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l. Introduction

Welcome to the MultiLumen (ML) CathCAD® Software User Guide. This manual will provide basic
instructions on how to use the SOFTWARE.

Modeling systems that depart from the SOFTWARE base assumptions may and will result in numerical
results that are "different” from reality. It is important to understand that the SOFTWARE model
outputs should be validated by or in conjunction with building and testing the actual device.

1. Reference Documents

e (CathCAD® End User License Agreement (EULA), Roth Technologies

e Fundamentals of CathCAD®, Roth Technologies (PowerPoint Presentation)
¢ Introduction to Composite Tubing Design, Roth Technologies

e (CathCAD® Installation Guide, Roth Technologies

e Design Considerations in Small Diameter Tubing, Roth, MDDI, January, 2001

Il Running the Program

After the SOFTWARE is installed, the User may double click the SOFTWARE Program Icon to execute
it. A splash screen similar to the one shown appears when the program is run. The SOFTWARE will run
on Windows XP, Windows 7, Windows 8, and Windows 10. Previous versions of the Windows
Operating System are NOT supported.

The SOFTWARE login screen

ML CathCAD® Version 1.2.6 indicates what version of the
Copyright: 2013-2015 Roth Technologies, LLC Windows operating system you are
0/s SYSTEM: Windows 7/Server 2008 R2 utilizing as well as the MySQL ODBC
SUPPORTED: MySQL 5.1 ODBC Driver Installed (V5.1.13) driver that is loaded on your

s . computer.
By Logging into this system, you agree to our EULA terms
and conditions which may be obtained at
B Your company has been provided a
Please enter your User Code: ten to twelve character length
| passcode for logging into the

SOFTWARE.

You may submit a request to sales@cathcad.com to change your passcode character string. This
character string identifies your company within the CathCAD® system. The EULA prohibits you from
sharing this character string to any unauthorized users. If you happen to lose control of your
passcode, contact sales@cathcad.com and we will change your login passcode.
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V. Using the ML CathCAD® System

The SOFTWARE was developed and compiled to run under Microsoft Windows Operating System. It's
use and execution should be easily understood by an individual who is familiar with the design and
construction of layered composite tubing.

The following section provides basic instructions on how to use the SOFTWARE. This guide assumes
that the User is familiar with specifying a composite tubing layered design. If you are not familiar with
designing composite tubing, the reader is referred to the document, Introduction to Composite
Tubing Design, which is available for download from our website.

The SOFTWARE'S analytical engine that is utilized to compute the properties of composite tubing in
ML CathCAD® is IDENTICAL to that of CathCAD® Standard and CathCAD® Advanced. However, the
front end program interface was developed and optimized for entering and computing the required
parameters for multilumen tubing.

The data entry process for the SOFTWARE consists of the following sequential steps:

e Enter the Number of Layers

e Select the appropriate MultiLumen configuration via the MultiLumen Designer Button

e Enter the dimensional parameters for the MultiLumen Design (and save the results). This step
computes the inertial properties of the design (effective area, Ixx, lyy, and Jzz).

e Select the MultiLumen material

e Enter the outer layer(s) construction (if applicable)

e Select the COMPUTE button

e Select the EXPORT TO EXCEL button to export the results to Excel if you so desire

The following DIFFERENCES are apparent when comparing the required/necessary parameters
between single and multilumen tubing.

e Typically, the concept of a global inner diameter (i.e. ID) does not exist for a multilumen tube

e The flexural rigidity of the design may VARY as a function of the tube angle. As a result, the
SOFTWARE computes both Elxx and Elyy (i.e. the flexural rigidity about both the x-axis and y-
axis).

e The kink radius of the design may also VARY as a function of the tube angle. As a result, the
SOFTWARE computes the kink radius of the design about the x-axis AND the y-axis.

e There exists some tube rotational angle at which the flexural rigidity will be at a MAXIMUM as
well as an angle (rotated by 90 degrees) at which it will be at a MINIMUM. This angle may be
computed using Mohr's Circle.
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Number of Layers

This field is used to enter the number of layers in the MultiLumen tubing design.
e For Licensed Users of CathCAD® Complete, the minimum number of layers in a design is one
(1) and the maximum number of layers in a design is three (3).
e For Licensed Users of ML CathCAD® Limited, the number of layers in the design is set to one
(1) and cannot be changed.
e Inthe SOFTWARE, Layer 1 is defined as the extruded multilumen design itself.

After the Number of Layers has been defined, the SOFTWARE will update the screen to show the data
entry fields required to completely define the design so that its mechanical properties may be
computed..

B ML CathCAD® V1.2.6 Full ML

STATUS BAR

Enter Number of Layers

MULTILUMEN CONFIGURATION

Number of Layers ’—j
Overall OD (inches) ’m
IDx (inches) - ref ’—UU
IDy (inches) - ref ’—UU

MultiLumen Designer

After entering the Number of Layers in the design:

e The User should select the MultiLumen Design (1) from the drop down box as shown.
e Then select the MultiLumen Designer command button (2) to enter the multilumen design.

More specific instructions are provided on the MultiLumen Designer in the Section VII of this
document.

CONFIGURATION
/

» . = i - 0 0 c ML OD
Base ML MultiLumen Designer MultiLumen Matl Ixx (in"4) lyy (in®4) Jzz (in™) Area (in"2) (inches)  Equiv Wall (inch)

e | EIS il | | | | | | |
Double D ML

Round wy/ Circle Crescent ML
Two Round Inner Lumens ML

Three+ Round Inner Lumens M og
User Entered Parameters >
Design not listed
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After entering/saving your design from the MultiLumen Designer function, the computed inertial
properties of your design are transferred into the SOFTWARE and are shown on the screen. The next
step is to select the multilumen material from the drop down box as shown.

CONFIGURATION

Base ML MultiLumen Designer MultiLumen Matl

Ixx (in?4) lyy (in*4) Jzz (in"4) Area (in*2)

B ML CothCAD® V126 Full ML pre— o= | 5
STATUS BAR
Enter the MultiLumen Tubing Design
MULTILUMEN CONFIGURATION
Number of Layers 1 B | '
Fs
Overall OD (inches) 0.05000 ?
IDx (inches) - ref 0.03996
IDy (inches) - ref 0.03768

ML OD
(inches) Equiv Wall (inch)

Llayer 1:  [Double DML

| [peeax720 | [1.8155E-7 | 2.078E-7 [3.8935E-7 [9.0686E-4 | 0.05000 | 0.00502 | 0.00616

[

PEBAX 70D
PEBAX 63D
PEBAX 55D
PEBAX 40D
PEBAX 35D
PEBAX 25D

At this point, your design is completed (for a one layer design). Select the COMPUTE button.

B ML CathCAD® V1.2.6 Full ML

g I

STATUS BAR

Number of Layers
Overall OD (inches)
IDx (inches) - ref

IDy (inches) - ref

CONFIGURATION

Enter the MultiLumen Tubing Design

MULTILUMEN CONFIGURATION

1
o050
oo
[ oowss

. ' - " y ML OD

- - A
Base ML MultiLumen Designer MultiLumen Matl Ixx (in*4) lyy (in"4) Jzz(in"4) Area (in"2) (inches) Equiv Wall (inch)
layer1:  |Double DML -] [EZZSZECENN - [1.81556-7 | 2.078E-7 [3.8935E-7 [9.0686E-4 | 0.05000 | 0.00502 | 0.00616
MODEL OUTPUT

Elxx (Ibs-inch**2) l—
Elyy (lbs-inch**2) [
EA (Ib) ﬁ
GJzz (Ibs-inch**2) ’f
Ext Press (psi): ’f

KR x-axis (inches) 1—
KR y-axis (inches) ]f
Tensile (Ibs) ]f
Torque (lbs-inch) ]f

6' COMPUTE ’
QuiT
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The model output fields are calculated and displayed on the Main Screen as shown. The EXPORT TO
EXCEL function becomes active at this point as well.

B ML CathCAD® V1.2.6 Full ML o | 0.

STATUS BAR

Enter MultiLumen Tubing Design

MULTILUMEN CONFIGURATION

Number of Layers i ’

Overall OD (inches) 0.05000 '?
IDx (inches) - ref 0.03996 ‘ \

IDy (inches) - ref 0.03768

CONFIGURATION
, : . . . . -y MLOD

Base ML MultiLumen Designer | MultiLumen Matl Ixx (in"4) lyy (in*4) Jzz (in"4) Area (in"2) (inches) Equiv Wall (inch)

layer1:  |DoubleD ML | [peBax720 | [1.8155€-7 | 2.078E-7 [3.8935E-7 [9.0686E-4 | 0.05000 | 0.00502 | 0.00616
MODEL OUTPUT

Elxx (lbs-inch**2) 0.01144 KR x-axis [inches) 0.301 / 0.204

Elyy (Ibs-inch**2) 0.01309  KRy-axis (inches) | 0.234/0.179 COMPUTE

EA (Ib) 57.13  Tensile (Ibs) 1.43 / 7.07

EXPORT TO
GJzz (Ibs-inch**2) 0.00943 Torque (Ibs-inch) 0.1346 EXCEL QuiIT
Ext Press (psi): 285

MultiLayered Construction (Layers 2 and 3)

If the number of Layers in your design are greater than one, the associated fields for these layers
become active. These fields are defined as the Layer Configuration, Wall Thickness (in inches), and
the Layer (Matrix) Material. If the Layer Configuration is defined as a BRAID layer, then the additional
fields of Braid Wire Size, total number of CW/CCW Braid Wires, and Pick Count become visible and
need to be defined by the User as well.

In the example shown below:

1. Layer 1 is defined as the MultiLumen design itself (previously developed)

2. Layer 2 is defined to be a Braided Layer.
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a. The expected inputs are the layer (matrix) material, the Braid Wire Size, the total number
of Braid Wires, and the Pick Count.

b. The thickness of the layer is computed by the SOFTWARE based on the braid wire size
chosen.

c. The braid angle and surface area coverage (SAC) of the braid layer are computed values.

3. Layer 3is set to a configuration as a NonBraid. As a result, the expected inputs to define a
NonBraid layer is the thickness of the layer and the layer material. The outer layer of a design
CANNOT be a braid reinforced layer. The screen shot below shows a layered configuration that has
NOT been filled out.

BB ML CathCAD® V1.2.6 Full ML

STATUS BAR

Enter the MultiLumen Tubing Design

MULTILUMEN CONFIGURATION

Number of Layers ,%3
Overall OD (inches) lm
IDx (inches) - ref IW
IDy (inches) - ref lm

CONFIGURATION
BaseML  Multiumen Designer | Multitumen Matl luox (in®4) lyy (in"4)  Jzz in"4) ~ Avea (im2) (00
- v (inches)  Equiv Wall {inch)

layer1:  [EETITITITNT - | [resax72o =] [1.8155€-7 | 2.078E-7 [3.8935E-7 [9.0686E-4 | 0.05000 | 0.00502 | 0.00616

!
2
=\

£

T.hickness Layer Material Braid Wire Size # of Wires RIEK Bald SAC
(inches) Count Angle

Layer2:  [Braid ~| I |PeBAX 72D ~| B ~] ‘ 1 |
layer3:  [NonBraid ~| I [ ~|

Secondary Configuration

The screen shot below shows the layered configuration after being completed by the User.

= = = -
B ML CathCAD® V1.2.6 Full ML - r— l"ﬂ' (=] ﬂ
STATUS BAR
Enter the MultiLumen Tubing Design
MULTILUMEN CONFIGURATION
Number of Layers 3
Overall OD (inches) 0.05800
IDx (inches) - ref 0.03996
IDy (inches) - ref 0.03768
CONFIGURATION
Base ML MultiLumen Designer J MultiLumen Matl Ixx (in?4) lyy (in"4) Jzz (in™4) Area (in?2) Llely
&! {inches) Equiv Wall (inch)
Layer1:  [DoubleDmL | [pesax72o =] [1.81556-7 | 2.078E-7 [3.8935E-7 [9.0686E-4 | 0.05000 | 0.00502 | 0.00616
Secondary Configuration T.hickness Layer Material Braid Wire Size # of Wires (el Braid SAC
(inches) Count Angle
layer2:  [Braid ~| | 0.00200 |PEBAX 72D =] |1 mil rd 55304V 5T ~| [eBW | I 80.0 | 58.53 ‘ 0.179
Llayer3:  |NonBraid | I 0.002 -
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If the braid angle of the design is known but not the Pick Count, you can enter trial values of the pick
count into the SOFTWARE until your desired braid angle shows up on the screen. The computation
from Braid Angle to Pick Count is nearly instantaneous. After the required values have been entered,
the User can select the COMPUTE button to generate the model outputs. The screen shot below
shows the results obtained after pressing the COMPUTE button.

EET=X™

B ML CathCAD® V1.2.6 Full ML

STATUS BAR

Enter MultiLumen Tubing Design

MULTILUMEN CONFIGURATION
Number of Layers E]
Overall OD (inches) 0.05800
IDx (inches) - ref 0.03996 _g‘l
= &
IDy (inches) - ref 0.03768 % $‘:‘-'
CONFIGURATION
Base ML MultiL Desi | MultiLumen Matl Ixx (in"4) lyy (in*4) Jzz (in"4) Area (in"2) LIHE
e erener Y (inches) Equiv Wall (inch)
Layer 1:  [Double D ML ~| |peeaxz2p | [1.8155E-7 | 2.078E-7 [3.8935E-7 [9.0686E-4 | 0.05000 | 0.00502 | 0.00616
Secondary Configuration 'I:hickness Layer Material Braid Wire Size # of Wires Pick Brald SAC
(inches) Count Angle
Layer2:  |Braid ~| ‘ 0.00200 |PEBAX 72D =] [ mil rd 55 308V ST | |weBW -] | 60.0 ‘ 50.78 ‘ 0.149
Layer 3:  [NonBraid ~| ‘ 0.002 |pEBAX72D ~|
MODEL OUTPUT
Elxx (lbs-inch**2) 0.04926 KR x-axis [inches) 0.198 / 0.227
Elyy (Ibs-inch**2) 0.04972  KRy-axis (inches) | 0,153 /0.226 COMPUTE
EA (Ib) 181.50  Tensile (lbs) 4.54 [ 23.76
EXPORT TO
GJzz [Ibs-inch**2) 0.11817 Torque (lbs-inch) 1.4565 QuIT
EXCEL
Ext Press (psi): 2,210

Error Correction

If the User enters incorrect values into a field, the SOFTWARE will automatically update the value as
applicable. Examples of the system performing error corrections on User entered data are as follows:

1. Entering nonnumeric data into data entry fields. An example of this would be for the User to
enter the letter "A" into the tubing OD field.
2. Entering negative numbers

w

Entering large number into applicable fields

4. Entering a braid size/# of wires/pick count which results in a SAC (braid surface area coverage)
that exceeds a maximum limit (set to approximately 80 percent as a default)

Last Revision Date: 2017.10.21
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In these cases, the SOFTWARE intelligently intercepts the data being entered into the field, reviews it
for applicability, and adjusts the values as applicable. In most cases, the SOFTWARE deletes the
information being entered if it thinks it is incorrect, thus forcing the User to reenter/correct the data.

If you select the COMPUTE button before all the fields have been properly entered, the SOFTWARE
will identify only the FIRST field that it finds that is incorrect/empty and will highlight it in RED for two
to three seconds. Correct your mistake(s) and then select with the COMPUTE button.

In the example below, the Layer 3 thickness field was left blank. The SOFTWARE has highlighted this
field to bring it to the operator’s attention.

The STATUS BAR also displays an error message indicating that the Wall Thickness was out of range.

T W L . R~ ST

B8 ML CathCAD® V1.2.6 Full ML

STATUS BAR

Error: Wall thickness is out of range

MULTILUMEN CONFIGURATION

Number of Layers 3 ’

Overall OD (inches) 0.05400 ﬁ"‘
IDx (inches) - ref 0.03996 ‘ \'

IDy (inches) - ref 0.03768

CONFIGURATION
5 ] i . ) ) ) -y MLOD
ase ML MultiLumen Designer | Multilumen Matl Ixx (in"4) lyy(in*4) Jzz (in™4) Area (in"2) (inches) Equiv Wall (inch)
Layer 1:  [Double DML ~| |pesax720 -] |1.81556-7 | 2.078E-7 |3.8935E-7 |9.0686E-4 | 0.05000 | 0.00502 | 0.00616
Secondary Configuration 'I:hlckness Layer Material Braid Wire Size # of Wires Fick o SAC
(inches) Count Angle
Layer2: |[graid -] PEBAX 72D ~| [t milrdss s0av sT ~| [wBw -l | 600 | s078 | o0.149

Layer 3: NonBraid

ML CathCAD® Model Outputs

The SOFTWARE computes the following outputs:

e Elxxis an estimate of the catheter flexural rigidity about the x-axis
e Elyyis an estimate of the catheter flexural rigidity about the y-axis
e EAis an estimate of the catheter longitudinal rigidity

e GlJis an estimate of the catheter torsional rigidity

Last Revision Date: 2017.10.21 Page 11 of 21



ML CathCAD® User Guide Copyright© by Roth Technologies, LLC

e The Kink radius is an estimate of the smallest radius the catheter will make in an UNLOADED
(no axial force applied or internal pressure applied) condition. This computation assumes a
perfectly manufacturer catheter (i.e. perfect concentricity and manufactured to nominal
dimensions). Two values are provided
- The first value is the estimated kink radius due to buckling
- The second value is the estimated kink radius due to material failure
- The kink radius about the x-axis AND the y-axis are provided

e Failure mode computations:

- Tensile strength (yield and ultimate)
- Maximum torque
- External pressure failure (“crush™)

All of these values are exported to Excel as part of the EXPORT TO EXCEL function.

V. Material and Braid Wire Data

The SOFTWARE allows for changes to the material inputs (i.e. matrix materials, braid wire sizes, # of
braid wires) to be configured without recompiling the SOFTWARE. The materials and braid wire sizes
are stored on a MySQL server running on our LINUX Server that is connected to the Internet.
Connection between your computer and our Server is completed over Port 3306.

If you have a requirement to add a new material, braid wire size, and/or # of braid wires, contact us
at sales@cathcad.com and we will add your new item for you. After we load the data, the next time
you run the SOFTWARE, the new item will appear automatically.

A base database of materials and braid wires has been loaded into the database for your company.
The list of available materials, braid wires, etc can be customized at no charge for your company. This
customization also includes the order that the materials appear on your drop down boxes. Note that
any customization of materials, braid wires, etc is specific for your company.

VI. Exporting Modeling Results to Microsoft Excel

The SOFTWARE integrates directly with Microsoft Excel if this program is loaded on your computer.
The combination of the SOFTWARE and Excel eliminates the requirement to write your results down
on paper. Instead, the SOFTWARE directly exports the SOFTWARE results directly to Excel in a
standard output format. This section explains step by step on how to export your results to Excel.

1. When a completer design is entered and computed, the EXPORT TO EXCEL button will become

visible. This is your indication that the SOFTWARE has loaded the results into memory and is ready to
export the results to Excel.

Last Revision Date: 2017.10.21 Page 12 of 21
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B ML CathCAD® V1.2.6 Full ML

Lo [

STATUS BAR

Enter MultiLumen Tubing Design

Elyy (Ibs-inch**2) 0.04972

KR y-axis (inches) 0.153 / 0.226

MULTILUMEN CONFIGURATION
Number of Layers 3
Overall OD (inches) 0.05800
IDx (inches) - ref 0.03996
IDy (inches) - ref 0.03768
CONFIGURATION
B T = . : . : - ML OD
ase ML MultiLumen Designer ‘ MultiLumen Matl Ixx (in™4) lyy (in"4) Jzz (in"4) Area (in"2) (inches) Equiv Wall (inch)
layerl:  [poublenmt x| |pesax720 | [18155E-7 | 2.078E-7 [3.8935E-7 [9.0686E-4 | 0.05000 | 0.00502 | 0.00616
Secondary Configuration 'I:hickness Layer Material Braid Wire Size # of Wires Pick Braid SAC
(inches) Count Angle
layer2:  [Braid ~] | 0.00200 |PEBAX 72D ~| |2 mil rd ss 300V ST | |sBw ~] | 60.0 | 50.78 | 0.149
layer3:  [NonBraid ~| | 0.002 |PEBAX 72D -]
MODEL OUTPUT
Elxx {Ibs-inch**2) 0.04926 KR x-axis (inches) 0.198 / 0.227
COMPUTE

EA (Ib) 18150 Tensile (Ibs) 454 /23.76

i 5 EXPORTTO
Glzz (Ibs-inch**2) 0.11817 Torque (Ibs-inch) 1.4565 EXCEL QuIT
Ext Press (psi): 2,210

2. Select the EXPORT TO EXCEL button.
a. The EXPORT TO EXCEL will become faded.

b. Within a brief period of time (depending on your computer speed this may be as long as five to ten
seconds) the VIEW EXCEL button will become active.

c. An instance of Excel has become active but is currently HIDDEN from your view. This instance of
Excel contains your computed model data.

3. This process of entering models into the SOFTWARE, Computing, and Exporting to Excel can be
repeated over and over. With time the User will gain confidence in this Excel export capability.

4. Viewing and working with your exported model results in Microsoft Excel is accomplished by the
VIEW EXCEL and HIDE EXCEL button on the Main Menu.
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a. When Excel is hidden but contains data, the VIEW EXCEL button becomes active. Simply select this
button and Excel will become VISIBLE (on the task bar) allowing you to access your data directly in
Excel. Likewise when the SOFTWARE is running and Excel is visible, the HIDE EXCEL button becomes
active. This button allows you to have Excel active but not visible on your desktop.

b. When you exit or quit the SOFTWARE, the Excel worksheet will become visible with your data.

c. Your model results, as stored and formatted in Excel, is ready for immediate printing if you export
five or less model runs. If you export more than six or more model runs to the same Excel
spreadsheet, the printed results may be too small to read. As a result, the User may need to manually
format the Excel spreadsheet to improve its printability.

d. Itis the User's responsibility to SAVE the results within Excel.

e. A Project Number is automatically generated by the SOFTWARE for each model that is exported to
Excel. This allows the User to identify a particular model run by a unique identifier. An example of the
complete project number for an exported model run would be RT100000-01. The project number
format is described as follows:
e Project numbers are configured to start with the account User's initials (e.g. RT)
e Project numbers (by default) start at 1200000.
¢ Individual exported model runs begin with 01 and increment by one. If four models were
exported to the same Excel spreadsheet, they would be identified as RT100000-01, RT100000-
02, RT100000-03, and RT100000-04.
e Anexample of the exported SOFTWARE generated format to Excel is provided on the next
page which clearly illustrates the project number.

f. The SOFTWARE makes its best efforts to interface to Excel properly. The User should not perform
the following operations:

o Close Excel if the SOFTWARE has opened it. The SOFTWARE expects Excel to be available once
it has launched it. If you do mistakenly close Excel, the SOFTWARE does its best to reopen
Excel for export purposes in a graceful manner.

e Delete rows and/or columns in Excel while the SOFTWARE is working with Excel.

NOTE: Itis the User's responsibility to SAVE and store the resulting Excel file. While the
SOFTWARE will export the model results to Excel, the SOFTWARE does not SAVE the results to a
file.

g. The example below shows the results for four model runs that were generated from the
SOFTWARE and exported to Excel using the EXPORT TO EXCEL button.
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A E C o] E F
MultiLumen Design NIA Double D ML Round w/f C'L:EIE Crescent Two Roundh::_ner Lumens |Three+ Roun;:“I_nner Lumens
2
3 MultiLumen Material N/A PEBAX 7233 SA01 PEBAX 7233 SA01 PEBAX 7233 SAMM PEBAX 7233 SAM
4 Number of Lumens unity 2 2 2 2
5 MultiLumen OD inches 0.0330 0.2000 0.2000 0.2000
1D1: 0.1200 inches
1D: 0.0300 inches 1D1: 0.1200 inches 1D1: 0.0500 inches R1: 0.0300 inches
G THETA1: 270.0 degs
1D2: 0.0500 inches
Wall: 0.0015 inches L1: 0.0300 inches 1D2: 0.1200 inches R2: 0.0650 inches
2 THETAZ2: 90.0 degs
MultiLumen S.ee
. Applicable . .
Design JL Desi NIA R1: 0.0750 inches L1: 0.0650 inches NIA
esign
Parameters .
: Drawing
N/A R2: 0.0900 inches L2: 0.0300 inches NIA
| 9 |
N/A THETA: 180.0 deg N/A NIA
it}
BA = Braid Angle Layer 2 N/A NIA NIA NIA
| | SAC = Surface Area Coverage
BM = Braid Matrix Material Layer 3 NIA NIA NIA NIA
12
3 OVERALL OD inches 0.0330 0.2000 0.2000 0.2000
“ ML CathCAD® OUTPUTS
Elxx (x-axis) PR
5 FLEXURAL RIGIDITY Ibs-inch**2 0.0014 2.5579 3.6674 3.6674
Elyy (y-axis) -
© FLEXURAL RIGIDITY Ibs-inch**2 0.0016 34911 5.0339 5.0339
EA
" LONGITUDINAL RIGIDITY Ibs 14.31 876.24 1342.02 1342.02
Glzz Ibs-inch*2 0.0011 2.3211 3.3465 3.3465
|  TORSIONAL RIGIDITY s-inc . . . .
KINK/MATL FAIL.URE inches 0.41770.15 1.63870.919 0.92070.923 0.92070.923
19 RADIUS (x-axis)
KINK/MATL FA"TURE inches 0.336/0.128 1.0057 0.675 0.4207 0.678 0.4207 0.678
20 RADIUS (y-axis)
o1 TENSILE STRENGTH Ibs 0.358 / 1.567 21.906 1 95.953 33.550 / 146.958 33.550 1 146.958
7 MAXIMUM TORQUE Ibs-inch 0.0052 1.7937 2711 2711
23 | EXT COLLAPSE PRESSURE psi 25 148 1219 1219

If you have a particular format that you wish to use for your purposes -- please contact us.
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With the release of ML CathCAD® V1.4.0 the Export to Excel function also includes a screen shot of
the ML Design Configurator Screenshot. The Excel Sheet name for this exported image will include
the project number.

&| Microsoft Excel - B

@j File Edit Insert Format Tools Data Window Help

TR e YL SRR U T o |

- =
A & | C [ b [ F [ F [ & [ ® [ T [ J [ K [ L [ W [ W [ 0]
1 |y
2 "B ML CathCAD® Double D Configurator ezl
|
5
|| STATUS BAR 1
[ 7|
% ‘INFO: The ML Design is valid - Saving design image to harddrive.
o
1
E2 INPUT FIELDS
13|
14
5|/ OD (inches) | 0.0320
&
B
i

ID (inches) | 0.0280
WALL (inches) | 0.0020

COMPUTED FIELDS

\ Ixx (inches™4) lm
lyy (inches™4) [m
Jzz (inches™4) lm
Area (inches”2) | 2.445E-4

@

ra
=

L Lo |0 oo | R e e | R e | B fra | R e
0 (R |2 S| |~ |0 || & [ e | =
E 3

L
=

o)
)

L
m

COMPUTE SAVE AND DO NOT SAVE

EXIT (EXIT)

L =

B B o o = U E R
Grea =R R e R e = o el el e e ]

n
=

W 4 » W[\ MAIN/ RT100500-01-PCM1 ' RT100500-01,/
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VIl. MultiLumen Designer

The beauty of the ML CathCAD® Software is the MultiLumen Designer function. The following
multilumen designs have been preprogrammed into the SOFTWARE:

e Double D

e Multiple Round Inner Lumens (two, three, four, or five)
e Circle Crescent w/ one round lumen

e Steerable Catheter

If the configuration you are designing does NOT fall into any one of these categories, the SOFTWARE
allows the User to enter the necessary parameters into the system as computed from a design
program such as Solidworks® or AutoCAD®

The following steps are to be followed to enter the parameters for a Double D multilumen design:

e Select the Double D ML from the drop down menu

e Select the MultiLumen Designer command button. The designer for this multilumen design
will appear on the screen

e Based on the figure notation, enter the ID, OD, and WALL

o Select the COMPUTE button. If the design is valid, the results of the design will appear on the
screen.

e Tosave the design, select the SAVE AND EXIT button.

The other multilumen designs can be completed similar to this procedure.

53 ML CathCAD® Double D Configurator liaw-
STATUS BAR
|Enter the parameters for a Double D Multilumen Design
INPUT FIELDS
OD (inches) |
ID (inches)
WALL (inches)
COMPUTED FIELDS
Ixx (inches™4)
lyy (inches™4)
Jzz (inches?d)
Area (inches2)
SAVE AND DO NOT SAVE
SOMECIE EXIT (EXIT)
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VIII. Pick Count Macro and Graphing

In order to simplify the modeling of composite tubing, the SOFTWARE was updated to include the
Pick Count Macro feature. This function allows for varying the pick count for braided ML composite
tubing.

To proceed with the Pick Count Macro function, complete the following steps:

e Enter avalid design into the SOFTWARE. The design MUST include BRAID reinforcement.
Select the Pick Count Macro button.

e The SOFTWARE will review your design. If it is proper, the Pick Count Macro designer will
appear on the screen. Enter the start, end, and pick count step sizes). Select the START button
to proceed or RETURN to cancel the operation

BB ML CathCAD® V1.5.0 Full ML

STATUS BAR
WAITING: Please enter the MultiLumen Tubing Design

MULTILUMEN CONFIGURATION

Number of Layers 3 IDx (inches) - ref 0.02800
Overall OD (inches) 0.03520 IDy (inches) - ref 0.02710

CONFIGURATION
Base ML MultiL Desi ‘ MultiLumen Matl Ixx (in"4) lyy (in?4) Jzz (in"4) Area (in"2) MEon

ikt il vy (inches) Equiv Wall (inch)
Layer 1:  |Double DML | |peBax7asssaor  -| [2.1319E-8 |2.4959E-8 [4.6277E-8 | 2.445E-4 | 0.03200 | 0.00200 | 0.00245

Secondary Configuration 'l:hickness Layer Material Braid Wire Size # of Wires Pick B SAC
(inches) Count Angle
Layer2:  |Braid ~| ] 0.00100 |PEBAX7233SA01 v | [0.5x3 mil S5 304V ST ~| |weBw ~| | 80.0 46.03 0.556
[53. ML CathCAD® Pick Count Macro Configurator l o= | (=] ﬁ-‘
- — - o — -
PICK COUNT MACRO STATUS BAR
Enter Pick Count Start, Stop, and Step Size Values COMPUTE
Start Pick Count (PPI) 40.0
MATRIX MATERIAL
Stop Pick Count (PP1) 100.0 BLEND
Step Size (PPI) 10.0 RETURN
PICK COUNT
MACRO 2L
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The SOFTWARE will loop through the pick count limits automatically. When it is completed,
the GRAPHING utility will appear on the screen allowing the User to review the SOFTWARE

outputs as a function of pick count.

. ML CathCAD® PCM Graphing Utility

Export Return Help
STATUS BAR

=

Flexural Rigidity

0.04
0.032
0.024 3

0.016

Elxx/Elyy (lbs-inch**2)

0.008 3

0
40 56 72 88 104 120
Pick Count (PPI)

EA - Longitudinal Rigidity ~|
Longitudinal Rigidity

40 56 72 88 104 120
Pick Count (PPI)

‘WAITING: Select/View applicable graphs. Select EXPORT to Export to Excel.

GJ - Torsional Rigidity j
Torsional Rigidity
0.07 " .
— 0.056 ¢
e f
5 0.042 e
=
@ i
2 0028
2
O 014 |
0
40 56 72 88 104 120
Pick Count (PP1)
L
Kink Radius (x-axis) j
Kink Radiuns (x-axis)
—. 045 .
n
@
20363
@
= 027
(1]
x
9018 B
=
fud
¥ o9 3
E- -
L=
= %
40 56 72 83 104 120
Pick Count (PPI)
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e To EXPORT the graphical results to Microsoft Excel select the EXPORT menu item at the top of
the screen. This function will export two screens with all relevant graphs directly to Microsoft

Excel.

I.@ Microsoft Excel -
@J File Edit View Insert Format Tools Data Window Help

NEHRGE Y E R TD~

Book:

-|® = 4] &l [l 4 s0%

v (@) Fed Print Label |

Export. [ Rétum .Hélp

STATUS BAR

||
(A i o o

E1xx/Elyy

e e ] =
Flexural Rigidity i

JEDo/ Elyy - Fle 1l Rigidity|
Flexural Rigidity

0.04

E E; ' 1x0x
2. S 0032
| 2

23 o
o 0.024

24 0
2 (1N =
22 20016
(2] w

23 -
3 = 0.008
R w

56 72 88
Pick Count (PPI)

120

| EA - Longitudinal Rigidity -
Longitudinal Rigidity

PEREEEE
Fa | Do R | = |
[%]5]|2]58|

56 72
W Pick Count (PPI)

88 104 120

|

e =
| B | R o | E | F | G| H | I | J | K | L | M| N | o | P | & | R k3 | T | u_ | | [T |
> 1] 9. ML CathCAD® PCM Graphing Utility | [

:[PLEASE WAIT: Setting up and EXPORTING the first Graphical Image

G) - Torsional Rigidity |

Torsional Rigidity

o
o
=

)

=
]
=

o
B
P

0.028

GJ (Ibs-inch**2

0.014

40 56 72 ] 104 120
Pick Count (PPI) !
Tensile Strength -]
Tensile Strength

35
3 2
5
22
£
[}
o
2
o T
i

at
=

56

72 88
Pick Count (PPI)

104 120

o e oo B B

|| B3 ML CathCAD® PCM Graphing Utility

—{'} Export Return Help

il STATUS BAR

"« » ¥ MAIN , RT100500-01-PCM1 [ RT100500-01 /

ry

{PLEASE WAIT: Setting up and EXPORTING the second”Grap.hical-lmage

When you are completed reviewing the results, select the RETURN menu item. The results of the
computation will also be exported (automatically) to Microsoft Excel as well. This process can
generate a lot of data quickly so don't be surprised if there are many columns of data in Excel for you

to review and look at as well.
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For our sophisticated Users of the SOFTWARE, we offer the ability to directly interface to the MySQL
Materials Database with our utility program, CathACCESS®. Contact us via email at
sales@cathcad.com in order to be configured for use of this program.

W LathAUCLSSD Access Database: V146

| = [ ]

STATUS BAR |Se|ect the Material to edit from the Drop Down ComboBox

Material Index: [ -l

Material Description: |PTFE

Modulus of Elasticity: |50300

Poisson's Ratio: |C_46
MOVE ADD UPDATE
Tensile Stength: |40:0 up RECORD MySQL
MOVE DELETE
Yield Strength: |32:0 DOWN RECORD QuUIT

EXPORT TO EXCEL

CathACCESS® allows you to do the following:

e UPDATED RECORD: Update a Material record including Material Description, Modulus of
Elasticity, Poisson's Ratio, Tensile Strength, and Yield Strength

e ADD RECORD: Add a New Material

e DELETE RECORD: Delete a Record from the Materials Database
e EXPORT TO EXCEL: This exports all records from the Database to Excel.

X. Reporting Errors or to Request Feature Updates

Report system crashes or situations where the SOFTWARE generates incorrect results via email to
sales@cathcad.com. Please provide as much information as possible with regards to the setup of the

program when the error occurred.

We also encourage and accept feature requests from our Users. Please email these requests to

sales@cathcad.com as well.
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