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ABSTRACT

Development of an Endoscopic Irrigation Pump
Experience with Byrne Medical, Inc. (May 2007)
Lui Cheng, B. S., Texas A&M University;

M.S., Texas A&M University

Chair of Advisory Committee: Dr. Charles Lessard

As an intern with Byrne Medical Inc., | took pant several development and validation
projects for medical products. A design project #ormedical irrigation pump for
endoscopic procedure is the focus for my DoctoEnfjineering degree. This project

represents the scope and depth of a typical dgsaect for a medical device.

In this dissertation, a summary of motors used umrent medical irrigation pumps
available in the market, as well as their flow satis presented. A procedure of typical
product design process is followed and a workingtqgiype of endoscopic irrigation

pump is designed and fabricated.

The objective of the project was to design andi¢abe a working prototype of a medical
irrigation pump to be used for endoscopic procesluvgh standard videoscopes in the
medical field. Currently there are no irrigatiomnpps that satisfy physicians’ needs. By
manufacturing their own pump, Byrne Medical woule &ble to select a host of the
positive features noted on other pumps and comthiose features into a single pump

that fits both the technical and user needs. Titieon made improvements in the areas of



appearance, size, usability, functionality, prodiifet and ability to vary motor speed,

and therefore the flow rate.

Flow rate of the prototype was tested by measutiiegamount of water it was able to
pump per minute (milliliter per minute)Each tubing set was attached and secured onto
the prototype unit and adjust the speed contréheéomaximum flow. The power switch
was turned on and the pump was running continuciaslywenty seconds. Water was
collected and weighted with a digital scale. Theant of water (in pound) per twenty

seconds was then converted to milliliter per minute

Physicians in the Gl (Gastroenterology) suites earefn irrigation pump that rotates
backward when they turn the power off to prevemt sterile water from dripping. A
Multi-function Timer (model H3DE-M2) manufacturedy ®mron was selected for
future improvement. A working prototype (previousabricated) was tested with this

DPDT timer and the result proved the improvemerg aehievable.
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1. INTRODUCTION

1.1 Internship with Byrne Medical, Inc.

Byrne Medical, Inc. is a privately held medical sevmanufacturer headquartered in
Conroe, Texas. The company produces a line obdage, patented products that cater
to Endoscopy departments of hospitals and cliniByrne Medical employs over 30

diverse team members including assemblers, engieeer sales support staff and is ISO

(International Organization for Standardizationjtiéed.

The idea for the Endo SmartC&pcame when the company began researching the
cleaning process required for reusable water Isottted in Endoscopy procedures. The
company found that

1) there were no industry-wide guidelines and,

2) a potential risk to patients due to cross contatiana
Byrne Medical realized the need for disposable wadtettles; thus, the Endo

SmartCap" was created and received FDA 510(K) approval @719

This Record of Study follows the style and formatEEE Transactions on Biomedical
Engineering.



Later, the same concern for infection control legiri® Medical to invent the Endo
Gator™ a product designed to end the potential risk ockbw via the irrigation

units used when an irrigating flush is needed atenterforming electro-

surgical procedures. In the tradition of theisfiidiscovery, and now as the leader in
disposable endoscope irrigation systems, Byrnesearh and development team
continues to strive for greater efficiency and gattisafety. The company responds to
the needs of the care providers by persistent mestdollow up, prompt delivery and a
consistency of product performance. In doing sanByMedical continues to look for
ways to improve patient care while offering uncoampising service from the provider’'s

perspective.

The author had an opportunity to work on a new pebdlevelopment project when he
joined the company. His task was to design andidate a working prototype of a
medical irrigation pump to be used for endoscopimcedures in hospitals or medical
settings. He was also given the opportunity tokwmon several other validation and
protocol testing for current products. The maiaj@ct will be discussed extensively in
later sections; additionally, various testing poois and validation projects that he
worked on during his internship are listed below:
1. Tensile strength test of bottle cap - To investdhaie cap strength of the nozzle,
the effect of applying different percentages obhtu (70 % and 91%) on the
nozzle during assembling procedure and whetheiobthe sterilization plays a

role on weakening the nozzle strength.



2. Bond Testing (long tube subassembly): Comparinghse)amount of pressure
and b.) force the long tube subassembly could sudiatween the use of
Cyclohexanone as bonding agent and use of alceholesting agent. The goal
was to eliminate the use of Cyclohexanone as bgndgent if the test result
shows no significant difference on pressure ancefdihe two agents were able to
sustain.

3. Determine the maximum force the BMP-100130 tubiegveas able to sustain:
To find the maximum force (pressure) the tubing @&v1P-100130) could
sustain, and compare the maximum force it sustaafieat applying a different
agent, (glue (Cyclohexanone, to secure the coromgctand alcohol (as a
lubricant)). Further to determine the effect oérsization acting on the
components.

4. To determine the flow rate of existing irrigatiomrpps, Universal Generator-
Irrigator, ERBE EIP-2, Olympus OFP and ViraPumpthe market.

5. To compare the flow rate of BMP-100130 by usinggimidl material DOW
350LH (silicone) and DOW Q7-4750 (silicone) in makicomponent BMP-077

per Vesta’s request.

Besides these validation projects, the authoredsitexas Children Hospital in Houston
on July 12, 2005 with Rusty Smith, the Director Résearch and Development, to

investigate the reasons there was no air flow wherphysicians were using the Endo



Smartcap™ with the new Pentax processor. Anothgygse of this trip was to become

familiar with both the facility and the set up hetGI (Gastroenterology) room.



2. The EGP-100 PROJECT

The endoscopic irrigation pump is used to clearrideand improve the physicians’
ability to observe, maneuver, and diagnose durimgpscopic exams. Many irrigation
pumps are specifically designed for use with speoiideoscopes/endoscopes that
incorporate a dedicated auxiliary water channedupply sterile water at the touch of a

button or a foot-switch.

The objective of the project was to design andialbe a working prototype of a
medical irrigation pump to be used for endoscopacedures with standard videoscopes
in the medical field. Currently there are no iatign pumps that satisfy physicians’
needs. By manufacturing their own pump, Byrne Malwould be able to select a host
of the positive features noted on other pumps amdbine those features into a single
pump that fits both the technical and user neebsrgeted features included: compact
design, pump safety system, easy loading pumpheadelf-contained footswitch, and
disposable EndoGator™ tubing for safety and compba The author made
improvements in the areas of appearance, sizeijlingafoinctionality, product life, and
ability to vary motor speed, and therefore the fleate. A working prototype was
important for Byrne Medical since this would giveein a new business opportunity —

Byrne’s first electro-mechanical product.



To manage the project more effectively, the authaded the whole project in into four
primary phases through completion: Technical Analy®esign, Fabrication and

Validation.

2.1  Technical Analysis Phase
The Technical Analysis phase stressed the knowlefigke technical data for current
medical irrigation pumps and involved investigationo product specifications and
requirements. Focus areas included:

a) flow rate ranges

b) flow rate averages

C) pressure ranges

d) pressure averages

e) common dimensions

f) input mechanism

g) control methods

h) components cost

The information collected at this initial phase wascessary for the following three
phases. Specifically, for the Design phase, thessprovided a volume constraint, the
inputs provided an interface requirement, and thetrol methods determined any

necessary appendages. For Fabrication, the fltas end pressures determined the



principal internal components, and the cost of congmts limit the usable materials.

Finally, the ranges of values supplied adequatestbn specifications.

2.2 Design Phase
The main Design items are comprised of the motat aser interface. The motor
information is derived from the Technical Analygbase, while the user interface

requires innovation of design and some degreegufrermics.

Motor
The process to design the internal pump began by ube information previously
derived to develop optimal parameters of the motofhereafter, various motors
underwent investigation to establish the most gmpaite motor based on efficiency and
cost-effectiveness. Finally, the overall schensabé the pump were outlined. The
process follows and is graphically shown in Fig. 1.

1. Define optimal motor parameters for the pump.

2. Investigate existing motors for efficiency and eeffectiveness.

3. Outline overall pump schematics.

4. Select the most appropriate casing.

5. Assemble the pump using the components.



Define optimal Investigate Outline overall
parameters of various motors schematics of
motor for pump | that fit .| endoscopic
based upon "| parameters for | pump
existing market most efficient &

cos-effective

A 4 A 4

A 4

; Physical Ease
Physical design & of use
components aesthetics

Fig. 1. Development Process.

Interface

Considerations for the interface included aesthetaccessibility and the ease of use.
Due to the diversity of users, the device must ibgple to operate and control, yet

stylish enough to appeal to the potential customeh® are typically different than the

end-users.

The current blueprint for the project (Fig. 2) d#pithe flow of the device’s basic
operation from the user’s perspective, while Figedresents the path the author took to

reach the process of Fig 2.



START

minimum by
adjusting the
control knob

Set the flow rate to

Load the
tubing

A 4

A 4

Connect sterile
water supply

A 4

Disconnect
the tubing

Push pedal to Set the
activate water flow power “ON”
Adjust the flow
speed as needed
A
When
finished,
: Release
Disconnect Set < pedal to
water < power terminate
supply “OFF” flow

Fig. 2. Basic Operating Procedure.
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2.3 Fabrication Phase
The fabrication phase consists of the actual aslyerob an irrigation pump (a
prototype). The optimal parameters for the designbased on the design phase. Prior

to assembly, various components needed are torbbhgsed.

2.4  Validation Phase
Following production of the prototype, all parameteere tested to insure that the
design met required mechanical and electrical §pations, i.e.:

1. electronics (switches)

2. minimum and maximum pressure

3. durability

4. usability

5. flow rate
If validation of the prototype failed, the protogywas returned to the design phase for
modifications. Time constraints, however limitedetamount of repeated trials
following this phase and all findings were reportid the supervisor for further

investigation.

2.5 Human Factors/Risk Analysis
Since the final product would be used by physiciagses, and other hospital staff, the
device had to be kept compatible with existing pment and similar in operation.

These qualities a) reduce training time in additmb) promoting product acceptance.
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The current outer design plan, represented by3;igses the control knob to adjust the
flow rate at various speeds and the special shepades a firm grip. The design also
used a foot switch pedal for hands-off on/off fumet The current design plan also
incorporated a front-loading area for the pumphetad, function correctly with
pumpheads presently being used for endoscopy devikreover, the tubing attaches
to the motor via the same mechanism as curreningadigation pumps. By using
characteristics of an already proven design, tlogept plans ensure consistent results

and fewer risks associated with improper loading.

Fig. 3. Representation of Final Product.
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The design of this compact, high flow rate irrigatipump posed no greater safety risk
(minimal at most) than pumps presently being usetiaspitals. Every pump on the
market runs the risk of operating at a dangerobgier or lower pressure than it is
specified to run at a certain level within the @evi Other features of the planned device
in planning, such as the proposed back-flow compbaad the shut off mechanism,
could also cause other malfunctions. Howeverhgn rare case of a malfunction, the
medical professional performing the procedure malways have the option of a manual

device shut-down.
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3. DESIGN SPECIFICATIONS

To meet the Byrne Medical goals several vital djptions were set for the new
irrigation pump. The pump had several criteriatbet needed to be either revised or

implemented from scratch. These specificationkide

l. Internal features:

A. Pump Motor must have:
1. Variable speed from 500-3000 rpm to achieve anagpfate flow rate.
2. 0to 24V DC voltage.
3. Maximum current less than 3 A.
4. Maximum diameter of 3.
5. Wire leads.
6. Permanent Magnetic Direct Current for the motoetyp
7. Magnetic Coupling for pump head compatibility.

B. Variable Soeed Motor Driver (Control Card) must have:
1. Ability to control the flow rate from 0 to 700 mLimor greater with

appropriate rpm.

2. Aninternal AC to DC converter.
3. Compatibility with the potentiometer for externkdv control.
4. Compatibility with the On/Off power switch.

5. Minimal size to fit inside pump casing.



C. Transformer must have:
1. The ability to convert 120VAC to 24VDC.
2. A heatsink to decrease its contribution to the terature rise inside the
casing.
3. A straight AC voltage input and DC voltage output éase of use
External features:
A. Speed Control Knob must have:
1. Easy to grip grooves on knob.
2. Customizable number tab for number of instrumertadcleaned.
3. Optional locking rotation for off position.
B. Potentiometer must have:
1. Nominal resistance of 10K.
2. Shaft size compatible with control knob.
C. Rocker Switch must have:
1. Compatibility with 115VAC.
2. Water Resistance.
3. lllumination capability.
4. Durability up to 100,000 cycles of use.
D. M/F Power Cord must have:
1. Approximately 18/3 AWG wire gage.
2. 10 A, 115 VAC rating.

3. UL Listed and CSA Certified rating.

14



4. Hospital grade rating.

E. AC Receptacle must have:

1.

2.

Compatibility with 115 VAC.

Hospital grade rating.

F. Pump head must have:

1.

2.

Peristaltic type pump head.

Compatibility with PMDC motor.

Nominal flow rate of 700 mL/min.

Maximum rpm that is greater than the maximum mapaon.

Pressure release system that is adjustable frommad.t 3.5 bar (max

differential pressure).

. Tubing: using in-house product

H. Casing must be:

1.

2.

Painted.

Aesthetically pleasing in appearance.

Made with Byrne Medical’s logo on the front.
Made with minimal size.

Built with 4 non-slip feet on bottom of casing.

Made with screws positioned facing inward.

15
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3.1 Description of Components

After searching for acceptable parts that fit tleehnical specifications, the author
compared and selected the optimal parts for thepq@ro A part by part summary of the

choices is described in this section per the aeitihthe specifications, including figures

and tables for explicit part specifications. Tigufes and diagrams in this section are

for visualization of the parts alone.

DC motor with brush

Fig. 4 is a picture of the DME 44 B6 HPB fralapan Servofor the first prototype and
specifications of the motor are listed in Tabléd ]l [The motor specifications were taken
directly from their websites. The specification aedjng mount code is the type of shaft
head the motor possesses, which for our motor antpphead was the A type mount

code.

Fig. 4. DME 44 B6 HPB Brush Motor.
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TABLE |
JAPAN SERVO DC MOTOR SPECIFICATIONS (WITH BRUSH)

®with CDGF TYPE GEARBOX MoTOR MODEL DME44S6HFP -, DME44BEHAPE & GEARBOX MODEL 6DGF

iode Gear rafio 5 [125] 15 | 25 | @ | &0 | 75 | 100 | 150 | 180
Rated spesd  mmin T30 | DBE | 240 | 144 | 120 | 72 | 48 | 36 | 24 |206

OME44SEHFP N 01 |022 027|044 (062|080 12 |16 | 24 |24
& gpgF | Retedtoraue o 13.80|30.65|37.50|62.40| 74.00 | 113.67 | 166.66|222 10| 33320 |347.18
Rated speed  mmin 720 | 288 | 240 | 144 | 120 | 72 | 48 | 363 | 257 |218
m“ﬁ:;'; Feted torque | 016 | 035 | 043|072 | 085 13 | 10 | 24 | 24 | 24
ozin 22.22|40.9050.71 [101.38|120 82 [180 53[263.86|347 18| 347 18 [M7.18

Speed control board - adjustable voltage regulatofLM317T )

The motor in the pump design is a DC motor thasroii of 24 volts direct current. The
voltage is controlled using the variable speed robriioard with a LM317T (variable
voltage regulator) chip. The LM317T is a monolthntegrated circuit containing an
adjustable 3-terminal positive voltage regulatosigieed to supply 2.2A typical of load
current with an output voltage adjustable overzata.37V. It employs internal current
limiting, thermal shutdown and safe area compeosath schematic of motor speed

controller is shown in Fig. 5 [2].



18

Fig. 5. The Schematic of LM317T as a Speed Cdetrol

AC/DC converter

The transformer in the author’s design provides grote the motor to pump the water.
The device selected was a FSK-S15-24U AC/DC coevdfftig. 6), as it had the

necessary 24VDC output to provide up to 0.65 anipgient. This unit could output

24V DC consistently with wide input range of AC Wween 85V and 264V. The main

advantage of the converter is its encapsulated aotmpase design plus an industry
standard pin out for easy connection. The builelectromagnetic interference filter

suppressed the undesired conducted EMI.
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What is EMI?

Within an electronic unit, common-mode currentsvfim the same direction from both
active and neutral leads to earth ground. When cmmamode currents flow to ground
along paths outside the unit, the noise is calledhmon-mode electromagnetic
interference (EMI). Fortunately, conducted commoodmnoise is a correctable form of

EMI by using an EMI filter.

e FOG

=
-
2
-
-
&

{

V-INFINITY
e ACIL) 05042532 CE Em"s

Tara
MADE |N KDHEA

Fig. 6. FSK S15-24U AC/DC Converter
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Air switch (manufacturer: Herga, part number: 6871-0C)

The one pole C/O momentary air switch (Herga, 68C)-was selected for the final
switch to turn the pump on/off by stepping on/rekeaespectively, of the foot pedal.
The dimensions of the air switch are shown in Fi§3] and its specifications are shown

in Table II [3].

20 11 ay
C] = L] L] =
15
=
: )
2 dia 1‘!2
i “"
h'i - L]
e L] -
=i R
GET1-0C f AC

Fig. 7. Herga Air Switch.



TABLE I
HERGA AIR SWITCH SPECIFICATIONS
Model No G8T1-0C
Swilch Detalls
Mumber of Poles :nﬁ:n?a?y
& Action
Afr Connacticn Back anlny
Air Spout Diametar 4mm

Connecting Tube Part
Mumbers

231 1-082311-01

Allernative Air EB“:.EE%"T"; ?ﬂr;m

Comnection Model p';; e

Mumbar Cipaiicnld UL
spout BET1-01

Body Material Acatal

Diaphragm klaterkal Silicone

Electrical rating & lﬁ"l‘;ﬁ

2500 ac 112 HP

Special Approvals UL

Lipan request CEA

21

Al Evropean electical switch approvais apply.

Power entry module
The Corcom AC Receptacle was chosen because
a) it fit the specification set, plus
b) was the least expensive available straight plugptecie
for the appropriate voltage (115 VAC) and currexting (15 A). The receptacle also had
a medical durability rating. The diagrams of theeggacle dimensions are included in

Fig. 8 [4] and the specifications are included ablE 11l [4].
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Fig. 8. Corcom AC Receptacle.

TABLE Il
CORCOM AC RECEPTACLE PART SPECIFICATIONS
Rated
Current Dimensions (mm) Digi-Key Pricing Corcom
Fig.| 120V (Amps) | Termination A B C D E F Part No. 1 25 100 Part No.
2 15 Faston, Straight | 66.50 3020 2080  40.01 = — | CCM1636-ND 2034 35575 1188.00 15EF1F

The rugged international power entry module incoafes the special IEC (the
International Electrotechnical Commission) poweneli connector. They are UL
(Underwriters Laboratories Inc.) recognized, CSAarf@dian Standards Association)
certified, and VDE (the Association for ElectricaElectronic & Information

Technologies, founded in Germany) and SEV approleslalso SEMKO (a division of
Intertek plc, a world-wide company specializingt@sting and certification) approved

and complied with BSI (British Standards Institafistandards.
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Rocker switch

A rocker switch was chosen as the best type of @sMtch for the applications of our
device. The main advantages in the rocker switehitarease of use and clearness in
each state of on and off. Fig. 9 [5] shows an inafjthe Cannon rocker switch model
that was selected. The switch has “ON” and “OFF'tkad on the surface for ease of

use. Fig. 10 [5] shows the dimensions and connegtmnts for the switch.

Fig. 9. Cannon Rocker Switch.

e

087 DIA.
B2, 2

.823
(20, 9)

1 - 3
—j-ﬂ—.[ﬁ] e ———— | 1 ©7

{0, B3 (4, 75]

o ——j— | JEL
(7,13

Fig. 10. Cannon Rocker Switch Dimensions.
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The 5K potentiometer (RadioShack: 2711714)
The 5 Kilo-ohm potentiometer gives the control manfe motor to operate within
required specified motor speeds. With 1K and 1O0Keptometers, the range was
insufficient for controlling the speed of the motofhe advantages of the 5K
potentiometer include:

1) reasonable price compare to other vendors

2) the size of this potentiometer is more desirabdm ththers to mount on the front

panel of the device, and

3) easier to wire with other electrical componentsaose of its size

Peristaltic pump head by Watson-Marlow

Peristaltic pumps use rotating rollers pressednatjapecial flexible tubing to create a
pressurized flow (Fig. 11) [6]. The tube is congsed at a number of points in contact
with the rollers. The fluid is moved through théé¢uwith each rotating motion. The

individual components of peristaltic pumps incluagump head, drive, and tubing.

Peristaltic pumps are also referred to as flexibkember pumps, flexible tube pumps,

dispensing pumps, or dosing pumps.

The advantages of peristaltic pumps are that thgpooents of the pump may be chosen
when the integrity of the media is a requirementhaf application since the fluid type
does not contact any internal parts. Seals antesare not needed as in other pumps.

Nothing but the hose or tube touches the fluid Whatiminates the risk of the pump
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contaminating the fluid, or the fluid contaminatitige pump. Peristaltic pumps are also
reversible and can be flushed to clean out thentulmr hose. They are used in

pharmaceutical, chemical, and food and beveragkcappns [7].

The tubing in peristaltic pumps is often replacealsl disposable. Peristaltic pump does
not have valve, seal or glands and the fluid cdstaaly the bore of the hose or tube.
The fluid is drawn into the pump, trapped betwedters and expelled from the pump.
The complete closure of the hose, which is sque&rtdeen a roller and the track,
gives the pump its positive displacement actioayenting backflow and eliminating the
need for check-valves when the pump is not runninig. easy to install, simple to use
and quick to maintain. There are no metal partsoimact with the tubing so the tubing

will last longer.

Fig. 11. Open and Close Mechanism of a Peristaltimp.
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Another advantage is freedom from internal leak&geid in the tube can only leak if

the tube should rupture. Displacement is determietlibe size, so delivery rate can be
changed only during operation by varying pump spékxvever, some models have an
adjustable track height, so flow rate can be charxyestopping the pump, changing the

tube, adjusting track height, and restarting thepu

Housing

The housing was an aluminum built casing manufadtury Bud Industries. After
receiving the parts and making appropriate theaudid out the internal design and
was able to determine the room necessary for therian of the pump. From
calculations of the intended dimensions of 12" W”xH x 4” D, he selected the part

number of CU-2111-B to house all pump internal comgnts.

3.2  Implementation/Manufacturing/Testing

In selecting optimal features from other irrigatippnmps and combining those features
to create a concept for a single pump that fitd1 libe technical and user needs, it was
necessary to examine the existing products in thekeh and determine the desirable
features of these individual pumps with their flomtes. A summary of flow rates of

current products available in the market are coedpith Table V.
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TABLE IV
FLOW RATES OF CURRENT PRODUCTS ON THE MARKET
Meditron | Olympus | Olympus ERBE Vira
Flow
Rate Univeral Flushing | Flushing EIP-2 Pump
ml/min Generator Pump Pump
Irrigator olyvmvfaus w/100130
tubing
Low 300 25 100 95 900
Medium 590 200 400 245 900
High 918 250 500 490 900

The next phase was researched the motor to praledeed flow rate based on the

information gathered from the first phase of thejget; and the data are presented in

Table V.
TABLE V

MOTOR USED IN CURRENT PUMPS ON THE MARKET

Meditron EL- Olympus
Pump 100C ERBE EIP-2 OFP ViraPump
Type of
Motor DC Motor DC Motor DC Motor DC Motor
Input
Voltage 12v 24V 12V 120V
RPM 3600 RPM 3100 RPM 2500 RPM 1550 RPM

The motor and gear box that met design specificatiovere finally purchased after

comparing prices among different vendors. Sevemaple fixtures were made to

assemble the pump in order to test the flow raterwthe motor and gearbox were
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arrived. Since the motor is a DC input devicepagr supply was bought to do the test.
According to the motor’s specifications, the maximuoltage input is 24V DC and with
that the flow rate is about 700ml/min (higher thlae competitors, OFP and ERBE, their
flow rates are about 500ml/min and 400ml/min retipely). The simple structure of

the pump is shown in Fig. 12.

Fig. 12. A Simple Pump to Test the Motor.

While the simple model of the pump has assemblestireceal components for motor
speed controller to properly control the motor sbead desired flow rate were under

investigation and selection process.
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All the electrical components were wired on a Htesrd to test if the motor speed
control board would function properly as designéthe speed control board is shown in

Fig. 13 and the wiring of power switch is showrFig. 14.

Fig. 13. A Simple Speed Control Board.
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Description:

-a: Live or Hot, Red, length= 47
-bi Live or Hot, Red, length =9~
-t Ground, Green, length =37
-d: Ground, Green, length = 37 OM/OFF Switch
- Neutral, Black, length =27
-f: Hewtral . Black, length = 37
-g: Meutral, Black, length= 6" 1

2 3

2]
-

Entry Power WModule
L L— L

)

ACTDC Converter

Fig. 14. Wiring of the Power Switch, Power Supahd AC/DC Converter.

After validating that the board was functioning huit specifications, the controller was
miniaturized by soldering the components onto audirboard. The prototype was
completed when all the necessary components wesemdded and placed into the
aluminum casing and tested to ensure proper oparaflhe first working prototype is
shown in Fig.15 and 16, and the cost of the firgtking prototype is shown in Table VI.

Dimensions of the first working prototype was 12%W"H x 4"D.



Fig. 15. The Interior Appearance of the First WiogkPrototype.
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Fig. 16. The Exterior Appearance of the First WiogkPrototype.
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TABLE VI
BUDGET FOR THE FIRST WORKING PROTOTYPE
Distributor
Parts Part Number Distributor Quantity | Price
Japan Products
Motor DME 44 B6 HPB Corp 1 74.45
Japan Products

Gearbox 6DG 12.5-21 Corp 1 33.40
Pump head 313D Watson Marlow 1 157.00
AC/DC
Converter 102-1167-ND Digi-Key 1 43.06
Rocker Switch 401-1292-ND Digi-Key 1 141
Power Entry
Module CCM 1636-ND Digi-Key 1 20.34
Potentiometer
5K 2711714 RadioShack 1 2.89
Control Knob 2740416 RadioShack 1 0.83
Air Switch 6871-0C Herga 1 5.95
Footswitch from unused part in-
Pedal house, estimated price 1 50.00
Voltage
Regulator 2761778 RadioShack 1 2.29
Circuit Board 2761395 RadioShack 1 2.59
Heatsink 2761368 RadioShack 1 1.69
Housing 377-1086-ND Digi-Key 1 32.70
Shaft adaptor made by machinist in CA 1 18.00
Miscllaneous 5.00

Total 451.60
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After validating the first prototype was functiogiraccording to specifications, Byrne
Medical wanted their new product, EGP-100, to balkmnd lightweight in design;

hence, changes in components were made accordifigig.first major change was the
motor, instead of using a DC motor with brush (DM& B6 HPB), a brushless DC
motor was selected (AXHM 15K-05). The AXHM 15K 0®anufactured by Oriental

Motor, is a brushless DC motor adopting a thinhhigrque motor and a 24 volt DC
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open case type high-precision drive. Fig. 17 aabld VIl [8] show the AXHM 15K-05

motor manufactured by Oriental Motor and its speatfons, respectively.

Fig. 17. AXHM 015K-05 Brushless DC Speed Contrgét®m.

TABLE VII
ORIENTAL MOTOR AXHM 015K-05 BRUSHLESS SPEED CONTRGYSTEM

B Gearmotor — Torque Table (Geared Type/Combination Type)  urit= Upper valuss: Io-inLowar valuss: Hm

oo | 20-600 | 10-250 | G7~167 | 5~1% 33~03 2-40 1~25
SpdBengn 0| o goo) | (f0-300) | (67-200) | (5~150) | (33-100) | (2-60) (1--30)

Goar Ratio 5 10 15 20 0 50 100 200

20 2 60 76 115 177 177
S 0.2 045 068 0.8 13 20 20 -

05125
Madal

As this brushless motor comes with speed contrstesy, the speed control board was
also eliminated. The original potentiometer andlesalial were also replaced by the
products manufactured b@riental Motor since they are designed for use with one
other.  Using Oriental Motor's potentiometer and control knob eliminated a

compatibility problem.
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The Oriental AXHM 015-05 motor provides one of thest important features to make
Byrne’s medical pump stands out in the market w#hrun/brake control which stops
the motor instantaneously. The advantage of AXHBY-D5 includes:
1. compact size
2. brushless DC speed control motor and board-leve¢dpackages provide space
savings,
3. high power output

4. cable protected leads with connector for fast amvenient connection.

The second working prototype was fabricated wittoiporation of this new DC speed

control motor (Fig. 18 and 19).

Power Supph Casa Top

Powear connector

Case Bottom
Speed Controller Suctich Cup Feet

Fig. 18. The Placement of Each Component of thB-BQ0 Irrigation Pump.



Fig. 19. The Final Appearance of EGP-100 IrrigatRump.
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TABLE VIII
COST FOR THE SECOND PROTOTYPE
Manufacturer
Parts Part Number Manufacturer | Quantity | Price
Motor
Gearbox AXHM15K-05 Oriental Motor 1 317
Watson
Pump head 313D Marlow 1 162
AC/DC Converter | FSK-S15-24U V-Infinity 1 43.06
Rocker Switch DA102J3GS215QF7 IIT Industries 1 1.41
Power Entry
Module 15EF1F Corcom 1 14.04
Potentiometer 20K Oriental Motor
Control Knaob PAVR-20KZ 1 15
Air Switch 6871-0C0O-U126 Herga 1 5.95
Footswitch Pedal | 6448-ABAB Herga 1 8.95
Circuit Board 2760158 RadioShack 1 3.29
Bud
Housing CU-3009-A Industries 1 14.1
made by machinist in
Shaft adaptor CA 1 18
Mounting Bracket | SOLOB Oriental Motor 23
Miscellaneous 5
Total 630.8

The cost for the second prototype (Table VIII) vebstantially higher than the first
because the cost of AXHM 15K-05 motor was highantthe first motor. However, the
cost will decrease to approximately four hundretladl® each when motors are ordered
in large quantities. The result of flow rate tegtfor the EGP-100 is presented in Table
IX. The test was done by using 5 sets of tubiagngs bore size) with each set consisting
of five tubing sets. The resulting flow rate matlaxceeded the required specifications

defined during the design phase.



TABLE IX

FLOW RATE OF EGP-100

12/29/2005
RUNS Ib/ 20sec ml/min
1 0.46 627.27
SET 2 0.46 627.27
1 3 0.46 627.27
4 0.46 627.27
5 0.44 600.00
6 0.46 627.27
SET 7 0.46 627.27
2 8 0.46 627.27
9 0.46 627.27
10 0.46 627.27
11 0.44 600.00
12 0.46 627.27
SET 13 0.44 600.00
3 14 0.46 627.27
15 0.46 627.27
16 0.46 627.27
SET 17 0.46 627.27
4 18 0.46 627.27
19 0.44 600.00
20 0.46 627.27
21 0.46 627.27
SET 22 0.46 627.27
5 23 0.46 627.27
24 0.46 627.27
25 0.46 627.27
Average 0.46 621.82
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4. FUTURE IMPROVEMENT

Physicians in the Gl (Gastroenterology) suites garein irrigation pump that rotates
backward when they turn the power off, i.e. whegytrelease the footswitch, to prevent
the sterile water from dripping. To meet this sfie&tion, extensive literature research
was conducted plus Oriental Motor was consult. eAfieveral productive discussions
with Mr. John Wong, a Senior Engineer @tiental Motor, a Multi-function Timer
(model H3DE-M2) manufactured @mron was selected to achieve the goal. H3DE-
M2 is a DPDT (Double Pole Double Throw) Timer whioteets the design criteria
perfectly. A working prototype (previously fabrted) was tested with this DPDT timer
and the result proved the improvement was achievablg. 20 is the schematics of the
wire connection of the DPDT and Fig. 21 shows theng to the potentiometer

provided by Oriental Motor. A picture of the tegtiis shown in Fig. 22.
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Fig. 20. Wiring Diagram for the DPDT.
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INAAAA

CN2
|
12 N =ot Connected
11
Start/Stop, Black
10
Eun/'Brake, White
9
SO Input, L BT
]
INT WVES EXT Input, Brown, NC
7
Alarm-Fezet Input, Furple, HC
&
YVEH, Blue
5
WEM, Green
4
WEL, Black
3
Ground, Orange
2
speed Cutput, Bed, NC
1

Fig. 21. Detail Wiring for the Potentiometer.

Alarm Output, Brown, NC

External
Fot
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Fig. 22. A Working Prototype with DPDT.

Byrne Medical, Inc, would decide how to implementiancorporate this timer into the
second generation casing of their EGP-100.
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5. PREPARATION FOR 510(K)

In order to sell the medical device (EGP-100) protdn the US market, FDA approval
is required; hence, documentation for a 510(K) meapared from the beginning of the
project. The preparation for a 510(K) is a lengbihgcess; the author’s contribution was
significant through out the duration of his eighdmth’s internship. All the information,
from the design phase to the validation phase, esdiected and documented, thus,
allowing Byrne Medical to use this for the 510(Kpaoval. A typical 510(K) premarket

notification contains the following contents in tgplication package:

Section 1 - Medical Device User Fee Cover SheainffeDA 3601)
Section 2 - CDRH Premarket Review Submission C&heet
Section 3 - 510(k) Cover Letter

Section 4 - Indications for Use Statement

Section 5 - 510(k) Summary or 510(k) Statement

Section 6 - Truthful and Accuracy Statement

Section 7 - Class Ill Summary and Certificationt(applicable)
Section 8 - Financial Certification or Disclosurtat®ment
Section 9 - Declarations of Conformity

Section 10 - Executive Summary

Section 11 - Device Description

Section 12 - Substantial Equivalence Discussion
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Section 13 - Proposed Labeling

Section 14 - Sterilization and Shelf Life (not apable)

Section 15 - Biocompatibility

Section 16 - Software (not applicable)

Section 17 - Electromagnetic Compatibility and Hieal Safety
Section 18 - Performance Testing — Bench

Section 19 - Performance Testing — Animal (not ijaple)

Section 20 - Performance Testing — Clinical

A sample 510(K) submission is attached in the AppenA. The complete
documentation of Byrne Medical's 510(K) is not med in this Record of Study

because of its proprietary information.



45

6. PROJECT MANAGEMENT

The EGP-100 project was easy to manage, espedaliyng the pump design and
prototype fabrication phases, as it was an indaddoroject. At the beginning, the
project was divided into 4 distinct phases: Techh#&nalysis, Design, Fabrication and
Validation, for easy management. A Gantt Chaatiached in the Appendix B. Project
management for the pump project was achieved amégeal by the President of Byrne
Medical. The target date for the first EGP-10®&oavailable in the market was the end
of May 2006. FDA approved the EGP-100 and it hesnbon the market since early

June 2006.
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7. LESSON LEARNED

The author liked the project that he worked on bsedhis is a device that is

a) actually needed and

b) could improve the safety of a medical procedure.
Projects will be more interesting when you are aithat your final product might have
some real world usefulness. He enjoyed workindp \Byrne Medical and learned a lot
about what a product development engineer workinthé industry actually does. This
was knowledge not gained in any of his engineedongrses. Coming up with his
prototype designs seeing that this really worksgradably been the most exciting part
of the project. He realized that to make a sudakpsototype the team has to consider
different designs and possibly integrate differelgments of each to come up with a

truly successful design.

Regarding project management, he learned thatirii@ved an incredible amount of
communication between colleagues as well as wighcttmpany’s superiors. He also
discovered the fact that for a project to be swsfoest required adhering to a strict
schedule as closely as possible. Also, it is ingydrto have a plan in case something

goes wrong such as a delay in getting an esseotiaponent.

While working on the pump project and others, théhar had opportunities to interact

with colleagues in other departments to get thengsomplished. He learned that good
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communication is important to complement the mansge techniques by improving
his ability to foster a friendly environment withther workers and convey ideas
effectively. Dawn Burks, his internship supervistaught him the importance of
forward thinking from day one when he joined ByMedical. A product development
engineer not only needs to design and build a dethat works, but also he needs to
think forward (e.g. how to design the device eakenanufacturing so that easy for
assembly workers to assemble) — this is importanit & how engineers make both

employer and fellow colleagues happy and creat@bdnious work environment.
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8. CONCLUSION

Finishing this internship fulfilled a part of thequirements for the Doctor of

Engineering Program at Texas A&M University. Th#dwing were the author’s

objectives and accomplishments and/or contributions

1. To demonstrate and enhance his abilities and tly &ipg knowledge gained

from technical training in making a significant ¢obution or practice concern to

Byrne Medical, Inc. and the medical device industry

This objective was fulfilled by working on the EA@BRO (medical
irrigation pump) project. The objective of the j@et was to design and
fabricate a working prototype of a medical irrigatipump to be used for
endoscopic procedures in the hospitals and/or rakdiavironments,
since current pumps designs do not satisfy physstiameeds. By
manufacturing their own pump, Byrne Medical woutddble to select all
the positive features they see in other pumps antbie those features
to make a single pump that fits both the techn&al user needs. The
author had an opportunity to make contributions tie areas of
appearance, size, usability, product life, anditgbib vary motor speed
and therefore flow rate. A working prototype wagportant for Byrne
Medical since it would give them a new businessoopynity — their first

electro-mechanical product. By the time he lef¢ ttompany, three
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working prototypes were designed, fabricated, dod ftested. These
prototypes have shown promising features that Bywledical specified

from the beginning of the project.

2. To enable him to function in a nonacademic envirenttand become familiar
with the organizational approach to problems initaaldto traditional
engineering design or analysis, for instance, gmklof management,
environmental protection, labor relations, pub&tations and economics, and

* While working on the pump project and others, he aa opportunity to
interact with colleagues in other departments tatyags done. | learned

that good communication is a keyd@nplementing the management techniques
by improving his ability to foster a friendly environntewith other workers and convey

ideas effectively Dawn Burks, his internship supervisor, taughé th
importance of forward thinking from day one when joéned Byrne
Medical. An R&D engineer not only needs to desagual build a device
that functions properly, but he must also thinkwfard (e.g. how to
design the device easy for assembly workers tarass¢ — to make both

employer and fellow colleagues happy.
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3. To be familiar with the federal regulatory guidelsnon medical devices such as
FDA 510(k) and current Good Manufacturing Practi@&sMP) Requirements.

* Along with working on the pump project, he composktuments for
master records and technical files for FDA 510(Kgraption with the
guidance of Krista Oakes from Amica Solutions. Therent Good
Manufacturing Practices (cGMP) were reviewed durthg first two

weeks of internship and revised occasionally dutireginternship.

During the internship, the author had opportunitesttend the Management Review
Meeting and Material Review Board Meeting sevearaés, and learned the structures of
management team at Byrne Medical and how they lwmiéde with each other to run
their business. He believes that good managenigtissan essential element. To
facilitate the design work, Byrne Medical sponsotdd attending the SolidWorks
courses (Essentials and Advanced Part Modelindgjanston and obtained certificates
for both courses. With the knowledge in SolidWoriksmakes the design work and
CAD drawings easier and faster, especially whendésgn needs to be reviewed and
modified. He was able to manage the project amghfed it in a timely fashion after a
timeline was developed and followed. However, 't get to manage people as he
was the only one working on the project. This madenuch easier to follow the

schedule.
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APPENDIX A

Byrne Medical Irrigation Pump
510(k) Premarket Notification

Contents

Section 1 - Medical Device User Fee Cover SheanFeDA 3601)
Section 2 - CDRH Premarket Review Submission C&ezet
Section 3 - 510(k) Cover Letter

Section 4 - Indications for Use Statement

Section 5 - 510(k) Summary or 510(k) Statement

Section 6 - Truthful and Accuracy Statement

Section 7 - Class Ill Summary and Certificationt(applicable)
Section 8 - Financial Certification or Disclosurateément
Section 9 - Declarations of Conformity

Section 10 - Executive Summary

Section 11 - Device Description

Section 12 - Substantial Equivalence Discussion

Section 13 - Proposed Labeling

Section 14 - Sterilization and Shelf Life (not apable)

Section 15 - Biocompatibility

Section 16 - Software (not applicable)

Section 17 - Electromagnetic Compatibility and Hieal Safety
Section 18 - Performance Testing — Bench

Section 19 - Performance Testing — Animal (not eaple)
Section 20 - Performance Testing — Clinical
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Section 1 - Medical Device User Fee Cover Sheet (FoFDA 3601)

The Medical Device User Fee Form may be obtained at
www.fda.gov/oc/mdufma/coversheet.htiSlee als@uidance for Industry and FDA
Staff — User Fees and Refunds for Premarket Notifation Submissions (510(k)sat
www.fda.gov/cdrh/mdufma/guidance/1511.html
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Section 2 - CDRH Premarket Review Submission Cové&heet

See: www.fda.gov/opacom/morechoices/fdaforms/FDA-351#fpd the cover sheet
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Section 3 - 510(k) Cover Letter

<on a separate page, on company letterhead, pearioliowing>

<Date>

Document Mail Center (HFZ401)

Center for Devices and Radiological Health
Food and Drug Administration

9200 Corporate Boulevard

Rockville, Maryland 20850 USA

Re: 510(k) Premarket Notification

In accordance with Section 510(k) of the Federald:®rug, and Cosmetic Act, our
firm is notifying FDA of our intent to marketran-sterile, software-controlled irrigation
pump for endoscopy/gastroenterology procedures.

The principal factors and use of our device is dbed as follows:
Question YES NO

Is the device intended for prescription use (21 GBR Subpart D)? Yes

Is the device intended for over-the-counter useGQER 807 Subpart No
C)?
Does the device contain components derived froissae or other No

biologic source?

Is the device provided sterile? No
Is the device intended for single use? No
Is the device a reprocessed single use device? No

If yes, does this device type require reprocessdidation data? N/A

Does the device contain a drug? No
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Does the device contain a biologic? No
Does the device use software? No
Does the submission include clinical information? No
Is the device implanted? No

Information required by 21 CFR 807.90, and reconueerby appropriate FDA
guidance documents, is included within this preraariotification. If any additional
information is required, please contact Chris MeaBegulatory Affairs Manager, at the
following contact information:

Byrne Medical Inc.
2021 Airport Road
Conroe, TX 77301

Telephone: (936) 539-0391

Facsimile: (936) 539-0392
Email: cmeador@byrnemedical.com

We look forward to your reply.

Regards,

Chris Meador

Regulatory Affairs Manager



Section 4 - Indications for Use Statement
l.

Indications For Use:

For general irrigation during flexible endoscopy within a healthcare environment.
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(PLEASE DO NOT WRITE BELOW THIS LEN— CONTINUE ON ANOTHER PAGE IF NEEDED)

Concurrence of CDRH, Office of Device Evaluation (ODE)

Prescription Use OR @\The-Counter Use

(Per 21 CFR 801.109)



Indications for Use
510(k) Number (if known):

Device Name:lrrigation Pump

Indications for Use:

Irrigation and removal of debris during endoscopgtgoenterology procedures

Prescription Use XX AND/OR Over-The-Counter Use
(Part 21 CFR 801 Subpart D) (21 CFR 801 Subpart C)

(PLEASE DO NOT WRITE BELOW THIS LINE-CONTINUE ON AGTHER
PAGE OF NEEDED)

Concurrence of CDRH, Office of Device EvaluatiorD(E)
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Section 5 - 510(k) Summary or 510(k) Statement
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510(k) Summary

Submitter Information
Byrne Medical, Inc.
2021 Airport Road
Conroe, TX 77301

Contact
<name, telephone, fax>

Date Prepared
<date>

Product Name

Byrne Medical Irrigation Pump

Predicate Device
<name & 510k reference>

Product Description

Intended Use

Comparison to Predicate Device
<insert comparison matrix>
Il.

Performance Data & Conclusions
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Section 6 - Truthful and Accuracy Statement
[As required by 21 CFR 807.87())]
| certify that, in my capacity as <position> of sgpany>, | believe to the best of my

knowledge, that all data and information submittethe premarket notification are
truthful and accurate and that no material factlesen omitted.

<pame> <date>



Section 7 - Class lll Summary and Certification (nd applicable)
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Section 8 - Financial Certification or Disclosure &atement — not applicable
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Section 9 - Declarations of Conformity

The subject devices meet applicable sections diolleving standards:

Standard

Deviations

Test Laboratory or
Certification Body




Section 10 - Executive Summary
Description

Indications for Use

Device Comparison Table
<insert comparison table>

Summary of Testing
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Section 11 - Device Description

We recommend that you describe the performancefgagions and include a brief
description of the device design requirements imgkction. We also recommend
that you identify all models, as well as all acoess or components, included in the
submission.

If diagrams, dimensions, tolerances, and/or schemate useful to fully describe
and characterize the device, we recommend thaingbude them for each device,
accessory or component included in the 510(k) ssfion. We also recommend that
you provide a list of all patient contacting compots and their respective materials.
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Section 12 - Substantial Equivalence Discussion

These devices are substantially equivalent todghewing:

510(k) Reference Description Submitted By

A comparison of devices is provided below:

<Subject Device> <Predicate> <Predicate>

Intended use

Patient
population

Dimensions

Weight

Max. Vacuum

Suction bottle
description

Pump type

Microbial exhaust
filter

Vacuum gauge

Suction
bottle/bag
overflow
protection

Power supply

Power
consumption

Suction bottle
capacity

<other features
as appropriate>

<add any discussion of major similarities and défeces, and how differences do not
raise new safety/effectiveness questions>



Section 13 - Proposed Labeling

<add labeling, including instructions for use, prodiabels, and (if available)
promotional materials>
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Section 14 - Sterilization and Shelf Life

For devices sold as sterile, we recommend thafgitaw the guidance, Updated
510(k) Sterility Review Guidance K90-1; Final Guida for Industry and FDA , at
www.fda.gov/cdrh/ode/guidance/361.html

For devices that are reprocessed single use depiesse refer tGuidance for
Industry and FDA Staff — Medical Device User Fee ahModernization Act of
2002 Validation Data in Premarket Notification Submssions (510(k)s) for
Reprocessed Single-Use Medical Devicas
www.fda.gov/cdrh/ode/guidance/1216.himl

For a submission that identifies a shelf life foe device, your shelf life should be
supported by appropriate bench tests and/or g@iin (packaging) validation.



Section 15 - Biocompatibility (not applicable)
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Section 16 - Software

This section should include the appropriate sofendcumentation as described in
the guidance titled Guidance for the Content ofriidet Submissions for Software
Contained in Medical Devices aivw.fda.gov/cdrh/ode/337.htmAs discussed in
the guidance, we recommend that you identify tkgé€l of concern,” (minor,
moderate, or major) associated with your device@nsiide documentation
consistent with that level.
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Section 17 - Electromagnetic Compatibility and Eleirical Safety

This device has been tested for electromagnetigathility and electrical safety in
accordance with EN 60601-1 and EN 60601-1-2.
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Section 18 - Performance Testing — Bench

list the specific bench tests conducted
« describe each test protocol
+ summarize the results
« describe your analysis
» discuss your conclusions
The description of test protocols should identifg:t
» objective of the test

test articles used in the test

test methods and procedures (including any spdeiicconditions)

study endpoint, i.e., the specific parameter messur
+ pre-defined acceptance or pass/fail criteria.

In the summary of your results and analysis, wemanend that you briefly present
the data derived from testing in a clear and cenfasm, such as a table.

We also recommend that your conclusions descrigeamparison testing with the
predicate in terms of substantial equivalence.



Section 19 - Performance Testing — Animal (not apfgable)
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Section 20 - Performance Testing — Clinical (not gpicable)
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APPENDIX B
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APPENDIX C

Protocol #
Date:

Testing protocol for Olympus auxiliary water port (part number: 100115)
Study to be performed by Lui Cheng and Rusty Swiitthe R&D.

1.0

2.0

3.0

4.0

5.0

6.0

Purpose: To design a stronger auxiliary water port fittisugd to eliminate the
reinforcement of an applied cable tie in the ordjiproduct.

Anticipated design change: To replace the existing connector and cable tie
configuration with a more aggressive barbed fittamgl locking collar, further
reducing the opportunity for water leakage durisg.u

Equipment: Pressure gauge, Olympus Flushing Pump (OFP)nati@FP
tubing.

Product samples: Olympus auxiliary water port (finished producasip
number: 100115).

Pressure test methodologyTwo groups, original design and new proposed
design, of auxiliary water port will be sampled aath group will have 5
samples. The original OFP tubing along with théePQ@mp will be used to
determine how much pressure the Olympus auxiliaiewport fitting (both
new proposed design and original design) can vatttstThe auxiliary water
port tubing will attach to one end of the pressgaage and the other end will
be connected to the original OFP tubing. Water bellpumping through the
original OFP tubing, the pressure gauge and then@lys auxiliary water port.
The port will be blocked to let the pressure buitdinside the tubing and the
maximum of pressure the tubing could stand wildb&ermined by visually
observing the pressure gauge reading. The effaetto the pressure building
up inside the tubing, to the product will be staldie

Result: For the new proposed design have a larger and aggressive
barbed fitting and a locking collar. We expect ti@ev auxiliary water port will

be able to sustain a higher pressure than thenatigesign, and with no water



7.0
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leakage. The benchmark will be set at 40 psi wiec0 psi higher than the
maximum pressure of the Olympus Flushing Pump esreigte.
See Attachment A for drawing of original designl60115

See Attachment B for new proposed new design 01150
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APPENDIX D

Reference Protocol #
Date:
Testing result of the protocol for Olympus auxiliaty water port (part number:
100115)

Protocol results: Pressure test has been conducted based on thedtscribed in

the “Pressure test methodology” section, and testieen done on 5 samples of each

group.

Original Design
During the test, the original auxiliary water pfitting could withstand the
pressure up to 80 psi. When the pressure readt83psi or higher, the
water port was pressurized to move outward andosiat the cable tie (see
Fig. D-1 and D-2). At the test, one sample (ouiwd) of the original design
was actually blown off after several trials. Alsagter tends to leak at the v-

section of the cable tie since it is not completgfgular around the tubing.

Fig. D-1 and D-2. The auxiliary water port fittiadter the pressure test.
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New Proposed Design
The new auxiliary water port fitting could withstha higher pressure (higher
than 100 psi, see Attachment C, column 5) withrg séght movement of
the port (see Fig. D-3 and D-4) when pressure ezhebove 90 psi with no

water leakage (see Attachment C, column 3).

Fig. D-3 and D-4. The new auxiliary water portifit after the pressure test.

Recommendation: Both new and original products exceeded the beack that
was set for the pressure test. However, the nevliayxwvater port fitting is a better
product and meets our technical specifications. ridwe auxiliary water port can
withstand a higher pressure and would not be bloffander proper usage.
Therefore, replace the original cable tie methaith wie new barbed connector and

locking collar configuration for all future work aer.
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Change authorized by:

(Lui Cheng, R&D) Date

(Rusty Smith, R&D Manager) Date

TABLE D-I
THE RESULT OF PRESSURE TEST OF ORIGINAL AND NEW DES
AUXILIARY WATER FITTINGS

Pressure Test Result of auxiliary water port fitting
Unit: PSI
Pressure to move the Pressure the fitting
fitting withstands
Sample Original New Original New
1 76 91 88 100
2 78 93 90 100
3 75 94 87 100
4 79 92 91 100
5 78 91 89 100

Note: The maximum reading from the pressure ga@60 psi, and the pressure the
new auxiliary water port fitting could withstand svaigher than 100 psi when the
test was conducted.
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APPENDIX E

Protocol # (ECN 052-05)
Date:

A protocol to test the (part number: 100116)
Study to be performed by Lui Cheng and Rusty Swiitihe R&D.

1.0
2.0

3.0

4.0
5.0

Purpose: To test the new proposed design

Anticipated design change: To replace the existing (BMP-016), which have
the elbow barb fitting creates high pressure ajuhetion and might cause
water leakage during use with Pentax scope. Thepneposed design replaces
the elbow barb fitting with a straight one whicgrsficantly reduces the
pressure at the junction when connected with tbpescHence there will be no
leakage problem.

Equipment: Meditron Universal Generator-Irrigator (model Ug100),
Olympus Flushing Pump, male-male luer connectodg@ria house), Pentax
scope (EC-3830L), an analog pressure gauge, (B0@h2l (100130).

Product samples: (part: 100116).

Test methodology: Two groups of new proposed design (part #1002416)

be tested and each group will have 20 samples g@mg will be tested using
Meditron Generator-Irrigator and another group Wwéltested using Olympus
Flushing Pump (OFP), respectively.

The straight barb fitting of each sample will beoked up to the Pentax Scope.
The other end of the sample will be connected éqpttessure gauge which is
then connected to the (name) (part number:100129)1éditron ( part
number:100130 for OFP).

We will test the new proposed design with OlympuE@shing Pump, which
could produce higher pressure than Meditron witkkimam flow rate and

determine if it could withstand the pressure artiése any water leakage.



6.0

7.0
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Expected result: In general, the new proposed design with a sitdigrb
fitting should withstand a higher pressure, maxinflow rate with no water
leakage than the original design. The maximum djpgy@ressure Meditron
Universal Generator-Irrigator, under maximum flovthwPentax scope
connected, is 34 PSI. Hence we will choose thth@denchmark for this
protocol. The OFP could put out 42 psi when itsvflate goes to maximum.
The new proposed design should also withstand dgressure and we will
establish the 8 psi difference as an applicabletgaiindow.

See Original Drawing —Attachment A.

See New Proposed Design DrawingAttachment B.
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APPENDIX F

Reference Protocol #
Date:

Protocol results:

Bench test has been conducted followed the metbggalescribed in the protocol.

Totally 40 samples were tested, half with Medittdmversal Generator-Irrigator and

the other with Olympus Flushing Pump. The resukspaiesented as follow and data
is in Table F-I:

Meditron Universal Generator-Irrigator

Twenty samples of new proposed design were testiag iMeditron
Universal Generator. Each sample was running wakimum flow
under maximum operating pressure, 34 psi, whenexed with the
Pentax scope for twenty seconds. Test results shaweach sample

withstood the pressure with no water leakage.

Olympus Flushing Pump (OFP)

Since OFP outputs higher pressure when it runsaatmum speed, we
would like to see if the new proposed design caulstain at higher
pressure, 42 psi. Based on the result of theagast) sample of the new
proposed design did not show any leakages wheputmg is running

with maximum flow and maximum operating pressure.
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Conclusion

After testing the new proposed design with maxinflaw under different maximum
operating pressure (using two different pumps, Mediand OFP). Each sample of
this new proposed design did not show any leakagesthe result. The new
proposed design could sustain both 34 psi and ¥#pessure Meditron and OFP

could output, respectively, with maximum flow rate.

Recommendation: Replace the original () design with the proposesigh in all
applicable production orders.

Change authorized by:

(Lui Cheng, R&D) Date

(Rusty Smith, R&D Manager) Date

If applicable, ref ECN#




Attachment C

TABLE F-I

Reference Protocol #

THE RESULT OF BENCH TEST ON

Meditron Universal Olympus
Generator-Irrigator Flushing Pump
34 PSI 42 PSI
20 sec 20 sec
Samples Max Flow Max Flow
1 X X
2 X X
3 X X
4 X X
5 X X
6 X X
7 X X
8 X X
9 X X
10 X X
11 X X
12 X X
13 X X
14 X X
15 X X
16 X X
17 X X
18 X X
19 X X
20 X X

Note: X means no leakage
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APPENDIX G

Protocol #: 001-05
Date: 05-02-2005

A protocol to test the tensile strength of the cag' nozzle (part number: BMP-

016)

Study to be performed by Rusty Smith of the R&D.

8.0

9.0

10.0

11.0
12.0

Purpose: To find out the strength of the nozzle on the c#pes effect of
applying different percentages of alcohol (70 % @h&o) on the nozzle during
the assembly procedure, and determine whethertdheaterilization plays a
role on the strength of the nozzle.

Anticipated design change: To replace the existing cap (BMP-016), which
does not have any fillet or strengthening radiugeado the cap and nozzle
intersection at the outer diameter, with a new pseg design. The new
proposed design includes a small fillet or streagihg radius added to outer
diameter of the nozzle at the cap intersectioritaforce the strength of the
nozzle.

Equipment: A digital force gauge (manufactured by Extechrumments Co.)
and an aluminum fixture (made in house).

Product samples: Caps (component, part number BMP-016)

Tensile strength test methodology:Two groups of caps, original design and
new proposed design, are to be sampled. Each gvitiupave 3 batches of
caps and each batch will have 25 caps. For eaclpgome batch will contain
the cap itself, one batch will have caps with (htdds used during the
assembly process). These sterilized samples wiMeain two conditions, some
will arrive in loose bulk and some will arrive impch as they are ready to ship
to the end user. 10 caps will be randomly selettad each batch and tested.
The selected sample (the cap) will be put on talaminum fixture which is

mounted to the base of the stand to stabilize dpe Compression force will be



13.0
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exerted on the nozzle of the cap and the peak ftineemaximum force to

break the nozzle or deflect it) will be recorded.

Expected result: In general, the new designed cap should withstamigher
force than the original design and the nozzle shoot be broken off under
proper handling and/or usage. The maximum forceahmerson exerts on the
nozzle when processing and handling the produabasit 7.5 Ib. So the
benchmark for the cap with tubing will be set atild,3wo times the maximum
amount of force a person would normally exert anribzzle, establishing an

applicable safety window.
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APPENDIX H

Reference Protocol #: 001-05
Date: 07-11-2005

Protocol result of the tensile strength test of theap’s nozzle (part number:
BMP-016)
Study is performed by Lui Cheng and Rusty SmitthefR&D.

Protocol results:

V. Non-sterilized

A. Original caps: Based on the result of tensile strength testhall t
nozzles of the original caps (without tubing) br¢keapped) at an
average force of 33.56 Ib with a standard deviatio8.56 (see
Attachment C, Table 1 for the result data and Hid. and H-2 for
the resultant caps after the test).

B. New proposed design capdnstead of breaking, the new design
deflected the applied force. The average forcedeflected by the
nozzle of the new proposed design was 29.86 Ib WAR of
standard deviation (see Attachment C, Table 1herdata and Fig.

H-3 and H-4 for resultant caps after the test).

Fig. H-1 and H-2. Result of the original caps after tensile test.
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Fig. H-3 and H-4. Result of the new caps aftertémsile test.

C.  Original caps with tubing (70% alcohol used):The average
force to break the nozzle was 23.47 |b and thedst@hdeviation
was 7.28.

D. New proposed design with tubing (70% alcohol usedYhe
average force to break the proposed design capmated with
tubing was 25.80 Ib with 4.61 of standard deviation

E. Remarks: The difference in the amount of force breaking the
nozzles seems to be insignificant. However, the thage nozzles
broke is somewhat different. When the original dafuke, they
just snapped apart and the whole nozzle almosofielFor the
new proposed design caps, the tip was stretchetbamépart (see
Fig. H-5 and H-6, and H-7 and H-8 for comparison).
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Fig. H-5 and H-6. The result of the original capthviubing after the tensile test (the

nozzle was snapped apart).

Fig. H-7 and H-8. The result of the new caps withing after the tensile test.

F. Original caps with tubing (using 91% of alcohol duing
assembly):The minimum force to break the nozzle was 4.29 |b
while the maximum was 33.60 Ib with the averagé@®B1 Ib (see
the data in Attachment C, Table H-I column 6).

G. Remarks: It appears that the higher percentage of alcoidol d
weaken the strength of the intersection of the leoaad the cap
(compare to 70% of alcohol), which may cause thezlgoto break
during transportation or use. It is recommended 1% of
alcohol should not be used during the assemblygsodCurrent
procedure calls for 70% alcohol only. The resigbadhows that

the proposed design with small fillet added todbeer diameter of
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the nozzle at the cap intersection has a bettéaisusg strength.
The benchmark for the cap with tubing was arbityaset at 15 Ib,
which is twice the average simulated amount ofddhat a person
would exert on the nozzle when handling the pragsluetom the
testing result, 90% of original product passeddiechmark
whereas the new design has a 100% passing ratefitent C,
Table H-1, column 4 and 5), which shows that theppised design
has increased the strength of the nozzle and thentersection
significantly. We did not set the benchmark for dag itself
because the proposed design did not break, bgatedl the force
when it exceeded the 29 Ib mark. The average anafdaotce is
lower for the cap with tubing due to the tubing\pdes a better

grip for the extension rod to break the nozzle off.

Sterilized

The same testing methodology was performed on meMogeginal design
caps with 70% of alcohol used during assembly,l@otd were sterilized.
These sterilized samples arrived in two conditicasne came in loose

bulk and some arrived in pouch.

A. Caps in loose bulk:

1. Original caps: The average force to break the nozzle
off the caps was 14.74 |b with 4.59 of standard
deviation.

2. New proposed design capsthe average force to
knock off the nozzle was 23.48 Ib and the standard

deviation was 2.41.
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3. Remarks: The difference between he sterilized caps
and non-sterilized caps was insignificant when
comparing the results of these two categories in
Attachment C, Table 1(column 4 and 7, and column 5
and 8).

B. Caps in pouch:

1. Original caps: The average force to break the nozzle
off the original caps was 17.09 Ib and the standard
deviation was 8.94.

2. New proposed design capsthe average force to
break the nozzle off the proposed design caps.8924
Ib with standard deviation of 4.78.

3. Remarks: Comparing the results between sterilized
and non-sterilized caps, it appears that the &iatitbn

does not weaken the strength of the nozzle.

Conclusion

After testing the old and new proposed design @aparious conditions, the result
shows that the new proposed design performs kibdarthe original caps in each
aspect. It also indicates that the use of 91%aafradl during assembly does affect
the strength of the nozzle when compare to 70%cohal under same conditions.
Recommendation: Replace the original cap design with the propossiige in all
applicable production orders, and continue used& alcohol as lubricant in the

assembly line.



Change authorized by:

(Lui Cheng, R&D)

(Rusty Smith, R&D Manager)

If applicable, ref ECN#

Date

Date
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Reference Protocol #: 001-05

Attachment C

TABLE H-I

THE RESULT OF TENSILE STRENGTH TEST ON ORIGINAL AND NEW
PROPOSED DESIGN CAPS

| Tensile Strength Test on cap
| Force unit: Ib
| Testing Equipment: Digital Force Gauge

NON-STERILIZED CAPS STERILIZED CAPS
No Tubing With Tubing With Tubing
alcohol used during
No Alcohel assembly 70% alcohol
*Cap only 70% 70% 91% Loose bulk In pouch
Sample Hew™* QOriginal*® Hew* Qriginal** | Original** Mew™* Original®® Hew** QOriginal™
1 31.32 35.60 29.28 23.54 11.31 2547 2637 22.81 2174
2 28.61 3983 22 .59 26.56 7.68 2482 2037 23.16 30.27
3 2557 25.56 30.82 3145 26.78 26.64 24.05 3223 15.83
4 29.04 28.67 28.30 36.68 3014 2272 15.80 3N 13.43
5 3246 3o 2477 10.96 15.34 2390 14.76 23.20 5.81
6 28 45 3481 2577 2040 33.60 2252 33.95 22.86 6.10
7 30.04 3147 25667 19.50 14.53 2297 34 66 24 57 7.99
8 30.71 33N 2358 19.68 15.15 2578 14.27 17.59 28.00
9 3142 3543 31.42 18.96 7.23 21.58 11.39 AR 2474
10 30.02 36.62 15.80 26.95 429 3410 15.63 A= 17.00
Average 29.86 33.66 25.80 23.47 16.91 25.05 21.13 24.69 17.09
Std Dev 1.92 3.56 4.61 1.28 10.17 3.57 8.33 4.78 §.94
Note:

Cap only: no tubing, no alcohol.

**“Qriginal”: Original caps
“New”: Proposed design with radius filletdeed at the base (the intersection of
the nozzle and

cap).
*** N/A: There are only 8 samples available framandor for testing.
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APPENDIX |

Flow Rate (BMP-100130):
The effect of changing the material on BMP-077

Testing Done By: Lui Cheng
R&D Intern Engineer
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Flow Rate Testing Protocol

Date: 01/05/2006
Protocol # P0O01-06

Flow rate testing
This test plan was requested by Don Byrne.

Purpose

Comparing the flow rate of BMP-100130 by using ovéy material
DOW 350LH (silicone) and DOW Q7-4750 (silicone)nmaking
component BMP-077 per Vesta’'s request on matehniahge.

Testing Device Descriptions
BMP-100130 Endo Gator Irrigation Units
DOW 350LH (original silicone material)
DOW Q7-4750 (new silicone material)
2 Baxter® 1000 ml Water Bottle
Olympus® OFP-1
Timer

Digital Scale (model: SK-20K, manufactured by A&D.CLtd). The increment
size of this scale is 0.02 Ib.
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Test Procedure

Comparing the maximum flow rate of BMP-100130 usiniginal
material (DOW 350LH, silicone) and new material (@@ 7-4750,
silicone) in making the component BMP-077. Fiviig sets with new
material for BMP-007 and one control tubing setwatd material are
used, and each set will run for five tests.

Open Air Flow

Attach and secure each tubing set onto Olympus®-Op&mp unit and adjust
the speed control to the maximum flow.

Turn the power on and the run the pump continuoiosl20 seconds.
Water will be collected and weighted with a digaahle.

The weight (in Ib) per 20 seconds will then be canted to milliliter per
minute.

Data are recorded on an Excel spreadsheet.

Attach collected results to the test protocol
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Conclusion or Summary

** The increment size of the digital scale is OIBznd it does not read out any
changes below 0.02 Ib.

The result shows that there is no significant défece in the flow rate (only)
between the materials used in making the compdBieir-007 for BMP-
100130. The average maximum flow of the BMP-100488 BMP-077 using
original material was 480 ml/min, while the maximdéiow of the BMP-100130
with BMP-077 using new material was 474 ml/min.

TABLE Il
RESULTS

BMP-007 Flow test . 152006

Original Material: DOV 350LH (silicone) |

Mew Material: DOVY QF-4750 (silicone) |

Original Material New Material
Control Tubing Set 1 Tubing Set2 Tubing Set3 Tubing Set4 Tubing Set5
1h/20 1b20 1b/20 120 1b/20 1h/20
RUNS sec_ | ml/min sec_ | mlimin| sec mimin | sec | ml/min | sec | ml/min | sec | mlmin

-

034 | 46364 | 036 | 49091 036 | 45091 ] 034 | 46364 | 034 | 46364 | 034 | 46364
036 | 45091 036 | 490.91 036 | 45091 | 034 | 46364 | 034 | 46364 | 034 | 46364
036 | 48091 036 | 490.91 036 45091 | 034 | 465364 | D34 | 46364 | 034 | 46364
034 | 46364 | 036 | 49091 036 | 45091 | 034 | 46364 | 034 | 46364 | 034 | 46364
036 | 45091 036 | 490.91 036 | 45091 ] 034 | 46364 | 034 | 46364 | 034 | 46364
Average | 035 | 48000 | 038 | 43091 036 45091 ] 034 | 46364 | D34 | 46364 | 034 | 46364

N | [ [

Average of 5 sets
= 474,55 | mlmin
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