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Glossary

The glossary below defines terms used throughout this manual. Most of these terms find
common use for discussions of the Apple Macintosh computer’s uscr interface.

button

check box

click

cursor

dialog box

double-click

drag

mouse

point

pop-up menu

pull-down mecenu

A button is a small screen object, usually labeled with text. The user
clicks on a button to cause the computer to perform an action.

A check box represents an option that is either on or off. The user
clicks on the check box to alternate between the options.

"To position the cursor on the computer screen, and then to press and
quickly release the mouse button.

A small screcn object that follows the movement of the mouse on the
sCreen.

A display window which prompts the user for input. A dialog box
remains on the screen until the user dismisses it, usually by pointing
to a button-shaped object within the dialog box display and clicking.

To click twice in rapid succession without moving the mouse between
clicks.

"f'o position the cursor on the screen, press and hold the mouse button
down, move the cursor with the mouse button down to a new location
on the screen, and release the mouse button.

Generic term for any hand-operated interface device that controls the
location of the cursor on the computer screen. The mouse has a button
which is pressed by the user, usually to signal the computer to initiate
an action.

To use the mouse to indicate a location on the screen.

A menu which is accessed via a dialog box or window, as oppposed
Lo a pull-down menu which is accessed via the menu bar at the top of
the screen. Only the currently selected menu option is visible; the full
range of menu options appear (i.e., pops-up) when the user points to
the displayed option and presses the mouse button.,

A menu which is accessed via the menu bar at the top of the screen.
‘I'he menu bar lists only the menu names; the full menu becomes visible
(i.c., pulls-down) when the user points the menu name and presses the
mouse button.
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Overview

MacPASCO is an interactive, graphic preprocessor for stiffened panel structural design.
Mac’ASCO creates input for PASCO (refs. 1 and 2), an existing computer code for structural
analysis and minimum-mass optimization of longitudinally-stiffened composite panels.

MacPASCO’s graphical interface simplifies the specification of panel geometry and reduces user
input errors, thus making modeling and analysis of panel designs more efficient. The user draws
the geometry of a structural panel cross section on the computer screen. Then a combination of
graphic and text inputs is used to refine the structural geometry, to specifly information required for
analysis such as panel load conditions, and to define design variables and constraints for minimum-
mass optimization.

PASCO uses a linked-plate representation of geometry in which individual flat plates are
assembled to construct a structural panel cross section. Two or more individual plates are
assembled to form a substructure, which is repeated to create the entire panel cross section. A plate
is constructed as a balanced symmetric laminate of a prescribed number of plies with orthotropic
matcrial propertics. The two figures below illustrate this modeling technique.

X, u,0

/"

+ Y, v

[ A

Z,w

The lefi-hand figure above shows a hat-stiffened structural panel and the global panel coordinate
system X, Y, 7. Boundary conditions arc placed on the lateral (X axis) edges of the panel by
constraining the rotation @ and displacements w, v, u. The right-hand figure shows a hat-stiffener
substructure which is repeated three times to form the cross section of the panel on the left. Six
plates are assembled to form the hat-stiffener substructure.

Overview 2



Structural modcling with MacPASCO follows PASCO's modcling technique. MacPASCO
displays a drawing window in which the user creates a substructure like that shown in the right-hand
figure above. MacPASCO’s graphical tools allow the user to manipulate plates on the computer
screen to create the desired substructure.

This manual is a guide for the use of MacPASCO, and a reference document which contains
a comprchensive list of all of MacPASCO’s features. Some knowledge of the PASCO code is
required to use MacPASCO effectively, since MacPASCO only produces the input for PASCO.
PASCO is used subsequently to actually perform the structural analysis and sizing using the input
MacPASCO generates. The PASCO code is described in references 1 and 2. In addition, a stand-
alone Macintosh version of the PASCO code, which can be used alone or in conjunction with
MacPASCQ, is described in reference 3. An carlier version of MaclPASCO is described in reference
4.
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The Screen Display

MacPPASCO’s interface consists of a drawing window which displays a drawing of a panel cross
section. A tool window contains a palette of graphical tools which are used to create and manipulate
the displayed cross section. A menu bar across the top of the screen allows for other inputs required
for structural panel analysis and sizing. The MacPASCO interface is consistent with the Apple
Macintosh computer interface guidelines for windows, scroll-bars, pull-down menus, dialog boxes,
and other Macintosh interface features. In this way, MacPASCO shares features common to many

Apple applications.

MacPASCO’s initial screen display is shown below:

Menubar_ﬁ File Edit View Panel Laminate Optimization ]

e _ =

Tool __ |Toots | EO Untitled-1 =
Palette W Plate Information:
Window

™ Width ©  [LO0000000

—o& Rotation : 00000000

“._u_ D——

loop
Drawing e
Window

The drawing window displays a vicw of the cross section which is repeated to form the stiffened
pancl. The displayed cross section initially consists of a single flat plate. The display shows the
boundary conditions on the panel edges. Initially, the panel edges are free as indicated by the
annotalion, {1, on the end nodes of the cross section.

A message box, labeled “Plate Information:” displays plate width and rotation as plates are
manipulated on the screen. In this manual, the term rotation means the orientation of a plate in
the structural geometry. Use of the term rotation to denote a degree of freedom is explicitly noted
in the text. Message box entries are dimmed when inactive, in accordance with Apple Macintosh
computer conventions. The tool palette window displays small pictures of various tools used to
draw and manipulate the section graphically. These tools are described in detail in another section

of this manual.
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The menu bar at the top of the screen displays a range of options, grouped by function. Only
the name of each menu appears; the full menu pulls-doun when the user points to the menu name
and holds the mouse button down. For example, the pull-down view of the Optimization menu
is shown below:

Sizing Cycles
Linking Equations

To choose an item from a pulled-down menu, drag the mouse pointer from the menu name
down to the item and release the mouse. The Optimization menu allows the user to define the
number of sizing cycles during optimization and to define linking equations. Menu options are
discussed in detail in another section of the manual.
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The Tool Palette

The tool palette is a floating window containing small pictures, called icons, of various tools. The
palette is a floating window because it always remains in front of any other MacPASCO window so
that the tools are always visible and available. The tool palette can be moved around the screen
like any other window.

The tools are used to draw and manipulate the cross section displayed in the drawing window.
"Tools are selected by clicking on the tool’s icon with the mouse. The icon for the currently selected
tool is always darkened, indicating which tool has been sclected. In addition, when the cursor is
over the MacPASCO drawing window, the cursor usually changes to reflect the currently selected
tool.

There are seven tools available in the current version of MacPASCO: a point-hand tool, a grab-

hand tool oo, an add-node tool, an add-plate tool, an add-loop tool, a magnification tool, and a
delete-node tool. Kach tool and its function are discussed in the sections that follow.

The Point-hand Tool

The point-hand ool is represented by a point-hand icon, as seen on the left. When the point-
hand tool is selected, the cursor changes to look like the point-hand icon. This tool has two
functions:

e 'To select plates in the current cross scction.

o To display a dialog box containing information about a plate or node in the current cross
section.

l—wl l Solocting Plates]

e 'l'o sclect a plate with the point-hand tool, place the index finger part of the cursor over a plate
and click once. The sclected plate darkens to show it has been sclected, and previously selected
plates are desclected. The plate’s width and rotation are displayed in the drawing window
message box.

e To sclect more Lthan one plate, hold down the keyboard shift-key while clicking on each plate.
Each sclected plate darkens to show it has been selected. The width and rotation for the most
recently selected plate appears in the drawing window message box.
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e Another way to sclect a plate or plates with the point-hand tool is to press the mouse button
and drag the mouse with the mouse button depressed. A shimmering rectangle appears on the
screen. When the mouse button is released, plates inside the rectangle are selected, and the
rectangle disappears. A plate must be completely inside the rectangle to be selected. Once
again, the shift-key can be used to make multiple selections with the shimmering rectangle.
The shift-key must be held down before clicking and dragging the mouse, or previously sclected
plates are deselected.

lDlsplaying Platc Information]

To display information about a plate, simply place the index finger part of the cursor over a

plate and double-click. A dialog box appears on the screen displaying information about the plate

such as its width and rotation as shown below:

Plate Information [ Lock Plate Geometry
Width:  20.00000000 ] Desion Variable
Lower Boumnd Upper Baund
OO X ] {004 080 ¢ ¢ $RERCTEE Y]

Retation: 0.000000000
Laminat o Undefined

K= = ==s

The plate information display contains the following:

¢ The plate width which can be edited to a numerically precise value.

o A "Design Variable” check-box which makes the plate width an optimization design variable

and allows a lower and upper bound to be prescribed for the plate width during optimization.

The plate width's lower and upper bounds which can be edited when the plate width is an
optimization design variable.

The plate rotation which can be edited to a numerically precise value.

The name of the laminate associated with the plate. The laminate name cannot be changed
with the plate information display and is initially undefined. The laminate is assigned using
the Assign Laminates to Plates option of the Laminates menu.

A “Lock Plate Geometry” check-box. When the check-box is sclected, the plate width and
rotation are unchanged when adjacent plate width and rotation are altered via their Plate
Information dialog boxes. If “lock Plate Ceometry” is not selected, the plate diminsions
change to accommodate changes in adjacent plate width and rotation.

Each ilem of the plale information display is discussed in subsequent sections of this manual.
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Modifying Plate Width and Rotation

The plate information dialog box is used to change plate width or rotation. Select the value
to be modified, and type in the new value. The keyboard TAB key can be used to move quickly
from value to value. The mouse can also be used to make selections manually, but the TAB key
is usually faster than the mouse because it automatically sclects cach value when switching ficlds.
To select a value with the mouse, click on the current value and a bar cursor, | , appears. The
value can be modified in the usual way, backspacing to dclete, typing new text, using the arrow
keys to move the cursor, and using the mouse Lo select parts of the value to be replaced or deleted.

WARNING

The current version of MacPASCQO does not check to see whether or not the new width and
rotation entered via the Plate Information dialog box makes the plate exceed the viewing area
boundaries. For example, consider a plate at the very top of the scrollable viewing area. Giving
this plate a long width and a rotation of 90 degrees grows the plate beyond the viewing area. This
situation is shown in the figure below:

SO untitied-1 EERCE EOEEE untitied-1 IR

Plate Information: Plate Information:
Width ;- 0D0DOONY Yidth - 100.000000
Rotation : {: Rotatien : 90.0000000

|

0
& W

=] I

The original plate before the dialeg A large width, and a rotation
box is used to expand the plate of 90 degrees expands the plate
beyond the viewing area. beyond the viewing area.

Errors are likely Lo result. T'wo steps can be taken to avoid this situation:

1. Use the grab-hand tool to move the section so that there is room for plates to grow before
modifying the plate widths and rotations. The grab-hand tool is discussed in the next section
of this manual.

2. Scale the viewing arca properly. The viewing area can be made large enough for most cross
scctions by using the proper scale for the viewing area. With the proper scale, the problem of
over-large plates can be avoided. Scaling the view arca is discussed in another section of this
document.
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How Changing Plate Dimensions Affects Other Plates

Altering a plate’s width or rotation via the Plate Information dialog box does not affect the

- width or rotation (geometry) of other plates. If a plate width or rotation is changed via a dialog

box, the final node of the plate moves to accommodate the change, as scen in figure a. below.

Any other plates connected to the final node are also shifted, and the shift propagates through the
cross scction (figure b), which insures that the geometry of these other plates remains the same.

— the other plates
increasing also shift

the first plate’s k
width
.’ =

Figures. Figure b.

Exception: An exception occurs when the cross section contains a loop or cycle, such as the
triangle shape in the figures above. In such a loop, the width of one plate in the loop cannot
change and still hold the widths of the other plates fixed. An error message results. In these cases,
the width of one of the plates in the loop must change to accommodate the altered plate. If a
change in a plate’s width is attempted without unlocking another plate in the loop, the following
€rTOT MeSSage APPCArs:

0 This plate's width and/or rotation

cannot be adjusted without
altering a rigid plate 0K

The box labeled Lock Plate Geometry in the upper right corner of the Plate Information
dialog box is used for these situations. Clicking in the box unlocks the plate, allowing the plate
to change dimension to accommodate changes to adjacent plates. When a plate is locked, a cross
(X) appears in the lock plate check box.

In the example below, the plate forming the right side of the triangle has been unlocked and
the width of the plate forming the left side of the triangle is increased.

P AN

increasing
the left plate’s
width

N

When the plate forming the left side of the triangle gets longer, the unlocked plate forming the
right side of the triangle changes dimension to accommodate the change.

" / stretches
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Initially, all plates are locked, so that altering a plate’s width or rotation does not affect the
geometry of other plates. The Lock Plate Geometry check-box is used to make one or more
plates flexible, typically for the case of a loop.

Making Plate Width an Optimization Design Variable

The plate information dialog box is also used to make the plate width a design variable. The
square labeled “design variable” (in the plate information dialog box shown previously) is a check
box. When a cross, X, appears in the check box, the plate width is & design variable during
optlimization. When no cross appears, the plate width is not a design variable. If the plate width
is not a design variable, clicking on the check box makes the plate width a design variable. If the
plate width is a design variable, clicking on the check box makes the plate width not be a design
variable. The upper and lower bound ficlds are disabled when the plate width is not a design
variable.

[Displaying Node InformationJ

To display information about a node, place the cursor over the node and click once. The
following dialog box appears:

Node ID: E Boundary Condiﬂon:l Free
’— Node Information

QO start Node @ FinalNode (O Interior Node

The node information display consists of the following:

e The node number used in the PASCO output is shown but cannot be edited.

e A pop-up menu which displays the current boundary condition on the node, and allows the
boundary conditions on the nodes at the edges of the panel to be changed.

e Three indicators show whether the node is on a panel edge or in the interior. The node on the
left edge of the pancl is the start node, the node on the right edge is the final node.

Fach node is numbered; the node number appears in the upper left-hand corner of the dialog
box. The darkened circle under node information indicates whether the node is the start node,
final node or interior node of the cross section. In the example above, the node is a final node.
Finally, a pop-up menu in the upper right-hand corner of the dialog box specifies the boundary
conditions on a node. Clicking on the menu with the mouse displays a range of possible boundary
conditions. The start node's boundary conditions apply to the entire left edge of the panel, the
boundary condition on the final node apply to the entire right edge of the panel. Each boundary
condition is discussed in the next section of this manual.
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Boundary Conditions

Clicking on the boundary condition pop-up menu reveals the list of possible boundary
conditions. To select a boundary condition for the panel, click and hold the mouse button down
over the boundary condition pop up menu of the node information dialog box. Keep the mouse
button depressed and drag the mouse over the desired menu choice. Release the mouse button
and the boundary condition beneath the mouse becomes the new boundary condition foc the panei

edge.

The boundary condition pop-up menu is shown at the left below. A table which describes
the constraints implicd by each boundary condition appears on the right. The rotation being

constrained is a degree freedom at the node.

Boundary Condition

Pop-Up Menu Rotution  Displucement Displocement Displacement
N\ [X-axis] w v u
Free(F1) free free free free
F2 free free free Construined
F3 free free Constrained| free
F4 free free Constrained | Construined
Simple Support (ss1) free Constrained | free free
$§2 free Constrained | free Construined
$S$3 free Construined | Constrained] free
$$4 free Constrained | Construined] Constrained
Symmetrg (s1) Constrained | free free free
$2 Constrained | free free Construined
$3 Constrained | free Construined] free
$4 Constrained | free Constrained] Constrained
Clamped (C1) Construined | Constrained | freae free
C2 Construined | Constroined | free Construined
C3 Construined | Constrained | Constrained| free
c4 Construined ] Constrained | Constrained] Constrained
/ X, u 0 ] )
Displacements w, v, u, and rotation © are
relative to the global panel coordinate
Y, v system X, Y, Z shown at the left.
2, w

The table summarizing each boundary condition is shown to the right in the figure above. Note that
SS3 is the classical simple support boundary condition and C3 is the classical clamped boundary
condition. In MacPASCO, boundary conditions can ONLY be applied at the start or final node,
and the three displacements are relative to the overall panel coordinate system (shown at the
bottom of the figure above), rather than to the local plates.
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The boundary conditions specified at the start and final nodes apply to the entire panel. Thus
to specily a boundary condition on the left-hand edge of the panel shown above, one must select
the start node and specify a boundary condition. Likewise, boundary conditions on the right hand
edge are selected by specifying the correct boundary conditions from the final node’s pop-up menu.

The Grab-hand Tool

The grab-hand tool is represented by an open hand icon, as seen on the left. When the grab-hand
tool is sclected, the cursor changes to an open hand cursor that looks like the open hand icon.
This tool has three functions:

o It can be used to select plates in the current cross section.
¢ It can be used to move plates in the current cross section.

e It can be used to change the dimensions of plates in the current cross section.

[Selccting Platcu]

Plate selection with the grab-hand tool is identical to plate selection with the point-hand
tool. However unlike the point-hand tool, the grab-hand tool can also move a plate or change
its diminsions. Thus when the grab-hand tool is used to make selections, it is possible to move
accidently a plate or change its diminsions. Consequently, the point-hand tool is usually used to
select plates in order to avoid such accidental changes.

e Center the palm of the hand cursor over a plate and click once (The small cross in the cursor
palm can be used as a guide). The selected plate darkens when selected and any previously
sclected plates are deselected. The plate’s width and rotation are displayed in the drawing
window message box.

e To select more than one plate, hold down the keyboard shift-key while clicking on each plate.
Each selected plate darkens when selected. The width and rotation for the most recently
selected plate appears in the drawing window message box.

e Another way to sclect a plate or plates with the grab-hand tool is to press the mouse button
and drag the mouse with the mouse button depressed. A shimmering rectangle appears. When
the mouse button is released, any plates inside the rectangle are sclected and the rectangle
disappears. A plate must be completely inside the rectangle to be selected. Once again, the
shift-key can be used to make multiple selections with the shimmering rectangle. The shift-key
must be held down before clicking and dragging the mouse, or all previously selected plates are
deselected.

ﬁ\doving Plates

It is sometimes convenient to move plates, usually to move the current cross section into a more
accessible location in the drawing window. To move one or more plates, do the following:

1. Sclect the plates to be moved cither using the point-hand tool or the grab-hand tool.
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2. Point to a selected plate, press the mouse button and drag the mouse with the mouse button
still depressed.

All the selected plates move to follow the movements of the mouse. The widths and rotations of
the selected plates are not changed by the move. Plates connected to the moving plates change
dimension to accommodate the movement, as seen in the figure below:

/,_¢ Click and drag the

@ plates to be moved @

Unselected plates stretch
to accomodate the movement

¢ Notlice that moving plates does not affect connectivity (how the plates are attached to one
another) but can change the width and rotation of plates connected to the moving plates.

¢ Plate movements can be undone immediately after the move by selecting the Undo option of the
Edit menu. Thus if one moves a collection of plates and realizes the movement was a mistake,
one can select “undo” to restore the plates to their original locations. However, the “undo”
action must be taken before attempting any other actions or switching tools. For example, if
plates are moved, and then the point-hand tool is selected, undoing the movement is no longer

possible.

I Changing Platc Dimensions

The grab-hand (ool can be used to change plate dimensions by grabbing and dragging nodes.
To change a plate’s dimensions:

Point to a node, press the mouse button and drag the mouse while keeping the mouse button
pressed. All plates attached to the node change dimensions to follow the node’s movement.

For example, consider the figure below:

Click and drag
g? the node s

e The drawing window message box displays the width and rotation of the plate being altered.
If one or more plates are being altered, the width and rotation of the most recently selected
plate is displayed.

e The option-key on the keyboard allows a plate’s width to be changed without altering its
rotation. To alter only plate width, hold the option-key down when clicking on the node with
the grab-hand tool before dragging the node.

As with moving plates, plate dimension changes can be undone immediately afterwards by
selecting the Unde option of the Edit menu. The “undo” action must be taken before attempting
any other actions or changing tools. For example, if a node is moved to change plate dimensions,
and then the point-hand tool is selected, undoing the movement is not possible.
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The Add-node Tool

The add-node tool is represented by the icon shown at the left. The add-node tool is used to add
a node to an existing plate, essentially splitting a single plate into two plates sharing a common
node. When the add-node tool is selected, the cursor changes into a cross-hair cursor that looks
like a large “plus” sign.

¢ To add a node to a plate, do the following: place the intersection of the cross-hair cursor over a
plate and press the mouse button. A node is added to the plate at the cursor. Adding a node
forms two new plates, one which ends with the new node and one which starts with the new
node as seen in the figure below:

Drag cursor
Click to add a node Md'f node to adjust 1\
G- —8 Q) ..... .*.&u o Te;
Plate ending at Plate starting at
new node new node

e By dragging the mouse with mouse button depressed, one can move the new node as it is
added, as shown above. The drawing window message box displays the width and rotation for
the plate which ends with the new node.

e Ii is often useful to add a node to a plate and produce two new plates with the same rotations
as the original plate. To do this, hold the Option key on the keyboard down while clicking on
the plate to add a node. Dragging the mouse with the mouse button depressed moves the new
node, but the rotations of the new plates arc fixed, as seen below:

The option-key holds ==
=P the rotation fixed

The user adds a node to a plate with the keyboard’s option-key depressed, as seen in the figure on
the left. As the user drags the mouse upwards the node moves, but the rotations of the two new
plates are held fixed, as scen in the figure on the right.

The addition of a node can be undone immediately afterwards by selecting the Undo option of
the Edit menu. The “undo” aclion must be taken before attempting any other actions or switching
tools. For example, if a node is added to a plate, and then the point-hand tool is selected, undoing
the add is no longer possible. The current version of MacPASCO does not allow deletion of a node
or plate once it has been added to the cross section.

The Add-plate Tool

The add-plate tool is represented by the icon shown on the left. When the add-plate tool is selected,
the cursor changes into a cross-hair cursor, which looks like a large “plus sign.” The add-plate tool
is used Lo add new plates to a node in an existing cross section.
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To add a new plate, move the cursor over a node, press and hold the mouse button, and drag
the mouse with the mouse button depressed. As the cursor moves, a new plate appears between
the original node and the current cursor position. For convenience, the drawing window message
box displays the width and rotation of the new plate. When the mouse button is released, the new

plate is added.

The final node of the added plate is always unconnected and not attached to any other existing
plates. Thus, two disconnected nodes cannot be joined by drawing a plate between them, as shown
below:

these two nodes are
draw a plate not attached; one node is
between these two nodes simply superimposed over

\‘ \‘ the other node.

A SIS

A. B. C.

"f'o make the cross section shown in figure C. above, but with all the nodes attached, the add-loop
tool is required. The add-loop tool is discussed in a subsequent section of this manual

The addition of a new plate can be undone immediately afterwards by selecting the Undo
option of the Edit menu. The “undo” action must be taken before attempting any other actions
or switching tools. For example, if new plate is added, and then the point-hand tool is selected,
undoing the addition of the plate is no longer possible.

Plates can be deleted from the cross section using the delete-node tool described subsequently
in this manual.

The Add-loop Tool

The add-loop tool is represented by the icon image which appears on the left. When the add-loop
tool is selected, the cursor changes into a cross-hair cursor, which looks like a large “plus sign.”
The add-loop tool is used to create a closed section between two nodes on the existing cross section.

To add a loop, move the cursor over a plate and click the mouse button. A closed section
composed of two new plales appears, as shown in the ligure below:

Click to create
f’ a closed sec(ion\
—GG—+$—G—8a D—A—-ﬂ

The closed section is composed of two plates. The other palette tools can be used to create
closed sections of three or more plates from this initial cross section, by adding more nodes and
manipulating the plates that are created.

The addition of a closed-section can be undone immediately afterwards by selecting the Undo
option of the Edit menu. The “undo”™ action must be taken before attempting any other actions or
switching tools. For example, if a loop is added, and then the point-hand tool is sclected, undoing
the creation of the closed section is no longer possible.

Closed sections can be deleted from the cross section using the delete-node tool discussed in a
subsequent section of this manual.
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IHow Closed Soctions carry Transversc Loads

Plates in closed sections created with the add-loop tool do not carry transverse loads. The
situation is illustrated in the figure below:

Pressure

A

b

i—c—): a

Closed section created with
add-loop tool.

Nx

3 dimensional view of the
panel for the cross-section on the left.
The sides of the triangular stiffener carry no
transverse loads (Nxy and Ny).

The closed section in the leftmost figure was created using the add-loop tool. The user clicked on
plate ¢ to create a closed-section formed by plates a and b. The rightmost figure shows a view
of the cntire pancl represented by the MaclPASCO drawing on the left. The transverse loads are
Ny, which is transverse tension or compression, and Nxy, which is a shear load. The Ny load is
entircly carried by plate ¢. The new plates, a and b, do not carry any Ny load. The Nxy load
is distributed according to the stiffness of the sheer paths. Sce references 1 (p. 37-38) and 2 for
details.

Tho Magnifying Glass Tool

The magnilying glass tool is represented by the icon shown on the left. When the magnifying
glass tool is selected, the cursor changes into a magnilying glass cursor that looks just like the
magnifying glass icon. The magnifying glass tool is used to “zoom” in or out on the current cross
section.

Four levels of Magnification are available. The initial screen display is at the minimum level of
magnification: one cannot zoom-out any further. Each magnification level zooms in by a factor of
2 larger than the previous level.

Zooming in makes the current cross section appear larger on the screen and allows for more
precise direct manipulations ol the plates. For example, zooming in once magnifies the current
cross section so it appears twice as large. Likewise, zooming out allows a smaller view but less
control.

¢ To zoom in, place the cursor in the viewing area displaying the current cross section and click.
The view “zooms-in,” centered on the cursor position at the time the mouse button was pressed.
¢ ‘To zoom out, place the cursor in the viewing area displaying the current cross section, hold
down the keyboard’s option-key and, at the same Lime, press the mouse button. The view

“zooms-out,” centered on the cursor position at the time the mouse button was pressed.

Zooming in and out with the magnifying tool has no cffect on plate width or rotation. Only
the screen display of the plates is changed.
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The Delete-node Tool

The delete-node tool is represented by the scissors icon shown at the left. The delete-node tool is
used to delete nodes, and consequently plates, from the existing cross section. A plate is deleted
when its end node is deleted. When the delete-node tool is selected, the cursor changes into a
cross-hair cursor that looks like a large “plus” sign.

e To dclete a plate in a chain of plates, do the following: place the intersection of the cross-hair
cursor over the end node of the plate and press the mouse button as shown below:

These two plates are  This plate is

deleted...... added
o—4$h—0o0 g 0O o O o o a
H [ ] B ] c L}

In this case, the dclete-node tool acts as the inverse of the add-node tool.

e 'To delete a plate on the end of a chain of plates, do the following: place the intersection of the
cross-hair cursor over the end node of the plate and press the mouse button, as shown below:

D S U

In this case, the delete-node tool acts as the inverse of the add-plate tool.

e To delete the two plates that form a closed scction, do the following: place the intersection of
the cross-hair cursor over the shared node between the two plates and press the mouse button,
as shown below:

-
o0—~O0—->o—2>o

In this case, the delete-node tool acts as the inverse of the add-loop tool.

The deletion of a node and associated plates can be undone immediately afterwards by selecting
the Undo option of the Edit menu. The “undo” action must be taken before attempting any other
aclions or switching tools. For example, if a node is deleted, and then the point-hand tool is
selected, undoing the node deletion is no longer possible.
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The File menu, shown at the left, contains all of MacPASCO’s commands for opening and closing
files. ‘l'o display the File menu options, move the cursor over the word "File” in the menu bar,
then press and hold the mouse button.

Selocting Menu Options

To sclect a menu option, move the mouse over the word "File” in the menu bar then press and hold
the mouse button to display the File menu options. Next, with the mouse button still depressed,
move the mouse over the menu option desired. As the mouse moves over each option, the option
darkens in the display. Once the desired option is darkened, rclease the mouse button, and that
option is selected.

File Dialog Boxes

When opening or saving a file, MacPASCO displays a dialog box to prompt for the name of the
file to be opened or saved. All file dialog boxes follow the same conventions. Sample file dialog
boxes for opening files and for saving files appear below:

0O Fle 2

G Folder 3

Save this document as:
T —

Open File Dialog Box Save File Dialog Box

A file dialog box contains a scrollable list of files and folders as shown above. The list only displays
the contents of a single folder or disk at a time. The name of the current folder or disk appears
above the scrollable list. To open or save a file in another folder, make that folder the current
lolder. ‘T'here are two ways to change the current folder:

1. Double-clicking on a folder displayed in the list makes that folder the new current folder and
displays its contents in the scrollable list. Alternatively, clicking on a folder in the list to select
it, and then clicking on the Open button also makes the selected folder the new current folder.
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2. The current folder name above the list is actually a pop-up menu. Clicking on the current
folder name and keeping the mouse button down displays the location of the current folder on
the disk. The current folder appears at the top of the list, followed by the folder that contains
the current folder, and so on with the disk that contains all the folders at the bottom of the
list. Drag the mouse to a folder or disk in this list and release the mouse button. That folder

or disk becomes the current folder.

[Switching Disks

The Drive button to the right of the scrolling file list switches disks. Clicking on the Drive
button cycles through the hard disks and floppy drives connected to the computer. To open or
save a filc on a floppy disk, insert the disk into the disk drive and click on the drive button. The
Ejoct button ejects a floppy disk so that another disk can be inscrted. The disk icon above the
Drive button displays the current disk.

Clicking on the Cancel button cancels the attempt to open or save a file without any files
being opened or saved.

Now

Sclect Now to begin the specification of a new pancl. The New menu option creates a new
window containing an initial panel cross scction, which is a single unstiffened plate with free
boundary conditions at both edges, as shown below:

O Untitied-1 IR
Plate information:
Vidth
Retatiea :
f f

B T R LT

L IEHIEHE
The tool palette and other menu options are used Lo complete the specification of the panel.

Open

Sclect the Open menu option to continue work on a previous panel design that was previously
saved as a file. When Open is selected, a file dialog box appears so the user can interactively
select the file to be opened.
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[Selecting and Opcening a FlloJ

The file dialog box contains a scrollable list of files and folder. The list only displays files or
folders which might contain a panel design, so only folders and MacPASCO files appear in the list.
For example, text files do not appear in the list. To open a file, either double-click twice on the
filename displayed in the list, or click once on the filename and then click on the open button.

[ Finding the File to Open|

The list only displays the contents of a single folder at a time. The name of the current folder
appears above the scrollable list. I the file to be opened is in another folder, make that folder the
current folder so the filc appears in the list. Once in the list, the file can be selected and opened.
The previous File Dialog Boxes section of this manual describes how to change the current folder
to another folder or disk.

Mako PASCO Codo

The Make PASCO Code option allows the user to generate a text file of PASCO input for the
pancl displayed in the front-most window. When this option is selected, the following file dialog
box appears to prompt for the name of the PASCO input file:

D Fite t
DFile 2
O Folder 1
2 Folder 2
O Folder 3

Save this document as:

The Make PASCO Codo file dialog box is the same as the standard file dialog box discussed in
the previous File Dialog Boxes section of this manual. Type the name of the file, then click on
the save button and MacPASCO generates the PASCO input and saves it in the file.

The Gonerated PASCO Input |

PASCO'’s input format is described in reference 1. The PASCO input generated by MacPASCO
is an ASCII file which can be used without modification as input to PASCO. The advanced user
can modify the generated PASCO input with a text editor to add additional inputs which are not
generated by this version of MacPASCO.
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Close

Sclect the Close menu option to stop work on the panel design displayed in the frontmost
window and close the window. The same effect is achieved by moving the mouse over the box in
the upper left-hand corner of the window and clicking the mouse. If modifications to the panel
displayed in the frontmost window have not been saved in a file, the following dialog box appears:

save changes to “Untitied-1" before
closing?

e The message contains the name of the current frontmost window. The dialog above shows
“Untitled-1” as the frontmost window name.

¢ Click on the Yes button or type the return key from the keyboard to save the modifications in
a file.

¢ Click on the No button to close the frontmost window without saving modifications in a file.

¢ Click on the Cancel button and the frontmost window is not closed.

Save

The Save menu option saves the panel design displayed in the frontmost window as a file. The
first time a save occurs, MacPASCO prompts for the file name with the standard save file dialog
box. Just type the name for the file and click on the save button. The previous File Dialog
Boxes section of this manual describes how to use the save file dialog box in detail.

Once the panel design has been saved in a file the first time, each subsequent use of the Save
menu option saves the panel design in the same file; no additional prompts for the file name appear,
and the contents of the file from the previous Save are overwritten. The Save As... and Save a
Copy In... options allow saving into different files.

Save As...

The Save As... menu option saves the panel design displayed in the frontmost window as a
file. The Save As... option is identical to the Save option, except that the Save As... option
always prompts for a filc name whereas the Save option only prompts the first time a save occurs.
The Save As... option allows the user to save a copy of a panel design in a new file and continue
working on the copy.
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Save a Copy In...

The Save a Copy In... menu option saves the panel design displayed in the frontmost window
in a file. A file dialog box appears to prompt for the file name. The previous File Dialog Boxes
section of this manual describes in detail how to use the save file dialog box.

Save a Copy In... saves a copy of the original pancl design and the user continues working on
the original Save as... saves a copy of the original panel design and the user continues working
on the copy. Thus, Save a Copy In... is uscful for saving a panel design in various stages of
development.

Page Setup...

Select the Page Sotup... menu option to change the way pages are printed. For example, pages
can be printed horizontally (i.e., with the longest side on the bottom and top of the page) rather
than vertically.

This option displays the standard Apple Macintosh page setup dialog box as displayed below:

Laseribriter Page Setup 6§02
Paper: @ US Lotter O R4 Letter
Oustegal OBS Letter O Tobloid

Reduce or % Printer Effects:

Enlarge: (X Font Substitution?
Orientation X Text Smoothing?

@ &) 6rephics Smoothing?
[X) Faster Bitmap Printing?

The scttings chosen using the Pago Sctup... options are used by both the Print... and Print
One options.

Print One... and Print...

Print... prints the drawing of the panel gecometry that appears in the frontmost window. The
Print... option displays the standard Applc Macintosh dialog box shown below:

ourmrlor “SharonWriter 11" $.0.2 -
Coples: Pages: ® Al O from: [:I To: [::I -

Cover Page: @ No O First Page O Last Page -
Poper Source: @ Paper Cassette O Manual Feed
Print: @ Color/Grayscale O 8Black & White

Usually the panel geometry drawing fits on a single sheet of paper turned horizontally using the
Page Sctup menu option. If the drawing does not fit on a single sheet of paper, MacPASCO prints
multiple sheets of paper such that each sheet contains a section of the panel geometry drawing.
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Like Print, Print Ono prints the drawing of the panel geometry displayed in the frontmost
window. However unlike Print..., Print One does not display the Apple dialog box, and only
prints one sheet of paper. [f the drawing docs not fit on a single sheet, only that part of the
drawing that fits on one sheet of paper is printed.

Quit

The Quit option ends the session with MacPASCO. All the windows are closed. If any panel
designs contained in the windows have been modificd but not saved, the user is warned with the
dialog box described in the Close menu option section of this manual. The dialog box gives the
user an opportunity to save panel designs before quitting. Click on the button labeled Yes to save
the panel design, click on the No button to avoid saving the panel design. The Cancel button
keeps MacPASCO from quitting and allows the MacPPASCO session to continue.
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The Edit Menu
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Show Clipboerd

The Edit menu contains MacPPASCO menu commands: Undo, Cut, Copy, Paste, Clear, and
Show Clipboard. The current version of MacPASCO does not use the commands Cut, Copy,
Paste, or Clear. These commands are dimmed in the MacPASCO Edit menu. However, the
Apple Macintosh interface guidelines require that these commands appear in the Edit menu for
use by Apple desk accessories.

Undo

The Undo menu option reverses the previous command. For example if you accidentally add
a node Lo the panel geometry, Undo removes the node and restores the panel geometry to its
previous state. The Undo command allows you to change your mind and undo an action.

After undoing an action, the menu option Litle becomes Redo xxx, where xxx is the command
that was undone. If you choose Redo xxx, the undo command is cancelled. For example, if you
add a node to a pancl geometry and choose Undo, the node is removed. If you now choose Redo,
the node is added to the geometry again, and the menu option title becomes Undo in case you
change your mind again.

Some actions cannot be undone. If the previous command cannot be undone, the option Can’t
Undo xxx replaces Undo. The xxx is the name of the command that cannot be undone.

Show Clipboard

The clipboard is the standard Apple Macintosh name for a buffer which contains graphics and text
that has been cut or copicd with the Cut or Copy menu commands. The Show Clipboard menu
option displays the clipboard window to show the most recently cut or copied text or graphics,
and the menu option title becomes Hide Clipboard. Since MacPASCO currently does not use
cut or copy this option is not particularly uscful at present.
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The View Menu

The View Menu contains the following menu options that change the MacPASCO drawing window:
the Zoom In and Zoom Out options which magnily the drawing view like the magnifying glass
tool from the floating tool palette; the Scale Curront View option which changes how screen
coordinates correspond to actual coordinates without changing the display; and the Show Plate
Numbers option which causes each plate element in the drawing window to display its numeric
identifier. Each of these options is discussed in the sections that follow.

Zoom In and Zoom Out

The Zoom In and Zoom Out options magnify the view in the front MacPASCO drawing
window. Zooming in makes the current panel cross section appear larger on the screen and allows
for more precise dircct manipulations of the plates in the model.

Four levels of magnification are available. The initial screen display is at the minimum level of
magnification: one cannot zoom out any further. Each magnification level zooms in by a factor
of 2. The Zoom In and Zoom Out options are nearly identical to the tool palette’s magnifying
glass tool.

¢ Zoom In magnifies the view by a factor of 2 and centers the new view in the drawing window.

¢ Zoom Out magnifies the view by a factor of % and centers the new view in the drawing
window.

¢ The diflerence between these menu oplions and the magnilying glass tool is that the tool uses
the cursor position to center the new view and the menu options do not.

Zooming in and out has no effect on the widths and rotations of the plates forming the current
cross section; only the screen display is altered.

Scale Current View

The Scale Current View option changes how screen coordinates correspond to actual
coordinates. This option is generally used once to scale the current view before drawing the
panc! cross section.
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Sclect a convenicnt scale to make drawing and viewing the cross section easier. For example,
if the plates forming the panel cross section range in width from 0.1 units to 0.3 units, scaling can
be used to specify that one inch on the screen corresponds to 0.1 units. Thus the screen display
of a plate 0.3 units wide is 3 inches wide. Altcrnatively, il the plates in the cross section range
in width from 10 units to 30 units in width, scaling can be used to specify that one inch on the
screen corresponds with 10 units so that the screen display of a plate 30 units wide is 3 inches.

The following dialog box appears when the Scale Current View is selected:

a———— = 10.00000

Use the display ebove to scals your models. The
displey shows how the visual display of & plate
relates to the plate’s width.

To change the scale, just enter @ new widthas e
number betwesn 0.001 and 1000.

The plate element on the left shows how the screen image corresponds to the actual distance shown
on the right. For the figure above, a plate the size shown in the dialog box is 10 units in width.

The Difference Between Scaling and Zooming]

The magnifying glass tool and the two Zoom menu options are used to zoom in or out. They
only magnify the scrcen display, the actual dimensions of the panel cross section do not change. In
contrasi, scaling changes the dimensions of the pancl cross section to accommodate the new scale,
but the screen display does not change.

Show Plate Numbers

The Show Plate Numbers menu oplion displays unique identification numbers with each
plate displayed in the front MacPASCO drawing window. When the Show Plate Numbers
option is selected, Lhe plate identification numbers appear and the menu option wording changes
to Hide Plate Numbers. These plate numbers are used to form the PASCO variable B() in the
namelist PANEL.

The plate numbers have two purposes: &

1. Plate numbers are useful for understanding PASCO’s output since many output quantities are
given in terms of platc number.

2. Plate numbers are used when defining linking equations, as described in the section on the
Optimization menu options.
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The Panel Menu

Aoply Panel Loads The Panel menu contains MacPASCO options that affect the entire panel. Panel
3.;'.'.2::':?1......... tements|  Menu options are used to define the total pancl length, to define panel loading
Show Eatire Pene! conditions, to specify the number of stiffeners along the panel width, to specify

buckling mode half-wavelengths for which buckling loads are examined, and to view the entire panel cross
section (as opposed to the cross section of a single stiffener or repeating substructure shown in MacPASCO’

s
drawing window).

Apply Panel Loads

The Apply Panel Loads menu option is used to define the total panel length and the panel
loading conditions. Selecting this option displays the following dialog box:

Panel Length / Prissure

[39-esoee00s ]

0.000000000

0.000000000

f‘ Nxy
Mx ‘_‘Nx
Nx v [0~ 000000000 |
- S

In the dialog box above, the entire panel is represented by the quadrilateral figure in the center of
the display, with the panel length indicated along the sides of the panel. Possible input values are

labeled in the figure.

¢ To change a value, press the tab key until the value to be changed is highlighted, then type the |
new value using the keyboard. Alternatively, move the cursor over the desired value with the
mouse and click. A bar, |, cursor appears and a new value can be typed. It is usually faster
and casicr to use the tab key.
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¢ Move the cursor over the OK button and click to close the dialog box.

® Move the cursor over the Cancel button and click to close the dialog and cancel any changes
that were specificd. Changes to the panel length or panel loads are ignored, and the original
values are restored.

Descriptions of cach input parameter appear below. Any quoted text is excerpted from reference
1 and page numbers in reference 1 appear parenthetically after the quote.

| Panel Length|

Panel length is the length of the panel. This value corresponds to the PASCO input variable
EL in namelist PANEL,

[Mx]

Mx is the “applied bending moment per unit width.” This parameter “should be used when
loading is primarily bending and it is desired to have bending forces used in the calculation of the
A = EL buckling mode,” where EL is the panel length. “Bending forces caused by Mx are not
influenced by inplane loads™ (ref. 1, p. 51). Mx corresponds to the PASCO input variable MX(1)
in namelist PANEL.

Nx is the “applicd inplane longitudinal load per unit width of panel® (ref. 1, p. 52). Nx
corresponds to the PASCO input variable Nx(1) in namelist PANEL, and is positive in compression.

Nxy

Nxy is the “applicd inplane shear load per unit width of panel” (ref. 1, p. 52). Nxy corresponds
to the PASCO input variable Nxy(1) in namelist in PANEL.

Ny is the “applied inplane transversc load per unit width of panel” (ref. 1, p. 52). Ny
corresponds to the PASCO input variable Ny (1) in namelist PANEL, and is positive in compression.

Prossure

Pressure is the “uniform lateral pressure loading” (ref. 1, p. 52). Pressure corresponds to the
PASCO input variable Press(1) in namelist PANEL.
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Eigenvalues

The Eigenvalues menu option is used to specify the eigenvector half-wavelengths, A, for which
buckling or frequency eigenvalues are calculated. Sclecting the Eigenvalues option displays the
following dialog box:

Smallest half-wavelength

for which buckling leads A= |20. 00000000 ]
are examined

e vy (A= Panel Longth/M )

"m"\"ﬂ"‘trl"
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0 B G ad b
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PASCO uses the value of A o calculate certain cigenvalues by default. If a desired cigenvalue is not
calculated by default, the dialog box is used to specify specific wavelengths for which eigenvalues
are calculated. Both A and specific eigenvalue inputs are described in the two sections that follow.

¢ Clicking on the OK button closes the dialog box.

e Clicking on the Cancel button closes the dialog box without saving any changes made to A or
specific eigenvalucs.

Lambda, A, is the smallest half-wavelength for which buckling loads are examined. Lambda is
used to derive the PASCO input variable MINLAM in namelist PANEL using the following formula:

panel length
A

minlam =

Since MINLAM must be an integer, the real number result of P—“—"ﬂ#’—”‘ is truncated.

rSpociﬂc Eigenvaluch

The Eigenvalues dialog box is used to enter a number of specific eigenvalues. By default
PASCO only calculates cortain cigenvalues according to the following logic:

Figenvalues arc calculated for each lambda, A, in the following series:

panel length panel length panel length
1 ’ 2 Y minlam
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The value of 21%‘:';-——!‘—"'"9——“', in the previous series, is determined by user input for A using the

fi la:
ormuia panel length

A

minlam =

Additional specific cigenvalues not calculated in PASCO by default can be specified in the
matrix shown in the Eigenvalues dialog box. Values should be entered row by row from top to
bottom in the matrix.

¢ Each entry should be an integer value, M. PASCO uses the integer value to calculate an
associated A value by the equation: lambda = Ewl‘-‘l—""‘ length

e Zero entries in the matrix will be ignored.

The matrix which appears in the Eigenvalues dialog box represents the PASCO input variable
NLAM() in the namelist PANEL.

Number of Repcating Elemonts

The substructure displayed in the MacPPASCO drawing window is repeated one or more times
to form the width of the panel. The Number of Repeating Elements menu option is used to
specify how many times to repeat the substructure displayed in the MacPASCO drawing window.

When the Number of Repeating Elements menu option is selected, the following display
prompts for input:

Repeet the current cross-section
times to form the
Pane) Crosa-section. The whele
pens) cen be seen with the “Show
Entire Penel” menuy commaend.

D G |

o Type the desired number of repeating elements using the keyboard.

e Click on the OK button to close the dialog.

o Click on the Cancel button to close the dialog and cancel any changes to the number of
repeating elements,

The effect of the Number of Repeating Elements menu option can be displayed on screen
with the Show Entire Panel menu option described in the next section of this manual.

The Number of Repeating Elements menu option corresponds to the PASCO inputs NOBAY
and ICREP in the namclist PANEL.
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Show Entire Panel _

e ——————

The Show Entire Panel menu option displays a new window which shows the cross section
of the entire panel. The entire panel’s cross section is formed by repeating the stiffener displayed
in the MacPASCO drawing window. The number of repetitions is specified by the Number of
Repeating Elemonts menu option.

For example, the figure below shows the Show Entire Panel window for a blade stiffener
when the Number of Repeating Elemeonts is three. The blade stiffener display in MacPASCO’s
drawing window is shown on the left, and the window displayed by the Show Entire Panel menu

option appears on the right.

1 M
Plate Infarmtion: R 7 nei vicy

vidth
Retation :

D

30 b LR

e To close the Show Entire Pancl window, move the mouse over the small open box in the
upper left-hand corner of the window and click once.
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- The Laminate Menu

:-:: ::‘0.:'"""" The Laminate Menu options define material property information for the plate elements
L

Define Leminetes used to construct the panel cross section displayed in the MacPASCO drawing window.
fesign Laminates to Plates Each plate is a symmetric laminate which consists of layered plies of material. The term
::: ,'_'::,,,,":::: :,,”: laminate means the same as the term wall used in references 1 and 2. The Laminate
Menu is used to define the properties of the materials used to form plies, the thickness and
angle of the plies themselves, and the ply layups which are used to form each laminate. Finally, the
Laminate Menu is used to assign defined laminates to plate elements, thus associating material
propertics with the geometry,

Since the laminates, plies and material properties are geometry independent, and are often
used in different panel cross sections, the Laminate Menu is used to save laminates, plies, and
material propertics in a scparate laminate file. The Laminate Menu can also open existing
laminate files. Thus, laminate files can be used to create a database of laminate information for
later usc, avoiding the redefinition of laminates, plics and material properties.

Define Ply Materials

The Define Ply Materials menu option is used to create a new material, modify an existing
material or delete an existing material. To define a material, the user must input the moduli,
Poisson’s ratio, cocflicients of thermal expansion and other quantities. Once a material has been
defined in this way, the material can be used to form the plies that are layered to form laminates.

When the Define Ply Materials menu option is selected, the following dialog box appears:

Material Information
Matariel 1 Add a new Rem to
Materinl 2 | m the st

» Modify | Mdlythe

d hom.

Dalete the

Delete beoted e,

A list of defined materials appears on the left side of the dialog box. The materials are displayed
alphabctically, with uppercase letters preceeding lowercase letters.

® To sclect a material, move the mouse over the material’s name in the alphabetical list and click
the mouse button. The material name darkens to indicate sclection.
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e To create a new material and add it to the database, click on the button labeled Add.

¢ To modify an existing material, select the material’s name in the alphabetical list and click on
the button labeled Modify.

e To delete an existing material from the database, sclect the material’s name in the alphabetical
list and click on the button labeled Delete.

lCrcating and Modifying Ply Matcrials

Sclecting the add or modify options of the ply material information dialog box described
previously results in the following display:

Material Name |
E1 [10000000.0 ANU1

E2 [10000000.0 ALFAS
£12 (3850000.0 ALFA2

Material Failure Criterion and Allowables

ol compression [50000.0

o1 tension £6000.0

o2 compressien [S0000.0
o2 tension -50000.0

The display shows the current values of ply material attributes, such as Young's modulus and
Poisson’s ratio. Enter the desired values by sclecting a value with the mouse and typing a value
from the keyboard. Alternatively, pressing the tab key on the keyboard switches to the next input
value.

e The material name must be unique, and can be any text chosen by the user. Attempts to give
two different matcrials the same name causes a warning message to appear.

e E1 represents the Young’s modulus in the longitudinal (one) direction.

o E2 represents the Young’s modulus in the transverse (two) direction.

e E12 represents the shear modulus for inplane shear (plane of the one-two directions).

o RIIO represents the mass density of the material.
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e ANUI represents Poisson’s ratio for the material.

o ALFA1 represents the longitudinal coefficient of thermal expansion.

o ALFA2 represents the transverse coefficient of thermal expansion.

[Material Failure Criteria and Allowables |

The current material failure criterion is displayed using the pop-up menu labeled Criterion in
the ply material display. Moving the cursor over Criterion and pressing the mouse button “pops
-up” a menu of three possible failure criteria: Strain, Stress, and Tsai-Wu as shown below:

v Stress
Strain
Tsai-Wu

Move the mouse up or down (with the mouse button depressed) in the pop-up menu to select a
failure criterion. The selected criterion darkens. When the mouse button is released, the selected
criterion becomes the failure criterion for the material.

The allowables for the failure criterion appear beneath the criterion in the ply material display.
The allowables for each criterion are given by the following table:

Stress Strain Tsai-Wu
o1 long. comp. stress () - ) AT) long. comp. strain o1 long. comp. stress
oy long. ten. stress (e1 — 01 AT) long. ten. strain o1 long. ten. stress
o9 trans. comp. stress (e — 02AT) trans. comp. strain o9 trans. comp. stress
o9 trans. ten. stress (e — 09AT) trans. ten. strain og trans. ten. stress
712 max shear stress ~12 max shear strain T12 max shear stress
Fi2

The abbreviations long., trans., comp. and ten. mean longitudinal, transverse, compression, and
tension, respectively. The allowable stresses and strains are entered as positive for compression
and negative for tension. Fyj is a quantity in the Tsai-Wu material strength criterion (see eq.
(49), ref. 1).

Decfine Plies

The Doflne Plies menu option is used to crcate a new ply, modify an existing ply or delete
an existing ply. To define a ply, the user must input the ply thickness, ply angle, and select the
material which forms the ply. Defined plies are used to form laminates.
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When the Define Plies menu option is selected, the following dialog box appears:

Ply Information

(Thad_) ey
the fist

Modify ) Medivie

d hem.

Delete the

Delete .

A list of defined plics appears on the left side of the dialog box.

alphabetically.

The plies are displayed

e To sclect a ply, move the cursor over the ply’s name in the alphabetical list and click the mouse

button. The ply name darkens to indicate selection.

o To create a new ply and add it to the database, click on the button labeled Add.

¢ To modify an existing ply, sclect the ply’s name in the alphabetical list and click on the button

labeled Modify.

¢ 'To delete an existing ply from the database, sclect the ply’s name in the alphabetical list and
click on the button labeled Delete.

Creating and Modifying Plics |

Selecting the add or modify options of the ply information dialog box described previously
results in the following display:

Ply Neme: | ]

Angle: [6.600006000 | [ Design Yariebie
Lower Boumd Upper Deund

[FOGnGeRGRG ] [Fnananaia ]

Thickness: [0.000000000

| [J Oesign Yariable

Lower Boumd Upper Dound
| TR I B DL ]
Material Tomperstare

[0.60000000 ]
Materinl 2
sluminum LoadCase Number

&
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The display shows the current values of ply attributes, such as ply thickness and ply angle. Enter
the desired values by selecting a value with the cursor and by typing a value from the keyboard.
Alternatively, pressing the tab key on the keyboard switches to the next input value.

The ply name must be unique, and can be any text chosen by the user. Attempts to give two
different plies the same name causes a warning message to appear.

Ply angles are given in degrees by a positive number between 0 and 360. Although the ply
angle is defined as positive, the ply angle can be made negative within a stacking sequence for
a laminate when the laminate is defined using the Define Laminates menu option, discussed
in a subsequent section of this manual.

Ply thickness must be a positive number.

Ply angles and thicknesses can be design variables during optimization. The check boxes labeled
design variable indicate that the ply angle or thickness respectively are design variables. When
a cross, X, appears in the check box, the ply angle or thickness is a design variable during
optimization. When no cross appears, the ply angle or thickness is not a design variable. If the
ply angle or thickness is not a design variable, clicking on the check box makes the ply angle
or thickness a design variable. If the ply angle or thickness is a design variable, clicking on
the check box makes the ply angle or thickness not be a design variable. The upper and lower
bound fields arc disabled when the ply angle or thickness is not a design variable.

A list in the lower-left of the display lists the currently defined materials by name. One of these
materials must be selected for the ply. The material is selected by clicking on the material
name in the list. The selected material is darkened.

The value of temperature is the change in temperature for the ply.

e In the current version of MacPASCO, only values for a single loadcase can be entered. Hence,

the loadcase number display is dimmed and cannot be changed.

Define Laminates

The Defilne Laminates menu option is used to create a new laminate layup, to modify an

existing laminate layup or to delete an existing laminate layup. To define a laminate, a layup
is created from previously defined plies. The layup must be balanced and symmetric. Once
completed, laminates can be assigned to the plate clements that make up the structural geometry.
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When the Define Laminates menu option is selected, the following laminate information
dialog box appears:

Leminate Information

(g ) s
theist

Modify ) Mdivie

Delete the

Delete ) Soeieths

A list of previously defined laminates appears on the left side of the dialog box. The laminates are
displaycd alphabetically.

e To sclect a laminate, move the cursor over the laminate’s name in the alphabetical list and
click the mouse button. The laminate name darkens to indicate selection.

e To create a new laminate and add it to the database, click on the button labeled Add.

o To modify an existing laminate, sclect the laminate’s name in the alphabetical list and click on
the button labeled Modify.

e To delete an existing laminate from the database, select the laminate’s name in the alphabetical
list and click on the button labeled Delete.

Creating and Modifying Laminatcs]

Sclecting the add or modify options of the laminate information dialog box described previously
results in the following display:

Leminate: [ Thickness:

Laminetes are composed of o Point and click to select o ply
steck of pliss. The list below from the list below, then copy
shows the STACKING SEQUENCE the ply into the STACKING

for this laminete. SEQUENCE with the copy button.

STACKING SEQUENCE POSSIBLE PLIES
Py 1 0

-—
Py 2

G
Delete | Delete the selected ply Only plies thet heve been
previously defined sre shown.

Change SIgn|Chenge s1gn of the selected ply's angle.
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The laminate’s name and total thickness are listed at the upper left and right corners of the display.
The display also lists previously defined plies on the right under the heading “Possible Plies.” The
current layup for the laminate is displayed on the left in the list labeled “Stacking Sequence.”
Since the laminate must be symmetric, only half of the laminate is defined up to the midplane of
symmetry. The remainder of the laminate is automatically defined as a mirror image. The layup
display shows a stack of plies; the ply at the outer surface appears at the top of the stack, followed
by the sccond outermost ply, and the stack progresses inwards so that the ply at the bottom of
the stack is at the midplane of symmetry.

Laminate layup sequences are created by clicking to select plies from the list on the right and
then clicking on the copy button to add the plies to the layup. The laminate layup is rearranged
by clicking on a ply in the stacking sequence and dragging the ply to a new position; the other
plies shilt to accommodate the change.

¢ Selecting a ply in the stacking sequence and clicking on the button labeled Change Sign
inverts the sign of the selected ply angle. Since the laminate layup must be balanced, the sum
of ply angles in the layup which are non-zero and non-ninety must be zero.

¢ Sclecting a ply in the stacking sequence and clicking on the button labeled “delete” removes
the selected ply from the stacking sequence.

e The thickness displayed by the template is total thickness of the laminate. Since only half the
laminate is defined, the total laminate thickness is twice the sum of the thicknesses of the plies
shown in the stacking sequence. Recall that laminates which physically have an odd number
of plies are modeled with an even number of plies by splitting the center ply at the midplane
into two plies, each with half the thickness of the original center ply.

Assign Laminates to Plates

The Assign Laminates to Plates menu option is used to associate defined laminates with
the plate elements that form the geometry. The definition of laminates is discussed in the previous
section. To associate a laminate with one or more plate elements, do the following:

1. Choose the point-hand tool or the grab-hand tool and then point and click to select a plate
clement. The sclected plate darkens. Multiple plates can be selected by pointing and clicking
while the shift key down on the keyboard (see the point-hand tool or grab-hand tool discussions
for details).

2. Choose the Assign Laminates to Plates menu option.
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3. The following display appears on the screen which lists previously defined laminates:

|
Detined L atmnates

Select @ Laminate

4. Select a laminate from the list by pointing and clicking on the laminate name, and then click on
the button labeled “OK.” This process associates the chosen laminate with the selected plate
elements.

Opon Laminate File

The Open Laminate File menu option is used to open database files containing material, ply
and laminate information. Such database files are created with the Save Laminate File menu
option discussed in the next section of this manual. The database files are used to save defined
materials, plics, and laminates for a given panel design. The database files can be shared so that
the same definitions can be used for other panel designs. This process avoids repeated definitions
of the same materials, plies and laminates.

When the Open Laminates File menu option is selected, the following dialog box appears:

€3 Manuel

Y Latnate Vile

This dialog box is the standard Apple file dialog box which prompts for the name of the file to be
opened. The use of the file dialog box is discussed in detail in the File Dialog Boxes section of
the File Menu chapter of this manual.

Existing laminate files and folders from the current folder are displayed. The name of the
current lolder is displayed above the list. Once in the correct folder, point and click to select the
desired file name in the list, then click on the “Open” button. Alternatively, double-clicking on
the file name also opens the selected file.

When a laminate database file is opened, the materials, plies, and laminates in the file are
added to any materials, plies, and laminates that are defined in the current panel model.
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LWarning Messagcs]

When opening a database file, if the database file contains a material with the same name as
an existing material, the following dialog box appears. An analogous warning appears when two
ply names or two laminate names conflict.

A Material 1 is already defined. Do
you wish to replace it?

[Cancer)

¢ Click on the button labeled “OK” to replace the existing material with the new material from
the database file.

e Click on the button labeled “Cancel” to retain the existing material without making a
replacement.

Save Laminate File

The Save Laminate File menu option is used to save the materials, plies and laminates in
an independent database file. This process is used to share the same definitions for other panel
designs and avoid repeated definitions of the same materials, plies and laminates.

When the Save Laminate File menu option is sclected, the following dialog box appears:

€3 Manual

(3 Raund Conditions (...
D Haundary Canditians
D File Menu

) Glossary

0 Growlarning
0 keywrards

Save this document as:
[Laminate Fite B

This dialog box is the standard Apple file dialog box which prompts for the name of the file to be
saved. The files and folders in the current folder are displayed, and the name of the current folder
is displayed above the list. The names of files are dimmed. The use of the save file dialog box is
discussed in detail in the Filo Dialog Boxes section of the File Menu chapter of this manual.

Once in the correct folder, type the desired name for the new laminates file in the space provided
and click on the “Save” button. The file is saved on the disk.
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Sizing Cycies
Linking Equatians |

The thimization Menu

The Optimization Menu options enable structural optimization to be performed and are used
to construct linking equations often required during optimization. The optimizer must satisfy
these equations when choosing design variable values. Design variables are not specified with the
Optimization Menu options, but are specified as part of the information associated with a plate
element or ply.

Sizing Cycles

The Sizing Cycles menu option is used to specify the number of sizing cycles during
optimization which is the PASCO input, MAXJJJ. When this menu option is selected, the following
dialog box appears:

Number of
SI:'::lge(r:yocln- E:

e Type the number of sizing cycles desired and click the button labeled “OK” to change the
number of sizing cycles.

o When the number of sizing cycles is zero, the MacPASCO generated input instructs PASCO to
perform no optimizations and simply analyze the initial panel design. This instruction is the
default setting.

Linking Equations

The Linking Equations menu option is used to create design-variable-linking equations.
Design-variable-linking equations must contain two types of variables: dependent and independent
variables. The values of the dependent variables are determined by solving the linking equations
using the values of the independent variables. In general, several of the linking equation
independent. variables are also optimization design variables. Design-variable-linking equations
restrict possible values for design variables because during the optimization process, design variable
values are limited to those values which satisfy these equations.
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1

When the linking equations menu option is selected, the MacPASCO linking equation editor

is displayed on the screen. The editor is used to create new linking equations and to modify existing
equations. The linking equation editor is shown below:

Selected Plies for Iy2
Plates [1 ] Liaking

towton:

[ Add Piate Width JCoefrictont [] 15 Dependent Varisble

m ( show i Equations )

The use of the linking equation editor is described in detail in subsequent sections of the manual,
but an overview is given below:

1.
2.

The equation being edited is displayed in the lower scrollable view: it is blank for new equations.

A plate is sclected by pointing to the cross section displayed in the drawing window, using
either the point-hand tool or the grab-hand tool. The selected plate element’s width can be
made a linking cquation variable. The “Selected Plate #" field displays the number associated
with the selected plate clement.

. The scrollable view labcled “Plies for Linking Equations” shows a list of defined plies. Plies

from this list are selected by pointing and clicking. The selected ply’s angle or thickness can
then be included in a linking equation.

. Linking equations are numbered, and the number of the equation currently being edited is

displayed to the right of the word “Equation:”.

. The box labeled “Add Plate Width” is a pop-up menu which is used to add variables to an

equation,

. The box labeled “Next” is a pop-up menu which is used to select an existing equation to edit

or to create a new equation.

. The box labeled “Coefficient” displays the coefficients of linking equation variables.

. The check-box labeled “Is Dependent Variable™ is used to designate variables as dependent

variables. Dependent variables are discussed in a subsequent section of this manual.

The button labeled “Show All Equations” displays a list of all defined linking equations and
allows the equations to be printed. The printed list of the equations can be a useful summary
and an aid when creating many linking cquations.
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[Adding Variables to Linking Equations |

A variable is added to a linking equation in two steps:

1. Sclect the variable.

o Plate elements are selected in the drawing window by pointing and clicking using the point-

hand tool or grab-hand tool.

e Plics are selected from the ply list on the upper right-hand-side of the linking equation
editor display. Move the cursor over the desired ply name and press the mouse button.

2. Add the variable to the equation using the pop-up menu to the left and immediately above the
display of the current linking equation. When the mouse button is pressed with the cursor over
the variables pop-up menu, the following options are displayed:

+ Add Piate Width
R Ply Thicknass
Qdd Ply Angle
Add Right Hand Side
Oelete Uarlable

Menu options are dimmed when they cannot be selected. For example, a ply thickness cannot

be added if no ply is selected.

Add Plate Width

Choose the Add Plate Width option to add the selected plate element’s width to the linking

equation, as shown below:

1
Pliss for Piv?

0t 15000 | [] s Dopondent Vartsble

penel model
Plate Information:
W ¢ 9.00000000 Solected
Setatien : 0.000000000 rewe [ ;"::..“.:'.
» 1 - 2 a Cqmtien: Next
" L,
3 Add Ply ickness
Rdd Piy Angle
Rdd Right Hand Side
Belete Variable

m ﬁln M Equetions ]

The two upper windows show the
drawing window (upper left) and the
linking equation editor window (up-
per right). The editor window shows
the “add plate width” option being se-
lected, before the mouse button is re-
leased. The lower right window shows
the editor window when the mouse
button is released and the selected
plate element width is added to the
linking cquation.

iy 1 g
oo for Piv?
wr o B
Equation: | Next U
[aad Piate wigth ___Jceetrietont R () ke Dopendent vartable
D
s}

CIED ( show mitquations )
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Add Ply Thickness

Choose the Add Ply Thickness option to add the selected Ply’s thickness to the linking
equation. The ply is selected from the list of ply names in the linking equation editor display by
pointing and clicking.

For example, the window below shows the linking equation editor window after adding a ply
thickness:

Selnctod Plise for
Linking
Plate » D tons
I -

Add Ply Thickness  |costristont [N (] e Oopondont vartsbte

—

m ( Show MI Equations )

J

¢ The ply named Ply 1 was sclected from the ply list and added to the linking equation with
the Add Ply Thickness pop-up menu option.

o The linking equation variable name is Ply 1 t, which is the ply name followed by the letter
“t” to indicate ply thickness.

Add Ply Angle

Choose the Add Ply Angle option to add the sclected ply’s orientation angle to the linking
equation. The ply is selected from the list of ply names in the linking equation editor display by
pointing and clicking.

For example, the window below shows the linking equation editor window after adding a ply
angle:

Selactes Plise for

Pate s L] loties

o, 1 ()
Add Piy Angls Jcoorristont BRI (] ' Dopondert vartaste
,

CEDD) (Cshowmitquations )

¢ The ply named Ply 2 was selected from the ply list and added to the linking equation with
the Add Ply Angle pop-up menu option.

¢ The linking equation variable name is P1y 2 >, which is the ply name followed by the character
“>" to indicate ply angle.
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Add Right Hand Side

Choose the Add Right Hand Side option to add a right hand side (i.e., the right hand side
of the equality) to the linking equation. The right hand side’s initial value comes from the entry
labeled “Coefficient.” For example, the window below shows the linking equation editor window

when the Add Right Hand Side option is sclected:

piy 2

"Rl Plate ISTN
Add Phy Thickness
Add Py Angle

fd D Ihght Baned st
Delete Usriable

‘iTm 2] » -2*Ipiste 11| o

CCED ( svow mitquations )

When the mouse button is released, a right-hand-side value of 0 is added to the equation, as shown

below:
iy 1 g
Sulacted Plies for  Plr?
Lisking
Plote # D Equetiens
R . o

—aod Rignt Rend Sige | Reea?t [ (0 e oopondont varte
(otate 2) + -2+(pinte NI

m [ Show Mil Equations J

[Modifying Variable Coefficients or the Right Hand Side]

Coeflicient values are specified in the entry labeled “Coefficient” in the linking equation editor.

To change a variable coefficient do the following:

1. Select the variable by pointing to the variable in the linking equation and clicking the mouse
button. The variable darkens in the equation when it is selected as shown below:

piy 1
Selactled Psster P2
r) Linking
Plate E Lesstions
Cquetion: Next

[Add Right Hend Side JCeetrtetent [[55 ] [] t Dapondent vartibe

rpm-zlom-c

( Show Ml Equations J
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2. Type the desired value for the coefficient using the keyboard. The entry labeled “Coefficient”
displays the value typed. In addition, the linking equttion display is automatically updated
with the new coefficient as it is typed. For example in the equation below, a coefficient of -2
has been entered.

iy 3 Q

Selected Plise for Plir?
Linking
e 2] e
Equation: Next U

Add Plotewidth  Jceetietent I (] e copontent varible

tuzlom-u
|

CIRD (Cshow Mitqustions )

The value on the right of the equal symbol (=) in a linking equation is modified in the same
way that variable coeflicients are modified:

1. Select the current right-hand-side value by pointing and clicking as shown below:

Wl
Solected Plice for iy 3
Plate Liaking
° D Equations
i 1 [ ) 5

|_AddPletewidth | ®eeutt NN (] Dopendent vartuble

[mo 21+ -2¢ipiete 1 0

(show m Equations ) )

2. Type the desired value using the keyboard. The display updates automatically during typing.

LDopcndont and Independent Variablo;I

As stated previously, linking equations must contain two types of variables: dependent and
independent variables. The values of the dependent variables are determined by solving the linking
equations. The values of the independent variables are considered as constants when determining
dependent variable values. It is often the case that some of the linking equation independent
variables are also optimization design variables. During optimization, the optimization algorithm
supplics new values for the design variables. In turn, these new design variable values are used in
the linking equations to determine new values for the dependent variables.

For example, the figure below shows a hat stiffener with the plate elements numbered:

o—1 2 S
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The goal is to force the widths of plates 4 and 6 to be the same and thus keep the widths of the
sides of the hat stiffener equal during optimization. This goal can be accomplished by creating the
equation:

width plate 6 = width plate 4
In MacPASCO, the equivalent equation,
width plate 6 - width plate { = 0
is created.

In this example, the width of plate 4 is chosen as a dependent variable, and the width of plate
6 is chosen as an independent variable and as a design variable. Hence, as the optimizer varies the
width of plate 8, the linking equation insures an equal width for plate 4.

Designating Dependent Variables
To make a variable a dependent variable, do the following:

1. Select the variable by pointing to the variable in the displayed equation and clicking the mouse
button.

2. Click on the check box labeled “Is Dependent Variable.” If a cross, X, appears in the check box,
the variable is a dependent variable, otherwise it is considered to be an independent variable.

Ifelcting Variables from a Linking EquationJ

Variables are deleted from a linking equation with the same pop-up menu used to add variables.

To delete a variable or right hand side from a linking equation do the following:

1. Select the variable to be deleted by pointing and clicking.

2. Point to the pop-up menu in the upper left of the equation display, then press and hold the
mouse button. The following menu options appear:

Add Plate Hdth
R Ply Thickness
g Ply Ragle

fldg Bight Hand Size
Delete Variable

Unavailable menu options are dimmed.

3. Select Delete Variable from the listed menu options and the variable is deleted from the
linking equation.
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[Changing Linking Equatlons]

MacPASCO maintains a list of the defined linking equations. Initially the linking equation
editor displays the first linking equation in the list. The pop-up menu under the words “Plies for
Linking Equations” is used to traverse the linking equation list as follows:

e Select Noxt to display the next linking equation. Each linking equation is numbered, and the
number appears after the label “Equation:” in the display.

¢ Select Previous to display the previous linking equation.

e Seclecting Next when the last linking equation is displayed creates a new linking equation.

Show All Equations-l

The Show All Equations button in the linking equation editor opens the equation summary,
a text window which lists all defined linking equations. The summary is used as an aid when many
linking equations are created. The equation summary is not editable, but can be printed for
documentation or further reference. An example equation summary window is shown below:

inking Equetions for pane) model

pend

iplote 2] + -2*[plate 1) = D

Iplate 1] + -1*[plate 3] = 0

L 2 )

The summary window contains a scrollable view which lists the linking equations.

¢ Sclect the Print button to print the list of linking equations.

¢ Sclect the OK button to close the equation summary window and return to the linking equation
editor.
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Exaﬁple 1: Laminated Unstiffened Plate

The first example of modeling with MacPASCO is a laminated, unstiflened plate loaded in
longitudinal compression as shown below. This example is the same as Example 1 in reference 1.

AN
SS N

SS SS 30
£ —SSCN
T 8
0/—— 8 ——:7 \ 02 +45:
sz TR s v
02 o0

N, = 1000 .
X 02 90°
02 -45°

| 02 +45°

The plate is 8 inches wide and 30 inches long and is subjected to a 1000 Ib/inch compressive
load. All four plate edges are simply supported. The plate is a balanced, symmetric laminate as
shown above. Ply thicknesses, T, and orientations, 6, are given in the columns to the right of the
laminate sketch. The dotted line represents the midplane of symmetry.

Ezample 1: Laminated Unstiffened Plate 49



Panel Geometry Modcling

The typical MacPASCO user begins by modcling the panel geometry. The initial MacPASCO
screcn display is shown below:

Tools Untitied-1
% Plate Informetion:
Yieth
_?é Retation :
| Add |
AAl
3
# Al
0

‘ [
it ES E)

(=R

The initial MacPPASCO panel is a single plate, so only the plate dimensions need to be adjusted
to model the panel geometry for this example. There are two ways to adjust the plate’s width: use
the plate information display or use the grab-hand tool to adjust the plate to the correct width.
Both mcthods arc described.

Use of the Plate Information Display

The point-hand tool is selected by clicking on the point-hand icon in the tool palette window.
The tool palette icon darkens to indicate selection, and the cursor’s shape changes to a point-hand
icon. The cursor is then moved over the plate in the drawing window as shown below:

W»_s_ BONREENERENE Untitied- | IR

Plate Information:

|3

Pl
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Double-clicking the mouse when the cursor is over the plate displays the plate information box

shown below:

Plate Information:
Width :  20.0000000000000000
Retatiea : 0.00000000000000000

Plote informotion [ Lock Plate Geometry

tower Bownd

Width: 20.0000000000000000 D Design Variable
Upper Raand
10000000000 (awmxnnin]

Retatien: 0.00000000000000000

Lassinele: Undefined

—_— S

The plate information display shows the plate’s width and rotation. The number 8 is entered
from the keyboard as the new plate width, which results in the display below:

Plate Information [ Lock Plate Geometry

Width: o
Lower Bound

[ Design Variable
Upper Bound

Retatien: 0.00000000000000000
Laminale: Undefined

\.

CERD) (Cconeer )

»

After clicking on the button labeled “OK,” the plate width changes to its new width, as shown
below. The plate is darkened because it is selected, and the message box shows the selected plate’s

width and rotation.

I Untitled-1

Plate Information:
Vidth :  $.0000000000000000
Retatiea : 0.00000000000000000
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{Use of the Grab-hand Tool |

The grab-hand tool is sclected by clicking on the grab-hand icon in the tool palette window.
The tool palette icon darkens to indicate selection, and the cursor’s shape changes to a grab-hand
icon. The cursor is then moved over one of the end nodes of the plate in the drawing window as
shown below:

Tools E— Untltlod-ﬁ

Plate information:
Width @ OoEnnm

Retation : O.(==rinniinannl

AA
=

The grab-hand cursor is positioned so that the cross-hairs are over the plate node. Move the node
and the plate changes dimensions to follow the movement of the mouse as shown below:

i BTN
Botatten : 3 AITINEMNSIETIY

The message box displays the width and rotation of the plate as it changes dimensions so the plate
can be made the correct width. Once the plate has the correct width and rotation, the mouse
button can be released. Sometimes, it is not possible to adjust the plate to the correct width with
the grab-hand tool, in which case the plate information display must be used.

Pancl Length and Loads

The pancl length is defined using the Apply Panel Loads option of the Pancl menu. Moving the
cursor over the Pancl menu at the top of the screen and then pressing the mouse button displays
the Pancl menu options, shown below:

EigenDalues
Number of Repeating Elements
Show Entire Panel
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The Apply Panel Loads option is selected by dragging the cursor until the option darkens and then
by releasing the mouse button. This action

below:

displays the current panel length and load conditions.

The number 30 is entered as the panel length and 1000 is also entered as the Nz load, as shown

Panel Length / Pressure

0.000000000

O

Boundary Conditions

Only boundary conditions along the lateral edges of the panel can be specified. PASCO assumes
sinusoidal behavior in the longitudinal direction which results in simply supported end conditions
for the longitudinal edges.

The boundary conditions on the lateral edges of the panel are initially free in MacPASCO, as
indicated by the notation £1 at the start and final nodes. The start and final nodes represent
the left and right edges of the panel respectively. Boundary conditions are defined using the node
information display. The point-hand tool is selected and the cursor is positioned over the start or
final node, as shown below:

RN Untitied-1

Tools

Plate Information:

Width : 8.0000000000000000
Retatiea - 0.00000000000000000

w
e A RS G2
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Clicking the mouse button displays the node information on the screen as shown below:

Plate Information:
Yidth : 8.0000000000000000
Rotatiea : 0.00000000000000000

f 1| Node 1D: [2__] Boundary Condition: [ Free (1)
Nede Information
O start Node @ Final Node O Interior Node

Positioning the cursor over the current boundary condition and pressing the mouse button displays
a choice of boundary conditions. The choice of boundary conditions remains displayed until the
mouse button is released. For this example, a simple support boundary condition is required which
corresponds to MacPASCO’s S52 boundary condition. A table in the boundary condition section
of this manual describes the notation for each boundary condition in detail. The SS2 boundary
condition is selected from the choice of boundary conditions by moving the cursor until the desired
boundary condition darkens, as shown below, and then releasing the mouse button:

Plate Information:
Width :  9.0000000000000000
Retatiea : 0.00000000000000000

r Node 10: (2 ] REEEENINERENN~ Free (F1)
F2

Node lnformation ————

OstartNode ®Fmaitese O] F3
F4

Simple Support ($$1)
£14 ]

§$4

Symmetry (§1)
§2

$3

s4

Clamped (C1)
c2

C3

Cc4
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The figure below shows the screen display after both boundary conditions have been defined as a
simple support (852):

Tools Untitlied-1 ?

Plate Information:

Yidth : 8.0000000000000000
Retatiea : 0.00000000000000000

:‘gﬂ

»)

i

Laminates

The pancl geometry, loading conditions, and edge conditions have been described, but the laminates
used in the panel have not been modeled and associated with the geometry. A laminate consists of
layered plics of material, where each ply is of a specified material, thickness and orientation. There
are three steps to modeling a laminate in MacPASCO. First, the propertics for the ply material
are defined. Next, the material, thickness, and orientation for individual plics are defined. Last,
a stacking sequence is defined for each laminate. The stacking sequence defines how the plies are
layered to form a laminate. Once a laminate is modeled, it is associated with the appropriate parts
of the pancl geometry.

[Material Definition |

In this example, all plics are of the same material. This material is defined using the Define
Ply Materials option of the Laminatcs menu. When the Define Ply Materials option is
selected, the defined materials list appears as shown below:

Material information

sluminum s m Add anew Rem to
the ist

Modify | Medivee

Delate the
Delete lecied iem.

<l
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Material propertics for aluminum are included by default. Clicking on the button labeled “Add”
displays an input template for material properties so a new matcrial can be defined. The figure
below shows the material property template after the appropriate property information was entered
for this example.

Meteriel Name  [omposite

S L —T
- N o —
g — L o —
] O —

Material Failure Criterion and Allowables

(1 - a1aTy ompresston

(¢1 - 1AT) tension
(€2 - x2AT) compression [0.004
(2-oaamy tewson  [T00E__—]

N —

For this example, a strain failure criterion is selocted. A click on the button labeled “Donc”
dismisses the template and displays the defined material list, as shown below:

—

Materisal Information

s 0] (Chad_) gaagperren
vluminum B tha list
Moditythe
Modify ] Moovee
Dalete the
Delete leoted Ham.

5

The newly defined matcrial appears in the list.

A click on the button labeled “Done” dismisses the materials list display.
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I—ITIy Deﬂnitlorﬂ

The laminate used for this example is repeated below:

T ]

02 +45°
02 -45°
02 9%°

- 02 0°

02 9%0°
02 -43°
02 +43°

This laminate can be constructed by defining three kinds of plics: a 0.02-inch-thick 45° ply, a
0.02-inch-thick 90° ply, and a 0.01-inch-thick 0° ply. The 0° ply is only 0.01 inches thick because
laminates are only defincd to the midplane of symmetry. The -45° ply is created from a +45° ply
when the plies are layered to form the complete laminate.

Each ply is defined using the Define Plies option of the Laminates menu. When the Define
Plies option is sclected, the defined ply list appears as shown below:

Ply Information

M (add ) e

b1 8
(Delete ) SSilihen.

Addanewhante

Initially, the list is empty.

Clicking on the button labeled “Add” displays an input template for ply information so a new
ply can be defined. The figure below shows the template after appropriate property information

was entered for the 45° ply.

PlgMeme: P55 |

Aagle: f450 ] (<) Design Yarisble
Loewer Bound Upper Dound
[0-066000000 ] [360.66600000 7]
TMeknesa: [§:520006000 | B Design Vartable
Lewer Beund Upper Bound
[0-500060100 —] [1.60060600 ]
materiol Temporature

LoadCase Namber

&0
=

The ply thickness and angle have been selected as design variables for optimization as indicated
by the cross (X) in the design variable check box in the display. A click on the button labeled
“Done” returns to the defined plics list, and the new ply name appears in the ply list.
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The information for the remaining plics is input the same way: clicking on the “Add” button to
display the ply information template, entering the information, and then clicking on the template’s
“Done” button. The figures below show the input templates with property information for the 90°
and 0° plies.

i S— ] COS———
Angle; L2 ] () Dostgn vartadie Asghe: o3 ] ] Destgn Yariebie
Lower Bouad Upper Dound Lover Boumd Upper Bound
) X [FRorohong ] PG ]
Tiekaess: ETOR08 TR bestgn Werieble Théckases: [ETTOO0008 ] [ booten Vortabe
Lower Dound Uppor Bouad Lowver Boend Uppor Bound
PW0%0I06 | [6ooeoo0 ] Oo0000TO0 ] [To50080  ]
Meterial Tomperstere Matertal
L2
LowdCass Nambdor
] Ol
=D

For this example the ply thicknesses have been chosen as design variables. Also, the ply angle is
a design variable for the 90° ply, but not for the 0° ply. The defined ply list after all three plies
have been created is shown below:

—

Ply information

e () e
”0 the list
- () o2
N selected Ram.
(Beiets ) 2322
selocted kem.

{ Laminate Definition |

The panel in this example only requires a single laminate, which is defined using the Define
Laminates option of the Laminates menu. When the Define Laminates option is selected, the
defined laminate list appears, as shown below:

Laminate Information

2 e
o 7Y l
([Delote ) 2ot iiem.
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Initially the list is empty; clicking on the button labeled “Add” displays an input template used
to define a new laminate. The figure below shows the initial input template.

ﬂ————————'ﬂ————‘——_j
Laminate: [___‘:"__—:__] Thickness:

Leminates sre composed of o
steck of piies. Tha iist belew
shews the STACKING SEQUENCE

Point end click to select o ply
from the Hst balow, than cepy
thw ply into the STACKING

SEQUENCE with the copy butten.
POSSIBLE PLIES
0} i
D -
Zere

for this leminate.
STACKING SEQUENCE

0]

Gnly plies thet have been

Delote the selected ply
previousty defined are shown.
chcm stgn of the selected ply's angle.

The list of defined plies appears on the right. The sequence of figures that follow show the creation
of the laminate by sclecting defined plies and adding them to the stacking sequence.

Laminate: Thickness:

Lominates sre composed of &
stock of plies. The list below
shows the STACKING SEQUENCE
for this laminete.

STACKING SEQUENCE

Point end click to select 8 ply
from the liat below, then copy
he ply inte the STACKING
SEQUENCE with the copy butten.

POSSIBLE PLIES

a

o
Only pliss that have besn

Delote the selected ply
previeusly defined are shown.
cmm sign of the sstected ply’s angle.

Leomtaete: [T ] Thleksess:

Laminates are compesed of o Pelint and click to seloct o ply
stack of pliss. The list below from the list below, then cepy
shows {he STACKING SEQUENCE the ply 1nte the STACKING
for this laminate, SEQUENCE with the cepy butten.
STACKING SEQUENCE POSSIBLE PLIES
i ]

Beze

, o
Only plies that have been

Delete the selecied pl
o10 the aslected ply proviously defined ere shown.
Change SIgn|Change sign of the selected piy's enqls.

The 45°ply is selected from the ply
list and copied into the laminate layup
using the copy button.

T 8
02 +48°
m 02 +43°

After copying, the 45°ply appears in
the laminate layup. At this point,
the laminate consists of two 45°plics
(vecall that the stacking sequence only
shows the layup to the midplane of
symmetry).
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A second 45°ply, a 90°ply, and a 0°

shown below.

Leminete:
Lominates ore compesed of &

stack of plies. The list below
shows the STACKING SEQUENCE
for this laminate.

STACKING SEQUENCE

Thieknooo:

Peint and click to seloct o ply
from the list below, then copy
1he ply (nte the STACKING
SEQUENCE with the cepy butten.

POSSIBLE PLIES

o

o

Delote the selected ply

Only plies that have besn

Change SIgnjChenge sign of the selacted ply's angle.

previowsly defined are shewn.

Delete the selected ply

Mmm 31gh of the seltected ply's angle.

Lominate: Thickasee:

Leswinetes are composed of o Peint and click to select o ply

steck of plise. The Hist below from the lst belew, then cepy

shows the STACKI NG SEQUENCE the ply tato the STACKING

for thvis laminate. SEQUENCE with the copy button.
STACKING SEQUENCE POSSIBLE PLIES

0|

Only plies that heve been
previeusty defined are shewn.

The display for the completed

laminate is shown below:

Lominete: [Lominete |

Laminates are compesed of o
stack of pliss. The list below
shows the STACKING SEQUENCE
for this lamingle.

STACKING SEQUENCE

Delote the sstected ply

Thieksess:

Point and click to select @ ply
from the liat below, then copy
the ply tato the STACKING
SEQUENCE with the copy dutten.

POSSIBLE PLIES
0

o
Only plies thet have bean
previously defined ore showa.

Chm 3ign of the selecied ply's angle.

ply are added to the stacking sequence resulting in the display

The laminate is almost complete; all
that remains to be done is changing
the second 45°ply into a -45°ply.

The second 45°ply is selected by click-
ing on it. The ply angle is changed to
a -45°ply by clicking on the Change
Sign button.
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Once a laminate has been defined, click on the “DONE” button to dismiss the input template and
return to the defined laminate list, shown below:

Laminate information

= o) (Chaa ) e
the st

Modify | Medves .

( Detete ) Suwethe

5

The newly defined laminate’s name now appears in the list. The laminate list display is dismissed
by clicking on the “Done” button.

Once the laminate is defined, the laminate must be associated with the pancl geometry. In this
example, the geometry is a single flat plate. The plate is sclected using the point-hand tool, and
then the Assign Laminates to Plates option of the Laminatcs menu is sclected. The resulting
display is shown below:

Width : 9.000000000000000{ ¢aiact a Laminate

$52 32

=t
o
(-]
-
"

BN

The drawing window appears in the background, and a smaller window appears listing the defined
laminates appears in the foreground. In this example, the list contains only one laminate defined
previously. The laminate is selected by clicking on the laminate name. Clicking on the “OK”
button associates the sclected laminate with the selected plate(s) and dismisses the laminate list
window.

Buckling Mode Wavclength

PASCO examines a serics of buckling modes. The modes considered is determined by A, the length

of the minimum buckling mode hall-wavelength. For example, A = (panel length) means a buckling

mode with a half-wavelength equal to the pancl length is examined. When A = SE_“&‘,Z‘M,

both the panel buckling mode with a half-wavelength of half the panel length and the buckling
mode with a half-wavelength equal to the pancl length are examined. Of all the buckling modes
examined, PASCO outputs the critical buckling mode (the mode with the lowest buckling load).
The user controls which buckling modes are to be examined by specifying the smallest buckling
mode half-wavelength A to be examined.
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The value for A is specified using the Eigenvalues option of the Panel menu. When the
Eigenvalues menu option is selected, the lollowing display appears:

Smallest half-wavelength
for whioh buckling leads A = |1.00000000 ]
are examined

e veenaf . (A= Panal Length/M)

[STSTS IS IS)S)
=tetetststs
=t=tst=tats]
EL G K LA K
tststststs

d
E

\ J

or this example, the panel length is 30 inches. A value of A = 1 is specified, which instructs
PASCO to examine the buckling modes with the following half-wavelengths:

30 30 30

30
= Ty To .. — y 1 le
30’ 29' 78’ , and 1 (the panel length)

Of all these buckling modes, PASCO only outputs the critical modes with the lowest buckling load.

Sizing Cycles

The Sizing Cycles option of the Optimization menu is used to indicated the number of sizing
cycles during optimization. When the Sizing Cycles option is sclected, the following dialog box
prompts for the number of sizing cycles:

Number of
Sizing Cycles D

Initially, zero sizing cycles are specified, which results in analysis only without optimization. For
this example, a single sizing cycle is specificd by typing a one in the dialog box, as shown below:

Number of
Sizing Cycles Ir——:’

Once the number of sizing cycles is entered, the dialog box is dismissed by clicking on the
button labeled, “OK.”
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Generate the PASCO Input

At this point, the panel itself is modeled, and the analysis and optimization conditions are specified.
All that remains to be done is to generate a text file containing the appropriate PASCO input by
selecting the Make PASCO Code option of the File menu as shown below:

New ®N
Open...

Close

Save fis...
Save a Copy In...

Page Setup...
Print One
Print...

Quit *®0Q

When the Make PASCO Code option is selected, a file dialog box appears to prompt for the name
of the file to be generated.

The PASCO input file generated by MacPASCO is shown on the following page. This text file
is input to PASCO to analyze and optimize the example pancl.
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MacPASCO output for Example 1

Example_1.INPUT

$CONDAT

$

$PANEL
B(1) = 8.0,
IWALL(1) = 1,
ICARD(1) = 5, 1, 2, 1, -909, 0900,

3, 2, -909, 0900,

EL = 30.0,
NX = 1000.0,
NY = 0.,
NXY = 0.,
MX = 0.,
PRESS = 0.,
T(1)=-0.02,
TL(1)=0.000001,
TU(1)=1.0,
THET(1)=-45.0,
THETL(1)=0.,
THETU(1)=360.0,
MAT(1,1)= 1,
TEM(1,1)~ 0.,
T(2)=-0.02,
TL(2)=0.000001,
TU(2)=1.0,
THET(2)=-90.0,
THETL(2)=0.,
THETU(2)=360.0,
MAT(2,1)= 1,
TEM(2,1)= 0.,
T(3)=-0.01,
TL(3)=0.000001,
TU(3)=1.0,
THET(3)=0.,
MAT(3,1)= 1,
TEM(3,1)= 0.,
KWALL(1, 1) = &, -1, 2, 3,
A11U(1) = 1.0E30,
A33U(1) = 1.0E30,
D11U(1) = 1.0E30,
IP = 2,
LINK = O,
MINLAM = 30,
MAXJJ) = 1,

$

$MATER

E1(1)= 1.90000e+7, E2(1)= 1.89000e+6,
RHO(1)= 5.71000e-2, ANU1(1)= 3.10000e-1,

ALFA2(1)= 2.18000e-5,

ALLOW(1,1)= 2.0, 4.00000e-3, -4.00000e-3,

-4.00000e-3, 1.00000e-2,
$
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Example 2: Blade-Stiffened Panel

The sccond example of modeling with MacPASCO is a laminated, blade-stiffened panel loaded
in longitndinal compression as shown below (not to scale). This example is similar to Example 2

in reference 1.
/( 32 /
Nl
SS

30

SYMMETRY SYMMETRY

222222 s2esd

N, = 3000
Blade Stiffener Laninate 1
Skin 0.004 467
I T 0 004 -45
0.004 -46
N 0.00¢ 45°
Attachmont 0.01 0°
flange P
(-]
- |:| - 0.01 0o
Blade 0.004 15°
0.004¢ -45
0 004 -45,
0,004 46
Leninate 3

0.004 457 0.004 457
0.004 -45; ARy 0. 004 -457
0.004 -45, OO 0. 004 -457
0.004 45 2Z27277] ©0.004 487
. _ | 0.003 00
0.04 0 = 0.003 0)
0.004 45
- 0.004 -46;
o 0.004 -46
0.04 0 0.00¢ 46

0.00¢ 48°

0.004 -487

0.004 -457

0.004 45
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The pancl is 30 inches long, has sixteen blade stiffeners, and is subjected to a 3000 Ib/inch
compressive load with symmetry boundary conditions on the lateral edges of the panel. All sixteen
stiffeners are identical. Three distinct laminates are used: a skin laminate, a blade laminate, and
an attachment flange laminate. Ply thicknesses and orientations for each laminate are given in the
columns to the right of the sketches above. The midplane of symmetry for each laminate is denoted
with a dotted line. All plies are made of the same material. Design variables for optimization are
stiffencr spacing and ply thicknesses.

Modecling this blade stiffencd panel illustrates several MacPASCO features that were not shown
previously while modeling an unstiffened plate (example 1). MacPASCO modeling tools are
required to model the blade stifleners. In addition, stiffencr spacing and ply thicknesses are design
variables during panel optimization, and linking cquations are used to insure uniform stiffener
sizing. The discussion that follows concentrates on MacPASCO features that were not discussed
in the unstiffened plate example.

Panel Geometry Modoling

The user’s first task when modeling a stiffened panel is to identify a substructure that can be
repeated to form the pancl. In the casce of the blade stiffened panel, a single blade stiffener is
chosen as the repeating substructure which repeats sixteen times across the width of the panel. If
the blade stiffeners were more irregular, one might be required to define each stiffener individually.

The blade stiffencr is modeled with plate elcments, as shown below:

Blade Stiffener Plate Element Model

4 [ ] = Leninate 1 6
1.5*

B - Leninate 2
\ m = Lanminate 3

4

The blade stiffencr appcars on the lefl, and a plate clement model appears on the right. The blade
stiffener is modeled by five plate clements, which are numbered above. The small squares represent
the junction or attachment points (nodes) of plate clements. MacPASCO’s modeling tools are used
to create the plate clement model in the figure above.
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Scaling the Disp]ayJ

The first consideration is the saale of the screen display. The scale determines how the screcn
coordinates correspond to actual coordinates, just as the scale on a road map indicates how inches
on the map correspond Lo miles on the actual road. The scale is chosen to make drawing and
manipulating the blade stiffener as convenicnt as possible. The Scale Current View option of
the Viow menu is used to scale the screen display. When the Scale Current View option is

selected, the following dialog box appears:

- mmm

Use the display sbove to scale your models. The
display shows how the visusl displey of o plate
relates (o the plate’s width.

To change the scale, juet enter s new widihas e
number betwsen 0.001 and 1000.

. A

The scale dialog box shows the screen display of a plate element under the current scale. The
blade stiffener is only 2 inches wide. Under the initial scale, the screen display of the blade would

be inconveniently small, as shown below:

o o =

- _

"The plate element of the scale dialog box looks like a reasonable display of half the blade stiffener

width, as shown below:

O -0

o r}.

1.0
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From the scale dialog box, the keyboard is used to change the scale as shown below. Clicking on
the button labeled “OK” dismisses the scale dialog box.

m

[ ——— S 1

Use the displiay sbeve te scale your models. The
dlaplay shows how the visual displey of o plete
relates 1o the plate’s width.

Te change the scels, just enter & new width ss o
number betwesa 0.001 end 1000.

) =D |

| Adding Nodes]

The add-node tool is selected to add nodes to the initial screen display. Then the cursor is
moved over the plate element in the drawing window. Clicking on the plate adds a node, which
will serve as an attachment point. Dragging the cursor moves the new node as the node is added.
Holding the option key on the keyboard down while adding a node allows the new node to be
dragged without changing the plate rotations, as shown below:

The cursor becomes a plus (+) when the add-node tool is selected. Adding a node divides the
original plate element into two new plate clements. The message box shows the width and rotation
of the plate element represented by a dashed line in the screen display.

Two additional nodes are added in the same way; the result is shown below:

Untitled-1
Plate Informetion:

Width :  0.2000000000000000
Retatten : 0.00000000000000000

Example 2: Blade-Stiffened Panel 68



rAdding the Blade|

The add-plate tool is used to complete modeling of the blade stiffener. The add-plate tool is
selected from the tool palette, and the cursor is moved over the center node in the screen display,
as shown below:

RN Untitied-| DO

Piste Information:

Vieh
Reotaties

g —#

0]

Pressing the mouse button adds a new plate clement which is dragged into the correct position,
as shown below. The message box displays the plate width and rotation its dimensions change.

Unlitied-1 Baltied-1
Plate infermetion: Plaie informetion:
W G040 Y @ 1.430816771941909 VISR ;1. 3000000000000000
Sototeon : 271 CMATIRNAIENS Netotton : 374.430IDE444081487 Soteties ¢ TPE.0000SREN0NES000

R———°‘?‘°—L 8

In the two right-hand figures above, the drawing window scrolls as the mouse is dragged downward.
In the rightmost figure above, the window has scrolled down so far that the top of the stiffener is
no longer visible.

After completing the blade, the user adjusts and resizes the window so that the entire stiffener
is visible, as shown below:

Untitied-1

Plote Infermation:

AT— R
R e R mwwﬂwwz“:-lr"

@] I P R RS

This completes the basic geometry of the blade stiffener.
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Repeating Elements

The Number of Repeating Elements option of the Pancl menu is used to specify that the
blade stiffencr is rcpeated sixteen times across the width of the panel. Selecting the Number
of Repeating Elements option prompts for thc number of repeating clements. The prompting
dialog box is shown below after sixteen repeating clements were specified.

Repest the current cross-section

times to form the
Panel Cross-section. The whole

panel can be seen with the “Show
Entire Panel™ menu commend.

. "

Pancl Length and Loads

The panel loads and length are specified using the Apply Panel Loads option of the Panel menu.
In this case, the pancl length is specified as 30 inches and 3000 Ib/inch is also entered as the N

load as shown below:

Panel Length / Pressure

/.

4””

Mx

.

Ny

0.000000000
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Boundary Conditions

Boundary conditions on the lateral edges of the panel are specified using the node information
dialog box, which is displayed by clicking on a node. The node information box displays whether
a node is the start node, representing the left edge of the panel, or the final node, representing the
right edge of the pancl. In this casc, symmmetry boundary conditions are chosen. The figure below
shows the selection of a symmetry boundary condition on the final node, representing the right
edge of the panel.

MP Blade

Plats Informeation:
VI ¢ O

Netation © O xeaiuauaasapsas)

g - 1T° Node 10: ) ISR~ Free (F 1)
F2

Node Information

O strthods @fmaitess O ;:

Simple Support ($§1)
(Cameet] S

§83
54

Clamped (C1)
c2
c3
Cc4

Laminatos

Recall that three distinct laminates are used in the blade stiffener: the skin laminate, the blade
laminate, and an attachment flange laminate. Each laminate consists of layered plics of the same
composite material, where cach ply is of a specified thickness and orientation. There are three
steps to model laminates in MacPPASCO. First the properties for the ply materials are defined,
next individual plics are defined, and lastly the stacking sequences for individual laminates are
defined.

FEzample 2: Blade-Stiffened Panel 71



{Matorial Definition |

As discussed in the Material Definilion scction of example 1, ply materials are defined using
the Define Ply Materials option of the Laminatos menu. The figure below shows the material
property template for the composite material:

Meterial Name  [Composite ]

> awuY
£2 ALFAT
E12 ALFAZ [218e-5 |
RHO

Materiel Fallure Criterion and Aliowables

(¢ - 14T ampresson

(¢1 — ®1AT) tension

(£2 — ox2AT) tenston
y12 shear

F 0 haar

-0.004

(62 - 02AT) compression

-0.004

0 NOOGRGNGNANG

[Ply Definition |

The laminates used in this example are shown below:

Blede Stiffener Laninate 1 |
Skin 0.004 45
0. 004 -5,
0.004 -467
0.004 46
Attachaent 0.01 o°
ange rd .
= 0.01 o°
Blade ™ [:] 0.004 15
| 0.004 =45
| 0.004 -5,
0004 46
Leminate 3
0.004 45, 0.004 45,
0.004 -46, 0.004¢ -45_
0.004 -457 0.004 -45;
0.004 45 0.004 487
o | 0.003 O
0 04 0 0.003 O
0.00¢ 4657
- g.ogq -42,
o . 004 -4
0.04 0 0.004 45
0.004 467
0.004 -45,
0.004 -45;
0.004 45
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These laminates can be constructed by layering four kinds of plies: a 0.004-inch-thick 45° ply, a
0.01-inch-thick 0° ply, a 0.004-inch-thick 0° ply, and a 0.003-inch-thick 0° ply.

In MacPASCO, plies are defined using the Define Plies option of the Laminates menu. Since
the details of ply definition were discussed previously in the Ply Definition section of example 1,
the following figures only show the ply information displays:

el L N— - —
: B 3 Dosten Yerioble Asgle:  [0.000000000 ] (] owelen Varteble
Upper Baené Lowver Bound Upper Roesd
] Foonshang ] [0 80060080 ] FFO50onG00 ]
(] Dasign Varieble Videknese- (6.01000600 ) ] Desten Yarteble
Uppar Bound Lowver Doand Uppor Bound
poser ) [[00000660 ] 5008 T 5
V-EnM-n
" LowiCose Number
&0 ]

e Soma: bl -~ CON—
Sogle: (4600000000 ] [ Oweign Yertable Asple:  [B300000000_— ] (] Deeign Veriable
Lover Beumd Upper Baved Lower Bowmd Upper Bound
| TR ] foonanang — ] [0 BOAGACHG ] E05n60000 ]
Thickaase: (50 eetn Vartabie Thekasss: B3 beston veriebie
Lower Bound Upper Beand Lewer Bosad Uppor Bount
[0-0001 ) ] [oo0do600 ] [6:c0010000 ] 8600 ]
Matertal Tomperstare Material Tompersters
® L2
LowiCase Namber LowdCose Numbar
1| 8]
=D D)
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The ply thicknesses have been selected as design variables for optimization. Since only one 45°ply
(Blade45) has been defined, the same ply is used in all three laminates (blade, skin and attachment
flange). It may be that the optimal design uscs a different thickness of the 45°ply in the blade
than in the skin and attachment flange. To permil this possibility, an additional 45°ply is defined
as shown below:

iy tom:
Angle:  [E00000B00 | [ esignVarishle

Lewer Beund Upper Baned
[@oonoocoy ) [oddeoats |
Thickness: |o§m | B3 Design Yariable
Lover Bound Upper Bound
@.636136‘66 | la.ﬁﬁoﬁoo |
Materiel Tempersture

LoudCass Number

&

The Blade45 ply is used (see the next section) in the stacking sequence of the laminate for the
blade, and the Skin45 ply defined above is used (sce the next section) in the stacking sequence of
the laminates for the skin and attachment flange. Thus during optimization, the thickness of the
Blade45 ply in the blade laminate is independent of the thickness of the Skin45 ply in the skin
and attatchment flange.

mminatea Dcﬂnit.ion]

Since the details of laminate definition were discussed previously in example 1, only the final
stacking sequences for the laminates required for the blade stiffener are shown below. The laminates
are formed from the plics defined in the previous section of this example.

Leminats:  [Siin Lominete Thickness:
Leminates are composed of @ Paint and click to select o ply
stack of pliss. The Yist below from the 1is{ below, then copy
shows {he STACKING SEQUENCE the ply into the STACKING
for this laminate. SEQUENCE with the copy button.
STACKING SEQUENCE POSSIBLE PLIES
000040y Tadadt m . . s . .
o ine a8 000t ] Shints o T'he skin laminate is u§ed in the two
suine -5 0004 b ladaZere plates that form the skin of the blade
fhines 4500004 JointZare stiffener.
shinere 0.000004 shinZere
— _—
O O
Delete the selected ply Only vau ﬂu!. have been
previously defined are shown.
IChnngl Slgn't:lmm 3ign of the selectad piy's angls.
—
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Thickness:
Point and click to select o ply
from the list belew, then cepy
the ply inte the STACKING

Lominate:

Lominates ars composed of o
stack of plise. The list below
shows the STACKING SEQUENCE

for this laminate. SEQUENCE with the copy butten.
STACKING SEQUENCE POSSIBLE PLIES
‘MC 2
blsdaZere
JointBere
ohinZeve
o
Delete the selected ply Only piies thet heve been
previeusly defined ere shown.

Change Signj|Change sign of the selected ply's angle.

Thickness:

Laminates sre composed of ¢ Point and click to select & ply
steck of plies. The list below from the st below, then cepy
shows the STACKING SEQUENCE the ply into the STACKING

for this laminete. SEQUENCE with the copy button.
STACKING SEQUENCE POSSIBLE PLIES
1 « isad O
Ylede s -48 0004 Shines
Dlededs ~-48.0004 b 1ndaBere
Diedass 45 00004 jeintReve
b ledalere 9.000004 ohinlere
o o]
Only plies that have besn

Delete the selected ply
previously defined are shown.
Change Sign|Changs sign of the selected ply's sngle.

The Flange Laminate is used in the
two plates that form the attachment
flange.

The Blade Laminate is used in the
plate that forms the blade of the stiff-
ener.
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Once the laminates are defined, cach laminate is associated with the stiffencr geornetry. A
detailed discussion of this process appears in example 1. The plates which form the skin of the
blade stiffener are sclected with the point-hand tool. Next, the Assign Laminates to Plates
option of the Laminates menu is used and the “Skin Laminate” is selected from the laminates
window as shown below:

MP Blade
Piate information:
Yidth : 0.8000000000000000

Retatioa : 0.00000000000000000

Select a Laminate

si 3lode Lominate

Flange Laminate

The blade and attachment flange laminates are associated with the structural geometry in an
analogous manner. The following two figures show the association of the “Blade Laminate” and
the "Ilange Laminate” respectively:

MP Blade
Plate Information:
Width : 1.5000000000000000

Retatien : 270.0000000000000000

o oq o AT

Select a Laminate

Ilonge Laminete
3kin Laminate
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MP Blade

Plate Information:
Yidth : 0.2000000000000000
Retatiea : 0.00000000000000000

Select a Laminate
Blade Laminate >
3kin Laminate

Buckling Mode Wavelength

As discussed previously in example 1, the minimum buckling load half-wavelength, A, is specified
using the Eigenvalues mcnu option of the Pancl menu. As in example 1, A = 1 is specified for
the blade stiffened pancl.

Optimization of Stiffencr Spacing

Using MacPASCO, the stiffener spacing can be optimized by sclecting appropriate plate widths as
design variables and by using linking equations. The MacPASCO display of the blade stiffcner is
shown below:

ACRBE MP Biode ENEND)

Plste Information:

In the figure above, plate numbers have been displayed using the Show Plate Numbers option of
the View menu. Stiffener spacing can be optimized by choosing the widths of plates 1 and 2 as
design variables, and then by using linking cquations to ensure that the width of plate 3 is equal
to the width of plate 2 and that the width of plate 4 is cqual to the width of plate 1.
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rPlate Design VariablesJ

Plate widths are selected as design variables using the Plate Information display. Plate
information is displayed by selecting the point-hand tool in the tool palette window and double-
clicking on the desired plate, as discussed in example 1. The figure below shows the Plate
Information display for plate 1:

MP Blade

Plete Informetion:
Vidth @ 0.3000000000000000
Retatien : O

Plate Information [ Lock Plete Geometry

X - If o Wiédlh: o9 [ Design Vartable

Lowar Bound Upper Doand
0, nupn s 10000000000 o5 s s xxe
] Retation: 0.00000000000000000

Leminale: Skin Laminate

CIED)  (Cconce ]

The drawing window appears in the background, and the Plate Information display appears in
the foreground. Clicking in the box labeled Design Variable makes the plate’s width a design
variable. A lower and upper bound for the plate width can also be specified using the keyboard.
The figure below shows the Plate Information display after the plate’s width has been made a
design variable and given an upper and lower bound:

MP Blade
Plote Informeation:
Yidth : 0.8000000000000000

Retatien : 0.

Plate Information [ Lock Plate Geometry

.1 #-f-o Width: o8 <) Design Varisble

Lewer Beund Uppor Beund
0.001 10000000000
S Rotatien: 0.00000000000000000

Laminate: Skin Laminate

CID)  (Ceencer )

The width of plate 2 is made a design variable in an analogous fashion.
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lDesign Variable Linking Equatio@

Design variable linking oquations are required in this example to enforce the symmetry of
the repeating element representing the blade stiffener and skin. Without linking equations, the
optimization process would vary the widths of plates 1 and 2, but the widths of plates 3 and 4
would remain fixed. The cquations:

widlh plate 1 = width plate 4
width plate 2 = width plate 3

are required to link the plate widths. Ience the term, linking eguation. In MacPASCO, the
equivalent equations:
width plale 1 — widlh plate 4 =0

width plate 2 — width plate 3=0

are created. In addition, certain linking equation variables must be chosen as dependent variables.
The values of dependent variables are determined by solving the linking equations using the values
of the other independent variables. In this example, the widths of plates 3 and 4 are chosen as
dependcnt variables, and the widths of plates 1 and 2 are independent variables. Hence, as the
optimizer varies the width of plate 1, the first linking cquation insures an equal width for plate 4,
and the second equation links the widths of plates 2 and 3.

MacPASCO offers a graphical linking equation editor for the creation of design variable linking
equations. The Linking Equations option of the Optimization menu, shown below, causes the
linking equation editor to appear.

Optimization

f inkmg Equations

When this menu option is selected, the linking equation editor appears as a new window as shown
below:

MP Blade NN

Plate Information:

Tvie®
Plies for [rir®

Selected
<M Plate # Linking  [bledelere
Equations L inetere
whinkere
Equation: [Next ) 5
Add Plate wWidth ] Coefficient ] & Dependent Variable

> km (" show ANl Equetions )

"The drawing of the blade stiffener appears on the left, and the linking equation editor appears on
the right. For this example, the Show Plate Numbers option of the View menu has been used so
that the plate numbers are displayed. The equation editor consists of a box displaying the current
equation, which appears above the words, “OK” in the figure. The box is initially blank.
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The creation of the equation width plate 1 — width plate 4 = 0 begins by selecting plate 1 in
drawing window with the point-hand tool, and pressing the mouse button while pointing to the
box labeled “add plate width” as shown below:

MP Blade
Piate Information: bt ]
Width :  0.8000000000000000 EW O
Retatien : 0.00000000000000000 Selected Plies for [iiin®
Plate ®# [1__]| Linking [piedazere
Equations Loincters
4.._(';._1" ink,
’T kL Equation: 1 Next 3
ISCCITNSETZRCTITI oot (-] O copndent vt
Rdd Ply Thickness
Rdd Ply Anqle i
Add Right Hond Side
Delete Yarinble | |
i 1O
| CI) ( show AN Equations )
\ v

Pressing the mouse button while pointing to the “add plate width” box expands to show a choice of
variables. Dimmed items cannot be selected. For example, “add ply thickness” cannot be selected
because a ply has not been chosen.

‘The “add plate width” option is chosen, and when the mouse button is released, plate 1's width
is included in the equation as shown below:

MP Blade
Plate Informstion: AT
Vidth : 0.0000000000000000 E:M
Retattea : 0.00000000000000000 Plies for in48
Selocted
,.‘l:‘?. [I_] tinking presetere
Equations Loinctare
X &--0—0 4 o
Equation: Next

Add Plate Width ] Coefficient (] s Depandent Vartable
[plate 1]

¢ Lm (" show ANl Equations )
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Next, plate 4 is sclected with the point-hand tool and added to the equation is a similar fashion,
which results in the display below:

PM? Blade
Plste Information: vt
Vidth @ 0.0000000000000000 nde ]
Rttt 0 0000000000 Selected Plies for Lnds
Plate = Liaking  Ppledslere
Equetions [, inesere
i N S B -
’ Equation: 1 Next 3

Add Plate Widlh ] Costliciont 3 s Depondent Vartable

IR ptote 1]

[ 0K ] [ Show Rl Equations )

il

Because Plate 4 is to be used as a dependent variable, the box labeled “Is Dependent Variable”
is sclected by pointing and clicking with the mouse. Furthermore, since the desired equation is
width plate 1 — width plate 4 = 0, the keyboard is used to type —1 as the coefficient for the width

of plate 4 in the linking cquation. The resulting display is shown below:

AR MP Biade

Plste Information:
Vidth :  0.8000000000000000 Tede S O]
Retatien : 0.00000000000000000 Selected Pliss fer 48

Plote # Linking Todelere

Equations |, inetere

a 3 Equation: | Next hint

Add Plete width ] Ceefficient RN 530 i ependont Vartable

IR piate 1] ©

@ (_ show All Equations ) |
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Finally, the right-hand side of the cquation, = 0, is added. First, click to the far right of the
equation, so that no cquation variables are sclected and the cocfficient becomes zero, as shown

below:
Tede® 3 ,\
Selected Plles for indg
Plate ® Liaking [Pledelere
Equations Joincere
Equetion: 1 Next 5
Add Piote width | Coefticient IR (] s Dependent Vartable
-1*Iplate 4] + [plate 11 | 2
©
CCIE) ( show AN Equations )
>

Next, use the “add right hand side” option as shown in the first figurc below. The resulting final

equation is shown in the second figure below:

Pledess 1O

Selected Pliss far Phin® |
p|:g: - D Lisking  |[ladeZere
Equations |, nezere
Equation: Next . ol
~Add Plate Width Coefficient (] 15 Dependent Variable
Add Piy Thicknaess o
Rdd Ply Ragle |
Delete arinble
(" show AN Equations )
v
D1sdat$ M
1 Plies for [fhin®
:::g:“o‘ [E Linking  bladeZere
Equatisns o intBaxe
Equetion: Next Phinfere 3
Add Right Hend Side |  Reswit ] is Dependent Vartable
-1+[plate 41 « [piate 1 IK] i
5]
m ( Show RIl Equations J
7
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The equation width plate 1 — width plate 4 = 0 is complete. The equation width plate 2 —
width plate 3 = 0 is created in an analogous manner. The creation of the second equation is
initiated by pointing Lo the box labeled “Next” and pressing the mouse button as shown below:

—MMP

Selected Pltes for L‘“"

Plate® [4_] Unking Pleteters
Equetions |ioincpere

Pravious

Add Right Hend [} ] s Dependent Vartadle

-1*[plote 4] + [piate 117

<l

(_smow An equations ) )

, -

When the mouse button is released, a blank equation appears in the editor as shown below. The
equation number changes from 1 to 2 as an indicator that equation 2 is being edited.

lode
Plies for in%

Selected
Plete ® E: Linking 1odeZeve

Equations Holntdere

ink

Equetion: 2 Next
Add Right Hend Side |  Reseit RN (] ts Oepondont Vartable

<l

Sm (show ail tquations ) |

Although this example only used plate widths in linking equations, linking equations can include
ply angles and thicknesses also.

Sizing Cycles

MacPASCO requires that the user indicate the number of sizing cycles, which determines the
number of Limes the optimization process iterates, using the Optimization Parameters option of
the Optimization menu, as discussed in example 1. For this example, two sizing cycles (iterations)
are selected.

Generate PASCO Code

Finally, the Make PASCO Code option of the File menu is used to generate the PASCO input, as
discussed in example 1. The PASCO input file gencrated by MacPASCO is shown on the following
pages. 'This text file is input to PASCO to analyze and optimize the example panel.
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MacPASCO output for Example 2

MP Blade.INPUT
$CONDAT
$
$PANEL
B(1) = -0.8, -0.2, 1.0E30, 1.0E30,
-1.5,
BL(1)=0.001,
BU(1)=10000000000.0,
BL(2)=0.001,
BU(2)=10000000000.0,
BL(5)=0.001,
BU(6)=10000000000.0,
IWALL(1) = 3, 2, 2, 3, 1,
AB(4, 1) = -1.0,
AB(1, 1) = 1.0,
AC(1) = 0.,
AB(3, 2) = -1.0,
AB(2, 2) = 1.0,
AC(2) = 0.,
HCARD(1) = 4, -6, 5, 900, -1,
2, 121, 6,
6, 7,1, 2, 3, -121, 4,
5,1, 2, 1, -990, 0000,
2, 4, 2,
4, 5, 3,
, 5, 6, 4
3,4, 6
6

»

, —990, 0000,

PRESS = 0.,
T(1)=-0.004,
TL(1)=0.0001,
TU(1)=1.0,
THET(1)=45.0,
MAT(1,1)= 1,
TEM(1,1)= 0.,
T(2)=-0.004,
TL(2)=0.0001,
TU(2)=1.0,
THET(2)=45.0,
MAT(2)1)- 1)
TEM(2,1)= 0.,
T(3)=-0.04,
TL(3)=0.0001,
TU(3)=1.0,
THET(3)=0.,
MAT(3,1)= 1,
TEM(3,1)= 0.,
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T(4)=-0.01,
TL(4)=0.0001,
TU(4)=1.0,
THET(4)=0.,
MAT(4,1)= 1,
TEM(4,1)= 0.,
T(5)=-0.003,
TL(6)=0.0001,
TU(6)=1.0,
THET(S)-O.’
MAT(5,1)= 1,
TEM(5,1)= 0.,
KWALL(1, 1) = 1,
KWALL(1, 2) = 2,
KWALL(1, 3) = 2,
A11U(1) = 1.0E30,
A33U(1) = 1.0E30,
D11U(1) = 1.0E30,

-1, -1, 1, 3,
-2, -2, 2, 4,
-2, -2, 2, 5,

» ’

Ip = 2,
LINK = O,
MINLAM = 30,
NOBAY = 16,
ICREP = 16,
MAXJJJ = 2,
$
$MATER

E1(1)= 1.90000e+7,
RHO(1)= B5.71000e-2,
ALFA2(1)= 2.18000e-5,
ALLOW(1,1)= 2.0, 4.00000e-3, -4.00000e-3,
-4.00000e~-3, 1.00000e-2,

E2(1)= 1.89000e+6,
ANU1(1)= 3.10000e-1,

E12(1)= 9.30000e+5,
ALFA1(1)=-5.00000e-9,

4.00000e-3,
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Example 3: Hat-Stiffened Panel

The third example of modeling with MacPASCO is a hat-stiffened metal panel loaded in
longitudinal compression. The panel is 20 inches long, has 3 hat stiffeners, and is subjected
to a 3000 Ib/inch compressive load. The four panel cdges are simply supported. The panel is made
of 0.02-inch-thick aluminum plates. In this example, the panel is modeled for analysis only. The
panel is shown in the figure below (not Lo scale).

S 105 ——~
AN

< 55 //
ss v
N\
PP OO oA

N, = 3000

Modcling this hat-stiffencd panel illustrates several MacPASCO features that were not shown
previously (examples 1 and 2). A different MacPASCO modeling tool is needed to model the hat
stiffeners. In addition, this example illustrates the modeling of a metal panel, as opposed to the
composite panels modecled previously.

Panel Goometry Modeling

In the case of the hat-stiffened panel, a single hat stiflener is chosen as the repeating substructure
which repeats three times across the width of the pancl. The dimensions of a single hat stiffener
are shown below:

= «S}/ ........ o ';Z:
Lé 1.084177 in.é\é
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[Scaling the Display |

The scale of the screen display is chosen to make drawing and manipulating the hat stiffener
as convenient as possible. As discussed previously in example 2, the Scale Current View option
of the View menu is used to scale the screen display. For this example, the scale is selected as

shown below. This scale is the same scale used in example two.

—_— s 1}

Use the display ebeve s scele your medels. The
Glapioy shows how the vieual dlspley of o plate

reistes o 1ho plate’s width.

To ohange (he scale, Junl onier & nov vidth m o
number between 0.001 ond 1000.

D) =

\ J

lDrawing the Hat Stiﬁonirl

The grab-hand tool is used to change the dimensions of the initial plate clement to a width of
3.5 inches, the width of the hat stiffener, as shown below:

Piate Information: Plste Information:

Yidth :  2.0000000000000000
Retation : 0.00000000000000000

Vith  :  3.0900000000000000
Retaties : 0.00000000000000000

Sy
-

Loy L H mmmu,\mmrt“hl

~

Notice that thg drawing window scrolls as
the mouse is dragged-to the right. In the
figure on the left, the window has scrolled
so far to the right, that the left side of
the plate element is no longer visible. The
width displayed in the message box is used
as a guide.

Pate Infermetion:
Vil  :  3.5000000000000000
Metatiss : 0.00000000000000000
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Once the plate clement has the proper size, the user adjusts and resizes the window so that the
entire plate element is visible, as shown below:

Plate informetion:
WA 1 (RN
Retation : (1 (mOsmxuuweNann:

The add-node tool is sclected to add nodes Lo the existing plate. Two nodes are added as shown
below, using the plate width and rotation displayed in the message box to guide the placement of
the nodes:

Plats Infermation: Plate Informatioa:
ViR : 1.0000000000000000 VYieth  :  1.3000000000000000
Retation : 0.00000000000000000 Retation : 0.00000000000000000

In the left-hand picture above, a node has been added which divides the original plate element into
two new plate elements. In the right-hand picture, a sccond node has been added. The result is
three plate elements, from left to right, with widths of 1 inch, 1.5 inches, and 1 inch respectively.
These plate elements form the skin of the hat stiffener.
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Next, the add-loop tool is selected from the tool palette and used to add a closed section
between two nodes on the existing model. Move the cursor over the second plate element and click
the mouse button and a closed section composcd of two new plates appears, as shown below:

Plate Information:

WSz (e
Botatfen : O WSRNRNMMMENNE)

Piate Information:

Wih  : 0.7467261881037708
Retatien : 20 F764US52138363000

The left-hand picturc shows the cursor positioned over the second plate element. The right-hand
picturc shows the result of clicking the mouse button.

This closed section is manipulated into the shape of the hat part of the stiffener. First, the
grab-hand tool is used to drag the closed seclion into shape as shown below:

Piate Informetisn:

ViR - CANINEIMISIATTE
Rotatien : 10 9040624433903346

Pisie Information:

Width - 0.3600029987125%01
Retatben : 301.13897243697T08303
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To complete basic gecometry of the hat stiflencr, another node is added using the add-node tool.
The node is dragged into place as it is added, as shown below:

Plate Informeation:

Vidih O T0PNEINI403RTI0
Rotatien : 21 S014348240479040

Plate Information:
Witk :  1.0800000000000000
Metation : 0.00000000000000000

Now the basic geometry of the hat stiffener is complete. The exact widths and rotations must

be assigned to the plates forming the stiffener webs and cap. Precise widths and rotations are
specified using the Plate Information display.

First the point-hand tool is sclected in the Lool palette, and then the user double-clicks on a
plate as shown below:

Piste Information:

vith . OMGKDINTIZIN | pigte |nformation [ Leck Piets Gesmetry
Retsticn : 301.1 209724069700800

With: 056000299657123%01 [ Design Variable .
Lower Boumd Upper Doved
Qonaamunm HDODOBODOK) 1 alw v ss )

Retetion: 301.1309724369790%08
Laminale: Undefined

A o O EEO |

In the figure above, the Plate Information display for the darkened plate appears in the
foreground.
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‘The keyboard is used to enter a width of 1 inch and a rotation of -78 degrees, as shown below:

Het
Plste Information:

Wit . 03600029TIZING | pigrg Infermetion (K] Leek Plots Gesmetry
Retation : 301.1309724369790000

wieth: 1 [ vestgn Vartable
Lower Boumd Vpper Bosad
Qinmap e 10000000000 .+ s e}
Reletion: -7

Laminale: Undefined

IHowever, when the user clicks on the button labeled “OK” in the Plate Information display, the
following dialog box appears:

Hat ]

Piste Information: r Piate Information )

Vit o OJ0NZYSTIZIN! [ pigte Infermation ] Leck Plete Cesmetry
Metatien : 301.13097243469 700005

wWisth: 1 O vesign vartable
lasar Rausd —linnac Basnng

e

0 This plate’s width end/er retation

connot be ad justed withsut
sltering o rigid plate @

The dialog box is dismissed by clicking on the button labeled “OK.” The error message appears
because changes to a plate’s width and/or rotation using the Plate Information display should
not alter the widths or rotations of any other plates, as discussed previously in this manual. As
shown in the figure below, it is not possible to alter the width and/or rotation of a plate in a closed
section without altering the width and/or rotation of at least one other plate.

rigid . rigid -, rigid o
rigid
rigid
——efror - dimensions cannot
change
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In this situation, onc can unlock a plate so that the plate dimensions change to accommodate
changes to adjacent plates. Plates arc unlocked using the Plate Information display. In the
figures below, the plate forming the cap of the plate is unlocked by clicking on the bax labeled
“Lock Plate Geometry.” When a cross appears in the box, the plate is locked. When no eross
appears, the plate is unlocked. Clicking on a crossed box unlocks the plate and removes the cross.
Clicking on an uncrossed box locks the plate and adds the cross.

Plate Isformetion:

VB . 0008080000800000

Plete informeatien QM Piets Seomstry

Plele information:
Weelh 1 1.0800000000000000
[ : 0.0000000000000001

TN\ =

WAGS:  1.0800000000000000 [ Derign Variels
tover Poumi Voper Baaed
0.0 s} +O0DI0NNN00 el e s

Retation: 0.0000000000000001
Laminale: Undofined

Mote laformetioa [ Lack Ploks Gesamtry

WIO1B: 1.0800000000000000 " [ Destgn Veriedle
Lewer Boumt Ypper Desnd
0 e epi) 10000000000 AW a1

Relatien: 0.000000000000000
Laminale: Undofined

"‘_‘chr::@

Once the plate forming the cap is unlocked, the two plates forming the webs of the hat stiffener
can be adjusted using the Plate Information display as shown below:

Het R |

Plate Informetion:
Width :  0.360002990T123%01

Piste Information (X Leck Plate Cosmetry

Plate Informetion:

WIS 0.4972926703442342
[ ] : 74845981

Sstatien : 301.150972 90808

4

:PCD ]

wieths: 3 Deeten Vartdte
Lowar Boumi Upper Dowad
ULeMapamnp +DO0OOUDINK) /s waluns
Reteticn: -70
Laminale: Undefined

4023

0

In the left-hand figure above, the dimensions for the left web of the hat are defined. In the right-

Plete information [R) Leck Pivts Goomotry
width: (Y D oestgn varine
Lewar Bound Upper Boand
O 10000000000 </sis)e:vs W)
Retetieon: 7¢

Laminale: Undefined

CED (o)

hand figure, the change to the left web of the hat is visible and one can also sec how the cap of

the hat has changed dimension to accommodate the

the hat are defined.

Example 3: Hat-Sliffencd Panel 92

change. Also, the dimensions for right web of



The final hat-stiffener geometry is shown in the figure below:

Het

Plate Information:
vidth

Retatien : (.ujusine wuimaweun:

i —q ? bl

Roepoating Elements

The Number of Repeating Elements option of the Pancl menu is used to specify that the hat
stiffener is repeated three Limes across the width of the pancl. Sclecting the Number of Repeating
Elements option prompts for the number of repeating clements. The prompting dialog box is shown
below after three repeating clements are specified.

Repast the curront crese -section

g: times b0 orm the
el Croes-section. The whele
panel con be seen with the “Shew
Entire Panel” many commend.

CD (Cne)

Pancl Length and Loads

The panel loads and length are specified using the Apply Panel Loads option of the Pancl menu.
In this case, the pancl length is specified a8 20 inches and 3000 1b/inch is also entered as the N
load as shown below:

Pans! Length / Prluun

ya

v
o I T

- v
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Boundary Conditions

Boundary conditions on the lateral edges of the pancl are specified using the node information
dialog box, as discusscd previously in this manual. In this case, simple-support boundary conditions
are choscn, as shown previously in example 1 of this manual.

Motal Dofinitions

In the case of metallic pancls, MacPASCO (and PASCO) uses a “laminate” of isotropic material.
For this example, the hat stiffencr is made of 0.02-inch-thick aluminum. First, the material
properties for aluminum must be defined, next a single ply of 0.01-inch-thick aluminum is defined,
and lastly, a “laminate” composed of two 0.01-inch-thick plics is defined to form a 0.02-inch-thick
aluminum “laminate.”

As discussed previously in examples 1 and 2, ply matcrials are defined using the Define Ply
Materials option of the Laminates menu. However, MacPASCO includes the material properties
of aluminum by default, so no input is required. ‘I'he figure below shows the default material
propertics for the aluminum supplied by MacPASCO:

Materisl Name  Lluminum

€1 anu1
2 [[60000000—] aLrat
£12 Uy —
RHo

Material Fallure Criterion and Rllowables

Crlterlon:

gl compression
ot oo
G2 compression
oz ot
112 sheear
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Next, an aluminum ply is defined using the Define Plies option of the Laminates menu.
Since the details of ply definition were discussed previously in the Ply Definition section of example
1, the following figure only shows the ply information display:

Ply Neme: [TumPiy |
Angle: [0.660000000 ] [ Destyn Varishle

Lewer Beund Dpper Dound
]l.\ NUNLNLNY ] [0 0u000u0n ]

Thickness: [6.51 ] O Destgn Veriable
Lowar Bound Upper Deand

[P oananun ] [1 funututu |

Materlal Tompereture

656600000 )

LowdCase Namber
®0 ]

Finally, an aluminum laminate is created using the Define Laminates option of the Lam-
inates menu. Since laminate definition was discussed previously in example 1, only the final
stacking sequence is shown below.

Lomisate; iR Thtckness:

Leminetes sre composed of & Point snd click to select a ply
stack of piies. The 1ist below from the 1ist below, then copy
shows the STACKING SEQUENCE the ply Into the STACKING

for this Teminate. SEQUENCE with he copy button.

STACKING SEQUENCE POSSIBLE PLIES

Aluaddy ©.000004

—_—

&

Delete the selected ply Only pHes thet have been
previously defined are showh.

Change SIgn)Change sign of the selected ply’s angle.

Ezample 3: Iat-Stiffened Panel 95



Once the aluminum laminate is defined, it is associated with the stiffener geometry. A detailed
discussion of this process appears in example 1. The plates which form the hat stiffener are selected
with the point-hand tool. Next, the Assign Laminates to Plates option of the Laminates
menu is used and the “Alum” laminate is selected from the laminates window as shown below:

Plate In ‘ ‘ ,
vidts

Retation : Cm)

T Kl

Clicking on the button labeled “OK” assigns the aluminum laminate to the hat stiffener. This
process completes the material property definitions required for the hat stiffener.

Buckling Mode Wavclength

As discussed previously in examples 1 and 2, the minimum buckling load half-wavelength, ), is
specified by using the Eigenvalues menu option of the Panel menu. For the hat-stiffened panel,
A = 20 is specificd.

Goncrate PASCO Codce

Finally, the PASCO input is generated by using the Make PASCO Code option of the File menu,
as discussed in examples 1 and 2. The PASCO input file generated by MacPASCO is shown on
the following page. This text file is input to PASCO to analyze and optimize the example panel.
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MacPASCO output for Example 3

Hat.INPUT
$CONDAT

$

$PANEL

B(1) = 1.0, 1.5, 1.0, 1.0,
1.084177, 1.0,

IWALLC1) = 1, 1, 1, 1, 1, 1,
HCARD(1) = 4, -7, 4, 2820, -1,
4, -8, 6, 780, -1,
4,9,7,5, 8,
5, 10, 1, 2, -9, 3,
ICARD(1) = 3, 1, 2, 1,
5,2, 5,2, 3,7,
3,5, 6, 3,
3, 3, 4, 5,
3, 4,5, 8,
EL = 20.0,
NX = 3000.0,
NY = 0.,
NXY = 0.,
MX = 0.,
PRESS = 0.,
T(1)=0.01,
THET (1)=0. ,
MAT(1,1)= 1,
TEM(1,1)= O.,

KWALL(1, 1) = 1,
A11U(1) = 1.0E30,
A33U(1) = 1.0E30,
D11U(1) = 1.0E30,

IP = 2,
LINK = O,
MINLAM = 1,
NOBAY = 3,
ICREP = 3,
$
$MATER

E1(1)= 1.00000e+7, E2(1)= 1.00000e+7,
RHO(1)= 1.00000e-1,
ALFA2(1)=0.,

ALLOW(1,1)= 1.0,

-5.00000e+4,

5.00000e+4, -5.00000e+4,
4.00000e+4,

ANU1(1)= 3.00000e-1,

E12(1)= 3.85000e+6,
ALFA1(1)=0.,

5.00000e+4,
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