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* asEnusauuugasn (Fretting wear)
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FloTuausy cyclic contact stress and repeated rolling and/or rolling-
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Typically 20~100 um
(0.25¢~0.35¢)

Note: ¢ is the half width
of contact length.
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1} Crack tuhiation as a result of tabgue processes  2) Pnmary crack propagation along shp plane
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3) Secondary crack imhation 4) Secondary crack propagation and formation
of wear particle
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Cracks propagating along Deformed
boundaries of hughly lamellanzed
’ / grain structure

Moderately deformed
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grain structure

a v ai a tdl 1 1A dl o a dld tﬂl dl
nainsaafainannslasugliauunlinugting AL INIAINNINASATRIHR N AN S A ABUNWLIL
NHUNAS




We are

Engineers’

E:"..Eltmg Lusdsricant
-~
Crack opemng under

EHL flm traction force
e S TR 0 R (LA A AT S e L
_ Tr.m:“llrI--n-l’v-u'rn1 Y L .‘\:\_"j‘\_{_x

it i LA : E‘{;“-'h-,.

Sy | b3 i) 3
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Chistance from contact surface
Max shear stress = 0.30 Pmax at z/b = 0.786



Wear volume 3
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s ] . Mild micro abrasive wear
F " I Mild polishing wear
» Time
Running-in, Steady-state operation with smooth surfaces Rolling contact
mostly and stable vibration level fatigue increasing
reducing vibrations
vibrations
Micro pitting 2 Spalling
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Inclusion, etc.
(O =Fe atom

T = dislocation
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Combmed rolling
and sliding

. Stress distributton at and near two contacting surfaces under sliding-rolling conditions.
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MODES OF GEAR FAILURE

- Scoring - Wear — Pitting rPlastic Flow| . Tooth Fracture
— Initial Scoring —| Adhesive H Subsurface Origin Fallure | [T ©old Flow —{ F atigue Breakage
- Moderate Scoring —| Polishing —] Intial Pitting [oeng {Overlioad Breakage
H Destructive Scoring [ Moderate Wear L Destructive Pitting —Rippling
L Frosting — Severe Wear .4 Case Crushing
Abrasive L Surface Crigin Fallure
—{ Corrosive ! Intial Pitting

. — Destructive Pitting
L Frosting [Pitting)
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Tooth Fracture
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Beam Bending Fatigue: (right) This aircraft power spur gear
cshows a fatigue crack caused by stresses at the root fillet.

Beam Bending Fatigue: (left) Each failed tooth started at a
crack that had been in progress for some time. All the failed
teeth show evidence of fretting corrosion and typical beach
marks common to this kind of failure. Undoubtedly one
tooth broke away first, causing an impact that then quickly
broke the remainder of the teeth.
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N15inavaatuliloan . iiesain contact stress NANTUEIINLAE
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Cold Flow: This medium-hard spur gear shows signs of bad surface
deformation due to rolling and peening action. This gear was oper-
ated long after the initial surface distress occurred, resulting in a

. battered cold-worked surface.
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PART DESCRIPTION
NO.

48 | COUPLING

660 | PUMPSHAFT

681 | BOWL DISCH.

670 | BOWL INTMO.

671 | ADAPTER SBM

| 672 | BEARING INTMD.

673 | IMPELLER

677 | TAPER LOCK

580 | WEAR RING-BOWL

590 | BEARING-SUCTIONDISCH.
592 | SAND COLLAR

58 | SCAEEN SUCTION

suCTIoN—"_ |

. -

\ st

&1

690

&70

&72 -

&77

673

L~ SUBMERSIBLE MOTOR

HP- PH- CY- V-
RPM-FRAME

N1SLEYNLVBINAATDIGUUN

Specification of Vertical Centrifugal Pump

No. Stages
Capacity

Head

Liquid Service
SPGR

Flow Temperature
Bowl

Impellers

Pump Shaft

Bowl Bearing

Driver

RPM

Power

: 5 Stages

- 1000 GPM

;332 FT

» Ground Water

- 1,0

: 25 C at Suction

: 31658

: 316 8§/ Closed impellers

- 316 SS (Based on pump data sheet)

: Bronze (PT Badak use Carbon tape)
» Submersible Electric Motor
(PLEUGEUR Manufacturer)
: 2900
TS KW
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Traction Elevator with
Machine Room

Fi

Control System

Geared Machine
Primary Velocity Transducer

Governor

Hoisting Ropes
Roller Guides
Secondary Position Transducer

Door Operator

Entrance-Protection System

Load-Weighing Transducers

Car Safety Device
Traveling Cable

Elevator Rail

Counterweight

Compensation Ropes

Governor Tension Sheave
Counterweight Buffer

Car Buffer
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Where 75 represent the average weight of a person in Kg

Doc+ Upe~ing (0.0)
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. Doce Cpecimg LO) Doar Camning (0.0}
Do Cpmning @ 0)
a) Normal Cabin b) Open through Cabin c) Diagonal Cabin

. Elevator Car Tvpes




Machine/drive system
We are

Engineers. 1. Dc drive:
11.  AC motor:

n.  Variable Voltage Variable Frequency (VVVF) the most widely

a) Geared machine

Figure 2.9 Gearless Machine.

b) worm gear system in geared machine
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Spring Inside
Housing

Spring Inside
Housing

Brake Arm

Brake

Roller guides sliding guides
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40- 50% of the rated load

v A
;/ F‘

| B

1- bearing 2-wedge 3- breaking material 4- spring 1- gear 2-wedge 3-rail

ELEVATOR SAFETY GEAR

AN\

L)

4- spring

. Structural diagram of high-speed elevator safety gear



W Overspeed Governor System Arrangement
e are

Englnee rs | Safetles are activated by a goven?or when the elevator moves too
quickly (1f the car speed exceeds 110% of its rated value as the car speeds up.

@ Governor pulley

Overspeed Governor before and after locking

Counterweight N /

. 40- 50% of the rated load
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Buffers in the pit

Spring Oil Type




We are

Engineers’

= o
avle laeans (Passenger Elevator)

) v 1 =] 1 ] g gy 1
Al lae iisoonidu 3 nguawanuiesn 1w Tdun
a | d 2 o = = 1 a 1 A A a 1
alanuE (Low Speed ) 1AW T0IAY 60 wasaouM viiolszua 3.6 0 lawaiao
o w Y A =1 dafe
¥ Tua ainaglaluemsnimnmea inu 60 1
a (d =] ) = =] ! ! = 9
anlanNmINunaN (Medium Speed) HANMUIGTITLHIN 90 - 105 WATADUIN Una 151

Y

IMINIANNGITLHIN 10 - 25 T

a (o d . r A o
ﬁ%lﬁﬂﬂlllﬁ')gﬂ ( ngh Speed) llﬂﬁ]w!ﬁﬁ]ﬁﬂl!,ﬁ 120 mmmmwuu”lﬂ uﬂﬁ]ﬂﬂummﬁm

Y
. ANUAININNIT 25 ¥U



We are . A0E19ANANAUALAA
Engineers

91ANSNNBNAY 27 YU

aNANVUIN 1000 kg AAINLSD 2.5 m/s

nouingUAMAaNABETU 1 A&II

AR5 URaUnRu YUY 27 1 Feunne
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Tablel. The chemical analysis results

s TR o S Si Mn P Cr
N 0.096__ 0.005 0.20 0.Aa% D016 0031
S O = = = et (i =
| 9010 0.010 0.10 02s  Joois, oo

it ;
L :

= == n R AR “ i

ba=hs
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T Gantry track

S9UNNILUBIAIN cyclic stresses

¥ Central Tread s
Surface ey
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flow patterns auug1Tunaliig
52UULANSI2 LULUINGRIN




We are

Engineers’
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