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Special Purpose Steam Turbines

Specification

This Standard replaces and cancels its previous revision.

The CONTEC - Authoring Subcommittee provides guidance on the
interpretation of this Standard when questions arise regarding its contents. The
Department of PETROBRAS that uses this Standard is responsible for adopting
and applying the sections, subsections and enumerates thereof.

Technical Requirement: A provision established as the most adequate and

CONTEC which shall be used strictly in accordance with this Standard. If a decision is

o L taken not to follow the requirement (“non-conformity” to this Standard) it shall be
Comisséo de Normalizag&o based on well-founded economic and management reasons, and be approved
Técnica and registered by the Department of PETROBRAS that uses this Standard. It is

characterized by imperative nature.

Recommended Practice: A provision that may be adopted under the conditions
of this Standard, but which admits (and draws attention to) the possibility of
there being a more adequate alternative (not written in this Standard) to the
particular application. The alternative adopted shall be approved and registered
by the Department of PETROBRAS that uses this Standard. It is characterized
by verbs of a nonmandatory nature. It is indicated by the expression:
[Recommended Practice].

Copies of the registered “non-conformities” to this Standard that may contribute
to the improvement thereof shall be submitted to the CONTEC - Authoring

SC-11 Subcommittee.

Machines Proposed revisions to this Standard shall be submitted to the CONTEC -
Authoring Subcommittee, indicating the alphanumeric identification and revision
of the Standard, the section, subsection and enumerate to be revised, the
proposed text, and technical/economic justification for revision. The proposals
are evaluated during the work for alteration of this Standard.

“The present Standard is the exclusive property of PETROLEO
BRASILEIRO S.A. - PETROBRAS, for internal use in the Company, and any
reproduction for external use or disclosure, without previous and express
authorization from the owner, will imply an unlawful act pursuant to the
relevant legislation through which the applicable responsibilities shall be
imputed. External circulation shall be regulated by a specific clause of
Secrecy and Confidentiality pursuant to the terms of intellectual and
industrial property law.”

Introduction

PETROBRAS Technical Standards are prepared by Working Groups - WG
(consisting specialized of Technical Collaborators from Company and its Subsidiaries), are
commented by Company Units and its Subsidiaries, are approved by the Authoring Subcommittees -
SCs (consisting of technicians from the same specialty, representing the various Company Units and
its Subsidiaries), and ratified by the Executive Nucleus (consisting of representatives of the Company
Units and its Subsidiaries). A PETROBRAS Technical Standard is subject to revision at any time by its
Authoring Subcommittee and shall be reviewed every 5 years to be revalidated, revised or cancelled.
PETROBRAS Technical Standards are prepared in accordance with PETROBRAS Technical
Standard N-1. For complete information about PETROBRAS Technical Standards see PETROBRAS
Technical Standards Catalog.

______________________________________________________________________________________________________________________|]
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This Standard is the English version (issued in 07/2014) of PETROBRAS N-2627 REV. B 07/2014. In
case of doubt, the Portuguese version, which is the valid document for all intents and purposes, shall
be used.

Foreword

This Standard is based on APl STD 612:2005 (Sixth Edition).

1 Scope

1.1 This Standard establishes the minimum conditions required for Special Purpose Steam Turbines,
and their auxiliary equipment or systems, to be supplied in accordance with APl STD 612:2005 (Sixth
Edition).

1.2 The requirements of this Standard are additions to, or modifications of the API STD 612:2005,
which is an integral part of this Standard.

1.3 Special purpose steam turbines and auxiliary equipment shall be in accordance with API STD
612:2005, plus the following changes, as noted in perenthesis for each clause, according to the
definitions stated below. The information of each clause shall be read as follows, whenever starting
with:

— Addition: continuation of that particular APl STD 612:2005 paragraph;

— Modification: replacement of part of that affected API STD 612:2005 paragraph;
— Substitution: replacement of that APl STD 612:2005 paragraph in its entirety;
— New: insertion of a requirement not found in APl STD 612:2005;

— Exclusion: removal of that particular APl STD 612:2005 paragraph;

— Comment: clarification or interpretation on that API STD 612:2005 paragraph.

1.4 Except for new clauses, item numbers referred in parentheses in this Standard are the same API
STD 612:2005, 6th edition paragraph ones.

1.5 All deviations from the requirements in this Standard and/or APl STD 612:2005, must be clearly
identified in the proposal and submitted to PETROBRAS for approval. Any requirement exception or
deviation from any of the listed documents not clearly mentioned in tender will be considered by
PETROBRAS as full compliance with the material requisition.

1.6 All deviations from the contracted design or scope of supply made by vendor during time of
drawings and documents review shall be clearly mentioned in the particular document to be approved.

1.7 Vendor's compliance with the requirements of these specifications does not exempt him from the
responsability of suppling equipment and accessories suitable for the specified service conditions.

1.8 This Standard applies to design starting from its issue date.

1.9 This Standard only contains Technical Requirements.
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2 Normative References

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE

NR-13 - Caldeiras e Vasos de Pressao;
NR-26 - Sinalizacdo e Seguranca;

PETROBRAS N-553 - Centrifugal Pumps For Petroleum, Petrochemical And Natural Gas
Industries;

PETROBRAS N-2648 - General Purpose Steam Turbines;

ISO 4406 - Hydraulic Fluid Power - Fluids - Method for Coding the Level of Contamination by
Solid Particles Second Edition;

ISO 1940-1 - Mechanical Vibration - Balance Quality Requirements For Rotors In A
Constant (Rigid) State - Part 1: Specification And Verification Of Balance Tolerances;

ISO 10441 - Petroleum, Petrochemical and Natural Gas Industries - Flexible Couplings for
Mechanical Power Transmission - Special-Purpose Applications;

ISO 13709 - Centrifugal Pumps for Petroleum, Petrochemical and Natural Gas Industries;
API RP 687 - Rotor Repair First Edition;

API STD 611 - General-purpose Steam Turbines for Petroleum, Chemical, and Gas Industry
Services Fifth Edition;

API STD 612:2005 - Petroleum, Petrochemical, and Natural Gas Industries - Steam Turbines
- Special-purpose Applications;

APl STD 613 - Special Purpose Gear Units for Petroleum, Chemical, and Gas Industry
Services Fifth Edition;

API STD 614 - Lubrication, Shaft-Sealing and Oil-control Systems and Auxiliaries Fifth
Edition;

API STD 670 - Machinery Protection Systems;

API STD 671 - Special-Purpose Couplings for Petroleum, Chemical, and Gas Industry
Services;

API STD 682 - Pumps - Shaft Sealing Systems for Centrifugal and Rotary Pumps;

ASME B 16.5 - Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24 Metric/Inch
Standard;

ASME PTC 6 - Steam Turbines;

ASME - BPVC Section VIII - Rules for Construction of Pressure Vessels;

TEMA - Standards of the Tubular Exchanger Manufacturers Association.

For documents referred in this Standard and for which only the Portuguese version is

available, the PETROBRAS department that uses this Standard should be consulted for any
information required for the specific application.
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For the purposes of this document, the following terms and definitions apply.

3 Terms and Definitions

unit responsibility - Substitution (3.47 of API STD 612:2005)

refers to the technical responsibility for coordinating the general arrangement of the whole train to be
supplied (driver and driven equipment-including gears, clutches and couplings, as applicable to each
case), as well as power, torque and speed requirements, direction of rotation, and so forth; for
analyzing noise, lateral and torsional vibration data; for designing, laying out and supplying piping and
appurtenances, controls and instrumentation, cooling, heating, lubrication and sealing systems and for
supervising and coordinating all required tests and material reports, preparation for shipment,
shipment and field assembly, pre-comissioning, comissioning, start up, pre operation and field
acceptance test of all equipment within the scope of this Standard, as required by the contracted
scope of supply. For mechanical drive applications, driven equipment Vendor shall assume unit
responsibility for the whole train as stated in respective applicable API standards and PETROBRAS
supplementary specifications. For electrical drive applications, turbine Vendor shall assume unit
responsibility for the whole train as stated in respective applicable API standards and PETROBRAS
supplementary specifications.

4 Dimensions (Substitution - Section 4 of API STD 612:2005)

Unless otherwise specified in Data Sheet, drawings and maintenance dimensions shall be in Sl units,
except pressure unit shall be in kgf/cm2.

5 Basic Design - General (Section 6 and 6.1 of API STD 612:2005)

5.1 Comment (6.1.2 of APl STD 612:2005)

Usually, steam turbine supplier/manufacturer is not considered by PETROBRAS as the main
equipment vendor (mostly assigned to the supplier of driven equipment) and thus the scope of
responsibility defined in 3.1 of this Standard will only apply to those orders where steam turbine
manufacturer is referred to as the vendor. When referred to as supplier of manufacturer, its scope of
responsibility will be considered as agreed and stated on the contract with main equipment vendor.

5.2 Addition (6.1.6 of API STD 612:2005)

Unless otherwise specified, turbines shall be designed to enable a further upgrade in order to deliver
110 percent of originally rated power (within originally specified range of speeds) under originally
specified steam conditions.

5.3 Addition (6.1.10 of APl STD 612:2005)

Turbine supplier/equipment vendor is required to inform on the data sheets during proposal stage the
minimum space required for equipment disassembly and the heaviest maintenace weight.

5.4 Addition (6.1.11 of APl STD 612:2005)

Turbine components that are very similar among each other (such as wheels, shafts, seals and seal
glands, sleeves, nozzle rings, stationary blades and casings) shall be indelibly identified with the order
of assembly and to which sub-set they belong (e.g.: stage/wheel number, coupling end, etc). Lifting
lugs or eyebolts shall be provided for any equipment or component that weighs more than 30 kg
(66 Ib).
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Number of tubes shall be established according to velocity criterion.

5.5 Addition (6.1.13 of APl STD 612:2005)

5.6 Substitution (6.1.15 of API STD 612:2005)

Unless otherwise specified, the whole train furnished by the vendor (driven, driver, gear and auxiliary
equipment) shall conform to the maximum allowable sound pressure level of 85 dB(A), slow-response,
measured at 1 m (3.28 ft) from the equipment surfaces. Bidder/vendor shall inform in his proposal the
expected maximum sound pressure and sound power level data per octave band for the quoted
equipment and including copies of noise level test certificates performed on similar equipment.

5.7 New (6.1.21)

Turbine supplier/vendor shall provide a study concerning cleaning likelihood, whether or not the setup
of a special arrangement is required and shall list any additional measures that PETROBRAS should
implement in order to enable the cleaning to be performed. Performance parameters and limitations,
including any required precautions, shall be mutually agreed upon by PETROBRAS and turbine
supplier/vendor.

5.8 New (6.1.22)

Only well-proven machinery, sturdy designs shall be proposed. Prototypes or undersized equipment
(e.g., equipment or components that, in order to comply with specified transient service conditions,
might come to operate at design limit) are not acceptable. Refurbished equipment or parts are not
acceptable.

6 Rotor Dynamics (Section 9 of API STD 612:2005)

6.1 Lateral Analysis (9.2 of APl STD 612:2005)

6.1.1 Modification (9.2.3 of API STD 612:2005)

Replace the first paragraph by: Before carrying out the damped unbalance response analysis, the
vendor shall conduct an undamped analysis to identify the undamped critical speeds and determine
their mode shapes located in the range from zero to trip speed, as well as the next mode occurring
above the trip speed. The results of the undamped response analysis shall be furnished. The
presentation of the results shall include:

6.1.2 Addition [9.2.4 b) of API STD 612:2005]

The clearance ranges to be used in the analysis shall be:

a) minimum bearing clearance and maximum preload, calculated using maximum pad,
minimum bearing and maximum shaft radius;

b) average bearing clearance and preload, calculated using mean pad, bearing and shaft
radius;

c) maximum bearing clearance and minimum preload, calculated using minimum pad,
maximum bearing and minimum shaft radius.

These calculated coefficients for the speed range, shall be presented in the damped unbalance
response analysis report. Bearing circumferential temperature profile shall also be included.
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The pad inertia, deformation, and thermal effects due to convection and pad conduction shall also be
included . Pad pivot stiffness (for tilting pad bearings) shall be included also;

6.1.3 Addition [9.2.4 c) of APl STD 612:2005]

6.1.4 Substitution (9.2.5 of API STD 612:2005)

When applicable, the effects of other equipment in the train shall be included in the damped unbalanced
response analysis (i.e., a train lateral analysis shall be performed). For machinery trains with rigid
couplings, the complete analysis shall always be considered as a mandatory requirement.

6.1.5 Modification (9.2.6 of APl STD 612:2005)

Replace the first paragraph by: A separate damped unbalance response analysis shall be conducted
for each critical speed in the range from zero to trip speed, as well as the next mode occurring above
the trip speed. Unbalance shall analytically be placed at the locations that have been determined by
the undamped analysis to affect the particular mode most adversely. For the translatory (symmetric)
modes, the unbalance shall be based on the sum of the journal static loads and shall be applied at the
location of maximum displacement. For conical (asymmetric) modes, an unbalance shall be added at
the location of maximum displacement nearest to each journal bearing. These unbalances shall be
180 degrees out of phase and of a magnitude based on the static load on the adjacent bearing. Figure
2 of APl STD 612:2005 shows the typical mode shapes and indicate the location and definition of U for
each of the shapes. The magnitude of the unbalances shall be 4 times the value of U as calculated by
equation 1in 9.2.6 of API STD 612:2005.

6.1.6 Substitution [9.2.7.a) of API STD 612:2005]

Identification of the frequency of each critical speed in the range from zero to trip speed, as well as the
next mode occurring above the trip speed.

6.1.7 Addition [9.2.7.b) of API STD 612:2005]

These Bodé plots shall show the major-axis and the X-Y vibration probes with the same orientation as
assembled in the machine.

6.1.8 Addition [9.2.7.c) of APl STD 612:2005]

Mode shape plots for X-Y probe orientation shall also be presented.

6.1.9 Addition (9.2.8 of API STD 612:2005)

If the chosen location of the unbalance does not excite the critical(s) of concern, the unbalance shall
be placed in the plane(s) that would excite the critical most adversely.

6.1.10 Addition [9.2.9.a) of API STD 612:2005]

Regarding unbalance response analysis, even though amplification factor calculations for a given rotor
may indicate critically damped response and then no separation margin would be required, critical speeds
within the range of operating speeds are not automatically acceptable. Before the conclusion on accepting
such nonconformance, a complete decision sequence shall be followed in order to verify all possibilities.
As a result, critical speeds within the operating speed range will only be accepted if the Vendor can
demonstrate that all efforts to remove the critical speed from the operating speed range have been
exhausted.
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Delete last sentence, the item shall read: The calculated unbalanced peak to peak amplitudes (see 9.2.7
of APl STD 612:2005) shall be multiplied using the correction factor calculated from equation 4 in 9.2.10
of API STD 612:2005 or by equation below, whichever is greater.

6.1.11 Modification (9.2.10 of APl STD 612:2005)

Aq

AOR

CFOR =

Where:
Aor = peak to peak amplitude at the probe location for the operational range, in microns
(mils) peak to peak, u sin g the unbalance defined in 6.1.5 of this Standard;
CFor = is limited to 6.

6.1.12 New (9.2.12)

If the analysis indicates that the SMs still cannot be met or that a non-critically damped response peak
falls within the operating speed range and the purchaser and vendor have agreed that all practical design
efforts have been exhausted, then acceptable amplitudes shall be mutually agreed upon by the purchaser
and the vendor, subject to the requirements of 9.3.3 of API STD 612:2005.

6.2 Unbalanced rotor response verification test (9.3 of API STD 612:2005)

6.2.1 Modification (9.3.1 of API STD 612:2005)

Replace the first sentence by: An unbalance response test shall be performed as part of the
mechanical running test (see 16.3.3 of APl STD 612:2005) or at high speed balancing machine, and
the results shall be used to verify the analytical model. In this case, a specific rotordynamic model, for
high speed bench support stiffness shall be provided prior to the test.

When using high speed balancing machine, for unbalance response test, the contract bearings shall
be used.

6.2.2 Substitution [9.3.1.c) of API STD 612:2005]

If the chosen location of the unbalance does not excite the critical(s) of concern, the unbalance shall
be placed in the plane(s) that would excite the critical most adversely.

6.2.3 Substitution [9.3.1. d) of API STD 612:2005]

The machine shall then be brought up to the operating speed nearest the critical of concern. If, during the
acceleration, the vibration reaches 2 times the allowable vibration level calculated in 6.4.1 of this
Standard, the machine shall be stopped and the following decision criterion shall be applied:

a) for machines operating above the first critical speed, if the limit of 2 times is reached
above the minimum operational speed, no additional test is necessary.

b) if the limit is reached below the minimum operational speed, or for machines operating
below their first critical speed, less unbalance weight shall be used and the test shall be
repeated.

c) if the unbalance mass does not change the vibration in more than 2,5 ym (0,1 mil), then
more unbalance shall be used (heavier weight shall be added) and the test shall be
repeated.
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The vibration amplitudes and phase shall be recorded using the same procedure used for 9.3.1 a) of
API STD 612:2005.

6.2.4 Addition [9.3.1.e) of API STD 612:2005]

It is practical to store the residual unbalance vibration measurements recorded in the step at 9.3.1 a)
of API STD 612:2005, and by use of computer code perform the vectorial subtraction called for in this
paragraph at each appropriate speed. This makes the comparison of the test results with the computer
analysis of 9.2.8 of API STD 612:2005 and 6.1.9 of this Standard quite practical. It is necessary for
probe orientation be the same for the analysis and the machine for the vectorial subtraction to be
valid. This vectorial subtraction for all sensors shall be given to the purchaser as a part of the test report.

6.2.5 New [9.3.2.c) of API STD 612:2005]

The predicted amplification factors shall not deviate from the actual test-stand values by more than +/ - 20 %.
6.3 Torsional Analysis (9.5 of API STD 612:2005)

6.3.1 Substitution (9.5.1 of API STD 612:2005)

The vendor having train responsibility shall perform a torsional vibration analysis of the complete
coupled train and shall be responsible for directing the modifications necessary to meet the
requirements of 9.5.2, 9.5.3, 9.5.5 and 9.5.6 of APl STD 612:2005 and 6.3.2 of this Standard.

6.3.2 Substitution (9.5.4 of API STD 612:2005)

Torsional frequencies at two or more times running speeds, including blade pass frequencies, shall be
avoided.

6.4 Vibration and Balancing (9.6 of API STD 612:2005)

6.4.1 Modification (9.6.8 of APl STD 612:2005)

Replace the second paragraph by: At any speed greater than the maximum continuous speed, up to and
including the trip speed of the driver, the vibration level increase shall not exceed the following value or
12.7 pym (0,5 mil) above the maximum overall value recorded at the maximum continuous speed,
whichever is less:

In Sl units:
A=254x 12000 (7)
n
In USC units:

A /12000
n

A is the amplitude of unfiltered vibration, measured in pum (mil) peak to peak;
N is the maximum continuous speed, measured in revolutions per minute.

Where:
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The electrical or mechanical runout, measured in V blocks, shall not exceed a maximum of 25 % of
the test level calculated by Equation 7 in 6.4.1 of this Standard or 6.3 ym (0,25 mil), whichever is
greater. During the factory test, running at low speed (generally between 300 - 500 rpm), the
measured runout levels shall not exceed the calculated level (as above) by more than 20 %. If the
runout, at any probe, exceeds this limit, the runout shall be rechecked after the completion of the test,
in V blocks. The runout may be vectorially subtracted from the vibration signal measured during the
factory acceptance test.

6.4.2 New (9.6.11)

Where shaft treatment such as metalized aluminum bands have been applied to reduce electrical
runout, surface variations (noise) may cause a high frequency noise component which does not have
an applicable vector. The nature of the noise is always additive. In this case, the noise shall be
mathematically subtracted.

6.5 Level | Stability Analysis - New (9.7)

6.5.1 A stability analysis shall be performed on all Special purpose Steam Turbines except those
rotors whose maximum continuous speed is below the first critical speed in accordance with 9.2.3 of
API STD 612:2005 and 6.1.1 of this Standard, as calculated on rigid supports. For this analysis, the
machine admission and exhaust conditions shall be at either the rated condition or another operating
point unless the vendor and purchaser agree upon another operating point.

NOTE Level | analysis was developed to fulfill two purposes: first, it provides an initial screening to
identify rotors that do not require a more detailed study. The approach as developed is
conservative and not intended as an indication of an unstable rotor. Second, the Level |
analysis specifies a standardized procedure applied to all manufacturers.

6.5.2 The model used in the Level | analysis shall include the items listed in 9.2.4 of API
STD 612:2005 and 6.1.2 and 6.1.3 of this Standard together with the effects of squeeze film dampers
where used.

6.5.3 All components shall be analyzed using the mean values of oil inlet temperature and the
extremes of the operating limits for clearance to produce the minimum log decrement.

6.5.4 When tilting pad journal bearings are used, the analysis shall be performed with full pad dynamic
coefficients. Analysis done with synchronously reduced tilt pad coefficients is not acceptable.
6.5.5 The anticipated cross coupling, QA, present in the rotor is defined by the following procedure:

HP xB, xC
N TR
D, xH, xN

Where:

gA is calculated for each stage of the QA is equal to the sum of gA for all stages;
Bt equalto1,5.

Symbols:
C 9,55 (63);
Dy blade pitch diameter, mm (in.);

H

effective blade height, mm (in.);
rated power per stage; Nm/sec. (HP);

T
T
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N = operating speed, rpm;

Qa = anticipated cross coupling for the rotor, KN/mm (Klbf/in.) defined as:
?

Qp = ZQAi
?=1

Qo= minimum cross coupling needed to achieve a log decremente qual to zero for either
minimum or maximum component clearance;

ga = cross coupling for each stage, KN/mm (Kibf/in.);

S = number of stages;

3a = minimum log decrement at the anticipated cross coupling for either minimum or
maximum component clearance;

3, = basic log decrement of the rotor and support system only;

8; = log decrement of the complete rotor support system from the level Il analysis.

6.5.6 An analysis shall be performed with a varying amount of cross coupling introduced at the rotor
mid-span.

6.5.7 The applied cross coupling shall extend from zero to the minimum of:

a) alevel equal to 10 times the anticipated cross coupling, QA;

b) the amount of the applied cross coupling required to produce a zero log decrement, Qo.
This value can be reached by extrapolation or linear interpolation between two adjacent
points on the curve.

6.5.8 A plot of the calculated log decrement, &, for the first forward mode shall be prepared for the
minimum and maximum component clearances, combined with the two extremes of oil temperature and
pressure (minimum pressure x maximum oil temperature and minimum temperature x maximum oil
pressure). Each curve shall contain a minimum of five calculated stability points. The ordinate (y-axis)
shall be the log decrement. The abscissa (x-axis) shall be the applied cross coupling with the range
defined in 6.5.7 of this Standard. A typical plot is presented in Figure below. Qg and &, are identified as
the minimum values from either component clearance curves.

Corrected minimum Corrected maximum

Maximum

N : 3| Cf \

Log decrement

0 1 1 1 1 1 1
0 4 Qi 8  Qf 12 Q 16
(22,8) (45,7) (68,5) (91,4)

Figure 1 - Typical of Applied Cross-Coupled Stiffness vs. Log Drecrement

10
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If 5,<0,2, then a Level Il stability analysis shall be performed. Otherwise, the stability is acceptable and
no further analyses are required.

6.5.9 Level | Screening Criteria

6.5.10 Level Il Stability Analysis

6.5.10.1 A Level Il analysis, which reflects the actual operating behavior of the rotor, shall be
performed as required by 6.5.9 of this Standard.

6.5.10.2 The Level Il analysis shall include the dynamic effects from all sources that contribute to the
overall stability of the rotating assembly as appropriate. These dynamic effects shall replace the
anticipated cross coupling, QA. These sources may include, but are not limited to, the following:

a) labyrinth seals;

b) balance piston;

c) blade flow;

d) shrink fits;

e) shaft material hysteresis;
f) bearings.

NOTE It is recognized that methods may not be available at present to accurately model the
destabilizing effects from all sources listed above. The vendor shall state how the sources
are handled in the analysis.

6.5.10.3 The Level Il analysis shall be calculated for the operating conditions defined in 6.5.1 of this
Standard extrapolated to maximum continuous speed. The modeling requirements of 6.5.2, 6.5.4 of
this Standard and the contribution of steam forces on bearings and other components. The component
dynamic characteristics shall be calculated at the extremes of the allowable operating limits of
clearance and oil inlet temperature to produce the minimum log decrement.

6.5.10.4 The frequency and log decrement of the first forward damped mode shall be calculated for
the following conditions (except for double overhung machines where the first two forward modes
must be considered):

a) rotor and support system only (basic log decrement, 5(1b);
b) for the addition of each group of destabilizing effects utilized in the analysis;
c) complete model including all destabilizing forces (final log decrement, 50f).
6.5.10.5 Acceptance Criteria
The Level Il stability analysis shall indicate that the machine, as calculated in 6.5.10.1 through
6.5.10.3 of this Standard, shall have a final log decrement, &;, greater than 0,2.
6.5.10.6 A stability test, to measure damping ratio (and to determine the corresponding log

decrement), shall be performed if one of the following conditions is satisfied:

a) the machine fails to meet the criteria specified in 6.5.10.5 of this Standard;
b) the test has been specified in turbine data sheet.

11
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7 Bearings, Bearing Housings and Seals - Bearing Housing (Section 10 and 10.3 of
API STD 612:2005)

7.1 Addition (10.3.2 of API STD 612:2005)
Buffer injection ports shall be provided.

Although provisions for buffer injection are required, the use of buffer gas to prevent labyrinth oil
leakage are not automatically approved.

7.2 Substitution (10.3.5 of API STD 612:2005)

Thrust and radial bearings shall be fitted with 2 radial vibration probes in each bearing housing,
3 axial-position probes at the thrust end of each machine, (2 connected to vibration monitor; 1 just
wired) and a one-event-per-revolution (key-phasor) probe in each machine, installed in accordance
with API STD 670.

7.3 New (10.3.7)

Thrust and radial bearing shall be fitted with bearing-metal temperature sensors installed in
accordance with APl STD 670. Minimum configuration and requirements shall be as follows:

a) 2 pairs of embedded sensors shall be placed in the thrust pads (1 pair per side-active and
inactive);

b) 1 pair of embedded sensors shall be placed in each radial bearing;

¢) sensors shall be located in maximum temperature areas of respective bearings or pads;

d) 2 levels of alarm shall be provided;
e) local thermometers shall be provided on each bearing housing oil outlet.

8 Controls and Instrumentation (Section 12 of APl STD 612:2005)

8.1 General - Addition (12.1 of API STD 612:2005)

Turbine control and operation shall be according PETROBRAS Automation Control Specification
issued for each specific job.

8.2 Turbine Governing System - Addition (12.2 and 12.2.6 of AP1 STD 612:2005)
One additional spare sensor (wired, but not connected) shall be supplied. PETROBRAS will use spare
sensor for speed monitoring, speed governing or overspeed detection purposes.

8.3 Other Alarms and Shutdowns (12.4 of API STD 612:2005)

8.3.1 Modification (12.4.7 b of APl STD 612:2005)

Testing of shutdown devices while in operation will only be considered when recommended by turbine
supplier/vendor and equipment protection is not suspended during simulation. Self analyzing systems
that will detect faulty transmitters or microprocessor fault and automatically trip the equipment (instead
of transferring control and protection to redundant systems) shall not be used.

12
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Replace the first sentence by: The alarm/shutdown system shall incorporate an event recorder to
record the order of occurrence of alarms and shutdowns.

8.3.2 Modification (12.4.8 of API STD 612:2005)

9 Accessories (Section 15 of of API STD 612:2005)

9.1 Couplings and Guards - Substitution (15.1 and 15.1.2 of APl STD 612:2005)

Unless otherwise specified, couplings shall be of non-lubricated, flexible stainless steel disk type.
Couplings, couplings to shaft junctures, and guards shall conform to APl STD 671 or ISO 10441.

9.2 Mounting Plates (15.3 of API STD 612:2005)

9.2.1 General - Modification (15.3.1 and 15.3.1.3 of APl STD 612:2005)

Replace the first sentence by: Alignment positioning screws shall be provided, regardless of the
weight of any drive train component, to facilitate longitudinal, transverse, horizontal and vertical
adjustments.

9.2.2 Baseplates - Modification (15.3.2 and 15.3.2.5 of API STD 612:2005)

Replace the second sentence by: The baseplate shall be designed for grouting, it shall be provided
with at least one grout hole having a clear area of at least 0,01 m? (20 in®) and no dimension less than
75 mm (3 in) in each bulkhead section.

9.3 Insulation and jacketing (15.7 of API STD 612:2005)

9.3.1 Substitution (15.7.1 of API STD 612:2005)

Unless otherwise specified, the turbines shall be supplied with removable blanket-type insulation
extending over all portions of the casing that may reach a normal operating temperature of 60 °C
(140 °F) or higher. The blanket shall consist of insulating material encapsulated in a high-temperature
fabric with protective wire mesh. Jacket fasteners, wire mesh, and fittings shall be made of stainless
steel.

9.3.2 Substitution (15.7.2 of API STD 612:2005)

The insulation shall maintain a surface temperature of not more than 60 °C (140 °F) under normal
operating conditions. Jackets and insulation shall be designed to minimize possible damage during
removal and replacement.

9.3.3 Comment (15.7.2 of API STD 612:2005)

It is recognized that some components are batch quantity produced for stock and, therefore,
witnessed or observed inspection/testing may not be entirely accomplished as specified.
Nevertheless, turbine supplier/vendor shall make available to PETROBRAS all inspection and testing
data for further review and shall include copies of such certificates and reports in equipment data-
books, as per vendor’s data requirements section of the inquiry documents.
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10 Inspection, Testing, and Preparation for Shipment (Section 16 of API
STD 612:2005)

10.1 General - Addition (16.1 and 16.1.6 of API STD 612:2005)

Calibration schedules of the equipment to be used for inspection and testing shall be duly recorded for
PETROBRAS’ review. As a minimum, the accuracy and/or resolution of the equipment to be used for
inspection and testing shall be 5x, i.e., five times finer than the tolerance of what is to be measured.
Likewise, standards and calibrating devices are to be 5x more accurate than the equipment to be
calibrated.

10.2 Inspection - Mechanical Inspection (16.2 and 16.2.3 of API1 STD 612:2005)

10.2.1 Substitution (16.2.3.4 of APl STD 612:2005)

Except for austenitic stainless steels, the hardness of parts, welds, and heat-affected zones, shall be
verified as being within the allowable values by testing of the parts, welds, or heat-affected zones.
Other testing may be specified on the data sheets. The method, extent, documentation, and
witnessing of the testing shall be mutually agreed upon by the purchaser and the turbine
supplier/vendor.

10.2.2 New (16.2.3.5)
Hydrodynamic bearings shall be inspected during manufacturing and testing. The actual contact area

among each journal and its corresponding bearing, checked by blueing, shall be at least 70 % of the
design contact area.
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Figure 2 - Mechanical Running Test Sequence
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10.3 Testing (16.3 of APl STD 612:2005)

10.3.1 Addition (16.3.1.1 of API STD 612:2005)

The MRT and URT schedules shall follow the figure below (or as specified on the data sheets,
whichever is applicable) and the following notes and paragraphs.

a) Real Time Analyzer (FFT) must be fully available for PETROBRAS use during all tests,
as specified on the data sheets:
— All vibration and phase signals to be available for connection;
— All cables to be identified;
b) all Real-Time data (vibration, speed, phase signals, etc.) to be recorded during the
whole MRT and URT;
c) tape or Disc recording to be submitted to PETROBRAS;
d) the following data shall be available, recorded and printed (or plotted):
— all vibration and phase signals shall be recorded during the whole test;
— unfiltered & Filtered vibration amplitude and phase angle versus speed diagrams
(Bodé and Polar Plots);
— orbits (if available);
— frequency spectra taken during relevant phenomena (surge, choke, etc.);
— “waterfall” plots for rotor startup and coastdown;
— data table for the whole test (instant values of all measured variables printed in
columns versus elapsed test time on lines);
— trend plot for the whole test (graphs with all measured variables shown in several
trend lines, versus elapsed test time.

10.3.2 Casing Pressure Hydro Tests (16.3.2 of APl STD 612:2005)

10.3.2.1 New (16.3.2.1.4)

Vises or any other devices for clamp pressing of nozzle flanges shall not be used during hydrostatic
tests.

10.3.2.2 New (16.3.2.1.5)

PTFE tape or any threaded compounds shall not be used in order to help prevent leakage of threaded
plugs and connections during hydrostatic tests.

10.3.3 Mechanical Running Test (16.3.3 of APl STD 612:2005)

10.3.3.1 Addition (16.3.3.1.h of API STD 612:2005)

An additional Real-time Analyzer (RTA), connected with the Vendor’s monitoring system, shall be fully
available for PETROBRAS use (PETROBRAS own analysis) during all tests. PETROBRAS may,
under its discretion, use its own data acquisition equipment, Vendor’'s additional analyzer, or both. All
vibration and phase signals shall be available for connection. All cables shall be identified. ADRE™")
system is preferred for data collecting and monitoring. If Vendor uses another system, then
visualization (or translation into ADRE™ files) software shall be included as well. All files regarding
recorded tests, successful or not, shall be copied to a CD and given to PETROBRAS.

Y ADRE™ is an example of a suitable product available commercially. This information is given for the
convenience of users of this Standard and does not constitute an endorsement by PETROBRAS of this products.

L]}
16



—
m PETROBRAS

REV. B ENGLISH 07 /2014

Synchronous vibration amplitude and phase angle versus speed for acceleration and deceleration
shall be plotted before and after the 4 hour run. Both the synchronous (one per revolution) and overall
vibration levels shall be plotted. These data shall also be furnished in polar form. The speed range
covered by these plots shall be from 400 to trip speed.

10.3.3.2 Substitution (16.3.3.3.f of API STD 612:2005)

10.3.3.3 Substitution (16.3.3.3.g of API STD 612:2005)

Lube-oil inlet pressures and temperatures shall be varied through the range permitted in the turbine
operating manual, after the first hour during the 4 hour run. The following cases shall be verified during
the 4 hour test (at least half an hour in each case):

— HI Lube oil pressure & HI Lube oil temperature;

— HI Lube oil pressure & LO Lube oil temperature;

— LO Lube oil pressure & HI Lube oil temperature;
— LO Lube oil pressure & LO Lube oil temperature.

The readings shall be taken at least at the end of each case period.

10.3.3.4 Substitution [16.3.3.4 a) of APl STD 612:2005]

All bearings shall be removed and inspected by turbine supplier/vendor or, when specified, by
PETROBRAS and reassembled after the mechanical running test is completed. Whether they are
inspected by PETROBRAS or not, an inspection report shall be included in the documentation. Unless
otherwise specified, shaft end seals shall be removed for inspection following a successful running
test.

1.3.3.5 New (16.3.3.5)

During MRT the highest bearing surface metal temperature shall not exceed 95 °C (203 °F) at
maximum continuous speed.

10.3.4 Optional Tests and Inspections (16.3.4 of API STD 612:2005)

10.3.4.1 Addition (16.3.4.7 of API STD 612:2005)

When spare rotor(s) and stator(s) components (e.g., diaphragms, bearings, seals) are ordered, the
dimensional inspection report shall be provided.

10.3.4.2 Substitution (16.3.4.10 of API STD 612:2005)

The turbine governing system shall be tested together with control panel at factory or during
commissioning at site.
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10.3.5 Stability Test - New (16.3.5)

The purpose of this entire new item is to provide the minimum requirements for the execution of a Factory
Stability Test (FST), in order to measure the real stability margin of the machine, identifying the sister
modes (forward and backward) and their respective log decrements. The log decrement shall be
measured at least in two different operational conditions, in order to plot the measured real applied cross-
coupled stiffness vs. Log decrement and the extrapolated produced curve, to the minimum log decrement
at worst design conditions (see 6.5.8 of this Standard).

The presentation of the results shall include a plot of applied cross-coupled stiffness vs. Log decrement,
showing the measured values and the expected values for similar conditions.

Equipment shall be tested in accordance with 10.3.5.1 through 10.3.5.5 of this Standard.

10.3.5.1 Methods & Procedures - New (16.3.5.1)

The manufacturer shall specify in the FST procedure which kind of excitation is intended to be applied,
which measurement devices to be used during the FST and how the test execution sequence has been
planned. The type and direction of the excitation shall be fully described as well, including whether it
would be directional (horizontal or vertical) or circular (forward or backward). It is PETROBRAS
understanding that that there are several methods to apply excitation and to measure the required data,
as below.

10.3.5.1.1 Excitation Methods - New (16.3.5.1.1)

Impact exciters such as a hammer, bearing casing exciter or an Active Magnetic Bearing (AMB) exciter
shall be used to excite the rotor. The excitation using an AMB could also be an impact or a sine sweep
(blocking type or conventional).

10.3.5.1.2 Measurement Techniques - New (16.3.5.1.2)

The measurement techniques can be applied in the frequency domain or in time domain. In any of the
methods, the approach to estimate the forward and backward modes and respective log decrements shall
be using multiple degrees of freedom (MDOF). The method employed shall provide acceptable results
even in case of the following difficulties or abnormalities (but not limited to):

a) rotor system anisotropy;

b) slightly damped systems (the method must render an acceptable damping ratio estimation);
c) limitations on the number of input and output locations;

d) noise and /or internal sources of excitations, such as rotor unbalance.

Due to the close modes in the rotating systems, the Single-Degree of Freedom (SDOF) technique is
not acceptable. The methods that lead to the best results are the PEM (Predicted Error Method) for
frequency domain and MOBAR (Multiple Output Backward Auto Regression) for time domain.

Any other applicable methodology, rendering acceptable results even in case of above mentioned
system characteristics, such methodology shall be fully described (type of load, application of load,
measurement techniques, interpretation of results, definition of model order, etc ) and demonstrated
(list of experience with similar designs, results and comparison with actual data). Methodologies shall
be submitted to PETROBRAS for review and approval.
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The stability of the machine shall be measured in two different operational conditions as defined in
10.3.5.2.1 and 10.3.5.2.2.

10.3.5.2 Definitions - New (16.3.5.2)

10.3.5.2.1 Base Stability - New (16.3.5.2.1)

The Base Stability is defined as the measured stability with the machine running with zero internal cross-
coupling. This can be most closely achieved with the rotor running on High Speed Balance Machine or
running during the Mechanical Running Test, which may be done at HSB or at Test Bed during
Mechanical Running Test (MRT) or Performance Test (if ASME PTC-6 test will be performed).

The Base stability shall be measured at maximum continuous speed - MCS - and at Steam turbine
Performance test speed (if Performance test speed is different than MCS). The procedure for applying the
excitation shall be according 10.3.5.5 of this Standard.

10.3.5.2.2 At Steam Turbine Performance Test - New (16.3.5.2.2)

The stability measurement at Steam turbine Performance Test is the measurement of the log decrement
of the machine for a specific cross-coupling, calculated taking in account the pressure and speed during
the test, for one chosen point. The Performance Test shall be according to ASME PTC-6 and
PETROBRAS supplementary specifications.

The procedure shall consider the following premises:

a) the turbine shall reach the maximum working pressure (as feasible at the test bed
operating conditions). The manufacturer and PETROBRAS may define other points,
depending on similarity of test conditions with actual ones;

b) there shall be a delay, waiting for system stabilization (pressures, temperatures, flow
rates, bearing temperatures and shaft centerline);

c) the test conditions shall be chosen by manufacturer such that estimated cross-coupling be
at least, 20 % of the cross-coupling calculated according to 6.5.10.4 c) of this Standard.
For boundary conditions where such margin cannot be accomplished, the test point shall
be the highest feasible.

10.3.5.3 Preparation for the Test - New (16.3.5.3)

10.3.5.3.1 New - (16.3.5.3.1)

When an active magnetic bearing is used for the excitation, its assembly on the shaft shall not
significantly change the rotor response characteristics. The manufacturer shall submit for PETROBRAS
approval the proposed device and the expected changes in the rotor response prior to the test.

The equipment measured unfiltered vibration, during the mechanical running and performance tests,
with the assembled device, before applying any load, shall not exceed the limits of 6.4.1 of this
Standard.

The manufacturer shall send a procedure informing how the AMB will be adjusted/calibrated and how
the applied force will be measured. Prior to the tests, the accuracy of input force measurements shall
be verified. The manufacturer shall submit the AMB calibration report for PETROBRAS review

L]}
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The manufacturer shall present, prior to the test, the calculated log decrement for the forward and
backward modes at actual test conditions (Qt), such as bearing clearance, preload and test speed (for
ASME PTC-6 test, the test speed may be different from maximum continuous speed).

10.3.5.3.2 New (16.3.5.3.2)

10.3.5.3.3 New (16.3.5.3.3)

The data collect system shall consists as a minimum of an Oscilloscope, a Real Time Analyzer and a
data recorder (analog or digital) with capability of continuously collecting all probes data and input
signals. The sampling rate of the system shall be enough to identify the excitation frequencies and the
results.

10.3.5.3.4 New (16.3.5.3.4)
The manufacturer shall present in the lateral vibration report, the expected orbits for both modes
(forward and backward) at MCS, from zero to the maximum expected cross-coupling (0 %, 50 %,

100 %) for the average clearance case. The definition of excitation direction shall be based in those
orbits.

10.3.5.3.5 Determining the Excitation Frequencies When Using Sine Sweep Method - New
(16.3.5.3.5)
To identify the actual forward and backward frequencies, a preliminary sine sweep excitation covering

the frequency range, given by rotordynamic analysis, shall be performed. The frequency interval of
each sine sweep shall be less or equal to 0,25 Hz.

10.3.5.4 Signal Quality - New (16.3.5.4)

10.3.5.4.1 New (16.3.5.4.1)

In order to have good response when applying the excitation, the ratio between signal to noise (SNR)
shall be at least two. The amplitude of excitation shall be controlled in order to not exceed an agreed
amount of bearing clearances for safety and linearity concerns.

10.3.5.4.2 New (16.3.5.4.2)

If the manufacturer decides to apply filtering to eliminate the synchronous response, the type of filter
shall be informed to PETROBRAS. The design of the filter shall not influence the signal components of
interest.

10.3.5.4.3 New (16.3.5.4.3)

Any measured point (forward and backward) shall be calculated from an average of at least five
readings. These five readings shall be in the range of:

0,-0,03<%,<d,x0,03
Where:

0440, +03 +0, +05

o 5

If any value falls outside the above defined range, it shall be discarded and measured again.
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The average value (8r,) will be used to compare with the predicted values.

10.3.5.5 Acceptance Criteria - New (16.3.5.5)

10.3.5.5.1 Model Verification - New (16.3.5.5.1)

If the measured value is above the predicted one, no correction in the model is necessary.

The vendor shall correct the model if it fails to meet the following criteria:

ENGLISH 07 /2014

Any expected log decrement for the forward mode, for both cases (base stability and performance test
conditions), calculated according 10.3.5.3.2, shall be inside the range of the measured log decrement

(5, +0,03).

10.3.5.5.2 New (16.3.5.5.2)

The highest difference between the expected value and the measured log decrement (dm) for each
case (base stability and performance test conditions) will be the correction factor (5cf) to be applied to
the calculated log decrement (5f) for the worst condition (see 6.5.8 of this Standard) at maximum

continuous speed.

The equipment acceptance criteria shall have a final corrected log decrement (5°f), at worst condition
(see 6.5.8 of this Standard) greater than 0,05.

0,8

Maximum

Minimum

Log decrement

Where:

4 Qt
(22,8)

(45,7)

12 Qo
(68,5)

Applied Cross-Coupled Stiffness, Q KN/mm (KIbf/in.)

(91,4)

Qq: calculated cross-coupled stiffness at test conditions (see 10.3.5.3.2 of this Standard);
Qy: calculated cross-coupled stiffness at maximum continuous speed, design pressure and
worst conditions (see 6.5.8 of this Standard).

NOTE

The example in the curve above is only illustrative; no curve shape correction will be applied.

Figure 3 - Typical Plot of Applied Cross-Coupled Stiffness vs Log Decrement
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If the equipment fails to meet the above criteria, the necessity of additional tests and/or machine
modifications shall be agreed upon manufacturer and PETROBRAS.

10.3.5.5.3 New (16.3.5.5.3)

10.4 Preparation for Shipment (16.4 of AP1 STD 612:2005)

10.4.1 Addition (16.4.2 of APl STD 612:2005)

Turbine supplier/vendor shall specify the products to be used in preparation of the equipment
components, the methods of removal and reapplication, and inform the date of application. Such data
shall be summarized in two tags to be securely affixed to each main equipment and on the outside of
each crate.

10.4.2 Addition [16.4.3 i) of API STD 612:2005]

Spare parts shall also be identified and tagged (or indelibly stamped with respective serial or part
numbers) as applicable to each case.

10.4.3 Addition [16.4.3 j) of API STD 612:2005]

Export boxing shall be considered, unless otherwise specified. PETROBRAS will specify whether
vertical or horizontal storage shall be considered. Neither TFE nor PTFE shall be used between the
rotor and the cradle at the support areas.

11 Vendor’'s Information - Proposals - Technical Data [Substitution - 17.2 and 17.2.3 j)
of API STD 612:2005]

Unless otherwise specified, running designs, with successful experience of continuous and
satisfactory operation under similar conditions (at least as severe as those specified on the data
sheets) shall be demonstrated, at least 25 of same model and 15 of same size, with a minimum
service time of 25,000 hours.

To demonstrate successful experience with complete equipment or capital components, such as
blades, bearings, etc., bidders shall provide parametric diagrams or charts (*Experience Diagrams™)
where plotted scattered points show former designs and proposed design, as per the following generic
example (see Figure 4 of this Standard).

Most common design parameters (among others) to be plotted for experience diagrams should be
according the Table 1.

Table 1 - Experience Parameters

Type of

. Most common set of parameters
equipment/component

Power per stage and peripheral speed, Stress X speed,

Blades Goodman & Campbell
Bearings Specific load and peripheral speed
Turbines Power, RPM, inlet pressure, inlet temperature, steam flow
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Sufficient experience Insufficient experience

Proposed design

Proposed design \

. .

A : e

g . g *

5 . 5 .

8 ® o 0” g ¢ o 0”
L 4 L 2

Design parameter # 1 Design parameter # 1

Figure 4 - Experience Diagrams

12 Annexes
This Standard contains the following data sheets:

a) Annex A - Special Purpose Steam Turbine (Annex A of API STD 612:2005);
b) Annex B - Vendor Drawing and Data Requirements (Annex J of API STD 612:2005).
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[ 13| O BAckPRESSURE O CONDENSING [ cLock wise VIEW
[ 14 | O INDUCTION O EXTRACTION [] couNTER cLOCK WISE B ——
[ 15 | O OTHER
16 ® [X] CASINGS, NOZZLES & DIAPHRAGMS
17 | ] MAWP, kgficm?g [[] HYDROSTATIC TEST PRESSURE, kgf/cm? g
[ 15|  INnLET sEcTION EXHAUST SEC. HP CASING MID CASING
10|  INDUCTION SECTION EXTRACT. SEC. EXHAUST CASING OTHER
(20| oTher
21 | [] MAX. OPERATING TEMPERATURES, °C: O WELDED NOZZLE RING NOZZLE RING, % ADM
[22]  INnLeT secTioN EXHAUST SEC.
23| INDuCTION SECTION EXTRACT. SEC. [] bIAPHRAGM BLADE ATTACHMENT:
[ 24 |O DpESIGN METAL TEMP. [J INTEGRALLY cAST [] weLbeD
[ 5 | QO RELIEF VALVE SETTING, kgflcm?g [J otHER
[ 26| InLET secTiON EXHAUST SEC.
27| INbucTION sECTION EXTRACT. SEC. [] bIAPHRAGM AXIAL LOCATION:
(26|  oTHER [J nDiviDUALLY [J stackep
29 & [X] CASING CONNECTIONS
30 DESIGN # RATING FLANGED |MATING FLANGE| MAXIMUM MINIMUM FLOW
31 | CONNECTION APPROVAL SIZE AND POSITION OR &GASKETBY | STEAM FLOW| STEAM FLOW| VELOCITY
B REQUIRED FACING STUDDED  |VENDOR (NOTE4) kg/h kg/h mis
23 | INLET YES FLANGED YES
[ 34 | ExHausT YES FLANGED YES
[ 35 | exTRACTION
[ 36 | InoucTiON
37 X] ALLOWABLE PIPING FORCES AND MOMENTS
38 INLET EXHAUST EXTRACTION INDUCTION
B POSITION FORCE MOMENT FORCE MOMENT FORCE MOMENT FORCE MOMENT
? N N.m N N.m N N.m N N.m
41 | AXIAL
[ 42 |verTicaL
[ 43 | HORIZONTAL 900
44 ® X MATERIALS - CASINGS & APPURTENANCES
45 | O STEAM CONTAMINANTS: O STEAM PATH COMPONENTS HARDNESS LESS THAN Rc 22 REQUIRED
[ 46 | (I HiGH PRESSURE CASING O vp biaPHRAGMS
[ 47 | mip PRESSURE CASING O Lp biaAPHRAGMS
[ 48 | ExtausT casiNG [ biapHRAGM NOZZLES
[ 40 |0 steam cHEST [ sLADE cARRIERS
[ 50 | NozzLE RINGS O otHer
51 NOTES:
52 |
53 |
[ 54 |




47
48
49
50
51
52
53
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DIFF. PRESSURE PER SEAL, kgf/lcm?
STEAM LEAKAGE, kg/h

AIR LEAKAGE, Std m%h

DIAMETER, mm

NUMBER OF RINGS PER SEAL
STATIONARY SEALS / LABYRINTH TYPE:
ROTATING SEALS / LABYRINTH TYPE:
MATERIAL

DATA SHEET e REv
? SHEET 04 22
TITLE:
PETROBRAS SPECIAL PURPOSE STEAM TURBINE

01 & [X] CONSTRUCTION FEATURES, CONTINUED

02 X] RUNNING SPEEDS, rpm ® [X| SHAFT

03 | MAX CONTINUOUS: TRIP; MAX. ALLOWABLE: [ sHAFT TYPE
[ 04 Max. TiP sPEEDS, mis: @ RATED SPEED: ] INTEGRAL WHEELS O suiLtue
E(REGARDlNG BLADES / BUCKETS) @ MCS: D COMBINATION

06 X LATERAL CRITICAL SPEEDS, rpm ] bOUBLE EXTENDED O

07 | FIRST CRITICAL: O No. OF STAGES
[ 08 | pAMPED: UNDAMPED: ] FINAL STAGE BLADE LENGTH, mm
[ 00 | MODE sHAPE: MODE SHAPE: [J MAX. BLADE LENGTH, mm
[ 10 | seconb criTicaL: [ sHAFT MATERIAL
[ 11 | pAmPED: UNDAMPED: [ MAX. YIELD STRENGTH, N/mm?:
[ 12 | MoDE sHAPE: MODE SHAPE: [J SHAFT HARDNESS, [BHN] [Rc]:
[ 15 | THIRD cRITICAL: [J MAX, TORQUE CAPABILITY, [N.m]
[ 14| pamPED: UNDAMPED: ] MATERIAL AT SEALS / PACKINGS:
E MODE SHAPE: MODE SHAPE: [JHARDNESS, [BHN] [Rel:
[ 16 | FoURTH CRITICAL: [] HARDENING PROCESS: O creiatine
[ 17 | pamPED: UNDAMPED: O nirriDiNG
[ 15 | MoDE sHaPE: MODE SHAPE: O sprav:

19 ® [X] ROTORDYNAMICS [ sHAFT PROTECTION: O witH sLeeves

20 | @ LATERAL ANALYSIS REQUIRED (NOTE 2) O sTABILITY ANALYSIS [IF APPLICABLE] | L] sHAFT ENDS O CYLINDRICAL (STRAIGHT)
| 21 | @ TORSIONAL ANALYSIS REQUIRED & CRITICAL & TRANSIENT O TAPERED TAPER Z: [ mm/m
| 22 | ® LATERAL CRITICAL SPEED BASIS: O Kevep [ sinete [ pouste ]
| 23 | ® DAMPED UNB. RESP. ANALYSIS & SHOP VERIFICATION TEST [URT 1&2] O HyprauLicFIT O INTEGRAL FLANGE
24 O SHOP STABILITY TEST [IF APPL] [ oTHER TYPE: [ sHaFT DIAMETERS, mm:
[ 55 | ] ALLOWABLE VIBRATION LEVELS [Pk-PK] 1 m: [ @ seArINGS: O @ courLing:
[ 56 | (] ALLOWABLE VIBRATION LEVELS [rms] mmis: [ @ wHeeLs: O
? [] TURBINE ROTOR INERTIA [GD?, kg.m?

28 [X] TORSIONAL CRITICAL SPEEDS [] FIELD BALANCING PROVISIONS:

29 | FIRST CRITICAL, rpm: ® REQUIRED O LocaTtion:
[ 30 | seconp criTicAL rpm: [[] bESCRIPTION OF FIELD BALANCING PROVISIONS:
[ 31 | THIRD CRITICAL, rpm:
[ 32 | FOURTH CRITICAL, rpm:

33 [ ] BLADING: STAGE #1 STAGE #2 STAGE #3 STAGE #4 STAGE #5 STAGE #6 STAGE #7
34 | [ WHEEL MATERIAL
[ 35 |0 eLADE MATERIAL
[ 36 | LADE ROOT TYPE
[ 37| cLosure piEce TYPE
[ 38 | (0 Tie wire/sHROUD MATERIAL

[ 30 | ] sHROUD ATTACHMENT

[ 40 |0 piTcH DIAMETER, mm

[ 41| BLADE HEIGHT, mm

[ 42 | O sLADE QuanTITY

[ 43| eLADE TYPE

44 | ] SHAFT SEALS: INLET INTERMEDIATE #1| INTERMEDIATE #2 EXHAUST  |® [] CASING END SEALS:

45 | SURFACE SPEED, m/s TYPE: O LABYRINTH
Z MAX. SEAL PRESSURE, kgficm®g [ oTHER:

[ | MATERIAL:

® [] INTERSTAGE SEALS:

TYPE: O LABYRINTH
[ oTHER:

MATERIAL:

NOTES:




DATA SHEET No- REV.
? SHEET 5 o 22
TITLE:
PETROBRAS SPECIAL PURPOSE STEAM TURBINE
01 ® [] CONSTRUCTION FEATURES, CONTINUED
02 | BEARINGS AND BEARING HOUSINGS
03 RADIAL INLET END EXHAUST END THRUST ACTIVE INACTIVE
04 | TYPE: TYPE: TILTING PAD TILTING PAD
E MANUFACTURER: MANUFACTURER:
E LENGTH, mm: UNIT LOADING, MAX., kgf/cmz:
F SHAFT DIAMETER, mm: UNIT LOAD, ULTIMATE, kgf/cmz:
g UNIT LOAD, ACTUAL/ALLOWABLE AREA, mmz:
E BASE MATERIAL: No. OF PADS:
? BABBITT THICKNESS, mm: PIVOT: CENTER/OFFSET, %
T No. OF PADS: PAD BASE MATERIAL:
? LOAD, BETWEEN PADS / ON PAD: LUBRICATION: O FLOODED ® DIRECT
? PIVOT, CENTER / OFFSET, %: THRUST COLLAR: ® INTEGRAL O REPLACEABLE
? SPAN BETWEEN BEARINGS, mm: MATERIAL:

15

® [[] BEARING TEMPERATURE DEVICES

® [] VIBRATION DETECTORS, CONTINUED

16 | O THERMISTORS: O VELOCITY TRANSDUCERS: O requIRED O NOT REQUIRED
i TYPE: O ros Temp coerricient [ NEG TEMP COEFFICIENT O rvee: No. REQ'D:

18 TEMP SWITCH & INDICATOR BY: O purchaser O VENDORMER O MFR: O MODEL:
10| OTHERMOCOUPLES:  TYPE: O3 Ok  OFrRrst OSECONDOPTION | No. @ EACH SHAFT BEARING: TOTAL NUMBER:
20| seLEcTOR swiTcH & INDICATORBY: O pURCHASER O VENDORIMER | OSCILLATOR-DETECTORS SUPPLEDBY: O purcHAsER O VENDOR/MFR
21 | O RESISTANCE TEMPERATURE DETECTORS:  OFIRST O SECOND OPTION O MFR: O MODEL:
22| REsISTANCE MATERIAL PLATINUM R,Q: 100 MONITOR & DISPLAY SUPPLIEDBY: O purcHaser O VENDOR/MER
23 SELECTOR SWITCH & INDICATORBY: O purcHaser O VENDOR/MER OLocaTioN: [ encLosure

24 | O LOCATION-JOURNAL BEARINGS O MFR:: O MODEL:

25 No:  TWO []EACHPAD [JeveryotHer O PER BEARING [ scaLE RANGE: O aLarMm: ] sET, mmis:

26 OTHER: [ miME DELAY, s: O DANGER: [] SET, mmis:

27 | OLOCATION-THRUST BEARING [ACTIVE SIDE] O snumoown: [ sET, mmis:

28 No:.  TWO []EACHPAD [OeveryotHer O PERBEARING | O ACCELEROMETERS: O requIRED O NOT REQUIRED
29 | O LOCATION-THRUST BEARING [INACTIVE SIDE] O rvee: No. REQ'D:

30 No.  TwO []EACHPAD JeveryotHer O PER BEARING O MFR:: O MODEL:
[51]  oTHeR: No. @ EACH SHAFT BEARING: TOTAL NUMBER:
; MONITOR & DISPLAY SUPPLIED BY: O PURCHASER O VENDOR/MFR | OSCILLATOR-DETECTORS SUPPLIED BY: (@) PURCHASER O VENDOR/MFR
33 O LocaTION [ encLosure O MFR: O MODEL:

34|  OWFR: O MODEL: MONITOR & DISPLAY SUPPLIEDBY: O pyrcraser O VENDORMFR
35 [ scALE RANGE: O aarm: O seT, °C: O LocATION: [ encLosure

36 [J 1imME DELAY, s: O pancer: O sET, °C: O MFR: O MODEL:

37 ® [ PHASE INDICATORS [N] [J scALE RANGE: O aLarM: [ seT, mmis®

38 | O KEY PHASOR(S) ARE REQUIRED FOR EVERY DIFFERENT SHAFT SPEED [ TiME DELAY, s: O DANGER: [] SET, mmis®
30| CJoriveneq. [ ceAr(FAPPL] [ TURBINE O O srumown: [ seT, mmis?

40 & [[] RADIAL VIBRATION DETECTORS (NOTE 9) ® [ AXIAL POSITION DETECTORS (NOTE 9)

41 | O AMPLITUDE SENSORS: O ALWAYS REQUIRED O SHAFT DISPLACEMENT SENSORS: O ALwAYS REQUIRED
(2] Ot No. REQ'D: O TypPE: No. REQ'D:
[s|  Owmrr: MODEL: O MER: MODEL:
44 | No. @ EACH SHAFT BEARING: TOTAL NUMBER: No. @ EACH THRUST BEARING: TOTAL NUMBER:

OSCILLATOR-DETECTORS SUPPLIED BY:

45 | oSCILLATOR-DETECTORSSUPPLEDBY: O purchaser O VENDORMFR O purcraser O VENDORMFR
[46] O wrr: O MODEL: O MFR: O MODEL:

47| MONITOR&DISPLAY SUPPLIEDBY: O purchaser O VENDORIMER MONITOR &DISPLAY SUPPLEDBY: O purchaser O VENDORMER
[16] O Location [ encLosure O LocATION: [J encLosuRrE

(20| O wmer: O MoDEL: O MFR:: O MODEL:

[50] [ scaLe rance: O aLarm: [ SET, pm: [ scALE RANGE: O aLarm: [ seT, pm:

51 [J 1imME DELAY, s: O pancer: L SET, pm: [J mive DELAY, s: O paANGER: [] SET, um:

B O snumom: [] SET, um: O snutown: [] SET, um:

53

54




DATA SHEET e REv
|
-7~ SHEET 6 o 22
TITLE:
PETROBRAS SPECIAL PURPOSE STEAM TURBINE
01 & [ LUBRICATION AND CONTROL OIL SYSTEMS
02 | SEE OIL SYSTEM(S) DATA SHEETS: AS ISSUED FOR THIS JOB OIL REQUIREMENTS CONTROL OIL LUBE OIL
03 | SYSTEM(S) SUPPLIED BY: O TURBINE MFR. ® TRAIN VENDOR|L_] NORMAL FLOW, m¥h
04 | OsePARATE sys. FORTURBINE ONLY O conTroL ol O LUBE oIL ] TRANSIENT FLOW, m%h
05 | @ COMMON WITH TRAIN OcontroLoIL @ Luse ol | PRESSURE, kgfiem? g
[ 06 | TRAIN VENDOR OR TURBINE MANUFACTURER TO SUPPLY: [] TEMPERATURE, °C
07 | @ CONTROL OIL ACCUMULATOR @ CTRLOLALTERS @ DUAL [2x100%] [[] TOTAL HEAT REJECTED, [MW] [keallh]
ﬁ ® FULL 304/304L SS OIL SUPPLY HEADER PIPING, UP/DOWNSTR. FILTERS [ oiL TYPE [MINERAL / SYNTHETIC]
| 09 | ® OIL DRAIN HEADER PIPING [ viscosiTy, [ssu @ 37,8 °C] [1SO VG]
i ® STAINLESS STEEL (304/304L) O cArBON ST. [ FiLTRATION
1 &) SIGHT FLOW INDICATORS [
12 & [] COUPLINGS AND GUARDS
13 | NOTE: SEE FIELDS ABOUT “SHAFT ENDS” ON DRIVEN & DRIVER DATA SHEETS
i ® APISTD671DATA SHEETS: & TO BE PROVIDED [ see ATTACHED ® KEYLESS HYDRAULIC FIT (F APPLICABLE) O kevep AT [ otHeR
| 15 | COUPLING FURNISHED BY: O PURCHASER ® TRAIN VENDOR | @ VENDOR MOUNT HALF COUPLING @ IDLING ADAPTER / SOLO PLATE
16 | COUPLING MANUFACTURER: X TveE: [X] mobEL
? CPLG GUARD FURNISHED BY: O PURCHASER ® TRAIN VENDOR | LUBRICATION REQUIREMENTS:
18 | GUARD TYPE: ® rFuLLy encLosep O SEMI-OPEN & NON-LUBE O GREASE O cont.oiLuee O oTHER
19 | GUARD MATERIALS & SAFETY @ NON SPARKING O OTHER SEPARATE SYSTEM: O LuBe oiLsys. O JUST OIL FILTERS
| 20 | & GUARD TO FULLY RETAIN DAMAGED COUPLING IN CASE OF FAILURE | QUANTITY PER HUB: [ kgrh or Cln
21 | COUPLING MAX O.D., mm: END FLOAT, mm:
[ 22| spacer LENGTH, mm: (NOTE5) SPACER WEIGHT, kg: HUB WEIGHT, kg:
23 ® [] MOUNTING PLATES
24 | BASEPLATES FURNISHED BY: O PURCHASER & TRAIN VENDOR SOLEPLATES FURNISHED BY: O PURCHASER & TRAIN VENDOR
ﬁ & COMMON WITH: DRIVEN [IF FEASIBLE] ® GEAR [IF APPLICABLE] [ tHickNESS, mm: O sUB-SOLE PLATES REQUIRED
i O COLUMN MOUNTING [FULLY RIGID SKID] ® OTHER: (NOTE 1) & LEVELING [SHOCK] BLOCKS REQUIRED
27 | @ HORIZONTAL ADJUSTING SCREWS FOR EVERY COMPONENT OF TRAIN| IX] STAINLESS STEEL SHIM THICKNESS, mm
28 | @ VERTICAL ADJUSTING SCREWS FOR EVERY COMPONENT OF TRAIN | PRIVER: GEAR: COMPRESSOR:
29| @priPRIM @ LEVELING PADS @) NON-SKID DECK PLATES REQUIRED | O PRIMER FOR EPOXY GROUT REQUIRED TYPE:
30 | ® SUB-SOLE PLATES REQUIRED [WHENEVER APPLICABLE] ® HOLD-DOWN BOLTS FURNISHED BY: O PURCHASER ® TRAIN VENDOR
31 & STAINLESS STEEL SHIM THICKNESS, mm: ® ANCHOR BOLTS FURNISHED BY: O PURCHASER ® TRAIN VENDOR
| 32 | O PRIMER FOR EPOXY GROUT REQUIRED TYPE: ® SUITABLE FOR OPTICAL / LASER ALIGNMENT
| 33 | ® BASE PLATE WILL BE INSTALLED ON CONCRETE FOUNDATION [ sinGLE secTiON [ muLTi-secTiON
34 | O BASE PLATE WILL BE INSTALLED ON METALLIC STRUCTURE & MACHINED MOUNTING PADS REQUIRED [WHENEVER APPLICABLE]
35 ® [] GEAR UNITS: ® [[] CONTROLS AND INSTRUMENTATION:
36 |GEAR UNITS FURNISHED BY: O PURCHASER  ® TRAIN VENDOR INSTRUMENTS & CONTROLS SHALL BE ACCORDING TO PURCHASER'S SPECS.
? SEE GEAR UNIT(S) DATA SHEETS No.: SEE SPEC(S) & DATA SHEETS No.:

® |:| PROTECTIVE DEVICES:

PROTECTIVE EXHAUST

DEVICES RELIEF VALVE

EXTRACT. /INDUCT.
RELIEF VALVES

SENTINEL VACUUM NON-RETURN OTHER THERMAL

WARNING VALVE BREAKER VALVES RELIEF VALVES

MOUNTING LOCATION

SET RELIEF PRESSURE, kgffcm? g

CAPACITY, kg/h [OF STEAM]

VALVE MANUFACTURER

VALVE TYPE

VALVE SIZE / # RATING

FLANGE FACING RF

FURNISHED BY: TURBINE MFR.

TURBINE MFR.

NOT REQUIRED TURBINE MFR. TURBINE MFR. TURBINE MFR.

QUANTITY:

NOTES:




DATA SHEET e REv
? SHEET 7 . 22
TITLE:
PETROBRAS SPECIAL PURPOSE STEAM TURBINE
01 ® [ TRIP AND THROTTLE VALVES
02 |ARR. TYPE: O TRIP O TRIP & THROTTLE O pupLicaTET/T&T | INLET STRAINERS
[ 03 |PROVIDED BY: O PURCHASER ® TURBINE VENDOR PERM. STR. OPENING SIZE, [mm] [mesh] MATERIAL
[ 04 | vALVE MANUFACTURER: MODEL: TEMPORARY STARTUP STR., [mm] [mesh] MATERIAL
05 & STRAINERS TO FOLLOW PETROBRAS STD.
06 | LOCATION: X MAIN INLET [ inbucTION VALVE INTERNALS
07 |vaLve size | O O [] STEM MATERIAL: HARDNESS, Rc:
[ 08 [#raminGg |0 O [ STEM HARDENING BY: HARDNESS, Rc:
00 | FacinG O O Ol crPLATING [ NITRIDING [ sPRAY:
F ACTION O puLL To seaT [ PusH TO SEAT| [] PULL TO SEAT [] PUSH TO SEAT| [J PLUG MATERIAL: HARDNESS, Rc:
T RESET O manuaL [ HYDRAULIC | ] MANUAL [ HYDRAULIC |[] SEAT MATERIAL: HARDNESS, Rc:
? TRIP X LocaL manuaL [ REMOTE [ LocALMANUAL [] REMOTE
? ExERCISER | B LocaL manuaL [ REMOTE [ LocALMANUAL [] REMOTE ] PACKING MATERIAL: LEAK OFF, kg/h:
14 O FuLLy oIL oPERATED [ FULLY OIL OPERATED [X] VALVE SPRING SUPPORT PROVIDED BY ~ ® TURB.VENDOR O PURCHASER
15 ® [ GOVERNOR-CONTROLLED VALVES
16 LOCATION MAIN INLET INDUCTION INDUCTION / EXTRACTION|INDUCTION / EXTRACTION NOTES
17 | TRIP POSITION (OPEN-CLOSED)
[ 15 | NUMBER OF vaLVES
[ 10 |PrROVIDED BY: TURBINE MFR. TURBINE MFR. TURBINE MFR. TURBINE MFR. WHENEVER APPLICABLE|
[ 20 | vaLvE MANUFACTURER
[ 21 | connecTion size
[ 22 | 4 raTING
[ 23 | FacinG (RF, RTJ, OTHER)
[ 24 | acTion (CAM, BAR, OTHER)
[ 25 | sTEM MATERIAL
[ 26 | sTEM MATERIAL HARDNESS, Rc
[ 27 | PACKING MATERIAL
[ 26 | PackinG LEAK OFF, kg/h
20 |
[ 20 |
E
32 ® [ TURNING DEVICES [TURBINE MFR. TO ADVISE] ® MISCELLANEOUS
33 | O TURNING DEVICE REQUIRED BY PETROBRAS, FOR THIS JOB O ot REQUIRED ® STARTUP ASSISTANCE REQUIRED, SEE MATERIAL REQUISITION.
i [ RECOMMENDED BY TURBINE AND / OR TRAIN VENDORS ] UNNECESSARY | @ VENDOR'S REVIEW & COMMENTS ON PURCHASER'S PIPING& FOUNDATION
| 35 | TURNING DEVICE FURNISHED BY: ® TurBINE MFR. O TRAIN VENDOR | @ VENDOR'S REVIEW & COMMENTS ON PURCHASER'S CONTROL SYSTEMS
| 36 | MOUNTED BY ® TursiNe MFR. O TRAINVENDOR O OTHERS & VENDOR WITNESS INITIAL ALIGNMENT @ FINAL (HOT) ALIGNMENT CHECK
| 37| [ TURN. DEV. MFR MODEL & wATER WASHING sYSTEM: O compLETE O PARTIAL @ PROVISIONS ONLY
i O rvpe: & STATIC CONDUCTING BRUSHES ® SHAFT BRUSHES
| 39 | [ NORMAL OPER. SPEED, rpm: MIN. FOR BEARINGS OIL FILM, rpm & SHUTDOWN ACTIVATES EXHAUST VACUUM BREAKER [WHENEVER APPLICABLE]
| 40 | MIN. FOR DRY SEALS LIFT, rpm & OPTICAL ALIGNMENT FLATS REQUIRED ON TURBINE / GEAR / DRIVEN
| 41 | TURNING DEVICE OPERATION: @ EXTENT OF PROCESS PIPING BY VENDOR: WITHIN BATTERY LIMITS
| 42 | ENGAGEMENT ® manuaL, LocaL O AuTomaTIc & SHOP FIT-UP OF VENDOR'S PIPING
ﬁ ® maNUAL crANK @ NO cLUTCH O WITHCLUTCH | @ WELDING HARDNESS TESTING, AS REQUIRED
44 | INTERLOCKING AND PERMISSIVE STARTS WITH: ® AUXILIARY EQUIPMENT MOTORS
| 45 | ® zErRORPMDETECTION @ DRIVEN EQUIP. BLOCKAGE
i ® TraNLUBE OILsYSTEM O JACK (OIL LIFT) SYSTEM
47 ® DRIVEN EQUIP. SEAL SYs. [1OTHER: & SPECIAL TOOLS

DISENGAGEMENT @ MANUAL, LOCAL & AUTOMATIC
® DRIVER & GEARBOX DATA SHEETS: & T0 BE PROVIDED ] SEE ATTACHED

® priver TYPE:  ® ELECTR. MoTOR O STEAMTURBINE O HYDR. MOTOR

O PNEUM. MOTOR
LUBRICATION: 1 INDEPENDENT  [] TRAIN LOS [J oTHER:
OPERATOR STATION ® | oCAL O ReMoOTE

& ALL THOSE NOT COMMERCIALLY AVAILABLE TOOLS, AS PER API STANDARDS.
& COUPLING RING AND PLUG GAUGE

& HYDRAULIC COUPLING MOUNTING / REMOVAL KIT

& FIELD BALANCING WEIGHTS AND THEIR MOUNTING / REMOVAL KIT

& SPREADER BEAMS, AS NECESSARY

& INSTRUMENTS & CONTROLS RECALIBRATION DEVICES

& PANELS / CONTROLLERS REPROGRAMMING HARDWARE / SOFTWARE




DATA SHEET e e
? SHEET 8 L 22
TITLE:
PETROBRAS SPECIAL PURPOSE STEAM TURBINE
| 01 | ® [X] GOVERNOR AND TURBINE DUTY REQUIREMENTS
02 | covERNOR TYPE ©rbon Bactoal 410 OF RATED MANUFACTURER MODEL
03 | O MECHANIC / HYDRAULIC
| 04 | @ ELECTRONIC, WITH DIGITAL PROCESSOR| D
05 | PROCESSOR: O SIMPLEX @ MULTIPROCESSOR
[ 06 | AcTuATOR: [ pNEUMATIC [J HYDRAULIC MFR/MODEL: & GOVERNOR SUPPLIED BY: ® TURBINE MFR. O TRAIN VENDOR
| 07 | SPEEDADIUSTMENT: @ manuaL @ maNUALREMOTE @ AuTomATIC & MOUNTED BY: ® TureiNE MFR. O TRAIN VENDOR
08 ® REMOTE TRIP SIGNAL O
09 | TURBINE TYPE AND DUTY
[ 10 |O sINGLE VALVE, SINGLE STAGE [0 SINGLE VALVE, MULTISTAGE ~ [] DOUBLE AUTOMATIC EXTRACTION
11 |O muLTI VALVE, MULTISTAGE [0 SINGLE AUTO EXTRACTION [0 SINGLE AUTOMATIC EXTRACTION / INDUCTION
(12 |O orher [0 DOUBLE AUTOMATIC EXTRACTION / INDUCTION
13 | DRIVEN EQUIPMENT TYPE
[ 14 | O AXIAL/ CENTRIFUGAL COMPRESSOR O SYNCHRONOUS GENERATOR
[ 15 |O centrIFUGAL PUMP O INDUCTION GENERATOR
[16 |O Fan O OTHER

17

MECHANICAL DRIVE SERVICE REQUIREMENTS

GENERATOR DRIVE SERVICE REQUIREMENTS

18 |® SPEED CONTROL BY O DROOP CONTROL
[ 10 | PROCESS VARIABLE O PRESSURE @ FLOW O FREQUENCY CONTROL
[ 20 | EXTRACTION O PrReEsSURE O FLOW O LOAD CONTROL
[ 21 | INDUCTION O PressURE O FLOW O Kkw CONTROL
[22]  TURBINE INLET O pPressuRE O FLOW O kW IMPORT / EXPORT CONTROL
23| TURBINE EXHAUST O PRessuRE O FLOW O LOAD SHEDDING
[ 24 | O AUTO SYNCHRONIZATION
[ s | O EXTRACTION EXTERNAL CONTROL BY: O PRESSURE O FLOW O AUTO VOLTAGE REGULATION
[ 26 | O INDUCTION EXTERNAL CONTROLBY O PRESSURE O FLOW O TURBINE INLET PRESSURE LIMITING
El QO INLET PRESSURE LIMITER
28 & MINIMUM INPUT / OUTPUT REQUIREMENTS (BIDDER/VENDOR TO INCLUDE ADDITIONAL ITEMS, AS NECESSARY)
29 | DISCRETE INPUTS DISCRETE OUTPUTS
[ 30 | ® START OR RESET O INLET PRESSURE LIMITER
[ 31 | ® NORMAL STOP ® COMMON SHUTDOWN
[ 32 | ® EMERGENCY TRIP ® COMMON ALARM
B2 ® INCREASE SPEED ® OVERSPEED TRIP RPM
[ 34 | ® DECREASE SPEED ® REMOTE SPEED SET POINT ENABLED
B3 ® ENABLE / DISABLE REMOTE SPEED SET POINT O PRESSURE CONTROL ENABLED
[ 36 | ® RAMP TO MINIMUM CONTINUOUS SPEED O FLOW CONTROL ENABLED
El ® OVERSPEED TEST ENABLE O EXTRACTION CONTROL ENABLED
[ 35 | O ENABLE PRESSURE CONTROL O INDUCTION CONTROL ENABLED
B O ENABLE EXTRACTION CONTROL ® SPEED PICKUP ALARM
[ 40 | ® REMOTE ALARM CLEAR / ACKNOWLEDGEMENT O OTHER
[ 41 | O ENABLE AUTO SYNCHRONIZATION
[ 42| O CASCADE INCREASE / DECREASE
[ 43 | O OTHER
[ 44 | AnALOG INPUTS (4-20mA) ANALOG OUTPUTS (4 - 20 mA)
[ s | ® REMOTE SET POINT O PROCESS PRESSURE ® SPEED ® SPEED SET POINT
[ 46 |O exTrRACTION O pPressuRE O FLOW ® REMOTE SPEED SET POINT
[ 47 | O KW IND. LOAD O KW IMPORT / EXPORT O EXTRACTION PRESSURE SET POINT (O EXTRACTION PRESSURE
[ 45 | O OTHER O PROCESS PRESSURE ® ACTUATOR POSITION
[ 4o | O kw O kW IMPORT / EXPORT
50 NOTES:
[ 51 |
52 |
[ 53 |

54




DATA SHEET

REV.

SHEET 22

of

TITLE:
PETROBRAS

SPECIAL PURPOSE STEAM TURBINE

01 & [X] SPEED GOVERNOR & OVERSPEED PROTECTING DEVICES
02 | GOVERNOR INSTALLATION REQUIREMENTS
[ 03 | LocaTion O LOCALLY MOUNTED (AT TURBINE) MOUNTING [0 FLUSHMOUNT INPANEL [] SURFACE MOUNT
[ o4 | O TRAIN LOCAL CONTROL PANEL (AT SITE, NEAR TRAIN) [0 VERTICAL RACK O
[ 0s | O TRAIN REMOTE CONTROL PANEL (IN CONTROL ROOM) O O
[ 06 | [0 OTHER: Oa |
[ 07 | EncLosURE O GENERAL PURPOSE POWER SOURCE SINGLE DUAL
[ 0s | O ASREQUIRED BY AREA CLASSIFICATION (SEE SITEDATA) 120 V AC O O
[ 00 | [0 Nema4 O ISA512.4 DRY AIR PURGE TYPE: Z 220 V AC @) O
1_0 [0 NEmAsx [J P65 [ EXPLOSION PROOF 125 VvV DC (@) O
[ 11 | [0 OTHER: 24 V DC O O
12 | GOVERNOR CONTROL PANEL’ OUTPUTS FROM PANEL TO GOVERNOR  INPUTS FROM PANEL TO GOVERNOR|
[ 15| ® REQUIRED BY PETROBRAS, WHENEVER APPLICABLE ® START ® COMMON ALARM TRIP
[ 14 | LocaTion O TRAIN LOCAL CONTROL PANEL (AT SITE, NEAR TRAIN) ® TRIP ® TRIP LAMP
[ 15 | O TRAIN REMOTE CONTROL PANEL (IN CONTROL ROOM) ® INCREASE ® REMOTE SET POINT ENABLE LAMP
[ 16 | O OTHER: ® DECREASE ® SPEED SET POINT METER
[ 17 | EncLosure O GENERAL PURPOSE ® OVERSPEED TEST [0 OTHER:
[ 15 | O AS REQUIRED BY AREA CLASSIFICATION (SEE SITE DATA) |® RAMP TO MINIMUM CONTINUOUS O
[ 10 | O NEMA4 QO ISA512.4 DRY AR PURGE TYPE: ® REMOTE SET POINT ENABLE / DISABLE []
[ 20 | O NeEmA4x [0 P65 [ EXPLOSION PROOF ® RESET O
? [0 OTHER: [0 OTHER: O
22 | MISCELLANEOUS GOVERNOR DETAILS
| 23 | GOVERNOR ACTION ON LOSS OF REMOTE SIGNAL OR SECONDARY POWER ® LOCKS ON LAST VALUE O LoorPmMATE [
[ 24 | O GOES TO MINIMUM CONTINUOUS SPEED
[ 25 | O GOES TO MAXIMUM CONTINUOUS SPEED
26 | EXTERNAL INTERFACE DEVICE TYPE: () PRINTER FORMAT: O GRAPHIC DISPLAY
[ 27 | O CRT ® TABULAR DATA
[ 2 | O MODEM ® TRENDING (REAL TIME)
29 ® SERIAL COMMUNICATIONS LINK ® HISTORICAL ARCHIVING
30 | O DCS MANUFACTURER:
[ 51 | O DCS MODEL:
32 | O DATATRANSMISSION: (@ SERIAL DATA LINK O PrOTOCOL:
? O DISCRETE II0 [0 BAUDRATE: O 300 [ 1200 [ 2400
3_4 O NETWORK TYPE: [ 4800 [J 9600 [] 19200
[ 3 | GOVERNOR SPEED PICK UP SENSORS
[ 36 | [0 MANUFACTURER: MODEL: & INSTALLATION: O puaL @ TRIPLE O INSTALLED SPARE
El [ SPEED PICK UPS ® QUANTITY REQUIRED: 3 @ NUMBER OF TEETH IN SPEED SENSING SURFACE: 60 T. WHEEL
B
[ 3 | ACTUATORS ® SUPPLIEDBY: (® TURBINE VENDOR/MFR. [ TYPE: [0 HYDRAULIC [0 PNEUMATIC
T [0 MANUFACTURER: [ SINGLE colL [ muLTI colL
T [ MODEL: O OTHER:
42 | TACHOMETERS ELECTRONIC OVERSPEED SHUTDOWN SYSTEMS
[ 43 | LocaTion O LOCALLY MOUNTED (AT TURBINE) LOCATION O TRAIN LOCAL CONTROL PANEL (AT SITE, NEAR TRAIN)
m ® TRAIN LOCAL CONTROL PANEL (AT SITE, NEAR TRAIN) ® TRAIN REMOTE CONTROL PANEL (IN CONTROL ROOM)
[ 45 | O TRAIN REMOTE CONTROL PANEL (IN CONTROL ROOM)
[ 46 | ® SUPPLIED BY: ® TURBINE MFR. ® OTHERS ® SUPPLIED BY: ® TURBINE MFR. O OTHERS
7 [J MANUFACTURER: O O XI MANUFACTURER: O O O
? O O X MODEL: O O O
[ 4o | [J MODEL: O O ® NUMBER OF TEETH IN SPEED SENSING SURFACE: 60 T. WHEEL
[ 50 | [] SPEED PICK UPS ® QUANTITY REQUIRED: [ SPEED PICK UPS ® QUANTITY REQUIRED: 3+1
51 | MECHANICAL OVERSPEED SHUTDOWN SYSTEM [ SET POINT, rpm: ® VOTING LOGIC: 2 out of 3
52 |O REQUIRED BY PETROBRAS, FOR THIS JOB ® NOT REQUIRED [0 SOLENOIDS SHALL:  [] DE-ENERGIZE TO TRIP [] ENERGIZE TO TRIP
B [0 RECOMMENDED BY TURBINE / TRAIN VENDORS [] UNNECESSARY [ CONTACTS SHALL BE: [[] NORMALLY OPEN [J NORM. CLOSED
[ 54 | O TvPE: [J SET POINT, rpm [J VOLTAGE LEVELS:




DATA SHEET No- REV:
? SHEET 10 o 22
TITLE:
PETROBRAS SPECIAL PURPOSE STEAM TURBINE

o1 ® [X] GLAND SEALING AND VACUUM SYSTEM

02 [SYSTEM PER: |:| APPENDIX G-1 |:| APPENDIX G-2 ® VACUUM SYSTEM FURNISHED BY: ® TURBINE MFR. O OTHERS
E |:| OTHER: ® SHIPPED LOOSE O SKID MOUNTED |:|
H O AVAILABLE HEADER PRESSURE, kgf/cm? g [ OTHER:
E O AVAILABLE HEADER TEMPERATURE, °C O GLAND CONDENSER SPECIFICATION:
E O AVAILABLE SEAL STEAM SUPPLY PRESSURE, kgf/cm2 [o] ® STEAM EJECTOR |:| STEAM PRESSURE, kgf/cm2 [o]
F O AVAILABLE SEAL STEAM SUPPLY TEMPERATURE, °C |:| STEAM FLOW, kg/h
g |:| SEAL STEAM PRESSURE, kgflcmz g |:| STEAM FLOW, kg/h O VACUUM PUMP SPECIFICATION:
E |:| SEALING STEAM RELIEF VALVE SET PRESSURE, kgf/c:m2 g O CONDENSATE RECEIVER O LOOP SEAL HEIGHT, m:

O VALVE FURNISHED BY: O TURBINE MFR.
[J FLOW ADJUSTING VALVES, TYPE:

12 O VALVES FURNISHED BY:O  TURBINE MFR.

13 O [J SURFACE CONDENSER

14 |DESIGN SPECIFICATIONS: ICONSTRUCTION MATERIALS
15 | ® AsMEBPVCSECVI®) TEMA B @ HEI/9 O sHELL O O
? O OTHER: [J cooLINGg sHRouDs [ O
[ 17 [apPLicaTION: STEAM TURBINE EXHAUST [0 TUBE SUPPORT PLATES [] O
?MANUFACTURER MODEL: [ TUBE SHEETS O O
[ 15 [pERFORMANCE DATA: O TUBE SHEETSLINING O O
?INLETPRESSURE, mm Hg abs STEAM FLOW, kg/h ® TUBES &® ADMIRALTY O
?HEAT REJECTED, kcal/h CIRC. WATER FLOW, m*h [0 WATER BOXES O O
[ 22 lwaTer INLET TEMP., °C WATER OUTLET TEMP., °C [0 WATER BOXES COVERS [] O
Z ATER Ap, [m] [kgflcm?] [0 HOT WELL O O
ZDESIGN DATA: O O O
[ 25 [surFace AREA, m? TOTAL: EFFECTIVE: ® EXP. JOINTS REQUIRED: (¥ STEAM INLET NOZZLE
[ 26 [No. OF WATER PASSES No. OF TUBES 0.D.,in. 3/4 |@ SHELL EXPANSION DEVICE (®) DIVIDED WATER BOXES (®) DAVITS INCLUDED
[ 27 | TUBE LENGTH, m ® SACRIF. ANODES INCLUDED  (®) EPOXY COATING
[ 25 [pEsion PRESSURE, kgflcm® SHELL: TUBES:
[ 20 [rest PRESSURE, kgf/cm® SHELL: TUBES: ICONDENSATE REMOVAL SYSTEM
[ 30 [pEsien TEMPERATURE, °C SHELL: TUBES: ® TWO CENTRIFUGAL, OH,, ISO 13709 PUMPS, C6 MATERIALS
[ 31 [HoT wELL suPPLY CAPACITY, minutes MIN: MAX: ® MOTOR DRIVEN PUMP ® TURBINE DRIVEN PUMP
[ 32 [connecTions (diameters in inches) ® STEAM JET AR PUMP SYS: (@ PRIMARY EJECTOR ® SECONDARY EJ.
(33| sTeAmiNCET WATER IN/JOUT CONDENS. OUT ® INTER/AFTER CONDENSERS

34 ® [X PAINTING

X] MANUFACTURER'S STANDARD ® TO BE SUBMITTED FOR APPROVAL

® FINISH COLOR: SEE GENERAL NOTES

® D NOISE ATTENUATION DEVICES

& PREPARATION FOR SHIPMENT

JACOUSTIC ENCLOSURE: [BY VENDOR, IF NECESSARY] X ves [ nNo

® ves O no

IACOUSTIC LAGGING / BLANKETS [WHEN APPLICABLE]

O pomesTIc @ EXPORT ® EXPORT BOXING

Os ® 12

& WATERPROOF

® OUTDOOR STORAGE FOR: O MORE THAN 12 MONTHS

39 ® THERMAL INSULATION ® SPARE ROTOR ASSEMBLY PACKAGED FOR:
40 | ® REMOVABLE, REUSABLE BLANKETS O HORIZONTAL STORAGE O VERTICAL STORAGE
I ® FOR PERSONNEL PROTECTION ON THOSE PARTS @ OP. TEMP. OF 60 °C OR HIGHER ® BOTH HORIZONTAL AND VERTICAL STORAGE ® AS PER API RP 687
; ® AS REQUIRED BY PROCESS CONDITIONS ® WRAPPED, PACKED IN STEEL CONTAINER, SEALED AND N, PRESSURIZED WITH
[ 43 | ® SAFETY DATA SHEETS FOR ASBESTOS-FREE MATERIALS [MANDATORY] [MANOMETER, BLOCK AND SAFETY VALVES, VENT AND FILLING CONNECTIONS.
44 X] SPACE REQUIREMENTS, mm X WEIGHTS, kg
45 DIMENSIONS: L W H ITURBINE, COMPLETE SET:
? D COMPLETE UNIT: TURBINE: GEAR: DRIVEN: BASE:
[ 47 | O LuBk oL consoLe: ROTORS: TURBINE: DRIVEN: GEAR:
[ 48 | O conTROL OIL cONsOLE: TURBINE UPPER CASE: CONTROL OIL CONSOLE:
E D CONDENSATE REMOVAL SYSTEM: LUBE OIL CONSOLE: TRIP AND/OR T & T VALVES:
E D GLAND SEALING CONSOLE: ICONDENSATE REMOVAL SYSTEM: GLAND SEALING CONSOLE:
E ‘(’:VQESL'EECT'ON SYSTEM MAX. FOR MAINTENANCE IDENTIFY:
52 |[] LOCAL PANEL / GAUGE BOARD: TOTAL SHIPPING WEIGHT: PACKAGE GRAVITY CENTER:
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15
16
17

18

20
21
22
23
24
25
26
27
28
29
30
3

-

32
33
34
35
36
37
38
39
40
4

fuy

a2
43
a4
45

46

19

HEAT STABILITY

ICLEANLINESS

HARDNESS
HYDROSTATIC TESTS

BLADE SHAKER (STATIC)

ROTOR BALANCE | @) ISTANDARD / LOW SPEED

® HIGH SPEED

® |LS PRIOR TO HS

@ |LS RESIDUAL UNBALANCE CHECK

ROTOR No. 1 OVERSPEED TEST
ROTOR No. 2 OVERSPEED TEST
FINAL SURFACE INSPECTION

ICRATING INSPECTION

O BEFORE MRT2

ICASING JOINT LEAK TEST PRESSURE @ AFTER MRT2

AUXILIARY EQUIPMENT TESTS & INSPECTIONS:

[TRIP AND/OR TRIP & THROTTLE VALVE

IGLAND SEALING SYSTEM

IGLAND VACUUM SYSTEM

RELIEF VALVES

ICONDENSATE REMOVAL SYSTEM, INCLUDING PUMPS
LUBE OIL SYSTEM

ICONTROL OIL SYSTEM [WHEN APPLICABLE]
HYDRAULIC COUPLING HUB INSP. [WHEN APPLICABLE]
ICOUPLING TO SHAFT FIT [ISO 10441]

ITURNING GEAR [WHEN APPLICABLE]

LIFT [JACK OIL] SYSTEM [WHEN APPLICABLE]

MECH. OVERSPEED TRIP DEVICE [3 VALID READINGS]
ELEC. OVERSPEED TRIP DEVICE [3 VALID READINGS]
MANUAL TRIP & MANUAL EXERCISER TESTS
IGOVERNOR RESPONSE / REGULATION / STABILITY TESTS

ISPARE EQUIPMENT / PARTS TESTS

BRI IRARIRRARIRIRARIRRKRARRIIOM®

O®®® O0O® OO0OO0O®® OOOO0O0

(ONONONONONONONONONONONONONONONONONONONONONS

OO0O0O000R®ROO0OO0OOOR®®R®®

MECHANICAL RUN TEST, SECOND ROTOR [MRT2]

ARY LUBE PRESSURES & TEMPERATURES
UNBALANCE RESPONSE TEST [URT2] (NOTE 6)
POLAR & BODE PLOTS OF VIBRATION DATA [ALL TESTS]
RECORD VIBRATION & OTHER DATA [ALL TESTS]
CHECK BEARINGS & SEALS [AFTER MRT2]
ROTOR-BEARING STABILITY TEST [RST] [IF NECESSARY]
IASME PTC-6 PERFORMANCE TEST [PT]
FULL-LOAD, FULL-PRESSURE TEST [FLFPT]
ICOMPLETE UNIT TEST [STRING TEST]

ISOUND LEVEL TEST [FOR REFERENCE] (NOTE 7)

ORO0OO0ORIRIRRIRRRIRIARAIRRRINRIAREM® ®O®

ITORSIONAL VIBRATION MEASUREMENT

01 & SHOP INSPECTIONS AND FACTORY ACCEPTANCE TESTS [FAT1]

02 INSPECTIONS & TESTS: WITNESSED OBSERVED INSPECTIONS & TESTS: WITNESSED OBSERVED
[ 03 [sHoP INsPECTION ® O RESIDUAL ELECTRICAL / MECH. RUNOUT [ROTOR 1]
HQC PROGRAM REVIEW [AT PIM & BEFORE TESTS] ® O FIT IN TEST, FIRST ROTOR [WITH REPORT]

[ 05 [FinaL AssEMBLY RECORDS REQUIRED, BOTH ROTORS ® O MECHANICAL RUN TEST, FIRST ROTOR [MRT1]
[ 06 |sPECIAL REQUIREMENTS FOR: (NOTE 3)|MP[PT[RT [UT ARY LUBE PRESSURES & TEMPERATURES

07 [TRIP AND/OR TRIP & THROTTLE VALVE ||| 0O |O UNBALANCE RESPONSE TEST [URT1] (NOTE 6)

08 [STEAM CHEST aaa|e POLAR & BODE PLOTS OF VIBRATION DATA [ALL TESTS]

09 [CASING Ogaig|ig RECORD VIBRATION & OTHER DATA [ALL TESTS]

10 [PIPING Ooig|g|g DISASSEMBLY / REASSEMBLY [AFTER MRT1]

11 [ROTOR SHAFT & DISCS Oan|e SHAFT / CASINGS / SEALS INSPECTION [AFTER MRT1]

12 [ROTOR BLADES O00® CHECK BEARINGS [AFTER MRT1]

13 [STATOR VANES / DIAPHRAGMS Oigigig RESIDUAL ELECTRICAL / MECH. RUNOUT [ROTOR 2]

14 [BEARINGS / BEARING PADS O00 e FIT IN TEST, SECOND ROTOR [WITH REPORT]

ONONONONONONONONONONONONONONONONONONONONONONONG)

DYNAMIC (RUNNING) TESTS TO BE PERFORMED WITH:

® CONTRACT COUPLING @& IDLING ADAPTOR (IF NECESSARY)

® CONTRACT PROBES O sHor PROBES
O conTraCT LUBE OIL sYsTEM O SHOP LUBE OIL SYSTEM

O CONTRACT CTRL OIL SYSTEM O SHOP CONTROL OIL SYSTEM

DYNAMIC TESTS DATA TO BE PROVIDED:

® FOR EVERY TEST, ALL VIBRATION DATA SHALL BE MEASURED

® FOR EVERY TEST, THE WHOLE TEST SHALL BE FULLY RECORDED
® ALL RECORDED DATA TO BE GIVEN TO PURCHASER

® CERTIFIED COPIES / PLOTS OF ALL TESTS DATA

O FIELD ACCEPTANCE TESTS [FAT2]

O ALL EQUIPMENT TO BE SUBMITTED TO h ENDURANCE TEST

O VENDOR TO SUBMIT TEST PROCEDURES & MAJOR / MINOR FAULTS LISTS

O MTBF FOR MAJOR FAULTS, h: O FOR MINOR FAULTS, h

O FIELD PERFORMANCE TEST REQUIRED

O asmertce O  As AGREED

a7
48
49
50
51
52
53
54

NOTES:




DATA SHEET e e
? SHEET 12 22
TITLE:
PETROBRAS SPECIAL PURPOSE STEAM TURBINE

01 & INSTRUMENTATION SUPPLIED WITH THE TURBINE TRAIN (NOTES 8 AND 10)

02 | PRESSURE & DIFFERENTIAL PRESSURE INoiearion | TRANSMITTER | TSN TR | & ORI et | Room (oes]

03 | CONTROL, LUBE, OIL PUMP DISCHARGE O O ® ® ® ®
[ 04 | DOWNSTREAM OF CONTROL, LUBE, OIL FILTERS O O ® ® ® ®
[ o5 | CONTROL, LUBE, OIL DELIVERY MANIFOLDS O O ® ® ® ®
[ 06 | OIL COOLER INLET/OUTLET [OIL AND WATER SIDES] O O O O O O
[ o7 | CONTROL, LUBE, OIL FILTERS AP (@) O ® ® ® ®
[ 08 | JOURNAL BEARING INLET ® O O O O O
00 | THRUST BEARING INLET ® O O O O O
[ 10 | STEAM INLET / INDUCTION FILTER / STRAINER AND / OR AP O O O O O O
T STEAM CONDENSER [STEAM SIDE] INLET [IF APPLICABLE] (@) O ® ® ® ®
[ 12 | STEAM INLET / INDUCTION / EXTRACTION / EXHAUST O O ® ® ® ®
[ 13 | sTeAm crEsT O O ® ® ® ®
[ 14 | FirsT sTAGE O O ® ® ® ®
[ 15 | SEALING STEAM AND GLAND CONDENSER O O ® ® ® ®
[ 16 | waTER INGECTION SYSTEM, EACH BRANCH [IF APPLICABLE] @) O ® ® ® ®
[ 17 | SURFACE CONDENSER CIRCULATION WATER, INLET / OUTLET O @] O O O O
[ 15 | ¢} ¢} ¢} o) ¢} ¢}
10 ] @) @) @) O O O

20 [ TewpeRATRE o s | TEARSHTTER | FATE OCHT [REVETECTRL | CoMEeL

21 | ENCLOSURE INTERNAL TEMPERATURE [IF APPLICABLE] O O ® ® ® ®
[ 22 | sTEAM DESUPERHEATER OUTLET [IF APPLICABLE] @) O ® ® ® ®
[ 23 | JOURNAL AND THRUST BEARINGS OIL OUTLET O O ® ® ® ®
[ 24 | OIL COOLER OUTLET [OIL AND WATER SIDES] O O ® ® ® ®
[ 25 | STEAM INLET / INDUCTION / EXTRACTION / EXHAUST O O ® ® ® ®
[ 26 | sTEAM CHEST @) O ® ® ® ®
27 | FIRsT sTAGE (@) O ® ® ® ®
[ 26 | STEAM CONDENSER [CONDENSATE & WATER SIDE] OUTLET [IF APP] @) O ® ® ® ®
[ 29 | conTROL, LUBE, OIL RESERVOIRS O O ® ® ® ®
[ 30 | TILTING SHOE THRUST BEARINGS / RADIAL BEARINGS [WHOLE TRAIN] O O ® ® ® ®
E @) @) @) O O O

= e o s [ TEREITTER | S 00K [FEVETECTRL | corTRor

33 | CONTROL, LUBE, OIL RESERVOIRS R O ® ® ® ®
[ 34 | RUNDOWN / OVERHEAD OIL TANK @) O ® ® ® ®
[ 35 | cLAND conDENSER O O O O @) O
[ 36 | STEAM CONDENSER HOT WELL [IF APPLICABLE] ® (@) ® ® ® ®
El
B

39 | SIGHT FLOW INDICATORS IADDITIONAL INFORMATION el i e

40 | @ LUBE OIL OUTLET FROM TURBINE BEARINGS AUXILIARY LUBE OIL PUMP RUNNING ® ® ®
41 | O LUBE OIL OUTLET FROM DRIVEN & GEAR BEARINGS AUXILIARY CONTROL OIL PUMP RUNNING O O @)
[ 42 | O LUBE OIL OUTLET FROM COUPLINGS @) 0] (@)
[ 43 | ® LUBE OIL OUTLET FROM RUNDOWN TANKS EMERGENCY LUBE OIL PUMP RUNNING O O @)
[ 44 | LIFT [JACK OIL] PUMP(S) RUNNING ® ® ®
[ 45 | ® EVERY COOLING WATER OUTLET WATER INJECTION SYS. PUMP(S) RUNNING ® ® ®
| 46 | ® CONTROL, LUBE, OIL DOWNSTREAM RELIEF VALVES TURNING GEAR DEVICE RUNNING ® ® ®

47 | @ RETURN HEADER FROM CONTROL, LUBE OIL TO RESERVOIRS ENCLOSURE VENTILATOR ON/ OFF ® ® ®
[ s | ENCLOSURE FIRE DAMPER OPEN / CLOSED ® ® ®
(40| O AUX. CONDENSATE PUMP RUNNING [IF APPL ] ® ® ®
[s0 | O TEST/ RESET SYSTEM ® ® ®
Elle) O @) O

52 NOTES:
53 |

54
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TITLE:

SPECIAL PURPOSE STEAM TURBINE

01

& INSTRUMENTATION SUPPLIED WITH THE TURBINE TRAIN, CONTINUED (NOTES 8 AND 10)

02
03

ALARMS AND TRIPS

04
05

A=ALARM  D=DANGER T=TRIP P = PERMISSIVE START

O=BY OTHERS, BUT LOGIC BY VENDOR V = INSTRUMENT, SIGNALS & LOGIC BY VENDOR]

SIGNALS
AND / OR MAIN
CONTACTS

LOCAL CONTROL PANEL [HMI]

REMOTE CONTROL PANEL

AND

MAIN CONTROL ROOM

PANEL [DCS]

<

T

06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

LOW STEAM INLET / INDUCTION PRESSURE

LOW STEAM INLET / INDUCTION TEMPERATURE

HIGH STEAM EXTRACTION / EXHAUST PRESSURE [IF CONDENS.]
HIGH STEAM EXTRACTION / EXHAUST TEMPERATURE

Low & conTRoL & LUBE OIL PRESSURE

Low & coNTrRoL & LUBE OIL DIFFERENTIAL PRESSURE

Low & coNTRoL & LUBE OIL ACCUMULATOR / RUNDOWN TANK LEVEL
Low & conTrRoL & LUBE OIL RESERVOIR LEVEL

Low & conTRoL & LUBE OIL RESERVOIR TEMPERATURE

Aux. @ conTroL @ LUBE & @ EMERGENCY LUBE OIL PUMPS RUNNING
HIGH @ coNTRoL & LUBE OIL TEMPERATURE DOWNSTREAM COOLERS

HIGH @ coNTROL @ LUBE OIL FILTERS DIFFERENTIAL PRESSURES
HIGH LUBE OIL RETURN HEADER TEMPERATURE

EXCESSIVE ROTOR AXIAL DISPLACEMENT [TURBINE / DRIVEN / GEAR]

HIGH JOURNAL BEARING METAL TEMPERATURE [TURBINE / DRIVEN / GEAR]
HIGH THRUST BEARING METAL TEMPERATURE [TURBINE / DRIVEN / GEAR]
EXCESSIVE VIBRATION LEVELS [TURBINE / DRIVEN / GEAR]

SPEED GOVERNOR FAILURE (FAULT SIGNAL OR SECONDARY POWER SUPPLY)
ZERO RPM DETECTION

OVERSPEED

HIGH GLAND CONDENSER VACUUM PRESSURE

OO0OO0O0000000O00OR®®R® OOOOR® Oy

PRRAIRAIFIRAIIRAIAIRAINIRIR® ®®
OO0 0000000000000 00OOO0OO0|o

BRI RIOIIRIIAIRO Q| »

®®

® ®®

® ®

36

ALARMS & TRIPS BY EXTERNAL SIGNALS:

REMOTE & LOCAL PANEL

37
38
39
40
a1
42
43
a4
45
46
a7

HIGH OUTLET TEMPERATURE ON STEAM CONDENSER
HIGH PRESSURE ON TURBINE EXHAUST / STEAM CONDENSER

HIGH LEVEL ON STEAM CONDENSER

EMERGENCY SHUTDOWN & wiTH @ WITHOUT UNIT DEPRESSURIZATION
GAS DETECTION INSIDE ENCLOSURE @ [20 % LEL] @ [60 % LEL]

CONFIRMED ® NON-CONFIRMED ® FIRE DETECTION INSIDE ENCLOSURE
HIGH TEMPERATURE INSIDE ENCLOSURE

LOW ENCLOSURE VENTILATION AIR FLOW

SMOKE DETECTION INSIDE CONTROL PANEL OR CONTROL ROOM

[IF APPLICABLE]
[IF APPLICABLE]
[IF APPLICABLE]
[IF APPLICABLE]
[IF APPLICABLE]
[IF APPLICABLE]
[IF APPLICABLE]
[IF APPLICABLE]
[IF APPLICABLE]

& A
(N
& A
XA
& A
XA
& A
XA
& A

T
T
T
X7
T
X7
T
X7
T

48
49

VIBRATION, TEMPERATURE & POSITION MONITORS ALL DRIVER &
DRIVEN EQUIPMENT

COMPLETE SYSTEM, SEE
DATA SHEETS

O LocAL PANEL

® LocAL Hmi

REMOTE PANEL

CONTROL ROOM

50
51
52
53
54

ROTOR AXIAL DISPLACEMENT (NOTE 9)

ROTOR VIBRATION (NOTE9)

SPEED (NOTE 9)

CASING VIBRATION (NOTE9)

BEARING TEMPERATURES (NOTE9)

® O® ®®

® O®®®

® O® ®®

® O®®®
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TITLE:

SPECIAL PURPOSE STEAM TURBINE

® INSTRUMENTATION SUPPLIED WITH THE TURBINE TRAIN, CONTINUED (NOTES 8 AND 10)

OTHER INDICATORS

LOCAL

O LocAL PANEL

® LocAL HmI

REMOTE PANEL

CONTROL ROOM

SERVICE HOURS METER [TOTAL & PARTIAL]

TURNING GEAR MOTOR DRIVER AMPERE METER [WHEN APPLICABLE]
THROTTLE VALVES POSITION [% OPEN]

INDUCTION VALVES POSITION [% OPEN]

EXTRACTION VALVES POSITION [% OPEN]

SPEED INDICATOR (TACHOMETER) & SPEED CONTROL [%]

CASING EXPANSION (SLIDING SCALE / LOOSE WASHERS ON TURB. FEET)

®V®®®® OO0

®V®® ® OO0

®®® ® OO0

®®® ® OO0

INDICATIONS

® LUBE OIL MAIN, AUXILIARY, & EMERGENCY PUMPS STARTUP
® CONTROL OIL MAIN & AUXILIARY PUMPS STARTUP

® REMOTE & LOCAL STARTUP [IF APPLICABLE]

® TURNING DEVICE

® CONDENSATE MAIN & AUXILIARY PUMPS STARTUP

® AUTOMATIC OIL HEATER SWITCHING-ON & OFF, HEATER FAILURE, OVERHEATING

® REMOTE & LOCAL SHUTDOWN [SOLENOID TRIP]

® LIFT [JACK OIL] MAIN & AUXILIARY PUMPS STARTUP [IF APPLICABLE]

PUSH BUTTONS & SWITCHES (NOTE 9)

LOCAL

O LOCAL PANEL

® LoCAL HmI

REMOTE PANEL

CONTROL ROOM

OIL PUMP MAIN/STAND-BY SELECTOR [ALL OIL PUMPS]

NACK OIL PUMPS START / STOP [IF APPLICABLE]

ENCLOSURE VENTILATOR ON / OFF [IF APPLICABLE]

ENCLOSURE FIRE DAMPER OPEN / CLOSE [IF APPLICABLE]
ENCLOSURE VENTILATOR MAIN/STAND-BY SELECTOR [IF APPLICABLE]
ICONDENSATE PUMP START / STOP

ICONDENSATE PUMP MAIN/STAND-BY SELECTOR

ITURNING GEAR DEVICE START / STOP [WHEN APPLICABLE]

OIL PUMP START / STOP [ALL MAIN, STAND-BY AND EMERGENCY OIL PUMPS]

ITRAIN EMERGENCY STOP (MANUAL MECHANICAL TRIP AND PULL-OUT TYPE BUTTON) ®

®®

®® OO0 O® R

® ®

®® OO0 O0O® R®®

®® OO0 0O R®®®R
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NOTE 1 COMPRESSOR TRAIN BASEPLATE(S) WILL BE INSTALLED ON CONCRETE BASE(S).
NOTE 2 LATERAL ANALYSIS FOR DRIVER & DRIVEN SHALL BE SEPARATED, WHENEVER FLEXIBLE COUPLINGS ARE APPLIED.

NOTE 3 ITEMS NOT MARKED WITH “®”, SHALL BE COMPLETED BY BIDDER / VENDOR, AS PER API STD 612 AND BIDDER / VENDOR’S INSPECTION
& TESTING PLAN.

NOTE 4 COMPANION FLANGES SHALL BE INCLUDED IF NON-STANDARD SIZES ARE APPLIED.
NOTE 5 COUPLING MINIMUM SPACER LENGTH SHALL BE 500 mm.

NOTE 6 SEE GENERAL NOTES ON TEST REQUIREMENTS, ESPECIALLY THOSE REGARDING WHEN URT2 SHOULD BE CONSIDERED AS A
MANDATORY TEST.

NOTE 7 API 615 IS DISCONTINUED. IT SHALL BE USED JUST AS A REFERENCE ON CONCEPTS, METHODS & PROCEDURES. NR-15 LIMITS SHALL
ALWAYS PREVAIL.

NOTE 8 LIST PROVIDES THE MINIMUM INSTRUMENTATION REQUIRED, AS APPLICABLE, TO THE JOB. BIDDER/VENDOR TO COMMENT ON / COMPLETE
AS NECESSARY.

NOTE 9 THE PUSH BUTTONS & SWITCHES COULD BE PHYSICAL OR LOGICAL (INSIDE HMI). IT IS VENDOR’S CHOICE.

NOTE 10 SOME VARIABLES BELONG TO OTHER SYSTEMS, SUCH AS LUBE AND/OR CONTROL OIL SYSTEMS, AND ARE REPEATED HERE IN
THESE DATA SHEETS FOR CONSISTENCY.
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REMARKS

1 X MAIN EQUIPMENT - TURBINE PERFORMANCE

1.1 [X] TURBINES AND ACCESSORIES SHALL BE FURNISHED IN ACCORDANCE WITH APl STD 612 AND RESPECTIVE PETROBRAS
SUPPLEMENTARY STANDARDS AND TECHNICAL SPECIFICATIONS, AS LISTED IN RM

1.1.1 XIBIDDER/VENDOR SHALL FILL IN PERFORMANCE DATA AND SHALL PROVIDE PERFORMANCE CURVES (STEAM RATE,
EFFICIENCY, ENTHALPY, ENTROPY AND DELIVERED POWER); REGARDING DRIVEN EQUIPMENT SPECIFIED OPERATING
CONDITIONS.

1.1.2 X THE TURBINE MUST BE CAPABLE TO OPERATE ALL OVER THE ENTIRE POWER, SPEED AND FLOW RANGES AS STATED
ON THE PERFORMANCE CURVES.

1.1.3 X HOWEVER, AUTOMATIC OPERATION OF TURBINE IS ALWAYS REQUIRED ALL OVER THE WHOLE OPERATING RANGE
AND UNDER ALL SPECIFIED STEAM CONDITIONS, EXCEPT FOR WORST STEAM CONDITIONS. THEREFORE, PETROBRAS IS NOT
CONSIDERING THE POSSIBILITY OF MANUALLY OPENING ANY HAND VALVES AT FIELD JUST TO COMPENSATE PERFORMANCE
FLUCTUATIONS.

1.1.4 X] REGARDING PERFORMANCE CURVES, STEAM FLOW VERSUS POWER FIGURES SHALL BE PROVIDED FOR EACH AND
EVERY HAND VALVE (IF ANY) OPENING SETTINGS, AND FOR EACH AND EVERY SPECIFIED STEAM CONDITIONS.

1.2 X TURBINE EXHAUST TEMPERATURE AND PRESSURE SHALL BE LESS THAN PIPING [X] MAX. [] DESIGN TEMPERATURE AND
PRESSURE FOR ALL SPECIFIED OPERATING CONDITIONS, INCLUDING IDLE OR NO-LOAD OPERATION.

DOWNSTREAM PIPING SYSTEM |z MAX. [] DESIGN TEMPERATURE,
°C:

DOWNSTREAM PIPING |z MAX. x SYSTEM DESIGN PRESSURE,
kgficm? g:

1.3 [X] WHENEVER TURBINE EXHAUST OR SEALING STEAM TEMPERATURE IS HIGHER THAN INFORMED STEAM CONDITIONS, AN
AUTOMATIC DE-SUPERHEATER SYSTEM WITH TEMPERATURE CONTROL SHALL BE SUPPLIED BY TURBINE VENDOR.

1.3.1 [X] THE USE OF DE-SUPERHEATER IS NOT EXPECTED FOR CONTINUOUS (STEADY-STATE), LOADED OPERATION. IT MAY BE
CONSIDERED DURING STARTUP (NO LOAD), MOSTLY TO PROTECT TURBINE FROM EXCESSIVE PIPING FORCES & MOMENTS
DURING IDLING OPERATION, AND OTHER SIMILAR TRANSIENT CONDITIONS.

1.3.2 [XI TURBINES REQUIRING CONTINUOUS INJECTION OF WATER AT EXHAUST WILL NOT BE ACCEPTABLE.
2 X MAIN EQUIPMENT - CONSTRUCTION DETAILS
2.1 X] BIDDER/VENDOR SHALL SPECIFY MATERIALS IN ACCORDANCE WITH INTERNATIONAL CODES (ASTM, ASME, AISI, ETC...).

2.2 [X] SHAFTS SHALL BE PROTECTED BY CORROSION-RESISTANT MATERIAL UNDER SEALS/CARBON RINGS PACKING FOR CASING
GLANDS. CHROMIUM-PLATED ELECTROLYTE DEPOSITION PROCESSES ARE PREFERRED, THERMAL SPRAY ASPERSION
PROCESSES SHALL NOT BE USED.

2.3 X] TRIP & THROTTLE VALVE STEM HARDENING SHALL BE BY NITRIDING PROCESS.

2.4 X] ALL EQUIPMENT FEET TO BE PROVIDED WITH VERTICAL AND HORIZONTAL JACKSCREWS. ALIGNMENT POSITIONING
SCREWS SHALL BE PROVIDED, REGARDLESS OF THE WEIGHT OF ANY TRAIN COMPONENT, TO FACILITATE LONGITUDINAL
AND TRANSVERSE HORIZONTAL ADJUSTMENTS. HORIZONTAL JACKSCREWS SHALL BE SAME SIZE OR LARGER THAN THE
VERTICAL SCREWS. THE LUGS HOLDING THESE JACKSCREWS SHALL BE ATTACHED TO THE MOUNTING PLATES SUCH THAT
THEY DO NOT INTERFERE WITH THE INSTALLATION OR REMOVAL OF THE EQUIPMENT.

2.5 [X] LIFTING LUGS OR EYEBOLTS SHALL BE PROVIDED FOR ANY EQUIPMENT OR COMPONENT WEIGHTING MORE THAN 30 kgf (66 Ib.).

2.6 [XI PACKAGE SHALL HAVE ALL FLANGED CONNECTIONS AT THE EDGE OF THE SKID OR BASEPLATE (BATTERY LIMITS). EVERY
PIPING TERMINATION SHALL HAVE SINGLE INLET AND OUTLET FLANGED CONNECTIONS.

2.7 [XI DRAIN LINES SHALL BE BROUGHT OUT TO THE BASEPLATE EDGE AND SHALL BE INDIVIDUALLY VALVED. DRAIN POINTS
SHALL BE PROVIDED WITH SECONDARY CONTAINMENT BARRIERS AGAINST LEAKAGE.

2.7.1 X VALVED DRAINS SHALL BE PROVIDED ON ALL CASINGS.

2.7.2 X MULTISTAGE EQUIPMENT SHALL BE PROVIDED WITH INDIVIDUAL STAGE CASING DRAINS.

2.7.3 XIIF INDIVIDUAL STAGE DRAINS CANNOT BE PROVIDED DUE TO DESIGN LIMITATIONS, IT SHALL BE DEMONSTRATED
DURING PROPOSAL STAGE (WITH DRAWINGS) THAT NO INNER PARTS WOULD REMAIN UNDRAINED WITH THE PROPOSED
ARRANGEMENT.

2.7.4 [XIDRAIN ARRANGEMENTS SHALL PROVIDE VISUAL ACCESS IN ORDER TO VERIFY DRAIN LEAKAGE AND TO CONFIRM
WHETHER DRAINAGE OPERATION HAS BEEN ACCOMPLISHED OR NOT.
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2.8 [X] PACKAGE SHALL HAVE ALL TERMINAL POINTS FOR ELECTRONIC CIRCUITRY GATHERED IN JUNCTION BOXES, LOCATED AT
THE EDGE OF THE SKID OR BASEPLATE (BATTERY LIMITS).

3 X MAIN EQUIPMENT - ROTORDYNAMICS

3.1 [X] THE ROTORDYNAMIC MODEL (ROTOR/BEARINGS/LABYRINTHS) USED IN THE ANALYSIS SHALL BE GIVEN TO PETROBRAS,
TOGETHER WITH ANY ROTORDYNAMIC REPORT FOR PETROBRAS’ OWN ANALYSIS.

3.2 [X TURBINE BEARINGS SHALL BE HYDRODYNAMIC. BLANK FORMS FOR BEARING DATA SHEETS WILL BE SUPPLIED BY
PETROBRAS DURING PROPOSAL/CLARIFICATION STAGE. DATA SHEETS SHALL BE FILLED-IN BY BIDDER/VENDOR AND
SUB-SUPPLIERS (AFTER ORDER), AND INCLUDED IN EQUIPMENT DOCUMENTATION. MINIMUM REQUIRED DATA SHALL
BE AS FOLLOWS:

SHAFT DIAMETER AT BEARING, mm;
BEARING LENGTH, mm;

JOURNAL RADIUS, DEGREES;

PAD BORE RADIUS, DEGREES;
BEARING SET BORE RADIUS, DEGREES;
BEARING CLEARANCE, mm;

PAD CLEARANCE, mm;

NUMBER OF PADS;

OFF-SET FACTOR,;

PRE-LOAD FACTOR,;

PAD ARC LENGTH, DEGREES;
BABBITT THICKNESS, mm.

LOAD PER BEARING, N;

PIVOT STIFFNESS;

PAD MASS, kg.

REGARDING THRUST BEARINGS, VENDOR SHALL ALSO INFORM:

o STEAM LOADING, kgficm?;

COUPLING SPLIT LOAD, kgficm?;

COUPLING FRICTION COEFFICIENT;

COUPLING GEAR PITCH DIAMETER, mm;

o BALANCE PISTON COMPENSATION LOAD, kgf/lcm?;
ALLOWABLE END-FLOAT, mm

4 [X] MAIN EQUIPMENT - INSPECTION AND TESTING REQUIREMENTS - FAT1

41 [X] ALL EQUIPMENT (MAIN AND AUXILIARY) SHALL BE FACTORY INSPECTED AND TESTED IN ACCORDANCE WITH THE
APPLICABLE DESIGN AND CONSTRUCTION SPECIFICATIONS, STANDARDS AND CODES, AS SPECIFIED.

4.1.1 [X] BESIDES MAIN INSPECTION & TESTING REQUIREMENTS AS SPECIFIED ON THE DATA-SHEETS, PETROBRAS WILL
PROVIDE IN THE INQUIRY DOCUMENTS ANY SPECIFIC INSTRUCTIONS TO THE BIDDERS COMPRISING THE TYPE OF INSPECTION
ROUTINES TO BE APPLIED, DEPENDING ON POTENTIAL BIDDER/VENDOR'S (AND RESPECTIVE SUB-SUPPLIERS) QUALIFICATIONS
AND HISTORICAL RECORDS OF FORMER SUPPLIES.

4.1.2 X] AS A RESULT, INSPECTION & TESTING EXTENT, PROCEDURES AND SCHEDULES WILL BE EVALUATED BY PETROBRAS
DURING BID EVALUATION. THEY SHALL BE DISCUSSED AND MUTUALLY AGREED UPON BY PETROBRAS AND SELECTED
BIDDER/VENDOR BEFORE THE PLACEMENT OF ORDER, AND LATER CONFIRMED DURING KICK-OFF AND PRE-INSPECTION
MEETINGS (KOM AND PIM).

4.1.3 [X] INSPECTION AND TESTING SHALL BE PERFORMED BY PETROBRAS OR BY THIRD PARTIES, ON BEHALF OF
PETROBRAS, DURING ANY PROJECT STAGE, AT BIDDER/VENDOR’S OR SUB-SUPPLIERS FACILITIES.

4.1.4 [X] INSPECTION AND TESTING SCHEDULES SHALL BE ISSUED BY MAIN EQUIPMENT BIDDER/VENDOR (COMPRISING SUB-
SUPPLIERS’ SCHEDULES AS WELL) IN ORDER THAT INSPECTION AND TESTING EVENTS ARE PERFORMED AT THE PROPER TIME
DURING ALL PROJECT STAGES (PROCUREMENT OF MATERIALS, MANUFACTURING, ASSEMBLING, TESTING, PACKING, ETC.).

4.2 X] UPON COMPLETION OF MANUFACTURING SCHEDULE, FAT1 (FACTORY ACCEPTANCE TESTS) SHALL BE PERFORMED AS
SPECIFIED, IN ACCORDANCE WITH APPLICABLE STANDARDS AND PETROBRAS SUPPLEMENTARY SPECIFICATIONS.




DATA SHEET Ne- REV:

. SHEET 18 22

of

TITLE:

PETROBRAS SPECIAL PURPOSE STEAM TURBINE

4.2.1 X DYNAMIC TESTS (PERFORMANCE, MECHANICAL RUN, ETC.) AND FINAL INSPECTIONS (SCOPE, PREPARATION FOR
SHIPMENT, PACKING, ETC.) SHALL BE PERFORMED ONLY AFTER ALL REQUIRED DOCUMENTS (INCLUDING TEST PROCEDURES)
ARE APPROVED BY PETROBRAS.

422 X] DYNAMIC TESTS SHALL NOT BE NOTIFIED WITHOUT THE FOLLOWING APPROVED DOCUMENTS ARE READILY
AVAILABLE FOR REFERENCE AT THE TEST BED FACILITIES, DURING THE WHOLE TEST SEQUENCE:

e TEST PROCEDURES;

e MINUTES OF MEETINGS, AGREEMENTS, DRAWINGS, DATA-SHEETS & CURVES;

¢ ROTORDYNAMIC MODEL (LATERAL & TORSIONAL ANALYSES);

¢ ANY OTHER DOCUMENT FOUND RELEVANT TO PERFORM THE TESTS.

4.2.3 X ALL REPORTS OF STATIC TESTS, INSPECTIONS, BALANCING, RUN-OUT, ANY OTHER CONTRACTED EXAMINATIONS AND
TEST BED ARRANGEMENT & INSTRUMENT CALIBRATION RECORDS SHALL BE AVAILABLE FOR PETROBRAS REVIEW BEFORE
DYNAMIC TESTS ARE ALLOWED TO START.
¢ RUN-OUT CHECK (PERFORMED WITH ROTOR PLACED ON V-BLOCKS) REPORTS FOR EVERY ROTOR TO BE
TESTED SHALL BE COMPARED WITH MEASURED ROTOR RUN-OUT DURING RESPECTIVE MECHANICAL RUNNING
TEST. THEREFORE, SLOW-ROLL RUN-OUT SHALL BE RECORDED AT ABOUT 300 ~ 500 rpm.
¢ BEFORE PERFORMANCE TESTS ARE PERFORMED, BIDDER/VENDOR SHALL SUBMIT ALL TEST DATA AND TARGET
/ GUARANTEED CONDITIONS FOR PETROBRAS REVIEW AND COMMENTS. AS AN EXAMPLE, FOR STEAM
TURBINES, A TABLE COMPRISING INLET & OUTLET OPERATING CONDITIONS, AND ASME PTC 6 CORRECTION
PARAMETERS SHALL BE PROVIDED.

4.3 [X] BASIC PROCEDURE FOR FACTORY PERFORMANCE TEST:

4.3.1 [X|PETROBRAS STRONGLY RECOMMENDS THE USE OF BACKUP TEST-BED INSTRUMENTATION, FULLY CALIBRATED,
WIRED, BUT NOT CONNECTED, IN ORDER TO AVOID FURTHER DISCUSSIONS AND DELAYS DURING TESTING. ALTHOUGH IT IS
NOT A MANDATORY REQUIREMENT, THE USE OF SUCH BACKUP SYSTEMS WOULD PREVENT A TEST FROM BEING ABORTED
JUST BECAUSE OF INSTRUMENT OR DATA TRANSMISSION FAILURE.

432 XITHE PURPOSE OF THE FACTORY PERFORMANCE TEST IS TO PROVIDE AN ACCURATE DETERMINATION OF BACK
PRESSURE AND CONDENSING STEAM TURBINES EFFICIENCY AT THE TURBINE VENDOR'S MANUFACTURING FACILITIES
(“FACTORY"). THE EFFICIENCY AS MEASURED AT THE FACTORY TESTS SHALL NOT BE LESS THAN THE VALUE STATED IN THE
TECHNICAL PROPOSAL, AFTER APPLICATION OF THE PROPER CORRECTION FACTORS.

433 XITHE TEST SHALL BE CONDUCTED USING FACTORY AVAILABLE STEAM, WITH INLET AND EXHAUST PRESSURES
ADJUSTED TO PROVIDE AERODYNAMIC SIMILARITY WITH THE DESIGN CONDITIONS. TEST CONDITIONS SHALL RELATE TO
DESIGN CONDITIONS ACCORDING TO THE FOLLOWING EQUATIONS:

[Padm ] _ (Padm J
PeXh test PeXh design

m Tadm m Tadm
Paxdm Padm .
test design
N | N
T, T,
adm test adm design

DEFINITION OF
TERMS:

P = PRESSURE ADM = INLET

DEFINITION OF SUBSCRIPTS:

T = TEMPERATURE EXH = EXHAUST

M = MASS FLOW TEST = FACTORY TEST CONDITIONS

N = ROTATING SPEED | DESIGN = DESIGN CONDITIONS

4.3.4 X SIMILARITY CONDITIONS SHALL APPLY TO THE STEAM TURBINE ITSELF, SO, TEST AND DESIGN INLET CONDITIONS
SHALL BE CONSIDERED DOWNSTREAM OF THE INLET CONTROL VALVES.
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435 [X|BIDDER/VENDOR SHALL DEVELOP THIS BASIC TEST PROCEDURE INTO A COMPLETE ELABORATED ONE, WHICH SHALL
BE SUBMITTED TO PETROBRAS FOR APPROVAL, INDICATING EXPLICITLY THE CORRECTION FACTORS TO BE APPLIED,
ESPECIALLY THOSE REGARDING THE FOLLOWING PARAMETERS, ALL OF THEM AT DESIGN AND TEST CONDITIONS:

e INLET AND EXHAUST PRESSURE

e INLET AND EXHAUST TEMPERATURE

e ROTATING SPEED.

4.3.6 [XITEST PROCEDURE SHALL ALSO STATE TEST AND DESIGN STEAM CONDITIONS UPSTREAM AND DOWNSTREAM OF THE
CONTROL VALVES.

4.3.7 IXI TEST DATA CALCULATIONS SHALL BE CORRECTED FOR OTHER INFLUENCING FACTORS, SUCH AS GLAND OR OTHER
EXTERNAL LEAKAGES, AS WELL AS BEARING, GEAR AND DRIVEN EQUIPMENT LOSSES, AS APPLICABLE.

4.4 X] USUALLY, ONLY URT1(UNBALANCE RESPONSE TEST 1) IS REQUIRED, BUT URT2 WOULD ALSO BE NECESSARY IF URT1
RESULTS SHOULD NOT SUFFICE TO VALIDATE ROTORDYNAMIC MODEL.

5 X MAIN EQUIPMENT - PAINTING, INSULATION, NOISE, SAFETY AND HEALTH REQUIREMENTS

5.1 [X] EQUIPMENT SHALL BE FURNISHED WITH PAINTING COMPATIBLE WITH INDUSTRIAL CORROSIVE ATMOSPHERE (WET
ENVIRONMENT, PRESENCE OF SO,, H,S, FUMES, ETC.).

52 [X| ALL EQUIPMENT AND COMPONENTS (EXCEPT FOR STAINLESS STEEL PARTS) SHALL BE PAINTED IN ACCORDANCE WITH
NR-26, WITH THE FOLLOWING COMMENTS AND / OR MODIFICATIONS:

5.2.1 [X]ORDINARY PROCESS EQUIPMENT (PUMPS, COMPRESSORS, TURBINES, ETC.) SHALL BE PAINTED IN LIGHT GRAY 0065
OR ALUMINUM 0170 FOR HOT PARTS (OPERATING TEMPERATURES ABOVE 80 °C), AS REQUIRED.

5.2.2 [X] ORDINARY EQUIPMENT BASE PLATES SHALL BE IN THE SAME COLOR APPLIED TO EQUIPMENT (USUALLY, LIGHT GRAY
0065). THIS IS DUE TO TECHNICAL REASONS, SINCE IT IS EASIER TO NOTICE LEAKAGES IF BASE PLATE IS PAINTED IN GRAY.

5.2.3 [XIPAINTING SCHEMES FOR EQUIPMENT AND COMPONENTS SHALL BE AS PER THE FOLLOWING GENERIC TABLE, WHERE
THE TERM HOT MEANS OPERATING TEMPERATURES ABOVE 80 °C:

ITEM / EXAMPLE COLOR

X ORDINARY PROCESS COMPRESSOR COLD PARTS  LIGHT GRAY 0065

% ORDINARY PROCESS COMPRESSOR HOT PARTS ALUMINUM 0170
HYDROGEN-RICH COMPRESSOR (JUST THE ] SAFETY-YELLOW 2586
COMPRESSOR) X LIGHT GRAY 0065

X COUPLING GUARDS SAFETY-YELLOW 2586

X GEARBOX LIGHT GRAY 0065

X MOTORS LIGHT GRAY 0065

X TURBINE COLD PARTS LIGHT GRAY 0065

X TURBINE HOT PARTS ALUMINUM 0170

X oIL PUMP BASEPLATE LIGHT GRAY 0065

Xl oIL PUMP COLD BEARING HOUSING LIGHT GRAY 0065

X oIL PUMP COLD PEDESTAL LIGHT GRAY 0065

X oIL PUMP COLD VOLUTE LIGHT GRAY 0065

X COOLING WATER PUMP (JUST THE PUMP) PB GREEN 3355

XI OTHER ROTATING EQUIPMENT COLD PARTS LIGHT GRAY 0065

X OTHER ROTATING EQUIPMENT HOT PARTS ALUMINUM 0170

X STAINLESS STEEL PARTS NOT TO BE PAINTED

XI TRAIN BASEPLATE X LIGHT GRAY 0065 []

5.2.4 [X THE ABOVE TABLE IS JUST AN EXAMPLE, AND DOES NOT COMPRISE ALL POSSIBLE PAINTING SCHEMES. ALL OTHER
CONFLICTS SHALL BE BROUGHT TO PETROBRAS ATTENTION FOR REVIEW AND DECISION.

5.2.5 [X WHERE REMOVABLE THERMAL INSULATION SHALL BE PROVIDED FOR PERSONNEL PROTECTION, SOME PAINTING
REQUIREMENTS MAY NEED TO BE CHANGED.

5.3 [X] ASBESTOS SHALL NOT BE USED IN THE MATERIALS AND EQUIPMENT SUPPLIED FOR THIS PROJECT.

5.4 [X] ALL EQUIPMENT AND INSTRUMENTS OF THE PROCESS PLANT, WHICH ARE TO BE SUBJECTED TO ANY KIND OF
MAINTENANCE AND OPERATION, INCLUDING BUT NOT LIMITED TO TOWERS, VESSELS, MANHOLES, COOLERS, HEATERS,
VALVES, PUMPS, TURBINES, COMPRESSORS, ELECTRICAL GENERATORS AND MOTOR DRIVERS AND DEVICES, ENGINES,
INSTRUMENTS, CONTROL PANELS, DISPLAYS, ETC, SHALL BE DESIGNED AND BUILT IN STRICT COMPLIANCE WITH THE
BRAZILIAN LEGISLATION REGARDING WORKING CONDITIONS AND INTERFACES BETWEEN PERSONNEL AND EQUIPMENT.
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6 [X] DRIVE TRAIN EQUIPMENT - COUPLINGS & COUPLING GUARDS:

6.1 [X] COUPLINGS SHALL CONFORM TO API STD 671 REQUIREMENTS FOR SPECIAL-PURPOSE APPLICATIONS.
6.1.1 [X] COUPLING MAKE SELECTION SHALL FOLLOW JOB SPECIFIC VENDORS LIST.

6.1.2 [X] COUPLINGS SHALL BE FLEXIBLE, NON-LUBRICATED, WITH STAINLESS STEEL DISKS / DIAPHRAGMS.

6.1.3 [XIRESIDUAL UNBALANCE ACCEPTANCE CRITERION SHALL BE IN ACCORDANCE WITH API STD. 671 OR G 1.0, AS PER
ISO 1940, WHICHEVER IS MORE RESTRICTIVE.

6.1.4 [X] COUPLING GUARDS SHALL BE FULLY-ENCLOSED, REMOVABLE, NON-SPARKING TYPE, AND SHALL EFFECTIVELY
RETAIN DAMAGED COUPLING PARTS IN CASE OF FAILURE.

6.1.5 [X] COUPLING SHALL INCORPORATE A FEATURE THAT ALLOWS TRANSMISSION OF LOAD FOR A LIMITED PERIOD, IN THE
EVENT OF A COMPLETE FLEXIBLE ELEMENT FAILURE. THIS FEATURE SHALL BE CONSIDERED FOR TURBINE MAIN-DRIVE
COUPLINGS TO PROVIDE AN ADDITIONAL SAFETY FACTOR TO PREVENT TURBINE OVERSPEED IN THE EVENT OF COUPLING
FAILURE AND COMPLETE LOSS OF LOAD.

7 X REQUIREMENTS FOR LUBE & CONTROL OIL SYSTEM:
7.1 X THE SYSTEM SHALL BE COMBINED.

7.2 X BASED ON EXPERIENCE WITH SEVERAL EXISTING COMBINED SYSTEMS, PETROBRAS IS CONCERNED ABOUT THE
PERFORMANCE OF SOME ELECTRO-HYDRAULIC CONVERTERS AND/OR ELECTRO-HYDRAULIC SERVO VALVES, WITH HIGH
RISKS OF OIL CONTAMINATION, THUS CAUSING SEVERE TURBINE CONTROL FAILURES.

7.2.1 X BIDDER/VENDOR SHALL REVIEW THE ISSUE, DISCUSS WITH PETROBRAS ON THE POSSIBILITIES, AND PROPOSE A
RELIABLE SOLUTION FOR CONTROL OIL SYSTEM BEFORE SUBMITTING PRICE QUOTATION.

THE USE OF PNEUMATIC CONVERTERS TOGETHER WITH HYDRAULIC CONTROL VALVE SERVO CYLINDER MUST BE APPROVED
BY THE PURCHASER. THE USE OF PNEUMATIC ACTUATOR ACTING DIRECT ON THE CONTROL VALVES IS NOT ACCEPTABLE.
COMBINED CONVERTER/ACTUATOR WILL NOT BE AUTOMATICALLY ACCEPTABLE. THE VENDOR SHALL CLEARLY DEMONSTRATE
SUCCESSFUL EXPERIENCE. A LIST OF REFERENCE (JUST WITH SIMILAR DUTIES) SHALL BE PROVIDED, INCLUDING COMBINED
CONVERTER/ACTUATOR OPERATING DATA, SERVICE, CUSTOMER, YEAR OF STARTUP. THE VENDOR SHALL ALSO INFORM THE
FOLLOWING DATA FOR PETROBRAS APPROVAL:

e - VISCOSITY OPERATING RANGE FOR COMBINED CONVERTER/ACTUATOR,;
e - TEMPERATURE OPERATING RANGE;

e - OIL FILTRATION QUALITY;

e - CLEANLINESS FACTOR (OIL GRADE ACCORDING TO ISO 4406).

8 [J AUXILIARY EQUIPMENT AND SYSTEMS - TURBINE SURFACE CONDENSER SYSTEM:

8.1 [] BIDDER/VENDOR SHALL FURNISH A STEAM SURFACE CONDENSER, IN ACCORDANCE WITH ASME, TEMA B AND HEI / LAST
EDITION REQUIREMENTS, TO BE CONNECTED TO THE STEAM TURBINE EXHAUST IN ACCORDANCE WITH THE APPLICABLE
PETROBRAS STATIC EQUIPMENT DESIGN CRITERIA, AS ISSUED FOR THIS JOB.

8.1.1 [0 THE CONDENSER SHALL BE HORIZONTAL, TWO-PASS DIVIDED, WATER BOX TYPE, WITH STEEL SHELL, TUBES
SUPPORT AND HOT WELL. THE CONDENSER SHALL BE CONNECTED TO THE TURBINE EXHAUST, BY MEANS OF A STAINLESS
STEEL EXPANSION JOINT TO BE SUPPLIED BY VENDOR. THE HOT WELL SHALL HAVE A STORAGE CAPACITY FOR ONE MINUTE
OF STEAM FLOW.

8.1.2 [0 THE CONDENSER SHALL BE FURNISHED WITH A TWIN ELEMENT, TWO STAGE EJECTOR WITH SURFACE TYPE INTER-
AND AFTER- CONDENSERS, AND STANDARD ACCESSORIES. EITHER ELEMENT MUST HAVE SUFFICIENT CAPACITY TO OPERATE
UNDER FULL LOAD CONDITIONS.

8.1.3 [0 WATER SEALED ATMOSPHERIC RELIEF VALVE SHALL BE PROVIDED FOR THE CONDENSER. THIS RELIEF VALVE SHALL
BE INSTALLED FOR TURBINE PROTECTION, AND SHALL BE SIZED FOR 180 % OF THE MAXIMUM EXHAUST FLOW.

8.1.4 [0 THE CONDENSER SHALL BE FURNISHED WITH AN AIR METER, A VACUUM GAUGE, SEVEN THERMOMETERS AND THREE
PRESSURE GAUGES. THE THERMOMETERS ARE FOR COOLING WATER INLET AND OUTLET, EXHAUST STEAM INLET, HOT WELL
AND WATER OUTLET FROM THE AFTER-CONDENSER. THE THREE PRESSURE GAUGES ARE FOR CIRCULATING WATER INLET
AND OUTLET, AND FOR STEAM TO EJECTORS. THE HOT WELL SHALL HAVE A LEVEL GLASS AND A LEVEL CONTROLLER.
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8.2 [0 STEAM EJECTOR SYSTEM:

8.2.1 [0 THE STEAM EJECTOR SYSTEM IS COMPRISED BY TWIN-ELEMENT, SINGLE NOZZLE, PRIMARY AND SECONDARY
EJECTORS, WITH INTERMEDIATE AND AFTER CONDENSERS.
e THE PRIMARY EJECTORS SHALL TAKE SUCTION FROM THE MAIN CONDENSER AND DISCHARGE TO THE
INTERMEDIATE CONDENSER, WHILST CONDENSATE SHALL RETURN TO THE MAIN CONDENSER STEAM SPACE
VIA A DRAIN LEG.
e THE SECONDARY EJECTORS SHALL TAKE SUCTION FROM THE INTERMEDIATE CONDENSER AND DISCHARGE TO
THE AFTER-CONDENSER, WHILST ANY CONDENSATE SHALL RETURN TO THE MAIN CONDENSER VIA A STEAM
TRAP.
e ANY ENTRAINED AIR SHALL BE ALLOWED TO ESCAPE THROUGH AN OPEN VENT PIPE AT THE AFTER-
CONDENSER.

8.2.2 [0 EACH EJECTOR SHALL CONSIST OF A CAST IRON VAPOR HEAD AND CONVERGENT-DIVERGENT TAIL PIPE WITH A
PARALLEL THROAT THROUGH WHICH THE AIR AND VAPOR IS COMPRESSED BY MEANS OF STEAM DISCHARGED FROM THE
SINGLE STAINLESS STEEL NOZZLE. THE NOZZLE IS SCREWED INTO A MILD STEEL STEAM CHEST BOLTED TO THE VAPOR HEAD,
A STEAM STRAINER BEING FITTED BEFORE EACH EJECTOR TO PROTECT THE NOZZLE.

8.2.3 [0 EACH EJECTOR SHALL BE FITTED WITH STEAM INLET AND VAPOR INLET AND DISCHARGE VALVES TO PERMIT
EXAMINATION, CLEANING OR REPAIR WITHOUT SHUTTING DOWN THE MAIN EQUIPMENT AND TO PERMIT OPERATION WITH
ONLY ONE SET OF ELEMENTS IN USE.

8.2.4 [0 THE INTERMEDIATE AND AFTER-CONDENSERS SHALL BE OF SIMILAR CONSTRUCTION AND SHALL BE OF THE SURFACE
TYPE WITH TWO PASS WATER FLOW. THE BRASS TUBES SHALL BE EXPANDED INTO BRONZE TUBE PLATES, AN EXPANSION
JOINT BEING PROVIDED AT THE WATER BOX END OF THE MILD STEEL SHELL.

8.2.5 [0 THE EJECTORS, MOUNTED VERTICALLY, SHALL DISCHARGE INTO THE INLET ELBOWS WELDED INTO THE SHELLS, A
MILD STEEL IMPINGEMENT BAFFLE BEING FITTED AT THE AFTER-CONDENSER INLET TO PROTECT THE TUBES FROM DIRECT

STEAM IMPINGEMENT. SEMI CIRCULAR BAFFLES, POSITIONED, SHALL ENSURE THAT VAPOR AND AIR (WHILST PASSING
THROUGH THE CONDENSER SHELL) HAVE THE MAXIMUM CONTACT WITH THE TUBE SURFACE.

8.3 [0 TWO CONDENSATE PUMPS SHALL BE FURNISHED WITH THE MAIN CONDENSER. THE MAIN PUMP SHALL BE DRIVEN BY A
STEAM TURBINE AND THE SPARE BY AN ELECTRIC MOTOR. THE CONDENSATE PUMPS SHALL HAVE THE FOLLOWING
CHARACTERISTICS:

8.3.1 [0 1SO 13709, LAST ED., PETROBRAS N-553 FULL COMPLIANCE, HORIZONTAL PUMPS, OH2 CONSTRUCTION (END-TOP)
SHALL BE THE FIRST DESIGN OPTION. THE SUCTION AND DISCHARGE FLANGES SHALL BE ASME B 16.5 RAISED FACE.

8.3.2 [0 VERTICAL SUSPENDED PUMPS ARE NOT AUTOMATICALLY ACCEPTABLE. BIDDER/VENDOR SHALL DEMONSTRATE THAT
HORIZONTAL PUMPS ACCOMPLISHING THE MINIMUM NPSH MARGIN OF 0,6 m CANNOT BE PROVIDED.

8.3.3 [ 1SO 13709 CONSTRUCTION MATERIALS CODE SHALL BE C-6. MECHANICAL SEALS SHALL BE IN ACCORDANCE WITH API
STD 682 LAST ED. SEAL PLAN SHALL BE 11/62.

8.3.4 [0 COUPLINGS SHALL BE NON LUBRICATED TYPE WITH FLEXIBLE STAINLESS STEEL DISC AND REMOVABLE NON
SPARKING COUPLING GUARDS.

8.4 [0 THE CONDENSATE PUMP STEAM TURBINE DRIVER SHALL HAVE THE FOLLOWING CHARACTERISTICS:
8.4.1 [ API STD 611 LAST ED., PETROBRAS N-2648, FULL COMPLIANCE, HORIZONTAL, BACKPRESSURE TURBINE.

8.4.2 [0 TURBINE SEALING SHALL BE CARBON RINGS TYPE.

8.4.3 [0 THE TURBINE SHALL BE DESIGNED TO DELIVER 110 PERCENT OF RATED POWER UNDER NORMAL STEAM CONDITIONS.
8.4.4 [0 THE GOVERNOR SHALL BE [ HYDRAULIC OR [] ELECTRONIC.

8.4.5 [0 TURBINE TO BE FITTED WITH REUSABLE TURBINE THERMAL INSULATION, WITH CLIPS.

9 [X] AUXILIARY EQUIPMENT AND SYSTEMS - TURBINE WASHING SYSTEM:

9.1 [J WASHING (WATER-INJECTION), SYSTEMS ARE REQUIRED FOR SERVICES WHERE STEAM TENDS TO CREATE DEPOSITS,
ADHERED TO TURBINE INTERNALS, PRECLUDING EQUIPMENT PERFORMANCE. VENDOR SHALL PROVIDE PROCEDURE FOR
WATER WASHING IN NORMAL OPERATION. THE PROCEDURE SHALL COMPRISE:

¢ MAXIMUM OPERATION TIME PER YEAR.
e MINIMUM INLET STEAM TEMPERATURE.
e MINIMUM PIPING LENGTH UPSTREAM OF T&T VALVE.
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9.2 [[] STEAM DESUPERHEATER SYSTEM, SHIPPED LOOSED, IN VENDOR SCOPE OF SUPPLY TO BE INSTALLED IN THE PIPING
UPSTREAM THE STEAM TURBINE, CONSISTING OF:

¢ WATER CONTROL VALVE;
¢ TEMPERATURE CONTROL SYSTEM;
¢ INJECTION NOZZLE.

10 XI  AUXILIARY EQUIPMENT AND SYSTEMS - TURNING GEAR DEVICE:

10.1 [X] WHEN TURNING GEAR DEVICE IS NECESSARY, THE TYPE OF TURNING DEVICE SHALL BE AUTOMATIC WITH:
10.1.1 X ELECTRIC MOTOR DRIVEN, HYDRAULIC OR PNEUMATIC.

10.2.2 X PROVISIONS TO ALLOW FOR THE MANUAL BARRING OF THE MACHINERY TRAIN IN CASE OF FAILURE OR DUE TO
LOSS OF POWER SUPPLY OR DRIVE FLUID TO THE TURNING DEVICE.

10.1.3 [X] TURNING DEVICES SHALL NOT DEPEND ON ANY CLUTCH FOR THEIR OPERATION.
10.2 [X] DETAILS OF TURNING DEVICE OPERATION, SUCH AS LOCAL / REMOTE, MANUAL OR AUTOMATIC ENGAGEMENT /

DISENGAGEMENT, SHALL BE MUTUALLY AGREED UPON BY PETROBRAS / CONTACTOR AND BIDDER / VENDOR. THE
FOLLOWING DESIGN FEATURES SHALL APPLY:

10.2.1 X ENGAGEMENT SHALL ALWAYS BE ACCOMPLISHED BY MANUAL OPERATION (MANUAL CRANKING AND / OR LOCAL /
REMOTE MANUAL COMMAND).

1022 [XI SINCE ENGAGEMENT SHALL ONLY BE POSSIBLE IF AN ADEQUATE SYSTEM LUBE-OIL PRESSURE AT ALL TRAIN
BEARINGS IS FULLY ESTABLISHED AND STABLE, LUBE OIL PRESSURE SHALL BE A PERMISSIVE START CONDITION AT THE TRAIN
PLC, FOR ENERGIZING POWER SUPPLY TO THE TURNING DEVICE OR FOR OPENING ITS DRIVE FLUID VALVES, AS APPLICABLE.
10.23 X ENGAGEMENT ON SHUTDOWN BEFORE THE TRAIN HAS COME TO A FULL STOP CONDITION (DETECTION OF ZERO
RPM IS REQUIRED) SHALL BE POSITIVELY PREVENTED IF THIS COULD DAMAGE THE TURNING DEVICE OR THE MACHINERY
TRAIN COMPONENTS.

10.2.4 [XI DISENGAGEMENT SHALL BE AUTOMATIC WHEN THE ROTOR ACCELERATES DURING STARTUP.

1 X CONTROLS AND INSTRUMENTATION:

11.1 [X] TURBINE CONTROL AND OPERATION SHALL BE ACCORDING PETROBRAS AUTOMATION CONTROL SPECIFICATION ISSUED
FOR THIS SPECIFIC JOB.
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&%?E%SAL BIDDER SHALL FURNISH 4 COPIES OF DATA FOR ALL ITEMS INDICATED BY AN X
— [FEEEYA'E‘Q’K‘E?TE 2 VENDOR SHALL FURNISH 3 COPIESAND - TRANSPARENCES OF DRAWINGS AND DATA INDICATED
r FINAL (NOTE3) yENDOR SHALL FURNISH 3 COPIESAND - TRANSPARENCES OF DRAWINGS AND DATA INDICATED

VENDOR SHALL FURNISH 2 INSTALLATION, OPERATING AND MAINTENANCE MANUALS. [REMARK D, E]

FINAL — RECEIVED FROM VENDOR

DISTRIBUTION FINAL — DUE FROM VENDOR

RECORD REVIEW — RETURNED TO VENDOR

REVIEW — RECEIVED FROM VENDOR

REVIEW — DUE FROM VENDOR
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SPECIAL-PURPOSE STEAM TURBINE
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1 - CERTIFIED DIMENSIONAL OUTLINE DRAWING AND LIST OF CONNECTIONS
2 - CROSS-SECTIONAL DRAWING, PART LIST AND BILL OF MATERIALS
3 - ROTOR ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS
4 - THRUST BEARING ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS
4a - THRUST BEARING DATA SHEET AND SIZING CALCULATIONS
5 - JOURNAL BEARING ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS
5a - JOURNAL BEARING DATA SHEET AND SIZING CALCULATIONS
6 - SEALS / PACKINGS / LABYRINTHS CROSS-SECTION DRAWING, ASSEMBLY DRAWING, PART LIST AND
BILL OF MATERIALS
7 - SHAFT COUPLING ALIGNMENT DIAGRAM, ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS
8 - GLAND SEALING AND LEAK-OFF SCHEMATICS, PART LIST AND BILL OF MATERIALS
9 - GLAND SEALING AND LEAK-OFF ARRANGEMENT DRAWING AND LIST OF CONNECTIONS
10 - GLAND SEALING AND LEAK-OFF EQUIPMENT AND COMPONENT DRAWINGS, PART LIST AND DATA
SHEETS
11 - LUBE / CONTROL -OIL SCHEMATICS AND BILL OF MATERIALS
12 - LUBE / CONTROL OIL ASSEMBLY, ARRANGEMENT DRAWING, LIST OF CONNECTIONS, PART LIST AND
BILL OF MATERIALS
13 - LUBE / CONTROL-OIL MAIN AND AUXILIARY EQUIPMENT/COMPONENT DRAWINGS, PART LIST AND
DATA SHEETS
14 - ELECTRICAL AND INSTRUMENTATION SCHEMATICS AND BILL OF MATERIALS
15 - ELECTRICAL AND INSTRUMENTATION ARRANGEMENT DRAWINGS AND LIST OF CONNECTIONS
16 - CONTROL AND GOVERNOR SYSTEM DESCRIPTION AND SCHEMATIC (DOCUMENTATION AND DATA)
17 - OVERSPEED SHUTDOWN SYSTEM DESCRIPTION AND SCHEMATIC (DOCUMENTATION AND DATA)
18 - CURVES SHOWING STEAM FLOW VERSUS POWER
18a - CURVE SHOWING STEAM FLOW VERSUS THRUST BEARING LOAD
19 - CURVE SHOWING STEAM FLOW VERSUS FIRST-STAGE PRESSURE
20 - CURVES SHOWING STEAM FLOW VERSUS SPEED AND EFFICIENCY
21 - CURVE SHOWING STEAM FLOW VERSUS VALVE LIFT
22 - CURVES SHOWING EXTRACTION PERFORMANCE
23 - STEAM CORRECTION FACTORS AND CHARTS
24 - BLADING VIBRATION ANALYSIS [REMARK 1]
25 - LATERAL CRITICAL SPEED ANALYSIS
26 - TORSIONAL CRITICAL SPEED ANALYSIS
26a - VIBRATION ANALYSIS DATA AND REPORT (MULTISTAGE TURBINE)
26b - DAMPED UNBALANCE RESPONSE ANALYSIS
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27 - TRANSIENT TORSIONAL ANALYSIS
28 - ANTECIPATED THERMAL MOVEMENTS FOR MAJOR CONNECTIONS
29 - COUPLING ALIGNMENT DIAGRAM
30 - WELDING PROCEDURES, REPORTS AND DATA
31 - HYDRO TEST LOGS (PROCEDURES, REPORT AND DATA)
32 - MECHANICAL RUNNING TEST LOGS (PROCEDURES, REPORT AND DATA)
33 - NON-DESTRUCTIVE TEST PROCEDURES
34 - MILL TEST REPORTS
34a - MATERIALS CERTIFICATES, TESTS PROCEDURES, REPORTS AND DATA
35 - ROTOR BALANCING LOGS (PROCEDURES, REPORT AND DATA)
36 - ROTOR COMBINED MECHANICAL AND ELECTRICAL RUNOUT LOGS (PROCEDURES, REPORT AND
DATA)
37 - DATA SHEETS (PROPOSAL / AS-BUILT) [REMARK 1]
38 - AS-BUILT DIMENSIONS AND DATA
39 - INSTALLATION MANUAL
39a - ERECTION DIAGRAM AND INSTRUCTION FOR ALL ITEMS ASSEMBLED AT SITE
390 - ALIGNMENT DIAGRAM
39¢ - ALLOWABLE FLANGE LOADING
39d - FOUNDATION PLAN (WITH ANCHOR BOLTS LOCATION), WEIGHTS, STATIC / DYNAMIC LOADS
AND CENTERS OF GRAVITY [REMARK G]
40 - OPERATING AND MAINTENANCE MANUAL
41 - LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE
PARTS
42 - ENGINEERING, FABRICATION AND DELIVERY SCHEDULES
42a - PROGRESS REPORTS
42b - QUALITY PLAN, INSPECTIONS, TESTING & NDT PROCEDURES, SCHEDULES, REPORTS AND
DATA
43 - LIST OF DRAWINGS AND DOCUMENTS INDEX (STATUS AND DELIVERY SCHEDULE)
44 - SHIPPING LIST
45 - LIST OF SPECIAL TOOLS
46 - TECHNICAL DATA MANUAL [REMARK H]
47 - PRESERVATION, PACKING AND SHIPPING PROCEDURES
48 - RIGGING AND LIFTING INSTRUCTIONS
49 - VIBRATION PROBE SENSING AREAS / SHAFT DRAWING
50 - MATERIAL SAFETY DATA SHEETS (E.G. OSHA FORM 174)
51 - EQUIPMENT GENERAL DESCRIPTION AND CATALOGS (WITH REFERENCE IN SIMILAR SERVICES)
52 - STANDARD / SPECIAL (DETAILED) REFERENCE LISTS
53 - SPECIAL AND OPTIONAL TESTS PROCEDURES, REPORTS AND DATA




DATA SHEET e REv
__. SHEET
- of
TITLE:
PETROBRAS VENDOR DRAWING AND DATA
REQUIREMENTS
OIL SYSTEM
X | X | ® | 1-CERTIFIEDDIMENSIONAL OUTLINE DRAWING AND LIST OF CONNECTION
O| X | X | 2-COMPONENTS DRAWINGS AND BILL OF MATERIALS
O| X | X | 3-SYSTEM SCHEMATICS, BILL OF MATERIALS AND COMPONENTS SIZING CRITERIA
[ 3a - ASSEMBLY AND ARRANGEMENT DRAWINGS INCLUDING PARTS LIST
O|X | X | 4-ASSEMBLY AND ARRANGEMENT DRAWINGS INCLUDING PARTS LIST
K | X | K | 5-ELECTRICAL AND INSTRUMENTATION WIRING DIAGRAMS AND BILL OF MATERIALS
[ 5a - ELECTRICAL AND INSTRUMENTATION WIRING DIAGRAMS AND BILL OF MATERIALS
O| X | X | 6-ELECTRICAL AND INSTRUMENTATION TERMINAL BOX LAYOUT AND LIST OF CONNECTIONS
0O|X | X | 7-CONSOLE TEST PROCEDURES
0 XK |X 7a - MATERIALS CERTIFICATES, TESTS PROCEDURES, REPORTS AND DATA
X XK X 7b - SPECIAL AND OPTIONAL TESTS PROCEDURES, REPORTS AND DATA
O| X | X | 8-WELDING PROCEDURES, REPORTS AND DATA.
O| 0| X | 9-HYDROSTATIC TEST LOGS (PROCEDURES, REPORTS AND DATA)
O| X | X | 10- OPERATIONAL TEST LOGS (PROCEDURES, REPORTS AND DATA)
K| X | K| 11-DATA SHEETS (PROPOSAL / AS-BUILT) [REMARK ]
O| X | X | 12-INSTALLATION, OPERATION AND MAINTENANCE MANUALS
O0IX|KX 12a - FOUNDATION PLAN (WITH ANCHOR BOLTS LOCATION), WEIGHTS, STATIC / DYNAMIC LOADS
AND CENTERS OF GRAVITY.
O|X | X | 13-PROGRESSREPORT
O0IX|IKX 13a - QUALITY PLAN, INSPECTIONS, TESTING & NDT PROCEDURES, SCHEDULES, REPORTS AND
DATA
X X|KX 13b - ENGINEERING, FABRICATION AND DELIVERY SCHEDULES
K | X | X | 14-LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE
LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE
O| X | X | 15-PRESSURE VESSEL CERTIFICATION DATA
O| X | X | 16- TECHNICAL DATA MANUAL [REMARK H]
O| XK | X | 17-PRESERVATION, PACKING AND SHIPPING PROCEDURES
O| X | X | 18-SHIPPING LIST
K| O| O] 19-SYSTEM GENERAL DESCRIPTION AND CATALOGS
O | O | O| 20-STANDARD /SPECIAL (DETAILED) REFERENCE LISTS
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MONITORING SYSTEM AND INSTRUMENTATION

1 - CERTIFIED GENERAL ARRANGEMENT OR OUTLINE DRAWING AND LIST OF CONNECTIONS
2 - SECTIONAL DRAWING AND BILL OF MATERIALS (WITH PART LIST)

2a - DESCRIPTION AND DETAILED DRAWINGS FOR THE INSTRUMENTATION OPERATION,
DESCRIPTION AND DETAILED DRAWINGS FOR THE INSTRUMENTATION OPERATION,
2b - INSTRUMENTATION CABLE LIST WITH COMPLETE SPECIFICATION

3 - CONTROL AND ELECTRICAL SYSTEM SCHEMATICS AND BILL OF MATERIALS
3a - ELETRONIC CARDS SCHEMATIC DRAWINGS

4 - ELECTRICAL AND INSTRUMENTATION SYSTEM ARRANGEMENT PLANS
4a - INTERCONNECTION DIAGRAMS

5 - GROUNDING PLAN

6 - CALIBRATION CURVES (CERTIFIED)

7 - ROTOR NODAL POINT ANALYSIS DATA

8 - RECOMMENDED ALARM (ALERT) AND SHUTDOWN (DANGER) SETPOINTS
8a - CONTROL AND SHUTDOWN / ALARM SPECIFICATION

9 - DATA SHEETS (ISA AND PETROBRAS) [REMARK 1]
9a - CALCULATION SHEETS

10 - DIMENSIONS AND DATA

11 - INSTALLATION MANUAL

12 - OPERATING AND MAINTENANCE MANUAL

12a - HARDWARE AND SOFTWARE MANUALS OF CONTROL AND SHUTDOWN / ALARM SYSTEM
(INCLUDING LADDER DIAGRAM, PROGRAMING INSTRUCTION AND COMMUNICATION DRIVERS)
13 - LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE
PARTS
14 - ENGINEERING, FABRICATION AND DELIVERY SCHEDULE

14a - PROGRESS REPORTS
15 - LIST OF DRAWINGS AND DOCUMENTS INDEX (STATUS AND DELIVERY SCHEDULE)
16 - SHIPPING LIST
17 - SPECIAL WEATHER PROTECTION (IF NECESSARY) AND TROPICALIZATION REQUIREMENTS
18 - SPECIAL SYSTEM INTEGRITY PROTECTION REQUIREMENTS
19 - LIST OF SPECIAL TOOLS
20 - TECHNICAL DATA MANUAL [REMARK H]
21 - MATERIAL SAFETY DATASHEETS

22 - INSTRUMENTATION VENDOR LIST AND MANUFACTURERS CATALOGUES
23 - EMI AND RFI TEST ACCEPTANCE

24 - CAUSE X EFFECT DIAGRAM

25 - LOGIC DIAGRAM FOR START UP, ALARM AND SHUTDOWN SYSTEM

26 - LOOP DIAGRAMS

27 - PANEL HARDWARE AND SOFTWARE (DESCRIPTION OF LADDER AND BLOCK DIAGRAM, DRAWINGS,
SPECIFICATION LAY-OUT, DATA SHEETS AND CABLE LIST)

28 - P&l DRAWINGS INCLUDING AS A MINIMUM: STEAM, SEAL GAS, ELECTRICITY, FUEL, WATER,
LUBRICATION AND PROCESS GAS SYSTEM.
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NOTE1 PROPOSAL DRAWINGS AND DATA DO NOT HAVE TO BE CERTIFIED OR AS-BUILT.

NOTE2 PURCHASER WILL INFORM IN CONTRACT, OFFICIAL DOCUMENTATION OR INDICATE IN THIS COLUMN THE DESIRED TIME
FRAME FOR SUBMISSION OF MATERIALS USING THE API NOMENCLATURE.

NOTE 3 BIDDER SHALL COMPLETE THIS COLUMN TO REFLECT HIS ACTUAL DISTRIBUTION SCHEDULE AND SHALL INCLUDE THIS FORM
WITH HIS PROPOSAL.

NOTE4 ALL DOCUMENTS AND DRAWINGS SHALL ALSO BE PROVIDED IN MAGNETIC MEDIA (CD) AND SHALL BE ISSUED BY VENDOR.
FILES SHALL BE IN ACCORDANCE WITH CONTRACT AND PETROBRAS REQUIREMENTS.

NOTES5 MANUFACTURER SHALL MERGE SIMILAR DOCUMENTS ASKED IN DIFFERENT LISTS, BUT IT SHALL BE CLEARLY STATED IN
PROPOSAL, REVIEW AND FINAL PHASE WHERE ARE THE INFORMATION (ITEMS AND SUB-ITEMS).
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1 Drawings, instruction books and other commercial or engineering data shall be in english or brazilian portuguese language, except
for those from the brazilian market, which shall be in brazilian portuguese language. All data, drawings, hardware and equipment
supplied to this specification shall use the SI system of measurements, except for ordinary piping, flanges, accessories and
appurtenances, which shall be in inches.

2 All drawings and documents (sub-suppliers documents included) shall be identified, as a minimum, with the following:

Client’'s name;

Client’s station;

Job location;

Purchaser’s requisition number;

Purchaser’s order number;

Tag number;

Service.

3 Revision boxes shall be provided to describe the latest revisions in full detail and an indication of revisions shall be made at revised
information by such means as circled revision number.

4 Installation, operation and maintenance manuals must be issued by equipment vendor in both Brazilian Portuguese and English,
under vendor’s responsibility.

Independent (third-party) translations are not acceptable.

In case of conflicts between IOM instructions, Portuguese version shall prevail.

PETROBRAS will not take any responsibility on mistakes, actions or decisions based on, or originated from, mistranslated

instructions provided by vendor.

Both languages shall be used in all Human — Machine Interfaces (HMI) computer screens installed on control panels.

language selection shall be performed at any time, without requiring computer reset or disturbing any monitoring / control

process being run by computer plc.

All warnings, such as caution, danger, hazardous signs and other basic safety instructions to be applied on equipment /
component external surfaces, enclosures, doors, handles, levers, emergency stop buttons, etc. shall be supplied by vendor
and shall be written in brazilian portuguese (primary text, in capital letters) and english (secondary text, with smaller fonts).

Ordinary / standard documentation of foreign items (main and auxiliary equipment) may be supplied in English. Whenever

documents are written in languages other than English, then translations shall be provided as well.

5 The manuals shall be divided in three sections and shall included the topics below (minimum):
Section I

All certified drawings;

Certified and illustrated part list (exploded views of internal parts);

Catalogues;

Technical specifications;

Performance curves for driven and driver equipment;

Calculation sheets;

Data sheets;

Dynamic loads for all operations conditions.

Section II:

« Instructions for storage and transportation;

« Commissioning procedure;

« Instructions for installation and operation (including auxiliaries);

« Instructions for maintenance;

« Maintenance procedures, including: disassembly, special tools, cleaning, inspection, repair and assembly of main equipment

and auxiliaries.
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Section Ili:

« Material certificates;

« Test certificates;

« Welding procedures;

« Quality plans;

« Electrical and electronic instrument certificates for area classification.

OBS: Vendor may be requested, at any time during service life of equipment, to provide additional information required to overcome
problems related to the performance of supplied equipment.

6 All drawings shall have dimensions, tolerance and part number.

7 Foundation and baseplate drawings shall clearly show the weights and other loads at each point of support. If the equipment
requires a supporting structure and where such structure is within purchaser scope of supply then vendor shall provide complete
loading diagram.

8 Technical data book shall include spare parts for erection, commissioning test, start up and operation.

9 The vibration analysis data and lateral critical analysis report shall include: rotor analytical model, bearing data, seal clearance x
amplitude, critical speed map, undamped rotor mode shapes, unbalance response plots, damped rotor mode shapes, rotor stability
analysis. Vendor shall provide to PETROBRAS a recorded CD with vibration data (including vibration amplitude sweeping and
vibration signature) and phase angle recorded during mechanical running test, including also signature and sweep diagram for all
bearings (horizontal and vertical axis). A Goodman Diagram shall be provided for the highest stressed location of the rotor blade at
the rated (guarantee) point. A Campbell Diagram shall be provided for the rotor blade including the blade natural frequences
operating range and potential excinting frequences. All natural frequencies shall be at leat 10 % away from excinting frequency.

10 All tests reports, data and curves shall be certified.
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 TIME DELAY, s:

		     

		( DANGER:

		 FORMCHECKBOX 
 SET, (m:

		     

		 FORMCHECKBOX 
 TIME DELAY, s:

		     

		( DANGER:

		 FORMCHECKBOX 
 SET, (m:

		     



		52

		

		

		( SHUTDOWN:

		 FORMCHECKBOX 
 SET, (m:

		     

		

		

		( SHUTDOWN:

		 FORMCHECKBOX 
 SET, (m:
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		DATA SHEET

		No.

		

		REV.

		



		

		

		SHEET

		6

		of

		22



		

		tITLE:

		SPECIAL PURPOSE STEAM TURBINE

		



		

		

		

		



		01

		(  FORMCHECKBOX 
 LUBRICATION AND CONTROL OIL SYSTEMS



		02

		SEE OIL SYSTEM(S) DATA SHEETS:

		AS ISSUED FOR THIS JOB

		OIL REQUIREMENTS

		CONTROL OIL

		LUBE OIL



		03

		SYSTEM(S) SUPPLIED BY:

		( TURBINE MFR.

		( TRAIN VENDOR

		 FORMCHECKBOX 
 NORMAL FLOW, m3/h

		

		



		04

		(SEPARATE SYS. FOR TURBINE ONLY

		( CONTROL OIL

		( LUBE OIL

		 FORMCHECKBOX 
 TRANSIENT FLOW, m3/h

		

		



		05

		( COMMON WITH TRAIN

		( CONTROL OIL

		( LUBE OIL

		 FORMCHECKBOX 
 PRESSURE, kgf/cm2 g

		

		



		06

		TRAIN VENDOR OR TURBINE MANUFACTURER TO SUPPLY:

		 FORMCHECKBOX 
 TEMPERATURE, °C

		

		



		07

		( CONTROL OIL ACCUMULATOR

		( CTRL OIL FILTERS

		( DUAL [2X100%]

		 FORMCHECKBOX 
 TOTAL HEAT REJECTED, [MW] [kcal/h]

		

		



		08

		( FULL 304/304L SS OIL SUPPLY HEADER PIPING, UP/DOWNSTR. FILTERS

		 FORMCHECKBOX 
 OIL TYPE [MINERAL / SYNTHETIC]

		

		



		09

		( OIL DRAIN HEADER PIPING

		

		

		 FORMCHECKBOX 
 VISCOSITY, [SSU @ 37,8 °C] [ISO VG]

		

		



		10

		( STAINLESS STEEL (304/304L)

		( CARBON ST.

		

		 FORMCHECKBOX 
 FILTRATION

		

		



		11

		( SIGHT FLOW INDICATORS

		

		

		 FORMCHECKBOX 
 

		

		



		12

		(  FORMCHECKBOX 
 COUPLINGS AND GUARDS



		13

		NOTE: SEE FIELDS ABOUT “SHAFT ENDS” ON DRIVEN & DRIVER DATA SHEETS

		

		



		14

		( API STD 671 DATA SHEETS:

		( TO BE PROVIDED

		 FORMCHECKBOX 
 SEE ATTACHED

		( KEYLESS HYDRAULIC FIT (IF APPLICABLE)

		 FORMCHECKBOX 
 KEYED FIT

		 FORMCHECKBOX 
 OTHER



		15

		COUPLING FURNISHED BY:

		( PURCHASER

		( TRAIN VENDOR

		( VENDOR MOUNT HALF COUPLING

		( IDLING ADAPTER / SOLO PLATE



		16

		COUPLING MANUFACTURER:

		     

		 FORMCHECKBOX 
 TYPE:

		     

		 FORMCHECKBOX 
 MODEL

		     



		17

		CPLG GUARD FURNISHED BY:

		( PURCHASER

		( TRAIN VENDOR

		LUBRICATION REQUIREMENTS:

		

		



		18

		GUARD TYPE:

		( FULLY ENCLOSED

		( SEMI-OPEN

		( NON-LUBE 

		( GREASE

		( CONT. OIL LUBE

		( OTHER



		19

		GUARD MATERIALS & SAFETY:

		( NON SPARKING

		( OTHER

		

		SEPARATE SYSTEM:

		( LUBE OIL SYS.

		( JUST OIL FILTERS



		20

		( GUARD TO FULLY RETAIN DAMAGED COUPLING IN CASE OF FAILURE

		QUANTITY PER HUB:

		     

		 FORMCHECKBOX 
 kg/h OR

		 FORMCHECKBOX 
 l/h



		21

		COUPLING MAX O.D., mm:

		     

		     

		END FLOAT, mm:

		     

		     

		



		22

		SPACER LENGTH, mm: (NOTE 5)

		     

		     

		SPACER WEIGHT, kg:

		     

		HUB WEIGHT, kg:

		     



		23

		(  FORMCHECKBOX 
 MOUNTING PLATES



		24

		BASEPLATES FURNISHED BY:

		( PURCHASER

		( TRAIN VENDOR

		SOLEPLATES FURNISHED BY:

		( PURCHASER

		( TRAIN VENDOR



		25

		( COMMON WITH: DRIVEN [IF FEASIBLE]

		( GEAR [IF APPLICABLE]

		 FORMCHECKBOX 
 THICKNESS, mm:

		     

		( SUB-SOLE PLATES REQUIRED



		26

		( COLUMN MOUNTING [FULLY RIGID SKID]

		( OTHER: (NOTE 1)

		( LEVELING [SHOCK] BLOCKS REQUIRED



		27

		( HORIZONTAL ADJUSTING SCREWS FOR EVERY COMPONENT OF TRAIN

		 FORMCHECKBOX 
 STAINLESS STEEL SHIM THICKNESS, mm



		28

		( VERTICAL ADJUSTING SCREWS FOR EVERY COMPONENT OF TRAIN

		DRIVER:

		     

		GEAR:

		     

		COMPRESSOR:

		     



		29

		( DRIP RIM

		( LEVELING PADS

		( NON-SKID DECK PLATES REQUIRED

		( PRIMER FOR EPOXY GROUT REQUIRED

		TYPE:

		     



		30

		( SUB-SOLE PLATES REQUIRED [WHENEVER APPLICABLE]

		( HOLD-DOWN BOLTS FURNISHED BY:

		( PURCHASER

		( TRAIN VENDOR



		31

		 FORMCHECKBOX 
 STAINLESS STEEL SHIM THICKNESS, mm:

		     

		     

		     

		( ANCHOR BOLTS FURNISHED BY:

		( PURCHASER

		( TRAIN VENDOR



		32

		( PRIMER FOR EPOXY GROUT REQUIRED

		TYPE:

		     

		( SUITABLE FOR OPTICAL / LASER ALIGNMENT



		33

		( BASE PLATE WILL BE INSTALLED ON CONCRETE FOUNDATION

		 FORMCHECKBOX 
 SINGLE SECTION

		 FORMCHECKBOX 
 MULTI-SECTION



		34

		( BASE PLATE WILL BE INSTALLED ON METALLIC STRUCTURE

		( MACHINED MOUNTING PADS REQUIRED [WHENEVER APPLICABLE]



		35

		(  FORMCHECKBOX 
 GEAR UNITS:

		(  FORMCHECKBOX 
 CONTROLS AND INSTRUMENTATION:



		36

		GEAR UNITS FURNISHED BY:

		( PURCHASER

		( TRAIN VENDOR

		INSTRUMENTS & CONTROLS SHALL BE ACCORDING TO PURCHASER’S SPECS.



		37

		SEE GEAR UNIT(S) DATA SHEETS No.:

		

		SEE SPEC(S) & DATA SHEETS No.:

		



		38

		(  FORMCHECKBOX 
 PROTECTIVE DEVICES:



		39

		PROTECTIVE

		EXHAUST

		EXTRACT. /INDUCT.

		SENTINEL

		VACUUM

		NON-RETURN

		OTHER THERMAL



		40

		DEVICES

		RELIEF VALVE

		RELIEF VALVES

		WARNING VALVE

		BREAKER

		VALVES

		RELIEF VALVES



		41

		MOUNTING LOCATION

		

		

		

		

		

		



		42

		SET RELIEF PRESSURE, kgf/cm2 g

		

		

		

		

		

		



		43

		CAPACITY, kg/h [OF STEAM]

		

		

		

		

		

		



		44

		VALVE MANUFACTURER

		

		

		

		

		

		



		45

		VALVE TYPE

		

		

		

		

		

		



		46

		VALVE SIZE / # RATING

		

		

		

		

		

		



		47

		FLANGE FACING

		RF

		

		

		

		

		



		48

		FURNISHED BY:

		TURBINE MFR.

		TURBINE MFR.

		NOT REQUIRED

		TURBINE MFR.

		TURBINE MFR.

		TURBINE MFR.



		49

		QUANTITY:

		

		

		

		

		

		



		50

		NOTES:



		51

		



		52

		



		53

		



		54
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		DATA SHEET

		No.

		

		REV.

		



		

		

		SHEET

		7

		of

		22



		

		tITLE:

		SPECIAL PURPOSE STEAM TURBINE

		



		

		

		

		





		01

		(  FORMCHECKBOX 
 TRIP AND THROTTLE VALVES



		02

		ARR. TYPE:

		( TRIP

		( TRIP & THROTTLE

		( DUPLICATE T / T & T

		 FORMCHECKBOX 
 INLET STRAINERS

		

		

		



		03

		PROVIDED BY:

		( PURCHASER

		( TURBINE VENDOR

		PERM. STR. OPENING SIZE, [mm] [mesh]

		

		MATERIAL

		



		04

		VALVE MANUFACTURER:

		

		MODEL:

		

		TEMPORARY STARTUP STR., [mm] [mesh]

		

		MATERIAL

		



		05

		

		

		

		

		

		

		( STRAINERS TO FOLLOW PETROBRAS STD.

		

		

		



		06

		LOCATION:

		 FORMCHECKBOX 
 MAIN INLET

		 FORMCHECKBOX 
 INDUCTION

		VALVE INTERNALS

		

		

		



		07

		VALVE SIZE

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 
 STEM MATERIAL:

		

		HARDNESS, Rc:

		



		08

		# RATING

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 
 STEM HARDENING BY:

		HARDNESS, Rc:

		



		09

		FACING

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 
 Cr PLATING

		 FORMCHECKBOX 
 NITRIDING

		 FORMCHECKBOX 
 SPRAY:

		



		10

		ACTION

		 FORMCHECKBOX 


		PULL TO SEAT

		 FORMCHECKBOX 


		PUSH TO SEAT

		 FORMCHECKBOX 


		PULL TO SEAT

		 FORMCHECKBOX 


		PUSH TO SEAT

		 FORMCHECKBOX 
 PLUG MATERIAL:

		

		HARDNESS, Rc:

		



		11

		RESET

		 FORMCHECKBOX 


		MANUAL

		 FORMCHECKBOX 


		HYDRAULIC

		 FORMCHECKBOX 


		MANUAL

		 FORMCHECKBOX 


		HYDRAULIC

		 FORMCHECKBOX 
 SEAT MATERIAL:

		

		HARDNESS, Rc:

		



		12

		TRIP

		 FORMCHECKBOX 


		LOCAL MANUAL

		 FORMCHECKBOX 


		REMOTE

		 FORMCHECKBOX 


		LOCAL MANUAL

		 FORMCHECKBOX 


		REMOTE

		

		

		

		



		13

		EXERCISER

		 FORMCHECKBOX 


		LOCAL MANUAL

		 FORMCHECKBOX 


		REMOTE

		 FORMCHECKBOX 


		LOCAL MANUAL

		 FORMCHECKBOX 


		REMOTE

		 FORMCHECKBOX 
 PACKING MATERIAL:

		

		LEAK OFF, kg/h:

		



		14

		

		 FORMCHECKBOX 


		FULLY OIL OPERATED

		 FORMCHECKBOX 


		FULLY OIL OPERATED

		 FORMCHECKBOX 
 VALVE SPRING SUPPORT PROVIDED BY

		( TURB. VENDOR

		( PURCHASER



		15

		(   FORMCHECKBOX 
 GOVERNOR-CONTROLLED VALVES



		16

		LOCATION

		MAIN INLET

		INDUCTION

		INDUCTION / EXTRACTION

		INDUCTION / EXTRACTION

		NOTES



		17

		TRIP POSITION (OPEN-CLOSED)

		

		

		

		

		



		18

		NUMBER OF VALVES

		

		

		

		

		



		19

		PROVIDED BY:

		TURBINE MFR.

		TURBINE MFR.

		TURBINE MFR.

		TURBINE MFR.

		WHENEVER APPLICABLE



		20

		VALVE MANUFACTURER

		

		

		

		

		



		21

		CONNECTION SIZE

		

		

		

		

		



		22

		# RATING

		

		

		

		

		



		23

		FACING (RF, RTJ, OTHER)

		

		

		

		

		



		24

		ACTION (CAM, BAR, OTHER)

		

		

		

		

		



		25

		STEM MATERIAL

		

		

		

		

		



		26

		STEM MATERIAL HARDNESS, Rc

		

		

		

		

		



		27

		PACKING MATERIAL

		

		

		

		

		



		28

		PACKING LEAK OFF, kg/h

		

		

		

		

		



		29

		

		

		

		

		

		



		30

		

		

		

		

		

		



		31

		

		

		

		

		

		



		32

		(  FORMCHECKBOX 
 TURNING DEVICES [TURBINE MFR. TO ADVISE]

		( MISCELLANEOUS



		33

		( TURNING DEVICE REQUIRED BY PETROBRAS, FOR THIS JOB 

		( NOT REQUIRED

		( STARTUP ASSISTANCE REQUIRED, SEE MATERIAL REQUISITION.



		34

		 FORMCHECKBOX 
 RECOMMENDED BY TURBINE AND / OR TRAIN VENDORS

		 FORMCHECKBOX 
 UNNECESSARY

		( VENDOR’S REVIEW & COMMENTS ON PURCHASER’S PIPING& FOUNDATION DWGS



		35

		TURNING DEVICE FURNISHED BY:

		( TURBINE MFR.

		( TRAIN VENDOR

		( VENDOR’S REVIEW & COMMENTS ON PURCHASER’S CONTROL SYSTEMS



		36

		MOUNTED BY

		( TURBINE MFR.

		( TRAIN VENDOR

		( OTHERS

		( VENDOR WITNESS INITIAL ALIGNMENT

		( FINAL (HOT) ALIGNMENT CHECK



		37

		 FORMCHECKBOX 
 TURN. DEV. MFR:

		

		MODEL

		

		( WATER WASHING SYSTEM: ( COMPLETE ( PARTIAL ( PROVISIONS ONLY



		38

		 FORMCHECKBOX 
 TYPE:

		

		

		

		( STATIC CONDUCTING BRUSHES

		( SHAFT BRUSHES



		39

		 FORMCHECKBOX 
 NORMAL OPER. SPEED, rpm:

		

		MIN. FOR BEARINGS OIL FILM, rpm

		

		( SHUTDOWN ACTIVATES EXHAUST VACUUM BREAKER [WHENEVER APPLICABLE]



		40

		

		MIN. FOR DRY SEALS LIFT, rpm

		

		( OPTICAL ALIGNMENT FLATS REQUIRED ON TURBINE / GEAR / DRIVEN



		41

		TURNING DEVICE OPERATION:

		

		

		( EXTENT OF PROCESS PIPING BY VENDOR: WITHIN BATTERY LIMITS



		42

		ENGAGEMENT

		( MANUAL, LOCAL

		( AUTOMATIC

		

		( SHOP FIT-UP OF VENDOR’S  PIPING



		43

		

		( MANUAL CRANK

		( NO CLUTCH

		( WITH CLUTCH

		( WELDING HARDNESS TESTING, AS REQUIRED



		44

		INTERLOCKING AND PERMISSIVE STARTS WITH:

		( AUXILIARY EQUIPMENT MOTORS



		45

		

		( ZERO RPM DETECTION

		( DRIVEN EQUIP. BLOCKAGE

		



		46

		

		( TRAIN LUBE OIL SYSTEM

		( JACK (OIL LIFT) SYSTEM

		



		47

		

		( DRIVEN EQUIP. SEAL SYS.

		 FORMCHECKBOX 
 OTHER:

		

		( SPECIAL TOOLS



		48

		DISENGAGEMENT

		( MANUAL, LOCAL

		( AUTOMATIC

		

		( ALL THOSE NOT COMMERCIALLY AVAILABLE TOOLS, AS PER API STANDARDS.



		49

		( DRIVER & GEARBOX DATA SHEETS:

		( TO BE PROVIDED

		 FORMCHECKBOX 
 SEE ATTACHED

		( COUPLING RING AND PLUG GAUGE



		50

		( DRIVER TYPE:

		( ELECTR. MOTOR

		( STEAM TURBINE

		( HYDR. MOTOR

		( HYDRAULIC COUPLING MOUNTING / REMOVAL KIT



		51

		

		( PNEUM. MOTOR

		

		

		( FIELD BALANCING WEIGHTS AND THEIR MOUNTING / REMOVAL KIT



		52

		LUBRICATION:

		 FORMCHECKBOX 
 INDEPENDENT

		 FORMCHECKBOX 
 TRAIN LOS

		 FORMCHECKBOX 
 OTHER:

		( SPREADER BEAMS, AS NECESSARY



		53

		OPERATOR STATION

		( LOCAL

		( REMOTE

		

		( INSTRUMENTS & CONTROLS RECALIBRATION DEVICES



		54

		

		

		

		

		( PANELS / CONTROLLERS REPROGRAMMING HARDWARE / SOFTWARE
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		SHEET

		8
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		tITLE:

		SPECIAL PURPOSE STEAM TURBINE

		



		

		

		

		



		01

		(  FORMCHECKBOX 
 GOVERNOR AND TURBINE DUTY REQUIREMENTS



		02

		GOVERNOR TYPE

		NEMA CLASS


( REQ’D  FORMCHECKBOX 
ACTUAL

		SPEED RANGE,


+/- % OF RATED

		MANUFACTURER

		MODEL



		03

		( MECHANIC / HYDRAULIC

		

		

		

		

		

		

		

		

		

		



		04

		( ELECTRONIC, WITH DIGITAL PROCESSOR

		D

		

		

		

		

		

		

		

		

		

		



		05

		PROCESSOR:

		( SIMPLEX

		( MULTIPROCESSOR

		

		



		06

		ACTUATOR:

		 FORMCHECKBOX 
 PNEUMATIC

		 FORMCHECKBOX 
 HYDRAULIC

		MFR/MODEL:

		

		( GOVERNOR SUPPLIED BY:

		( TURBINE MFR.

		( TRAIN VENDOR



		07

		SPEED ADJUSTMENT:

		( MANUAL

		( MANUAL REMOTE

		( AUTOMATIC

		( MOUNTED BY:

		( TURBINE MFR.

		( TRAIN VENDOR



		08

		

		( REMOTE TRIP SIGNAL

		 FORMCHECKBOX 


		

		

		



		09

		TURBINE TYPE AND DUTY

		



		10

		(

		SINGLE VALVE, SINGLE STAGE

		 FORMCHECKBOX 


		SINGLE VALVE, MULTISTAGE

		 FORMCHECKBOX 


		DOUBLE AUTOMATIC EXTRACTION



		11

		(

		MULTI VALVE, MULTISTAGE

		 FORMCHECKBOX 


		SINGLE AUTO EXTRACTION

		 FORMCHECKBOX 


		SINGLE AUTOMATIC EXTRACTION / INDUCTION



		12

		(

		OTHER

		

		

		 FORMCHECKBOX 


		DOUBLE AUTOMATIC EXTRACTION / INDUCTION



		13

		DRIVEN EQUIPMENT TYPE

		



		14

		(

		AXIAL / CENTRIFUGAL COMPRESSOR

		(

		SYNCHRONOUS  GENERATOR



		15

		(

		CENTRIFUGAL PUMP

		(

		INDUCTION  GENERATOR



		16

		(

		FAN

		(

		OTHER



		17

		MECHANICAL DRIVE SERVICE REQUIREMENTS

		GENERATOR DRIVE SERVICE REQUIREMENTS



		18

		(

		SPEED CONTROL BY

		

		

		

		

		(

		DROOP CONTROL

		



		19

		

		PROCESS VARIABLE

		(

		PRESSURE 

		(

		FLOW 

		(

		FREQUENCY CONTROL

		



		20

		

		EXTRACTION 

		(

		PRESSURE 

		(

		FLOW 

		(

		LOAD CONTROL

		



		21

		

		INDUCTION 

		(

		PRESSURE 

		(

		FLOW 

		(

		kW CONTROL

		



		22

		

		TURBINE INLET

		(

		PRESSURE 

		(

		FLOW 

		(

		kW IMPORT / EXPORT CONTROL

		



		23

		

		TURBINE EXHAUST

		(

		PRESSURE 

		(

		FLOW 

		(

		LOAD SHEDDING

		



		24

		

		

		

		

		

		

		(

		AUTO SYNCHRONIZATION

		



		25

		(

		EXTRACTION EXTERNAL CONTROL BY:

		(

		PRESSURE 

		(

		FLOW

		(

		AUTO VOLTAGE REGULATION

		



		26

		(

		INDUCTION EXTERNAL CONTROL BY

		(

		PRESSURE

		(

		FLOW

		(

		TURBINE INLET PRESSURE LIMITING

		



		27

		

		

		

		

		

		

		(

		INLET PRESSURE LIMITER

		



		28

		( MINIMUM INPUT / OUTPUT REQUIREMENTS (BIDDER/VENDOR TO INCLUDE ADDITIONAL ITEMS, AS NECESSARY)



		29

		DISCRETE INPUTS

		DISCRETE OUTPUTS



		30

		(

		START OR RESET

		

		

		(

		INLET PRESSURE LIMITER

		



		31

		(

		NORMAL STOP

		

		

		(

		COMMON SHUTDOWN

		



		32

		(

		EMERGENCY TRIP

		

		

		(

		COMMON ALARM

		



		33

		(

		INCREASE SPEED

		

		

		(

		OVERSPEED TRIP 

		



		34

		(

		DECREASE SPEED

		

		

		(

		REMOTE SPEED SET POINT ENABLED

		



		35

		(

		ENABLE / DISABLE REMOTE SPEED SET POINT

		

		

		(

		PRESSURE CONTROL ENABLED

		



		36

		(

		RAMP TO MINIMUM CONTINUOUS SPEED

		

		

		(

		FLOW CONTROL ENABLED

		



		37

		(

		OVERSPEED TEST ENABLE

		

		

		(

		EXTRACTION CONTROL ENABLED

		



		38

		(

		ENABLE PRESSURE CONTROL

		

		

		(

		INDUCTION CONTROL ENABLED

		



		39

		(

		ENABLE EXTRACTION CONTROL

		

		

		(

		SPEED PICKUP ALARM

		



		40

		(

		REMOTE ALARM CLEAR / ACKNOWLEDGEMENT

		

		

		(

		OTHER

		



		41

		(

		ENABLE AUTO SYNCHRONIZATION

		

		

		

		

		



		42

		(

		CASCADE INCREASE / DECREASE

		

		

		

		

		



		43

		(

		OTHER

		

		

		

		

		



		44

		ANALOG INPUTS (4 - 20 mA)

		ANALOG OUTPUTS (4 - 20 mA)



		45

		(

		REMOTE SET POINT

		(

		PROCESS PRESSURE

		(

		SPEED

		(

		SPEED SET POINT



		46

		(

		EXTRACTION

		(

		PRESSURE 

		(

		FLOW

		(

		REMOTE SPEED SET POINT

		

		



		47

		(

		kW IND. LOAD

		(

		kW IMPORT / EXPORT

		(

		EXTRACTION PRESSURE SET POINT

		(

		EXTRACTION PRESSURE



		48

		(

		OTHER

		

		

		(

		PROCESS PRESSURE

		(

		ACTUATOR POSITION



		49

		

		

		

		

		(

		KW

		(

		kW IMPORT / EXPORT



		50

		

		NOTES:



		51

		

		



		52

		

		



		53

		

		



		54
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		No.

		

		REV.

		



		

		

		SHEET

		9

		of

		22



		

		tITLE:

		SPECIAL PURPOSE STEAM TURBINE

		



		

		

		

		



		01

		(  FORMCHECKBOX 
 SPEED GOVERNOR & OVERSPEED PROTECTING DEVICES



		02

		GOVERNOR INSTALLATION REQUIREMENTS

		



		03

		LOCATION

		(

		LOCALLY MOUNTED (AT TURBINE)

		MOUNTING

		 FORMCHECKBOX 


		FLUSH MOUNT IN PANEL

		 FORMCHECKBOX 


		SURFACE MOUNT



		04

		

		(

		TRAIN LOCAL CONTROL PANEL (AT SITE, NEAR TRAIN)

		

		 FORMCHECKBOX 


		VERTICAL RACK

		 FORMCHECKBOX 


		



		05

		

		(

		TRAIN REMOTE CONTROL PANEL (IN CONTROL ROOM)

		

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 


		



		06

		

		 FORMCHECKBOX 


		OTHER:

		

		

		 FORMCHECKBOX 


		

		 FORMCHECKBOX 


		



		07

		ENCLOSURE

		(

		GENERAL PURPOSE

		POWER SOURCE

		

		SINGLE

		DUAL

		

		



		08

		

		(

		AS REQUIRED BY AREA CLASSIFICATION (SEE SITE DATA)

		120

		V

		AC

		(

		

		(

		

		

		



		09

		

		

		 FORMCHECKBOX 


		NEMA 4

		(

		ISA 512.4 DRY AIR PURGE TYPE:

		Z

		220

		V

		AC

		(

		

		(

		

		

		



		10

		

		

		 FORMCHECKBOX 


		NEMA 4X

		 FORMCHECKBOX 


		IP 65

		 FORMCHECKBOX 


		EXPLOSION PROOF

		125

		V

		DC

		(

		

		(

		

		

		



		11

		

		 FORMCHECKBOX 


		OTHER:

		

		24

		V

		DC

		(

		

		(

		

		

		



		12

		GOVERNOR CONTROL PANEL’

		OUTPUTS FROM PANEL TO GOVERNOR

		INPUTS FROM PANEL TO GOVERNOR



		13

		

		(

		REQUIRED BY PETROBRAS, WHENEVER APPLICABLE

		(

		START

		(

		COMMON ALARM TRIP



		14

		LOCATION

		(

		TRAIN LOCAL CONTROL PANEL (AT SITE, NEAR TRAIN)

		(

		TRIP

		(

		TRIP LAMP



		15

		

		(

		TRAIN REMOTE CONTROL PANEL (IN CONTROL ROOM)

		(

		INCREASE

		(

		REMOTE SET POINT ENABLE LAMP



		16

		

		(

		OTHER:

		

		(

		DECREASE

		(

		SPEED SET POINT METER



		17

		ENCLOSURE

		(

		GENERAL PURPOSE

		(

		OVERSPEED TEST

		 FORMCHECKBOX 


		OTHER:

		



		18

		

		(

		AS REQUIRED BY AREA CLASSIFICATION (SEE SITE DATA)

		(

		RAMP TO MINIMUM CONTINUOUS

		 FORMCHECKBOX 


		



		19

		

		

		 FORMCHECKBOX 


		NEMA 4

		(

		ISA 512.4 DRY AIR PURGE TYPE::

		

		(

		REMOTE SET POINT ENABLE / DISABLE

		 FORMCHECKBOX 


		



		20

		

		

		 FORMCHECKBOX 


		NEMA 4X

		 FORMCHECKBOX 


		IP 65

		 FORMCHECKBOX 


		EXPLOSION PROOF

		(

		RESET

		 FORMCHECKBOX 


		



		21

		

		 FORMCHECKBOX 


		OTHER:

		

		 FORMCHECKBOX 


		OTHER:

		

		 FORMCHECKBOX 


		



		22

		MISCELLANEOUS GOVERNOR DETAILS

		



		23

		GOVERNOR ACTION ON LOSS OF REMOTE SIGNAL OR SECONDARY POWER

		(

		LOCKS ON LAST VALUE

		(

		LOOP MATE

		 FORMCHECKBOX 


		



		24

		

		(

		GOES TO MINIMUM CONTINUOUS SPEED



		25

		

		(

		GOES TO MAXIMUM CONTINUOUS SPEED



		26

		EXTERNAL INTERFACE DEVICE TYPE:

		(

		PRINTER

		FORMAT:

		(

		GRAPHIC DISPLAY



		27

		

		(

		CRT

		(

		TABULAR DATA



		28

		

		(

		MODEM

		(

		TRENDING (REAL TIME)



		29

		

		(

		SERIAL COMMUNICATIONS LINK

		(

		HISTORICAL ARCHIVING



		30

		(

		DCS MANUFACTURER:

		

		



		31

		(

		DCS MODEL:

		

		



		32

		(

		DATA TRANSMISSION:

		(

		SERIAL DATA LINK

		

		 FORMCHECKBOX 


		PROTOCOL:

		



		33

		

		

		(

		DISCRETE I/O

		

		 FORMCHECKBOX 


		BAUD RATE:

		 FORMCHECKBOX 


		300

		 FORMCHECKBOX 


		1 200

		 FORMCHECKBOX 


		2 400

		



		34

		

		

		(

		NETWORK TYPE:

		

		

		 FORMCHECKBOX 


		4 800

		 FORMCHECKBOX 


		9 600

		 FORMCHECKBOX 


		19 200

		



		35

		

		GOVERNOR SPEED PICK UP SENSORS

		



		36

		 FORMCHECKBOX 


		MANUFACTURER:

		

		MODEL:

		

		(

		INSTALLATION:

		(

		DUAL

		(

		TRIPLE

		(

		INSTALLED SPARE



		37

		 FORMCHECKBOX 


		SPEED PICK UPS

		(

		QUANTITY REQUIRED:

		3

		

		(

		NUMBER OF TEETH IN SPEED SENSING SURFACE:

		60

		T. WHEEL



		38

		

		



		39

		

		ACTUATORS

		(

		SUPPLIED BY:

		(

		TURBINE VENDOR / MFR.

		 FORMCHECKBOX 


		TYPE:

		 FORMCHECKBOX 


		HYDRAULIC

		 FORMCHECKBOX 


		PNEUMATIC



		40

		 FORMCHECKBOX 


		MANUFACTURER:
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		02

		ALARMS AND TRIPS 

		SIGNALS


AND / OR MAIN CONTACTS

		LOCAL CONTROL PANEL [HMI] AND


REMOTE  CONTROL PANEL

		MAIN CONTROL ROOM PANEL [DCS]



		03

		

		

		

		



		04

		A = ALARM
D= DANGER

		T = TRIP

P = PERMISSIVE START

		

		

		



		05

		O = BY OTHERS, BUT LOGIC BY VENDOR

		V = INSTRUMENT, SIGNALS & LOGIC BY VENDOR

		P

		V

		O

		A

		D

		T



		06

		LOW STEAM INLET / INDUCTION PRESSURE 

		(

		(

		(

		(

		

		



		07

		LOW STEAM INLET / INDUCTION TEMPERATURE

		(

		(

		(

		(

		

		



		08

		HIGH STEAM EXTRACTION / EXHAUST PRESSURE [IF CONDENS.]

		(

		(

		(

		(

		

		(



		09

		HIGH STEAM EXTRACTION / EXHAUST TEMPERATURE

		(

		(

		(

		(

		(

		



		10

		LOW
( CONTROL ( LUBE OIL PRESSURE

		(

		(

		(

		(

		

		(



		11

		LOW
( CONTROL ( LUBE OIL DIFFERENTIAL PRESSURE

		(

		(

		(

		(

		(

		



		12

		LOW
( CONTROL ( LUBE OIL ACCUMULATOR / RUNDOWN TANK LEVEL

		(

		(

		(

		(

		(

		



		13

		LOW
( CONTROL ( LUBE OIL RESERVOIR LEVEL

		(

		(

		(

		(

		(

		



		14

		LOW
( CONTROL ( LUBE OIL RESERVOIR TEMPERATURE

		(

		(

		(

		(

		

		



		15

		AUX.
( CONTROL ( LUBE & ( EMERGENCY LUBE OIL PUMPS RUNNING

		(

		(

		(

		(

		

		



		16

		HIGH
( CONTROL ( LUBE OIL TEMPERATURE DOWNSTREAM COOLERS

		(

		(

		(

		(

		(

		



		17

		HIGH
( CONTROL ( LUBE OIL FILTERS DIFFERENTIAL PRESSURES

		(

		(

		(

		(

		(

		



		18

		HIGH LUBE OIL RETURN HEADER TEMPERATURE

		(

		(

		(

		(

		(

		



		19

		EXCESSIVE ROTOR AXIAL DISPLACEMENT [TURBINE / DRIVEN / GEAR]

		(

		(

		(

		(

		

		(



		20

		HIGH JOURNAL BEARING METAL TEMPERATURE [TURBINE / DRIVEN / GEAR]

		(

		(

		(

		(

		(

		



		21

		HIGH THRUST BEARING METAL TEMPERATURE [TURBINE / DRIVEN / GEAR]

		(

		(

		(

		(

		(

		



		22

		EXCESSIVE VIBRATION LEVELS [TURBINE / DRIVEN / GEAR]

		(

		(

		(

		(

		

		(



		23

		SPEED GOVERNOR FAILURE (FAULT SIGNAL OR SECONDARY POWER SUPPLY)

		(

		(

		(

		

		

		



		24

		ZERO RPM DETECTION

		(

		(

		(

		

		

		



		25

		OVERSPEED

		(

		(

		(

		(

		

		(



		26

		HIGH GLAND CONDENSER VACUUM PRESSURE 

		(

		(

		(

		(

		

		



		27

		

		

		

		

		

		

		



		28

		

		

		

		

		

		

		

		

		

		



		29
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		34

		

		

		

		

		

		

		

		

		

		



		35

		

		

		

		

		

		

		

		

		

		



		36

		ALARMS & TRIPS BY EXTERNAL SIGNALS:

		REMOTE & LOCAL PANEL



		37

		HIGH OUTLET TEMPERATURE ON STEAM CONDENSER

		[IF APPLICABLE]

		( A

		( T



		38

		HIGH PRESSURE ON TURBINE EXHAUST / STEAM CONDENSER

		[IF APPLICABLE]

		( A

		( T



		39

		HIGH LEVEL ON STEAM CONDENSER

		[IF APPLICABLE]

		( A

		( T



		40

		EMERGENCY SHUTDOWN ( WITH ( WITHOUT UNIT DEPRESSURIZATION

		[IF APPLICABLE]

		( A

		( T



		41

		GAS DETECTION INSIDE ENCLOSURE ( [20 % LEL] ( [60 % LEL]

		[IF APPLICABLE]

		( A

		( T



		42

		CONFIRMED ( NON-CONFIRMED ( FIRE DETECTION INSIDE ENCLOSURE

		[IF APPLICABLE]

		( A

		( T



		43

		HIGH TEMPERATURE INSIDE ENCLOSURE

		[IF APPLICABLE]

		( A

		( T



		44

		LOW ENCLOSURE VENTILATION AIR FLOW

		[IF APPLICABLE]

		( A

		( T



		45

		SMOKE DETECTION INSIDE CONTROL PANEL OR CONTROL ROOM

		[IF APPLICABLE]

		( A

		( T



		46

		

		

		

		



		47

		

		

		

		



		48

		VIBRATION, TEMPERATURE &  POSITION MONITORS ALL DRIVER & DRIVEN EQUIPMENT 

		COMPLETE SYSTEM, SEE DATA SHEETS

		( LOCAL PANEL

		REMOTE PANEL

		CONTROL ROOM



		49

		

		

		( LOCAL HMI

		

		



		50

		ROTOR AXIAL DISPLACEMENT

		(NOTE 9)

		(

		(

		(

		(



		51

		ROTOR VIBRATION

		(NOTE 9)

		(

		(

		(

		(



		52

		SPEED 

		(NOTE 9)

		(

		(

		(

		(



		53

		CASING VIBRATION

		(NOTE 9)

		(

		(

		(

		(



		54

		BEARING TEMPERATURES

		(NOTE 9)

		(

		(

		(

		(
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		01

		( INSTRUMENTATION SUPPLIED WITH THE TURBINE TRAIN, CONTINUED (NOTES 8 AND 10)



		02

		OTHER INDICATORS

		LOCAL

		( LOCAL PANEL

		REMOTE PANEL

		CONTROL ROOM



		03

		

		

		( LOCAL HMI

		

		



		04

		SERVICE HOURS METER [TOTAL & PARTIAL]

		(

		(

		(

		(



		05

		TURNING GEAR MOTOR DRIVER AMPERE METER [WHEN APPLICABLE]

		(

		(

		(

		(



		06

		THROTTLE VALVES POSITION [% OPEN]

		(

		(

(

		(

		(



		07

		INDUCTION VALVES POSITION [% OPEN]

		(

		(

(

		(

		(



		08

		EXTRACTION VALVES POSITION [% OPEN]

		(

		(

(

		(

		(



		09

		SPEED INDICATOR (TACHOMETER) & SPEED CONTROL [%]

		(

		(

(

		(

		(



		10

		CASING EXPANSION (SLIDING SCALE / LOOSE WASHERS ON TURB. FEET)

		(

		

		

		



		11

		

		

		

		

		



		12

		

		

		

		

		



		13

		INDICATIONS



		14

		( LUBE OIL MAIN, AUXILIARY, & EMERGENCY PUMPS STARTUP

		( AUTOMATIC OIL HEATER SWITCHING-ON & OFF, HEATER FAILURE, OVERHEATING



		15

		( CONTROL OIL MAIN & AUXILIARY PUMPS STARTUP

		( REMOTE & LOCAL SHUTDOWN [SOLENOID TRIP]



		16

		( REMOTE & LOCAL STARTUP [IF APPLICABLE]

		( LIFT [JACK OIL] MAIN & AUXILIARY PUMPS STARTUP [IF APPLICABLE]



		17

		( TURNING DEVICE

		



		18

		( CONDENSATE MAIN & AUXILIARY PUMPS STARTUP

		



		19

		

		



		20

		

		



		21

		

		



		22

		

		



		23

		PUSH BUTTONS & SWITCHES (NOTE 9)

		LOCAL

		( LOCAL PANEL

		REMOTE PANEL

		CONTROL ROOM



		24

		

		

		( LOCAL HMI

		

		



		25

		OIL PUMP START / STOP [ALL MAIN, STAND-BY AND EMERGENCY OIL PUMPS]

		

		(

		(

		(



		26

		OIL PUMP MAIN/STAND-BY SELECTOR [ALL OIL PUMPS]

		

		(

		(

		(



		27

		JACK OIL PUMPS START / STOP [IF APPLICABLE]

		

		(

		(

		(



		28

		ENCLOSURE VENTILATOR ON / OFF [IF APPLICABLE]

		

		(

		(

		(



		29

		ENCLOSURE FIRE DAMPER OPEN / CLOSE [IF APPLICABLE]

		

		(

		(

		(



		30

		ENCLOSURE VENTILATOR MAIN/STAND-BY SELECTOR [IF APPLICABLE]

		

		(

		(

		(



		31

		CONDENSATE PUMP START / STOP

		

		(

		(

		(



		32

		CONDENSATE PUMP MAIN/STAND-BY SELECTOR

		

		(

		(

		(



		33

		TURNING GEAR DEVICE START / STOP [WHEN APPLICABLE]

		

		(

		(

		(



		34

		TRAIN EMERGENCY STOP (MANUAL MECHANICAL TRIP AND PULL-OUT TYPE BUTTON)

		(

		(

		(

		(



		35
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		37
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		NOTES:
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		NOTE 1
COMPRESSOR TRAIN BASEPLATE(S) WILL BE INSTALLED ON CONCRETE BASE(S).


NOTE 2
LATERAL ANALYSIS FOR DRIVER & DRIVEN SHALL BE SEPARATED, WHENEVER FLEXIBLE COUPLINGS ARE APPLIED.


NOTE 3
ITEMS NOT MARKED WITH “(”, SHALL BE COMPLETED BY BIDDER / VENDOR, AS PER API STD 612 AND BIDDER / VENDOR’S INSPECTION & TESTING PLAN.


NOTE 4
COMPANION FLANGES SHALL BE INCLUDED IF NON-STANDARD SIZES ARE APPLIED.


NOTE 5
COUPLING MINIMUM SPACER LENGTH SHALL BE 500 mm.


NOTE 6
SEE GENERAL NOTES ON TEST REQUIREMENTS, ESPECIALLY THOSE REGARDING WHEN URT2 SHOULD BE CONSIDERED AS A MANDATORY TEST.


NOTE 7
API 615 IS DISCONTINUED. IT SHALL BE USED JUST AS A REFERENCE ON CONCEPTS, METHODS & PROCEDURES. NR-15 LIMITS SHALL ALWAYS PREVAIL.


NOTE 8
LIST PROVIDES THE MINIMUM INSTRUMENTATION REQUIRED, AS APPLICABLE, TO THE JOB. BIDDER/VENDOR TO COMMENT ON / COMPLETE AS NECESSARY.


NOTE 9
THE PUSH BUTTONS & SWITCHES COULD BE PHYSICAL OR LOGICAL (INSIDE HMI). IT IS VENDOR’S CHOICE.


NOTE 10
SOME VARIABLES BELONG TO OTHER SYSTEMS, SUCH AS LUBE AND/OR CONTROL OIL SYSTEMS, AND ARE REPEATED HERE IN THESE DATA SHEETS FOR CONSISTENCY.








		[image: image16.jpg]PETROBRAS






		DATA SHEET

		No.

		

		REV.

		



		

		

		SHEET

		16

		of

		22



		

		tITLE:

		SPECIAL PURPOSE STEAM TURBINE

		



		

		

		

		



		REMARKS

1   FORMCHECKBOX 

main EQUIPMENT - turbine performance


1.1   FORMCHECKBOX 

TURBINES AND ACCESSORIES SHALL BE FURNISHED IN ACCORDANCE WITH API STD 612 AND RESPECTIVE PETROBRAS SUPPLEMENTARY STANDARDS AND TECHNICAL SPECIFICATIONS, AS LISTED IN RM


1.1.1   FORMCHECKBOX 

BIDDER/VENDOR SHALL FILL IN PERFORMANCE DATA AND SHALL PROVIDE PERFORMANCE CURVES (STEAM RATE, EFFICIENCY, ENTHALPY, ENTROPY AND DELIVERED POWER); REGARDING DRIVEN EQUIPMENT SPECIFIED OPERATING CONDITIONS.


1.1.2   FORMCHECKBOX 

THE TURBINE MUST BE CAPABLE TO OPERATE ALL OVER THE ENTIRE POWER, SPEED AND FLOW RANGES AS STATED ON THE PERFORMANCE CURVES.


1.1.3   FORMCHECKBOX 

However, automatic operation of turbine is always required all over the whole operating range and under all specified steam conditions, except for worst steam conditions. Therefore, PETROBRAS is not considering the possibility of manually opening any hand valves at field just to compensate performance fluctuations.


1.1.4   FORMCHECKBOX 

Regarding performance curves, steam flow versus power figures shall be provided for each and every hand valve (if any) opening settings, and for each and every specified steam conditions. 


1.2   FORMCHECKBOX 

TURBINE EXHAUST TEMPERATURE AND PRESSURE SHALL BE LESS THAN PIPING  FORMCHECKBOX 
 MAX.  FORMCHECKBOX 
 DESIGN TEMPERATURE AND PRESSURE FOR ALL SPECIFIED OPERATING CONDITIONS, INCLUDING IDLE OR NO-LOAD OPERATION.


DOWNSTREAM PIPING SYSTEM  FORMCHECKBOX 
 MAX.  FORMCHECKBOX 
 DESIGN TEMPERATURE, °C:

DOWNSTREAM PIPING  FORMCHECKBOX 
 MAX.  FORMCHECKBOX 
 SYSTEM DESIGN PRESSURE, kgf/cm2 g:

1.3   FORMCHECKBOX 

WHENEVER TURBINE EXHAUST OR SEALING STEAM TEMPERATURE IS HIGHER THAN INFORMED STEAM CONDITIONS, AN AUTOMATIC DE-SUPERHEATER SYSTEM WITH TEMPERATURE CONTROL SHALL BE SUPPLIED BY TURBINE VENDOR.


1.3.1   FORMCHECKBOX 

The use of de-superheater is not expected for continuous (steady-state), loaded operation. It may be considered during startup (no load), mostly to protect turbine from excessive piping forces & moments during idling operation, and other similar transient conditions. 


1.3.2   FORMCHECKBOX 

Turbines requiring continuous injection of water at exhaust will not be acceptable.


2   FORMCHECKBOX 

main EQUIPMENT - construction details


2.1   FORMCHECKBOX 

BIDDER/VENDOR SHALL SPECIFY MATERIALS IN ACCORDANCE WITH INTERNATIONAL CODES (ASTM, ASME, AISI, ETC...).

2.2   FORMCHECKBOX 

Shafts shall be protected by corrosion-resistant material under seals/carbon rings packing for casing glands. Chromium-plated electrolyte deposition processes are preferred, thermal spray aspersion processes shall not be used.


2.3   FORMCHECKBOX 

Trip & Throttle valve stem hardening shall be by NITRIDING process.


2.4   FORMCHECKBOX 

All equipment feet to be provided with VERTICAL and HORIZONTAL jackscrews. Alignment positioning screws shall be provided, regardless of the weight of any train component, to facilitate longitudinal and transverse horizontal adjustments. Horizontal jackscrews shall be same size or larger than the vertical screws. The lugs holding these jackscrews shall be attached to the mounting plates such that they do not interfere with the installation or removal of the equipment.


2.5   FORMCHECKBOX 

LIFTING LUGS OR EYEBOLTS SHALL BE PROVIDED FOR ANY EQUIPMENT OR COMPONENT WEIGHTING MORE THAN 30 kgf (66 lb.).


2.6   FORMCHECKBOX 

Package shall have all flanged connections at the edge of the skid or baseplate (battery limits). Every piping termination shall have single inlet and outlet flanged connections.


2.7   FORMCHECKBOX 

Drain lines shall be brought out to the baseplate edge and shall be individually valved. Drain points shall be provided with secondary containment barriers against leakage.


2.7.1   FORMCHECKBOX 

Valved drains shall be provided on all casings.


2.7.2   FORMCHECKBOX 

Multistage equipment shall be provided with individual stage casing drains.


2.7.3   FORMCHECKBOX 

If individual stage drains cannot be provided due to design limitations, it shall be demonstrated during proposal stage (with drawings) that no inner parts would remain undrained with the proposed arrangement.


2.7.4   FORMCHECKBOX 

Drain arrangements shall provide visual access in order to verify drain leakage and to confirm whether drainage operation has been accomplished or not.
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		2.8   FORMCHECKBOX 

Package shall have all terminal points for electronic circuitry gathered in junction boxes, located at the edge of the skid or baseplate (battery limits).

3   FORMCHECKBOX 

main EQUIPMENT - rotordynamics


3.1   FORMCHECKBOX 

The rotordynamic model (rotor/bearings/labyrinths) used in the analysis shall be given to PETROBRAS, together with any rotordynamic report for PETROBRAS’ own analysis.


3.2   FORMCHECKBOX 

Turbine bearings shall be hydrodynamic. Blank forms for bearing data sheets will be supplied by PETROBRAS during proposal/clarification stage. Data sheets shall be filled-in by Bidder/Vendor and sub-suppliers (after order), and included in equipment documentation. Minimum required data shall be as follows:


· Shaft diameter at bearing, mm;


· Bearing length, mm;


· Journal radius, degrees;


· Pad bore radius, degrees;


· Bearing set bore radius, degrees;


· Bearing clearance, mm;


· Pad clearance, mm;


· Number of pads;


· Off-set factor;


· Pre-load factor;


· Pad arc length, degrees;


· Babbitt thickness, mm.


· Load per bearing, N;


· Pivot stiffness;


· Pad mass, kg.


· Regarding Thrust Bearings, Vendor shall also inform:


· Steam loading, kgf/cm2;


· Coupling split load, kgf/cm2;


· Coupling friction coefficient;


· Coupling gear pitch diameter, mm;


· Balance piston compensation load, kgf/cm2;


· Allowable end-float, mm


4   FORMCHECKBOX 

main EQUIPMENT - inspection and testing requirements - fat1


4.1   FORMCHECKBOX 

All equipment (main and auxiliary) shall be factory inspected and tested in accordance with the applicable design and construction specifications, standards and codes, as specified.


4.1.1   FORMCHECKBOX 
  Besides main inspection & testing requirements as specified on the data-sheets, PETROBRAS will provide in the Inquiry documents any specific instructions to the bidders comprising the type of inspection routines to be applied, depending on potential Bidder/Vendor’s (and respective sub-suppliers) qualifications and historical records of former supplies.


4.1.2   FORMCHECKBOX 
  As a result, inspection & testing extent, procedures and schedules will be evaluated by PETROBRAS during bid evaluation. They shall be discussed and mutually agreed upon by PETROBRAS and selected Bidder/Vendor before the placement of order, and later confirmed during kick-off and pre-inspection meetings (KOM and PIM).


4.1.3   FORMCHECKBOX 
  Inspection and testing shall be performed by PETROBRAS or by third parties, on behalf of PETROBRAS, during any project stage, at Bidder/Vendor’s or sub-suppliers facilities.


4.1.4   FORMCHECKBOX 
  Inspection and testing schedules shall be issued by main equipment Bidder/Vendor (comprising sub-suppliers’ schedules as well) in order that inspection and testing events are performed at the proper time during all project stages (procurement of materials, manufacturing, assembling, testing, packing, etc.).


4.2   FORMCHECKBOX 

Upon completion of manufacturing schedule, FAT1 (Factory Acceptance Tests) shall be performed as specified, in accordance with applicable standards and PETROBRAS supplementary specifications.
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		4.2.1   FORMCHECKBOX 
  Dynamic tests (Performance, Mechanical Run, etc.) and Final inspections (scope, preparation for shipment, packing, etc.) shall be performed only after all required documents (including test procedures) are approved by PETROBRAS.


4.2.2   FORMCHECKBOX 
  Dynamic tests shall not be notified without the following approved documents are readily available for reference at the test bed facilities, during the whole test sequence:


· Test procedures;


· Minutes of meetings, agreements, drawings, data-sheets & curves;


· Rotordynamic model (lateral & torsional analyses);


· Any other document found relevant to perform the tests.


4.2.3   FORMCHECKBOX 
  All reports of Static tests, Inspections, Balancing, Run-out, any other contracted examinations and Test Bed arrangement & Instrument calibration records shall be available for PETROBRAS review before Dynamic tests are allowed to start.


· Run-out check (performed with rotor placed on V-blocks) reports for every rotor to be tested shall be compared with measured rotor run-out during respective mechanical running test. Therefore, slow-roll run-out shall be recorded at about 300 ~ 500 rpm.


· Before Performance Tests are performed, Bidder/Vendor shall submit all test data and target / guaranteed conditions for PETROBRAS review and comments. As an example, for steam turbines, a table comprising inlet & outlet operating conditions, and ASME PTC 6 correction parameters shall be provided.


4.3   FORMCHECKBOX 

Basic procedure for Factory Performance Test:


4.3.1   FORMCHECKBOX 

PETROBRAS strongly recommends the use of backup test-bed instrumentation, fully calibrated, wired, but not connected, in order to avoid further discussions and delays during testing. Although it is not a mandatory requirement, the use of such backup systems would prevent a test from being aborted just because of instrument or data transmission failure.


4.3.2   FORMCHECKBOX 

The purpose of the Factory Performance Test is to provide an accurate determination of back pressure and condensing steam turbines efficiency at the turbine Vendor’s manufacturing facilities (“factory”). The efficiency as measured at the factory tests shall not be less than the value stated in the technical proposal, after application of the proper correction factors.

4.3.3   FORMCHECKBOX 

The test shall be conducted using factory available steam, with inlet and exhaust pressures adjusted to provide aerodynamic similarity with the design conditions. Test conditions shall relate to design conditions according to the following equations:
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Definition of terms:


Definition of subscripts:


P = pressure


adm = inlet


T = temperature


exh = exhaust


m = mass flow


test = factory test conditions


N = rotating speed


design = design conditions


4.3.4   FORMCHECKBOX 

Similarity conditions shall apply to the steam turbine itself, so, test and design inlet conditions shall be considered downstream of the inlet control valves.








		[image: image22.jpg]PETROBRAS






		DATA SHEET

		No.

		

		REV.

		



		

		

		SHEET

		19

		of

		22



		

		tITLE:

		SPECIAL PURPOSE STEAM TURBINE

		



		

		

		

		



		4.3.5   FORMCHECKBOX 

Bidder/Vendor shall develop this basic test procedure into a complete elaborated one, which shall be submitted to PETROBRAS for approval, indicating explicitly the correction factors to be applied, especially those regarding the following parameters, all of them at design and test conditions:


· Inlet and exhaust pressure


· Inlet and exhaust temperature


· Rotating speed. 


4.3.6   FORMCHECKBOX 

Test procedure shall also state test and design steam conditions upstream and downstream of the control valves.

4.3.7   FORMCHECKBOX 

Test data calculations shall be corrected for other influencing factors, such as gland or other external leakages, as well as bearing, gear and driven equipment losses, as applicable.


4.4   FORMCHECKBOX 

USUALLY, ONLY URT1(UNBALANCE RESPONSE TEST 1) IS REQUIRED, BUT URT2 WOULD ALSO BE NECESSARY IF URT1 RESULTS SHOULD NOT SUFFICE TO VALIDATE ROTORDYNAMIC  MODEL.


5   FORMCHECKBOX 

main EQUIPMENT - painting, insulation, noise, safety and health requirements


5.1   FORMCHECKBOX 

Equipment shall be furnished with painting compatible with industrial corrosive atmosphere (wet environment, presence of SO2, H2S, fumes, etc.).


5.2   FORMCHECKBOX 

All equipment and components (except for stainless steel parts) shall be painted in accordance with 
nr-26, with the following comments and / or modifications:


5.2.1   FORMCHECKBOX 

Ordinary process equipment (pumps, compressors, turbines, etc.) shall be painted in Light Gray 0065 or Aluminum 0170 for hot parts (operating temperatures above 80 ºC), as required.


5.2.2   FORMCHECKBOX 

Ordinary equipment base plates shall be in the same color applied to equipment (usually, Light Gray 0065). This is due to technical reasons, since it is easier to notice leakages if base plate is painted in gray.


5.2.3   FORMCHECKBOX 

Painting schemes for equipment and components shall be as per the following generic table, where the term hot means operating temperatures above 80 ºC: 


Item / Example


Color


 FORMCHECKBOX 

Ordinary process compressor COLD parts


Light gray 0065


 FORMCHECKBOX 

Ordinary process compressor HOT parts


Aluminum 0170


 FORMCHECKBOX 

Hydrogen-rich compressor (just the compressor)


 FORMCHECKBOX 
 Light gray 0065


 FORMCHECKBOX 
 Safety-Yellow 2586


 FORMCHECKBOX 

Coupling guards


Safety-yellow 2586


 FORMCHECKBOX 

Gearbox


Light gray 0065


 FORMCHECKBOX 

Motors


Light gray 0065


 FORMCHECKBOX 

Turbine COLD parts


Light gray 0065


 FORMCHECKBOX 

Turbine HOT parts


Aluminum 0170


 FORMCHECKBOX 

Oil pump baseplate


Light gray 0065


 FORMCHECKBOX 

Oil pump COLD bearing housing


Light gray 0065


 FORMCHECKBOX 

Oil pump COLD pedestal


Light gray 0065


 FORMCHECKBOX 

Oil pump COLD volute


Light gray 0065


 FORMCHECKBOX 

Cooling water pump (just the pump)


PB Green 3355


 FORMCHECKBOX 

Other rotating equipment COLD parts


Light gray 0065


 FORMCHECKBOX 

Other rotating equipment HOT parts


Aluminum 0170


 FORMCHECKBOX 

Stainless steel parts


NOT to be painted


 FORMCHECKBOX 

Train baseplate


 FORMCHECKBOX 
 Light gray 0065


 FORMCHECKBOX 
      

5.2.4   FORMCHECKBOX 

The above table is just an example, and does not comprise all possible painting schemes. All other conflicts shall be brought to PETROBRAS attention for review and decision.


5.2.5   FORMCHECKBOX 

Where removable thermal insulation shall be provided for personnel protection, some painting requirements may need to be changed.


5.3   FORMCHECKBOX 

Asbestos shall not be used in the materials and equipment supplied for this project.


5.4   FORMCHECKBOX 

All equipment and instruments of the Process Plant, which are to be subjected to any kind of maintenance and operation, including but not limited to towers, vessels, manholes, coolers, heaters, valves, pumps, turbines, compressors, electrical generators and motor drivers and devices, engines, instruments, control panels, displays, etc, shall be designed and built in strict compliance with the Brazilian Legislation regarding working conditions and interfaces between Personnel and equipment.
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		6   FORMCHECKBOX 

DRIVE TRAIN EQUIPMENT - couplings & coupling guards:


6.1   FORMCHECKBOX 

COUPLINGS shall conform to API Std 671 requirements for special-purpose applications.


6.1.1   FORMCHECKBOX 

Coupling make selection shall follow job specific Vendors list.


6.1.2   FORMCHECKBOX 

Couplings shall be flexible, non-lubricated, with stainless steel disks / diaphragms.


6.1.3   FORMCHECKBOX 

Residual unbalance acceptance criterion shall be in accordance with API Std. 671 or G 1.0, as per 
ISO 1940, whichever is more restrictive.


6.1.4   FORMCHECKBOX 

Coupling guards shall be fully-enclosed, removable, non-sparking type, and shall effectively retain damaged coupling parts in case of failure.


6.1.5   FORMCHECKBOX 
 Coupling shall incorporate a feature that allows transmission of load for a limited period, in the event of a complete flexible element failure. This feature shall be considered for turbine main-drive couplings to provide an additional safety factor to prevent turbine overspeed in the event of coupling failure and complete loss of load. 


7   FORMCHECKBOX 

REQUIREMENTS FOR lube & control oil system:


7.1   FORMCHECKBOX 

The system shall be combined.


7.2   FORMCHECKBOX 

Based on experience with several existing combined systems, PETROBRAS is concerned about the performance of some electro-hydraulic converters and/or electro-hydraulic servo valves, with high risks of oil contamination, thus causing severe turbine control failures. 


7.2.1   FORMCHECKBOX 

BIDDER/VENDOR shall review the issue, discuss with PETROBRAS on the possibilities, and propose a reliable solution for control oil system before submitting price quotation.


The use of pneumatic converters together with hydraulic control valve servo cylinder must be approved by the purchaser. The use of pneumatic actuator acting direct on the control valves is not acceptable.


Combined converter/actuator will not be automatically acceptable. The VENDOR shall clearly demonstrate successful experience. A list of reference (just with similar duties) shall be provided, including combined converter/actuator operating data, service, customer, year of startup. The VENDOR shall also inform the following data for PETROBRAS approval:


· - Viscosity operating range for combined converter/actuator;


· - Temperature operating range;


· - Oil filtration quality;


· - Cleanliness factor (oil grade according to ISO 4406).


8   FORMCHECKBOX 

auxiliary EQUIPMENT and systems - turbine SURFACE CONDENSER system:


8.1   FORMCHECKBOX 

Bidder/Vendor shall furnish a steam surface condenser, in accordance with ASME, TEMA B and HEI / last edition requirements, to be connected to the steam turbine exhaust in accordance with the applicable PETROBRAS Static Equipment Design Criteria, as issued for this job.


8.1.1   FORMCHECKBOX 

The condenser shall be horizontal, two-pass divided, water box type, with steel shell, tubes support and hot well. The condenser shall be connected to the turbine exhaust, by means of a stainless steel expansion joint to be supplied by Vendor. The hot well shall have a storage capacity for one minute of steam flow.


8.1.2   FORMCHECKBOX 

The condenser shall be furnished with a twin element, two stage ejector with surface type inter- and after- condensers, and standard accessories. Either element must have sufficient capacity to operate under full load conditions.


8.1.3   FORMCHECKBOX 

Water sealed atmospheric relief valve shall be provided for the condenser. This relief valve shall be installed for turbine protection, and shall be sized for 180 % of the maximum exhaust flow.


8.1.4   FORMCHECKBOX 

The condenser shall be furnished with an air meter, a vacuum gauge, seven thermometers and three pressure gauges. The thermometers are for cooling water inlet and outlet, exhaust steam inlet, hot well and water outlet from the after-condenser. The three pressure gauges are for circulating water inlet and outlet, and for steam to ejectors. The hot well shall have a level glass and a level controller.
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		8.2   FORMCHECKBOX 

Steam ejector system:


8.2.1   FORMCHECKBOX 

The steam ejector system is comprised by twin-element, single nozzle, primary and secondary ejectors, with intermediate and after condensers. 


· The primary ejectors shall take suction from the main condenser and discharge to the intermediate condenser, whilst condensate shall return to the main condenser steam space via a drain leg. 


· The secondary ejectors shall take suction from the intermediate condenser and discharge to the after-condenser, whilst any condensate shall return to the main condenser via a steam trap.


· Any entrained air shall be allowed to escape through an open vent pipe at the after-condenser.


8.2.2   FORMCHECKBOX 

Each ejector shall consist of a cast iron vapor head and convergent-divergent tail pipe with a parallel throat through which the air and vapor is compressed by means of steam discharged from the single stainless steel nozzle. The nozzle is screwed into a mild steel steam chest bolted to the vapor head, a steam strainer being fitted before each ejector to protect the nozzle.


8.2.3   FORMCHECKBOX 

Each ejector shall be fitted with steam inlet and vapor inlet and discharge valves to permit examination, cleaning or repair without shutting down the main equipment and to permit operation with only one set of elements in use.


8.2.4   FORMCHECKBOX 

The intermediate and after-condensers shall be of similar construction and shall be of the surface type with two pass water flow. The brass tubes shall be expanded into bronze tube plates, an expansion joint being provided at the water box end of the mild steel shell.


8.2.5   FORMCHECKBOX 

The ejectors, mounted vertically, shall discharge into the inlet elbows welded into the shells, a mild steel impingement baffle being fitted at the after-condenser inlet to protect the tubes from direct steam impingement. Semi circular baffles, positioned, shall ensure that vapor and air (whilst passing through the condenser shell) have the maximum contact with the tube surface.


8.3   FORMCHECKBOX 

Two condensate pumps shall be furnished with the main condenser. The main pump shall be driven by a steam turbine and the spare by an electric motor. The condensate pumps shall have the following characteristics:


8.3.1   FORMCHECKBOX 

ISO 13709, last ed., Petrobras N-553 full compliance, horizontal pumps, OH2 construction (end-top) shall be the first design option. The suction and discharge flanges shall be ASME B 16.5 raised face. 


8.3.2   FORMCHECKBOX 

Vertical suspended pumps are not automatically acceptable. Bidder/Vendor shall demonstrate that horizontal pumps accomplishing the minimum NPSH margin of 0,6 m cannot be provided.


8.3.3   FORMCHECKBOX 

ISO 13709 construction materials code shall be C-6. Mechanical seals shall be in accordance with API Std 682 last ed. Seal plan shall be 11/62.


8.3.4   FORMCHECKBOX 

Couplings shall be non lubricated type with flexible stainless steel disc and removable non sparking coupling guards.


8.4   FORMCHECKBOX 

The condensate pump steam turbine driver shall have the following characteristics:


8.4.1   FORMCHECKBOX 

API Std 611 last ed., Petrobras N-2648, full compliance, horizontal, backpressure turbine.


8.4.2   FORMCHECKBOX 

Turbine sealing shall be carbon rings type.


8.4.3   FORMCHECKBOX 

The turbine shall be designed to deliver 110 percent of rated power under normal steam conditions.


8.4.4   FORMCHECKBOX 

The governor shall be  FORMCHECKBOX 
 hydraulic or  FORMCHECKBOX 
 electronic.


8.4.5   FORMCHECKBOX 

Turbine to be fitted with reusable turbine thermal insulation, with clips.


9   FORMCHECKBOX 

auxiliary EQUIPMENT and systems - turbine washing system:


9.1   FORMCHECKBOX 

Washing (water-injection), systems are required for services where steam tends to create deposits, adhered to turbine internals, precluding equipment performance. Vendor shall provide procedure for water washing in normal operation. The procedure shall comprise:


· Maximum operation time per year.

· Minimum inlet steam temperature.

· Minimum piping length upstream of T&T valve.
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		9.2   FORMCHECKBOX 

Steam desuperheater system, shipped loosed, in vendor scope of supply to be installed in the piping upstream the steam turbine, consisting of:


· Water control valve;


· Temperature control system;


· Injection nozzle.


10   FORMCHECKBOX 

auxiliary EQUIPMENT and systems - turNING GEAR DEVICE:


10.1   FORMCHECKBOX 

When turning gear device is necessary, the type of turning device shall be automatic with:


10.1.1   FORMCHECKBOX 

Electric motor driven, hydraulic or pneumatic.


10.1.2   FORMCHECKBOX 

Provisions to allow for the manual barring of the machinery train in case of failure or due to loss of power supply or drive fluid to the turning device. 


10.1.3   FORMCHECKBOX 

Turning devices shall not depend on any clutch for their operation.


10.2   FORMCHECKBOX 

Details of turning device operation, such as local / remote, manual or automatic engagement / disengagement, shall be mutually agreed upon by PETROBRAS / Contactor and Bidder / Vendor. The following design features shall apply:


10.2.1   FORMCHECKBOX 

Engagement shall always be accomplished by manual operation (manual cranking and / or local / remote manual command).


10.2.2   FORMCHECKBOX 

Since engagement shall only be possible if an adequate system lube-oil pressure at all train bearings is fully established and stable, lube oil pressure shall be a permissive start condition at the train PLC, for energizing power supply to the turning device or for opening its drive fluid valves, as applicable.


10.2.3   FORMCHECKBOX 

Engagement on shutdown before the train has come to a full stop condition (detection of zero rpm is required) shall be positively prevented if this could damage the turning device or the machinery train components.


10.2.4   FORMCHECKBOX 

Disengagement shall be automatic when the rotor accelerates during startup.


11   FORMCHECKBOX 

Controls and Instrumentation:


11.1   FORMCHECKBOX 
 Turbine control and operation shall be according PETROBRAS Automation Control Specification issued for this specific job.








STEAM











_1360654948.unknown



_1360655257.unknown



_1360654760.unknown






		[image: image1.jpg]PETROBRAS






		DATA SHEET

		No.

		



		

		CLIENT:

		

		SHEET

		1

		of

		7



		

		JOB:

		

		



		

		AREA:

		

		



		

		TITLE:

		VENDOR DRAWING AND DATA 


REQUIREMENTS

		



		

		

		

		



		



		INDEX OF REVISIONS



		REV.

		DESCRIPTION AND/OR REVISED SHEETS



		

		



		

		REV. 0

		REV. A

		REV. B

		REV. C

		REV. D

		REV. E

		REV. F

		REV. G

		REV. H



		DATE

		

		

		

		

		

		

		

		

		



		DESIGN

		

		

		

		

		

		

		

		

		



		EXECUTION

		

		

		

		

		

		

		

		

		



		CHECK

		

		

		

		

		

		

		

		

		



		APPROVAL

		

		

		

		

		

		

		

		

		



		THE INFORMATION CONTAINED IN THIS DOCUMENT IS PETROBRAS PROPERTY AND MAY NOT BE USED FOR PURPOSES OTHER THAN THOSE SPECIFICALLY INDICATED HEREIN.



		THIS FORM IS PART OF PETROBRAS N-2627  REV. B  ANNEX B - SHEET 01/07.





		[image: image2.jpg]PETROBRAS






		DATA SHEET

		No.

		

		REV.

		



		

		

		SHEET

		2

		of

		7



		

		tITLE:

		VENDOR DRAWING AND DATA 


REQUIREMENTS

		



		

		

		

		



		





		THE DOCUMENTS STATED BELOW SHALL BE SUPPLIED IN ENGLISH OR BRAZILIAN PORTUGUESE (NOTES 4, 5) [REMARKS A, B, F, J]



		

		

		

		PROPOSAL (NOTE 1)

		BIDDER SHALL FURNISH

		4

		COPIES OF DATA FOR ALL ITEMS INDICATED BY AN X



		

		

		

		

		

		

		



		

		

		

		REVIEW (NOTE 2) [REMARK C]

		VENDOR SHALL FURNISH

		3

		COPIES AND

		-

		TRANSPARENCES OF DRAWINGS AND DATA INDICATED



		

		

		

		

		

		

		



		

		

		

		FINAL (NOTE 3)

		VENDOR SHALL FURNISH

		3

		COPIES AND

		-

		TRANSPARENCES OF DRAWINGS AND DATA INDICATED



		

		

		

		

		VENDOR SHALL FURNISH

		2

		INSTALLATION, OPERATING AND MAINTENANCE MANUALS. [REMARK D, E]



		

		

		

		

		

		

		

		

		

		

		



		

		

		

		

		

		FINAL – RECEIVED FROM VENDOR

		

		

		

		

		



		

		

		

		

		DISTRIBUTION

		FINAL – DUE FROM VENDOR [c]

		

		

		

		

		



		

		

		

		

		RECORD 

		REVIEW – RETURNED TO VENDOR

		

		

		

		

		



		

		

		

		

		

		REVIEW – RECEIVED FROM VENDOR

		

		

		

		

		



		

		

		

		

		

		REVIEW – DUE FROM VENDOR [c]

		

		

		

		

		





		SPECIAL-PURPOSE STEAM TURBINE



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		1 - CERTIFIED DIMENSIONAL OUTLINE DRAWING AND LIST OF CONNECTIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		2 - CROSS-SECTIONAL DRAWING, PART LIST AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		3 - ROTOR ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		4 - THRUST BEARING ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		4a - THRUST BEARING DATA SHEET AND SIZING CALCULATIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		5 - JOURNAL BEARING ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		5a - JOURNAL BEARING DATA SHEET AND SIZING CALCULATIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		6 - SEALS / PACKINGS / LABYRINTHS CROSS-SECTION DRAWING, ASSEMBLY DRAWING, PART LIST AND

		

		

		

		

		



		

		

		

		BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		7 - SHAFT COUPLING ALIGNMENT DIAGRAM, ASSEMBLY DRAWING, PART LIST AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		8 - GLAND SEALING AND LEAK-OFF SCHEMATICS, PART LIST AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		9 - GLAND SEALING AND LEAK-OFF ARRANGEMENT DRAWING AND LIST OF CONNECTIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		10 - GLAND SEALING AND LEAK-OFF EQUIPMENT AND COMPONENT DRAWINGS, PART LIST AND DATA 

		

		

		

		

		



		

		

		

		SHEETS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		11 - LUBE / CONTROL -OIL SCHEMATICS AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		12 - LUBE / CONTROL OIL ASSEMBLY, ARRANGEMENT DRAWING, LIST OF CONNECTIONS, PART LIST AND 

		

		

		

		

		



		

		

		

		BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		13 - LUBE / CONTROL-OIL MAIN AND AUXILIARY EQUIPMENT/COMPONENT DRAWINGS, PART LIST AND 

		

		

		

		

		



		

		

		

		DATA SHEETS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		14 - ELECTRICAL AND INSTRUMENTATION SCHEMATICS AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		15 - ELECTRICAL AND INSTRUMENTATION ARRANGEMENT DRAWINGS AND LIST OF CONNECTIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		16 - CONTROL AND GOVERNOR SYSTEM DESCRIPTION AND SCHEMATIC (DOCUMENTATION AND DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		17 - OVERSPEED SHUTDOWN SYSTEM DESCRIPTION AND SCHEMATIC (DOCUMENTATION AND DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		18 - CURVES SHOWING STEAM FLOW VERSUS POWER

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		18a - CURVE SHOWING STEAM FLOW VERSUS THRUST BEARING LOAD

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		19 - CURVE SHOWING STEAM FLOW VERSUS FIRST-STAGE PRESSURE

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		20 - CURVES SHOWING STEAM FLOW VERSUS SPEED AND EFFICIENCY

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		21 - CURVE SHOWING STEAM FLOW VERSUS VALVE LIFT

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		22 - CURVES SHOWING EXTRACTION PERFORMANCE

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		23 - STEAM CORRECTION FACTORS AND  CHARTS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		24 - BLADING VIBRATION ANALYSIS [REMARK I]

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		25 - LATERAL CRITICAL SPEED ANALYSIS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		26 - TORSIONAL CRITICAL SPEED ANALYSIS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		26a - VIBRATION ANALYSIS DATA AND REPORT (MULTISTAGE TURBINE)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		26b - DAMPED UNBALANCE RESPONSE ANALYSIS

		

		

		

		

		





		[image: image3.jpg]PETROBRAS






		DATA SHEET

		No.

		

		REV.

		



		

		

		SHEET

		3

		of

		7



		

		tITLE:

		VENDOR DRAWING AND DATA 


REQUIREMENTS

		



		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		27 - TRANSIENT TORSIONAL ANALYSIS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		28 - ANTECIPATED THERMAL MOVEMENTS FOR MAJOR CONNECTIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		29 - COUPLING ALIGNMENT DIAGRAM

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		30 - WELDING PROCEDURES, REPORTS AND DATA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		31 - HYDRO TEST LOGS (PROCEDURES, REPORT AND DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		32 - MECHANICAL RUNNING TEST LOGS (PROCEDURES, REPORT AND DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		33 - NON-DESTRUCTIVE TEST PROCEDURES

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		34 - MILL TEST REPORTS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		34a - MATERIALS CERTIFICATES, TESTS PROCEDURES, REPORTS AND DATA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		35 - ROTOR BALANCING LOGS (PROCEDURES, REPORT AND DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		36 - ROTOR COMBINED MECHANICAL AND ELECTRICAL RUNOUT LOGS (PROCEDURES, REPORT AND

		

		

		

		

		



		

		

		

		DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		37 - DATA SHEETS (PROPOSAL / AS-BUILT) [REMARK I]

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		38 - AS-BUILT DIMENSIONS AND DATA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		39 - INSTALLATION MANUAL

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		39a - ERECTION DIAGRAM AND INSTRUCTION FOR ALL ITEMS ASSEMBLED AT SITE

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		39b - ALIGNMENT DIAGRAM

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		39c - ALLOWABLE FLANGE LOADING

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		39d - FOUNDATION PLAN (WITH ANCHOR BOLTS LOCATION), WEIGHTS, STATIC / DYNAMIC LOADS

		

		

		

		

		



		

		

		

		AND CENTERS OF GRAVITY  [REMARK G]

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		40 - OPERATING AND MAINTENANCE MANUAL

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		41 - LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE

		

		

		

		

		



		

		

		

		PARTS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		42 - ENGINEERING, FABRICATION AND DELIVERY SCHEDULES 

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		42a - PROGRESS REPORTS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		42b - QUALITY PLAN, INSPECTIONS, TESTING & NDT PROCEDURES, SCHEDULES, REPORTS AND

		

		

		

		

		



		

		

		

		DATA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		43 - LIST OF DRAWINGS AND DOCUMENTS INDEX (STATUS AND DELIVERY SCHEDULE)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		44 - SHIPPING LIST

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		45 - LIST OF SPECIAL TOOLS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		46 - TECHNICAL DATA MANUAL [REMARK H]

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		47 - PRESERVATION, PACKING AND SHIPPING PROCEDURES

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		48 - RIGGING AND LIFTING INSTRUCTIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		49 - VIBRATION PROBE SENSING AREAS / SHAFT DRAWING

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		50 - MATERIAL SAFETY DATA SHEETS (E.G. OSHA FORM 174)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		51 - EQUIPMENT GENERAL DESCRIPTION AND CATALOGS (WITH REFERENCE IN SIMILAR SERVICES)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		52 - STANDARD / SPECIAL (DETAILED) REFERENCE LISTS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		53 - SPECIAL AND OPTIONAL TESTS PROCEDURES, REPORTS AND DATA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		

		

		

		

		

		





		[image: image4.jpg]PETROBRAS






		DATA SHEET

		No.

		

		REV.

		



		

		

		SHEET

		4

		of

		7



		

		tITLE:

		VENDOR DRAWING AND DATA 


REQUIREMENTS

		



		

		

		

		



		OIL SYSTEM



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		1 - CERTIFIED DIMENSIONAL OUTLINE DRAWING AND LIST OF CONNECTION

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		2 - COMPONENTS DRAWINGS AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		3 - SYSTEM SCHEMATICS, BILL OF MATERIALS AND COMPONENTS SIZING CRITERIA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		3a - ASSEMBLY AND ARRANGEMENT DRAWINGS INCLUDING PARTS LIST

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		4 - ASSEMBLY AND ARRANGEMENT DRAWINGS INCLUDING PARTS LIST

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		5 - ELECTRICAL AND INSTRUMENTATION WIRING DIAGRAMS AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		5a - ELECTRICAL AND INSTRUMENTATION WIRING DIAGRAMS AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		6 - ELECTRICAL AND INSTRUMENTATION TERMINAL BOX LAYOUT AND LIST OF CONNECTIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		7 - CONSOLE TEST PROCEDURES

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		7a - MATERIALS CERTIFICATES, TESTS PROCEDURES, REPORTS AND DATA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		7b - SPECIAL AND OPTIONAL TESTS PROCEDURES, REPORTS AND DATA

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		8 - WELDING PROCEDURES, REPORTS AND DATA.

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		9 - HYDROSTATIC TEST LOGS (PROCEDURES, REPORTS AND DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		10 - OPERATIONAL TEST LOGS (PROCEDURES, REPORTS AND DATA)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		11 - DATA SHEETS (PROPOSAL / AS-BUILT) [REMARK I]

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		12 - INSTALLATION, OPERATION AND MAINTENANCE MANUALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		12a - FOUNDATION PLAN (WITH ANCHOR BOLTS LOCATION), WEIGHTS, STATIC / DYNAMIC LOADS

		

		

		

		

		



		

		

		

		AND CENTERS OF GRAVITY.

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		13 - PROGRESS REPORT

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		13a - QUALITY PLAN, INSPECTIONS, TESTING & NDT PROCEDURES, SCHEDULES, REPORTS AND
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		13b - ENGINEERING, FABRICATION AND DELIVERY SCHEDULES
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		14 - LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE

		

		

		

		

		



		

		

		

		LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE
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		15 - PRESSURE VESSEL CERTIFICATION DATA
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		 FORMCHECKBOX 


		16 - TECHNICAL DATA MANUAL [REMARK H]
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		17 - PRESERVATION, PACKING AND SHIPPING PROCEDURES
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		18 - SHIPPING LIST
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		19 - SYSTEM GENERAL DESCRIPTION AND CATALOGS
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		20 - STANDARD / SPECIAL (DETAILED) REFERENCE LISTS
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		MONITORING SYSTEM AND INSTRUMENTATION



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		1 - CERTIFIED GENERAL ARRANGEMENT OR OUTLINE DRAWING AND LIST OF CONNECTIONS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		2 - SECTIONAL DRAWING AND BILL OF MATERIALS (WITH PART LIST)

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		2a - DESCRIPTION AND DETAILED DRAWINGS FOR THE INSTRUMENTATION OPERATION,

		

		

		

		

		



		

		

		

		DESCRIPTION AND DETAILED DRAWINGS FOR THE INSTRUMENTATION OPERATION,

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		2b - INSTRUMENTATION CABLE LIST WITH COMPLETE SPECIFICATION

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		3 - CONTROL AND ELECTRICAL SYSTEM SCHEMATICS AND BILL OF MATERIALS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		3a - ELETRONIC CARDS SCHEMATIC DRAWINGS
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		 FORMCHECKBOX 


		 FORMCHECKBOX 


		4 - ELECTRICAL AND INSTRUMENTATION SYSTEM ARRANGEMENT PLANS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		4a - INTERCONNECTION DIAGRAMS

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 
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		5 - GROUNDING PLAN

		

		

		

		

		



		 FORMCHECKBOX 


		 FORMCHECKBOX 
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		6 - CALIBRATION CURVES (CERTIFIED)

		

		

		

		

		



		 FORMCHECKBOX 
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		7 - ROTOR NODAL POINT ANALYSIS DATA
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		8 - RECOMMENDED ALARM (ALERT) AND SHUTDOWN (DANGER) SETPOINTS
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		8a - CONTROL AND SHUTDOWN / ALARM SPECIFICATION
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		12 - OPERATING AND MAINTENANCE MANUAL
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		(INCLUDING LADDER DIAGRAM, PROGRAMING INSTRUCTION AND COMMUNICATION DRIVERS)
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		13 - LIST OF RECOMMENDED SPARE PARTS WITH PART NUMBERS AND LIST OF INTERCHANGEABLE
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		14 - ENGINEERING, FABRICATION AND DELIVERY SCHEDULE
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		14a - PROGRESS REPORTS
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		15 - LIST OF DRAWINGS AND DOCUMENTS INDEX (STATUS AND DELIVERY SCHEDULE)
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		16 - SHIPPING LIST
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		17 - SPECIAL WEATHER PROTECTION (IF NECESSARY) AND TROPICALIZATION REQUIREMENTS
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		 FORMCHECKBOX 


		 FORMCHECKBOX 


		 FORMCHECKBOX 


		20 - TECHNICAL DATA MANUAL [REMARK H]
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		22 - INSTRUMENTATION VENDOR LIST AND MANUFACTURERS CATALOGUES
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		24 - CAUSE X EFFECT DIAGRAM
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		25 - LOGIC DIAGRAM FOR START UP, ALARM AND SHUTDOWN SYSTEM
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		SPECIFICATION LAY-OUT, DATA SHEETS AND CABLE LIST)
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		28 - P&I DRAWINGS INCLUDING AS A MINIMUM: STEAM, SEAL GAS, ELECTRICITY, FUEL, WATER,

		

		

		

		

		



		

		

		

		LUBRICATION AND PROCESS GAS SYSTEM.

		

		

		

		

		



		NOTE 1
Proposal drawings and data do not have to be certified or as-built. 


NOTE 2
Purchaser will inform in contract, official documentation or indicate in this column the desired time frame for submission of materials using the API nomenclature.


NOTE 3
Bidder shall complete this column to reflect his actual distribution schedule and shall include this form with his proposal.


NOTE 4
All documents and drawings shall also be provided in magnetic media (CD) and shall be issued by vendor. Files shall be in accordance with contract and PETROBRAS requirements.


NOTE 5
Manufacturer shall merge similar documents asked in different lists, but it shall be clearly stated in proposal, review and final phase where are the information (items and sub-items).
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		REMARKS



		1  Drawings, instruction books and other commercial or engineering data shall be in english or brazilian portuguese language, except for those from the brazilian market, which shall be in brazilian portuguese language. All data, drawings, hardware and equipment supplied to this specification shall use the SI system of measurements, except for ordinary piping, flanges, accessories and appurtenances, which shall be in inches.





		2  All drawings and documents (sub-suppliers documents included) shall be identified, as a minimum, with the following:

· Client’s name;


· Client’s station;


· Job location;


· Purchaser’s requisition number;


· Purchaser’s order number;


· Tag number;


· Service.





		3  Revision boxes shall be provided to describe the latest revisions in full detail and an indication of revisions shall be made at revised information by such means as circled revision number.






		4  Installation, operation and maintenance manuals must be issued by equipment vendor in both Brazilian Portuguese and English, under vendor’s responsibility.

· Independent (third-party) translations are not acceptable.


· In case of conflicts between IOM instructions, Portuguese version shall prevail.


· PETROBRAS will not take any responsibility on mistakes, actions or decisions based on, or originated from, mistranslated instructions provided by vendor.


· Both languages shall be used in all Human – Machine Interfaces (HMI) computer screens installed on control panels. language selection shall be performed at any time, without requiring computer reset or disturbing any monitoring / control process being run by computer plc.


· All warnings, such as caution, danger, hazardous signs and other basic safety instructions to be applied on equipment / component external surfaces, enclosures, doors, handles, levers, emergency stop buttons, etc. shall be supplied by vendor and shall be written in brazilian portuguese (primary text, in capital letters) and english (secondary text, with smaller fonts).


· Ordinary / standard documentation of foreign items (main and auxiliary equipment) may be supplied in English. Whenever documents are written in languages other than English, then translations shall be provided as well.






		5  The manuals shall be divided in three sections and shall included the topics below (minimum):

Section I:

· All certified drawings;


· Certified and illustrated part list (exploded views of internal parts);


· Catalogues;


· Technical specifications;


· Performance curves for driven and driver equipment;


· Calculation sheets;


· Data sheets;


· Dynamic loads for all operations conditions.






		Section II:

· Instructions for storage and transportation;


· Commissioning procedure;


· Instructions for installation and operation (including auxiliaries);


· Instructions for maintenance;


· Maintenance procedures, including: disassembly, special tools, cleaning, inspection, repair and assembly of main equipment and auxiliaries.
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		Section III:

· Material certificates;


· Test certificates;


· Welding procedures;


· Quality plans;


· Electrical and electronic instrument certificates for area classification.


OBS:
Vendor may be requested, at any time during service life of equipment, to provide additional information required to overcome problems related to the performance of supplied equipment.





		6  All drawings shall have dimensions, tolerance and part number.






		7  Foundation and baseplate drawings shall clearly show the weights and other loads at each point of support. If the equipment requires a supporting structure and where such structure is within purchaser scope of supply then vendor shall provide complete loading diagram.






		8  Technical data book shall include spare parts for erection, commissioning test, start up and operation.






		9  The vibration analysis data and lateral critical analysis report shall include: rotor analytical model, bearing data, seal clearance x amplitude, critical speed map, undamped rotor mode shapes, unbalance response plots, damped rotor mode shapes, rotor stability analysis. Vendor shall provide to PETROBRAS a recorded CD with vibration data (including vibration amplitude sweeping and vibration signature) and phase angle recorded during mechanical running test, including also signature and sweep diagram for all bearings (horizontal and vertical axis). A Goodman Diagram shall be provided for the highest stressed location of the rotor blade at the rated (guarantee) point. A Campbell Diagram shall be provided for the rotor blade including the blade natural frequences operating range and potential excinting frequences. All natural frequencies shall be at leat 10 % away from excinting frequency.






		10  All tests reports, data and curves shall be certified. 






		







