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Project Overview

• Sponsor: James Brauer

• Object ive: Design and build a western-style 

animatronic dragon that has...

• Art iculated Mot ion

• SFX ( i.e smoke, glowing eyes)

• Detailed Aesthet ics

• Audio /Video integrat ion with VR

• Product Performance: Animatronic Dragon wil l 

move and interact  with the environment 

according to user input through VR or 

controller. The specia l e f fects wil l add to the 

cl ient 's Halloween environment.



Product Design Specification (PDS)

• Op erat ion

o Wil l  mo ve  ba se d  o f f  use r  inpu t  f ro m 

VR/C o nt ro l le r

o Dimens ions

o N o  mo re  t ha n  5  fe e t  t a l l  whe n  fu l ly  e xt e nde d

o Ea c h  c o mpo ne n t  w i l l  no t  e xc e e d  50  lb s.

o Pow er

o Sta nda rd  15 - a mp  ga ra ge  p lug

o A est het i cs

o Typ ic a l  we st e rn - st y le  fa n t a sy d ra go n

o Re a l i st i c  t e xtu re  o n  fe a tu re s suc h  a s sk in  a nd  

ho rns.

o E r go no mi c s :

o Can be  hand l e d  s a f e l y  by  peop l e  

when a s s em bl i ng/s t o r i ng

o User  I n t er face

o Use r w i l l  b e  a b le  t o  p ro je c t  vo ic e  a nd  d ra go n  

w i l l mi rro r mo ve me nt  ba se d  o f f u se r inpu t  f ro m VR

o Use r w i l l  b e  a b le  t o  " v ie w "  f ro m the  d ra go n

o L i fe t ime:

o La st  5  ye a rs,  w i t h  lo ng  pe r io d s o f  ina c t iv i t y  be twe e n  use s

o Op erat ion  Load s:

o Ab le  t o  w i t hst a nd  fo rc e s f ro m it s o wn we igh t ,  a s we l l  a s a dde d  

fe a tu re s suc h  a s t he sk in

o Mat er ia l s

o Fra me  a nd  ba se  w i l l  b e  c o mpo se d  o f  wo o d ,  me ta l ,  a nd  P VC

o Sk in  w i l l  b e s i l i c o ne  rubbe r

o H a rd  de ta i l s  suc h  a s t e e th  o r  ho rns w i l l  b e  ha rd  po lyme rs



Patents

• Patents:

• US11203113B1: L inkage system

▪ An advanced skeletal  system design that 

is used as insp iration for our design.  We 

opted to keep i t simpler for budget 

reasons.

• US11376733B2: Eyebal l  rotation system

▪ One of the hardest aspects to tackle 

with in budget.  This eye helped us solve 

that prob lem

• US20220 3 71 0 29 A1:  Nozzle sy stem

▪ Our  usage of  thi s i s adding a ' f i r e -

breathing'  prac ti c al ef f ec t to our sy stem.

https://patents.google.com/patent/US11203113B1/en?q=(dragon)&assignee=universal+studios&oq=dragon+universal+studios+&page=1
https://worldwide.espacenet.com/patent/search/family/071083785/publication/US11376733B2?q=animatronic%20system
https://patents.google.com/patent/US20220371029A1/en?q=(dragon)&assignee=Universal+studios&oq=dragon+assignee:(Universal+studios


Patents and Market

• Market:

• Pr i mary  Market:  R es i d en t i a l  Ha l l oween

• 3 .4  Bi l l i on -d ol l a r  market

• Other  p oten t i a l  markets :

• Theatr e

• Themed  En ter ta i nmen t

• Poten t i a l  comp et i t i on /col l ab orator s :

• W alt  D is ney Im agineer ing

• Garner  Hol t

• Anim ax

• Li fe form at ion

• Bi l l ings  produc t ion C o.

• For this project to have a large scale market release, more 
time would need to be taken to upgrade the design to the 
market's standard due to the nature of the companies competing.

• This project is a commissioned piece it is designed to the commissioners' 
specs. Rather than to be mass marketed.



Market Insight: IAAPA Expo

• Insight included

o How patents are not typica lly used 

in this realm as it  l imits the 

creat ivity.

o How when considering the hosing 

to attach to the fog machine wil l 

need a larger tubing than we may 

init ia l ly think.

o Some companies don't  use servo 

motors but 

instead ut i l ize pneumat ic actuators



Customer Market Research

• Consumer Market Research:

• A tota l of  54 responses

• Of which we had 14 designers

• Of which 29 were interested in 
purchasing within our proposed price

• Most important Design Considerat ions

▪ Top 3 (all had 86.3%)

• Resil ience

• Aesthet ics

• Mainta inabil ity

▪ Art iculat ion (80%)

▪ Specia l Ef fects (71.83%)



Product Architecture

Startup 
Module

User Control
Thematic Experienceo Startup Module: The startup module serves as the initial point of 

interaction for the animatronic dragon. It communicates with other 
modules to establish a connection, perform self-checks, and prepare 

for user engagement.

o User Control Module: The user control module is where the interaction 
between the dragon and the user primarily takes place. This module 
translates user commands into actions, controlling movements, 
sounds, and other features based on user input.

o Articulation Module: The articulation module is responsible for the 
physical movement of the animatronic dragon. It coordinates the 
motors, servos, and other mechanical components that control the 
dragon.

o Thematic Experience Module: The thematic experience 
module manages the dragon's audiovisual effects, including sound 
effects, lighting, and visual displays.



Conceptual Design: Assembly

• Dra go n  Fu l l  A ssemb l y Ex p l o d ed  Vi ew: Vi su a l  gu i d e fo r  co n st ru ct i ng 

a  mech a n i ca l  d ra go n ,  i n cl u d i n g a n  i so met r i c v i ew fo r  cl a r i t y.  

• Det a i l ed  C o mp o n en t s : Pa rt s  l i s t  wi t h  p l ywo o d  a n d  a l u mi n u m 

p i eces ,  servo s ,  a n d  PVC  p i p i n g,  ea ch  wi t h  a  sp eci f i c ro l e  i n  t h e 

a ssemb l y.  

• Bi l l  o f  Ma t er i a l s :  R i gh t  s i d e  o f  t h e i ma ge en u mera t es  p a rt s  wi t h  

n u mb ers ,  d escr i p t i o n s ,  a n d  q u a n t i t i es,  serv i n g a s  a n  a ssemb l y 

ch eckl i s t .

• A ssemb l y G u i d a n ce: In cl u d es  a n  ex p l o d ed  v i ew t h a t  sp a t i a l ly  

sep a ra t es  t h e co mp o n en t s  fo r  b et t er  u n d erst a nd i ng o f  a ssemb l y 

a n d  p a rt  re l a t i o n sh ip s.



Conceptual Design: The Head

• Focused on the jaw 
mechanism of the head. With 
the upper jaw being relatively 
static compared to the lower 
jaw plate doing all the 
movement.

• The rest of the head is too 
complicated to model within 
Solidworks as it doesn’t work 
well with modeling organic 
shapes.



Conceptual Design: The Neck



CAE: FEA on Neck in extreme 
static position

• Our  CAE fo cused  on determin ing  the po ints  o f 

defo rmat ion when an est imated  weight o f 50 lbs 

o f fo r ce was put on the d ragon ’s  neck  whi le 

s tat ionary at  i t ’s  most extreme po int  when the 

neck  is  near ly comp letely ho r izontal

• In i t ia l  s tat ic  s tud ies  showed a concern o f the 

outer  tub ing  being  very weak due to  h igh Von 

Messes Stresses on the ver tebrae.

• Opt imizat ion study was conducted  and resu l t ing  

our  fo r ces sh i ft ing  to  a par t  that is  a 

p laceho lder  model  fo r  a s to re bought b racket.

• When opt imiz ing  the tub ing  to  make the neck  

out o f we tested  aluminum tub ing  and PVC and 

found that 1 inch PVC was most eff ic ient fo r  

our  purposes based  on our  app l ied  fo r ce.



Motor Sizing

• Has  be en us ed:

• Cur r ent l y  f o r  our  sm a l l - s ca l e  m ode l  we  hav e  be en 

wor k i ng  t o  conv e r t  our  S o l i dWor k s  Mode l  i n t o  t he  

Ma t l a b  Robo t i c s  T oo l k i t  us i ng  t he  im po r t  S im s cape  

Bod i e s  f e a t ur e .  Once  we  do  t ha t ,  we  w i l l  be  

de v e l op i ng  our  DH  pa r am e t e r s  t o  s t a r t  r unn i ng  a  

t r a j e c t o r y  a na l y s i s  t o  s how  t he  l im i t a t i ons  o f  our  

de s i gn be t ween bo t h Jo i nt  S pa ce  T r a j e c t o r y  and  

Ca r t e s i a n T r a j e c t o r y  whi ch a r e  d i s cus s ed  i n MEEN  

4760:  Robo t i c s  a nd  Aut om a t i on.  T he se  us e  concept s  

f ur t he r  b r e a k  i nt o  concept s  o f  Ja cobean Ma t r i c e s  

whi ch a r e  d i s cus s ed  i n  dept h f o r  bo t h MAT H  2700:  

L i ne a r  A l ge br a  and  MEEN  3250:  Ana l y t i c a l  Me t hods .

• P l a n on us i ng:

• We  p l a n  t o  u t i l i ze  S ys te m  D yn a m i c s  a n d  C o n t r o l s  a l o n g  

w i t h  m o r e  c o n c e p t s  f r o m  R o b o t i c s  t o  d e te r m i n e  t h e  

c o n t r o l  s ys te m  fo r  t h e  a n i m a t r o n i c  d r a g o n . I n  a d d i t i o n ,  

o n c e  w e  c a n  vi s u a l i ze  t h e  m o ve m e n ts  a n d  c a n  d e te r m i n e  

t h e  r e s u l t i n g  f o r c e  o n  t h e  s ys te m  w e  w i l l  u s e  t h a t  

i n f o r m a t i o n  a l o n g  w i t h  va r i o u s  c h a p te r s  f r o m  th e  m a te r i a l  

s c i e n c e  t e xtb o o k  t o  p i c k  m a te r i a l s  t h a t  a r e  g o i n g  t o  m e e t  

o u r  d e s i r e d  c o n d i t i o n s  s uc h  a s  m e c h a n i c a l  p r o p e r t i e s ,  

c o r r o s i o n , a n d  f a i l u r e  r a te s .



DFM, DFA, and DFC Overview

DFM DFC

• 21 tota l components, 

including manufactured 

and purchased parts

• Improved design by 

removing a motor, saving 

4 components

• Base size was a lso 

reduced to save cost  for 

materia ls

• Overall score of  72%

• Overa ll,  he raw mater ia l for 

the manu fac tu r ing is low-

cost

• However,  the sc rap produced 

is of  low va lue and is not 

worth  se l l ing

• I f  the manu fac tu r ing was 

ou tsourced, a major ity  of  

budget wou ld be spent on  

labor and tooling

• The manufac tu r ing of  the 

dragon  is cu rren tly  in  budget

DFA

• For most manufactured 

parts,  hand tools or power 

tools wi l l  suffice

• The manufactur ing 

methods are simple and 

low-cost,  as wel l  as there 

being a low number of 

steps to manufacture each 

part

• The most common tools 

being used wi l l  be saws,  

dr i l ls,  and sanders



Special Effects- Jonathan

• Working to design an attachment that 

converts the Rectangular out let  of  the 

fog machine into a circular out let  large 

enough for us to add the tubing  over. 

• Ran tests to determine the out let  

temperature but was inconclusive at  

that t ime.

• In the coming week or two we plan on 

cleaning out the fog machine and 

determining the out let  temperature



VR/Programming - Max

• Three-Pronged Approach

o Translating the motion of the p i lot in a gaming software into a 

gr id

▪ The software environment has been completed and needs 

to be tested

o Taking raw numbers from the produced gr id  system

▪ Cutom code as been made to read the data from the 

produced gr id  system

o Converting the data from the gr id  into motion of the motors

▪ A flow chart has been made and th is is the current pr imary 

focus



Aesthetics - Reda

• Manufactur ing Methods: Forming and Casting

• The aesthetics wi l l  have the h ighest costing mater ial  for the dragon

• Testing wi l l  be done to ensure mater ials wi l l  not be wasted

• Materials for aesthetics:

• Skin: “Dragon -Skin”  Si l icone mixture /Fabric

• Horns/Teeth /Smal l Detai ls: 3 -D Pr inted /Si licone Mixture

• Color: Si l icone Based Paints 



Gantt Chart 2023/2024, Assignments



Gantt Chart 2023/2024, Manufacturing



Gantt Chart Overview

FIRST SEMESTER SECOND SEMESTER

• First  semester focused on the 

background research needed to 

design the dragon’s frame.

• Winter break was focused on further 

design changes and ref ining 

simulat ions

• Second Semester wi l l  focus on bui ld ing the 

dragon and programming the electronics.

• The aesthetics of the dragon wi l l  also 

occur during the manufactur ing of the 

dragon’s “skeleton”

• Assignments help  improve design,  as wel l  

as outl ine manufactur ing methods

• Purchasing and shipp ing times are 

accounted for to prevent any unexpected 

delays



Lessons Learnt and Planning Ahead

• Lessons learned:

• Time management, open communicat ion, and teamwork

• Senior Design 2 Plan:

• Post spring-break: 100% focus on fabricat ion of the dragon and complet ing the 

VR program.

• Test ing t ime wil l be required at  the end of the semester, wil l overlap with 

manufacturing since motors can be tested independent ly 

• “Smaller” manufacturing: When manufacturing, instead of requiring everyone 

present, small groups wil l be assembled depending on the ir strengths

• This works better since team’s schedules are complicated to a lign 
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