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Client Description and Problem Statement
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+ Dr. McLean Gunderson, BS, DVM

«  Department of Comparative Biosciences

» Teaching professor with primary interest in providing innovative and
immersive techniques to demonstrate veterinary medicine
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Problem Statement Figure 1: Canine Muscles of
Mastication Diagram [1]

*  Muscles of mastication are vital in understanding the social and physiological
behavior of herbivores and carnivores and for veterinary treatment [2]

* No existing models demonstrate the movement, function, and location of the
muscles of mastication for herbivores and carnivores

* Dr. Gunderson has asked for two models depicting the muscles of
mastication in which the user can contract the muscle to move the jaw

Figure 2: Horse Muscles of
Mastication Diagram [3
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Background Information

« Skeletal muscles that are involved in opening and closing
the jaw

» Important osseous structures include the mandibles,
maxillae, and teeth [1]

» Contraction of each muscle pulls on the osseous
structures

« Carnivores and herbivores differ due to varying methods
of chewing, diet, and predation [2]

* Our client has had similar projects but was unable to find
a method for sufficiently representing muscle movement

Figure 3: Dr. Gunderson’s
Painted Skeleton Model [4]
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Product Design Specifications
To develop a carnivore and herbivore model that accurately represents
|| the anatomy of mastication muscles.

e Exhibit the osseous structures relevant to mastication
|I o  Mandibles, maxillae, and teeth [1]
e (apable of manipulation and replaceability

e Include these primary muscles on the carnivore — Masseter, Temporalis,
Digastricus [5]

e Include these primary muscles on the herbivore — Masseter, Temporalis,
Digastricus, Pterygoid [6]

Under 10 lbs
Portable and easy to transport
Withstand structural integrity

Budget: $1,500
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Muscle Material Designs

Design 1: Thermoplastic Design 2: Silicone Design 3: Stainless Steel
Polyurethane (TPU) Springs

Figure 5: Silicone Compound Figure 6. Stainless Steel Springs

Figure 4: TPU C d
wne Lo Formula [9] [11]

Formula [7]

High elasticity Good flexibility e C(Cost effective
3D printable [10] e Rigid nature
Durable, high High aesthetics due

tensile strength [8] to mold

Kaiya Merritt




Design 1: Design 2: Design 3:

1 1 " Thermoplastic Silicone Stainless Steel
e S I gn a r I X n Criteria: Polyurethane R Spring

(TPU) —5i—0—3

Muscle Material = -

A =) =T
|
[e]
|

. Elasticity (25) 4/5 20 5/5 25 4/5 20
Thermoplastic Polyurethane — —
Durability (20) 35 20 2/5 8 S5/5 20
* Durable Ease of 4/5 16 4/5 16 4/5 16
P Elastic Fabrication (20)
° Can be fabricated at Reproducibility | 4/3 12 4/5 12 5/ 15
(1s)
Makerspace Aesthetics (10) 5 8 5/5 10 5 )
. . Aesthetics 4/5 175 2
» Compatible with future
work Safety (5) 55 5 5/5 5 3/5 3
Cost (5) 2/5 2 4/5 4 5/5 5
Total: 100 83 80 81

Table I: Muscle Material Design Matrix
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Muscle Attachment Designs

Design 1: Nut and Bolt Design 2: Epoxy Glue Design 3: Open Hook
EPOXY

Figure 7: Nut and Bolt Figure 8: Epoxy Glue Figure 9: Open Hook
Attachment Attachment

Secure and sturdy e Minimal e Efficient
Safe to use, rests fabrication reattachment
inside the model e Low cost e Low cost

Low cost

An Hua




Design Matrix 2:
Muscle Attachment

Chosen Design

Nut and Bolt
 Durable
o Safe

e Low in Cost
* (Can be reattached

Noah Kalthoff

Criteria:

Design 1:
Nut and Bolt

Design 2:
Epoxy Glue

Design 3:
Open Hook

Durability (30) 5/5 30 3/5 18 4/5 24
Ease of 4/5 24 5/5 30 4/5 24
Fabrication

(30)

Reattachment 4/5 16 2/5 8 5/5 20
(20)

Safety (10) 5/5 10 2/5 4 3/5 6
Cost (10) 5/5 10 5/5 10 5/5 10
Total: 100 90 70 84

Table 2: Muscle Attachment Design Matrix
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Final Design

e TPU provides benefits of elasticity and durability
o Striations in TPU for additional elasticity
e Nut and bolt optimal for durability and reattachment

Polyol Diisocyanate
+
HO—-R—-OH O=C=N-R"=N=C=0
Soft Segment Hard Segment

Polyurethane
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Figure 7: Nut and Bolt Attachment Figure 4: TPU Compound Formula [7]
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Fabrication and Future Work

Fabrication Plans Future Work
3D print skulls from premade Testing
STL files Improving realism
Design in SolidWorks and 3D Adding in more muscles within the

print TPU muscles skull
Attach muscles to skull using Gain feedback from students and

nuts and bolts improve in ways to further
educational use
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Thank you!

Special thanks to Dr. McLean Gunderson and Dr. Cameron Casey for their guidance
and input!
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Questions?
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