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Abstract

Dr Jack J Jiang has developed a device which naasinely measures sub-glottal pressure, an
essential factor in the evaluation in laryngealthedn order to test this device an apparatus has
been developed to test with an excised canine Xaryme larynx in this apparatus does not
currently have a way to interface with the testilegice. There are three design suggestions
which could help to solve this problem and to aeamore controlled testing environment: the
“translating plate”, the “rack and pinion”, and tle@mplete enclosure.” Due to the design
specifications, each of these designs was baséuedabrication of a Plexiglas box which will

be compatible with the current testing set-up.eskhdesigns, however, vary in the mechanism
with which the larynx shape will be manipulatedtekfthe relative strengths and weaknesses of
each design option were considered, the translatatg was chosen for the final design.
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M otivation

Laryngeal health is the basis of most vocal disadé&or this reason, the client has
developed a device that measures subglottal pes8ubglottal pressure, the pressure created
by the lungs and used by the larynx to produce gdosran indication of vocal efficiency. Due to
vocal efficiency’s importance in evaluating laryagbealth, the client’s device has strong
diagnostic potential. Although there are other apphes for measuring subglottal pressure,
these methods are either invasive or require extepstient training before accurate results can
be obtained. Also, aside from invasive procedutesge is no current method for obtaining
guantitative measurements of subglottal pressitee to the ease of use, the client’s device
would allow for the efficient compilation of subdfal pressure readings on vocally impaired as
well as healthy test subjects, ultimately leadmetter diagnostic capabilities. It is for its @as
of use that the client’s device is such a novehjdpving it the potential to be an essential tool

for any physician specializing in vocal disordérs.

The ease of use of the client’s subglottal pressweasurement device, which is an
essential driving force for its development, is myadue to the minimal effort needed by both
the test subject and the testing personnel. lardaduse this device, the test subject phonates at
a certain frequency into a mouthpiece that is dpeghe outside environment (see Fig 1). This

phonation is fed into a computer that gives corideedback to the patient allowing them to
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measuring subglottal pressure, requiring minimélkepaand personal interaction, is essential to

the development of the devite.

The client has, for the purpose of studying thenation process, created a testing
apparatus that is used to mimic phonation on egas@ine larynxes. In order to use this
apparatus in conjunction with the pressure semsoenclosure must be designed as an interface
between the two. When human testing subjects, d@hpagce is used to create a continuous
isolated airway between the gas chamber and tbgdctis larynx. This airtight area is essential
to the testing process, which poses a significesthlpm in the case of an excised canine larynx.
On an excised canine larynx, the correct frequereaded in the testing process must be created
via manual manipulation of the vocal folds. Thigkénge is further intensified as a result of the
volume constraint placed on the enclosure. Sine@fitlosure must create a controlled testing
environment representative of an actual phonatuet,tits volume must also correspond to
actual volume of the phonation tract. Creating iaiigat enclosure that allows for manipulation
of the larynx’s vocal folds while conforming to thelume constraint is the basis of this project.

Design Specifications

The device needs to have a maximum volume of B0aad maintain an airtight seal
while tests are performed and data is acquiredn@dsin pressure are not instantaneous, but
occur over a time interval defined by a time constamuch like a capacitor. If the enclosure
has a large volume, this would increasehich would prevent the client from accurately
detecting sensitive pressure changes. Howeveral salume of 200 crhwould decreaseand
make the pressure measurements more accuratenglosuw@e must also remain airtight because
the data being collected is change in pressureaandoss of air would affect the pressure
readings and, subsequently, the client’s data.

The device must be rigid and accommodate a presguto 100 cm kD, which is the
maximum pressure the client uses during testing. &rtlosure needs to be transparent and

cannot have any obstruction on the top surfacéatthe larynx can be recorded by a high speed



camera from above. The enclosure must be madenaterial with minimal glare to avoid
interference with the camera. In addition to canverssiderations, the enclosure must also be
compatible with other elements of the client’s eutrtesting apparatus. For example, the device
must form an airtight seal around the tubing whkeelarynx sits and around the pressure
measurement device. It must include a positionysgesn used to manipulate the shape of the

laryngeal folds up to 3 cm in the x-y-z directions.

The device should be capable of withstanding 218 $ of testing at a time for five day
increments. An opening must be accessible to bydh@ larynx with a saline solution
approximately every 30 seconds. Finally, the deid@xpected to withstand around 300

pressure ramps during each study while maintaiamgirtight seal throughout each trial.

Current Devices

Currently, there are no marketable devices thandi client’'s needs because the design is
specific to the client’s testing procedure and rodtbf data collection. The client performs his
testing with an apparatus consisting of parts paget and assembled by the client (Fig. 2a).
Because this apparatus is unique, there are nertutevices available that interface with the
client’s specific testing set-up. A transparentlesigre needs to be compatible with the setup and

interface with the larynx tube and positioning systand prongs (Fig. 2b) in order to perform

the function required by the client.
¥ u

Figure 2. a (left) b (right) Client’s testing appars. 2a shows the overall setup with camera vigerynx
from above and positioning system outlined in tbg.[2b shows a closer view of where the larynx witl
and positioning system. Enclosure design need#éoface with plastic tubing and prongs.



Design | deas

Due to vey specific design specifications, all three of tlesign ideas are centered around
construction of &lexiglas box that will fit in with the current tesg design. This box wi
interface with a hydration mechanism, the pree sensor, and the larynx. As these mechan
are all stationary, simple rubbkned connectior will suffice to maintain airtight sec. The
main challenge considered in the design ideasisattrication of a-D positioning mechanist
that fits withthe client’s specifications. A schematic of comgats included in the fill design

can be seen in Figure 3.
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Design 1. Trandlating Plate
The translating plate design consist:
Yy
having two opposite faces of the Plexic | 4
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maintain the airtight qualities of the enclos The inner edges of the square cut out from



red layer are lined with rubber in order to keep liquid from

N

leaking outside of the box. Screws are placedas/s in
Figure 5, which can be tightened around the positidhe 7
.
translating plate to fix its position. The z-axgspositioned by a /l/]/

mechanism resembling a rod threaded through awailbe.

The rod is connected to the focal folds and catrdreslated along Figure 5. The condensed

the z-axis. translating plate mechanis

Pros

4+ Able to obtain the small target volume
+ Easy to manufacture materials

+ Easy to reach positioning system
Cons

+ Slow lubricant leak would likely require regulaeahing and upkeep

+ Tightening screws may slow testing process

Design 2. Rack and Pinion

The second design contains two gears

that rotate on their corresponding axis

in the x and y directions (see Fig. 6).
Both axes are completely enclosed by y
the Plexiglas. The x-axis is controlled ix

by a knob on the inside of the box and 7

is fixed to the y-axis. Therefore, when

the y-axis is positioned from a knob _ N
Figure 6. A layout of the Rack and Pinion model.
located on the outside of the box, the
entire x-axis translates vertically. A string tsaghed to the vocal folds and threaded through a

rigid tube fixed in the box face. The string ikaahed to the gear on the x-axis, and will



therefore translate with the entire gear mechanihis way, the string can be pulled to make

adjustments in the z-direction.
Pros

= Easy to create precise movements in the x andegtibns
= Would not require maintenance
-+ Does not have large areas needing to be sealed

Cons

<+ Very difficult to manufacture
<+ Would require operator to open box in order to fasix-axis
= Z-positioning via string would only provide tensionthe positive z-direction

Design 3. Complete Enclosure

This design is a large box that completely enclésesurrent larynx manipulation system (see
Fig. 7). The enclosure will interface with the dad the current 3-D positioning mechanism.
Positioning the system will include opening thelesare and manipulating the threaded rods

from the interior.

Figure 7. A layout of the complete enclosure design



Pros

+ Simple to manufacture
+ Minimal Maintenance

+ Used preexisting positioning mechanism
Cons

+ Does not meet volume requirements
+ Inconvenient large size

4+ Requires operator to open box to manipulate aketspof the positioning system
Design Matrix

The design matrix displays the strengths and wesdes of the three designs (see table
1). There were five categories in which the desigage scored: small volume, maintenance of
an air tight seal, ease of manufacture, ease ofamsemaintenance and durability. The relative
weights of these categories, out of 100, are 28®57, and 13 points respectively (Table 1,
column 1). The Translating Plate scored the higbesbf all three designs in the two highest
weighted categories — small volume and maintenahegatight seal. The volume for the
Translating Plate design is able to be smaller tbharither of the other options because the
entirety of the larynx manipulation system is aseelsfrom outside the box.

The Translating Plate design does not require tixetd» be opened to manipulate the
shape of the larynx. Thus, if it became necessaagljust the shape of the larynx during testing
the airtight seal could still be maintained, whertee Rack and Pinion and the Complete
Enclosure require opening the top of the box fonimalation — a clear failure at keeping the
airtight seal. The most noticeably low scoring gaty for the Translating Plate is the
maintenance and durability category. This is duhéorequirement for a lubricant between the
layers of Plexiglas that will have to be cleanefdaoid reapplied regularly. The Rack and Pinion
design scores moderately well in all categories wie exception of ease of manufacture. This
design is by far the most complicated, as it rexpugears as well as multiple points of access to
initiate shape manipulations. The level of compgl@athat this possesses caused the overall

score of the Rack and Pinion design to suffer ficamtly. The greatest weakness of the

10



Complete Enclosure is shown by its exceptionaly szore in the small volume category. The
client specified that the design should have d tatlume around 200 cubic centimeters. The
Complete Enclosure would require a minimum volurhalmost 3 times this. Overall, the
Translating Plate design received the highest satate with 82 points out of 100 compared with
75 points out of 100 for the Rack and Pinion ana6Zof 100 for the Complete Enclosure.

Table 1. The design matrix used to determine filesign.

Category Design 1 “Translating Design 2 Design 3
Plate” “Rack and Pinion” “Complete Enclosure”

Small Volume (25) 25 18 5

Maintains Airtight Seal 20 22 18
(25)

Ease of Manufacture 15 10 17
(20)

Ease of Use (17) 16 14 14

Maintenance and 6 11 13

Durability (13)
Total Score (100) 82 75 67

Final Design

The final design will consist of five core compoteran airtight interface with the
pressure sensor, an airtight interface with thgnbaran opening for hydration, an effective

translation mechanism for the manipulators andnigesl manipulators.

The components of the design deal with penetrahiagesting environment while
maintaining the airtight seal. The interface betwéhe pressure sensor and the enclosure will be
made of a fitted rubber seal. This will be co$¢etive and easy to use. The rubber seal will be
easily removable by the client, which is benefiagalthe pressure sensor will be needed

elsewhere during other experiments.
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The interface between the larynx mount and théosnce will be handled in the same
way. In an effort to minimize volume we will inface the enclosure with the larynx mount as
high as possible. Unfortunately, the larynx matsdlf is made of semi-plastic, so an airtight
connection with a rubber seal may be hard to aehidthis is the case, the enclosure must be
lowered on the larynx mount, where the larynx masmhore rigid. This will increase the

volume of the design, but ensure a good seal.

The hydration lid must allow the client to pouradise solution over the larynx once
every thirty seconds during testing (see Fig. B)is means it must be easily removable, yet
airtight in between testing. A simple hinge mecakanwill be attached to the enclosure along
with a fitted lid. When closed, the lid will resh an inset portion of the main Plexiglas body.
This will allow for hand screws to tighten the tmensure it does not open under the pressure of

testing.

Opening

> /;r_/ /

X
Translation mechanizm

ZPTE;;ME sensor intarface Laryps interface

Figure 8. An overall view of our final design.

The translation mechanisms will be identical ta tifeDesign 1. There will be two
translating plate mechanisms on either side ofah@x. The translation will be accurately
moved by the screws shown in Figure 5. The ceRltiglas sheet of the translation
mechanism must be of adequate thickness to seattbes. With the correct screws, the

middle panel can be 1/4 in. thick Plexiglas. Aher Plexiglas can be held at 1/8 in. thick.

The manipulator will penetrate the translation @haithout causing significant amounts

of air to escape during testing. A syringe is fabfor this application because it will have a
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small cross sectional area, leading to a smalleuatnof air escaping during testing. The
syringe also solves the problem of moving the malaipr in the “z” direction (see Figure 5).
Movement in the “z” direction is required by théedlt during testing, and would be hard to
acquire with most other manipulator devices. Tokeiwe displaced by the plunger of the

syringe must be negligible to ensure quality tegtin

Future Work

Next in the design process is to determine theageelaryngeal volume of a canine
larynx. This is necessary because the client fipda strict volume limit of 200 cPn Since the
design will enclose the canine larynx during tegtithe volume of this larynx can effectively be
subtracted from the total volume of the designteAive find this volume, final dimensions of

the design will be determined.

Research must be conducted on the viscous ligaidghntegral to the translating plate
mechanism. This liquid must be inexpensive anthogable. It must also allow for free
translation of the surrounding Plexiglas platesvalt as maintain an airtight seal. Vegetable oil
is a substance we are considering for preliminessirig. If there are no problems, this liquid

will pass on to the prototype.

The most difficult component of the design to maatidire will be the translating plate
mechanism. For this reason, we will create a pyptoof just this mechanism, without all the
other components of the design, to ensure it isilda This will include ordering Plexiglas and
cutting it according to the translation designthis goes well, the syringe will be incorporated
as a manipulator. The device will then be givethtclient for additional testing for accuracy

and functionality.
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Appendix

Larynx Adapter Product Design Specifications
October 15, 2009
Whitney Johnson, Kelsey Hoegh, Clayton Lepak, S&satalski, John Renfrew

Problem Statement:

There is a testing apparatus which uses an exce@de larynx to measure sub-glottal

pressure, and indicator of vocal health. Our objeds to create an airtight, rigid, and

transparent enclosure to obtain a more controéistinig environment; this enclosure will

interface between a pressure measurement devichamanine larynx

Client requirements:

Airtight

Must accommodate pressure up to 100cm @ kithout changing shape
Transparent

Max volume = 200crh

Compatible with current larynx testing apparatusuge

Larynx must be accessible between tests withoubvairof enclosure

Needs a system to manipulate the larynx shape 8o in 3 Cartesian directions

Design requirements:

1. Physical and Operational Characteristics
a. Performance requirements. The device will be used for 5 days every 3-
4 months. The device must withstand testing forl@rs at a time with
an accessible opening to hydrate the larynx ev@rsegonds. The
enclosure must withstand up to 300 pressure rampsgleach study
while maintaining an airtight nature in each trial.
b. Safety: Must avoid latex as a material if possible.
c. Accuracy and Reliability: The device must withstand 10-15 pressure
ramps for each larynx tested. The positioning systaust move up to 3
cm in each Cartesian direction, but it must move @cale of millimeters
during testing (accurate measurements not necelssaayse larynx shape
is qualitative.)
d. Lifein Service: Does not need to be portable. Not used for exdénd
periods of time.
e. Shelf Life: Stored in testing lab at room temperature anodstal
pressure.
f. Operating Environment: Experiments will be recorded with a high speed
camera which requires bright lights that must lategoff the box. The
device must handle 0-100 cm®lof pressure without failing in airtight
connection. The device must rest on shelf of curt@sting unit.
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g. Ergonomics: Must have an accessible opening to keep thexaryn
hydrated during testing. Positioning system musadiessible to the
human hand.
h. Sze: Maximum volume of 200 cin
i. Weight: N/A
|. Materials: Must be transparent, cannot allow glare, and rmashtain
shape under pressure. Possible materials inclueigRs, acrylic, latex,
leather.
k. Aesthetics, Appearance, and Finish: N/A
2. Production Characteristics
a. Quantity: One.
b. Target Product Cost: No cost specified, funding available from grant.
3. Miscellaneous
a. Sandards and Specifications. N/A
b. Customer: N/A
c. Patient-related concerns: N/A
d. Competition: No, device is highly specific for the client.
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