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The performance and vibration of a screw compressor are closely related to its rotor profile. However, it is
not clear how profile functions affect them. In this paper, general characteristics of profile function are made
clear and their application is shown. Based on the characteristics, a program which calculates the
performance, design dates, etc in a short time, has been developed.
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Technology for Reliability Improvement of Oil-flooded Screw Compressors

'\
OO0O00%ooo
Dr. ShOji YOSHIMURA

In large size and high pressure oil-flooded screw compressors, some problems occur. In order that large
force acts on the rotors, impact vibration between the male and female rotors is induced and large force acts
on the bearings. The process gas and lubricating oil are in direct contact with each other in the compression
pressure process. Also oil viscosity falls. To overcome these problems, some new technologies have been

developed.
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FEATURE : Compressor Technology

gooo

oboboobogboobod

Perforated Panel Type Silencer for Screw Compressors

oooo® oooo®
Yasumasa KIMURA  Zenzo YAMAGUCHI

.;-

ooooRe
Toru SAKATANI

The new type silencer using perforated panel for sound absorbing structure was developed. The sound
absorbing effect caused by the micro hole in a thin panel was applied to a silencer. Sound absorbing
structure by a perforated plate doesn't have as much a bad influence on the environment as acoustic material
of conventional fiber-form, and there is durability. Since this perforated plate type silencer is used for oil-free

screw compressor, a practical example is introduced.
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Table 1 Dimensions of the perforated panel

Panel 1 Panel 2
thicknessl mmO 0.8 1
hole diameteld mmQO 2 2
porosity) 0 O 2 55
densityl kg/m°0 1.2 24
sound velocity] m/s0 340 422
length of backing cavityl mmO 950 10, 20
sound levell dBO 70, 80, 100, 110 160
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FEATURE : Compressor Technology

gooo

100barGU O OO OOOOOOOO
High Pressure 100barG QOil-flooded Screw Compressor

gooon©
Yasushi AMANO

Kobe Steel has developed a high pressure oil flooded screw compressor. A discharge pressure up to
100barG is achieved by using original rotor technology, larger bearings, and special mechanical seal. The
compressor, with its high performance and reliability, is suitable for fuel gas boosting, in particular, for
highly efficient gas turbines. The compressor is expanding its applications and is practically used for
desulfurization of fuel. The compressor's application is expected to grow further.
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Table 1 Basic specification of 100barG oil flooded screw compressor

Max. working discharge pressure (barG) 100

Max. working suction pressure (barG) 100

Casing design pressure (barG) 115

Capacity range (m’/h) 200 [J 20,000
Rotor material Forged steel
Casing material Cast steel
Mechanical seal Sic O SiC

Bearings : Radial Babbittes sleeve type
Thrust Tilting pad type
Capacity Control Step less 100 00 150
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Fig. 2 Construction of 100barG oil flooded screw compressor
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Fig. 3 FEM analysis of casing stresses
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World's Largest Capacity Oil-free Screw Compressor "MODEL KS80"
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Large capacity oil-free screw compressors are mainly used in petrochemical plants such as styrene
monomer, and linear alkyl benzene plants, where suction and discharge pressures are relatively low and
large capacity is needed. Recently, these plants have tended to become larger and the requested capacity to
the compressor also has tended to become larger. To satisfy such a market needs, we have developed the
world's largest capacity oil-free screw compressor "Model KS80" by using the design technology and
manufacturing technique of the large screw compressor. In this paper, the design concepts and features of

"Model KS80" are introduced.
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Table 1 Comparison of theoretical displacement volume at same

tip speed
Specification KS80LZ KS63EX
Male rotor speed (rpm) 3,675 4,570
Theoretical displacement volume (m’/h) 96,000 80,000
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Micro Steam Energy Generator

oooogeo
Hideaki KUWABARA Makoto NISHIMURA Masaki MATSUKUMA  Takayoshi MATSUI

oooo-®

ooooger

ooogoe

Small-sized steam plants are widely prevalent in the industrial world. In such plants, change of steam flow,
small amount of steam, and low-pressure steam prevent energy saving. For this reason, a screw type small
steam generator has been developed, which is called "micro steam energy generator". This machine enables
effective use of steam in small-sized steam plants and promotes further energy saving and CO, reduction.
This machine has improved power output, which is 132kW and 160kW. It also has two specification, one is
the high pressure difference type and the other is the low pressure difference type. Furthermore, 5801 7401
of efficiency was realized in the 13200 160kW class steam turbine. The test results of this generator are

shown in this paper.
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Table 1 Standard specification of STEAMSTAR®

ITEM MODEL M.S.E.G. 132L M.S.E.G. 160L

. Pres. (MPaG) 0.2000.95
Supply condition

Max temp (O) 210

Exhaust pressure (MPaG) 00 0.5
Max differencial pressure (MPa) 0.6 or 0.75
Steam flow (t/h) 105
Output of power generation (kw) 801132 801 160
Power voltage ) 400/440
Control method Pressure control by a inverter
Power generator IPM synchronous generator
Dimensions (mm) 2,604x 1,335x 2,005
Weight (kg) 2,880
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FEATURE : Compressor Technology

gooo

Jobotdodboobotdbotubuogn

High Performance Large Class Oil-free Screw Compressor

gooo®
Kiyonori IZUTANI

High performance and energy saving equipment is required, because of the growing interest in
environmental issues. Therefore, Kobe Steel has developed the high performance large class standard oil
free screw compressor; Emeraude-ALE. This report introduces the new compressor which combines high

efficiency, economic and reliable functions.
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0100

Table 1 Specifications

TYPE ALE305W

|

ALE340W

|

ALE370W ALE370WE ALE400WE

Frequency

50/60

Motor output kw 305 \ 340 \ 370 370 \ 400
Discharge pressure MPa 0.69 0.93
Discharge air volume m’/min 56.9/56.9 63.5/63.6 69.0/69.1 56.8/56.8 63.4/63.5
Shaft power kw 304.1/304.4 338.8/339.0 367.8/368.4 357.7/357.4 396.3/397.1

Dimensions (Wx Dx H)

3,500x 2,000x 2,400

Weight (3000V type) 7,700

kg

7,900

8,200 8,200 8,500

04 000000000000000O00O0O ALE
Fig. 4 New large class oil free compressor Emeraude-ALE
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Previous capacity control
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FEATURE : Compressor Technology

goobooo
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Inverter-motor Driven, Water-injected, Oil-free Screw Air Compressor;

EmerauDe- Aqua® Series

oooor
Toru NOGUCHI

ooooag®
Junichiro TOTSUKA

Kobe Steel has developed a series of oil-free screw air compressors; the EmerauDe-Aqua series, which uses
water injected during compression for sealing and cooling of elements. Each compressor employs Kobe
Steel's original non-contact screw, along with an IPM high-speed motor driven by an inverter and connected
directly with the screw rotor, so as to assure high performance for a wide range of flow volume.
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Fig. 1 Inverter machine shipment ratio in our medium-class oil
injected screw compressor
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Table 1 Specifications
Type EA400AD-VS EA650AD-VS
Free air delivery (m*/min) 3.704.0 6.200 6.5
Discharge pressure (MPa) 0.6900 0.59 0.6900 0.59
Rated motor power output (kW) 22.7 37.7
Noise level (dBA) 62 65
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Fig. 3 Cross sectional view of EmerauDe-Aqua
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FEATURE : Compressor Technology
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Large-sized 2-stage Oil-flooded Air Compressors
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Toshiyuki MIYATAKE ~ Terumasa KUME

Today, superior energy-saving characteristics of the compressor are demanded in increasing awareness of
environmental issues. Kobe Steel has developed the large-sized 2-stage oil-flooded air compressor Kobelion®-
LT/ST series which has superior energy-saving characteristics. In this paper the main feature and key

technologies of these compressors are introduced.
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Table 1 Specifications
TYPE LT3060W | LT3810W | LT4070W
Discharge pressure | MPaG 0.69 [0.83]
Frequency Hz 50/60
Discharge air volume [m*/min 30.5/30.6 38.1/38.1 | 40.7/40.7
9 [27.8/27.7] [34.1/34.1]|[37.2/37.2]
Output kw 160 200 220
Motor
Voltage \% 3,000/3,00013,300
Dimensions
(Wx Dx H) mm |3,200x 1,500x 1,980| 3,300x 1,565x 2,080
Weight kg 4,200 5,100
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Energy Saving High-speed Screw Brine Cooler

o

Eiji KANKI
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Energy saving high-speed screw brine coolers driven by inverter control have been developed. By adopting
a new control method of linking the compressor speed to the compressor suction pressure, 4000 more
cooling capacity can be generated at 0 3500 brine temperature. Furthermore, 3500 energy saving can be
achieved at 5000 part load compared to our conventional brine cooler. This machine can be used for a wide
range of brine temperatures from 050 to 0550 and for applications of freezing food, freeze-drying,

environmental test rooms, process cooling, and more.
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Table 1 Comparison of perfomance between iz and conventional machine

anvent'.onal iZ series Comparison Remarks
H series
. i 50Hz 83.9 124.7 490 increase Comparison of 75kW motor
Cooling capacity (kW) - CHET D 407D 400
60Hz 100.8 124.7 230 increase
500 load 85 50 Improved by 3500
Part load power (O)
700 load 87 70 Improved by 170
Refrigerant HCFCR22 | |\ Ra0aA refrigerant | 2870 0Zone depletion | ooy oo ilated from 2004
refrigerant coefficient

Environment Low noise O

Lower by 3 to 6dB than the conventionals (top in the class)

Safety O

Remote observation,
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Foreseeing trend of operating conditions,
sensing the advance warning
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Gas Energy Recovery Radial Turbine Generator System

oooo®
Osamu MATSUTANI

Gas energy recovery power system is an eco-friendly system which produces lower CO, emissions by using
gas pressure difference. It is expected to be wide spread in future. Also, our radial turbine plays a key part in
the technology of power recovery. This paper introduces this energy recovery system, our unique turbine
technology and furthermore items to be considered for future sales expansion.
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Fig. 3 Photo of gas energy recovery turbine unit and 3D-CAD drawing
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Fig. 4 Flow of gas power generating system for Keiyo Gas Co., Ltd.
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Table 1 Specification of gas energy recovery turbine unit for Keiyo Gas

Item Spec. Note
Stage 2 GRT250+GRT310
Gas flow (Nmzlh) 30,000 10,0000J 30,000 variable operation
Turbine inlet
Pressure (MPaG) 3.9
Temperature () 83
Size 150A(6B)
Turbine outlet
Pressure (MPaG) 0.9
Temperature () 6
Size 250A(10B)
Rated power (kW) 830 @Terminal
Unit size (m) 6.5% 2.6x 2.2 | Seal gas unit is separately installed
Unit Weight (kg) 25,200 Seal gas unit is not included
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FEATURE : Compressor Technology
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DH Cycle Gas Compressor for Polyolefin

gooon©
Hiroaki TANAKA

According to the recent growth of polyethylene (PE) and polypropylene (PP) demands, lots of plants have
been constructed and are still being planned. Furthermore, plant capacity is increasing year after year to
achieve high plant performance. Kobe steel has developed and improved compressors to meet the
requirements through the years. This paper reports on the cycle gas compressor that is one of the most
important apparatus, especially for construction; its special features and also describes prospects for the

future.
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Table 1 Reference list of model DH for polyolefin plant

Delivery Area Plant Model Drg/tle(rv\r/amtmg
2006 Russia PE DHOM 3560
2006 Germany PP DHOM 1650
2006 Germany PP DH7IJM 1500
2007 Korea PP DH7IM 3450
2007 Korea PP DH7JM 1100
2007 China PE DH9M 5100
2007 Korea PP DH7IM 1300
2008 Thailand PE DHOM 4550
2008 Austria PP DH7JM 930
2008 China PE DH9M 5000
2008 Thailand PP DH7JM 1200
2008 Thailand PP DH7IM 4000
2008 Saudi Arabia PP DH7JM 1400
2009 UAE PE DH9M 4400
2009 UAE PP DH7JM 3250
2009 UAE PP DHOM 2800
2009 China PE DHOM 4900
2009 China PE DH9M 5510
2009 China PE DH9M 4900
2009 China PP DHOM 6000
2009 China PP DHOM 1750
2009 China PP DHO9M 1380
2010 China PE DH9M 4900
2010 China PP DHOM 1550
2010 China PP DH7IM 2950
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Fig. 1 Typical polyolefin plant process
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Table 2 Typical specification of compressor

Model ; DHIM .
(Single stage barrel casing type)

GAS Hydrocarbon, Hydrogen, Nitrogen
Suction volume (m*/h) 57,290
Suction pressure (MPaA) 2.50
Suction temperature @) 85.00
Discharge pressure (MPaA) 2.67
Rated speed (rpm) 2,977
Driver type Induction motor
Driver rated output (kw) 5,100
Shaft seal Tandem dry gas seal
Capacity control method Inlet guide vane device
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Fig. 2 Example of model DH
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Fig. 3 Construction of model DH
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Fig. 4 Example of flow analysis of impeller
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Fig. 5 Dismantling of rotor assembly from compressor casing
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Fig. 6 Example of Dismantling of rotor assembly
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FEATURE : Compressor Technology
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Integrally Geared Centrifugal Compressors for High Pressure Process

Gas Services

gogoogee
Yoshitaka BABA

oooo®

Keiichi SAEKI Hiroki SANARI

oooooes 00009 %ooo
Toshihisa SHIBATA Dr. Michiya KUROHASHI

gooogees
Mitsuhiko ITO

The High Pressure SUPER TURBO, an integrally geared centrifugal compressor for high pressure process
gas services, has been developed. The compressor design was modified to acquire maximum stability of the
rotor for high pressure application, and the analysis result met the requirements of API standards. The full
load running test was performed over 80Bar discharge pressure, and confirmed enough rotor stability by
verifying low rotor vibration and low temperature rise of bearing pads. This result has expanded high
pressure application coverage of integrally geared centrifugal compressors, and could be applied to the main

market of process gas services.
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Fig. 1 Outside view of test machine
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Table 1 Specification of test machine

Integrally geared centrifugal compressor

Type (Model : VGP150H)
Application Dry air booster
Gas Dry air (MW 28.96)
Number of stage 2
Suc. pres. LP: 28.1 / HP: 52.1 (barA)
Dis. pres. LP: 52.2 / HP: 81.0 (barA)
Suc. temp. 40/40 (O)
Speed 27,900 (rpm)
Motor output 2,900 (kW)

Shaft seal

Tandem dry gas seal

LPO Low pressure stage, HPO High pressure stage
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Fig. 2 Comparison of rotor design
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Fig. 3 Tilting pad journal bearing
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Table 2 Rotor hammering test

Eigenvalue (Hz)
(free-free)
Measured value Calculated value

333

1st mode 343 ©7.10)
692

2nd mode 690 (100.30)
1,343

3rd mode 1,339 (100301)

Calculated

1st mode
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Fig. 6 Comparison of mode shape
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Table 3 Records of runnninng test

O O O O
Item Unit Rated Near Middle Max.
surge point flow

Motor input (kw) | 2852.8 | 2387.7 | 2619.5 | 3077.6

1 Shaft vibration LP-H (p) 13.4 10.8 117 16.7

Shaft vibration LP-V (u) 125 10.2 11.0 13.9

Shaft vibration HP-H (M) 15.8 16.8 15.9 16.0

! Shaft vibration HP-V (u) 14.2 15.3 14.1 14.2

Supply oil temp. at comp | (O) 41.6 415 415 415

! J-bearing temp. LP @) 63.2 62.5 62.8 63.2

J-bearing temp. HP @) 68.7 65.9 67.3 69.9

LP stage suct. press. | (MPa)| 2.883 2.690 2.747 3.016

LP stage disch. press. | (MPa) | 5.400 5.211 5.277 5.459

HP stage suct. press. | (MPa)| 5.379 5.199 5.262 5.432

HP stage disch. press. | (MPa) | 8.010 8.081 8.055 7.790
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Table 4 Mesurement of gas thrust force

Measured value (KN) Differential *
1st trial 174 0220
2nd trial 18.0 J5.50
3rd trial 17.8 04.20

& Caluculated thrust force : 17.1 (kN)
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10 API STANDARD 617 SEVENTH EDITION, JULY 2002.
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s 000000 FEATURE : Compressor Technology
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Reciprocating Process Compressor

Sla "/
gooon©
Naoki AKAMO

In order to improve energy consumption, plants, such as oil refinery, petrochemical, energy and gas
industry, are getting larger and process operating pressures are increasing. This paper describes the
features of the heavy duty reciprocating compressor used for oil refinery and cryogenic serviceJ and recent

technology of the step-less capacity control device.
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Table 1 Typical application of reciprocating process compressor

O 0 0
Application Make-up gas LNG BOG BOG booster
compressor compressor compressor
Model KR70-4 KR50-2 KR60-4
No. of stage 3 1 3
No. of cylinder 4 2 4
Cyl!nde_r Lube Non-Lube Non-Lube
lubrication
Gas composition H, CH, -
(mol. weight) (2.3) (16.1) (-)
Capacity
(Nm*/h) 75,300 20,800 20,800
Suction
press(MPa) 1.8 0.01 0.35
Suction temp. 0155
@) 4 (01000 O 1590 030
Discharge press
(MPa) 195 0.4 9.8
Motor power
(W) 5,400 700 3,000
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Fig. 6 Rod drop monitoring system
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Shapematic® Roller and System for Strip Rolling Mill
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Haruyuki HOSOKAWA Toshimitsu TAKAHASHI  Kenichi UESUGI Masato TANAKA

In recent years rolling material has become more highly resistant to deformation and thinner, which causes
difficulty in stable mill operation; requiring flatness measuring high-accuracy sensors and its control system.
Since 1984 we have been supplying the* Shapematic Roller” as the flatness measuring sensor and the

“ Shapematic System” as the controller of the rolling mill based on flatness; receiving just evaluations of high
accuracy and reliability. The' Shapematic System” is now applied to various types of rolling mills along with
our unique technology and close follow-up for the customer.
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