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CathCAD® Release History

Product released August, 2012

Current Software consists of three products
e CathCAD® Standard (braid and nonbraid)

e CathCAD® Advanced (multi-stranded braid, hybrid braid
and spiral reinforced)

e Multi Lumen (ML) CathCAD®
All products use the SAME analytical computational engine.

The front end (data input) of each product has been
optimized for the particular application

Software does NOT utilize empirical data or “rules of thumb”




CathCAD® Customer Base (2020)

Fifty+ Licensed Companies (50% market)
150+ Active Users

Worldwide User Base
e USA, Australia, Germany, Ireland, UK, India, Japan

91,000+ model runs executed since 2013

We believe the potential User base Is around
100 Companies




CathCAD® FOUNDATIONS

Basic Assumptions
Long (L/R>>1) and Thin Walled (Wall/R<<1)
Isotropic Materials (material behaves the same in all directions)
Linear Elastic Behavior (Small Deflections)
Perfect Concentricity and Lamination (no voids, ...)

Classical Lamination Theory
e Jones, R.M., Mechanics of Composite Materials, 1975.

e Richardson, David, The Fundamental Principles of Composite Material Stiffness
Predictions

Foundations used to calculate EA/ EI/GJ, and failure mode algorithms

Tube Buckling (Kink Radius) governed by Brazier Effect

e Brazier, L.G., “The Flexure of Thin Cylindrical Shells and Other Thin Sections,” Late of the
Royal Aircraft Establishment, Reports and Memo No. 1087 (M.49), May, 1926.

e Used to calculate Buckling Kink Radius

ANSI/SCTE 51 2007 Method for Determining Drop Cable Braid Coverage Society of Cable
Telecommunication Engineers




CathCAD® Material Data

CathCAD® includes a standard Materials and Braid Wire Databases which
are hosted on a MySQL Server

Materials include Polyimide, Polyurethanes, Nylon, LD/MD/HDPE, PeBax,
and Fluoropolymers (FEP, PTFE, ETFE)

Base material information comes from VVendor Datasheets

= We have found over the last seven years that some vendors are “optimistic”
with regards to material properties (especially w/ regards to the Nylons)

The System can be easily updated with new materials
e Each customer has their own (separate) database

e QOur CathACCESS® program allows the customer to directly to view, modify,
add, subtract materials from the database

We also provide this service at no charge (24 hour turn around)

Braid and Coil Wire sizes include flat and round braid wire sizes




CathCAD® Standard

B CathCAD®: V2.3.0

Non Brald STATUS BAR
. WAITING: Enter Composite Tubing Design
Braid
DIMENSIONS

U p to S |X Laye rS Tubing ID (inches) [ 00300 Tubing OD (inches) [ o0.0390
Number of Layers 3 Bend Radius (inches) 2.000
Exports to Excel

LAYER CONFIGURATIONS

P i C k CO u nt I\/I aC ro Layer # Config Thick Layer Material Braid Wire Size # of Wires
Layer 1: NonBraid ~ ’m ’h‘

| Layer 2: Braid - 0.00200 |PEBAX 72D ~| |1 mil rd 55 308V ST ~| |16BW - 80.0 46.89 0.207
M Ost CO m m O n |y Layer 3: NonBraid ~ 0.00150 |PEBAX 72D -

used by Users

MODEL OUTPUT
El (lbs-inch**2) [ 0.01377 KR (inches) [ 0230/0175 COMPUTE
EA (Ib) ’W X ID (inches) ’W

Gl(lbs-inch**2) | o00as3a Y D(inchess | 00300 EXPORT TO PICK COUNT
EXCEL MACRO
Burst (psi): 265 /822  Tensile (lbs) 2.28 /8.18

Ext Press (psi): 675.9 Torque (lbs-in) 0.6038 QuIt




CathCAD® Advanced

NonBraid

Braid

Multi-stranded Braid
Hybrid Braid
Coil/Spiral Reinforced
Up to Six Layers
Export to Excel

Pick Count Macro

Support for
English/Metric units

Created to handle multi-
stranded, hybrid, and
coll reinforced designs

M CathCAD®: V3.3.0

STATUS BAR
WAITING: Enter the Composite Tubing Design

DIMENSIONS
Tubing ID (inches)

0.0300  Tubing OD (inches)
3 Bend Radius (inches)

0.0390
p.000

Number of Layers

LAYER CONFIGURATIONS
Numof Numof  Num of

Wire
Layer # Design Thick Layer Material Braid/Coil Wire Size CW cCW Ends PPIYWPI  Angle SAC

layer1: [NonBraid | [0.00100 [Pee <]

Layer 3: W’mm

0.5x3 mil S5 304V ST

MODEL OUTPUT

El (Ibs-inch**2)

[ 001265 KR (inches)

EA (Ib) ,ﬁ X ID (inches)
GJ (Ibs-inch**2) ’m Y ID (inches) ’W
’m Tensile (Ibs) ,Tl’ggg
ress (psi): ,ﬁ Torque (lbs-in) ,W

0.215 / 0.169
0.0300

COMPUTE
EXPORT TO PICK COUNT
EXCEL MACRO

Quit

Burst (psi):




MultiLumen (ML

MultiLumen Designer

Double D

Circle Crescent
Multiple Rd Lumens
User Entry

NonBraid

Braid

Up to Three Layers
Export to Excel

B ML CathCAD® V1.2.5 Full ML

STATUS BAR
Enter MultiLumen Tubing Design

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

IDy (inches) - ref

CONFIGURATION

Base ML MultiLumen Designer
Double D ML -

Thickness
(inches)

Braid b 0.00200
NonBraid ~ 0.00150

Layer 1:
Secondary Configuration
Layer 2:
Layer 3:

MODEL QUTPUT

Ebxx (Ibs-inch**2) ’m
Elyy (Ibs-inch**2) [ 0.04356
EA (Ib) [ 15064
GlJzz (Ibs-inch**2) ’m

3,097

Ext Press (psi):

N
[ oos700
[ oososs
oo

5. ML CathCAD® Double D Configurator

STATUS BAR

) CathCAD®

Enter the parameters for a Double D Multilumen Design

INPUT FIELDS

OD (inches)

0.0500
0.0400
0.0050

COMPUTED FIELDS

1.8155E-7
2.078E-7

Jzz (inches™) ’m
Area (inches"2) ’m

ID (inches)

WALL (inches)

Ixx (inches4)
MultiLumen Matl

lyy (inches4)
Layer Material
PEBAX 72D

PEBAX 72D

KR x-axis {inches) ’m
KR y-axis (inches) ’m
Tensile (Ibs) ’m
Torque (lbs-inch) ’W

COMPUTE
EXPORT TO
EXCEL ol




CathCAD® Pick Count Macro

Enter pick count min, max, step size

System computes automatically at each pick count

Export results to Excel

Built-in graphing of outputs  [ERSETE——— =

@1 - Tarsional Rigidity |  HETURN

Saves you time and allows you
to get a better feel for the design

Torsienal Rigidity |

EA - Longinudinal Rigidivy

Longitudinal Rigidity




CathCAD® Ovalization Model

3 CatnCADE Lumen Ovalization

EXPORT RETURM HELP

STATUS BAR
AITING: Select and view applicable graphs. Select EXPORT to Export to Excel. Select RETURN to EXIT

MAJOR DIAMETER DIMENSION

¥

0.026

0.02
o 0.3 0.6 09 12

Catheter Bend Radius (inches)

JEN DI [INCHES)

PERCENT DECREAS:

u.oa
0.036-
o037
1028
0.024

0.02 0 I 0 0 I 0 0 I 0 0 I 0 0 ' '
0 03 na naq 12 15 03 neR naq 12

Catheter Bend Radlus (Inches) Catheter Bend Radlus (Inches)

MINCR DIAMETER DIMENSION PERCENTAGE DECREASE IN LUMEN SIZE




CathCAD® Material Blending

%3 CathCAD(R) Matrix Material Blender Function

STATUS BAR
’WAITING: Create your new material. Select SAVE/DISCARD when completed

Matrix Material 1 PEBAX 7233 SAO1 j % VOLUME

MM1 Vol %: 60.0

Matrix Material 2 PEBAX 6333 SA01 j

MM2 Vol %: 40.0

New Mixed Material Name
Blended Matl Name DISCARD

Modulus of Elasticity [°3:°66 psi

: 7,512 :
Tensile Strength psi Validity

Poisson's Ratio 0.300 unity -




CathCAD® Exports Directly to Microsofit Excel

| €] Microsaft Excel - Bog
Ei] File Edit View Inset Format Tools Data  Window Help

NEHROS S FE &R F -8 E -G R0 [ print Label
% MODEL RUN ID

Y
T T T e e Allows the User to

B TR T e mmmmews Spend more time
7S S RN - :
R e (UNNiNg models

0.5x3 mil S8 304V ST, 16 it
cowosreLveren | | Soamssn et " o rather than writing
DESIGN ayer DEG, SAC=61.3%, BM =
. Lagqﬂ B::::c,ken:?:er Polyimide d Own th e an Swe rS e

s e o | wawa w |
BM = Braid Matrix Material

B T | oW w |
s | e W w |

UTPUTS

El
EA

A R T N NI
oo e am |
P e
| omemmenon | o | eom | wm | om |
—

TENSILE STRENGTH 2.1883 1.3657
SF=1
MAXIMUM TORQUE Ibsfinch 0.0184 0.0499 0.0157
21 SF=1




CathACCESS® Utility Program

- Direct Access to the Materials (Matrix) Library
- Add/Subtract/Modify/Reorder

@ CathACCFSSR:V15.0

STATUS BAR Select tne Material to edit from the Drop Down ComooBaox

Material Index:
Material Description:
Modulus of Elasticity:

Poisson’s Ratio:

ADD UPDATE
MOVE UP
Tensile Stength: J RECORD MysaL
MOVE DELETE
Yield Strength: DOWN RECORD QuIT

EXPORT TO EXCEL




0.0165x0.0220 Braided Composite Tube

e 0.01657x0.0220” Braided Composite Tube Design
e CathCAD® Model EA = 54 Ibs

e Question: What is the Modulus of Elasticity?

Actual derived
stress-strain
curve derived
from tensile test
(elongation) of
prototypes

(gty = 5X)




0.0165x0.0220 Braided Composite Tube

Answer: It depends on what slope curve you use....

Strain (inch/finch)

Use 0.5% Secant rule as the
design is a braided design
and the model assumes
small deflections.

EA Measured =47.4 Ibs
Model = 54 |bs

Error = 14.8 percent




CathCAD® Validation Results

MODEL RUN ID NUMBER

UNITS

RT100052-01

RT100052-02

RT100052-03

RT100052-04

(inches)

0.0298

0.0298

0.0300

0.0301

(inches)

0.0380

0.0381

0.0385

0.0392

WALL

N/A

4.1 mils

4.2 mils

4.3 mils

4.6 mils

COMPOSITE
LAYERED DESIGN

0.5 mils Polyimide /

1.5 mil rd SS 304V ST, 16 BW, 36.0
PPI, BA=25.5 DEG, SAC=23.3%,
BM = FEP /

0.6 mils FEP

0.5 mils Polyimide /

1.5 mil rd SS 304V ST, 16 BW, 46.0
PPI, BA=31.4 DEG, SAC=24.6%,
BM = FEP /

0.65 mils FEP

0.5 mils Polyimide /

1.5 mil rd SS 304V ST, 16 BW, 68.0
PPI, BA=42.2 DEG, SAC=28%,
BM = FEP /

0.75 mils FEP

0.5 mils Polyimide /

1.5 mil rd SS 304V ST, 16 BW, 144.0
PPI, BA=62.6 DEG, SAC=42.7%,
BM = FEP /

1.05 mils FEP

CathCAD(R) OUTPUTS

El
FLEXURAL STIFFNESS

(Ibs-inch**2)

0.0690

0.0478

0.0236

0.0170

EA
LONGITUDINAL STIFFNESS

(Ibs)

473

327

159

112

GJ
TORSIONAL STIFFNESS

(Ibs-inch**2)

0.0475

0.0620

0.0872

0.0990

PREDICTED KINK RADIUS

(inches)

0.444

0.340

0.191

0.094

PUBLISHED KR

(inches)

0.500

0.313

0.200

0.100

ERROR IN KR

N/A

-12.6%

8.1%

-4.7%

-6.4%

REQUIREMENT

N/A

<=50%

<=50%

<=50%

<=50%

PASS/FAIL

N/A

PASS

PASS

PASS

PASS

COMPUTED E (CathCAD®)

(Ibsfinch*2)

1,083,248

738,771

347,694

225,320

PUBLISHED E

(Ibs/inch**2)

1,078,650

741,010

322,713

178,388

ERROR

N/A

0.43%

-0.30%

7.74%

26.31%

REQUIREMENT

N/A

<= 30%

<= 30%

<=30%

<=30%

PASS/FAIL

N/A

PASS

PASS

PASS

PASS




0.075” x 0.108 Vestamid Braided Design

b [ wenes | eem | oomo |

4.0 mils Vestamid L2101F

(Secant Modulus) 4.0 mils Vestamid L2101F

3x5 mil SS 304V ST, 16 BW, | 3x5 mil SS 304V ST, 16 BW,
COMPOSITE LAYERED 30.0 PPI, BA=46.4 DEG, 30.0 PPI, BA=46.4 DEG,
DESIGN SAC=37.2%, BM = Vestamid | SAC=37.2%, BM = Vestamid
Layer 1 = Inside Layer L2101F (Secant Modulus) L2101F

BA =Braid Angle
SAC = Surface Area Coverage 6.5 mils Vestamid L2101F

BM = Braid Matrix Material (Secant Modulus) 6.5 mils Vestamid L2101F

0.0755
0.0745

TENSILE STRENGTH 37,465 / 110,759

i 410/ 1,970
-




MCerebus® Equipment Monitoring

- Equipment “Watchdog”
- 6”x4”x4” Form Factor

- WIFI Network required

WiFi Strength

Last Time Record




IPhone PUSH Notification

;dﬁT&* MgLall =
J,H )
YAe
it
'll-, \;
kﬁﬂnﬁt

% DEV WATER SENSOR

Water Sensor State:
Water Detected
DC:4F:22:21:59:23
Ron Test Data




Ron Roth, Ph.D.

Roth Technologies, LLC

sales@cathcad.com
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CathCAD®, ML CathCAD®, CathACCESS®, and MCerberus® are
Registered Trademarks owned by Roth Technologies, LLC




