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I
3* 1.0 INTRODUCTION

1.1 Purpose of Costing Effort

The objective of this study was to develop component and system cost for the

Department of Energy (DOE)/Consolidated Natural Gas Service Company, Inc.

3U ~ (CNG)/Mechanical Technology Incorporated (MTI) 7-1/2-ton* and 125-ton** gas-

fired heat pumps. This reportwill describe the individual tasks that con-

31 ~stituted this heat pump system costing study, their timing and interaction

with the parallel design, market study and business venture analysis efforts,

3* ~and the results of this costing study for both the 7-1/2-ton and 125-ton heat

pumps.

1.2 Anticipated Uses of Costing Effort Results

The cost of this system was expected to be greater than the cost of a stand-

ard competitive system that could perform the same services of heating and

cooling. Every effort was made to minimize the difference between the cost

of the heat pumps developed in this program, and their competition. By pro-

viding design engineers with cost information on the individual heat pump

3B ~ components as it became available, the design engineers were able to alter

their designs for the higher priced components before arriving at a final

~I system design. In this way, it was hoped that the cost differential between

the heat pumps and their competition would be minimized.

Several other efforts were conducted parallel to this costing effort. Among

them were the system engineering design work, referred to above, a business

venture analysis, and a comparative cost of ownership study. Both the business

venture analysis and the comparative cost of ownership study required the cost

3J ~of the heat pump as inputs. Therefore, it was essential that the results of

each phase of this costing study be accurate and available on a timely basis.

3B ~Both of these requirements were met.

I
3I ~ * Object of the 7-1/2 ton program

**Object of the 120/125 ton large size model (LSM) program
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I1
31 1.3 Program Background: 7-1/2 Tons to 125 Tons

The objective of the CNG/DOE/MTI heat pump program was to develop a commer-

* a cially viable, energy-conserving gas-fired heat pump. This heat pump was to

utilize a steam Rankine power cycle to drive an organic Rankine refrigeration

cycle. Technical progress on the 7-1/2-ton system was well under way before

the initiation of the product costing subelement of that program. The advanced

state of technical development generated large amounts of hardware design data

which helped to facilitate the costing of the 7-1/2-ton system. At the com-

pletion of that costing study, it was concluded that the 7-1/2-ton size system

* ~would cost approximately 150% more than the product presently on the market

providing the same services of heating and cooling. The market study (see Volume

II) that characterized the market for this 7-1/2-ton heat pump indicated that any

HVAC product costing 30% more than its equivalent competition would have only 207

of the potential market it would have if the new product could be sold at no pren-

ium. Consequently, the program sponsors decided that the commercialization poten-

tial of the 7-1/2-ton heat pump was not sufficient to warrant continued develop-

* ~ ment of this heat pump in the 7-1/2-ton size range.

*1 ~ After an examination of the market study, and performing some rough estimates

for the cost of a larger capacity heat pump utilizing the technology generated

3* ~ for the 7-1/2-ton system, it was decided that a viable market might exist for

a 125-ton gas-fired heat pump product. Therefore, all new development work

planned for the 7-1/2-ton program was cancelled, and the program was redirected

toward the 125-ton size. Unlike the 7-1/2-ton program, the 125-ton program

hardware fabrication was deferred until after the market analysis, product

m* costing and business venture analysis efforts were completed. Thus, signif-

icant hardware expenditures could be avoided if business prospects did not

appear to be positive. All the above studies and preliminary design work

were completed; and when analyzed by the Program Advisory Board and program

sponsors, a conclusion was reached that the 125-ton product concept also could

mI ~not evolve into a viable business. Therefore, the Program Advisory Board (PAB)

recommended that this program be terminated.

I
I1 .MECHANICAL 1-2
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I
.2.0 COSTING METHODOLOGY

2.1 Overview of Costing Methodology

U In concept, this system costing study was to produce three cost estimates for

both the 7-1/2- and 125-ton capacity systems: preliminary, interim, and final

/I| system costs.

ji ~ However, for the reasons explained previously, both the 7-1/2- and 125-ton sys-

tem development programs were either redirected or terminated before the

final costing figures were generated. In fact, the redirection/termination

decisions were, in part, a result of the respective interim costing study

results.

The costing studies for the 7-1/2-ton and 125-ton heat pumps were conducted

| ~by two different teams. The 7-1/2-ton system costs were produced by the

Masco Corporation under contract to CNG; the 125-ton system costs were devel-

| ~ oped primarily by MTI personnel, with some assistance from Charles J. R. McClure

and Associates Inc., Consulting Engineers, St. Louis. In general, the costing

*I methodologies used by the Masco and MTI teams were identical. In the discus-

sion which follows, illustrations and examples from the 125-ton costing exer-

cise will be cited in order to clarify procedures used in the costing

*B methodology.

Eventhothough the final sysem costing was not performed for either of the two

heat pump systems, the description of the methodology that would have beenI. -used to do that costing is included below. The final costing methodology is

being explained in order to clearly point out how the entire costing study was

I integrated with the overall hardware development program.

The logic flow diagram that was followed in conducting the preliminary costing

~I study is shown in Figure 2-1; Figures 2-2 and 2-3 show the flow diagrams.for con-

ducting the interim and final costing studies, respectively. The milestone chart

* that was followed in conducting this study from preliminary to final costing,

as well as displaying the timing and interaction of the major tasks for this

*.1 entire program is shown in Figure 2-4. Since a decision was made at the M;y,

1979 PAB meeting to terminate the program, the events shown occurring after

*j that meeting did not take place.w__5 -MECHANICAL 2-1
_ j- -TECHNOLOOV 2 -
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I
D*oPrior to conducting either the preliminary, interim or final costing efforts,

a means of tabulating the system's costs,component by component, was devised

for the 125-ton system. The entire heat pump system was subdivided into 15

U| ~ subassemblies; and each subassembly was subdivided into components, parts

and/or operations (104 in all). Each of these items was assigned a unique

*' ~"tracking" number. All of these latter items were listed on a tabulations

sheet so that their costs could be recorded. The breakdown of the system pro-

|i ~ duct concept into subassemblies, components and parts/operations for costing

is pictorially displayed in Figure 2-5. Table 2-1 is an example of the tab-

s* ulation table used to track component costs. Attachments A and B to this

Appendix Volume IV document the procedure used to cost several key components

for the 7-1/2-ton and LSM systems, respectively. In addition, these attach-

3 ments contain completed tabulation tables that provide a complete cost break-

down for all the major components for both heat pump systems. These attach-

| ments are included with this volume to further illustrate the costing method-

ology being described in this section.

2.2 Preliminary Cost - 125-Ton System

* The 125-ton costing study was initiated when a system concept had been agreed

upon, and a preliminary list of system components had been generated. For the

| ~ preliminary system cost, a vendor quote was obtained for every commercially

available component on the list.

I During the course of this preliminary costing work, a certain amount of infor-

mation was generated in addition to the costs. This information included:

! the identification of prime and alternative component suppliers; the identifi-

cation of commercially available components that may not have met the origi-3 nally specified component performance requirements, but would have "done the

job" and cost significantly less; and recommendations from component suppliers

3 to improve the cost effectiveness of the system'without significantly penaliz-

ing its performance. The results of this prelimianry costing exercise were

n *given to the design engineers so that they could determine which components

warranted their atteption for intensive cost-reduction engineering efforts.

3 The design engineers integrated the results of the preliminary costing effort

with their continuing design work. With this preliminary cost information,

*I an interim system design and set of component specifications was developed.
EMMwaaLIMI -TCHNOOC z2-6
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TABLE 2-1

CNG/HSPF* LSM SYSTEM COST COMPONENT LIST

I
*t-.--.~~~ . -i~ ~Page 1 of 4

_ . _ V i- I'J iLi CNC/HSPF LSM SYSTEM COST COMPONENT LIST

ITEM ' COMtPON:ENT
NO. COMPONENT DESCRIPTION COMPONENT SPECIFICATION COST

.0 IHigh Speed Turbine
1.1 I Curtis Wheel First Stage (H.P.)
1.2 1 Curtis Nozzle & Intermediate Vane
1.3 ! Second Stage Wheel (L.P.) _
1.4 I Second Stage Nozzle
1.5 I Casing/Steam Chest i
1.6 1 Seals'
1.7 Bearings

2.2 1 Oil Filter
2.3 Oil Pump
2.4 ump Motor
2.5 Pump Motor Starter

12.6 Temperature Control Valve(s)

i i j I !
2.7 7 Pressure Control Valve(s)____________ _____

4.1 M Turbine Gear Set |__i_3.0 iMotor/Generator __________________________ _________

4.0 echancal Drive Systema
*4.1 Turbine Gear Set _______________________________ ________

4.2 ComDressor Gear Set ____________________________I

4.3 Bearings______________________________
4.4 Steam Sealot ___ _ - i
4 .5 Refrigerant Seal _ | i__

4.6 I Clutch _____v)___I__

4.7 1 Clutch Controller______

I1 _ _ __I_ 
I _

~~~I~~~~~I.I
Features embodied in the 7-1/2-ton unit.

3.3 "Mot e 2-8
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TABLE 2-1 (con't.)

r

r. r-s/T] rl ' Page 2 of 4

'* ,__ .I i .

ITEM | | | COMPONENT
NO. I COMPONENT DESCRIPTION COMPONENT SPECIFICATION COST

50 Steam System Water I .
5.1 Feed Water Treat/Polish _
5.2 Dnolble RBnde1P Cpnlg.-/-Deareator -
5.3 I Vapor Recovery Condenser
5. 1 Condensate Pump I___
5.5 1 Vacuum Pump___
5.-6 Boiler Feed Water Pump '
5.7 Regenerator___
5.8 1 Piping _

6.0 _Steam Generator i_

6.4 Feed Water Pump___

I I I i ' .
6.1 I Tubing and S-el ._______________________________________I_

7.0 Refrigeration System

7.1 R-12 EvaporatorI__
7.2 R-12 Condenser___
7.3 1 Purge System__
7.4 R-12 Charge
7.5 { Mounting Base __
7.6 Piping___

I i 
i I

8.0I Refrigerant Compressor _

8.1 Impeller- I__
8.2 Inlet Guide Vanes
8.3 Lube System

8.4 Compressor Housing

8.5 Seal

I i .

_ _ _ _ _ _II ._

ulcI |I

-_ __1 -_ _ _ _ Ij_ _ _ _ _ _ _ .

8. In e-u d a e I .__ _ _ _ _ _ _ _ 1__ _ I __ _ _ _

8. Lube" S y t m_ _ __-9_ _ _ _ _ _ _ _ _ _ _ _ _

8. nCompressrHuigI_____________
8 . S ebo a l _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE 2-1 (con't,)

I7- ,.- rPage 3 of 4

*i t?.-i L I
ITEM COMPONENT

NO. COMPONENT DESCRIPTION COMPONENT SPECIFICATION COST

9.0 tWater Circulation _
9.1 Chilled Water Pump
9.2 Hot Water Pump__

9.3 I Chilled Water Pump Starter _

9.4 I Hot Water Pump Starter
9.5 1 Water Piping

110.0 IControls - Steam__

10.1 I Steam Generator Temp/Press I
10.2 Steam Generator Feedwater
10.3 Steam Generator Burner U.L. __

10.4 Turbine Trip Valve

10.5 .Turbine Warm Up

10.6 I Turbine Overspeed Tach & Sensor
10.7 1 Atemperation Controls
10.8 |C Constant Flotrol ___

10.9 ! Drain Solenoids
10.10, Relief Valves_

10.1J Condenser Level Control

10.121 Separator Control

* _ -________
11.0 Controls - Refrigerant _

11.10 Surge Sensor____
11.2 Inlet Guide Vane Actuator
11.3 Expansion Device
11.4 Temp Controller

11.6 I Temp Switch

. II

12.0 Controls - Water Treatment.

--- _______ I _ i i

,-I N_. _-

1omo 2-10I rnconD



TABLE 2-1 (con't.)

TETD

I
I * sl

_ - -. i li - i-----

ITEM CO:?O0NE;:T
NO. COMPONENT DESCRIPTION COMPONENT SPECIFICATION COST

13.0 ISystem Control Panel
11.1 nI .,Pn1 P r sl chI -/.t
13.2 R-12 Evaporator Pressure Gauge ___

13.3 1 R-12 Condensor Pressure Gauge_
13.4 Steam Condensor Pressure Gauge __
13.5 1 Oil Temp Gauge
13.6 Oil Press Gauge__
13.7 Temp Switches __

13.8 Press Switches__

14.0 Assembly

14.1 I Test Compressor __

14.2 1 Test Turbine
14.3 1 Assemble System Purge & Leak Check

14.4 J Test Unit & Paint I __

I I ' j , .

I_ _ _ _ __ I I 4
1 15.01 Extraneous Hardware ____________ _______

:

15.1 Cooling Tower_
15.2 1 Cooling Tower Pump/Starter . ___

15.3 1 Cooling Tower Temp Control Valve
15. 4 Cooling Tower Temp Controller _I

. . ._ _ __

* I

I 3j co 2-11
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I
This interim set of designs and specifications was the basis of an interim

effort much more intense than the preliminary system cost effort.

2.3 Interim Cost - 125-Ton System

The design information available at the start of the interim costing work was

reviewed to determine whether individual components should be purchased or

fabricated. In the case of some components, it was not known at the time of

the review to which list they should be assigned. In these cases, two esti-

mates were obtained, a purchase estimate and a make estimate.

Components that were assigned to the manufacturing list were generally costed

using Turbonetics Inc. manufacturing methods. Several approaches were used to

determine these "make" costs. If Turbonetics had previously manufactured a

part similar to the one(s).required in the heat pump, then a rough cost esti-

mate was developed by extrapolating the costing data from the earlier made

component. If the component did not resemble any components previously made

by Turbonetics, then an estimate was made of the material, machine costs and

manufacturing time involved. This information was reduced to component costs

by multiplying the three quantities by the appropriate cost factors (e.g. dollars

per pound, dollars per hour, etc.)

Several methods were used to determine the cost of purchased components. The

first method utilized the experience of the costing team members. If any team

member had purchased or received a quote for a component similar to the one

required for the heat pump, then that cost was submitted. Each cost was ap-

preciated for the effects of inflation, recently announced cost changes and

1 ~ other factors. When a component's cost could not be determined using this

method, then the component's specification was compared with that of com-

mercially available hardware in equipment catalogs. Equipment part and model

numbers were recorded; and vendors were requested to submit a verbal or written

quote. The quote used in the final system costing was the lowest cost com-

ponent with acceptable performance.

.l ~ All of the component costing information was recorded on the master pricing

list. Table 2-1 is a first draft of the cost list that was used in the 125-ton

heat pump costing study. This list was organic in that its content was regu-

larly updated reflecting the evolution of the ststem design - driven by cost

and performance considerations.

- CUMcu. 2-12
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I
2.4 Final System Cost

The final product costing work was to follow a procedure similar to that used

in the interim costing phase. If the development efforts for the 7-1/2- and

125-ton heat pumps had not been terminated, the final system costing would

r ~ have been conducted as described below.

In order to cost-out manufactured components, detailed manufacturing drawings

J ~would be prepared. Decisions would be made as to whether parts could be

cast and machined, or completely machined. Depending on the manufacturing

1 ~ ~process chosen, additional appropriate drawings would be made; material and

labor estimates developed; and suppliers of materials and services located

and asked to offer quotes for their portion of the required work. All of this

information would then be catalogued. Ultimately, a firm cost for each manu-

factured component would be produced. This cost would have incorporated cost

reduction considerations resulting from mass production.

For each of the purchased components, at least one, or as many as three sup-

pliers would be identified. A quote would be obtained from each supplier for

~I , the subject component in the quantities needed to satisfy the projected market

requirements. For each component, its performance specifications, potential

suppliers, their product model numbers and nomenclature, and cost information

would be catalogued.

BI SSimultaneously with the hardware costing effort, a product assembly, testing,

distribution, sales, service and warranty costing exercise would be performed.

1 ~The prorated sum of these overhead costs plus the hardware costs and profit
would have comprised the final heat pump selling price.

2.5 Costing of Alternate Commercially Available Heating and Cooling Systems

K nIn order to determine the competitiveness of the gas-fired heat pump, it was

necessary to calculate the cost of commercially available heating and cooling

systems that could provide the same services as the gas-fired heat pumps.

Appendicies Volumes III and VII of this report, the Comparative Cost of Owner-

3 ' I ship Study (CCOS) for the 7-1/2-ton and 125-ton units, respectively, describe

the methodology used in determining the owning and operating cost of several

MECHANICAl. 2-13
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alternative heating and cooling systems. To determine the first costs for the

alternative heating and cooling systems, architectural and engineering (A &

E) firms were retained for the 125-ton system. The firms reviewed the specifi-

cations for two types of buildings (office and motel) that comprised the largest

potential user market for the gas-fired heat pumps. Then, as many as five separ-

~I ate heating and cooling systems were designed and costed-out by the A & E firms

for those buildings. Since all the components of the heating and cooling systems

in the A & E firms' designs utilized commercially available components, the firms

obtained quotes for the components, or knew their prices from having purchased

*1 them in the past.

The owning and operating costs for the five systems were determined in order

to assure that consumer economics for the gas-fired heat pump's competition

had been completely quantified.

MECHANICAL 2-14
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3.0 SUMMARY.OF RESULTS

3H ;3.1 7-1/2-Ton Gas-Fired Heat Pump

The 7-1/2-ton breadboard test unit* was used as the basis for a preliminary cost

estimate. Since the effort to redesign the system for the interim and final costs

was not conducted, it was necessary to make a number of assumptions to extrapolate

these preliminary results into "interim" and "final" design costs. The accuracy

of these final results depended to a great extent on the exactness of the following

assumptions:

* Production volume of 4000 units per year

I All the components with the exception of the high speed
turbomachinery were to be purchased.

BI ~ * A single high-frequency ac motor driven by the heat pump's

alternator would be mechanically coupled to the air handling

*H1 ~ ~ fans.

* A dry coil evaporator would be used.

U* .· A;hermetic seal would be used to isolate the steam and refrigerant.

No water treatment or air removal would be required in the power

IJ ~~fluid loop.
* The controls and accessories were approximately 15% of the

hardware costs.

Based on these assumptions, the preliminary cost of the 7-1/2-ton gas-fired heat

pump was determined to be $22,489 ($2998 per ton). The cost breakdown by compon-

ents is shown in Table 3-1.

Using these costs as a basis, a second estimate of the "final" cost was made

using alternate assumptions in an effort to reduce the system's cost. These

alternate assumptions were as follows:

* Valves and piping components could be made for 1/3 the

*1_ ~purchased cost.

* System assembly and test time could be reduced by 1/2, from

I~~* "eight man-days to four man-days.

*The 7-1/2-ton program demonstration unit.

UB -___SCNAMCAL 3-1
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TABLE 3-1

7z-TON MANUFACTURING PRELIMINARY COST -
BASIC ASSUMPTIONS

Components Cost

Turbomachinery $ 1,931

Controls 1,800

Frame and Enclosure 1,358

Heat Exchanger 1,090

Fan and Motors 850

Valves and Piping 4,651

System Assembly and Test 2,560

Steam Generator and Regenerator 2,071

Cost of Components and Assembly 1.6,311

Mark Up (27.5%) 6,187

Total $22,498

w MECHANICAL
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* Steam generator and regenerator costs could be reduced by 1/2 of

the vendor price (see Table 3-1).

* Turbomachinery cost could be reduced by 25% from the estimate

given in Table 3-1. '

* Control components could be purchased or made for 15% of hard-

*a| ~ware cost.

* Frame and enclosure could be made for 75% of the price quoted

in Table 3-1.

* Fan and motor costs could be reduced by manufacturing the fans

and getting a cost reduction of 10% on the motors - total cost

reduction of 12%.

Using these assumptions in addition to the previous ones, the estimated "final"

manufactured cost for the gas-fired heat pump resulted in a selling price of

$12,383 ($1,651 per ton). Table 3-2 displays these costs as a function of the

system's elements. This selling price was significantly more than the standard

unitary 7-1/2-ton system cost of $2,200 ($300 per ton).

3.2 125-Ton Gas-Fired Heat Pump

Preliminary costs for the LSM system were developed. Including the 27.5%

markup, the preliminary cost for this system was approximately $110,000. This

cost, which was only for the turbochiller package, did not include the cost of

the cooling tower and pump, and the gas boiler. These other costs would have

added approximately $13,000 to the cost of the system. This preliminary cost

had been calculated with the knowledge that it would not be competitive. As

explained in Section 2.2 of this volume, a great deal of the information learned

while determining this preliminary cost identified cost reductions in the interim

system design that could be made without sacrificing performance.

In developing the interim costs for the 125-ton system, an assumption was made

that this heat pump would be manufactured in quantities of 200 per year. The

l 1ninterim cost for the heat pump element (turbochiller package) of the heating and

cooling system was $77,331. When the other element's costs, such as the cooling

tower and gas boiler, were added to this figure, the grand total was $90,331.

The individual components and their costs for the turbochiller packages are

displayed in Table 3-3.
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TABLE 3-2

7i-TON MANUFACTURING "'FINAL" COST -
ALTERNATE.ASSUMPTIONS

Components Cost

Turbomachinery $1448

Controls 1000

Frame and Enclosure 1000

Heat Exchanger 1000

Fans and Motors 750

Valves and Piping 1500

System Assembly and Test 1280

Steam Generator and Regenerator 1000

Cost of Goods 8978

Mark Up (27.5%) 3405

$12,383

I
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TABLE 3-3

INTERIM PRODUCT COSTING FOR LSM TURBOCHILLER PACKAGE

Major Subassemblies Cost

High Speed Turbine $ 5,449

Turbine Lube System 335

Motor (Generator) and
Electrical Control (75 hp) 2,027

Mechanical Drive (Gears) 3,333

Steam Condenser/Condensate System 8,336

Water Treatment 3,085

Steam Generator 3,020

Refrigeration System 15,886

Refrigeration Compressor 1,413

Water Circulation 950

Steam Controls 5,465

Refrigerant Controls 2,034

Water Controls 497

System Control Panel 1,984

System Assembly and Test 2,250

Cost of Goods $56,064

Markup (27.5%) 21,267

$77,33]
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3.3 Competative Equipment

As explained in Section 2.5, a number of commercially available alternative

125-ton heating and cooling systems costs were determined. The cost for two

of these 125-ton systems are described below. (See Appendices Volumes III and

VII for complete tabulation of costing results for all the alternate heating and

cooling systems.) These two systems represented the most likely candidates that

a contractor would consider buying instead of the 125-ton gas-fired heat pump.

A standard heating/cooling (no heat pumping) system would cost $40,796; a heat

recovery (heat pumping) system would cost $54,486. These costs, as well as those

for the gas-fired heat pump, are summarized in Table 3-4.

The conventional alternate to the 7-1/2-ton gas-fired heat pump was the year-

round air conditioner (YAC). These systems comprised a gas-fired forced hot-

air heating system combined with an electrically driven chiller. These systems

can be purchased for approximately $6,500.
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TABLE 3-4

LSM SYSTEM PRODUCT COSTING COMPARISON

System Types Cost

Standard

Single-Bundle Recip $27,200
Circulating Pumps 1,176
Cooling Tower and Pump 6,510
Gas Boiler 5,900

Total $40,786

Energy Conservative

Double-Bundle Recip $34,700
Circulating Pumps 1,176
Cooling Tower and Pump 6,510
Gas Boiler 5,900
Hot Water Storage Tank 6,200

Total $54,486

LSM HSPF

Turbochiller Package $77,331
Cooling Tower and Pump 7,100
Gas Boiler 5,900

Total $90,331
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I
INTRODUCTION

3B ~ Attachment A contains the completed tabulation sheets listing all the heat

pump systems' components and their costs, and several detailed manufacturing

process/planning sheets for several components of the 7-1/2-ton gas-fired

heat pump. The first section of the Attachment is the summary tabulation

sheet; the second section contains the representative examples showing how

the costs for certain components were calculated.

3H ~ As explained in Section 2.0 of this Appendix Volume IV, different methods

were employed to calculate a component's cost depending on whether that

31) component could be purchased or fabricated. The method of costing for two

components that: must be fabricated for the 7-1/2-ton heat pump is shown in

this attachment. The costing of these components was performed by the MASCO

Corporation.

3- Those items considered to be "make" items; i.e., manufactured from raw materi-

als or castings and processed within the manufacturing/assembly facility, were

3- defined as to material type, quantity and cost. Labor content was established

using a modified motion/time method. The operation labor content was summed,

modified by an efficiency factor, and multiplied by a labor rate.
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TABLE A-1

PRELIMINARY SUMMARY TABULATION
7-1/2-TON COST - BASIC ASSUMPTIONS

Components Cost

Turbomachinery $ 1,931

Controls 1,800

Frame and Enclosure 1,358

Heat Exchanger 1,090

Fan and Motors 850

Valves and Piping 4,651

System Assembly and Test 2,560

Steam Generator and Regenerator 2,071

Cost of Components and Assembly 16,311

Mark Up (27.5%) 6,187

Total $22,498
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1MM' \ - m ' m m - m -
TABLE A-2

lu5nOMACHInE COSTS

I- Part Material Mfg. Total Tooling!I | - -Vendor Mfg.

j|| Turbine Wheel *$150 $ 150 $ 300 $ 12,000 $ 27,200-
Alternator ** 33 70 103 -
Compressor Wheel ***20 75 95 9,000 14,300
Shaft and Rotor 4 120 124 5,000 15,200
Bearing Turbine End/Bearing Compressor End -- 80 80 -- 8,000
Compressor Suction and Discharge Housing 11 23 34 37,500 9,000
Alternator Housing 27 64 91 25,000 15,000
Bearing/Seal Housing 20 56 76 15,000 10,000
Turbine Inlet Manifold 50 45 95 10,000 8,000
Nozzle Plate * 150 180 330 10,000 11,500
Diffuser 30 82 112 18,000 7,000
Seal -- 80 80
Thrust Bearing Retainer and Assembly 152 54 206 10,000 17,500
Assembly and Balance -- 100 100 -- 180,000
Miscellaneous 20 85 105 -- 180,000

> -

$667 $1264 $1931 $151,500 $502,700

*An estimate from Howmet -- some design modifications required

**Estimated for the windings and assembly

***Quote updated from 1973 when working on the T.E.S. Unit

All totals less tooling amortization

The said manufacturing costs are calculated assuming the work could be performed in
a shop having sufficient N.C. Equipment in-house and high caliber machining operators
capable of working to the very stringent tolerances required to produce a product of
this nature.

Based on the above, an-hourly rate of $40.00 per hour has been used for all cost cal-
culations. This hourly rate could be reduced somewhat if the very latest in N.C. Tech-
nology were to be purchased. However, such facilites would be costly and amortization over
low production volumes (1000-4000 units per year) would dicate manufacturing costs higher
than shown.
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I
3~~ ~~~~1 r~~INTRODUCTION

Attachment B contains the completed tabulation sheets listing all the heat

pump system's components and their costs, and several detailed manufacturing

process/planning sheets for several components of the 125-ton gas-fired heat

fl ~pump. The first section of the attachment is the summary tabulation sheet;

the second section contains the representative examples showing how costs

for certain components were calculated.

As explained in Section 2.0 of this Appendix Volume IV, different methods

were employed to calculate a component's cost depending on whether that com-

ponent could be purchased or fabricated. This attachment contains three

examples of the costing process used for purchased components; and one

example of a fabricated component (all four of which were required for the

125-ton heat pump). These costs were calculated by MTI.

Those items considered to "make" items; i.e., manufactured from raw materials

or castings and processed within the manufacturing/assembly facility, were

defined as to material type, quantity, and cost. Labor content was estab-

lished using a modified motion/time method. The operation labor content

was summed, modified by an efficiency factor, and multiplied by a labor

rate (e.g. Drawing Number 612D027 Part Number 8.1,Page B-21). The "buy"

items were entered on the process/planning sheets as purchased items, and

quotations were attached (e.g. see Part Number 3.1, Page B-7).

I
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t .--- . ..... .. ;. - Page 1 _ of .4

I- , ' it r -1INTERIM CNG/HSPF SYSTEM rig. 3/23/79
I. ' ' ; [ COST COMPONENT LIST Rev. A 4/6/79

VL" . . . L..1

ITEM COMPONENT
NO. COMPONENT DESCRIPTION COMPONENT SPECIFICATION COST
iO -Hi-h Speed Turb ine - -.- -___ - _--
.1 _ Casing MPN 6122__ _ _ -_S9

1.2 RR Nozzle Plate _ TI PN_62EQ28_ _._ 537_
1.3 Frt Nozzle Plate MTT PEN.AUE_0.2_ . 4.17
1.4 RR Rin Plate __ _____ _ MTI 612__ 43
1.5 Frt Ring Plate _._ ___ ___._MTI N 61202 . ._ _ -..- . 6091
1.6 Curtis _We _ ___ee. _ _ ___ .I PN 612O _ _.. ...... . _ _._i7_
1.7 a1st Stage Wheel _ .. __ _ MTI PN 1ZD.QO3 __.._ ... -.- - 9_
1.8 Curtis Nozzle . MTI PN 612EQ28_ ._.__ .. -.-..- 3l
1.9 I Frt Bearing _ . Waukesha B6_R-0 O -iL=O __=-_2 8

r1. i RR Bearing .-... Waukesah_ WB6 -08-0-01-Q . 2.. .3 - n
1.111 Shaft_ SCF-6- T..ur.hQnetics 182_

. 1.121 Assembly __. _______________---_ - 102_l
1.13 Bellnws Connrnna __ _ __ ____Ethlenpe or, UnloeInd
1--.1 Hr,,ar. cnd Minor Components---- -

2.0 HS Turbine TL.hP gyat. 1 ___ _35
2.1 ni COner__ 15 GPM I 50

*2.2 Oil Filter 1 GPM 20 Micron 25
2.3 Oil Pump/Motor/Valve 15 GPM Gear 75
2.4 Piping _____ 50
2.5 [Pump Motor _ttr_____ AB 709 50
2.6 Temperature Connrrl Valv(__) _ AMOT 1CMC- 55
2.7 Pressure Control Valve FIL-T.-no v.T-_SSp ... _ 30

3.0 Motor/Generatnr _ 2027
3.11 Induction Motor ' 75 Hp/160f RPM 1217
3.2 Motor Disconnect/Starter AB 712-EABD27 750
3.3 Fuses _AMP FRS-80 . 60
3.4 L _

. Mechanical Drive System __3333
4.1 Turbine Gear Helical Class 12 1068
4.2 | Compressor Gear Helical Class 9 0
4.3 Bearings Bronze Bushing 91
4.4 Clutch Formsorag RO-450 - 165
4.5 Gear Casing MTI PN 612.VTnl 1028
4.6 Assembly MTT PN 1?9Tnnl 228
. 7 Hardware and Minor Comonentas 1 333

I I !

I
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r 1 .l r r INTERIM CNG/HSPF SYSTEM
COST COMPONENT LIST

... ..J.. ................
*^^~ _ ._ _ M*_ _ _ T_. _ I __ __. ;l^_ _ __

NO. COMPONENT DESCRIPTION COMPONENT SPECIFICATION COSTNC COMPONENT SPECIFICATION COST

5 1 _Steam System Water
5.11 Condensate PoNlishing - _ _ Bantead . l 72 ..... _ _ . 1485
5.2 Make-Up Water Treatment___ Continental Mod .3001RO_ _ _ 1600
5.3 Vapor Recovery Condenser ____ ___ _

1 0 0

5.4 Condensate Pump __ Crane 884E_ _ .61
5.5 ] Vacuum Pump (Vapor) _ Kinney KLRC11 _ _ __0. 8
5.6 i Condenser/De-Aerator 253 ftT Double Bundle __5946

5.8 Piping - - --- --- -_ 275

_.__ Tbing andShell___________________ _A___ ..... ___

6.0 Steam Generator ______ 320

6.4 Fpd WatPr Pump --- at Pump 1330 ---
6.5 Blower »P p240 CFM __ _ 618

6.6 IPioping__________________________1 __I 
2 00

7.1 R-12 Evaporator RE 12-30 580 ft 65"4
7.2 R-12 Condenser RC 12-110 710 ft 6797
7.3 Hardware and Minor Comonents __50
7.4 R-12 Charge 200 lbs __ 120
7.5 Mounting Base 6 ft x 15 ft 1875
7.6 Piping 250

8.0 Refrigerant Compressor MTI PN 612DOZ7 1413

8.1 Casing MTI Estimate 114

.2 11r__________ MTI Estimate 219
8. Bearins/Shaft Babbitt Sleeve Tvpe MTI Estimate 185

.8.4 Volute/IGV Section MTI Estimate 129
8.5 IGV Casing MTI Estimate 62

8.7 Assemblyv__________________ 81
7.31IGV Estimate 67

8.8 Vane Gears McMaster Carr #6529N15 39

8.9 Ring Gear MTI Estimate 17

8. seal Stein Seal Co. ssv6866 Type 400

8.11 Hardware and Minor Components 100

_ MC _ouNCL B-4
-- ICMOOT
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H01~~ I nj INTERIM CNG/HSPF SYSTEMI

COST COMPONENT LIST

*);~·r i~r; _.-OL ..JC:":Sfi:

~I ~ITEM COMPONENT
NO. COMPONENT DESCRIPTION COMPONENT SPECIFICATION COST

Water Circulation _- ___ 950 __
9.1 Chilled Water Pump 9 .50tread -. . "4
9.2 Hot Water Pump 200 GPM 15 ft Head 345
9.3 Chilled Water Pump Starter AB 709 __ 55
9.4 Hot Water Pump Starter AB 70955
9.5 Water Piping _50

_ns_ S a.___ ........ ............ ....... 5-- -.....-.

.1070 ntrol- Steam '( -- -- '5' __ _ 645 _

10.1 Steam Generaor Temperature "_ __ TIC (Action Pak) AP2330-3221_.. _ _
______ ___....._.... 4_ 23Fisher 546-2 423

10.2 Steam Generator Feed Water __ _ _ Research Control Valve ._114
=_ _____ ______ __ __ ATC-M_ __=__ ATC-M296

10.3 Steam Generator Burner Pyropnica -12S _12BZR, 2. _ 420-_
_ __ __ ____ _ ... _ __- _ 2-40, _1396Cl/Honeyell _ _=._

Trbine _Tr ______________= C7035A, R4138C 778/
1 Turbine Trip Valve Research 1/2 '~ A'TO-A -__ 990

10.6 Turbine Overspeed Tach & Sensor __ AirPax 080-321-lOL/210/LL-Ol. 423_
0.7 Ademperation Controls_ ___ Manual Globe Valve SW672. _.___ _30

_10.8 Constant Flow Control __ Republic 6641 _ -Q-0
10.9_ Drain Solenoids Atmic SS-81Q .. _.. ____.__3QQ_
10.10_ .Relief Valves ICA5s.HQL2-1/2 2275_ _ ._ ____ _50La

_ 10.11 ,_ Condenser Level Cotrot__ _ __ Raaaarch L-4"-AIDTO/Rert .-.. _ _- _.
_____ ___ ___________~ _ _~___ _ _Shaw SL-300-C41 tod. _____.640J

_10.12 Separator Control _______rtrong 2414 HLS 150
10.13 Vacuum Pump Starter AB 709-TAD 55
10.14 Steam Generator Feed4 WaterPump Starter .AB__2AD._ -.- --..-.... 55-
10.15 Condensate Pump Starter _ A 709-TD _ _.. _ .___ __.5

11.0 Controls - Refrigerant _ __ . _ 2034___
11.1 Surge Sensor United Electric J2K-357 _ _ 163
11.2 Inlet Guide Vane Actuator Bettis CB3155/Fiher 546-2 -. _ 386 '
11.3 Expansion Device Fisher 2502 and 249-O/_ ... _ ...

_____________ _____ ___ _Research 1/4" ATO-F 1090 .
11.4 Temperature Controller __Action.Pak AP2230-3229-T 212 1
11.5 [ Temperature Sensor Pyco 02-3175-02-3-5 _ __ _55
_11.6 Temperature Switch ______United Electric F302-2B5 _ 128_

12.0 Controls - Water __497
12.1 Temperature Controller _ - Johnson T8000- _ _ _ 109
12.2 =Valve - _Johnson V 5840-476 _ 388

'. ___ _.__ ___.______ ____ -.____.___.__.._I

£__.__-___.. _. _.__.......... __.__ ..__.___

U CHAMcA B-5
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' '' ,1 *L ;INTERIM CNG/HSPF SYSTEM
! : 1 I ] COST COMPONENT LIST

.. : ... - i ' : .. : .

ITIEM COItPONENT

NO. COMPONENT DESCRIPTION COMPONENT SPECIFICATION _ COST _

_ _ _ ____ _ ___ ____L_ _ Ai984
13. lTrSytem Cotr1ol Panel 1____ I '__ - -. .-......-..... -- 1 9 8 4 - 6-0,,

13.2 I R-12 Evaporator PressureGauge I U Ga uge_19Q3/lt4I_-- - -_

13.3 | R-12 Condenser Pressure Gauge _ _US Gauge_l90L4 _ -- _

13.4 I Steam Condensor Pressure Gauge I....__ S Ga i03 _ ..t .- .60.

13.5 1 Oil Temp Gauge _ _jAMTEK..30j626_-EHJ _ -17-

| 13.6 1Oil Press Gauge _ _ _ US Gaue 2P500 CBM S...._ . _._ .10

13.7 PTep Switches _ .Fenwall 228-50 ... _ - 220i

_ 13. 9Oil _ Fiter _ DPS _ _ _ _ - Mid-West_12AE._ __
til.1 J Le,'el Switches __.. ..- _- DeLaval.LS8Q00_______ --.-_i

[_ _ ------ - -

4.0 Assebly _ _ _ _ 250

14.1 I Tes.t Compresor ____ _._ __.... .- -_... 1_
14.2 : Tee;t Turbine_ 400 .
14.3 I As_!emble System Purge & Leak Check J_ __. ___ __. _ _ .

*_ _ ----- _ . _ - . - - . ------ . -- - ------ - - - - . - .- - .- 9 - - - . - - ^_.144___Te.Lt_ Un. & Pai nt _ - _ -]

t--_i-------_--__ ..__.=_=!______ - MfR _CostI_ Total 5. 6 064!

........ . ..... .....---- '- - - -Markup (27. 5% I 21,267'

Sell Price ' 77,3311

I^ _____.-_ __ =.4- .__

_ * - ----. ' __ _ _ ~ _ _ _ _ ___ . . _ _.. . . . I

~~___ -__ .____ .1 ________

i _-t---

I .............. I

I _------ --_. A--_____ I _ . _ .EEE^____ __ ____ I.-

* -_____ _ _ _ -- i'
- _ - t-- -$--------------"- --

_y__i_____ _.

I

I' I -B-6
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H U '~ PROTOTYPE PLANNING
MECHANICAL TECHNOLOGY INCORPOPA-E: Process/Planning Sheet SHEET _ OF 1

DRAWING NO. PT. REV. PROGRAM NOTES: - -

3.1*I CNG
DESCRIPTION 1) 75 HP 3450 RPM

Induction Motor per 4/12/79 quote ------

MATERIAL _

SIZE ______________

OTY ___ LB _ FT ____

MATERIAL COST PER _____ _____

FINISH:

MATERIAL COST PER/PC $1.216.94

OPER. Tool Tool Equip.OPER. OPERATION DESCRIPTION Tool Tool Eq Std. Hr.NO. Description Cost Ref.

Purchase Motor

,,,.,,,,NO. M. P. BarberDRAWING NO. PREPARED BY Barber ALLOWED TIME
*See Interim Cost Component
List, Item Number 3.1, page B-3. DATE -/12/79 AT______

D.L. S/PC



POWER TRANSMISSION SYSTEMS DIVISION
j MEMBER.POWER TRANS, Troy Belting & Supply Company /

D ISTRIBuToRS ASSOCm~ LOCATED ON COHOES ROAD AT ELM STREET, WATERVLIET, NEW YORK
P.O. BOX 170 * WATERVLIET, N. Y. 12189 * TELEPHONE (518) 272-4920

April 12, 1979

Mechanical Technology
968 Albany-Shaker Road
Latham, New York 12110

B .. Attention: Mr. Mike Barber

Subject: Motor and Starter Quotation

~* Dear Mr. Barber:

In accordance with your request, we are pleased to propose the following
equipment for your consideration.

1 - U. S. Electric Motor, 75 HP, 3450 RPM, ODP, 364TS Frame,

3/230/460, 1.15 SF, #9415

-~......$1,352.16/each

..... $1,216.94/each (for blanket order
of 100 pieces)

5 .| ,STARTER
1 - 75 HP, XLB-4DC1-J-R3Q-150M, Siemens-Allis full voltagei6f~ ~combination circuit breaker starter, Size 4, 115V coil

with adjustable overload relays

I ..... 8$ 878.19/each

..... $ 834.28/each (for blanket order5| ~~~~~~~~~- .- *~. ~of 100 pieces)

1 - U. S. Electric Motor, 3 HP, 3450 RPM, ODP, 145T Frame, 3/230/460

3 ..... $ 120.60/each

..... $ 108.54/each (for blanket order

31Z~~~~~~~~~~ ~~~~of 100 pieces)

|~*~~~~~ ~~~B-8
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Mechanical Technology
April 12, 1979
Page 2

STARTER

1 - 3 HP, XLB-ODC1-J-R1P-15M, Siemens-Allis full voltage

combination circuit breaker starter, Size 0, 115V

coil with adjustable overload relays.

..... $ 191.00/each

..... $ 181.45/each (for blanket order
of 100 pieces)

TERMS: 1% 10 Days Net 30

SHIPMENT: Approximately three to four weeks after receipt of order

FOB: Shipping point prepaid and added

Prices quoted are those in effect today and are for immediate shipment.

Invoicing will be based on quoted prices, subject to price changes by the

suppliers indicated whose terms are "price in effect at time of shipment".

We appreciate the opportunity of quoting and trust that we will be

favored with your order.

Very truly yours,

POWER TRANSMISSION SYSTEMS DIVISION

Troy Belting & Supply Company

William JaSMs III
Inside Sales

WJ:dsh
#57-4399

P~~I~~~-~~~~B-9
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MOTORS
Section 201
Pale 2

LIST PRICES SUPER-STANDARD 3 PHASE-60 HERTZ
* Lib 1~~~~IS ~ P~~RICES ~400 C.AMBIENT

NORMAL TORQUE NEMA DESIGN B
FL00 IR TD.ISSEILItES*F-1 ASSEMILY

IMPORTANT NOTE: The prices shown on this page apply only to SUPER-STANDARD Motors with the specifications listed. Certain
accessories are available at the price additions listed below. For any other deviation whatever, use basic prices listed in
Section 202, plus any applicable modifications when confirmed as available.

-____ _ _ _ _

UNICLOSED DRIPPROOF TOTALLY ENCLOSED FAN COOLID
.J TYPES R & D 1.15 SEIIICE FACTOR TTPE T 1.1 SERVICE FACTOR

APPROX. APPRIIX.
MODEL DEL LSHIPPING MODEL LIST SHIPPING

HP RPM NO. PRICE FRAME WT.LBS. NO. PRICE FRAME WT. LIIS.

3600 9011 $ 728 284TS 282 1736 $ 946 286TS 370
1800 6317 722 286T 230 9520 898 286T 42;3

30 1800 9564 722 286TS 230 9574 898 286TS 423
1200 8915 1100 326T 496 1748 1540 326T 580

3600 9098 964 286TS 310 1744 1245 324TS 515
40 1800 

4918 908 324T 420 1741 1198 324 T 535
1800 9216 908 324TS 420 9217 1198 324TS 535

3600 9009 1188 324TS 410 1746 1662 326TS 590
50 1800 4920 1098 326T 468 1742 1524 326T 585

1800 4922 1098 326TS 485 4105 1524 326TS 585

3600 9010 1400 326TS 458 8559 2346 364TS 710
60 1800 9418 1380 364T 550 8557 2348 364T 765

.1800 9420 1380 364TS 550 8560 2348 364TS 765

3600 9415. 1878 364TS 654 8561 3026 365TS 750
75 1800 94 23 167

4 365T 590 8558 2982 365T 790
1800 9426 . 1674 365TS 738 8562 2982 365TS 790

3600 9416 2512 365TS 730 4238 4082 405TS 1005
100 1800 9447 2164 404T 982 4313 3746 405T 1040

1800 9450 2164 404TS 975 2833 3746 405TS 1040

3600 9445 3156 404TS 912 9188 5464 444TS
125 1800 9454 2616 405T 1038 9185 5018 444T

1800 9456 2616 405TS 1020 9190 5018 444TS

· 1 :3600 9446 3838 405TS 1020 9189 6663 445TS
150 1800 .2940 3671 444T 1079 9186 5875 445T

1800 1205 3671 444TS 1079 9191 5875 445TS

3600 4295 5637 444TS 1079 7170 8782 447TS

200 1800 294 1 4728 445'1 1235 9220 7358 447T
1800 1208 4728 445TS 1235 9221 7358 447TS

3600 9218 6755 445TS 1235
250 1800 7003 5660 445T 1235

1800 7004 5660 445TS 1235

VOLTAGE ADJUSTABLE MOTOR BASE
Standard voltage for ratings thru 100 horsepower is 230/460 Refer to Section 203 or to Office for prices.
volts: 200 or 575 volt motors are available at the same
price. Units over 100 HP are rated 460 volts: 575 volt motors
are available at the same price.

U. S. ELECTRICAL MOTORS DIVISION Effective: September 1, 1978 iscoun Schedule: N
|j S lEMe r RSON ELECTRIC CO1978 Discount Schedule: DS

Supersedes: March 5. 1978
M I QslM.I^ IO^___ __ PRINTID IN USAB-

B-10



CUSTOMER NAME

CUST No. U.S. No

_ MOTORS MARK:
Se:ine, 205I 5,,.t;' 2 05 ^J ~~QOTY HP FRAME HIASE
)Par. 6 tCYCLE RPM VOLTS

DIMENSIONS UNICLOSED RIPPROOFrames 364T-405TS
TYPE R

F* E A UIESI
3~~~~| ~STANDARD ASSEMBLY F-I FRAMES 440 ILLUSTRATED

L AC

*U| ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~': , '' ' B @ rOPTIONAL NMOUNTING6 ASSEMBLY POSITIONS

* f- ri-lsB0iTFR r^ ""TED

/ . urE"LY

CONUIT / ULL MOUNTED

_ g.F H C 24HOLES A --- -2 1, a

CEILING WUN TED

Conduit box can be locatel on either side and opening may
be located in steps of 90u regardless of location. :tan-
dard as shown with conduit down.

ALL DIMENSIONS ARE IN INCHES

FRIME |TYPE A B C D E |F 1 SIZE J K L I N 0 T U V W AAI g
FRE TYPE AC AF AL A R T AX MAX OLEZ S EY S T PA

4T |R I I 12t -11 7 69 -0 1 21/32 3-7 2-3 11- 516 | l- / 6-1/98 17- 3/ 2-112 2- 3/ 8 5- 1/8 6 I 3 1a -8

1 .TS 1 1 1 -lli6-8 I- l 23 3- 111 2- - 3

All rough casting dlmnsions may vary by 11/4, due to casting variations.

U. 8ELECTRICAL MOTORS DIVI 1ON Effet1ive: D1 c ber 2. 19114 If proper- l endorsed this print is - orr5

IB-OTS I 1- 1 2 6- 16 2-51

FRAME TYPE AC 3E ,F k 0 AM AN A3 ,AR AT AU 91 AX MAX AZ 8 / .EY ADJUSTMENT PARTNO.
2-.2 2-1 7,. 5-!

R6 '-R 299916 I - 1 6 7-1 /:9 5-7 / 1-7 -12 2- 37 58

NfiL_, R-1q
405TS R I - 1212: 31-1/16 I0 8 6-76 T 13/ 1 V

U. S. ELECTRICAL MOTOR Effectie: ber 2 1974 If properl trit is cLrrec

_MERSON ELECTRIC CO. _ Supersedes: Septem"er 1 1974 for ramea asembl poitions ind,,q-ad.
B 6T 29q2-112 

211-1/T

-M S~eeeatdmnin a're req*uir6ed.-PT -- shims- upT :Z^o *113/lg*^ I 57-17" may be~f ne7- 5cessa-Try.-*

Al og atn dimesion ma)~ ver by I/q" duez to casting va:2] 'riap~tions.aT-

Ii:~F..~-.~.~a~ ~ Bty ~ate........-i~i R ~T 'o i'j~-^ ' 1 ̂  " ^ T t T7 ^ ~ ̂ 'o7'1 *r l~ £T ~^ i ~~9~~~~~~~~~~~~~-1 -51~~7l-^ 815*3^ T~T~~r7"nR'37TC^ ~^-34x---5nT-n-
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PROTOTYPE PLANNING
MECHANICAL TEC*HNLOGY INC6vOR-E: Process/Planning Sheet SHEET _1 OF

DRAWING NO. PT. REV. PROGRAM I NOTES:
____4.40 _ | CNG _L _ ___ _

DESCRIPTION Clutch 1) Fluid Actuated Clutch
per 3/28/7.9 quote

MATERIAL ____

SIZE

OTY LB __ FT

MATERIAL COST PER ____ - ____

FINISH:

MATERIAL COST PER/PC $165.00

OPER. Tool Tool Equip.OPERATION DESCRIPTION SlOHrNO. OPERATION DESCRIPTION Description Cos Re Sd. Hr

Purchase Clutch

M. P. BarberI T
DRAWING NO. PREPARED BY ALLOWED TIME

*See Interim Cost Component DATE _5L1/79 RATE
List, Item Number 4.4, page B-3.- D.L. /PC

)i,:i;



Page 1 of t

IFORMSPRAG COMPANY3 A DIVISION OF DANA CORPORATION Quotation F 2664 4
P.O. BOX 778 23601 HOOVER ROAD WARREN, MICHIGAN 48090 Tele. Conversation

TELEPHONE (313) 71i8-5000 TELEX 230-389 Reference --Covrai
Dated 3/28/79

Mr. Donald Graham
Turbonetics Inc. Date March 28, 1979

968 Albany Shaker Road
Latham, N. Y. 12110

I
3r|~~~~~ ~~~We are pleased to quote on the following:

I Customer Delivery Unit

Quantity Folmsprag Part Number/Product Description Part Number (in weeks)* Price*

Ea. Net OEM

U*I~ ~Fluid Actuated Disc Clutches
5 RO-450/1.000" Bore 12-14 $ 183.00

| !50-99 " " " 18-20 $ 170.00

100 8 Up " " " 18-20 $ 165.00

I

I
3| *e'Delivery as quoted begins upon receipt of complete information necessary for manufacture and

upon acceptance of your firm order by our Company. Delivery projection does not include
shipping time.

* *'The unit price applies only for the quantity quoted. If other quantities are required, con-

tact your Formsprag representative.

| Please note the "Terms and Conditions" on the reverse side.

Sincerely,

| FORMSPRAG COMPANY

[Fon]rmnra - Robert L. Giggey, Disarict Manager
|1 _ _onnsprag <^^for John McMurray. Sales Engr. - N. Y.

B-13
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RC) DIMENSIONAL AND TECHNICAL DATA
1 .ASearingless, rotating cylinder, through-the-shaft actuation

:c~ ,(NoOFDISCS)- K (No OF TEETH)
fC-- I-I (No OF DISCS)

E'6,_ I l - I I-

* L jM (No OF LrGS) t -I,

SE1LECTIO DATA 300 301 @ 300 578 300 1266 300 1448 @ 300 446 300

35@ 100 78 @ 100 139 100 371 @ 100 340 @ 100- 625 (., 100

Weight (lb.) 53.5 5 9 16 20 ;19

.000 .875 X Y32 1.1250 ¼ x 1.500 1.8753 2.250 li x ¼0 2.625 %x
Keyseats 1 3.75.5 , 1.375 A.. . . 1.750 .:Yl. ., .. 2.500_ ....

Bo're Range Min. .750 1.000 1.250 1.500 1.500 1.150
(No Keyseat) Max. 21.375 1 .50 2 .000 ... 2.375 _ 2.750 . .50

DIMENSIONAL DATA
A Eody O.D. +±.015 3.375 3. ----812 4.875 6.000 6.562 . ..625
B Axial Length ±.015 1.880 '2.0075 2.320 2.745 2.780 '3.1325
C Cylinder Width ±.005 .845 .845 .965 1.000 1.062 '1.140

C, Port Location ..3 70 *.. .... ..452 .543___ _ .591
(Respective to .382 .364 .462 .537 .553 .610
Standard Bores .394 .373 .... .476 .547 .563 .625
__Above)_______ I -- --- -_ .486--** .559 . -5- .645

D IHub O.D. 7±.015 1.875 2.000 '2.750 _ 3.125 3.625 ____ .000

* -__ ___________________________________DISC DATA

E Disc O.D. ±.005 3 3 4 5 _____ 6 7
F Lug O.D. ±-.008 3A6e 31Y,r 4~% 6 6.. 6A '/'7
G Lug Width ±-.002 .734 .734 .796 .609 .609 .r34
H.No. of Lugs 6 6 6 12 j 12 __ 12___
J No. of Discs 6 6 ~ 6 6 6 6
K KNo. of Teeth 33 38 48 58 63 73

DRIVE CUP DATA
L iCup I.D. ±.005 3.062 3.562 4.562 5.562 6.062 7 062
M cup O.D. _±.010 3.310 3.880 . 4.880 5.940 6.560 7.690
N Slot Width --.002 .750 .750 .812 . .625 .625 .750
P'Spt Depth ±.010 .840 .890 1.000 1.270 1.280 1.410
R up L Mounting ±.015 .977 1.065 1.245 1.562 1.575 1.775

'S Cup Length ±-.010 1.250 1.380 1.650 1.960 2.050 2.220
T Nominal Gap .093 , .095 .125 .089 .095 .065

,-4inimum Cup Bore · 1.000 1.000 1.000 1.500 2.000 2.000

.4inimum static wet torque @ 0 rpm 3. Disc teeth-10/12 D. P. @ 20" P.A. Metric conversion: 1 lb-f1 t .1383 kg-m
[dynamic (starting) torque is 75.6% of 4. Use tooth discs for pressures above 200 psi 1 in =- 2.54 cm
static (running) torque] 5. For running torques at other pressures set pnge 8 1 psi - 7.03 > 10 ' kg/cm'

2. All dimensions in inches 'Axial length tolerance ± .0075

B-14
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iiljB- PROTOTYPE PLANNING
MEFC^ANICt TECHNOLOGY INCd.rOP'-E: Process/Planning Sheet SHEET OF

DRAWING NO. PT. REV. PROGRAM NOTES: '
6.4* | CNG

DESCRIPTION 1) Pump per 11/1/78 price list
Feedwater Pump

MATERIAL _____________

SIZE

OTY ____ LB ____ FT

MATERIAL COST PER _______ _

FINISH:

MATERIAL COST PER/PC $256.80

OPER. Tool Tool Equip.NOP. OPERATION DESCRIPTION Desr Toot Equip Sld. HrNO. Description Cost Ref.

L'"n __ Purchase Pump

I TOTAL /////
uRAW;N;C. -: ___... PREPARED BY M.P. Barber ALLOWED TIME

*See Interim Cost Component DATE 6/3/79 RATE
List, Item Number 6.4, page B-4. DAL. SPC

_ _ _ _ _ $/_ _ I
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g 4 FRAME

3 4/03 9-AnP

*SPECIFICATIONS
DESIGN: Triplex, Uniflow Design with floating

VO E .......................... U.S. Measure Metric pistons and wet viton cups. Pumped fluids lubricate
)ISCHARGE PRESSURE................... Up to 1200 PSI 1.84 kg/cm )

ISCHRGE PRESSURE ............. Up o 1200 PSI (84 Rkg/cm) a cool piston cups. Positive displacemnt me-

INLET PRESSURE. ... :................. -8.5 to +40 PSI (-0.6 to +2.8kg/cm') chanically actuated inlet valves. Stainless siteel dis-
RPM............................................... 1070 RPM 1070 RPM charge valve seats and spring loaded poppet valves.
CRANKCASE CAPACITY ............................. 1-1/4 Pls. (0.6 L) Two inlet ports; three discharge ports. Oil bath crank-
MAXIMUM FLUID TEMPERATURE......................180° F. (82 0C)
INLET PORTS (2) ............... (1) 1/4 In. NPT; (1) 1/2 In. NPT (1) 1/4 In. NPT; case lubrication.

_ PORTS (3). (2) 3/8In.NPT; (1) 1/2 In.NPT (1) 1/2 In. NPT
DISCHARGE PORTS (3)......... (2) 3/8 In. NPT; (1) 1/2 In. NPT (2) 3/8 In. NPT; CONSTRUCTION: Wear surfaces of pumping sec-

(1) 1/2 In. NPT tion are hard chrome plated stainless steel: other
PULLEY MOUNTING .. .......... .............. E ither Side Either S ide parts are stainless steel and brass or chrome plated
SHAFT DIAMETER .................................... 0.650 In. (16.5 mm)
WEIGHT: Wihoul Pulley & Mounting Ralls .............. 17.6 Ibs. (8 kg) brass. Stepped, stainless steel piston rods have mir-

ror-finish sleeves, una N garter type spring-loaded
~~"mO 'DEPL 330 HORSP0 FR C HART Ecrankcase sel. nt sea ls are Cat Pump lrrrrm-a-

. ................ lube t.ype. No external lubrication now required. Die-
cast aluminum alloy crankcase. Die-cast con-

(77)1100-_i I- L |L\ -\ ; necting rods. Forged chrome-moly steel crankshaft

7)RPM- 7........ .0.. turns on heavy-duty ball beanrings. In fifteen minutes
J V~(63) 9 0 _ I \ \ 3(2\ ) and at low cost, the pumping section may De rebuilt

without disassembly of the crankcase.
^C 56(1) 1/2 In. N PT

DISCHARGE PORTS (3).........(2)3/8 in. NPT; (1) 1/2 In. NPT (2) 3/8 In. NPT; CONSTRUCTION: Wear surfaces of pumpTing sec-

_a^(49~)70 \ \ \ \ ^~(1 1/ 2 In .NP l TEiAI CE: Recommended mainte ance is
42) \ \ '^ \. \pthis simple: change crankcase oil every 500 hours or

rory ee mnhs hih evey hee nhs eer come sooner, using
(35) 500 \ \S\ ~2^ * as_ Cat Pumps Crankcase Oil or an equivalent SAE 30
-"'.DE \ \ HOR0\ SEP.O . with additivet . Maintenance Monitor twice a year.~(28),110~ nedting rods. Forgedi< c_ _That's it!
I(21)300 '>j.

(1 4) 200~__

(47) 100,

GPM O 1 2 3 ,;, . ,
(LrTERS/MN)CO) (32) (7.6) (114) (15.1) / . . .

RPMO 266 533 800 1070 7rmonths, whichever comes. I I usiI PULLEY Crankcase Oil or an equivalent SAE 30
* - ..-. --..-..-.....---- WORLD LEADER IN TRIPLEX HIGH PRESSURE PJMPS

3 B-16I ~~~~~~~~~~~ B-16



,I ,1.1 '' 1/4'
(9 n 29f)! 29)0 j 'bZ--- }*-4' | I- -- - 1.5138) TYP.

- 4 PLC.
5.1 1601 ,2.6167l ,O 3.5 .30 , ko0.87.22 1 L

2 i64. 11 731
2.951 'q Il II J -'t 6.el2.95B~~I 0p ± I 1t66) I L +"2.241

175) Jj 16m.5 | 4.48 1 1/2 _ _-
4.3911112) di

2.13154| 1.84 l/2' 14 4.92(1251-4

I 9-5.42101--.180 -- 1

3** 1|2.8313261)--

3 11 5 1
Cranksha chrome- olyI orgedCa8.7t is the only pump ; 

1
' .i,,lU cnkca

------- 9.451240)S-------- i
12.83|326| - ----

Crankshafl is chrome-inoly

lorged. Cat is the only pump ; il,. ml ;i,.iinun, cianhcas(.

-100 we- CUp design lubricatled Wears smanufacturer in the world utilizing means hgh strenglh. hght weigtih and
100%. wet cup design. lubricated Wear surlaces are hard chrome- this quality. excellent tolerance control.
and cooled by pumped fluid on plated, for longer service hie.

I valve surfaces are both sides, extending lile of cup. Main Bearings are oversized. giving
,ped. pioducing Inlet valves are mechanically longer pump lite.
_ tIer sealing nd' \ acturled. Theyopenatprecisely he / Slpped piston rod is unique
;her ei:ency. same time on every turn of the crank. design. allows sleeve to be replaced

from front end ol pump.
.Ive seats and\y

.el. giving you that \
Ided asmiurance of

,rosion resistance. T

I pump are triples

I.^f ^ *oother teriormance
_ ltess pI6sation.

/ ISN ' S P ACER

CCUP m I WAE

rb p ~~~ 1 r F 11 11 itO RlSOS % \ ~~~~~~~~~pumpld Tlud oul o' crankcase l.., f .: rie . ors '3. Prodctsdesribedhronarecovereby;oneormore1of1thefollowingU.S.patents 3558 ' 435: 2180an5 03:duCr05 s6rength and bearing qlal05ies.
-PiSATON RO CT. UimePs and c asN s .

Rostockar > , , ,, ~~~~~~~~~~~:·l.,(,.! In r 5 minules. or less

_6200 / tv , P t ! 8 * f ~~~~~ need to enter crankcase.

the pump longer life and corrosion

Wes t Germany

CAT PUMPS (U.K.) LTAD
.A 6l2.00 AintarapBeirt17A ings Road , u,

1 lJ~i_ Wess pulsationv./ ~# l

Harmoniestrast 29 England 1600 FREEWAY BOULEVARD N. MINNEAPOLIS. MN 55t30
B-2000 Antwerp, Belgium Phone (612) 566-1212 * Telex 29-0276

B-17
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INDUSTRIAL USER PRICE SHEET EFFECTIVE NOVEMBER 1, 1978
|* , p@,v:XPUMPS

PUMP MODEL INDUSTRIAL USER NET

WILDCAT
Model 20 w/Bracket 3 GPM 600 PSI 140.00

BOBCAT
Model 280 only 3 GPM 700 PSI 285.00

Model 281 only Stainless Steel 692.00

Model 284 only .6 GPM 3000 PSI 661.00

COUGAR .,
Model 330 only 4 GPM 1200 PSI 403.00

*Model 338 w/COMPLETE (BOX) ASSEMBLY428.00
*Model 339 w/COMPLETE (ANGLE)ASSEMBLY 428.00
Model 331 only Stainless Steel 797.00
Model 335 only P.P. Manifold 462.00

Model 430 only 5 GPM 800 PSI 386.00

*Model 438 w/COMPLETE (BOX) ASSEMBLY 411.00I *Model 439 w/COMPLETE (ANGLE) ASSEMBLY 411.00
Model 431 only Stainless Steel 777.00

Model 435 only P.P. Manifold 429.00

LEOPARD
_ Model 520 only 5 GPM 1700 PSI 792.00

Model 521 only Stainless Steel 1,169.00

Model 524 w/DM,SP,0.4.5 GPM 2150 PSI 668.00
Model 620 only 6 GPM 1200 PSI 662.00
*Model 629 w/COMPLETE (ANGLE) ASSEMBLY 738.00

Model 621 only Stainless Steel 1,219.00

Model 624 only 3 GPM 3000 PSI 1,205.00

Model 625 only P.P. Manifold 740.00

Model 820 only 10 GPM 1000 PSI 662.00

Model 821 only Stainless Steel 1,219.00

Model 825 only P.P. Manifold 740.00
Model 1010 only 12 GPM 700 PSI 662.00

Model 1011 only Stainless Steel 1,219.00
Model 1015 only P.P. Manifold 740.00

JAGUAR
Model 1020 only 10 GPM 1200 PSI 1,610.00

Model 1021 only Stainless Steel 2,875.00

Model 1024 only 6 GPM 3000 PSI 2,690.00
Model 1025 only P.P. Manifold 1,660.00
Model 1044 only 10 GPM 2000 PSI 2,690.00
Model 1520 only 15.1 GPM 1000 PSI 1,610.00
Model 1521 only Stainless Steel 2,875.00

Model 1525 only P.P. Manifold 1,660.00
Model 2020 only 20.1 GPM 800 PSI 1,610.00

Model 2021 only Stainless Steel 2,875.00
Model 2025 only P.P. Manifold 1,660.00
Model 2520 only 25.9 GPM 700 PSI 1,610.003 Model 2521 only Stainless Steel 2,875.00

Model 2525 only P.P. Manifold 1,660.00

PANTHER
Model 6020 w/Mtg. 60 GPM 1000 PSI 3,500.00

Model 6021 w/Mtg. Stainless Steel 4,670.00
Model 6024 w/Mtg. 12 GPM 5000 PSI 6,150.00

Model 6024 w/Mtg. Stainless Steel 7,260.00

Model 6044 w/Mtg. 20 GPM 3000 PSI 6,150.00
Model 6044 w/Mtq. Stainless Steel 7,260.00

'UAL'PRICING FOR BLUE DOT OR PRRRRM-A-LUB UNCHROMED, VITON OR V-HOT CUP CONFIGUR-
.ALS ON MODELS 280, 330, 430 and 10 FRAME ATIONS--ADDITIONAL 10% OF STD. PUMP

.^nTCnr aCCrMRT.v inll,,rc Anole (Box) Rail, Pulley Assembly, Shaft Protector and Oil.

| 3 . B-18



.PUMP MOUNTING AND DRIVE ACCESSORIES EFFECTIVE NOVEMER 1, 1978

INDUSTRIAL USER
NET

WILDCAT
29690 Bracket Mtg. 4.55

w/Pump
30632 Flex Coup &

Key Assy 22.10

30634 3-1/2" Pulley
& Key Assy. 4.55

06103 Oil (3 oz.) 1.10

BOBCAT
30612 Angle Mtg.(5/16)U.S. 9.80

30246 5" Pulley, Set Screw, 7.85

& Key Assy.
25130 Shaft Protector 2.15

06101 Oil (21 oz.) 2.15

COUGAR
30241 Box Mtg. 14.50

30611 Angle Mtg.(5/16)U.S. 11.50

30243 Direct Mtg. 5.20

30616 Bolt Mtg.(5/16)U.S. 1.80

30244 8" Pulley, Set Screw, 9.20'

& Key Assy.

25130 Shaft Protector 2.12-

06101 Oil (21 oz.) (1) 2.15-

LEOPARD
30613 Angle Mtg. (3/8) U.'S. 24.40

30264 Direct Mtg. 6.40

30615 Bolt Mtg.(3/8) U.S. 2.00

30267 9.75" Sheave, Hub, 44.15*

& Key Assy.

30284 Hub & Key Assy. 7.75
25131 Shaft Protector 3.25

06101 Oil (21 oz.) (2) 2.15

JAGUAR
30268 Angle Mtg. 42.60

30269 9.75" Sheave, Hub, 44.15*

& Key Assy.

30285 Hub & Key Assy. 7.70*
26516 Shaft Protector 5.40

06101 Oil (21 oz.) (4) 2.15

30278 Oilers w/Pump (3) 21.55

PANTHER
29477 Rail w/Pump (2) 69.00

30636 Hub & Key Assy. 46.15

29445 Shaft Protector 28.45

06101 Oil (21 oz.) (14) 2.15

30429 Oilers w/Pump (3) 30.20

LIST

*CHANGED PER PARTS UPDATE 12/29/78

B-19
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MHHa PROTOTYPE PLANNING
.AEC.N..CA. *ECHNOL-C.G INC rc.-E-- Process/Planning Sheet SHEET __O__

DRAWING NO. PT. REV. I PROGRAM NOTFS:
612D027 | 8.1 f - -- -- -

nFOPCRIPTION .
Compressor Casing

MATERIAL Cast Iron '-

SIZE as cast-- -- - -- cai- 
--

sTY _Fi LB 5 
- -- .

MATERIAL COST PER -_____ 
4 8 -

FINISH: H L -

MATENTAL COST PER/PC _$48 00 B _II1 _ _ „ J a '

TooTooool Equip Sid Hr
OPER. OPERATION DESCRIPTION Description Cost Rel

5 Chuck large end
Turn rabbit

Face to rabbit

Turn 0-rinq .27
_______ Bore rear bearing

10 Chuck small end

Face

Turn O.D.

Turn rabbit

Bore cavity

Rough bore bearings

Finish bore bearings 3

-- -------------------- t TOTAL , //////////.~

DRAWING NO. 612D027 PREPARED BY M ALLOWED TIME

DATE J .Z/ 5-- RATE D .L. S/PC

79934



M I* I ~PROTOTYPE PLANNING
VEC"ANIC.L TEC.H-NOOIG- 'NCOPCO'E. SHEET 2_ OF 2

DRAWING NO. PT. REV. PROGRAM NOTES:

Compressor Casing

MATERIAL

SIZE

OTY ___ LB __ FT ___

MATERIAL COST PER _ ___

FINISH:

MATERIAL COST PER/PC -

OPER. Tool Tool EquipOPER. OPERATION DESCRIPTION escription ostStd HrNO. Description Cost Rel

15 Fixture rabbit

Drill .17

20 Fixture rabbit

Tap cavity holes .45

25 Bench .__ .25

30 Inspect . 25

. °D7 |TOTAL w////T //////////L 2.12
DRAWING NO.. 612D027 PREPARED BY 1l/T ALLOWED TIME 2. 2

DATE //7 4 RATE b l
D.L. S/PC | b1

79934



PROTOTYPE PLANNING
'.,EC..NIC. . ECNOtc' CC REV. G-RC:A-M_ Process/Planning Sheet SHEET ~ OF

DRAWING NO. PT. REV. | PROGRAM NOTES: I ! 1 I
612D027 8.2 l I _ _
DESCRIPTION III
CompressU- WVheel !lll
MATERIAL Precision Casting -- …-----

SIZE as cast

OTY __ LB __ FT _

MATERIAL COST PER ea. $150.00 -

FINISH:

MATERIAL COST PER/PC $150. 00_

OPER. Tool Tool Equip S„d HrOE. OPERATION DESCRIPTION ToDeri Cosl R Sd Hr
NO. Description Cost Re

Manufacturing hours based upon

actual cycle of a currently produced

wheel at Turbonetics adjusted for

high volume production

Tfr 7| TOTAL ~ ^^ "////// / 2.27
DRAWING NO. 612D027 PREPARED BY / ALLOWED TIME 2. 3

~DATE i~/1~/7^~ §-RATE 30DATE /PC_________ 6
D.L. S/PC 69

7991a



" Rij~i ~ PROTOTYPE PLANNING
'EC"»N.C^L 'EC-hOtCC' c Ico"pO-E- Process/Planning Sheet SHEET 1 OF 2

DRAWING NO. PT. REV. PROGRAM NOTES:
612D027 8.6

DESCRIPTION

Compressor Volute

MATERIAL Cast iron

SIZE as cast
OTY 1 L 50 FT ____

MATERIAL COST PER 9 5 $4 8.00_

FINISH:

MATERIAL COST PER/PC $48. 00

OPER . Tool Tool Equip.OPER. OPERATION DESCRIPTION Tool Tool Equip SId. Hr
NO. Description Cost Ret

5 Chuck front end

Machine face, bore, 0-ring of flange

Bore for wheel

Bore for seal

_____ Bore front lip_ __ .42

10 Chuck back end

Face, turn O.D. at bore

Face, turn O.D. of volute, 0-ring

Face, turn, bore IGV end

Contour venturi .84

15 Fixture_ __

Drill ___ .23

/7/| TOTAL /////////%
.*AW!... No. 612D027 PREPARED BY ALLOWED TIME

DATE ' /l 7 RATE
D.L. $/PC |

19934



PROTOTYPE PLANNING
*.ECHANICA. tECHNCLCG^c NC)RPnC -E-.E SHEET 2 OF

DRAWING NO. PT. REV. I PROGRAM NOTES: _ I…
612D027 8.6

DESCRIPTION

Compressor Volute
MATERIAL

SIZE

OTY -_ LB _ FT

MATERIAL COST PER ____

FINISH:

MATERIAL COST PER PC___________

OPER. OPERATION DESCRIPTION Tool Tool Equip Sd Hr
NO. Description Cost Ref

17 Fixture
Drill IGV holes

Tap roller holes . .63

20 Bench ~ _-- .25

25 Inspect .25

_/_/I/TOTAL 2e/ 2.63
DRAWING NO. 612D027 PREPARED BY , ALLO WED ME 2. 7

.DATE ///7 RATE. JU _

D.L. S/PC 8 81

79934
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"i~- "i PROTOTYPE PLANNING
'..EtC-NC .' TECcNL:-- ,.Ncw._~c-'--.- Process/Planning Sheet SHEET _OF1

DRAWING NO PT REV. PROGRAM NOTES:
612D027 8.7

DESCRIPTION
IGV Casing ---- --

MATERIAL Cast Iron

SIZE as cast
I 30

OTY LB FT _

MATERIAL COST PER _* 95 $29.00

FINISH:

MATERIAL COST PER/PC $29 .00

OPER. OPERATION DESCRIPTION Tool Tool Equip SId Hr
NO. Description Cost Ref

' 5 Chuck front end
_ _____Face, rabbit volute mount

Bore front face ___ .21

10 Fixture

Mill cover face

_____ Drill & tap cover face_ _ .11

15 Fixture

Drill ___ .52

. I I 1 .1320 Bench .13

25 Inspect .13

--- -- // | TOTAL //////// 1.10
nAWING NO. 612D027 PREPARED BY (/ -ALLOWED TIME 1. 1

DATE RATLWE RATE 30

D.L. S/PC 33

/99)4
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fU|jij PROTOTYPE PLANNING
..Ec"-NCc 'tEC-CLOC,~GI .nC~Oi-E: Process/Planning Sheet SHEET ___ OF -_

DRAWING NO. PT. REV. PROGRAM NOTES: -
612D027 8.8

DESCRIPTION
Compressor Vanes

MATERIAL Precision Casting __
as cast

OTY 9 LB FT __

MATERIAL COST PER ea. _ $2 .75_

FINISH:

MATERIAL COST PER/PC $25.00/Set of 9

OPER. Tool Tool Equip. Sd. HrNO P ~OPERATION DESCRIPTION T o s e Sld. HrNO. Description Cost Re..

i 5 Chuck
'__ Turn Stem

_ _____ Face .10

10 Fixture

Drill pin hole .05

__________ __ __ .15 e.

___________________________ x 9

^ |TOTAL ///////// 1.35
-AW.M :M nO _ 612D027_A______ PREPARED BY 4/• OA ALLOWED TIME 1. 4

DATE Z/// /_. RATE 30
D.L. t/PC 142 j

79934



:. .; *

PROTOTYPE PLANNING
.^c.^..c~ . CEc.)cGV..cp c,.npo--:_ Process/Planning Sheet SHEET 1_ OF_2

DRAWING NO. PT. REV. PROGRAM NOTES:
612D027 8.9

DESCRIPTION
Compressor Assembly

MATERIAL _______________

SIZE _

OTY _ LB FT __

MATERIAL COST PER _____ _____

FINISH:

MATERIAL COST PER/PC ____

OPER. Tool Tool EquilOPER. OPERATION DESCRIPTION T iol Tl Equ lp Sld. HrNO. Description Cost Rel

I 5 Assemble to shaft _--
co ___Thrust bearing .03

Rear bearing _ .03

__Shims .03
Assemble shaft in housing __ .1.7

Assemble thrust ring .08

Assemble shaft .02
Shaft seal ___---

: Wheel seal ___ .02

Tie bolt ___ .

Wheel _ .08

Seal rinq __
Assemble __

Seal in volute .05
IGV in volute ___ .52

Gears in ring .03

nPAWIm. Nfn 612D027___ PREPARED BY TTA ALLOWED TIME

*DT, D//~ RATE ATE
D.L. S/PC 1[

79934



* Sn |PROTOTYPE PLANNING
'.EC".NAC-. rECH^'OLCC.,G 'C.'PO-"'-E:_ SHEET 2__ OF 2

DRAWING NO.' PT. REV. PROGRAM NOTES:

612D027 8.9

DESCRIPTION
Compressor Assembly

MATERIAL

SIZE ______ _________

OTY _____ LB ____FT____ -

MATERIAL COST PER _ - _____

FINISH:

MATERIAL COST PER/PC ____

OPER. Tool Tool EquipOPER. OPERATION DESCRIPTION Tol Tol Equip Std. Hr
NO. Description Cost Ref

i Rollers on volute .38
Assemble IGV casing to volute nO

Gear drive to gear .08

Oil wash . 1 7
Low speed spin test .33
Clean & wash .17
Cover & paint __
Inspect .17

612 0,27~f DfPP5n - TOTAL, °_ _/////// , _ 2/////// 2.65
uDrn^GS 6 ^,C f l2DO27 ------ pnpparrn RY 1/. ----- ALLOWED TIME 2.7

DATE /7. RATE 30
D.L. S/PC 81 |

79934
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