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4.1.3 — Primary Clarifier Equipment

Description of work

. There shall be provided One (1 ) 27.4 m diameter by 2.5m SWD circular spiral blade,
cage drive clarifier. The equipment shall include but not be limited to a center drive
unit with torque control, walkway and platform with handrail, stationary center
influent column, influent dispersion well, center feedwell, cage, rake arms, spiral
blades, scum skimmer supports, scum skimmer(s), scum box, scum baffle, weir plate,
anchor bolts and all other appurtenances required or shown on the drawings.

. The mechanism shall be capable of moving primary solids to a central hopper for
removal from the basin. A skimming device shall collect floating solids to the scum
box to be removed through the scum pumping system.

General requirements

A. Clarification equipment shall be the center drive type supported on a stationary
influent column with the flow entering the bottom of the influent column and
flowing upwards to the inlet openings at the water surface.

B. Settled solids shall be removed from the central hopper through the sludge
withdrawal pipe.

C. Major Components of the clarification equipment shall include but not be
limited to:

a.

°SCBEZgZTATIER MO 0o

Center drive mechanism, gear motor and overload alarm
Control panel and electrical controls
Walkway support with handrail and grating
Center support / influent column

Center drive cage

Influent diffusion well

Feedwell and supports

Rake Arms

Spiral Blades

Skimmer supports

Scum skimmer(s)

Scum trough

. Weir plate and scum baffle

Fasteners and anchor bolts
And all other components necessary for a complete operating system.

General design criteria

A.

Design flows
a. Design Overflow Rates:

Average: 16,000 m*/day

Maximum 23,200 m*/day

b. Peak Hydraulic Flow Rate: 1,500 m*h
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Equipment Design Criteria:

a. Sludge Collector Diameter (m):
b. Side Water Depth (m): 2.5
c. Freeboard (m): 0.52
d. Floor Slope: 1:12
e. Influent column diameter (mm): 800mm
f. Influent dispersion well (m):
i. Diameter 2.44
ii. Depth 0.914
g. Feedwell (m)
1. Diameter: To determined by
the manufacturer.
ii. Depth: To determined by
the manufacturer.
h. Skimmer Quantity: 1
1. Scum box width (m): no more than 1.83
j.  Rake arm tip speed (m/min): 3m/min
k. Spiral Blade Minimum Depth (mm): 8
. Sprial Balde Maximum Depth (mm): 900mm
m. Torque Requirements (Nm): 53,000
1. Continuous Operating (Alarm):
ii. Maximum Overload (Motor Cutout): 120%
iii. Momentary Peak Load (Shear Pin Failure):135%
iv. Mechanism Design Strength: 200%

Drive Design Requirements:

a. Mechanism design shall be such that there are no chains, sprockets
or bearings below or in contact with the liquid.

b. Designs with split gears or the use of strip liner bearings shall not
be acceptable.

c. Gearing shall be designed and rated per the current American Gear
manufactures Association Standards.

d. Drive shall have a minimum operating life of 20 years at the
continuous torque and speed rating listed above.

The walkway and platform shall be design for all deadloads plus a live
load of 250 kg per square m. Deflection under full dead and live load
shall not exceed 1/360 of the span.

Fabricated assemblies shall be shipped in the largest sections permitted by
carrier regulations and properly match marked for ease of construction.

Fabricated and Structural Steel shall be of stainless steel construction
(AISI 304), unless otherwise specified.

Minimum metal thickness shall be 6.35 mm for all submerged plate
and members unless otherwise specified.
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H. Submittal Requirements:
a. Mechanism

1.

ii.

iii.

b. Drive
i.
ii.

iil.

1v.

V.

Equipment description

A. Drive unit

General arrangement drawings showing:
1. All major tank and mechanism dimensions and
elevations,
2. Anchor bolts locations,
3. Mechanism loadings on the tank,

Engineering calculations showing the mechanism
components meet the design torque requirements listed
above

Engineering calculations showing the walkway and
platform meet the design criteria listed in the Bridge
Walkway section.

General arrangement drawings

Drive Train Summary showing appropriate service factors
for all components of the drive Detailed.

Catalog Cuts clearly showing all components to be
supplied, including conformance to Torque and Engineering
Design Criteria, along with Maintenance Information.
AGMA Calculations shall clearly specify the values used
for the following design parameters for Surface Durability
and Strength rating:

Number of pinions

Actual face width

Tooth geometry factor (I and J factors)

Load distribution factor

Allowable contact stress

Allowable bending stress

Gear pitch diameter

Pinion pitch diameter

. Tooth diametral pitch

0. ABMA L10 Main Bearing Life Calculations

1. Calculations shall be stamped by a registered
professional engineer.

Descriptive literature, bulletins, and/or catalogs of the
equipment.

SIS0 R WD~

a. General: The drive unit shall consist of an electric motor, a primary helical
reduction unit, a secondary planetary or helical reduction unit, and an enclosed
final reduction unit consisting of a pinion and an integral gear/precision
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bearing. Worm or Cycloidal speed reducers are not acceptable. All
components shall be directly coupled, eliminating chains and V-belts. The
drive unit output torque shall be limited by a torque overload control enclosed
in a NEMA 4X stainless steel housing and a shear pin.

b. The Primary Speed Reducer shall be of the Parallel Helical gearing type,
hollow shaft, for proper mounting of a shear pin. The use of a C-Face motor
mounted reducer or a gearmotor are both acceptable. The reducer shall have a
minimum 1.25 service factor.

c. The Secondary Speed Reducer shall be mounted on top of the final reduction
unit and properly registered to maintain accurate centers for the final reduction
unit. The Secondary Speed Reducer shall be Planetary or Helical gearing with
a minimum SF of 1.25 at 100,000 hours, and shall be manufactured to AGMA
standards. Worm or Cycloidal speed reducers are not acceptable. The
Secondary Speed Reducer shall have sufficient OHL capacity to handle all
radial loads created by the separation forces between the main gear and pinion
without the use of a lower pinion bearing, and shall be supplied with a C-Face
motor input adapter for mounting of the Primary Speed Reducer and Torque
Control. Chain and sprocket designs are not acceptable.

d. Final Reduction Unit:

1. The final reduction unit housing shall be manufactured from A36 steel
plate. All welds shall conform to applicable specifications of AWS.
After welding, all mounting and mating surfaces shall be machined to
insure proper fit and alignment of the drive pinion and mating gear.

ii. The final reduction unit main gear teeth shall be manufactured of heat
treated alloy steel and have a quality number of AGMA grade 6 or
higher. Gear teeth shall have a core hardness of 250 to 300 BHN, be
induction hardened to 55-60 Rc, and operate in an oil bath. Grease
lubricated main gear and pinion assemblies will not be acceptable.

iit.  The final reduction unit pinion shall be manufactured of heat-treated
alloy steel and shall be mounted and keyed to the output shaft of the
Secondary Speed Reducer. The pinion teeth shall be induction
hardened to 55-60 Rec.

iv. The main bearing shall have lip seals to prevent contamination of the
bearing raceway. The main bearing shall have a Lo life in excess of 50
years and be grease lubricated. The main bearing shall have the
raceways hardened to 58-62 Rc.

v. All gearing shall be designed for a 20-year life at the continuous torque
at the specified output rotational speed. Gear teeth shall be modified
full depth with a 0.5” addendum offset. Stub tooth design gears will
not be acceptable. The gear pitch diameter shall be minimum 106 cm.
The bearing ball race diameter shall be minimum 114 cm.

vi. The use of a bearing below the pinion is not acceptable due to the
possibility of the bearing running in water (condensate).
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e. Electric Motor: The motor shall be severe duty manufactured from cast iron,
rolled steel, or aluminum. Design criteria of Class F insulation, 1800 RPM,
TEFC, 1.15 SF, squirrel cage induction type, supply voltage 230/460/3/60, and
a canopy (drip cover) for outdoor service. Bearing life shall be 40,000 hours.
The motor shall include a c-face adapter for proper mounting to the primary
speed reducer or supplied as an integral part of a gearmotor.

f. Torque Control: The torque overload control shall have a hydraulic or
mechanical system and shall be housed in a NEMA 4X stainless steel housing
and have two independent switches which shall be capable of energizing an
alarm circuit when the load on the mechanism approaches overload and open
the motor circuit when an excessive overload occurs. The overload control
shall be actuated by the rotation of the primary speed reducer and shall have a
6” diameter stainless steel gauge indicating torque loading on the drive unit in
both ft-Ib and percent. Overload alarm and overload cut-out torque settings
shall be factory preset.

B. Center drive platform

a. The center drive platform shall provide access to the center drive
assembly, lubrication fill and drain pipes, drive torque control and
electric control panel.

b. The platform shall provide 76 cm clearance around the drive
components. A removable section of the flooring shall provide
access to the drive maintenance points.

c. The platform shall consist of stainless steel grating supported by
the platform members. Handrail shall be 2 — rail stainless steel
handrail.

C. Bridge walkway

a. The walkway bridge shall be constructed of structural I-beams or
two side structural trusses of welded steel with a 110 cm wide
walkway consisting of stainless steel grating supported by the
walkway bottom members. Handrail shall be 2 — rail stainless steel
handrail. In the case of structural truss construction, the side truss
may serve as handrails for the walkway.

b. The bridge shall be supported by the center drive platform and the
outer tank wall.

D. Stationary influent column
a. The influent column shall have a minimum 6.35 mm wall thickness with
the diameter as listed in the Equipment Design Criteria.
b. The column shall be designed to support the weight of the entire structure
resting upon it and to withstand the Mechanism Design Strength criteria.
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c. Influent discharge ports shall be included at the upper end of the influent
column. These ports shall diffuse the flow entering the tank and insure
low velocity into the Influent Dispersion Well.

Center cage
a. The center cage shall be a steel box truss construction with connections for

the sludge removal arms.
b. The cage top shall bolt to the main gear.
c. The cage shall be designed to withstand the Mechanism’s Design Torque.

Sludge collector blades and support arms

The sludge collector arms shall be of steel truss construction with spiral-
shaped steel scraper blades and adjustable stainless steel squeegees.

Squeegees shall be fastened to the rake blade with 304 stainless steel fasteners.

. The scraper blade shall be designed for sufficient sludge transport capacity to

handle the design solids loading rate, with the depth of the blade varying form
a minimum at the tank periphery to a maximum at the tank center.
Calculations shall be provided to show the design depth and attach angle of the
spiral blade.

Blades shall properly convey settled sludge to the sludge manifold.

. The arms shall be adjustable to assure an even grout thickness over the tank

bottom.

Influent dispersion well
a. A rotating circular Influent Dispersion Well shall be of the size indicated
in the Equipment Design Criteria. It shall be supported by the cage and
diffuse the liquid into the feed well in a tangential direction through
diffusers. The bottom of the well shall extend to within 1 inch of the
center column. The well shall be fabricated of 1/4” steel plate with top and
bottom reinforcing angles
b. The diffusers shall:
1. be curved at a constant radius,
ii. not restrict the flow,
iii. extend pass the gate opening equal to the opening size, and
iv. have a bottom the length of the diffuser.

Feed well

a. The feed well shall be of the size indicated in the Equipment Design
Criteria. It shall be supported by structural steel supports attached the
center cage or attached to the rake arms. The well shall be fabricated of
3/16” stainless steel plate with top and bottom reinforcing angles

b. The feedwell shall include (4) 10 cm-30 cm adjustable scum port openings
to allow escape of surface scum inside the well. A removable scum baffle
shall be provided over the ports.

Skimmer (S)
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There shall be mounted on the sludge collector arm a skimming device
arranged to sweep the surface of the of the clarification compartment once per
revolution, automatically removing scum and floating material into a scum
box at the tank periphery.

. Each rotating skimmer shall consist of a steel channel supported and extended

tangentially form the feedwell to a recessed adjustable pivoted scum scraper at
the tank periphery.

The scum scraper shall consist of stainless steel scraper, double acting hinged
connection, support arms, neoprene wipers, outer wear strip and positive
means to maintain the blade against the baffle.

. The scum scraper shall trap floating scum pushed outwards by the full radius
tangential steel scum blade and efficiently deposit the solids into the scum
trough.

The scum trough shall be the size indicated in the Equipment Design Criteria
and constructed of 4" steel plate with a 6” outlet.

SS Weirs and baffles

a. The weirs, baffles and baffle supports shall be constructed of a minimum
3 mm 316 Stainless Steel.

b. The contractor shall coat all joints and gaps between the walls and weirs
with a silicone rubber sealant to prevent leakage.

c. Any cutting or drilling of the weir or baffle in the field shall be sealed per
the manufacture’s recommendations.

Density Current Baffles

The Density Current Baffle system shall consist of a series of baffle panels
that are attached to the wall of the clarifier or underneath the launder trough to
form an inclined, shelf-like surface around the entire inner periphery of the
tank. Each panel shall be made of compression molded corrosion-resistant
laminate with moulded-in UV inhibitors throughout the entire laminate. UV
resistance solely provided by a gel coated surface is not acceptable.

. The panels shall be a maximum of 8 ft in length and shall be designed to
follow the curvature of the tanks. The panels shall be designed such that
adjacent panels fit together without overlapping or cutting, and the completed
baffle when installed, has a well-engineered and professional appearance.
The inclination of the baffle shall be 30 degrees and measured from the
horizontal and the horizontal projection of the baffle shall be designed to the
owner specification.

. Provision shall be made to attach the panels to the clarifier wall and support
them at the proper angle using an FRP support bracket. The panel and bracket
shall form a baffle module, or separate panels and brackets may be supplied as
suits the jobsite If the panel and bracket are molded as an integral unit, they
shall be free of moulded-in stiffeners. Stiffeners such as steel, aluminum or
balsa wood are not acceptable.

The combined weight of the bracket and DCB unit shall not exceed 501bs.
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Panels may be cut as required to fit around obstructions as directed by the
Contract Administrator.

Baffle mounting brackets must be of an “open” design to allow current flow
through each bracket. Solid plate mounting brackets are unacceptable.
Provision shall also be made to vent gases that may form beneath the baffle.
Half-round vent holes shall be provided along the upper baffle edge at a
frequency of one vent hole for each 4 feet of baffle length. Hole diameter
shall be based on baffle length.

Reinforcements of the baffle panel using a return flange or “turn-back” are not
acceptable for they reduce the efficiency of the clarifier.

All cut and exposed FRP edges shall be factory sealed with a water repellent.
The manufacturer shall supply the owner/installer enough solution to allow to
coat all field cuts.

Anchor bolts and fasteners

a. Anchor bolts and fasteners shall be 316SS and be furnished the equipment
manufacturer.

b. Drive mechanism shall be painted with the manufactures standard paint
system
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Execution

Installation

A. Furnish, install, finish, and place into service the clarifier in accordance with
the manufacture’s recommendation.

B. Place anchor bolts using anchor bolt layout template and shop drawings to
ensure accurate position.

C. Install and level the drive unit prior to grouting the center column in place.

Manufacturer's field services

A. The equipment manufacturer shall furnish operating and maintenance manuals
for the instruction of plant operators.
B. Manufacturer shall provide a punch list outlining any remaining items to be

done for installation to be complete

Equipment testing
A. Testing to be done under the supervision of an authorized representative.
B. Torque Testing
a. Individually load each rake arm to the specified motor cutout torque to
verify the following:
1. The torque overload control device settings for alarm and motor
cutout function as specified.
ii. The rake arm, cage, and drive unit can withstand the design torque
limits without damage being done to the mechanism
C. Functional Testing
a. Operate the clarifier in a dry tank to check for binding, jerky, or unusual
motion.
b. Successful functional testing is required prior to water being introduced
into the clarifier basin.

4.1.4 — Centrifugal turbo blowers

General

A. The contractor shall furnish and supervise the installation (by others) of 3 units
electric motor driven, single-stage, integrally geared, centrifugal turbo blowers
unit(s), custom designed. Oxidation blowers, instrumentation, controls, and
appurtenances shall be provided as specified herein for a complete oxidation
blower system.

All equipment specified in this section shall be designed and furnished by the
turbo blowers Manufacturer, who shall be responsible for the suitability and
compatibility of all included equipment.

B. The turbo blowers will be used for supplying a variable volume of air to the
aeration tank. All items specified in this section shall be supplied by the
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Manufacturer to provide a sole source responsibility for a properly functioning
aeration system with the objective to minimize power consumption while
providing the proper volume of air to the tank. All components shall be new. Both
workmanship and materials shall be of the very best quality and conform to all
applicable sections of these specifications. It shall be understood that components
specified establish minimum requirements only, and do not relieve the Contractor
of responsibility for providing a properly functioning system.

C. The turbo blowers shall be motor driven, single-stage, centrifugal, vertical split
type complete with integral gearbox and accessories as described herein. Each
turbo blower shall be provided with axial inlet, side discharge, with discharge
adjustable radially in fifteen (15) degree increments.

Design conditions

A. Each turbo blower shall be rated for the following conditions and guarantee
points:

Site design conditions:

Site elevation 8 meter (a.s.l.)
Barometric pressure 1.009 bar
Maximum ambient air temperature 45°C
Minimum ambient air temperature 8 °C

Average ambient air temperature 25°C
Relative Humidity at max temperature 90 %

Relative Humidity at min temperature 10 %

Relative Humidity at average temperature 60 %

Water basin depth 5.5mw.l

Turbo blower design conditions:
Number of units (blowers)

Number of stand-by units 1
Max airflow per unit 5,200 Nm3/h*
Flow requirement per blower unit:
blower maximum air flow  100% 5,200 Nm3/h
Blower air flow 80% 4,100 Nm3/h
Blower air flow 60% 3,120 Nm3/h
Blower minimum air flow 45% 2,340 Nm3/h
Blower inlet pressure 1.009 Bar abs
Blower inlet filter losses ** (by the manufacturer)
Blower differential pressure 0.65 Bar
Blower discharge pressure 1.659
Blower room max temperature (if applicable) 45°C
Blower air inlet suction (indoor/outdoor) 40°C
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The turbo blower shall operate within range of operating conditions (specified above)
without surge. The blower shall able to run at design pressure, humidity and
temperature with turn down range (100-45%).

* Note: Nm3/h definitions is (1,013Bar - 0°C — 0%rh)

** Note, inlet filter losses must be included in the power table

Turbo Blower Performance Table

Flow Rate, Nm3/h measured at 1,013Bar, 0° and 0% RH:
kw should be on shaft power.

Press | Press | Inlet | goC /(% RH 20°C / 36% RH 30°C / 80% RH 40°C / 80%RH
PO P2 flow Actual Actual Actual Actual
bar bar | % Nm%*h | (m3/h) | kw | Nm¥h | (m3/h) | kw | Nm?h | (m3/h) | kw | Nm¥h | (m3/h)
1.009 | 1.659] 100 | 5,200 5,200 5,200 5,200
1.009 |1.659]80 | 4,160 4,160 4,160 4,160
1.009 | 1.659 | 60 3,120 3,120 3,120 3,120
1.009 | 1.659 | 45 2,340 2,340 2,340 2,340

A. Turbo blowers power consumptions shall be guaranteed and tested in
accordance with this paragraph. The Manufacturer shall complete the above
Table 1 and submit with Substitute / Or Equal

B. Turbo blower Equipment Information Package.

In the event the Total Factored Power Draw (as tested) is in excess of the Total
Guaranteed Factored Power Draw submitted, the units shall be re-worked and
retested at no additional cost to the Owner, until they comply with the
specifications.

C. Turbo blowers shall not surge or exceed the nameplate motor rating over the
entire range of operation.

Guarantee Format II — Specifier shall fill-in all columns in the appendix table except
for guaranteed power and factored power columns, then, at time of bid, the bidding
Manufacturers shall complete the data table at the end of this section and turn-in this
section Appendix to all bidding Contractors for inclusion with Contractor’s bid.

Blower and Integral Gearbox Casing

A. Turbo blower volute casing is a made in a single piece, and made of Ductile cast
iron GGG 40 DIN 1693 / EN-GJS-400-15 DIN EN 1563. The volute casing shall
have a maximum continuous duty design temperature of 200°C, and a design
pressure of 3,4 Bar(g). The blower shall include all filters/silencer. Air inlet shall
be axial through an annular inlet. Less efficient air flow directly into the center of
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the impeller is not acceptable. The discharge flange shall be faced and drilled to
EN1092, PN10. A threaded port shall be provided at the lowest point of the
casing for drainage. The turbo blower casing shall be provided with lifting device
capable of supporting the blower/gearbox.

The gear drive housing shall be of cast iron / GG 20 DIN 1691 / EN-GJL-200 DIN
EN 1561, vertically split and sufficiently rigid to maintain the shaft positions
under maximum loads. Two inspection ports, with bolt-on covers, must be
provided in the upper portion of the gearbox housing. The ports shall allow access
to the gearbox internals for the purpose of inspection. A circular bolt-on plate
located on the fast shaft centerline, opposite the impeller end, shall be removable.
This removable plate shall facilitate inspection and replacement of the fast shaft
with impeller and radial & thrust/counter thrust bearing without disassembly of
the gearbox.

Gearbox configuration shall incorporate a single helical gear set in an over/under
configuration. The overhung impeller and fast shaft shall operate between the first
and second critical speeds.

The turbo blower and gear housing assemblies shall be machined to close
tolerances for bearing fit, gear alignment, air, and oil tightness.

The gearbox shall be of ample size and rated to transmit the maximum torque and
kW input requirements to the blower under all operating conditions and
continuous duty.

Impeller

A.

The impeller shall be of the open radial flow type, with backward leaning blades.
The impeller must be attached to the shaft by shrink fit and locknut arrangement.
The impeller shall be dynamically balanced.

The axial gap between the impeller and turbo blower casing shall be adjustable by
means of shims in order to assure the prescribed gap. Gap adjustments by means
of machining the casings or shafts are not acceptable.

. The impeller shall be made of AICu2MgNi DIN3.1924, milled from solid forged

block, or stainless steel. Casted or welded impellers shall not be acceptable.

A 115 percent overspeed test shall be successfully completed, followed by a
magnetic particle or liquid penetrant inspection and dimensional check.

Shafts, Gears and Seals

A.

The turbo blower gear shafts shall be machined from heat-treated forged alloy
steel and suitably ground. The fast shaft shall be made of high strength 16NiCrS4
steel and the slow shaft shall be made of ultra-high strength 34CrNiMo6 steel.
Any responsive lateral critical speed of the rotating assembly shall be at least
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fifteen (15) percent below the normal operating speed. Any torsional resonances
of the package shall be at least fifteen (15) percent above or ten (10) percent
below the normal operating speed. All shafting shall conform to “Design and
Selection of Components for Enclosed Gear Drives” (AGMA 6001-D97).

B. The speed-increasing, helical, parallel shaft type gears shall be made of case-
hardened alloy steel with the gear teeth precision ground. Gear teeth need to be
case hardened to hardness, after grinding, of 58-60 RC. Service factor used to size
the gears shall be at least 1.8. All gears shall be rated in accordance with
“Calculation of load capacity of cylindrical gears” (DIN 3990). The gears shall be
manufactured to a minimum DIN quality number of 5 per “Tolerances for
Cylindrical Gear Teeth” (DIN 3962).

C. The shaft seals shall be of a non-contact, multi-point, labyrinth type and operated
dry. A vented space between air and oil seals shall be provided. Any leakage
shall be minimized by having small clearances between female and male parts.
The female part shall be made of aluminum or bronze to avoid damage to the shaft
in the event of a seal rub. Numerous slinger rings (diameter changes) on the shaft
shall be provided in the sealing area to ensure oil is centrifugally slung off the
shaft. Uniform shaft diameter without multiple slinger rings in each sealing area
will not be acceptable.

Bearings

a. Hydrodynamic, oil pressure lubricated bearings shall be required with sufficient
oil film thickness under all operating conditions.

b. Slow speed shaft radial bearings must be cylindrical, special ball bearings and
shall be of bronze construction. (Bronze alloy GzCuSn12 + white metal LgSn80.

c. Fast shaft radial bearings shall as minimum be fitted with multiple fixed babbitted
segments, and made of bronze alloy GzCuSn12 + white metal LgSn80.Tilting pad
bearings of steel construction with white metal LgSn80 may be selected to
suppress hydrodynamic instabilities and provide increased dampening to limit
rotor vibrations. Fast shaft thrust bearing and counter thrust bearing shall be with
multiple fixed segments, tapered land type and made of bronze alloy GzCuSn12 +
white metal LgSn80.

d. The manufacturers can propose as alternative an hybrid high precision ceramic

type.

Variable Vanes

A. The purpose of the inlet guide vane and variable discharge diffuser system shall be
to facilitate turndown of each turbo blower from 100% to 45% of capacity, while
maximizing efficiency over the entire turndown range.

B. An adjustable inlet guide vane assembly shall be provided to pre-rotate incoming
air and, thus, maximize efficiency. Inlet guide vanes shall be made in an
aerodynamic, streamlined design in cross-section and located in a radial fashion
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around the annular inlet. At least thirteen (13) asymmetrically profiled vanes shall
be provided and positioned in a velocity increasing air duct to minimize
downstream wakes. The inlet vanes shall not be used for capacity control.

Inlet guide vane position shall be controlled by the efficiency optimization
software matrix, obtained during performance testing of the full operational
envelope of each individual blower. Inlet guide vane material: Nodular cast iron
GGG40 (ASTM 60-40-18).

. Variable discharge diffuser vanes shall be provided for capacity control and
designed to obtain the highest efficiency over the entire regulating range. Vanes
shall be aerodynamically shaped for maximizing efficiency. At least seventeen
(17) profiled diffuser vanes shall be provided and arranged in a radial fashion
around the periphery of the impeller.

. Flat steel plates shall not be used for inlet guide vanes or the variable diffuser
vanes.

The inlet guide vane and the variable diffuser assemblies shall be mounted
integrally with each turbo blower, multi-leaf and pivoted, and located in cast iron
housings. All vanes shall be mounted in permanently lubricated sleeve bearings.
Operating linkages for inlet guide vanes and variable diffusers shall be housed
within the turbo blower. Turbo blowers with variable vane assemblies located
external to the blower housing, and/or have ball-in-socket linkages or other
moving parts requiring periodic lubrication shall not be acceptable. Variable
diffuser material Brass CuZn39Pb3, acc. To DIN EN 12164 ) or Die casted
Aluminum (AIMg7Si3Mn).

. Each variable vane assembly shall include a turbo blower casing mounted electric
actuator, with position feedback, and open/closed indication on the LCP.
Independent floor mounting of the actuator or its operating mechanisms shall not
be allowed.

. The inlet guide vanes shall modulate simultaneously with the diffuser vanes to
continuously and automatically optimize efficiency based on the three variables of
inlet temperature, differential pressure, and machine capacity. The Manufacturer
shall demonstrate, in submittals and testing, the simultaneous efficiency
optimization based on these three variables. Step control of vanes for efficiency
optimization or control using less than these three variables shall not be
acceptable.

. The position of each set of vanes, from fully open to fully closed, shall be
transmitted to the LCP via an analog signal. The inlet guide vane and the diffuser
vane position shall be indicated on the LCP.

Qil Lubrication System

A. A complete lube oil system shall be provided with each turbo blower, installed
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integrally with the blower base and arranged to permit ease of accessibility for
operation, maintenance, inspection, and cleaning.

. The oil supply to the gearbox is via sump lubrication. Precision turbo gearbox

with journal bearings; gears and bearings are pressure lubricated by an integrated
oil system (electrically and mechanically driven oil pumps).

The oil filter shall be of the full flow, replaceable cartridge type, and capable of
removing particles over ten (10) microns with a clean oil filter element pressure
drop not exceeding five (5) psi at design temperature and flow. A visual gauge
shall indicate when a filter is dirty and requires changing.

. Cooling takes place via the ambient air and special housing design. In any case,

finned cooling must be provided.

Coupling

A.

A flexible, forged steel, double-disc, dry type spacer coupling shall be furnished to
connect the turbo blower and motor. Couplings requiring grease lubrication shall
not be allowed. Coupling and spacer shall be balanced to AGMA, Class 8, or
better, and sized with a minimum service factor of 1.5. Coupling construction
shall be such that either shaft of the unit may be removed without disturbing
adjustment of the other. Coupling should be protected by a removable coupling
guard.

Equipment Base and Mountings

A.

The Manufacturer shall furnish a base of adequate size to support the blower,
gearbox, motor, lubricating system, and accessories. The base shall be
constructed of min. EN 10025 S235JR/St37.2 in an integral welded box
configuration with a drip lip, lifting eyelets, and have sufficient rigidity to permit
lifting (using a four-point lift) with all equipment mounted. The base shall contain
the oil reservoir.

The base shall be fully self-supporting and mounted on vibration isolators
provided by the Manufacturer and be suitable to absorb the weight and vibration
of the blower assembly without undue stress or distortion. The vibration isolators
shall be designed for a transmissibility of less than two (2) percent.

Unit alignment has to be verified on site, and adjusted if required.

The inspection and testing of the equipment base frame must conform to ITP plan
paragraph 2.25 B, points 3, 4, 5, 6.

Electric mani drive motor

A.

Each turbo blower shall be provided with a horizontal, constant speed, (TEFC),
squirrel cage induction motor designed in accordance with current NEMA, ANSI
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and IEEE standards. The motor nominal power kW shall be equal to, or in excess
of, maximum normal load that will be imposed at any point in the operating range
of the design conditions specified (worst case scenario with all blower tolerances
included). Each motor shall have a 1.0 service factor with “B” temperature rise
and Class “F” insulation. Each motor shall be premium balanced for reduced
vibration and supplied with lifting lugs and space heaters.

. Motor shall be high efficiency design of European manufacturer. Efficiencies
shall be determined in accordance with IEC Standards, Test Method B. Nominal
and guaranteed efficiencies shall be included on motor nameplate in compliance
with IEC standards.

. Motor insulation class IP55 as minimum and motor efficiency IE4.

. Each motor terminal box shall be sized to provide adequate space for connections
and shall be constructed of cast iron or fabricated steel, neoprene gasketed, and
bolted. The motor leads shall be permanently marked in agreement with the
connection diagram.

Note to Specifier: Indicate the type of voltage and start.

. All motors shall be suitable for operation on Low Voltage 400 V, 3ph power, for
ambient air temperature up to 45°C. Motors shall be suitable for (full voltage,
across the line start) (solid-state reduced voltage start).

. Motors shall have factory installed fail-safe winding protection in each phase
consisting of two embedded 100 ohm platinum temperature sensors per phase (one
operational, one spare) or equal devices. Winding temperature RTD’s or PTC’s
shall connect to the LCP for monitoring, alarm and trip.

. Each motor shall have one velocity transducer SPM nipple on each end of the
motor above the ball bearing housings.

. The motors shall be equipped with a low noise design fan. Maximum free field
sound pressure according to ISO3744, is 87 dB(A) at 1 m distance.

One of each size main drive motor shall be given a standard routine non-witnessed
test in accordance with IEEE 60034 test procedures and a certified motor data
sheet shall be furnished for approval prior to shipment.

Inlet Filter Silencer

Each turbo blower shall be provided with integral inlet filter/silencer designed
for maximum air flow at absolute minimum pressure drop, and connected
directly to the inlet of the blower via a flexible connector.
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The filter shall be mounted on the silencer frame and fitted with rectangular,
replaceable elements positioned on a flat, vertical rack construction. The filters
shall be removable through easy accessible galvanized steel doors located on
each side of the galvanized steel housing. Two stages filter panels system
shall be supplied. The filter shall be EU4 type.

The integral inlet filter silencer shall be consisting of absorption baffles with
non-hygroscopic, non-flammable mineral wool material, secured by
galvanized hole plate. The baffles must be of unequal width to break the lines
of sight. An air tight seal shall be provided between the filter frame and filter
mounting casing.

Maximum clean filter pressure drop of the inlet filter/silencer with the elements
installed shall be 300 Pa. Maximum pressure drop with dirty inlet filters shall
be 600 Pa.

The Contractor shall connect the filter/silencer to the turbo blower inlet via the
flexible connector provided.

02,2026 921
MOYNI 1998 HY NYIN MNP MIPHN MY ,NPIOND
197N Y7012 0%39Y1 N1DY0N TIvNId

2026 %3 — NYPAN THNNY DIMANY AN 99 — YONN NN — 2696 — 1.9.9



31

Discharge Expansion Joint

A.

Provide each turbo blower with a discharge expansion joint, for field installation
by the Contractor, capable of withstanding the pressure, and high discharge air
temperature under all operating conditions. The expansion joint shall be suitable
for mounting between flanges drilled according EN1092-1. Expansion joint
(bellow) material is Stainless steel, flanges are galvanized steel.

Discharge Cone / silencer

A.

Provide a discharge cone/silencer, for field installation by the Contactor, to
increase the turbo blower outlet size to the larger diameter air discharge piping.
Maximum sidewall angle increase shall be 7° per side (14° total). The discharge
flange size shall be as shown on the drawings. Instrument connections shall be
provided for components mounted by the Contractor, on the cone/silencer.
Material: EN 10025 S235JR/St37.2, flange EN1092-1.

. The inside of the discharge cone/silencer and baffle plate shall be lined with deep

layers of sound absorbing material, resistant to high temperatures, covered by
fiberglass cloth and a perforated steel plate (minimum 2 mm thickness), so as to
form sandwiched layers of the external cone/silencer surface, acoustical material,
and internal perforated steel plate.

The design of the cone diffuser shall allow a max air discharge speed below
20m/s.

Sound level according to ISO 3744 (1m from the pipe) to be below 85dB(A)

Blow-off (bypass) Valve

A.

B.

Provide each turbo blower with Manufacturer’s standard steel or cast iron body
blow-off wafer type butterfly valve for field installation and wiring to the LCP by
the Contractor to allow unloaded start-up and stop, and designed for low pressure
air service. The valve operator shall be motorized, 400/50/3, IP55, open/close in
fifteen (15) seconds or less, open/close limit switches, and shall be rated for
temperatures up to 200°C. Controls for the valve shall be mounted in each LCP.
A blow-off silencer shall be provided, as described below.

BO valve and actuator shall be according approved vendor list.

02,2026 921
MOYNI 1998 HY NYIN MNP MIPHN MY ,NPIOND
197N Y7012 0%39Y1 N1DY0N TIvNId

2026 %3 — NYPAN THNNY DIMANY AN 99 — YONN NN — 2696 — 1.9.9



32

Blow-off Valve Silencer

Internal baffles, packed with sound absorbent material shall direct air flow around at
least two 90° turns in an annular flow configuration. The blow-off silencer shall be
fitted with one (1) flange for direct bolting to the blow off pipe flange, with
installation by the Contractor.

Discharge Valve

Provide each blower with Manufacturer’s standard wafer type discharge butterfly
valve for field installation and wiring to the LCP by the Contractor, identical to the
blow-off valve, except for size and actuation speed, which shall open/close no faster
than thirty (30) seconds. and shall be rated for temperatures up to 200°C. LCP shall
communicate when Discharge Valve is fully open or closed.

Check Valve

Provide each turbo blower with a wafer type discharge check valve of the dual, plate
type with center hinge, spring closure, cast iron body, Viton-B seal and GGG40 (EN-
GJS-400-15) plates, Inkonel springs, and rated for temperatures up to 200°C. The
check valve shall be mounted and installed by the Contractor, in a horizontal or
vertical run of piping. Check valve diameter shall be as discharge cone diffuser size.

Acoustic Enclosure for Max. Sound Level of 85 dB(A).

Acoustic enclosure covering the complete blower unit incl. electric motor for average
sound level less than 85 dB(A) at 1 metre distance from the aggregate according to
ISO 3744.

Construction: Outer cover of minimum 1 mm galvanized mild steel or zink coated
aluminum, and an inner skin of 1 mm zink coated perforated steel with layers of
mineral wool, strengthening sheets and sealing strips of rubber. The hood is equipped
with a door for easy blower access, sight window(s) and a thermostatic controlled
ventilation fan(s). Each panel of the acoustic enclosure is provided with handles,
which makes assembly or reassembly of the enclosure easy.

Nuts, Bolts and Gaskets
The Contractor shall supply all nuts, bolts, and gaskets required for piping the
Manufacturer supplied valves and silencers.

Instrumentation

A. Instrumentation components shall be provided by the Manufacturer and mounted
on the turbo blower skid with all electrical connections wired to the junction box on
the skid.

B. Instrumentation and warning/status/alarm functions for each blower shall include,
as a minimum, the following items.

1. Inlet air filter differential pressure indicator
2. Inlet air temperature transmitter
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Surge switch

Blow-off valve limit switches (integral with blow-off valve and wired to the
LCP by the Contractor)

Blow-off valve thermo switch

Differential pressure transmitter (inlet/discharge)
Electrical Oil pump

Oil pressure switch

9. Oil pressure transmitter

10. Oil pressure indicator

11. Oil temperature indicator

12. Oil filter differential pressure indicator

13. Oil temperature (reservoir) transmitter

14. Oil level indicator

15. Oil heater temperature switch

16. Variable diffuser position transmitter (feedback)
17. Inlet guide vane position transmitter (feedback)

W

PN

C. The RTD monitor system shall include 100 ohm platinum RTD’s embedded in the
motor windings (two per phase; one active, one spare) and in each loaded journal
bearing of both the motor and blower/gearbox. The system shall monitor and display
actual winding and bearing temperature at the LCP. The Operator Interface shall
include an adjustable alarm feature on the rising temperature levels that first alarms and
is followed by unit shutdown. The PLC shall receive and the Operator Interface shall
graphically display the RTD signals. The Manufacturer shall provide the necessary
hardware for direct communication between RTD’s, PLC, and Operator Interface.
RTD’s may similarly be used to monitor temperature and alarm.

D.

The motor shall be supplied with thermal relays embedded in the motor windings.
Thermal relays shall connect to the LCP for alarm and shutdown.

Velocity meter shall be mounted on the gearbox casing to alarm and shutdown on
excessive vibration. The monitor shall have 4-20 mA analog signal capability for
remote monitoring (by others).

Local Control Panels

A.

Each turbo blower shall be furnished with a separate S7-1200 or S7-1500 PLC-
based Local Control Panel. Each LCP shall include all controls to start, stop, and
operate the blower, provide detection of malfunctions and shut down the blower
should a malfunction occur. Control philosophy shall be fail-safe operation. The
controls shall be designed such that the turbo blower cannot operate unless the
controls are energized, nor can they operate with any defective controls.

The LCP shall be connected to skid mounted instrumentation with an appropriate
length signal cabling, supplied and wired by the blower manufacturer, and
consisting of five separate and independent cables, as follows:
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400 VAC/50Hz/3~ — Multi-conductor cable

230 VAC/50Hz/1~ — Multi-conductor cable

24 VDC digital — Multi-conductor cable

24 VDC Analog (Transmitters) — Multi-conductor cable
24 VDC Analog (PT100) — Multi-conductor cable

Nk

NOTE : above listed cables to be supplied by the turbo blower manufacture.

. The Contractor shall provide and wire the 400VAc/50Hz/3phases + N + PE,
power supply. All wiring within the panel shall be grouped together in harnesses
and secured to the structure. The LCP shall be factory assembled and wired such
that Contractor field wiring shall consist only of connection to terminals. Each
assembled control panel shall carry an IEC/EN label certifying the assembled
industrial control panel complies with IEC/EN applicable norm. Each LCP will be
equipped with air conditioning unit to avoid H2S corrosion and temperature
exceeds over 40°C.

Electrical design requirements:
o Supply voltage : 3x 400Vac + N+PE
Voltage variation: +10/-10%
Frequency : 50Hz
Standards according to IEC 61439-1
HMI : 7” color, communication with CPU via Profinet

. Each turbo blower LCP shall contain controls for turbo blower motor starting,
surge and overload detection, shutdown control and sequencing, alarm and
emergency shutdown systems, inlet guide vanes, variable diffuser vanes,
discharge valve, bypass valve, and oil lubrication system operation.

. Each turbo blower LCP shall contain a main power disconnect. Starters (power
supply) for variable diffuser and inlet guide vanes operators, air/oil cooler motor,
enclosure hood ventilation fans, blow-off valve shall be mounted inside the panel.
Provide for power distribution to feed motorized valve motor controllers located at
the valves. Provide a transformer with 230Vac secondary and a separate 24V DC

regulated power supply. Isolate all low voltage variable power signals entering
the LCP.

. All branch circuit protection shall be in accordance with IEC codes, as well as
protection for the instrumentation power, the (230Vac/50Hz/1 phase), HMI, and
the PLC.

A PLC shall start and shut down the turbo blower in a permissive sequence,
receive input, monitor and control operating variables. The PLC shall also contain
a program for continuous optimization of blower efficiency with respect to
changes in capacity, inlet temperature, and differential pressure across the blower.

. LCP wiring shall have PVC insulation.
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H. Isolation amplifiers, R/I transmitters, RTD/vibration transmitters, and other
controls shall be supplied, as required, for complete system control.

I. Identify each end of each wire by a unique wire number printed on a label.

J.  Provide a HMI touch sensitive, color screen, minimum 7-inch size that
incorporates all controls, alarms, and meters in easy-to-interpret screens. Such
HMI must communicate with the PLC-CPU via Profinet

K. The HMI screens shall be custom tailored to provide not only start-stop and
operational mode interface, but also alarm status, help messages, and diagnostics.
An alarm condition will cause an alarm pop-up window to appear. The following
general design protocol shall be incorporated:

1. When an alarm occurs, it causes an alarm pop-up window to appear to identify
the problem. A “help” screen can be accessed to suggest a troubleshooting
procedure.

2. The first trip alarm, only, is displayed on the operating screen and must be
corrected and cleared before the next or supplemental problems are displayed.
(All alarms and non-shut down indications are displayed on the “alarm/trip
counter” window).

3. Screens shall have touch sensitive screen point functions, including:

a. “View or Acknowledge Alarms”

4. Operator Interface scales, graphs, and chart scaling shall be reset without
using a personal computer.

5. Screens may be accessed via one-touch screen point selection.
6. All control functions have to be accessed via HMI
7. All alarm and trip set points shall have security access codes.

The following Operator Interface screens shall be provided, generally as described,
and incorporating state-of-the-art upgrades available at the time of engineering
design and submittal for the Engineer’s review. As a minimum, provide the
following:
8. Main Motor Display — Includes amperage, specified monitors, and main motor

starter malfunction alarms. The screen shall depict a cutaway of the motor
showing internal bearings, windings, and specific alarm points.
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Process Air Monitors — Inlet air filter pressure differential, inlet and discharge
ir temperature and pressure, if specified. The screen shall depict a cutaway of
the air-end with monitor locations identified and data displayed of actual and
alarm levels.

Oil Lube System — Oil temperature, pressure, and dirty oil filter alarm.

Turbo blower Vibration — Actual vibration and set points of warning and alarm
are displayed.

Turbo blower Bearing Temperature — Actual bearing temperature and set
points of warning and alarm are displayed.

Main Motor Temperature Monitor for windings — Actual and set points of
warning and alarm are displayed.

Motor Bearing Vibrational sensors-Set points of warning and alarms are
displayed.

Service Operations — Used when the LCP is placed in service. The touch
screen allows manual operation of all ancillary components.

Alarm/Trip Counter — Lists all alarms and the cumulative number of trips.
Also displays a reset pad for the alarms and trips.

Alarm/Trip Monitor Display Setup Screens — Used to enter ranges of various
analog devices, as well as time intervals and delays. Password access is
required to change values.

Password Screen — Used to access all set point screens.

Password Screen — Set and change password.

L. Provide touch sensitive screen point control via the Operator Interface screens,
status indication, and readout for the following functions.

1.

2.

Starter turbo blower
Stop turbo blower.
Local control
Remote/Auto control
Open blow-off valve

Close blow-off valve
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7. Open variable diffuser vane
8. Close variable diffuser vane
9. Open inlet guide vane

10. Close inlet guide vane.

11. Start oil cooler fan.

12. Stop oil cooler fan.

13. Start acoustic enclosure fan.
14. Stop acoustic enclosure fan.
15. General alarm indicator

16. Global alarm reset.

M. Additional HMI switches, pushbuttons, and indicators shall include:
1. Service/Normal/Test — Located on the Human machine interface. This touch
sensitive screen point allows permissive start of the turbo blower components
only in the Service Mode. When in Test Mode, this diverts main motor starter

start signal to test logic that simulates motor start to facilitate testing of the
system without starting the drive motor.

2. Emergency stop mushroom button on panel door and Junction box.
3. Separate, non-resettable hour meter inside the panel

N. Monitor and indication of all analog signals shall be displayed on the HMI,
including, but not limited to:

1. Motor amps

2. Variable diffuser vane position (0-100 percent)
3. Inlet guide vane position (0-100 percent)

4. Temperature signals

5. Pressure signals

6. Vibration signals
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7. Turbo blower Gear RTD bearing
8. Motor RTD winding temperatures

0. The turbo blower shall start under an automatic sequence initiated by the local
start signal or the remote start signal when in remote/auto control. Upon signal to
start, the PLC shall confirm that the inlet guide vanes and variable diffuser vanes
are at minimum, the blow-off (bypass) valve is open. If components are not
properly positioned, they shall move to their respective start positions
automatically via the PLC logic.

Once all pre-start permissive are confirmed, the blower motor shall be started. A
feedback signal from the main motor starter (wiring by Contractor) shall confirm
that the main drive motor starter has been energized. When the turbo blower
reaches operating speed, as determined by the motor start sequence, the PLC shall
open the inlet guide vanes, close the blow-off (bypass) valve and release control
of the inlet guide vanes (is selected — optional) and variable diffuser vanes to
local/remote control. If the components are not correctly positioned, interlocks
shall prevent blower operation after a pre-set delay time. Provide sequence fail
alarm and trip if any portion of the start, run, or stop sequence is not properly
executed. The Operator Interface shall annunciate the function that caused the
trip.

P. The surge detection system shall sense unbalanced/surge conditions by use of
pressure sensing devices. Detection of surge conditions shall trip the blower oft-

line.

Q. Motor overload protection software shall be provided to control the maximum
vane setting on the blower, so that motor current does not exceed a pre-set level.

R. There shall be three means of shutting down the turbo blower:

1. Normal Stop — Initiated by pushing the stop button or remote stop. The unit
normally stops such that no surging occurs.

2. Soft Stop — Initiated by:
a. High oil temperature
b. High inlet air temperature (recirculation/surge)
c. High motor winding and/or bearing temperature.
d. High bearing temperature

e. Blow-off valve has not closed within five (5) minutes after receiving
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feedback signal from main motor starter.

f. Surge

Soft stop shall de-energize the main drive motor eight (8) seconds after alarm

initiation to allow the blow-off valve to partially open. Normal post-lube and

other normal stop functions follow.

3. Hard Stop — Initiated by:

a. Pushing emergency stop button

b. Low-low oil pressure

c. High vibration

d. No feedback signal from main motor starter during Start Sequence

e. Loss of feedback signal from main motor starter during Normal Operation

f. Sequence failure during start-up

g. PLC failure

h. Stop sequence failure during shutdown (vanes not at minimum, discharge
valve not closed, blow-off valve does not open within 300 seconds of

issuing a stop command).

Emergency stop shall de-energize the main drive motor immediately. Normal
stop functions follow.

S. The high inlet air temperature (recirculation) alarm and the zero speed switch shall
be active when there is no main motor feedback present at the LCP from the main
motor starter. The purpose of these sensors is to detect reverse air flow through
the turbo blower and reverse rotation of the impeller.

Master Control Panels

A. The Master Control Panel (MCP) is designed for automatic control of the air
supply from a group arrangement of blower units. With the MCP control using
the highly efficient cascade control philosophy, the process is constantly
provided with the right amount of oxygen.

B. Standard features:
1. Control panel installed remotely
2. Integrated into the redundant ring communication topology,
minimising risk of communication failures.
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3. Siemens SIMATIC S7-1500 PLC

SIMATIC HMI TP700 COMFORT, colour touch panel, with a 7"

widescreen

Protection class IP54

Power supply: 230V+N+PE 50 Hz

Multi-language interface

Communication to SCADA via Industrial Ethernet, using Siemens

S7 application protocol.

Fiber optic network connection can be offered optionally

10. Air conditioning-Please note the presence of the H2S concentration
level is to be less than 0.1 PPM.

b

e A

©

Data communication shall be provided between the PLC’s, located in each LCP, the
MCP, and the plant computer systems. This compatible interface shall be the
responsibility of the systems integrator; however, the Manufacturer shall actively
participate in this compatible interface.

Factory Testing

A. Each turbo blower shall be tested in accordance with the ASME Power Test Code
for Centrifugal Blowersand Exhausters, PTC-10-1997 or ISO5389. A calibrated
torque meter shall measure the gearbox/blower shaft input horsepower or kW as
per Paragraph 4.35 of the Code alternative use ISO5389 Torque meter test code.
The test shall include determination of the surge point and verification of the
guaranteed points. Shaft power consumption shall include one operating oil
pump. Testing using less accurate heat balance or measuring the drawn wire
power shall not be allowed.

1.

The turbo blower net delivered flow rate and discharge pressure shall be
measured, recorded, and guaranteed with no negative tolerance. There shall be
no other tolerances or measuring uncertainties used in reporting test results
(i.e., the tests shall be reported with + zero percent tolerance).

The capacity of the turbo blower shall be defined as per Paragraph 4.26 of the
ASME PTC-10 Power Test Code or ISO5389. Specifically, capacity is defined
as, “the net rate of flow compressed and delivered, expressed in terms of
Nm3/h at the prevailing inlet pressure and inlet temperature. It shall be
measured in a suitable manner to exclude effectively all external leakage
losses from sources such as shaft seals.” That is, air flow shall be measured on
the discharge side of the turbo blower at zero percent tolerance.

All test equipment shall be calibrated and certified by an independent test
agency no more than twelve (12) months prior to the test date. Certificates
shall show the stability of calibration over a period of at least one year per ISO
9001, Paragraph 4.11.

Velocity vibration versus frequency levels shall be recorded within 10-1,000
and 10-10,000 Hz frequency range.
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The Witnessing Engineer as an option provided by the client shall sign each
copy of the test data log sheet certifying that the required tests were performed
in strict accordance with these specifications and the ASME PTC-10 Code,
Paragraph 4.35, Torque Meter Tests or ISO5389.

. Upon completion of assembly, each turbo blower, motor, and oil lubrication skid
shall be functionally tested. The oil lubrication system shall be run and tested for
leaks. The LCP shall be tested using simulated sequences as : All start/stop

sequences and all safety and alarm systems, simulating start of the blower motor.

. One turbo blower ASME PTC-10-1997 or ISO5389 test and the complete
assembly functional tests shall be witnessed by a representative of the Owner.
Provide fourteen (14) days prior notice, in writing, for the witnessing of tests.

. The turbo blower test report shall present computations in exact accordance with
Section 5, 6, & 7 of the ASME PTC-10-1997 Code or ISO5389 with performance
curves showing capacity, pressure, and kW inputs. Test results not in verbatim
agreement with test results presentation format per the Code shall be cause for
rejection of the performance tests.

. Test results of the motors and turbo blowers shall be included in the Operations &
Maintenance Manual.
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The Manufacturer shall furnish all special tools and appliances necessary to
disassemble, service, repair, and adjust the equipment and appurtenances. Special
tools list must be provided. Tools shall be supplied in a tool chest for long-term
storage and marked with Manufacturer’s name, along with a complete description of

contents.

Functions of the system platform during the standard warranty period include:
e Access to dashboards and user guides
e C(ritical blower temperature and vibration monitoring and real-time trending
e Cloud services for storing and accessing data

e Remote support

e Direct access to trusted technology experts and solution providers
e Anomaly detection through machine learning

Note: Each Blower Manufacturer is to complete the following table, filling in their
name, the guaranteed power, factored power, and the total factored power
draw.

Flow Rate, Nm3/h measured at 1,013 Bar abs., 0°C and 0% RH:

Design | Capacity | Flow Discharg | Inlet | RH Guaranteed | Evaluate | Factored
e d
Point Pressure | Temp Power Factor Power
% *Nm3/ | *Barg *oC *% kW kW
h
1 100 0.05
2 75 0.40
3 60 0.45
4 45 0.10
Total Factored Power Draw (kW) @
kw should be on shaft power.
Press | Press Inlet 30°C / 80% 40°C/
PO bar | P2bar |flow % |0°C/0% RH 20°C/36% RH | RH 80%RH
m>/h kw m>/h kw m*h | kw |m’h |kw
1.009 100 5,200
1.009 80 4,160
1.009 60 3,120
1.009 45 2,340
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