
Bonus Chapter 2

Building Your Own Dynamic 
Components

In This Chapter
▶ Understanding component attributes

▶ Making objects stretchable with smart scaling

▶ Automatically adding pieces with smart replication

▶ Animating and rotating your groups and components

Keeping in mind that this topic could easily fill a book by itself, making 
your own Dynamic Components really is easier than it sounds. If you 

read Chapter 5, you’ve probably noticed that I use the word programmed a 
lot in conjunction with DCs; I shouldn’t. DC creation has nothing to do with 
programming at all, and you certainly don’t need to be a programmer to do 
it — goodness knows I’m not.

 You need SketchUp Pro 7 or 8 to create new Dynamic Components.

Getting the Lay of the Land
 Here are the things I think are most important to know before you start build-

ing your own Dynamic Components:

 ✓ It’s based on spreadsheets. If you’re familiar with using formulas and 
simple functions in programs like Microsoft Excel or Google Docs, you’ll 
catch on right away. It also helps to remember a little bit of algebra. If 
you’re frowning right now, I’m afraid you might be in for a bit of a bumpy 
ride. There’s no getting around it: Creating Dynamic Components is way 
more technical than anything else you’ll ever do in SketchUp.
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 ✓ You need to be very familiar with groups and components. When you 
build a DC that has many different parts, you build each of those parts 
as a separate component. Many DCs end up being made of complicated 
hierarchies of components nested inside other components, which are 
in turn nested inside other components. If you haven’t already done so, 
take the time to read Chapter 5 from the beginning — it’s a start.

 ✓ You need to know about component axes. Because a SketchUp com-
ponent is actually a mini-model inside your main model, it has its own 
set of red, green, and blue axes. If you double-click any component with 
Select, you see what I mean.

  Here’s where it gets interesting: Every single one of the dimensions or 
spatial positions you specify when you build a DC refers to the com-
ponent axes of the components you’re working on. When it comes to 
making DCs, it’s all about knowing where each component’s axes are, 
and being very comfortable with repositioning them when you have to. 
Have a look at the sidebar “Getting to know your components’ axes” for 
more about this.

 ✓ Colors are now letters. Until now, you could get away with thinking 
about SketchUp’s three directional axes in terms of colors; they’re just 
red, green, and blue. When it comes to Dynamic Components, things get 
a little bit more complicated. This is what you need to know: X is red, Y 
is green, and Z is blue.

Getting to know your components’ axes
Every SketchUp component — dynamic or other-
wise — has its own set of red, green, and blue 
axes. To build your own Dynamic Components, 
you always need to know exactly where each 
component’s axes are. Moreover, you need to 
be able to relocate them when necessary; as you 
get into authoring DCs, it becomes second nature. 
Component axes are as integral to DCs as the 
Push/Pull tool is to regular SketchUp modeling.

To see a component’s axes, double-click it with 
the Select tool (as if you plan to edit it). The axes 
are in the corner of the component by default, 
but you can place them wherever you like. You 
can do this in two ways:

 ✓ When you create the component. The Create 
Component dialog box has a Set Component 
Axes button. Clicking it lets you position your 

new component’s axes anywhere you like. 
As you get familiar with DCs, you develop a 
good sense of where they should go, right 
from the start. Until then, there’s always . . . 

 ✓ Anytime after that. Right-click the compo-
nent and choose Change Axes. When you 
do, your cursor turns into a set of axes. Click 
to place the origin (where the three colors 
meet), click again to orient the red direction, 
and again to indicate which way is up.

I know what you’re thinking: Where am I sup-
posed to put them? The answer, unfortunately, 
isn’t simple. It all depends on what you build and 
how you build it. For right now, simply know that 
your component has its own axes and that you 
control where they are; these two points are the 
first steps in understanding how DCs work.
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Coping with Component Attributes
 First, a word of warning: This section is technical and boring and won’t mean 

much to you until you get a little further with DCs. It’s a little bit like reading 
the owner’s manual for a car before you get behind the wheel — informative 
but essentially meaningless. This section is here because it contains informa-
tion you need sooner than later and because it’s too long to be a sidebar.

 I strongly suggest skipping to the following DC example sections and coming 
back when you feel like it. Now that that’s out of the way . . . . 

 Building Dynamic Components is all about setting up rules and relationships 
for the different parts of your model. Each piece of information about your 
DC — dimensions, colors, angles, copies, visibility — is a discrete value 
called an attribute. Which attributes your DC has depends entirely on what 
you want it to do.

In SketchUp Pro 8, you manage all your components’ attributes in the 
Component Attributes dialog box. Choose Window➪Component Attributes 
from the menu bar to open it. Figure BC2-1 shows what it looks like for a 
semi-simple dynamic staircase.

It’s set up like a spreadsheet — like a series of spreadsheets, actually. 
There’s one for each component and subcomponent in your DC, and they’re 
indented so you can see what’s nested inside what. The staircase example 
in this sidebar includes three children, or subcomponents: Tread, Backstop, 
and Stringer.

 The Component Attributes dialog box shows only two levels of hierarchy 
at a time. If you have more than two levels of nesting in your DC, drill down 
into your component (by double-clicking it with the Select tool) to make the 
deeper levels appear in Component Attributes.

Each row in the dialog box is a single attribute. The name of the attribute is 
in the cell on the left, and the value is in the cell on the right. Some attributes 
are very simple (StringerHeight), some are formulas that calculate values 
based on other attributes (RiserActual), and some include scary-looking 
functions (StepNumber). You can switch between viewing formulas and 
the values they produce by clicking the Toggle Formula View button in the 
upper-right corner of the dialog box.

If you’re used to working with spreadsheets, this should be familiar territory. 
Here are tips are for creating and editing attributes:
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 ✓ Add an attribute by clicking the + icon in the last row of your compo-
nent. When you do, a list of pre-made attributes pops up. Click one to 
add it or type a name to create a custom attribute.

 ✓ Edit the name of an attribute by double-clicking it. Keep your attri-
bute names short but meaningful. Use underscoring (Like_This) or 
CamelCase (LikeThis) instead of spaces.

 ✓ Edit the value of an attribute by clicking its cell. When you finish edit-
ing, press Enter to register the change. If you don’t, your edit won’t take.

 ✓ Grayed-out values are just there. See how the value of LenZ in the com-
ponent Staircase is lighter than most of the others? That means that it’s 
a current value; it’s not a value I specified. It just happens to be the cur-
rent value of that attribute.

 ✓ Use = to constrain an attribute. When you type an equal sign (=) before 
anything you enter for an attribute, you tell SketchUp that what comes 
after is a rule; it constrains that attribute. If you make a box and type 6 
for the length, 8 for the width, and =12 for the height, you’ve made a 
rule that no matter how you scale the box, it will always snap back to 12 
inches high. Typing a value without an = simply sets that value until it 
changes. Using an = tells SketchUp to preserve that value at all costs.

 ✓ Because formulas and functions are basically constraints, use an = 
before them, too. Just like in other spreadsheets.

 ✓ To reference another attribute, click it. When you enter a formula, you 
don’t have to type the names of other attributes you want to use; you 
can click them to add them automatically. It’s faster and makes for more 
accurate formulas.

 ✓ The ! indicates a referenced attribute from another component. 
In the child component Tread, the attribute LenY is defined as =
Staircase!TreadDepth. The exclamation point (!) means you’re looking 
at the attribute TreadDepth from the parent component Staircase.

 ✓ Attributes appear in alphabetical order. No matter what order you add 
them, your attributes always arrange themselves in alphabetical order — 
in Component Attributes and in the Component Options dialog box. To 
make them appear the way you want, try adding a prefix (like A_ and B_) 
to your attributes’ names.

 When SketchUp calculates values for the formulas in a DC, SketchUp always 
starts at the first formula in the top-level component and works down from 
there. When it gets to the bottom (the last formula in the lowest-level nested 
component in your DC), it redraws the model. This means that values that are 
calculated later in the process have no effect on formulas earlier in the pro-
cess. You need to keep this in mind when you plan complicated DCs with lots 
and lots of formulas.
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Figure 

BC2-1: 
The 

Component 
Attributes 
dialog box 

is where 
the magic 
happens.

 

Click the Toggle Formula button to see your formulas (right)

Values View Formula View

Damn the Torpedoes: Smart Scaling
I think the best way to get started with Dynamic Components is to dive right 
in and look at an example. Writing about stuff like this in the abstract makes 
my brain sore. I assume you feel the same way.

Here’s a fairly (but not entirely) simple one: The first image in Figure BC2-2 is 
a table that I’ve made dynamic; I can use the Scale tool to make it longer or 
wider, but not taller. When I scale it, the legs don’t get distorted — they stay 
the same size. I can use the Component Options dialog box to choose table 
height, leg thickness, and tabletop thickness. I can also use the Interact tool 
to cycle through three different color choices.
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Figure 

BC2-2: 
This table 

component 
is made 

up of five 
subcompo-
nents, each 
with its own 
component 

axes.

 Main component axis origin

Look at how the table’s put together. The second image in Figure BC2-2 
shows that it has five parts, which are all individual components nested 
inside the main component — Table, for a total of six components:

 ✓ Table

 • TableTop

 • TableLeg1

 • TableLeg2

 • TableLeg3

 • TableLeg4

Next, pay attention to where I’ve positioned the component axes for each 
part. (Take a look at the sidebar “Getting to know your components’ axes,” 
earlier in this chapter, if you’re wondering what’s going on.) The third image 
in Figure BC2-2 shows the location of the axes for each of the six compo-
nents. I placed the axes for each leg at the outside corners of the table so that 
scaling the table also repositions the legs.
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Now take a look at the Component Attributes dialog box for the component 
Table; see Figure BC2-3. Component Attributes is the spreadsheet-like inter-
face where you put all your formulas, and it’s available on the Window menu. 
See the section “Coping with Component Attributes,” earlier in this chapter, 
for details. Notice the following:

 

Figure 

BC2-3: 
The 

Component 
Attributes 
dialog box 

is where 
you make 

components 
dynamic.

 

The height of the table

The current  color

How the Scale tool works on this DC

What to do when someone clicks it

The dimension of the leg

The dimension of the top

The size of the leg along the X axis

The size of the leg along the Y axis

The size of the leg along the Z axis

The size of the top along the Z axis

 ✓ Subcomponents are indented under their parent component. In this 
case, the four TableLegs and TableTop are children of the main compo-
nent Table.

 ✓ Each component is collapsible. Clicking the little triangles next to each 
component reveals and hides the rows (or attributes) associated with 
that component. Right now, only Table, TableLeg1, and TableTop are 
expanded. The formulas in TableLeg2, 3, and 4 are identical to the ones 
in TableLeg1, so I didn’t show them in the image.
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 ✓ Table has a total of six visible attributes. Here’s what each does:

 • LenZ: Short for Length in the Z direction, it determines the overall 
height of Table. The Z direction is the same as the blue direction. 
While I’m at it, X is red, and Y is green.

 • Material: Determines the material (in this case, the color) of Table. 
This attribute’s value is set by the formula in the OnClick attribute, 
which I cover in a moment.

 • ScaleTool: Determines which scale grips appear when Table is 
scaled. Some Scale Handles Hidden means that I’ve decided to hide 
all but the X (red) and Y (green) direction scale grips so that Table 
can be scaled only wider and longer. I clicked the Details button 
(on the right side of the row) to set which grips should be visible.

 • OnClick: Determines what happens when someone clicks Table 
with the Interact tool. Here, I’ve used the Set() function to tell it 
to cycle through three colors. When it’s clicked, it sets the attri-
bute Material to one of the three values listed in the function: red, 
green, or white.

  To find out more about the DC-building functions, click the More 
link at the top of the Functions tab in the Component Attributes 
dialog box. I’m afraid I just don’t have enough space to go into any 
detail about them in this book.

 • Leg: Determines the thickness of each TableLeg.

 • Top: Determines the thickness of TableTop.

 ✓ TableLeg1 has three visible attributes. They’re very similar, actually:

 • LenX: Short for Length in the X direction, it determines the dimen-
sion of TableLeg in the X (red) direction. The value of this attribute 
is equal to the value of the attribute Leg in Table: =Table!Leg.

 • LenY: Short for Length in the Y direction, it determines the dimen-
sion of TableLeg in the Y (green) direction.

 • LenZ: Short for Length in the Z direction, it determines the dimen-
sion of TableLeg in the Z (blue) direction. The value of this attri-
bute is equal to the difference between the overall table height and 
the thickness of the tabletop: =Table!LenZ-Table!Top.

 ✓ TableTop has only one visible attribute. LenZ, in this case, determines 
the dimension of TableTop in the Z (blue) direction. Its value is equal to 
the value of the attribute Top in Table: =Table!Top.

Having fun yet? Don’t worry — it gets easier the more you do it. Look at 
one more aspect of the way I set up this DC: the way it’s connected to the 
Component Options dialog box.
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Take another look at Figure BC2-3; see the little Details icon to the right of the 
LenZ, Leg, and Top attributes in Table? Clicking that button opens a special 
part of the Component Attributes dialog box. There you can decide whether — 
and how — that attribute should be visible in the Component Options dialog 
box. Figure BC2-4 shows the Component Options dialog box for Table, as well 
as the settings in Component Attributes that make those options available.

Pass those attributes up the chain
For an attribute (SketchUp sometimes calls 
them options) to appear in the Component 
Options dialog box, it has to be associated with 
the parent (main) component of a Dynamic 
Component. In other words, if you want to set 
an attribute from the Component Options dialog 
box, make sure it’s in the top level of your DC.

If your DC has multiple layers of nested compo-
nents and you want to show an option associated 
with one that’s buried a few layers deep, you need 
to create attributes in each parent component to 
create what I like to call an attribute chain. It’s a 
little bit messy, but c’est la vie. Take a look at the 
following diagram to see what I mean.
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Figure 

BC2-4: 
The choices 

in the 
Component 

Options dia-
log box are 
determined 
by settings 

you make in 
Component 
Attributes.

 

Moving Right Along: Smart Replication
 Here’s another example: The bookcase in Figure BC2-5 is a Dynamic 

Component that automatically adds shelves as you use the Scale tool to make 
it taller. When you scale it shorter, it removes shelves. This DC is an example 
of a behavior I like to call smart replication, meaning that it adds (or removes) 
copies of a particular part as it changes size. As you can imagine, things like 
stairways and fences also benefit from this kind of setup.

 The key to making DCs that replicate automatically is to use the Copies attri-
bute (which I describe at the end of this section, oddly enough). It takes most 
new DC-makers a couple tries to figure out Copies, so don’t get discouraged. 
This stuff isn’t rocket science, but it isn’t exactly finger painting, either.

The images in Figure BC2-5 show three things:

 ✓ The effect of using the Scale tool on the bookcase. Notice that I’ve 
set up this DC to be able to scale only in the blue (height) and red 
(width) directions.

 ✓ The subcomponents in the DC. The hierarchy of this Dynamic 
Component is very simple. The parent (main) component is Bookcase, 
and it contains three children (subcomponents):

 • Right: The right-hand vertical support.

 • Left: The left-hand vertical support.

 • Shelf: Even though the bookcase currently has four shelves, this DC 
actually has only one Shelf component in it. The other three are copies 
that have been generated based on the bookshelf’s total height.
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Figure 

BC2-5: 
This 

bookcase 
automati-
cally adds 

or removes 
shelves as 

you change 
its height.

 Main component axis origin

 ✓ The component axes of each component. As always, where you locate the 
axes for your DCs (and their children) is the single biggest factor in deter-
mining how complicated your formulas will be. Take a look at the sidebar 
“Getting to know your components’ axes,” earlier in this chapter, for advice.

  Here’s why I located my components’ axes where I did:

 • Bookcase: The axis origin is right smack dab in the middle, along 
the bottom edge of the front of the component. I put it there 
because Bookcase is symmetrical; it’s the same on both sides. If I 
ever need to add parts that are equidistant (equally far) from the 
center of the bookcase, specifying their locations (by means of for-
mulas) is a lot easier — one is just the negative of the other.

 • Right and Left: Their axes are positioned on the outside edges of 
the bookcase so that scaling Bookcase to change its width will also 
move Right and Left. If I hadn’t done this, I’d be forced to use a 
formula to tell each of them where to be, relative to the rest of the 
component. It’s all about making things simpler while retaining the 
flexibility to make changes later.

 • Shelf: Just like its parent component Bookcase, the axis origin for 
this component is in the center. Putting it there makes it easy to 
specify its location relative to the rest of the component.
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Figure BC2-6 is an image of the Component Attributes dialog box for 
Bookcase. Here’s a brief rundown on the attributes (remember those?) for 
each of the four components:

 

Figure 

BC2-6: 
The 

Component 
Attributes 

dialog box is 
the DNA of 
this — and 

every — 
Dynamic 

Component.
 

What the Scale tool does

The shelf dimension
The side upright dimension
The shelf spacing

The position along the 
parent component’s X axis

The size of the shelf along
the X axis

The size of the shelf along
the Z axis

How many copies of Shelf
to draw

The position along the 
parent component’s Y axis

The size of the upright 
along the X axis 

 ✓ Bookcase has four visible attributes:

 • ScaleTool: Clicking the Details button on the right of the row lets 
you specify how this component is allowed to be scaled.

 • Shelf: The thickness of each shelf, in inches.

 • Sides: The thickness of the side pieces, in inches.

 • Spacing: The center-to-center spacing between shelves.

9780470916827-bc02.indd   BC369780470916827-bc02.indd   BC36 11/15/10   9:51 AM11/15/10   9:51 AM



BC37 Bonus Chapter 2: Building Your Own Dynamic Components

 ✓ Left and Right have only one visible attribute each. It’s LenX, and it 
determines the thickness of the side pieces. Its value is equal to the 
value of Sides, in Bookcase. Having these two subcomponents refer to 
an attribute in their parent component makes changing them easier; it’s 
one place instead of two.

 ✓ Shelf has five visible attributes:

 • X: Determines the location of the axis origin of Shelf relative to the 
axis origin of Bookcase, along the X (red) axis. Because I centered 
the axes on each component when I set up things, I can make this 
value 0. Effectively, the center of each shelf should be 0 inches 
from the center of the bookcase.

 • Z: Determines the location of the axis origin of Shelf relative to the 
axis origin of Bookcase, along the Z (blue) axis. Basically, it deter-
mines the height of each shelf by multiplying two values together: 
the shelf spacing (Spacing in Bookcase) and the copy number of 
the shelf.

  Here’s where it gets interesting. There are four shelves in 
Bookcase, but only one component called Shelf, right? That’s 
because the other three (the top three, in this case) are copies of 
the first one. Take a look at my description of the Copies attribute, 
a couple paragraphs from now, to get the rest of the story.

  The word copy in this formula (Z=copy*Bookcase!Spacing) tells 
SketchUp to use the copy number of the shelf it’s trying to posi-
tion. If it’s drawing the third shelf, it uses the copy number 2 
(because it’s the second copy) to do the calculation. If the shelf 
spacing is 8 inches, the third shelf is 8 x 2 inches high.

 • LenX: Determines the dimension of Shelf in the X (red) direction. 
This attribute’s formula takes the overall width of Bookcase and 
subtracts the thickness of the two side pieces.

 • LenZ: Determines the dimension of Shelf in the Z (blue) direction — 
its thickness. According to this attribute’s simple formula, its value 
is equal to the value of Shelf in Bookcase. By referring to an attribute 
in the parent component (Bookcase), you can expose its value in the 
Component Options dialog box. That way, it’s easier for anyone to 
edit. Take a look at the “Pass those attributes up the chain” sidebar, 
earlier in this chapter to find out more about this.

 • Copies: Determines how many copies of this component will 
be created. Take a look at the formula: I told it to decide 
how many shelves to draw by taking the overall height of 
Bookcase (Bookcase!LenZ), subtracting the thickness of a 
single shelf (Bookcase!Shelf), and dividing by the shelf spacing 
(Bookcase!Spacing).
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 The attribute Copies automatically rounds down to the nearest whole number, 
which is why I don’t have to worry about SketchUp trying to draw a fraction of 
a shelf. When you build your own smart-replication DCs, you sometimes need 
to specify the number of shelves in another attribute. In that case, take a look 
at the ROUND, FLOOR, and CEILING functions in the drop-down list at the top 
of the Component Attributes dialog box.

Just for Good Measure: Rotation 
and Animation

 It might not be the most useful thing you can design Dynamic Components to 
do, but it sure is satisfying. Making your models come to life is actually easier 
than making them scale intelligently, which is good news all around.

Look at Figure BC2-7: It’s a simple two-door cabinet that I made into a DC. 
When I click one of the doors with the Interact tool, it swings open. When I 
click it again, it swings shut. Couldn’t be simpler. Pay special attention to the 
bottom-left image in Figure BC2-7; it shows where I placed the component 
axes for the cabinet door on the right. They’re where the hinge would be if 
there was one. The door swings about (around) the Z (blue) axis.

Figure BC2-8 shows the Component Attributes dialog box for Cabinet. I’ve 
hidden the sections for all but the two doors, DoorR and DoorL — they’re the 
only ones that matter for this example.

Here’s some detail about the two visible attributes for each door:

 ✓ RotZ: Determines the angle that the component is currently rotated 
around the Z (blue) axis. When your component isn’t rotated, this angle 
is 0. Entering a value of 90 for this attribute rotates your component 90 
degrees. Note that positive values rotate counterclockwise, and negative 
ones (such as –90) rotate clockwise.

 ✓ OnClick: Determines what happens when someone clicks Door with the 
Interact tool. Here, the ANIMATE function tells Door to animate while it 
changes the value of RotZ, which in turn causes the door to swing open 
or closed. The two numbers after RotZ in the function are the values I 
want it to plug into that attribute when I click with the Interact tool: 0 
degrees and then 130 degrees (or –130 degrees, for the door on the left 
side). It returns to the beginning when it gets to the end of the list, so 
clicking multiple times tells RotZ to alternate between 0 and 130 
(or –130) degrees forever.
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Figure 

BC2-7: 
Clicking this 

cabinet’s 
doors with 

the Interact 
tool makes 

them swing 
open and 

shut.
 

 You can choose between a couple other animation functions; ANIMATE is just 
the simplest to understand. The others let you control things like duration and 
easing (speeding up and slowing down). Check out the list of functions in 
Component Attributes and experiment.

 You can find all the Dynamic Components in this chapter on this book’s com-
panion Web site. You can also find videos, color images, and links to other 
DC help resources. Definitely dissect as many DCs as you can to see how they 
work; taking a look at the Dynamic Components Training collection in your 
Components dialog box is a great place to start.
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Figure 

BC2-8: 
The 

Component 
Attributes 

for this cabi-
net are very 

simple.
 

What to do when someone
clicks with the Interact tool
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