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Executive Summary

Phase 1 of the investigation of improvements to low temperature geothermal power systems was
completed. The improvements considered were reduction of scaling in heat exchangers and a hermetic
turbine generator (eliminating seals, seal system, gearbox, and lube oil system).

A scaling test system with several experiments was designed and operated at Coso geothermal resource
with brine having a high scaling potential. Several methods were investigated at the brine temperature of
235 °F. One method, circulation of abradable balls through the brine passages, was found to substantially
reduce scale deposits. The test heat exchanger was operated with brine outlet temperatures as low as 125
°F, which enables increased heat input available to power conversion systems. For advanced low
temperature cycles, such as the Variable Phase Cycle (VPC) or Kalina Cycle, the lower brine temperature
will result in a 20-30% increase in power production from low temperature resources.

A preliminary design of an abradable ball system (ABS) was done for the heat exchanger of the 1
megawatt VPC system at Coso resource. The ABS will be installed and demonstrated in Phase 2 of this
project, increasing the power production above that possible with the present 175 °F brine outlet limit.

A hermetic turbine generator (TGH) was designed and manufacturing drawings produced. This unit will
use the working fluid (R134a) to lubricate the bearings and cool the generator. The 200 kW turbine
directly drives the generator, eliminating a gearbox and lube oil system. Elimination of external seals
eliminates the potential of leakage of the refrigerant or hydrocarbon working fluids, resulting in
environmental improvement. A similar design has been demonstrated by Energent in an ORC waste heat
recovery system.

The existing VPC power plant at Coso was modified to enable the “piggyback” demonstration of the
TGH. The existing heat exchanger, pumps, and condenser will be operated to provide the required process
conditions for the TGH demonstration. Operation of the TGH with and without the ABS system will
demonstrate an increase in geothermal resource productivity for the VPC from 1 MW/(million Ib) of brine
to 1.75 MW/(million Ib) of brine, a 75% increase.

Page 2



Introduction

Geothermal resources throughout the world can potentially be a significant source of electrical power.
The majority of geothermal resources, however, are composed of low temperature brines (300 °F and
lower). Low-temperature resources include naturally occurring hot water reservoirs, co-produced fluids,
enhanced geothermal systems (EGS), and separated hot water from flash steam power plants. Because the
capital costs of geothermal power systems are very high, the viability of low-temperature resource usage
depends heavily on optimizing the conversion of low grade thermal energy into electricity. Organic
Rankine Cycle systems (ORC), commonly used for energy conversion of low-temperature resources,
cannot maximally utilize the thermal energy because of the pinch point limitation: this binary cycle
system employs a boiling refrigerant in the heat transfer from the resource, which restricts energy
conversion due to latent heat transfer.

Power cycles that either avoid this restriction or minimize its severity have been developed. In the
Variable Phase Cycle, for example, a refrigerant is chosen that allows for sensible heat transfer at
pressure. In the Kalina Cycle, a refrigerant mixture has a variable boiling point. The potential of these
cycles to achieve higher energy conversion rates is hampered by other limitations, however. Namely, the
formation of mineral scale on heat exchanger surfaces increases as the temperature of the cooled brine
decreases to lower temperatures. This fouling reduces the performance of the heat exchanger and thus, the
utilization of the geothermal resource. Cleaning these heat exchangers is expensive and typically requires
a system shutdown — a further cost.

This project described herein targeted two facets of low-temperature geothermal resource utilization. The
issue of heat exchanger fouling in low-temperature geothermal power systems was addressed by testing
several scale-resistant heat exchangers on a small scale, each using a different method. These approaches
included the anti-scalant chemical additives, abradable sponge balls, and an electromagnetic device. Tests
were conducted at Coso geothermal fields operated by Terra-Gen using separated hot water from
upstream steam power plants. The test heat exchangers were designed to drop the geothermal brine to a
lower temperature than currently permitted for the bulk of the brine at the site.

The second project component was the design of a hermetic turbine-generator assembly to be submerged
in the working fluid. The hermetic unit eliminates the need for a shaft seal and prevents emissions of high
global warming potential (GWP) refrigerants. The design incorporates a Variable Phase Turbine for
which a gearbox is not required: the turbine rotor is directly overhung on the generator shaft. Less
maintenance and capital costs are needed for such a design compared to conventional systems, which
improves the feasibility of low-temperature resource utilization.

Both components of the project are to be combined into a later demonstration project at Coso: the
Geothermal Scale Resistant Heat Exchanger power plant (Geo-SRX) will be designed to operate at lower
brine temperatures than previously advisable — possible through use of a successful and economical scale-
control method. Geo-SRX, rated for 200 kW, will use the refrigerant R-134a as a working fluid in a
Variable Phase Cycle (VPC) power plant. The VPC can potentially increase energy conversion of the
low-temperature brine by up to 30% more than an ORC. The system will be operated for 60 days to
confirm the performance advantages of the VPC and scale-resistant method and to determine optimal
operation conditions and methods, materials usage, and outlet brine composition.

This project will have extensive benefits, not least of which is the average increase in power production
from low-temperature geothermal resources. This increase is estimated to be 25-30% over conventional
methods in the resource temperature range of 150-300 °F, potentially adding 25-35 GWe in production
potential for low-temperature geothermal, enhanced geothermal, and co-produced fluid systems.
Additionally, there are capital cost savings associated with the turbine-generator system and heat
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exchanger maintenance. This combination can make previously under-utilized low-temperature
geothermal resources more commercially viable.
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Project Scope

This project developed and demonstrated technology that will reduce the costs and improve the reliability
of power generation from low-temperature geothermal fluids. Two approaches have been used:

Demonstration of a heat exchanger method to maximize the heat extraction from low
temperature geothermal fluids while preventing scale formation within the heat
exchanger.

Demonstration of a cost-effective energy conversion cycle that can fully utilize the
available heat extracted from the low temperature geothermal fluids. A hermetic
turbine-generator was developed, greatly simplifying the power conversion device.

The project has accomplished the former by developing and testing a scale-resistant heat exchanger on a
small scale. The best heat exchanger technology was determined to be the abradable ball heat exchanger.
The best heat exchanger technology will be combined with the designed hermetic turbine-generator into a
200 kW VPC power plant at Coso geothermal fields. This Geo-SRX plant will be operated for 60 days to
demonstrate performance.
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Phase I Accomplishments

The Phase | tasks to be performed and discussion of the completed work are listed below.

1 Develop and Design Scale Resistant Heat Exchanger
1.1 Characterize Geothermal Resource
The geothermal resource at Coso has been characterized for chemical content:

Component | Concentration
(mg/kg)

Na 6500
K 1015
Ca 229
Li 46.2
Mg 0.58
Sr 23.6
B 222
SiO, 528

Cl 11660

F 2.74
SO, 63.8
HCO; 54.8

Table 1.1: Chemical analysis of well 47A-20, 12/15/2010; pH = 6.87

1.2 Design of Test Scale Resistant Heat Exchangers
1.2.1 The abradable heat exchanger will be designed for a tube bundle with a small number of

1.2.2

tubes (< 20). The abradable cleaning ball distribution system will be designed to allow
for periodic circulation and recollection of the cleaning balls.

The abradable ball heat exchanger design incorporates a system of eight solenoid valves
and two y-strainers in order to recirculate the sponge balls. This system does not require
the pumps or compressed air seen in commercial systems. This design simplified
operation for small-scale testing as groups of solenoid valves simply needed to switch
from closed to open and vice versa. The process and instrumentation diagram for this
heat exchanger is shown in Figure 1.2.1.

The fluidized bed heat exchanger will be designed for a tube bundle with a small number
of tubes (< 20). Bed material will be evaluated; candidate materials include sand and
small metallic particles. The brine will flow on the shell side of the shell-and-tube heat
exchanger.

The fluidized bed heat exchanger was designed as a three-stage, single-tube heat

exchanger using glass spherical beads for the bed material. The current model for the
heat exchanger is shown below.
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Figure 1.2.1: Process and instrumentation diagram for abradable heat exchanger.

Figure 1.2.2: Model of fluidized bed heat exchanger
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1.2.3

124

1.25

1.2.6

An additional shell-and-tube heat exchanger will be designed for use with the
precipitation and removal chemical injection technique. The injection system will be
designed as well as the particle removal system at the exit of the heat exchanger.

We contacted the company that implements a method of precipitating all silica out of
geothermal brine and discovered that the cost of the method was prohibitively
expensive. We decided not to test this method for the project.

Four single tube heat exchangers will be designed for use with additive injection.

These heat exchangers were designed as tube heat exchangers in a common shell: all the
tubes were placed in a single bath similar to a shell-and-tube heat exchanger bundle.

The electromagnetic device for scale prevention will be selected and procured. An
additional single tube heat exchanger will be designed for use with the electromagnetic
device.

We selected an electromagnetic scale prevention device known as ScaleBlaster, Model
SB-150 (Clearwater Enviro Technologies, Inc., Clearwater, Florida). The

Design system skid and instrumentation for heat exchanger test

Figure 1.2.6.1 shows a model of the heat exchanger skid, and Figure 1.2.6.2 shows the
process and instrumentation diagram for the full heat exchanger system. The system
uses cooling water to cool the geothermal brine. Filters a distance away of the heat
exchangers were used to simulate the reinjection wells.

Figure 1.2.6.1: Heat exchanger skid model

Page 8



m
e
T

HOTES: UNLESS OTHERMISE SFECIED

[ ENERGENT CORF |
2321 PULLMAN ST,
SANTA ANA CA S2T05

TTE gy

SCALE RESISTANT|
HEAT EXCHANGER TEST
SYSTEM CONTROL PAID
PROJECT WO] OWG

10092 JElomem

GrEeT 1 or 1

1.2.7

1.2.8

Figure 1.2.6.2: Process and instrumentation diagram for heat exchanger test

Design injection systems

The injection systems for the anti-scalant chemicals use diaphragm metering pumps.

Find procurement channels for the consumables for each of the heat exchanger types

We used anti-scalants from Multi-Chem, ChemTreat, and GE Water. The table below
lists the chemicals used as well as the target and actual dosages for each chemical. Feed
rates were based on an average brine flow rate of 3.75 gpm, which was reached at the
beginning of the tests. However, the flow rate declined such that the actual dosage ended
up being larger than calculated.

Supplier Chemical Name | Target dosage | Actual dosage*
Multi-Chem MX 2-3628 130 ppm 252 ppm
ChemTreat GS8464 14.5 31

ChemTreat CL4700 11 23

GE Water PDC9486 25 54

Table 1.2.8: Chemical anti-scalants used in heat exchanger tests.

*Actual dosage based on average flow rate.
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1.2.9 Prepare testing procedures and criteria for each heat exchanger type
Testing procedures are described below.

Control experiment procedures: There are two control experiments in the heat exchanger
design. The first control is an insulated tube that carries geothermal brine but does not
exchange heat with the cooling water. The second control is a tube heat exchanger
within the main cooling shell. This heat exchanger does not use any method of scale
control. Brine flows through these tubes in the same way as the other heat exchangers:
flow is modulated through the inlet globe valves. The inlet temperature for all control
and heat exchanger inlets is monitored by a common RTD in the brine supply line. The
outlet temperatures for all control and heat exchanger outlets are monitored by separate
RTD’s at each outlet.

Abradable ball heat exchanger procedure: Controlling the movement of sponge balls
throughout the abradable ball heat exchanger was accomplished through control of eight
solenoid valves. Two sets of four solenoid valves controlled movement of the balls
through two tubing circuits by alternately switching each set from open to closed and
vice versa. (See Figure 1.2.1.)

Anti-scalant chemical heat exchanger procedures: The chemicals to be tested require
regular dosages to be added to the heat exchangers. Metering pumps were used to feed
the chemicals into the brine at the heat exchanger inlets.

Electromagnetic heat exchanger procedure: The connection of the ScaleBlaster device to
the heat exchanger is made by attaching a metal coil to piping at the heat exchanger
inlet. The system begins running when the power to the device is turned on.

Construct Scale Resistant Heat Exchangers
The heat exchanger test system designed in Task 1.2 will be built and the consumables
(chemical additives, abradable cleaning balls, fluidized bed material) will be procured.

The system skid excluding the fluidized bed heat exchanger was fabricated, shipped to the
testing site, and connected to fluid and electrical lines. Figure 1.3 shows the installed heat
exchanger skid.

Test Scale Resistant Heat Exchangers
The heat exchanger test system built in Task 1.3 will be tested for a period of 2 months.

Testing of the heat exchanger was begun in June 2014 and completed in August 2014.
Temperature and flow data was recorded at least once daily during the testing period. A few
issues caused the system to be shut down at different times, but data was collected from a
running system for a total of 30 days. Controlling the flow rates of the system was difficult
because of significant pressure fluctuations in the brine supply as well as site restrictions on
pressure regulation of the brine.

Roughly a week after testing began, the brine flows through the heat exchangers had decreased
substantially because the outlet filters had clogged, restricting flow. The system was restarted
after directing the flow to bypass the filters. Within a week of the system restart, the flow
meters showed incorrect readings because they were obstructed by scale and debris. The system
was shut down for a different problem: the sight gauge on the abradable ball heat exchanger — a
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section of clear plastic tubing — disconnected from the heat exchanger tubing, likely because of
high brine pressures.

Given the problems with low brine flow, the system was later restarted with the addition of
suction pumps. The sight gauge was replaced by metal tubing. The next period of testing lasted
for 19 days until pump failure led to a shutdown.

Flow rates, which fluctuated considerably, ranged from below 1 gpm to 5.5 gpm. The inlet
brine temperature ranged from 188 °F to 241 °F with an average of 233 °F. The average outlet
temperatures across all heat exchangers ranged from 117 °F to 132 °F.

Evaluate SRX Test Results
The test results from Task 1.4 will be evaluated and modifications will be made, if necessary, to
the test set-ups

Various data and indicators were used to analyze the test, including temperature data, scale
thickness measurements, and visual inspection of scale.

Scale appearance on outlet filters: Basket filters (mesh size 100) were used downstream of the
heat exchanger outlets in order to simulate reinjection wells. The filters were clogged roughly a
week after starting brine flow and were removed. (The mesh size may not be appropriate.) The
quality of scale was different for each heat exchanger. White scale was presumed to be majority
silica scale while reddish-brown scale was deemed rust. Since the tubing is carbon steel, some
amount of rust was expected. The filter for the electromagnetic scale device heat exchanger
appeared to have the most rust while the heat exchanger with chemical PDC9486 appeared to
have the most silica scale. See Figure 1.5.1 for filter photos.

Scale thickness: After a period of two months, the scale thickness of the heat exchangers tubing
was measured using a thickness gauge (Fischer Deltascope FMP10). The inlet and outlet of
each heat exchanger was measured ten times and then the values averaged. Results are listed in
Table 1.5.2.

Upstream conditions related to the different scale control methods affected each heat exchanger
inlet, leading to deviations from the control’s inlet thickness. The heat exchanger with chemical
MX 2-3628 had an inlet thickness of 9.8 mils, the lowest of any heat exchanger and even less
than that of the control (17.1 mils). The outlet thickness was the second lowest of all (27.4 mils)
but just slightly lower than that of the control (29.6 mils). This shows that this chemical
performs better than the control across the temperature range but favors the higher temperature
range. All of the other chemicals performed worse than the control for the length of the heat
exchanger. This could be explained by an unsuitable dosage. Further testing with other dosages
would be required to determine the optimal dosages for each chemical.

The electromagnetic device (ScaleBlaster) had larger scale thicknesses than those of the control
at both the inlet and outlet. Given the filter appearance, the scale may be composed mainly of
rust rather than silica. Even if silica scale is prevented, rust remains an issue using this device
for carbon steel tubing. Testing this device on other materials would be advisable.

The inlet scale thickness for the abradable ball heat exchanger exceeds that of the control (29.6
mils vs. 17.1 mils for the control), but the outlet thickness is by far the least of all the heat
exchangers. In fact, the outlet has less scale than the inlet at 10.2 mils. This heat exchanger
appears to perform the best given the thickness data.
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Heat exchanger data: Analyzing the temperature data proved difficult for a few reasons. The
flow rates were not able to be controlled, but also large brine supply pressure fluctuations
caused corresponding fluctuations of brine flow. Also, the design of the heat exchangers, which
features separate heat exchanger tubes all in the same shell, results in a shell-side (cooling
water) environment that is different for every heat exchanger. This made it difficult to compare
outlet temperature data as well as other calculated qualitative values among the different heat
exchangers. Evaluation of the outlet temperature data revealed some differences in temperature,
but the data seemed inconsistent with the scale thickness data (see Figure 1.5.2). This may be
attributable to the differences in shell-side environments. Studies of the heat exchanger
coefficient yielded inconclusive results even when taking different flow rates into account. For
these reasons, we deferred to the scale thickness data for the scale prevention recommendation.
This is consistent with the industry practice of measuring scale formation on coupons at a
single temperature.

= Go/No-Go Decision for Task 1.6 - Retesting of Scale Resistant Heat Exchangers will be
based on whether further testing is necessary to select the scale resistance technique.

The results of the test are adequate to select ABS for the GEO-SRX, but we recommend
additional testing in Phase Il to provide useful information for the geothermal community.

| e PR
b i )Y
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Figure 1.3: Photos of installed heat exchanger; (a) Detail of abradable ball heat exchanger; (b)
Heat exchanger skid.
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Figure 1.3 (continued): Photos of installed heat exchanger; (c)-(d) Heat exchanger skid.
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Heat exchanger

Outlet filter scale description

Insulated tube control

N/A (no filter used)

Control heat exchanger

Majority white with brown patches

Chemical injection: MX 2-3628

Majority white with brown patches

Chemical injection: GS8464

Majority white with brown patches

Chemical injection: CL4700

Patchy brown and white

Chemical injection: PDC9486

Bright white with some brown spots

Electromagnetic scale device

Reddish brown with white patches

Abradable ball heat exchanger

Majority white with brown patches

Table 1.5.1: Description of scaling on outlet filters
*The abradable ball heat exchanger was not properly running during period of flow through the

filters. This heat exchanger was running nearly like control heat exchanger.

inlet (mils) | outlet (mils)
Insulated pipe N/A N/A
Control heat exchanger 17.12 29.59
Chemical injection: MX 2-3628 9.79 27.38
Chemical injection: GS8464 19.35 34.22
Chemical injection: CL4700 18.40 40.23
Chemical injection: PDC9486 34.10 41.03
Electromagnetic scale device 25.90 38.57
Abradable ball heat exchanger 29.61 10.16

Table 1.5.2: Scale thickness measurements for heat exchanger inlets and oulets.

Page 14



(a) control (b) MX 2-3628 (c) GS8464

(d) CL4700 (e) PDC9486 (f) electromagnetic device

(9) abradable ball heat exchanger

Figure 1.5.1: Outlet filters after air drying
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Outlet temperature data

= Chemical injection: GS8464

250
230 -~
210 - \ Insulated pipe
™ 190 - = Control heat exchanger
< 170 o
- === Chemical injection: MX 2-3628
+ 150
=
=3
o

130 A
-

110 -tj‘?“' K\
20 ALQLV\
70

= Chemical injection: CL4700

=== Chemical injection: PDC9486

50 Electromagnetic scale device
2822288832433
L I 9 Q2 Q2 wv x I Abradable ball heat exchanger
\e) \e) ~ ~ ~ ~ ~ o) o]

Date

Figure 1.5.2: Outlet temperature data; breaks in data correspond to system shutdown or
instrument failure.

Second Test of Scale Resistant Heat Exchangers
The heat exchanger test system built in Task 1.3 will be tested for a period of 2 months
including modifications based on evaluations from Task 1.5.

We did not elect to conduct more testing at this time, but we do recommend future testing.
Evaluation and Selection of Full-Size Scale Resistant Heat Exchanger
The second round of heat exchanger testing will be evaluated. Based on the results, the scale

resistant technology to be used in the full-scale power plant will be selected.

Based on the results, we determined that the abradable ball heat exchanger was the most
effective method of controlling scale formation. We have decided to pursue this method.

Design of Scale Resistant Heat Exchanger
The full-size scale resistant heat exchanger will be designed for the binary cycle.

The full size scale resistant heat exchanger implementing ABS will be based upon units
currently used for condensers. A commercial design quoted for the Geo-SRX is shown in
Figure 1.8.

Reporting
A detailed report on the results of the scale resistant heat exchanger testing will be submitted.

Detailed reporting of the test results is in section 1.5 of this report.
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2 Design Hermetic Variable Phase Turbine-Generator Assembly
This section describes the design of the hermetic flashing liquid expander (Variable Phase Turbine)
with the generator.

2.1 Review Refrigerant Materials Compatibilities
Materials commonly used in generators will be evaluated for their compatibility with
refrigerant R134a. Materials will be selected for each component in the generator to be
submerged in the refrigerant.

The compatibility of the R134a with several materials and resins as applied to the construction
of generators and the Variable Phase Turbine was investigated in previous jobs. Energent’s
previous field experience has not shown any operating problems due to poor compatibility of
materials with the refrigerant, and there have not been any reported issues for the last two years.

Materials Compatibility

Genetron Genelron Genetron 134a/

Material 134a 134a/PAG  Polyol Esters
Ethylene Propylene

Diene Terpolymer S S S
Ethylene-Propylans

copolymer 3 S 3
Chiorosulfonated

Polyethylens S Ls s
Palyisoprens E Su U
Chiorinated Polyethylene  Su Su Us
Meoprene (Chloropreng) S S Su
Epichlorohydrin S Su Us

Polyvinylidene fluoride
and copolymer of
vinylidens fluoride
and hexafluoropropylens U
Silicong Us
Polyurethane 5
Nitrile Su
H-NBR

Butyl rubber

Matural rubber

Polysulfide

Nylon
Polytetrafluoroethylene
PEEK

ABS

Palypropylene
Polyphenylene sulfide
Polyethylena terephthalate
FPolysulfone

Palyimide

Polyetherimide
Palyphthalamide
Polyamideimide

Acetal

Phenolic

Epoxy resin

w|m|c|o|c|@|2|5| | c|2|c|w|w| @|c|c |w| 2|2l c |w]m
»|L|c|w| c|w|? |v]v]L]u|c|un]| w]| Lc|c @ w| @22 %

e |en| e o en|en| e || va| L (oo waf eal wr | en | 2 |en| oo

Mote: S: Suitable, Su- Suitable with some exceplions, U unsuitable, Us
Unsuitable with some axceptions. In either case, rankings should be used
with caubon since they are judgements based on himiled sampling
Customers should consult the mamsdacturer or do further ndependent testing

Figure 2.1: Manufacturers table for material compatibility in the presence of R134a.
[Honeywell International Inc. “Honeywell Genetron 134a: Properties, Uses, Storage, and
Handling.” (2006)]
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2.2

2.3

Literature from R134a manufacturers as well as seal and generator manufacturers (such as
DuPont and Parker) has been reviewed extensively by Energent and used to select suitable
materials. Figure 2.1 shows information provided from such a manufacturer. The seal design,
for example, uses the material Kalrez (a compound of polytetrafluoroethylene) as it has been
listed as satisfactory by all literature sources. Similarly, resins and metals were evaluated for
compatibility with R134a.

Design of Submerged Generator
The submerged generator will be designed for use with R134a.

The submerged generator was specifically designed for use with R134a. The generator drawing
is shown in Figure 2.2.1. The bearings selected for the generator are ceramic roller ball bearings
of the type 6317 deep grooved shown in Figure 2.2.2. The bearing manufacturer in previous
applications has indicated a bearing L10 life of almost 5 years for the bearings. The turbine-
generator unit is of a horizontal orientation so that the bearing must withstand both axial and
radial thrust. The thrust values are well within the manufacturers recommended limits.

Design of Variable Phase Turbine Assembly

The VPT will be designed for the process conditions of the power plant. The design will be
flexible to accommodate changing conditions or return temperature by changing nozzle inserts.
The design will mate the turbine rotor and the hermetic generator developed in Task 2.2.

The turbine is designed for the process conditions of the power plant. This design is flexible to
accommaodate changing process conditions. The design mates the turbine rotor and the hermetic
generator presented above.

2.3.1 Mechanical Design
A general arrangement layout of the hermetic sealed turbine-generator is seen in Figure
2.3.1. The detailed drawings from manufacture are found in Appendix B. The turbine is
designed to produce 200 kW of electric power. The generator manufacturer states that
the generator peak efficiency is 95.8%, but for design purposes we assume a more
conservative efficiency of 93% to ensure the 200 kW can be reached.

2.3.2 Computational Fluid Dynamics (CFD)

The software Numeca Fine Turbo CFD was applied to optimize the aerodynamic design
of this flashing liquid expander. The fluid R134a was modeled by CFD in the two phase
flow region using tables computed from the GERG equation of state. With regard to the
design optimization, attention was paid to the impulse turbine flow path, which includes
the stator and rotor blades. Figure 2.3.2 shows the relative velocity vectors in the stator
and rotor blade passages for the final design blade geometry. The flow incidence angles
on the rotor blades are well matched to the flow from the upstream stator blades.

2.3.3 Rotordynamic Design
Bearing coefficients from the bearing manufacturer were applied to ensure the
rotordynamic design was suitable for the service intended. Figure 2.3.3 shows the
rotordynamic model for the rotating assembly of the turbine where the impeller and
generator are modeled with added mass and added rotating inertia. The 1st lateral
bending mode is found at 8261.4 rpm which is well above the operating speed of 3600
rpm. As such, this rotating assembly is called a stiff shaft design. No rotordynamic
problems are expected since the machine will operate well below the 1st lateral bending
mode.
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Figure 2.2.1: Generator drawings used in the design of the R134a turbine assembly.
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Figure 2.3.3: Rotordynamic simulation model and results for the 1st lateral bending

mode of the flashing liquid expander (turbine-generator).
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2.4

2.5

Procurement Specifications
Manufacturing drawings and procurement specifications will be prepared for the generator
and Variable Phase Turbine.

The manufacturing drawings and specifications for the flashing liquid expander design are
included in Appendix B.

Reporting
A report on the design of the hermetic VPT-generator will be written and submitted.

The flashing liquid expander is designed to produce 200 kW of electric power with an assumed
generator efficiency of 93%. The flow parameters taken for the design are as follows:

Parameter Value
Fluid Tetrafluoroethane (R134a)
Pressure Inlet Turbine 40.6 bara (588.33 psia)

Temperature Inlet Turbine | 100.7 C (213.31 °F)
Pressure Outlet Turbine 8.1 bara (117.155 psia)
Speed of Turbine 3600 rpm

Mass Flow to Turbine 16.562 kg/s (36.52 Ib/s)

Table 2.5: Flow parameters for VPT design.

Figure 2.5 shows the predicted efficiency and shaft power of the turbine as a function of the
U/C (turbine tip speed vs. isentropic spouting velocity of the flow). Ideally the peak efficiency
and power should be 0.5, but as expected the flow losses cause the optimal U/C to move lower
to nearly 0.38. The efficiency graphs show three curves: The highest total-total efficiency curve
is simply the aerodynamic efficiency of the design without any partial admission losses. The
middle curve includes the effects of partial admission. Finally, the lower curve includes the
added influence of losses due to the two-phase flow. The total-total efficiency of the turbine-
generator lies at nearly 66%, and the peak generator output power lies at 200 kW.
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Figure 2.5: The efficiency (a) and shaft power (b) curves for the R134a Flashing Liquid
Expander.
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3 Design Balance of Plant

3.1

3.2

3.3

3.4

3.5

3.6

Site Coordination

Work together with Terra-Gen Operating Company to detail scope of project for each party.
Plan site layout and identify available utility resources as well as manpower. Specify brine,
cooling water, and electrical tie-in points.

The existing 1 MW VPC system will be used to provide all utility resources as well as the brine
supply and electrical tie-ins. The TGH skid and tie-ins will be located within the present 1 MW
VPC system boundaries. Energent will operate the TGH with oversight from Terra-Gen on the
utility resources.

Thermodynamic Design
Based on the desired net power level of 300 kWe and the resource conditions, the
thermodynamic design of the plant will be completed

The VPC system code was used to analyze the thermodynamic performance. The
thermodynamic system design is provided in Figure 3.2. The flow will be a partial flow from
the heat exchanger of the full 1 MW system. As shown for a 175 °F brine outlet temperature a
brine flow rate of 200,000 Ib/h will be required to produce 200 kW (with a 10% margin).
Enabling the ABS system will allow the brine exit temperature to drop to 125 °F. As shown in
Figure 3.2, only 114,000 Ib/h of brine are required to produce 200 kW (with a 10% margin) at
this temperature. Thus, enabling the ABS has the potential, in this case, to increase resource
productivity from 1 MW/(million Ib/h) to 1.75 MW/(million Ib/h), a 75% increase!.

Gather Required Permits and Applicable Codes

No additional permits are required. The TGH is a hermetic unit. It is designed to the same
codes as the 1 MW Variable Phase Turbine. No additional brine, cooling water, or electrical
utilities are required.

Complete Regulatory and Environmental Permitting

No additional permits are required. See Section 3.3.

Prepare major equipment specifications

The only additional equipment is electrical components. The electrical single line is shown in
Figure 3.5 with the electrical equipment specifications shown.

Piping Design and Stress Analysis
Based on the plant layout, piping design and stress analysis will be performed.

With the “piggyback” approach only two piping runs and a drain line are required. Both lines
will have sufficient flexibility.
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Figure 3.2: Thermodynamic system design
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Figure 3.5: Electrical single line drawing.
3.7 Instrumentation and Valve Selection
Based on the process conditions, instrumentation and valves will be selected.
Instrumentation and valves will be the same as the 1 MW VPC system.
3.8 Instrumentation and Electrical Wiring Diagrams
The electrical single line is shown in Figure 3.5.
3.9 Skid and Foundational Work

The skid will have a reinforced concrete pad 4 feet by 6 feet as shown in the layout drawing of
Figure 3.11. The pad will be 1 foot thick.

3.10 Design Ancillary Systems
The vacuum pump, refrigerant handling equipment, instrument air compressor, lubrication
system and sealing system will be designed. No sealing system is required for the turbine.

All auxiliary systems of the 1 MW VPC system will be used. Process conditions will be

established by starting and operating the 1 MW VPC system. The TGH will be started and
operated using the two interconnecting valves.
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3.11 Final Plant Configuration and Layout
The final plant configuration and layout will be completed.

Figure 3.11 is a layout of the plant configuration showing the TGH location and inter-
relationship with the 1 MW VPC system.

Figure 3.11: Plant configuration

3.12 Economic Feasibility Study
Prepare capital cost evaluation as well as OPEX summaries. Cost/benefit analysis will be
analyzed as well as LCOE and ROI.

The “piggyback” approach requires a new study based upon the 1 MW VPC experience and
design of a full size TGH when the demonstration is completed. The capital cost should be
reduced compared to the present system due to elimination of the lube oil system, seals, and
seal oil system. The generator should also see a reduction in cost.

3.13 Reporting
A detailed report on the design of the Geo-SRX system will be submitted along with the
Economic Feasibility Study completed in Task 3.12.

The design of the TGH is detailed in this final report. The balance of plant (namely, the 1 MW
VPC system) is reported in the final report on contract DE-FG36-05G015153. The economic
feasibility will be determined with the final design of a full size TGH incorporating the cost
experience of the 1 MW VPC system.
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=» Go/No-Go Decision for Phase 11 - Based on the progress review upon the completion of
Phase I, the project will be evaluated for Phase 11. The expected criteria for evaluation are
the outcome of the SRX testing, design of the hermetic VPT-generator, design of the Geo-
SRX power system, and total expected capital cost of Phase I1.

We recommend a decision to go ahead on Phase Il. Valuable information will be generated
and added commercial power from low temperature geothermal resources will be produced.
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Conclusion

We have demonstrated that the abradable ball heat exchanger is the most promising of the methods tested
for controlling scale formation in geothermal heat exchangers. While recommending further testing of the
other methods, we plan to implement an abradable ball system (ABS) for the existing Variable Phase
Cycle (VPC) at Coso. We have designed a hermetic turbine generator (TGH) rated for 200 kW to be
combined with the scale control method for the Geothermal Scale Resistant Heat Exchanger power plant
(Geo-SRX).
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Appendix
Appendix A: Variable Phase Cycle Innovation

Low-temperature geothermal resources, enhanced geothermal resources, and separated brine from flash
plants are significant sources of energy. However, their characteristically low temperature results in low
efficiency power systems and thus, high costs per installed kilowatt of power. To produce power from
these resources, the surface plant must maximize the conversion of available energy to power.

Organic Rankine Cycle - Current State of the Art

A common characteristic of these low-temperature energy resources is that the temperature decreases
nearly linearly (sensible heat) as heat is transferred to the power conversion system. This behavior is in
contrast to evaporating flows, which absorb heat at a nearly constant temperature as the phase changes
(latent heat). Organic Rankine Cycles (ORC’s) utilize evaporating flows on the refrigerant side of heat
transfer between the source and the working fluid. Figure 1 shows an example ORC operating with
R134a. The geothermal heat source enters the vaporizer at 220 °F and exits at 155 °F. Liquid R134a exits
the refrigerant pump (1), heats to boiling (1a), and then entirely boils in the vaporizer (1b). The vapor is
subsequently superheated (2) and expanded through a turbine (3). The fluid then condensed (3a and 3b)
and subcooled (4), at which point it is pressurized in the refrigerant pump to close the cycle.

ORC'’s pinch point between (1a) and the cooling geothermal flow limits the geothermal water return
temperature. All standard fluids behave this way in ORC. The ideal thermodynamic cycle would
eliminate this boiling pinch point to recover more heat from the geothermal resource while efficiently
converting the recovered heat into electricity. Thermodynamic cycles have been developed that
approach ideal behavior.

Typical ORC Thermodynamic Cycle
220
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Figure A.1: ORC temperature profile
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Variable Phase Cycle

Thermodynamic cycles have been developed to overcome the limitation caused by the constant
temperature boiling of a single component fluid. Trilateral and supercritical cycles, known together as the
Variable Phase Cycle, are the ideal thermodynamic cycles for low-temperature sensible heat recovery™.

In the trilateral cycle, liquid working fluid is pressurized and then heated in the heat exchanger with no
vaporization. This heated liquid is then directly expanded in a two-phase expander. To close the cycle, the
exiting low pressure fluid is condensed. The phase change in the heat exchanger gives the VPC a sensible
heat profile, eliminating the pinch point restriction encountered by the ORC.

In the supercritical cycle, liquid working fluid is pressurized above its critical pressure such that it will not
undergo a phase change as it is heated. Instead, it transitions from a subcooled liquid state to a
supercritical fluid state. This supercritical fluid is then expanded in a turbine and then condensed at the

lowered pressure. Both supercritical expansion and two-phase expansion may share the same turbine
concept.

ORC vs. VPC Pinch Point
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Figure A.2: VPC and ORC temperature profile comparison

Figure A.2 illustrates the contrast between ORC and VPC using R134a as the working fluid. In the
scenario shown, the VPC absorbs 69% more heat from the resource than the ORC. The overall cycles
were modeled assuming an adiabatic pump efficiency of 77%, adiabatic turbine efficiencies of 85% for
the ORC turbine and 80% for the VVPC turbine, and a gearbox efficiency of 98% for the ORC. The VPC
generated 35% more net electricity than the ORC.

Consisting of a pump, a liquid heat exchanger, a turbine, and a condenser, the VPC is a simple system
with lower cost elements than most ORC systems. A significant advantage of this energy conversion
system is the heat exchanger: a counter-current liquid heat exchanger is used to recover geothermal

! DiPippo R. “Ideal Thermal Efficiency for Geothermal Binary Plants.” Geothermics, 36, 276-285 (2007).
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energy instead of a heat recovery boiler, which requires a large separator drum along with extensive
operating and maintenance costs. The lack of an efficient, reliable two-phase turbine has prevented prior
use of the VPC. However, development of a turbine that operates with two-phase or supercritical fluids
now permits use of this technology.

Variable Phase Turbine

The Variable Phase Turbine (VPT) is comprised of a set of fixed nozzles and an axial impulse rotor. The
two-phase nozzle is the thermodynamic energy conversion element of the VPT (Figure A.3). Enthalpy is
converted to two-phase Kinetic energy in a near isentropic expansion that breaks up the liquid phase into
small droplets. Momentum is transferred from the gas to the droplets by pressure and shear forces. The
small diameter of the droplets results in a close coupling of the gas and liquid, producing efficient
acceleration of both phases. The fluid at the nozzle inlet may be in liquid, two-phase, supercritical, or
vapor phases.

22,
aaé<2&?2§§%%%222§%%22g?

L 4
'Eliiiii. ..... |

High Pressure Liquid
Or Two-Phase Flow

7 High Velocity

SR RdiERRdRARAsRARRRRATaan ﬁTwo_Phase Jet

Figure A.3: Schematic of two-phase VPT nozzle

Two-phase kinetic energy is efficiently converted to shaft power by reversing the direction of the
tangential component of the flow velocity in an axial impulse turbine. The turbine is designed with a
special blade contour to minimize momentum and friction losses of the liquid impinging on the surface
and flowing over the surface (Figure A.4). A true impulse turbine with no reaction or pressure drop in the
rotor, the runaway speed is limited to no more than the two-phase jet velocity and axial thrust on the rotor
is minimized. Maximum droplet impact velocity for typical expansion conditions is 300-500 feet per
second. No erosion results, as the threshold impact velocity for erosion of the titanium alloy wheel is in
excess of 1,000 feet per second.

Two-phase jet
from nozzle

SR

Liquid Film

Figure A.4: Schematic of flow path in two-phase VPT blades
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The arrangement of the VPT is similar to a conventional axial impulse turbine (Figure A.5). The nozzles
are inclined at a tangential angle to the rotor. The two-phase impulse wheel is a blisk—that is, an
integrally bladed rotor—which has low stress. It incorporates a shroud to control the location of any stray
liquid. Liquid leaving the rotor separates onto the duct walls. Two-phase nozzle efficiency, typically
between 90% and 97%, is influenced strongly by the surface tension of the working fluid and the vapor
density at the condensing pressure. The standard refrigerants used in low-temperature geothermal
applications are ideal in these aspects because of their low surface tension and high vapor density.

& Two-Phase
Impulse Turbine

Figure A.5: Variable Phase Turbine nozzle and rotor arrangement. Rotor efficiency is typically between
78% and 85% and is influenced strongly by the vapor quality at the exit of the nozzle.

Variable Phase Turbine: Application to the Variable Phase Cycle

Designed for two-phase expansions, the VPT allows for efficient realization of the VPC. The VPT is also
suitable for supercritical versions of the VPC. Figure A.6 is a schematic of the Variable Phase cycle
applied to geothermal power generation. Geothermal fluid enters the heat exchanger where the available
heat energy is transferred into the energy conversion working fluid. The lack of a phase change in the heat
exchanger makes the VPC stable and simple to control. After heating in the heat exchanger, the liquid is
flashed in two-phase nozzles. The high momentum, low velocity two-phase stream drives the turbine
rotor at synchronous speed to the generator. This eliminates the need for the expensive gearbox required
for ORC vapor turbine systems, thereby improving reliability and reducing maintenance needs. The
exhaust from the turbine is condensed in a standard compact condenser. The condensate is then
pressurized by a hermetic pump and circulated through the liquid heat exchanger to close the cycle.

The use of refrigerant working fluids in the VPC enables lubrication and cooling of the generator by those
working fluids. The lube oil system and seals required for ORC systems are thus eliminated. The result is
a zero emissions hermetic assembly without the expense and reliability problems associated with those
components in an ORC.
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Figure A.6: Variable Phase cycle process flow diagram

Variable Phase Cycle: Application to the Commercial Geothermal Market

Figure A.7 is a compact waste heat recovery system designed under a DOE study for recovery of heat
from a brine stream at 245°F. The unit was designed for factory assembly and testing with facile
installation at the site.

Variable Phase Turbine
Power Plant

Brine Heat Exchanger

Figure A.7: VPC 1 MW geothermal power plant with plate-and-frame heat exchangers
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The turnkey price for a 1 megawatt system, including factory assembly and checkout, site work, and
electrical interconnection, was estimated to be $1,278,915 or $1,279/kWe. These costs are based upon the
first article system. By comparison, the typical installed costs for ORC systems of this scale are in the
range of $3,000 to $4,000/kW. Costs are reduced due to the use of a simpler heat exchanger and the
elimination of the gearbox, lube oil system, and seals. We believe the heat exchanger costs in particular
will be further reduced via economies of scale.

The VPT has the additional advantage of being able to accommodate widely varying power levels for a
single given rotor and housing design. Because the nozzles’ inserts are discrete, they can be blanked off
or changed out for nozzles with different profiles. Discrete nozzles allow for variations in resource
production without bypassing flow or operating at part-load efficiency. The range of conditions that can
be accomplished with a particular turbine and rotor design is thus quite large, and a set of modular power
skids can be developed that are quickly deployable with lower cost. The elimination of the gearbox
increases efficiency and reliability, reduces complexity and capital cost, and eliminates the associated
lube-oil subsystem present in typical organic Rankine cycle systems.

The VPC utilizing a VPT is simple and stable. These two factors are critical in achieving a quick,
successful start-up of a geothermal power plant. Factory assembly and checkout can be performed to
reduce on-site startup time and costs.

The Variable Phase cycle is able to generate more electricity from a given geothermal well. Increased
electrical production decreases all other costs on a per kW basis. Consider a potential project where the
exploration, drilling, and surface plant costs total $6,000,000: an organic Rankine cycle may produce
1,500 kWe whereas a Variable Phase cycle could produce 2,000 kWe with the same resource. Thus, the
cost per kW is reduced from $4,000/kWe to $3,000/kWe. This cost reduction may enable an otherwise
economically nonviable project.
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[REV/|ZONE | BY | DESCRIPTION | DATE |CHK |APPROVED
EQUIPMENT—INSTRUMENT LOCATION — CONDITION
TAG NI LOCATION DESCRIPTION CONDITION SETTING
ENERGENT SKID INTER—CONNECT ALARM TRIP
TAG | DESCRIPTION SIZE ST-1 SKID STEAM TURBINE THERMAL BLANKET - -
& 1/2°-300# GB-1 SKID GEARBOX ACOUSTICAL BLANKET - -
{B) | GEN. AND BEARINGS COOLING SUPPLY | 1-300# G-1 SKID GENERATOR - - -
TE-1, PT-1 TURBINE INLET SPOOL [TURBINE INLET TEMP AND PRESS | PLC DISPLAY/TRIP - 24 BAR(G)
(C) | GEN. AND BEARINGS COOLING RETURN | 1 1/2°-300# TE-2, PT-2 TURBINE OUTLET SPOO{TURBINE OUTLET TEMP AND PRES$ PLC DISPLAY - -
D 33008 TE-3 TURBINE CASING TURBINE CASING TEMP START-UP SETTING - -
TE-4 GEARBOX LS DRIVEN BRG TEMP ALARM/ TRIP 107°C 116°C
(E) | TURBINE INLET 57-300# VE-1X, VE-1Y GEARBOX LS DRIVEN BRG VIBRATION ALARM/TRIP 63,5 microns |101.6 microns
ZE-1Y, ZE-2Y GEARBOX LS SHAFT AXIAL POSITION ALARM/TRIP 127.0 microns |254.0 microns
TURBINE OUTLET "
® S-3004 TE-5 GEARBOX LS DRIVE BRG TEMP ALARM/ TRIP 107°C 116°C
VE-2X, VE-2Y GEARBOX LS DRIVE BRG VIBRATION ALARM/TRIP 63,5 microns |101.6 microns
TE-6 GEARBOX HS DRIVE BRG TEMP ALARM/TRIP 107°C 116°C
VE-3X, VE-3Y GEARBOX HS DRIVE BRG VIBRATION ALARM/ TRIP 38.1 microns |57.2 microns
TE-7, TE-9 GEARBOX THUST DRIVE/DRIVEN BRG TEMP | ALARM/TRIP 107°C 116°C
TE-8 GEARBOX HS DRIVEN BRG RTD ALARM/ TRIP 107°C 116°C
PIPE/TUBE LINE IDENTIFICATION VE-4X, VE-4Y GEARBOX HS DRIVEN BRG VIBRATION ALARM/ TRIP 38.1 microns |57.2 microns
jﬁx—w—w—xx—w AC-1 GEARBOX ACCELEROMETER ALARM 6g’s _
LINE SIZE LINSULATIDN THICKNESS SE-1, SE-2 GEARBOX LOW SPEED SHAFT RPM ALARM/TRIP 3150 RPM 3300 RPM
TE-10, TE-11 GENERATER FRONT AND BACK BRG RTD ALARM/TRIP 95°C 100°C
LINE TYPE INSULATION CLASS TE-12, TE-14, TE-16 | GENERATOR WINDING RTD'S (I PER PHASED ALARM/TRIP 140°C 150°C
? - %F];l-%: A -  ACOUSTICAL TE-13, TE-15, TE-17 3 SPARES
; _ ZEEESQ'{ICAL AND THERMAL PSH-1A, 1B SEAL MANIFOLD FILTERFILTER DPI PSH-1 ALARM 69 BAR (G -
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es T B AR conne sy T e Mmoo nomoay | e
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MAX ALLOWABLE LOADS FOR TURBINE CONNECTIONS PER NEMA SM-23

4X |"-8UNC JACKING BOLTS
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69 | E1046653-001 ABRADABLE SEAL ASSEMBLY
68 | E1046667-001] SPACER-BACK BEARING SHAFT SLEEVE #| 316SS ASTM A240 41
A —~—-— 67 | 2 |E86017-034 SEALING WASHER — —
66 | E82900-283 "0" RING 2-283 — —
65 | 4 |EI046672-001] FRONT BEARING - LABYRINTH RING #2 3165S ASTM A240 —
; 64 | 4 108501-024 MALE STRAIGHT CONNECTOR, SWAGELOK SS-400-1-6ST | 316SS ASTM A240 —
63 | EI046671-001| FRONT BEARING - LABYRINTH RING #1 BRONZE C93200 119
62 | E1046676-001] FRONT BEARING - SHAFT SLEEVE #2 316SS ASTM A240 92
6l | EI046678-001] BACK BEARING - SHAFT SLEEVE #2 316SS ASTM A240 93
60 | E82900-237 "0" RING 2-237 — —
59 | 2 |EI046661-001| DEEP GROOVE BAL BEARING, CEROBEAR 6317 — —
58 | EI042031-001| BEARING LOCK-NUT (SKF KMT-17] — 253
57 | E1046674-001]  BACK BEARING - LABYRINTH RING #2 ASSY — 2185
56 | 24 |E89110-008 5/8"-11UNC NUT ASTM A194 GR 2H 202
55 | 24 |E05000-028 5/8"-1ITUNC X 250" LG STUD ASTM AI93 GR B7 507
54 | E1046669-001] TURBINE HOUSING OUTLET - END COVER ASTM A516 GR 70 126
53 | E82900-388 "0" RING 2-388 — —
52 | E1046665-001] TURBINE OUTLET HOUSING ASTM A516 GR 70 2325
5l | E89600-052 EXPANDING CLAMP, RIVERHAWK IC-5312 — 2l
50 | 20 |EO5000-0Il 3/4"-10UNC X 3.0" LG STUD ASTM AI93 GR B7 763
49 | E82900-389 "0" RING 2-389 — —
48 | 24 |E05000-027 3/4"-10UNC X 3.25" LG STUD ASTM AI93 GR B7 94
47 | E1046668-001] TURBINE NOZZLE ASSEMBLY 316SS ASTM A240 365
46 | E82900-394 "0" RING 2-394 — 3423
45 | E1046655-001] TURBINE WHEEL ASSEMBLY ALUM 7075-T6
44 | E82900-152 "0" RING 2-152 —
43 | EI046675-001] FRONT BEARING - SHAFT SLEEVE #| 4140 AMS 2301 124
40 [ 8 E86015-020 1/2"-I3UNC X 250" LG SHCS ASTM AI93 GR B7 144
39 | EI046662-001 GRAPHALLOY BEARING HOLDER - FRONT SIDE 316SS ASTM A240 306
38 2 |E82900-273 "0" RING 2-373 —_— —
B 37 | EI046664-001] HOUSING - FRONT BEARING ASTM A516 GR 70 8l
35 | EI046672-001] FRONT BEARING - LABYRINTH RING #2 BRONZE C93200 103
34 12 |E86015-019 3/8"-16UNC X .75 LG SHCS ASTM AI93 GR B7 53
33 | E1046651-001| TURBINE SHAFT 4140 AMS 2301 141
32 | E1042021-001| GENERATOR - ROTOR — 234
- 3l | E82900-018 "0" RING 2-018 ASTM A36 3l
30 | EI042020-001] GENERATOR - STATOR — 791
29 | EI046660-001]  TURBINE HOUSING ASTM A516 GR 70 1488
28 | 8 E86015-018 1/2"-I3UNC X 2.0" LG SHCS ASTM AI93 GR B7 13
_ _ 27 | E1046663-001 GENERATOR - COOLING NOZZLE ASTM AS16 GR 70 22
26 | 2 |E82900-259 "0" RING 2-259 — —
25 | EI046673-001] BACK BEARING - LABYRINTH RING #I BRONZE C93200 35
24 | 8 |E860I5-017 3/8"-16UNC X 62" LG SHCS ASTM AI93 GR B7 32
23 | E82900-248 "0" RING 2-248 — —
22 | 3 199004-094 1/4"-20UNC X .50" LG SET SCREW — 02
2| | EI046677-001  BACK BEARING - SHAFT SLEEVE #l 4140 AMS 2301 16.2
20 | 2 |EIO46658-00] GRAPHALLOY BEARING —-
19 | El046659-001] GRAPHALLOQY BEARING HOLDER - BACK SIDE 316SS ASTM A240 272
18 2 E82900-262 | "0"RING 2-262 -
17 | E82900-15I "0" RING 2-15I -
16 8 E86015-016 1/2"-I3UNC X 1.0" LG SHCS ASTM AI93 GR B7 86
15 4 00650-308 ACCELEROMETER, SKF CMSS2100 — 8l
14 | E82090-468 "0" RING 2-468 — —
13 | E82900-278 "0" RING 2-278 —
12 | EI046657-001] END COVER - BACK SIDE ASTM A516 GR 70 153
Il 68 | E89110-007 3/4"-10UNC NUT ASTM A194 GR 2H 13.64
10 24 |E05000-011 3/4"-10UNC X 3.0" LG STUD ASTM AI93 GR B7 9
9 12 |E860I15-015 3/4"-10UNC X 2.0" LG SHCS ASTM AI93 GR B7 5
8 | EI046656-001] HOUSING - BACK BEARING ASTM A516 GR 70 148
7 | E82900-373 "0" RING 2-273 — —
6 8 |E860I17-010 1/2" LOCK WASHER — —
5 8 |E86017-006 |/2" FLAT WASHER — —
4 8 |E99002-0I13 1/2"-I3UNC X 1.0" LG HHCS ASTM AI93 GR B7 -
3 | E1046654-001] END CAP -BACK SIDE ASTM A516 GR 70 3l
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1. REMOVE ALL BURRS AND
SHARP EDGES R.005/.018

s
2. SURFACE FINISH \/

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES
TOLERANCES ON

FRACT DECIMALS ANGLES

XXX XXX
+ +10+.03 +£.010 +2°

ENERGENT CORP.

1831 CARNEGIE AVE
SANTA ANA, CA 92705

TITLE

THIS DRAWING AND THE INFORMATION
REVEALED BY IT IS THE CONFIDENTIAL
AND PROPRIETARY PROPERTY OF
ENERGENT CORP AND IS NOT TO BE
DISCLOSED TO OTHERS WITHOUT
WRITTEN PERMISSION. UNAUTHORIZED

DO NOT SCALE DRAWING
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|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED

2X DRILL AND REAM FOR 500 DOWEL PIN
PRESS FIT X .62 DP IN TURBINE HOUSING
LOOSE FIT DRILL THRU IN END COVER - BACK SIDE
HOLES SP AS SHOWN 180° APART
INSTALL @500 X 1.25 LG DOWEL PIN

s000— | END COVER - BACK SIDE TURBINE HOUSING HOUSING - FRONT BEARING
HOUSING - BACK BEARING E1046657-00! E1046660-00! E1046664-00!
22500~ ] E1046656-00 BOLT TO TURBINE HOUSING BOLT TO TURBINE HOUSING
— ' BOLT TO END COVER-BACK SIDE USING 3/4-I0UNC X 30" LG STUDS USING 1/2-13UNC X 250 LG SHCS
USING 3/4-I0UNC X 20 LG SHCS AND 3/4-10UNC NUTS 50—

NOT ALL 24 STUDS/NUTS REQUIRED)
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| H &

2X DRILL AND REAM FOR @500 DOWEL PIN
PRESS FIT X .62 DP IN END COVER - BACK SIDE
LOOSE FIT DRILL THRU IN HOUSING - BACK BEARING
HOLES SP AS SHOWN 180° APART

INSTALL %500 X 125 LG DOWEL PIN SECTION A-A
2X DRILL AND REAM FOR .375 DOWEL PIN
PRESS FIT X .43 DP IN TURBINE HOUSING
LOOSE FIT DRILL THRU IN HOUSING - FRONT BEARING
ALIGN HOUSINGS DIA'S AS SHOWN HOLES SP AS SHOWN 180° APART
DOWEL PIN AS SHOWN INSTALL @.375 X .87 LG DOWEL PIN
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 155
UNLESS OTHERWISE SPECIFIED UDNIk/IEESNSSIOgSSEi\IIQVIIESIi IS,\"’CE'SEED E N E RG E NT CO R P
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES éﬁz}riﬁi‘i’EglAEgg\;gs
2. SURFACE FINISH l\5/ . .+><10.+>([>)(3 .+><0X1>[<) 40
G TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
| VENDOR TO SUPPLY FINAL ALIGNMENT INSPECTION REPORT oo Proren e IS8 cUzMAN. T 10/17/14 HOUSINGS - FINAL ALIGNMENT
DISCLOSED 10 GTHERS WITHOUT - [ome E'GUZM TR
WRITTEN PERMISSION. UNAUTHORIZED !
USE OF THIS DRAWING IS Y SEaEs DWG pROJECT No DWG
Pade 46 IMURILLO | 1017114 | g1zE 10466 F1046666
age ENG. APP.
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|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
E
42015
+000
11940 13060 9785 g
= 1,600
4755
D R.I25
—_
R.I125 32 - ~
32 8 20° 32
%y \ V /
) \
/ ,
RO50 MAX J :
125 X 45° / N
B CHAMFER CHAMFER L #3250 *3%9 C
L +00I
— @ 33461 *3937 L %4630 *00 P 4250 500
L #3375 +9%0 oo oo L 33461 3530
- HYUNDAI TO CONFIRM -
SECTION A-A
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 155
UNLESS OTHERWISE SPECIFIED US‘IEEESNSSIOJSSEQ’QVSE IS,\"’CE'SI'EEED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 1831 CARNEGIE AVE
2. ALL DIA'S TO BE CONCENTRIC WITH EACH OTHER WITHIN .0005 TIR 2.sURFACE FINISH T o SANTAANA, CA 92705
: + *10%.03 +£.010 +2° A
I. MATERIAL IS 4140 PER AMS-6382, OIL QUENCHED/TEMPERED, 95 KSI MIN YIELD, 40RC MIN HARDNESS 50 NOT SCALE DrAMNG TITLE
SUPPLY CHEMICAL, MECHANICAL AND HEAT TREATMENT TEST REPORTS REVEALED BY 1715 THE CONPIDENTIAL [~ TURBINE SHAFT
ENERGET Comb AND & NOT 10 B EGUZMAN | 10/17/14
WWW" RN E GUZMAN | 10/17/14 WG PROJECT NG TDWG
P 47 FORBIDDEN. CHECKED'_MUR'LLO |Ol|7/|4 SIZE D . E 1 O 4 6 6 5 1
age ENG. APP.
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY © " LHAYS 10117114 10466
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|REV |zONE | BY | DESCRIPTION | DATE |cHk|APPROVED
2955
i 88 1555 — 060 3263
: 1000 FULL RAD e —
A 070 / \
K 125 ——= o —|
|~ \ -, ‘ ~
~ | 2X R.300 2750
/‘45{ . 2050
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— 74
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3000 939 1540 258 —
N - =—1250
M85 X 2 METRIC THD 1738 £005 — 4% 030 X 45°
422 DRILL X 100 DP \ - ~ < CHAMFER
500-13UNC TAP X .75 DP ~— / \ 250 —= | t=—
DETAIL B
DETAIL C .6875-12UNF-2B
\— INVOLUTE SPLINE PER ANSI B92.I
FILLER ROOT SIDE FIT
NO OF TEETH 29
SPLINE PITCH 12/24
PRESSURE ANGLE 30°
BASE DIA 20929
PITCH DIA 24167
MAJOR DIA 2500
FORM DIA 2328
MINOR DIA 2247
CIRCULAR TOOTH THK
MAX EFFECTIVE 1309
MIN ACTUAL 1263
MIN MEAS OVER PINS 26544
PIN DIA 1600
FILLET RAD 027
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | N
UNLESS OTHERWISE SPECIFIED US‘ILME:,\?SIOJSSETF’;’EIE IS,\"’CESI'EFS'ED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.OOS/.(?IB FRACT DECIMALS ANGLES éﬁ,?‘%rgﬁﬁﬁEgLEgAz\;gs
2. SURFACE FINISH 1\2/ . .+X10.+X6<3 i)([;(1)6' 4o ’
il TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
REVEALED BY IT IS THE CONFIDENTIAL
A e e | EGUZMAN | 10/17/14 TURBINE SHAFT
e T o [ ™™™ EGUZVAN | 10/17/14
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IMURILLO | [0/17/14 SIZE E 1 046 65 1
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|Rev |zoNE | BY | DESCRIPTION

F—— 1860 | DATE |cHk|APPROVED

| ~—"121500

500 —=
080 2X CBORE @188 X 25 DP
HOLES SP AS SHOWN 80° APART
7 . T ON 1.300 BC.
45
a % /

@ 1539 930
1737 138
- - . pETs 60"

500-13UNC-2B

1.6875-12UNF-3A

E -
TURBINE SHAFT - END PLUG SECTION E-£

MAT'L: SAME AS SHAFT

TURBINE SHAFT

s // \ TURBINE SHAFT - END PLUG

TO BE USED ONLY FOR
GENERATOR ROTOR INSTALLATION
AND BALANCING

/15 =L
l ITEM .
UNLESS OTHERWISE SPECIFIED UNLESS OTHERWISE SPECIFIED

QTY| PART NO DESCRIPTION | MATL/SPEC | |\_Aé2
DIMENSIONS ARE IN INCHES

TOLERANCES ON ENERGENT CORP-

SHARP EDGES R.005/.018 1831 CARNEGIE AVE

2. SURFACE FINISH \/

FRACT DECIMALS ANGLES

XXX XXX
+ #10+.03 +£.010 +2°

SANTA ANA, CA 92705

TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
momemEns ot o [ uzvaN | 101714 TURBINE SHAFT
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L SRR D DWG.D PROJECT NO. | DWG
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4X @145 DRILL X .20 DP

(FLAT BOTTOM) HOLES < A
EQ SP AS SHOWN ON /‘ \
@19.727 BC.

[

_
l
| I
062 — F.O&
~ \_ _ /

DETAIL A
B19286 992  —H— — —ei—— 20099 9%
=
SECTION C-C
L C
MATERIAL CHOICES FOR THIS RING ONLY ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 4
DASH MATERIAL unLESS OTHERWISE SPECIFIED | e e Nares ENERGENT CORP.
1. REMOVE ALL BURRS AND TOLERANCES ON
1831 CARNEGIE AVE
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES
_OO| FLOUROSlNT 500 2. SURFACE FINISH ‘\27 . .2(10.2([))(3 '+X0>§)>§ 4o SANTA ANA' CA 92705
10035002 + TITLE
-002 TEFLON PTFE s Mo nieronusnoy | DO NOT SCALE DRAWING
AND PROPRIETARY PROPERTY OF DESIGN ABRADABI_E SEAI_ ASSEMBI_Y
ENERGENT CORP AND IS NOT TO BE EGUZMAN | 0“ 7/ | 4
-003 DELRIN UNITAL-H e e o veo | EGUZMAN | 101714 S e TomG
USE OF THIS DRAWING IS Y CHECKED DW . PR JE T N . DW
P 50 FORBIDDEN. IMURILLO 10/17/14 SIZE D E 1 O 4 6 6 5 3
NOTES: UNLESS OTHERWISE SPECIFIED age NEXT ASSY AT HAYS 10/17/14 10466
EI046650 [ «KAUPERT | 10/17/14 |SCALE: 1/1 |EST. WT. [SHEET 1 OF 2
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4X DRILL AND REAM FOR @.125 DOWEL PIN
PRESS FIT X .25 DP HOLES EQ SP AS SHOWN
ON @ 19727 BC.
INSTALL 125 X 40 LG SS DOWEL PINS

8X @281 DRILL THRU
CBORE @401 X 250 DP
HOLES EQ SP AS SHOWN

MATL IS: AL 6061-T6

|Rev |zoNE | BY | DESCRIPTION

| DATE |cHk|APPROVED

@ 19.34
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9 J002
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@ |+ 220090 0%

SECTION B-B

062 J

‘ .090%— r

_062»«/’ N

1.437

@718

K/gf //IJ/

ITEM| QTY| PART NO.

DESCRIPTION

| MATL/SPEC | 155

UNLESS OTHERWISE SPECIFIED

1. REMOVE ALL BURRS AND
SHARP EDGES R.005/.018

125
2. SURFACE FINISH \/

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES
TOLERANCES ON

FRACT DECIMALS ANGLES

XXX XXX
+ +10+.03 +£.002 +2°

ENERGENT CORP.

1831 CARNEGIE AVE
SANTA ANA, CA 92705

TITLE

THIS DRAWING AND THE INFORMATION
REVEALED BY IT IS THE CONFIDENTIAL
AND PROPRIETARY PROPERTY OF
ENERGENT CORP AND IS NOT TO BE
DISCLOSED TO OTHERS WITHOUT
WRITTEN PERMISSION. UNAUTHORIZED
USE OF THIS DRAWING IS Y

DO NOT SCALE DRAWING
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8X @531 DRILL THRU 2250° f=—1.330 —=
HOLES EQ SP AS SHOWN 710
ON 10375 BC. C ~——r :
214 — -—
i 281/.286 —————— -
040 X 45° CHAMFER 63
BOTH SIDES
2X 625-18UNF-2B
DRILL AND TAP THRU
5300
7/
@9372 fgg? - / ?
1125
\ Vv i
+000 ?
®9.035 "902 “fs
——f }=— 1401145
5300 w B
= =———140/.145
160—=f = [ 63
32 r 7
32/ / \
/ 4 \
| L 45—
D137 2X R020/035 ? SR
+000 _
2X R005 B 670 Zgoi
SECTION C-C
=
ELECTRO-ETCH, 1/4" MIN HIGH LETTERS \
"E1046654-001"
"SIN EOI-10466-0XX" \
~
DETAIL A
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | A
UNLESS OTHERWISE SPECIFIED UDNII—ME!ESNISS‘I:)JSg':\\l,?VIIESIi IS’\TCE'SI'EZED E N E R G E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES Sl:i#iil:&EgLEgg\;gs
2. SURFACE FINISH ‘\27 N ¥x10'+><(>)<3 4_><0><1>(<) w2 ’
S TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
AND PROPRIETARY PROPERTY OF  [DESEN £ oL VAN | 10/17/14 END CAP - BACK SIDE
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- SIZE
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|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
1710
A 1591 £00I
-
R030 R020
ATBLADEBASE ™ BOTH SIDES
ALL AROUND ]
75 BLADES ]
FOR BLADE PROFILE SEE IGES FILE "EI042030B" ol
BOTH SIDES
~——435°
BOTH SIDES
R.125
BOTH SIDES
8250 la— 349 | — 2X @422 DRILL X .75 DP
500-13UNC TAP X 56 DP
R 250 HOLES SP 180" APART
BOTH SIDES ON 3500 BC.
2400 |
@ 16750 @ 18128 *99
@ 17436
I
\ / _J
\/ B
324 —=
A — SECTION A-A
TURBINE WHEEL - DISK ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 155
UNLESS OTHERWISE SPECIFIED UDNIk/IEESNSSIOgSSE':\IIQVIIESIi ISI\TCEDSégED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES Sliﬁl%rgﬁ?":’ESLEgAz\;gs
2. SURFACE FINISH ‘\7 XXX XXX
+ +.10+£.03 £.010 +2° TITLE
2. ALL DIA'S TO BE CONCENTRIC WITH EACH OTHER WITHIN .0005 TIR T —— DO NOT SCALE DRAWING
. MATERIAL FOR TURBINE WHEEL DISK, SHROUD AND PINS IS ALUM 7075-T6 PER QQ-A-260/12 AND PROPRIETARY PROPERTY OF — |PESIN £ GLZMAN | 10/17/14 TURBINE WHEEL ASSEMBLY
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|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
[e——————— 2800 00| ——————=
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& 32
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32
é 4 \ !
! =
030 X 45° : 030 X 45°
CHAMFER CHAMFER
150 435 060 X 45°
030 X 45° CHAMFER
CHAMFER DETAIL B
1257
CG
4064 LBS CG LOCATION IS FOR WHEEL
- ASSEMBLED WITH SHROUD
INVOLUTE SPLINE PER ANS| B92.|
FILLER ROOT SIDE FIT
NO OF TEETH 29
SPLINE PITCH 12/24
PRESSURE ANGLE 30°
BASE DIA 20929
PITCH DIA 24167
MAJOR DIA 2586
FORM DIA 2505
MINOR DIA 2334
CIRCULAR SPACE WIDTH
MAX ACTUAL 1355
MIN EFFECTIVE 1309
MAX MEAS BETWEEN PNS 22139 T
PIN DIA 1440 ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 'S
FLLET RAD 023 UNLESS OTHERWISE SPECIFIED e S ShECIED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES éﬁzﬁ_ﬁﬁﬁﬁ%g:zgg\;gs
2. SURFACE FINISH {7 . '+x10'+xl?)<3 .2(6(1)6 4o
il TITLE
REVEALED BY 1115 THE CONFIDENTIAL DO NOT SCALE DRAWING
i ™ e [ome | TURBINE WHEEL ASSEMBLY
DRAWN
WRITTEN PERMISSION. UNAUTHORIZED EGUZMAN
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' IMURILLO | 1017114 | 5izE F1046655
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R 125 - -~ R 125
/ E
A
DETAIL D
? 19096
+000
@ 18116 “3%9
093 TYP
006 TYP
159
DETAIL E
AAAAS ""J
SECTION C-C
C ]
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | L
TURB'NE WHEEL - SHROUD UNLESS OTHERWISE SPECIFIED Uglﬁ;\‘ss?gﬁgi‘ggi IS,\'TCESQED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON 1831 CARNEGIE AVE
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES
2. SURFACE FINISH V . .+X10.+X6(3 ixg?é 400 SANTA ANAY CA 92705
* 2102032010 » TITLE
THIS DRAWING ANSD THEégFORMATION DO NOT SCALE DRAWING
mepermeEr e P ouovan | lonzia TURBINE WHEEL ASSEMBLY
wairren pervission naomiorzes [P EGUZMAN | 1017114
I. ALL DIA'S TO BE CONCENTRIC WITH EACH OTHER WITHIN 0005 TR USE OF THI DRAWING IS BPRESSLY DWG. PROJECT NO. | DWG
IMURILLO | 10/17114 | s1zE D
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TURBINE WHEEL - SHROUD

() 19.2895) A

|REV [zONE | BY | DESCRIPTION

| DATE |cHk|APPROVED

!

SECTION F-F

[BLADE] \ 45&

ELECTRO-ETCH, /4" MIN HIGH LETTERS
"EI046655-001"
"SIN: EOI-10466-0XX"

DRILL & REAM X ¥0.690 for @.125 PINS
THRU SHROUD AND WHEEL BLADES
C-DRILL #.400 X 82° ON SHROUD

4 PLACES AS INDICATED ON MAIN VIEW.

FULLY PRESS IN 0.700" LONG DOWEL PINS
WELD SHUT HOLES AND GRIND OFF RESIDUAL
WELD MATERIAL TO A SMOOTH FINISH.

ITEM QTY| PARTNO. | DESCRIPTION | MATUSPEC A4S
/5\DOWEL PIN PROCEDURE IS TO BE DONE AFTER SHROUD IS
MOUNTED ONTO WHEEL BLADES. (WELD) UNLESS OTHERWISE SPECIFIED | 3 N NGHES. ENERGENT CORP.
TOLERANCES ON
/A\ BALANCE WHEEL TO 015 0Z-IN EACH PLANE "SHARP EDGES R 0051018 RACT  DECIMALS  ANGLES 1831 CARNEGIE AVE
NO HOLES ALLOWED; SMOOTH FINISH ALL GRINDING SURFACES 2 surFACE FiNisH XXX 000 SANTA ANA, CA 92705
T + +10+.03 £.010 #2 TITLE
/3\ AVOID CONTACT WITH SPLINES - NO FIXTURE DURING BALANCING ok 745 crsume i nromuon | DO NOT SCALE DRAWING
2 SHROUD ASSEMBLY - HEAT SHROUD TO I50°F, INSTALL ONTO THE WHEEL l\)\ : L e T M Lyl IS, TURBINE WHEEL ASSEMBLY
/I\ DIAMETER AT OPERATION TEMPERATURE OF I3I°F (55°C) IR | ECUIMAN | 10174 DWG'D SROJECT NG TOWG
IMURILLO | 10/17/14 | SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 56  SECTION G-G ISHROLDI NEXT ASSY T Laavs | lonzna 10466 E1046655
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|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
(9190}
2250 | MARK “TOP" 6X @422 DRILL X 110 DP 7560 £002 6X @422 DRILL X 110 DP
500-13UNC-2B TAP X 81 THD 500-13UNC-2B TAP X 81 THD
. 1500° — HOLES EQ SP AS SHOWN L]ooI[A] HOLES EQ SP AS SHOWN
12X CBOR%?QI'%QEJ ?'HSB B ON 8300 BC. B. ON 8000 BC.
HOLES EQ SP AS SHOWN A ~—oi MARK "BRG INLET" E%%Ag CORNERS
ON 13500 BC. 1553 -] AP pLCS 6X ¥.312 DRILL X 70 DP
DO NOT DRILL THRU
8X @422 DRILL X 110 DP / VaralE ‘ 375-16UNC-2B TAP X .56 DP
500-13UNC-2B TAP X 81 THD — @ 12247 *3%0 : HOLES EQ SP AS SHOWN
HOLES EQ SP AS SHOWN 4| ON 5700 BC.
ON 10375 BC. - == - 32
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\ ELECTRO-ETCH, I/4" MIN HGH LETTERS
B "E1046656-001"
"SIN: EOI-10466-0XX"
A ——
MARK "GEN INLET" 2X CBORE 781 X 1.00 DP
750-10UNC-2B DRILL AND TAP THRU
HOLES SP AS SHOWN 180° APART
3000° (FOR ASSY REMOVALI
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 155
UNLESS OTHERWISE SPECIFIED UDNIk/IEESNSSIOgSSE':\IIQVIIESIi ISI\TCEDSégED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES ;iﬁl#:ﬁﬁ’:\,ESLEgAz\;gs
2. SURFACE FINISH ‘\7 . .2(10.2([))(3 .+X0X1)6 4o
* 21003 2010 » TITLE
g HOUSING - BACK BEARING
I. MATERIAL IS PRESSURE VESSEL PLATE PER ASTM A516 GR 70 PRGSO o [P EGUZMAN | 10717114
PROVIDE CHEMICAL, MECHANICAL AND HEAT TREATMENT TEST REPORTS UsE oF s oRawG 1S e DWG. PROJECT NO. | DWG
bace 57 - IMIRLLO [ 1017114 | 5176 ) F1046656
NOTES: UNLESS OTHERWISE SPECIFIED age NEXT ASSY M LHAYS l0n7/14 10466
EI046650 [S% (aUpERT [ 10/17/14  |SCALE: /1 |EST. WT. [SHEET 1 OF 2
9 8 7 6 5 4 3 2 1




4 | 3 | 2 | 1
|Rev [zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
4851
CBORE (31,00 X DEPTH SHOWN
@375 DRILL THRU AS SHOWN
594 DRILL X 81 DP
E 3/8-18 NPT 160 1871192 2393 8X .500 DRILL THRU
|~ a7s HOLES EQ SP AS SHOWN

CBORE 500 X DEPTH SHOWN
CAP WITH .0480 X .12 THK
SEAL WELD IN PLACE

/}fOO"
r 200 3X @375 §

HOLES SP AS SHOWN

2X'R0101.025

S— ~
750 1]
/ | Z =— 120 -
1 | 1500°
090 ——{[=— [ L] J —
6169 = .
szso/ | [Tooc]
#9375 3% - ] .
5002 @7250 “o08 6400 76 e @ 5000 305
. [©]g.002[C] O[@.002[ A ] 000
] - - - - oo %12028 *3% = ] )
i L[ool]c
" oo ok S @ 6500 992
S 688 o 500 “g00
—~—060 |[4000 32 %002
3214 3057 \
080 - = Ww" 32
32 6 6018 |
; W/
_ ( L1 )
32
{ X
15000 _+— /’ = N j» /
.(_080 —= // 2420 C — @ 625

15.00°
SECTION A-A
SECTION B-B
CBORE @1.12 X DEPTH SHOWN 195
@625 THRU AS SHOWN
718 DRILL X 1.06 DP .
et 32 X QE0 RS
—= |=——050/.054
N
/r]‘ = \K 084/089
V4
BREAK CORNERS
R005 A x
TYP 2 PLCS /
! - 83 @ 879 *9%°
\ ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | b5
\/ ﬁ / UNLESS OTHERWISE SPECIFIED UDNIRAEESNSS?JSSETQSE IS,\TCE&ZED E N E RG E NT CO R P .
TOLERANCES ON
\ / l.sz'igg\éiééil{&iiﬁgl) FRACT DECIMALS ANGLES Sl if‘}rgﬁm\ﬂzg ;I\Eg';\;gs
N 1\27 ,
2. SURFACE FINISH XXX XXX
2X R005/015 \_ _ + £10%03 £010 20 TITLE A
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
REVEALED BY IT IS THE CONFIDENTIAL
DETALL C Seme e ™ Equnan | lo7aa HOUSING - BACK BEARING
al‘gﬁrlrrirstF?ETR?AgTsTgssu‘xZS%lgRleD DRAWN EGUZMAN |O/|7/|4
USE OF THIS DRAVING IS N DWG. PROJECT NO. | DWG

IMURILLO | 10/17/14 SIZE D
NOTES: UNLESS OTHERWISE SPECIFIED

NEXT ASSY ENG. APP. LHAYS 10/17/14 10466 E 1 O 4 6 6 5 6

EI046650 [*= \yaupert| 10/1714 |SCALE: /1 [EST. WT. | SHEET 2 OF 2
9 8 7 | 5 | 4 3 | 2 | !




7 6 | 5 4 | 3 2 | 1
|Rev |zoNE | BY | DESCRIPTION

| DATE |cHk|APPROVED

o) 1 l=— 13093 —=
1000
6750 6750 L
2X 500 ——750° ‘ . 750
12X 7,656 DRILL X 137 DP .
3X CBORE @8I X 25 DP. 24XH?LSE|SOE%RISLPLATSI-|§L|-J|OWN DO NOT DRILL THRU X etn _dd 210
750-10UNC DRILL AND TAP THRU S 750-I0UNC TAP X 112 DP iy 475350
HOLES EQ SP AS SHOWN 000BC. HOLES EQ SP AS SHOWN 3751,
ON 22,00 BC. ON 13500 BC.
FOR REMOVAL]
2X CBORE (31.00 X MIN DEPTH +-
DRILL AND TAP 500-13UNC
100 MIN THD
HOLES SP AS SHOWN
FOR LIFTING]
2X 12000° !
120 -

+000
@ 19548 *399

+002
B 12250 *532

@ 24000 Ol .002] 4] —
: -

?16.250

@15.060
1093

32

5X $.642/663 ¥.875
FLAT BOTTOM
750-10 UNC-2B V.750

; ELECTRO-ETCH, 1/4" MIN HIGH LETTERS
HOLES EQ SP AS SHOWN

"EI046657-001"

ON A @18750 BC.
[FOR TOOL MOUNTING)

"SIN: EOI-10466-0XX"

SECTION A-A

TYP
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 'BS
UNLESS OTHERWISE SPECIFIED UDNIk/IEESNSSIOgSSE':\IIQVIIESIE ISI\TCEDSégED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES ;‘23#:1&]’:{352592\7/55
2. SURFACE FINISH ‘\7 . .+)<10.+X[>)<3 .+)<0X1>[() 4o
T s TITLE
REVEALED BY 115 THE CONPDENTIAL DO NOT SCALE DRAWING
I. MATERIAL IS PRESSURE VESSEL PLATE PER ASTM A516 GR 70. i T rome | EGUZMAN | 10/17/14 END COVER - BACK SIDE
PROVIDE CHEMICAL, MECHANICAL AND HEAT TREATMENT TEST REPORTS. wriTTeN pERMISSION UnAUTHORZED | EGUZMAN | 10/17/14 WG SROIECT NG TBWG
P 59 FORBIDDEN. CHECKED'_MUR'LLO |O/|7/|4 SIZE D |0466 . E 1 O 4 6 6 5 7
age ENG. APP.
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY 1046650 <57 | HAYS 10117114
S KKAUPERT [ 1017/14  [SCALE: /1 |EST. WT. I53LBS |SHEET 1 OF 1
9 8 7 6 5 4 3 2 | 1




3

2 | 1

|Rev |zoNE | BY | DESCRIPTION

| DATE |cHk|APPROVED

4000 +005

+002
@ 4250 506
FINISH AFTER PRESS
FIT IN THE HOLDER

SUPPLIED WITH 4.262/4.264 DIA.

SHAFT MAT'L: 4140 AMS 2301, RC 50 MIN
OD: P4.24414243
CLEARANCE: .006/.009

SHAFT SPEED: 3000 RPM
RADIAL LOAD : 112-155 LBS

THRUST LOAD: 200 LBS MAX

+002
- @ 5250 “g00

4X.030 X 45°
CHAMFER

SECTION A-A

HOUSING MAT'L: 316 SS ASTM A240
BORE: 5.2400 +0000/-0005

INTERFERENCE FIT: 0.0125/0.0100

ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 155
UNLESS OTHERWISE SPECIFIED US‘IEEESNSSIOJSSEQ’QVSE IS,\"’CE'SI'EEED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES S:I'iﬁl#:ﬁi":’EgLEgAz\;gs
2. SURFACE FINISH {27 . .+)<10.+X[))(3 .+X0X1)6 4o
* S1003+010 + TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
2. SERVICE IS LIQUID REFRIGERANT RI34a, 90°F, 119 PSIA, 16-22 Cp VISCOSITY SN SL TECOMDOTA e T 1O/1714 GRAPHALLOY BEARING
ENERGENT CORP AND IS NOT TO BE "
DISCLOSED TO OTHERS WITHOUT DRAWN
I. MATERIAL IS GRAPHALLOY GRADE GM 3433 (SUPPLIED BY GRAPHITE METALLIZING CORP, YONKERS NYI TN S, AT oD ECUIMAN | 1017114 oo SROJECT NO. T DWG
P 60 FORBIDDEN. CHECKED'_MUR'LLO |O/I7/|4 SIZE D |0466 . E 1 O 4 6 6 5 8
age ENG. APP.
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY 1046650 7P LHAYS 10117114
US> K KAUPERT | 10/17/14  [SCALE: 1/1  |EST. WT. [SHEET 1 0F 1
9 8 7 5 3 2 | 1




9 8 | 7 | 6 5

4 | 3 | 2 | 1
|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
6X CBORE 781 X 531 DP
@531 DRILL THRU 4370
HOLES EQ SP AS SHOWN
A= ON 78300 BC. 750 2983
r 310 1 o0z[4]
<) 150
T 7 1871192
63
15"
] —
45" \
_ -
750 £00I
7085 590
@ 52400 +9000
0005 @.OO|
?5520
57245 000 @ 4500 - - -
- -00I
“A-
@7050
@ 6500
+000
#7028 *9%9
—= [~— 080
h 7 32 \
- #,
15.00°
32 32 /\/ %0“
A |
30°
L 5000 BJ /
2X DRILL AND TAP THRU - - ~—090
500-13UNC
HOLES SP AS SHOWN 180° APART
ON 8300 BC. 830 -
(FOR ASSY REMOVAL ELECTRO-ETCH, I/4" MIN HIGH LETTERS 560
"E1046659-001" :
A - p " vy
SIN EOI-10466-0XX % 050 X 45"
CHAMFER
SECTION A-A
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 155
UNLESS OTHERWISE SPECIFIED US‘IEEESNSSIOJSSEQ’QVSE ISI\TCEDSégED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES gizr\il.ri FA:\LIfILAU\é):\Ngg;—ORS
2. SURFACE FINISH ‘\27 XXX XXX
+ +10+.03 +010 +2° TITLE A
RSCI TR ey | DO NOT SCALE DRAWING GRAPHALLOY BEARING HOLDER
. MATERIAL IS SS316 PER ASTM A240 AND PROPRIETARY PROPERTY OF _ EGUZMAN | 10/17/14 BACK SIDE
SUPPLY CHEMICAL, MECHANICAL AND HEAT TREATMENT REPORTS WRrTEN PERMESION. UnaUTHORZED | E GUZMAN
. 10/17/14
USE OF THIS DRAWING 13 " e om0 Tomne | RS- PROJECT NO. | DWG
: SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 61 NEXT ASSY 4 LHAYS 10/17/14 10466 E1046659
1046650  [S%=atperT | 10/7/14  |SCALE: 1/1 [EST. WT. [SHEET 1 0F 1
9 8 7 6

5 4 3 2 | 1




9 8 7 6 5 4 3 2 | 1

|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
R75
o |f—137
275
| ——+—25
@112 y
[ \ ]
@100 \ / R75
R87 | TYP BOTH SIDES
75 : — 200 N \Wd
PLATE = (\O 3 gs
- _ i i
[ (FULL
PENETRATION 275 FULL
. TYP - PENETRATION
1000 IINCLUDE 25" FINAL MACH ALLOWANCE]
E = ‘ 500
FD BOTH SIDES
2000 e - - - .
© (1650) (1650) ®
75 BOTH SIDES BOTH SIDES
PLATE 650 |
‘ o
<4.119> !
J 63 L
50 150

BOTH SIDES
25
L—200 TYP ——6.00 —=
3/8 600 675
TYP 4 PLCS BOTH SIDES BOTH SIDES
3/8
WT
[PREL MACHINING/WELDMENT - SHEETS | THRU 4| TEM] QTY| PARTNO. | DESCRIPTION | MaTUSPEC | &
UNLESS OTHERWISE SPECIFIED US‘IEES\ISSIOJSSE':‘F’QVSE ISI\TCEDSégED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
1831 CARNEGIE AVE
3. ALL FLANGE BOLT HOLES TO STRADDLE CENTER LINES SHARP EDGES R.005/018 FRACT DECIMALS ~ANGLES SANTA ANA, CA 92705
2. SURFACE FINISH \/ XXX XXX
2. FABRICATION TO BE THOROUGHLY CLEANED AND SAND BLASTED BY FABRICATOR + £10£03 £010 +2° TITLE
|. MATERIAL: EXCEPT WHERE NOTED, ALL PLATES ARE PER ASTM A36 THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
CASING SHELL IS PRESSURE VESSEL PLATE PER ASTM A516 GR70 ANDPROPRIETARY PROPERTY OF |75 E GUZMAN | 10/17/14 TURBINE HOUSING
SHELL CAN BE A WELDMENT warrren permissiow naomiorzes | EGUZMAN | 10/17/14
VENDOR TO SUPPLY CHEMICAL, MECHANICAL AND HEAT TREATMENT REPORTS Formopen, et " = om0 T1on7ia glv%/éa PROJECT NO. | DWG
Page 62 ENG. APP. -
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY 1046650 < HAYS 10/17/14 10466 E1046660
S KKAUPERT [ 1017/14  [SCALE: /1 |EST. WT. 1488 LBS |SHEET 1 OF 11

9 8 7 6 5 4 3 2 | 1




9 8 7 6 5 4 | 3 | 2 | 1

|Rev [zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
225
~—6.00 2419 825 D —
25 —] |— |
L, |© 0@ ' )
O G+ ? 4200 . . T ] \ 846 1971
— 5.(1)0 L = [ ]
I
[ 1 C ( N—
_ ] ]
———
15.00
1263
3150 ~—297] 1800 425
QO O\
I 2800 /—\ © [
| O 5
L leorg— e : (- g 3400
© O - @ - - - O7
80.00
— e i
B B
| 14.00 @
— 1575 1342
e B — | 17.00 14500
FULL RAD — C I‘ | c |
500 - = |
NG  — — 7
Q¢ —+ L 450 ® a @ ~— /l (€
—{}=—238 i T )\ C\ L
——i|—75 112 ; Zan L
TYP BOTH SIDES
232 2788 275 SFACE 200 X 06 DP C ~— 100
@1.125 DRILL THRU . 600 —
FULL PENETRATION ~—>550 TYP 4 PLCS D
WELD
VP O (79 4X CBORE ©1060 X 75 DP
l 1.00-8UNC DRILL AND TAP THRU 635 2170
T
| f
CBORE 1.08 X DEPTH SHOWN
| THD COUPLING DRILL THRU @824 25
925 30004, ASTM AIO5
2 BORE THIS END TO CBORE 1.37 X DEPTH SHOWN
@1.37 X DEPTH SHOWN @1.00 DRILL THRU
434 —
336 i CUT-OUT IN SHELL I"-SCH 80 PIPE
Yy 100 —= =
1850 i oX ? ASTM AlO6
CUT-OUT IN SHELL 31— L
|
: 3/4" THD HALF COUPLING 3000 SECTION G-G
a = . #
RSTM A0S TYP 2 PLCS
) g\ N . TYP 2 PLCS
J——= 1z
: N ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | L
: ‘ 657 ‘ UNLESS OTHERWISE SPECIFIED | e IN INGHES ENERGENT CORP.
1. REMOVE ALL BURRS AND TOLERANCES ON
1831 CARNEGIE AVE
H " . SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES
— TYP g 090% #SOCKET_WELD ELBOW 2. sURFACE FiNISH &/ e SANTA ANA, CA 92705
4PLCS” /4 STV 105 £ R0 A0 ¢ TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
arprmormeney rocem o RO E i avan | 1017114 TURBINE HOUSING
SECTION C-C srmeeesson monzee | EGUIMAN | 1007114 s =T hRoIECT NO. T DWG
_ TYP 2 PLCS T IMURILLO | 101714 | siZE '
SECT|ON B B Page 63 NEXT ASSY ENG. APP. LHAYS 10/17/14 D |0466 E 1 O 4 6 6 6 O
1046650  [=% vy perT| j0/i7/14  |SCALE: 1/1 |[EST. WT. | SHEET 2 OF 11

° | 8 7 6 | 5 4 3 | 2 | 1




9 8 7 6 5 | 4 3 2 | 1
CBORE 5.62 X DEPTH SHOWN | REV |ZONE | BY | DESCRIPTION | DATE | CHK |APPROVED
5047 DRILL THRU W
4296
5"-300#
RF WELD-NECK FLANGE
ASTM AI0S ri 5250 — =
FULL
PENETRATION
10.440 5"-SCH 40 PIPE
ASTM AIO6 2%
250 FINAL MACHINING ALLOWANCE
FINAL MACHINING ALLOWANCE
200
Vil
t
1N T
AN l
= = N X
— 1 \\ R 50 7870 18.05
R25
|
J |
@ 2175 @20.000
2150 I @ 2500
| ?950
® 2500 B1750 - - --O++ - - - o - - - - ®2900
EXCEPT BOX SIDE
175
& | @ 2700
|
1970
Q Q
- N ~
“1 I
|
,& N J
1 N .
[l
L
o HeSee S
30°
Pt / ! 1750
~7L 525 — =A==} 129
972
50PLATE ~ —/
WELD IN PLACE
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | L
UNLESS OTHERWISE SPECIFIED UB‘I'RAEESSS?JSSET;{VSE‘ ISV\TCEP(I:IIEFSIED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SECT|ON A-A SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES éﬁﬁ#gi’:&'fgfgé\;gs
2. SURFACE FINISH 1\17 . ;)(10;)(5(3 ;XDX1>(<) 40 .
* #1003 2010 » TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
°go°wo° T EGUZMAN 1017114 TURBINE HOUSING
vseor s b s peressy (- EOUMAN _10/I7N14Fryyg: D PROJECT NO. | DWG
IMURLLO  10/7/14 | SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 64 NEXT ASSY A AYS 1011714 10466 £E1046660
1046650 5=\ \\pERT 10/7/14 |SCALE: 1/1  |EST. WT. |SHEET 30OF 11
9 8 7 6 5 4 3 2 | 1




9 8 7 6 5 4 | 3 2 | 1
|REV [zONE | BY | DESCRIPTION | DATE |cHk|APPROVED

6X 3/8" NPT HALF COUPLING CBORE @1.18 X DEPTH SHOWN
3000# @53 DRILL THRU
ASTM AIO6 TYP 6 PLC
HOLES LOCATED AS SHOWN
[ ]
TYP

STl 6 PLCS

2X 120° ' N \
<>

SECTION D-D
TYP 2 PLCS

ITEM QTY| PART NO. DESCRIPTION | MATL/SPEC | ﬁ’:’;s
UNLESS OTHERWISE SPECIFIED Uglﬁ:;s?gﬂgigésli ISI\TCE}—?IIEFSIED E N E RG E NT CO R P .

1. REMOVE ALL BURRS AND TOLERANCES ON 1831 CARNEGIE AVE

SHARP EDGES R~°°5"0}5 FRACT DECIMALS ANGLES SANTA ANA, CA 92705
2. SURFACEFINISH B

S — TITLE

THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING

REVEALED BY IT IS THE CONFIDENTIAL

moromen roreror © [ EGUIMAN | 10/17/14 TURBINE. HOUSING

whiren pervission. nautiorizes  |*°*Y  EGUZMAN | 10/17/14 WG SROJECT NG TDWG

FORBIDDEN CEE IMURILLO | 1017114 | g1z | 10466 ' F1046660

NOTES: UNLESS OTHERWISE SPECIFIED Page 65 NEXT ASSY 1046650 AR HAYS 10/17/14
S KKAUPERT| 10/17/14 [SCALE: 1/1  [EST. WT. |SHEET 4 OF 11

9 8 7 6 5 4 3 2 | 1




9 8 7 | 6 5 4 | 3 | 2 | 1

| REV |ZONE | BY | DESCRIPTION | DATE | CHK |APPROVED

‘ ‘ 24X @.656 DRILL X 156 DP
‘ .750-I0UNC-2B X 1.25 DP

HOLES EQ SP AS SHOWN
ON @27.000 BC.

8X @422 DRILL X 112 DP

DO NOT DRILL THRU
500-13UNC-2B TAP X 87 DP
HOLES EQ SP AS SHOWN

ON @11.000 DP

3 WT
S s —T ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC e
m» ‘m ‘ ﬁr ‘lw ‘m ‘ rﬂ» ‘m UNLESS OTHERWISE SPECIFIED Ugl'ﬁshfs?gﬁgi‘ggﬁ ISV\TCEI—?IIEFSIED E N E RG E NT CO R P .
I 1. REMOVE ALL BURRS AND TOLERANCES ON 1831 CARNEGIE AVE
T 1 SHARP EDGES R.005/018 FRACT DECIMALS ~ANGLES SANTA ANA, CA 92705
2. SURFACE FINISH \/ . ;Xlo;)%% ;XDX1>(<) 40
* +10203 2010 » TITLE
. THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
E °go°wo° " EGUZMAN | 10n17114 TURBINE HOUSING
FINAL MACHINING - SHEETS 5 THRU 10 PSR BOREERLY | EGUIMAN L 0NITII4_ oy — [ PROJECT NO. | DWG
IMURLLO | 1on714 | size D
ENG. APP.

NOTES: UNLESS OTHERWISE SPECIFIED Page 66 NEXT ASSY LHAYS 1011714 10466 £E1046660
1046650 [* "\ auperTl 104714 |SCALE: 11 [EST. WT. | SHEET 5 OF 11

9 8 7 6 | 5 | 4 3 | 2 | 1




9 8 | 7 6 5 4 3 2 | 1

|Rev [zoNE | BY | DESCRIPTION | DaTE |cHk|APPROVED

22960 2000
[©°© '
] 1 — OO0
-
2X CBORE (1,00 X 050 DP
0O O 213 DRILL X 50 DP
250-28UNF-2B X 31 DP
HOLES SP AS SHOWN
0 O ® © —— H
o © 1
@) O “- =—2x 1000
NO— O !
/]
|
L] I || T
- L] |
= . OO|—H SECTION H-H
W © o ©
2X CBORE (1,00 X 050 DP
%213 DRILL X 50DP
: ] 9000° 250-28UNF-28 X 31 DP
/ ELECTRO-ETCH, 3/8" MIN HIGH LETTERS ~—2000° HOLES EQ 5P AS SHOWN
F "E1046660-001"

"SIN EQI-10466-0XX"

A\t

CBORE @1.00 X .060 DP
©.375 DRILL THRU
©594 DRILL X 81 DP
3/8"-18 NPT TAP

ONE HOLE AS SHOWN

- @ @_ ® —

MARK "BRG COOLING INLET"

SECTION F-F

o ITEM| QTY| PART NO. | DESCRIPTION |MATL/SPEC | b5
UNLESS OTHERWISE SPECIFIED UDNIkAEESI\?SIOJSSE'Z\I/?leESIEI IS,\"’CE&';S'ED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
/l O O SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES Sl Asz:-ll'-AC AA':‘ﬁE(G:IAEgAZ\;ES
— 2. SURFACE FINIsH &/ o 21005 K o i
e TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
REVEALED BY IT IS THE CONFIDENTIAL
o A e oee | EGUIMAN | 1017/14 TURBINE HOUSING
DISCLOSED TO OTHERS WITHOUT DRAWN
SETE oL W neeo EGUZMAN | 1017114 | T e o
FORBIDDEN. CHECKED . .
IMURILLO | 10/17/14
NEXT ASSY ENG. AP SIZE D 10466 E 1 O 4 6 6 6 O
NOTES: UNLESS OTHERWISE SPECIFIED Page 67 LHAYS 10/17/14
1046650  [="= s peRT| 10/7/14 |SCALE: /1 |EST. WT. [ SHEET 6 OF 11
9 6 5 3 2 1




9 8 7 6 5 4 | 3 2 | 1
|Rev |zoNE | BY | DESCRIPTION

| DATE |cHk|APPROVED

42460
L
PR
— 7 1\‘?
l | < & \ L]ooz][c]
— |
—{ |=— 250
START I\
10703 14297 | N y
\_ _/
; — —
]
I I
3 010 e !
B N 8210 10
| |
TSR w NN
100 f
J 7934 00! o0 310000 02
=\ @ 10000 992 -
| 002] A
\Z (O] 002] ©2-® [A]
[ [ 25° !
@ 17250 *392
@ 18745 *92 318600 00 !
@ 002
®20000 *9%2 T T
Sk - -—o " - — 110 ! - -
@ .002] A +002
- @ 12000 ? 25 "000
©19940 A
32 32
[
[ [ 1
o (] = I
N 7
A1 2
S K -
810 3
120
32 / DETAIL K
= /\
/** . 100
\ 32
SECTION E-E N > %%\20’
l=— 800 483
<N \ i\
/ )
N
, AN
a \
050 - ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | b5
I = ZT UNLESS OTHERWISE SPECIFIED Ugﬁ;\}jé:é%%gﬁjﬁgﬁgm E N E R G E NT CO R P .
\ 11 1. REMOVE ALL BURRS AND
| ' TR | e S
/ 070 ’ + £10%.03 £010 +2¢
) TITLE
2X 30 THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
N AND PROPRIETARY PRORERTY OF |~ [PESIeN EGUIMAN | 1017714 TURBINE HOUSING
N / E?éiﬁi“éﬁ%“{fgﬁfﬁﬁl&%ﬁ S
| R s i ous Tpeoerio v
L — ! SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Pade 63 NEXT ASSY BN LAYS 0117114 10466 E1046660
DETAIL L 9 1046650 == s perT | 07714 |SCALE: /1 |EST. WT. [SHEET 7 OF 11
9 8 7 | 6 5 4 3 2 | 1




9 | 8 7 6 5 4 | 3 2 | 1
|REV |zONE | BY | DESCRIPTION

| DATE |cHk|APPROVED

4X SFACE 1000
5156 DRILL THRU ¢ 688
5625-18UNF-2B TAP X 56 MIN THD
2 HOLES AP AS SHOWN 180° APART 1000°
SEE SHT 6 FOR LOCATION ‘

PER SAE JI1926 STRAIGHT THREAD BOSS I

24 656 DRILL X 1.37 DP
.750-10UNC-2B TAP X 112 MIN THD
HOLES EQ SP AS SHOWN

ON 22,000 BC.

45° I

4500°
TYP

500

8X I.OOO\l

r 1

I —J -
I
SECTION Il
|TEM| QTY| PART NO. DESCRIPTION | MATL/SPEC | |\_Aé1é
UNLESS OTHERWISE SPECIFIED Uglﬁsss?gxgi\g:i ISI\TCEF?:EFSED E N E R G E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES Sliz!i—iﬁ':&EgLEgg\;&
2. SURFACE FINISH Y/ 2+ %055 255 ’
- - TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
mememeiirane ST Equzvan | o7 TURBINE HOUSING
| SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 69 NEXT ASSY O LHAYS | lon7n4 lo4s6  |[E1046660
1046650 = " auperT| 1017714 |SCALE: 11 |EST. WT. [SHEET 8 OF 11
9 7 5 3 2 | 1




9 8 7 6 5 4 | 3 2 | 1
|REV [zONE | BY | DESCRIPTION

| DATE |cHk|APPROVED

8X ©.201 DRILL X 55 DP
DO NOT DRILL THRU

NOTES: UNLESS OTHERWISE SPECIFIED

Page 70

1325 6750 250-20UNC-2B X 31 MIN THD
HOLES SP AS SHOWN
O =
750 w —
ﬂl l — @ 2500 —=te— 060 1.750-5UNC-2A
: 'y
J 2870 | —
M\ ]
= - —
6250 !
J 3000
(4 ) 5625 32047 — 45" o SECTION J-J
: \- : TYP 6 PLCS
o *
([ ®
™
|
\ 5625
6250 - - - - - - - . .
7, ) 5625
\|
¢ 74 ¢
1
& 5625
| ©
© ©
6250 =
-+
N\
: p
ITEM QTY| PART NO. | DESCRIPTION | MATL/SPEC A

UNLESS OTHERWISE SPECIFIED

1. REMOVE ALL BURRS AND
SHARP EDGES R.005/.018

1s
2. SURFACE FINISH \/

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES
TOLERANCES ON

FRACT DECIMALS ANGLES

XXX XXX
+ +10+.03 +.010 +2°

ENERGENT CORP.

1831 CARNEGIE AVE
SANTA ANA, CA 92705

TITLE

THIS DRAWING AND THE INFORMATION
REVEALED BY IT IS THE CONFIDENTIAL
AND PROPRIETARY PROPERTY OF
ENERGENT CORP AND IS NOT TO BE
DISCLOSED TO OTHERS WITHOUT
WRITTEN PERMISSION. UNAUTHORIZED
USE OF THIS DRAWING IS EXPRESSLY
FORBIDDEN.

DO NOT SCALE DRAWING

PESSNEGUZMAN | 10/17/14
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TURBINE HOUSING

CHECKED
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size D
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9 8 7 6 5 | 4 | 3 2 | 1
| REV |ZONE | BY | DESCRIPTION | DATE |CHK |APPROVED

WT
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC LBS
UNLESS OTHERWISE SPECIFIED
UNLESS OTHERWISE SPECIFIED DIMENSIONS ARE 1N INGHES E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 1831 CARNEGIE AVE

. FRACT DECIMALS ANGLES SANTA ANA, CA 92705
2. SURFACE FINISH \/

XXX XXX
+ +10+.03 +£.010 +2°

TITLE

DO NOT SCALE DRAWING

”””””” EGUZMAN | 10/17/14 TURBINE HOUSING
AWN
EGUZMAN | 10/17/14
CCCCCCC ~rito Tionmia gl\/%/ED PROJECT NO. | DWG
NOTES: UNLESS OTHERWISE SPECIFIED Page 71 NExTASSY T LHAYS 10/17/14 10466 E1046660
1046650  [msve0 KKAUPERT | 10/17/14  |SCALE: 1/1  |EST. WT. | SHEET 10 OF 11
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9 8 | 7 | 6 5 4 | 3 2 | 1

|Rev [zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED

ITEM| QTY| PART NO. DESCRIPTION | MATL/SPEC | e

LBS
UNLESS OTHERWISE SPECIFIED
UNLESS OTHERWISE SPECIFIED S ENERG ENT CORP
TOLERANCES ON
1. REMOVE ALL BURRS AND
SHARP EDGES R.005/.018 1831 CARNEGIE AVE

FRACT DECIMALS ANGLES SANTA ANA, CA 92705
2. SURFACE FINISH \/

XXX XXX
+ +.10+.03 £.010 +2°

TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
prrormEney rroreon RO oiaan | lon7ii4 TURBINE HOUSING
USE OF TS OrAiG s BXPRESSLY [ Fﬁ;ﬁg :8; :Z:j DWG.D PROJECT NO. | DWG
| SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 72 NEXT ASSY 1046650 :‘Z::P LHAYS 10/17/14 10466 E1046660
KKAUPERT| 10/17/14 |SCALE: 1/1  |[EST. WT. | SHEET 11 OF 11
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2 | 1

+000

|Rev |zoNE | BY | DESCRIPTION

| DATE |cHk|APPROVED

——1614 "3 —
[41 +00/-20]
+008 B +008 °
18 7330 X 45" ————— =— 118 905 X 45
[3 +20/-00 X 45°] [3 +20/-00 X 45°]
@ 5917
[ 15031
+0000
@ 33464 "3090
[ @850 +00/-0151
+0000
@ 70866 *J007
[ @180.0 +00/-018 1
=
|
A —=— SECTION A-A
BEARING PARAMETERS
MIN MAX NOMINAL
RADIAL CLEARANCE 000500121 0014100361 — BEARING ASSEMBLY PARAMETERS
FREE CONTACT ANGLE 5 10° - FRONT BEARING BACK BEARING [FIXED) MATERIAL
END PLAY 008102061 015910404 1 0122103111
SHAFT OD | 3.3461/3.3460 [ 84990/849881 | 3.3461/33460 [ 84990/849881 | 4140 AMS-6382
INNER RACE OUTER RACE s
CURVATURE 0122105151 020810530 1 HOUSING ID | 7.088/7.089 [ 180.035/180.060 1 7.0862/7.0864 [ 179989/1799951 | ASTM A516 GR 70 ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | LBS
UNLESS OTHERWISE SPECIFIED
FRONT BEARING BACK BEARING UNLESS OTHERWISE SPECIFIED DIMENSIONS ARE IN INGHES E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON 1831 CARNEGIE AVE
BEARING LOAD 160.74 LBSL 715N ] 1075 LBS[ 4782 N1 SHARP EDGES R-°°5’$B FRACT DECIMALS ~ANGLES SANTA ANA, CA 92705
BEARING STIFFNESS Kxx Kyy Kxx Kyy 2 SURFACE FINISH + 210205 2610 + TITLE
REVEALED BY 115 THE CONPDENTIAL DO NOT SCALE DRAWING
deremanrne, [ EGUIMAN [ 101714 DEEP GROOVE BALL BEARING
WRITTEN PERMISSION. UNAUTHORIZED DRAWN EGUZMAN |0/|7/|4
I. BEARING VENDOR : CEROBEAR, BRG SV2N 6317 STBHI P6 CN, PART NO. WL6317000007 Formopen, et Y oo DWG. PROJECT NO. | DWG
Pade 73 IMURILLO | 10/17/14 | gzE D 10466 F1046661
age ENG. APP.
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY 1046650 <57 | HAYS 1017114
US> K KAUPERT | 10/17/14  [SCALE: 1/1  |EST. WT. [SHEET 1 0F 1
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|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
4922
- o 587 3834
E 6X DRILL 410 THRU A A 8023
LI @615 T 405 INEARSIDE) = 2X DRILL AND TAP THRU 250~ ==
HOLES EQ SP AS SHOWN 375-16 UNC-28 — 87 /192
ON @ 8000 BC. HOLES EQ SP AS SHOWN 180° APART )
S~ ON A /8,000 BC.

63
FOR ASSY REMOVAL) B I \X/
- Y30 ﬂ 060

\
— A A |
v Vl‘ v Hé
o
s i
\ —={ [=— 050
D 060 —={ |=—
—— =274 %00l
52400 +0000
@ 7086 *0%0 ? 20005 | 5 7590 000
@ 8750 @ 7028 +000 -00lI @ Qj 0011 A . 2002
E— -002 @ 00 -.
@ 7150 @ 7018
. @ 7247 *990 @ 4500 - - - - @ 7.086 100
A [©]@ ool
— 32
32
32
Z B
—+— 30°
ELECTRO-ETCH, I/4" MIN HIGH LETTERS 2X 060 X 45°—/
A ~=— "E1046662-001" CHAMFER 509
"SIN EOI-10466-0XX" :
2364
SECTION A-A
Ve
/Q) ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 'BS
A I?n UNLESS OTHERWISE SPECIFIED UDNIk/IEESNSSIOgSSE':\IIQVIIESIEIISI\TCEISégED ENERG ENT CORP
% 1. REMOVE ALL BURRS AND TOLERANCES ON
J 060 SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES ;‘iﬁl#:ﬁ?":\,ESLEQAZ\;ES
2X R010/.025 / ' 2 sureaceFmis - V/ + 20285 £810 20
010/ ~___— @ F10203 2000 + TITLE A
2XR005 rissmmesonENmanoy | DO NOT SCALE DRAWING GRAPHALLOY BEARING HOLDER
I. MATERIAL IS SS316 PER ASTM A240 DETAIL B percarcorosioroe: | ECUZMAN | 1017714 FRONT SIDE
SUPPLY CHEMICAL, MECHANICAL AND HEAT TREATMENT REPORTS VIRITTEN PERVISSION UNAUTHORIZED EGUZMAN | 10/17/14
PoReooen DWG. PROJECT NO. | DWG
bage 74 - IMURLLO | 101714 __| 51z ) 10466 E1046662
age ENG. APP.
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY 1046650 47" LHAYS 10/17/14
U KKAUPERT [ 10/17/14  |SCALE: /1 [EST. WT. 305LBS |SHEET 1OF 1
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|Rev |zoNE | BY | DESCRIPTION | DATE |cHk|APPROVED
6450
2180 ‘
le— 990 A‘ — SEAL WELD IN PLACE
| —— 50°
| 150
[
| % _
1
1
— _ = I _ _
[
1930
@ 4890
@7010
- - @9000 - - -
@ 3750 @ 6000
‘ : 3+|0
[ | % :
| /; *
A
[
' —| | ~—— 250 X DEPTH SHOWN
8 HOLES EQ SP AS SHOWN
7 le— 880 —=
ELECTRO-ETCH, 1/4" MIN HIGH LETTERS
"E|046663-001"
| & 625 SIN EOI-10466-0XX
A ~=— CBORE @750 X XX DP 630
CAP WITH @730 X .12 THK SECTION A-A
SEAL WELD IN PLACE
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC 4
UNLESS OTHERWISE SPECIFIED US‘IEES\ISSIOJSSE':‘F’QVSE ISI\TCEDSégED E N E RG E NT CO R P
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES ;iz#:iﬁ':’ESLEgAz\;gs
2. SURFACE FINISH ‘\7 . .2(10.2([))(3 .+X0X1)6 4o
* S1003+010 + TITLE
REVEALED BY (115 THE CONFIDENTIAL DO NOT SCALE DRAWING
AND PROPRIETARY PROPERTY OF DESIGN E.GUZMAN 10/17/14 GENERATOR - COOL'NG NOZZLE
I. MATERIAL IS PRESSURE VESSEL PLATE PER ASTM A516 GR 70 ) I
PROVIDE CHEMICAL, MECHANICAL AND HEAT TREATMENT TEST REPORTS WRITTEN PERMISSION. LNAUTHORZED EGUZMAN | 1017114
DWG. PROJECT NO. | DWG
bage 75 - IMURILLO [ 1017114 | 5176 ) 10466 1046663
age ENG. APP.
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY 1046650 7P LHAYS 10117114
US> KKAUPERT | 10/17/14  [SCALE: 1/1  |EST. WT. 221BS |SHEET 1 OF 2
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|REV [zONE | BY | DESCRIPTION | DATE |cHk|APPROVED
1930
3400 *9%°
1370
060 X 45°
L]ooI[A] / CHAMFER
173 —— 2X CBORE .56 X 81 DP
500-13UNC DRILL AND TAP THRU
[ s000 HOLES SP AS SHOWN 180° APART
w’i [ (FOR ASSY REMOVAL)
1300 — 8X @ 250
HOLES EQ SP AS SHOWN
ib" WILL FULLY INTERSECT RADIAL HOLES
S R |
2254
2000°
2155
@ 4620 00!
? 6497 *590 @ 4370 - - -
_A-
-A-] @ 4000 00!
6278 +000
P6278 “qo; @ 002
4000 35° 6X @531 DRILL THRU
\ CBORE (781 X 53 DP
HOLES EQ SP AS SHOWN
/?ﬁ - —1 ON 8000 BC.
/ , 4
090
32 V¥ |5’\
{
R.500
—
L ¢ 625
1125
2XR010/025 SECTION A-A ITEM QTY| PART NO. | DESCRIPTION | MATL/SPEC W
UNLESS OTHERWISE SPECIFIED Uglﬁ:r\?s?c};:igsli ?’\TCES!'EFS'ED E N E RG E NT CO R P .
TOLERANCES ON
2XR005 "SHARP EDGES R 005/ 013 RACT  DECIMALS  ANGLES 1891 CARNEGIE AVE.
2. SURFACE FINISH 1\27 . :+x101*>%<3 ;Xg(fé 4o !
* SI0ORO9EOI0 TITLE
REVEALED BY IT 15 THE CONFIDENTIAL DO NOT SCALE DRAWING
porromEn ot | EGUIMAN._ [ 1017114 GENERATOR - COOLING NOZZLE
SRR e o TPRarECTo 0w
| SIZE
NOTES: UNLESS OTHERWISE SPECIFIED NEXT ASSY BN LAYS 0N7114 10466 £E1046663
1046650 [ 4 pERT | 10/i7/14  |SCALE: 1/1 |EST. WT. [SHEET 2 OF 2
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4 | 3 | 2 | 1
|Rev |zoNE | BY | DESCRIPTION

| DATE |cHk|APPROVED

8X @531 DRILL THRU 8550
HOLES EQ SP AS SHOWN 3.396 1.600 —=
£ ON (11000 BC. ool A
A — 2654 £002
6X @312 DRILL X 87 DP 1836
375-16UNC-2B TAP X .70 DP [-Loor] A
\ HOLES EQ SP AS SHOWN
ON 7.600 BC. 100 —= r -
15.00°
i \
.| \
29;/ S
—4
Lo ]
750
+000
9997 g 2495
7250 :88% 12.00
9620 6400 4930 [ 9387
_B-
+002
— 6500 *3%2 - — — — 9970
@ 00l 9012
7088 *3%
+000 !
9778 *939 (O] 00l]
080 ==
2000°
|5_V 4 32
7.=H>’ / —1
” 32
<
\ b
7
AN
\_/
RO05 C
A —~=— TYP 4 PLCS
2X 060 X 45°
_ CHAMFER
B R0I0/025 SECTION A-A
, TYP 4 PLCS
e 1500° \ Fo35
| i /\ ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 'BS
63 \ 2X 357 /’} * 63 UNLESS OTHERWISE SPECIFIED | e N NGHES. ENERGENT CORP.
[—200 1. REMOVE ALL BURRS AND TOLERANCES ON
/ SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES S:I'iﬁl%rgiﬁlx’ESLEgAz\;gs
/ 2. SURFACE FINISH ‘\7 . .2(10.2([))(3 .+X0X1)6 4o
1871192 187 /.192 + £10%.03 £010 TTLE
A 690 ——— 55l REVEALED BY 1115 THE CONFIDENTIAL DO NOT SCALE DRAWING
I. MATERIAL IS PRESSURE VESSEL PLATE PER ASTM A516 GR 70 \ pememenmene, [T EGUMAN 1017714 HOUSING - FRONT BEARING
PROVIDE CHEMICAL, MECHANICAL AND HEAT TREATMENT TEST REPORTS e Rt Aorzes |7 EGUZMAN | 10/17/14
- TS SR SRy (e DWG.__ | PROJECT NO. | DWG
03 “TIMRLLO | 0MT4 | size ) | O c E1046664
NOTES: UNLESS OTHERWISE SPECIFIED Pag NEXTASSY 16650 LHAYS | 1017114
DETAIL C U KKAUPERT [ 10/17/14  |SCALE: /1 [EST.WT. 8ILBS [SHEET 1 OF 2
9 7 6 | 5 4 3
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9 8 7 6 5 4 3 2 | 1
| REV |ZONE | BY | DESCRIPTION | DATE | CHK | APPROVED

2x CBORE @43 X 1.00 DP 6X @312 DRILL X 87 DP
.375-16UNC-2B DRILL AND TAP THRU 375-16UNC-2B TAP X .70 DP
HOLES SP AS SHOWN 180° APART | HOLES EQ SP AS SHOWN
ON @11.000 BC. ON 8000 BC.
[FOR ASSY REMOVAL)

20°
4250
2780
250 —| =—
l» @ 375
-4
AL 1
|
i L1
f n 2
180 J \
ELECTRO-ETCH, /4" MIN HIGH LETTERS
"E1046664-001" 875 @ 300 —=
"SIN: EO1-10466-0XX" |
2X CBORE .50 X DEPTH SHOWN 900
SEAL WELD CAP $.490 X .12 THK —= =~—%300
SECTION B-B
ITEM QTY| PART NO. | DESCRIPTION | MATL/SPEC | N
UNLESS OTHERWISE SPECIFIED U;';f;\?g?gxgi‘é’;z ?;(:ESI'EFS'ED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES é}iﬁﬁ:iﬁ'fgfgggs
2. surrace FiNisH Y/ s 210838 B85 e :
il TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
mprmormEney mrocem o6 RO v | 10n7/14 HOUSING - FRONT BEARING
e e | EGUIVAN | 100714 [ 5= Tor0IECT NO. | DWG
IMURILLO | 1017114 | SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 78 NEXT ASSY P LAYS 0N714 lose6 |[E1046664
1046650 [== 4 perT| 10/7/14 |SCALE: /1 |EST. WT. | SHEET 2 OF 2
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3

| 1

|Rev |zoNE | BY | DESCRIPTION

| DATE |cHk|APPROVED

Y CBORE 3.62 X DEPTH SHOWN
3%-300# 450 ——=/ #3068 DRILL THRU
RF WELD-NECK FLANGE
E ASTM A 105
2150 l/
FULL )
PENETRATION ——— 1750
3/8 —=f |=—— 250
[ 3"_SCH40 PIPE FINAL MACHINING ALLOWANCE
: ASTM AlO6 ’
/ 1
'u( \‘\ ¥ ~
: 30°
\ 25—
——f=—— 250
\ FINAL MACHINING ALLOWANCE 14.72
N\ D\
N\ \
D
\ @ 2475
\\, @ 2200
‘!
|
ol : o . .
!
;f @ 19500
/ @ 1919
O @ 2062
//
/ O 500
_ y
/ 1525
430 —
RN l N
3/8 /
5"-SCH40 PIPE
ASTM AIO6 CBORE @5.62 X DEPTH SHOWN
FULL @5.047 DRILL THRU
PENETRATION
5"-300# /‘ 1
RF WELD-NECK FLANGE
ASTM AIO5 SECTION A-A
ITEM| QTY| PART NO. | DESCRIPTION | MATL/SPEC | 'BS
UNLESS OTHERWISE SPECIFIED UDNIk/IEESNSSIOgSSE':\IIQVIIESIE ISI\TCEDSégED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES ;isl#:iﬁ’:,ESLEQAZ\;ES
2. SURFACE FINISH ‘\7 XXX XXX
+ +.10+£.03 £.010 +2°
3. ALL FLANGE BOLT HOLES TO STRADDLE CENTER LINES TITLE
? oL 0 TR 0 00 s T s BEEEEEEE PRI TURBNE OUTLET HOUSNG
’ - . DISCLOSED TO OTHERS WITHOUT DRAWN
VENDOR TO SUPPLY CHEMICAL, MECHANICAL AND HEAT TREATMENT REPORTS WRITTEN PERMISSION. UNAUTHORIZED EGUZMAN | 10/17/14
FoRBIDOEN NG 1S Y [Gheckes DWG. PROJECT NO. | DWG
Page 79 : IMURILLO | 10/17/14 | gzE 10466 E1046665
age ENG. APP.
NOTES: UNLESS OTHERWISE SPECIFIED 9 NEXT ASSY 1046650 A% LHAYS 10/17/14
S KKAUPERT [ 1017/14  [SCALE: /1 |EST. WT. 2325 LBS | SHEET 1 OF 4
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9 8 7 6 5 4 3 2 | 1
| REV |ZONE | BY | DESCRIPTION

| DATE |CHK|APPROVED

ri 686 ——————=
— R 87
o 2X @750 FULL PENETRATION
417 TYP
87
| | 2X
* H- G}
I
2X 900
—62
950
C
SECTION B-B
2X
1/2" NPT HALF COUPLING
3000# ASTM AI05
@ 540
S P I
L I
Il
V4
SECTION C-C
TYP BOTH SIDES
\
|
ELECTRO-ETCH, 38" MIN HGH LETTERS ITEM QTY| PARTNO. | DESCRIPTION | MaTUSPEC | o
”SIN EO|_|O466_OXX” UNLESS OTHERWISE SPECIFIED UglkAEESNSSIOgSg':\IQ/IIESIENIS!\TCEI—ICIIEEED E N ERG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES Sliﬁl%r:ﬁﬁlegLEgAz\;gs
2. SURFACE FINISH 1\17 . :*XIDI*-XB(S 4X0><1>(<J a2 ’
¥ RI0R03 %010 ® TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
A e e | EGUZMAN | 10/17/14 TURBINE OUTLET HOUSING
WRITTEN PERMISSION UnAUTHORZED | EGUZMAN | 10/17/14
USE OF THIS DRAWNG 1S R IMURILLO e DWG.D PROJECT NO. | DWG
| SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 80 NEXT ASSY SO HAYS 10/17/14 10466 E 1 O 4 6 6 6 5
1046650 5 «xaUPERT| I0n7/14 |SCALE: /1 |EST. WT. | SHEET 2 OF 4
9 8 7 5 4 3 2 1
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|REV|ZONE|BY|DESCWPHON

| DATE |CHK|APPROVED

20X @810 DRILL THRU
HOLES EQ SP AS SHOWN
ON 23.000 BC. 156700

700 ——= |j=—

2X 060 X 45° [ J
CHAMFER

050 [~

1500°
START

-+ |[f~—650

@ 20372 *3%0

+002
- - % 19375 *3%

+000
@ 20035 939

& =

— |=—281/.286

= =250 [
090 —={

™ 2XR020/035 SECTION D-D
\

/ ( ITEM QTY| PARTNO. | DESCRIPTION
l 20n é UNLESS OTHERWISE SPECIFIED UNLESS OTHERWISE SPECIFIED

| MATL/SPEC | L

ENERGENT CORP.

1831 CARNEGIE AVE
SANTA ANA, CA 92705

DIMENSIONS ARE IN INCHES
1. REMOVE ALL BURRS AND

TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES
2. SURFACE FINISH \/

>\\ TITLE
2XR005

XXX XXX
+ +10+.03 £.010 +2°

THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
~— AND PROPRILTARY PROPERTY OF ~  [DESIN TURBINE OUTLET HOUSING
DETAIL E ENERCET Comp D EoT TocE EGUZMAN | 10/17/14
DI L ED Tt THERS WITHOUT DRAWN
Eebe ot oo [PRoReTis oS
! SIZE
NOTES: UNLESS OTHERWISE SPECIFIED Page 81 NEXT ASSY ENGAPP T LAYS 10/17/14 o466 |[E1046665
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|REV |zONE | BY | DESCRIPTION | DATE |cHk|APPROVED
24X B 531 DRILL X 125 DP
625-11UNC-2B TAP X 1.00 DP
‘ HOLES EQ SP AS SHOWN
[ J ON 20750 BC.
|
o I—~1 ¢
,/’ \ I \\‘
S Q3
O/~ S\ O
X X
& S
Q X
| |
l ,'
;
X X
S Z
X X
L e
O =0
~. [ \ —
‘ |
ITEM QTY| PART NO. | DESCRIPTION | MATL/SPEC | N
UNLESS OTHERWISE SPECIFIED Uglﬁsss?gxgi‘é’sz ?;(ZEF?éZED E N E RG E NT CO R P .
1. REMOVE ALL BURRS AND TOLERANCES ON
SHARP EDGES R.005/.018 FRACT DECIMALS ANGLES ;iz#:ﬁﬁlegLEgAz\;gs
2. SURFACE FINISH ‘\27 . 4x10;-><8<3 ‘;-XO>§L>(<) 2 ’
¥ 210032010 + TITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
mormermene orermvor O T toniia TURBINE OUTLET HOUSING
L e E— Fjﬁémt’; :8; :Z :j DWG.D PROJECT NO. | DWG
. SIZE
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/ \ *
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2. SURFACE FINISH ‘\-/

UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES
TOLERANCES ON

FRACT DECIMALS ANGLES

X XX XXX
+ +.10 £.03 +.010 £2°

1831 CARNEGIE AVE
SANTA ANA CA 92705

ENERGENT CORP.

TITLE

THIS DRAWING AND THE INFORMATION
REVEALED BY IT IS THE TIAL |

DO NOT SCALE DRAWING

VARIABLE PHASE TURBINE

DESIGN

ENEROENT COME. AND, 15 NOY 10 BE EGUZMAN | 10/17/14 ANALOG VALVE CONTROL LOOPS

DISCLOSED TO OTHERS WITHOUT DRAWN

%:%;ﬁguéﬁ%cu%m&lg i E.GUZMAN 10/17/14 DWG. PROJECT NOIDWG

NEXT ASSY G SIZEB | 10466 E1046680
[SSUED SCALE: NTSJEST. WT. [SHEET 3 OF 3

-

3

| 1




NOTE: CUSTOMER RESPONSIBLE
FOR PROPER PHASE ROTATION.

A PHASE TO CUSTOMER

B PHASE TO CUSTOMER

C PHASE TO CUSTOMER

CIRCUIT BREAKER

CIRCUIT BREAKER

CIRCUIT BREAEKR
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DATE CHK |APPROVED
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1. REMOVE ALL BURRS AND
SHARP EDGES R.005/.018
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TURBINE SKID INSTRUMENTATION
CONNECTIONS JUNCTION BOX

] ]

A [o] [o]
Pl
CUSTOMER CONNECTIONS TOP SIDE 1
TTTT SPARE
TB-G -=5N < TERMINAL BLOCKS
L1l SR
1 SKID SIDE CONNECTIONS S6
S| x| x[mEm| &E| &[m 1
307 a||&|8 = Y [y Te]
7Y o [Moe [Me [Y o
AIAK | | 'l vT
0= — — —
= => > > > <H SPEED & VIBRATION
TRANSMITTERS
ANALOG WIRING — |—H[>
WIRE DUCT
THIS SIDE SPACE TO ROLL UP
EXCESS VIBRATION <]_ DIGITAL WIRING
PROBE CABLES WIRE DUCT
THIS SIDE
Pl
. . < BOTTOM CABLE ENTRY
V [O] sweanamxar [0 THROUGH CABLE
GLANDS
(@) O
< 24" >
HOFFMAN ENCLOSURE
PART NUMBERS:!
ENCLOSURE: A-30H24BLP (8 IN. DEEP>
SUB PANEL: A-30P24
NEMA 4/IP66
NOTES:
SEE BILL OF MATERIAL FOR DETAILS ON PARTS. REV|ZONE | BY | DESCRIPTION DATE |CHK |APPROVED
SEE LOOP DIAGRAMS FOR WIRING DETAILS.
WIRING NOTES! -
- UNLESS OTHERWISE SPECIFIED U&ﬁ%@zﬁgﬁfﬁéﬂgb ENERGENT CORP
RANCES ON
ALL SIGNAL WIRING, 4-20MA, T/C, & RTD CIRCUITS SHALL BE 1. REMOVE Sl BURRS /Agns 1831 CARNEGIE AVE
SEGRATED FROM AC CIRCUITS AND NOISY DC SWITCHING CIRCUITS. '.\./ . FRACT DECIMALS ANGLES SANTA ANA CA 92705
2. SURFACE FINISH X XX XXX .
ALL WIRE AND CABLE SHALL BE LABELED AT BOTH ENDS PER DRAWINGS. £ £10 £.05 £010 £2 ITITLE
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
WIRE MARKERS SHALL BE USED THAT HAVE GOOD CONTRAST. REVEALED BY IT IS THE CONFIDENTIAL VARIABLE PHASE TURBINE
T CORP AND IS NOT T0 BE 10/17/14 | SKID INSTRUMENT CONNECTION JUNCTON BOX
ALL CABLES USED MUST BE TRAY CABLE RATED PER NEC. ¢(PLTC/TC) DD O RS THouT 26D 10/17/14
USE OF THIS DRAWNG IS EXPRESSLY DWG. PROJECT NO|[DWG
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. NEXT ASSY B | 10466 E1046682
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WIRING NOTES:

ALL SIGNAL WIRING, 4-20MA, T/C, & RTD CIRCUITS SHALL BE
SEGRATED FROM AC CIRCUITS AND NOISY DC SWITCHING CIRCUITS.

ALL WIRE AND CABLE SHALL BE LABELED AT BOTH ENDS PER DRAWINGS.
WIRE MARKERS SHALL BE USED THAT HAVE GOOD CONTRAST.
ALL CABLES USED MUST BE TRAY CABLE RATED PER NEC. (PLTC/TC

ALL INSTRUMENT CABLE SHALL BE SHIELDED WITH SHIELDS GROUNDED AT
ONE POINT ONLY AS PER DRAWINGS.

3\ 1000 OHM, 1 WATT RESISTOR

HONEWELL CONFIGURATION

MACHINE FACTOR: 1.0, SMS
GLOBAL ALARM: SYS, ERROR OR SENSOR
SENSOR TYPE: PASSIVE
SENSOR INPUT: ANALOG
ANALOG OUTPUT: 0-140 = 4-20mA
RELAY CONTROL: ALWAYS A
RELAY LIMIT: LIMIT 1
ACKNOWLEDGE: W/0 ACK. (NO HOLD>
CONFIGURATION: LIMIT 1
HIGH = 110HZ <3600
LOW = 75HZ (RESET>
MODE: INVERSE
STATUS: ON
NOTE: LIMIT 2 NOT USED.

OVERSPEED TRANSMITTER RELAY OUTPUT

CONTACTS SHOWN, OPEN ON
OVERSPEED. NON-LATCHING.

CONTACT RATING' 230VAC, 1250VA, MAXIMUM

Page 122

SKID DEVICES SKID CONNECTION JUNCTION BOX
CABLE | CABLE TAG CUSTOMER
PART NI:I.\ MANHATTON CONNECTIONS
SE-1201 9528010 sT-1e0 5525010 TB-G
£ 10115 [ 10115 P 1, 10101 10101
D : SIGN HONEYWELL i : B D 1 |— ———————————— 4 TO 20 mA DC SIGNAL
MM T 10116 [ 10116 ) | SPEED ||| p10102 H 10102 ) OUTPUT TO CUSTOMER
b b r{ovs TRANSDUCER T g D 2 - CONTROL SYSTEM
I 3 I = 0 TO 4200 FULL SCALE
< SNDJ-CNT-GO1 | 3 =
| |
| | 9528010
10103 10103
I @} b_ j\ b_ fA 4 |_(_+)_ __________ 24VDC, 2.6 WATTS, POWER FOR
, | 10104 H 10104 “ TRANSMITTER SUPPLIED
| [0V Bb N T ———— BY CUSTOMER
! ! v =)
I I
| | 9528010
| OVERSPEED il (10105 1 giows T D OVERSPEED CONTACTS
A L NO_H7TD D 3 MUST BE USED BY CUSTOMER
! CDNTACTS( = I( 10106 H [ 10106 ) i } IN HARDWIRED CIRCUIT TO
| LM v vV 3 TRIP TURBINE INLET VALVE.
b 4 CONTACTS OPEN AT 3600 RPM
3\ 1000 OHM, 1 WATT RESISTOR
WHEN REQUIRED
SE-1202 9528010 ST-1202 9528010
101117 101117 P - 10107 10107
b b A LSIGN HONEYWELL -T_H b ) b- A 9 - 4 TO 20 mA DC SIGNAL
[I]]]]]]]]]]D: C los [ louis () | SPEED ||| o108 H [-10108 () OUTPUT TO CUSTOMER
D D — 0VS TRANSDUCER +1 T 172 V) 1% 10 |‘ ____________ CONTROL SYSTEM
I 3 I = 0 TO 4200 FULL SCALE
SNDJ-CNT-GO1 | =
| |
| | 9528010
10109 10109 +>
! v2av H-A—b- A b- A—f1e - 24VDC, 26 WATTS, POWER FOR
[ [ 10110 10110 TRANSMITTER SUPPLIED
K N
! OV Hy—D —D 13 |-(—_)— —————————— BY CUSTOMER
| | -
230[;5;?‘:41'\] = 900 REV/SEC I I 9528010 =
| OVERSPEED Fila Gl | grom o OVERSPEED CONTACTS
TWO NOTCHES = 1000 PULSES PER SECOND | eRNTacTs (] LND HAD D F MUST BE USED BY CUSTOMER
| SRl g louz R tote T S — IN HARDWIRED CIRCUIT TO
OVERSPEED SET AT 3600 RPM’S, (110.0 HZ I L=="" v UV Y TRIP TURBINE INLET VALVE.

CONTACTS OPEN AT 3600 RPM
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1. REMOVE ALL BURRS AND
SHARP EDGES R.005/.018
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SKID DEVICES SKID CONNECTION JUNCTION BOX
MANHATTON
| ACT-L201X CABLE CABLE TAG CUSTOMER
CABLE TAG | VIBRATION ACCELEROMETER TRANSMITTER PART ND'\ _CONNECTIONS
SKF ACCELERMETERS | PN ‘Z‘)SSSESA 100-01R-HS00L25 - M9628010 - Bt \ 1o s e St
- SKF m
ACE-1201X CABLES | J«—Zm POVER ¢ [} 5 b 17 |—— —————————— 600 OHM MAX LOAD
FRONT L_ n | n o
VIBRATION 9 U | 8 20102 20102 3 WIRE CONFIGURATION
ACCELEROMETER | ™ 4-zona 00T [Jr—d D 18 f-H--———————- TOTAL POWER: 31 WATTS MAX.
) £ 20103 C 20103 SCALE: 0 TO 100 G'S
| GRND PovER o [ D (19 F-H----———-- OUTPUT TO CUSTOMER
BUS CONTROL SYSTEM,
| 20
|
| ACT-1201Y
SKF-MCT _
| VIBRATION ACCELEROMETER TRANSMITTER
| PN: CMSSS525A 100-01R-HS00L25 M9628010
=) 20104 20104 4 TO 20mA DC SIGNAL
Aaonr Y | Ty PV % b b a1 f-f-—m- 600 OHM MAX LOAD
___D>s A . 8 g £ 20105 20105 3 WIRE CONFIGURATION
\A/tll?:EALHQDDNMETER l L= 4-2ma ot b b 22 |—— —————————— TOTAL POWER' 31 WATTS MAX.
| py £ 20106 20106 SCALE: 0 TO 100 G'S
| GRND POVER > [ D b 23 |—— —————————— OUTPUT TO CUSTOMER
BUS CONTROL SYSTEM,
| 24
|
|
| ACT-1202X
SKF-MCT
| VIBRATION ACCELEROMETER TRANSMITTER
| PNi CMSS525A 100-01R-H500L25 M9628010
-
QEE?EOEX | I_z g POVER & [ 20107 F2007 25 |—— —————————— gooT Dnﬁr? MQAQCLSEJNAL
NV IBRATION ——-EDG i I 4 8 £ 20108 20108 3 WIRE CONFIGURATION
ACCELEROMETER 3™ 4-zona 0T [Jr—d D [ 26 f-H--———————- TOTAL POWER: 31 WATTS MAX.
| ® £ 20109 20109 SCALEr 0 TO 100 G'S
| GRND PovEr [P D [ 27 }-{———————-- OUTPUT TO CUSTOMER
BUS CONTROL SYSTEM,
| 28
|
|
| ACT-1202Y
SKF-MCT _
| VIBRATION ACCELEROMETER TRANSMITTER
PN: CMSSS525A 100-01R-HS00L25 M9628010
ACE-1202Y | _% Paver o [ 20110 20110 :I_ 4 TO 20mA DC SIGNAL
o - b b 29 F-fj————--—o 600 OHM MAX LOAD
R ATION = T 0 | {8 20111 20111 3 WIRE CONFIGURATION
ACCELEROMETER ! L= -z o v D @— —————————— TOTAL POWER 31 WATTS MAX.
| pey £ 20112 C 20112 SCALE: 0 TO 100 G'S
GRAD POVER ¢ [ZH— D 31 |—— —————————— OUTPUT TO CUSTOMER
| BUS CONTROL SYSTEM,
| 32
|
: REV|ZONE | BY | DESCRIPTION DATE |CHK |APPROVED
|
WIRING NOTES: |
1. ALL SIGNAL WIRING, 4-20MA, T/C, & RTD CIRCUITS SHALL BE | UNLESS OTHERWISE SPECIFIED | UNLESS OTHERWISE SPECIFIED
SEGRATED FROM AC CIRCUITS AND NOISY DC SWITCHING CIRCUITS. | 1 REMOVE ALL BURRS anD | TOLERANGES ON ENERGENT CORP.
. 1831 CARNEGIE AVE
2. ALL WIRE AND CABLE SHALL BE LABELED AT BOTH ENDS PER DRAWINGS. | SHARP EDGES R.005/.018 |FRACT ~ DECMALS ~ ANGLES SANTA ANA CA 92705
2. SURFACE FINISH \/ + .3:(10 d-:x(;(.’: d.:Xé:(o s TITLE
3. WIRE MARKERS SHALL BE USED THAT HAVE GOOD CONTRAST. | 2 - -
THIS DRAWING AND THE INFORMATION DO NOT SCALE DRAWING
4, ALL CABLES USED MUST BE TRAY CABLE RATED PER NEC. C(PLTC/TC> | &Eﬁﬁﬁé&iﬂ;&%ﬂ?:: = — o/ 17/14 VASTI)E\)BVITIIERTS(:S)EA-(I;L;ii:gE
S. ALL INSTRUMENT CABLE SHALL BE SHIELDED WITH SHIELDS GROUNDED AT | WRITTEN PERMISSION, UNAUTHORZED ™ EGUZMAN | 10/17/14
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|
| MARHATTON  CaBLE TAG CUSTOMER
| PART ND-\ TE-1201A _CONNECTIONS
30101 | M9628010 0101 TB-G
100 OHM £ | N
TE-1201A 2 WIRE T ot02 | T o102 {33 M- RTD <100 OHM @ 0 DEG. O
GENERATOR A PHASE 5 b_ v | A ggm¥gg[1%l\¢s'[l%MCUSTDMER
STATOR TEMPERATURE | :l
RTD | 35
: SPARE [ 36 |
| TE-1201B
100 OHM 30104 | MI628010 30104
N K~ Nra7Lp
TE-1201B 2 WIRE v 20105 | v 30105 E RTD (100 OHM @ 0 DEG. C)
GENERATOR B PHASE N | N N I CONNECTION TO CUSTOMER
STATOR TEMPERATURE |
RTD 39
|
| SPARE
| TE-1201C
100 OHM 30107 | MI628010 30107
K X K
TE-1201C 2 WIRE v | U (4 - RTD (100 OHM @ 0 DEG. C)
30108 30108 CONNECTION TO CUSTOMER
GENERATOR C PHASE |~ | K
STATOR TEMPERATURE U | D 42 |— ——————————— CONTROL SYSTEM
RTD | 43
NOTE: | SPARE
USE THREE RTD'S, A, B, C |
ONE FROM EACH PHASE,
DO NOT CONNECT AND RETAIN |
FOR SPARE THE THREE REMAINING e,
RTD'S |
| SPARE
T
|
|
|
|
: REV|ZONE | BY [ DESCRIPTION DATE CHK [APPROVED
WIRING NOTES: |
ALL SIGNAL WIRING, 4-20MA, T/C, & RTD CIRCUITS SHALL BE | UNLESS OTHERWISE SPECIFIED
SEGRATED FROM AC CIRCUITS AND NOISY DC SWITCHING CIRCUITS. | UNLESS OTHERWSE SPECIFIED DIVENSIONS ARE_IN INCHES ENERGENT CORP.
1. REMOVE ALL BURRS AND 1831 CARNEGIE AVE
ALL WIRE AND CABLE SHALL BE LABELED AT BOTH ENDS PER DRAWINGS. | SHARP EDGES R-?\f_’;'/-"‘a FRACT ~ DECIMALS  ANGLES SANTA ANA CA 92705
WIRE MARKERS SHALL BE USED THAT HAVE GOOD CONTRAST. | * SURTACE A £ %1040 00 iz TITLE
ALL CABLES USED MUST BE TRAY CABLE RATED PER NEC. (PLTC/TC) | RAERAEY 2 TE Semsamma D0 NOT SCALE DRAWING VARIABLE PHASE TURBINE
ENEROENT CORP. AND, 15 NOT. 10 BE EGUZMAN | 10/17/14 SKID WIRING DIAGRAMS
ALL INSTRUMENT CABLE SHALL BE SHIELDED WITH SHIELDS GROUNDED AT | DISOLGRED To oTHERS WIHOUT o PR £ oz | 10717714
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a > W D

ALL WIRE AND CABLE SHALL BE LABELED AT BOTH ENDS PER DRAWINGS.

WIRE MARKERS SHALL BE USED THAT HAVE GOOD CONTRAST.

ALL CABLES USED MUST BE TRAY CABLE RATED PER NEC. (PLTC/TC)

1. REMOVE ALL BURRS AND
SHARP EDGES R.005/.018

2, SURFACE FINISH ‘\-/

TOLERANCES ON

1831 CARNEGIE AVE

FRACT DECIMALS

ANGLES

SANTA ANA CA 92705

X XX XXX
+ +.10 +£.03 +.010 +2°

TITLE

THIS DRAWING AND THE INFORMATION
REVEALED

BY IT IS THE CONFIDENTIAL|

DO NOT SCALE DRAWING

VARIABLE PHASE TURBINE

8 | 7 4 | 3 | 2 1
SKID DEVICES SKID CONNECTION JUNCTION BOX
|
|
|
|
PSL-1201 40101 M3845 40101
FRONT BEARING o > ! > 47 - DRY CONTACT FOR
SUPPLY PRESSURE o102 | U o102 LOW PRESSURE
SWITCH 4 4 ALARM
ALARM @ 10 BARG b- : ! N T S —
|
|
PSLL-1201 40103 M3845 40103
FRONT BEARING S 3 ! — (49 f——m - DRY CONTACT FOR
SUPPLY PRESSURE so104 | U w0 LOW PRESSURE
SWITCH TRIP
TRIP @ 9 BARG b | ! N P ——
|
|
|
PSL-1202 40105 M3845 40105
BACK BEARING ° b I b ] DRY CONTACT FOR
SUPPLY PRESSURE | U LOW PRESSURE
SWITCH 40106 40106 ALARM
ALARM @ 10 BARG b | ! N T ——
|
|
PSLL-1202 40107 M3845 40107
BACK BEARING & - i b- ) DRY CONTACT FIR
SUPPLY PRESSURE | U LOW PRESSURE
SWITCH 40108 40108 TRIP
TRIP @ 9 BARG b- i ! N [ —
|
|
|
|
| s
| SPARE
N 1
|
|
|
|
|
|
: REV|ZONE | BY | DESCRIPTION DATE CHK |APPROVED
|
_WIRING NOTES |
1. ALL SIGNAL WIRING, 4-20MA, T/C, & RTD CIRCUITS SHALL BE | NLESS OTERWSE SFEGFED
SEGRATED FROM AC CIRCUITS AND NOISY DC SWITCHING CIRCUITS. | UNLESS OTHERWISE SPECIFIED | "DIMENSIONS ARE IN INCHES ENERGENT CORP.
|
|
|
|
|
|
|

ENERGENT CORP AND 15 NOT. 70 BE 10/17/14 SKID WIRING DIAGRAMS
ALL INSTRUMENT CABLE SHALL BE SHIELDED WITH SHIELDS GROUNDED AT VRITTEN PERMISSION, UNAUTHORIZED 10/17/14
ONE POINT ONLY AS PER DRAWINGS. USE OF THIS DRAWNG IS EXPRESSLY DWG. PROJECT NO|DWG
T ASSY SIZEB| 10466 E1046683
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