HITACHI

Inspire the Next

Centrifugal Compressor

jal Compressors




CONTENTS

Compressor Line-up
Vertically Split Compressors
Horizontally Split Compressors
Pipeline Compressors
Overhang Compressors

dn-aui Jossaidwo)

Components
Casings
Diaphragms
Inlet Guide Vane (IGV)
Rotors

sjusuodwon

Bearings

Seals

Oil Systems

Control System

Seal Gas System

Magnetic Bearing Control System

a
(2]
@l
=
QO
Q.
=3
@
%)

Design Automation System
Process Dynamic Simulation
Nozzle to Nozzle Flow Analysis

Rotor Dynamics Calculations
Packaging with 3-D CAD

IAIBS S8[eS-Iely

Test Facilities

Hitachi a world leader in the manufacturing of heavy industrial equipment, electronics, and consumer product,
maintains our strictly controlled quality standards to offer every customer a superior product. Retrofit Services and Upgrade Compressor

Hitachi has been designing and manufacturing centrifugal compressors since 1910, and has delivered more than 1000 Training
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casings to satisfied customers all over the world.

Applications
Oil & Gas
Others

Hitachi, through aggressive R&D, has developed many improvements and many of it’ s own innovations in compressor
design by use of technology including performance, rotor dynamics, and shaft seal system. We always improve our
compressor technology and quality by using a fully computerized design automation system.

Hitachi’s advanced centrifugal compressors have excellent reputation for high performance and high reliability and are Model Numbers
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now working as key components in various plants around world.
Hitachi, having carefully developed its own full design capabilities and having a long supply record can meet

customer’s requirements for any worldwide project.




Compressor Line-up

Vertically Split Compressors (BCH)

Vertically split casings such as barrel type are applied when the partial pressure of hydrogen exceeds 1380 kPa in
accordance with API 617 and/or high-pressure service.
Wall thickness is selected according to pressure. Forged or, in some case, welded construction types are available.

As the vertically split casing is constructed to withstand high pressure, the head covers are bolted or secured with a
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shear ring.

The bottom section of the bearing support is fixed by bolts and knock pins to provide high rigidity as well as resistance

to vibrations. The bearing, however, can still be inspected without the head cover, as with horizontally split casings. T — " ';7 J __ Vertically Split Compressor
All internal parts can be removed axially without touching the casing, to which the main piping is connected, by simply '

removing the head cover.

This type is identified by the letter “B”, such as BCH, 2BCH, and BCH/A.

BCH804 BCH458
ATM Compressor Recycle Compressor

BCH802
Booster Compressor

3BCHBO7 BCH451
Propane Compressor Low Temperature (-165TC) Methane Compressor

3 4

Hitachi Centrifugal Compressors

Hitachi Centrifugal Compressors



Compressor Line-up

Horizontally Split Compressors (MCH)

Horizontally split casings, for low and medium pressure, can be supplied in welded steel structures and/or cast steel to
meet duty, service temperature and other gas requirements.
Each type feature is sophisticated configuration based on calculations by the FEM analysis.

These casings offer particularly easy maintenance. Nozzles are usually located on the bottom section of the casing,
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allowing easy removal of the upper section simply by removing the casing nuts. Removal of the upper section provides

full access to all internal parts such as the rotor, diaphragms.
Horizontally Split Compressor

Also, bearings can be easily disassembled and inspected by removing only the bearing covers, as it is not necessary
to open the casing.
Horizontally split casings are identified by the letter “M”, such as MCH, 2 MCH, and SMCH.

2MCHB08 2MCHB806+2MCH607
End Flash Gas Compressor Air Compressor

DMCH1406 2MCH606 3MCH457
Butadiene Compressor CO2 Compressor Ethylene Ref. Compressor
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We have developed standardization of pipeline compressors.

In order to optimize the compr. performance in accordance with customer’s request,

Compressor Line-up
Pipeline Compressors (PCH) pipeline compressors are standardized into 3 Frames & 7 Rotors.
The capacity can be covered from approx. 3,000 to 24,000 m3/hr.

This type of compressor has one or more open or closed type impellers. The open-piece cast or forged steel casing is
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designed for pressures up to 100barA and suction and delivery nozzles are located opposite each other to limit thrust 3 Flames Casing Discharse Diaphraem B Cacine ‘ %
loads on the casing. Depending on the driving method used, the casing is either supplied with its own pedestal or / S
o C
flanged to the gearbox. Oil seals are used for shaft end sealing. / 26 ?
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Compressor Line-up

Overhang Compressors

Overhang compressors have single stage with axial flow suction nozzle, which give higher efficiency and wide
operating range. The compressor flow is controlled by inlet-guide vane, suction/discharge throttle valve or by-passing.

Maintenance of bearing can be done only by opening bearing casing without removing the impeller. The impeller can
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be easily removed by using special tool supplied by Hitachi.

There are mainly two types of model for the overhang compressors. One is ‘POB-GH’ type, which is integrally geared

type compressor. Another one is ‘POB-CH’ type, for which speed increasing gear is independently installed. Both

types of compressor meet API6G17 requirements.

Overhang compressors are mainly used for petrochemical industries such as EO/EG plant, propylen plant and etc.

Rotor of POB-GH Compressor

Compressor Casing

gl |
Byl « T

(2

]

POB-CH
EC/EG Recycle Compressor

.

POB-CH
Recycle Compressor
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Components

Casings

Casing is main pressure containing part of compressor. There are two
kinds of casing constructions. One is horizontally split type and the
other is vertically split type. Based on the pressure and the gas
handled, the construction is determined. In terms of material used,
there are three types such as cast steel casing, fabricated casing and

forged steel casing.

Diaphragms

Diaphragms are located in the casing to efficiently convert the
dynamic energy of the gas at the impeller outlet to static pressure.
Also, return vanes are provided which direct the gas flow to the
impeller eye.

Diaphragms are of welded or casting construction, and the return
vanes consist of NACA profile wings. In the case of welded
construction diaphragm, the return vane wings are precision
N/C-machined.

Pressure across the diaphragm differs slightly, but a particularly large
differential pressure may occur across the intermediate diaphragms in
back-to-back arrangement. In the computer design system,
diaphragm deformation calculations are made by FEM with the
emphasis places on preventing contract between the diaphragm and
the rotor, and the labyrinth and the rotor.

Inlet Guide Vane (IGV)

By using IGV, lower starting torque is achieved particularly for
refrigeration compressor without raising motor frame size.
IGV also brings benefit of wider turn down range for constant pressure

service.

5

Inlet Guide Vane (IGV)

Rotors
The rotor consists of shaft, impellers, balancing drum

and thrust collar. The shaft is properly heat-treated and
the impellers and balancing drum are shrunk-fit to the
shaft. Generally, sleeves are placed between the
impellers to prevent direct exposure of the shaft to gas.
Two or three dimensional impellers are manufactured
by applying a welding or diffusion bonding (welding)
(DB) process, machining, or precision forging. The
shape of the gas passage, hydrodynamic design points
and detailed dimensions of the impellers are accurately
determined by computer, based on Hitachi’s proven
optimum design methods. In the case of welded
construction or DB construction, the blades are usually
N/C-machined from hubs, welded parts are limited to
the shroud and blade. Welded parts are subject to
magnetic particle, ultrasonic, radiographic and
dye-penetrant inspections, and heat treatment is
applied before and after welding and DB.

DB is a Hitachi patented technology (PATENT No. :
US5964398) by which easy manufacturing particularly
for narrow tip width impeller becomes possible and
due to which precise dimensional construction (no
deformation such by welding) becomes also possible.
The balancing drum, which reduces the axial thrust of
each impeller, is designed to minimize the residual axial
thrust in all working conditions with due consideration
paid to the force of the coupling. The residual thrust is
borne by tilting pad type thrust bearings.

The shaft end seal is covered with a sleeve to protect
the shaft from damage, especially at points of small
clearance. The vibration sensor mounting section is

machined simultaneously with the journal bearing part

to minimize mechanical runout.

]
Five-Axis Machining of a Mixed Flow Impeller

Rotors with Mixed Flow Impellers

Diffusion Welding Method

Vacuum Chamber in high temperature
condition

Machined Cover Loading
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Components

Bearings
Journal bearings
Tilting pad type bearings are generally used for journal

bearings. For every bearing, rotor dynamics calculations
are performed, including those for rotor critical speed,
stability, and response due to unbalanced mass
distribution, with due consideration paid to bearing
stiffness and damping caused by oil film.

Tilting pad type bearings are particularly effective
against oil whirling and have outstanding stability.
Hitachi’s pads are constructed to allow for adjustment

of the oil clearance.
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Magnetic bearings
Since the active magnetic bearings provide

contact-free rotor support, parts and components do
not wear. In addition, there is no need for a lubricating
system, which improves compressor reliability. With
oil-less operation, the bearings suffer no mechanical
loss. Without a lubricating system and related
components, the utility power required by the

compressor is significantly reduced.

Thrust bearings
The thrust bearings are of the double Kingsbury tilting

pad type for equal distribution of the thrust load and

minimization of mechanical loss.

Damper bearings
Damper bearing is used to dampen the rotor and thus

stable operation is secured. Due to the oil squeeze film
outside of the cage-type spring, the Amplification
Factor of critical speed is well suppressed.

L 1
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Damper bearing assembly

Seals

These serve to eliminate or minimize the leakage of compressed gas from and the entry of air into the compressor

casing. The choice of the seal type is made on the basis of the gas characteristics and operating conditions;

Dry gas seal

Primary Seal
Secondary Seal

Barrier Seal Courtesy of john Crane

Labyrinth seal

(1) Aluminum seal
(2) Rub tolerance seal
(3) Abradable seal

Oil film seal

Journal Bearing

Atmospheric Seal Ring

Gas Side Sealing Ring

(

Conventional Aluminum Labyrinth

=z

A -
Stator Side

G o

Fins on Rotor Side

e W :

£]

Abradable Seal
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Control System : HCCS (Hitachi Compressor Control System)
HCCS has adopted HMI as standard. That consists of redundant PLC, anti-surge/

performance controller and vibration/bearing temperature monitoring system, which

Components

i AT RN

achieves optimized operation and high reliability. Also, the system is very flexible to | TVibratio?&
. lemperature
meet customer’s special requirements. By applying the latest brand new monitor

technologies, human-friendly system is feasible.

HMI Graphics

KON VS courrscn | TTLE

Oil Systems
The lube oil system provides forced lubrication to the journal and thrust bearings.

The seal oil system supplies oil at a slightly higher pressure than the compressor’s internal gas pressure (reference gas

pressure) in case oil film seal and mechanical seal.

Both systems are provided with main and auxiliary pumps, coolers, filters, etc. for continuous operation.

Generally, these systems are designed in accordance with API standards, and all interconnecting piping and valves are
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compact in size and designed to allow access and operation. A — 3
e — — S
These systems are available as separate systems or as combined system in which the lube oil system supplies some V o]
[}

oil to the seal oil system. g
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e | = | =
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Seal Gas System
The dry gas seal requires external seal gas, which shall

be filtered and shall be free of any contaminants that
form residues in order to avoid damage of seal
components. The seal gas system supplies the seal
gas at a slightly higher pressure than the compressor’s
internal gas pressure. Generally the seal gas support

system is designed to control the seal gas pressure, to

Magnetic Bearing Control System
In magnetic bearing systems, the compressor shaft is

levitated in the air gap by controlling magnetic forces of
electromagnets. To regulate the shaft position, the
position signals are always fedback to the magnetic
forces through the signal processors and power
amplifiers. Hitachi has originally developed the

controller design and will provide the panel based on

measure leakage gas, and to detect abnormal this scheme.
condition of the seal. :
Magnetic
Control bearing unit
' b X
Position
Sensor
Standard Eomter
signal P
o Signal
processing
"Electro
) Power magnet
Lube Oil Unit Sensor signal amplifier
O——
Seal Gas Unit
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Nozzle to Nozzle Flow Analysis

Design Automation System
Error Elimination at Every Stage, from Design to Fabrication, Minimizes Operating Problems.

For mission-critical equipment in a plant, such as centrifugal compressors, not even the slightest error in design or

manufacture is permissible. Hitachi utilizes the most advanced design and manufacturing technologies available to
produce compressors of the highest quality and reliability.

Working from order specifications, the Design Automation System automatically designs and organizes the
manufacture of centrifugal compressors, producing everything from drawings to tapes for N/C jobs, This system draws
on years of experience as well as the latest data analysis processes and know-how.

Main features of this computer design system:

® Capable of producing complete, error-free designs based on the latest know-how and calculation processes;

Rotor Dynamics Calculations
@ Short design times, ensuring quick delivery;

The design system outputs data only when the rotor system is
® Besides producing all drawings and N/C tapes, the system is connected to the overall manufacturing process

completely stable through the entire operating range.
control system to ensure rapid, high-quality production.

Calculations are made not only for torsional analysis and lateral
critical speed analysis but also for response due to unbalanced
Process Dynamic Simulation mass distribution, with bearing stiffness and damping, and

CO2 CompressorStart-up simulation occasionally aerodynamic excitations, taken into consideration.
Simulation feasible
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Propylene Refrigeration Compressor Start-up simulation - S . . . . ,
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Real Time Access to Hitachi Shop Test

Test Facilities

Shop motor

snopoesr |, TEST CONDITION
. MONITORING _
SYSTEM <

Under ISO9001 certified quality management system, all through the compressor manufacturing process from material
receiving and to operational tests and final inspection, there are many inspection and test activities conducted. After
assembly work of compressor completed, operational tests such performance test, mechanical running test and/or

complete unit test are conducted on the shop test bench. By using a well advanced and sophisticated test facilities,

long term reliability is secured. All tests can be carried out in accordance with APl and ASME standards.

transmitier Center control
station station
——

TESTLOG

!
[}
@
=
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Q.
=3
o]
)

HJTAF'HI

4;1 ‘
Jc:? ‘-.:_ — TR = . . .. ]

Complete Unit Test

il

BCH804 Satelite Test Bench
] Complete Unit Test with 36MW Motor

¥

On-line Test Control Room
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Hitachi has many experiences of retrofit service and upgrade compressor to centrifugal compressor.
Application of latest technologies, high performance impellers, dry gas seal retrofit, coating system and repairing

After-Sales Services

technologies, can realize reduction of maintenance cost and operating cost. Especially, replacement of compressor
internals can be designed to increase the flow rate and for more large demand of process. Hitachi can offer both new

With branches in many countries, Hitachi is able to offer after-sales services worldwicle: high performance compressors and compressor modernizations.

Our service engineers provide the full set of services needed to support compressor Operation:
In addition to conventional maintenance services, Hitachi prides itself on keeping in CloSeseentact with customers to

[Before]

ensure the prompt supply of OEM spare parts, repair parts, and retrofit services.
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Gas Complessor for

Gas Gathering Plant : y i
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Personnel training is offered as a service for our customers.
Conducted in the shop with the actual equipment and skilled instructors on hand, this training allows your staff to

acquire/improve their basis knowledge and the skills necessary for compressor operation and maintenance.

¥

Assembly of an Abradable Seal-Mounted Compressor
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Y

Y

Applications

Oil & Gas

<
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Separation Gathering NGL Recovery Booster Station
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BCH506/B
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Reinjection Compressor

#Exhaust Gas CO2
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|| . et 0 4 BCHB05/A

0——
MCH807+MCHB08 Gas Compressor

Gas Gathering Compressors

2MCH456+BCH406

Gas Compressors
CO2 Underground
Storage
} Reinjection
| Oil Refinery Ethylene Center Butadiene
i Gasoline
A I > > | ube Oil >
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Applications

Model Numbers

Others

Hitachi’s centrifugal compressors are identified with a 5-block model Unnumbered Straight-through Arrangement

number, thus:
(1) @ B @4 (6) 6
2BCH306/A

(1) This prefix number indicates the compression group type. No =

number indicates a single group arrangement with a single outlet
and inlet; the number 2 indicates 2-group compression with

back-to-back rotor arrangement; and the number 3 indicates a

side stream arrangement.
o , “2” Back-to-Back Arrangement
=) (2)The letters indicate the type of casing: MCH represents a q“p

horizontally split casing, while BCH indicates a vertivally split S \“ .

Seal Water Unit for
Steam Compressor

PEELL W barrel type casing.

3)The letter ‘H’ indicates High-quality, High-performance and I H.“ﬁ .'E;E—

©) gh-quality, High-p ‘ ece— {1 M gﬂ‘lghﬂﬂrﬂﬁl——_
High-reliability compressors offered by Hitachi. ; 7 —

(

(4)The next set of numbers indicates the nominal diameter of the
impeller, in centimeters.

(5)The final number indicates the number of stages. Normally, one to
nine stages can be incorporated in a single casing.

(6)For BCH type compressors, high-pressure models are identified
withe a suffix: /A, /B, /C, etc.
(See examples below).

In addition to the above, there are PCH type compressors, intended

BCH301
Steam Compressor

mainly for pipeline applications. MCH, BCH, and PCH compressors [
are described on the following pages. ‘
1 @ ©

Sample .
3 MCH 100 6 - \
BCH 4538 I (= =y
I = =z
2 BCH 40 6 /A el s
(6) For BCH Type only PSIA | MPaA g

10,000

/AZ 10MPa
/B=20MPa ’

/C=35MPa 2,000}
/D= 50MPa

-
°
=3
S

a
8
SIBQWINN [8PON

Number of Impellers

)
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Discharge Pressure

" " 0 " , " " " 0 " 500: 0001
200 500 1,000 2,000 5000 10,000 20,000 50,000 100,000 200,000  1,000,000m%h

!
BCH302 BCH303
Air Compressor Gas Turbine Fuel Booster Compressor

1,000 2,000 5,000 10,000 20,000 50,000 100,000 200,000 500,000 CFM
Suction Capacity
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Hitachi Compressor World-Wide Sales Service Network (vain office)

U.S.A

Hitachi Industrial Equipment & Solutions
America, LLC

3151 Briarpark Dr.

Houston TX 77042

Email: CCS.Info@hitachi-iesa.com

Brazil & South America

Hitachi South America Ltda.

Alameda Santos, 745-10° Andar,

Cjs.101/102 Cerqueira César,

CEP 01419-001, Sao Paulo-SP. Brasil Phone:
<55> (11) 3284-0922

Fax: <65> (11) 3284-0160

Hitachi-Mycom Maintenance & Solutions
Ltd.

Rua Licatem, 250 Bloco D

Bairro Parova - Polo Industrial

Aruja/SP - CEP 07428-280, Brasil

Phone: <55> (11) 4654-3799

U.K.

Hitachi Europe, Ltd.

12th Floor, 125 London Wall
London EC2Y 5AS, U.K.
Phone: <44> (20)3872 6195

Russian Federation

Hitachi, Ltd.

(Moscow Office)

Millennium House, 12, Trubnaya Moscow,
107045, Russian Federation

Phone: <7> (495) 787-4020

Fax: <7> (495) 787-4021

Saudi Arabia

Hitachi, Ltd.

(Saudi Arabia Branch)

Al Olaya Center Office No. 102, Makkah
Al-Mukarramah Street, P.O.Box 79066,
Al-Khobar 31952, Kingdom of Saudi Arabia
Phone: <966> (13) 896-1462

Fax: <966> (13) 893-1033

U.A.E.

Hitachi, Ltd.

(Middle East Branch)

Office No.301, Al Gurg Tower 1,
Baniyas Road, Deira

P.O. Box 5561, Dubai, U.A.E.
Phone: <971> (4) 228-3617
Fax: <971> (4) 221-1783

India

Hitachi India Pvt. Ltd.

(Mumbai Branch Office)

Unit No.1210, C-wing of One BKC, Plot C-66,
Bandra Kurla Complex, Bandra (E),

Mumbai 400 051.

Phone: <91> (22) 2650-0031

Fax: <91> (22) 2650-0032

Singapore

Hitachi Asia Ltd.

7 Tampines Grande, #08-01 Hitachi Square,
Singapore 528736

Phone: <65> 6535-2100

Fax: <65> 6260-0972

' E1EVAIE]

Hitachi Asia (Malaysia) Sdn. Bhd.
Suite 17.3, Level 17 Menara IMC
(Letter Box No. 5)

No.8 Jalan Sultan Ismail 50250
Kuala Lumpur

Phone: <60> (3) 2031-8751

Fax: <60> (3) 2713-2855

Indonesia

PT. Hitachi Asia Indonesia

Menara BCA 38th Floor Suite #3804 & 3805
JI. M.H. Thamrin No.1, Jakarta 10310,
Indonesia

Phone: <62> (21) 2358-6757

Fax: <62> (21) 2358-6755

Thailand

Hitachi Asia (Thailand) Co., Ltd.
12th Floor, Ramaland Building,
No0.952 Rama IV Road, Suriyawongse,
Bangrak, Bangkok 10500, Thailand
Phone: <66> 2632-9292

Fax: <66> 2632-9299

Philippines

Hitachi Asia Ltd.

Unit 8, 11th Floor Zuellig Bldg.,

Makati Avenue corner Paseo de Roxas,
Makati City, Philippines 1225

Phone: <63> (2) 886-9018

Fax: <63> (2) 887-3794

@ Hitachi Industrial Products, Ltd.

Ueno East Tower, 16-1, Higashi-Ueno 2-Chome, Taito-ku, Tokyo, 110-0015

Phone: <81>(3) 6284-3982 Fax: <81>(3) 6284-3993

Vietnam

Hitachi Asia (Vietnam) Co., Ltd.

(Ho chi minh city office)

Room 8-9-10A 4th Floor, The Landmark
Bldg., 5B Ton Duc Thang Str., Ben Nghe
Ward, Dist. 1, Ho Chi Minh City, Vietnam
Phone: <84> (28) 3829-9725

Fax: <84> (28) 3829-9729

(Hanoi office)

Room 2310, 23th Floor, Lotte Center Hanoi,
54 Lieu Giai street, Cong Vi ward,

Ba Dinh district, Hanoi, Vietham

Phone: <84> (24) 3933-3123

Fax: <84> (24) 3933-3125

China

Hitachi (China) Ltd.

(Headquarters)

18/F., Beijing Fortune Building

5 Dong San Huan Bei Lu Chao Yang District
Beijing 100004, China

Phone: <86> (10) 6590-8111

Fax: <86> (10) 6590-8110

(Shanghai Branch)

Ruijin Building, No.205 Maoming Road (S),
Shanghai 200020, China

Phone : <86> (21) 6472-1002

Fax : <86> (21) 6415-8272

Taiwan Hitachi Asia Pacific Co., Ltd.
3rd Floor, Hung Kuo Building, No.167
Tun-Hwa North Road, Taipei (105)
Taiwan

Phone: <886> (2) 2718-3666, -8777
Fax: <886> (2) 2718-8180

Korea

Hitachi Korea Ltd.

(Head Office)

10F, Young Poong Bldg., 41,
Cheonggyecheon-ro,
Jongno-gu, Seoul 033188, Korea
Phone: <82> (2) 3210-3590

Fax: <82> (2) 6322-8598, -8599
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