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Abstract

In this paper, two software packages (AutoCAD and Mannequin) areintegrated to create an
ergonomic CAD system. This developed system will provide designers with a powerful graphical
tool to evaluate their design for human factors and safety criteria. An absence of atruly integrated
ergonomic CAD system that has been desired by many researchers and designers was the
motivating factor behind our efforts. Steps taken to integrate these two somewhat incompatible
software is explained in this paper. Now designers have an ergonomic CAD system to assist them
to design products according to physical abilities and characteristics of their human operators.
Utilizing this type of technology could revolutionize the way products are designed and significantly
reduce the alarming number of related injuries, thus saving millions of dollars. Thisintegrated
system could also substantially reduce the critical factor of timeto market and lower overall cost of
designing new products by allowing designersto test their products for human fit without having to
build a prototype or using real subject.

|. Introduction

If designers need to see how a human with a particular set of statistical characteristics might fit into
a certain design environment without subjecting areal person to that environment, a PC-based
ergonomic drawing and design program would be an ideal application. With such aprogram, a
"human” of different size, gender, and nationality could be manipulated around a PC developed
environment, such as an AutoCAD drawing of the work environment, to determine whether they
could fit into that environment. One such software that can do that is Mannequin. With this
software, the "human” is a Mannequin generated image that can have varying dimensions to suit the
anticipated human it will portray. This software integrated with a CAD system can provide the
designer with a powerful graphical tool to evaluate his or her design for human factors and safety.

We believe utilizing this reatively inexpensive tool will reduce the alarming number of related
injuries from poorly designed products, thus saving millions of dollars.
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Il. Literature Review

Several researchers have recently recommended that an ergonomic CAD system should be
developed to assist the designer in evaluating their design for human factors, manufacturing, and
safety. Quilter (1997) warned that dueto lack of an inexpensive graphical tool companies are
designing products without adequate concernsfor their safeties. She also pointed out that the
products that are ergonomically designed cost too much for usersto buy.1 Raja and Karwowski
(1998) reported in designing products that require constant interaction with their users,
consideration must be given to their long-term effects.?> Helander and Nagamachi (1992) in their
studies of human factors and manufacturing aspect of product designs, suggested a system that
integrates ergonomic analysis with CAD system should be developed.®

This ergonomic CAD system should provide designers with built-in knowledge to evaluate their
designs. Using computer graphicsin design processis recommended by other researchers.*>®
However, amain problem of incompatibility between CAD systems and ergonomic systems has
hindered the development of such integrated systems. Ortengren (1992) reported that, in order to use
graphics-CAD system effectively, it should be possible to transfer geometric data between CAD
system and graphics system. He stated that geometric transfer is difficult because each system hasa
different representation. Another problem noted by Ortengren was that each system has different
command structures, making it cumbersome for users to work with the integrated system. He
concluded that these problems make it difficult for design engineers to change between product
description in CAD system and production simulations and ergonomic evaluation softwarein
graphics system.” Many other researchers such as Zied (1991) discussed the problems for
integrating CAD and ergonomic systems.”

Recently there has been some progress toward integrated systems. For instance, Zegrahm Space
Voyagesin Sesttle is sponsoring the development of the Space Cruiser with the Helix Design
System, from MICROCDAM Inc. The dVISE software can help companies leverage existing CAD
data by creating digital products mockupsthat serve, in turn, asvirtual providing grounds for
complex design.® In response to a need for ergonomic CAD system we have integrated two software
in order to provide designers with a graphical tool to evaluate their design for human factors and
safety.

According to OSHA, 2,730,000 workers compensation claims for computer-related repetitive strain
injury (RIS) were paid in 1993. These claims cost $20 billion; OSHA saysindirect costs may reach
$100 billion. We believe, utilizing this technology will resultsin safer products, thus reducing the
number of injuries and saving millions of dollars. Brief descriptions of this software are presented
next.

[1l. AutoCAD

AutoCAD has been widedly utilized sinceits introduction to the design engineering community in
the late 1960s. AutoCAD has undergone major changes from being smply an automated 2D
drafting board to a sophisticated interactive system. AutoCAD like most CAD systems, started with
abasic wireframe system, then added surfaces and next solids.
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V. Mannequin

Mannequin is arevolutionary PC-based ergonomic drawing and design program that draws human
likeness, and can be examined in the users guide.® The first version of the software was developed
by HumanCAD Systemsin 1991. HumanCAD Systems spent seven years incorporating feedback
from many of the 10,000 users of the origina software. In March 1997, they introduced
ManneQuinPRO with mgor upgrade and enhancement over the original software. Thisinnovative
software contains an extensive library of ergonomic data for men, women, and children of different
Sizes, shapes and nationalities. User can choose specific body types based on gender, size, etc. and
integrate them into an ergonomic equation, which can be graphically displayed in form of human
likeness. Mannequin can walk, bend, see, reach and grasp objects. This software was, and sill is,
the only Window-based application of itskind, with set of 2D/3D modeding and editing tools.

V. Mannequin Integrated with CAD

Mannequin’s real power isrealized when it isintegrated with CAD system. Mannequin was
designed to be completely compatible with any CAD packages that can read or write DXF files. Our
research showed that the problem of incompatibility between systems, asindicated by many
researchers earlier, existed between these two as well. However, we were able to solve most of the
problems, and effectively integrate these two. Thisintegrated ergonomic CAD system will provide
a powerful tool for the designer to test the functionality of the design for almost anything destined to
be used by humans. For example, design students can use this software package in conjunction with
a CAD package when designing a control pane for a piece of machinery. By including human
likeness and mobility in the design process, the designer can avoid designing the pane in alocation
that may cause long-term injuries.

Importing 2D files from CAD into Mannequin

The manual on Mannequin states that this software is compatible with the AutoCAD package. The
manual suggeststhat al that is necessary to integrate an AutoCAD DXFfileinto Mannequin isto
simply go to the pull down menu FILE, sdlect the IMPORT option and click on the desired DXF
file. However, several important steps, which were left out, are listed below:

1. Bring up the drawing in AutoCAD. Make surethe drawing units are in decimal form.

2. Usethe command DXFOUT and save thefile onto either afloppy disk or hard drive, then exit
AutoCAD.

3. Copy the DXFfile created in step 2 into the directory-containing Mannequin.

4. Change the default directory to the directory-containing Mannequin. Load the software by typing
MA.

5. Sdlect FILE under the pull down menu; click on the IMPORT option. Click on the DXF button.
Check the directory of files, which now should display the AutoCAD file with the DXF extension.
6. If the AutoCAD drawing isin the directory of files, select it and click on OK.

The next screen will display the DXF files units. Here, we encountered the problem of
incompatibility between software. We imported severa files created with five available unitsin
AutoCAD. Mannequin had difficulty in transferring unitsin most cases. We recommend the
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decimal unitsto be used in AutoCAD to create the drawing. If theintended dimensions are inch,
feet, or millimeter in AutoCAD, then same units must be selected in Mannequin before the transfer.

V1. Incompatibility in Displaying views

After transferring the file to Mannequin thereis a problem in displaying the drawing on the screen
because the x and y axisin AutoCAD are not the same axisin Mannequin. Thetop view in
Mannequin isthe front view in AutoCAD. Most CAD systems use the top view as the default view,
while Mannequin considers the front view as default. Obvioudy, the drawing cannot be seen after it
isimported into Mannequin. Thiswas a main problem in our integration effort, and asolution is
presented below:

Solution: After trying to rotate the drawing in AutoCAD using rotation commands, the results were
till unsatisfactory. However, using the ROTATE commands in Manneguin (make sure the user
option is selected firgt, to view the drawing) produced better results. Select the rotation command
and pick a point approximately in the center of object as the rotation center. Rotate the drawing
around the x-axis for approximately -90°. The drawing will now be displayed in the front view.

Now a Mannequin may be inserted and manipulated in order to evaluate adesign. A great dedl of
care must be applied when rotating the drawing in Mannequin. Several attempts may be required
until the results are satisfactory. After importing the drawing, the dimension option can be used to
seeif the scale on the drawing is correct. Another problem after transfer is that often the transferred
fileis placed below where the floor of the stage is, and the REPOSITION command of Mannequin
has to be used to move the drawing to the floor level. Now that the drawing is displayed correctly in
front view and placed on the floor, a human figure can be inserted and used to evaluate the design
for human factors and safety. An example of an integrated design isillustrated in Figure 1. Chair
was created in AutoCAD and transferred and repositioned in Mannequin. Now the designer can use
anumber of "peoplée’ tools to see how humansfit hisher design. Will the seat be comfortable? Can
people of different body type and gender use this chair with ease and safety?
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Figure 1. A 2-D Integration
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VII. Importing 3-D filesfrom CAD into Mannequin

Products, equipment, and machines can be more effectively evaluated if they are designed as true 3-
D objectsin CAD, and then transferred into Mannequin. Stepsto transfer a 3-D fileinto
Mannequin are listed below:

Step 1. Bring the drawing into the Mannequin, using the steps listed earlier.

Step 2. Again, because of incompatibility in displaying views, the transferred drawing is not
displayed correctly. Click on right view to see the drawing and use the REPOSITION command to
move the drawing to the floor.

In order to correctly position the 3-D drawing in Mannequin environment, wetried using ROTATE
command as we did with 2-D drawing, but the results were unsatisfactory. However, through trial
and error, we discovered other ways. Sincein Mannequin, objects are positioned in astage, itis
easy to incorrectly insert a human figure into the drawing environment that looks right from some
Viewports. For example, we created a 3-D drawing of a control pand in CAD and transferred it to
Mannequin. In the right side view we inserted a human figure as shown in Figure 2. Thisfigure
gives afalse Perception that the human is standing in front of the control panel, which in redlity it is
far fromit. Some other Viewport options might give the same false impression.

The best view to see how the object and human figure are relatively positioned to each other isthe
top Viewport (looking at stage from above). So, after transferring the drawing from CAD, we
recommend using the top Viewport to place a human figure in design environment (see Figure 3).
However, because of view incompatibility, if you want to place a human figurein front of the object
you have to use back body posture.

Figure 2. A false Perception
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Figure 3. A correct Integration shows a human figure positioned correctly in front of the control
pand.

VIII. An Ergonomic CAD System and its Applications

Manufacturers of many products, from simple hand held tools to more complex machines such as
plant control pand and factory equipment, are faced with the challenging task of designing products
that are cost effective, user friendly, and safe. Because of intense global market, these products
must be released into the market within an acceptable time frame. A successful integration of
Mannequin software and AutoCAD, or any other CAD packages can result in the creation of an
ergonomic CAD system that can be used for many applications. Some applications are listed below:

1. Products can be evaluated for various human factors attributes such as comfort, adjustability, and
ease of operation.

2. A full ergonomic analysis can be conducted on the design with any type or size person needed.

3. Designs can be analyzed for short-term and long-term safety issues.

4. Products can be evaluated for stress and strength required by their operators. Designers can
identify the stressful parts of human interaction with the product or environment.

IX. Conclusons

In this paper, two software were successfully integrated to create an ergonomic CAD system, which
is recommended by many researchers. Designers now have a graphical tool they can useto design
products according to physical abilities and characteristics of their human operators. Even though
Mannequin has a set of its own toals, they have limited capabilities. We recommend designs be
created and edited in CAD, then transferred into Mannequin according to the guiddineslisted
earlier. Then astudy of human interactions with the designed products/systems can be conducted.
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This ergonomic CAD system played an important role in recent inventions, which have received
national and international coverage.™®™ We believe, in the design of products or systems that
require subjects of different characteristics for testing, this ergonomic CAD system can bea
valuabletool. It can substantially reduce the critical factor of time to market and lower the overall
cost of designing new products by allowing designersto test their products for human fit without
having to build a prototype or using real subjects. Utilizing this technology can result in reduced
number of RIS injuries and save millions of dollars.
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