTRUM SOR FREQ. Sdde W2 AY mpmE (W3
A sl Ee FFT7 42
A7 A el ols) 4d %+ ek

1X RPM

2X RPM

2 oRE 9843 FuEBPFO) Hiol BAYE dde oy
= OIFFERENCE FREQUENCIES 1~ I - 5 A71HQ0 FER g wojd Fluting TR S
S0 | oF 2= glom] o]¥ Flutingo]l Wlelg el W& 2 ¢& Fwd o
x 1600LINE Akl ZA7 7hssth diZl Aol < 100,00001 4 150,000
| SR L | com ® sl o]y FusEol vehd sloln AY onE

TBOKCPM | o}y YA E A FHEY] Woly OB 2 IB 4L =4
1,600 Lines SiAF5=2] 180 kepm == E o] T Q3ht},

b 1X RPM
RPM
N

FH

a8 11-75 A5 83012 O MoHSe o &8s &H



IPS Peak Lin

9.20e ]
9.175
8. 150
s ]
@.125— g
= w
a 100 IPS )
0.100 o z
= £
‘ o
Q@.075~ 5
@©
3 7 N
@.050 ™ l
@
(==
Q
‘DN
Q.0825 =]
a2
rvh, P R B_
8.0 T pes
6. 600G, 60 J.zmae.e 18GG4. QA 2498680.0 380G00.9 91’8255"
cP RPM = 1650.90

18 11-76 o8& = SCR ==lt= &%2 X & A2 SCR 212 AHEH
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08 11-758B AHEY a2 ML SHIF 20E U EXAHS 2
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20| SHMELIXE 2Ot HE
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2 AHEY FA0IH WM dsXI2 37|
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