
1 . 

METHOD AND APPABATUS FOR MODELING .. 
. .. MATERIALlfANDLING SYSTEMS · 

. .. · .. 

The present application is directed to a method and apparatus for multiple 

dimensional modeling, and more specifically toward a method and apparatus for the 

multiple dimensional modeling of material handling systems. 

BACKGROUND OF THE INVENTION 

There is presently available computer modeling software that allows a person 

to create three dimensional representations of various objects and systems on a 

computer screen. These objects, or portions thereof, can be easily changed using 

this software and new features can be added. Many programs allow the size of an 

object to be modified to show various amounts of detail. It is also possible using 

such programs to manipulate an object and view it from a variety of perspectives. 

The modeling and manipulation of three dimensional images requires a significant 

amount of processing power, especially when the objects are complex. The cost of 

using such systems, therefore, has generally prevented all but the largest 

companies from taking advantage of these systems. However, as the price of 

powerful computers falls, and as new algorithms·· become available which can 

simplify the display of three dimensional objects, more and more Industries are 

discovering the advantages of such three dimensional modeling systems. · 

One such modeling program is called CATIA and was developed by .the 

French company Dassault Systemes. This program is distributed in the United 

States by IBM. CATIA performs the above functions and many others and also 

includes specialized add-on programs or modules that allow the program to be used 

to design specific types of products and systems. For exampie, CATIA includes 

modules for laying out piping systems in buildings, designing ship hulls, and for 

designing HVAC systems. Different modules can be used depending on the needs 

of the designer, and different groups of modules may be bundled together when it is 

believed that certain designers will have a need for several different modules for a 

single design project. One such bundle of modules is known as CCPlant and 

·. ~ . . . 
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includes various applications, such as a piping module and an HVAC module, that . . . ··. . . . . . . . . . . 
. . . . are usefui when designing manufacturing plants. . . 

In addition to HVAC and piping systems, almost all modem manufacturing 

plants include material handling systems. These systems are used for moving raw 

materials to processing points and for moving a partially formed product from one 

station to another on an assembly line. A conveyor is the material handling system 

of choice for many of these applications. Other types of businesses also use 

material handling systems which may or may not include conveyors. For example, a 

warehouse must be equipped with some system, whether manual or autorriatic, for 

storing and retrieving items. This system may comprise automatic vehicles which 

place and retrieve items, or a system of conveyors for moving items to and from 

designated locations. Airports use similar systems to move baggage between ticket 

counters and airplanes and from airplanes to baggage carousels and other 

airplanes. 

When designing a material handling system, the environment in which the 

system will operate must be taken into account. For example, the system must 

convey material from one point to another while avoiding structural components of 

the building, ductwork, electrical systems, pipes, etc. CATIA includes modules for 

laying out networks of pipe and for designing the structural components of a 

buil~ing. · However, neither CATIA nor any ·ott:ier known three dimensional modeling 

program includes a module to assist a user in the design and layout of a material 

handling system. It would therefore be desirable to provide a three dimensional 

modeling device for designing a ·material· handling system and a method of ·using 

same that would allow a user to visualize the layout of such a system, either by itself 

or together with the other systems of a building . 

... · 

-· . 
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.. SUMMARY OF THE INVENTION 
•. ·.· . . ... 

The present invention addresses these and other problems by providing a 

method and apparatus for producing a model of a material handling system in two, 

three, or four dimensions. Because the creation of a three dimensional model is 

often the first step in modeling a material handling system, the present invention will 

often be described herein as a three dimensional modeling system, it being 

understood that two dimensional representations and four dimensional simulations 

are also possible using this system. Moreover while this inven~ion can be used to 

model any material handling system, such as conveyor systems, newspaper 

handling systems, baggage handling systems, automated storage and retrieval 

systems, and ·others, for the sake of simplicity, the material handling system will 

often be referred to hereinafter as a conveyor system. {Many of these other systems 

will include conveyors as components thereof, and in addition, include various other 

storage and handling devices, such as gripper and lap stream conveyors, storage 

racks for newspapers and devices for baggage transfer and devices for moving 

objects onto and removing them from conveyors.) The invention allows a designer 

to create a three dimensional model of various conveyor systems, to modify the 

elements which comprise the system, and to display the system either alone or 

together with various other elements of the environment in which the conveyor 

system will be used. 

In a preferred embodiment, the invention comprises a modification of an 

existing program for modeling pipe networks, such as the 30 Piping Design module 

of CATIA. Other programs for modeling other fluid handling systems, such as HVAC 

or electrical systems could also be used. The CATIA piping module itself cannot be 

used to model a material handling system because of the many differences between 

pipes and conveyors. For example, pipes carry a flow of a homogeneous fluid while 

conveyors must transport multiple, discrete, solid objects. It is necessary to keep 

the objects on a conveyor line separate, to add and remove them from the carrying 

mechanism, and to control the order in which they travel· and the spacing between 

the objects. None of these concerns are present when designing a pipe layout. 

Therefore, while the need for a three dimensional model of a material handling 



4 

system has b~en _recognized, it has heretofore not been possible _to create such a 

·. syst~m. H~ver "the present inventors ha~e diseovered that, despite the striking 

differences, enough similarities exist between the two types of system to allow a 
. . 

system for modeling a material handling system to be developed from a system for . . 

modeling pipes. 

The CATIA 30 Piping Design module is. particularly amenable to such 

modification due to a number of tools built into CATIA which allow the program to be 

customized for the needs of a given user. For example, the names of the pipe 

elements can be altered, and new descriptions of pipes and connectors can be 

added to a catalog of pipe parts. Furthermore, CATIA is built on object technology. 

This means that elements created by the piping or other modules have properties, 

can perform certain actions, and can be controlled through manipulation of the 

properties and actions. CATIA allows for the modification and creation of objects, 

which is very useful for the reasons described in greater detail hereinafter. 

Beneficially, all of these ·modifications can be made without altering or even having 

access to the source code of the CATIA program or piping module. 

In a second embodiment of the pr~sent invention,· information about material 

handling systems and their components is embedded in the system along with a 

series of rules for how the elements of the system can interact. For example, rules 

may be included in a model of a conveyor system to ensure that a stop is 'always . 

placed at the end of certain sections of track or that a certain spacing is always 

maintained between a given pair of elements. By providing detailed information 

about each conveyor system element, a· wide variety of analyses· ean be performed 

on the elements and the overall system to locate design errors quickly while they 

are still easy and inexpensive to correct. The inclusion of these rules in the system 

also makes it more difficult to connect conveyor elements improperly in the first 

place. When the model also includes information about the environment in which 

the system operates, rules can be used to analyze relationships between the 

conveyor and any other building systems such as the HVAC system and the 

building's structural supports. 

In a third embodiment of the present invention, macros are added to the 

system to extract other types of information therefrom. These macros can analyze a 

conveyor system, for example, and determine the system's power requirements, 
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calculate the cost of the syste~, or calculate the production capacity for a single 
. . . '. .,,. .. . . . . : . . .. . . .. . . . .. . . . . . . . 

conveyor or the entire conveyor installation. These macros can perform other 
functions as well. For example, each time a section of track is placed, macros can 

be run to automatically add appropriate supports and connect them to the building 

that houses the conveyor. 

In a fourth embodiment, a separate material handling object is defined as a 

subset of the piping object .. This is allowed by CATIA and does not require access 

to software code. While the three dimensional modeling of material handling 

systems can be accomplished by making changes to the piping object, the aeation 

of a separate material handling object within the piping object allows the precise 

definition of categories specific to material handling. This is necessary when the 

separation of material handling components from piping components is desired. 

It is therefore the principal object of the present invention to provide a method 
and apparatus for modeling material handling systems. 

It is anoth~r object of the present invention to provide a method for adapting a 

three dimensional modeling program so that it can be used to model -material 

handling systems. 

It is still another object of the present invention to provide a method for 

adapting a three dimensional pipe network modeling program so that it can be used 
to model material handling systems ... 

It is yet another object of the present invention to provide a material handling 

object within a three dimensional pipe network modeling program which can be used 
by that program. 

It is a further object of the present invention to provide a rriethod for adapting 
the 30 Piping Design module of the CATIA modeling program so that it can be used 

to model material handling systems. 

It is another object of the present invention to provide a material handling 

object within the piping object of the CATIA piping design module. 

It is still a further object of the present invention to provide a method and 
apparatus for modeling a material handling system in three dimensions that helps to 
ensure the proper connection and interaction of the various elements of the material 
handling system. 
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It is yet a further object of the present invention to provide a method and 

. apparatus for modeling a materiai handling system "in three dimensions that includes . 

at least one embedded set of rules for ensuring the selection of appropriate system 

elements. 

It is another object of the present invention to provide a method and 

apparatus for modeling a material handling system in three dimensions that includes 

at least one embedded set of rules for ensuring the selection of appropriate system 

elements wherein the set of rules to be applied is determined based on the 

specification of the type of system being designed. 

It is yet another object of the present invention to provide a method and 

apparatus for modeling a material handling system in three dimensions together with 

a representation of at least part of the environment in which the material handling 

system will operate. 

It is another object of the present invention to provide a method and 

apparatus for modeling a material handling system in three dimensions that includes 

a representation of at- least part of the environment in which the material handling 

system will operate and which analyzes relationships between the material handling 

system and parts of the environment included in the model. 

.· .... 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the present invention will become apparent from a 

reading and understanding of the following detailed desaiption of several preferred 

embodiments of the invention together with the following drawings of which: 

Figure 1 is a flow chart showing the steps involved in selecting an element for 

a material handling system; 

Figure 2 is a flow chart showing the various material handling systems that 

can be selected as a first step in using subject invention; 

Figure 3 is an expansion of one of the elements of the flow chart in Figure 2; 

Figure 4 is an expansion of one of the elements of the flow chart in Figure 3; 

Figure 5 is a chart showing the relationship between piping objects and 

material handling objects in a first embodiment of the present invention; 

Figure 6 is a chart showing the relationship between piping objects and 

material handling objects in a different embodiment of the subject invention; and, 

Figure 7 is flow chart showing the options available to a user when a piping 

specification is used in connection with the subject invention. 
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DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS 

The preferred embodiment of the subject invention comprises a modification 

to the 30 Piping Design module of the CATIA CCPlant software package developed 

by Dassault Systemes and distributed in the United States by IBM. This package 

enables a user to produce a three dimensional representation of a piping network 

and add elements to the network through a menu-driven system which facilitates the 

selection of appropriate elements. This speeds the design phase of a_ project by 

eliminating the need to look up a part number for each part as it is entered in the · 

system and allows a designer to see the system in three dimensions as it is 

constructed. 

When using the program, a user is first asked to select a "Standardn which 

describes the overall piping network. For example, this standard may b~ "galvanized 

pipe." The user is also required to enter a catalog number to identify which part 

catalog from the chosen standard will be used. Next the user identifies a •une ID.n 

Piping networks consist of a number of distinct lines connected by valves or other 

devices. The "line IDn identifies a particular one of these lines that the user wishes 

to modify. Then the user provides certain parameters for a piping system element, 

its internal and external diameter, for example. When the standard and line are . 

identified, and the two parametera have been entered, the user is ·presented with a · 

list categories of parts that can be added to the line. For example, the user can 

identify a point on a certain line and select the category "elbow" to indicate -that an 

elbow should be inserted at that point. Once these selections are made, the 

program presents the user with a list of elbows having the required characteristics. 

These elbows may have different lengths or radiuses, and the user selects ~he 

desired elbow, an elbow with a 45° bend for example. If after this selection is made, 

there is still more than one part t~at has all of the desired characteristics, the user is 

presented with a short list of part numbers of the parts having all of the necessary 

characteristics, and the user selects the particular part that is to be inserted in the 

line. CATIA then generates a representation of the pipe network which includes a 

representation of the element that was just selected. 



9 

In order to modify this program so that it can be used to design and model a 

. material handling system, a catalog of "inateriai handling system elements must be . 

created and made available to the program. These elements must then be arranged 

in a hierarchical structure that corresponds to the structure of the piping element . . .. . . 

catalogue of·CATIA so that CATIA can operate on these elements. This process is 

complicated by the fact that certain features of the piping module, such as "branch 

table,• and "insulation• have no logical correlation to material handling systems. For 

this reason as well as others, the structure of this module does not appear to be 

suited for use with a material handling system. However the inventors herein have 

discovered that certain of these categories can be ignored or deleted without 

adversely affecting the performance of the module. Appropriate modifications can 

be made to the other categories to make them relevant to material handling 

systems. The resulting hierarchy is then used by CATIA and the piping module to 

design a material handling system. 

A separate catalog is created for each material handling system standard 

such as •conveyors,• "Automatic Guided Vehicles,• etc. To enter a part in the 

catalog, a name for the part is selected, and a representation of the part is 

constructed using AEC Primitives, a tool that allows a user to create a large number 

of three dimensional shapes from a small set of predefined geometric shapes that 

can be modified, joined, and scaled. Next, the PIPSETUP function of CATIA is ·used 

to define the characteristics of the new part, such as in which catalog the part is to 

be located, the part category into which the part falls, first and second 

param·eterized attributes such as drop and length for a straight section of track, or 

drop and radius for a curved section of track, a part type, and a part number which 

uniquely identifies that part. For example, an entry might be made in the •conveyor" 

catalog by defining a part called •part1. • This part would have the characteristics of 

being 1) enclosed, 2) part of a power and free system, 3) straight track, 4) having 

part number xxxx, and 5) being characterized by a drop and a length. Connectors 

are included in the description of the part which will allow the part to be connected 

to other parts in the system. The part will also be included in one or more 

"specifications,• and the nature and use of these specifications will be described in 

detail hereinafter. 
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The next step in this modification process is to rename the CATIA menu 
. . . . 

entries so that they refer to mat~rial handling system elements rather than piping 

elements. This is accomplished using CATIA's National Language Support (NLS) 

feature which allows a user to modify names of the various menu entries. This tool 

is normally used to create menus in non-English languages, but has been found to 

work equally well for changing the English language descriptions used in the menus. 

First, a customization file is generated using the CATIA utility CATGNLS. The 

names of the various objects are then changed using this utility. For example, the 

entry "Standard• can be changed to "Material Handling System,• and the entry "Line 

IQ• to "Conveyor 10.• Other.entries can also be modified as necessary. Then, using 

the CATRNLS utility, the CATIA Project Registration file is updated to include this 

new catalog information. Next, the menu items in a declaration file (such as 

CATCMO.dcls) must be updated using meta-function declaration variables. For 

example, the menu item "Line 10· can be changed to •conveyor IQ• in this manner. 

After the declaration file is updated, the CATIA session must be terminated and a 

new session started in order for these changes to take affect. Details concerning the 

steps involved in renaming these files can be found in various CATIA reference 

materials, such as the Administrator's Guide, IBM Document Number SH52-1115-

20, and will not be addressed further herein. With these changes in place, a user 

will be presented with menu chpi~s appropriate tO material handling sySt.eins rather 

than piping networks. These menus will help a user to s~lect appropriate material 

handling system elements from the newly created catalogs. The existing piping 

catalogs cannot be used for this .Purpose because there are too many differences 

between pipes and material handling systems. 

As can be appreciated from the above description, material handling systems 

cannot be characterized in the same manner as pipe or ductwork or any of the other 

systems for which CATIA modules exist. It does not appear that any of the CATIA 

modules are suitable for use with material handling systems. It therefore· required 

considerable insight to determine that the above modifications could be made and to 

make these modifications in a manner which allowed the existing piping module to 

model material handling. systems. Once a· catalog of parts has been created, the 

system is ready to model a material handling system in three dimensions 
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A designer can use the menu selection system and catalogs described above 

to form a three dimensional representation of a material handling system comprising 

a number of discreet elements. The overall logic of the design process is outlined in 

Figure 1. This logic applies to all material handling systems, and because such 

systems generally include conveyors or similar elements, much of this discussion 

will focus on the modeling of conveyors. The main difference between conveyors 

and the other material handling systems is that those systems include additional 

elements to be modeled which elements will function in conjunction with conveyors 

or conveyor-like devices 

Figure 1 provides an outline of how the system of the present invention is 

used. A user is given a prompt 1 O to select the type of material handling system that 

he wishes to model and then prompted to select a product line 12 that is included in 

the chosen material handling system. The user decides on a category of part that is 

to be added to the system and identifies a value for a first parameter 14 and a 

second parameter 16. The parameters are specific to a given part category. For 

example, the parameters "drop• and "length• describe the category "straight track." 

Once the values have been entered, the user enters the name of the part category 

18 that was previously decided upon. Because the nature of the parameters 

depends on the nature of the part category, the user must have a part category in 

mind b~fore entering values for the parameters. However, the arehit~cture of the 

CATIA piping module does not allow the part category 18 to be entered into the 

system until values for parameters 14 and 16 have been entered. The user can next 

select· a part type 20 which is a subset of the part category 18. The system performs 

a check 22 at this point to determine whether the identified criteria are sufficient to 

identify a unique part. If they are, a representation of the part is displayed using 

routine 24. If they are not, the user is presented with a short list 26 of the part 

numbers of all parts that satisfy the criteria selected thus far, and once the desired 

part is identified, it is displayed. Without this system, each part would have to be 

selected individually by part number, a time consuming practice, and one in which 

errors are likely to occur. With this system, the user is only presented with proper 

options for part selection and this greatly reduces the likelihood that an improper 

part will be selected. 
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Once a part has been selected and displayed, the user can select another 

part category 18 and make additional choices to define a second element of the 

system. When this second element is identified, it is attached to the first part at a 

location specified by the user and connected to the earlier part using the connectors 

that are included in the definition of each part. This process continues until the 

entire material handling system has been constructed and displayed. The system 

also allows for modifications to the system - the user can delete parts from the 

system and use the menu system as described above to insert new parts. 

Figures 2-5 show in greater detail the selection process outlined above. At 

prompt 10, the user is invited to select from among several different material 

handling systems, such as conveyors 28, automatic guided vehicle systems 30, 

automated storage and retrieval systems 32, baggage handling systems 34, and 

newspaper handling systems 36. The system is flexible and other material handling 

systems can be added as desired by creating and naming new catalogs of parts. 

For purposes of discussion, it will be assumed that the user selects system 28, 

conveyors, from this menu. When system 28 is selected, the user is presented with 

another series of choices as shown in Figure 3. These choices identify a number of 

different conveyor product lines including power and free 38, bucket 40, skid 42, 

and monorail 44. Figure 4 shows that the user has selected product line 38, power 

and free conveyo~. · At this time, the user decides Wh~t part type he wishes. to 

select and is prompted at step 46 to enter values P1 and P2 for two parameters 

which describe that part type. Once these values are entered, the user is given a 

number of part categories to choose from, namely straight track 48, vertical curve 

50, horizontal tum 52, track switch 54 and drive 56. Each of these part types is 

defined by one or two parameters. The values P1 and P2 are assigned to these 

parameters at step 58. For example, if the user selects the part category straight 

track, the values P1 and P2 are assigned to the parameters drop and length. If a 

vertical curve is selected, the values P1 and P2 are assigned to the parameters 

drop and radius respectively. Parameterizing the parts in this manner avoids the 

need to define a separate part type for every different length of straight track, for 

example. Only one general straight track element need be defined, and it can be 

assigned a length and a drop with the parameters. In addition, other product lines 

and part categories can be added. 
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The user has selected a section of straight track having a drop of P1 and a 

length of P2 and now must identify a part type under the selected part category. For 

example, there are several types of straight track and the user is prompted to select 

from among enclosed track 60, open track 62, and stabilized track 64.. Assume that 

the user selects the category •straight track.• If there were only one type of 

enclosed, power and free straight track, this element would be displayed on the 

display device. Since there is more than one part that satisfies all of the selected 

criteria, the user is presented With a list 26 of part numbers to allow the final 

selection to be made. The user selects a part by number and the part is displayed 

on the screen using routine 21. Whereas without this system, a user might have 

had to select from among thousands of part number to specify a particular part, with 

the above menu driven system, the user's choices are narrowed significantly down 

to one or a few options. 

In a second embodiment of the present invention, rules are added to the 

system to perform checks as each part is added. These rules may check to ensure 

that a given conveyor line has only one drive for example, and cause the system to 

alert a user who attempts to insert a second drive. The rules can also check to 

make sure that stops are always .present at certain locations for safety reasons, or 

that the radius specified for a given curve is appropriate for a given conveyor 

system. The rules operate on a data set eomprised of ~II of the parts in the system 

and all of the characteristics of each part as defined in the catalog. If necessary, 

characteristics can be added to each part definition to allow the creation of even 

more complex rules. This flexibility allows rules to be written to check for virtually 

any problem that could arise during the assembly of a material handling system, and 

allows new information to be added as the source of and solutions for other 

problems are found. 

In a third embodiment, various macros are provided for performing network 

analysis on the various pipe networks. Some of these macros are similar to those 

used for analyzing piping networks. Because piping and material handling systems 

comprise networks of connected elements, such macros can be used to perform 

similar analyses on material handling system networks. This is true even though a 

network for transporting fluids is quite different from a network for transporting 

discrete solid objects. Thus, it is possible to use these functions of CATIA to 
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determine the number and types of different elements in a specified network. It is 

also possible to determine the order of these elements in a network and different 

relationships between elements, such as whether one object is upstream or 

downstream from another. This feature is sufficiently abstract that it ~n be used in 

both the material handling and piping models. Because of the level of detail 

included with each object, other macros can easily be written to perform a wide 

variety of functions. 

Other macros can also be written to perform repetitive tasks associated with 

the layout of a material handling system. For example, a macro ca~ be used to add 

appropriate supports to each element as it is placed in the system. Other macros 

can be used to add multiple segments of track, for example, five 10 foot sections of 

the same track could be added with a macro rather than by selecting the part from a 

menu five separate times. Because the system supports this use of macros,· almost 

any series of operations that can be carried out using the system can be automated 

through the use of macros. 

With a three dimensional display system configured in this manner, it also 

becomes possible to automate the extraction of many types of information from the 

model. For example, once the system is in its desired form, the production capacity 

of the system can be calculated by executing an appropriate macro. Other macros 

can be written to calcul~te the horsepower neede~ for a parti~lar d~ive given the 

configuration of the conveyor track. The execution of these macros is possible 

because of the amount of detail concerning each system element that is embedded 

in the system. In addition, CATIA include~ built-in functions to create two 

dimensional details of various parts of the system for use during fabrication, and 

CATIA four dimensional viewers can be used to view the operation of the material 

handling system modeled as described above. 

In the first embodiment, each of the individual material handling systems was 

defined as a separate object under the piping module PM. This is shown in Figure 5 

wherein piping objects such as galvanized pipe 80 and copper pipe 82 are present 

on the same level of the hierarchy as conveyors 28 and automatic guided vehicle 

systems 30. In a fourth embodiment, as shown in Figure 6, a general material 

handling object 84 is created in the piping module PM, and the individual material 

handling system objects 28, 30, 32, and 34, are included as subsets of this general 
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object 84. By creating this separate object, the piping functions and material 

handling functions of the system can be readily segregated to allow the system to 

operate as a material handling design system and to make the former piping 

functions of the system less apparent to a user. 

The piping module also includes a function called 11Pipe Spec.• that allows a 

piping specification, such as an ANSI standard, to be identified. The requirements 

of the specification determine the particular types of pipes and pipe fittings that can 

be used in a given project. For example, a certain ANSI standard may require that 

all pipes used have a certain pressure rating. Once this standard is identified in the 

pipe specification, the only menu options presented to the user will be ·for pipe 

elements that comply with this standard. The pipe specification feature can be 

renamed •conveyor Specification• and used in a material handling setting, although 

here instead of identifying an ANSI standard a specific conveyor standard is 

identified by a code. based on the nature of the parts included in a particular 

catalog. To create a specification, the items in the catalog must be grouped 

according to the applications for which they are best suited. The specification is then 

defined so that a user is forced to select an item included within one of these groups 

when laying out a system. Once this system is identified, the only options presented 

to the user in the menu system will be parts that are included in the specification. 

When s_uch a ··conveyor ·spec~fication~ is not ~n~ered, a user. may_ be_ left with a 

number of parts to choose from, all of which satisfy the criteria selected from the 

menu. When working with a conveyor specification, however, it is likely that there 
. . 

will be only one part that satisfies the menu criteria, and this will be the correct part 

to use. 

Figure 7 shows the operation of the subject program under the control of a 

conveyor specification. Only the options shown in solid lines are available for 

selection by a user. The options shown in dashed lines are included for illustration 

purposes, but would not be seen by a user. Thus while a user may have had the 

option of selecting from among four types of enclosed track 60, two types of open 

track 62, and three types of stabilized track 64, when no specification is used, the 

specification allows a choice of only two type types of enclosed track 60, no· types 

of open track 62, and one type of stabilized track 64. A user selecting the part type 

enclosed track 60 under this specification will be presented with only two part 
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numbers to chose between. A user selecting the part type stabilized track 64 will 

have only one choice. The specification can be defined in any manner, depending 
on which choices the person setting up the system wishes to make available to a 

designer. 

The use of specifications further simplifies the selection of proper parts. 

Sometimes, however, it will be desirable to insert a component that is not included in 
a given specification. The piping design module of CATIA provides a method for 

doing this with piping. After the modifications to the piping module described above 

have been made, this feature of CATIA can also be used to insert a non-spec part 

into a material handling system. The user merely uses the •Non-Spec Parts• option, 

and this allows the user to either directly inpyt the part number of the part he wishes 

to insert, or work through a hierarchy of menus which are not restricted by the 
specification. Once the desired part is identified in either of these two ways, it can 

be inserted into the system like any other part. 

As described above, a variety of rules can be embedded i!l the system to 

ensure that system elements are assembled in ·a proper manner and that, for 

example, stops are included in all locations where they are needed. Beneficially, 
these rules can be made specific to a given conveyor specification. Thus, for 

example, when the conveyor specification identifies an overhead power and free 

~nv~yor a first set ~ rules wou_ld apply,. and a different set of ru!es woul_d _apply 
When an inverted power and free system is specified. This allows highly detailed 

rules to be embedded in the system even though not all the rules apply to all 
systems. 

When the specific part is selected, a representation of the part is displayed 

on a computer screen. The representation is constructed from light primitives, basic 

shapes such as circles and squares, that can be scaled and combined to make 

more complex shapes including the shapes of the elements of material handling 
systems and other aspects of an environment in which the material handling system 
will be used. Construction of such shapes using CATIA software is well known and 

does not form a part of the present invention. However, in the present invention, 
logical connectors are incorporated into the description of the shapes to allow them 
to be connected to other conveyor elements. 
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When a detailed depiction of the material handling system is not needed, the 

program is also capable of displaying the conveyor as a single line, or producing a 

volumetric display in which the conveyor elements are represented by the volumes 

that they occupy. 

Elements of a material handling system can also be displayed in conjunction 

with a model of the environment in which the system is to operate. For example, the 

above-described power and free conveyor could be installed within a model of a 

manufacturing plant that showed all of the walls and supports in the building. This 

allows the person designing the conveyor to route the conveyor elements around 

walls and beams and to see immediately if there will be a conflict between the 

intended conveyor design and the elements of the environment surrounding the 

conveyor. yvhen additional. environmental elements are included in the model, such 

as HVAC ductwork or electrical conduit, it is possible to configure a conveyor to fit 

within the available space. ·The concurrent display of all of these systems also 

makes it easier for the designers of these various systems to work together to 

ensure that all of the systems are arranged in a satisfactory manner. 

The subject invention has been described herein in terms of several preferred 

embodiments. Many obvious additions and modifications to these embodiments will 

become apparent to a skilled practitioner upon a reading and understanding of this 

disclosure. For example, the invention is not limited to a mod~fication of piping 

design programs but could comprise a modification of a program for modeling 

another fluid, such as air, as well. All of these modifications and additions are 

included within the scope of this patent to the extent that they are covered by the 

claims appended hereto. 
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CLAIMS 

We claim: 

1. A method for modeling a ma~erial handling system in three dimensions 

comprising the steps of: 

providing at least one memory means; 

storing in digital form in said at least one memory means a set of instructions 

for designing and displaying a model of a fluid flow network comprising a plurality of 

fluid flow elements; 

storing in digital form in said at least one memory means a catalog of material 

handling system elements and rules for connecting said elements; 

providing a computer operatively connected to said at least one memory 

means; 

selecting a first material handling system element from said catalog; 

selecting a second material handling system element from said catalog; 

entering data into said computer including the identity of said first and second 

selected elements; 

executing said set of instructions on said data to display said first and second 

selected elements connected in accordance with said rules. 

2. The method of claim 1 wherein the elements in said catalog are arranged in a 

hierarchy. · 

3. The method of claim 2 wherein ·each of said elements in said catalog is 

defined in terms of a number of characteristics. 

4. The method of claim 3 wherein the step of selecting a first element comprises 

the step of prompting a user to identify characteristics of said first element. 

5. The method of claim 4 wherein each of said elements is uniquely identified by 

a subset of said characteristics. 

111111111111111111111111111111 
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6. The method of claim 5 wherein the step of entering data into said computer is 

performed automatically each time one of said elements is selected. 

7. The method of claim 1 wherein said set of instructions includes a set of rules 

for connecting said plurality of fluid flow elements. 

8. The method of claim 1 wherein said material handling system is selected from 

a set consisting of conveyor systems, baggage handling systems, automated guided 

vehicle systems, automated storage and retrieval systems, and newspaper handling 

systems. 

9. A method for modeling a material handling system in three dimensions 

comprising the steps of: 

providing at least one memory means; 

storing in digital form in said at least one memory means a fluid flow object; 

creating a material handling object as a subset of said fluid flow object; 

storing in digital form in said at least one memory means a set of instructions 

for designing and displaying a model of a fluid flow network comprising a plurality of 

fluid flow elements defined in terms of said fluid flow object; 

providing a computer operatively connected to said at least one memory 

means; 

defining a plurality of material handling system elements in terms of said 

material handling object; 

entering data into said computer including the identity of a first one of said 

plurality of material handling system elements; 

entering data into said computer including the identity of a second one of said 

plurality of material handling system elements; 

executing said set of instructions on said computer to display said first one of 

said plurality of elements connected to said second one of said plurality of elements. 

10. A method for modeling a material handling system in three dimensions 

comprising the steps of: 

\ \ll\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
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providing at least one memory means; 

storing in digital form in said at least one memory means a program for 

designing and displaying a model of a fluid flow network comprising interconnected 

fluid flow elements defined in terms of a hierarchy of characteristics; 

defining a plurality of material handling system elements in terms of a 

plurality of characteristics; 

arranging the material handling system characteristics of each of said 

plurality of elements into a hierarchy corresponding to said fluid flow element 

hierarchy; 

storing said plurality of elements in a material handling system catalog; 

storing said catalog in digital form in said at least one memory means; 

providing a computer operatively connected to said at least one memory 

means; 

inputting into said computer data describing a first element of said plurality of 

material handling system elements from said catalog; 

inputting into said computer data describing a second element of said 

plurality of material handling system elements from said catalog; 

running said program on said data to produce a display of said first element 

connected to said second element. 

11. An apparatus for modeling a material handling system in three 

dimensions comprising: 

at least one memory means; 

a program stored in said at least one memory means for designing and 

displaying a model of a fluid flow network comprising interconnected fluid flow 

elements defined in terms of a hierarchy of characteristics; 

a plurality of material handling system elements defined in terms of a plurality 

of characteristics1 said characteristics being arranged into a hierarchy 

corresponding to said hierarchy of fluid flow element characteristics and stored in a 

catalog; 

a computer operatively connected to said at least one memory means; 

means for inputting into said computer data describing a first element of said 

plurality of material handling system elements from said catalog; 

I lllllll llllll lllll lllll II 1111 
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means for inputting into said computer data describing a second elem~nt of 

said plurality of material handling system elements from said catalog; and 

means for producing a display of said first element connected to said second 

element. 

12. A method for modeling a material handling system comprising the steps of: 

providing at least one memory means; 

storing in digital form in said at least one memory means a set of instructions 

for designing and displaying a model of a fluid flow network comprising a plurality of 

fluid flow elements, each of said elements being defined by a first set of 

characteristics arranged in a first hierarchical structure; 

· creating a catalog of material handling system elements defined by a second 

set of characteristics; 

arranging said second set of characteristics into a second hierarchical 

structure corresponding to a subset of said first hierarchical structure; 

storing said catalog in digital form in said at least one memory means; 

providing a computer operatively connected to said at least one memory 

means; 

providing a display operatively connected to said computer; 

identifying a first material handling system element from said catalog; 

displaying a representation of said first element on said display; 

identifying a second material handling system element from said catalog; 

executing said set of instructions on said second element to display a 

representation of said second material handling system element connected to said 

first element. 

13. The method of claim 12 wherein said hierarchical structure comprises a 

plurality of levels for holding a plurality of characteristics. 

14. The method of claim 13 wherein said first set of characteristics comprises a 

first number of elements and wherein said second set of characteristics comprises a 

second number of elements. 
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15. The method of claim 14 wherein said first number is greater than said second 
number. 

16. The method of claim 14 wherein said first number is equal to said second 
number. 

17. The method of claim 15 wherein said first number is less than said second 

number. 

18. The method of claim 12 wherein said representation is a three-dimensional 
representation. 

19. The method of claim 18 wherein said representations of said elements look 
similar to actual material handling system elements. 

20. The method of claim 18 wherein said representations of said elements are 
volumetric. 

21. The method of claim 12 wherein said representation is a two-dimensional 
representation 

22. The method of claim 12 wherein the step of identifying a first material 
handling element from said catalog comprises the additional steps of: 

prompting a user to select an initial characteristic from a first level of said 
second hierarchical structure; 

prompting the user to select at least one additional characteristic from said 
second hierarchical· structure, wherein said additional selection is dependent on 
said initial selection. 

23. The method of claim 22 wherein said initial characteristic is selected from the 
set consisting of conveyor systems, baggage handling systems, automated guided 

' 11111111111111 11111 1111111 1111 
'*CL MS* 



23 

vehicle systems, automated storage and retrieval systems, and newspaper handling 

systems. 

24. A method for modeling a material handling system in three dimensions 

comprising the steps of: 

providing at least one memory means; 

. storing in digital form in said at lea.st one memory means a set of instructions 

for designing and displaying a model of a fluid flow network comprising a plurality of 

fluid flow elements including a first set of rules for connecting said elements; 

storing in digital form in said at least one memory means a catalog of material 

handling system elements; 

providing a computer operatively connected to said at least one memory 

means; 

selecting a first material handling system element from said catalog; 

selecting a second material handling system element from said catalog; 

entering data into said computer includ!ng the identity of said first and second 

selected elements; 

executing said set of instructions on said data to display said first and second 

selected elements connected in accordance with said rules. 

25. A method for constructing a model of a material handling system using a 

digital computer comprising the steps of: 

inputting into a first database information pertaining to a plurality of material 

handling system elements; 

inputting into a second database information pertaining to a plurality of 

locations to be connected by the material handling system; 

automatically designing a layout for the material handling system to connect 

said plurality of lpcations using the data in said first and second databases. 

26. A method for modeling a material handling system using a digital computer 

comprising the steps of inputting into a database of said computer data pertaining to 

material handling system elements and the computer implemented steps of: 

111111111111111111111111111111 · 
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prompting a user to select a first material handling system· element from said 

database; 

prompting a user to select a second material handling system element from 

said database; and, 

displaying said first element connected to said second element. 

27. The method of claim 26 when~in the elements in said database are arranged 

in a hierarchy. 

28. The method of claim 27 wherein each of said elements in said database is 

defined in terms of a number of characteristics. 

29. The method of claim 28 wherein the step of prompting ·a user to select a first 

element comprises the step of providing a list.of characteristics of said first element. 

30. The method of claim 28 wherein each of said elements is uniquely identified 

by a subset of said characteristics. 

31. The method of claim 26 wherein said data includes a set of rules for 

connecting said plurality of elements. 

32. The method of claim 26 wherein said material handling system is selected 

from a set consisting of conveyor systems, baggage handling systems, automated 

guided vehicle systems, automated storage and retrieval systems, and newspaper 

handling systems. 

33. An apparatus for modeling a material handling system comprising a computer 

having a memory storing a database, said database including descriptions of a 

plurality of material handling system elements, said computer including: 

input means for allowing a user to select at least two of said plurality of 

elements; 

assembly means for assembling said at least two of said plurality of elements; 

and, display means for displaying said at least two assembled elements. 


