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Think 3D. There are two coordinate systems in AutoCAD® that enable you to work on virtually any 3D
solid plane. The coordinate system which you have advantageously used in 2D is a fixed system called
World Coordinate System (WCS). In 2D planar object construction, WCS is used as 0,0,0 point for
calculations of any point. In 3D Solid modeling, one construction plane is not sufficient. As a user, you
need to move and align the coordinate system with the object's location and slope. That means you are
moving your coordinate system from WCS to your chosen location and plane. This is nothing but a User
Coordinate System (UCS). Think of it this way: WCS is a statue of a bird; UCS is the live bird. This article
will focus on conceptual coordination of WCS,UCS, Elevation, and XY plane.

WCS

World Coordinate System is a default coordinate mechanism for every AutoCAD drawing. The zero
values of X,Y, and Z coordinates starts from this point. WCS is a fixed coordinate system. Unless you
defined your own UCS, WCS and UCS are in the same location. X is positive on the right side of WCS
and negative on the left side. Y is positive above WCS and negative below it. Z direction is not visible on
the default UCS Icon. The positive Z is towards you and negative Z is away from you. By default you are
always working on XY plane of current UCS. The default UCS is named as WCS, but you can assign any
suitable name to it.
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Figure 1: The yellow icon visible on the lower left corner of your black drawing space is the UCS
Icon. This default UCS is called WCS.

The computation of distances starts from this 0,0,0 point. Invoking the Properties option of the UCSICON
command can modify the size, shape, and color of this icon.

Keep your eye on UCS. | call it bird watching—you need to be a good observer if you want to understand
the signs of birds. In AutoCAD 3D solid modeling, the bird is the UCS icon. For a better understanding of

modeling, be a good observer of the UCS icon and its associativity with the solid objects you are creating.
As all coordinate calculations are pre-formed with respect to the location of the current UCS, you must be
aware of the branch on which the "bird" is sitting.

The 3D representation of the UCS icon, as shown in figure 2, will help you visualize the actual directions
of various axes.

Figure 2

Default XY Plane

The default XY plane of WCS is an unlimited digital plane parallel to your screen. When you start any new
drawing, what you see as the drawing area is nothing but the XY plane of WCS. It is also a default plan
view of WCS. On XY plane, the elevation is zero. Whatever object you create sits on the XY plane of the
current UCS. If you draw a circle (by clicking center point on the screen and specifying radius), it is
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attached to XY plane. If you draw a Cylinder (by clicking center point on screen and specifying radius,
height), the circular/elliptical base of the cylinder will sit on XY plane.

Start a new drawing and draw objects with the following command sequence.

Command: circle

Specify center point for circle or [3P/2P/Ttr (tan tan radius)]: Specify point on screen (no object snapping
please)

Specify radius of circle or (Diameter) <1.3038>: 1.3

Command: cylinder

Current wire frame density: ISOLINES=4

Specify center point for base of cylinder or (Elliptical) <0,0,0>: Specify point on screen (no object
shapping please)

Specify radius for base of cylinder or (Diameter): 1.1
Specify height of cylinder or (center of other end): 5

The objects—Circle and Cylinder—created in default UCS will look similar to figure shown here. Just to
make your understanding of XY plane is clear, the blue net is drawn.
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Figure 3: Your screen may not look exactly like the one shown in figure. The text "XY Plane," the
blue net representing XY plane, and -X, -Y directions are drawn to aid your understanding, but will
not appear on your screen.

Your screen will have UCS icon and the two objects you just created.

When you have finished the creation of the above objects, the cylinder height is extruding towards you
and will not be visible. Both will look like circles. If you use the HIDE command, the blue net will be hidden
behind the cylinder (a solid object) but not behind the circle (a 2D planar object).

The circle and cylinder are drawn in default plan view of WCS. It is interesting to know how AutoCAD has
drawn these two objects on the screen.
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Figure 4: Obviously, a cylinder can never come out of monitor as shown here, but this is my
attempt to share some facts that are otherwise not visible in plan view of WCS.

When you try to view your objects from third quadrant, using VPOINT command, objects will look
something like figure 5.

?

Figure 5: This illustration demonstrates the shifting/tilting/moving of the XY Plane. Please note
that WCS is still at 0,0,0 and the things that were visible while sitting in front of the monitor are the
same, but visible in 3D.
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Watch it closely. Circle and Cylinder's circular base are still sitting on the XY plane. The height of the
Cylinder is toward the positive Z direction and the XY plane is aligning with UCS as before. You are just
viewing from different angle.

Changing the viewpoint does not change your UCS.

| hope the above examples are sufficient to make you understand how objects are attaching to the XY
plane of the current UCS when the elevation is zero. If you set a positive value for Elevation (using ELEV
command), your working XY plane is shifted equivalent to that value in the positive Z direction. By setting
a negative value for Elevation, you are shifting the working XY plane in the negative Z direction. These
are some concepts you must understand thoroughly to make your future 3D projects viable and flawless.

Above arguments are translated into figures for better visualization. Erase your earlier drawn objects.
Let's set Elevation equal to 10 and draw the circle and cylinder with the same command sequence. Do
you find any visible difference between the earlier views of figure 3 and what is on your screen now? No,
both are the same because you are viewing the plan view of WCS and hence still working on the XY
plane (10 units away from screen).
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Figure 6: Because the Elevation equals 10, the working XY plane is shifted 10 units in Z direction
and whatever you draw after this elevation setting will get attached to this plane.

Nice concept?

By simply changing the Elevation value, you can have as many working XY planes as you want. Of
course, only one XY plane will be available as the current working plane. This concept is similar to
layers—you can have only one layer as the current working layer.
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Figure 7: WCS is still at 0,0,0 because it is a fixed coordinate system. Elevation 10 is computed
from WCS; other coordinates are also calculated from WCS. The working XY plane is parallel to

the original XY plane, but is shifted equivalent to Elevation value.
Use the PLAN command to return back to plan view of WCS. Erase the objects you drew earlier and set

the Elevation equal to minus 10 (-10). Draw the circle and cylinder with the same command sequence

mentioned earlier. Do | need to say that your view will be similar to figure 3?
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Figure 9: The third quadrant view using VPOINT command will reveal the real difference.
Your working plane is shifted 10 units in the negative Z direction.

Do you think WCS and XY plane have sufficient magic to make all objects? No. Many times you will need
to change the orientation or tilt the coordinate system to suit your requirements. All objects of your model
will not be always parallel to the XY, YX, or ZX plane. They require some another way of aligning the XY
plane with an object's own angleftilt/orientation. The answer lies in UCS, a movable coordinate system
that moves and like a migratory bird and behaves suitably.

Understanding UCS (User Coordinate System)

This is like understanding the heart of any living body. Full understanding of UCS makes 3D creation a
pleasure. Three-dimensional solid creation will require more than one working plane. The methods of
aligning the XY plane with the user-desired working plane are available under UCS.

In AutoCAD, only one plane—construction plane (XY plane)—is available on which to work. To work on
other planes, you must convert that plane to the XY plane by realigning the X,Y and Z directions. This
important concept is called the user coordinate system.

uUCs

You need to change XY plane—construction plane—as required by your model through the UCS
command. With this command you can create your own UCS, name it, and restore it when required. By
default UCS and WCS are at same location when you start a new drawing. The icon is displayed in the
lower-left corner of your drawing area and positive X is towards the right of the icon; positive Y is upward;
positive Z is towards you. By default, your viewing direction is 0,0,1. (Note to novices—read this last
sentence repeatedly until it is fully understood.) Unless you change your UCS, you are working in the plan
view of WCS.

What is plan view?

Keeping the XY plane parallel to the computer screen and looking down from the positive side of the Z
axis.

Let's compare the AutoCAD situation with a real-life situation.
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Figure 10: The part plan of a building should look like Figure 10 in WCS.

If height of circular column of building is visible in default WCS, your UCS setting is NOT correct.
In WCS only the circle will represent circular column.

The height of column will be visible from front, left, right or back view.
The height of walls will never be visible in WCS.

The height of bridge will never be visible in WCS.

The height of reactor tank will never be visible in WCS.

If you can measure the height of the window while viewing PLAN view of WCS, you are using the
wrong UCS setting.

Before drawing any 3D object, think about how it should look from the top (Plan). If the plan view of WCS
is matching your thinking, proceed.
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Figure 11: When a mason works on flooring, he should be along the floor.

In AutoCAD your UCS must be along the floor to construct something on the floor like UCS shown in
Figure 11. Please note that the XY plane is parallel to the flooring and positive Z direction is towards the
height of the wall. Moving WCS to the corner of the wall forms a new UCS.

This model is generated using VPOINT command. By default, all lines are displayed in current viewport,
including lines behind other objects.

Figure 12: When a carpenter thinks of placing a window on wall 'D," he must be parallel to the 'D'
wall. He can't work as required if he faces the 'C' or 'B' walls.

In AutoCAD, to work on wall 'D' your construction plane should be parallel to wall 'D' as shown in figure
12. The new UCS is formed by setting UCS>G>Front

This model is generated using the VPOINT command. After that, the HIDE command is applied to the
model to hide the lines behind the object. This command removes the hidden lines from screen. This view
is closer to realistic.

When you compare both models displayed in figures 11 and 12, notice that the first model even shows
the objects inside the room. It is like a wireframe model and all objects are behaving like transparent
objects. In the second model, because of the HIDE command, each object looks solid and opaque. The
lines hidden by foreground objects such as walls are not displayed. The REGEN command will redisplay
all hidden lines.

It is worth mentioning that certain terms are used by the engineering community as well as AutoCAD.
AutoCAD is designed and commands are chosen in such a way that the engineering community can
make a smooth transition. Though, in my opinion, some terms (commands) need a little more explanation.
These terms are compared below.

Similar term used in
AutoCAD, but having a
different meaning

Terms used by Engineers and
Architects

Plan: To observe construction | PLAN: Keeping the XY plane
details of building; it is cut by parallel to the computer screen
assumed horizontal cutting and looking down from the
plane. This view, when positive side of the Z axis is
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observed from the top, is called
plan. This plan will show you
thickness of walls, windows,
and doors along with the
positions.

Length and width are available
in plan.

Elevation: The shape of the
building with length and height
information are available in
Elevation. The aesthetic look of
building is available in elevation.
Various elevations like front, left
side, and right side are obtained
by projecting orthographic views
on vertical planes.

Thickness: The term generally
assigned to the least dimension
of any object. The thickness of
wall means 0.23m thickness
visible in plan view.

Section: Sections are obtained
at the required plane to
obtained detailed information of
an object. The section can show
the height of a door or window
and the shape of a stair.

The UCS Command

called PLAN view.

Command: PLAN

Enter an option [Current
ucs/Ucs/World] <Current>:
Press Enter

Regenerating model.

In AutoCAD, what we engineers
call North Elevation, South
Elevation, Side View, or River
front view is nothing but PLAN
only. Appropriate UCS setting
and PLAN view obtains all
orthographic projections.

Elevation: This value shows the
position of an objectin Z
direction. Elevation O (zero)
means that the object is on the
XY plane of the current plane.
Elevation 1.2 means that the
object is 1.2 units away from the
XY plane in positive Z direction.

Thickness: This value shows the
extension of an objectin Z
direction i.e., the thickness of an
object is the distance that object
is extruded above or below its
elevation. The extrusion is
applied uniformly on an object.

SECTION: This wonderful
command can create 2D
sectional objects from 3D solids.
You can assign any cutting
plane to obtain section at that
plane.

UCS is used for aligning the XY plane with your working plane. There are 14 methods for defining a new
XY working plane. These are listed under the New and orthoGraphic categories. Every method is deriving
three points, based on your input, for defining working plane. For example, when you specify Z axis, the
XY plane is calculated and displayed.

Command: UCS
Current ucs name:
Enter an option [New/Move/orthoGraphic/Prev/Restore/Save/Del/Apply/?/World]:

By default, the UCS is set to world. The question mark (?) option provides you with the entire list of UCS
defined in the current file. The information also includes the origin point of UCS and directions of the X,Y,
and Z coordinates. The Save option of the UCS command allows you to save the current UCS with a
specific name. This named UCS can be called back at any moment by using the Restore option. With
option Del, you can delete an already defined UCS from the current file. If you are working in more than
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one viewport, the Apply option allows you to apply the current UCS to any selected viewports. The Prev
option lets you roll back to previous UCS.

Now let's make a tree of various constructive suboptions of UCS.

New Move Ortho? Prev Restore |Save
graphic

ZAxis |UCS Top UCS icon UCS icon |The current

3point |iconis | Bottom |will roll back |is ucs

Object 'moved | Front |toprevious |restored |alignment

Face - |from Back uUcCs to a given |and location

Next | one Left alignment unique is saved

- Xflip | origin to | Right and name. with a

- Yflip |another location. unigue

View |origin name.

X

Y

Z

The most required option of UCS is Orthographic. The six suboptions of it allow you to work on six faces
of a cube. The self-explanatory suboption names of the orthographic option clearly point towards its
usability faces. When you wish to work on the Front face of the cube, for example, change the orientation
of your UCS to UCS>G>Front, and so on.

Start bird watching and Think 3D.
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