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SYSTEMS AND METHODS FOR DESIGNING AND MANUFACTURING
ENGINEERED OBJECTS

RELATED APPLICATIONS

This application claims priority of U.S. Provisional Patent
Application No. 60/679,447 which was filed on 05/10/2005. The contents
of all related applications listed above are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to systems and methods of designing
and manufacturing engineered objects and, more specifically, to design
and manufacturing systems and methods for manufacturing engineered
objects based on a customer-approved design.

BACKGROUND OF THE INVENTION

The term "object” is used herein to refer to a mechanical, electrical,
or chemical component or any combination of such components. The

term "engineered” as used herein refers to an object at least some aspect
of which is specifically engineered to suit the requirements of a particular
customer.

The present invention is of particular significance in the context of
the design and manufacturing of bulk material handling systems such as
the type typically used in a manufacturing environment to carry material
from one location {o another. The present invention will thus be described
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2.

herein using the example of a system or method of designing and
manufacturing an engineered object taking the form a bulk material
handling system. However, the example presented herein is described for
illustrative purposes only, and the present invention may take forms than
the illustrative example described below.

A bulk material handling system typically requires the combination
of mechanical and electrical components and material properties into an
overall system that fits the particular working environment of a specific
customer. Although many of the components used in a bulk material
handling system are standardized, each particular design requires custom
engineering. A bulk material handling system thus meats the definition of
an engineered object as set forth above.

Conventionally, the design and manufacturing of a bulk material
handling system involves the services of a salesman and an engineering
department. The conventional process of designing and manufacturing a
bulk material handling system may be described as follows.

Initially, the customer sends to the salesman a Request For
Quotation (RFQ) containing the requirements of a proposed new bulk
material handling system. The salesman works with the engineering
department to generate a proposal based on the RFQ. The proposal
contains engineering specifications defining the proposed new butk
material handling system.and a quote of the price. The proposal typically -
may take up to several days to generate. The customer places an order
when the proposal is accepted.

After the order is placed, the engineering department generates
approval layout drawings based on the approved engineering
specifications. The customer confirms that the approval layout drawings
are accurate, and, if not, the approval layout drawings may be revised.
The approval layout drawings are commonly produced based on finished

job drawings for similar butk material handling systems that have been
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hand-modified based on the specifications defined by the order.

Once the approval layout drawings are finalized, the engineering
staff will generate detail manufacturing drawings and associated
documents. From the detail manufacturing drawings, CNC-ready files are
created for the cutting of sheet metal. The sheet metal and other
compenents such as motors or the like are then combined with the sheet
metal components based on the detail manufacturing drawings. The
finished bulk material handling system is then installed at the customer's
site. .

The Applicant has identified at least the follow problems with
conventional systems and methods for designing and manufacturing bulk
material handling systems.

First, the step of generating the proposal requires the involvement
of highly experienced engineering staff for at least several hours an'd often
several days. The use of experienced engineering staff is expensive, and
the fact that the proposal may take several days to prepare may place the
manufacturer at a competitive disadvantage. Second, even with
involvement of engineers for many hours, the preliminary specifications,
without the approval drawings, do not include the detail drawings required
for manufacture. The use of preliminary specifications to create the
proposal creates the potential for costly design mistakes and inaccuracies
in the quote. Third, the step of generating approval drawings.can.take.
several iterations over the period of one to two weeks. Fourth, the step of
generating the detail manufacturing drawings based on prior finished job
drawings for other projects often resuited in components that did not it
together or match the approval drawings.

The conventional process of designing and manufacturing a bulk
material handling system is thus time consuming, requiras significant
highly technical [abor simply to prepare a proposal, and is susceptible to
design errors that are difficult and costly {o fix. The need thus exists for
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improved systems and methods of designing and manufacturing
engineered objects such as bulk material handling systems.

SUMMARY OF THE INVENTION

The invention may be embodied as a system for manufacturing an
engineered object comprising an estimate generator, layout drawing
generator, and design generator. The estimate generator generates a
cost estimate based on a request for proposal defining the engineered
object. The layout drawing generator generates a layout drawing based
on the request for proposal. The design generator generates, based on an
order and a proposal, an object design comprising an assembly
specification, a detail specification, and machine control files. The
proposal is generated based on the cost estimate and the layout drawing.

. The order is generated based on the proposal. Manufactured components

are generated based on the machine control files. Subassemblies are
generated from the manufactured components and the procured
components based on the detail specifications. The engineered object is
generated based on the subassemblies and the assembly specifications.

The invention may also be embodied as a method of manufacturing
an engineered product comprising the following steps. A request for

.proposal is accepted. . A cost estimate is generated based.on the request -

for proposal. A layout drawing is generated based on the request for
proposal. A proposal is generated based on the cost estimate and the
layout drawing. An order is generated based on the proposal. Based on
the order and the proposal, an object design comprising an assembly
specification, a defail specification, and machine contro! files is generated.
Manufactured components are generated based on the machine control
files. Subassemblies are generated from the manufactured components

and the procured components based on the detail specifications. The
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engineered object is generated from the subassemblies based on the

assembly specifications.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is block diagram depicting a system designing and
manufacturing an engineered object;

FIG. 2 is a flow diagram illustrating a method of using the system
depicted in FIG. 1;

FIG. 3 is a flow diagram depicting one of the steps of the method of
FIG. 2 in further detail;

FIGS. 3A-C are screen shots depicting software pahels that may be
generated by the system of FIG. 1;

FIG. 3D is an example [ayout diagram generated by the system of
FIG. 1; '

FIG. 4 is a flow diagram depicting one of the steps of the method of
FIG. 2 in further detail;

FIGS. 4A and 4B are screen shots depicting software panels that
may be generated by the system of FIG. 1;

FIGS. 4C and 4D are views of an example three-dimensional model
generated by the system of FIG. 1;

FIGS. 4E and 4F_are two-dimensional drawings generated based ---
on the example three-dimensional model of FIG. 4C;

FIGS. 4G-J are tables depicting examples of a bill of materials, buy
list, ship list, and fabrication list generated by the system of FIG. 1;

_ FIG. 4K is a drawing containing assembly specifications generated

by the system of FIG. 1; and

FIG. 5 is a flow chart depicting the operation of an example
paramefric design system that may form part of or be used by the system
of FIG. 1.
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DETAILED DESCRIPTION OF THE INVENTION

Referring inifially to FIG. 1, depicted therein is a design and
manufacturing éystem 20 constructed in accordance with, and embodying,
the principles of the present invention. The example design and
manufacturing system 20 is illustrated in the context of a method of
designing and manufacturing of an engineered object 22, which, in the
detailed example that will be described below, takes the form of a bulk
material handling system.

The design and manufacturing system 20 comprises a parametric
design system 30; the parametric design system 30 comprises an estimate
generator 32, a layout drawing generator 34, and a design drawing
generator 36. The parametric design system 30 determines the
parameters associated with components of an object based on: (a) the
parameters associated with other components of the object; and (b)
engineering rules and knowledge developed based on experience with
objects similar to the engineered object 22.

The example system 20 further comprises factory automation
machines 40, manufacturing facilities 42, and/or off-site assembly facilities
44. The factory automation machines 40, manufacturing facilities 42, and
off-site assembly facilities 44 all are or may be conventional and will not be
described-herein beyond-what is necessary for a complete understanding -
of the present invention.

Also depicted in FIG. 1 are system functions that employ human
input. In particular, the entity ordering the engineered object 22 is
identified as the customer and is indicated by reference character 50. The
human involvement of the entity manufacturing the engineered object 22 is
represented as a sales person 52 and an engineer 54. In addition, the
entity manufacturing the engineered object 22 may further employ

additional human functions such as purchasing, sales, marketing,
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accounting, and management, but these functions are only tangentiaily
related to the system 20 and will not be described in detail herein.

The customer 50, sales person 52, and engineer 54 are not per se
part of the design and manufacturing system 20 of the present invention
but are integral to the design and/or manufacturing of the engineered
object 22 using the system 20. Further, the functions performed by any of
the customer 50, sales person 52, and/or engineer 54 may be, and
typically are, performed by more than one individual.

FIG. 1 further illustrates that the example engineered object 22 is
formed by the assembly of subassemblies 60a and 60b at the off-site
assembly facilities 44. The subassemblies 60a and 60b are in turn formed
by the assembly of manufactured components 62a, 62b, and 62¢ and
procured components 64a and 64b at the manufacturing facilities 42. For
clarity, the engineered object 22, subassemblies 60, manufactured
components 62, and procured components 64 are all depicted in highly
schematic forms in FIG. 1.

in the context of a bulk material handling system, the manufactured
components 62 are typically two-dimensional sheet metal components cut
to be folded into three-dimensional structures; in this context, the procured
components 64 are motors, sensors, belts, controllers, and the like that
are assembled with the three-dimensional structures formed by the

. manufactured components 62 into the subassemblies 60 and eventually -

into the engineered object 22 in the form of a bulk material handiing
system. '

The entity that manufactures the engineered object 22 may own
and operate the parametric design system 30, the factary automation
machines 40, and the manufacturing facilities 42. The on-site assembly
facilities 44 may be owned and operated by an entity assoclated with the
customer 50. However, in the context of modern manufacturing practices,

it should be clear that the parametric design system 30, factory automation
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machines 40, manufacturing facilities 42, and on-site assembly facilities 44
may be owned and/or aperated by other entities and located at widely
distributed physical locations.

During the operation of the design and manufacturing system 20,
numerous documents are generated. In the context of the present
invention, the term "document” broadly refers to all forms of
communication such as paper documents and computer files that
represent design data associated with the design and manufacture of the
engineered object 22. This design data can take a wide variety of forms,
including text, drawings, databases, lists, and computer code. The
following table identifies and describes certain documents that are used as
part of the design and manufacturing system 20 as described inFIG. 1:

Document Name | Ref. No. Description
RFQ (Request for 70 Generally - describes the performance
Quotation) requirements of the engineered object.

Bulk Material Handling — describes
properties of the proposed bulk material
handfing system such as the type of
material to be carried and its properties,
the amount to be carried per unit time,
and locations where material feeds into-
the machine and is discharged from the

machine,

Cost Estimate 72 Generally — summarizes the cost to
manufacture the engineered object.

Bulk Material Handling — summarizes the
cost to manufacture the proposed bulk

material handling system.

[ T e T e T e T e T e T
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Layout 74 Generally — approval drawings,
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Specifications

specifications, and the like of the
engineered object.

Bulk Material Handling — approval
drawings, specifications, and the like
describing the basic parameters of the
proposed bulk material handling system.

Proposal

76

Generally - the combination of approval
drawings and cost estimate related to an
engineered object.

Bulk Material Handling — the combination
of approval drawings and cost estimate
related to a proposed bulk material

handling system.

Order

78

Generally — agreement by customer to
purchase an engineered object as
described in a proposal.

Bulk Material Handling — agreement by
customer to purchase a bulk material
handling system as described in a

proposal.

Detail

Specifications -

80

Generally — bill of materials and
assembly drawings describing the
manufactured and procured compeonents
of a particular engineered object and how
these components are assembled to
obtain subassemblies of a particular
engineered object.

Bulk Material Handling — bill of materials

and assembly drawings describing the

procured components and two-




T e T e T e T e T e B |
m —m —m ~—@ @ @ @ @ ™@ @ M™@A o™@ @ & & & /& /& /s /& /s /s /. /e /e /e /e /e /e e /e e e e

(35) JP 2006-318488 A 2006.11.24

-10-

dimensional sheet metal components of
a bulk material handiing system and how
these components are assembled to
obtain subassemblies of a particular bulk
material handling system.

Machine Control

Files

82

Generally — computer files for controlling
factory automation machines to
manufacture custom components of a
particular engineered object.

Bulk Material Handling — flat pattern files
for controlling CNC machines to form
two-dimensional components from sheet
metal that will eventually be fermed into
three-dimensional structures.

Assembly
Specifications

84

Generally ~ assembly instructions for
final assembly of subassemblies to
obtain a particutar engineered object.
Bulk Materiat Handling — assembly
instructions for final assembly of
subassemblies to obtain a particular bulk

material handling system.

Referring now to FIG. 2, depicted at 120 therein is a method of

using the example design and manufacturing system 20. The method 120
starts with the customer 50 providing an RFQ 70 to the sales person 52.
Using the performance requirements described in the RFQ 70, at step 130

the sales person 52 uses the estimate generator 32 and layout drawing

generator 34 to generate an initial cost estimate document 72a and an

initial approval specification drawing 74a. The sales person 52 then

generates an initial proposal 76a at step 130 and presents this proposal
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76a to the customer 50 for acceptance at step 134.

In some situations, the customer 50 may accept the initial proposal
76a. In many situations, the customer 50 may reject the initial proposal
76a at step 134 for any one of a number of reasons such as the cost
estimate 72a exceeding the budget, location or clearance problems,
and/or a change of performance requirements since the generation of the
original RFQ 70. In any of these situations, the process may return to step
130, and the sales person 52 may generate subsequent cost estimates
72b and possibly 72¢ and approval specifications 74b and possibly 74c.
Based on these subsequent cost estimates 72b, 72¢ and approval
specifications 74b, 74c, the sales person 52 may repeat step 132 to
generate additional proposals 76b and possibly 76¢ until one of the
proposals 76 is accepted at step 134.

When the customer 50 accepts one of the proposals 76 at step 134,
the customer 50 generates an order 78 at step 140. The order 78, which
contains or identifies the approval specifications 74 defining the
engineered object 22, is forwarded to the engineer 54. As shown at step
142, the engineer 54 uses the design specifications generator 36 to
generate the Detail Specifications, the machine control files 82, and the
assembly specifications 84.

The machine control files 82 are sent to the factory autornation
machines 40 to control these machines 40 to manufacture the
manufactured companents 62 at step 150. The Detail Specifications 82
are used to identify and procure the procured components 64 at step 152.
Using the Detail Specifications 80, the manufactured components 62 and
the procured components 64 are combined to form the subassemblies 60
using the manufacturing facilities 42 at step 160.

In the example shown in FIG. 1, the manufactured components 62a
and 62b and procured component 64a are combined to form the
subassembly 60a, while the manufactured component 62c and the
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procured component 64b are combined to form the subassembly 60b.
Typically, the subassemblies 60a and 60b are then shipped to the off-site
assembly facilities 44 where they are assembled using the assembly
specifications 84 at step 160 to form the engineered object 22

With the foregoing general understanding of the principles of the
present invention in mind, the details of construction and operation of the
example design and manufacturing system 20 will now be described in
detail. _

Referring nhow to FIGS. 3 and 3A-D of the drawing and Exhibits A
and B attached hereto, the step 130 of the method 120 of using the
example design and manufacturing system 20 will now be described in
further detail. At an initial step 210, the sales person 52 uses the
parametric design system 30 to create a new proposal using the software
panel depicted in FIG. 3A. As shown in FIG. 3A, the sales person 52
enters data identifying the customer 50 and data, such as a proposal
number, project reference name, and the like, of a proposal associated
with a particular proposed bulk material handling system.

At step 212, the sales person 52 defines the properties of the
proposed bulk material handling system using a software panel as shown
in FIG. 3B. The properties entered into the parametric design system 30
at step 212 numerically define the controlling parameters associated with
bulk material handling.systems.- These controlling parameters include -
material to be conveyed, capacity, length, width, incline, construction
materials, and available options.

Based on the properties enfered at step 212, at step 214 the
machine specifications are generated. FIG. 3C depicts a software panel
summarizing the machine specifications for the properties entered in the
software pane! illustrated in FIG. 3B.

Based on the machine specifications, the parametric design system
30 generates the cost estimate 72 at step 220 and the layout
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specifications 74 at step 222. The cost estimate 72 is schematically
depicted in FIG. 3, but a sample print-out of the cost estimate associated
with the machine specifications generated at step 214 is attached hereto
as Exhibit A. The cost estimate 220 typically contains unit, line item, and
total cost values, but these cost values are not per se relevant to the
present invention and have been omitted from the sample cost estimate
contained in Exhibit A. The cost estimate 72 is typicaily not directly
disclosed to the customer 50 but is used by the sales person 52 fo
generate the proposal 76 as will be described in further detail below.

The parametric design system 30 further generates at step 222 the
layout specifications 74 based on the machine specifications generated at
step 214. The layout specifications 74 typically include a summary of the
more important specifications and a layout drawing associated with the
proposed bulk material handling system. A sample layout drawing is
illustrated in FIG. 3D of the drawing. The layout specifications 74 are
typically included in the proposal 76 along with a price based on the cost
estimate 72.

In particutar, a sample proposal is attached hereto as Exhibit B.
The proposal in Exhibit B takes the form of a multiple-page word
processing document that has been automatically generated based on
information entered into and generated by the parametric design system
.30.- The sample proposal attached hereto contains on pages -1-and 2
boilerplate legal [anguage associated with terms of sale, shipment
obligations, freight options, and the like. Page 3 contains a summary of
the important specifications and layout drawing of the proposed bulk
material handling system generated from the layout specifications 74 and
a price generated from the cost estimate 72, Page 4 contains even more
detailed speciﬁcations and price of the drive component of the proposed
bulk material handling system.

Based on a proposal such as the sample proposal in Exhibit B, the
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customer determines whether the proposed new bulk mater?al handling
system and price as defined in the proposal are acceptable. If not, the
sales person can easily and quickly generate additional proposals 76.

When a proposal 76 is ultimately accepted, the customer 50
generates the order 78. The order 78 obligates the customer 50 to
purchase the proposed new bulk material handling system at the agreed
upon price and obligates the sales entity to manufacture the new proposed
bulk material handling system according to the specifications of the
proposal 76. The order 78 may contain or refer to the accepted proposal
76.

The order 78 is passed to the engineer 54. The engineer 54
performs the step 142 of the method 120 using the example design and
manufacturing system 20, and this step 142 will now be described in
further detail with reference to FIGS. 4 and 4A-J.

As discussed above, the layout specifications 74 define basic,
important characteristics of the proposed new bulk material handling
system, especially those relating to price. However, the layout
specifications 74 do not define the details of construction and assembly of
the proposed new bulk material handling system. As generally described
above, at step 142 the engineer 54 uses the parametric design system 30
to generate the detailed specifications 80, machine control files 82, and

.‘assembly specifications-84. e e C e

Initially, in a step 250 shown in FiG. 4, the engineer 54 defines the
subassemblies identified in the layout specifications 74. As an example, in
FIG. 4A the engineer 54 has identified the tail subassembly of the bulk
material handling system identified in the layout specifications 74.

FIG. 4B illustrates a software panel that allows the engineer 54 to
size the individual components of the fail subassembly. The panet of FIG.
4B starts with default numerical values but informs the engineer 54 of
alternative numerical values available for each of the individual
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components. The engineer 54 thus uses personal knowledge, training,
and experience to confirm the values associated with the tail subassembly
under design. These values are generated by the parametric design
system 30 based on the engineering rules embodied therein and the
engineering specifications defined in the order 78.

When the values associated with the components of the tail
subassembly are confirmed, the engineer 54 next directs the parametric
design system 30 to generate component values associated with the tail
subassembly design. In particular, the parametric design system 30
generates tﬁe component values based on the accumulated knowledge
embodied in the engineering rules stored in the parametric design system
30 as will be described in further detail below.

The component values are then passed to a three-dimensional
modeling system such as Solid Works, The three-dimensionai'modeling
system generates a three-dimensional computer model representing the
tail subassembly at step 254, and a sample two-dimensional view of the
three-dimensional model of the tail subassembly is depicted in FIG. 4C.

The three-dimensional modeling system allows the tail assembly to
be rendered in many different views and perspectives. The engineer 54
analyzes the three-dimensional model from different views and
perspectives to determine, at step 256, whether a problem exists with the
design of the tail subassembly. e e

FIG. 4D is a view of the sample tail subassembly depicted in FIG.
4C illustrating misaligned holes 258a and 258h. The misalignment
depicted in FIG. 4D is typically the result of an error in the engineering
rules governing the relationships among components forming the
subassembly.

Accordingly, if the engineer 54 determines at step 256 that a
problem exists with the tail subassembly, the process proceeds to step
260 where the engineer revises rules contained in the engineering rules
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database of the parametric design system 30. After the rules have been
properly revised, the method returns to step 254 where another three-
dimensional model is generated based on the values selected or
confirmed in step 252.

When the engineer 54 determines at step 256 that the three-
dimensional model does not contain any problems, the parametric design
system 30 passes values associated with the designed tail subassembly to
a Computer Aided Drafting (CAD) program such as AutoCAD. As shown
in FIG, 4E, at step 270 AutoCAD generatss two-dimensional drawings
based on the three-dimensional model that depict the tail subassembly,
the components thereof, and instructions describing how to combine the
components to form the subassembly. The two-dimensional drawings
generated at step 270 form part of the detail specifications 80.

The parametric design system 30 further generates at step 270 a
bilt of materials such as depicted in FIG. 4G and associated documents for
ordering procured parts such as a buy list, an example of which is shown
in FIG. 4H, and a ship list, an example of which is shown in FIG. 41. The
example parametric design system 30 also generates at step 270 a
fabrication list used during the factory pre-assembly step 160 described
above. |

As shown at step 272, AutoCAD generates flat pattern drawings as
depicted in FIG. 44 defining how the manufactured parts are to be cut.
AutoCAD further generates the motion control files 82 corresponding to
the flat patterns.

Step 274 illustrates that the parametric design system 30 generates
the assembly specifications 84, a sample of which is depicted at FIG. 4K
of the drawing. '

The fundamental principles of a parametric design system such as
the parametric design system 30 used by the design and manufacturing
system 20 are generally known and wili not be described herein beyond
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what is required for a complete understanding of the present invention.

FIG. 5 illustrates an example parametric design system that may be
used as the parametric design system 30 described above. Initially, the
controlling parameters associated with a type of engineered object to be
produced are defined at step 320. Next, an engineering rules database
322 is created at step 322. The engineering rules database 322contains
rules defining the components associated with a given type of engineered
object and the relationships among these components. The engineering
rules database 322 of the example parametric design system 30 further
contains cost information associated with these components.

At step 324, the user enters sizing information defining a particular
engineered object to be desighed. Based on the engineering rules
database created at step 322 and the sizing data entered at step 324, at
step 326 a machine specification 328 is generated.

The machine specification 328 can take many different forms. In
the context of the example parametric design system 30, the machine
specification may take the form of cost esfimate 72, the approval
specifications 74, the design specifications 80, and/or the assembly
specifications 82.

From the foregoing, it should be apparent that the present
invention may be embodied in forms other than those described and
depicted herein with departing from the scope of the present invention.
The scope of the present invention should thus be defermined based on
the claims attached hereto and not the foregoing detailed description of

the invention.
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| Part/Option Description T Qt Weight | Unit Cost Cost
Head - Housing for 18" Head Pul!ey and 48" wide beit _?x‘_—'"“gi?mwm
Head Liner " 1/2" UBMW and 1/4* Urethane 1 45
Head Pulley 18" Dia X 51" Wide Dodge Heavy Duty Lagged 1 234
Drum Pulley (Max Bore 3")
Head Shaft 2,9375" Dia X 73.375" Long(apprx) 1045 Keyad 1 140.8
Drive Shaft
Head Bearings 5-2000R 2-Bolt PB Expansion 2 50.6
Tail Tail housing with 24" Take-Up 1 1178
Tail Liner 10 GA and 1/4" AR. 1 152
Tail Pulley 14" Dia X 51" Wide Dodge Heavy Duty Wing Pulley | 1 141
Tail Shaft 2.9375" Dia X 71.375" Long 1045 Keyed Shaft 1 137 |
Tail Bearings S-2000R 2-Bolt PB Expansion 2 50.6
Intermediate(120") | 4 Intermediate Housing section(s), 1 with Loader(s) | 4 2673
Intermediate(24") 1 Intermediate Housing section(s), 0 with Loaderis) | 1 115
Intermediate(114") { 1 Intermediate Housing section(s), 0 with Loader(s) | 1 545
| InfarmiediatefLiner) | 1/4" x 51" x 498" UHMW Intermediate Botfom Liner 1 505
Intermediate Sets of 4 flanges (Two per interrnediate saction) 12 468
Flanges . .
Idlers 45 degree, for 48" Wide Belt 11 1348
Idler Bearings i 1/4" Dodge SC 2-Balt Flange 22 65.8
Belt 48" Wide 3-Ply 330# 126 961
Motor 10HP Reliance, 230/460V, 60Hz @ 1750Rpms, 1 158
. TEFC, Energy Efficiency
V-Drive 2 B64 Belts, with 6.8" & 8" Sheaves, 1 24
Reducer TA2115H15 Dodge Torqua Arm )l Reducer, Ratio= 1 104
1/15.62
V-Belt Guard TAZ2115BG BELT GUARD - POS. B or POS. D 1 53.1
Motor Mount TA2115MM INCH MOTOR MOUNT ASSY 1 8419
Rod Assembly TA2115RA ROD ASSEMBLY 1 8.9
Reducer Bushing TAZ2115TB TAPER BUSH KIT 1 6.2
Belt Flippers Reloading Rubber Fiippers, 1 per every 100ft of 1 0
belt
Belt Fastener 48" Wide Belt Fastener 1 0
Freight Freight Cost B 0
Belt Alignment 4B Components Belt Alignment Switch 1 8
Switch
Under Speed 4B Components Under Speed Switch 1 8
Switch
Bearing Temp 4B Components Bearing Temp Sensor 1 5
Sensor
Plug Chute Switch [ 4B Components Plug Chute Switch 1 5
Total: 9,758 $PRICE
Lbs
Note : Head, Intenmediate, Tail, Liners, Flanges, and Supports have scrap weight includaed in the cost.
Exhibit A

[ W B )
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05p-4455-001-000-Enter Comp-WA ' Friday, May 06, 2005
Enter Company Name Here.... !
123 A StreetAny Fown, WA, 98123

Phone: 360-111-2222, Fax: 360-111-2223

Altn: John Smith

Ref: Grain Conveyor

Terms of Sale
[Boilerptate]
Shipment
fBoilerplate]
Freight Options
[Boilerplate] |

Painting

[Based on Product Specifications]

Name
inside Sales Representative
name@Tramcolnc.com

Flease visit our website http:/iwww.tramcoinc.com | Phane (316)264-4604 | Fax (316)264-7965

Exhibit B

- .
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05p-4455-001-000-Enter Comp-WA ' Friday, May 08, 2005
Enter Company Name Here.... -'

Any Town, WA, 98123

Aftn: John Smith

Ref: Grain Conveyor

ERICE AND ACCEPTANCE: {Boilerplate]
TAXES: [Boilerplate]

WARRANTY: [Boilerplate]

REMEDIES: [Biolerplate]

SAFETY DEVICES: [Boilerplate]
CLERICAL ERROR:_[Boilerplate]

ENTIRE AGREEMENT: [Boilerplate]

APPLICABLE LAW: [Boilerplate]

DELAYS: [Boilerplate]

CANCELLATION: [Boilerplate]

Please visit our website http//www.tramcoinc.com | Phone (316)264-4604 | Fax (316)264-7965

Exhibit B
Pans 2 nf4
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F'ridé?, May 06, 2005
48" Tramroll Belt Conveyor .

- Ref. Grain Conveyor-

CONSTRUCTION o ‘ ,
Belt Width: 48" E Casing Height: 24 1/2"
.. Head Housing: #10 GA Mild Steel . :
Intermediate Casing: #12 GA Mild Steel Bottom Liner: 1/2" UHMW -
. Tall Housing: #10 GA Mild Steel

MATERIAL L . - CONFIGURATION
Product: grain _ Total Discharge Length: 3.5 fest
Capacity: 20000 Bushels/Hr - . .
Density: 48 Lbs/CuFt . -
TECHNICAL INFORMATION . _ -
Belt Speed: 450 FPM Belt: 48" Wide 3-Ply 330#
Head Shaft RPMs: 95 RPMs
Head Shaft Diameter: 2 15/16" Head Bearing Bore Diameter: 2 15/16*
Head Fulley: 18" Dia X 51" Wide Heavy Duty Lagged Drum Pulley .
Tail 3haft RPMs: 123 RPMs Return Type : Slider
Tail Shaff Diameter: 2 15/16" - Tail Bearing Bore Diameter; 2 15/16"

Tail Pulley: 14" Dia X 51" Wide Heavy Duty Wing Pulley (With Patented Reloading Flippers)
Take Up: Tail mounted screw Take tp with 24" travel
_ Recommended Motor HP: 10HP
MACHINERY . ' ) .
One 48" Tramroll Belt Conveyor, 3.5 ft discharge Length {53.8 ft Overall 'Lehgth). {o handle 20,000
Bushels / Hour of grain @ 48 [bs/Cu.Ft. To be designed for 450 fpm beit speed, which requires 95 pm
at head shaft. 10 H.P. drive required, see separate page (to follow)

1 Head section with head pulley lagged with replaceable Iagging. ‘taper-lbckhubs, Dodge 52000 '
2-Bolt Pillow block rolier bearings. .1/4" expanded metal backed Rhino-Hyds liner wear surface, 1/4°
UHMW lined bottorn, and inspection door, i '
1 Take-up Tall Section with Wing Pulley and Patented reloading device, Dodge $2000 2-Boit
Pillow block rolfer bearings, 1/4" A.R. Bottom Liner, and Inspection Door. 24" Inches of Trake-Up Travel

52 Total Intermediate Sections with 1 Loader(s)

BELT
1 .126' x 48" Wide 3-Ply 330# belt. With flippers located eve’ry 100,
Belt has 3/64" x 3/64" covers. ' :
Beltis Fire resistant, super oil resistant, and static conducting.

OPTIONS . ) ’
1 4B Components Bearing Temp Sensor
1 ' 4B Components Belt Alignment Switch
1 4B Components Piug Chute ‘Switch
1 4B Components Under Speed Switch

: NOTE ; The Tramroll casing is constructed of Mild Steel, dust tight and‘ weather tight construction, To be

pre-assembled and match marked.
Total Conveyor List Price, FOB Wichita, KS * - : . $PRICE

Total estimated weight ‘ . 9,473 LBS

Evhihit R
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05p-4455-001-000-Enter CompWA . . . - Friday, May 06, 2005
Phone: 360-111-2222Attn: John Smith .~ »
Ref Grain Conveyor

SHAFT MOUNT DRIVE: ltem 1:

1 g Mator, 10HP Reliance, 230/460V, 60Hz @ 1750Rpms, TEFC, Energy Efficiency
1 " V-Drive, 2 B64 Belts, with 6.8" & 8" Sheaves.
1 Reducer TA2115H15 Dodge Torque Arm |l Reducer, Ratno-' 11582

1 Expanded Metal V-Belt Guard

1 Reducer Bushing (Tapered)

1 . Motor Mount »

1 - Reducer Rod Assembly

Tofal drive list price, FOB Wichita, KSis - . .. SPRICE

Totalestimated welght = . o . 2621BS

: DRIVE COMPONENTS ARE SHIPPED LOOSE FOR FIELD ASSEMBLY AND INST;ALLATION

Please visit ot]?_‘ website hitp:/Avww.tramcoine.com | Phone (31 6}264—4'.604 | Fax (316)264-7965

Exhibit B

[ PRSI B
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What is claimed is:

1. A system for manufacturing an engineered object,

comprising:

an estimate generator for generating a cost estimate based on a
request for proposal defining the engineered object;

a layout drawing generator for generating a layout drawing based
on the request for proposai; ,

a design generator for generating, based on an order and a
proposal, an object design comprising an assembly
specification, a detail specification, and machine control files,
where
the proposat is generated based on the cost estimate and

the layout drawing; and
the order is generated based on the proposal;

factory automation facilities for generating manufactured
components based on the machine control files;

manufacturing facilities for generating subassemblies from the
manufactured components and the procured components
based on the detail specifications; and

assembly facilities for generating the engineered object from the
subassemblies based on the assembly specifications.

2. A system as recited in claim 1, in which the estimate
generator generates the cost estimate based on at least one of
predetermined properties of the engineered product, parameters
associated with components of the engineered product, and engineering

rules and knowledge.
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3 A system as recited in claim 2, further comprising an
estimate generatar interface for defining the predetermined properties of

the engineered object.

4. A system as recited in claim 1, in which the layout generator
generates the layout drawing based on at least one of specifications of the
engineered product, parameters associated with components of the

engineered product, and engineering rules and knowledge.

5. A system as recited in claim 4, in which the estimate
generator generates the cost estimate based on at least one of
predetermined properties of the engineered product, parameters
associated with components of the engineered product, and engineering

rules and knowledge.

8. A system as recited in ¢laim 5, in which the layout generator
generates the layout drawing based on the predetermined properties of

the engineered product.

7. A system as recited in claim 4, further comprising a
specifications interface for defining the specifications of the engineered

object.

8. A system as recited in ctaim 7, further comprising an
estimate generator interface for defining the predetermined properties of

the engineered object.

9. A system as recited in claim 1, in which the design generator
generates the object design based on at least one of predetermined
properties of the engineered product, parameters asscciated with
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components of the engineered product, engineering rules and knowledge,

and an engineering review.

10. A system as recited in claim 9, further comprising a review

interface for facilitating the engineering review of the object design.

11. A system as recited in claim 9, in which the object design

comprises an object model defining the engineered object.

12.  Asystem as recited in claim 11, further comprising a review
interface for generating an image of the object model to facilitate the
engineering review. '

13. A system as recited in claim 12, in which:

the object model is a three-dimensional computer model
represenfing the engineered object; and

the image is a two-dimensional representation of the three-
dimensional computer model.

14.  Asystem as recited in claim 9, in which the layout generator
generates the layout drawing based on at least one of specifications of the

-engineered product, parameters associated with components of the

engineered product, and engineering rules and knowledge.

15. A system as recited in claim 14, in which the estimate
generator generates the cost estimate based on at least one of
predetermined properties of the engineered product, parameters
associated with components of the engineered product, and engineering

ruies and knowledge.
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16. A system as recited in claim 15, in which the layout
generator generates the layout drawing based on the predetermined

properties of the engineered product.

17. A system as recited in claim 10, further comprising a
specifications interface for defining the specifications of the engineered

object.

18. A system as recited in claim 17, further comprising an
estimate generator interface for defining the predetermined properties of

the engineered object.

19. A method of manufacturing an engineered product,
comprising the steps of:

accepting a request for proposal defining the engineered object;

generating a cost estimate based on the request for proposai;

generating a layout drawing based on the request for proposal;

generating a proposal based on the cost estimate and the layout
drawing;

generating an order based on the proposal,

generating, based on the order and the proposal, an object design
comprising.an assembly specification,-a detail specification,
and machine control files;

generating manufactured companents based on the machine
control files;

generating subassemblies from the manufactured components and
the procured components based on the defail specifications;
and

generating the engineered object from the subassemblies based on

the assembly specifications.
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20. A method as recited in clairﬁ 19, in which the step of
generating the cost estimate comprises the step of generating the cost
estimate based on predetermined properties of the engineered product,
parameters associated with components of the engineered product, and

engineering rules and knowledge.

21. A method as recited in claim 20, further camprising the steps
of:
providing an estimate generator interface; and
defining the predetermined properties of the engineered object
\ using the generator interface,

22, A method as recited in claim 19, in which the step of
generating the layout drawing comprises the step of generating the layout
drawing based on at least one of specifications of the engineered product,
parameters associated with components of the engineered product, and
engineering rules and knowledge.

23. A method as recited in claim 22, in which the estimate
generator generates the cost estimate based on at least one of
predetermined properties of the engineered product, parameters.
associated with components of the engineered product, and engineering
rules and knowledge.

24, A method as recited in claim 23, in which the step of
generating the layout drawing comprises the step of generating the layout
drawing based on the predetermined properties of the engineered product.
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25 A method as recited in claim 22, further comprising the step

of:
providing a specifications interface; and
defining the specifications of the engineered object using the
specifications interface.
26. A method as recited in claim 25, further comprising the steps
of:

providing an estimate generator interface; and
defining the predetermined properties of the engineered object
using the specifications interface.

27.  Asystem as recited in claim 19, in which the step of
generating the object design comprises the steps of.
generating the object design based on at least one of
predetermined properties of the engineered product,
parameters associated with components of the engineered
product, and engineering rules and knowledge;
performing an engineering review of a preliminary object design.

28. A system as recited in claim 27, in which the step of
performing the engineering review of the preliminary object design further
comprising the steps of;

providing a review interface; and

performing the engineering review of the object design using the

review interface.

29. A system as recited in claim 28, in which the step of
generating the object design comprises the step of generating an object

model defining the engineered object.
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30. A system as recited in claim 27, in which the step of
performing the engineering review further comprising the steps of:
providing a review interface; and

generating an image of the object model using the review interface.

31. A system as recited in claim 30, in which:

the step of generating the object model comprises the step of
generating a three-dimensional computer madel representing
the engineered object; and

the step of generating the image comprises the step of generating a
two-dimensional representation of the three-dimensional
computer model,

32. A method of manufacturing a bultk material handiing system,
comprising the steps of:

accepting a request for proposal defining the bulk material handling
system;

generating a cost estimate based on the request for proposal;

generating a layout drawing based on the request for proposal;

generating a proposat based on the cost estimate and the layout
drawing;

generating an order based on the proposal;

generating, based on the order and the proposal, a bulk material
handling system design comprising an assembly
specification, a detail specification, and machine control files;

generating manufactured components based on the machine
control files;

generating subassemblies from the manufactured components and

the procured components based on the detail specifications;
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and
generating the buik material handling system based on the

subassemblies and the assembly specifications.

33. A method as recited in claim 32, in which the step of
generating the cost estimate comprises the step of generating the cost
estimate based on predetermined properties of the bulk material handling
system, parameters associated with components of the bulk material

handling system, and engineering rules and knowledge.

34. A method as recited in claim 33, further comprising the steps
of:
providing an estimate generator interface; and
defining the predetermined properties of the bulk material handling
system using the generator interface.

35. A method as recited in claim 32, in which the step of
generating the layout drawing comprises the step of generating the layout
drawing based on at least one of specifications of the butk material
handling system, parameters associated with components of the bulk
material handling system, and engineering rules and knowledge.

36. A method as recited in claim 35, in which the estimate
generator generates the cost estimate based on at [east one of
predetermined properties of the bulk material handling system, parameters
associated with components of the bulk material handiing system, and
engineering rules and knowledge.

37. A method as recited in claim 36, in which the step of
generating the layout drawing comprises the step of generating the layout
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drawing based on thei predetermined properties of the bulk material
handling system,

38. A method as recited in claim 35, further comprising the step

of:
providing a specifications interface; and
defining the specifications of the bulk material handling system
using the specifications interface.
39. A method as recited in claim 38, further comprising the steps
of:

providing an estimate generator interface: and
defining the predetermined properties of the bulk material handling

system using the specifications interface.

40.  Asystem as recited in claim 32, in which the step of
generating the object design comprises the steps of:

generating the object design based on at least one of
predetermined properties of the bulk material handling
system, parameters associated with components of the butk
material handling system, and engineering rules and
knowledge;

performing an engineering review of a preliminary object design.

41.  Asystem as recited in claim 40, in which the step of
performing the engineering review of the preliminary object design further
comprising the steps of:

providing a review interface; and

performing the engineering review of the object design using the

review interface.



L T e T e T e Y e B e |
L e T e T e T e T e T e T e T e T e T T T e T e T e T e B
—/
[ B e B | —
L T e T e T e T e B T e T e T e T e Y e N e O e O e O e, R e R e | O
—

O

(57) JP 2006-318488 A 2006.11.24

10

42. A system as recited in claim 41, in which the step of
generating the object design comprises the step of generating an object
model defining the bulk material handling system.

43. A system as recited in claim 40, in which the step of
performing the engineering review further comprising the steps of:
providing a review interface; and

generating an image of the object model using the review interface.

44. A system as recited in claim 43, in which:

the step of generating the object model comprises the step of
generating a three-dimensional computer madel representing
the bulk material handling system; and

the step of generating the image comprises the step of generating a
two-dimensional representation of the three-dimensional
computer model.

ABSTRACT

A system for manufacturing an engineered object comprising an

estimate generator, layout drawing generator, and design generator. The
estimate generator generates a cost estimate based on a request for
proposal defining the engineered object. The layout drawing generator
generates a [ayout drawing based on the requeét for proposal. The design
generator generates, based on an order and a proposal, an object design
comprising an assembly specification, a detail specification, and machine
control files. The proposal is generated based on the cost estimate and
the [ayout drawing. The order is generated based on the propasal.
Manufactured components are generated based on the machine contrdl
files. Subassembiies are generated from the manufactured components
and the procured components based on the detail specifications. The

engineered objéct is generated based on the subassemblies and the
assembly specifications,
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