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BlockM: multiple

Overview

Although there are lots of mathematics which go mmtmesh generator, meshing in
general is an art form. This is especially truelfiockM. With blockM, a user starts
out with a block of elements. Then he would deleteve, and project nodes and
elements in the block to form a desired shapes iB@nalogous to a sculptor starting
out with a block of clay, then needling, cuttingdashaping it into a beautiful work of
art.

BlockM is a powerful mesh generator for hexagonal elemehte basic principals are
derived from LS-INGRID. Like LS-INGRID, this isiita purely “manual” mesh
generating method. However, the underlying cokwer’s interface are not same.
The user’s interface is designed to provide a Rigisker friendly environment, at the
same time allowing the user to generate complexineshes efficiently.

For users of LS-INGRID and even TRUEGRID, BlockM asually no learning
curve. For some novice users, however, blockM miigh& challenge. The challenge
arises from 2 relatively abstract principles kncagt‘index spacing” and “projection”.
Vr\]/ith IsorL\e practices, any user can become highlfygreat at generating mesh with
the BlockM.

Once a user mastered BlockM, there is virtuallthmg that he cannot not mesh.
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What is Index?

Index or indices are divisions or cuts In the
“block” in the I, J, and K directions. These are
synonymous with the X, Y, and Z directions
respectively in the Euclidean or Cartesian
coordinates. In blockM, the I, J, and K will
always refer to directions in index space and they
are not be confused with the Euclidean space.




BlockM: Fundamental ofultiple

Index, Partition, and Region
Example (1.0)1D block in Index Space

[
»

1stl-index 2 |-index

From the example above, the edges are considered index poilgs.dhaws
that the minimum number of indices for any block in each of the index
direction are 2.

The space between the index points is called partition or region
Partition refers to a single unit of space between 2 indices.
Region refers to one or more partitions.
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Index, Partition, and Region (continued)

Example (2.0)2D block in Index Space
J

2nd J-index——

15t J-index . |

1stI-index 24 |-index

Note the order of | and J indices. The first indicesagbwcorrespond to the
lowest positions of X and Y in the Euclidean space. Likewsesecond
indices correspond to the higher positions in the Euclidean space.
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Index, Partition, and Region (continued)
Example (3.0)3D block in Index Space

‘J 2nd K-index
1stK-index

2nd J-index

1st J-index /

1stI-index 24 |-index

> I
>

Note: there is only 1 partition in all 3 index diti®ns.
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Index, Partition, and Region (continued)
The intersection of 2 orthogonal indices form edges or lines.
The intersection of 3 orthogonal indices form a point or vertex.
A Is comprised 4 connecting edges.

2nd K-index

2nd J-ind K<index

Edges K
?
1stJ-index_CF.Q* \‘"

1st|-index 2"d |index

Points formed
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BlockM: Fundamental ofultiple

Function of Index

To achieve a desired shape, the user will have to either
move or project nodes and elements to surfaces. In
BlockM and LS-INGRID alike, the users do not have
direct control of the nodes and elements in the block. The
user will have to select the appropriate points, edges, and
Indices to move or project. This concept will become
clearer with examples and further discussions later on.

The bottom line:

Indices, points, edges, faces, and regions arefasedntrolling
the shape of the mesh.
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Block Mesh

Relationship between node, element, and index

Nodes and elements are the basis of any finiteesiemesh. Now that the concept of
index is touched upon, the user would want to khow this is related to nodes and
elements.

Example (4.0)Let’s look at the 2D block example again.

J
Node # | X-coord. | Y-coord.
2nd J-index n4 n3 1 0 0
nl n2 2 1 0
1st J-ind | 3 1 1
4 0 1

1stl-index 2 |-index

For a single shell or a 2D element (el), it is casgul of nodes 1, 2, 3, and 4,
represented by nl, n2, n3 and n4.

To generate this element, note where the indicesldr at x=0, I-2 at x=1, J-1 at y=0,
and J-2 at y=1. This is just an example, theahgbsition of the indices could be
anywhere. They could be the at the same posiets;say I-1 and I-2 could both be
at x=0 or J-1 and J-2 at y=1,2,3... etc. Howevas, good practice to have the initial
index position to be as close the desire shapeaasigally possible.

As seen above, the indices form regions, whicluin tontains the element or group of
» elements.
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Relationship between node, element, and index ifoaed)
Example (4.1)Let’s expand the previous example and add one glereent in the I-

direction.
Node # | X-coord. | Y-coord.
J n3
1 0 0
nd J_j
2nd J-index T né > 1 0
nl n5 | 3 1 L
1st J-index
n2 4 0 1
1stl-index 2 |-index 5 2 0
6 2 1

Here the 2¢1-index is moved to x=2. This is for visual demwation purpose. To
show that as more elements are added to a partitiey are automatically divided
evenly. The X l-index does not necessarily have to be at x=2¢butd be at x=1

instead. In which case, n2 and n3 would be at.x=.5

In this case, x-length of el is equaled to e2, Wwiscqualed to 1.

If we have 4 elements instead of 2, x-length ofsedgualed to those of €2, €3, and e4,
which all equaled to .5.

It is important to note that the partitions bountdgdhe | and J indices contain 2
elements

15
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BlockM: Initialization

2nd J-index

1st J-index

Relationship between node, element, and index ifoaoed)

Example (4.2)Let’s continue with previous example and add 1 npzneition in the I-

direction.
Node # | X-coord. | Y-coord.
J n3
® 1 0 0
n4 né 2 1 0
nl n2 n5 3 1 1
® ! 4 0 1
1stl-index 2nd |-index 3d |-index 5 2 0
6 2 1

When adding another partition, notice the indieesight at the boundaries of the
elements. Also, notice there are 3 indices intiieection and only 2 indices in the J-
direction. The order of the indices in the |-diren is for left to right and the bottom
to top in the J-direction.

In this example, the"?I-index is set to x=1. Thus, it is no differenbrin the previous
example in regards to node and elements. It cogltbe set anywhere between O
and 2.

Because there are 2 elements in |-direction amdtiie J-direction, it becomes
apparent that the number of partition cannot batgrehan the number of element for
any direction. Also, the number indices is equadethe number of partition plus 1.



BlockM: Initialization

Relationship between node, element, and index ifoaoed)

Example (4.3)Let’s continue with previous example. This time s&t the ® |-index to
X=.5

Node # | X-coord. | Y-coord.

J
n3
2nd J-index o N6 1 0 0
. 5 0
nt [N n5

1stJ-index —— | -9 1
0 1

2 0

1stl-index 2nd |-index 3d |-index

O~ IW|IDN

2 1
This example demonstrates how indices are usedntinat the size and position of
nodes and elements.

Because the"?I-index is set at x=.5, element # 1 is 1/3 the sizelement # 2.

Notice nodes 2 and 3, they follow where ever tid-thdex goes. Likewise, nodes 5
and 6 will follow the 3 I-index.

17
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BlockM: Initialization

Relationship between node, element, and index ifaosed)
Example (4.4)Let’s add 1 more partition in the J-direction this time.

J Node # X-coord. Y-coord.
_ n7 n8 n9
3rd J-index . ‘ 1 0 0
2 .5 0
2nd J-index n4. .n3 n6‘ 3 5 5
4 0 5
1st J-index o— ' > 2 0
nl n2 n5 6 2 5
1stl-index 2nd |-index 34 |-index 7 0 1
8 .5 1
9 2 1

As stated before, the number of partition cannamnbee than the number of element in
that direction. Since the J-direction has onlyehrent, we need to add another
element in order to insert a partition.

Here, we set the"2J-index at y=.5, and thd®3)-index takes the place of the 2-
index in the previous example.
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Relationship between node, element, and index ifaosed)
Example (5.0)Let’s look at a 3D example.
Node # | X-coord. | Y-coord. | Z-coord.
J n8 n{

, “rv? 2nd K-index 1 0 0 0
2nd J-index— n6 IstK-index

K

nl

1st|-index 2"d |index

=
)
<
I
5
o
)
<
N
=
R
- 0w
O |IN][OJOaIDdDIWIDN
o|lr|r|lo|lo]|r]|r

RlRr|Rr|[Rr|lo|lo|o
RrlRr|lo|lo|lr|r]|o

Going from 2-D to 3-D is quite trivial, all we hate do is add an element and a
partition in the K-direction.

Again, it is important to note the order of theigces for each principal direction. The

|-direction start from left to right. This mearetl-1 index is at a lower x-position

than I-2 index. The J-direction goes from bottanap because the J-1 index is at a

lower y-position than the J-2 index. Similarlychase the K-1 index is at a lower z-

position than the K-2 index, the direction for theés from the page and going into the
19 page.
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BlockM: Concept of Projection

Projection

The concept of projection in blockM could be viewnsarly to a video projector
projecting images onto a screen or wall.

The basic idea here is to place the selected rmutesa surface or set of surfaces much
like how light rays are projected onto a screemliké light, the nodes will not bounce
off the surface.

Another way to view projection is surfaces form theld of a desired shape and the
block is soft clay that sets to the mold.

SimpleExample (6.0):
We want to place a node onto the blue surface bjggtion

A/Surface Surface
—— e ——] /
Node>® NOd/

After projection

Before projection
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Projection(Continued)

By default, the projected node takes the shortat$t {o the surface. However, there is
an option for the user to specify a vector forphaection.

SimpleExample (7.0):
Projection with a vector (red)

urface urface

>
Node Node

Before projection After projection

21
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Projection(Continued)
SimpleExample (7.1):

Same example as before, but without vector
As we could see, the node is moved to the clogestipn on the surface.

Details of how the projection algorithm will not descussed here. However, more
examples of projection will be provided to furtlitemmonstrate how it works.

urface

Node

Before projection

urface

Node

After projection
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In BlockM, there are 2 “major” features we
need to be familiar with before any meshing

could begin.

Main or Physical Window

TheMain windows is what we are most familiar with,
It's displays all the nodes, elements, curves, and

surfaces.

23
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Main Window

Everything is displayed

in Euclidean space.

This serves to display
detailed information
about the mesh.

Nodes
Elements
Surfaces
Curves
Other parts
It also allow for user to
Zoom
Rotate
Pan
Selection

97 LS-PREPOST 2.1 - 15Mar2007(14:37)
Settings Help

File Misc. Toggle Background Applications

Title | Legd | Ti

n | SEG| Top

EEX

SphGen SWGen BlockM

SurMesh | nLMesh Smooth

2Dmesh | BMesh BulkF

Curves | Surface | ChainM

TTHesh DieLine

HIP201 SQual PeneCk

1[2]3]a[s[e]7 b]

Blockm Interface

* Create " Parameter
" Blank/Del (" Rd/Write

" MovePts. ( Distribute
" Rotate Pts. (~ Project

Hide | Shad | View | Wire | Feat | Edge

Mesh

en | Zout | [/ Clp All mmttm

— o123
) Z Position List:
" shift ‘B 123
" Control 3
=}
Perf: 0.00 s/f
= Part1D: [1 PList
[quat -0.106161 0.474996 0.032511 0.872956; . .
> quat -0.092082 0.495212 0.041181 0.862896; Reject | Accept | Done |

Simple shell/Solid Meshing interface
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Computatlon Wlndow BlockM Computation Window

This window pops up as soon as the “create” buton i
clicked in the main window.

The main purpose of the computation window is to
provide user-friendly environment for selecting esd
and elements.

As mentioned eatrlier, to select nodes and elements,
the user needs to do this via the indices. Hehee,
Computationwindow displays everything in index
space.

All partitions are displayed as perfect squares or
cubes.

Translation, rotation, and projection of nodes and
elements do not affect the block in this window.

Only deletions of partitions or regions will be
affected.

25
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BlockM: windows

Computation Windowcontinued)

Let’s look at the different aspects withi
the computation window.
— contains different display
modes for the block.

Perspective

Hide*

AutoCen

Trimetric View

Triad*

*Default display setting
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Computation Window ( continued )

Perspective
When activated, this provides the block with a pption of dept.

Example ofPerspectivedisplay Example ofPerspectivedisplay

27



S,
BlockM: windows

Computation Window ( continued )
Hide
When activated, this shows only the outer edgekeoblock. This is set on by
default.

Example ofHide displayon. Example oHide display

28
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Computation Window ( continued )

AutoCen

This works much like thécenfeature in theMain window; it automatically centers the
block within the window. This is does not “lock dlblock in view. Hence, the user will
need to activated every time it is needed.

Example ofAutoCen display Example ofAutoCen display

29
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Computation Window ( continued )

Trimetric View

This set block in the computation window to trimmetriew, such as shown
below. Much like the AutoCen feature, this doeshntl the view.

Example ofTrimetric View
display

30
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Computation Window ( continued )
Triad
This is a toggle to turn on and off the displayhe triad. It is turned on by
default.

Example ofTriad displayon. Example ofAutoCen display

31
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Computation Window

menu — contains additional UTV
preference settings for the computation window
Sync with MainWirf

This toggle setting maintains the same
orientation for block in the main and
computation windows.

For example, if the block is rotated by 30
degree about the J-axis, the block in the main
window will rotate by the same amount about
the Y-axis. Vise versa, if the block in the main
window is rotated by 30 degree, the block in the
computation window will rotate by the same
amount.

The Sync is only applicable for rotation. It does
not apply to pan and zoom. *Default display setting

1.5x Win

Increases the computation window by 1.5 times
the default size.

2.0x Win

Increases the computation window by 2 times
the default size.

32
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Computation Windowselection

The most important part of the computation
window is the selection of points, edges, faces,  Slider bar for K -index

and regions.
There are 2 ways to do selection.
1. Using the mouse to pick a point on the block or
drag over the region of interest.
2 Using the mouse to select the “index slider bars” at
the top, right, and both of the computation window.
It is important to notice there are points on the
slider bars and each point has a number
associated with it. These points are index
number for each direction.

To the left, the block has 3 partitions and 4
indices for each direction. Hence, we see 4
points for each slider bar.

To clear selection: as long as themputation
windowis active, press the “d” key. This might  gjider bar for |-index
be change to “ESC” key.

Slider bar foI J-index

33
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Computation Windowselections (continued)

Point selection

Example (8.0)
Lets select aoint at
I-index: 3
J-index: 4
K-index: 4
We could simply click on the point on the block or
click at 3 locations on the slider bars.
Notice how the selected point is highlightedenl.

Also, the corresponding indices also turn red @n th
slider bars.

Selected point
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Computation Windowselection (continued)

Edge selection

Example (8.1)
Lets select ardgeat
l-index: 1 3
J-index: 4
K-index: 4
We simply drag-select along the edge.

Or we could click and slide along the I-index stide
bar from 1 to 3 and click at point 4 on both trend
K index slider bar.

Notice the selected edge is highlightedjinen

The corresponding partitions turn red in the | ide
slider bar.

Selected edge
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Computation Windowselection (continued)

Example (8.2)
Lets select &acecat
l-index: 1 4
J-index: 2 4
K-index: 4
Again, we could drag-select over the area of istere

Or we could click and slide along the I-index stide
bar from 1 to 4, slide along the J bar from 2 tardg
click on point 4 on the K bar.

Notice the selected face is highlightedix

Selected face
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Computation Windowselection (continued)

Region selection

Example (8.3)
Lets select anegion at
l-index: 2 4
J-index: 2 4
K-index: 3 4
Again, we could drag-select over the area of istere

Or we could click and slide along the I-index stide
bar from 2 to 4, slide along the J bar from 2 targ
slide along the K bar from 3 to 4.

Also, notice the selected region is highlighted in
green

Selected region
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Features Overview

To the right is the BlockM interface and
it is the first thing we see when we click
on the BlockM button. The radio
button is selected by default.

Current tools and features
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In the earlier sections, we discussed the condept o
index and partition. We also discussed how they ar
related to nodes and elements. It is here thatppéy
these concepts to generate the block. BlockM could
create botl5OLID andSHELL elements as separate
parts or mixed together in one part.

As we see to the right, there are 6 fields. Walriedill
in the fields with appropriate values.

The top 3 fields:
| Index List
J Index List
K Index List
are where we define the number of elements and
partitions in the |, J, and K directions. Againese
correspond to X, Y, and Z directions in the Eucide
space, respectively.
The bottom 3 fields:
X Position List
Y Position List
Z Position List

are where we specify the positions of the indicsfseé in

the top 3 fields.
39
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BlockM: Start UsingBlockM

(continued)

Createbutton

Once all the field are fill in appropriately, clidn
this button to bring up théomputation window

Part IDfield
This sets the part number for the block.
PList button

We could enter a number in the Part ID field or
click on this button and a select a part from a-pop
up list.

Rejectbutton

Once a block is create and for whatever reason we
want to start over, just click on this button.

Acceptbutton

Similarly to the Reject button above, we click this
button if everything is acceptable.

Done
To exit out of BlockM.
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(continued)

Syntax for the fields
We could use spaces or commas between values.

Examples (9.0)SOLID element
Let’s create a very simple 3D block, the same one
given in earlier section.
To the right is how we enter the indices and their
positions.

Note, the first index in any direction must begin
with 1 or higher, but less than the 2 index.

J ond K.
index

21 J-inde : | 15k
: dex

15t J-index
1%t |l-index 2 |-index
Conceptual Block

41
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BlockM: Start UsingBlockM

(continued)

Examples (9.0)

Below is what the computation window show
when we click on the create button for the
specified block.

Block in Index space
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(continued)

Examples (9.0)

The same block is shown in the main window in
Euclidean space. This block has only 1 element.

/

43 Block in Euclidean space
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(continued)

Examples (9.0)
Let's add more elements to the previous example.
Notice the block in the computation window. It ksahe
same as the previous example. However, the biothe
Main window appears slightly different. It has more
elements than the previous example.

Main window Computation window

44
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(continued)

Examples (9.0)

Notice the block in the main window has 4 elemémts
the X and Y, and 2 in the Z direction.

Let's see how this works. In the fields to thehtigve see
the only differences between this set of inputs thad of
the previous examples are the top 3 fields.

[-index:1 5 ----eemmmm > 4 elements
J-index:1 5 -----mm--- > 4 elements
K-index:1 3 ---------- > 2 elements

There is a simple relationship between the number o
elements and indices for any partition.

N element = higher index # - lower index #
Higher index # = lower index # + N element

It is not necessary that th& ihdex has to be 1. It just has
to be less than the®and 39 index.

There are countless number of ways to specify dhges
block. We could initialize the same block in arestivay.

[-index:4 8
J-index:10 14
K-index:5 7

45
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(continued)

Examples (9.1)
Let’'s add 1 partition to each of the index diregtio
for the block in example 8.0. We set tHéiadex
right in the middle. Each partition has 2 elements
except for the ones in the K-direction.

" Main window Computation window



-
BlockM: Start UsingBlockM

(continued)

Examples (9.1)

Let’'s see how the relationship stated above works.
I-index:1+ (2 el.)=3+ (2el.)=5
J-index:1+ (2 el.)=3+ (2el.) =5
K-index:1+ (1 el.)=2+(1el.)=3

The relationship works out quite nicely.

Notice the bottom 3 fields:
X-pos:0.51
Y-pos:0.51
Z-pos:0.51

Because we have 3 indices in each of the index
fields, we need to have 3 values for each of the
position field as well.

47



-
BlockM: Start UsingBlockM

(continued)

Examples (9.1)

The table below illustrates the order on the
indices and their corresponding spatial initial

positions.
15t Index 2nd Index 3'd Index
l-index 1 3 5
X-position 0 5 1
J-index 1 3 5
Y-position 0 5 1
K-index 1 2 3
Z-position 0 5 1

48
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(continued)

Examples (9.2)SHELL element

Let’s create a very simple SHELL or 2D block
based orexample 4.4above.

A shell block is created in the same manner as that
for the solid, except for thickness direction in
index space is specified with a minus sign (-).

J
ne ng n9
3rd J-index b . ./

20 Jindex— @ = )

n3

1st J-index > |
nl? nz.x n5.
1stl-index 2nd |-index 34 |-index

Conceptual Block

49
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BlockM: Start UsingBlockM

(continued)

Examples (9.2)SHELL element
Notice the -1 in th& Index Listfield.
Below is the shell block shown @omputation

window.

Block in Index space



-
BlockM: Start UsingBlockM

(continued)

Examples (9.2)SHELL element
Below is the shell block shown Main window.

/

Block in Euclidean space
51
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This feature allows for both visually disabling
(blanking) and for deleting elements and nodes.

To blank or delete, we need to first select a
region. Blank and delete are not applicable to
point, edge, and face.

There are 2 ways to select a region. We could
either specify the region with indices in the
index list fields, as seen on the right, or select
from thecomputatiorwindow.

If selection is made frormomputationwindow,
the index list fields will be automatically filled
in accordingly.

Once a region is selected, click on biankor
deletebutton to the right.

52
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(continued)

(Un)Blankbutton

Blanking is for disabling the display of nodes
and elements. Click this button again will
unblank and enable the display of nodes and
elements again.

This is useful for visually checking interior
elements.

Example (10.0)

Let’'s use the same block as that in
example 8. We want to blank out the
region:

l-index:2 3

J-index:2 3

K-index:2 3

53
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(continued)

(Un)Blankbutton
Example (10.0)

Notice theblankapplies to both thenainand
computatiorwindow.

Main window Computation window
54
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(continued)

Reverse Blanlkutton

This blanks the region that is currently displag anblank
the visually disabled region.
Example (10.1)

Note the fields to the right do not update to reftbe
corresponding displayed region.

Main window Computation window
55
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BlockM: Start UsingBlockM

(continued)
Display All button
This enables the display of all blank regions.
Deletebutton

This feature is similar to the blank. Visually,
the blank and delete features appear to be the
same. However, the delete actually remove
nodes and elements from the block once the
“accept button is clicked .

Unlike the blank feature, unblanking the missing
region will not bring it back.

Undeletebutton
This feature brings back the last deleted region.
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This feature lets the user move points, edges,
faces, and regions.

There are a number of options to choose from
depending on the intend of the translations.

To move:

1. Select the point, edge, face or region using the
computatiorwindow as explained previously.

2. Select one of the constrained options to the
right.

3. Enter the distance to translate. This does not
apply to any screen constrained translation.

4. Click “Trans” or “Transt” button. A less
precise method is to use the mouse to drag in the
Main window.
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(continued)

Constrain To:
NULL*

This is a default setting. It means no constraiie
could move the nodes and elements in any direction.
Hence, there are 3 fields for the 3 global direxiQX,
Y, and Z).

X-Axis
Nodes and elements could only be translated aloag t
X-axis.

Y-AXis
Likewise, nodes and elements could only be tragdlat
along the Y-axis.

Z-AXxis
Similarly, nodes and elements could only be traadla
along the Z-axis.

Screen X Axis

Nodes and element could only be translated aloag th
screen’s X-axis or horizontal direction. This ttoe
same as the global X-axis.

58
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(continued)

Constrain To:
Screen Y AXis

Nodes and element could only be translated
along the screen’s Y-axis or vertical direction.
This not the same as the global Y-axis.

XY Plane

Nodes and element could only be translated on
the global XY plane.

XZ Plane

Nodes and element could only be translated on
the global XZ plane.

YZ Plane

Nodes and elements could only be translated on
the global YZ plane.

Screen Plane

Nodes and elements could only be translated
along both the screen’s X and Y axis.
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(continued)

Examples (11.0)Constrain to X-Axis

Using the same block as in example 10.0, let’'s naopeint
along the X-axis a distance of 1.0.

Point to move

Before
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(continued)

Examples (11.0)Constrain to X-Axis
Notice theUndo button is active.

Point moved

After
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(continued)

Examples (11.1)Constrain to Screen’s X-Axis

Using the same block as in example 10.0, let's move an edge along the
screen’s X-axis by some distance. As mentioned before, we need to
drag in the Main window. The block is rotated 90 degree so that the
global X is pointing up.

Edge to move

Before
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(continued)

Examples (11.1)Constrain to Screen’s X-Axis

Notice that the screen X-axis is not the same atsaif the
global X-axis. In this example, they are almoshogonal to

each other.
Edge moved
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(continued)

Examples (11.2)Constrain to XZ Plane

Using the same block as in example 10.0, let’s meyen
along the screen’s X-axis and Z-axis by 0.5.

Region to move

Before
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(continued)
Examples (11.2)Constrain to XZ Plane

Region moved

After
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This feature lets the user rotate points, edges,
faces, and regions about a point.

Similar to the feature, there are a
number of options to choose from depending on
the intend of the rotations.
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(continued)

To rotate:

1.

Select the point, edge, face or region using the
computation window as explained previously.

Select one of the constrained options to the right.

Enter the Rotation Axis Base Poiht This point
could be entered manually by its x, y, and z
coordinates in the fields right below thedsitior!
button. Or the point could be picked from the Main
window, by clicking on thé&ositionbutton.

Enter the Rotation Axis Directiofr This is the
vector that points along the axis of rotation. tia¥
“Direction’ button could be used to pick the vector
graphically. If a constraint is chosen, thereasneed
to enter the direction.

Enter the angle of rotation in degree in tRotate
Angle” field.

Click on either Rotate+"or “Rotate* to rotate
counter-clockwise or clockwise direction.
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(continued)

Constrain To:
NULL*

Nodes and elements are free to rotate about
any axis.

X AXIs

Nodes and elements could only be rotated
about the global X-axis.

Y AXIS

Nodes and elements could only be rotated
about the global Y-axis.

Z AXIS

Nodes and elements could only be rotated
about the global Z-axis.
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(continued)

Constrain To:

Screen X Axis
Nodes and elements could only be rotated
about the screen’s X-axis.

Screen Y Axis
Nodes and elements could only be rotated
about the screen’s Y-axis.

Screen Z Axis

Nodes and elements could only be rotated
about the screen’s Z-axis. The screen’s Z-
axis is always coming out of the screen or

normal to the screen.
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(continued)

Example (12.0)Constrain to X Axis
Let’s rotate a point about the X-axis by 30 degree.

Point to rotate

AXxis of
rotation

Shaded view Wire frame view

Before
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(continued)
Example (12.0)Constrain to X Axis

Point rotated

Original orientation Normal to rotation
orientation

After
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(continued)

Example (12.1)Constrain to Z Axis
Let’s rotate a region about the Z-axis by 30 degree

Region to rotate

AXxis of
rotation

Shaded view Wire frame view

Before
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(continued)
Example (12.1)Constrain to Z Axis

Region rotated

Original orientation Normal to rotation
orientation

After
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(continued)

Example (12.2)Constrain to Screen Z Axis

Let’s rotate a face about the screen’s Z-axis byafree.
The model is rotated 90 degree about the globatetton.
The rotation base point is set at z=1.0.

Face to rotate

AXxis of
rotation

Shaded view Wire frame view

Before
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(continued)
Example (12.2)Constrain to Z Axis

Face rotated

After
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Early on, the concept of projection was introducéds
here that this concept is implemented.
There are 7 different types of “target”. More &gwill be
added in the future.

Point

Line

Surface

Shell Elem

Plane

Cylinder

Sphere

Individual components of the projection could beafed
with X, Y, and Z radio buttons at the bottom of thenu.

Point Line, Surface andShell Elemall requires external
source. These must be generated outside of BlockM.

Plane Cylinder, andSphereare generated within BlockM.
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(continued)

Point

1.

In order to project to a point, we need to
generate a point. To do this, we need an
“external” surface or curve such as igest surface
and curve.

To select a target point, simply click on a
desired location on a surface or curve in the
Main window.

It is good practice to project a point to a point,
rather than an edge or face to a point.

Select a “source” point from tHeomputation
window by one the processes described above.

Click on theProjectbutton.



-
BlockM: Start UsingBlockM

(continued)

Point

There are 4 snapping options for point selection.
This simplifies the point selection process, and
it is more applicable to picking a point on a
curve or line.

Pick Point=This is the default setting.

The point selected is right where the cursor
IS positioned.

Nearest Poir# This option allows the
selection of point nearest to the cursor.

End Point This options allows picking of
the nearest end point on a curve or line.

Mid Point— Similar to the previous
options, this allows for the selection of a
mid-point of a line.
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(continued)

Point
Example (13.0) Projecting point to a point on a surface

Source Target
point point on
surface

Point selection panel-
contains options for
picking and unpicking

pOintS . \

Before
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(continued)

Point
Example (13.0) Projecting point to a point on a surface

Projected Ta_r gtet
source point p0|? on
on surface surtace

After
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(continued)

Line

1.

Much like that for thd?oint we need an
external curve or line such as igest curve. A
curve could be generated in tGarves
interface on pages 2 and 7.

To select a target curve, simply click on a
desired curve in thiklain window.

It is good practice to project a point or an edge
to a line or curve, rather than a face or a region
to a line.

Select a source edge from themputation
window by one the processes described above.

Click on theProjectbutton.
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(continued)
Line
Example (13.1) Projecting an edge to a curve

Target

Source edge curve

Line selection panel-
contains options for
picking and unpicking

lines and curves \

Before
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(continued)
Line
Example (13.1) Projecting an edge to a curve

Target
Source edge curve

After
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(continued)

Surface

1.

Like the previous 2 projection options, we need
an external surface such as igest surface. A
surface could be generated from curves in the
Surfaceinterface on page 7.

To select a target surface or surfaces, simply
click on a desired ones in théain window.

It is good practice to project a point, edge, or
face to a surface. Itis not a good idea to project
a region to a surface.

Select a “source” point, edge or face from the
Computation window by one the processes
described above.

Click on theProjectbutton.
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(continued)

Surface
Example (13.2) Projecting 2 faces to a cylindrical surface.

Target

Source surface

faces

Surface selection panel
— contains options for
picking and unpicking

Before
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(continued)

Surface
Example (13.2) Projecting faces to a surface

Target
Source surface

faces

After
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(continued)

Shell Elem

1.

This option requires some sort of shell elements
to be generated first.

To select target shell elements, simply click on a
desired ones in thdain window. Shell

elements could be selected with either
propagationarea or partoption.

It is good practice to project a point, edge, or
face to shell elements. It is not a good idea to
project a region to shell elements, though.

Select a source point, edge or face from the
Computation window by one the processes
described above.

Click on theProjectbutton.
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(continued)

Surface
Example (13.3) Projecting a face to shell elements.

Target shell Source face
part

Element selection panel
— contains options for
picking and unpicking

shell elements . \

Before
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(continued)

Surface
Example (13.3) Projecting a face to shell elements.

Target shell Source face
part

After
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(continued)

Plane

Unlike the previous 4 options, tikdaneis generated
in BlockM. By default, the plane is at x=0, y=6;Qz
and the normal vector is along the z-axis.

1. Position the plane by either entering the XYZ
coordinates in the fields to the right or clickthe
Positionbutton to select with a mouse.

2. Specify the orientation of the plane by either antg
the vector components in the direction fields, larkc
on theDirectionbutton to visually select.

Plane is an infinite plane, although visually thene
is “clipped”.
3. Select a source point, edge or face from the

Computation window by one the processes described
above.

4. Click on theProjectbutton.
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(continued)

Plane
Example (13.4) Projecting a face to a plane.

Target plane

Source face

Plane in default position and Plane is moved to x=0, y=.75,
orientation z=0 and the normal is oriented
along the y-direction.

Before
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(continued)

Plane
Example (13.4) Projecting a face to a plane.

Target plane

Source face

After
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(continued)
Cylinder

Similar to thePlaneoption above, the cylinder is
generated in BlockM. By default, the cylinder is a
x=0, y=0, z=0, the length is along the z-axis, and
radius=>5.

Specify the cylinder’s radius in thadiusfield.

2. Position the cylinder by either entering the XYZ
coordinates in the fields to the right or clickthe
Positionbutton to select with a mouse.

3. Specify the orientation of the cylinder’s axial
direction by either entering the vector componamts
the direction fields, or click on theirectionbutton to
visually select.

A cylinder has infinite length. It is visually plped.

4. Select a source point, edge or face from the _
Computation window by one the processes described
above.

5. Click on theProjectbutton.

93



-
BlockM: Start UsingBlockM

(continued)
Cylinder
Example (13.5) Projecting a face to a cylindrical surface.

Target
cylinder
Source face
Cylinder with default radius, Cylinder is positioned at x=-1.5,
position, and orientation y=0, z=0, radius=1.0, and axial
direction is 45-degree on the YZ
plane.

Before
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(continued)
Cylinder
Example (13.5) Projecting a face to a cylindrical surface.

Target
cylinder

Source face

After
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(continued)

Sphere

Similar to thePlaneandCylinderoptions above,
the sphere is also generated in BlockM. By
default, the sphere is positioned at x=0, y=0,
z=0, and a radius=5.

1. Specify the cylinder’s radius in theadiusfield.

2. Position the cylinder by either entering the XYZ
coordinates in the fields to the right or click on
the Positionbutton to select with a mouse.

4. Select a source point, edge or face from the
Computation window by one the processes
described above.

5. Click on theProjectbutton.
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(continued)

Sphere
Example (13.6) Projecting 3 faces to a spherical surface.

Target Source
sphere faces

Spherical shell with default Sphere is positioned at x=0,
radius and position. y=0, z=0, and radius=1.5.

Before
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(continued)

Sphere
Example (13.6) Projecting 3 faces to a spherical surface.

Source faces

Target cylinder

Side view Original view

After
08
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(continued)
Sphere
Example (13.7) Projecting a to a spherical surface.
X-direction
Projection
vector
1. Click here
2. Specify \
projection
vector T

After
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(continued)
Sphere
Example (13.8) Projecting a to a spherical surface.
Y-direction
Projection
vector
1. Click here
2. Specify \
projection
vector T

After
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This feature allows for added mesh refinement by
redistributing nodes with minimum user’s inputs.
Currently, the distribution feature is limited to edges
only. However, nodal distribution for faces and
regions will be added shortly.
There are 3 options are available:

Edge along line

This projects an edge to a curve and then
distributes the nodes evenly along it.

Select an edge using tke@mputation window
Click on the ‘Along a whole linéradio button
Select a curve from thdain window:

To apply, click on theEdge along lin€button.
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(continued)

Edge along line
Example (14.0) Distribute nodes along a curve.

Target curve Selected edge

Curves selection panel
— contains options for
picking and unpicking
curves .

Before
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(continued)
Edge along line
Example (14.0)

Note how the nodes are evenly distributed a long the entire
curve.

Target curve Selected edge

After
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(continued)
Linear

This feature distributes nodes evenly along
a selected edge. This option is quite
straight forward.\VVectex Interpolations
selected by default=dge Interpolation
option could be selected as well.

Select the edge or edges to linear
distribute.

Click the ‘Linear” button to apply.
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(continued)

Linear
Example (14.1) Distribute nodes on 2 edges.

Selected edges

Before
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(continued)

Linear
Example (14.1) Distribute nodes on 2 edges.

Selected edges

After
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(continued)
Zoning

This option distributes nodes along an edge
such that the adjacent segment length
divided by the current segment length
equals th&oning Ratio By default, the
Zoning Rations equaled to 1.0.

Select the edge or edges to be distributed.

Set theZoning Ratio This number cannot
be negative.

If both ends of the edge are to be the same
than click theBoth Endsradio button.

To apply, click on th&€oning button.
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(continued)
Zoning

Example (14.2) Distribute nodes on 3 edges with
Zoning ration= 1.5.

Selected edges

Before
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(continued)
Zoning
Example (14.2)
Zoning ration= 1.5, note how the element sizes are changing.

After
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(continued)
Zoning

Example (14.3) Distribute nodes on 3 edges with
Zoning ration= .5.

Selected edges

Before
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(continued)
Zoning
Example (14.3)
Zoning ration = .5, note how the element sizes are reversed.

After
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(continued)
Zoning

Example (14.4) Distribute nodes on 3 edges with
Zoning ration= .5 andBoth Ends

Selected edges

Before
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(continued)
Zoning
Example (14.4)

Zoning ration= .5 andBoth Ends note how the smaller elements
are concentrated at the center.

After
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This feature allows for parameterized mesh
generations. What this means is that a mesh could be
changed and updated with the change of a
parameter’s value.

Functions and expressions could be added here and
applied directly to a point, edge, face, and or region.
To implement Parameter:

1. Enter parameters or expression in thdidld

2. Click Createbutton or press the Enter key. This puts
the parameters or expressions in the list below.

3. To Delete: select an expression or parameter fham t
list and click theDeletebutton.

4. To apply to the block directly: enter the parameiar
the corresponding X, Y, and Z Coordinate fields.

5. Select a point, edge, face and region using the
Computatiorwindow.

6.  Click theApply button.
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(continued)
Example (15.0):Let’s create a parametric
block.
Set the following parameters:
width= 2.0
hite = 3.0
len = width + hite
xseg = 8
yseg =6
zseg =4
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(continued)
Example (15.0):
Below is what a parametric block looks like.

T

6 elements S
height = 3.0 &

8 elements > @\6\\9
Length = 5,0 /
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Within BlockM there is also a way to save the
current work to a file. This is convenient to
save just features and information related to
BlockM. The file written out is in ASCII
format. The user could modify the file with a
text editor such as Notepad, WordPad under
Windows and Vi under Linux/Unix.

To save oiNrite;
1. Click theWrite button.

2. Enter the file name and path in the pop-up
window. By default, the file as the .cfile
extension.

3. Click on theSavebutton.
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(continued)

To open an existinglockM file:

1. Simply click on theReadbutton.

2. Select the file in the pop-up window.
3. Click theOpenbutton.
4

A CFile Dialogwindow pop-up such as the one
to the left. Click th&Startbutton for the file to
be processed.

5. Click theDonebutton at the bottom.
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(continued)

There is a special button heEanpty.

The purpose is to clear all the BlockM commands
from the buffer.

Use this button with caution because all works
could be loss if saves to the same file that is
currently loaded.

To avoid possibly losing works, it is a good idea
to save to a different file.
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(continued)

Example (16.0)Saved block file from example 15.0

As seen below, the BlockM input file is composedof
series of commands. As a user become familiar with
BlockM’s commands, he could “program” a part
without using the BlockM'’s visual interface. Thisuld
be handy because it is a lot faster to generate and
modify meshes.

bmparam create "width=2.0"

bmparam create "hite=3.0"

bmparam create "len=width+hite"

bmparam create "xseg=8"

bmparam create "yseg=6"

bmparam create "zseg=4"

bmcreate multiple i 1 (1+xseg) j 1 (1+yseg) k 1
(1+zseg) x 0 leny O width z O hite
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